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1.0 INTRODUCTION 

Material Disposal Area P Closure Plan 
Revision 0, February 1995 

This closure plan is submitted to the New Mexico Environment Department (NMED) to meet the 

requirements of the New Mexico Hazardous Waste Regulations (20 NMAC 4.1) and the Resource 

Conservation and Recovery Act (RCRA). This closure plan addresses only the clean closure of 

the Material Disposal Area (MDA)-P at Technical Area (TA)-16 at the Los Alamos National 

Laboratory (Laboratory). The Laboratory is owned by the U.S. Department of Energy (DOE) and 
-

is operated by the University of California. The MDA-P has been referred to as a landfill in 

previous reports, but will be referred to as a waste pile for this closure as described in 

Section 1 .1 .1 . 

This closure plan provides a description of the MDA-P waste pile and the actions that will be 

implemented during closure. The waste pile will undergo clean closure by removal of the waste 

and excavation of any contaminated subsoils. After the waste pile has been removed, the 

remaining soil and tuff may be left in place if contamination is below acceptable levels as defined 

in Chapter 6.0 of this plan. If remaining contamination is above acceptable levels, an amendment 

to this closure plan will be submitted to NMED. This closure plan addresses the removal or 

decontamination of RCRA-regulated waste. Radioactive waste and mixed waste are not 

anticipated to be present in this waste pile. 

Chapter 1.0 of this plan provides an introduction and outlines the clean closure strategy. 

Chapter 2.0 provides descriptive information on TA-16 and on the design and operation of the 

waste pile. Chapter 3.0 summarizes existing information concerning the chemical and physical 

characteristics of the material in the waste pile. Chapter 4.0 provides a plan for sampling and 

analysis during the closure as well as for sampling and analysis to confirm clean closure. 

Chapter 5.0 discusses the status of the groundwater monitoring for the site. Chapter 6.0 

provides a detailed description of closure activities and the decision process that will be used' 

to demonstrate that clean closure requirements have been met. Chapter 7.0 describes the 

reports that will be prepared to document the clean closure. Chapter 8.0 lists the references 

used for preparation of this document. 

Appendix A describes the derivation of the screening action levels (SALs). Appendix B describes 

the methodology used to develop site-specific Preliminary Remediation Goals (PRGs) in 

S95021a.MDP 1-1 
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accordance with EPA guidance (EPA 1991 a). Appendix C contains photographs of the waste 

pile and run-on control trench. Appendix D describes vadose-zone observations from 1988 at 

MDA-P. Appendix E provides historical records associated with TA-16 and MDA-P. Appendix 

F describes the composition of explosives produced at the Laboratory. Appendix G describes 

sampling procedures for MDA-P closure. Appendix H presents an evaluation of the 20 NMAC 

4.1 Section 261, Appendix VIII (Appendix VIII) hazardous constituents for selection of analytical 

methods. Appendix I provides site-specific standard operating . procedures. Appendix J 

describes the site geology and hydrology of TA-16, Area P. 

Compliance with specific regulatory requirements for closure are addressed in Chapter 6.0. The 

20 NMAC 4.1 have incorporated, with a few minor exceptions, the Code of Federal Regulations 

(CFR) Title 40, Parts 260 to 266 and 268 to 270 through July 1, 1993. Most regulatory citations 

in this closure will, therefore, be referenced to 20 NMAC 4.1. Table 1-1 lists the regulations 

applicable for closure of waste piles and identifies which sections of Chapter 6.0 address 

compliance with these regulations. 

1.1 Closure Strategy 

In the past. the disposal site at Area P was referred to as a landfill. However, RCRA regulations 

do not explicitly provide a clean-closure option for landfills. The U.S. Environmental Protection 

Agency (EPA) has addressed this problem by issuing guidance that allows a landfill, if clean 

closed under 40 CFR 265 standards, to make an equivalency demonstration under 40 CFR 

Section 270.1 (c) (5),(6), by redefining the landfill as a waste pile (Lowrance 1989). Therefore, to 

clean close this unit and make an equivalency demonstration as described above, the Laboratory 

is referring to the MDA-P landfill as the MDA-P waste pile. 

1.1.1 Waste Pile Boundaries and Nearby Potential Contaminated Sites 

In order to clean-close the MDA-P waste pile, a boundary must be established to differentiate 

between the waste pile and three adjacent potentially contaminated areas. The approximate 

location of the proposed waste pile project boundary is shown in Figure 1-1 (see map in pocket 

at the end of this chapter). The waste pile project boundary was selected to include the area that 

could be contaminated 

S95021a.MOP 1-2 
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Applicable Closure Regulations and Associated Closure Plan Sections 

20 NMAC 4.1 Regulation Closure Plan Section 

264.258(a) 6.1.1.2 

264.258(b) 6.2.1' 6.4 

265.111 6.1.1.1 

265.112(b) 6.1.1.3 

265.112(b)(1) 6.2.1 -
265.112(b)(2) 6.2.1 ' 6.2.2 

265.112(b) (3) 6.2.3, 6.2.4, 6.2.5, 6.2.6, 6.3.2. 

265.112(b)(4) 6.2.4, 6.2.5, 6.2.6, 6.3.1' 6.3.3, 6.3.4 

265.112(b)(5) 6.2.7 

265.112(b)(6) 6.2.8 

265.112(c) 6.1.1.4 

265.112(d) 6.1.1.5 

265.112(e) 6.1.1.6 

265.113(a) 6.1.2.1 

265.113(b) 6.1.2.1 

265.113(c) 6.1.2.2 

265.114 6.1.3, 6.2.5, 6.2.6, 6.3.1' 6.3.2, 6.3.3, 

265.115 6.1.4 

265.116 6.1.5 

265.117-265.120 6.4 

265.142 6.1.6 

265.143 6.1.7 

265.144 - 265.145 6.4 

265.147 6.1.8, 6.4 

270.1 (c)(5) 6.1 

S95021a.MOP 1-3 
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primarily by the MDA-P waste pile. Contamination within the waste pile project boundary will be 

addressed during this closure. Any debris that has moved outside the waste pile project 

boundary will be removed during closure. 

Contamination within other potentially contaminated areas beyond this boundary will be 

addressed by the RCRA Facility Investigation (RFI) for Operable Unit (OU) 1082 (LANL 1993). 

Two of the adjacent potentially contaminated areas beyond the wast~ pile boundary include the 

burn pads located at the top of the mesa to the south of the waste pile and the area affected by 

the drainage from the burn pads located to the southwest and west of the waste pile. The burn 

pads are RCRA-regulated interim status units. These potentially contaminated areas are labeled 

as 16-016(b) and 161-01 0( c), and the estimated boundaries are depicted on Figure 1-1 . These 

areas are potentially contaminated with constituents similar to those in the waste pile. These 

areas will be investigated during Phase 1 of the RFI for OU 1 082, which is scheduled to begin 

during the spring of 1995. 

The third potentially contaminated area is the stream at the bottom of the Canon de Valle, 

located north of the waste pile. The stream is contaminated with constituents similar to those 

potentially present in the waste pile (see Section 3.1 ). However, several other known sources 

of potential contamination are located upstream of the waste pile. These sources include the 

drainage from the burn pads, located approximately 60 ft upstream and the effluent from a 

National Pollutant Discharge Elimination System (NPDES)-permitted outfall from Building 260, 

located approximately 1,700 ft upstream of the waste pile. The outfall is currently being 

monitored as required by the NPDES permit but not all of the potential contaminants identified 

in the RFI Work Plan are included in that monitoring. Another source is the MDA-R, a material 

disposal area that includes a World War II S-Site burning ground and its waste disposal area; this 

area is located approximately 1 ,900ft upstream of the waste pile. One or more of these sources 

has produced elevated concentrations of several potential contaminants in the stream and 

associated sediments. Because the stream continues to receive contaminants (e.g., barium) from 

these upstream sources, cleaning up the stream to the clean-closure performance goals would 

not be possible. 
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The RFI for 1 082 will address contamination in the stream located at the bottom of Canon de 

Valle within OU 1 082. All of the contaminants in this section of the canyon are likely to have 

been derived from TA-16 programmatic activities. In addition. the principal contaminants (HE and 

barium) in Canon de Valle are the principal contaminants for upstream potentially contammated 

areas in OU 1 082_ The Laboratory has not set the date for beginmng the OU 1 082 Phase 1 

investigation for Canon de Valle. 

The Laboratory will ensure that the RFI will investigate the adjacent potentially contaminated 

areas up to the boundary of the MDA-P waste pile. In addition, the Laboratory will ensure that 

the contaminants identified for the adjacent potentially contaminated areas will include all the 

contaminants detected during the closure of the MDA-P waste pile. 

The MDA-P boundary to the south of the MDA-P waste pile was selected to parallel (but not 

include) the surface run-on control trench located upgradient of the waste pile. The western 

boundary was selected to coincide with a small ridge that divides the drainage from the burn 

pads and drainage from the waste pile. The northern boundary was selected to coincide with 

the approximate elevation of the 1 00-year flood-plain of the Canon de Valle stream. However, 

the northwest corner of the waste pile project boundary is below the 1 00-year flood-plain 

boundary. The eastern boundary was selected to include the last drainage channel to the east 

that could possibly include contamination from the waste pile. The eastern boundary was 

selected to include the eastern and western sides of this natural drainage divide. Markers will 

be used to permanently identify the surveyed boundary of the MDA-P waste pile. 

1.1.2 Contingent Approach 

This closure plan describes the removal of the waste pile and waste residues. Phase 1 sampling 

will be conducted during removal of the waste pile to characterize the waste for disposal. _ After 

the waste pile is removed, Phase 2 sampling will be conducted to determine if the remaimng 

contamination, if any, is below acceptable levels. Soil or tuff below the waste pile may be left in 

place if NMED grants approval and if any of the following conditions are met: 

S95021aMOP 1-5 
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• The 20 NMAC 4.1 , Part 261, Appendix VIII hazardous constituents are present at 

concentrations less than the background upper tolerance levels (UTL) (see 

Section 4.1 .1 ). or 

• All Appendix VIII hazardous constituents in the soil or tuff are less than SALs (see 

Appendix A), or 

• The sum of the SAL comparison ratios for multiple Appendix VIII constituents is 

less than a target value of 1 (see Section 6.1. 1.2). 

If all Appendix VIII constituent concentrations are below these levels, then the clean closure will 

be achieved. 

If the remaining Appendix VIII constituent concentrations equal or exceed these levels, risk-based 

preliminary remedial goals (PRGs) will be developed as described in Appendix B. The soil or tuff 

may be left in place as described in Section 6.1.1.2 if NMED grants approval, and risk-based PRG 

levels are not exceeded. If risk-based PRG levels are exceeded, a risk assessment may be 

conducted in accordance with EPA guidance (EPA 1989, EPA 1991 b, and EPA 1992a). See 

Figure 1-2. 

If additional waste must be removed, an amendment to the closure plan will be prepared for 

removal of additional wastes to reduce risk to target levels based on an industrial exposure 

setting. The amendment will include a Phase 3 sampling plan (if additional sampling is necessary 

to better define the areas that require removal for clean closure). It will also include a Phase 4 

confirmatory sampling and analysis plan to demonstrate that the clean-closure performance 

standard has been met. If Phase 3 sampling is necessary, the Phase 4 sampling plan will be 

submitted after .ne Phase 3 sampling results have been reviewed. NMED must approve this 

amendment and these sampling plans before they are implemented. 
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To achieve closure. the entire waste pile. including hazardous and nonhazardous waste and sotl. 

will be removeo. Approximately 30,000 cubic yards (yd3) of debris will be excavated. The 

primary decontamination technique will be steam cleaning. The waste contained within the pile 

is very heterogeneous; most of it appears to be structural steel and miscellaneous debris. which 

cannot be easily sampled or characterized because of the impracticality of drilling through the 

material and the physical size of the material. Chapter 3.0 of this plan describes what is known 

about the waste pile, both from process knowledge and from the limited number of samples that 

have been taken to characterize the waste pile. 

During closure. the waste will be characterized during excavation as sections of the pile are 

removed. For safety reasons, the debris will be decontaminated using steam and hot water to 

remove potential high explosives (HE) contamination. If the HE materials cannot be effectively 

removed from the debris, the debris will be flashed at the TA-16 open burn pad. If a significant 

amount of debris is generated beyond the estimates of this plan, alternate waste treatment 

methods will be explored. After decontamination and/or flashing, most of the debris is expected 

to be designated as nonhazardous. 

The final rinsate from the debris will be sampled to demonstrate that any debris waste 

characteristics have been removed. If Appendix VIII hazardous constituents are not detected in 

the final rinsate samples, then the debris will be sent to a RCRA Subtitle D facility. 

Soil. decontamination wastes (i.e., liquids and sludges), or free liquids (i.e., those liquids found 

in pockets or containers within the waste pile) that contain HE materials or exceed the regulatory, 

levels for toxicity characteristic (TC) metals (e.g., barium, chromium, lead) may be treated onsite 

or offsite at a permitted facility. On-site treatment of this waste may include stabilization on a 

batch basis for metals, such as barium, chromium, or lead. The batches of material will be 

approximately 100 yd3. Treatment that may be conducted onsite will occur inside tanks meeting 

the requirements of 20 NMAC 4.1. Sections 264.192 through 264.199. This treatment will occur 
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in less than 90 days and is exempted from permit requirements as described in 20 NMAC 4.1 . 

Section 262.34. 

The depth of waste contaminant migration into the upper vadose zone is unknown. After the 

waste materials are removed and decontaminated, the underlying soil will be over-excavated. 

Field screening instruments will be used to detect barium in conjunction with the over-excavation. 

Some areas will be excavated to different depths than others. The_ approximate depth of th1s 

over-excavation is expected to be two feet. After completion of the over-excavation the Phase 

2 sampling will be conducted. Based upon Phase 2 sampling, closure may be certified. or 

additional waste may be removed. If additional waste will be removed. an amendment to the 

closure plan will be submitted to NMED. 
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.· 

, ' · Perm-anent ·structure 
I • I PRS, poih\ )ocation 

MDA-P Project i3oundary 
Figure 1 ~ .1 



>a: 
<

( 
• 

....:.ow 

0 z ::::> 
0 m

 
~
 

u U
J 
~
 

0 a: 
0.. 

0.. I 

<
( 

0 ~ 



NDARY 

-~~-

I~ I Contours, 10 ft 
. L.·/''·-··.v// 1 Contours, 2 ft 
ld§:fl Boundary, OU 
IZ\ZI Boundary, TA 
1/·v/1 Contours, 10 foot 
1~ 1 Contours, 10Q foot 
IZVI Electrical > 13.2 kV . 

l /',,/ 1 Electrical < 13.2 kV 
////' '\v/// Roads, Dirt 

I /VI Roads, Paved . . 
I ///',, / // I Road/Trail 
lz"V?~I Telephone Line 

PRS 
Permanent Struc 

I · I OMS, 4t,int loca 

., ~· ·:~ ..... f·· J!.· .,. 

. - . 



2.0 FACILITY DESCRIPTION 

2.1 General Description 
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The Laboratory is located in Los Alamos County in north-central New Mexico, approximately 69 

miles (mi) north-northeast of Albuquerque and 25 mi northwest of Santa Fe (Figure 2-1 ). The 

Laboratory, which occupies an area of 43 mi2, and the associated residential areas of Los 

Alamos and White Rock are situated on the Pajarito Plateau. The communities closest to the 

Laboratory are Los Alamos, just north of the Laboratory, and White Rock, east-southeast of the 

Laboratory (see Figure 2-1 ). The total population of Los Alamos County is approximately 19,000 

(LANL 1993a). 

The plateau consists of a series of fingerlike mesas separated by deep east-west-trending 

canyons; ephemeral streams lie at the bottoms of most of the canyons. The mesa tops range 

in elevation from approximately 7,800 ft at the flank of the Jemez Mountains (west of Los Alamos) 

to about 6,200 ft at their eastern termination above the Rio Grande Valley (LANL 1993a). 

The Laboratory is divided into 51 TAs, 34 of which are developed (Figure 2-2). The MDA-P waste 

pile is located at TA-16. The main activities at TA-16 are HE production and development. 

2.1.1 MDA - P Waste Pile 

This section provides a description of the MDA-P waste pile. This description addresses design 

and construction, operation and maintenance, and erosion controls. 

2.1.1.1 Design and Construction 

MDA-P operated from the early 1950s until 1984 as a landfill for rubble and debris generated by 

the burning of HE, HE-contaminated equipment and material, barium nitrate sands, building 

materials, empty drums and bottles, and trash. These burning operations were conducted at 

burn pads adjacent to the waste pile. After burning material at the pad, the resulting debris 

would be pushed over the edge of the mesa. Gradually, this practice formed the existing waste 

pile. 
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The total surface area of MDA-P encompasses approximately 2 acres. The depth of the waste 

is approximately 12 to 14 ft. 

The waste pile was not constructed or filled in a manner consistent with current RCRA landfill 

design. There is no liner or leachate collection under the waste pile. The pile was formed by 

pushing flashed and burned debris over the mesa edge. Eventually, a 6-ft earth cover was 

placed over the waste pile, and a surface run-on control trench made of asphalt was constructed 

upgradient of the waste pile. Appendix C contains photographs of material visible within the 

waste pile. This material includes concrete sumps, glass, empty containers, and steel 

(LANL 1993a). 

2.1.1.2 Operation and Maintenance 

MDA-P was operated as a disposal site for rubble and debris from the 1950s to approximately 

1984. The majority of disposed materials consisted of residues and noncombustible debris 

resulting from burning HE, HE-contaminated equipment, building materials, empty drums and 

bottles, and trash. Before burning and disposal, HE-contaminated materials were disassembled 

and cleaned. The wastes and equipment were then taken to the sand-covered burn pads at TA-

16 and flashed with combustible materials needed to support destruction by fire. After the burn, 

the sand and burned wastes were removed and disposed of over the edge of the slope that 

forms the south wall of Cation de Valle. 

The disposal site operation began at the western portion of the canyon rim, gradually 

progressing toward the east along the narrow mesa and forming two distinct waste lobes. The 

western area of the disposal site has been leveled and covered with crushed tuff and sandy clay 

soils from the surrounding area. However, wastes such as demolition rubble and pipe remain 

visible on parts of the north-slope face. The eastern area was covered with soil as waste 

deposition proceeded; however, some wastes remain exposed {LANL 1993a). 

2.1.1.3 Erosion Controls and Storm-Water Controls 

A surface run-on control trench was installed in 1994 as a mechanism for erosion control {Figure 

2-3). This trench redirects rainwater and snowmelt around the waste pile. This trench also 
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serves to limit infiltration of water into the waste pile, allowing the waste to dry and limiting any 

potential migration. Over time, the slope has started to support native vegetation and small trees. 

These also serve as erosion control mechanisms. 

The MDA-P Closure Project Manager will revise the TA-16 Storm Water Pollution Prevention Plan 

for closure activities at MDA-P. Responsibility for ensuring compliance with this revised plan rests 

with the Project Manager. Existing storm-water sampling will be continued during closure 

activities. Additional erosion control mechanisms will be installed during closure as discussed 

in Section 6.2.6. 

2.1.2 Topographic Maps 

A topographic map depicting the approximate boundaries of the waste pile is shown in Figure 

2-4 (see pocket). Contour lines on this figure are at 2-ft intervals. 

2.1.3 Land Use 

Most of Los Alamos County and adjoining portions of neighboring Sandoval, Rio Arriba, and 

Santa Fe counties are undeveloped. The only significant developments in Los Alamos County 

are the Laboratory facilities and the associated residential communities. 

TA-16 continues to be an operating TA under the jurisdiction of Engineering Sciences and 

Application Division, although the Energetic Materials Division has operations in several buildings. 

Development and testing of explosive formulations, fabrication of explosive charges, and 

assembly of weapons test devices continues to the present. 

2.2 Environmental Setting 

The northwest corner of the MDA-P waste pile may be within the 1 00-year flood-plain boundary 

of the Canon de Valle system. This waste pile is situated in the saddle of a short narrow mesa 

on the southern rim of Canon de Valle and extends to the streambed at the bottom of the canyon 

(LANL 1993a). 
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The Laboratory is on the east-central edge of tr. 2· Jemez Mountains. The Jemez Mountains are 

formed by a complex pile of volcanic rocks along the northwest margin of the Rio Grande Rift. 

The immense volume of Pliocene and Quaternary extrusive rocks that represents the Jemez 

volcanic field covers an area of more than 30 mi east-to-west and 50 mi north-to-south, and is 

4,000 ft thick near the center (LANL 1993a). 

The only aquifer of the Pajarito Plateau capable of providing municipal and industrial water supply 

lies in rocks of the Santa Fe Group and Puye Formation. The potentiometric surface of the main 

aquifer at Area P is approximately 850 ft below the surface of the mesa (LANL 1993a). 
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3.0 EXISTING WASTE CHARACTERIZATION INFORMATION 

The existing waste characterization information consists of previous chemical/physical analytical 

results and process knowledge derived from general information on waste-pile operations. S-Site 

operations, and information on explosives composition. 

3.1 Previous Chemical/Physical Analytical Results 

The MDA-P waste pile has been characterized during two major previous sampling efforts. The 

first sampling effort was conducted in 1988 and reported on in 1989 (Appendix D), the second 

in 1994 (Raw Sampling Data). 

During the 1988 sampling effort, 13 boreholes were drilled through the waste pile and into the 

underlying tuff. The locations of the samples are shown in Figure 3-1 . The following six 

boreholes were sampled for barium using the EPA extraction-procedure (EP) toxicity test: 8-4, 

8-5, L-17, L-18, L-19, and L-20. The analytical results for barium are presented in Table 3-1. All 

of the elevated concentrations of barium were from samples collected from the eastern portion 

of the waste pile. Samples from the western portion of the waste pile exhibited barium 

concentration levels below the detection limit of 5 mg/L. 

At borehole 8-4, the EP toxicity concentration for barium was 14.8 mg/L at a depth of 19 tt, and 

at borehole L-17, the barium concentration was 8.8 mg/L at a depth of 16ft. This represents at 

least 6 ft of barium penetration into the tuff at both boreholes. Note that at these depths, the 

barium concentrations did not exceed the regulatory EP toxicity level of 1 00 mg/L. In borehole 

8-4, the barium concentrations exceeded the regulatory level to a depth of 16ft, which indicates 

that the upper 2ft of the tuff contained barium above the EP toxicity level. In borehole L-17, the 

barium concentrations exceeded the regulatory level to a depth of 10ft in the soil above the tuff: 

However, at this borehole it is possible that EP toxicity levels of barium were exceeded in the 

upper 1 ft of tuff because this interval was not sampled. 

Five boreholes were sampled for total HE using acetonitrile for extraction. In addition, the 

samples were analyzed for the following specific HE components: HMX 

( cyclotetramethylenetetranitramine), RDX ( cyclonitrite, cyclotrimethylenetrinitramine), TNT 
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(trinitrotoluene), and DNT (2-4 dinitrotoluene). Samples from boreholes 8-2,8-4. L-17, L-18. and 

L-20 were collected in clay/sand/soils above the tuff. Elevated levels of total HE and specific HE 

components were found in samples collected from the eastern and western portions of the waste 

pile. RDX and TNT concentrations above SALs were found at depths ranging from 1 ft to 10ft 

in boreholes 8-4. L-17, and L-20. 

A second sampling effort to characterize the area near the waste pile was conducted in 1 994 

(Raw Sampling Data). The locations of the samples are shown in Figure 3-1. The results of the 

soil samples are presented in Table 3-3. Note that some of the anlytical results are not available. 

Surface soil samples were collected within and along the margin of the waste pile (R-1 , R-2, R-3, 

R-4). Samples collected at locations R-1 and R-2 were collected from what appeared to be 

uncontaminated, undisturbed soil near the boundary of the waste pile. Samples collected at R-3 

and R-4 were collected from a shallow gully within and downgradient of the waste pile. 

The A-series samples were analyzed for total metals, HE, nitrates, gross alpha, gross beta, and 

gamma. HE and nitrates were detected in the A-series samples; gross alpha, gross beta, and 

gamma were not detected. Barium, copper, mercury, and zinc were present in the A-series 

samples above the Laboratory-wide background UTLs (see Table 3-3). Barium was present in 

the R-3 and R-4 samples at concentrations above tne SAL for soils. The rest of the metal 

constituents were within the range of the Laboratory-wide background UTLs. 

Surface soil samples were collected at three background locations (BKG-1, BKG-2, BKG-3), which 

were located away from the waste pile in areas that were believed to be representative of 

background. After further examination, soil from sample location BKG-1 appears to be 

representative of background, but sample locations BKG-2 and BKG-3 are located downwind 

from the burning grounds and may not be representative of true background. 

The BKG-series samples were analyzed for semivolatile organic compounds (SVOC), total metals, 

HE, nitrates, gross alpha, gross beta, and gamma. Nitrates were detected in the BKG-series 

samples. However, SVOCs, gross alpha, gross beta, and gamma were not detected. All metal 

constituents were within the range of the Laboratory-wide background UTLs. 
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Depth (ft) 

B-4 

1 686.5 

2 

3 4169.7 

4 

5 

6 

7 11300 

8 

9 

10 

1 1 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

1839.5 

·::'''':'' .·> 
,' .. ~g··~''''· .. ·.··::. .··.~ .W·.:.: .::. 

14;8 · .. , .•. 

Table 3-1 
MDA·P Borehole Sampling 1988 

Barium Concentrations (McLin 1989) 

Borehole Number 

B-5 L-17 L-18 

2486.4 18114.4 

<5.0 13206.9 

12.3 

16803.3 11 

<5.0 7.5 

<5.0 

3014.8 <5.0 

2048.5 

<5.0 

<5.0 

Notes: (a) EP toxic concentrations reported in mg/L 
(b) Shaded area indicates tuff 
(c) Refer to Appendix D for further detail 
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L·19 L-20 

<5.0 <5.0 

<5.0 

<5.0 

<5.0 

<5.0 <5.0 

<5.0 

<5.0 

.,. <s;o 

<5.0 
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Material Disposal Area P Borehole Sampling 1988 

Residual High Explosives Content 

Borehole Depth High Explosives 
Number (ft) (Tota~* 

(soluble wt %) 

8-2 2 0.11 

8-2 2 0.12 

8-4 3 1.68 

8-4 3 1.24 

8-4 7 0.21 

8-4 7 0.18 

L-17 1 0.27 

L-17 1 0.27 

L-17 2 0.95 

L-17 2 1.00 

L-17 4 o.n 
L-17 4 0.78 

L-17 9 0.70 

L-17 9 0.83 

L-17 10 0.58 

L-17 10 0.53 

L-18 3 0.06 

L-18 3 0.08 

L-18 4 0.08 

L-18 4 0.04 

L-18 6 0.10 

L-18 6 0.07 

L-20 6 0.18 

L-20 6 0.05 

*Extracted with acetonitrile 

(a) Concentrations reported in ppm 
(b) Samples collected in clay/sand/soil 
(c) Refer to Appendix 8 for further detail 

S95021c.MOP 

HMX RDX TNT DNT 

(ppm) (ppm) (ppm) (ppm) 

0 0 0 0 

0 0 0 0 

-
730 343 7869 0 

1010 292 7115 0 

585 13 26 0 

370 4 12 0 
-

1201 32 0 0 

1301 139 1 0 

2551 2206 0 0 

2582 2138 0 0 

821 4133 594 0 

1099 4132 557 0 

164 1195 211 0 

146 983 406 0 

220 2639 1497 0 

270 2655 1275 0 

14 3 17 0 

0 0 54 0 

22 2 4 0 

22 1 0 0 

0 2 0 0 

5 0 7 0 

21 50 27 0 

0 0 0 0 

3-4 
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Material Disposal Area P Sampling Results, April1994(1) 

SOIL (mgJkg)· .: 

SAL UTL Sample Location 
Constituent soil soli 

R·1 R-2 R·3 R-4 BKG-1 BKG-2 (mg/kg) 

Ag 400 n/a .:·: •.· ...... 2.1 1 ..... / 6.8 3.5 

AI n/a 58900 7800 6200 5400 8900 8000 8500 

As n/a 11.6 3.5 2.4 1.9 3.8 3.1 3.3 

Ba 5600 1140 1100 630 7800 38000 110 410 

Be n/a 331 0.59 0.47 0.34 0.36 0.56 0.56 

Ca n/a 54400 5700 3200 1400 2200 2200 2300 

Cd 80 2.7 0.51 •:: 0.52 1.2 
Co n/a 51.1 4.3 3.3 2.3 1<·::•:';:. ••.••. ·:·:·. 6.9 6.7 

Cr I' I 34.2 9.4 4.6 8.7 26 7.4 7.2 

Cu 3000 15.7 31 5.4 68 200 4.4 4.6 
Fe n/a 35600 8400 7800 8700 15000 n/a 7600 

Hg 24 .1 
, ...... ·.············•?······ 

.;.:::: 
l=>··>···:c· .. <·····.,.: 0.13 0.08 .::: .::::::::·.·. ,<J· 

K n/a 6180 1300 1100 800 1000 1600 1300 

Mg n/a 16100 1200 1100 1400 1100 1800 1400 

Mn 11000 1030 270 390 250 300 290 290 

Na n/a 1800 150 180 150 350 140 140 

Ni 1600 26.7 3.1 2.2 5.2 8.3 4.1 5 
Pb 400 39 37 11 37 36 18 21 

Sb 32 2.5 ···:., . .::.::}:: ... i .••• •: ·<< 0.4 :, . ·:· '·> !.::·>: . 

Se 400 1.7 :·:· } > 
I····· < 0.7 

··········. 

. 

Tl 6.4 .9 i:>>: .•.:•·•• .:•·:.:.· •:· ...... ; 1·. .3 ....... :. ..•.. 

v 560 66 11 8.3 9.5 11 15 12 

Zn 24000 101 49 30 81 320 21 25 

Nitrates (N03) n/a n/a : : : 3 11 5 29 22 

"'· B, y n/a n/a . :. 
·.· . : 

·:• 
.. : ·: : .. 

• •• 

HMX 4000 n/a 8.8 I•· . . .>:. 13.5 n/a n/a n/a 
SVOCs(31 n/a n/a NS 

VOCs1" 1 n/a n/a NS 

11\ Complied trom raw. unvahdated data, data has not been validated 

(2\ SAL tor Cr·lll IS 80.000 mg/kg and tor Cr·VIII IS 400 mg/kg 

(3\ UnpuOIIShed aata trom FIMAD 

S95021c.MOP 

NS NS NS : ....... : . ::::· · .. ::·:· 

NS NS NS NS 

Shaded cell 1nd1cates constrtuent below level ot detection 

n/a = not avaolable 

Levels above SAL 1n boldi
Levels above UTL in - ltalica 
NS • No Samp11ng 
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!> .... ::: 
NS 

BKG-3 

6900 -

2.9 
940 
0.45 
1500 

4.1 

5.5 
6.2 

9300 
.. 

1200 
1200 
280 
290 

3.3 
19 

8.6 
37 

22 

n/a 
: 

N,S 
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Table 3·3 (continued) 
Material Disposal Area P Sampling Results, April 1994 <1 > 

Ag 
AI 

As 
Sa 

Be 
Ca 

Cd 

Co 

Cr 

Cu 

Fe 

Hg 

K 
Mg 
Mn 

Na 

Ni 

Pb 

Sb 

Se 

Tl 

v 
Zn 

Constituent 

Nitrates (NO~ 

oc, B. y 

RDX 
SVOCsl31 

VOCsi3 J 

WATER4JNFlLTERED·:(pg/f) 

SAL Sample Location 
water 
(ILg/1) S-1 S-2 S-3 S-4 S-5 S-6 

170 .... · .. ··•····· ~ ····•.::: .... ::: . .. , .. .... .. 

n/a 310 560 740 370 180 

50 ~<···········•>:···.\ : />> / ±······< -. 

2000 3000 3000 3100 3400 3400 3300 

4 ~ : ... : ... ( ·•.••••·· .....• • > . :"·• • / _ .1 • _ .• ,_ .•.•••.•••.. :::.... ..······:·,·-···•••·•••· ..... · 

n/a 19000 19000 19000 18000 18000 17000 

n/a I /'·••····· .· ·.••··•. : : • \ I \ < > .. _.·.·. ··•········. ··:· .. ··• . ·.· • 

n/a ...... .. 340 350 310 1 ...•.. 

2. •· >··· ... =· i ..2l:':···-··········· -···························> 

.·. •:. 

n/a 3000 3100 2500 2700 2800 2500 

n/a 5600 5500 ssoo 5300 5200 5100 

n/a 21000 20000 20000 20000 20000 20000 

3 

50 I : ····• .. ·.· .. ··.· .. ·•· 3 > 

2 I\ ~:.:.< •····· ·.····••·· } .::•··> ··- I < •··•··••••· / .•••. . ··..•• .·. 

10000 I > .•. . .· ......... · ··:: .......... : I•'• . . . .·.···· 

n/a 100 120 J> · · ... 

3.2 180 152 196 133 146 162 

j__i_ .. ·.:· 

(1 l Compiled trom raw, unvalidated data. data has not been val1dated 

(21 SAL tor Cr·lll 1s 80.000 mg/kg and tor Cr·Vlll IS <100 mg/kg 
Shaded cell indicates constituent below level ot detection 

n/a z not available 

(31 Unput>hsned data tram FIMAD 

S95021c.MDP 

Levels aboVe SAL in lloldt
Levels aboVe UTL in bold ltMH:. 
NS • No Sampling 
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Constituent 

Ag 

AI 
As 
Ba 

Be 
Ca 

Cd 

Co 
Cr 

Cu 
Fe 

Hg 

K 

Mg 

Mn 

Na 

Ni 
Pb 

Sb 

Se 

Tl 

v 
Zn 

Nitrates (NO~ 
oc, B, y 

TNT 
SVOCs(3 l 

VOCs1"1 
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Table 3·3 (continued) 
Material Disposal Area P Sampling Results, April 1994 <1 I 

SEDIMENT(mg/kg) · 

SAL UTL Sample Location 
soli soli 

S-1 S·2 S-3 S-4 S-5 S-6 (mg/kg) 

400 n/a I····••·· . <.? !· .............................. ·······.· ..... 
n/a 58900 6300 12000 4700 6400 9400 4800 
n/a 11.6 3 n/a 3.1 3 3 2 

-5600 1140 3000 4300 2300 850 7900 1000 

n/a 331 0.6 0.99 0.45 0.62 0.65 0.36 

n/a 54400 1900 4200 1600 1700 2400 1100 

80 2.7 . <· < .. < : 0.51 I·•·•·· 
n/a 51.1 5.8 6.3 2..6 4.1 8.1 2.7 

1'1 34.2 5.5 12 4.7 5.2 7.6 4.3 

3000 15.7 11 20 11 3.9 16 1 1 

n/a 35600 8200 10000 6900 8800 10000 7000 

24 0.1 i<••··:·<>• >.· .... r .. ·. 0.14 0.22 V>·•···· 
•••••• 

·, ... .·:· 

n/a 6180 680 1300 540 1100 1100 660 

n/a 16100 950 1900 710 1300 1300 800 

11000 1030 200 230 230 310 1600 380 

n/a 1800 160 230 120 260 300 230 

1600 26.7 9.6 18 7.9 3.4 11 

400 39 19 24 20 15 21 18 

32 2.5 li >'··· < I• / > < · ... : .. .·.··· ...•.. · .. / ···< .... 

400 1.7 0.6 3 < ..... .:·e?·'> <··· 0.8 

6.4 0.9 I 0.3 
······ :{ 

1•· ....•... .......... I < 
560 66 13 21 11 9.5 15 8.5 

24000 101 25 46 27 29 77 39 

n/a n/a 0.6 1.2 .. ·.· .... · : 0.6 0.66 3 

n/a n/a ~·········· > : ..•• . · / . •:: .. .... ........ ·<··. : ......... :,:: I•··. ::::: , . 

40 n/a I'• : .. ::•: .... ..... : 1.8 ... ···.············: . I ... / •···•···•·: .... · 
n/a n/a > I•· :• <<· ·•:• ··· ......... ...... 

.... ·.··· 
·•· :::•: 

I· 
:::::.• ··: ... 

n/a n/a ........ ............... P·•· .•...• :::: ........ ····· u }>: .. ....•. ................ y i >• ....... :: 

(1! Comp•led from raw. unvalidated data, data has not been validated 
(2) SAL for Cr·lll IS 80.000 mg/kg and for Cr.VIIIIS 400 mg/kg 

Shaaed cell Indicates constituent below level of detection 

n/a = not available 
(31 Unpubusnea data from FIMAD 
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Sediment and unfiltered water samples were collected at locations within the stream channel in 
the bottom of Canon de Valle (S-1, S-2, S-3, S-4, S-5, and S-6). Sample locations S-1, S-2. and 
S-3 were upstream of the waste pile and represent unaffected locations. Sample locations S-4. 
S-5, and S-6 were below and downstream of the waste pile and represent potentially affected 
locations. 

The sediment and unfiltered water samples were analyzed for volatile organic compounds (VOC), 
SVOCs, total metals, HE, nitrates, gross alpha, gross beta, and gamma. HE and nitrates were 
detected in the water and sediment. However, VOCs, SVOCs, gross alpha, gross beta, and 
gamma were not detected in the sediment or water samples. Barium and copper were detected 
in the sediment samples above the Laboratory-wide background UTL both upstream and 
downstream of the waste pile. Mercury and selenium were detected in the sediment above the 
Laboratory-wide background UTLs upstream of the waste pile. Manganese was detected in the 
sediment above the Laboratory-wide background UTL downstream of the waste pile. Barium and 
RDX were detected in the unfiltered water samples above the SALs for water both upstream and 
downstream of the waste pile. Silver and copper were detected in the water upstream of the 
waste pile above the Laboratory-wide background UTLs. Data are not sufficient to determine the 
portion of contamination that may have come from Area P, but they do demonstrate conclusively 
the presence of some other source upstream from Area P. 

The analytical results show that wastes containing HE and barium were disposed of in the waste 
pile. These constituents are expected to be present in the waste because they have been 
previously detected in the waste pile or downgradient from the waste pile. 

3.2 Process Knowledge 

3.2.1 General Waste-Pile Operations Information 

The MDA-P was the main disposal site for nonradioactive waste generated at S-Site. S-Site 
included TA-11, TA-13, TA-16, TA-24, TA-25, TA-28, TA-29, and TA-37. According to site 
personnel, Laboratory administrative procedures did not allow waste generated at S-Site to leave 
the site. The only exception to this was radioactively contaminated waste such as depleted 
uranium (DU) waste, which was transported off S-Site and disposed of elsewhere. After TA-54 
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became the official disposal site for the Laboratory, nonradioactive waste was allowed to leave 

S-Site after it was burned or flashed. 

The Laboratory required that records be kept of all waste transported to S-Site from other 

Laboratory sites to ensure that wastes. burned at the burn site and/or disposed of at the waste 

pile were compatible with the HE residue. The Laboratory also required that records be kept of 

the types of wastes that were burned at the burn site at MDA-P .. The available records are 

included as Appendix E. 

The available MDA-P waste-pile disposal records indicate that the following wastes were disposed 

of at the waste pile: wastes that were burned at the burn site, building debris, and 

noncombustible material. The building debris wastes may have contained asbestos. If the waste 

was HE-contaminated and considered potentially explosive, it was burned before disposal in the 

waste pile. The vast majority of wastes disposed of at MDA-P were flashed prior to disposal. 

According to the available burn site records, the following wastes were burned at the burn site: 

HE, solvents, DU, and miscellaneous HE-contaminated waste (e.g., barium-nitrate sands, filter 

baskets, trucks). The records indicate that gasoline and kerosene were commonly used to burn 

the waste. According to site personnel who operated the site from the 1950s until the early 

1980s, all solvents wastes were burned, and the resulting noncombustible debris was placed in 

the waste pile. 

Based on the available burn site records, DU was burned at the burn site and then disposed of 

at another location. According to site personnel, no DU was known to have been placed in the 

waste pile. The records do not indicate the types of solvents that were burned. 

Based on the available waste-pile disposal records and burn site records, the wastes expected 

to be in the waste pile include HE residues, barium, residues from the burning of solvents, and 

asbestos. However, it is possible that wastes containing liquid solvents, or DU were disposed 

of in the waste pile. 
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The S-Site operations records indicate that site processes included HE pressing, assembly. 

casting, coating, and machining. In addition, other processes included metal plating, 

photoprocessing, and cleaning parts and machinery with solvents. 

HE constituents and residues are expected to be in the waste pile, but RCRA K-listed explosive 

wastes are not likely to be present. Because the explosive nature of an HE-contaminated wastes 

was eliminated prior to disposal, K044 and K045 wastes are not expected to be present in the 

waste pile. 

It is possible that RCRA-Iisted plating wastes (F006-F012) were generated at the S-Site, but it is 

not likely that these wastes were disposed of at the waste pile. Records indicate that the plating 

shops discharged plating wastes via outfalls. Plating wastes typically include cadmium, 

chromium, hexavalent chromium, cyanide, lead, and nickel. These wastes could be classified 

as the following RCRA characteristic wastes if the concentrations exceed the TC regulatory levels: 

cadmium (0006), chromium (0007), and lead (0008). 

Even though photoprocessing wastes were generated at the S-Site, it is not likely that they were 

disposed of at the waste pile. Records indicate that photoprocessing wastes were discharged 

from buildings via outfalls. Photoprocessing wastes typically include silver, which could be 

classified as the RCRA characteristic waste 0011 if the concentration exceeds the TC regulatory 

level. In addition, these wastes commonly included cyanide. 

S-Site operations records indicate that the following solvents were supplied to the S-Site 

buildings: Met-L-itTM, freon-PCA solvent, dimethyl sulfoxide, acetone, chlorothene {also known as 

1,1, 1-trichloroethane), methylene chloride, n-butyl acetate, chloroform, 1 ,2-dichloroethane, , 

dimethylformamide, isopropyl alcohol, n-octane, 1,1 ,2,2-tetrachloroethane, ethyl acetate, 

methanol, methyl ethyl ketone, toluene, trichloroethylene, kerosene, ethylene glycol, carbon 

tetrachloride, chlorobenzene, n-hexane, methylcyclohexane, ethanol, petroleum distillate. Based 

on this information, it is likely that RCRA F-listed solvents (F001, F002, F003, and FOOS) may have 

been used at the S-Site, but it is not likely that they were disposed of unburned at the waste pile. 

Records indicate that solvents were discharged via outfalls or burned at the burn site. 
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3.2.3 General Information on Explosives Composition 

Detailed information regarding the composition of explosives produced at the Laboratory is 

presented in Appendix F. This appendix includes a detailed description of the types of 

explosives used at the Laboratory, a description of the potential constituents typically associated 

with explosive formulations and open burn/open detonation areas, and detailed lists of products 

of environmental degradation and constituents that may potentially be detected in the 

environment at these areas. The following information was taken from Appendix F. 

Explosives used at the Laboratory may be divided into three classes: 1) primary or initiating, 2) 

boostering, and 3) secondary (bursting charge), or HE. 

Primary explosives are extremely sensitive to friction, heat, and impact, and some are sensitive 

to an electrical discharge. When exposed to flame, these explosives can be expected to 

detonate without burning. Examples of primary explosives are lead azide and lead styphnate. 

Boostering explosives are associated with exploding bridge-wire detonators. Boostering 

explosives are less sensitive to explosion initiators than primary explosives but may be set off by 

heat, friction, or impact. These explosives may detonate when burned in large quantities. 

Examples of boostering explosives include HMX, PETN (pentaerythritol tetranitrate), RDX, and 

tetryl (trinitrophenyl methylnitramine). 

Secondary, or HE, requires more energy for initiation than either primary or boostering 

explosives. All HE will detonate if it receives a strong shock from an impact or from a boostering 

explosive. Unless, confined, secondary explosives will burn without detonating. Examples of HE 

include baratol, the cyclotols, TNT, several plastic-bonded explosives, and extrudable explosives. 

The type of bonding materials used in these explosives include plasticizers (e.g., dioctyl 

phthalate, di[2-ethylhexyl]sebacate), polystyrenes, and waxes. HE components include HMX, 

RDX, TNT, PETN, and tetryl. A common TNT byproduct is 2-4 dinitrotoluene, which is a RCRA 

TC constituent. See Appendix F for a full listing of HE components and details regarding the 

chemical composition of HE. 
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Certain metals typically used in processing operations and in assembly and storage areas may 

be co-constituents of the parent explosive or may have been used to make up the device that 

housed the explosive. These metals include barium, beryllium, copper, DU, iron. lead, and zinc. 

Lead was also typically used to line troughs for HE manufacturing and as shielatng. Asbestos 

is associated with certain explosives, and cyanide is a degradation product of cyanuric acid, 

which is used in mock explosives. According to site personnel, mercury was not used in 

explosives, but it was associated with explosives manufacturing, as it was used for density 

determinations and in vacuum pumps. 

Polycyclic aromatic hydrocarbon (PAH) constituents can result from the product of incomplete 

detonation or combustion of explosives that contain motor or fuel oil, or they may be the product 

of incomplete detonation or combustion of fuels used to ignite the explosives. Typical PAHs 

constituents include acenaphthylene, anthracene, fluorene, phenanthrene, benz[a]anthracene. 

benzo[b]fluoranthene, benzo[k)fluoranthene, benzo[a]pyrene, chrysene, dibenz[a,h]anthracene, 

and indeno[1,2,3-cd]pyrene. 

Based on the explosive composition information, the following constituents are expected to be 

present in the waste pile: HE residues, barium, beryllium, copper, cyanide, iron, lead, zinc, 

asbestos, and PAH constituents and plasticizers. DU is not anticipated because radioactively 

contaminated HE should not have been disposed of at the waste pile. 

3.3 Potential Constituents in the Waste 

Based on process knowledge and previous sampling and analysis results, the waste may 

potentially include the constituents identified in Table 3-4. 
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Potential Constituents in the Waste at MDA-P Waste Pile 

Potential Constituents Potential RCRA Waste Codes 

Asbestos Not Applicable 

Cyanide(a) Not Applicable 

Depleted Uranium Not Applicable 

2-4 Dinitrotoluene(a)(bJ 0030 

Explosive Residues(b) 0003. K044 

Explosrve Waste(bJ (exhibits the 0003. K044 
charactenstic of reactrvity) -

Metals (TCLPl: 

Barium 0005 
Cadmium 0006 
Chromium 0007 

Lead 0008 
Mercury 0009 

Silver 0011 

Metals (Other): 

Beryllium(a) Not Applicable 
Copper Not Applicable 

Iron Not Applicable 
Nickel Not Applicable 
Zinc Not Applicable 

PAH Constituentsla)(c) Not Applicable 

Solvent Constituents(d) F001, F002, F003, F005 

Plasticizers(a) (e) Not Applicable 

(a) - U- and P-listed wastes are not expected to be present in the waste, unless a can containing aU- or P-listed waste is found in 
the waste pile. Based on process knowledge, waste containing PAHs, beryllium, 2-4 dinitrotoluene, mercury, plasticizers. or 
cyanide will not be considered P- or U-listed waste. The PAHs will be assumed to be the product of incomplete detonation or 
combustion of explosives that contain motor or fuel oil or the product of incomplete detonation or combustion of fuels used to 
ignite the explosives. Beryllium will be assumed to be a co-constituent of the parent explosive or a part of the device that housed 
the explosive, as described in Section 3.1. The constituent 2-4 dinitrotoluene will be assumed to be an explosive residue. 
Mercury will be assumed to be waste associated with vacuum pump cleaning and density determinations. Plasticizers will be 
assumed to be a co-constituent of explosives. Cyanide will be assumed to be a degradation product of explosives. 

(b) - Explosive residue constituents include the following: 2-4 Dinitrotoluene, HMX, RDX, TNT. Because the HE was burned before 
disposal. 0003 and K044 waste is not expected to be present. If the waste exhibits the characteristic of reactivity due to 
explosivity, it will be classified as 0003 and K044 waste. 

(c) - PAH constituents include the following: acenaphthylene, anthracene, fluorene, phenanthrene. benz[a]anthracene, 
benzo[b]fluoranthene, benzo[k]fluoranthene, benzo[a]pyrene, chrysene, dibenz[a,h]anthracene, and inaeno[1 ,2,3-cd]pyrene). 

(d) - Solvent constituents include the following: Met-1-it'IN, freon-PCA solvent, dimethyl sulfoxide, acetone, chlorothene (also known 
as 1,1, 1-trichloroethane), methylene chloride, n-butyl acetate, chloroform, 1 ,2-dichloroethane, dimethylformamide, isopropyl 
alcohol, n-octane, 1,1 ,2,2-tetrachloroethane, ethyl acetate, methanol, methyl ethyl ketone, toluene, trichloroethylene, kerosene, 
ethylene glycol, carbon tetrachloride, chlorobenzene, n-hexane, methylcyclohexane, ethanol, petroleum distillate. 

(e) - Plasticizers include dioctyl phthalate and di[2-ethylhexyl]sebacate. 

The analytical methods that will be performed during closure are identified in Table 4-3. These analytical methods were selected 
to detect the constituents listed above. 
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4.0 SAMPLING AND ANALYSIS PLAN FOR PHASE 1 AND PHASE 2 CLOSURE SAMPLING 

This chapter describes the strategy and methodology for the sampling and analysis activities to 
be implemented during closure of the waste pile. The sampling and analysis activities are divided 
into Phase 1 sampling (Section 4.1) and Phase 2 sampling (Section 4.2). During both Phase 1 
and Phase 2, sampling activities will generate additional wastes that will also require sampling 
and analysis (Section 4.3). Field logistics are described in Section 4.4. Sample preservatlon and 
handling details are described in Section 4.5. Decontamination d! sampling equipment and 
personal protective equipment is described in Section 4.6. Analytical requirements are described 
in Section 4.7. Quality assurance/quality control is described in Section 4.8. Sample collection 
procedures are described in Appendix G. The Standard Operating Procedure (SOP) for Soil and 
Water Sampling Operations, TA-16 High Explosive Exclusion Area is also included in Appendix G. 

The sampling strategy is based on a combination of systematic sampling and judgmental 
sampling. EPA recommends systematic sampling when a population distribution is random or 
contains modest stratification (EPA ·1 992). 

4.1 Strategy, Sample Point Location, and Number of Samples for Phase 1 Sampling and 
Analysis 

The Phase 1 sampling, which will be conducted during the removal of the waste pile, will consist 
of the following: 

• Sampling to establish background ranges for metals, radioactivity, and PAHs in 
nearby soils and tuff unaffected by Laboratory operations 

• Sampling to establish baseline ranges for Appendix VIII hazardous constituents 
and radioactivity in soils and tuff at the top of the mesa 
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• Sampling of any soils and free liquids contained within containers or pockets 

around or inside the debris and soil during excavation of the waste pile and 

sampling of the soil and tuff at the staging area after excavation 

• Sampling of the debris 

Phase 1 sampling is designed to establish background and baseline concentrations. which will 

be compared with Phase 2 sample results to determine if clean ~Iesure has been met. In 

addition, Phase 1 sampling is designed to characterize any soil, tuff, debris, and free liquids to 

ensure proper disposition of the excavated waste. Sampling is designed to meet the most 

stringent waste acceptance criteria of the treatment, storage, or disposal facilities under 

consideration. 

Additionally, visual inspections and spot testing for HE will be conducted as necessary to ensure 

safe waste pile removal and sample management. 

4.1.1 Sampling to Establish Background Concentrations 

A range of background concentrations for metals and radioactivity as well as PAHs (which are 

the natural products of forest fires) will be established for the soil and tuff below the waste pile. 

Background concentrations represent naturally occurring concentrations in the soil and tuff in 

locations that are unaffected by releases from Laboratory facilities. 

Background for the soil and tuff below the waste pile will be defined as the 95% UTL calculated 

from concentrations of constituents measured in unaffected soil and tuff that is similar to that 

present near the MDA-P waste pile. The existing Laboratory database on background 

concentrations will be assessed to determine if sufficient data are available to provide a 

statistically meaningful UTL. If the available data are insufficient, additional samples will be 

collected near the waste pile in locations believed to be unaffected by releases from Laboratory 

facilities. If additional samples are required, discrete grab samples sufficient to calculate a 

meaningful UTL will be collected. 

In response to previous NMED comments, a Background Sampling Plan is being developed for 

MDA-P. This plan will be submitted to NMED for approval. 

S95021d.MOP 4-2 



4.1.2 Sampling to Establish Baseline 

Material Disposal Area P Closure Plan 
Revis1on 0, February 1995 

Before any waste is removed, baseline levels will be established for the soil at the top of the 

mesa in the approximate location of the closure waste handling/management areas (e.g., staging, 

decontamination, treatment, storage, and loading areas). Baseline levels will be established by 

collecting 1 0 samples from locations distributed over the waste handling/management area. 

Baseline levels will reflect the possible presence of contaminants derived from nearby Laboratory 

operations that are not related to MDA-P. Baseline concentrations are represented by the 95% 

UTL calculated from concentrations of Appendix VIII hazardous constituents and radioactive 

constituents measured in soil from these areas. 

Following the completion of all waste removal operations and final equipment decontamination, 

the areas on top of the mesa will be resampled and the sampling data compared with baseline 

UTLs concentrations to determine if any releases occurred during the waste removal operations. 

4.1.3 Sampling of the Waste Pile 

During waste removal operations, the waste pile will be sampled for potential contaminants to 

characterize the waste for selection of treatment and disposal options. The material to be 

sampled includes excavated soil and tuff, as well as debris within the waste pile. Before 

excavation, this material will be visually inspected and spot-tested for HE to ensure safe handling. 

4.1.3.1 Soil and Tuff 

One composite sample will be taken from each 100 yd3 of waste soil and tuff. Based on the 

estimated waste-pile volume (30,000 yd3), a total of approximately 300 composite samples will 

be collected. Composite sampling will provide data on the average concentration of 

contaminants required for selecting treatment and disposal options. 

Each composite sample will consist of grab samples collected from 3 to 1 0 locations within the 

100 yd3 of soil and tuff. A larger number of grab samples could result in excessive dilution of 

contaminant concentrations. Sufficient volume will be collected for each grab sample to ensure 

adequate composite sample volume for the prescribed analyses. The composite samples will 
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be collected from the soil before excavation or after the waste has been removed to the top of 

the mesa. 

The leader of the sampling team will inspect the waste and select grab samples from any waste 

material that shows discoloration, elevated moisture content, or other evidence of potential 

contamination. Field instruments will be used to indicate if constituents are present in the waste 

during excavation. Contaminated soil will be segregated and sampled separately. 

The number of samples was chosen to satisfy treatment, storage, and disposal requirements and 

is based on best professional judgment concerning the heterogeneity of the waste pile. 

Composite sampling allows more sample locations and better represents the total batch. 

Additional samples will be collected based on the judgment ot the field team leader. By using 

systematic composite sampling combined with judgment-based sampling, the waste can be 

effectively segregated into and managed as unique and different wastestreams. 

4.1.3.2 Debris 

In accordance with 20 NMAC 4.1, Section 268.2(g), debris is defined as solid material exceeding 

a 60-mm particle size that is intended for disposal and that is a manufactured object, plant or 

animal matter, or natural geologic material. In addition, hazardous debris is defined as debris 

that contains a hazardous waste listed in 40 CFR Part 261, Subpart D, or that exhibits a 

characteristic of hazardous waste identified in 40 CFR Part 261, Subpart C. 

The excavated debris is expected to consist of pieces of metal, concrete, wood, or other large 

items. Excavated debris will not be sampled directly; rather, the debris will be characterized for 

regulated constituents by analyzing rinsate liquid collected after it is decontaminated. However, 

an HE spot test will be conducted in accordance with the SOP for Soil and Water Sampling. 

Operations, TA-16 High Explosive Exclusion Area (see Appendix G). This sampling will assess 

the effectiveness of the decontamination. 

During excavation, the debris will be visually inspected for HE, then removed and 

decontaminated. The final rinsate water will be collected from the decontamination of the debris 

that is associated with each 1 OO-yd3 batch of debris. A composite sample will consist of grab 
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samples collected from selected containers of rinsate associated with a particular 1 OO-yd3 volume 

of debris. A total of approximately 300 composite samples of the final rinsate will be collected. 

4.1.3.3 Free Liquid and Containers of Liquid 

During excavation, free liquid may be found in pockets of the debris or containers. This liquid 

will be pumped into a suitable container and sampled. 

Containers of liquid that may be found during excavation will be carefully removed from the waste 

pile and placed in a cool, shaded area for sampling. Information will be obtained from any labels 

that may be present on the container to help identify the contents. If the contents are unknown, 

the container will be sampled at a later time under appropriate controlled conditions (e.g., a fume 

hood, or supplied air). 

4.2 Strategy, Sample Point Location, and Number of Samples for Phase 2 Sampling and 

Analysis 

After the waste pile is removed, Phase 2 confirmatory sampling will be conducted to assess 

whether the concentrations of Appendix VIII hazardous or radioactive constituents in the 

remaining soil and tuff are below acceptable levels and to determine that the closure performance 

standard as described in Sections 6.1 .1 and 6.1 .1 .2 has been met. Phase 2 sampling will include 

sampling of the soil and tuff within the MDA-P waste pile project boundary and sampling of the 

soil at the closure waste handling/management areas at the top of the mesa. 

Additionally, visual inspections and spot testing for HE will be conducted as necessary to ensure 

safe sample management. 

4.2.1 Sampling of the Soil Beneath and Downgradient of the Former Waste Pile 

When all debris and obviously contaminated soil or tuff has been removed from the pile and any 

overexcavation has been completed, confirmatory samples will be collected from the exposed 

surface and downslope from the former waste pile at a depth of 0-12 in. to assess whether the 

concentrations of the remaining soil and tuff are below acceptable levels and the closure 

performance standard has been met. Discrete grab samples will be collected from locations 
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selected within a grid consisting of 1 0 m x 1 0 m cells (see Figure 4-1). The grid size selected 

is based on meeting the requirements of any risk assessment that may be required. The grid 

size is also based on requirements for any radiological land survey demonstration which may be 

required (NRC 1992}. Only the grids located within the surveyed waste pile project boundary will 

be sampled. Until the boundary is surveyed and the number of grids are totalled, the total 

number of samples cannot be determined. For planning purposes it will be assumed that 

approximately 170 samples will be collected from approximately 170 grids. In addition, 

judgmental sampling may be done at locations that appear to be pot~ntially contaminated, such 

as weathered fractures in the tuff. Additionally, field screening methods may be used to bias 

sample locations within the grid to more contaminated locations. 

After the Phase 2 grid sampling has been completed and the data have been evaluated, the 

Laboratory will drill boreholes 10 feet beyond the vertical extent of contamination. The vertical 

extent of contamination will be defined as the depth below which organic constituents are no 

detected or inorganic constituent concentrations are below the background UTLs. Field 

screening, previous sampling results, and visual inspection will be used to bias the location of 

the boreholes -in areas most likely to be contaminated. The Laboratory will obtain NMED 

approval for the number and location of boreholes to be used to define the vertical extent of 

contamination. 

4.2.2 Sampling of the Soil Below the Closure Waste Handling/Management Areas at the 

Top of the Mesa 

Following the completion of all waste removal operations and final equipment decontamination, 

the closure waste handling/management areas at the top of the mesa will be resampled and the 

sampling data compared with baseline concentrations to determine if any releases occurred 

during the waste removal operations. Ten discrete samples of surface soil will be collected from 

the waste handling/management area. If sample analysis indicates that contamination levels are 

above the preremoval baseline UTLs, contamination will be removed, and resampling will occur 

until preexisting baseline levels are reached. 
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4.3 Strategy, Sample Point Location, and Number of Samples for Sampling and 

Decontamination Wastes 

In addition to the excavated materials, the removal operations will generate other wastes. These 
include decontamination liquids and sludges, personal protective equipment. disposable 
sampling equipment, and the wood and plastic used to construct the waste 
handling/management areas (e.g., staging, decontamination, treatment, waste storage areas). 

4.3.1 Decontamination Liquids 

One composite sample will be collected from each batch of decontamination liquid. If methanol 
or dilute acids are used for decontamination, process knowledge will be used to demonstrate 
that decontamination wastes do not exhibit the characteristic of ignitability or corrosivity. 

4.3.2 Disposable Personal Protective Equipment and Sampling Equipment 

Sampling and analysis of personal protective equipment and other equipment waste from the 
sampling activities is not feasible. Therefore, these wastes will be decontaminated to remove soil 
or mud before disposal. If any visible contamination remains after the decontamination process, 
these items will be characterized for RCRA constituents using the analytical results of the 
associated soil and tuff samples. If the items are not visibly contaminated, they will be managed 
as nonhazardous waste. 

4.4 Field Logistics 

The sampling sites will be examined before the start of field sampling to ensure that all required 
items are available. Coordination with the responsible group personnel at TA-16 is required for 
the use of storage and staging areas. Access to the waste pile site requires notification of TA-16 

site and burn site personnel. Access to TA-16 requires a security clearance or an approved 
escort with a security clearance. Access to TA-16 will be restricted during burn operations. Site 
workers must have received all training specified in the Site-Specific Health and Safety Plan 

(SSHASP) for this project. 
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The material within the waste pile is inside an exclusion zone, so protective clothing must be 

worn if contact with waste is possible. Protective clothing requirements will b'e determined by 

the health and safety officer assigned to the project and will be described in the SSHASP to be 

prepared before sampling or excavating begins. Exclusion zones, access, and staging and 

decontamination areas will be designated as depicted in Figure 2-4 (see pocket at the end of 

Chapter 2.0). A boundary defining the exclusion zone will be set up around the waste pile as 

depicted in Figure 4-1 (see pocket at the end of Chapter 4.0). 

A decontamination area for tools, equipment, and personnel will be designated (decontamination 

procedures are discussed in detail in Section 6.3 of this plan). All decontamination materials 

must be stored in containers with proper labels and identifying information. Efforts will be made 

to minimize the volume of decontamination materials. Personnel involved in performing the 

actual decontamination will be dressed in protective clothing one level of protection below that 

which the exclusion zone workers are required to wear. 

Field measurements for radioactivity and organic vapors will be made and documented before, 

during, and after sampling activities at the waste pile. Measurements will be made using the 

calibrated instruments specified in the SSHASP. Qualified radiation protection and health and 

safety personnel are responsible for this monitoring. Results of monitoring will be used to 

evaluate possible hazards at the site, evaluate current conditions, and specify personal protective 

equipment. 

4.5 Sample Preservation and Handling 

The samples will require cooling with ice at the time of collection. Samples will be preserved in 

the field as soon after collection as is practical. Sample preservation for chemical analysis will 

conform to the requirements of EPA SW-846, Volume II, Part Ill (EPA 1992). Sample containers 

will be precleaned (typically by the original supplier) using EPA quality assurance protocols 

appropriate for the intended use of the sample container. Sample container requirements, 

preservation methods, and holding times are listed in Table 4-1. 

Following sample collection, sample container lids shall be fixed tightly to the containers and the 

outside of the container carefully rinsed with deionized water and dried. The purpose of the rinse 

is to minimize the spread of contaminated materials on sample container surfaces. After rinsing 
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and drying, labels will be attached to the containers and the containers sealed with a custody 

seal, which will be initialed and dated by a member of the field team. The sample containers will 

then be placed in resealable polyethylene bags as secondary confinement in the event of 

leakage or breakage. The outside surfaces of the secondary sample containers will be monitored 

for radioactivity before packaging for transportation to the analytical laboratory. 

Samples will be packaged and handled according to the SOP for Soil and Water Sampling 

Operations, TA-16 High Explosive Exclusion Area (see Appendix G). _Samples will be packaged 

in shipping coolers and cooled to approximately 4° C, with adequate cushioning and absorbent 

materials to reduce the likelihood of breakage and to contain fluids should breakage occur. 

Sample custody, analytical request documentation, and any additional laboratory-required 

documentation will be placed in resealable polyethylene bags and taped inside the cooler lid. 

All samples will be screened onsite for gross alpha, beta and gamma radioactivity before 

packaging and shipment. If the sample is to be shipped offsite for analysis, appropriate labels 

and markings will be placed on top of the packing materials inside the cooler to make them 

obvious to anyone when opening the cooler. Sample coolers will be sealed with packing tape, 

and radioactivity measurements will be taken at the cooler. Results of this radiation screening 

will be clearly indicated on the outside of the cooler. 

The MDA-P Closure Project Manager or designee is responsible for packaging and placarding 

in accordance with Department of Transportation regulations (when samples travel via ground 

transportation) or with International Air Transport Association regulations (when they are 

transported by commercial cargo aircraft). Appropriate waybills will be affixed to the shipping 

coolers for off-site shipment, and the samples will be transported to the analytical laboratory as 

quickly as is practical. 

Samples will be analyzed by an off-site analytical laboratory. 

4.5.1 Field Sample Documentation 

Field sampling activities will be documented through the use of a closure sampling field log book, 

sample labels. chain-of-custody records and a request for analysis form. These documents and 

their uses are described below. All field records generated during sampling activities will be 

transmitted to the Environmental Restoration (ER) Records Processing Facility (RPF). 
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Table 4-1. 
Sample Containers, Preservation Methods, and Holding Times 

~ - -

Water and Aqueous wastes Sludge, Soli, and Nonaqueous wastes 
!Analysts Contatner Preservation Holding Time t;ontatner Preservation Holding Ttme 
!Metals 500-mL poryetnyrene HNU3 to 180 days 125-mL wide mouth 1 t;ool to 4°C t; montns 

(poly) or Nalgene 
pH < 2. Cool to 

poly or nalg 
(nalg) 

4° C. 
Mercury 250-ml poly or nalg reagent-grade 28 days 125-ml poly or nalg Cool to 4°C 28 days 

HN03 to 

pH < 2. Cool to 
4°C 

Volatile urgamcs 2 x 40-mL amber 4 drops cone. HCI 14 days 12 x 40-ml amber Cool to 4°C 14 days 
glass vial with per vial, cool to glass vial with 
Teflon-lined septum 4°C Teflon-lined septum 
cap cap or 125 ml wide-

mouth amber glass 
or brass sleeve with 
no headspace 

semtvoratue urgamcs 1-L amber glass wtth 1 (.;OOI to 4oc Extract tn 7 days, analyze 1250-mL wide-mouth 1 Cool to 4°C 14 days 
Teflon-lined cap within 40 days glass with Teflon-

lined cap 
Heacttve t;yamae ana N/A N/A N/A 14-oz amber glass 1t;oo1 to 4°(.; As qutckly as 
Sulfide & Total Cyanide possible 
Gross Alpha, Beta 1-gal. poly or nalg HN03 to pH <2 6 months 16-oz wide-mouth None 6 months 
Radioactivity, Gamma Does not need to poly or nalg 
Spectroscopy be kept cool Does not need to 

be kept cool 
. High Explostves 1-L amber glass wtth 1 Cool to 4°C, store . Extract wtthin 7 days; 125-mL gloss Jar with 1 Cool to 4°C, , Extract wtthin 7 

Teflon-lined cap in dark analyze within 40 days Teflon cap store in dark days; analyze 
after extraction I extract within 40 

days after 
extraction 

1 Chlonnated Pesticides 1-L amber glass with 1 t;ool to 4°(.; 1 Extract wtthin 7 days; 250-mL wide mouth 1 Cool to 4°C 1 Extract wtthin 7 
and PCBs Teflon-lined cap analyze within 40 days glass with Teflon- days; analyze 

after extraction lined cap within 40 days 
after extraction 

1 t;nronnatea Herotciaes 1-L amoer grass wtth 1 Cool to 4°(.; 1 Extract wtthin r aays; 250-ml wide mouth 1 t;oor to 4"v 
1 

Extract wtthin 7 
Teflon-lined cap analyze within 40 days glass with Teflon- days; analyze 

after extraction lined cap within 40 days 
after extraction 

!ASbestos N/A N/A .N/A 125-ml poly jar I No preservation . No holding lime 
' required 

ll 1n 



4.5.2 Field Log Book 
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A closure sampling field log book will be kept containing all information pertinent to field 

sampling. The log book will have bound and consecutively numbered pages. The information 

entered into the log book should sufficiently reconstruct the sampling situation without relying 

on the sample collector's memory. Minimum entries will include 

1) purpose of sample; 

2) location of sample; 

3) name, organization, and business address of persons collecting samples and 

making entries; 

4) number and volume of sample and preservatives used (if any); 

5) description of each sampling location, the sampling methodology, the equipment; 

6) date and time of sample collection; 

7) sample destination and transporter's name; 

8) sketch of the sampling site; 

9) log of photographs taken, if any; 

1 0) field observations (ambient temperature, sky conditions, recent precipitation, etc.); 

11) field measurements, if any (pH, flammability, conductivity, explosivity, etc.); 

12) sample identification number(s); and 

13) signature of person responsible for the log entry. 

4.5.3 Sample Label 

Sample labels will be affixed to each sample container. Each label must be either preprinted or 

completed in the field using waterproof, indelible ink (except for VOC samples, which will be 

labeled using ballpoint or other non-solvent-containing ink). Labels will be of a waterproof 

material or covered with waterproof transparent tape. The label must include the following 

information: 
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• MDA-P, TA-16 

• Unique sample identification number 

• Date and time of sample collection 
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• Sample location (e.g., batch number or sample location grid number) 

• Type of analysis requested 

• Preservative (if any) 

• Printed name and initials of collector 

The unique sample identification number will be determined before the start of field work. A 

unique number will be used for each sample, even if the sample consists of more than one 

sample container. The unique sample identification numbers will consist of hand-written numbers 

with unique identifiers such as sample location, date, and time. An example of a sample label 

is shown in Figure 4-2. 

4.5.4 Chain of Custody/Request for Analysis Form 

The Chain of Custody/Request for Analysis Form (Figure 4-3) documents a sample's history from 

collection through analysis and disposal. Upon collection in the field, every sample shall be 

recorded on the Chain of Custody/Request for Analysis Form using the unique sample 

identification number. The person(s) collecting the sample must be identified on the form. A 

sample is considered to be in a person's custody when it is in his or her physical possession, 

when it is in the person's view after being in his or her physical possession, or when the sample 

is in a secure area and maintained in a manner that any tampering would be evident. When 

custody of the sample(s) is passed from the sample collector to other personnel, the persons 

relinquishing and receiving custody must record their signature and the date and time on this 

form so that the custody record remains unbroken. When samples are consigned to a 

commercial shipper, the person having custody at that time signs as relinquisher; the shipper's 

waybill then becomes part of the custody record, and the receiving laboratory signs for receipt 

upon opening the sample cooler. Chain-of-custody records must remain part of the permanent 

documentation for field sampling activities. · 
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LOS ALAMOS NATIONAL LABORATORY 

ou AFFIX BAR CODE 
TA STICKER HERE 

LOCATION: DATE: 

LOCATION ID NO.: 
TIME: 

ANALYSIS: 

PRESERVATIVE: 

NA' 
.. 

: pnnt): 
INIT.,.;.. ... S: 

Figure 4-2. Example of a sample label 
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The Chain of Custody/Request for Analysis Form also provides information for the analytical 

laboratory on sample size, type, volume and preservative; project identification and contact 

information; analytical tests to perform; project-specific quality control required; possible sample 

hazards, if known; and the requested disposition of the sample following analysis. 

4.6 Decontamination of Sampling Equipment and Personal Protective Equipment 

Sampling equipment will be cleaned before and after sampling with a detergent accepted by T A-

16 site personnel and compatible with disposal site waste acceptance criteria. In addition, the 

personal protective equipment will be decontaminated before disposal. All decontamination 

procedures will take place within an exclusion zone or centralized decontamination area 

designated for that purpose. Methanol or dilute acid rinses may be used, if necessary, to 

achieve effective decontamination. Following the detergent wash. sampling equipment will be 

rinsed thoroughly with tap water and then several times with deionized water. Samples of the 

final deionized water rinse will be collected as rinsate blank samples. 

4. 7 Analytical Requirements 

The requirements for clean closure will be met by demonstrating the absence of 20 NMAC 4.1, 

Section 261 , Appendix VIII constituents above acceptable levels. Analytical methods were 

selected to meet the waste acceptance criteria for Evirocare of Utah, Inc. facility and the Chemical 

Waste Management Inc., Kettleman hazardous waste facility, which are off-site disposal facilities 

under consideration. In addition, analytical methods were selected that are capable of detecting 

Appendix VIII constituents reasonably expected to have been present in wastes disposed of at 

the waste pile. The proposed analytes include nonhazardous constituents that are not on the. 

Appendix VIII hazardous constituent list. The clean-closure performance standard will not be 

applied to these non-Appendix VIII constituents. 

Most of the constituents listed in Appendix VIII are not proposed for analysis for the waste pile 

closure. Most of the Appendix VIII constituents not selected fall into the following categories: 
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• Inorganic and organic compounds for which there are no analytical methods in 

SW-846 or standards 

• General classes of compounds identified as not-otherwise-specified 

• Chemicals whose common usage is inconsistent with operations at TA-16 and 

other TAs sending waste to the waste piles (e.g., pharmaceuticals, manufacture 

of organic chemicals) 

Appendix H presents an evaluation of the Appendix VIII constituents. In addition, this appendix 

identifies the proposed methods, analytes, estimated quantitation limits, proposed RCRA Subpart 

S action levels, and ER Program SALs. 

Test methods for chemical analysis will be performed according to procedures documented in 

SW-846. Minimum calibration, operation, and quality control requirements (bias, precision, blank, 

and matrix effects) for laboratory analyses shall be performed as listed in the individual analytical 

methods of SW-846 (EPA 1992). 

4. 7.1 Analytical Methods 

The analytical methods and number of samples are identified in Table 4-2 for Phase 1 and Phase 

2 sampling. This table does not include the number of decontamination liquid samples because 

the number of these samples depends on the number of batches to be disposed of (see Section 

4.3.1 ) . The analytical methods were selected to detect the potential constituents identified in 

Section 3.3 and the analytes required to satisfy the most stringent waste acceptance criteria of 

the off-site disposal facilities under consideration. The analytes required by the off-site disposal 

facilities include the following: 

• 

• 

• 

S95021d.MOP 

TCLP metals (i.e., arsenic, barium, cadmium, chromium, lead, mercury, selenium, 

silver) 

VOCs 

SVOCs 
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Table 4-2 Summary of Samples and Analyses 

Analysis Metals Volatile semi- Reactive TOtal High Gamma Gross Gross 

(EPA SW-846 Method except 6020(al Organics volatile Cyanide/ Cyanide Explosives Spectro- Alpha Beta 

where otherwise notedl t311(a) 
8240A Organics Sulfide 9011/ 8330 scopy 9310 (f) 9310 (f) 

(b) 3520A, 9010A, 9010A 
3540A/ 9030A 9012A 

8270A (c) (d) (k) (e) 
I 

Phase 1 Number ol Samples 

t1ac1<grouna :son ana 1 un (hi ~u 0 20 u Q u ~u ~u ~u 

Baseline sou 10 10 1U 0 10 10 10 10 10 

(Staging Area) 

1vvas1e t'lle SOU/I un 300 300 300 75 0 300 300 300 300 

jRinsate VVater 300 300 300 0 300 300 300 300 300 

Duplicate (ij 47 46 47 4 31 46 47 47 47 

jRinsate Blank 0) 47 46 47 4 31 46 47 47 47 

jMatnx Spike (I<J 32 31 32 4 16 31 ' 32 32 32 

jT otal Samples, Phase 1 7'j6 733 733 87 388 733 7'j6 7'j6 7'j6 

IPhase 2 Number of Samples (m) 

;SOU/I un lfU lfU 110 0 110 170 170 170 lfU 

!Post-closure Baseline Soil 10 10 10 0 10 10 10 10 10 

(Staging Area) 

jDuplicate (1) 9 9 9 0 9 9 9 9 9 

jRinsate Blank (j) 9 9 9 0 9 9 9 9 9 

'Matnx Spike (k) 9 9 9 0 9 9 9 9 9 

Total Samples, Phase 2 207 207 207 0 207 207 207 207 207 
-----~ --

Asbestos 
NIOSH 
Method 
7400 (g) 

u 
10 

300 

300 
46 
46 
30 

732 

lfU 
10 

9 
9 

9 

207 
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Organo- Chlorinated pH DIOXIn 
chlorine Herbicides 9040 8280 

Pesticides 81508 (g) 
and PCBs (g) (I) 

80BOA 

(g) (I) 

u 0 0 
10 10 10 10 

{~ f'j 7'j 7'j 

75 75 75 75 

12 12 12 12 

12 12 12 12 
8 8 8 6 

182 182 18~ . _ _1.82 

lfU lfU 0 170 

10 10 0 10 

9 9 0 9 
9 9 0 9 
9 9 0 -,---

207 207 0 207 

(a) Method 3005A and 3050A Is <!igeslion for water and soli, 6020 Is the analytical method for most total metals. Method 7740 is the analytical method for total selenium Methods 7470 and 7471 are the analytical melhods for total mercury other 

methods may also be used(Method 6010A and 7000A series methods) as described in Section 4 6. 1. Method 1311 Is the TCLP method. 

(b) 

(c) 

(d) 

(e) 

(f) 

(g) 

(h) 

(i) 

Ul 
(k) 

(II 

(ml 

Method 8260 may be substituted for 8240A 

Melhod 3520A and 3540A dre extraction methods for water and soil, 8270A Is the analytical method 

Determination of reactive cyanide is described in SW·848, Chapter 7, Section 7.3.3. This determination Includes portions of Method 9010A Determination of reactive sulfid~ Is described in Section 1 3.4 This determination Includes portoons ol 

Method 9030A. 

Method 9011 Is digestion of soil for cyanide analyses, Methods 90tOA and 9012A are the analytical methods for cyanide. 

Method 9310 is for water samples Soli samples will be measured using calibrated field instruments. 

Analyses for asbestos, organochlorine pesticides and PCB, dioxin, and chlorinated herbicides will be performed In Phase 2 only if they are detected in the Phase 1 samphng. 

The number of background samples will be identified in the Background Sampling Plan that will be submitted separately. 

Duplicates will be collected at a lrequency of one per 20 soil or tuff samples, and one per 10 water samples 

Equipment rinsale blanks will be collected at a frequency of one per 20 soil or luff samples. and one per t 0 water samples. 

Matrix spike samples will be collected at a frequency of one per sample delivery group per matrix, with a maximum of 20 samples per delivery group 

For soil/luff samples will be taken from every fourth 100 yd' balch of waste that is to be deposited 

The number of samples is estimated based on the number of sample grids within the proposed waste pile project boundary. After the waste pile boundary is surveyed the numher of grid~ Will be totalled and the numhPr of samples 'hill hP <.hanqt•d 

1f necessary. 
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• organochlorine pesticides and PCBs 

• chlorinated herbicides 

• reactive cyanide and sulfide 

• pH 
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During Phase 1. all background soil and tuff samples will be analyzed for total metals. SVOCs. 

and radionuclides. The SVOC analyses will be used to establish background for the PAHs. 

During Phase 1 , all baseline soil samples from the waste management areas at the top of the 

mesa will be analyzed for total metals, VOCs. SVOCs, total cyanide, HE, radionuclides, asbestos. 

organochlorine pesticides and PCBs, dioxin, and chlorinated herbicides. 

During Phase 1 . all soil and tuff samples from the waste pile will be analyzed for TC metals using 

the TCLP, VOCs, SVOCs, HE, radionuclides, and asbestos. However, only one-fourth of the soil 

and tuff samples will be analyzed for reactive cyanide and sulfide, organochlorine pesticides and 

PCBs, dioxin, chlorinated herbicides, and pH, because these analytes are not expected to be 

present and are only included to meet the waste acceptance criteria. The reactive cyanide and 

sulfide, organochlorine pesticides and PCBs, dioxin, chlorinated herbicides, and pH samples will 

be selected by collecting one sample from every fourth 1 OO-yd3 batch of waste. 

During Phase 1, all debris rinsate samples, decontamination liquid samples, and free liquid 

samples collected from pockets within the debris or in containers will be analyzed for TC metals 

using total analyses, VOCs, SVOCs, total cyanide, HE, radionuclides, and asbestos. One-fourth 

of the debris rinsate samples will be analyzed for organochlorine pesticides and PCBs, dioxin, 

chlorinated herbicides, and pH because these analytes are not expected to be present and are 

only included to meet the waste acceptance criteria. The organochlorine pesticides and PCBs. 

dioxin. chlorinated herbicides, and pH samples will be selected by collecting one sample from 

containers of rinsate associated with every fourth 1 00 yd3 batch of waste. 

During Phase 2, two of the soil or tuff samples will be analyzed for the following constituents 

analyzed during Phase 1 : total metals, VOCs, SVOCs, HE, radionuclides, asbestos, total cyanide, 

organochlorine pesticides and PCBs, dioxin. and chlorinated herbicides. The remaining Phase 2 
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soil or tuff samples will be analyzed for total metals, VOCs, SVOCs, HE, radionuclides, and total 

cyanide. If asbestos, organochlorine pesticides and PCBs, dioxin, or chlorinated herbicides are 

detected in the Phase 1 samples, then remaining Phase 2 samples will also be analyzed for these 

constituents. 

Two of the Phase 2 liquid samples will be analyzed for the following constituents analyzed during 

Phase 1: total metals, VOCs, SVOCs, HE, radionuclides, asbestos, total cyanide, organochlorine 

pesticides and PCBs, dioxin, and chlorinated herbicides. The remaining Phase 2 liquid samples 

will be analyzed for total metals, VOCs, SVOCs, HE, radionuclides and total cyanide. If asbestos, 

organochlorine pesticides and PCBs, dioxin, or chlorinated herbicides are detected in the Phase 

1 samples, then the remaining Phase 2 samples will also be analyzed for these constituents. 

Analytical methods to be used are identified and described in the following paragraphs. 

During Phase 1 sampling, the samples of the excavated waste collected for metal analyses will 

be analyzed using the TCLP. The TCLP is required to meet the waste acceptance criteria of most 

of the disposal facilities under consideration. During Phase 2 sampling, total analyses of the 

subsoils and tuff below the waste pile will be run instead of the TCLP. Total analyses are 

required for the comparison with the background UTLs, SALs, or PRGs. 

Total metals analysis may be performed using a combination of inductively coupled plasma (ICP) 

and atomic absorption spectroscopy (AAS) methods. Prior to analysis, samples will be prepared 

by acid digestion. If soil samples contain two phases, the liquids will be separated from the 

solids with a 0.6- to 0.8-mm glass-fiber filter and the liquid and solid portions analyzed separately. 

EPA Method 3005A will be used for digestion of water samples and Method 3050A for digestion 

of soil samples, except for samples collected for cyanide analyses. The analytical methods td 

be used will be determined by the analytical laboratory based on instrument availability and 

required detection limits. It is currently expected that inductively coupled plasma-mass 

spectrometer (ICP-MS) analysis (EPA Method 6020) will be used for analysis of most metals. It 

is expected that a furnace AAS method will be used for analysis of selenium (EPA Method 7740), 

and cold-vapor AAS (EPA Methods 7470 and 7471) will be used for mercury analysis. Alternately, 

ICP-AAS (EPA Method 601 OA) and other flame AAS methods (EPA 7000A series) may be used 
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as long as the estimated quantitation units (EQL) are at or below all SALs, except the proposed 

SAL for beryllium in water. This SAL is below the EQLs of current analytical methods. EPA 

Method 9011 will be used for the digestion of soil samples collected for total cyanide analyses. 

EPA Method 901 0 or 9012 will be used to determine the total concentration of inorganic cyanide 

in liquid or solid samples. 

Analysis of VOCs will be performed using purge and trap-gas gas chromatography/mass 

spectroscopy (GC/MS) by EPA Method 8240A. Mass spectra library searches for tentatively 

identified compounds will be performed. 

Analysis of SVOCs will be performed using GC/MS (EPA Method 8270A). Liquid samples will be 

prepared for analysis using continuous liquid-liquid extraction (EPA Method 3520A). Soil or tuff 

samples will be prepared for analysis using soxhlet extraction (EPA Method 3540A) or sonication 

(EPA Method 3550). HE analysis will be performed using EPA Method 8330. Field screening for 

HE will be performed using the Laboratory's HE spot-test kit. Analysis for organochlorine 

pesticides and PCBs will be performed using EPA Method 8080A. Analysis of chlorinated 

herbicides will be performed using EPA Method 81508. Analysis of dioxin will be performed 

using EPA Method 8280. Mass-spectra library searches for tentatively identified compounds will 

be performed. 

Phase 1 soil and tuff samples will be analyzed for reactive cyanide and sulfide using the test 

methods presented in SW-846 (EPA 1992}, Sections 7.3.3.2 and 7.3.4.2, respectively. The 

samples will be acidified to pH 2.0, and any gas that is generated will be trapped in an alkaline 

scrubber. The scrubber solution will then be analyzed for cyanide and sulfide using EPA 

Methods 901 OA and 9030A, respectively. The test procedures will have required detection limits 

of 50 mg/kg cyanide and 100 mg/kg sulfide. The current EPA action levels for cyanide and, 

sulfide for reactive wastes are 250 mg/kg and 500 mg/kg, respectively (EPA 1992). 

Samples for asbestos analysis will be analyzed by a certified laboratory using the polarized light 

microscopy method, National Institute of Occupational Safety and Health Method 7 400 

(NIOSH 1984}. 
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Phase 1 soil and tuff waste samples will be analyzed using TCLP as described in 20 NMAC 4.1 . 

Part 261, Appendix II. 

Radiological analysis will be performed using Laboratory procedures. Analysis for gross-alpha 

and gross-beta radioactivity will be performed using gas-flow proportional counting. Approximate 

detection limits for gross alpha are 5 pCi/L for water and 10 pCi/g for soil and sludge. 

Approximate detection limits for gross beta are 6 pCi/L for water and 1. 2 pCi/g for soil and sludge. 

Gamma-emitting radionuclides will be analyzed by using gamma spectroscopy. Detection limits 

vary with radionuclides and range from 15 to 300 pCi/L for water and 0.1 to 2.0 pCi/g for soil. 

Typical detection limits vary from 0.1 to 0.2 pCi/L for water and 0.01 to 0.05 pCi/g for soil. 

4. 7.2 Laboratory Documentation 

Documentation of sample acceptance at the analytical laboratory must be provided to the MDA-P 

Closure Project Manager following sample screening and log-in. This documentation may consist 

of signed copies of the chain-of-custody record or a letter detailing the field sample numbers 

accepted. Corresponding laboratory sample identification numbers should be provided to the 

Project Manager. 

All laboratory analyst notebooks, log sheets, instrument printouts, charts, calculations, and other 

documents relevant to these samples analyses shall be identified and remain retrievable in the 

RPF. This information may be requested by the Project Manager or quality assurance (QA) 

officer for independent review and validation. 

The analytical laboratory shall submit analytical results to the Project Manager. At a minimum, 

the analytical results shall contain the information shown in the Data Format Checklist presented 

in Figure 4-4. Copies of the analytical results will be appended to the Final Closure Report. Raw 

analytical results will be provided to NMED upon request. Analytical Results for radiological 

analysis including field screening results will be provided to NMED upon request. 
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DATA FORMAT CHECKLIST 

INCLUDE ON LAB DATA SHEETS: 

Location of Sample: 

Type of Sample (Matrix): 

Laboratory Sample Identification Number: 

Client Sample Identification Number: 

Date Sample Collected: 

Date Sample Received by Laboratory: 

Date Sample Extracted (if appropriate): 

Date Sample Analyzed: 

Name and Telephone Number of Analyst: 

Name, Signature, and Telephone Number of Laboratory Manager: 

Weight and Volume of Sample Received: 

Analyte and Analytical Result With Units: 

Method of Analysis: 

Detection Umit: 

List of Tentatively Identified Compounds at or Above Method Detection Limit 

(if appropriate): 

ONOC That Pertains to Sample: 

INCLUDE IN A NARRATIVE SUMMARY: 

ONOC Summary Listing All Technical Problems Encountered and Listing All Samples 

Affected: 

Summary of Results by Sample for all Parameters Identified in the Closure Plan: 

Report Presence of Tentatively Identified Compounds: 

FIGURE 4-4. 
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The Project Manager is responsible for implementation of QA policies and quality control (QC) 

procedures. A QA officer, independent of this sampling and analysis task, will assume a QA 

function and report to the Project Manager. The independent QA officer is responsible for 

conducting QA reviews, including second-level approvals of nonconformances and variances. 

primary approval of corrective actions and audits of field and. laboratory activities and 

documentation. Results of all QA reviews will be reported to the Project Manager. QA review 

may be requested by the Project Manager or higher level management or may be initiated by the 

individual responsible for the QA function. The following subsections describe QA/QC 

requirements and procedures for sampling and analysis for the MDA-P closure. 

4.8.1 Field ac 

Field QC activities will include collection of QC samples in addition to the field documentation 

requirements discussed in Section 4.5.1. QC samples to be collected include duplicate samples, 

equipment rinsate blanks and matrix spike samples. Table 4-3 summarizes field QC samples 

discussed in this Closure Plan. 

Duplicate samples of water and soil will be collected at a frequency of 1 duplicate sample per 

20 environmental samples for each sample matrix. The field duplicate samples will be collected 

at the same locations as the corresponding environmental samples and will undergo the same 

analyses. The results of analysis of duplicate samples will be used to indicate the variability of 

the sampled matrix by calculating the relative percent difference (RPD) using the following 

formula: 

where C1 is the concentration in the first sample, C2 is the concentration in the duplicate sample, 

and Cave is the mean of the concentrations in the first and duplicate samples. The RPD will be 

S95021d.MOP 4-23 



QC Sample Sample 
Type Matrix 

Matrix Spike Water, Soil, 
Tuff 

Field Water, Soil, 
Duplicate Tuff 

Equipment Water, Soil, 
Ainsate Tuff 
Blank 

Table 4-3. 

Material Disposal Area P Closure Plan 
Revision 0, February 1995 

Summary of Field Quality Control Samples 

Acceptance Corrective 
Applicable Analysis Frequency Purpose Criteria Action 

See Table 4-2 One per sample delivery Laboratory QC, determine (b) (b) 
group matrix effects 

See Table 4-2 One per 20 soil or tuff Monitor sample variability (c) Advisory--
samples; one per 1 0 water no action 
samples. required 

See Table 4-2 One per 20 soil or tuff Monitor decontamination (a) Advisory--
samples; one per 10 water effectiveness and sample no action 
samples. cross contamination required 

(a) For volatiles and semivolatiles analysis, if blank shows detectable levels of any common laboratory contaminant, sample must exhibit that contaminant at a level equal to or 
greater than 10 times the quantitation limit to be considered detectable. For all other contaminants, sample must exhibit that contaminant at a level equal to or greater than 5 
times the quantitatlon limit to be considered detectable. 
(b) Acceptance criteria and corrective actions for matrix spike recovery will be specified in analytical laboratory OA plan. 
(c) For water samples, the goal tor relative percent difference is 25%. For soil or tuff samples, the goal for relative percent difference is 50%. These goals are based on the 
expected variability of the matrices to be sampled. Failure to meet these goals will not require corrective action, but may require evaluation of the cause of variability. 

Field documentation is an integral part of ONOC. Field documentation requirements and procedures are discur.sed in detail in Section 4.5.1 of this sample plan. 
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used as an indication of variability and will not be used to indicate the need for corrective 

actions. 

Equipment rinsate blanks are used to assess sample contamination from improperly cleaned 

sample equipment. Rinsate blanks will be collected during decontamination of sampling 

equipment. The rinsate blank sample will be collected from the final deionized water rinse. If 
-

disposable sampling equipment is used, rinsate blanks will be collected by rinsing an unused 

sampler with deionized water. Equipment rinsate blank samples will be collected at a frequency 

of 1 for every 20 soil, tuff, and sludge samples, and 1 for every 10 water samples. Rinsate blanks 

will be assigned a unique sample identification number for tracking purposes but will not be 

identified as blanks to the analytical laboratory. Equipment blanks will undergo the same 

analyses as the environmental samples. 

For aqueous-matrix spike samples, it will be necessary to collect twice the sample volume than 

is normally collected. The extra sample volume will be used by the analytical laboratory to make 

matrix spike (MS} and matrix spike-duplicate (MSD} samples. For solid-matrix spike samples, it 

will not be necessary to increase the normal sample volume. The results of the MS samples are 

used to evaluate the effects of the sample matrix on analytical method performance. Matrix spike 

samples will be submitted at a frequency of 1 per sample delivery group per matrix for chemical 

analysis. The maximum number of samples per delivery group is 20. 

Instrument calibration and maintenance are field activities subject to QC procedures. Field 

equipment requiring calibration will be limited to radioactivity detection devices and organic vapor 

monitoring and other monitoring equipment specified in the SSHASP. This equipment will be 

calibrated and maintained using the manufacturer's instructions and appropriate standard 

operating procedures (SOP}. 

Field personnel will monitor for organic vapors in the waste pile area and may prescribe 

additional personal protective devices based on these measurements. Monitoring shall be 

conducted for nonspecific organic vapors using either a photoionization detector or a flame 

ionization detector. Before the start of field activities, the organic vapor analyzer will be calibrated 

by a trained technician using a calibration gas to check instrument response and ensure proper 

operation. Each day before monitoring at the site, the organic vapor analyzer shall be zeroed, 
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set in an area free from organic vapors, response-checked using a commercially available 

calibration gas, and then taken to the waste pile site for monitoring. 

Validation of data obtained from field measurements will be performed by the MDA-P Closure 

Project Manager. The following reporting requirements for field data will be followed: 

• Soil sample depths. Tape measurements will generally be- made to the nearest 0.1 tt: 
-

however, the accuracy of the measurement depends on depth. Measurements made 

by known lengths of drill string will be made to the nearest 0.5 ft. 

• Locations of sampling sites. Locations of sampling sites will be determined to the 

nearest 0.5 ft. 

4.8.2 Laboratory QC 

The analyticaL laboratory(ies} will operate under a QA program plan that meets the NMED 

requirements. The Laboratory Quality Assurance Project Plan will specify the laboratory 

procedures to be used for establishing the quality of all analytical data. 

Laboratory review of analytical data will conform with EPA guidance documents and Laboratory 

SOPs. In addition, appropriate qualifiers will be assigned by the laboratory. Qualifier definition 

and assignment will be similar to the guidelines (EPA 1991 a, b) specified in EPA's Contract 

Laboratory Program Statements of Work for Inorganic and Organic Analyses. 

Samples exhibiting surrogate recoveries outside of acceptability limits will be reextracted and/or 

reanalyzed. In the event that surrogate results for both analyses are outside of acceptability 

limits, initial and rerun analyses will be reported by the laboratory. During reanalysis, if a different' 

surrogate compound falls outside acceptability limits, additional reextraction and/or reanalysis 

will not be required. However, high surrogate recoveries associated with nondetected samples 

will not trigger reanalysis if the surrogate recovery does not exceed 1 0 percent of the upper 

control limit. 
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MS/MSD analyses with recoveries outside of acceptability limits will be reextracted and/or 

reanalyzed. In me event that results from the reanalysis are also outside of acceptability limits, 

data from both MS/MSD analyses will be reported by the laboratory. During reanalysis, if a 

different MS/MSD compound falls outside acceptability limits, additional reextraction and/or 

reanalysis will not be required. 

The laboratory will ensure that the following criteria are met, as appropriate for the type of 

analysis: 

• Sample custody documentation is complete. 

• Instrument performance criteria has been met. 

• Sample integrity has not been breached. 

• Calibration criteria has been met. 

• Parameter identification and quantification is correct. 

• Holding times have been met. 

• QC samples are within established guidelines. 

• Method and instrument blanks meet acceptance criteria. 

• Documentation is complete and correct (e.g., anomalies have been documented). 

Additional details regarding standard QA procedures are provided in the analytical laboratory

specific QAPP. 
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4.8.3 Variances, Nonconformances, and Corrective Actions 

Variances are deviations from approved work plans or procedures. Variance requests for field 
sampling and analysis procedures will be submitted to the MDA-P Closure Project Manager and 
approved before being implemented. Telephoned or verbal approval from the Project Manager 
is sufficient to proceed with the variance. All variances from field sampling and. analysis 
procedures will be documented in the field log book. Variances from analytical laboratory 
procedures will be requested, approved, and documented as described in the Laboratory Quality 
Assurance Project Plan. The Project Manager will coordinate work plan changes with site 
operating personnel before authorizing approvals to proceed. 

Non conformances are uncontrolled deviations from approved procedures of project requirements 
that may be detected and identified by MDA-P Project personnel or QA personnel. Every 
nonconformance for field procedures that affects quality will be documented and reported to the 
Project Manager and project QA officer. Documentation will include identification of the person 
detecting the nonconformance, a description of the nonconformance, methods for correcting the 
nonconformance or a description of the variance granted and a schedule for completing 
corrective action, if any. Nonconformances for analytical laboratory procedures will be 
documented and reported as described in the Laboratory Quality Assurance Project Plan. 

Corrective actions for field procedures will be implemented as described in the nonconformance 
report. Documentation of corrective action implementation will be submitted to the Project 
Manager and QA officer, through whom all corrective actions must be approved. Corrective 
actions for analytical laboratory procedures will be reported and approved as described in the 
Laboratory Quality Assurance Project Plan. 

4.8.4 Data Validation/Reduction 

Data validation is the systematic procedure of reviewing a body of data against a set of 
established criteria to provide a specified level of assurance of the data's validity before it is used. 
The primary concern of data review and validation is to evaluate reported data for usability. 
Phase 2 analytical results will be validated at DQO Analytical Level Ill (EPA 1992). Raw analytical 
data will be provided to NMED upon request. The validation process will include checks for 
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internal consistency, checks for transmittal errors. and checks for verification of laboratory 

capability. Evaluation of these criteria will involve review of the following: 

• Duplicate field sample analysis 

• Spiked addition recoveries 

• Instrument calibrations 

• Detection limits 

• lntralaboratory comparisons 

• Holding times 

• Database entry accuracy 

• Data normality outliers 

• Accuracy of electronic data transfer 

At the completion of the data validation process, the reviewer will summarize the results and 

specify the uses for which the data is suitable. Qualified data will be flagged, and qualifiers will 

be retained at all subsequent stages of data interpretation. 

4.8.4.1 Data Review, Validation, and Verification Requirements 

Review and validation of environmental data is a multistage process that involves all aspects of 

sample collection and analysis. Validation of investigation data will be performed by checking 

procedures used in the field and comparing the data with previous measurements. Data that 

cannot be validated will be so documented. 

Analytic laboratory data will be validated by Laboratory or contractor personnel. The criteria used 

to evaluate the acceptability and qualification of data will closely follow EPA's functional 

guidelines for organics and inorganics and SW-846 (EPA 1992). If a standard EPA qualifier does' 

not exist for a noncompliance category, a new qualifier will be generated or an existing one 

modified. Such qualifiers will be documented in program- or project-specific documents. 

The following sections provide more detail on the criteria used in the data validation processes. 

When EPA guidelines are not available, the laboratory will use historical laboratory data or 

project-specific assigned criteria to establish the acceptability limits. The laboratory-defined 
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acceptability limits for accuracy for a particular method are based on the historical average 

percent recovery ±3 standard deviation units. Acceptability limits for precision are based on 

historical RPDs: acceptable RPDs range from 0 to the average historical RPD +3 standard 

deviation units. 

Maximum allowable holding times are identified in SW-846 (EPA 1992) and are presented in Table 

4-1. Holding times will be counted from the date of sample ·collection to the date of 

extraction/~malysis. Criteria for qualifying data as a result of holding times are based on EPA 

guidance (EPA 1992). EPA guidance is specific with regard to positive (i.e., detected) results and 

is less specific for nondetected results. The EPA guidelines also state that data should be 

qualified on the basis of professional judgment. 

EPA considers the following chemicals to be common laboratory contaminants: 

• Acetone 

• Methyl ethyl ketone (MEK; also known as 2-butanone) 

• Methylene chloride 

• Phthalate esters 

For common laboratory contaminants and the major cations (i.e., Na, K, Mg, Fe, Ca, AI), the 

blank concentration shall not exceed 5 times the reporting detection limit. For other target 

analytes, the blank level shall not exceed the reporting limit. However, if a method blank 

contaminant is not a target analyte, analysis may proceed, provided that the cause of 

contamination is identified and immediate corrective action taken. During data validation, if field, 

equipment rinsate, or trip blanks samples for a site sampling event or for a sample delivery group 

contain detectable concentrations of common laboratory contaminants or the major cations, the 

analytical results will only be considered positive if the concentration exceeds 10 times the' 

maximum concentration in the blank(s). Other compounds will be treated similarly, except that 

the allowed level will be 5 times the concentration detected in the field blank, equipment rinsate, 

or trip blank samples (EPA 1992). 

During data validation, both initial and rerun surrogate results will be evaluated to determine 

which of the two sample analyses are more defensible. Defensibility is dependent upon the 
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degree of QC exceeded, sample target analyte results, and performance of reanalysis was 

performed within holding time. If two sets of surrogate results are reported and surrogate 

compounds are outside of criteria in the same direction (e.g., both high- or both low- percent 

recovery), a matrix interference effect has been substantiated. The data will be considered 

usable and the appropriate qualifier applied. In any case, the data report will list results from only 

one of the two analyses. The data validation report will discuss both sets of QC results (if 

applicable) and indicate why results were accepted or rejected. 

If the laboratory control sample and the MS/MSD results are outside acceptability limits for the 

same spiking compound, the results of field samples for that method for the entire sample 

delivery group will be flagged as unusable for nondetects and as estimated for positive results. 

Both field duplicates (organics and inorganics, aqueous samples only) and laboratory duplicates 

(inorganics only) will be analyzed. Duplicates will be evaluated on the basis of their RPDs in 

accordance with acceptance criteria. Positive results that do not meet the RPD criteria will be 

reextracted and/or reanalyzed. Both sets of results will be reported by the laboratory. During 

data validation, both initial and rerun duplicates will be evaluated to determine which of the two 

analyses is more defensible. The data report will list results from only one of the two duplicate 

analyses. The data validation report will discuss both sets of QC results (if applicable) and 

indicate why results were accepted or rejected. 

RPDs are frequently large for data near the reporting limit because of analytical uncertainty at low 

concentrations. Therefore, alternative criteria are applied when values are below a certain 

multiplier of the reporting limit will be evaluated. Inorganic duplicate results within 5 times the 

reporting limit will be considered acceptable if the absolute difference between the sample and 

the duplicate is less than the reporting limit for the analyte. If one duplicate result is greater than 

5 times the reporting limit and the other is less than the reporting limit, the same evaluation' 

criteria will apply. If both results are less than the reporting limit, the duplicate precision will not 

be evaluated. For organic duplicate results, the same criteria will apply, except that 2 times the 

reporting limit will be the cutoff. 
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The following is a description of the external validation procedures and items that will be used 

to independently validate the laboratory data. The procedures will be performed on 1 0 percent 

of the data generated from the MDA-P Closure. 

• Assembling all laboratory data for a sample deliver group (i.e., chain of custody 

documents, case narrative, laboratory data reports with surrogate recoveries and 

reporting detection limits, QAJQC summaries of MS/MSD, LCS, duplicate and 

method blank results) 

• Reviewing chain of custody documents for completeness and correctness 

• Reviewing laboratory analytical procedures employed for appropriateness and 

adherence to project requirements 

• Reviewing analytical holding times (the elapsed time from sample collection to 

extraction, when applicable, and analysis) 

• Reviewing method blank, trip blank, equipment rinsate and source water blank 

analytical results. Noting the detected analytes and their respective concentration 

• Identifying and assessing the surrogate compounds, their spiking concentrations, 

the percent recoveries and relative percent differences (RPDs) between the 

MS/MSD analyses by method 

• Assessing the LCS results, their spiking levels, the measured concentrations, the 

percent recoveries and the RPDs between the duplicate LCS (if required) analyses 

by method 

• Reviewing the laboratory and field duplicate samples, the respective 

concentrations and the RPDs for each set by method. 

The data validator may also review the following items if questions concerning the reliability of· 

a data set arise: Contract performance, on-site laboratory audit results, and previous contract 

compliance issues. 

On the basis of a comparison of the data with established QC limits, qualifiers will be applied to 

the data as necessary to further validate a reported result. 
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If questions arise during the validation process regarding the qualification of data. the 

Environmental Chemistry Group will review the item requiring resolution and decide on the 

appropriate course of action. In some cases, the analytical laboratory may be contacted for 

clarification or for submittal of missing or additional documentation. All requests shall be 

documented and placed in the project file. 

Upon completion of validation, the data validator will prepare a validation report to be submitted 

to the data users. This report will include a narrative describing the usability of the data based 

on the results of validation along with an outline of specific QC problems and the basis on which 

individual data points were qualified. Copies of the data reporting forms will be attached to the 

Final Closure Report with validation qualifiers added. 

All field and laboratory records/data will be transmitted to the ER RPF. 
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5.0 GROUNDWATER MONITORING PROGRAM 
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On December 15, 1987, the Laboratory submitted an interim-status groundwater monitorinQ 

waiver for the laboratory including TA-16 to the NMED, as allowed under Section 265.90(c). 

According to Section 270.1 (c), groundwater monitoring requirements under 20 NMAC 4.1, Part 

264, Subpart F, are not applicable unless a postclosure permit is required. The Laboratory 

intends to petition NMED for a determination that a postclosure permit is not required because 

the closure meets the standards for closure by removal or decontamination in Section 264.258 

in accordance with Section 270.1 (c)(5)(ii). 

The Laboratory understands that demonstrating that groundwater contamination has not 

occurred is a requisite for clean closure under interim status (see preamble to interim-status 

closure regulations, 52-FR 8705 [EPA 1987]}. As described by EPA in OSWER Policy Directive 

No. 9476.00-14 (Lowrance 1988), interim-status units undergoing clean closure may use soil 

sample results to demonstrate that groundwater is uncontaminated without having a groundwater 

monitoring system in place. In order to clean-close without groundwater monitoring, the owner 

or operator must meet the decontamination standard contained in Section 270.1 (c)(S) and (6) 

and must make a demonstration in accordance with the policy directive. 

The Laboratory will evaluate the potential for groundwater contamination by the waste pile based 

on analytical results from deep boreholes and Phase 2 grid sampling as described in 

Section 4.2.1 . These analytical results will be used to define the extent of vertical migration of 

potential contaminants in the vadose zone. 

If the depth of contamination is excessive and meeting the requirements for clean closure 

becomes impractical, the Laboratory will propose interim measures to prevent migration of 

hazardous constituents and will apply for a postclosure permit. 

S95021e.MDP 5-1 



Material Disposal Area P Closure Plan 
Revision 0. February 1995 

6.0 CLOSURE AND POSTCLOSURE REQUIREMENTS 

This chapter describes how the removal of the MDA-P waste pile will be conducted to meet the 
closure requirements in 20 NMAC 4.1. Specifically, this closure plan describes how the 
requirements for closure by removal .or decontamination {"clean closure") will be met. After 
removal of the MDA-P waste pile, the clean closure requirements will be met if Appendix VIII 

-hazardous constituents in the remaining soil or tuff are below acceptable levels as described in 
Section 6.1 .1 .2. 

Section 6.1 describes general closure requirements, including the process for developing 
acceptable levels for demonstrating clean closure. Section 6.2 describes specific requirements 
applicable to closure of waste piles. Decontamination procedures are presented in Section 6.3 
and Section 6.4 discusses postclosure requirements. 

6.1 General Closure Requirements 

This section describes how general closure requirements applicable to interim-status facilities will 
be met. As required by 20 NMAC 4.1 Part 270.1 {c)(S), interim-status waste piles undergoing 
clean closure must meet the closure and decontamination standards for permitted units 
contained in 20 NMAC 4.1, Part 264.258{a). 

6.1.1 Partial and/or Final Closure Activities 

[20 NMAC 4.1, Sections 265.111, 265.112, 264.258(a) and 270.1 (c)(5)] 

The Laboratory intends to close the waste pile in accordance with the clean closure requirements 
of 20 NMAC 4.1, Sections 265.111 and 264.258(a). To meet these requirements, the waste pile, 
including the waste residues and structures, will be removed and/or decontaminated, and 
disposed. All contaminated containment syster11 components (liners, etc.), contaminated 
subsoils, and structures and equipment contaminated with waste will be removed and 
decontaminated. After the waste pile has been removed, the remaining soils and tuff containing 
hazardous constituents below acceptable levels may be left in place. All reusable equipment 
used during closure will be decontaminated. 
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Closure Performance Standard [20 NMAC 4.1, Section 265.111] 

The waste pile will be closed in a manner that 

• minimizes the need for further maintenance; and 

• controls, minimizes, or eliminates, to the extent necessary to protect human health 

and the environment, postclosure escape of hazardous or mixed waste. 

hazardous constituents, leachate, contaminated runoff, or hazardous waste 

decomposition products to groundwater or surface waters or to the atmosphere. 

This standard will be met by removal and off-site disposal of the waste pile. After removal of the 

waste pile, all debris, soil, equipment, and structures contaminated with Appendix VIII 

constituents above acceptable levels will have been removed or decontaminated. Acceptable 

levels are described in Section 6.1 .1 .2. 

All equipment will be decontaminated using the procedures described in Section 6.3.1 or 

removed for final disposition. All residuals resulting from decontamination will be removed for 

final disposition as described in Section 6.3.2. 

The closure performance standard does not apply to radioactive contaminants that may be 

present in the waste pile. Any actions necessary to protect human health and the environment 

from exposure to radionuclides at this site will not be addressed as part of this closure plan. 

6.1.1.2 Closure/Decontamination Standard [20 NMAC 4.1, Sections 264.258(a) and 

270.1 (c)(5)] 

The clean-closure performance standard will be met if Appendix VIII constituents in the Phase 2 

shallow grid samples are below acceptable levels. These acceptable levels consist of 

• 

• 

• 

S95021f.MDP 
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The approach for determining whether the closure performance standard has been met is 

illustrated in Figure 6-1. This approach is based on two methodologies: comparison with SALs 

developed using the methodology outlined in the Laboratory Installation Work Plan (LANL 1993b) 

and development of PRGs using the methodology identified by the EPA (1991 a and 1992a). As 

shown in Figure 6-1, the decision whether clean closure standards have been met can be made 

at several stages. The process is designed so that decisions can be made as early as possible. 

The major steps in the process are described briefly below. 

The first step in the process is to review data to determine whether they meet QAJQC cnteria. 

The QAJQC evaluation will be based on the Quality Assurance Project Plan. The level of 

uncertainty associated with estimated values (e.g., J-flagged data) and the potential effect this 

may have on the decision-making process will be discussed. Those data that do not meet the 

QAJQC criteria will be rejected. If the rejection of the data results in less than the minimum 

number of three samples within an exposure unit, additional sample(s) will be analyzed. 

Exposure units are discussed in Appendix 8, Section 8.2. If a risk assessment is required, a 

minimum of three samples are needed to develop a 95% upper confidence limit of the mean, 

which is used in estimating exposure and potential risk. Although a risk assessment could be 

conducted using one or two sample concentrations, the uncertainty associated with that analysis 

is greatly reduced by using at least three samples. 

Measured concentrations of Appendix VIII hazardous constituents in soil and tuff meeting OA/QC 

criteria will then be compared with background concentrations of metals, radioactivity, and PAHs. 

Background will be defined as the 95% UTL calculated from concentrations of constituents 

measured in unaffected soil and tuff similar to that present near the MDA-P waste pile. If existing 

data are not sufficient to provide a statistically meaningful UTL, then additional samples will be 

collected near the waste pile in locations believed to be unaffected by releases from Laboratory 

facilities. Constituents in soil, subsoil, and tuff that are present at concentrations below the UTL' 

will be eliminated from consideration. 

Those constituents in soils and tuff that are present above the background UTL will then be 

compared with SALs. SALs are very conservative indicators of levels of CC?ntamination that could 

pose a health risk. Individual constituents at concentrations below SALs do not present a 

significant human health risk (i.e., the SAL comparison ratio [maximum concentration/SAL] for 
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the individual constituent is less than 1 ). Thus, if the maximum concentration of a single 

constituent in soils and tuff is less than the SAL, then the clean-closure performance standard 

will be met for that constituent. 

The additive effects of multiple constituents is similarly evaluated by adding the ratios of the SAL 

comparison values (maximum concentration/SAL) for each constituent with a similar toxic end 

point (e.g. cancer, kidney effects, liver effects). If the total value is less. than 1, the additive effects 

of multiple constituents are not considered to present a human health risk. If multiple 

constituents are detected and the total sum of the SAL comparison ratios (maximum 

concentration/SAL) is less than 1 (LANL 1993b), then the clean closure standard will be met. 

If the constituent does not have a SAL, a SAL will be developed using reference doses (RfDs) 

and/or cancer potency factors (CPFs) using the methodology presented in Appendix J of the IWP 

(LANL 1993b). RfDs and CPFs will be obtained from EPA's Health Effects Assessment Summary 

Tables (HEAST) and Integrated Risk Information System (IRIS). If an RfD or CPF is not available 

from either HEAST or IRIS, one will be requested from EPA's Environmental Criteria and 

Assessments Office. If there are no EPA-approved RfDs or CPFs, a health criterion will be 

developed using a similar constituent which has toxicological data. 

If any constituent in soil or tuff exceeds SALs or the sum of the SAL comparison ratios exceeds 

a target value of 1, then site-specific risk-based PRGs will be developed for those constituents. 

Each PRG will be developed using site-specific input parameters based on a continued industrial 

land use scenario (Appendix B). If the maximum concentration of each selected constituent 

within an exposure unit exceeds its PRG (i.e., the PRG comparison ratio [maximum 

concentration/PRG] for the individual constituent exceeds 1) or the sum of the PRG comparison 

ratios for a specific target organ or effect (e.g., cancer risk) exceeds a target value of 1, then a 

baseline risk assessment will be conducted in accordance with EPA guidance (EPA 1989,' 

EPA 1991 a, EPA 1992). T~e baseline risk assessment will consider all potential pathways for 

continued industrial land use and all detected constituents greater than background UTL. 

If the risk assessment shows that the total cancer risk is less than 1 x1 o-4 and the total noncancer 

hazard index is less than 1 , then the clean-closure performance standard will be met. If not, an 

amendment to the closure plan will be prepared that will provide for additional waste removal to 
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risk-based clean-up levels. This amendment must be approved by NMED before it is 

implemented. 

Application of the above process to demonstrate clean closure will be documented in the Final 

Closure Report to be submitted to NMED, as described in Section 7.0. 

6.1.1.3 Contents of Closure Plan (20 NMAC 4.1, Section 265.112(b)] 

This closure plan identifies the steps necessary to perform final closure of the waste pile. 

• Section 6.2.1 describes how the waste pile will be closed in accordance with the 

closure performance standard in Section 6.1.1 .1 [20 NMAC 4.1, Section 

265.112(b}(1 )] and provides a general description of how final closure will be 

conducted [20 NMAC 4.1, Section 265.112(b)(2)]. 

• -Section 6.2.2 identifies the maximum extent of operation that was not closed 

during the active life of the waste pile [20 NMAC 4.1, Section 265.112(b)(2)]. 

• Section 6.2.3 estimates the maximum inventory of hazardous waste in the waste 

pile during the active life of the waste pile [20 NMAC 4.1, Section 265.112(b)(3)]. 

• Section 6.2.4 provides a detailed description of the methods that will be used to 

remove hazardous or mixed wastes. This section also references specific 

sampling and analysis procedures that will be used [20 NMAC 4.1, 

Section 265.112(b)(3)]. 

• Sections 6.2.5 and 6.3.1 provide a detailed description of the steps needed td 

remove, decontaminate, store, and transport all hazardous waste residues and 

equipment. This section references methods for sampling and analysis· and 

criteria for determining the extent of decontamination necessary to satisfy the 

closure performance standard [20 NMAC 4.1, Section 265.112(b)(4)]. 
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• Section 6.2.6 provides a detailed description of other activities (including treatment 

of hazardous waste, if applicable) necessary to ensure that the closure 

performance standard is met [20 NMAC 4.1, Section 265.112(b)(5)). 

• Section 6.2.7 provides· a schedule for final closure of the waste pile. This 

schedule includes the total time required to close the waste pile and the time 

required to perform all of the activities .described in .Sections 6.2 and 6.3 [20 

NMAC 4.1, Section 265.112(b)(6)]. 

• Section 6.3.2 provides a description of the methods that will be used to 

characterize, manage, store, and dispose of hazardous or mixed wastes. In 

addition, it identifies the off-site hazardous and mixed-waste management unit(s) 

to be used, if applicable, and the type(s) of unit(s) to be used. This section also 

references specific sampling and analysis procedures that will be used [20 NMAC 

4.1, Section 265.112(b) (3)]. 

• Section 6.3.3. provides a description of the criteria to be used to determine the 

extent of decontamination necessary to meet the closure performance standard 

[20 NMAC 4.1, Section 265.112(b) (4)]. 

• Section 6.3.4 provides a description of the methods to be used for sampling and 

testing to demonstrate successful decontamination [20 NMAC 4.1, 

Section 265.112(b) (4)]. 

Amendment of Closure Plan (20 NMAC 4.1, Section 265.112(c)] 

No changes in unit operating plans or design are expected that would require amendment to the ' 

closure plan. However, an amendment to the closure plan will be suhmitted to the NMED 

whenever 

• a change occurs in the expected year of closure or 
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an unexpected event is encountered during final closure activities that requires 

amendment to the closure plan. An unexpected event would include the 

discovery of hazardous waste or mixed-waste residuals that cannot be removed 

or decontaminated to meet the closure performance standard or additional 

excavation and sampling that may be required (e.g., removing contaminants in 

cracks or fractures). 

The closure plan will be amended and submitted to the NMED- within 60 days after the 

occurrence of an unexpected event that affects the closure plan. If the unexpected event occurs 

during the final closure period, the closure plan will be amended and submitted within 30 days 

after the unexpected event. In addition, if an approved plan is being amended, a written request 

to authorize a change to the approved plan will accompany the amended plan. 

6.1.1.5 Notification of Closure (20 NMAC 4.1, Section 265.112(d)] 

Submission of this closure plan constitutes notification to NMED of the Laboratory's intent to 

close this waste pile. The last receipt of hazardous waste at the waste pile occurred sometime 

in 1984. 

6.1.1.6 Clos·ure Activities Performed Prior to Notification of Closure 

[20 NMAC 4.1, Section 265.112(e)] 

The Laboratory did not begin removal activities, including removal of hazardous wastes and 

decontamination or dismantling of equipment, prior to notification of final closure. 

6.1.2 Time Allowed for Closure (20 NMAC 4.1, Section 265.113) 

6.1.2.1 Extension of Closure Time Frame (20 NMAC 4.1, Sections 265.113(a),(b)] 

The NMAC closure regulations require the Laboratory to remove all hazardous or mixed wastes 

within 90 days of closure plan approval and to complete final closure activities within 180 days 

after approval of the closure plan, unless a Jonger period has been approved. 
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For this project, an extension of the 90-day and 180-day closure time frames will be necessary. 

Removal of wastes and completion of closure activities as described in Sections 6.2.4, 6.2.5, and 

6.2.6 will require at least 20 months if a risk assessment is not conducted. This extended time 

frame is required because of the logistics of removing relatively large amounts of waste from a 

steep incline and decontaminating the waste in an area that is limited in size. The time required 

for excavation and decontamination will depend on weather conditions and cannot be predicted 

with any high degree of accuracy. In addition, because the waste is potentially explosive. 

additional time will be necessary to implement the required safety measures. If a risk assessment 

is conducted, completion of closure activities will require at least 26 months. For these reasons, 

the Laboratory requests that NMED approve a 26-month closure time frame for waste removal 

and final closure. The anticipated closure schedule is presented in Section 6.2.7. 

6.1.2.2 Time Frame for Demonstrations for Extensions 

(20 NMAC 4.1, Section 265.113(c)] 

As indicated in Figures 6-2 and 6-3, at least 26 months will be required to remove wastes and 

complete closure activities if a risk assessment is conducted. If completion of final closure 

activities will take longer than 26 months from the time the closure plan is approved, the 

Laboratory will submit a closure plan amendment in accordance with 265.112(c). 

6.1.3 Disposal or Decontamination of Equipment, Structures, Debris, and Soils 

(20 NMAC 4.1, Section 265.114) 

During the final closure period, all equipment, structures, debris, and soil that is contaminated 

above acceptable levels must be properly disposed of or decontaminated. Contaminated 

equipment will be decontaminated in accordance with the procedures described in Section 6.3.1 . 

Contaminated structures and soils will be identified, decontaminated, removed, and disposed of' 

in c>.ccordance with the procedures described in Sections 6.2.4, 6.2.5, and 6.2.6. Section 6.3.2 

describes how wastes generated during closure will be managed. Section 6.3.3 describes the 

criteria used to determine when decontamination and closure activities have met the closure 

performance standard. Section 6.3.4 describes the specific sampling and analysis procedures 

to be used to verify that all materials remaining onsite after closure meet the closure performance 

standard. 
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6.1.4 Certification of Closure (20 NMAC 4.1, Section 265.115) 

Within 60 days of completion of the final closure activities described in this plan. a certification 

of closure will be submitted to the NMED. This certification will indicate that the MDA-P waste 

pile has been closed in accordance with the specifications in the approved closure plan. The 
' 

closure certification will be submitted by registered mail and will be signed by the DOE Los 

Alamos Area Office Manager and the Laboratory Environment, Safety, and Health Division 

Director or their authorized representatives and by an independe-nt, registered professional 

engineer. Exhibits 6-1 and 6-2 show examples of the closure certificates that will be submitted. 

In addition, documentatio ... supporting the certifications will be furnished to the NMED at that 

time. This documentation will consist of the Final Closure Report described in Section 7.0. 

6.1.5 Survey Plat [20 NMAC 4.1, Section 265.116] 

This closure plan does not address closure of the waste pile as a landfill. Thus, submission of 

a survey plat indicating the location of landfill units is not required. If, during closure, it is 

determined that closing any areas as disposal units is necessary, the closure plan will be 

amended. The amended plan will include the survey plat requirements of 20 NMAC 4.1, Section 

264.116. 

6.1.6 Closure Cost Estimate [20 NMAC 4.1, Section 265.142] 

A closure cost estimate is not required because federal facilities are exempt from this requirement 

per 20 NMAC 4.1, Section 265.140(c) 

6.1 . 7 Financial Assurance for Closure [20 NMAC 4.1, Section 265.143] 

Financial assurance mechanisms are not required because federal facilities are exempt from this 

requirement per 20 NMAC 4.1, Section 265.140(c). 
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The undersigned, the United States Department of Energy, Los Alamos Area Office as owner and 

former operator of the Material Disposal Area P waste pile (Facility), and the University of 

California, as the former operator of the Facility, located at Los Alamos National Laboratory. in 

Los Alamos County, New Mexico, hereby certify and state that they have permanently ceased 

the active operation of the Facility and have fully implemented all measures relating to the closure 

of the Facility as set forth in the closure plan approved by the New Mexico Environment 

Department for the Facility. 

For the United States Department 
of Energy, Los Alamos Area Office 
(Owner /Operator): 

(Signature) 

(Name) 

(Title) 

For the University of California 
(Operator): 

(Signature) 

(Name) 

(Title) 

Exhibit 6-1. Example of Owner or Operator Closure Certification 
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I, an independent Professional Engineer registered pursuant to the 
Professional Engineers registration laws of the State of New Mexico, hereby certify that I have 
reviewed the closure plan for the Material Disposal Area P waste pile (Facility) at Los Alamos 
National Laboratory, that I am familiar with the New Mexico Hazardous Waste Regulations that 
are applicable to the closure of such Facility, and that I personally have made visual inspection(s) 
of the aforementioned Facility, and that the closure of the aforementioned Facility has been 
performed in full and complete accordance with the Facility's Closure plan approved in writing 
by the Secretary, New Mexico Environment Department, on , 19_. 

(Signature) (Date) 

(Professional Engineering License Number) 

(Seal) 

(Business Address) 

(Telephone Number) 

Exhibit 6-2. Example of Independent Registered Professional Engineer Closure Certification 
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6.1.8 Liability Requirements [20 NMAC 4.1, Section 265.147] 

Liability coverage is not required because federal facilities are exempt from this requirement per 

20 NMAC 4.1, Section 265.140(c). 

6.2 Specific Closure Requirements for Waste Piles 

6.2.1 Description of Closure of Each Unit and Final Closure 120 NMAC 4.1, Sections 

265.112(b)(1) and (2), and 264.258(b)] 

Phases 1 and 2 sampling and analysis are described in Section 4.0. Phases 3 and 4 sampling 

and analysis and additional waste removal, if required, will be presented in an amendment to this 

closure plan. Clean closure of the waste pile will include the following activities: 

• Preparation of the site, including setting up the administrative, staging, and 

decontamination areas, tree removal (as necessary), and relocation of power-line 

poles 

• Excavation of the debris and soil from the waste pile to the staging area at the top 

of the mesa 

• Phase 1 sampling to establish background and baseline UTL's 

• Phase 1 characterization sampling of the soil during the removal process and at 

the staging area 

• Inspection and spot-testing of the debris and soil for HE contamination 

• Segregation of potentially contaminated debris and soil based on physical 

characteristics and field instrument readings 

• Segregation of radiologically contaminated debris and soil based on field 

screening 
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~ Size reduction of the debris, if necessary to facilitate handling and 

decontamination 

• Decontamination of the debris using steam/hot water at the decontamination pad 

to eliminate constituents of listed or characteristic waste 

• Segregation of radiologically contaminated debris and potentially HE-contaminated 

debris after decontamination 

• Open burning/detonation of potentially HE-contaminated, nonradioactive, non

hazardous debris and soil, to destroy any remaining HE contamination 

• Onsite or offsite treatment of soils and decontamination wastes contaminated with 

barium or other constituents 

• Off-site disposal of debris and soil 

• Phase 2 confirmatory grid sampling of the soils/tuff beneath the waste pile to 

demonstrate that the clean-closure performance standard has been met 

• Phase 2 deep borehole sampling to determine the vertical extent of contamination 

• Phase 3 characterization sampling and analysis, if additional waste removal is 

necessary and if additional sampling is needed to better define the areas requiring 

removal 

• Removal and disposal of additional soils/tuff, if closure performance standard has' 

not been met 

• Phase 4 confirmatory sampling and analysis of the soils/tuff to demonstrate that 

clean closure has been met if additional waste removal is necessary 

• Stabilization of the site by back-filling and revegetation 
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• Dismantling the closure waste handling/management areas (e.g .. staging. 

decontamination areas) and sampling soil beneath these areas to ensure that 

closure activities have not contaminated the area above baseline UTLs. 

The Phase 1 characterization sampling and analysis activities are discussed in Section 4.1 . 

Removal/decontamination and disposal are discussed in Section 6.2.4, 6.2.5, 6.2.6, and 6.3. 

Phase 2 confirmatory sampling and analysis activities are discussed in Section 4.2. Phase 3 
-

(characterization sampling) and Phase 4 (confirmatory sampling and analysis) will be identified 

at a future date as discussed in Section 6.2.2. Stabilization is discussed in Section 6.2.6. 

After the soil and debris in the waste pile have been removed, specific activities will be needed 

to demonstrate the clean closure requirements have been met (Section 6.1.1.2). These activities 

will depend on the extent of contamination, as determined through sampling and analysis. 

Demonstration of clean closure may include the following actions: 

9950211. MOP 

• Conduct Phase 2 confirmatory grid sampling and analysis. 

• Evaluate the Phase 2 confirmatory grid sampling and analysis results as described 

in Section 6.1.1 .2 to determine if the clean closure performance standards have 

been achieved or a risk assessment is necessary. 

• If the clean closure performance standard has been met, submit the Final Closure 

Report as described in Section 7.0. 

• If a risk assessment is needed, conduct the risk assessment in accordance with 

EPA guidance (EPA 1989, EPA 1991 a, and EPA 1992b) and compare calculated 

risks with target risk levels for an industrial exposure scenario. If target risk levels' 

are exceeded, risk-based clean-up goals will be developed. If these goals have 

not been met, additional waste will be removed to achieve clean closure. 
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• If additional waste will be removed, prepare an amendment to.the closure plan 

that identifies the approach for completing closure and describes how the risk will 

be reduced to the acceptable levels. Submit an amendment to NMED for 

approval prior to implementation. 

• This amendment will include either a Phase 3 or Phase 4 sampling and analysis 

plan. A Phase 3 site characterization sampling and analysis plan will be included 

if additional sampling is necessary to better define the- areas requiring additional 

removal. A Phase 4 sampling and analysis plan will be included for confirmatory 

sampling of remaining soil after removal of the additional waste. If Phase 3 

sampling is not necessary, this amendment will include a Phase 4 confirmatory 

sampling and analysis plan. 

• Submit amendment to the closure plan to NMED for review and approval. 

• Perform additional removal and disposal of waste and Phase 3 or Phase 4 

sampling and analysis. 

• If Phase 3 sampling was conducted, prepare the Phase 4 confirmatory sampling 

and analysis plan based on an evaluation of the results of the Phase 3 sampling. 

• Submit Phase 4 confirmatory sampling and analysis plan to NMED for review and 

approval prior to implementation. 

• After NMED approval, perform Phase 4 sampling and analysis. 

• Evaluate the results of the Phase 4 confirmatory sampling and analysis based on· 

comparison with the target cleanup levels. If the clean-closure performance 

standard has been achieved, submit Final Closure Plan as described in Section 

7.0. 

If at any time in this process clean closure of the waste pile is determined not to be feasible 

because of the nature and extent of contamination, the remaining waste pile will be closed as 
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a landfill as required by 20 NMAC 4.1, Section 265.258(b), and an amended closure/postclosure 

plan will be prepared and submitted to the NMED. 

6.2.2 Identification of Maximum Extent of Operation (20 NMAC 4.1 , Section 265.112 (b) (2)] 

The estimated maximum extent of operation of the waste pile is shown in Figure 1-1 . The waste 

pile was operated from the early 1950's to 1984. 

6.2.3 Estimate of the Maximum Inventory of Hazardous Waste 

(20 NMAC 4.1, Section 265.112(b)(3)] 

The MDA-P waste pile contains an estimated 30,000 yd3 of waste and debris. It is anticipated 

that 500 yd3 of excavated soil will require treatment. This estimate is based on professional 

judgement and visual inspection of the waste pile. 

6.2.4 Detailed Description of Removal of Waste Inventory 

[20 NMAC 4.1, Sections 265.112(b)(3) and (4)] 

Prior to the excavation of the waste, several activities will occur. A staging area will be set up 

for the segregation of waste material (see Figure 2-4 in pocket at the end of Chapter 2.0). This 

staging area will be constructed of a 200-ft by 200-ft, 80-mil high-density polyethylene (HOPE) 

liner overlain by a protective layer of plywood or steel. Material will be placed at this staging 

area, inspected, sampled, and segregated based on physical characteristics. Immediately 

adjacent to this staging area, a decontamination pad will be constructed of concrete covered with 

an 80-mil HOPE liner. The liner will be overlain by a protective layer of plywood or steel. This 

decontamination pad will measure approximately 40 ft by 40 ft and will have 2-in. curbing to 

contain any liquids. During decontamination, plastic splash guards will be placed inside the curb' 

of the decontamination pad to prevent liquids from coming into contact with surrounding soils. 

This decontamination pad will be placed inside a secondary containment system constructed of 

80-mil HOPE with 4-in. curbing made of wood covered by the liner. During decontamination, the 

liquids in the decontamination pad will be vacuumed out into a container to prevent the liquid 

from overtopping curb levels. Nearby, two 40-ft by 40-ft evaporation ponds will be constructed 
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for the drying of treated soils. These ponds will be 2ft deep and lined with two 80-mil HOPE 

liners, which are overlain by a protective layer of plywood or steel. 

Two 40-ft mobile office trailers will be located at the work site for administrative and break 

activities. One trailer will be used as a lunch area and dressout area. The other trailer will be 

used for project management activities. These trailers will be connected to on-site electricity and 

phone lines. 

Tree removal and clearing associated with the waste pile removal will begin as soon as the 

personnel decontamination facilities are in place. Four power poles that currently run through 

the affected work area will be relocated as directed by Laboratory engineers. 

The waste will be excavated using a combination of several methods. The primary method of 

excavation will be a tracked backhoe with a 2-yd3 bucket similar to a Caterpillar Model 31 0. The 

excavated material will be placed in 1 O-yd3 dump trucks or suitable containers (e.g., roll off 

boxes) and transported to the segregation area. 

During excavation and segregation of the waste material, size reduction may be required to 

facilitate handling and decontamination. The steel material will be cut using Port-O-Band™ saws 

or acetylene torches. 

The excavation will be overseen by two safety officers. One safety officer, employed by the 

contractor, will be responsible for general safety. The second safety officer, employed by 

Laboratory TA-16 operations, will be responsible for evaluation of any HE contamination in the 

excavated material. Field screening procedures for detection of HE will be used at the discretion 

of the TA-16 safety officer. If detonatable quantities of HE or suspected HE are encountered, TA-

16 personnel will be contacted to direct the removal of the HE. Prior to excavation or handling · 

of debris, it will be visually inspected for HE and spot tested to ensure safety. 

The second excavation method will involve the excavation of controlled bench cuts using tracked 

bulldozers (similar in size to a Caterpillar D-8) and tracked excavators. The benches will be cut 

into the face of the mesa to ensure safe excavation of material below the bench with the 
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backhoe. The material will be transported to the dump trucks using front-end loaders or may be 

loaded directly into the trucks with the backhoe. 

A third method of excavation that might be necessary involves the operation of a dragline 

combined with winch lifting and crane lifts. A crane may also be used in combination with a 

clamshell or electric magnet. 

Certain wastes (e.g .. concrete blocks) that lie on the slope of the mesa may be removed by 

demolition with pneumatic air hammers mounted on tracked excavators or hand-held pneumatic 

air hammers. This material will be reduced to manageable sizes, loaded into dump trucks, and 

transported up the access road to the segregation area for handling and decontamination. 

During excavation, material will be radiologically surveyed by health physics personnel under the 

direction of a Laboratory-qualified radiological control technician (ACT). Radiological waste is 

not expected but if found it will be separated from nonradioactive waste and placed in containers 

as directed by the Laboratory ACT. 

After the waste pile is removed, excavation will continue into the underlying subsoils and tuff. 

Field instruments will be used while performing this overexcavation. Excavation will continue until 

the closure standards are thought to have been reached. This overexcavation is estimated to 

be approximately 2ft deep. Field screening instruments and visual inspection will be used to 

determine the depth of the over-excavation. Some areas will be excavated to different depths 

than others. 

All equipment that came in contact with waste will be decontaminated as described in Section 

6.3.1 . The wastes generated during closure will be managed and disposed of as described in 

Section 6.3.2. 

6.2.5 Detailed Description of Closure of Waste Residues 

[20 NMAC 4.1, Sections 265.112{b)(4) and 265.114] 

The remaining soil and tuff potentially contaminated by the waste pile will be sampled as 

described in Section 4.2. The results of the Phase 2 shallow grid sampling will be used to 
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determine if the clean-closure performance standard has been met, as described in Section 

6.1 .1 .2. If results indicate that the standard has not been met, removing contaminated soil and/or 

tuff may be necessary. The specific methods and procedures to be used for closure will depend 

on the extent of contamination. Any expected removal can be performed with wheel- or track

mounted excavation equipment. All equipment used to remove waste residues will be 

decontaminated as described in Section 6.3.1. MDA-P debris will be decontaminated using hot 

water and steam to remove any HE, as well as Appendix VIII constituents. After decontamination. 

the material will be tested and certified free of HE by the TA-16 safetY officer. 

After all equipment is decontaminated through steam cleaning the decontamination pad and 

evaporation ponds will be steam-cleaned. In addition, all structures and equipment that may 

have come into contact with waste will be disassembled and/or decontaminated as appropriate. 

All equipment, structures, liners, concrete, etc. will be visually inspected to ensure no visible 

contamination remains. A final rinsate sample will be collected and analyzed as described in 

Chapter 4.0. If Appendix VIII constituents are not detected in the final rinsate samples, then the 

debris will be sent to a RCRA Subtitle D disposal facility and the equipment, the decontamination 

pad, evaporation ponds, and other structures will be sent to RCRA Subtitle D disposal facilities 

or reused if appropriate. 

All contaminated soil and tuff will be packaged, labeled, stored, and transported in accordance 

with approved Laboratory waste management procedures. Wastes determined to be hazardous, 

mixed, or low-level radioactive will be transported to a treatment, storage, or disposal facility as 

described in Section 6.3.2. Selection of the disposal site will depend on the waste 

characteristics, waste acceptance criteria, and disposal costs. 

After all equipment, pads, and ponds are removed, the subsoils below these areas will be 

sampled and analyzed as described in Chapter 4.0. As described in Section 6.1.1.2, the, 

analytical results of the Phase 2 grid samples will be compared with acceptable levels to 

determine if further activities are needed to demonstrate clean closure. It may be possible to 

compare results directly with SALs or risk-based PRGs to demonstrate that closure standards 

have been met. Alternatively, it may be necessary to perform a risk assessment. The risk 

assessment may indicate that existing levels of constituents are acceptable or that additional 

removal is necessary. 

5950211. MOP 6-22 



Material Disposal Area P Closure Plan 
Revision 0, February 1995 

If removal is necessary, an amendment to the closure plan will be prepared that identifies how 

additional waste will be removed. This plan must be submitted to NMED for approval pnor to 

implementation. Phase 3 site characterization sampling may be necessary to better define the 

contaminated areas that require removal. Phase 4 confirmatory sampling ano analyses will be 

required to ensure that the contamination has been removed to acceptable levels. After the clean 

closure performance standards have been met, the closure waste handling/management areas 

will be dismantled and the soil beneath these areas will be sampled to ensure that the closure 

activities have not contaminated the area above the baseline UTLs.- Any contamination above 

the baseline UTLs will be removed and confirmatory samples will be collected. Following 

completion and certification of clean closure under 20 NMAC 4.1 , the site will be stabilized by 

placing topsoil and backfill as appropriate. The area will be reseeded and replanted with native 

vegetation. The area will be periodically inspected to ensure the replanting is successful. 

The results of the radiological and chemical analysis of samples will also be used to determine 

site-specific health and safety requirements for subsequent closure activities. Preventing 

atmospheric release of RCRA constituents, as needed to meet the closure performance standard 

under 20 NMAC 4.1 265.111, will be addressed in the development of risk-based cleanup levels. 

6.2.6 Detailed Description of Other Necessary Activities 

[20 NMAC 4.1, Sections 265.112(b) {5) and 265.114] 

Steam cleaning will be used to remove barium, toxic metals, and other hazardous constituents 

from the debris. If the debris is visibly uncontaminated after decontamination, it will be 

considered uncontaminated with barium, toxic metals, and other hazardous constituents. Results 

of visual inspections and decontamination will be documented. 

After steam cleaning, debris with inaccessible areas or with extreme deterioration will be placed 

on the burn pad for flashing by TA-16 personnel to ensure destruction of any potential HE. 

Burning of combustible waste and flashing of steel components will be conducted at the TA-16 

burn pad adjacent to the waste pile. Burning will be conducted under an existing burn permit 

S950211.MOP 6-23 



' I 

Material Disposal Area P Closure Plan 
Revision 0, February 1995 

from the NMED Air Quality Bureau. During burning operations at TA-16, no personnel access 

will be allowed to MDA-P. TA-16 burn schedules and the contractor schedules will be 

coordinated to minimize project delays and TA-16 operation delays. 

On-site treatment of contaminated soils or liquids will be conducted in tanks meeting the 

requirements of 20 NMAC 4.1, Sections 264.192 through 264.199. The treatment will occur in 

less than 90 days and is exempted from permit requirements as described in 20 NMAC 4.1 . 

Section 262.34. These tanks will be used for the closure of the MDA-P waste pile only. The life 

span of these tanks is limited to the duration of the closure which is expected to be 20 months. 

As identified in 20 NMAC 4.1, Section 264.193(g), these tanks will be designed and operated to 

prevent migration of hazardous waste or constituents to the ground water or surface water. All 

tanks will be inspected daily to ensure no hazardous constituents can spread to the environment. 

All tanks will be covered with tarps at the end of each day's use. On-site treatment is expected 

to consist of stabilizing barium-contaminated soils. The soil will be loaded into a hopper and 

placed in a mixer. It is expected that 12-yd3 batches will be mixed using mix equipment similar 

to a Maxon Paddle Mixer or possibly a 1 O-yd3 cement mixer truck. The mixer will be placed in 

a secondary containment system consisting of an 80-mil HOPE liner with 4-in. curbing made of 

wood. The equipment will be supported with a concrete pad. The mixer and containment 

structure will be inspected daily and repaired as necessary to ensure no hazardous constituents 

can spread to the environment. All equipment will be covered with tarps after the end of each 

day's use. After rain events, water in treatment tanks will be pumped into containers and 

sampled and managed based on analytical results. The material will be mixed with a 40% 

solution of ammonium sulfate. An estimated 15-gal. or less of ammonium sulfate solution will be 

required for each cubic yard of waste. The mixture is expected to produce a moisture-free 

stabilized soil that will pass the paint-filter test (EPA 1992). After stabilization, the mixture will be 

placed in the evaporation ponds with a front-end loader for 24 hours to ensure it is dry enough 

to transport to the disposal facility. After successful sampling results indicate the soil no longer· 

exhibits the TC for barium, the waste will be sent to a permitted off-site solid waste disposal 

facility. Water and sludge collected during decontamination will be mixed and stabilized with the 

soil. 

Limited treatability studies will be conducted by on-site personnel or Laboratory-approved 

laboratories to confirm the stabilization formula prior to full-scale treatment. Two 1 00 mL samples 
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will be collected for the treatability study. The sample with the highest level of contaminants will 

be selected for the treatability study. If the treatability study is conducted onsite. the NMED 

Director will be notified in writing no less than 45 days before conducting the study. Treatability 

studies will be conducted in accordance with 20 NMAC 4.1 Section 261.4(e) and (f). 

Surface water run-on will be controlled during the closure of this waste pile. The asphalt trench 
-

at the top of the waste pile will be used to prevent water from running into the waste pile. The 
' -

asphalt trench will be inspected and repaired as necessary to prevent water run-on from entering 

the waste pile. This water will be discharged to the stream below under existing storm-water 

discharge requirements for TA-16. Areas where excavations are currently in progress or with 

newly exposed surfaces will be covered during storm events with tarps or some other type of 

covering to minimize rain water from entering these areas. 

Water run-off will be collected in plastic-lined trenches at the base of excavation sites and along 

the entire base of the waste pile and pumped into containers. This run-off water will be sampled 

and analyzed for the waste constituents present in the waste pile as discussed in Chapter 4.0. 

This water will be managed based on sampling results. Additional trenches will be added as 

needed to ensure all run-off is collected. 

Waste handling and management units will be lined with 80-mil HPDE liners and curbed to 

prevent infiltration from rainwater. These units will be covered during storms with tarps. Any 

storm water entering the units will be collected, sampled, and managed according to sample 

results. 

Excavated waste will be placed in lined containers such as rolloff boxes and transported to the 

segregation area. This 200-ft by 200-ft segregation area will be constructed near the waste pile 

and lined with an 80-mil HOPE liner protected by an earth cover. This segregation area will be' 

used for temporary storage of soils/debris in rolloff boxes or other containers and temporary 

storage of liquids in drums. This area will also be used to store excavation equipment and 

contain the soil treatment tanks. This area will have a 4-in. curb to serve as secondary 

containment and will prevent water runoff and runon. The treatment tank used for soil 

stabilization will be within this segregation area and separately bermed. This berm will serve as 

secondary containment to prevent contamination of the earth cover. The liquids stored in the 
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segregation area will be temporarily stored in a separately bermed area. All containers including 

rolloff boxes, drums, tanks, etc. will be properly labeled as required to 40 NMAC Section 262.34. 

The approximate location of this segregation area is shown on Figure 2-4. 

Two temporary storage areas outside of MDA-P will be used to store treated debris and soils. 

Before being shipped, this material will be stored until sampling results have been received. If 

analysis indicates treatment standards were not met, the waste will be returned to the 

segregation area for additional treatment. These storage areas will be lined with an 80-mil HOPE 

liner and curbed with 4-in. wood. The liner will be protected with plywood or steel. The 

approximate location of these storage areas is shown in Figure 2-4. 

6.2. 7 Schedule for Closure of Each Unit [20 NMAC 4.1, Section 265.112(b)(6)] 

The estimated schedule for clean closure of the MDA-P waste pile is presented in Figures 6-2 and 

6-3. Figure 6-2 presents the schedule for demonstrating clean closure if a risk assessment is not 

required. Figure 6-3 presents the schedule for demonstrating clean closure if a risk assessment 

is required. 

If a risk assessment is not required, the total time to complete closure is estimated to be 20 

months. If a risk assessment is necessary but additional waste removal is not required, the total 

time to complete closure is estimated to be 26 months. If additional removal is required, then 

a revised closure schedule will be included in the amendment to the closure plan. This schedule 

assumes no unanticipated delays by regulatory authorities or TA-16 site operations. 

6.3 Decontamination Procedures [20 NMAC 4.1, Sections 265.112(b)(4) and 265.114] 

Decontamination efforts during closure of the MDA-P waste pile will involve decontamination of· 

sampling equipment, waste removal equipment, waste containers, and the materials used to 

construct the staging, decontamination, treatment and container storage areas. 

6.3.1 Procedures for Cleaning Equipment and Removing Contaminated Soils 

[20NMAC 4.1, Section 265.112(b)(4.) and 265.114] 
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Decontamination will take place at the decontamination pad. Before starting the 

decontamination process, the condition of the decontamination pad liner will be evaluated to 

determine if it is in suitable condition. The liner will be inspected for tears, holes, and integrity 

of any seams. If the liner is judged to be in unsatisfactory condition, a new liner will be installed. 

Sampling equipment and any other small equipment that comes into contact with contaminated 

material will be decontaminated after use. Decontamination of small equipment will be performed 

as follows: 

1) Equipment will be thoroughly scrubbed using a nonhazardous detergent solution 

approved by TA-16 personnel. Detergent strength will be per the manufacturer's 

recommendations. All visible signs of contamination will be removed. 

2) Equipment will be thoroughly rinsed with clean tap water so that no detergent is 

left on the equipment. 

3) If necessary and if approved by TA-16, the equipment will be rinsed with methanol 

or dilute acid. In general, the use of methanol or acids will be avoided; these will 

only be used if the detergent is ineffective in removing all contamination. 

4) Equipment will be rinsed with deionized water. 

5) If the equipment is not to be used immediately, it will be allowed to air dry and will 

be wrapped with clean polyethylene or with aluminum foil, with the dull side of the 

foil toward the equipment. 

6) Equipment decontamination liquids will be sampled and analyzed as described ' 

in Section 4.3.1 . 

Large equipment will be decontaminated by steam cleaning using water or a nonhazardous 

detergent solution approved by TA-16 personnel. This equipment will be steam-cleaned until all 

visible contamination is removed and then rinsed with clean tap water. A sample of the final 

water rinse will be collected to verify decontamination. 
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After all equipment decontamination is complete, the materials used to construct the staging, 

decontamination, treatment, and container storage areas will be decontaminated by steam 

cleaning, followed by rinsing with clean water. Next, the liners will be decontaminated in place 

by steam cleaning, followed by rinsing with clean water. If the liners are not radioactive and are 
visibly contaminated, they will be disposed of as nonradioactive, nonhazardous waste. 

Decontamination wastes (i.e., liquids and sludges) will be placed in appropriate containers. The 
containers will be lined with material (e.g., polyethylene) that is compatible with the detergent and 

any contaminants expected to be present in the decontamination wastes. 

After the waste containers are sealed, all visible contamination (e.g., soil) will be removed from 

the surface by wiping with detergent-soaked rags. If the waste is radioactive, the surface of the 
waste container will be radiologically surveyed to determine if total and removable contamination 

meets target limits. If not, additional decontamination will be performed. 

6.3.2 Management of Generated Wastes 

[20 NMAC 4.1, Sections 265.112(b)(3) and 265.114] 

Wastes that may be generated during closure of the MDA-P waste pile include debris, soil and 

tuff, personal protective clothing, disposable sampling equipment, decontamination liquids, and 

construction materials {i.e., concrete pads and liners). These wastes will be characterized based 

on the sampling and analysis as described in Section 4.1 , 4.2 and 4.3. 

Based on existing waste characterization data {see Chapter 3.0), the excavated debris and 

equipment used during closure is expected to be easily decontaminated with steam and 

rendered nonhazardous. Certain generated soils and water are expected to exhibit the TC for 

barium and will be managed as hazardous waste. 

If wastes or debris exhibit a characteristic identified in 20 NMAC 4.1, Part 261, Subpart C, or are 

listed waste identified in Subpart D, they will be managed as hazardous waste. 

If Appendix VIII constituents are not detected in the final rinsate samples, then the debris will be 

sent to a RCRA Subtitle D disposal facility and the equipment, the decontamination pad, 
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evaporation ponds, and other structures will be sent to RCRA Subtitle D disposal facilities or 

reused if appropriate. 

The wastes generated during closure will be packaged, labeled, and transported in accordance 

with Laboratory-approved waste management procedures. 

Wastes determined through sampling and analysis to be hazardous wastes wtil oe packaged and 

transported in accordance with the requirements of 20 NMAC 4.1, Part-262, Subpart C. the waste 

acceptance criteria of the designated disposal facility, and the Department of Transportation 

(DOT} requirements. Storage of hazardous wastes will be in a segregated and controlled staging 

area. These hazardous wastes will be managed according to characterization results and treated 

onsite or offsite. Loading and unloading of containers holding hazardous waste will be 

conducted inside controlled exclusion zones. 

Wastes that are determined through sampling and analysis to be hazardous wastes will be 

transported to an off-site facility for treatment, storage, or disposal. Off-site facilities that may be 

used for hazardous wastes include Chemical Waste Management Inc.'s Kettleman Hazardous 

Waste Facility in California and the Rollins Environmental Services facilities at Deer Park, Texas 

and Baton Rouge, Louisiana. If none of the off-site facilities can accept the wastes, the wastes 

will be taken to a permitted-status storage facility at TA-54, Area Land stored until a suitable off

site facility is available. If TA-54 is not permitted to manage wastes that are generated, a revised 

RCRA Part A permit modification request will be submitted to the NMED. 

Wastes that are determined through sampling and analysis to be nonhazardous, low-level 

radioactive wastes will be transported to TA-54, Area G or to an off-site facility for treatment, 

storage, or disposal. Off-site facilities that may be used for this purpose include the Envirocare 

of Utah, Inc. facility near Clive, Utah; the U.S. Ecology site at the U.S. DOE Hanford site near· 

Ri':hland, Washington; the U.S. DOE Hanford site itself; and the U.S. DOE Nevada Test Site near 

Mercury, Nevada. 

Wastes that are determined to be mixed wastes will be transported to the Envirocare of Utah, Inc. 

facility for treatment, storage, or disposal. They also may be treated onsite in tanks as described 

in Section 6.2.6. If the off-site facility cannot accept the wastes and if onsite treatment is not 
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approved, the wastes will be taken to a interim-status storage facility at TA-54, AreaL and stored 

until a suitable off-site facility is available. If any of the mixed wastes to be stored exceed land 

disposal restriction treatment standards, storage will be addressed in the Federal Facility 

Compliance Agreement for the Laboratory. 

Selection of the disposal site will depend on the waste characteristics, waste acceptance criteria, 

and disposal costs. 

6.3.3 Criteria for Determining the Extent of Decontamination Necessary 

[20 NMAC 4.1, Sections 265.112(b)(4) and 265.114] 

Criteria for decontamination will depend on the type of material being decontaminated. Criteria 

for equipment decontamination are qualitative based on how and where the equipment is used. 

Reusable sampling equipment will be decontaminated following use, primarily to avoid 

cross-contamination of samples. Other equipment, including disposable equipment, that comes 

into contact with the waste piles or the soils/tuff beneath the waste pile will be decontaminated. 

Any other equipment used in the control area established in accordance with the SSHASP will 

also be decontaminated. All equipment will be decontaminated to remove contaminants known 

or suspected to be present. The equipment decontamination procedures described in Section 

6.3.1 are designed to remove the potential constituents identified in Chapter 3.0. 

6.3.4 Methods for Sampling and Testing to Demonstrate Success of Decontamination 

[20 NMAC 4.1, Section 265.112(b)(4) and 265.114] 

Decontaminated equipment will not be sampled to determine the effectiveness of chemical 

decontamination. Rather, effectiveness will be based on knowledge of the contaminants present., 

known effectiveness of the decontamination agents used, removal of all visible evidence of 

contamination, and collection of rinsate samples, as described in Section 6.3.1. These rinsate 

samples will be analyzed as described in Section 4.7.1. 

Equipment and waste containers that are radiologically contaminated will be surveyed following 

decontamination to verify that any radioactivity is below Laboratory release limits. 
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6.4 General Postclosure Care Requirements 

[20 NMAC 4.1, Sections 264.258(b), 265.116 - 265.120, 265.144, and 265.145 and 

265.147] 

As currently described in this closure plan, the MDA-P waste pile will not be closed as a landfill. 

As a result, postclosure care requirements are not applicable per 20 NMAC 4.1 , Section 

265.110(b). If, during closure, it is determined that all hazardous waste residues cannot 

practicably be removed to below PRGs, an amended closure plan will be submitted to close the 

waste pile as a landfill as required by 20 NMAC 4.1 Section 264.258(b). If so, an amended 

postclosure plan will be prepared that addresses the applicable requirements of 20 NMAC 4.1 , 

Sections 264.116 through 264.120. The amended postclosure plan will be prepared and 

submitted to the NMED within 90 days of determination of the need for such a plan. 

If a postclosure plan is necessary, a postclosure cost estimate {20 NMAC 4.1, Section 264.144), 

a financial assurance mechanism for postclosure care (20 NMAC 4.1, Section 264.145), and 

liability requirements (20 NMAC 4.1, Section 265.147) will not be required because federal 

facilities are exempt from those requirements per 20 NMAC 4.1, Section 264.140(c). 
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Upon completion of closure activities, a Final Closure Report will be submitted to the Secretary 

of the NMED. Copies of all analytical reports will be appended to the Final Closure Report. The 

Final Closure Report will include the results of the Phase 1 and Phase 2 sampling and analysis 

and the details regarding the disposition of the waste that was removed. If a risk assessment 

was necessary, the Final Closure Report will include results of the risk assessment. If additional 

waste removal is required, the Final Closure Report will include results of the Phase 3 sampling 

and analysis, if any, and Phase 4 sampling and analysis. 

The Final Closure Report will include the following information: 

1) The certifications described in Section 6.1.4 

2) Any variance from the activities described in the approved closure plan and the reason 

for the variance, any nonconformance reports for field and/or laboratory procedures that 

affect data quality, and documentation of corrective action implementation for 

nonconformances of field and laboratory procedures 

3) A tabular summary of Phase 1 analytical results and Phase 2 analytical results, showing 

a. sample identification; 

b. sampling location; 

c. the data reported; 

d. detection limit for each datum; 

e. identification of analytical method. 

4) Laboratory data analysis sheets 

S95021g.MDP 7-1 



Material Disposal Area P Closure Plan 
Revision 0, February 1995 

5) A QAJQC statement on the adequacy of the analyses and the decontamination 

demonstration 

6) The location of supporting documentation, including 

a. field log books; 

b. OA/OC documentation; and 

c. chain-of-custody records. 

7) Disposition and disposal location of all regulated and nonregulated residuals 

8) A certification of the accuracy of the report 

9) A demonstration of equivalency with closure requirements under 20 NMAC 4.1 , Part 

264.228 in accordance with 20 NMAC 4.1, Part 270.1 (c)(S)(ii) 

1 O) A demonstration that groundwater contamination has not occurred and that EPA policy 

guidance requirements have been met, as described in Chapter 5 

11 ) An evaluation of the Phase 2 grid confirmatory analytical results, including 

a. comparison with OA/OC criteria; 

b. comparison with background UTLs, if applicable; 

c. comparison with SALs; 

d. for those constituents without previously established SALs, comparison with 

calculated SALs based on health criteria; 

e. comparison of baseline UTLs established before and after closure; and 
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f. evaluation of the vertical extent of contamination based on the analytical results 

from the deep boreholes. 

12) A PRG comparison of those Phase 2 grid confirmatory analytical results that exceeded 

SALs 

1 3) The results of the risk assessment, if a risk assessment was necessary, including a 

comparison of the calculated risks against target risk levels 

14) Development of risk-based clean-up levels 

15) Phase 3 and Phase 4 sampling and analysis plans and the analytical results, if Phase 3 

and Phase 4 sampling was necessary, including 

a. a description of and a figure showing sampling locations; 

b. a tabular summary of the analytical results including the information in items 3 a-e 

above; and 

c. figures delineating the estimated areas requrnng removal of decontamination 

based on Phase 2 and 3 sampling and the figures delineating the areas actually 

removed. 

16) An evaluation of the Phase 4 confirmatory analytical results based on comparison with 

the risk-based clean-up levels that were used to determine whether the clean-closure 

performance standard was met 

17) The approach for completing closure, including 

a. the approach for demonstrating clean closure based on the comparison of the 

analytical results with SALs or PRGs, or, if a risk assessment is necessary, on the 

evaluation of the analytical results and target risk values; or 
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b. the approach for completing closure if clean closure is not feasible (e.g., 

amending the closure plan for landfill closure). 

7-4 
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DERIVATION OF SCREENING ACTION LEVELS (EXCERPTED FROM APPENDIX J 
OF THE INSTALLATION WORK PLAN FOR ENVIRONMENTAL RESTORATION. 

TABLES J-1, J-2, AND J-3 HAVE BEEN SUBSTITUTED WITH THE MOST 
CURRENT SCREENING ACTION LEVELS FROM THE FACILITY FOR 

INFORMATION MANAGEMENT AND DISPLAY (FIMAD) 
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Aooenciz.x J s,:reenznl! Assessment .H etnoaoivr!' 

1.0 INTROOUCTtON 

Screenrng assessments are cenorrr:ea at Los Alamos National Lacoratory (the 
LacoratorvJ to 10ennty tne oresence or contaminants at concern at cotentlal release 
s1tes 1 PRSsl. Ccntammams ot concern are constrtuems wnose concentration 1eve1s 
rn one or more env1ronmema1 meo1um are aoove a 1eve1 of concern aet•neo Dy 
med1um-soecttic screenmg act1on 1eve1s 1 SA Lsi. The screenrng assessment Degrns 
w1tn rne raentrticat1on ot cotentral constituents ana envrronmental meara ot concern 
baseo on 1<now1eage ot the n1story ana crocesses tnat occurreo at a PAS. Exlstrng 
or new envrronmentaJ aata collectea aunng the Resource Conservation and Recov
ery Act (RCRA) field investigation (AFI) are then camparea With SALs· tor the 
constituents tdentrfied. 

The cnnc1cat test cameo out dunng screemng assessments 1s the companson of 
samcnng aata With SALs. If SALs are not exceeoed. the PAS may be recommenced 
for no further act1on (NFA ). If SALs are exceeaed. further evaluation. eltherstatJstJCal 
or cy samoung, 1s reau~red at the PAS. However. some aaditional screenang may oe 
r.ecessary 1f two or more constituents are present to aetermrne the potential tor 
comorned effects. When SALs are lower than bacl<grouna concentrations. constitu
ent concentrations are comoared with backgrouna distnbutrons as an additional step 
in screemng assessment. Table J-1· presents a. summary of SAls fornonraaiologlcal 
potential chemicals of concern. The SALs tor raa1onuclides are presented in Table 
J-2. 

SALs will be used only for screen~ng assessments and are not to be used as cleanuo 
cmena 1n a corrective measures stuay or corrective measures ~rnptememanon. If 
the results ot the screenang assessment show that chemrcal-specrfic levels are 
exceeoed. more srte-soecific aata ana analys1s may be neeaed. 

2.0 SCREENING AcnON LEVELS FOR NONRADIOLOGICAL 
CONSTITUENTS 

The Envrronmental Aestoranon tER) Program at the Laboratory takes ItS pnmary 
ctrect1on tram EPA guidance tEPA 1989. 0088). Subseauent gu1aance. Correcnve 
Act1on tor Solid Waste Management Units (Subpart S) (EPA 1990. 0432). a 
prooosed regulation unaer RCRA. presents a methoaotogy for calcutanng act1on 
1eve1s to determine the need tor further evatuanon of contamrnation rn vanous 
envrronmental medra o.e .. grounawater. surface water. a~r. ana soil). The actron 
:evets are catculatec usrng cnemlcar-scec1tic tOXICity values and default exoosure 
::Jarameters. ln oraer to comely wnn tne Hazaraous ana Solid Waste Amenaments 
(HSWAl Mooule tor the Laboratory. SALs have oeen develOped that follow the 
Subcan S metnodology tor exposure carameter aetauats but that ~ncoroorate more 
recenttox1crty values available trc:m tne Envrronmental Protecuon Agencys (EPA's) 
Integrated Risk Information System IIAIS) data case tEPA 1993. 1062) ana Health 
EffectS Assessment Summary Tables (HEAST) iEPA 1992. 0833), wnrch are 
upaateo oenoa1cally. 

"In tnrs aopena1x. the taDies are rocated after tne text. 

l 



I 

Saeentn!! As.H:ssmenr .i1erhouuw~· AopenuLr -· 

2.1 Assumcttons 

A summarv of the nonracrologrcal SAL values rs presentee rn Table J-1. These 
values are casec on tne metnoaorogy presemec unaer procosed SubpartS (EPA 
, 990. 0432) ana on toxrcrty varues [i.e .• reference doses tRfOs) and carcmogenrc 
stoce factors! from tne IRIS data case tEPA 1993. 1062) or me HEAST (EPA 1992. 
OB33l. Table J-3 contarns tne toxrcotogrcat rntormauon used for establishrng 
nonraarorcgrcar SALs. The constitUents rncluaea rn Tables J·1 and J·3 ara tnose on 
the EPA's Target Anatyte List tEPA 1991. 0814), Target Compound List (EPA 1991. 
1074). and ootennal high-exc1os1ve comcounas used at the LaDoratcry. Other 
constituents may need to oe acdect as the resUlts of srte cnaractenzanon becOme 
avallaote. Tables J·1 and J-3 wrll be upaated annually to reflect any modified toXJcrty 
values. 

SAL derivations are based on the folloWing assurnplions and equations contained 
in prcccsed Subcart S: 

1. 

2. 

To take the most conservative approach in deJiving soil SALs that 
cons1der system1c (i.e •• noncarcmogenic) effects. the modal u
sumes that a 1 6-kg child ingests 80it at a rate of 200 mglday •• For 
carctnogen1c constituents in soil. the tong-term exposure ot an 
adult is moaeled. For this catcutation, it is assumed that a 70-kg 
a cult ingests so11 at a rate of 100 mgJday over a 70.yr exposure 
duratron. 

A modification of the Subpart S methodotogy has been intrccluced 
to account for ex;xlsure to organiC compounds vomtilizing from 
so11. The modification 1s applied to acccunt for potentJal inhalation 
exoosure. as presented in more recent EPA guidance forcatculat· 
mg preliminary remediation goaJs (EPA 1991, 0302). The 
1_acoratorys Environmental Restoranon (ER) Program has se
lected this accroacn because SALs for volatile subStanceS caleu
latect using tnis mOdified accroach are tower (i.e •• more COnseMI· 
trve 1 than those calculated using the unmodified SubQartS mathOc1. 
For the purcose of calaJiating SALs. volatile consutuams ara 
defined as those With a molacutar we;ght less than 200 and a 
Henry's Law Constant greater than 1 x 10-5 a~-mote (EPA 
1991. 0302). 

The eauat1on tor caJcutaung SALs for votatile constituentS has 
been excanded to account forpotennat inhaAatJOn exposure C8QUB· 
tions are grven in Section 2.2. below). The SOII-to-atr votatiliZaDon 
factor was calculated based on an eouanon grven by EPA (1991, 
0302} and chem1caJ-specific parameter~ (Strange and Petarson 
1989. 0837: EPA 1988. 0747). The aatautt pa.nx:usasa errasaan 
factor was used in SAL calaJtations tor volatile COnstibJaniS to 
ma.nta1n consistency wrth the eauanon grven in EPA guidanCe 
IE? A 1991. 0302). although thiS factor 1s so low that it does not 
artecttne ca1culatea SALs. To calaJiale SAls torvotatdeconsutu· 
ems tnat nave systemic effects. the 1nvesngators use a mOdel in 
wnrcn a 1 6·kg cnlld ingestS soli at a rate ot 200 mg~day and Inhales 
20 m~tdav ot arr. The SAL calculation tor carctnogenrc volatile 
c::mstrtuents moaels excosure of a 7Q.kg adult over a 70.yr 
excosure auranon. wrth a so11 ingestion rate ot 100 mgJday ana an 
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;n aenvmg SALs :or :onsmuenrs m water. :t ts assurr.ea tnat a 70· 
<g acult tr.ges!s water at a rate at 2 L!oav over a 70-vr excosure 
:~rat1on. --:ese SALs aoc1y to consmuents rn corn grouncwater 
ana sunace water. 

,n cerrvrng SALs tor ccnstnuents·r'! a1r. tt IS assumea tnat a 70-kg 
acUJt mna1es a1r at tne rate or 20 m-tday. 70-yr exoosure aurat1on. 

?rocoseo Succart S soeclfies the use of max1mum comam1nant . 
levels (MCLsl oromutgatea unaerthe Sate Orint<1ng Water Act as -
act1on 1eve1s tor grounawater constituents. Suboan S also IMCJ· 
cates tnat state water Quatitv stanaaras establishea cursuantto the 
Cler.n Water Act. Section 303c. wtll be useo as actJon levels tor 
surtace water constituents wnen these stanoarcs have been 
estabilshea torthe surtace water cody 1n auestton. When numenc 
water Quauty standarcs have not been estabtisheo by the state. 
Subcart S soeclfies that MCLs will be used as actJon levels it the 
state destgnates tne surtace water as a Cilin1<1ng water source. 

In Keeomg With Subcan S. when the MCL value-or state groundwater stanoara 1s not 
ava1iaote. the value ca1cu1atea us1ng tne specified excosure assumptions tor water 
(No. 3 above 1 wilt be usee as the SAL Althougn not spectficaJiy stated. it is consiStent 
w1tn Sub cart S to use tne same SAL cmena tor both grounawater and surtace water 
constituents. For sunace water constitUents. these cntena may be more stnngent 
than reaUJreo because New Mex1co nas not aestgnatea surtace waters to be 
eva1uatea as dnnl<tng water sources. 

2.2 Equations 

2.2., General Equations for Calculating SALs 

2.2.1.1 Systemic Toxicants 

wnere 

SAL = 

SAL = 
THI = 
RfO = 

BW = 

CF = 

THI x l=lfQ x 8W x CF 
I xA 

mgJkg for so1l. ugtl for water. ug~m3 for a1r : 

target nazare mcex: 1 : 

cnromc reterence case lmg~kg-cavl: oral RfO 

(,) 

usee tor so11 ana water SALs. mnatat1on AfO useo tor 
a1r SALs: 

body we1gnt: 1 6 kg tor cn1ld Cfor soli SALsl. 70 kg tor 
adult (for water ana a1r SALs): 

convers1on factor: 1 0° mgt kg tor so1t SALs. 1 03 uQJmg 
tor water ana a~r SALs; 

= tntal<e rate: 200 mg~day for so1t SALs. 2 LJdav tor 
water SALs. 20 m31day tor a1r SALs: 

A = aosorotton ractor: 1 . 

3 
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2.2.1.2 Carcrnogemc Constituents 

SAL = 

wnere 

SAL = 

R = 

BW = 

LT = 

CF = 

SF = 

= 

A • 
ED = 

~ x BW x L,. x CF 
SF X I X A X ED 

mg/kg tor so11. IJ.QIL for water J.,Lgtm3 for a1r. 

!2) 

:arget nsk: 1 0~ for Class A ana 8 carcmogens. 1 o·5 
for Class C carcrnogens: 

body weight 70 kg; 

assumed lifetime: 70 yr: 

conversion factor: 106 mgtkg tor soil SALs. 1 oJ J.Lgtmg 
for water ana air SALs; 

slope factor (mg/kr;~ay)-1 : oral SF used for so11 ana 
water SALs; inhaJatJon SF used for air SAL; 

· intake rate: 1 00 mg/day for soil SALs. 2 Uday tor 
water SALs, 20 rrillday for arr SALs; 

acso~on factor: 1; 

exposure duration: 70 yr. 

2..2.2 Equations for <:alculating Soil SALs for Volatile Conatituera 

2.2.2.1 Systemic Toxicants 

SAL= 

wnere. 
SAL = 
THI = 
BW = 
Rf00 = 
CF = 

lNG = 

RfD; = 
INH = 
1/F = 

?EF = 

4 

THixBW 
(3) 

{[1/Af00 xCF xtNG)+{1/RfO;xtNHx(1/VF •11PEF)D 

mgtkg tor sorl. IJ.QIL for water. IJ.Qirtrl for aJr: 

target hazard lnaex: 1 : 

boay we1ght 16 kg; 

chronac oral reference aose: mgtkg-day; 

convers1on factor: to-6 kglmg; 

soli ingestron rate: 200 mgtday: 

chronac inhalation reference aose: mglkg-day: 

1nhalatron rate: 20 m3/day; 

sou-to-arr volatilization factor (cnemlcal·scecriic): 
mJ!kg, calcutatea usrng eQuation grven ay EPA ( 1991. 
0302) ana cnemrcal·specrtic carameters (Strenge ana 
?eterson 1989. 0837: EPA 1988. 0747): 

;::an1cutate em1Ss1on factor: 4.63 x 10i rriltkg (EPA 
1991.0302). 
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2.2.2.2 Carctnogentc Constituents 

SAL 
::= ... aw ·.<LT 

• (4) = 
E::J .<. i[SF0 ... CF "'!NGi·iSF,x iNH x l 1.' VF- 1/ PEF:;} 

Nnere. 

SAL = mg1kg tor sou. IJ.Q/L tor water. IJ.QimJ for atr: 

R = target nsK: , o·o for Class A and B carc1nogens. 1 o·~ 

for Class C carcmogens: 

aw = boay wetgm: 70 kg; 

LT = assumea lifetime: 70 yr. 

ED = exoosure duranon: 70 yr; 

SF0 = oral slope factor (mglkg-dayr1; 

CF = conversion factor: 1 0~ kglmg; 

lNG = soil ingestion rate: ·1 00 mglday; 

SFi = inhalation slooe factor (mgtkg-dayr1: 

INH = 1nhalat1on rate: 20 m31day; 

VF ana PEF as defineo above. 

2.3 Derivation of SALs When Chronic Toxicological Data Are Lacking 

When SALs are neeaed tor evaluatmg and comoanng soecific noncarctnogentc 

contammants ana aaeQuate cnron1c tOXICOtog1cal 1ntormanon tor the comoound of 

1nterest aces not ex1st. an intenm conservative esnmated value 1s denved oy 

extracolatmg trom acute tOXICOlogical data. 

2.4 Derivation of SALs for Other Media and Substances 

Values ana1ogous to SALs may be neeaed tor evatuat1ng substances that tnvolve 

umaue excosure cons1aerattons 1e.g .. sucstances to una on structural surtaces and 

oeons. snracnet. ntgn exp1os1ves. ascestos1. The metnoas that wtll be used to 

evaluate tnese sucstances are discussed 1n the tollowtng paragraohs. 

2.4. 1 Structural Surfaces and Debris 

?racosea Suboarr S does not crovtae gUtaance on the aenvat1on of SALs tor 

;:otenuauy contammatea structural surraces or aeons 1e.g .. concrete. wooal. These 

va1ues may ce neeaea tor evaluating c:.mentty unused buildings. The structural 

surraces ot unusea cu1idings may c:ntam removaote nonradiotog1ca1 consntuents 

oecause these surraces nave not :een suctected to weatnenng. SALs tor these 

structural surtaces may ce aenvea usmg wtoe test data and aooroonate assump-
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:::ms en cust resusoens1on rates. inna1at1on ana 1ngest1cn rates. ana exoosure 
:::Jenoa. 7hese SALs ror struc:ural surraces w1il be denvea on an as-neeaed oas1s 
Nnen c:1arac:errzaucn c:a<a :ec:::me available. 

?lauslole exoosure routes tor structural matena1s 11.e .. aemolltJon aeons), e1tner 
~unea or at tne 1ano surrace. are tnrougn numan contact wrtn tne surrounamg mea1a 
r sou. water. a1r1 oecause some constituents may already nave ceen released 1nto tne 
surrouncrng meara as tne result or weatnenng. Thererore. nonracrologrcal contaml
~anon :r::::m excosec ana cuneo structural aeons can oe evaluated oy comcanng · 
SALs wrtn constituent levels rn surrcunarng media. 

2.4.2 High Explosives and Asbestos 

Shracnel and unexcloded high explosives presem in some operable unrts neea 
scecrat consideration. The cnmary health hazard assocsated With these matenats 
is InJury oy exctosron. The tox1crty ot chemicalS tnat m1gnt De released from these 
matenals wrll be evaluated tor rnaiViduaJ constituents usrng appropnate SALs tor sod. 
water. arr. ana structural surfaces. SALs for some high exptosrves ana consntuents 
of high explosrves Known·to have been used at the l.a.boratory and for which tOXJcrty 
oata exrst are presented 1n Tables J-1 and J-3. The SALs tor high exptoswes were 
deveroced us1ng Subcart S methodology. The work plans for individual operable 
unrts aadress cnaractenzation of sites With respect to Shrapnet and high exploSIVes, 
as neeaed. 

Another scec1a1 substance that neeas critena for screening decisions is asbestos. 
The SAL approacn develOPed tor evaluating most other consntuents IS not appropn
ate tor asoestos: the Laboratory 1s seel<lng cntersa consistem with federm and state 
gu1aance so that ascestos-contamtnated soils can be evaluated. 

3.0 SCREENING ACTION LEVELS FOR RADIOAcnvE CONSTtTUENTS 

As descnbeo above. SALs tor many RCRA·regulated nonradioactive constituents 
nave ceen recommenced 1n. or denved uSJng, proposed Subpart S regulations. 
However. raa1oacttve compounas are not regulated under RCRA. and SubpartS 
regutanons do not address raaroacuve constitUents. To ensure that radioactiVe and 
nonraoroactJve comoounas are addressed SJmllarty and to simptify integrating 
RCRA. DOE. ana CERCLA reaurrements tor radioacnve compoundS. SALs tor 
raa1oactrve comcounas have ceen denved in a manner S1m1tar to that used tor 
aenvrng acuon 1eve1s 1n proposed Subpart S. 

Sectron 3.1 presents the ratronate tor developing SALs tor radioactive constituents 
rn so11. Sections 3.2 ana 3.3 discuss the methodology and assumptJOns used to 
oenve SALs tor raoroactrve constituents 1n so1t and water. respectJVely. 

3.1 Rationale for Deriving SALs for Radioactive Constituents in Soils 

In oevetoprng SALs tor raaroactJVe constituents, it is necessary to consider all 
relevant ana acpucacte stanaarcs tor protecnng human heatth. For radionuclides rn 
the envrronment. guraance assumes that the protection standards that govern 
numan neattn generally protect otnerc1otlc spectes (NCRP 1991. 0986: International 
~tomrc Energy Agency , 992. 0983). The limits ot radiation excosure to humans are 
govemeo ov ustmg an uccer counc ot a radranon aose established in the raaratron 
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:r::ecnon stancarcs tnat c:mesocr.cs :o an ac:eotaole neann rtsK. ihe uocer· 
::uncea raa1atton aose umtt may not oe exceeoeo cut may ce recucea :::v ustnq 
'1eaun cnys1cs onnc1ctes ana DOE's as tow as reasonao1y acnrevao1e IALARAl 
;Uiaance IDOE 1990. 0779). 

3ecause current rac1at1on crotect1on stancarcs [e.g .. nauona1 em1ss1on stancaras 
·:::r nazaraous arr collutants 1EPA 1992. 1061) ana MCLs IEPA 1993. 1071)1 are 
::asec on ractat1on ccse nmtts ratner man on corresconatng cancer sloce factors or 
nsK 1eve1s. as are nonrac1oacnve comcouncs enumeratec 1n Subcart S. SALs tor 
rac1oact1ve comcouncs are basea on raa1at1on cose levelS cons1aerea to oe 
""accectable" to 1ndivtcua1s 1n the general puclic. The nauonal and 1nterriat1ona1 
rac1atton communtt1es and DOE {NCAP 1 988. one: DOE 1990. 0080) have set a 
limtt ot 100 mrenvyr as a maxtmum accectao1e rao1atton case to individuals 1n the 
general Public from all contamtnant patnways. raatonuclides. ana exposure sources. 
Aac1ation dose to the puolic is further limned to 25 mrerrvyr from Individual facilities 
or sources (e.g., DOE 1988.0266: EPA 19n. 1064). The raatationdose umttstotne 
general PUblic acpty to cumulatave excasure trom multiple raaaoacnve :onstituems 
thraugn multiPle catnways. wnereas acuon revets tor nanradtoactave comoounas 1n 
Sub canS have oeen aenved for a smg1e comam1nam v1a a smgle excosure pathway. 

The Lacoratory nas proposed SALs for radion_uclides in soils at an annual dose limrt 
ot 1 o mrerrvyr (above bacKground tevets) from a s1ng1e radioactive constitUent via all 
pathwavs tor radionuclldes tor wn1ch medta-soeclfic concentration limns are not 
soecrtiea tn other regutataons (e.g., MCLs). The croccsea conservatave aose ltmrt of 
, 0 mremtyr was chosen as a SAL basea on the tollowtng cntena (discussed in full 
1n Chacter 4. Sectaon 4.2.2.2): 

• traction of 1 00 mremtyr and 25 mrenvyr regulatory standaros. 

• soectfiec •n DOE Creer 5400.5 (DOE 1990. 0080) as a 
recontng level. 

• generally wtthtn cetectton llmtts tor current field instruments. 
ana 

• discem1Pte trom oacKgrouna raa1atton levels 1n the US tTabte 
J-4). 

:ven 1f radionuclide levels exceea a SAL. cons1ceratton of ALARA may leaa to 
iurtner 1nvest1gatton or creanuc. 

3.2 SAls for Radioactive Constituents in Soil 

?reummarv SALs nave oeen denvea tor several raa1onucuaes tnat mav oe encoun
te rec 1n contaminated so us at the L.aooratory (Table J-2). The tollow1ng metnoao1ogy 
ana assumct1ons were usee 1n aenvmg these SAl..S: 

• The AESRAD comouter coae tGilben et al. 1989. 0754). 
Verston 4.6. was usea to aenve tne SALs. This coae 1s DOE's 
cho1ce or metnoaotogy reautrea oy DOE Order 5400.5 to oe 
used tn tne aenvatton or cteanuc cntena tor raa1onucuaes 1n 
so1is at DOE s1tes. 

7 
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• A resrcenna1 scenano. wnrcn 1ncruaea excosure to tne tollow
'"9 sources tnrougn tne tollowang pathways. was useo to 
aenve a SAL tor eacn raaronuchde: ( 1) external excosure trom 
gamma emrners rn sari. 12l rnnaJatJon of contaminated dust ana 
~aeon gas. 13) mgest1on at contamanatea sou ana clants grown 
on tne sne. ana 14) consumct1on ot mumc1ca1 water 1wnacn 
orocablv 1s not contammatea because ot the great aectn to the 
maan aculfer an Los Alamos). 

• The 1ncut aata used In the AESAAO catculatJOns typify the 
range of sell cropert1es encountered on La.Ooratory mesa toes 
(Domes 1992. 1 066: 1992. 1 067; 1992. 1 068: 1 993. 1 069). 
The volume of contaminated soli is assumea to extend down 
3 m from the surtace ana cover an area of 500 m2. When sne
scecrfic aata were not available. detautt values in ttle moaet 
were used. These default values were denveo from averaged 
soil data oota1nea from ootn tne L.aboratory ana the genera~ 
literature (Gilbert et at. 1989, 0754). 

3.3 SALs for Radioactive Constituents in Wmr 

SALs tor rad.ionuclides in water are based on regulations g~ven in 40 CFR 141.16 
(EPA 1 992. 1 072) ana the prooosed national pnmary anruang water regUlations tor 
radionuclides tEPA 1991, 0887), whiCh govem MCLs 1n communrty onnklng water 
sucpJaes. For aloha-emitting radionuclides. the proposed standaras swe tnat 

• the maxtmum contammant level tor228Ra and 221Ra is 20 pCi/ 
Lana 

• the max1mum contamtnant level for gross atoha actMty (ex
ctucJng 226Ra. raaon. ana uramum) 1s 15 pCi/L 

r=or beta- ana gamma-em1tt1ng raaionuclides. the proposeo stanaaras state that 

• the max1mum contaminant level tor 221Ra IS 20 pCi/l and 

• average annual concentrations of beta pan1cle and gamma 
raaaoacttvity (excluding 221Ra) in dnnklng water snatl not 
orocuce an ertect1ve cose eauavalent greater tnan 4 mrenvyr. 
The orocosea reguJattons also apply the 4-mrenvyr ettecuve 
aose eouava1ent hmn to tntlum and 90Sr. However 40 CFR 
, 4, . , 6 lists soectfic MCLs for these beta emitters. The MCLs 
are 20.000 cCilL for tnttum ana 8 pCi/L for ;oar. 

The EPA's Federal Guidance Aecort No. 11 (EPA 1988. 0982) tabu&ates dose 
convers1on factors ror 1nta1<es of rad1onuctiaes. Federal Guidance Aepon No. 11 as 
currently usea to cenve tne SALs tor rad1onuciides 1n water at the L.a.Ocratory. The 
affectiVe case eoUJvalent factors comatned 1n thiS document are consiStent wrth the 
case convers1on factors ouclisnea by DOE (DOE 1988. 0266) ana EPA (EPA 1 988. 
J982L The tollow1ng calculations are used to aenve concentration limitS ct 
raa1onuclides that may be present 1n water at the ucoratory. Llmns tor otner 
~ac1onucuaes mav ce aenveo usang tne metnooology 01scussed below. 
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=-:r :era- 3r.c ;amma-emrn:ng rac1onuc:1Ces. me veanv ccse 11m1t of 4 mrern~vr !S 
:::wenec :: a SAL cv CIVICrng :ne annual ccse 11mrt oy rne water 1ntaKe rate ana 
:necu·,e ccse eoUivatent tactor. as snown oetow: 

·.•mere 

DLxCF 'AL=------· IR X DCF 

SAL = 

OL = 
CF = 
lA = 

DCF0 -g = 

.,_t (5) 

screen1ng action tevel for beta-gamma emitters in 
~:acocunes per liter. 

annual dose umn ot 4 mrerrvyr, 

conversion factor. ~as pCVJ,LCi. 

water Intake rate oi 2 Uday or 730 L./yr, 

ingestion effectiVe aose eauivalentfactortorbeta-gamma 
emitters. millirems per microcurie (dOS8 convers1on 
factors tor 1ngesnon are listed in Table 2.2 of Federal 
Guidance Report 11 in units of SviSq. To convert to 
m111irem per m1crccune. these values were divided by 3. 7 
X 109). 

Aloha-emitting radionuclides have a 15-pCi/L limit that excludes 228Ra. uranium. 
ana raoon. Limits tor uran1um isotooes and other alpha emitters can be derived 
jaseo on tne 4-mrerrvyr metnod used tor beta-gamma emitters. Derived waterSALs 
for rao1onucuae constituents are presentee 1n Table J-2. 

7he metnoo for aootymg tne water SALs carallels the one proposed by the EPA to 
accry MCLs to onnK1ng water I EPA 1991. 0887). For aloha emitters. 226Ra. and 
:.Jranrum. tr.e SALs woura oe acpueo cy 

• ccuntmg samc1es tor gross a1cna. tf the gross aloha measure
ment 1s 1ess than 15 pCiJL. the SALs tor gross aloha. 226Ra. 
ana uramum are not exceeaea. 

• if the gross arona measuremem IS greater than or eQual to 15 
=c~·L. :he act1vny ot 226t:~a an01or uramum 1n the samo1e ts 
comoarea wnn the SALS. The ·ac1usted" gross alpha (less 
:26Ra and/or uramum) is then comcuted. If this value is less 
than 1 5 pCi/L. the adjustec SAL tor gross aloha is not ex
ceeaec. 

• tt multiple a1cha-em1tt1ng rac1onucuces are present. they will 
be aaaressea as cescnoeo m Sect1on 4. 

=-:r :eta-gamma emmers. tr.e SALs w•ll be acpuea by 
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• :na1vzrr.~ ::-:e sar.'lcres tor rr.CIVICUaJ oeta-gamrr.a emmers ana 
comcarrng me results w1rn tne SALs. 

• accressm:; ~umore oeta-gamma-emm1ng raa1onuchoes. 1f 
::Jresent. as cescncec 1n Section 4. 

4.0 ADDRESSING MULTIPLE CONSTTTUENTS 

?rocosec Suboart S does not aaaress now to evaluate several consutuents w1tt1 
concentrations c1ose to cut below SAls 1n a Single en_vrronmentaJ medrum. It multicle 
constituents ao not exceea but are near therr SALS, it is possible that 1n CCmb1nat1on 
they could prove deletenous to human heaJth. It is difficult to determrne the 
rnteractlon a mrxture ot chemrcals wrll have on an organism. For examcle. a mrxture 
ot cnemrcaiS may produce an additive response that is s1mp1y the sum of therr 
.noiVIduaJ resoonses. However. more compliCated interaCtJons can tnctUde syner
grsm. cotent1at1on. ana antagonrsm. WithoLrt research on a grven comDinatJon of 
cnemrcals. preo1cttng a possible tox1c response from a m1xture IS highty uncenarn. 

As the first step 1n determining multiple effects, a simple additive equatiOn based on 
concentration data normalized by SALs will be used. This approach assumes that 
there are no cnem1caJ Interactions. ConstitUents are first grouped acccraing to the 
enVIronmental medium (sod, water, air) and toxicological effects (systermc tcxx:ants. 
caTClnogens. radionuclides). Then. SALs for all constituents are normaiized to 1 so 
tnat concentration aata can be treated as proportions of the reSPeCtM~ SALs. If the 
sum ot oroport1ons tor tne a1fferent potentlaJ contaminants of concem JS greater tnan 
1, the effect of the multiple constrtuems is ccns1dered adverse and further BCDon may 
be taken (i.e., baseline nsk assessment): otherwise, NFA is proposed. The equation 
for calculabng the appropnate normalized sum is 

wnere 

M 

C, 

SAL. 

= 
= 

= 

(6) 

maximum sum ot propornons. 

concentration of the ith chemicaJ for a given samcle. and 
chemrcal-soectfic SAL for the itn chemteat. 

7he maximum 1s taken over au samp1es such that the normalized sum of concentra· 
!Ions reoresents concentration aata from w1th1n a single sample. The DSCJSion rule 
1s restateD 1n terms ot a companson of the max1mum normaliZed sum ot concentra
tions (M) w1tn one. 

T~e enoree of cotennal contaminants of concern to inctude in the calcutatton also 
:-:eeas to oe aaaressea. If au ootent1al comaminants of concern are rncluaea. 
exceecance rs verv lrketv. However. the EA Program proposes not to 1ncwde those 
::otemra1 contaminants ot concern tor which ooservea concemranons are w1thrn 
:acKgrouna 1eve1s wnen maKing tn1s catculatton. !r 
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:;.:r.aral Ecua:;ons :or C~ic;.;;at:n; SAL.S 

~:siem:c 7ox:cants 

SAL = sou screenrn'; a.:::cn 1eve1 img:l<g tor sou SALs: u.g:L for water SALs: ;,lgtm3 fer a1r SALsl. 
":":-ll = :ar;e! !'Iazare: :~::lex: ~. 
=~J = .::-::-on1c rererence cose !l"!"l;tKg.·:::ay): oraa n:J usee tor soil ana wate:- SA~: mhalai;on R~:: usee rc~ a.~~
SW = cOdy wergr::: ~ 5 k; ~c:- cnrlc I usee fer sc1i SAl.. I: iO kg tor aault (used for water ana a1r SALs). 
Ci= = convers1on tac:c:-: ~ 0° mg:Kg tor so11 SAl.. ~.:co ugtmg tor water and air SALs. 

= •n:al<e assum:::mon: 2~0 mg.rcay tor soli SAl. (ch1ld); 2 L.lday far water SAL: 20 m31day for a1r SAL. 
A = acsor;::mon factor: • 

:arc:nogeniC Constituents 

SA;. = (R x SW x L 7 x Cr:j/(Si= x t x Ax ;~1. where 

sw 
= target r:sioi: 1 o.O for C:ass A ana 8 carcznogens: l c·5 for Class C carctnogens. 
= cocy we!;n:: iO kg. 

-· = assumea lifetime: iO yr. 
= convers1on factor: 1 C0 l"!"lgtKg tcr so1t SAL: 1 ~00 u.g:mg tor water ana air SALs. 
= sloce ta:~-::- (mg.:i<g:oav)"i: cra1 s;: t.:sea ~or soli ana water ~ALs: annaiataon Si= used for aar 
= intaKe a:..-... mctJon: ~CO mgtday tcr sod SAL. : L./day tor water SAL; 20 m3/day tci a1r SAL 
= acsorotron factor: ~ . 
= excosure aurat1on: 70 yr. 

Equations for Calculating Soil SALs for Volatile Contammants 

Systemrc 7 cx1cants 

.SAL = (i"HI X .=·.v)/((1/RfDo X , o·o l<g:mg X :NGi • ·1/RfDi X INH X (1NF + ,/PEi=';). where 

- .. - = target nazare rncex: ~ . 
3\'.' = oooy weu~nt: ~ 5 kg. 
F=.fS0 = c:-:ror.rc c:o: rete renee ocse 'mg:kg.:day). 
:=~::, = cnronrc rnnalauon reterence oose 'mgn<glaav). 
~~G = •ngest1on mtaKe assOJ::-:::uon: 200 r,g:oav. 
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. /~ = sou·tC<!'~ vora:ri:za:;c~ :a.::cr ::":"::.•i<g: c:1emrcai-soecrfrc). 
~J~ = 1n~a1at:cn 1:1:a1<e as~w:-:-:=::c~: ~J rr.-..:-,aav. 

= ::Janrc:.aare emrssrc~ :a~::;r : ~ 63 x i o:1 :":":J.;kg:; (:?A i 991. C3C2l. 

:ar;::::;ogens 

~ = target risk: ~ o-o 'or C:ass A ana 3 carcinogens: 1 o·5 for Class C carcrnogens. 8W = body wergnt: 70 kg. 
L 7 =assumed lifetrme: 70 yr. 
EiJ = exoosure duration: 70 yr. 
SF0 =oral slope fae!or (m;.·kgtday(1. 
lNG = rngest1on Intake assum::mon: 100 mglday. 
SF, = innalation slope tactcr (mg/kg:aayr 1. 
lNH =inhalation intai<e assumcuon: 20 rn3/day. 
VF ana PE:= as aetrned acove. 
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~ABLE J-! 

PUBUSHEO US AVERAGE E~ECT:VE OOSE EQUIVALENT RATES• AND ESTIMATES 

FOR THE LOS ALAMOS AREA FROM NATURAL BACKGROUND RADIATIOND 

Raa1at•on Source US Averaqe L.aa Alamos 
mrenvvrr 1miWIWf1 

Co.smrc Aavs .;.. 58 

C.:smogen•c Aao14110n 

:.xtema1 T errestnaJ Z3 39 

Raoronucuoes tn Boov ~0 40 

! nnaaea Aa01onucuoes 200 200 

~ounaeo Total 300 340 

a. The us average aata are tram Table 9.7 !NCRP 1990. 0985. p. 1481. 

o. With the exceouon ot tne ccsmogemc source. tne L.CS Alamos oaaa come tram ·enwonmental 

Survetuanc:e at L.os Alamos ounng 1990• !EtMronmental PrctiCtiOn GrcUD t992. 07401. The 

:osmte ana extemal terresmaJ ccmconems were oasea on meuuremems: tne DaJance ot tne 

vaaues '"me recon were ocwnea tram tne National Councat on Aadlauon Prctecnon tNCRP 
, 990. 09851 . 
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SUITE ANALYTE MATRIX SAL UNITS 

H: 1,3,5-TNB (trinitrobenzene) AIR UG/M3 
H: 1,3,5-TNB (trinitrobenzene) CRQL-SOIL MG/KG 
H: 1,3,5-TNB (trinitrobenzene) CRQL-WATER UG/L 
H: 1,3,5-TNB (trinitrobenzene) SOIL 4 MG/KG 
H: 1,3,5-TNB (trinitrobenzene) WATER 1.8 UG/L 

- --
H: 1,3-DNB (dinitrobenzene) AIR UG/M3 

.. --

1-E 1 ,3-[)NB (dinitrobenzene) _ CRQL-SOIL MG/KG 
. -

H: 1 ,3-0Nf3 (dinitrobenzene) CRQL-WATER UG/L 
--- . --

H: 1 ,3-[)NB (~initr()benzene) SOIL 8 MG/KG 
-- - ----- - - -- - --

H: 1 ,3-(_?NB (dinitrobenzene) WATER 3.5 UG/L 
. --- . - - . 

H: 2,4,6-TNT (trinitrotoluene) AIR UG/M3 
- - --- -

H: 2,4 .~-TNT (trinitrotoluene) CRQL-SOIL MGIKG -- ------ --.-- ----- . --
H: 2,4,6-TNT (trinitrotoluene) CRQL-WATER UG/L 

- -- - -- ----

H: 2,4,6-TNT (trinitrotoluene) SOIL 40 MG/KG 
-- ·-· 

H: 2,4,6-TNT (trinitrotoluene) WATER 12 UG/L 
- ·-· --- - --------

H: ?.4-[)NT (dinitrotoluene) AIR UG/M3 
... --- ·- ------ -- ----

H: 2,4-Dt-JT (dinitrotoluene) CRQL-SOIL 0.33 MG/KG 
... ---- -- - . -- -- - ----

H: 2,4" [)t-JT ( dinitrotoluene) CRQL-WATER 1 0 UG/L 
-. --

H: 2,4-[)~T (dinitrotoluene) SOIL 1 MGIKG 
·- -

H: 2,4-DNT (dinitrotoluene) WATER 
-

0.05 UG/L -- .. - - - . . -- -- --· 

1-E 2,6-DNT (di!litrotoluene) AIR UG/M3 
---- -- -

H: 2,6-DNT (dinitrotoluene) CRQL-SOIL 0.33 MGIKG - - -· .. 

H: 2,6-D~T (dinitrotoluene) CRQL-WATE 10 UG/L - ·-

H: 2.~-DNT (dinitro~oluene) SOIL 1 MGIKG 
1-E 2,6-DNT (dinitrotoluene) WATER 0.05 UG/L 
1-E 2-Amino-4,6-dinitrotoluene AIR UG/M3 
H: 2-Amino-4,6-dinitrotoluene CRQL-SOIL MG/KG 
1-E 2-Amino-4,6-dinitrotoluene CRQL-WATER UG/L 
1-E 2-Amino-4,6-dinitrotoluene SOIL MG/KG 
1-E 2-Amino-4,6-dinitrotoluene WATER UG/L 
H: 4-amino-2,6-DNT (aminodinitrotoluene) AIR UG/M3 

F 
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H: 4-amino 2,6-DNT (aminodinitrotoluene) CROL-SOIL MG/KG 
H: 4-amino- 2,6- DNT (aminodinitrotoluene) CRQL-WATER UG/L 
H: 4-amino 2,6-DNT (aminodinitrotoluene) SOIL MG/KG 
H: 4-amino-2,6-DNT (aminodinitrotoluene) WATER UG/L 
H: Ammonium nitrate AIR UG/M3 
H: Ammonium nitrate CRQL-SOIL MG/KG 
J--E Ammonium nitrate CRQL-WATER UG/L 
J--E Ammonium nitrate SOIL MG/KG 
J--E Ammonium nitrate WATER UG/L 
J--E Barium nitrate (~oluble barium) AIR 0.49 UG/M3 

-- -

J--E Barium nitrate {soluble barium) CRQL-SOIL 40 MG/KG 
----·- - - --

J--E Barium nitrate (soluble barium) _ CRQL-WATER 200 UG/L -
J--E Barium nitrate (soluble barium) SOIL 5600 MG/KG 

·-- ·--- -. ---· 

J--E Barium nitrate (soluble barium) WATER 2000 UG/L ---
J--E cr=F (tris(2-chloroethyl)-phosphate) AIR UG/M3 

·- .. -- --

J--E CEF {tris(2-chloroethyl)-phosphate) _ CRQL-SOIL MG/KG 
-- ------ --

J--E CEF (tris(2-chloroethyl)-phosphate) CRQL-WATER UG/L --- ·-- --- -~ 

J--E CEF (tris(2-chloroethyl)-phosphate) SOIL MG/KG 
-- --

J--E CEF (tris(2-chloroethyl)-phosphate) WATER UG/L --- --
J--E DPA (diphenylamine) AIR UG/M3 
J--E DPA (diphenylamine) CRQL-SOIL MG/KG 

-

J--E DPA (diphenylamine) CRQL-WATER UG/L 
--

J--E DPA (diphenylamine) SOIL 2000 MGIKG 
J--E DPA (diphenylamine) WATER 880 UG/L 
J--E HMX (cyclotetramethylenetetranitramine) AIR U.G/M3 
J--E HMX (cyclotetramethylenetetranitramine) CRQL-SOIL MG/KG 
J--E HMX (cyclotetramethylenetetranitramine) CRQL-WATER UG/L 
J--E HI\4X (cyclotetramethylenetetranitramine) SOIL 4000 MG/KG 
J--E HMX (cyclotetramethylenetetranitramine) WATER 1800 UG/L 
J--E Nitrocellulose (nontoxic) AIR UG/M3 
J--E Nitrocellulose (nontoxic) CRQL-SOIL MG/KG 
J--E Nitrocellulose (nontoxic) CRQL-WATER UG/L 
J--E Nitrocellulose (nontoxic) SOIL MG/KG 
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.-E Nitrocellulose (nontoxic) WATER UG/L 

.-E Nitromethane AIR UG/M3 

.-E Nitromethane CRQL-SOIL MG/KG 

.-E Nitromethane CRQL-WATER UG/L 

.-E Nitrornethane SOIL MG/KG 

.-E Nitromethane ' WATER UG/L 

.-E Nitrotoluenes AIR UG/M3 

.-£ Nitrotoluenes CRQL-SOIL MG/KG 

.-£ Nitrotoluenes CRQL-WATER UG/L 

.-£ Nitrotoluenes SOIL 800 MG/KG .. 

.-£ Nitrotoluenes WATER 350 UG/L 
-

.-£ N~ (bis(2,2-dinitropropyl) acetal/formal) AIR UGIM3 

.-£ NP (bis(2,2-dinitropropyl) acetal/formal) CRQL-SOIL MG/KG 

.-£ NP (bis(2,2-dinitropropyl) acetal/formal) CRQL-WATER UG/L 
.. 

.-£ NP (bis(2,2-dinitropropyl) acetal/formal) SOIL MG/KG I 

.-£ NP (bis(2,2-dinitropropyl) acetal/formal) WATER UG/L 

.-£ PETN. (pentaerythritol tetranitrate) AIR UG/M3 -

.-£ PETN (pentaerythritol tetranitrate) CRQL-SOIL MG/KG 
.. -

.-£ PETN (pentaerythritol t~tranitrate) CRQL-WATER UG/L 

.-£· PETN (pentaerythritol tetranitrate) SOIL 1600 MG/KG 

.-£ PETN (pentaerythritol tetranitrate) WATER 700 UG/L 

.-£ AD)( (trimethylenetrinitramine) AIR UG/M3 
-

.-£ RDX. (trirTiethylenetrinitramine) CRQL-SOIL MG/KG 

.-£ RDX (trimethylenetrinitramine) CRQL-WATER UG/L I 

.-£ RDX (trimethylenetrinitramine) SOIL 64 MGIKG I I 

.-£ RDX (trimethylenetrinitramine) WATER 3.2 UG/L 

.-£ T A TB (triaminotrinitrobenzene) AIR UG/M3 

.-£ T ATB (triaminotrinitrot>enzene) CRQL-SOIL MG/KG 

.-£ T A TB (triaminotrinitrobenzene) CRQL-WATER UG/L 

.-£ T ATB (triaminotrinitrobenzene) SOIL MG/KG 

.-£ T A TB (triaminotrinitrobenzene) WATER UG/L 

.-£ Tetryl (N-methyi-N,2,4,6 tetranitrobenzeneamine) AIR UG/M3 

.-£ Tetrvl (N-methyi-N,2,4,6 tetranitrobenzeneamine) CRQL-SOIL MG/KG I 
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1-E Tetryl (N methyl N,2,4,6 tetranitrobenzenearnine) CRQL-WATER UG/L 
1-E Tetryl (N-methyl- N,2,4,6 tetranitrobenzenearnine) SOIL 800 MGIKG 
1-E Te~tyl (N -methyl- N,2,4,6 tetranitrobenzenearnine) WATER 350 UG/L 
f'..a«3 Aluminum AIR UG/M3 
f'..a«3 Aluminum CRQL-SOIL 40 MG/KG 

f'..a«3 Aluminum ' CROL-WATER 200 UG/L 
f'..a«3 Aluminum SOIL MG/KG 
f'..a«3 Aluminum WATER UG/L 

-
f'..a«3 Antimony AIR UG/M3 --- ~- -

f'..a«3 Antimony CRQL-SOIL 12 MG/KG - .. ----

f'..a«3 Antimony CRQL-WATER 60 UG/L 
- . - .. 

f'..a«3 Antimony SOIL 32 MG!KG 
-- ·- --

NH3 Antimony WATER 6 UG/L 
,. - --- - - --- . - -

NH3 Arsenic AIR 0.00023 UG/M3 
- - -- ---

NH3 Arsenic CROL-SOIL 2 MG/KG - -- . - ----- ---
NH3 Arsenic CRQL-WATER 1 0 UG/L 

--.- --

N:R3 Arsenic SOIL MG!KG 
. -- - -·- ·- - - - . 

N:R3 Arsenic WATER 50 UG/L --
NH3 Barium AIR 0.49 UG/M3 

- ·-·· -- - -- -- -

N:R3 Barium CROL-SOIL 40 MG!KG 
-- -- -

N:R3 Barium CRQL-WATER 200 UG/L 
- - - -

NH3 Barium SOIL 5600 MG/KG 
- - - -- -- .. 

N:R3 Barium WATER 2000 UG/L 
- -

N:R3 Beryllium AIR 0.00042 UG/M3 

NH3 Beryllium CRQL-SOIL 1 MG/KG 

NH3 Beryllium CRQL-WATER 5 UG/L 

N:R3 Beryllium SOIL MG/KG 

N:R3 Beryllium WATER 4 UG/L 

N:R3 Cadmium AIR 0.00056 UG/M3 

N:R3 Cadmium CRQLSOIL 1 MG/KG 

N:R3 Cadmium CRQL-WATER 5 UG/L 

N:R3 Cadmium SOIL 80 MG/K~ 

NH3 Cadmium WATER 5 UG/L 
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~G Calcium AIR UG/M3 

~G Calcium CRQL-SOIL 1000 MG/KG 

~ Calcium CRQL-WATER 5000 UG/L 

~ Calcium SOIL MG/KG 
-

~ Calcium WATER UG/L 

~ Chromium (Total) I AIR UG/M3 

r-o:n Chromium (Total) CRQL-SOIL 1 0 MG/KG 
- .. 

r-o:n Chromium (Total) CRQL-WATER 50 UG/L 
-

r-o:n Chromium (Total) SOIL MG/KG --
r-o:n Chromium (Total) WATER 100 UG/L 

--
r-o:n Chromium Ill AIR UG/M3 

. -. -· - --
r-o:n Chromium Ill CRQL-SOIL 2 MGIKG 

- -- ---- - - . - ------ ·- - --

r-o:n Chromium Ill CRQL-WATER 10 UG/L 

r-o:n Chromium Ill SOIL 80000 MGIKG 
-

N:R3 Chromium Ill WATER UG/L 
-. - -

I N:R3 Chromium VI AIR 0.000083 UG/M3 
- --· -. 

N:R3 Chromium VI CRQL-SOIL 2 MG/KG 
··- -

N:R3 Chromium VI CRQL-WATER 1 0 UG/L 
- -- . 

I N:R3 Chromium VI SOIL 400 MGIKG 
... . -· ·-

I N:R3 Chromium VI WATER UG/L 
·---

N:ro Cobalt AIR UG/M3 
. -- -- -

N:ro Cobalt CRQL-SOIL 1 0 MGIKG 
- I - . - -- . - - . 

N:ro Cobalt CRQL-WATER 50 UG/L 

tmG Cobalt SOIL MG/KG 
- ---- -- -

' 

N:ro Cobalt WATER U.G/L ·I 
N:ro Copper AIR UG/M3 I 

I 

N:ro Copper CRQL-SOIL 5 MG/KG 

N:ro Copper CRQL-WATER 25 UG/L 

N:R3 Copper SOIL 3000 MGIKG 

tmG Copper WATER 1300 UG/L 

N:R3 Cyanide AIR UG/M3 

t.mG Cyanide CRQL-SOIL 2 MG/KG 

t.mG Cyanide CRQL-WATER 1 0 UG/L 
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l'mG Cyanide SOIL 1600 MG/KG 
l'mG Cyanide WATER 200 UG/L 
l'mG Iron AIR UG/M3 
l'mG Iron CRQL-SOIL 20 MG/KG 
l'mG Iron CRQL-WATER 100 UG/L 
NR3 Iron I SOIL MG/KG 

·-

NR3 Iron WATER UG/L 
--

N:J1G Lead AIR UG/M3 
N:J1G Lead CRQL-SOIL 0.6 MG/KG 

--

N:J1G Lead CRQL-WATER 3 UG/L 
-·"-

N:J1G Lead SOIL 400 MG/KG . -- - - -- - . --

N:J1G Lead WATER 50 UG/L - ·--

N:J1G Magnesium AIR UG/M3 ----- - - -- . - -·- -

N:J1G Magne~ium CRQL-SOIL 1000 MGIKG .. --- - - -· 

N:J1G Magnesium CRQL-WATER 5000 UG/L I ..• 

ro:1G Magnesium SOIL MGIKG 
- --- --. I 

N:J1G Magnesium WATER UG/L I 
--

N:J1G Manganese AIR 0.05 UG/M3 
- --- -- ----

N:J1G Manganese CRQL-SOIL 3 MG/KG 
-·-·- - ---- - -- . -

N:J1G Manganese CRQL-WATER 1 5 UG/L - . -

N:J1G Manganese SOIL 11000 MG/KG 
-· 

ro:1G Manganese WATER 180 UG/L 
N:J1G Mercury AIR I 0.3 UG/M3 

---

N:J1G Mercury CRQL-SOIL 0.04 MG/KG 
N:J1G Mercury CRQL-WATER 0.2 l_JG/L 
N:J1G Mercury SOIL 24 MG/KG 
N:J1G Mercury WATER 2 UG/L 
N:J1G Molybdenum AIR UG/M3 
N:J1G Molybdenum CRQL-SOIL MG/KG 
N:J1G Molybdenum CRQL-WATER UG/L 
N:J1G Molybdenum SOIL 400 MG/KG 
N:J1G Molybdenum WATER 1 70 UG/L 
N:J1G Nickel AIR 0.0042 UG/M3 
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1'-mG Nickel CRQL-SOIL 8 MG/KG l 1'-mG Nickel CRQL-WATER 40 UG/L 

1'-mG Nickel SOIL 1600 MG/KG 

1'-mG Nickel WATER 100 UG/L 

1'-mG Nitrate AIR UG/M3 

KR3 Nitrate CRQL-SOIL MG/KG 

KR3 Nitrate CRQL-WATER UG/L 

KR3 Nitrate SOIL 130000 MG/KG 
- -

KR3 Nitrate WATER 10000 UG/L 
-- ---

f\lR3 Nitrite AIR UG/M3 
- -

f\lR3 Nitrite CRQL-SOIL MGIKG 
. -- -- -··· 

f\lR3 Nitrite CRQL-WATER UG/L 
--- -- --- -~--

f\lR3 Nitrite SOIL 8000 MG/KG 

f\lR3 Nitrite WATER 1000 UG/L 
- --- -

f\lR3 Potassium AIR UG/M3 
- - - -

f\lR3 Potassium CRQL-SOIL 1000 MG/KG --
f\lR3 Potassium CRQL-WATER 5000 UG/L 

-- -- -- -

f\lR3 Potassium SOIL MG/KG - -- -

f\lR3 Potassium WATER UG/L 

N:R3 Selenium AIR UG/M3 
--

N:ro Selenium CRQL-SOIL 1 MGIKG 
-- --

N:ro Selenium CRQL-WATER 5 UG/L 
- -

N:ro Selenium SOIL 400 MG/KG 
-

N:ro Selenium WATER 50 UG/L 

N:ro Silver AIR UG/M3 
.. --- I -

N:ro Silver CRQL-SOIL 2 MGIKG 

N:ro Silver CRQL-WATER 10 UG/L 

N:ro Silv'er SOIL 400 MG/KG 

N:ro Silver WATER 170 UG/L 

N:ro Sodium AIR UG/M3 

N:ro Sodium CRQL-SOIL 1000 MG/KG 

N:ro Sodium CRQL-WATER 5000 UG/L 

N:ro Sodium SOIL MG/KG 
---------·--
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tmG Sodium WATER UG/L 
tmG Strontium AIR UG/M3 
tmG Strontium CRQL-SOIL MG/KG 
tmG Strontium CRQL-WATER UG/L 
NR3 Strontium SOIL 48000 MG/KG 
tmG Strontium WATER 21000 UG/L 

--

KR3 Thallium AIR UG/M3 
NR3 Thallium CRQL-SOIL 2 MG/KG 
NR3 Thallium CRQL-WATER 1 0 UG/L 
N:R3 Thallium SOIL 6.4 MG/KG 
KR3 Thallium WATER 2 UG/L 
N:l1G Vanadium AIR UG/M3 

--

N:R3 Vanadium CRQL-SOIL 1 0 MG/KG 
KR3 Vanadium CRQL-WATER 50 UG/L 
N:R3 Vanadium SOIL 560 MG/KG 
KR3 Vanadium WATER 240 UG/L 
KR3 Zinc AIR UG/M3 

-
N:R3 Zinc CRQL-SOIL 4 MG/KG --
N:R3 Zinc GAOL-WATER 20 UG/L 
N:R3 Zinc SOIL 24000 MG/KG -
N:R3 Zinc WATER 10000 UG/L 
RAD Americium-241 SOIL 1 7 PCI/G - . 

RAD Amer.icium-241 
. ,, 

WATER ,5 PCI/L 
RAD Carbon-14 SOIL 46 PCI/G 

-· --
RAD Carbon-14 WATER 2600 PC IlL 
RAD Cerium-144 SOIL 64 PCI/G 
RAD Cerium-144 WATER PC IlL 
RAD Cesium-134 SOIL 1.8 PCIIG 
RAD Cesium-134 WATER 75 PC IlL 
RAD Cesium-137 SOIL 4 PCI/G 

RAD Cesium-137 WATER 11 0 PCI/L 

RAD Cobalt-57 SOIL 40 PCI/G 
RAD Cobalt-57 WATER 4600 PCI/L 

------------
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RAD Cobalt-60 SOIL 0.9 PCI/G I 
RAD Cobalt-60 WATER 200 PCI/L I 

RAD Gr(JSS Alpha Particle Activity SOIL PCI/G 

I RAD Gross Alpha Particle Activity WATER 1 5 PCI/L 
RAD lodine-129 SOIL 41 PCIIG •. 

RAD lodine-129 WATER 20 PCI/L 
RAD Manganese-54 SOIL 3.4 PCI/G .. 

RAD Manganese-54 WATER 2000 PCI/L 
-- .. -

RAD Plutonium-238 SOIL 20 PCI/G 
0 

RAD Plutonium-238 WATER 15 PCI/L 
.o 

RAD Plutonium-239 SOIL 18 PCI/G 
- - ·- 00 

RAD Plutonium-239 WATER 15 PCI/L 
• 0 

RAD Radium-226 SOIL 5 PCI/G 

RAD Radium-226 WATER 20 PCI/L 
00 --

RAD Radium-228 SOIL 5 PCI/G 

RAD Radium-228 WATER 20 PCI/L 
0 

RAD Ruthenium-1 06 SOIL 14 PCI/G 
-- -- - -- 0 0 

RAD Ruthenium-1 06 WATER 200 PCI/L 

RAD Sodium-22 SOIL 1.3 PCI/G 
- -- ·- -- ··-

RAD Sodium-22 WATER 480 PCI/L 
.. 

RAD Strontium-90 SOIL 5.9 PCI/G -- -·· 00 0 

RAD Strontium-90 WATER 8 PCI/L 
00 

RAD Technetium-99 SOIL 38 PCI/G 
- 0 0 

RAD Technetium-99 WATER PCI/L 
0 • 00 

RAD Thorium-228 SOIL 1.5 PCI/G 
RAD Thorium-228 WATER 15 PCI/L 

RAD Thorium-230 SOIL 5 PCI/G 

RAD Thorium-230 WATER 1 5 PCI/L 

RAD Thorium-232 SOIL 5 PCI/G 

RAD Thorium-232 WATER 1 5 PCI/L 

RAD Tritium SOIL 810 PCI/G 

RAD Tritium WATER 2000 PCI/L 

RAD Uranium (depleted) SOIL PCI/G 

p _9 



sal info.xcl 

RAD Uranium (depleted) WATER PCI/L 
RAD Uranium (natural) SOIL PCI/G 
RAD Uranium (natural) WATER PCI/L 
RAD Uranium 233 SOIL 86 PCI/G 
RAD Uranium- 233 WATER PCI/L 
RAD Uranium-234 SOIL 86 PCI/G 
RAD Uranium-234 WATER PCI/L 
RAD Uranium-235 SOIL 1 8 PCI/G 

-

RAD Uranium-235 WATER PCI/L 
-

RAD Uranium -238 SOIL 59 PCI/G 
RAD Ur<!nium-238 WATER PCI/L 

... -

SVOA 1,2-Dichlorobenzene AIR 200 UG/M3 
- . - . . 

SVOA 1,2-Dichlorobenzene CRQL-SOIL 0.33 MG/KG 
- . --

SVOA 1,2-Dichlorobenzene CRQL-WATER 1 0 UG/L 
SVOA 1,2-Dichlorobenzene SOIL 1600 MG/KG 
SVOA 1,2-Dichlorobenzene WATER 600 UG/L 

-

SVOA 1,2,4-Trichlorobenzene AIR 9 UG/M3 
... 

SVOA 1,2,4-Trichlorobenzene CRQL-SOIL 0.33 MG/KG 
. -

SVOA 1,2,4-Trichlorobenzene CRQL-WATER 10 UG/L 
SVOA 1,2,4-Trichlorobenzene SOIL 160 MG/KG 

.. -

SVOA 1,2,4-Trichlorobenzene WATER 70 UG/L .. 

SVOA 1,3-Dichl<?robenzene AIR UG/M3 
- -·-·- -

SVOA 1,3-Dichlorobenzene CRQL-SOIL 0.33 MGIKG 

SVOA 1,3-Dichlorobenzene CRQL-WATER 1 0 UG/L 

SVOA 1,3-Dichlorobenzene SOIL 7200 MG/KG .. 

SVOA 1,3-[)ichlorobenzene WATER 600 UG/L 

SVOA 1,4-Dichlorobenzene AIR 800 UG/M3 

SVOA 1,4-Dichlorobenzene CRQL-SOIL 0.33 MG/KG 

SVOA 1 ,4-Dichlorobenzene CRQL-WATER 1 0 UG/L 

SVOA 1,4-Dichlorobenzene SOIL 29 MG/KG 

SVOA 1 ,4-Dichlorobenzene WATER 75 UG/L 

SVOA 1,4-Methan azulene, decahydro-4,4,8 AIR UG/M3 

SVOA 1,4-Methan azulene, decahydro-4,4,8 CRQL-SOIL MG/KG 
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SVOA 1,4 Methan azulene, decahydro 4,4,8 CRQL-WATER UG/L 
SVOA 1 ,4-Methan azulene, decahydro-4,4,8 SOIL MG/KG 
SVOA 1,4 Methan azulene, decahydro-4,4,8 WATER UG/L 
SVOA 2,2-0xybis( 1-chloropropane) AIR UG/M3 
SVOA 2,2-0xybis( 1-chloropropane) CRQL-SOIL MG/KG 
SVOA 2 ,2-0xybis( 1-chloropropane) CRQL-WATER UG/L 

-- --
SVOA 2,2-Qxybis( 1-chloropropane) SOIL MG/KG -
SVOA 2,2-0xybis(1-chloropropane) WATER UG/L 

-

SVOA 2,4,5-T AIR UG/M3 
- -- - -

SVOA 2,4,5-T CRQL-SOIL MG/KG 
·-- ----- .. -

SVOA 2,4,5-T CRQL-WATER UG/L 
-· -- -- - ·- - . - - -·- ~ -·-

SVOA 2,4,5-T SOIL 800 MG/KG 
---

SVOA 2,4,5-T WATER 350 UG/L --- - . - - -

SVOA 2,4,5-TP AIR UG/M3 
- - -· ----- ---- -

SVOA 2,4,5-TP CRQL-SOIL MG/KG 
. ·-. -- - - -

SVOA 2,4,5-TP CRQL-WATER UG/L 
. --

SVOA 2,4,5-TP SOIL 640 MG/KG 
... - -

SVOA 2,4,5-TP WATER 280 UG/L -- . -

SVOA 2,4,5-Trichlorophenol AIR UG/M3 
----- -----· --- . - -

SVOA 2,4,5-Tric~lorophenol CRQL-SOIL 0.8 MG/KG 
-- -- -

SVOA 2,4,5-Trichlorophenol CRQL-WATER 25 UG/L 
-·· 

SVOA 2,4,ey-Trichlorophenol SOIL 8000 MG/KG 
--- ---- --- - . -

SVOA 2 ,4,5-Jrichlorophenol WATER 3500 UG/L 
-· ·-- - .. 

SVOA 2,4,6-Trichlorophenol AIR 0.32 UG/M3 
- -

SVOA 2 ,4,6-Trichlorophenol CRQL-SOIL 0.33 MG/KG 
-

SVOA 2,4,6-Trichlorophenol CRQL-WATER 1 0 UG/L 

SVOA 2,4,6-Trichlorophenol SOIL 64 MG/KG 

SVOA 2,4,6-Trichlorophenol WATER 3.2 UG/L 

SVOA 2,4-0 AIR UG/M3 

SVOA 2,4-0 CRQL-SOIL MG/KG 

SVOA 2,4-0 CRQL-WATER UG/L 

SVOA 2,4-0 SOIL 800 MG/KG 

SVOA . 2,4-0 WATER 70 UG/L 
-·-
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SVOA 2,4-08 AIR UG/M3 
SVOA 2,4·08 CRQL-SOIL MG/KG 
SVOA 2,4-08 CRQL-WATER UG/L 
SVOA 2,4-08 SOIL 640 MG/KG 
SVOA 2,4-08 WATER 280 UG/L 
SVOA 2,4 · Oichlorophenol AIR UG/M3 
SVOA 2,4-Oichlorophenol CRQL-SOIL 0.33 MG/KG 
SVOA 2,4-Dichlorophenol CRQL-WATER 1 0 UG/L 
SVOA 2,4-Dichlorophenol SOIL 240 MG/KG 

-. 

SVOA 2,4-Dichlorophenol WATER 100 UG/L 
SVOA 2 ,4-Qimethylph~nol AIR UG/M3 

---

SVOA 2 ,4-Dimethylphenol CRQL-SOIL 0.33 MG/KG 

SVOA 2,4-Dimethylphenol CRQL-WATER . ·-·· 
10 UG/L 

SVOA 2,4-Dimethylphenol SOIL 1600 MG/KG . ·-·-·. 

SVOA 2,4 -Dimethylphenol WATER 700 UG/L 

SVOA 2,4 -Dinitrophenol AIR UG/M3 
·----· 

SVOA 2,4-Dinitrophenol CRQL-SOIL 0.8 MGIKG 
- -. . - ·-···- -

SVOA 2,4-Qinitrophenol CRQL-WATER 25 UG/L 
-

SVOA 2,4 -Dinitrophenol SOIL 
-- ··--- -

160 MGIKG 

SVOA 2,4-Dinill ophenol WATER 
- . 70 UG/L 

SVOA 2-(2,4-Dichlorophenoxy)-propionic acid AIR UG/M3 
- ··-

SVOA 2-(2.~-Dichlor~phenoxy)-propionic acid CRQL-SOIL MG/KG 

SVOA 2-(?.~-Dichlorophenoxy)-propionic acid CRQL-WATER UG/L 
-

SVOA 2-(?.4-Dichlorophenoxy)-propionic acid SOIL MG/KG 

SVOA 2-(2,4-Dichlorophenoxy)-propionic acid WATER UGfL 

SVOA 2-Chloronaphth~lene AIR UG/M3 

SVOA 2-Chloronaphthalene CRQL-SOIL 0.33 MG/KG 

SVOA 2-Lhloronaphthalene CRQL-WATER 1 0 UG/L 

SVOA 2-Chloronaphthalene SOIL 6400 MG/KG 

SVOA 2-Chloronaphthalene WATER 2800 UG/L 

SVOA 2-Chlorophenol AIR UG/M3 

SVOA 2-Chlorophenol CRQL-SOIL 0.33 MG/KG 

SVOA 2-Chlorophenol CRQL-WATER 1 0 UG/L 
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SVOA 2-Ghlorophenol SOIL 400 MG/KG 

SVOA 2-Ghlorophenol WATER 170 UG/L 

SVOA 2-Methyl-4,6-dinitrophenol AIR UG/M3 

SVOA 2-Methyl-4,6-dinitrophenol GAOL-SOIL MG/KG 

SVOA 2-Methyl-4,6-dinitrophenol GAOL-WATER UG/L 

SVOA 2-Methyl-4,6-dinitrophenol i SOIL MG/KG 
I 

SVOA 2-Methyl-4,6-dinitrophenol WATER UG/L .. 

SVOA 2-Methylnaphthalene AIR UG/M3 
-··· -

SVOA 2-tJiethylnaphthalene GAOL-SOIL 0.33 MG!KG 

SVOA 2-Methylnaphthalene GAOL-WATER 1 0 UG/L 
- . -

SVOA 2-Methylnaphthalene SOIL MG/KG 

SVOA 2-Methylnaphthalene WATER UG/L 

SVOA 2-Methylphenol (o-cresol) AIR UG/M3 -· - .. 

SVOA 2-Methylphenol (a-cresol) CROL-SOIL 0.33 MG!KG 
-· 

SVOA 2-Methylphenol (o cresol) GAOL-WATER 1 0 UG/L 
-

SVOA 2-Methylphenol (a-cresol) SOIL 4000 MG!KG 

SVOA 2-Methylphenol (a-cresol) WATER 1700 UG/L 
-·-· . 

SVOA 2-~itroaniline (o-nitroaniline) AIR 0.2 UG/M3 

SVOA 2-Nitroaniline (o-nitroaniline) GAOL-SOIL 0.8 MG!KG 

SVOA 2-Nitroaniline (o-nitroaniline) GAOL-WATER 25 UG/L I 

SVOA 2-Nitroaniline (o-nitroaniline) SOIL MG/KG 

SVOA 2-Nitroaniline (o-nitroaniline) WATER UG/L 

SVOA 2-Nitrophenol AIR UG/M3 
-

SVOA 2-Nitrophenol GAOL-SOIL 0.33 MG/KG 

SVOA 2-Nitrophenol GAOL-WATER 1 0 UG/L 
I 

SVOA 2-Nitrophenol SOIL MG/KG 
.. 

SVOA 2-Nitrophenol WATER UG/L 

SVOA 2H-1-Benzopyran-2-one AIR UG/M3 

SVOA 2H-1-Benzopyran-2-one GAOL-SOIL MG/KG 
i 

SVOA 2H-1-Benzopyran-2-one GAOL-WATER UG/L 

SVOA 2H-1-Benzopyran-2-one SOIL MG/KG 

SVOA 2H-1-Benzopyran-2-one WATER UG/L 

csvop._ .. ··-- 3,3-Dichlorobenzidine AIR UG/M3 
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SVOA 3,3 Dichlorobenzidine GROL-SOIL 0.33 MG/KG 

SVOA 3,3- Dichlorobenzidine GROL-WATER 1 0 UG/L 

SVOA 3,3 Dichlorobenzidine SOIL 1.6 MG/KG 

SVOA 3,3- Dichlorobenzidine WATER 0.078 UG/L 

SVOA 3· Nitroaniline (m-nitroaniline) AIR UG/M3 

SVOA 3-Nitroaniline (m-nitroaniline) GROL-SOIL 0.8 MG/KG 

SVOA 3-Nitroaniline (m-nitroaniline) GROL-WATER 25 UG/L 
.. 

SVOA 3-Nitroaniline (m-nitroaniline) SOIL 240 MG/KG 

SVOA 3-~itroaniline (m-nitroaniline) WATER 110 UG/L 
.. 

SVOA 4-Bromophenyl-phenylether AIR UG/M3 
. - - - . 

SVOA 4-Bromophenyl-phenylether GROL-SOIL 
- - 0.33 MG/KG 

SVOA 4-~romophenyl-phenylether GROL-WATER 10 UG/L 

SVOA 4-Bromophenyl-phenylether SOIL MG/KG 
.. - --

SVOA 4- Bromophenyl- phenylether WATER UG/L 
.. - -

SVOA 4-Ghloro-3-methylphenol (p-chloro-m-cresol) AIR UG/M3 
. - .. 

SVOA 4-Ghloro-3 methylphenol (p·chloro-m-cresol) GRQL-SOIL 0.33 MG/KG 
.. ~ . -. 

SVOA 4-Ghloro-3 -methylphenol (p-chloro-m-cresol) GAOL-WATER 10 UG/L 
--

SVOA 4-ghloro-~-methylphenol (p-~hloro-m-cresol) SOIL 16000 MG/KG 
.. -- -- --· 

SVOA 4-Ghloro-3-methylphenol (p-chloro-m -cresol) WATER 7000 UG/L 
- ·-

SVOA 4-Ghloro-o-polyoxyacetic acid AIR UG/M3 
--- -- . ---. ---

SVOA 4- (;hloro-o-polyoxyacetic acid GAOL-SOIL MG/KG 
--

SVOA 4-Ghlor()-o-polyoxyacetic acid _ GAOL-WATER UG/L 

SVOA 4-Ghloro -o-polyoxyacetic acid SOIL MG/KG 

SVOA 4-Ghloro-o-polyoxyacetic acid WATER UG/L 

SVOA 4-Ghloroaniline AIR UG/M3 

SVOA 4-Ghloroaniline GROL-SOIL 0.33 MGIKG 

SVOA 4 -Ghloroaniline GAOL-WATER 1 0 UG/L 

SVOA 4-Ghloroaniline SOIL 320 MG/KG 

SVOA 4-Ghloroaniline WATER 140 UG/L 

SVOA 4-Ghlorophenyl phenyl ether AIR UG/M3 

SVOA 4-Ghlorophenyl phenyl ether GAOL-SOIL 0.33 MG/KG 

SVOA 4-Ghlorophenyl phenyl ether GAOL-WATER 1 0 UG/L 

SVOA 4_-Chlorophenyl phenyl ~ttl~!.. SOIL MG/KG 
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SVOA 4 Ghlorophenyl phenyl Lether WATER UG/L 
I 

SVOA 4-Methylphenol (p-cresol) AIR UG/M3 

SVOA 4-Methylphenol (p-cresol) CROL-SOIL 0.33 MG/KG 
I 

SVOA 4-Methylphenol (p-cresol) CROL-WATER 1 0 UG/L 

SVOA 4-Methylphenol (p-cresol) SOIL 400 MG/KG 
I 

SVOA 4-Methylphenol (p-cresol) WATER 180 UG/L 

SVOA 4-Nitroaniline (p-nitroaniline) AIR UGIM3 

I 

-

SVOA 4-Nitroaniline (p-nitroaniline) CROL-SOIL 0.8 MG/KG 

SVOA 4-Nitroanilin~ (p-nitroaniline) _ GAOL-WATER 25 UG/L 
-""' 

SVOA 4-Nitroaniline (p-nitroaniline) SOIL 240 MG/KG 

SVOA 4-l'!itroanili~e (p-nitroaniline) WATER 110 UG/L 

SVOA 4-Nit~ophenol AIR UG/M3 
- . ·- .. - - -

SVOA 4 -Nitrophenol CROL-SOIL 0.8 MG/KG 
- - - - ---

SVOA 4-Nitrophenol GAOL-WATER 25 UG/L - --

SVOA 4-Nitrophenol SOIL 5000 MGIKG 
----- --- ·-

SVOA 4 -Nitrophenol WATER 2200 UG/L 
-

SVOA 4,6-0initro-2-methylphenol AIR UG/M3 
I ------ . . . 

SVOA 4,6-0initro-2-methylphenol CROL-SOIL MG/KG 
-- --- .. 

SVOA 4,6-pinitro-2-methylphenol CROL-WATER UG/L 
-· 

SVOA 4,6-0initro-2-methylphenol SOIL MG/KG 

SVOA 4, 6-0 initro- 2-methylphenol WATER UG/L 

SVOA ( 4,6-dinitro-o-cresol), AIR UG/M3 
-

... -

SVOA (4 ,6-dinitro-o-cresol), CROL-SOIL 0.8 MG/KG 
-

SVOA ( 4 ,6-dinitro-o-cresol), GAOL-WATER 25 UG/L 

SVOA (4 ,6-dinitro-o-cresol), SOIL MG/KG 

SVOA ( 4 ,6-dinitro -o-cresol), WATER UG/L 
.. 

SVOA Acenaphthene AIR UG/M3 

SVOA Acenaphthene CROL-SOIL MG/KG 

SVOA Acenaphthene CROL·WATER UG/L 

SVOA Acenaphthene SOIL 4800 MG/KG 

SVOA Acenaphthene WATER 2100 UG/L 

SVOA Acenaphthylene AIR UG/"-13 

SVOA Acenaphthylene CROL-SOIL 0.33 MG/KG 
-----
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SVOA Acenaphthylene GAOL-WATER 1 0 UG/L 
SVOA Acenaphthylene SOIL MG/KG 
SVOA Acenaphthylene WATER UG/L 
SVOA Aldrin AIR 0.0002 UG/M3 
SVOA Aldrin GAOL-SOIL MG/KG 
SVOA Aldrin GAOL-WATER UG/L 
SVOA Aldrin SOIL 0.04 MG/KG 

--.- .. 

SVOA Aldrin WATER 0.002 UG/L 
- . - --

SVOA Alpha-BHG AIR 0.00056 UG!M3 
SVOA Alpha-BHG GAOL-SOIL MG/KG 

- - --
SVOA Alpha-~HC GAOL-WATER UG/L -- -- - -- . 
SVOA Alpha-BHG SOIL 0.1 MG/KG 

- -- - ----

SVOA Alpha-BHG WATER 0.0056 UG/L .. -- -

SVOA Aniline AIR 1 UG/M3 
--~- - . 

SVOA Aniline GAOL-SOIL MG/KG 
-- ---

SVOA Aniline GAOL-WATER UG/L 
·----- -- ·-

SVOA Aniline SOIL 120 MG!KG 
-- - - --

SVOA Aniline WATER 6.1 UG/L 
·-

SVOA Anthracene AIR UG!M3 ---- -- ·--- -- .... -

SVOA Anthracene CROL-SOIL 0.33 MG/KG - --- .. --
SVOA Anthracene CRQL-WATER 10 UG/L 

-

SVOA Anthracene SOIL 24000 MG/KG 
•· ··- - . 

SVOA Anthracene WATER 10000 UG/L -
SVOA Azobenzene AIR 0.032 UG!M3 

- ---

SVOA Azobenzene CROL-SOIL MG/KG 
SVOA Azobenzene CROL-WATER UG/L 
SVOA Azobenzene SOIL 6.4 MG/KG 
SVOA Azobenzene WATER 0.32 UG/L 
SVOA Benzeneacetic acid AIR UG/M3 
SVOA Benzeneacetic acid GROL-SOIL MG/KG 
SVOA Benzeneacetic acid CROL-WATER UG/L 
SVOA Benzeneacetic acid SOIL MG/KG 
SVOA Benzeneacetic acid WATER UG/L 

P< '6 
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SVOA Benzidine AIR 0.00001 UG/M3 
SVOA Benzidine CRQL-SOIL MG/KG 
SVOA Benzidine GAOL-WATER UG/L 
SVOA Benzidine SOIL 0.003 MG/KG 
SVOA Benzidine WATER 0.0002 UG/L 
SVOA Benzo(aJanthracene ' AIR UG/M3 

.. 

SVOA Benzo(a)anthracene CRQL-SOIL 0.33 MG/KG 
SVOA Benzo(a)anthracene CRQL-WATER 10 UG/L 

- ---

SVOA Benzo(a]anthracene SOIL 1 MG/KG 
SVOA Benzo(a)anthracene WATER 0.1 UG/L 
SVOA Benzo( a)pyrene AIR UG/M3 
SVOA Benz~(a)pyrene CRQL-SOIL 0.33 MG/KG 
SVOA Benzo( a)pyrene CRQL-WATER 1 0 UG/L ... .. 

SVOA Benzo( a)pyrene SOIL 0.1 MG/KG . ~- .. 

SVOA Benzo(a)pyrene WATER 0.2 UG/L 
SVOA Benzo(b)fluoranthene AIR UG/M3 

-· - --
SVOA Benzo(b)fluoranthene CRQL-SOIL 0.33 MG/KG 

- - - - -- --- -
SVOA Benzo(b)fluoranthene CRQL-WATER 1 0 UG/L 

.. -

SVOA Benzo(b)fluoranthene SOIL 1 MG/KG 
~ . - ~ . 

SVOA Benzo(b)fluoranthene WATER 0.2 UG/L 
.. -

SVOA Benzo(g,h,i)perylene AIR UG/M3 
- ·-- ·- - - - - . 

SVOA Benzo(g,h ,i)perylene CRQL-SOIL 0.33 MG/KG 
-- ·- -

SVOA Benzo(g,h,i)perylene _ CRQL-WATER 1 0 UG/L - . .. . - . - .. 

SVOA Benzo(g,h,i)perylene SOIL MG/KG - . -. -- . . -

SVOA Benzo(g ,h ,i)perylene WATER U.(3/L 
SVOA Benzo(k)fluoranthene AIR UG/M3 

SVOA Benzo(k)fluoranthene CRQL-SOIL 0.33 MG/KG 

SVOA Benzo(k)fluoranthene _ CRQL-WATER 1 0 UG/L 
SVOA Benzo(k)fluoranthene SOIL 1 MG/KG 

SVOA Benzo(k)fluoranthene WATER 0.2 UG/L 

SVOA Benzoic Acid AIR UG/M3 

SVOA Benzoic Acid CRQL-SOIL 100 MG/KG 

SVOA Benzoic Acid CRQL-WATER 0 UG/L 
- -·- ---- -·---
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SVOA Benzoic Acid SOIL 320000 MG/KG 
SVOA Benzoic Acid WATER 140000 UG/L 
SVOA Benzyl alcohol AIR UG/M3 
SVOA Benzyl alcohol CRQL-SOIL MG/KG 
SVOA Benzyl alcohol CRQL-WATER UG/L 
SVOA Benzyl alcohol SOIL 24000 MG/KG 
SVOA Benzyl alcohol WATER 11000 UG/L 
SVOA Beta-BHC AIR 0.018 UG/M3 
SVOA Beta-BHC CRQL-SOIL MG/KG 
SVOA Beta-BHC CRQL-WATER UG/L 
SVOA Beta-BHC SOIL 4 MG/KG 
SVOA Beta-BHC WATER 0.19 UG/L .. 

SVOA Bis-(2-chloroethoxy)methane AIR UG/M3 - . 

SVOA Bis-(2-chloroethoxy)methane CROL-SOIL 0.33 MG/KG 
SVOA Bis-(2-chloroethoxy)methane CRQL-WATER 1 0 UG/L 
SVOA Bis- (2-chloroethoxy)me thane SOIL MG/KG 

·- --

SVOA Bis- (2· chloroethoxy)melhane WATER UG/L 
----

SVOA Bis- (2 -chloroethyl)ether AIR 0.0029 UG/M3 
... 

SVOA Bis- (2-chloroethyl)ether CROL-SOIL 0.33 MG/KG 
·-

SVOA Bis- (2-chloroethyl)ether CRQL-WATER 10 UG/L 
SVOA Bis- (2-chloroethyl)ether SOIL 0.12 MG/KG - .. 

SVOA Bis- (2 -chloroethyl)ether WATER 0.032 UG/L 
SVOA (bis(2-chloroisopropyl)ether) AIR 1 UG/M3 .. . .. -- . 

SVOA (bis(2- chloroisopropyl)ether) CRQL-SOIL 
... 

0.33 MG/KG 
SVOA (bis(2·chloroisopropyl)ether) CRQL-WATER 10 UG/.L 
SVOA (bis(2-chloroisopropyl)ether) SOIL 100 MGIKG 
SVOA (bis(2 -chloroisopropyl)ether) WATER 0.5 UG/L 
SVOA Bis-(2-ethylhexyl)phthalate AIR UG/M3 
SVOA Bis-(2-ethylhexyl)phthalate CRQL-SOIL 0.33 MG/KG 
SVOA Bis-(2--ethylhexyl)phthalate CRQL-WATER 1 0 UG/L 
SVOA Bis-(2 ethylhexyl)phthalate SOIL 50 MG/KG 
SVOA Bis · (2 -ethylhexyl)phthalate WATER 6 UG/L 
SVOA Butyl benzyl phthalate AIR UG/M3 

P; i8 
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SVOA Butyl benzyl phthalate CRQL-SOIL 0.33 MG/KG 
SVOA Butyl benzyl phthalate CRQL-WATER 1 0 UG/L 
SVOA Butyl benzyl phthalate SOIL 16000 MG/KG 

SVOA Butyl benzyl phthalate WATER 100 UG/L 

SVOA Carbazole AIR UG/M3 

SVOA Carbazole CROL-SOIL 0.33 MG/KG 

SVOA Carbazole CROL-WATER 1 0 UG/L 

SVOA Carbazole SOIL 35 MG/KG 
- -

SVOA Carbazole WATER 1.8 UG/L 
-- ---

SVOA Chlordane AIR 0.0027 UGIM3 
. ·-

SVOA Chlordane CRQL-SOIL 0.017 MGIKG 
. - . - -- ·-

SVOA Chlordane CRQL-WATER 0.05 UG/L 
-- --- - - - . -· --

SVOA Chlordane SOIL 0.54 MG/KG 

SVOA Chlordane WATER 2 UG/L 
- . - -

SVOA Chlorophenoxyacetic acid (2-methy-4) AIR UG/M3 
-· - -- --· 

SVOA Chlorophenoxyacetic acid (2-methy-4) CRQL-SOIL MG/KG 
-· 

SVOA Chlorophenoxyacetic acid (2-methy-4) CRQL-WATER UG/L - . ---

SVOA Chlorophenoxyacetic acid (2-methy-4) SOIL 40 MGIKG -. 

SVOA Chlorophenoxyacetic acid (2-methy-4} WATER 1 8 UG/L 
-

SVOA Chrysene AIR UG/M3 
- ~-- - ----

SVOA Chrysene CRQL-SOIL 0.33 MG/KG 

SVOA Chrysene CROL-WATER 1 0 UG/L 
-. ---

SVOA Chrysene SOIL 96 MGIKG 
- -

SVOA Chrysene WATER 0.2 UG/L 

SVOA Oalapon AIR UG/M3 

SVOA Oalapon CRQL-SOIL MG/KG 

SVOA Oalapon CRQL-WATER UG/L 

SVOA Oalapon SOIL 2400 MG/KG 

SVOA Oalapon WATER 200 UG/L 

SVOA ODD AIR UG/M3 

SVOA ODD CRQL-SOIL 0.03 MG/KG 

SVOA ODD CROL-WATER 0.1 UG/L . 

SVOA ODD SOIL 2.9 MG/KG 
----------------
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SVOA ODD WATER 0.15 UG/L 
SVOA OOE AIR 0.01 UG/M3 
SVOA OOE CRQL-SOIL 0.03 MG/KG 
SVOA OOE CRQL-WATER 0.1 UG/L 
SVOA OOE SOIL 2.1 MG/KG 
SVOA OOE I WATER 0.1 UG/L 
SVOA DDT AIR 0.01 UG/M3 
SVOA DDT CRQL-SOIL 0.03 MGIKG . -

SVOA DDT CRQL-WATER 0.1 UG/L 
- -· 

SVOA DDT SOIL 2.1 MGIKG - .. . -

SVOA DDT WATER 0.1 UG/L 
SVOA Delta-BHC AIR UGIM3 

-- . -
SVOA Delta-BHC CRQL-SOIL MGIKG 
SVOA Delta-BHC CRQL-WATER UG/L 
SVOA Delta-BHC SOIL MGIKG 

.. -

SVOA Delta-BHC WATER UG/L - . 

SVOA Dibenzo( a,h )anthracene AIR UGIM3 
- -

SVOA Dibenzo( a,h )anthracene CRQL-SOIL 0.33 MG/KG 
·-··- -

SVOA Dibenzo( a,h )anthracene CRQL-WATER 1 0 UG/L 
SVOA Dibenzo( a,h )anthracene SOIL 0.1 MG/KG 

- --

SVOA Dibenzo( a,h )anthracene WATER 0.3 UG/L 
... 

SVOA Dibenzofuran AIR UG/M3 
-. .. 

SVOA Dibenzofuran CRQL-SOIL 0.33 MGIKG 
. -

SVOA Dibenzofuran CRQL-WATER 10 UG/L 
SVOA Dibenzofuran SOIL MG/KG 

I 

SVOA Dibenzofuran WATER UG/L 
SVOA Dicamba AIR UG/M3 
SVOA Dicamba CRQL-SOIL MGIKG 
SVOA Dicamba CRQL-WATER UG/L 
SVOA Dicamba SOIL 2400 MG/KG 
SVOA Dicamba WATER 1100 UG/L 
SVOA Dieldrin AIR UG/M3 
SVOA Dieldrin CRQL-SOIL MG/KG 

------

P; W 
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SVOA Dieldrin GAOL-WATER UG/L 
I 

SVOA Dieldrin SOIL 0.044 MG/KG 

SVOA Dieldrin WATER 0.002 UG/L 

SVOA Diethylphthalate AIR UG/M3 

SVOA Diethylphthalate GAOL-SOIL 0.33 MG/KG 

SVOA Diethylphthalate GAOL-WATER 1 0 UG/L 

SVOA Diethylphthalate SOIL 64000 MG/KG 

SVOA Diethylphthalate WATER 5000 UG/L 
.. 

SVOA Dimethylformamide AIR 30 UG/M3 
--

SVOA Dimethylformamide GAOL-SOIL MG/KG - . ---- - .. 

SVOA £:?ime!hyl!ormam ide GAOL-WATER UG/L 
.. - -- -

SVOA £:?imethylforma~ide . SOIL 8000 MG/KG 
.. - . - .. 

SVOA Dimethylformamide WATER 3500 UG/L 

SVOA Dimethylphthalate AIR UG/M3 
- - ·-- -- ------- .. 

SVOA Dimethylphthalate GAOL-SOIL 0.33 MG/KG 
-------- - ·-

SVOA [)imethylphthalate GAOL-WATER 1 0 UG/L 
---- --- .. 

SVOA Dimethylphthalate SOIL 800000 MG/KG 
. - --- -. ---

SVOA Dimethylphth(ilate WATER 350000 UG/L 
... 

SVOA Di-n-butyl phthalate AIR UG/M3 
-- ---- -- ---- - - --. -

SVOA Di-n-butyl phthalate GAOL-SOIL 0.33 MG/KG --- --- -. ---- -- -- --

SVOA Di-n-butyl phthalate GAOL-WATER 1 0 UG/L 
·- . - ... -

SVOA Di-n-butyl phthalate SOIL 8000 MG/KG 
- -- -- -

SVOA D!-n-butyl phthalate WATER 3500 UG/L 

SVOA l)i-n-octyl phthalate AIR UG/M3 
- -· 

SVOA Di-n-octyl phthalate GAOL-SOIL 0.33 MG/KG 
---- ... 

SVOA Di-n-octyl phthalate GAOL-WATER 1 0 UG/L 

SVOA Di-n-octyl phthalate SOIL 1600 MG/KG 

SVOA Di-n-octyl phthalate WATER 700 UG/L 

SVOA Dinoseb AIR UG/M3 

SVOA Dinoseb GAOL-SOIL MG/KG 

SVOA Dinoseb GAOL-WATER UG/L 

SVOA Dinoseb SOIL 80 MG/KG 

SVOA Dinoseb WATER 7 UG/L 
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SVOA Endosulfan AIR UG/M3 
SVOA Endosulfan CRQL-SOIL MG/KG 
SVOA Endosulfan CRQL-WATER UG/L 
SVOA Endosulfan SOIL 4 MGIKG 
SVOA Endosulfan WATER 1.8 UG/L 
SVOA Endosulfan sulfate AIR UG/M3 
SVOA Endosulfan sulfate CRQL-SOIL MGIKG 
SVOA Endosulfan sulfate CRQL-WATER UG/L 
SVOA Endosulfan sulfate SOIL 4 MGIKG 
SVOA Endosulfan sulfate WATER 1.8 UG/L .. -
SVOA Endrin AIR UGIM3 -- ·---·--- - ---- - ---- ---- ·--
SVOA Endrin CRQL-SOIL MGIKG 

--
SVOA Endrin CRQL-W/1 i ER UG/L ... - . 
SVOA Endrin SOIL 24 MG/KG .. -
SVOA Endrin WATER 2 UG/L - - . -
SVOA Ethyl acetate AIR UG/M3 

·-- --- ·- -
SVOA Ethyl acetate CRQL-SOIL MGIKG - ·--- - --- .. --
SVOA Ethyl acetate CRQL-WATER UG/L . . -- - - - . 

SVOA Ethyl acetate SOIL 72000 MGIKG -- - -· . 

SVOA f:~hyl_ acetate _ WATER 32000 UG/L - . 
SVOA Ethylene glycol AIR UG/M3 

·- --··-· - --
SVOA Ethylene glycol CRQL-SOIL MG/KG - - - . --- -
SVOA Ethylene glycol CRQL-WATER UG/L -- .. 
SVOA Ethylene glycol SOIL 160000 MG/KG 
SVOA Ethylene glycol WATER 70000 uptL 
SVOA Fluoranthene AIR UG/M3 
SVOA Fluoranthene CRQL-SOIL 0.33 MGIKG 
SVOA Fluoranthene CRQL-WATER 1 0 UG/L 
SVOA Fluoranthene SOIL 3200 MG/KG 
SVOA Fluoranthene WATER 1400 UG/L 
SVOA Fluorene AIR UG/M3 
SVOA Fluorene CRQL-SOIL 0.33 MGIKG 
SVOA Fluorene CRQL-WATER 1 0 UG/L' 

Pc '2 
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SVOA Fluorene SOIL 3200 MG/KG 
SVOA Fluorene WATER 1400 UG/L 
SVOA Heptachlor AIR 0.0008 UG/M3 
SVOA Heptachlor CRQL-SOIL MG/KG 
SVOA Heptachlor CRQL-WATER UG/L 
SVOA Heptachlor SOIL 0.16 MG/KG 
SVOA Heptachlor WATER 0.4 UG/L 
SVOA Heptachlor epoxide, AIR 0.0004 UG/M3 
SVOA Heptachlor epoxide, CROL-SOIL MG/KG 
SVOA Heptachlor epoxide, CRQL-WATER UG/L 

. ·---- .. -

SVOA Heptachlor epo~id~. SOIL 0.077 MGIKG 
--

SVOA Heptachlor epo~ide, WATER 0.2 UG/L 
SVOA Hexachlorobenzene AIR 0.0022 UG/M3 
SVOA Hexachlorobenzene CROL-SOIL 0.33 MG/KG 
SVOA Hexachlorobenzene CRQL-WATER 1 0 UG/L 
SVOA Hexachlorobenzene SOIL 0.44 MG/KG 
SVOA Hexachlorobenzene WATER 1 UG/L -
SVOA Hexachlorobutadiene AIR 0.45 UG/M3 
SVOA Hexachlorobutadiene CROL-SOIL 0.33 MG/KG 
SVOA Hexachlorobutadiene CRQL-WATER 1 0 UG/L 
SVOA Hexachlorobutadiene SOIL 90 MGIKG 

·-

SVOA Hexachlorobutadiene WATER 4.5 UG/L 
. --

SVOA Hexachlorocyclopentadiene AIR 0.07 UG/M3 
SVOA Hexachlorocyclopentadiene CRQL-SOIL 0.33 MGIKG 
SVOA Hexachlorocyclopentadiene CRQL-WATER 1 0 UG/L 
SVOA Hexachlorocyclopentadiene SOIL 560 MG/KG 
SVOA Hexachlorocyclopentadiene WATER 50 UG/L 
SVOA Hexachloroethane AIR 2.5 UG/M3 
SVOA Hexachloroethane CRQL-SOIL 0.33 MG/KG 
SVOA Hexachloroethane CRQL-WATER 1 0 UG/L 
SVOA Hexachloroethane SOIL 80 MG/KG 
SVOA Hexachloroethane WATER 25 UG/L 
SVOA Hexadecanoic acid AIR UG/M3 
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SVOA Hexadecanoic acid GAOL-SOIL MG/KG 
SVOA Hexadecanoic acid GAOL-WATER UG/L 
SVOA Hexadecanoic acid SOIL MG/KG 
SVOA Hexadecanoic acid WATER UG/L 
SVOA lndenop ,2,3 cdJpyrene AIR UG/M3 
SVOA lndenop ,2,3-cd)pyrene GROL-SOIL 0.33 MG/KG 

' 
·-· 

SVOA lndeno(1 ,2,3-cd)pyrene GAOL-WATER 1 0 UG/L 
-

SVOA lndeno[1 ,2.~-cd]pyrene SOIL 1 MG/KG 
---· 

SVOA lndeno(1 ,2,3-cdJpyrene WATER 0.4 UG/L 
- ·-- ·-· 

SVOA lsophorone AIR UG/M3 
. - - - - -·- --

SVOA lsophoro~e _ .. __ GAOL-SOIL 0.33 MGIKG 
---- . -· -· 

SVOA lsop~orone GROL-WATER 1 0 UG/L 
. . . -

SVOA lsophorone SOIL 7400 MGIKG 
.. - .. 

SVOA lsophorone WATER 370 UG/L 
-· ··- - .. 

SVOA Lindane (gamma ~HC) AIR UG/M3 
------- . -- - -

SVOA Lin~ane (gamma ~HC) CRQL-SOIL MGIKG 
. - ----- . - - --- -

SVOA Lindan~ (gamma BHC) CROL-WATER UG/L 
- - - - - - ·- - . ·---. -

SVOA L!ndane (gamma ~HC) SOIL 0.54 MGIKG 
- - -- . -· - . 

SVOA Lind~ne (ga'!lma BHC) WATER 0.2 UG/L 
- .. 

SVOA Me~pr()p(MCf>P) AIR UGIM3 
-- -· -·----· -·· 

SVOA ~ecoprop(M9~P) CROL-SOIL MGIKG 
-- -- -- -- -- -· 

SVOA Mecoprop(MCPP) CRQL-WATER UG/L 
-------- . - . ·- . 

SVOA Me~prop(MCPP) SOIL 80 MG/KG 
.. -·- -

SVOA ~ecoprop(MCPP) WATER 35 UG/L 
·- -· 

SVOA Meth()xychlor AIR UG/M3 
-

MG/KG I SVOA Methoxychlor CRQL-SOIL 

SVOA Methoxychlor CRQL-WATER UG/L 

SVOA Methoxychlor SOIL 400 MG/KG 

SVOA Methoxychlor WATER 40 UG/L 

SVOA N -Nitrosodimethylamine AIR 0.00007 UG/M3 

SVOA N -Nitrosodimethylamine CROL-SOIL 
-. 

MG/KG 
i 

SVOA N-Nitrosodimethylamine CROL-WATER UG/L 

SVOA N-Nitrosodimethylamine SOIL 
'--

0.014 MG/KG 

Pa .,4 
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SVOA N Nitrosodimethylamine WATER 0.0007 UG/L 
SVOA N Nitrosodi-N-propylamine AIR UG/M3 
SVOA N Nitrosodi-N-propylamine CRQL-SOIL 0.33 MG/KG 
SVOA N-Nitrosodi-N-propylamine GAOL-WATER 1 0 UG/L 
SVOA N- Nitrosodi- N · propylamine SOIL 0.1 MG/KG 
SVOA N·Nitrosodi-N·propylamine WATER 0.005 UG/L 
SVOA N-Nitrosodiphenylamine AIR UGIM3 
SVOA N-Nitrosodiphenylamine CRQL-SOIL 0.33 MG/KG 
SVOA N-Nitr()sodiphenylamine CRQL-WATER 1 0 UG/L 

-. 

SVOA N-Nitro~odiphenylamine SOIL 140 MG/KG - -·· I 

SVOA N-Nitrosodiphenylamine WATER 7.1 UG/L -- --
SVOA Naphthalene AIR UG/M3 ---- . -- - - . -

SVOA Naphthalene CRQL-SOIL 0.33 MG/KG ... -- --

SVOA Naphthalene CRQL-WATER 1 0 UG/L 
SVOA Naphthalene SOIL 3200 MG/KG 

·-. 

SVOA Naphthalene WATER 1400 UG/L 
- -

SVOA Nitrobenzene AIR 2 UGIM3 ... - ---- ------ . ·- .. - . 

SVOA Nitrobenzene CROL-SOIL 0.33 MG/KG -- ---- ··-

SVOA Nitrobenzene CRQL-WATER 1 0 UG/L -. -. 

SVOA Nitrobenzene SOIL 5.3 MG/KG 
SVOA Nitrobenzene WATER 18 UG/L 

·-

SVOA Octacosane AIR UG/M3 
-· .. - -

SVOA Octacosane CRQL-SOIL MG/KG 
··-

SVOA Octacosane CRQL-WATER UG/L 
SVOA Octacosane SOIL MG/KG 

... 

SVOA Octacosane WATER UG/L 
SVOA Octadecanoic acid AIR UG/M3 
SVOA Octadecanoic acid CRQL-SOIL MG/KG 
SVOA Octadecanoic acid CRQL-WATER UG/L 
SVOA Octadecanoic acid SOIL MG/KG 
SVOA Octadecanoic acid WATER UG/L 
SVOA Octamethyl cyclotetrasilo xane AIR UG/M3 
SVOA Octameth~l c~clotetrasiloxane CRQL-SOIL MG/KG 
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SVOA Octamethyl cyclotetrasiloxane CRQL-WATER UG/L 

SVOA Octamethyl cyclotetrasilo xane SOIL MG/KG 

SVOA Octamethy I cyclotetrasilo xane WATER UG/L 

SVOA PCB (Aroclors) AIR UG/M3 

SVOA PCB (Aroclors) CRQL-SOIL 0.033 MG/KG 
--

SVOA PCB (Aroclors) CRQL-WATER 1 UG/L 

SVOA PCB (Aroclors) SOIL 0.09 MG/KG 
-- -· -

SVOA PCB (Aroclors) WATER 0.5 UG/L 
- -· -

SVOA Pentachlorophenol AIR UG/M3 
··-

SVOA Pentctchlorophenol ___ CRQL-SOIL 0.8 MG/KG 
. - --.- --- - -. - -- - ·- --- -

SVOA ~entachlorop~enol CRQL-WATER ' 25 UG/L 
----- - - - -

SVOA Pentachlorophenol SOIL 5.8 MGIKG 
- -- -- ·-

SVOA Pentachlorophenol WATER 1 UG/L 
- - - ·-

SVOA Phenanthrene AIR UG/M3 
----·- -- -- - - -

SVOA Phenanthrene CROL-SOIL 0.33 MGIKG 
-·· - . ----- - -- -- -- - -

SVOA Phenanthrene CRQL-WATER 1 0 UG/L 
. - - - - - --- -··. --

SVOA Phenanthrene SOIL MGIKG 
-- - ----

SVOA Phenanthrene WATER UG/L 
- . - -

SVOA Phenol AIR UGIM3 
-- - - . ----- ------· -- - - . 

SVOA Phenol CROL-SOIL 0.33 MG/KG 
-- ---- ----- -. 

SVOA Phenol CRQL-WATER 10 UG/L -- --- --- - - -

SVOA Phenol SOIL 48000 MGIKG 
---- -- - - -- - --

SVOA Phenol WATER 21000 UG/L 
- ----- --· -- .. -

SVOA Pyrene AIR UG/M3 i 

- - -

SVOA Pyrene CRQL-SOIL 0.33 MGIKG -- -·- --- • 
SVOA Pyrene CRQL-WATER 1 0 UG/l 

...... 

SVOA Pyrene SOIL 2400 MG/KG 
- -

SVOA Pyrene WATER -- 1000 UG/L 

SVOA T etradecanoic acid AIR UG/M3 

SVOA T etradecanoic acid CRQL-SOIL MG/KG 

SVOA T etradecanoic acid CRQL-WATER UG/L 

SVOA T etradecanoic acid SOIL MG/KG· 
I SVOA T etradecanoic acid WATER UG/L 

- --

Pc: '6 
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SVOA Toxaphene AIR 0.0032 UG/M3 

I SVOA Toxaphene GAOL-SOIL MG/KG 
SVOA Toxaphene GAOL-WATER UG/L 
SVOA Toxaphene SOIL 0.64 MG/KG 

i 

SVOA Toxaphene WATER 3 UG/L 
I 

SVOA Vinyl Acetate AIR 200 UG/M3 
SVOA Vinyl Acetate GAOL-SOIL MGIKG 
SVOA Vinyl Acetate GAOL-WATER UG/L 

. --- -··- ---

SVOA Vinyl Acetate SOIL 80000 MG/KG - . -- - -
SVOA Vinyl ~cet<!te WATER 35000 UG/L 
VOA 1, 1-Qichloroethane AIR 500 UG/M3 

--. - -~- - --
VOA 1, 1-Dichloroethane GAOL-SOIL 0.01 MG/KG . . -- - - - - ---

VOA 1, 1-Dichloroethane GAOL-WATER 1 0 UG/L 
----- - -- .. -----

VOA 1, 1-Dichloroethane SOIL 410 MG/KG --- ·-----

VOA 1 , 1-Dichloroethane WATER 3500 UG/L -- - .. -

VOA 1, 1-Qichloroethene AIR 0.19 UG/M3 - ---- -- ··- -----

VOA 1, 1-Dichloroethene GAOL-SOIL 0.01 MGIKG - -- - - - - -- -. 

VOA 1, 1-Dichloroethene GAOL-WATER 1 0 UG/L ---- - .. 
VOA 1, 1-Dichloroethene SOIL 0.4 MG/KG 
VOA 1, 1-Pi<?hloroethene WATER 7 UG/L 

-

VOA 1,1, 1-Trichloroethane AIR 1000 UG/M3 
. -- . -

VOA 1,1, 1-Trichloroethane GAOL-SOIL 0.01 MGIKG 
VOA 1,1, 1-Trichlorf?ethane GAOL-WATER 1 0 UG/L 
VOA 1,1, 1-Trichloroethane SOIL 1000 MG/KG 
VOA 1,1, 1-Trichloroethane WATER 200 UG/L 
VOA 1,1, 1 ,2-Tetrachloroethane AIR 1.4 UG/M3 
VOA 1,1, 1 ,2-Tetrachloroethane GAOL-SOIL MG/KG 
VOA 1 , 1,1 ,2-Tetrachloroethane GAOL-WATER UG/L 
VOA 1 , 1,1 ,2-Tetrachloroethane SOIL 270 MG/KG 
VOA 1,1, 1,2-Tetrachloroethane WATER 1 3 UG/L 
VOA 1,1 ,2-Trichloro-1 ,2,2-trifluoroethane AIR UG/M3 
VOA 1,1 ,2-Trichtoro -1 ,2,2-trifluoroethane GAOL-SOIL MG/KG 
VOA 1,1 ,2-Trichloro-1 ,2,2-trifluoroethane GROL-W~TE_8_ UG/L 
~------- -- -
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VOA 1,1,2 Trichloro-1 ,2,2-trifluoroethane SOIL MG/KG 

VOA 1,1 ,2-Trichloro-1 ,2,2-trifluoroethane WATER UG/L 

VOA 1,1 ,2- Trichloroethane AIR 0.63 UG/M3 

VOA 1,1 ,2 Trichloroethane CRQL-SOIL 0.01 MG/KG 

VOA 1,1 ,2-Trichloroethane CRQL-WATER 1 0 UG/L ! 

VOA 1,1 ,2-Trichloroethane SOIL 6.3 MG/KG 
I VOA 1,1 ,2-Trichloroethane WATER 5 UG/L 

~ - --- -

VOA 1,1 ,2,2-Tetrachloroethane AIR 0.18 UG/M3 
- --- --

VOA 1,1 ,2,2-Tetrachloroethane CRQL-SOIL 0.01 MG/KG 
I - -

VOA 1,1 ,2,2-TetrachloroethanE! CRQL-WATER 10 UG/L I 
! --

VOA 1,1 ,2,2-Tetrac~loroethane SOIL 3.9 MGIKG 
- - -----

VOA 1,1 ,2,2-Tetrachloroethane WATER 1.8 UG/L 

I VOA 1 ,2-pibromo-3-chloropropane AIR 0.2 UG/M3 

VOA 1 ,2- Dibromo-3-chloropropane CRQL-SOIL MG/KG 
- -

VOA 1 ,2-Dibromo-3-chloropropane CRQL-WATER 
-· 

UG/L i 

VOA 1 ,2-Dibromo-3-chloropropane SOIL 0.5 MGIKG 

VOA 1 ,2-Dibromo-3-chloropropane WATER 0.2 UG/L 
- - -

VOA 1 ,2-DichlorC?ethane AIR -- 0.038 UG/M3 

VOA 1 ,2-Dichloroethane CRQL-SOIL 0.01 MGIKG 

VOA 1 ,2-Dichloroethane CRQL-WATER 1 0 UG/L 
- ·-· 

VOA 1 ,2-Dichloroethane SOIL 0.2 MG/KG 
---. - --

VOA 1 ,2-Dichloroethane WATER 5 UG/L 

VOA 1 ,2-Dichloropropane AIR 4 UGIM3 
-- - --

VOA 1 ,2-Dichloropropane _ CRQL-SOIL 0.01 MG/KG 

VOA 1 ,2- Dichloropropane CRQL-WATER 1 0 U,G/L 

VOA 1 ,2-Dichloropropane SOIL 6.5 MG/KG 

VOA 1 ,2-Dichloropropane WATER 5 UG/L 

VOA 1 ,2 ,3-Trimethylbenzene AIR UGIM3 

VOA 1 ,2,3-Trimethylbenzene CRQL-SOIL MG/KG 

VOA 1,2,3-Trimethylbenzene CRQL-WATER UG/L 

VOA 1,2,3-Trimethylbenzene SOIL MG/KG 

VOA 1,2,3-Trimethylbenzene WATER UG/L 

VOA 1,2,4-Trimethylbenzene AIR UG/M3 -

p ~8 
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VOA 1 ,2,4- Trirnethylbenzene CRQL-SOIL MG/KG 

VOA 1 ,2,4-Trimethylbenzene CRQL-WATER UG/L 

VOA 1 ,2,4-Trimethylbenzene SOIL 40 MGIKG 

VOA 1 ,2,4-Trimethylbenzene WATER 1 8 UG/L 

VOA 1 ,3,5-Trimethylbenzene AIR UGIM3 

VOA 1 ,3,5-Trimethyl~enzene : CRQL-SOIL MGIKG 
-

VOA 1 ,3,5-Trimethylbenzene CRQL-WATER UG/L 
~ -- - --

VOA 1 ,3,5-Trimethylbenzene SOIL 32 MG/KG 
.. - . ---

VOA 1 ,3 ,5-Trimethylbenzene WATER 14 UG/L 

VOA 2-~utano~E! (Methyl ethyl ketone) _ AIR 1000 UG/M3 
---·--- -- -- --- --

VOA 2-Butanone (M~thyl ~thyl keton~) CRQL-SOIL 0.01 MGIKG 
. . - ---- . -- - --

VOA 2-~uta11~:m(:! (M~~hyl ethyl keto11e) _ CRQL-WATER 1 0 UG/L 
- -- --

VOA 2-~utanone (Methyl ethyl ketone) SOIL 4000 MG/KG 
-- ··-.- --- -- - -- -- -- . 

VOA 2-Butanone (Methyl ethyl ketone) WATER 1700 UG/L 
- ---

VOA 2-Hexanone AIR UG/M3 
-- - ·····-- --- - ---- -

VOA 2-Hexanone CRQL-SOIL 0.01 MGIKG 
-- ·--- . --- -- --

VOA 2-Hexanone CRQL-WATER 1 0 UG/L 
- .... ·-- ·-- -- -- ---

VOA 2-Hexanone SOIL MGIKG 
- -----

VOA 2-Hexanone WATER UG/L 
- -- ·-·---

VOA 3-Carene AIR UG/M3 
... -----

VOA 3-Carene CRQL-SOIL MGIKG 
---

VOA 3-Carene CRQL-WATER UG/L 
- .. - - -- - . -

VOA 3-Carene SOIL MG/KG 
- - - . - - -- - . ·--

VOA 3-Carene WATER UG/L 
--

VOA 4-Hydroxy-4-methyl-2-pentanone AIR UG/M3 
-' 

VOA 4-Hydroxy-4-methyl-2-pentanone CRQL-SOIL MGIKG 

VOA 4-Hydroxy-4-methyl-2 -pentanone CRQL-WATER UG/L 

VOA 4 -Hydr()xy-4 methyl-2-pentanone SOIL MG/KG 

VOA 4- Hydroxy-4-methyl-2-pentanone WATER UG/L 

VOA 4-lsopropyltoluene AIR UG/M3 

VOA 4 -lsopropyltoluene CRQL-SOIL MG/KG 

VOA 4-lsopropyltoluene CRQL-WATER UG/L 

VOA ~-lsop~oluene SOIL MG/KG 
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VOA 4 -lsopropyltoluene WATER UG/L 
VOA 4-Methyl-2-pentanone (MIBK) AIR 80 UG/M3 
VOA 4-Methyl-2-pentanone (MIBK) CRQL-SOIL 0.01 MG/KG I 

VOA 4-Methyl-2-pentanone (MIBK) CRQL-WATER 1 0 UG/L ' 

·-

VOA 4-Methyl-2-pentanone (MIBK) SOIL 510 MG/KG 
VOA 4-Methyl-2-pentanone (MIBK) WATER 1700 UG/L 
VOA Acetone AIR UG/M3 

----- -- -·. 

VOA Acetone CRQL-SOIL 0.01 MGIKG 
·- . ---· 

VOA Acetone CRQL-WATER 1 0 UG/L 
-----· 

VOA Acetone SOIL 8000 MGIKG 
- - --

VOA AcQ.tone WATER 3500 UG/L 
-

VOA Benzene AIR 0.12 UG/M3 
I 

-· . - ·-- ---

VOA Benzene CRQL-SOIL 0.01 MGIKG 
. -

VOA Benzene CRQL-WATER 1 0 UG/L 
VOA Benzene SOIL 0.67 MG/KG 

. - . --
VOA Benzene WATER 5 UG/L 

-

VOA Bromobenzene AIR UG/M3 - - - . --

VOA Bromobenzene CRQL-SOIL MGIKG 
VOA Bromobenzene 

I .. -- - --. - -

CRQL-WATER UG/L 
. -

VOA Bromobenzene SOIL MGIKG 
- . -- - --- --- - --- - -- - --

VOA Bromobenzene WATER UG/L -- --- -

VOA Bromochloromethane AIR UG/M3 
- - -- -- . - -- ----- ··-· 

VOA Bromochloromethane CRQL-SOIL MG/KG ---- .. - - - -

VOA Bromochloromethane CRQL-WATER UG/L 
- - ·- - --

VOA Bromochloromethane SOIL M,GIKG 
--- -- -

VOA Bromochloromethane WATER UG/L 
---

VOA Bromodichloromethane AIR UG/M3 
-----· 

VOA Bromodichloromethane CRQL-SOIL 0.01 MGIKG 

VOA Bromodichloromethane CRQL-WATER 1 0 UG/L 
VOA Bromodichloromethane SOIL 1 1 MG/KG 

VOA Bromodichloromethane WATER 0.56 UG/L 

VOA Bromoform AIR 0.9 UGIM3 

VOA Bromoform CRQL-SOIL 0.01 MG/KG 
--------

P. lO 



sal .... 0.xcl 

VOA Bromoform CRQL-WATER 1 0 UG/L 
VOA Bromoform SOIL 89 MG/KG 
VOA Bromoform WATER 4.4 UG/L 
VOA Bromomethane AIR 4.9 UG/M3 

-

VOA Bromomethane CRQL-SOIL 0.01 MG/KG 
VOA Bromomethane CRQL-WATER 1 0 UG/L 

--

VOA Bromomethane SOIL 0.43 MG/KG - -·· 

VOA Bromomethane WATER 49 UG/L 
-· 

VOA Carbon disulfide AIR 1 0 UG/M3 - ---· - - --- -
VOA Carbon disulfide CRQL-SOIL 0.01 MG/KG - - - -- --- -- --- -
VOA Carbon disulfide CRQL-WATER 10 UG/L -- --- - ---- - ----- --
VOA Carbon disulfide SOIL 7.4 MG/KG - -- - --- - - -- -- --. -- --- . --- . 

VOA Carbon disulfide WATER 3500 UG/L 
- . --- . - -

VOA Carbon tetrachloride AIR 0.066 UG/M3 
·- -·-- --- -. - -- --

VOA Carbon tetrachloride CRQL-SOIL 0.01 MG/KG - .. -. - -- ----

VOA Carbon tetrachloride CRQL-WATER 1 0 UG/L -- - -- -- -- . . . --
VOA Carbon tetrachloride SOIL 0.21 MG/KG 

-· ~--

VOA Carbon tetrachloride WATER 5 UG/L -
VOA Chlorobenzene AIR 20 UG/M3 ------ -------- - -

VOA Chlorobenzene CRQL-SOIL 0.01 MG/KG 
-- ---

VOA Chlorobenzene CRQL-WATER 1 0 UG/L 
. - . -- - - -- - - - - - -

VOA Chlorobenzene SOIL 67 MG/KG 
-- --

VOA Chlorobenzene WATER 100 UG/L 
---

VOA Chloroethane AIR 10000 UG/M3 ----

VOA Chloroethane CRQL-SOIL 0.01 Mp/KG 
·- - - - -

VOA Chloroethane CRQL-WATER 1 0 UG/L 
VOA Chloroethane SOIL 2900 MG/KG 
VOA Chloroethane WATER 14000 UG/L 
VOA Chloroform AIR 0.043 UG/M3 
VOA Chloroform CRQL-SOIL 0.01 MG/KG 
VOA Chloroform CRQL-WATER 1 0 UG/L 
VOA Chloroform SOIL 0.21 MG/KG· 
VOA Chloroform WATER 100 UG/L 
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VOA Chloromethane AIR 5.6 UG/M3 
VOA Chloromethane CROL-SOIL 0.01 MG/KG 

VOA Chloromethane CRQL-WATER 1 0 UG/L 
VOA Chloromethane SOIL 6.4 MG/KG 

VOA Chloromethane WATER 27 UG/L 
VOA Cis-1 ,2-Dichloroethene AIR UG/M3 

VOA Cis-1 ,2-Dichloroethene CRQL-SOIL 0.01 MG/KG 

VOA Cis-1 ,2-Dichloroethene CRQL-WATER 1 0 UG/L 
I 

VOA Cis-1 ,2-Dichloroethene SOIL 800 MG/KG 

VOA Cis-~ ,2-Dichloroethene WATER 70 UG/L 

VOA 9is~ ~ .~- Dichloroprop~ne AIR 0.027 UG/M3 
--- -- --

VOA Cis-1 ,3- Dichloropropene CRQL-SOIL 0.01 MG/KG 
.. 

VOA Cis-1 ,3-Dichl<>ropropene CRQL-WATER 10 UG/L 
- - ... 

VOA Cis-1 ,3- Dichloropropene SOIL 0.17 MG/KG 
--- .. - . -

VOA Cis-1 ,3- Dichloropropene WATER 0.19 UG/L -
VOA Dibromochloromethane AIR UG/M3 

----- --
VOA Dibromochloromethane CROL-SOIL 0.01 MG/KG 

... . . 

VOA Dibromochloromethane CRQL-WATER 10 UG/L 
.. 

VOA Dibromochloromethane SOIL 83 MG/KG - . -· ·-- - . 

VOA Dibromochloromethane WATER 4.2 UG/L 
- -- - . 

VOA Dibromoethane AIR 0.005 UG/M3 ----- . -· 

VOA Dibromoethane CRQL-SOIL MG/KG 
.. ·-

VOA Dibromoethane CRQL-WATER UG/L 
- . - -

VOA Dibromoethane SOIL 0.0082 MG/KG 

VOA Dibromoethane WATER 0.0004 UG/L 
- I 

VOA Dichlorodifluoromethane (1 ,2)-(1 ,3)-(2,2) AIR 200 UG/M3 --
VOA Dichlorodifluoromethane (1 ,2)-(1 ,3)-(2,2) CROL-SOIL MG/KG 

VOA Dichlorodifluoromethane (1 ,2)-(1 ,3)-(2,2) CRQL-WATER UG/L 

VOA Dichlorodifluoromethane (1 ,2)-(1 ,3)-(2,2) SOIL 16000 MG/KG 

VOA Dichlorodifluoromethane (1 ,2)-(1 ,3)-(2,2) WATER 7000 UG/L 

VOA Ethyl benzene AIR 1000 UG/M3 

VOA Ethyl benzene CROL-SOIL 0.01 MG/KG 

VOA Ethyl benzene CRQL-WATER 1 0 UG/L 
--- ----
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VOA Ethyl benzene SOIL 3100 MG/KG 
VOA Ethyl benzene WATER 700 UG/L 
VOA lsopropylbenzene AIR 9 UG/M3 

VOA lsopropylbenzene CRQL-SOIL MG/KG 
VOA lsopropylbenzene CRQL-WATER UG/L 

I 

VOA lsopropylbenzene SOIL 3200 MG/KG 

VOA lsopropylbenzene WATER 1400 UG/L 
-

VOA Limonene AIR UG/M3 - . 

VOA Limonene CRQL-SOIL MGIKG 
- -- - --

VOA Limonene CRQL-WATER UG/L 
-- --- - . --

VOA Limonene SOIL MG/KG 
-

VOA Limonene WATER UG/L -- - .. --

VOA Methanol AIR UG/M3 
-

VOA Methanol CRQL-SOIL MGIKG 
-- ~ - - - ---- -

VOA Methanol CRQL-WATER UG/L -
VOA Methanol SOIL 40000 MG/KG 

.. 

VOA Methanol WATER 18000 UG/L .. - -

VOA Methyl iodide AIR UG/M3 -- - -

VOA Methyl iodide CRQL-SOIL MG/KG 

VOA Methyl !odide CRQL-WATER UG/L 

VOA Methyl iodide SOIL MG/KG 
-

VOA Methyl iodide WATER UG/L 

VOA Methylene Chloride_ AIR 2.2 UG/M3 
-- . - - ---· 

VOA Methylene 9hloride CRQL-SOIL 0.01 MG/KG 
. - .. 

VOA Methylene Chloride CRQL-WATER 1 0 U~/L 

VOA Methylene (!hloride SOIL 5.6 MG/KG 

VOA M~thylene Chloride WATER 5 UG/L 

VOA N- Butylbenzene AIR UG/M3 

VOA N- Butylbenzene CRQL-SOIL MG/KG 

VOA N- Butylbenzene CRQL-WATER UG/L 

VOA N- Butylbenzene SOIL MG/KG 

VOA N-Butylbenzene WATER UG/L 

VOA N-Hexane AIR 200 UG/M3 __ 
-----
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VOA N-Hexane CRQL-SOIL MG/KG 
VOA N-Hexane CRQL-WATER UG/L 
VOA N-Hexane SOIL 4800 MG/KG 
VOA N-Hexane WATER 2100 UG/L 
VOA o-Chlorotoluene AIR UG/M3 
VOA : o-Chlorotoluene CRQL-SOIL MG/KG - . 

VOA o-Chlorotoluene CRQL-WATER UG/L 
. -· 

VOA o-Chlorotoluene SOIL 1600 MG/KG 
-· - - - - -

VOA o-Chlorotoluene WATER 700 UG/L 
VOA P-Chlorotoluene AIR UG/M3 

-. . -- -- --
VOA P-Chlorotoluene CRQL-SOIL MG/KG 

- ---- --·--- -.- ------ - -. . . -

VOA P-Chlorotoluene CRQL-WATER UG/L 
I 

- ---- ·-. ---
VOA P-Chlorotoluene SOIL MG/KG 

-. . . - -- . --- - . -

VOA P-Chlorotoluene WATER UG/L 
- - - . - ---- ·- . 

VOA propyl benzen~ AIR UG/M3 
.. -- -----·- - - ... - . -- .. -

VOA Pro~l benzene CRQL-SOIL MG/KG 
- -- - -- -- . - . --- - --- - ----- -- -

VOA ~ropyl benzene CRQL-WATER UG/L 
.. - - .. - ----- . - . . - ·-- -- - - ---

VOA Propyl ~en~ene SOIL MGIKG 
-- -- -- - ---- ---- --.-- -- - - - .. - -- - ·- . 

VOA Propyl benzene WATER UG/L 
- - ... -- . - - - . - -- . ---- -

VOA ~tyrene AIR 
--· ----- . --- -- -

1000 UG/M3 
VOA Styre!le CRQL-SOIL 0.01 MG/KG 

- ·- --· --- - - ··- -- -- .. - -- - . -
VOA Styrene CRQL-WATER 10 UG/L - . 

VOA Styren~ SOIL 3300 MG/KG 
- - - . -

VOA Styrene WATER 100 UG/L 
-- -

VOA Tetrachloroethane AIR 1.8 UG/M3 - -- - --. 

VOA Tetrachloroethane CRQL-SOIL 0.01 MG/KG 
-- -

VOA T etrachloroethene CRQL-WATER 1 0 UG/L 
VOA I etrachloroethene SOIL 5.9 MG/KG -. 

VOA Tetrachloroethane WATER 5 UG/L 
VOA Toluene AIR 380 UG/M3 
VOA Toluene CRQL-SOIL 0.01 MG/KG 
VOA Toluene CRQL-WATER 1 0 UG/L 

I 
' 

VOA Toluene SOIL 910 MG/KG 

P< J14 _-"": 



sal ir11o.xcl 

VOA Toluene WATER 1000 UG/L 

VOA Trans-1,2- Dichloroethene AIR UG/M3 

VOA Trans-1,2- Dichloroethene CROL-SOIL 0.01 MG/KG 

VOA Trans-1,2-Dichloroethene CRQL-WATER 1 0 UG/L 

VOA Trans-1,2-Dichloroethene SOIL 1600 MG/KG I 

VOA Trans-1 ,2-Dichloroethene I WATER 100 UG/L 

VOA Trans-1,3-Dichloropropene AIR 0.027 UG/M3 
-

VOA Trans-1,3-Di~hloropropene CROL-SOIL 0.01 MG/KG 
- .. - . -

VOA Trans-1,3-Dichloropropene CRQL-WATER 1 0 UG/L 

VOA Trans-1 ,3-Dich!oropropene SOIL 0.17 MG/KG 
--- -· 

VOA Trm~s-1 ,:]·Di~h~oropropene WATER 0.19 UG/L 
-

VOA T richloroethene AIR 0.58 UG/M3 
- ·- - -· -

VOA Trichloroethane CROL-SOIL 0.01 MG/KG 
---. ----. - - - -

VOA T richloroethene CRQL-WATER 10 UG/L 
- -· •· --- --

VOA Trichloroethane SOIL 3.2 MG/KG 
·- --

VOA Trichloroethane WATER 5 UG/L 
- ----

VOA Trichlorofluoromethane AIR 700 UG/M3 
·- - -·-· ---

VOA Trichlorofluoromethane CRQL-SOIL MG/KG 
·--

VOA Trichlorofluoromethane CROL-WATER UG/L 
-- - --- I 

VOA Trichlorofluoromethane SOIL 24000 MG/KG 
-· . -. -- -

VOA Trichlorofluoromethane WATER 11000 UG/L 
----

VOA Trichloropropane {1 ,2.~) AIR UG/M3 
-. --

VOA Trichlorop~opane (1 ,2,3) CROL-SOIL MG/KG . 

VOA Trichloropropane (1 .~.3) CRQL-WATER UG/L 

VOA Trichloropropane (1 ,2,3) SOIL 480 MG/KG 
I 

VOA Trichloropropane (1 ,2,3) WATER 210 UG/L 

VOA Vinyl Chloride AIR 0.012 UG/M3 

VOA Vinyl Chloride CROL-SOIL 0.01 MG/KG 

VOA Vinyl Chloride CRQL-WATER 1 0 UG/L 

VOA Vinyl Chloride SOIL 0.013 MG/KG 

VOA Vinyl Chloride WATER 2 UG/L 

VOA I Xylene (Total) AIR UG/M3 

VOA CRQL-SOIL 0.01 MG/KG ·_ X~lene {Total} 
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VOA Xylene (Total) CROL·WATER 1 0 UG/L 
VOA Xylene (Total) SOIL 160000 MG/KG 
VOA Xylene (Total) WATER 10000 UG/L 

1156 rows selected. 
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APPENDIX 8 

Material Disposal Area P Closure Plan 
Revision 0, February 1995 

DATA EVALUATION AND METHODOLOGIES FOR DEVELOPING SITE-SPECIFIC 
PRELIMINARY REMEDIAL GOALS TO DEMONSTRATE CLEAN CLOSURE 

8.1 Data Evaluation 

The process for evaluating data from the proposed sampling plan is summarized in Figure B-1 . 

All data will first be qualified per quality assurance/quality control (QA/QC) requirements. The 

OA/OC evaluation will be based on the Material Disposal Area (MDA)-P Quality Assurance Plan. 

The level of uncertainty associated with estimated (e.g., J-flagged data) values and the potential 

effect this may have on the decision-making process will be discussed. Those data that do not 

meet the QA/QC criteria will be rejected. If the rejection of the data results in less than the 

minimum number of three samples within the selected exposure unit(s), additional sample(s) will 

be analyzed.· If a risk assessment is required, a minimum of three samples are needed to 

develop an upper confidence limit (UCL) of the mean (95% UCL of the mean), which is used in 

estimating exposure and potential risk. Although a risk assessment could be conducted using 

one or two samples per exposure unit, the uncertainty associated with that analysis is greatly 

reduced by using at least three samples. 

8.2 DESCRIPTION AND USES OF SITE-SPECIFIC PRELIMINARY REMEDIAL GOALS 

Site-specific human health preliminary remedial goals (PRGs) are site-specific risk-based 

concentrations that can be used to screen constituents in environmental media, trigger further 

investigation, and provide initial cleanup goals. Similar to screening action levels (SAL), PRGs 

focus on dominant exposure pathways, can be used as a screening tool, and do not address 

ecological concerns. However, specific PRGs may be developed to reflect site-specific direct

exposure conditions (inhalation, ingestion, dermal exposure) under specific land-use conditions 

(e.g., continued industrial land use) and may be used as initial cleanup goals. In addition, PRGs 

for soils include all pathways (including dermal absorption) for direct exposures; SALs for soils 

do not include the dermal pathway. As with constituent concentrations that exceed SALs, those 

S95021j.MOP B-1 
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constituent concentrations that exceed PRGs do not, in themselves, mean that there is an 

unacceptable health threat, only that these constituents should be evaluated further. 

8.3 APPROACH 

PRGs for the MDA-P site will be developed for any constituent in. the Phase 2 shallow grid 

samples that exceeds SALs (i.e., the SAL comparison ratio [maximum concentration/SAL] 

exceeds 1 ) and for those constituents whose summed SAL comparison ratios exceeds 1 for a 

specific target organ or effect (e.g., cancer risk) (see Section 6.1.1.2 for discussion). 

The PRGs will be developed for a reasonable maximum exposed (RME) individual (i.e., a healthy 

working adult) based on EPA equations (EPA 1991 and EPA 1994} and default input parameters 

(EPA 1991 a) modified using site-specific information under a continued industrial land use 

scenario. 

This approach is considered to be conservative for the following reasons. Currently and 

following excavation, the land is expected to remain at a 30-degree incline. Continued slumping 

and mass wasting is occurring at the site. Thus, the potential for building on the site without 

substantial stabilization, including the importation of several thousand cubic feet of clean fill, is 

highly improbable. 

The PRGs will use the most current sources of EPA-approved toxicity criteria such as the 

Integrated Risk Information System (IRIS), the Health Effects Assessment Summary Table 

(HEAST), and the Environmental Criteria and Assessment Office (ECAO). Should no toxicity 

criteria be available from the primary source of information (i.e., IRIS) for a specific route of 

exposure (i.e., inhalation or oral), the other two sources (HEAST and ECAO) will be consulted. 

Should toxicity criteria be available for only one route of exposure (i.e., either inhalation or oral), 

the missing toxicity criteria will be derived from the available route-specific toxicity criteria for that 

constituent. 

The PRGs will be compared with maximum constituent concentrations within each exposure unit, 

which is approximately 2000 square meters (m2) in area. The Laboratory has identified a total 
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of 6 possible exposure units within the exposure area (Figure B-2). The dimensions of each 

exposure unit are based on the size a small industrial building, (approximately BOO m2) within the 

exposure unit, which reflect a 40% coverage of the exposure unit. This coverage is similar to 

requirements for other structures in the Los Alamos County Building Code 17.42.010 [LAC 1991 ]). 

If the maximum concentration of each constituent within an exposure unit exceeds its PRG (i.e., 

the PRG comparison ratio [maximum concentration/PRG] for the individual constituent exceeds 

1) or the sum or the PRG comparison ratios for a specific target organ or effect (e.g., cancer risk) 

exceeds a target value of 1 , then a baseline risk assessment will be conducted in accordance 

with EPA guidance (EPA 1989, EPA 1991a, and EPA 1992). 

8.4 PRG EQUATIONS 

The equations used to calculate the PRGs for carcinogenic and noncarcinogenic contaminants 

is presented in Equations 1 and 2. Calculations of PRGs are consistent with Risk Assessment 

Guidance for Superfund (RAGS) Part B (EPA 1991) but also consider updates to the RAGS Part 

B equations (EPA 1994). The methodology backcalculates a soil and air concentration from a 

target cancer risk value of 1 o-4 (i.e., 1 in 1 0,000) for industrial exposure conditions or a target 

hazard quotient of 1 for noncarcinogens. The equations for soil combine across pathways for 

direct exposure (i.e., ingestion, skin contact, and inhalation). 

To calculate soil PRGs, the cancer slope factor and reference dose (RfD) for dermal exposure 

is calculated in Equations 3 and 4, respectively. For volatile chemicals in soil, a chemical-specific 

volatilization factor is calculated in Equation 5. 

S95021j.MOP B-4 
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Equation 1 : Direct Exposures to Carcinogenic Constituents in Industrial Soil 

C(mg/kg) = 

Where: 

C{mg/kg) = Preliminary remedial goal for soil based on exposure to carcinogenic constituents (mg/kg) 

TR = Target cancer risk (unitless) 
Considered to be , X , o-4 

= Body weight, adult (kg) 
Considered to be 70 kg (EPA 1991a) 

AT
0 

= Averaging Time- cancer (years) 

ABS 

S95021j.MDP 

Considered to be 70 years (EPA 1991a) 

= Exposure Frequency -occupational (d/y) 
Considered to be 200 d/y 
Based on 250 d/y (EPA 1991a) minus 50 workdays when soil is wet or covered with snow 

= Exposure duration - occupational (years) 
Considered to be 25 years (EPA 1991a) 

= Soil ingestion - occupational (mg/day) 
Considered to be 50 mg/day (EPA 1991a) 

= Cancer slope factor-oral (mg/kg-d)"1 (IRIS, HEAST, or ECAO) 

= 25% Surface area, adult (cm2) 
Considered to be 5000 cm2 (EPA 1992) 

= Cancer slope factor-dermal (mg/kg-d)"1 

(See Equation 3) 

= Skin absorption 
Considered to be 0.1 for organics (EPA 1994) 
Considered to be 0.01 for inorganics (EPA 1994) 

= Inhalation rate- adult (m3tday) 
Considered to be 20 m3tday (EPA 1991a) 

= Cancer slope factor-inhalation (mg/kg-d)"1 (IRIS, HEAST, or ECAO) 

= Volatilization factor for soil (m3tkg) 
{See Equation 5) 
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Equation 2: Direct Exposures to Noncarcinogenic Constituents in Industrial Soil 

C(mg/kg) = 
1 IRS 1 SA xABS 1 IRA 

Where: 

C(mg/kg) 

THO 

RfDO 

IRSO 

RfDd 

SA
8 

ABS 

RfDi 

IRA
8 

VFS 

S95021J.MDP 

EF xED [ (--x 0 
) + (--x a ) + (--x--a)] 

0 0 RfD0 106mg/ kg RfDd 106mg/ kg RfDi VF5 

= Preliminary remedial goal tor soil based on exposure to noncarcinogenic constituents (mg/kg) 

= Target hazard quotient (unitless) 
Considered to be 1 

= Body weight, adult (kg) 
Considered to be 70 kg (EPA 1991a) 

= Exposure duration - occupational {years) 
Considered to be 25 years (EPA 1991a) 

= Exposure Frequency- occupational (d/y) 
Considered to be 200 d/y 
Based on 250 d/y (EPA 1991a) minus 50 workdays when soil is wet or covered with snow 

= Reference dose-oral (mg/kg-d) (IRIS, HEAST, or ECAO) 

= Soil ingestion - occupational (mg/day) 
Considered to be 50 mg/day (EPA 1991a) 

= Reference dose-dermal (mg/kg-d) (IRIS, HEAST, or ECAO) 
(See Equation 4) 

= 25% Surface area, adult (cm2) 
Considered to be 5000 cfn2 (EPA 1992) 

= Skin absorption 
Considered to be 0.1 tor organics (EPA 1994) 
Considered to be 0.01 tor inorganics (EPA 1994) 

= Reference dose inhalation (mg/kg-d) (IRIS, HEAST, or ECAO) 

= Inhalation rate- adult (m3tday) 
Considered to be 20 m3tday (EPA 1991a) 

= Volatilization factor tor soil (m3tkg) 
(See Equation 5) 
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Equation 3: Dermal Cancer-Slope Factor (CSFd) Based Upon Absorbed Dose 

Cancer slope factors based upon administered doses will be adjusted for absorption to obtain estimates 

of potential dermal cancer-slope factors (1992). Where absorption factors and oral cancer slope factors 

are available, dermal cancer-stope factors will be calculated using the following equation: 

Where: 

CSF absorbed = 
CSF administered = 
Abs = 

CSF absorbed 
= CSFadministered 

Abs 

cancer -slope factor based on absorbed dose 
oral cancer-slope factor 
oral absorption factor 

Equation 4: Dermal Reference Dose (RfDd) Based Upon Absorbed Dose 

Reference doses based upon administered doses will be adjusted for absorption to obtain estimates of 

potential dermal reference doses (1992). Where absorption factors c: "1 oral reference doses are available, 

dermal reference doses will be calculated using the following equai.1on: 

Where: 

RfD absorbed = 
RfD admrnrstered = 
Abs = 

S95021j.MOP 

RfD absorbed = RfD administeredxAbs 

reference dose based on absorbed dose 
oral reference dose 
oral absorption factor 
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Equation 5: Derivation of the Volatilization Factor 

Where: 

VF = 
LS = 

v = 

DH = 

A = 

Dei = 

pa = 

pi = 

e = 

B = 

Ps = 

S95021j.MDP 

VF(m 3 /kg) = LSxVxDHx (1txcxxT)l/2 

A 2xD
8 ixPaxKa5 xl0-3 kg/ g 

ex = 
P+ a 

Volatization factor (m3/kg) 

Length of side of contaminated 
area (m) Considered to be 45 m 

Windspeed in mixing zone (m/s) 
Considered to be default of 2.25 m/s 

Diffusion height (m) 
Considered to be default of 2 m 

Area of contamination (cm2) 
Considered to be 20,000,000 cm2 

Effective diffusivity (cm2ts) 
Considered to equal to Di(P a 3·33tPi2) 

Air-filled soil porosity (unitless) 
Considered to be equal to PreB 

Total soil porosity (unitless) 
Considered to be equal to 1-(B/P a> 

Soil moisture content 
(cm3-water/g-soil1 Considered to be 
default of 0.1 em -water/g-soil 

Soil bulk density (g/cm, 
Considered to be default 
of 1.5 g/cm3 

True soil density or particle density 
(g/cm, Considered to be default 
of 2.65 g/cm3 

DeixPa 
(p

5
) (1-Pa) 

Kas 

Kas 

T 

Di 

H 

~ 

oc 

B-9 

= Soil-air partition coefficient 
(g-soil/cm3 -air) 
Considered to be equivalent to 
(H/K.) x 41 (41 is a convers1on 
factor) 

= Exposure interval (s) 
Considered to be 28,800 s (8 hr) 

= Diffusivity in air (cm2ts) 
Chemical-specific 

= Henry's Law constant (atm-m3tmol) 
Chemical-specific 

= Soil-water partition coefficient (cm3tg) 
Koc><OC 

Organic carbon content of soil 
(fraction) Considered to be default 
of 0.02 
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PHOTOGRAPHS OF THE MDA-P WASTE PILE 
AND SURFACE RUN-ON CONTROL TRENCH 
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VADOSE ZONE MONITORING OBSERVATIONS AT TA-16 AREA P LANDFILL 
(EXCERPTED FROM McLIN 1989) 
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~OSB ZONE MONITORING 08SERV1TIONS 
-

A'l' 'l'HB TECHNICAL AREA 16 AlU:A P LANDFILL 

by 

Stephen G. McLin 

ABSTRACT 

A vadose monitoring system consisting of eight separate wells clustered together into four well nests was installed into and below the landfill at Technical Area 16 (TA-16) Area P during the fall of 1988. Each well nest consists of either a single or duel completion pressure-vacuum lysimeter borehole, and an adjacent neutron moisture access well. The four lysimeter boreholea contain a total of seven independent lysimeters located at varying depths in and below the landfill, while the neutron access wells penetrate into the underlying native Bandelier tuff down to a maximum depth of 30 feet. 

Soil and tuff core samples collected during these installations indicate that barium in excess of 18,000 mg/1 is present in the eastern half of the landfill, while the western portion has barium below detection limits. This barium occurs as barium oxide in whi~ crystalline stringers of wastes located several feet below t surface. These wastes originated from barium nitrate contaminated sands associated with HE waste processing and disposal operations dating from the 1950s. At least some of this ·barium has been mobilized by infiltrating precipitation, and has penetrated to a depth of approximately 19 feet, or at least six feet below the landfill bottom. Four of the seven lysimeters have yielded small volumes of water at routine sampling intervals over a one year period; all of these lysimeters are adjacent to landfill materials. Barium concentrations in these water samples ranged from 1.1 to 37.8 mg/1, and averaged 9.23 mg/1. The three remaining lysimeters that did not yield water are all located below the landfill-tuff contact. 

Monthly neutron moisture access well measurements from March to September 1989 have shown a consistently stable moisture distribution in four landfill access wells, and five perimeter access wells. The volumetric moisture contents over depth from individual landfill access wells are considerably higher than for the perimeter wells. Background volumetric moisture contents typically exceed 15% in the top one foot, but quickly drop below 5% at 4 feet, and remain relatively constant down to 170 feet. However the eastern landfill wells show moisture contents between 15 to 25% above the landfill-tuff contact, and between 15 to 20% in the tuff. Western landfill wells show similar moisture contents compared to those in the east, but higher moistures extend to greater. depths Western portions of the landfill have waste and fill deposits the are thicker than in the east, and contain more clayey materials. 
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I. IN'l'RODOC'l'ION 

An industrial landfill, located in Technical Area 16 Area p (TA-16 Area P) at the Los Alamos National Laboratory (LANL), was actively used from the early 1950s until about 1985. At that time several landfill soil samples revealed the presence of barium in excess of Extraction Procedure (EP) toxicity limits defined in 40 CFR 261.24, and the landfill was subject to regulation under the Resource Conservation and Recovery Act (RCRA) of 1976, as amended. The vadose zone monitoring activities described herein were conducted in support of the main aquifer ground-water monitoring waiver demonstration (McLin and Purtymun, 1988) ari_d the interim status closure and post-closure care plans (Delta H Engineering, 1985; HSE-8, 1988); these latter two documents have been submitted to the New Mexico Environmental Improvement Division (NMEID) . 

There is very little documentation of the types or quantities of wastes placed into the Area P landfill. The site was used in the early 1950s to dispose of burned equipment that had been contaminated with high explosives (HE), and building demolition rubble. The procedure for handling HE-contaminated equipment and wastes has been relatively constant over the years; the notable exception is that sand-covered burn pads have recently been supplemented by fire-brick lined metal trays that are elevated above the ground surface. Initially any equipment or waste debris that is potentially HE-contaminated is partially disassembled and all surfaces are cleaned. This equipment is then taken to a sandcovered burn pad (i.e., Pad No. 387) and flashed, along with other combustible material needed to support the fire. Currently any waste HE residues are flashed in a fire-brick lined metal tray (i.e. Pad No. 388) or in pressure sand filters (i.e., Structure Nos. TA-16-401 and 406). After the thermal treatment, waste equipment and debris are inspected for any unburned HE residue. Before 1985 all flashed HE-free wastes, including the burn pad sands, were removed from the flash or burn pads and placed in the landfill. Since 1985 all ash wastes have be drummed after thermal treatment and transported to TA-54 for subsequent disposal. The source of elevated barium in the waste residue is barium nitrate that was used in the formulation of some HE materials. Barium concentrations in the sand wastes vary with barium nitrate concentrations in the HE, and with HE concentrations in the wastes. At elevated temperatures associated with the thermal treatment process, nitrates would be reduced to volatile oxides of nitrogen, and would tend to be abs~nt in the ash. 

The Area F landfill (Figs. 1 and 2) is located in a topographic saddle on a short, east-trending narrow mesa. This saddle is near the southern rim of Canon de Valle immediately north of the TA-16 thermal treatment pad number 387. The elliptically shaped landfill is about 170 wide in the north-south direction, and 400 feet long in the east-west direction; it contains an estimated 13,000 cubic yards of waste construction debris, crushed tuff and sandy clay fill material, and barium contaminated sands. Landfilling activities progressed from west to east. The western portion was closed by 
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Fiqure 1. Site map of TA-16 Area P. Boreholes are marked with crosses, numbered P-O through P-20, and L-17 through L-20. Additional crosses are survey marks (after Brown, et al., 1988). 
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Fiqure 2. Map of three cross sections of waste disposal Area P showinq locations of oriqinal and present land surfaces relative to elevation of 7400 feet. Cross sections A, B, and C are roughly north-south transects located immediately west of the landfill, throuqh the middle of the landfill, and throuqh the middle of the east portion of the landfill, respectively (after Nyhan, 1989) . 
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leveling and coyering wastes with crushed tuff and sandy c~ay sci· These leveling _ operations resulted in some landfi:l deb:.. ""' overflowing the canyon rim along the northwest quadrant. Earlier investigations, including a site geological characterizati~n (Brown, et al. 1988) and a water balance study (Nyhan, 1989), ha~e reported that waste deposition reaches only 30 to 40 feet back from the canyon rim, and extends down the slope to the canyon floor. However, results from this study indicate that waste deposition extends at least 100 feet back from the existing c~~yon rim; furthermore, barium wastes may or may not be present in ~he entire landfill area. Elevations across the landfill vary from a.bout 7,350 feet above mean sea level in the canyon bottom, to about i,450 feet at the landfill top. 

The western portion of the landfill has been naturally =evegetated with grasses, wild rose, wormwood, oak brush, and juniper. There are occasional protrusions of concrete rubble, steel pipe, and metal that aids in binding the mass together. In the recen~ly active eastern portion, fill has progressed from south to north with cover soil being added as the fill advanced. Wastes on the no~hern face of the landfill are exposed, and no appreciable natural revegetation has occurred in the eastern portion. 

I I • GEOLOGY A'l' AREA P 

The regional and site geology of the Area P landfill previously reported in detail (Brown, et al., 1988). brief geological summary is presented here to assist the understanding site drilling logs presented in this report. 

has been 
However a 
reader in 

There are about 1, 230 feet of unsaturated Bandelier Tuf~ and Puye fanglomerates with interbedded volcanics underlying the mesa at TA-16 (Purtymun, 1984; Purtymun and Stoker, 1987; and McLin and Purtymun, 1988). The thickness of the tuff is at its max~um along the western edge of Pajarito Plateau, roughly delineated by New Mexico Highway 4 west of LANL and the TA-16 entrance gate. This tuff gradually thins to about 600 feet in thickness nea= the Rio Grande located approximately 10 miles to the east. The t~ckness of the unsaturated tuff and sediments below the TA-16 area is indicated below in Table 1. 

The 950 feet of unsaturated tuff beneath the mesa at TA-16 consists of quartz and sanadine crystals and crystal fragments, and small rock fragments of latite, rhyolite, and pumice in a glassy gray ash matrix. The degree of welding in the tuff increases westward across the plateau toward the source area at Valles Caldera. This increase in welding reduces the porosity and capillary size of the pores. It is also likely that the hydraulic transmitting characte=istics of the unsaturated tuff are also reduced with increased degrees of tuff welding (Abeele, 1984; and Stephens, 1988) . 
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Table l. Geolog~c Section at TA-16. 
Geologic Section-

BANDELIER TUFF 
Tshierege Member 

Unit 3 . .................................... . Unit 2 ............... ~ ..................... . Unit 1 ..................................... . Otowi Member ................................. . Gua je Member . ................................ e: • 

PUYE CONGLOMERATE 
Fanglomerate with interbedded volcanics ...... . 

TESUQOE FORMATION 
Siltstones and sandstones, occasional conglomerates interbedded with volcanics, 

Thickness 
(ft) 

190 
150 
360 
210 

40 

500 

earlier volcanics, and sediments ............ 2,000 
PRECAMBRIAN 

Basement rocks ................................ unknown 

Depth 
(ft) 

190 
340 
700 
910 
950 

1,450 

3,450 

+3,450 

In order to establish the shallow subsurface geology at Area P, 17 boreholes (numbered P-0 through P-16) were drilled in the fall of 1987. In addition, 13 auxiliary boreholes were drilled in the fall of 1988 (numbered P-17 through P-20, L-17 through L-20, and B-1 through B-5). ~l of these drill logs are contained in Appendix A of this report and in HSE-8 (1988); all borehole locations are shown in Fig. l. A rotary drilling technique utilizing air and either 4 or 6 inch continuous flight auger were employed. Continuous drill cuttings were recovered with the 4-inch solid-stem auger, while the 6-inch hollow-stem auger allowed continuous core recovery when a split-spoon sampler was employed. Lithologic logging was done for each borehole; however, logs from continuously cored holes are more accurate. Each log description was based on the following characteristics: (l) color; (2) degree of welding; (3) shape and abundance of pumice lapilli; and (4) distribution of lithic fragments. Four distinct types of welding were recognized during drilling operations, and included: 

1. Nonwelded: High porosity, low cohesion of glassy fragments, and crumbly texture. In core samples, this can be recognized by disaggregation and little or no flattening of pumice lapilli. 
2. Moderately Welded: Less porosity, moderate cohesion, brittle texture, and slight deformation of glassy fragments. In core samples, this texture crumbles easily in the hand and contains some noticeably flattened pumice lapilli. 
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3. Welde_d: Low porosity, good cohesion, brittle texture, noticeable deformation of glassy fragments. This text~ . .:·e normaliy requires a hammer to break, and the majority of pumice fragments are noticeably flattened. 
4. Densely Welded: Texture noticeably impedes or halts drilling, with little or no drill-bit penetration and poor core recovery. 

Two major lithologic units of the Bandelier -Tuff were identified at Area P during drilling operations (Fig. 3 and Table 1) . The uppermost Unit 3 consists of four individual ash flows that appear to have cooled contemporaneously, forming a single compound unit. These ash flows were designated by Brown, et al. (1988) as Subunits 3a, 3b, 3c, and 3d (bottom to top). Unit 3 rests conformably above Unit 2, the lowermost unit encountered. !n general, the Bandelier Tuff dips 2 to 5 degrees toward the east; however, at the landfill no dip was apparent and the units are essentially horizontal and of uniform thickness. 

Subunit 3a consists of a welded dark yellowish brown tuff, with rare pumice lapilli that are slightly flattened. This subunit also contains abundant pebble-sized red porphyritic quartz latite and gray rhyolite lithic fragments. The ratio of quartz to rhyoli., increases towards the base of the subunit. The contact bet we Subunit 3a and the underlying Unit 2 tends to be densely welded in the vicinity of the landfill, but is nonwelded farther east near p-12. 

Subunit 3b consists of a welded pale yellowish brown tuff, with common gray and red pumice lapilli that are noticeably flattened. This subunit also contains rare pebble-sized rhyolite lithic fragments. This subunit weathers to a dark brown, and may also contain abundant clayey pumice lapilli. 

Subunit 3c consists of a moderately welded brownish gray to yellowish brown tuff, with common gray pumice lapilli that are noticeably flattened, and rare pebble-sized rhyolite lithic fragments. Clay-filled vertical fractures are common throughout this subunit. The contact between 3c and 3d tends to be densely welded. 

Subunit 3d outcrops along the higher rim of the topographic saddle at the lanafill, and consists of a moderately welded yellowish brown tuff, with rare pebble-sized rhyolite lithic fragments ans common gray pumice lapilli. Subunit 3d is overlain by scattered deposits of El Cajete Pumice. 

Locally, Unit 2 consists of a welded to densely welded tuff, light gray to pinkish gray in color, with common pumice lapilli an pebble-sized rhyolite fragments. Because of this dense welding, the 
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drill bit was Qnly able to penetrate the upper 5 to 10 feet of t unit. 

Additional hydrogeological information from the Area P landfill is contained in the Delta H Engineering (1985) closure plan, the HSE-8 closure plan modifications (HSE-8, 1988), McLin and Purtymun (1988), and Stephens (1988) . 

III. SHALLOW ~OSB ZONE MONITO~NG SYSTEM 

The geological profile extending from the ground surface downward to the upper surface of the principal water-bearing formation has been defined as the vadose zone (Everett, et al., 1984). These authors present an extensive discussion on field methods for monitoring pollution movement in the vadose zone at active or abandoned sites. According to this source, ceramic-type suction samplers are the best available technology for in-situ sampling of unsaturated media. In fact, it is not physically possible for saturated monitoring systems to extract water from the vadose zone because water held here is below atmospheric pressure. Hence a coupled network of pressurevacuum lysimeters and neutron moisture access wells was installed at the Area P landfill to supplement the existing ground-water monitoring system and neutron moisture access wells. This vadose zone monitoring system is described below. 

Of the 17 boreholes drilled in the fall of 1987 (HSE-8, 1988), eight were completed as saturated monitoring wells (i.e, boreholes P-1, and P-3 through P-9 in Appendix A), 5 were completed as neutron moisture access wells (i.e., boreholes P-0, P-12 through P-14, and P-16), and 4 were sealed closed (i.e., boreholes P-2, P-10, P-11, and P-15) after logging. In the fall of 1988, 13 additional boreholes were installed to complete a vadose monitoring system. Each of these boreholes penetrated through the landfill and into the underlying native Bandelier tuff. These boreholes were completed as a coupled network of seven pressure-vacuum lysimeters utilizing multiple completions in four boreholes _(i.e., boreholes L-17 through L-20), four neutron moisture access wells (i.e., boreholes P-17 through P-20), and five exploration boreholes (i.e., B-1 through B-5) that were plugged and abandoned after logging. Completion summaries are provided for each of these in Appendix A. 
The pressure-vacuum lysimeter and neutron moisture access boreholes were completed as two-well nests, with approximately six to eight feet of horizontal separation between nest boreholes to avoid interference effects. Hence lysimeter L-17 is within eight feet of neutron moisture access well P-17, and so on for the other three nests (i.e., numbered 18 to 20). The 4.0 inch diameter neutron moisture access boreholes were cased with 12 foot lengths of 2. 50 inch O.D. seamless aluminum tubing having a 0. 049 inch waV thickness. Two 12 foot sections of tubing were welded together int a single 24 foot section, and these 24 foot sections were joinea together using a two-inch stainless steel coupling with internal 
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neoprene liner;. the bottom section of tubing contained an end-cap plug. The remaining 0. 75 inch borehole annulus was filled with a fine to medium g-rained silica sand to provide uniform density and compaction. A concrete surface seal and protective top-cap were installed to prevent any borehole infiltration. 

Each lysimeter borehole was cored with 6-inch hollow-stem auger and split-spoon sampler. Multiple pressure-vacuum lysimeter depth locations were identified ·from core samples in the field; individual completion details are listed with the drilling logs in Appendix A. All lysimeters were manufactured by Soilmoisture Equipment Corporation, model number 1940. A lysimeter schematic is shown in Fig. 4. For wells P-17, P-18, and P-20, one lysimeter was placed at a depth slightly above the landfill-tuff contact, and a deeper lysimeter was placed below this contact. For well P-19, only a single lysimeter was installed above the landfill-tuff contact. The borehole annulus surrounding each lysimeter was filled with a fine to medium pure silica sand. A one to two foot concrete seal was installed between each lysimeter to prevent borehole infiltration, and a concrete surface seal and locking steel cap was also installed. 

During borehole coring and drilling operations, landfill soil and undisturbed tuff samples were collected for barium, nitrate, and residual explosives analyses. Barium was analyzed using the EP toxicity test procedure specified in 40 CFR 261 Appendix II, and represents barium solubility in a mixture agitated for 24 hours at 20 to 40 degrees Celsius. This mixture has a constant pH of 5.0, and consists of soil, deionized water, and 0.5 N acetic acid. Since precipitation in Los Alamos County typically has a pH of about 5.5 to 6.5, this procedure provides a crude indication of barium leaching potential in the landfill. All of these chemical data are summarized in Appendix B. 

rv. MOIS'l'OU AND 1fA'l'D QOALI'l'Y DATA 
-At periodic intervals, each lysimeter was evacuated to approximately 50 centibars (cb) vacuum pressure (equivalent to 15 inches of mercury or 7. 4 psig) • This vacuum pressure was maintained for approximately one week before a water sample was collected. Four of the seven lysimeters have yielded water using this procedure, although at sporadic intervals coinciding with heavy precipitation or snow melt periods. All of the lysimeters located in the undisturbed tuff have consistently failed to yield any water, while the landfill lysimeters have yielded small volumes (i.e., less than 25 ml) on occasion. When sufficient water volumes could be collected, they were analyzed for barium and nitrate. Results of these chemical analyses are shown in Appendix C. 

During the fall of 1988, a stream sampling survey was conducted along Canon de Valle upstrea."n of Area P to New Mexico Highway 4. Stream water and sediment samples were collected at periodic 
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distances for barium and nitrate analyses; results are summari:~d in 
Appendix 0. These data suggest that the NPOES ·outfall at :-A-16 
Building 260 is a primary source of observed barium contaminat~:n in 
both surface waters and sediments in Canon de Valle at the la~~fill 
boundary. 

Since March 1988, all of the neutron moisture access wells were 
tested monthly for moisture contents using a model 503-0R hydrc~=obe 
manufactured by Campbell·Pacific Nuclear Corporation. This moisture 
gauge contains a Cesium-137 and Americium-241 sealed high e:-.ergy 
neutron source, and a slow thermal neutron detector. Its desi~ is 
based on the principal that any hydrogen present in the vadose-zone 
opposite the cased wellbore will attenuate the fast moving neu~=ons 
from the probe source and be detected. This probe is capab:.~ of 
producing raw data in the form of neutron counts, or a varie-:y of 
calibrated moisture content readings corresponding to these co~!ts. 
The probe was factory calibrated to pure silica sand at a densi-:y of 
2.65 grams per cubic centimeter (gm/cc) over the moisture range from 
dry to fully saturated. It was also calibrated to crushed Bandelier 
tuff by HSE-8 personnel at a density of 1. 45 gm/cc over the same 
moisture range following the procedure of Nyhan, et al. (1933). 
Neutron moisture data were recorded in neutron counts, and later 
converted to volumetric moisture contents for this report using the 
factory calibration curve. Since all of the calibration curves were 
nearly identical (see Appendix E), the factory curve was used for 
these data conversions. In addition, it should be noted that the 
landfill materials have a density midway between that for Bande:ier 
tuff and silica sand. 

Monthly volumetric moisture contents recorded in individual neu~ron 
moisture access wells did not vary significantly during the period 
from March to September 1989. The six month average volume~ric 
moisture content versus depth for each well is shown in Figs. F-: to 
F-14 in Appendix F; each figure also shows the maximum and min~~um 
moisture values recorded at each depth over the six-month peri.od. 
The tabulated volumetric moisture data is also shown in Appendi.x F 
for future reference. 

For background well P-12 in Figs. F-3 and F-4, one should interpret 
the maximum-minimum moistures as an approximate instrument error 
band, and not as actual moisture fluctuations. However, for ~he 
remaining wells, small temporal moisture fluctuation are appare..:1t. 
These observations suggest that the landfill-tuff contact is expcsed 
to a small but dynamic system of moisture infiltration, and that ~he 
dynamic equilibrium between moisture contents, unsaturated hydraulic 
conductivities, and infiltration rates increases toward the surface 
and decreases with depth. This equilibrium is obviously control:ed 
at the surface by evapotranspiration and precipitation. Sti:l, 
individual moisture profiles depicted in Figs. F-1 to F-14 ~re 
approximately at steady state conditions, and transient moist·...:re 
fluctuations at depth can not be adequately measured at the mont~ly 
time interval utilized here. Hence these observations also suggest 
that average moisture profiles for individual neutron wells have ~ot 
significantly changed below about 5 to 10 feet (i.e., in the lover 
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portions of the landfill and in the undisturbed tuff below landfill) durin.g the past six months at this site. 

V. CONCLUSION AND RECOMMENDATIONS 

After a detailed review of the Appendices section of this report, been reached. 

information presented in the 
the following conclusions have 

l. Barium concentrations as high as 18,000 mg/1 were detected in landfill core samples using the EP toxicity method. All of these elevated barium concentration levels were from samples collected in the eastern half of the landfill. Samples from the western portion of the landfill exhibited barium concentration levels below the detection limit at 5 mg 11 . A clear delineation of barium concentration levels in the eastern and western portions of the landfill has not been made. These same core samples also indicate that nitrate concentrations in the landfill are at or below 2.6 mg/1. 

2. There is evidence that at least some barium contamination has occurred below the landfill near boreholes B-4 and L-17. Elevated barium levels were recorded in core samples from the undisturbed tuff in these boreholes to a depth of 19 feet, a~ represent at least 6 feet of barium penetration into the tuff 
3. Barium concentration levels in sediment and water samples collected in Canon de Valle immediately upstream and downstream of the landfill indicate that extensive soil erosion from the landfill may not be a significant problem. Results from a single stream sampling survey indicated that the majority of barium present in Canon de Valle has probably originated from the NPOES outfall at Building 260, located approximately 1,700 feet upstream of Area P. Additional stream sampling is required to verify temporal landfill erosion potential. 
4. Four of seven pressure-vacuum lysimeters installed within and below the landfill have yielded at least some water. Three of these water yielding lysimeters are within the eastern portion of the landfill, and the forth is in the western portion. Recovered water volumes range from 1 to 25 milliliters (m.l) after one week of 50 centibar (cb) vacuum pressure, indicating that at least some precipitation infiltration has penetrated into the landfill. Lysimeter locations that have yielded water correspond to volumetric moisture readings above 20%, while lysimeter locations not yielding water have volumetric moistures below 20%. Several imaginary horizontal planes throughout the landfill consistently have moisture contents above 20%, but do not have any lysimeters installed nearby. Barium concentrations in recovered lysimeter waters ar generally less than about 3 mg/1, suggesting that extensive barium mobilization has not occurred. However, one of the 
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first lysimeter water samples showed barium as high as 37. 8 m?lt. Thi~ elevat~d barium level was probably creared j n response to lysimeter water additions during well completion; these municipal water supply additions are required for proper installation. All of the lysimeters that have yielded water samples are located within the landfill, while those that have not yielded any water are completed into the underlying tuff. 

5. All of the soil and core samples listed in Table B-1 (Appendix B) were field screened for residual explosives contamination. Twelve of these samples that showed a slightly positive indication were submitted to the M-1 Analytical Laboratory for detailed analyses using a high pressure-liquid chromatography procedure (Baytos, 1989); results of these tests are summarized in Tables B-3 and B-4 (Appendix B). The residual explosives content from replicate samples for all cases was below the 1.68% level. These results suggest that landfill materials do not contain a dangerously high level of residual explosives contamination. However, landfill waste deposition activities were never fully documented. Hence there remains an unknown element of risk at this site with regard to landfill excavation. 

6. Unsaturated core samples recovered from the shallow tuff immediately south of the landfill were tested for saturated and unsaturated hydraulic transmitting characteristics in 1987 (Stephens, 1987). These data indicate that the shallow tuff has a saturated hydraulic conductivity approaching that of the main aquifer located some 1, 230 feet below ground surface. However, because this tuff is unsaturated, its relative (i.e., unsaturated) hydraulic conductivity is three to six orders of magnitude below its saturated value. Hence the downward movement of water in the vadose zone is greatly restricted. In addition, there are several densely welded tuff units at depths under the landfill that have lower unsaturated hydraulic conductivity versus moisture content relationships than these shallow cores. However, if this shallow tuff material ever becomes fully saturated, it will readily convey water vertically downward to deeper flow restricting units at a rapid rate. It should also be recognized that the Area P landfill has no engineered under-liner; however, a thin natural clay layer may be present immediately above the unsaturated tuff and below the landfill. 

7. Neutron moisture access wells that penetrate the landfill (i.e., P-17 through P-20) consistE.<ntly have shown a higher volumetric moisture inventory over depth than those neutron wells completed elsewhere. In addition, these landfill wells have consistently shown a higher moisture inventory in landfill materials than in the underlying native tuff. Well P-12, the background neutron moisture access well, has shown the lowest moisture inventory of all wells over its entire depth. Well PO is immediately south of the TA-16 surface impoundment, and its moisture inventory over depth may have been influenced by 
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impoundmen_t precipitation seepage because the hypolon liner -all wastes were removed in 1988. Wells P-13, P-14, and p are locate£ to the immed.:..a~e south and west of the Area P landfill. These landfill perimeter wells have respective moisture inventories that are higher than at P-12, but are consistently lower than la.'"ldfill well moisture inventories. This observation tends to support the conclusion that landfill moisture inventories are t!le result of direct precipitation infiltration through the existing landfill cover, and that landfill infiltration rates are higher than those for surrounding undisturbed areas. Nyhan (19.88), however, suspects that the unlined diversion ditch located_south of the landfill is primarily responsible for the elevated moisture inventory in the landfill. His water balance study was conducted prior to the installation of wells P-17 through P-20, so he has not benefited from these recent data. 

8. While no detailed evaluation of maximum landfill infiltration rates has been made, one can reasonably argue that they are probably on the order of 25 milliliters per week per square foot of surface area (i.e., equivalent to 0.0384 em/sec). This upper limit infiltration rate estimate is equal to the maximum water volume that was ever collected from an individual landfill lysimeter. It is 243 times larger than the maximum saturated hydraulic conductivity value (Stephens, 1988, Table 4) measured in a Bandelier tuff core sample recovered in wel .. 1 P-16 at 7.5 feet below the surface (i.e. sample no. 7-8 Stephens); furthermore, it is about 243,000 times larger than the unsaturated hydraulic conductivity of this same core sample when the moisture content is at 20% (Stephens, 1988, unnumbered figure entitled, "Relative Hydraulic Conductivity vs. Moisture Content, Sample No. 7-8"). One can also argue that landfill infiltration rates are considerably lower in the western portions of the landfill as compared to the eastern portions because eastern landfill lysimeters have consistently yielded more water than western landfill lysimeters. Finally, one can conclude that infiltration rates vary throughout the year, and are probably highest during the spring snow-melt season. 
9. A similar procedure to estimate infiltration rates in the underlying tuff can not be made because these lysimeters never yielded any water. However, if one uses the relative hydraulic conductivity vs. moisture content data of Stephens (1988), the neutron moisture data presented herein, and assumes a unit unsaturated hydraulic gradient for these tuff units, then an infiltration rate can be estimated. One concludes from this procedure that the tuff underlying the landfill is completely restricting all deep infiltration below the landfill. 

The following recommendations are made with regard to the Area · landfill. 
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1. Additiona~ lysimeters should only be installed after an adjacent n~~tron moisture access well has been completed anti moisture readings have been recorded. Preliminary results in this study indicate that lysimeters can extract water from a target horizon only when the moisture content in an adjacent neutron moisture access well exceeds about 20%. Hence neutron moisture access wells can be used as indicators to taraet optimal depth locations for subsequent lysimeter placement. -2. Unsaturated laboratory column leaching studies at infiltration rates typical of those in the landfill would be nelpful in characterizing any future barium mobility from the landfill. This recommendation implies that an average infiltration rate into the landfill should be computed to support these soil column studies. These soil column leaching studies would support the contention that no deep aquifer monitoring below the 1,230 foot interval is necessary. A sufficient volume of these waste barium sands is currently held in drum storage for off-site disposal, and could be used to perform such studies. 3. Two and three dimensional vadose zone flow modeling studies should be used as a supplement the above recommendations, and would assist in the evaluation of alternative landfill cover designs that might eventually be proposed. 
4. Additional vadose zone monitoring wells should be installed through the landfill and into the shallow tuff to supplement the existing monitoring network by giving more spatial coverage over the 1. 5 acre site. During these drilling operations, additional soil samples should be collected so that the areal and vertical extent of barium contamination is completely defined. Furthermore, vadose zone monitoring wells should also be installed on the floor of Canon de Valle immediately north of the landfill. Locations should be similar to the saturated monitoring system that is presently in place, unless the vadose zone modeling efforts indicate more optimal locations are desirable. 
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VII. APPENDICES 

Appendix A. Borehole Logs from TA-16 Area P Landfill 

See Figure 1 for borehole locations 
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DRILLING LOG 

BOREHOLE 
GEOLOGIS'l' 
DATE DRILLED: 
LOCATION 

B-1 
Purtymun & McLin 
August 26, 1988 
Eastern Landfill 

DEPTH DESCRIPTION 

0- 2 Dark brown clay soil, moist 

ELEVATION 
'l'O'l'AL DEP'l'B 
D XAME'l'ER. 
CASING MA'l'B!UAL : 

Not Surveyed 
5 feet 
6.875 in 
Cuttings Fill 

2- s Dark brown sandy clay soil - looks like cover-fill material 

WELL COMPLZ'l'ION SOMIQ.R.Y 

Borehole B-1 was used as an exploration hole; it was then filled 
with bentonite and drill cuttings before being abandoned. No 
samples were collected. 

DRILLING LOG 

BOUBOLB 
GBOLOGIS'l' 
DATE DR.ILLBD: 
LOCATION 

B-2 
Purtymun & McLin 
August 26, 1988 
Eastern Landfill 

DEPTH DBSClUP'l'ION 

o- 2 Dark brown clay soil, moist 

BLZV1'1'ION 
'l'O'l'AL DU'l'B 
DIAMB'l'D 
CASING MA'l'BJUAL: 

Not Surveyed 
4 feet 
6.875 in 
Cuttings Fill 

2- 4 Dark brown sandy clay soil - looks like cover-fill material 

WELL COMPLB'l'ION SQ!GQR.Y 

Borehole B-2 was used as an exploration hole; it was then filled 
·with bentonite and drill cuttings before being abandoned. No 
samples were collected. 
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DRILLING LOG 

BOREHOLE 
GEOLOGIST 
DATE DRILLED: 

:S-3 
Purtymun & McLin 
August 26, 1988 
Eastern Landfill 

ELEVATION 
TOTAL DEPTH 
DIAMETER 

Not Surveyed 
14 feet 
6.875 in 
Cuttings Fill LOCATION CASING !G.TZRIAL: 

DEPTH 

o- 1 

1- 4 

4- 8 

8-13 

13-14 

DESCRIPTION 

Dark brown sandy clay cover, moist 

Mixture of brown clay and sand waste - white .BaO crystals 
95% Core recovery; moderate moisture 

Dark brown sticky clay with some gray sand - waste material 
Fragments of tuff and charcoal throughout 
80% Core recovery; moderate moisture 

Dark brown to black sticky clay with tuff & BaO fragments 
85% Core recovery; optimal moisture; solid tuff in bit 

Tuff; Unit 3d; low moisture 

11BLL CO!GtLB'l'ION SOMMU.Y 

Borehole :S-3 was used as an exploration hole ; it was then filled 
with bentonite and drill cuttings before being abandoned. No 
samples were collected. 
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DRILLING LOG 

BOREHOLE 
GEOLOGIST 
DATE DRILLED: 

B-4 
McLin & Purtymun 
August 30, 1988 
Eastern Landfill 

El.rn.TION 
TOTAL DEPTH 
DIAMETER 

Not Sur-.reyed 
19 feet 
6.875 in 
Cuttings Fill 

LOCATION CASING IQ.'l'ElUAl. : 

DEPTH 

0- 3 

4- 9 

9-14 

14-19 

DESCRIPTION 

Brown clay with black burn debris inclusions 
50% Core recovery, little moisture 
Tests positive for explosive compound~ using field test kit 

Brown clay and sand with black burn debris inclusions 10% Core recovery, very little moisture 

Brown clay and sand mixture with burn debris inclusions 5% Core recovery, very dry 

Tuff, Unit 3d, non-welded, very low moisture 
85% Core recovery; coarse to medium grain size tuff 

WX-12 field representative confirms presence of explosives and drilling operation terminated until M-1 Analytical Lab verified. On 9-l-88 M-1 Lab reported < 1% TNT, HMX, and RDX was present in sample. 

WELL COMPLETION St:JMMaJtY 

Borehole B-4 was used 
recovery; it was then 
before being abandoned. 

as an exploration hole and for sample 
filled with bentonite and drill cuttings 
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BOREHOLE 
GEOLOGIST 
DATE DRILLED: 
LOCATION 

DRILLING LOG 

B-5 
Purtymun & McLin 
September 15, 1988 
Western Landfill 

E~TION 
TOTAL DEPTH 
DIAMETER 
CASING MATEJUAL: 

DEPTH DESCRIPTION 

Not Surveyed 
12 feet 
6.875 in 
Cuttings Fill 

0- l Topsoil of crushed tuff, sand, and clay mixture 

1- 4 

4- 8 

8-12 

Brown crushed tuff cover-fill material 
50% Core recovery; dry 

Brown crushed tuff cover-fill material; moderately dry 60% Core recovery; saturated clay lense 6-7 ft 

Brown dense clay; moderately dry 
90% Core recovery; waste not apparent 

WELL COMPLETION SlJ!.DGRY 

Borehole B-5 was used 
recovery; it was then 
before being abandoned. 

as an exploration hole and for sample 
filled with bentonite and drill cuttings 
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DRILLING LOG 

BOREHOLE 
GEOLOGIST 
DA'l'E DIULLZD : 
LOCATION 

L-17· 
McLin & Purtymun 
September 6, 1988 
Eastern Landfill 

DEPTB DBSCJUPTION 

o- 1 Light brown sandy clay soil 

ELEVATION 
TOTAL DBPTB 
DIAMB'l'BR 
CAS INQ IG.'l'BIUAL : 

1- 2 Dark brown clay with black sandy waste 

Not Surveyea 
19 feet 
6.875 in 
Lysimeters 

2- 4 Black sandy waste with white BaO crystalline stringers 
60% Core recovery 0-4 ft; all moderately dry 

4-11 Light brown clayey sand; wood chips at 9 ft 
Less than 10% core recovery 

11-19 Tuff; Unit 3d, non-welded, lt. brown color 
50% recovery 9-14 ft; 100% recovery 14-19 ft. 

LYSIMII:'l'D. COMPLETION SOMIGJa - DOBL CO!GtLBTION 

LOCKING STEEL CAP IN CEMENT ->KC 
c 
T 
T 
T 
s 

SHALLOW LYSIMETER AT 7 FT --->SL 
ONE FT CEMENT SEAL 7-8 FT ---->C 

T 
T 
T 
T 
s 
s 
s 
s 

DEEP LYSIMETER AT 17 FT ----->SL 
s 
T 

<---- TOPSOIL COVER <---- TOP OF LANDFILL AT 1 FT ., 

<----- BASE OF LANDFILL AT 11 FT <----- TUFF CONTACT AT 11 FT 

<----- TOTAL DEPTH AT 19 FT 

DIAGRAM NOT TO SCALE 

STEEL LOCKING CAP ••.•.••..•• K 
CEMENT SLURRY SEAL .•.••.•••• C 
BACKFILLED TUFF CUTTINGS .... T 
MEDIUM GRAIN SILICA SAND ...• S 
PRESSURE-V-ACUUM LYSIMETER •.. L 
CAVED IN .•. · ...........•..... X 
-----------------------------
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DRILLING LOG 

BORBBOLB 
GB:OLOGIS'l' 
DA'l'E DRILLED: 
LOCATION 

P-1'1 
McLin & Purtymun 
September 21, 1988 
Eastern Landfill 

DEP'l'H DESCJUP'l'ION 

E~'l'ION 
'1'0'1'AI. DEP'l'H 
DIAMB'l'ER 
CASING MA'l'EJUAI. : 

Not Surveyed 
30 feet 
4.00 in 
Aluminum 

0-19 Off-set from L-17 6 ft; see drilling log for L-17 & B-4 

19-30 Tuff; Unit 3d; low moisture; not cored 
Light brown tuff with rhyolite fragments 
Appears to be non-welded to moderately welded 

Nl:t:JTRON ACCBSS 1IELL CONl'LB'l'ION St:JMtGRY 

ONE FT CEMENT SEAL AND CAP -->CA <---- TOPSOIL COVER 
ANNULUS FILLED WITH SAND ---->SA <---- TOP OF LANDFILL AT 1 FT 

SA 
SA 
SA 
SA <---- BASE OF LANDFILL AT 11 FT 
SA <---- TUFF CONTACT AT 11 FT 
SA 
SA 
SA 
SA 
SA 
SA 
SAl 
SAIP <---- TOTAL DEPTH AT 30 FT 

DIAGRAM NOT TO SCALE 

CEMENT SLURRY SEAL •••••••••• C 
BACKFILLED TUFF CUTTINGS •••• T 
MEDIUM GRAIN SILICA SAND ••.. S 
ALUMINUM CASING, 2 in ID •••• A 
END-CAP PLUG . ............... P 
CA'VED IN ••••••••••••..•••.•• X 
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DJULLING LOG 

BOUHOLE 
GEOLOGIST 
DATB DRILLED: 

L-18 
McLin & Purtymun 
September 8, 1988 
Eastern Landfill 

ELEVATION 
TOTAL DEPTH 
DIAMETER 

Not Surveyea 
19 feet 
6.875 in 
Lysimeters 

LOCATION CASING MATEJUAL: 

DEPTH 

o- 1 

1- 4 

4-13 

13-19 

LOCKING 

DESCJUP'l'ION 

Light brown sandy soil cover 

Light to bark brown clay with sand stringers; some moisture Some white BaO crystals; 95% Core recovery 

Dark brown sticky black clay with some gray sand at 4 ft Fragments of charcoal and tuff 5-8 ft; BaO crystals 8-12 ft 80% Core recovery; optimal moisture; hard tuff in bit 13 ft 
Tuff; Unit 3d; non-welded, low moisture 
Light grey to light brown color; 100% Core recovery 

LYSIMBTER COMPLETION S~ - DOBL COMPLETION 

STEEL CAP IN CEMENT ->KCI 1<---- TOPSOIL COVER 
Cl 1<---- TOP OF LANDFILL AT 1 FT 
Tl I 
Tl I 
Tl I 
Sl I SHALLOW LYSIMETER AT 7 FT --->SLI I 
Tl I 
Tl I 
Tl I 
Cl I THREE FT CEMENT SEAL 10-13 FT->CI 1<----- BASE OF LANDFILL AT 13 
Tl 1<----- TUFF CONTACT AT 13 FT 
Tl I 
Tl I 
Sl I 
Sl I DEEP LYSIMETER AT 18 FT ----->SLI I 
TIXI<----- TOTAL DEPTH AT 19 FT 

DIAGRAM NOT TO SCALE 

STEEL LOCKING CAP .•.•...••.• K 
CEMENT SLURRY SEAL ••.•••.... C 
BACKFILLED TUFF CUTTINGS ..•• T 
MEDIUM GRAIN SILICA SAND •..• S 
PRESSURE-VACUUM LYSIMETER •.. L 
CAVED IN •••••••••••••••••••• X 
-----------------------------
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BOREHOLE 
GEOLOGIST 
DA'l'B DRILLED: 
LOCATION 

DRILLING LOG 

P-18 
McLin & Purtymun 
September 21, 1988 
Eastern Landfill 

ELEVATION 
TOTAL DEPTH 
DIAM&TER. 
CASING IQ.'l'EJUAL : 

Not Surveyed 
30 feet 
4.00 in 
Aluminum 

DEPTH DESCRIPTION 

0-19 Off-set from L-18 6 ft; see drilling log for L-18 & B-3 
19-30 Tuff; Unit 3d; low moisture; not cored~ 

Light brown tuff with rhyolite and sanadine fragments Appears to be non-welded to moderately welded 

NJ:O'l'RON ACO:SS WBLL COMPLETION S'OJGGRY 

ONE FT CEMENT SEAL AND CAP -->CAl <---- TOPSOIL COVER ANNULUS FILLED WITH SAND ---->SAl <---- TOP OF LANDFILL AT 1 FT 
SAl 
SAl 
SAl 
SAl 
SAl <----- BASE OF LANDFILL AT 13 FT 
SAl <----- TUFF CONTACT AT 13 FT 
SAl 
SAl 
SAl 
SAl 
SAl 
SAl 
SAIP <----- TOTAL DEPTH AT 30 FT 

DIAGRAM NOT TO SCALE 

CEMENT SLURRY SEAL .......... C 
BACKFILLED TUFF CUTTINGS ...• T 
MEDIUM GRAIN SILICA SAND .... S 
ALUMINUM CASING, 2 in ID .... A 
END-CAP PLUG . ••..••.•....... P 
CAVED IN •••••••••••••••••••• X 
-----------------------------
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DRILLING LOG 

BO!U:HOLE 
GEOLOGIST 
DATE DRILLED: 

L-19 
McLin & Purtymun 
September 14, 1988 
Western Landfill 

ELEVATION 
TOTAL DEPTH 
DIAMETER 

Not Sur.reye<.. 
14 feet 
6.875 in 
Lysirneters LOCATJ:ON CASING !O.TEIUAI. : 

DEPTH 

o- 1 

1- 4 

4- 9 

9-14 

LOCKING 

DESClUPTION 

Sandy soil cover; dry 

Crushed tuff fill 
60% Core recovery; moderately dry 

Crushed tuff fill; no wastes apparent 
70% Core recovery; moderately dry 

Crushed tuff fill; no wastes apparent 
75% Core recovery; moderately dry 

LYSJ:MBTBR COMPLETION S~Y - SINGLE COMPLETION 

STEEL CAP IN CEMENT ->KC <---- TOPSOIL COVER 
c <---- TOP OF LANDFILL WASTE 
T NOT MPAUNT 
T 
T 
T 
T 
T 
T 
T 
s 

SINGLE LYSIMETER AT 12 FT --->SL <----- BASE OF LANDFILL NOT 
T X DETECTED 
T X <----- TOTAL DEPTH AT 14 FT 

DIAGRAM NOT TO SCALE 

STEEL LOCKING CAP ...•.•..... K 
CEMENT SLURRY SEAL •.....••.• C 
BACKFILLED TUFF CUTTINGS •... T 
MEDIUM GRAIN SILICA SAND .... S 
PRESSURE-VACUUM LYSIMETER ... L 
CAVED IN ...................• X 
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BOREHOLE 
GEOLOGIST 
DATE DRILLED: 
LOCATION 

DRILLING LOG 
-

P-19 
McLin & Purtymun 
September 20, 1988 
Western Landfill 

ELEV1TION 
TOTAL DEPTH 
DIAMETER 
CAS INQ MATERIAL: 

DEPTH DESCRIPTION 

Not Surveyed 
30 feet 
4.00 in 
Aluminum 

0-14 Off-set from L-19 6 ft; see drilling log for L-19 

19-30 Tuff; Unit 3d; low moisture; not cored ~ 
Light brown tuff with rhyolite and sanadine fragments 
Appears to be non-welded to moderately welded 

NBO'l'!lON ACCBSS 11ELL COMPLETION SOMIG.R.Y 

ONE FT CEMENT SEAL AND CAP -->CA 
ANNULUS FILLED WITH SAND ---->SA 

SA 
SA 
SA 
SA 
SA 
SA 
SA 
SA 
SA 
SA 
SA 
SA 
SA 

<---- TOPSOIL COVER <---- TOP OF LANDFILL WASTES 
NOT APPARENT 

<----- APPROXIMATE TUFF CONTACT 
AT 15 FT 

P <----- TOTAL DEPTH AT 30 FT 

DIAGRAM NOT TO SCALE 

CEMENT SLURRY SEAL •..•.••••• C 
BACKFILLED TUFF CUTTINGS .•.• T 
MEDIUM GRAIN SILICA SAND •... S 
ALUMINUM CASING, 2 in ID .... A 
END-CAP PLUG •....•....••.... P 
CAVE.D IN •••••••••••••••••••• X 
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BOREHOLE 
GEOLOGIST 
DATB DRILLED : 
LOCATION 

DRILLING LOG 

-
L-20 
McLin & Purtymun 
September 15, 1988 
Western Landfill 

ELEVATION 
TOTAL DEPTH 
DIAMB'l'BR 
CASING IO.'l'EIUAL : 

DBPTB DESCRIPTION 

Not Surveyed 
29 feet 
6.875 in 
Lysimeter 

o- 4 Sandy crushed tuff and soil mixture; concrete at 3 ft 
50% Core Recovery; dry; does not look like waste sands 

4-13 

13-15 

15-21 

21-22 

22-29 

·-
Sandy light brown crushed tuff and soil mixture 
50% Core Recovery; dry 

Dark brown sandy clay soil; wastes not apparent 
50% Core Recovery; dry 

Tuff fill and brown clay with charcoal fragments & waste 
70% Core Recovery; some moisture 

Brown native clay soil; moderately moist 
75% Core Recovery 

Tuff; Unit 3d; non-welded, low moisture 
100% Core Recovery 

LYSIMB'l'ER COMPLETION SCMIGJtY - DOB:L COHPLB'l'ION 

LOCKING STEEL CAP IN CEMENT ->KC 
T 
s 

<---- TOP SOIL COVER <---- TOP OF LANDFILL AT l FT 

SHALLOW LYSIMETER AT 8 FT --->SL 
s 
T 
T 
T 
T 
T 
T 

. ONE FT CEMENT PLUG 22-23 FT -->C 
T 
s 

DEEP LYSIMETER AT 29 FT ----->SL 

<---~- LANDFILL BASE AT 21 FT <----- NATIVE l FT CLAY LAYER <----- TUFF CONTACT AT 22 FT 

<----- TOTAL DEPTH AT 29 FT 

DIAGRAM NOT TO SCALE 

STEEL LOCKING CAP .•......... K 
CEMEN'l' SLURRY SEAL •.••..•... C 
BACKFILLED TUFF CUTTINGS .... T 
MEDIUM GRAIN SILICA SAND ...• S 
PRESSURE-VACUUM LYSIMETER ... L 
CAVED IN .•...•......•......• X 
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DRILLING LOG 

BOPJ!!HOLB 
GEOLOGIST 
DATE DRILLED: 
LOCATION 

P-ZO 
McLin & Purtyrnun 
September 20, 1988 
Western Landfill 

DEPTH DESCRIPTION 

ELEVATION 
TOTAL DEPTH 
DIAMETER 
CASING HA'l'EJUAL : 

Not Surveyed 
30 feet 
4.00 in 
Aluminum 

0-29 Off-set from L-20 6 ft; see drilling log for L-20 & B-5 
29-30 Tuff; Unit 3d; low moisture; not cored Light brown tuff with rhyolite and sanadine fragments Appears to be non-welded to moderately welded 

NZO'l'JlON ACCBSS MEI.L COMPLETION S~Y 
ONE FT CEMENT SEAL AND CAP -->CA I ANNULUS FILLED WITH SAND ---->SAl 

SAl 
SAl 
SA 
SA 
SA 
SA 
SA 
SA 
SA 
SA 
SA 
SA ALUMINUM CASING TO 26 FT ---->SA P 

T X 
T X 
T X 

1<---- TOPSOIL COVER <---- TOP OF LANDFILL AT 1 FT 

<----- BASE OF LANDFILL AT 21 F~ <----- NATIVE l FT CLAY LAYER <----- TUFF CONTACT AT 22 FT 

<----- TOTAL DEPTH AT 30 FT 
DIAGRAM NOT TO SCALE 

CEMENT SLURRY SEAL .•........ C BACKFILLED TUFF CUTTINGS .... T MEDIUM GRAIN SILICA SAND ..•. S ALUMINUM CASING, 2 in ID .... A END-CAP PLUG .••.••.......... P CA'VED IN .......•.••....•.... X 
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BOREHOLE 
GEOLOGIST 
DATE DRILLBD: 
LOCATION 
COORDINATES : 

DJULLINQ LOG 

P-0 
Brown & Purt ymun 
July 21, 1987 
S of TA-16 Pond 
X=476215, Y=1763523 

ELEVATION 
TOTAL DEPTH 
DIAMB'l'ZR 
CAS INQ MA'l'EIUAL : 
!GP SYSTEM 

See Appendix D (in HSE-8, 1988) for detailed log. 

7399 
135 feet 
6.875 in 
Aluminum 
NM State 

NEOTRON ACCESS DLL COMPLETION $0MIGRY 

ONE FT CEMENT SEAL AND CAP -->CAl <---- TOPSOIL COVER 
ANNULUS FILLED WITH TUFF ---->TAl <---- UNIT 3c CONTACT AT 3 FT 

TA 
TA 
TA 
TA 
TA 
TA <---- UNIT 3b CONTACT AT 40 FT 
TA 
... A 
:A 
TA 
TA 
TA 
TA 
TA 
TA 
TA 
TA 
TA 
TA 
TA <---- UNIT 3a CONTACT AT 110 FT 
TA 

CASING PLUG AT 120 FT ------->TA P 
T X 
T X 

TOTAL DEPTH AT 135 FT -------> T X <---- UNIT 2 CONTACT AT 135 FT 

DIAGRAM NOT TO SCALE 

CEMENT SLURRY SEAL ••••••..•• C 
BACKFILLED TUFF CUTTINGS ..•• T 
MEDIUM GRAIN SILICA SAND •••• S 
ALUMINUM CASING, 2 in ID ..•. A 
WELDED END CAP PLUG .••.••••. P 
CAVED IN •••••••••••••••••••• X 

-----------------------------
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BOREHOLE 
GEOLOGIST 
DATE DRILLED: 
LOCATION 
COORDINATES : 

DRILLING LOG 

P-1-
Brown & Purtymun 
July 29, 1987 
Canon de Valle 
X=475756, Y•1764645 

ELEVATION 
TOTAL DEPTH 
DIAMB:'l'ER 
CASING MA'l"BlUAL : 
IGP SYS'l'DC 

See Appendix D (in HSE-8, 1988) for detailed log. 

7344 
35 feet 
6.875 in 
2 in PVC 
NM State 

GP.Otnm-WA'l'D MONITORING WBLL CO~LB'l'ION S'OHIO.RY 

LOCKING STEEL CAP IN CEMENT->KCV <---- TOPSOIL COVER 
cv <---- UNIT 3b CONTACT AT 4 FT cv 
cv 
cv 
cv 

BOTTOM OF CEMENT AT 13 FT --->CV 
BV 

BOTTOM OF BENTONITE AT 15 FT->BV 
SF -SF -SF -SF -20 FT FACTORY SLOTTED SCREEN->SF = 

0.010 in SLOTTED PVC SF -SF -SF -SF -SF = 
TOTAL DEPTH AT 35 FT -------->SF p 

DIAGRAM NOT TO SCALE 

STEEL LOCKING CAP ..•........ K 
CEMENT SLURRY SEAL ....•..... C 
BENTONITE PELLETS .•......... B 
BACKFILLED TUFF CUTTINGS .... T 
MEDIUM GRAIN SILICA SAND .... S 
PVC CASING 2 in ID .......... V 
FACTORY SLOTTED 0.010 in ••.. F 
PVC END c.AP • • • • • • • • • • • • • • • • • P 
CAVED IN •••••••••••••••••••• X 

-----------------------------
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BOREHOLE 
GEOLOGIST 
OA'l'E DRILLED: 
LOCATION 
COORDINATES : 

DRILLING LOG 
-P-2 

Brown & Purtymun 
July 23, 1987 
Canon de Valle 
X=475708, Y=1764617 

ELEVATION 
TO'l'AL DEPTH 
OIAME'l'ZR 
CAS INQ IQ.'l'ZRIAL: 
!QP SYS'l'EM 

7341 
10 feet 
6.875 in 
Abandoned 
NM State See Appendix D (in HSE-8, 1988) for detailed log. 

EXPLORATION BOREHOI..B LOG SUMtG.RY 

TIXI<---- SANDY LOAM TOP SOIL TIXI 
TIXI<---- UNIT 3b CONTACT AT 3 FT TIXI 
TIXI 
TIXI 
TIXI 
TIXI 
TIXI TOTAL DEPTH AT 10 FT --------->TIXI 

DIAGRAM NOT TO SCALE 
BENTONITE PELLET SEAL ....... B BACKFILLED TUFF CUTTINGS .... T CAVED IN ....•.•............. X 
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BOREHOLE 
GEOLOGIST 
DATE DRILLBD: 
LOCATION 
COORDINATES : 

DRILLING LOG 

P-:3 
Brown & Purtymun 
July 23, 1987 
Canon de Valle 
X=475676, Y=l764596 

ELEV'ATION 
TOTAL DEPTH 
DIAMETER 
CASING IG.'l'EJUAL : 
MU' SYSTEM 

See Appendix D (in HSE-8, 1988) for detailed log. 

7342 
9 feet 
6.875 in 
2 in Teflon 
NM State 

GROUND-WATER MONI'l'OJUNG WELL COMPLETION St1M!QRY 
-LOCKING STEEL CAP IN CEMENT->KCEI 1<---- TOPSOIL COVER 

CEMENT 0-1 & PELLETS 1-2 FT ->BEl I 
SFI=I<---- UNIT 3b CONTACT AT 3 FT 

5 FT THREADED TEFLON SCREEN ->SFI•I 
0.01 in FACTORY SLOTTED SFI=I 

SFI=I 
TEFLON END CAP AT 7 FT ------>SFIPI 

lXI 
TOTAL DEPTH AT 9 FT ----------->lXI 

DIAGRAM NOT TO SCALE 

STEEL LOCKING CAP ••••••••••• K 
CEMENT SLURRY SEAL ••........ C 
BENTONITE PELLETS ••.•....... B 
BACKFILLED TUFF CUTTINGS ••.. T 
MEDIUM GRAIN SILICA SAND .... S 
THREADED TEFLON CASING ...... E 
FACTORY SLOTTED 0.010 in ..•. F 
TEFLON END CAP PLUG •........ P 
CA'V'ED IN •••••••••••••••••••• X 
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BOREHOLE 
GEOLOGIST 
DATE DRILLED: 
LOCATION 
COORDINATES : 

DRILLING LOG 
-P-4 

Brown & Purtymun 
J::..2.y 28, 1987 
Canon de Valle 
X=475588, Y=1764562 

ELEVATION 
TOTAL DEPTH 
DIAMETER 
CASING IG.'l'UIAL : 
MAP SYSTEM 

See Appendix D (in HSE-8, 1988) for detailed log. 

7348 
10 feet 
6.875 in 
2 in Teflon 
NM State 

GROUNO-WA~ MONITORING WELL COMP~TION S~Y 
LOCKING STEEL CAP IN CEMENT->KCEI 1<---- TOPSOIL COVER CEMENT 0-1 & PELLETS 1-3 FT ->BEl I 

BEl I 
SFI=I<---- UNIT 3b CONTACT AT 4 FT 5 FT THREADED TEFLON SCREEN ->SFI=I 

0.01 in FACTORY SLOTTED SFI=I 
SFI=I 

TEFLON END CAP AT 8 FT ------>SFIPI 
lXI TOTAL DEPTH AT 10 FT --------> lXI 

DIAGRAM NOT TO SCALE 

STEEL LOCKING CAP ••••••••••• K 
CEMENT SLURRY SEAL .......... C 
BENTONITE PELLETS ........... B 
BACKFILLED TUFF CUTTINGS .... T 
MEDIUM GRAIN SILICA SAND .... S 
THREADED TEFLON CASING ...... E 
FACTORY SLOTTED 0.010 in .... F 
TEFLON END CAP PLUG ......... P 
CAVED IN ..................•. X 
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BOREHOLE 
GEOLOGIST 
DA'l'E DRILLED: 
LOCATION 
COORDINATES : 

DRILLING LOQ 

P-5 
Brown & Purtymun 
July 29, 1987 
Canon de Valle 
X=475520, Y=1764532 

EIJ!:VATION 
TO'l'AL DEPTH 
DIAMETER 
CASING H1'1'E!UJU.: 
HU' SYS'l'EM 

See Appendix D (in HSE-8, 1988) for detailed log. 

7353 
35 feet 
6.875 in 
2 in PVC 
NM State 

GR.OOND-WA'l'BR MONITOJUNG NELL CO!G'LB'l'ION SOMMlUtY 
LOCKING STEEL CAP IN CEMENT->KCVI 

CVI 
CVI 
CVI 
CVI 
CVI BOTTOM OF CEMENT AT 13 FT --->CVI 
BVI BOTTOM OF BENTONITE AT 15 FT->BVI 
SF I• 
SF I= 
SF I= 
SF I• 20 FT FACTORY SLOTTED SCREEN->SFI• 

0.010 in SLOTTED PVC SFI• 
SF I= 
SF I= 
SF I= 
SF I= TOTAL DEPTH AT 35 FT -------->SFIP 

-<---- TOPSOIL COVER <---- UNIT 3b CONTACT AT 3 FT 

DIAGRAM NOT TO SCALE 

STEEL LOCKING CAP ....•...... K 
CEMENT SLURRY SEAL ......•.•. C 
BENTONITE PELLETS ........... B 
BACKFILLED TUFF CUTTINGS •... T 
MEDIUM GRAIN SILICA SAND ..•. S 
PVC CASING 2 in ID .......... V 
FACTORY SLOTTED 0.010 in .... F 
PVC END ~ •••••••••••••••• • P 
CA.WD IN ••••••••••••••••••• • X 
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BOREHOLE 
GEOLOGIST 
DATE DRILLED: 
LOCATION 
COOIU)INATES : 

DRILLING LOG 

'P-b 
Brown & Purtymun 
July 28, 1987 
Canon de Valle 
X=475467, Y=1764514 

ELEVATION 
TOTAL DEPTH 
DIAMETER 
CASING Ia. '!'ERIAL : 
!GP SYSTEM 

See Appendix D (in HSE-8, 1988) for detailed log. 

7352 
10 feet 
6.875 in 
2 in Teflon 
NM State 

GROONI>-WA'l'!:.Jl MONITORING WELL COMPLE'l'J:ON SUHHJ.RY 

LOCKING STEEL CAP IN CEMENT->KCEI 1<---- TOPSOIL COVER CEMENT 0-1 & PELLETS 1-2 FT ->BEl I 
SFI==I 5 FT THREADED TEFLON SCREEN ->SFI=I<---- UNIT 3b CONTACT AT 4 FT 0.01 in FACTORY SLOTTED SFI==I 
SFI=I TEFLON END CAP AT 7 FT ------>SFIPI 

lXI 
lXI TOTAL DEPTH AT 10 FT --------> lXI 

DIAGRAM NOT TO SCALE 

STEEL LOCKING CAP .•...•.••.• K 
CEMENT SLURRY SEAL ....•..... C 
BENTONITE PELLETS .•........• B 
BACKFILLED TUFF CUTTINGS ..•. T 
MEDIUM GRAIN SILICA SAND .... S 
THREADED TEFLON CASING ....•. E 
FACTORY SLOTTED 0.010 in .... F 
TEFLON END CAP PLUG .•.•..... P 
CA. 'VED IN •••••••••••••••••••• X 
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BOREHOLE 
GEOLOGIST 
DATE DRILLED: 
LOCATION 
COORDINA'l'li:S : 

DRILLING LOG 

P-7 
Brown & Purtymun 
July 29, 1987 
Canon de Valle 
X=475381, Y=1764491 

ELEVATION 
TOTAL DEPTH 
DIAMETER 
CASING IO.'l'li:JUAL : 
!GP SYSTEM 

See Appendix D (in HSE-8, 1988) for detailed log. 

7356 
35 feet 
6.875 in 
2 in PVC 
NM State 

GROOND-WATBP. MONITORING WELL COMPLETION StnoDG.R.Y 

LOCKING STEEL CAP IN CEMENT->KCVI 1<---- TOPSOIL COVER 
CVI 1<---- UNIT 3b CONTACT AT 2 FT 
CVI I 
CVI I 
CVI I 
CVI I 

BOTTOM OF CEMENT AT 13 FT --->CVI 
BVI 

BOTTOM OF BENTONITE AT 15 FT->BVI 
SF I• 
SF I• 
SF I• 
SF I• 

20 FT FACTORY SLOTTED SCREEN->SFI• 
0.010 in SLOTTED PVC SFI• 

SF I= 
SFJ= 
SF I• 
SF I• 

TOTAL DEPTH AT 35 FT -------->SFIP 

DIAGRAM NOT TO SCALE 

STEEL LOCKING CAP .......•..• K 
CEMENT SLURRY SEAL .......•.. C 
BENTONITE PELLETS ........... B 
BACKFILLED TUFF COTTINGS ..•. T 
MEDIUM GRAIN SILICA SAND .... S 
PVC CASING 2 in IO ......•... V 
FACTORY SLOTTED 0.010 in •••• F 
PVC END CAP . • . . . . . . • . . . • . • . . P 
CAVED IN ••••••••••••••• · •••• • ·x 
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BOREHOLE 
GEOLOGIST 
DATE DRILLED: 
LOCATION 
COORDINATES : 

DRILLING LOG 

I?-8 
Brown & I?urtymun 
July 28, 1987 
Canon de Valle 
X=475257, Y=l764405 

ELEVATION 
TOTAL DEPTH 
DIAMETER 
CASING MATERIAL: 
MAP SYSTEM 

See Appendix D (in HSE-8, 1988) for detailed log. 

7370 
10 feet 
6.875 in 
2 in Teflon 
NM State 

GROOND-'NATU MONITORING WELL COMPLETION SUMMARY -

LOCKING STEEL CAP IN CEMENT->KCEI 1<---- TOPSOIL COVER 
CEMENT 0-1 & PELLETS 1-2 FT ->BEl I 

SFI=I<---- UNIT 3b CONTACT AT 3 FT 
5 FT THREADED TEFLON SCREEN ->SFI=I 

0.01 in FACTORY SLOTTED SFI=I 
SFI=I 

TEFLON END CAP AT 7 FT ------>SFIPI 
lXI 
lXI 

TOTAL DEPTH AT 10 FT --------> lXI 

DIAGRAM NOT TO SCALE 

STEEL LOCKING CAP ••••••••••• K 
CEMENT SLURRY SEAL ..•....... C 
BENTONITE PELLETS ..........• B 
BACKFILLED TUFF CUTTINGS •... T 
MEDIUM GRAIN SILICA SAND ...• S 
THREADED TEFLON CASING •.•... E 
FACTORY SLOTTED 0.010 in •... F 
TEFLON END CAP PLUG .•....... P 
CAVED IN ••••••••••••••••••• • X 
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BOREHOLE 
GEOLOGIST 
DATE DRILLED: 
LOCATION 
COORDINATES : 

DRILLING LOG 

P-9 
Brown & Purtymun 
July 29, 1987 
Canon de Valle 
X=475183, Y=1764381 

ELEVATION 
TOTAL DEPTH 
DIAMETER 
CASING Ma.TEJUAL: 
!GP SYS'l'J:M 

See Appendix D (in HSE-8, 1988) for detailed log. 

7376 
35 feet 
6.875 in 
2 in PVC 
NM State 

GROUND-WATD MONITORING WBLL COMPLETION SUMMARY 

LOCKING STEEL CAP IN CEMENT->KCVI 1<---- TOPSOIL COVER 
CVI <---- UNIT 3c CONTACT AT 3 FT 
CVI 
CVI 
CVI 
CVf 

BOTTOM OF CEMENT AT 13 FT --->CVI 
BV 

BOTTOM OF BENTONITE AT 15 FT->BV <---- UNIT 3b CONTACT AT 15 FT 
SF • 
SF • 
SF • 
SF • 

20 FT FACTORY SLOTTED SCREEN->SF • 
0.010 in SLOTTED PVC SF • 

SF = 
SF = 
SF • 
SF • 

TOTAL DEPTH AT 35 FT -------->SF P 

DIAGRAM NOT TO SCALE 

STEEL LOCKING CAP ••••••••••• K 
CEMENT SLURRY SEAL.~········C 
BENTONITE PELLETS •.•..•....• B 
BACKFILLED TUFF CUTTINGS ..•. T 
MEDIUM GRAIN SILICA SAND .... S 
PVC CASING 2 in ID .......... V 
FACTORY SLOTTED 0.010 in •••• F 
PVC END CAP • • • • • • • • • • • • • • • • • P 
CAVED IN •••••••••••••••••••• X 
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BOREHOLE 
GEOLOGIST 
OAT!: DRILLED: 
LOCATION 
COOJU)INATES : 

DRILLING LOG 

P-10 
Brown & Purtymun 
July 30, 1987 
E of Landfill 
X=475814, Y=1764473 

ELEVATION 
TOTAL OEP'l'H 
DIAMETER 
CASING !G.TERIAL: 
!Q.P SY S '1'EM 

7411 
150 feet 
6.875 in 
Abandoned 
NM State 

See Appendix D (in HSE-8, 1988) for detailed log. 

EXPLORATION BOREBOLB LOG StJMIGRY 

TJX <---- SANDY LOAM TOP SOIL 
T X <---- UNIT 3c CONTACT AT 3 FT 
T X 
T X 
T X 
T X 
T X 
T X 
T X 
T X 
T X <---- UNIT 3b CONTACT AT 50 FT 
T X 
T X 
T X 
T X 
T X 
T X 
T X 
T X 
T X 
T X 
T X 
T X 
T X 
T X <---- UNIT 3a CONTACT AT 120 FT 
T X 
T X 
T X 
T X 
T X 

TOTAL DEPTH AT 150 FT -------->T X <---- UNIT 2 CONTACT AT 150 FT 

DIAGRAM NOT TO SCALE 
-----------------------------BENTONITE PELLET SEAL ••••..• B 
BACKFILLED TUFF CUTTINGS •••• T 
CA "V'ED IN •••••••••••••••••••• X 

-----------------------------
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BOREHOLE 
GEOLOGIST 
DATE DRILLED: 
LOCATION 
COORDINATES : 

DRILLING LOG 

P-ll 
Brown & Purtymun 
August 27, 1987 
W of TA-16 Pond 
X=47599l, Y=l763584 

ELEVATION 
TOTAL DEPTH 
D IAM!:'l'ER 
CASING IO.'l'BlUAL : 
MAP SYSTEM 

7409 
70 feet 
6.875 in 
Abandoned 
NM State 

See Appendix D (in HSE-8, 1988) for detailed log. 

EXPLORATION BOREHOLE LOG S~ 

TIX <---- SANDY LCAM 70P SOIL 
TIX <---- UNIT 3c CON7ACT AT 2 FT 
TIX 
TIX 
TIX 
TIX 
TIX 
TIX 
TIX 
TIX 
TIX <---- UNIT 3b CONTACT AT SO FT 
TIX 
TIX 
TIX 

TOTAL DEPTH AT 70 FT --------->TIX 

DIAGRAM NOT TO SCALE 

BENTONITE PELLET SEAL ....... B 
BACKFILLED TUFF CUTTINGS .•.. T 
CAVED IN •••••••••••••••••••• X 
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BOREHOLE 
GEOLOGIST 
OATE ORILLEO: 
LOCATION 
COORDINATJ:S : 

ORILLING LOG 

P-12 
Brown & Purtymun 
August 21, 1987 
NW of TA-16 Pond 
X=476664, Y=l764036 

ELEVATION 
TOTAL OEPTH 
0 IAMB:'l'ER 
CASING IG.TEIUAL: 
MAP SYS'l'BM 

7448 
200 feet 
6.875 in 
Aluminum 
NM State 

See Appendix D (in HSE-8, 1988) for detailed log. 

NB0'1'RON ACCESS WELL COMJ?I..E'l'ION S~Y 

ONE FT CEMENT SEAL AND CAP -->CAl I<---- TOPSOIL COVER 
ANNULUS FILLED WITH TUFF ---->TAl 1<---- UNIT 3d CONTACT AT 3 FT 

TAl I 
TAl I 
TAl I 
TAl I 
TAl 1<---- UNIT 3c CONTACT AT 50 FT 
TAl I 
TAl I 
TAl I 
TAl I 
TAl I 
TAl I 
TAl 
TAl 
TAl <---- UNIT 3b CONTACT AT 102 FT 
TAl 
TAl 
TAl 
TA 
TA 
TA 
TA 
TA 
TA 

CASING PLUG AT 171 FT ------->TAP 
T X<---- UNIT 3a CONTACT AT 173FT 
T X 
T X 
T X <---- UNIT 2 CONTACT AT 195 FT 

TOTAL DEPTH AT 200 FT -------> T X 

DIAGRAM NOT TO SCALE 

CEMENT SLURRY SEAL .•.•.•.... C 
BACKFILLED TUFF CUTTINGS .... T 
MEDIUM GRAIN SILICA SAND .... S 
ALUMINUM CASING, 2 in ID •••• A 
WELOEO ENO CAP PLUG •..••...• P 
CA'VED IN •••••••••••••••••••• X 

-----------------------------
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BOREHOLE 
GEOLOGIST 
DATE DRILLED: 
LOCATION 
COORDINA'l'ES : 

DRILLING LOG 

-
P-13 
Brown & Purtymun 
October 3, 1987 
S of Landfill 
X=475720, Y=1764264 

ELEVATION 
TOTAL DEPTH 
DIAM!'l'ER 
CASING !G.TEJUAL : 
IG.P SY S'l'EM 

See Appendix D (in HSE-8, 1988) for detailed log. 

NEO'l'P.ON ACCESS WELL COMPLETION SOMIGR.Y 

7445 
103 feet 
6.875 in 
Aluminum 
NM State 

ONE FT CEMENT SEAL AND CAP -->CAl <---- TOPSOIL COVER 
ANNULUS FILLED WITH TUFF ---->TAl <---- UNIT 3d CONTACT AT 0 FT 

TA 
TA 
TA 
TA 
TA 
TA <---- UNIT 3c CONTACT AT 38 FT 
TA 
TA 
TA 
TA 
TA 
TA 
TA 
TA 
TA 1<---- UNIT 3b CONTACT AT 84 FT 
TA I 

CASING PLUG AT 92 FT -------->TA PI 
T XI 
T XI 

TOTAL DEPTH AT 103 FT -------> T XI 

DIAGRAM NOT TO SCALE 

CEMENT SLURRY SEAL .......... C 
BACKFILLED TUFF CUTTINGS .... T 
MEDIUM GRAIN SILICA SAND .... S 
ALUMI~ CASING, 2 in ID .•.. A 
WELDED END CAP PLUG ..••..... P 
CA.WD IN •••••••••••••••••••• X 
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BOlU!:HOIJr: 
GEOLOGIST 
DATE DRILLED: 
LOCATION 
COORDINATES : 

DRILLING LOG 

P-14 
Brown & Purtymun 
August 28, 1987 
W of Landfill 
X=475365, Y=l764251 

ELEVATION 
TOTAL DEPTH 
DIAMETER 
CASING M1TE1UAL: 
M1P SYSTEM 

7437 
85 feet 
6.875 in 
Aluminum 
NM State 

See Appendix D (in HSE-8, 1988) for detailed log. 

NEOTRON ACClCSS WELL COMPLETION S~Y 

ONE FT CEMENT SEAL AND CAP -->CAl <---- TOPSOIL COVER 
ANNULUS FILLED WITH TUFF ---->TAl <---- UNIT 3d CONTACT AT 4 FT 

TAl 
TAl 
TAl 
TAl 
TAl <---- L~~IT 3c CONTACT AT 30 FT 
TAl 
TAl 
TAl 
TAl 
TAl 
TAl 
TAl 
TAl 
TAl <---- UNIT 3b CONTACT AT 75 FT 

CASING PLUG AT 79 FT -------->TAIP 
TIX 

TOTAL DEPTH AT 85 FT --------> TIX 

DIAGRAM NOT TO SCALE 

CEMENT SLURRY SEAL •...••••.. C 
BACKFILLED TUFF CUTTINGS ••.• T 
MEDIUM GRAIN SILICA SAND •••• S 
ALUMINUM CASING, 2 in ID •••• A 
WELDED END CAP PLUG .•..••••• P 
CA.'VED IN •••••••••••••••••••• X 
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BOREHOLE 
GEOLOGIST 
DA'l'Z DRILLED: 
LOCATION 
COORDINA'l'ES : 

DRILLING LOG 

P-15 
Brown & Purtymun 
August 27, 1987 
W of TA-16 Pond 
X•475803, Y=l763520 

ELEVATION 
TOTAL DEPTH 
DIAMETER 
CASING !G.'l'ERIAL : 
MAP SYSTEM 

7413 
70 feet 
6.875 in 
Abandoned 
NM State 

See Appendix D (in HSE-8, 1988) for detailed log. 

EXPLORATION BOREHOI.B: LOG SOJQQRY 

TIXJ<---- SANDY LOAM TOP SOIL 
TIXI<---- UNIT 3c CONTACT AT 4 FT TIXI 
TIXI 
TIXI 
TJXI 
TIXI 
TIXI 
TIXI 
TIXI 
TIXI 
TJXI<---- UNIT 3b CONTACT AT 55 FT TJXI 
TIXI TOTAL DEPTH AT 70 FT --------->TIXI 

DIAGRAM NOT TO SCALE 

BENTONITE PELLET SEAL ....... B 
BACKFILLED TUFF CUTTINGS .... T 
CA'VED IN •••••••••••••••••••• X 
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BOREHOLE 
GEOLOGIST 
DATE DRILLED: 
LOCATION 
COORDINATES : 

DRILLING LOG 

P-16 
Brown & Purtymun 
September 4, 1987 
S of Landfill 
X=475550, Y=l764200 

ELrn.TION 
TOTAL DEPTH 
DIAMETER 
CASING MlLTER.IAL : 
MJ.P SYS'l'EM 

See Appendix D (in HSE-8, 1988) for detailed log. 

NEOTRON ACCESS WELL COMPLETION SOM!GR.Y 

ONE FT CEMENT SEAL AND CAP -->CAl <---- TOPSO~L COVER ANNULUS FILLED WITH TUFF ---->TA 

7452 
lOS feet 
6.875 in 
Aluminum 
NM State 

TA <---- UNIT 3d CONTACT AT 7 FT 
TA 
TA 
TA 
TA 
TA 
TA <---- UNIT 3c CONTACT AT 42 FT 
TA 
TA 
TA 
TA 
TA 
TA 
TA 
TAl 
TAl <---- UNIT 3b CONTACT AT 87 FT CASING PLUG AT 88 FT -------->TAIP 

TIX 
TIX 

TOTAL DEPTH AT lOS FT -------> TIX 

DIAGRAM NOT TO SCALE 

CEMENT SLURRY SEAL •••...•... C 
BACKFILLED TUFF COTTINGS .... T 
MEDIUM GUIN SILICA SAND •... S 
ALUMINUM CASING, 2 in ID .... A 
WELDED END CAP PLOG ......... P 
CA,VEO IN •••••••••••••••••••• X 
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VII. APPENDICES 

Appendix B. Chemical Data from Soil Core Samples 

TABLE B-1. EP Toxic Barium Concentrations in mg/l. 

DEPTH BOREHOLE NUMBER 
(ft) B-4 B-5 
1 686.5 
2 < 5.0 
3 4169.7 
4 
5 

===> 
L-17 

2486.4 
13206.9 

16803.3 

L-18 
18114.4 

12.3 
11.0 

L-19 
< 5.0 
< 5.0 

< 5.0 

L-20 

< 5.0 

................................................................... 6 
7 
8 
9 

10 

11300.0 
< 5.0 

3014.8 
2048.5 

7.5 

< 5.0 
< 5.0 

< 5.0 

< 5.0 < 5.0 ................................................................... 11 1839.5 < 5.0 
12 < 5.0 6.5 
13 < 5.0 < 5.0 14 < 5.0 17.8 < 5.0 
15 9.0 < 5.0 ................................................................... 16 
17 
18 
19 
20 

229.3 
23.4 
20.7 
14.8 

8.8 < 5.0 

< 5.0 < 5.0 

< 5.0 ................................................................... 21 
22 
23 
24 
25 

< 5.0 

< 5.0 .................................. -· ............................... . 26 
27 
28 
29 
30 
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< 5.0 

< 5.0 
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Appendix B. Chemical Data from Soil Core Samples 
TABLE :s-2. Nitrate Concentrations in mg/l. 

DEPTH BOREHOLE NUMBER ===> 
(f:tl ~-4 ~-~ ~-li ;r.-l.e I=-J.~ I.-2Q l 0.3 0.7 0.5 0.7 2 < 0.2 6.0 < 0.3 < 0.2 3 0.5 0.3 4 2.6 0.8 5 

< 0.2 ............................................... ·~ .................. . 6 < 0.2 0.8 7 1.2 
8 < 0.2 < 0.2 9 < 0.7 < 0.2 10 2.2 < 0.3 < 0.2 ................................................................... 11 2.6 < 0.2 12 0.4 1.0 

13 < 0.2 < 0.2 14 0.4 0.4 < 0.2 15 0.3 < 0.2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16 < 0.2 0.9 1.8 17 < 0.2 
18 0.3 < 0.2 0.2 19 0.25 
20 

< 0.2 ................................................................... 21 
22 
23 
24 
25 

< 0.2 

< 0.3 ................................................................... 26 
27 
28 
29 
30 
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< 0.2 

< 0.2 
< 0.2 



Appendix B. Chemical Data f=~m Soil Core Samples 

TABLE B-3. Average residual high explcsives content, expressed as 
soluble acetonitrile (wt %) . 

DEPTH 
(ft) 
1 
2 
3 
4 
5 

BOREHOLE NUMBER ===> 
B-2 B-4 B-5 

0.12 
1.46 

L-17 
0.27 
0.98 

0.78 

L-18 

0.07 
0. 06. 

L-19 ::..-20 

. . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . ........ . 
6 
7 
8 
9 

10 

0.20 

0.77 
0.56 

0.09 0.12 

................................................................... 
11 
12 
13 
14 
15 ................................................................... 
16 
17 
18 
19 
20 
................................................................ 
21 
22 
23 
24 
25 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
26 
27 
28 
29 
30 
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Appendix B. Chemical Data from Soil Core Samples 

TABLE B-4. Residual high explosives content. 

BOREHOLE DEPTH ACETONITRILE* HMX RDX TNT DNT 
NUMB~B !ftl !~~lY:bl~ ~ ~} !eeml ( eem l !eaml !eeml B-2 2 0.11 0 0 0 0 B-2 2 0.12 0 0 0 0 

B-4 3 1.68 730 343 7869 0 B-4 3 1.24 1010 292 7115 0 B-4 7 0.21 585 13 26 0 B-4 7 0.18 370 4 12 0 

L-17 1 0.27 1201 32 0 0 L-17 1 0.27 1301 139 1 0 L-17 2 0.95 2551 2206 0 0 L-17 2 1.00 2582 2138 0 0 L-17 4 0.77 821 4133 594 0 L-17 4 0.78 1099 4132 557 0 L-17 9 0.70 164 1195 211 0 L-17 9 0.83 146 983 406 0 L-17 10 0.58 220 2639 1497 0 L-17 10 0.53 270 2655 1275 0 

L-18 3 0.06 14 3 17 0 L-18 3 0.08 0 0 54 0 L-18 4 0.08 22 2 4 0 L-18 4 0.04 22 1 0 0 L-18 6 0.10 0 2 0 0 L-18 6 0.07 5 0 7 0 

L-20 6 0.18 21 so 27 0 L-20 6 0.05 0 0 0 0 

*Total high explosives extracted with acetonitrile 
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VII. APPENDICES 

Appendix C. Pressure-Vacuum Lysimeter Wa~er Samples 1 

Sample Sample Volume Barium Nitrate NJ,UDQ~.: Oat~ B~!;QV~.:=d ~QD!;~Dt.:~t~~;: ~Qn~=Dt;r;:atiQD L-18S
3 

11-23-88 10 ml 37.8
2

mg/1 3.4 
2

mg/l L-180 11-23-88 < 1 ml NA NA 
L-18S 3 11-29-88 10 ml 18.5 mg/1 1.2 mg/1 
L-17S 3-17-89 2 ml 1.1 mg/1 5.5 mg/1 L-18S 3-17-89 10 ml 1.1 mg/1 0.735 mg/1 L-19 3-17-89 25 ml 3.0 mg/1 0.44 mg/1 
L-175 3-28-89 < 1 ml NA2 

NA2 L-18S 3-28-89 2 ml 1.1 mg/1 2.37 mg/1 L-19 3-28-89 10 ml 2.0 mg/1 0.21 mg/1 
L-l7S 6-02-89 < l ml NA2 

NA2 L-185 6-02-89 < 1 ml NA2 
NA2 L-19 6-02-89 < l ml NA2 
NA2 

L-175 8-11-89 trace NA2 
NA2 L-185 8-11-89 < l ml NA2 
NA2 L-19 8-ll-89 trace NA2 
NA2 

1 = All other lysimeters failed to yield water on the sample dates indicated above. Samples were collected after one week of 50 cb vacuum pressure was applied. 

2 = Not Analyzed; insufficient water volume 
3 = s represents the shallow lysimeter in a duel completion borehole, while 0 means the deep lysimeter in the same borehole. 
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VII. APPENDICES 

Appendix D. Canon de Valle Stream Survey Samples 

TABLE D-1. Barium and Nitrate Concentrations in Water Samples. 

STATION 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 

See location map for station numbers. 

STATION DESCRIPTION BABI~~ Cmg/ll~ 
Channel at Hiway-4....... dry 
Channel below old pond ... 35.8 
Channel above Bldg-260... 9.9 
Bldg-260 NPDES outfall... 4.4 
Tributary above outfall.. dry 
Tributary below outfall.. 6.4 
Tributary below outfall .. 38.1 
Tributary below outfall .. 39.9 
Channel below outfall .... 10.0 
Channel below outfall .... 12.4 
Channel below outfall.... 9.1 
Channel below outfall.... 8.7 
Channel above landfill... 9.5 
Channel below landfill... 9.5 

NITRATE !mg/1)2 
dry 

< 0.2 
0.8 
0.8 
dry 
7.7 

< 0.2 
2.5 
0.8 
0.7 
0.8 
0.6 
0.63 

NA 

TABLE 0-2. Barium and Nitrate Concentrations in Sediment Samples. 
See location map for station numbers. 

STATION STATION DESCRIPTION BARIUM Cmg/ll~ 

l 

2 

3 

l 
2 
3 
4 
5 
6 
7 
8 
9 

10 
ll 
12 
13 
14 

= 

= 

= 

Channel at Hiway-4 ....... < 5.0 
Channel below old pond ..• < 5.0 
Channel above Bldg-260... 5.6 
Bldg-260 NPDES outfall ... < 5.0 
Tributary above outfall .• < 5.0 
Tributary below outfall.. 6.4 
Tributary below outfall .. 33.5 
Tributary below outfall •. 51.2 
Channel below outfall .... < 5.0 
Channel below outfall ..•. < 5.0 
Channel below outfall ..•• < 5.0 
Channel below outfall .... < 5.0 
Channel above landfill ... < 5.0 
Channel below landfill ... < 5.0 

EP toxicity test prccedure. 

Total inorganic nitrates. 

Not Analyzed. 
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NITRATE Cmg/1)2 
< 0.2 
< 0.3 
< 0.2 
< 0.2 
< 0.2 
< 0.2 
< 0.2 

0.3 
< 0.2 
< 0.2 
< 0.2 
< 0.2 

0.43 
NA 



• 
:, ~ (\ 

Figure 0-1. Location map for Canon de Valle stream samples. 
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VXI. APPENDICES 

Appendix E. Calibration Curves for the Neutron Moisture Probe 

Calibration curves for the CPN Model 503-DR Hydroprobe, serial 
number H36076933, are shown in the attached figure. 
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Figure E-l. Calibration curves for the neutron moisture probe. CPr represents the factory calibration cur7e in pure silica sand, whil~ the curve No. 2 is an HSE-8 calibration curve for Bandelier tuff. 
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VII. APPENDICES 

Appendix F. Neutron Moisture Readings 

Plots of volumetric moisture content versus depth below ground 
surface are attached. These data are from neutron access wells 
numbered P-0, P-12, P-13,. P-14, P-16, P-17, P-18, P-19 , and P-20. 
These curves were originally collected in neutron counts, and were 
converted to volumetric moisture contents using the CPN calibration 
curve shown in Figs. E-1 and E-2. This calibration curve- equation 
is given by: 

Volumetric Moisture (%) • A * (Counts/Standard Count) + B (F. 1) 

where A = 19.2599 and B = -0.5794. Tabulated data were recorded on 
a monthly basis from March through September 198 9, and are also 
attached for future reference purposes. 
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S950211.MDP 

APPENDIX E 

Material Disposal Area P Closure Plan 
Revision 0, February 1995 

HISTORICAL RECORDS ASSOCIATED WITH TA-16 
AND MATERIAL DISPOSAL AREA P 



Archival ~taterial Concerning Area P Landfill and the 
Burning Ground 

:-=:e r·oilow1ng :::1ater:al in our rer"erer:ce collectwn concer:1 operations 
ar :::e TA-l6 Bur:1ing Ground and the Area P landfill. These are 
prov:ced :-oughly 1n chrono.logical order: 

'D ate iA h ut or IS b' t!R 1 U IJeC e evance to A rea p I 

I I -

l L· 13; 53 I 'Nilder I Discusses HE waste burn1ng 
I ooerations at Burning Ground. 

-+/18;54 Burch Shows that materials other than 
HE were disposed at Burning 
Ground 

9/l6;56t?) G~IX Division Describes SOP for HE burn1ng at 
TA-16. Shows that residue:,are 
dumoed at Area P. 

12, 23;59 Ballance Shows that large items \i.e trucks 
involved in Burning Ground 
accident) were deposited in :1.rea 
P. 

8;29.'60 Ballance Shows that filter baskets were 
flashed and disposed of in Area 
P .. -\!so shows that some 
"unburnable and 
uncontaminated" material were 
deoosited. uru1ashed in Area P. 

9,~ L 65 Eng-3 Shows that detonators were 
burned at Area P and that 
metallic material found at old S-
site was disposed of in .A.rea P. 

930;65 I \Villiams :See 9/ l/65 entrv. 
I-+/ 13; 66 Courtnght Shows that non-combustibles 

from old buildings were disposed 
of in Area P. HE contaminated 
material went to Mesita del Buey 
(TA-54). 

=i/1 6-
-. -· 0 I \Vork order ! See 4/13/66 



I·~ n_ '-'i 
! - -

: 1-our .. -· '7- ~ ' \.- ..... ·~··lo. 

i ).lacDougall. 

6 1 -· / ._, I 1 Salgado 

6 'S -· I- I I 1 Panowski and 
Salgado 

1970's no author 

-+·25;83 \Varren 

1 8;13/92 Barr 

'Slide 20" states that :3 :s t.:-:.:c~ 

~oacis or" r.oncombustible :::a:e.:-:.:1~: 

from the demoiished buildings 
\vent to the ·regular controlled 

1 

disposal area· 1 Area PL Attac::ec ! 
photo 1 L.1.SL 665 55 3) shows 
material be1ng dumped into .-\rea 1 

P landfill. 

lbs/week. , I Estimates HE burned at 1900 
I 

Estimates -+9.400 lbsJ HE ana I 
3,284 gallons of solvents were 
disposed of at TA-16 during 6 
month oeriod 
Confirms t roughly) waste 

· volumes in 6/1/71 memo. 
Further describes Burning 
Ground wastes as containing 
49.500 lbs HE. 3000 lbs barium 
nitrate. 3000 lbs HE 
contaminated solvents. 54 lbs 
depleted uranium. and 165 lbs 
kerosene over 6 months. ~1emo 
notes that uranium burns are 
monitored and the residues go to 
~1esita del Buey (TA-54). ~1emo 
notes that 143.000 lbs of normal 
trash and 7.500 lbs of 
contaminated trash were burned 
during this period. 
Viewgraph shows that 100.600 
lbs of HE and 29.600 lbs of 
contaminated material were 
burned at Ll.SL in 1975(77). 
Further information on HE and 
HE-contaminated material 
burning at S-Site. 
A site-worker provides a 
perspective on the history of the 
burning _ground. 
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OFFICE: MEMORANDUM 

!t:. :. • .:roou CA TE: Soveccer , ,;j ...... , 

'l'~.a pl.ckup o! scrap material starts at. apprcx:1.matel1 lJOO. -=~• opera

tion i.s r.cr::all)" \UlCer t.ha superruion o! R. I.. Converse. In hi3 iDsa.nce, 

AaoJ.!o Arellano or a cieaignateci alternate u 1n charge. !he alternate 11 

!amiliar nt.h a.ll pbaaea o! the opera~icn. ':here are !iTe la.borers usigned. 

to the scrap callec~ing ern' •. 

1'he truck u.saci 1.8 a bigb-OOCl)' s~U. type truck. '1'h.U trucx is equ1ppeci 

nth a hyo.raulic l!!t tal.l ~ate to !'ac.llt&t.e the bimilin& c! the wut.e ma-

-· ,_ 

terial. 1'ha ma'te"ia.l an the ~ruck 1s carr1eci 1:1 OI cma. On certa1n inst.ancea 

-.here thil 11 i:::lpnc~1cal, it :.S COTereQ w1tn & ~aulJ.n. 

1'he material 11 picked up in t:w old. explosive area tram pointa outal.d.e 

o!' tile builciir.g. :_,_ the nn uea, scrap 1S ~ 1.~1111 t.1.8 buile1n& -.:."'.til 

tne scrap ern callec:t.S it. 

':here an thne bur::1n§ pits aft1J.able tar use. 'n%.ue are ratat.eci aa 

t."l&~ na pit a \llaci two clqw in succuaicA. 1'he pl&c•m~ a! tha acrap 1n 

t:.a burn pit. 11 &l.t.enaatiG so that, DO two bunsa 1D the •- pit occur 1n , ' 

!n the Wzm.Dc ez"01Dia, the SC!'Iq) ll&t.c'Ul is sprellli out, ODe lqco th.1ck. 

!t 1a not practical to break up bil pi.ecu, thareton, all p1ecu are bumeci 

w1 thcut. azrr trea~ at. t.~ b~ ~· two thl:luaam pouzx:ia 1a can

sielarec:l a nor:aal qum~ity. »atarill picUci up !'rem CZ-2 or other non GMX-) 

aaurcea t.o be b\JZ'D8Ci 11 bumeci imapeDiient.ly a! OMX-3 scrap, unlesa Conver~e 

' 

:!.s ~ure t!".a c.at.er1al is such as ta present no great.er huani than the Cl£1-3 
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:eana o! m elect.~c aqu1b. !~ !ires into a hanc!ul c! ucel.uor won:.:~ :.:. 

excl!l.aior 1a nt W1 tn a !n circpa o! ga.solina or keroae:w neu t."le squ!b ~ 

make it ignite easier. ':!le squib ia !!reci by :uans c! a bluti."'lg :a.c."'.!.."le 

locatac1 in t!'.a shelter. 

ilhan the l&bor crew leaves t!:le area ju.st. batore !'ir..n6, tney clo:se t!'..e 

ra:U:oaa gate near tbe west anci o! Builciing 110. Converse ana !U.a companion 

leave the ana attar b~ 11 co~et.eci. Arter apprax1c.atal1 JO :U.."l1.1Uts, 

t.'ley rat.um to the area to usura tne•elvee tbat burn~g is co::pleteci arA 

that. no brusb !ires eave etarteci. 'Ne do not. no't1!1 the Fin Depu-=ent o! 

t."le time o! each burn wnen it takes place at tha uaual t1me (between ll.o.OO 

. 1C:QO) 
~ ...... :1'l the event that a bum aoes not co• at the usual t1:18, the 

?":.:'e .Oap&r"..ment. is not1.!'11!1Ci. 

Sor:ul.ly tber. is onl.Y one burn pc ciq. Occuionall7 mare mawr1al 

ne~ to be bun.i tl:l.u can be picked. up 1n tl:1a &!'~01'1 ruDe In t."lia 

cue, tllare 1.1 a pick:a.p 1:1 ~ mcrn1Ag. It i~ spree out. !or b~ at 

t!".a bunn.Dc IZ'Oaada' the !emce gat.e il locW am tllll m&t.eri&l is burnec1 

At certen t1MI at the yeazo, because at ~ w1.Dda or ot.bar climatic 

coz:loCiitiaa., it 1s cona1d.ereci dangeroua to bum the maten.al.. In thU cue, 

t!'• scr~ is st.oreci O"'em~ht in a repoaito%"1 type bu:UcU:lg aDi bumed. the 

next. ciq. 

~SE CNL! --
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b&g wun cuUd.ir.c. 

'l'bl tilter buk8ta are wuheci ua1ng a water hoae, wtU.c.tl wuhea tha 

sluage ciO'IID 1nclu.l troup &rxl d.iach&rgu 1t into sm:l bee !'1ltars. Nor

ma.J.ly, tJle t':!.ltar beG &ecoaDodat. the sl~e from aAI d.q•s operat1a11. ·"e 

haTe t.":ree til tv beda ao that ea.c.C beci 1a ua.C eTe%'7 ~ d.q, with a ci-.y 

o! c1:71ni bet•een ~ tl.me tha ~ 1s !'Uleci aDd burmcl. 

!'ria e•t:1Utecl tbat bOO poucaa at dZ'7 apl.aa1Tu an bumecl at t.We 

Cac1a ea.cn d.q. The bed.l are 1gn1tecl us1na a tra:iA sim:Uar to t."l&t wseci nt..~ 

the sol1c1 acnp. 

Dur1.z:zc tbe tiM the burni.ZJI takes place, the rl1lro.C croaai.ng gat.a 

acrose the rom .f'ro1ll the smci 'oeci t'Uten is closeci. The r&ilro&d crosal.ng 

gate C:ll the ma1.n rom to the azoea 11 not clcseci. 'th1a maiD.I tb&t nor:uJ. 

opara'tiona 1n tm bac nab b~in& am b~ gl"'1md.. cont.1mle at tlle aau 

ti.=e u the opv&t1an8 at tbl a a= bed tut .... 

.A.ttc e&c:b b'IZZ':1nl on tb8 !'1ltan, tne b~ maten.al 1a raUci to cne 

nee a cl~~ 1A t.Ae CI CAD~. Fr•b aand. 11 adA.t to br1Dc the bed 

back to tM ~ d.epth mel r&DG ISO tA. Tbl bum.t ll&tc1.al. 1:1 the CI 

cua 11 tl'W5paa t& to tAe acr8P El burr:UJ2C ptt am ntNzmcl at a later claw. 

:Jr/ph 
CCI R ••• t::'ake 

R07 Ra1C1er 
R. t. ':'l"'.np 
r. A.. Hauaar 

.... __ .. ~ ...... 
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• J:.A!~A.~ ??.C<X:ua&S ?OR I:?:.Csr73 3Wt.'i!:l:i ~ 
~ :i•lisicn, ; s:. J. _; ..... ~ 

} ~ /111~rt~5 ~ k'or1''7-
)Ct ~ ,., 1, f, '- -

'· . :c:-3.~ ex;:lo~!es ar~ collec'ted. b7 two me~~ wet ana._ c.:-7. ::-; s::-!.;: 

::.s ~:-ea.uced. by creuage, !•ray rejec~a, aaea ·~ ma=i::.:g rejec"ts e!::':':!ec. 

"boxes, a:x1 excess ~. ~. !':"'m a celt ami ether operaucna. 'let scrao is' :::-::.·.::ec. 

:.n ::&e:Zlining operations (separated. from u.ci:imng coolant), -:.asr.~::.g· c.or.n . .::..:::-' 

o£ !.::specucn, ~ei;hi:li, :::ixi~, :altinc, c:&aUilv,, mad1i::in;, ?ressi:-.g a:.c. ::::;:-

opera:tions. J s i i .. F 2 . ; ·y 1«!,.lr~~81.uo• 

o 7rd¥ a a ...._ /? ...... 
, I 

::: aaaiti:n ~o ~~e above proaucticn scrsp, s~all ~o~~s c!/V~:~s 

e:<:?losi•r'!s !':-::~ la':or:.~c:'i'!s e:e collec"";ea. 8.!lCl ':u:-:ed. sepa.ra'telj•. 

-:::e ::an is re!:;or.si:l~ :or t!le r.holc O?er:.":.i.cn ana. ::a:::es c~:-tai.:. :!:.e 

:-::1::c.~:. :::"''ceo.u:-e is .!"ollowea.·. . .. 

·"'. 
l. Col.,lec-:;,;;: r;r"/ scr~p is pl&csa. i.:l G. ~. cans ~?=.i::Itea. r~ a:oa. ;2:kec. 

":i. :. " in ·c;""aite) <1na original wooa.e::1 ~a.cic:ir.g 'oo::ces by t:.e o::e:-:r::.::; 

;eople. :'b.ese ca.ns ue otitsicie the building :.!'ld. usuall:r on '\'TCOC.e~ ::

:c:lcrer.e s~o:.na.:l ccnnr.lc::ed 'to oe tl:le s~~ n~gn-: ~eove :!:.~ ~=-=~"'lC. :;.s 

~"le bea. of: ~::.e truck used. for hauling. 

~cra.9 si:e is .:':-o:::. :soall ?&r""..icles 'to casti::gs -:Teighing a.s =".!e:l :.s 

eo pouna.s ':':':.,';!:, ':.lli.c:knesses &S srea't u li.. !.:lei1es. 

Sucll ser:.? !.s ::iel:e~ up eit!:ler caily, U'ee~;l:r, or onl:.· on S?~c.ia.:. ===-
a.apeaaing on ue quaa"G.itiea aec:'WKi. 

2. '+?P'*& tl)jr: A. lt tOZl stake•becl trw:k is WI.O. to haul ~· scrap i.:l 

caz:aa. Tbe t:uck hu pl)"'WOOCl 1ic1eboal'u Dd.leG with 'brua nails to :~e 

inlli.cler et the regula:' siAe 'boaraa. 'nlare ia also a r..,.,.able plr.:cod. 

wbicl:l ia tak• out attar eaci:l run in crcLar to clean :::e 

IIPIIIII!IIIt is equippecl with ~ lSI cc2 !'1re exd.~shers·, "::a.s 

am rnllr'Silli "Dqv 1 ~oliTsslol sieua on !ron't 

'bo~ siciea. 31111)4!'1 an equi?pea :'or counti~ two ~a. 

a tazopcl.1.n is u1ec1 to COTer the scrap as 't!le 

tZ"':Hdd......_ t.n.-•old exclua:lou uea•. :!hen DD~ in u11, ':.b.e tar::au.ll: 

is rollecl on a s!)Ool i.l:mlediate.l7 'bebi.Zil the cab. 

~ ...... ~.·.:. ,_., .... -
:~e ;:ick·u? t:-t~e~ ~r~c ~es Che rl • .,. '::'-lei:. ~c the burning ?i :s ... _ 

-_-:.e cocvo•t -:rs.v'!!.s ~o C.J.Ster than 20 ~·?•ll• 
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1:....-..~..... -,-.. , .. e-~- _; J "'··-JIOa • ... -~oo .... e ""~it• 11 -·- · iiflji[HjC=i6• • , .. ·-~ ~-......-- ••• ...... -.. r w ....... OU!1Ce<l ~1 a:: 
2t ~A~· A7A,c~a ~~ ... eo~~-- ~~A~a·o.J.'e g·-o ~. ~4•• . 
.. .wwllll - "-... ··- --- - - -· -ww.a. ~ ..... ... .._._ a.:-e a-,..--;c:. -=- = ·.• 
lCO I lCO !'eet, ::-ectani".llar i!l mape ane1 separa~eQ !':-em e;~~ w :-:.;.;; -=·· 
a :!:!--.::a at :.~0 .:'!et. :~e bu.-:i:g OeQS are coverea. '!fi -:t sev~!'a.:. 
!.:::=es o!' sana. ~ac."l ;:::.-: is equi;:pee1 with rur:~::g wa~~r. 

3cra~ ~. ~. i3 spreaa evenly across t~~ be~. ~. ~. i: r.ct s~ac~3~,~~ 
o:w:.er to re~uce thickness. Hawwer, no att•pt is ::a.ae to reo.ue~ ::.e 
:tickness o£ inCiviaual ;:ieces. Eaxe1, :i; :1. cor:tami::ateo. :a:::'!r ~ 
r~s are all :U:O:eQ -:oge'tb.er. i.'a i¥t1te tlle H. ~., a "!'.lse;1 ~:~ :c::
:Ust:!.:le ::aterial (spri::kl!Ci with kerosene) is lua ana. an ~ec-:::-:: 
squi':) attach~ to a bla.sti.cg li:e is laili in p~per a.t ~na away !":"'::: 
~. :!. :=.e blast:!.~ l!.!le is r-.m ta a b&r:'ic:a:.a.e about 12.0 !'eet ::-::::-: 
':~e r.ear-.!t ::it. 4.ll ;: ;:ople i:l the &r'!& are benica. t."la bar.:. :a:.i'! 
a:=~ :ur:-.iq. ~ rai.!.:oae1 gate lSOO !eet C101"U t!:le c::l.y a;:~:-:ac:-. 

::-oaa. i.UCl beari:.g the si~:l "Do nat ~nter ~en ;ate is l:merea 11 :.s 
:ower'!O. to pr~ent people !'roc wm~eri=c into the area. !h'! a.r'!a is 
searc.:led. to :aka cen<lin ::a unpratectec1 ?.Ople are !.n the area. 
·::.e :abcr crew may or :ay nat leave tlle area before buronn.g, ~'t :~!::"! 

a:-e &l,,ays ;wo :nen ~r~s~nt at -:he ti:e bunml:zg takes place • 

•. ~e sc_-..:i~ is i;::i t ~d ":.7 use of a s::ta.l.l ha:lo.•blasti:;- ::acili.ce. 
t.aousa::c. ~ou::.as is consia.eree1 a nor.:al :urn, ':Jut as :men a.s 7CCO .. :! 
o.:' :1. :. :.u been burnea. i~ one pit at one time nthout iociaen~. . .• e 
!'ire-re&Ciles its· intensit7 i~ about six ci:mtes anc has-about :-.:...-::ea. 
out in twent7 cinutes. 

:acn ;:it is used. eveey ':hi~ dq &DI:l, tl:1ere£cre, each ;:it is a.:..:cwea. 
to cool a ::ti.::-.:i.-~ o!' !!:ou't 48 ~ours b'!t'ore b~ill( used. &gain. :::.e 
place:ent o£ scrap in a burn pit ~s alternated. so tha; r.o t~o ~ur~! 

. ,.;..=.=="" ........ - ...... - .............. _~ .. ,.. I'\ PI th• ·~· .... • •·-·r· · ·--- ......,,.,_~ . .. - ·- .--... .._ .. .. ... 
~~====;;~~;;;;;;~~~~~~~~~;·•S£r. ~~; ;at!~~- ~~ 

: :aci1ines, eq,n;z-tat am !'leers in o?-.rZ£ting builcU.~s 
aDA Ule WA'tar :z.ca. ~{. ~. le&V !S tho! roo:.:s by SCUP?!rS • 

into oukllts in cone.'!" ·t ~ -ucps loc~t..c outsia.<ll! t."le 
b~-'8 U'8 liMa Of c:.l.!::tt.num ii.ll01 f'rti:D!"Ont anC1 

,.!ftiofoo'!"r-" ;ll&te. A fib•l"'lll&& C'ILbric is attacnii!O. inside th·l ;:l.at! 
"i'ticl1 ~ten out. tlle sol1c1 :i. ~. in <:!:l! solution. the filtarec1 •o:t'!r 
~eaY~s tne sumps tilraugn a arlin, ru:s i~to sm::.ll arainags a!. ':cn!s ~

~v~ntual:.7 ~nto the canyon. 

~or:~ cl:. b.lil~n..1s aa not h&Ye baak,,ts in : .... ~ sur:t;lS. . :&t'!ri'"l ' ~ 
th. "'3• -1~.:-.s is ~coo~-a out. 

~ ;~n.; : c :--:at,io n: · ·~ ~o 

:.a.~~-~5 -:.:H! bnsk~ts. 
lo-:T•bea :~b-ovnr•·"!l~ia!! trlcks ;.1r-. '.J.S'!C. ::;;: 

::1~!"! tr.lck.:. :~:a.v'! o"as b.OO\!t 18 inc:iles a""!-s? 
.....;..,_ -·-----
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;;:. ... ~ :.fi- tank coaat.r..:c-:ec of l.6-gau!8 ga.lT&ai2eci !.:on. "' 
~.:...~ ·j'l~ a:rue W1 'ttl a il&l.(·tcn c:la.in :.oist !..s :o~ea. on o:.e si:.e 
=" · •·· -rcr nisi~ t.ne baskets !.:to the t:-.:ck. Yo !.Sccrt !..s uaec i:. 

- ; d.all:nr1ng .. ~ scrap ':0 ::.a oa.s~et.-MS:li::.g cuil:.!::g a't -:.:.e 
. ;. bazo::i=c grcu=A•. 

J. Waahi;;g am1 bun;i;f !he baskets are washed. by hand. ::sing wa:: 

wa~er trom a hoaeautcma~o waseing devices nave never =~vee 
sauatactorT)- 'rha ma~erial !'lcws ou~- o£ ~~ build.:.g !..=:o c:.e 
o£ tllree salXi•covereci !!.lter becis by :eans ct bl&cic 1::-ca :rrn ::-:"..::-:-. 

The pits are locatea. .350 teet rrom 'the basket wasaiQi bui::.!.::; ~: 
,300 teet trcm each other. 'rhe pits a.re built up or bri:k, :=::-;cu.:. 

seTeral layers ot sanc1 am gnvel. Heating elem'!."'lts rJ.: :::.:-="..:€:-. 

the bea to aid. in CU71ng anc to pnvent rreezing in t..':le 'f7i:::e.:-. 

Water araining out the bottom runs into the canyon • 

.it.bout 400 poua:1s can be barnec1 at each pit a!ter the H. :. !:.as 

been allawec:L to dr7 oven:d.te. Wet scrap is lignteci simi.larl7 
to orr scrap. HOwever, ~he area ia not clea.reo. or personnel; 
men a.re allW"eci to won in ~lle wasiling builain.g. Railrc&(l_ t7::e 
gates are lowerec to prn"ent vehicle access to tt.e pits. 

-
~ is scrapeci rrom tlle sa:xi, ::ilea. in tlle d:ry scnp pits a.:c. 
recurneci. Nn sam ia KU1eci u neeo.~ • 
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OFFICE: MEMORANDUM 

~A.. r... 3rooit• ::ATE: Decem:,er 2.3, : ~sc 

~"ow H . .::. Ballance 

suaJEcT st:RNDlG c:act.::-:o (Ac=:1:)ENT AREA) Cl.EANUP PROCEDURE 

SY'-480L. . GMX-3 

.. 

The following procedure is propoaed for cleaning the accident area 
o! the Group GMX-3 Burning Ground. 

l. The attached sketch, SK-4350 A·1, indicate• the approximate area 
that will be visually inspected. All HE and suspected HE contam1nateci 
itema will be picked up for burnin;. 

Z. A party of 1ix men equipped with rubber buckets will be used. 
(These men are to be experienced in vi1ual recognition o£ varioua 
forms o£ HE.) 

3. Parallel row a, within the deaip1&ted area, wW be marked oU by 
using cord and 1takea. !'he mea. will be poaitioned approx1matel y 
ei;ht !eet apart and walk in parallel linea within the rowe and w1ll 
pick up any HE scrap and supected HE contaminated items. E.1.ch 
of the row• will be thorou;hly inapected and all picked up materu.l 
ciepoaited ia. Burning Pit TA-16-387. 

:-~uck DisJ'Oaal 

1. The large truck will be dragaed !rom tbe pavement to a place withir:1 
five feec oataide the fenced area of Barma.1 Pit 387. and burned a;ain 
a a de acribecl below for tha panel truck. 

Z. n..looae rubber tire• will be acackecl ia. the panel truck. Kindling 
wood (puchuecl from Cook' • Lumber. Eapaaola) will be a tacked ia. 
aacl a~oaacl tu trucka uain1 approsima&ely oDe cord for eaca truck. 
Appromma&ely five gallon• of keroaeDe will be poarecl on each pile of 
woocl. Aft ipition train. of paper will be placed on the ground anci 
connected to the wood. The paper will then be •oaucl with kero•ene; 
a 1qwb will be placed in the paper aDCi ipited from the barricade 
TA-16-395. 



-• • ~.· 

M. L. Brooiu - z - Dece~er Z3, !959 

A minimum of Z4 hour• &!ter the fire haa burned, the truck• will o. 
.ma-pectecl &Dei then cium~ecl into the canyon behind Buma.c Pit 387 by -

uauag & Zia wreci:er. ---

Surninc :Pit 387 

\\ 

l. All of the fenced area of BtUning Pit 387 and five feet aurrounciin~ 

the fence will be covered with kindlin1 wood. All scrap picked up 

will be piled on the woocl. Karoaene will be poured on the wood to 

enhallce the burnina. The aquib ignition will be performed aa !or 

burninl of the trucJu. 

Z. A minimum of Z4 hours &!ter the pit haa been btUned, the pit will 

be inapectecl and the reeulting aah m&teria.l will be lo&c:iecl in a acoop 

loader and dumped over the c&Dyon behind BtUning A.t 387. 

General Cocditiona 

1. During the potUing of the iteroaene on tba wood and the setting oi the 

aquib for ign1tion, J. R. Ditto &Dell wW be the only peraonnel in the 

burning area. nameproof clothing will be worn. All other obaerver! 

will be behind Bazoric&c:ie 395 (maximum 5; minimum 1). 

Z. 'I'he Fire Department will be notified and aakecl to atand by at the 

railroad gate eccrance to the Bvning Cizoound in caae they are re~wre• 

to fight a bruah fire &fter the burning of the trucka. I will deterr:une 

i! and when tbia ia ceceaaary: 

3. The burnin1 of the truck• and the pit will taka place ~t the a&me time. 

4. A teet plot of approximately ei1ht feet by ei1ht feet, uaina kindling 

woocl, wtll be aec ul) ucl bvnecl before the actual bvninl of the p1t. 

Tb1a wU1 provide imormatioD re1arcliDI the .Uectiveneaa of ua,irtg 

ld.adllAI waocl to accompliab. & aatiafaccory clealtin1 job. 

5. We plaa to complete tbia eatire operatioll betweea December Z8 &l:ld 

31, 1959. wea&Ur permittilll• 

HEB/pc 

Attachment: SK-4350 A·l 
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a.terencel !'!e'l'llora:xil:l!l toM. L. !:'oou .trcns H.!. Ballance,~. 'lliU:iar &rxi fl.:. :Ou:rt.=-:.~~. 

dateci Jul1 13, 1960 

rr 

':'he r'!.termce m•oraDI:ima present.ed. c:CIIIftenta &nci ot:sc-Tat1o:-:.s t.:.e sa!ety 

au:rTt~y team il&ci &I a result o! rev1evi.z2c Qlapter 12 anci 1nspec:t1nc the 

::!.!.spoaal O'!'eratioas. Tt'.is ••=-•Ddma presets tht action t.Uen as a result. 

ot the reY1ev. 

-"• G~-3 SOP Cba'Cter 12 

ReYisiona h&Ye b"n ~t~&eie in ~pt.ar 12 SOP's to tue care ot the 

pert.i:1ct. c:t:a~t~s mace in the reference JIIBJIIorancta. 

An additional SOP (SOP l2.u.l) has bMD '-Tit~tn to c:OTer aispoeal 

ot Hi c:ozrt.ad.nat.ec:l ut.eri&ls anc1 HE scrap createc1 by Laboratory Orot::ps 

other than CKX·3· 

-
3. R e !ermc:e llei'IOnz:w:iaa, i tllft B. 56 

I have rtquasteci that. this RPW t:-e Mde pemanent.. 

Reterece ~M~orancma, !.tas E.58 

I h&Ye requa1teci t.bat tJ1is RN be ucle pemanent. 

:). Reterence MaOnncl\111, inspection, it• l.b 

3. 

ru.a litu.&UCil haa been con-ectecl. Tba ~sal SuperTilor h.u ':Mo. 

imtnl:wel to~ M Wieci1&~ 
it he ti.Dil tbat. U7 ot tm bUKtU 

are beiac baftQed ot.n.zo tlwl u Sl'eoiti.O 1n the SOP. Also, our nev 

tUtti" bau.sa Daft beeD pUZ"Cbuecl aDii art o•iDc inst&llecl. The ole! 

t1l ter tux.t.• an b!iy nasn.cl ud clliiPM into t~ caDTOD• -

!Wtel'ftce ..arazxn., iDipectiODa ita. l.c 

The leaa han been re-paiz'M b7 uaiDc Jobna-Masrrillt ODiseal Caulk!. 

~uad.. 



Co~pLeted E'o:::ns "Su:vey of ::!!Luent St::ea.ms" 
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~!"':''..:~ ~~f:{-3 :-echA:e.l 16 - ... ,,.-- :~3 

-------- -------...J ........... :. ________ _ 
Ac :::::.;:-::~:":; ~u~ ~e r: s) 

------------------------------------

Z!!luenc T reaunent: TyiJe: 0tone 

---------------------------------

::Ascharge Point: (Identi!y and show sketch on reverse i! more than one 

per building) 

Stac« _________ !ncius trial · Sewe "------

Sanitary Sewer v Storm Sewer 
--~·~---- --------------

1'rasn Container Tvl'e: 

-----------------------------Cther: 

-----------------------------------
::lilj)OI&.l Metboci: Atmospheric Oispersal ·Sewage ?lant ----

·~aste Proces• Pl&nt ~l:::l.emical ~wnp ___ _ 

Sewage La;oon Surface o£ Cirounci ------
Contaminatec! Surial Area Se?tic ':"a..~ -----
Community l..&nd!ill _____ othe r _______ _ 

Vohune o! E!nuent: Known Estima~eci 

------------------- ~-----------

Con:aminants (lee llat) 

Detergent (250 lbsfmo) 

E lea.c:h • Pur ex Ll.3 q1Jmol · 

.-\erosoi • OT q}ZlbllO !~l oi wa.ter 
once a JM~.h! 

•* See below 
Momtoruaa. EqaipiD•t oa E!!lueftt Stream: No 

Eatimateci ~i.a~ar,e 

Awaiting analvsis 

II II 

II II 

X Yes --------
~eecno

.. ____________________________________ __ 

ltemarlu There ia 110 detectable .HE i.D the waat1 water (< 1 ppml 
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....... 
--.J· · "'•.1cs .. ___ ,_ ·-·,- · -·c~ 

·-"""Y\ .;, ....... .;. ..... • .: ·- -~ .-.} 

StJ:vey o! ~!!:~.:e:1t St:ea.nu 

(, . 

C rotJp GMX- 3 7ec:h Area , ' 3~.:•i~:..~; 202, ?.!':': 11.; 

----------------- -----~~------ -----------------
Ac: c: oun:~:\g :'-tum i)e r( s )---------------------------------------

X 
:"a.:.u:e o£ !:!r.uent St:-ea.ma: Ca.s !..i(\I.Uci So:~c: ~~:..e: 

--------- ----- ----

~!!l~en:. 7 reat.ment: ':"ype: None 

--------------------------------

~•charge Point: {!denti!v and. 1how •ketch on reverie i! more thaz1 one 

per 'cHulding) 

Stack Ind.ustrial'Sewer ------
Sanitary Sewer Storm Sewer -------
7 :a1h Container Ty~e: 

----------------------------Other: E:xhaust duct 

~apoaal Method: Atmospheric Dispersal X "Sewa1e Plant ------- -----1 

~aste ?roce•• Plant _____ c;:bemical :Ju.mp ____ _ 

Sewage Lagoon Sud'ac:e o! Ciround. -----
Contaminated. Burial Area Septic T a.nlc -----
Community L&nc1£ill Other --------

3 

Volwne o! i:!fiuent: l<nown Z.stimatecl 500 ft /vr 

---------------
Co~ta.mina.nu ( • •• liat) 

Era.:ing alloy( .E:asy Flo) 

Ac:ety1ene 

---------------------------

Eatimatecl .Oiac:harse 

l lb/vr 

3 
500 ft 'vr 

• MomtoriDI i:cl1&ipmea& oa E!nucnt Stream: No_.....,x .... _Y••-------

Deacri~•·---------------------------------

l\ emar k•-~O:,:n~•:..:l~b:.!/.;:v:.,:r~o::,f,.:a~l~l~o~y~uLJua.iiiJ'i1si.ii.~O~nWil¥Y~·~'I.iM
~II.I'..,' ..~~ro.;;riiii-'Sillit•i nn.A.~nnao••· .;.thaa.·---

a.Uov is volaule. The ac:elylene i1 bw:ped ysi me p;ps;Jwsn at comhtt•nnn 

a.re emi.tteci to the atmoa~here. 
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.. -

-. eeh Are<l. 1 ' ":2,.,:,.:._.., .'.0_., "' 
__ . ~----- -·· ..... ~--_.... ..... =-... - :l-.o-.-;.;,· .... ...:1...:1-.;;4;.._ 

Ac:c:ou:".:~n!; :'oiurnoerts) 

-----------------------------------------X 
:--:a.ture o! ~!!'luent Streams: Cia.s :..•c.u•d. .;.,~~c; ::.":.e: 

----- --- - -

Z!!luent 7 reat.ment: Type: :'-lone 

--------------------~----------

~i1charge Point: (Identi!y and •how tketch on revene i! more th.an one 

Fer building) 

Stack Induatrial Sewer 

---------------- -----------
Sanitary Sewer Storm Sewer ---------------
7rash Container TY1'e: 

-----------------------------------Other: Cha.r~1.ng Refrigeration t"n1t 

~i1po1al Me&Aod: Atmospheric Dispersal X ··Sewage ?lant --------- --------1 

Wa1te ?roceaa Planc ________ ~hemic&l Oump ___ __ 

Sewage l.~goon Surface o£ Cround 

----------- ------r 

Contaminated Suria.l Area Septic ----- - . • i.nJ( --------
Commwtity L&nc:1£ill Other --------- ---------------

Vohu::a o! E:!fi~o~eftC: Kaown E:atimateci 30 lb/yr 

~----------------
Ccn.ta.mift&nta ( ••• lbtt 

Freon 

E:•timateci Oi•charge 

.'30 lb/yr 

' MonitoriAl Equipmeat oa El!lucftt Stream: No __ x __ ;·e=-----------

O..cribe. ____________________________________ _ 

Remarica '!hi• i• tae amount of Freon that muiC be acicied to the 

----~nigen.tion -unit to replace tb•t which le&isa tpd cyapgratc•, 

...... : 
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. ,... _...,._ 
.·. -

-~ ., -... 
Surv~y o! Z:!f..uen: Streams 

:"eehArea 16 J~:.~~~~=zoz ~--o 11~ 
------- ... --- m .~ 

Ac :o~.;:-.:~:"1; :"lum ~e r! s )------------------------

:":atu:e -,! ~!!l~,;ent Streams: Ciaa :...q~:.d :< Solid C~e~ 

--------- ----
( F'i~: o~.;: :me she~t !or ~aeh e!fiuent stream\ 

~!nuent 7 reatment: '!'ype: ~one 

----~~-------------------------

:>i~c:A&r;e Point: (Identify anci 1bow aketc:h on reveree i! more than one 

·. -. :.-.:! ~-

'I 
I 

, I 

'I 

I ,, 

per b~ilciing) 
· · 

Stack lnci~urial 'Sewer 

---------------- -----------
Sanitary Sewer Storm Sewer --------- ---------------

.. '!'rash Container ..;T..;Y'P~e-: __ w.....,i!)-.-in-.g;;,.,;r•a•ga.t-.. _______ _ 

Other: 

----------------------------------------------
~i•poa&l Methoci: Atmospheric Dispersal X ·Sewage Plant ----I 

~aste Proc:e11 Pla.nt--------~~emic:al Dump _____ _ 

Sewage Laaoon Su.r!ac:e of Crounci -----
Conta.minateci Burial Area Septic: '!'a.nit ------
Commw'lity L~onci!i~ Other ---------- ---------------

Volume of E!!l~ent: l<nown 1 Jal/mo E~tim&teci 

~--·-~------------ ------------
Cont&.mina.nu {see liat) 

C:: lo roth.ene 

?etrole\l.IB Diulllua 

Mur1atic Aci.d 

' MonitoriAc.~ipmeDl oa E!!lueAt Stream: No 

Eatimat..::.: ~isc:Aar;e 

' 1 gallmg 

0. Z gallr;;g 

0. 1 ga.l/vr 

X Yas ---------
----------- -·.- - ~a crib•·--------------------------------------

::temarka 'I'heae ma.tart&ia are uaeci to wt'P• &llci cka&A 1urfacea. 
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.. -

C:-ou? CNtX-3 :'eeh A:ea :-.;-16 ----------------
Ac::-=u:'lt~:'l; :'-Ju~oe r! sl 

------------------------------------
~•tu:e o! Z:!!:ue:'l: S:reams: Ca.s !..o.quo.e X ~o~•d C:.:-.e:---------- ----

None 
E!nuenc '! reatm ent: Type: 

---------------------------------

~scharge ?oint: ( Icienti!y ancl 1how 
per b1ulciing) 

sketch on reveue i! more t:ta.n one 

Stack Industrial ·sewer X 

----------------- -----------
Sanitary Sewer Storm Sewer -------- --------------
7r&lh Container TV';'e: 

~~-----------------------
Other: 

---------------------------------------
Oiapoaal Method: Atmo•pheric Disper•al 

4 

Sewage ?lant ---------, --------
Wane Proce11 Plant _______ ~!lemical Dump ______ _ 

Sewage La;oon Sur!ac:e o£ Cirounci ------X 

CoDtaminatecl Bur1&l Area Septic 'I' a.nk ------
CommwU.ty L.&.ncl!Ul ______ other ___________ _ 

Volume o£ E!!luent: KDowa ~stimated 40 gal/wit 

·------------------

. - ~ 

- ·- ,. ~ . . . . -

'I 

I 

'I 

'I 
'I 

~ Jtim-.teci Diac~a:;~ 
!5H;,net1 (Undll.uted) ; \ 

5 ra1/wit (annrox 500 lb/vr); 
Contaminanu (1ee lhtl 

Acetl.C a.cid 
'' 

Hvdro~umoDe 
7 tb/wk {anprox qo tb/vt) ; : 

Sociium Sulfite anci Sodium Metaborate 40 l'b(wk C &tn)rox 500 lb/ vr}: 

• ~ee below v 
Momcorilll Equipmn& .. EUluent StN&m: No __ .... ...._ ___ Ycs _____ __ 

~··~·-----------------------------------

~emarlu E!!l~ent is fixer (ZO gal/wid ~ci cievelol'er (ZO saL/wid film 

proce11in1 aolutiona. The cliacbarl•· about once everv three mon.tas. is 

a.ccom~&nieci bv vo\ummout quantities of water. 

:I 

... ~- ........ ,.~ ... - 't::l_,... ___ ,.;,. t'·l/Z lb/wk (approx 2.0 tbJ vr) 



.. -

C:-':)u? ·:.M::<- 3 ':'ec!l A.:ea 16 :.;~::.:~:-::: 

--------------- ------------ ---------------
.,.,.., 

A.c::u~::.:-.; :.=um·=e::s) 

-----------------------------------------

!:![:ue~t 7 :ea.tment: Type: :-.lone 

--------------------------------

------ . 
.=i~cha.rie Point: (!c:ienti!y and ehow sketcl'l on reve!'lle i! more than one 

per bu1lc:iing) 

Stack :ndustrial'Sewer 

----------------- -----------
Sanitary Sewer Storm Sewer -------- ---------------
Trash Container TY'"!)e: 

-------------------------------Other: Coolant leaicage 

------------~---------------------
~ilpos&l Met.Aocl: Atmospheric Dispersal X "Sewage Plant 

I --------

Waste Proces1 Plant _____ <;:hemical Dump ___ __ 

Sewage Lagoon Surface o£ Grounc:i -----
Contaminated Burial Area Sepei.c ---- 'I' &:\X ------
Community l.&nci!ill Other --------- ---------------

150 lb/vr 
Volume o! ~!nuent: Known E-.timated 

------------------ ------------
Contamina.nu (see liat) 

Sul.iur Hexa.fluorid·e 

Eatimatecl Oiacb.ar; e 

' Mon.i:orizlc·Eq11&pntellt Oil E!!luent Stream: No X Yes ________ _ 

~·c~•·----------------------------------------

l\emarka Thia m.&teri&l ia uaeci ae a cool&Dt ill racliosrat:~h eou1pment. 

:~ is reolaceci 1.1 it le&ka. 

... --
. - .. - - .. -
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. ~s . ~ ~~,.,.. c: - .... -, ..... -·,. • - ---

...,,_ n...,.,.,. '-"'-'- ~·- • ..:..·"'"' .. · ·- ... A;/;J-.;\A .. _:\ •t 

Crou~ ::i~.C<-3 ":'ech A:ca t.: 3'..1:.:=.:..-:; 1/"1.:.. 

--~~~~------ ------------ ---------------
Aecoun::n; ~ur.noer(s) ______________________ -. ________________ ~-----

' •I 

:'\'~tu:e oi 1:!!:uent Strea.ms: G.1s :.1q:::.C: .;.=•~= -=!:-:.c~ 

------- ---- - - -.:olvc::: 
'/a.~o:-

Z!!luent 7 reatment: '!'y}'e: { 1) Su~~. ( 2) ~one. 

-------------------------------------

~bc:harge Point: (Icienti!y anci ahow eketc:l: on reverte i! more than one 

per building) 

Stac:k !nciustrial'Sewer ------
Sanitary Sewer Storm Sewer X ( 1) 

-------- ---------------
'!'raah Container '!'v..,e: 

----------------------------------Other: Hoods ( 2} 

----------~----------------------------
~ilpoaa1 MecAocl: Atmoapheric: Dispersal >: ( 2} ·Sewage ?lant -----

Waste Proc:esa Plant ~nemic:al :lump ___ _ 

Sewage I.acoon ______ Sur!:.c:e o! Crcunc: __ x __ (.;.l);...._ 

Contaminated Bun~ Area Septic: !' ~-.:~ ----
CommwU.ty W-ncU'ill. _____ Othe r __ ,;;s,;;u,;,;r:-:.;.;. t~;..;..( :.:11:.... __ 

Vol.ume c£ E!lluan~ Known;,_ _________ ;:.stimateu 1000 gal/ dav 

'I 

' 
.I 
'. 
(I 
!I 
'I 

I 

I I 

I 
'I 

' 
I> 

I ~ 

'I 

'i 

Contaminants (see li•t) Eatimateci Diac:h;Lrge /6 m~ 
(gallons) 'I 

Aceton• 
220 

Chlorotbae 
55 

a see oezaw -
" MoJU.COr'iA&.~uipaltllll oa £Ul\&CDC Stream: No ____ Ycs. ______ _ 

~·c~·--------------------------------------

10 
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'• 

I' 

·.:..-



.. -

GMX-3 · 16 "'\ 340 
Croup :'een Area ,_~,,a~:,:.;.,; 

--------------- ------------ ---------------
Aeeou:-::~:"1; :--;umoer(s) 

-----------------------------------------
:-..-~:u:e o! z:!::.:en: Streams: Caa :..;.c:;.uci X Soli~ C:~c: 

--------- ----
(Fill eu: one sheet Co~ eaeh e£.f1uent stream) 

~!nuent 7:eatment: Ty;te= Sump 

--------------------------------

Oischar1e Point: (Identify anci •how aketc:h on reverie i! more than one 

per bullding) 

Stacie _________ :nci1.1strtal 'Sewer ___ x~---

Sanitary Sewer Storm Sewer ---------------
'rr&IA Container T~e: 

-------------------------------Other: 

----------------------------------------
:Aapoa&l Metbocl: Atmospheric: Oiapersal ·• Sewage Plant -----I 

Waste Proc:e11 Plant _____ C::bemic:al Oump ___ _ 

Sewa,e wcoon S1.1r£ac:e o! Cro1.1nci X ._ ....... __ 
Contaminated. S1.1rial Area Septic: '! an4c -----
Commu=ity L&nc:Ulll Cther --------- ---------------

Volume o£ !:!r.uent: l<nown £stimated 

------------------- ~---------

. I 

,, 
I• 

I' 
I 

; I 
'. 

,, 
' 

., 
'I 

'I I, 
It 
i! 
H 
'I 

I I 

' ' 

'I 

Eatimated. ~isc:ha:;e /6 mo; 
, (gallons) :::=:: '; 

ri Cl 
4 

- - -

.... -
- ~.~:! ~- ... 

ACEWHI 
n-B1.1tvL acecaca 

70d 
\ZO 

. ' 

~..See oelow 
' MemtorJ.AC z.u,,..at !• EUlueBt Stream: No __ .x_' ____ Y••-----------

a. •• ~~----------------------------------

itemara• The•• •olvenca will, izl a ahon time, e..aporate intp th' 

a.tmos'Phere, althouth. perhaaa 90' of them leave· at liguisl•· 

i .. !.mmoruum auuaca 
',,. • ..., ... 1 •••vt ,,.tnn• 

soo 
750 

I; 
; I 

i. 
'. 

, . . , ,. 
·' 
. ' 



G :OU? -::~.LX- 3 7ech Area 16 -:..:~.:..~.-:-

'":' ·.• .......... 

. - ... 
J ' ·.J 

------------ ---------------
Ac c cur-t~ n;: :--.: um o e r~ 1 ), _______________________ _ 

:-.:ature o( E:!!uent Stre:1ms: CiOls :....qu1d :< S-,i;~ C:::c: 

--------- ----
( Fi~l ou: .,~e sl'\eet !or e:1c:h c:!nuent 'tre.:tm\ 

E!!luent ':' reatment: Type: None 

-------------------------------------

!)bcharre Point: (Identuy and ehow eketch on revene i! more than one 

per bu1lciing) 

Stack Industrial 'Sewer ---------------- -----------
Sanitary Sewer Storm Sewer -------- ---------------
Tra•h Container '!'vpe: 

~~~-------------------------Other: Metal c:h1ps to s~lvage 

----------------------------------------
:Aapo•al Method: Atmospheric .Oilpersa.l -~Sewage Plant 

---------. --------
Waste Proces• Plant ~b.emical .::lump ____ _ 

Sewa1e WiOOn Surface o! Cirounci --------
Contaminated Buria.l Area Septic Ta.n.K --------
Commu.Dity L.ancl£iU Other Burn -------------

Volume o! ~!fiuent: l<nowa~..;l;;...,ig:.;;;a;.;V;.;m;.;;,;;o;.... ____ :::s timateci. _____ _ 

Contamina.nta ( • •• liat) Eatimaceci .Oi1c:h&rge 

Kerosene 1 gal/mo 

• Mon.itormc..Eqwpm ..... E!fiuellt Stream: No _ _...X .... _Yc::s _____ _ 

nne~~--------------------------------

~em arK•·------------------------------------------------------------

- ... 

'I 
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- C ro1Ji' GM::<- 3 ":" eeh A: e a __ l_6 ____ 3 ~~::;~~!: ___ 3_-_c ____ _ 
~-·---

Account:.~; Su~oer:s) 

--------------------------------------
:'>." a:ure o£ .E:!!:uen: Stre&m s: Cas l..iq1J~C: X SoHC. ":::O.e ~ ----- ---
t' :=-::: c•..:: ~~e !hee~ !~T' e3ch efnuent stre:1m} 

E!!!uent 7 reatment: Type: None 

-------------------------------------

Diac.barge Point: (Identi!v and •how sketch on reveree if more tha.n one 

per buuding) 

Stack !ncbutrial Sewer 

----------------- -----------
Sanitary Sewer Storm Sewer X -------
Traeh Container T·r~e: 

-----------------------------------Other: 

----------------------------------------
:>i1poa&l Me&Aod: Atmospheric Dispersal .. Sewage Plant ---------. --------

----·--- - - ~aste Proc:es• Pla.nt ______ ~hemical Dump _____ _ 

Sewa1• La1oon Surface o! Crounci X ------
Contuninatea Bur1al Area Septic: T a.nk -------
Community L&nd.lW Othe :o --------

Volu.me o£ E!nuent: Known Estimated 15 gal/mo 

Cont&mina.nu ( ••• liat) 

Tric:hLoroethvlene 

------------------ ,. 

Eatlmateci Oiac:h&r;e 

' 15 1&1/mo 

' MoaitoriDc Equipmeat -· EUlu.ent Stream: No __ :le ____ Y ••------

~~c~•--------------------~----------------

aemark•·----------------------------~--------------------------

'I 

I i 

I" 
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.I 
'I 

•I 
t! 

'' . ' 

'I 

'' l I 

I 

I 
'I 

II 

'' 
. I 

'i •· I' 
I 

'I 

' 

---· 



G rc~.:p ~MX- 3 ":'ec:h Area 16 3~.:.i.i:iL~g ---------------- ------------ ---------------
Ac::o~.::'ltl:'\S :"urnoeris) 

------------------------------------
:"a:~.::e of ~!!:~.:er.t Streams: Ci~• ___ x __ !..iq~.:ld ____ soli~-C:~e: 

1 Fiil o~.:t o~e sheet !cr eac:h e!n~.:en.t stre:1ml 

~!!:~Jen.t Treatment: :-ype: ~one 

---------------------------------

~•charge PoiDt: (Identi!y and thow sketch on reverte i! more than cn.e 

per building) 

Stack _____ x ____ rndu.ttrial'Sewer _____ _ 

Sanitary Sewer Storm Sewer -------- --------------
Trash Container TY'l'e: 

-------------------------------Other: 

----------------------------------------
~ilpot&l Me&Aoci: Atmo1pheric Dilper1al X ·• Sewage Plant --------. -------

Waste Proce•• Pl&At ~!lemical Dump _____ _ 

Sewage L&gooft Su.r£ace o£ Crounci -------
Contaminatecl Su.rial Area Septic Ta.M -----
Community L&ncl.£Ul Other -------------

Volwne o£ ar~eftC: KftOWD E:'stimatec! 3840 rt 3 /v-: 

------------------
Conu.minanu (tee lilt) 

Acetvlene 

Eatimatecl Diac:barge 

• 3 
3840 ft ly"':' 

• Mom to rmc. ~-ipm-& oa Eltl•eDt Stream: No __ x ____ Y ••-------
.. 

~•cri••~·--------------------------------------

Remark• The ac:etvlene it burned. 

, I 
I 

'I 
'I 

I 
I' 

'I 
II 
'I 

; . 
'' 

'I 



I 

I 

.. - ... 
.., - ... :J 

( 
c raf-p G~LX • 3 

Survey oi .;:!!'luen: S:re:!.!":':l 
l~ 

::l~ ::-:::-.! G :o~::c -
7 ec h. A:~ a. __ l_6 ____ s ui::.:.!'l ; ___ . .;_:_e_a;;...___ ~- ~ ~ :-:: ~ • _ 

Ae;ou.nung :--:umoe r( s )----------------------~~ 
. :< . . .< .::·.;:. 'J'en: 
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P~EL:~t~ARY SUMMARY, :EiaNArEO ~ST ~~OUNTS 

(LS/YEAR) 

Sugar 1300 

Pantex 72%3 

LASL * 
' I. 

LRL 2565 

Sandia * (Sa.t11111 

Mound 56.4 

Total 11.150. lb. 

-To be obtatneti in next quarter 

. . I 

' 

.. . 

10,000 lb. in a test) 

. . 

• 
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H-iC SJ-?.3 

:~ ~es~onse :o a ~equest !~om S-', :~e following tnfor:att~n was gat~ere~ as ~art o: t~e DOE Hazardous ~aste !ec~nology ?:~g~am. ::,. :-.azar~:ua c:te:t1cal wastes and :ixe~ wastes ::tat are ei:~er stored. -~eated, or disposed of at ~at Alamos National :abo~atory are c~arac:er1:e~ !n this ~ocumeat an~ on t~a co.::ached :ables. 

!o avoid ~u~l!cat!on, a deacri~t1on of the fac!lit!ea aad site& e:oloyed !:t ~aste haadl!!'tg ac:1v1t!es 1a provtded in t~1a ~ex: ~a:~er :~an on the tables provided by S-4. !he deacr!~t!on or :~e waste fol:owa. w!:h ~aay of :he chemicals liatea ~ener~~a~:y ~ather :ha: spcc~!:!..:a::y (e.g., ac1ci waste rather :;\an nt-=~!: a-::..:i). 

:::!.ght !ac!!.!.:!.es were used during F'!S2 for wasta management· ac:~~~:!es. Of these. one is for storage, four ara used for :~ea::e~:. and :~ree are dispoaal sites. 

:~e sto~age :ac!:~:y is used for the acc~:ulat!on oi PC3 conta~~~a:en ~:e~s and oil that ~tll be disposed of at an a?prove~ ?CJ ~~=~~eration facility. Buil~ing 61 at :A-21 is dedlc~teJ :o~ :~is ?~r~ose and meets t~e requirecen:s of Annex r:: of tr.e ?e~r~ary :;, l980 :ederal Register (?C: Oi~posal and ~arkin;) :or ?:3 storage !ac1li:1es. A te:porary, curbed, asphalt lall:..:~~g ~ad ~~nina autlding 61 serves as a storage area for oil aw~!:~~g ana:/tl:al resul:s fo= PC! cont~~1nat1on level. 
C:tar.!::!e, ::O:.ro::~a:e. and aci:d/base waste=s are treated in a smal: :a::~ ~:.ant at :A-50. 7ha system consists of a vented l50 gai:~n ::ea::ent :an~ wt:~ gas and cau~t1: supply lines. !he :~r:ent ?~ant ~i ~~i~g replaced to Qi~cw treat:ent ot larger ~o~u~e ~~~ ~ore :o:tpl~~ W3Ste s:rea~s. Ant!:i~ated s:ar:-u~ =~:e ~~= :~~s ~ew ~lan: :s early :98~. 
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:~o ;:a~:s ~re ~sed !:r =~e ::ea::e~: c: :a~~:ac~~~~ :::~~= 

•·aae~. :-~e 71\.-50-~ :a~:.:!.:y pr:·::.:es a :ar sc:e~::. !=--~: :~.l::

'::er-, :-av ..,.~s:e s:ora~e ce.:~s. !!..lsn :1xe:s, c::O.'!-:!.:al :ec~e:-:-~. 

: : ~ e : -..: : a : : ~ - '= . .:. a :o ~ : ! e : s . ~ • 1 v :. t ., • .. , • e r s • 4 s c ·· 4 • • • ~ .. - .: - .. -

' .. . ---- . -· ------· ..... --:. 
!.:::-~xc:::.a:::e ::.~::::s. s;,e::: :e;e!terant st::.-a~e, ::~t~::e::: :a;: .. 

sl~c;e s:::a~e :an~i. V3C~~= !!.!:er, an~ ::.a:e~ ..,.~~=• s:~: 1 ;~ 

:a::~s. c~~=~c:a!s ~sed !or ~eparat!on an~ conc:en::ac.~n c; . 

a~~~a-!:!::!.:~ :.aci!:nuc:!i~es !.nc:l~~~ !e::ic: 1u!.;na:~. -~~e. 

:::.ace!.~~ ;~c:;na:a. and c::agulant aids. !he sl~d~e ?'~;~-~= 

~y =~•=~:a~ ::ea::en: is devatered by vacuua f!l:ra::.:n :~ :.

~c: solids, placed !n li~ea 215-~ (57-gal) steel ~r~=s :.: =~e 

transura~!~= rad!onuclide activitY !s >1~0 nCi/g, anc: !;r-..,.a:-:!: 

to ~A-54 (Area C) !or retr!ev~ble, 20 year storage. :~e ~~~=~~ 

:~ the dr~=s loo~1 lika wac clay, but no frea wa~er 11 ~p~a:-

ent. :o ~~r:~er a11ura tba absence of free water, abo~: ~~ 

poun:s of ?ortlaad ceaen: ?OWder is placed in the bottom or t~e 

ar~= :~ner before :be slu~ge is a~ded, and another lQ pounas o: 

c:emeat is placed on top of :he lludge after :be arua 1s 

f1l:ea. 

~~~ seeon~ facility, rA-21-2S7, provide• a bar 1ereea, gr!: 

e~a=ber, raw waate storage, flaan mixer, cnaaical feeder•. 

floc:c~lator, ••~!~entation tank, filter 1uap, recarbonators. 

pre1sure filter, aad treated vaata 1tora1• tan~• for treatme~: 

of low-level radioactive va•t••· O:ber concrete and ttai~~eiJ 

s:eel storage tar.~s are provided for a variety of higher :~ve~ 

ba:c~ wastes. ~oat of these are treated by neut:al~:a:!oa. ~= 

~eees~ary, !n special sta!nlell steel watercoolea t~n~~. ~eu

::al!:ed ane al~~l~ne wastes are tr&n»ierred to a mixer

equ~;?ec !•ed :ank, then fed to a pug mill where ce~en: !::= a 

s1!.o !s added. Sonretrievaole cement paste is diacharged =~ 

:ar1e shaf:s in Area !, a dispoaal site west of the bu1:~in;. 

:~e system wa1 modified in late FY 1975 to provide for st~rage 

i of :he ;aste requiring retr~evab1l1ty in 6.1-m (20-ft)-lc:q; :: 

:.io-:: (2.5-ft)-diaaater galvan1:ed, weldaci, corruga:tta-:~c=:a~ 

?i?e (C~P) sectiona. Sludge f:o~ the cbemical :reat=ent ?la~: 

provid1nc fseci to the pug mill syltem does not require ret:!ev

a~il!:y; ·1: 11 ci1acharged to asphalt-lice~ &hafts 1a the t~:~ 

:n Area !. Appropriate sample• are ta~en at all phaaes of :~e 

~a1te h1Cb azplot1vet are collected, packaaed, etorad, 

per!odical!y burned at the S-Site burnin; ground. ~~cumula- ~ 

tiona of vaate ill auapa are collected ia a apecial tru~~. :o~&.efP 

to filter bedt ac t~e S-Stta ~~ll11ll I~Oall4, ariaa, all• 

burned. Co•b~tti,le o1la ana sol•aaca, paper, and vooc c:n:~

m1nataci v1::1 n11a •at1aa1Yaa •~•· collacca.& ••• b~rn•cl 1: ~:1 ~:.-

~ ::r ae S-S1te or ill a burft p1t ac T~-40. ' 
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As ~•n=~=ned, =~~ee sitel· re~e1ve ha:ar~o~s c~em~:a: w3s:e --

~~s;o~a:. A~ea :, 11 dcscr!:ed ab~ve, 1s ~~~u only ~;r =~,=-

;al o! eeme~: pa~ce was:e. :~e seco~d s~:e ~s :~-5~. Area :. 

:~~s ~~~• :; s~:~a:ed c~ ~esi:a del ~uey ~~ :A-5~ a~~ ~, :~e 

: .l .;. :-. a c : !. ., t.: :- a c !. o «l. c : .!. v e s o J. .!. .: ... a s t e ":l u r!. a l , · ~ c: ·o r .. ; c s l. : e a : : .. r> 

~~J~:-l::~y. :he ~re~ ~as been used s1:-.ce 195: ~n~ ~~ e~oe:=~~ 

c: re:a1~ ac:!?e :~roug~ the ~oreseeaale f~~ur~. :~ F~ : 1 ~7. 

t:~e ac:!ve ?or:!l't! u~ :he s1:e we~s exp.Jnded to a curr1!r.: :o: .~ 

area o: Z.~S X ~~~ ~- (63 ac:ea); f~tur- exp~nsion o: :~!3 -=~a 

1s p:anned. Sur!alistorage facilities W1th!n t~• area .:.~::.~~ 

?1:s, ~nai:s, trene~el, anci ;:ads of vary1:1g cii:uens1o:u. A .:c :e 

detailed ciescription of t~e use of t~eae facili:!es •~a oi ·· -

:-en: ·.t;.;ste :anagemen: o;.erat:.ons ia eonta1:1.tci 1:1 c. •• e t..\S:.. :~ ....... :. 

~~v.!.:o~:eutal !:pact Statement. 

Certain Mnon~eactive· haza~doua cneaical WIICII have been ~~~

ied 1n p1:s and 1haft1 along vtcb radioactive wa•t•• at Area ~. 

s~:~ wa~t•~ ~nclude &lbeato•, beryllius retiduea, es~ty P••~1-

c1de containera, PC!•contaainaced aalida [tranafor:ers, ca~aci

tor•, aol~:!:. (be.fe~re 1978)!, and aalid tra1b•cype- va1taa cocH~

m1na:ed vtt~ knovu or auapected carciUOieUI. a.cveen 1976 an~ 

1979 :uc~ of ~hia vaate waa buried iu a 1eparace p1t (Pit l9) 

at :~e site, ~~:~aug~ there vera exceptions due to very lar~~ 

volume• (c!.g., .?~S-contaaiuated tranaforsera). In l98u, a!'i'ro

val ".JoS granted =y t~e ~PA for diapoaal of PCB-aali4 waat• !~ 

spec~al :~ci~i:!al at Area G. 

All ~1xed waste is either atored or buried ac th1t ~1:e. For 

sa!e:y reaaont, =~• majority of buried waste 11 placed i~ 

shaf:s ~or ~r~ater isol~tion from i~truaion. For example, 

coyotes would create an 1ntrua•on conc•rn wnen d~gg1n• up and 

eat!.~; :,!,o.l.ogical wastes i! it were ~uriec in the p1t c:' •• c:!'lec:' 

:~an ~n t~e snaft • 

Area:., 3.~ x ~:;,3 ~nZ (0.88 acre), is located on ~asita del 31.le7' 

!.n ':A-34, and ai11ce 1964, has been the ll&in active cnuHcal • 

waste ciiapaaal site at Lo1 Al~1101. From 1964 thro~gh M~y !975', 

all c~esi~al waataa were di~poaeJ of in one pit at t~e sit•~ 

Seginninl in June 1~75, with the tranafer ~f rel~onaiblli:y f~r 

~!.s~osal o~erac1ona to the ~aste Mana1esenc G:oup, this pi: ~as 

covered and shafts vera used for waste chesical disposal. 

C~e~ical d~sposal shafts measure 0.6 • (2ft) to 2.4 11 {6 f:) 

in ~!.ameter :,y u~ to 20 m~{65 ft) deep. Different shafts ar• 

u~eci :~r ~~::erenc catesoriat of wa1t1 cheaical (e.g., organ- . 

!. c s , ~~organ! c s , o 11 s , e t c. ) to a.s 1 u r • that 1 nco 111 Pat 1 b le c: a c: = 1.

c~Ls ~il~ ~o: ~1x and react. I~ acdit1on, o~• •~•ll p1.t at :~c 

s.!.:e !.s used f~r dis~osal of bul' quanci:iea of treated aqueous 

".Jaa:e. 7~e wa:er a~ic~ly avaporetes fro11 these w~ate» l•~v~~~ 

a ;;a:: ca<ll! ::.:-. c:"\e ?1: ~ot:om. r.;hen t!'\ts salt cai;a !.:s "" 1 :: 

-- --· -~~ ~~ :~e ~1:, ~ac~fil! is a~plied. ~n~ ...... ~ ~ 
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~: :~e ?teaen: :~:e, :~e 

A:a=~~ ~' a ~&~~ ~r~::e~. 

c~e:i:a: ~as~e :eco:~s svs:e~ a: 
~~~~ so:~•d '~•t•=· A :~-,~=~~ ::a: a 

:.:se !.s c:u::e~:!.y 'e1::g wr!.::en :o re';)le~o;tt =~•!.• &y!l:e:. .\s 

:-esu~:. ::os: ·::~:-:-e!l.~ ~a.:a !.s :-eeo:ci~d !.n ~~~e::1:: :e:::::t =-~::-.e:: 

=~a~ s~e~!~~= =~r~s (e.g., or;a.nlc ~~t~er ~~~n ::!.:~:,r:~=~

•~•), 7~er~===•• :oat of =~• c:~em1cals rep~rtec :n :~e 

a::a;~e~ !o::~s wtl: ~. d~s~:!~ed in generic: ter:!.::~l~~y. A~ 

•~~eo:~on t~ t~!s wtl: be :aed wh~n a. ~1~n1fic:•nt voLu~~ of a 

so•c~:~c: waste vas ~!;~o•ec o:. All r~~ortec icn•ra.:!.~r. =~==~ 

a~e !o: :!~: operat~ons. 

A copy of t~e 1982 ~aace ~anagement 
a.:ci!:!onal reference. If tn•re a.re 
1~for:at1on ~rovicied ic this text, 
j:l!c.he c:octac: K&rec Bal.o, !:!-7, at 

KA!/:uc 

Cy: ;. Aragon, R-oo, MS P22! 
K.-B~lo, !:!-7, ~S ES16 

Sit~ Plan 11 enc:los•~ =~~ 

any quescioQI a.oou~ :~e 

t~e forms or t~a St:e ?:an, 
7-5:397. 
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memorandum 
TO: BRAD MART:: ~~0. MS E525 

MIKE BAR~,c%>: ":' 
DATE: August 13. i 992 

FROM: MAIL STOPrraE?HONE: C 9 3 0 I 7- 6 8 6 6 

SYMBOL WX-3-92-~4 
SUBJECT: TA·16 BURNING GROUND HISTORY 

• In the past, from 1986 to 1988, the wastewater from the pressure filter 

tanks drained into a hypalon pond. Before then, it was allowed to drain into the field 

south of the filter tanks and eventually into a tributary of the Del Valle Canyon. 

Presently, the drainage is processed through a carbon filter/treatment unit. 16-

363, before discharge to the canyon. The two are joined to a common line in a 

manhole: the common line then goes from the manhole to the filter treatment unit. 

T A-1 6-363. It is estimated that 50,000 gaVyr is now baing processed through 

this unit. Structure 1 6·363, previously 16·228. was constructed in 1988. 

• The basket wash facility was in operation from 1951-1966. There were 

modifications made to the building distribution schema when trough T A-16-1129 

was constructed and when trough 1 6· 1 136 was dismantled. The building is now 

used for equapment storage. 

• Burning tray, TA-1 6-394, is used for burning oil and solvents 

contamanated with HE. The contamanated oils come from machines at TA-16-260 

and TA-16-430 primarily, and contaminated solvents from buildings TA-16-340 

and -460. Pad 16·394 was originally used as an HE slurry collection and bum pad 

but was convened to an oiVsolvent pad about the time that filter vessels TA-16-
.. 

401 and -406 were constructed. 

• Burntng slab's 16-388 and -399 were built in 1951 to bum solid HE. 

Burn tables were incorporated in 1988 tor the purpose of eliminating ground 

contam1nataon. In contrast. HE-conrammared equapment as burned at TA-16-387, 

the maan flash pad. 
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• The r-iE-water slurry tnat 1s empuea mto filter vessels 16-401 & -406 1S 

dned usmg forced heated a1r tor 24-48 hours: tne cry explosive IS then burneo. 

The two vessels are usee alternately w1th slurry bemg aumped mto one wn1le me 

other 1s arymg or bemg cieaned. 

• Former burn pad, TA-16·392. rece1ved suspected_ uran1um-contammated 

washwater from the basket wash facility, TA-16·390. From about 1966 to 1980, 

the pad was occasaonally used for burnang HE-contaminated material that was also 

suspected of being contaminated with uranium. This pad has not been used s1nce the 

early 1 980s. 

Cy: L.A. Stretz, WX-3, MS C930 

M. J. Buksa. CLS·DO. E525 

WX-3 Group File. MS C930 

'. ' 

/ . 
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'lie ue au~ that. tr.is be done in !!.leal ;rwar 1961, ilith G~ ~or:ey. 

·-

':'he chute bas been c1esicned. (retermce Slt~lJ, sheet. O.l) arxi an 

oraer hu bHn placed fat' 1 ts t&briC&tiCIDe 

I have told. the Burning Ground. Men1.•or t,hat he il rell)Cn.s1: le 

!or all M&t.eri t are lett at the burn1nr 1rqun4~- I! this nappens 

, e 11 to not1t,r me a tna necessar,r correct1Te action v1ll :e 

ta1can illlftec:ii&telJ. 

::. Re!erence meoranchJI, i:lwct1on, it• l.h 

J. 

' ' 

' ' 

':"he kerosene has been movecl. 

?.etermca memorandtl:a, ins"Decticm. it• l.i 

I! material &ZTiTes at the bunU:lc p-ouad. tblt is "mburnable and 

uncon't.uli:at.td•,.wd 30 marked., it 1s to oe_~d. into tile eiii)on no;.-:.:-.:~ 

being ?lisW. • hil 1.s not.ec1 1n ~-3 SOP 12.3. 7. -

':'vice, I have perscmallr okayed ~inr llllt.trial into the canyon 

without. it beinl !'l.asheCl. Sa. stea cond.enate pipl. tbat vas take 

out ot tba equ1;:aem roca at "h3liWii tX-1&260, ,.. d.llll*i V1thout. 

be inc tl&shecl. SiDe• w knw tbe hilt.orr ct tbe pipe, I d1t1 not. believe 

!. t vas neoau&ZT to tluh it. S~ ~-- Nt- b&sleu (AT baskets) 

were wo t11!!p!Cl without be1n( nuw. !!l••• bukets ven uaed. tar 

t:-&~111c u •. The Rt cont..-tnation ·Oft tba baaketl ,.. nrr al1gilt. 

I da not believe this cn.at.K a117 eatet.y h&u.rd at .tbe bumil2c crcuna • 

~ subject is be1nc h.mdlecl at the P"•ent. in tne tollov1Dc N.Mer. 

The ~ Orouad. Su:perrtsor hu been iutncted no_!_to ~·ua~&rkec1, 

unburnable ¥ter1al into tNI CAft1= v1thGU't. tl.unirie, 'Unles• he t1rst 

c:l..rs it Viflh lie-;- I?' he bel1e'MI Uftb11mabn Mterial is uncant&llinaWG, 

h1 11 to uk •• tar pc"'lission to t1alp ft V1tbCNt. tlaabine• I shall 

1mest1cat• thl history ot t.fte utarial, mel U I aa sur• that d.\lll=in.l 

the uterial vithCNt rlaai\ing d0111 not create a safety hal&rd., I shall 

-- give fllT &J'prcrftl.. It there an oi:ljectiou t.o t.hia ays~, pleue lF 

lll•knCIIt so t.b&t I CaD cnuc• it t.o el1p1Mt8 tM objecUona. 
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':'be ~ are nov being ina'pect.eci once •••17 tvo veeu, a.zx1 a neo: 

of t~e1r conc:iticz u kept on Font GMI-.3-829. 

;;e nov believe t.bat the tUter bqa verti not !!.!teri:lc p:-operl1 :e 

ther ve" not vuneci be!cre bei.ne J)l&ceci into- aerriee. We vashe<1 :sa.. 

!'Utar bqa 1n the laund:T (thia vas to tue out ~· s1:1nc 1n tne cl:<: 

ami -placeci th• in'tO :!"':"'TiCe. A tb:"K •ek t s check on theee oqs :stove 

the)" were £Uter1ng sar.is!'ac:toz-4..1.7. All oev oaga ar9 nov oeinc vuneo. 

tl:ler arrive at. GMI-J. 

c. R. w.n 
w. c. Court.rilht ( 2 ~Jt··---llllli<.....;::.:A·i 

E. iiild.ezo 
0. D. McComic:k 

'!' • 3 • B&lTi.s 

P. F. Clux 
:}Mt. 3 R..~g FU.. 

?'I..J.e 

a. t. az i IJlc• 
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OFFICE MEMORANDUM 
TO :. • .r. l 757 1'1le ('rc Be A~..ached. to S\t:n"ey Request r:ated. 9 /l/65) 

F"ROM • l3 • p • \l1ll!.ama 

SYMBOL. : El'IG-3 

AAL.AMOS SC!EN"MF":C ueoqA~::~ ... • VNIVE"IITT 01' CALI,-OIItNIA. 
1.0$ A.U.MOI. NEW MUICO G7S.C4 

TEU,.ON&I 

CATE: Se~r 30, 196; 

~- t+ I~() 
- ~l,t'f-: 

~~~ t!..:.. L..J ,.,~) 
During tbe spnq ot 1965, B4 W114er, t24%-3, called the IIG-3 G~ omee aDC1 reported tb&t Klllt tne ot IZIII't&l •ter1al. vu t~ to be !aned 1A the olcl ezc:lu.1on azoea ot -r.\-16, vtl1cb lhaul4 'be dug OtZt ud. c11.tpOMd. or, ?roT1cied. the •ter1al ccul4 be located. V1th ._ tne or datectc,r V1th1n -;he geDeral area u vta1cb 1t wu suppoud. to be bunK. !11 call vu 1: :-e sponae to a req'IMI.-t lade by ERG-3 repz'dtq 1=.tonat10Zl t:aa ~ CJav! ng ot &fZT •tert&l.a 41~8&1 &Z"U.8 Y1 thin the pzoo.1ecrt vtlic:b aboulA. be -.de a :mtter ot reccm!. tl:lrcu&b L.J. l757. 

A survey :oequetrt, dated. 9/l/65, vaa 1D1t1&ted. to locate Mftftl. areu in s-s1te v1c11lit'7, including tbe IUbJect its. 'l'be aw ve1 par:, did. the !'teld. vork on 9/3/65 &D4 loca~ acae type ot metal -.a, V1th1n tbe area they vere to eearcb, V1th a d.:lp aeedle, :zarad the locat10Zl V1th a fl&ged. la.tb a:d 
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OFFICE: MEMORANDUM 

L.""'sQ. · Me- s--·-··-·-- · ·.-~-·--- .... - ~ ._..._ .. '·· ·- -"" __ ,,,.. -
'._...• ·~uv:IISIT'Y 0" CAI.I,.O~'<IA 

1..-:l:l oAI..floWOS. ~CW .. UIC::l C7!!•• 
Tti.,,~ONC, 

M. L. Brooks OA~ Aprill3, 1966 
H. E:. Ballance~~ 44/:3 /~~ J. fJ1W-~ k/w..f~,. ~ tk, 

Att•• ~p" . 'N. C. Courtright '\... o_... ~- ~ f/~: CJ»> 
DUMPINC MA 7~:'".IAL IN 7H!: SUR.NlNC CROU~'D1~0N 
H-3 3. ~~ {.//75"7 

Re!~rences : i. Group CMX-3 SOP 1 Z. 3. 6 
I 
f 

... 
1 

Z. Memorandum from Safety O!!ice to C. A. Reynclcb, elated March ld, 1966. subJect "Cleanup o! TA-16 Burned Building&" 

Permiss:on is rcquest•d to allow The ZU. Company to dump several t:-uck1oads c! noncombusuble ciebru in the canyon north c£ TA-16·387. This matenal is noncombustible debris left from burninl olci explosive building• arv+. maga2anes at TA-16 and TA-11. This material should be euenually free oi J.ny HE contamination, stnce fire was used to cieetrcy the buildings. However, :t is felt that it should net be ciepcsued in an area open to the public bec3.use oi the slight pcss1bility of hidden HE contamination. I de net feel that the ,?Ossible amount of H.E: ccntam1naticn is great enough to increaee the explosive :Oa:z:ard 1n this clump. The material that is determined by a Group GMX-3 Ccr:1fying Agent to be posubly H.E: contaminated will be depouted in the HE ::lurtal plts at Mcsita del Buev. :"to combustible material is to be !:leluded .:..:ld arrangements to e:lter and lea.ve the burning ground area will be made i.n advance by Croup ENG-4 wtth T. B. Harris, OMX-3. 

~ -· R. w. Drake Approved by: 
R.. Owen ~ s. ~ Russo -· 

M. L. B: .,.,KS 

H. -· B3.llanc:e 
c. R. West 
?... ! Thrap -· 
.;, . !3 • Harris 
c T Cvnve:-se . '. -· ' Hilton -· ~-
E. Wilder 
GMX·3 Reading .File 
.File . 
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PermlaaioA la requea&H to &1lGw n. zs.. COIDl'&laY to cb&mp UO\&C tbree trucklo&da ol aoAComia~o~a~i.b clebrta iA tba c&AyoA ur&.b ot TA·a·l87. Tbia nsa&erial la AOACo=Dut~ clebrta left lJ"om bar11tac old exploatYe b~o~114ml• &Del m&l&aiDea a& TA-6. u ma&arial a!aouJcl be aaae11ti&Uy tree of azay HE: comarci.Da&ioiL. aillce fue waa \laeci &o cleat=oy tbe bailcUDI•• KoweYer, U ia !el& tlaa& U elaoald Ul M UpOaUecl ia aa azea opea lo tile plo&blic becaaaae ol &he dipt poaej)aWty of hl4clea HE coanmla&cioa. 14o DO& tee1 tb&& ~e poaalble &rDO\LII& ol HE co~~&amma&ioA la area& aaoup to iac~•••• the exp1oetn l'aaaarcl iA &!ala cl~o~mp. No coaa.Du&~ ma&arialla &o be iaeluaecl au arl'aqamaA&a to ezaler ua41•n 1M iluat.Aa arotllad uea will be made ua aanaca by QroYp .ENQ-4 wida T. a. Hu>ru, Qroap CWX-l. 
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•. Clarence Co1.1rtti;ht 

Los A.l&mcs Sc1e::1't!!"!e IAbonr.tcry 
Lea Al.a:llos , Nev "'ex1co 
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on 
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The Lea Alamos Sc1en-ti!"1c IAOorat.ery, under the direction ot the 

E::gineeri:g De;arcent and Satety GroUl), baa reeent.ly cleal"'!!i acme 

~or.:er t!.r:!.:g sites and d.!smantle4 and re!DOved. about 75 at:aDiicned. explo

sives processing and service buildings including their aaaoc1ated. 

utili ties. ~e goal vas 1:0 raove all l::lazardoua materials trcm both 

a "bove and belov ground, el!:i:a te all eVidence o t tor.:er occupancy, 

ret.urn the entire area to ita natural state, and, in me cue ct one 

f!ti:g poi:t, be able to allcv public access. Proce4ures vere developed 

tor the safe r=oval ot explosive and radioactive cont.ami:lllte4 ::lllt.erials, 

structures, and drains. Cne ot the 1110re ba:arcious cperatio:a vas the 

removal ot uncierground. explosive vaate d.raina, some ct vhic:t contAined 

significant quantities of ex;losives. Al~cugh this vas a :leanup job 

some ct the same problcs can be enccunte~ an4 the same solutions 

applied 1: modification a:~ :ainte~:ce vork of operating explosive 

facilities. With the use ct slides, I vill describe t.h.e prier coaditio:s, 

the methods we used, some of the conciitions encountered, and t:e end 

results or this ettort. 

WI., as ve are cc=ct:ly called, vas created during Wcr~ \War II by 

the ~anr~tta~ Engi~eerir~ Jistrict tor the purpose ct developing an 

t:tomic bomb. Si:ce the vork !.~vclved explosives, te:nporary explosives 

~recessing and st.orace buildi~s·vere built. As 1: cany r~ o?erat!:~s 

:;tan apparent-ly t.e:porary r~t.ure, t.'le fac:il!ties. vere net the best !':r 
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sate cperat!ons. ~!ng ~~e early uses of these !acili~ies, =any add!~::~s 

and. cJ:acges were :nad.e oc sr.ort. no1:!ce and vi thou1: ad.vaace pla:micg. ~e 

result was a tlodt;epodge or -:.e:sporary buildings and racil! ~ies t!:a1: vere ~=-: 

sa1:1atactory !or long-t~e use. 

By Cocgressior.al action, Las Ala.::os vaa made a pemaae1: facility i~ 

1946. ~ple then began to consider pe~nent structures to replace 1:~e 

temporary ones :-.. ut curing the var. Construction or aev tac1l1t!es vas 

atarted. ill the la1:e forties and 111011: ot the old temporary str.lctures were 

replaced vi th nev per=anent ones. Very t" ot the old strw:tures were 

dismantled vhen aev s1:ruc:tures vere bW.l t t= replace tlla. 'l'he,r vere used 

tor various explosive opera1:1oas and dead storage tor a rev years and vere 

even1:ually abandoned in place. 

In the early 1960's _it vas decided. that 10111e or the a'bl.ncioned bu.ild!.::gs 

1a the operating areas sbculd be remcftd. becauae or the tire bazard. they 

created to some or the nev racilities. 'l'hese building• could not easily 

be d1aaatled sately, since they vere heaYily cont&llizated vith explosj 

It v~s decided to use an in-place controlled burning destruction ~ethod. 

To ensure good !'lashicg and burai~, addi t1onal ccm~tible material vas 

placed inside t.i.e bu1ld1::gs and the interiors vere soaked V1 th kerosene. 

Dur!.:g aonvorxi:g hours, the build!:g1 vere ignited remo1:ely by the uae o! 

electric a qui bs and alloved to 'ourc to ground level. This vas done by the 

Fire Depart::ent during the viater :ncatlla when the groUDd. vu covered. vi tl:. 

snov. '!'he con1:roUed bur::ling prognm vas succn1tul in remoVing the hazards 

rrom tl:.ose paru or the strue1:ures and equi;:=ent that were above ground, :ut. 

vaa essentially 1:lefteetive oa the equ1pmen1:, drains aaci su:ps that vere at 

ground level or 'celov grade. ':he structures vere lett in tilis c:ond1 tie a ~==

the nex1: !cur or rive years. 'n!e ba:ard. or the underground. explosive con

tamica ted drains rez::ained, and. the 'burned debria created an eyesore. 

FUnds were app~~riated to r~ve the at1ll existing ~a:arus, cleanu; 

tor the sake of appebranee, and =ake the land available for turt~er use 

when needed. 

Cce or the f~r1r.g sites was outside C'ur normal laboratory area. 'I" 

part!e:.ll.ar site ha.a ceen •.1sed ~or rtring erpe!"i:zleatal explosive shots, -cs-: 

of vhi~i. eon:aine~ radioactive ~~terials in the explosive lsaeccly. ~!~ 

I ' ' 



!'ac !l.! :y anC. ! :s l.a:d ~.as been declared su.rplus to t.~e Labcrat.::-J' s ne~~s. 

and ~e :a~~ vas :.: be retu.-:ed to t:e AEC who vas ~ open 1: ~=~ ;u:l:: 

u.e. Si::e the publ~c would have access to it, it was necessary to :aKe 

sure -:.:a':. ~o !':.aza:-:.s or d.a::ger:us at~ract! ve souvenirs vere le!~ !~ t:.e 

ares, es~ecial!y !:r public :-elations considerations. 

Cne o! -::.e co:s1derat1ons in doi=g this r~stcrat!on vert :lOV vas t~..a-: 

many or ~~e e::ployees who bad vorked at t!1eae !acil!ties vere stil: e:?~=::~ 

by the Laboratory. They were available tor consultation in deter.n!~!:-..; ·.-::a 

operations had been carried. en in each or the buil~::gs or areas ao.d c:~:. 

assist i: deter.:U.:icg wb.at hazards might :~till exist. I! ve bad. va1 ted 

another -:en years cr more, ::any o! these people would han retired. and 

vould. cot be readily available !or consultation and aasiataace. T.lese 

people vere a valuable asset in determining juat wbat cond.1tions ciid ex1s: 

and vere, in some cases, ::ore reliable than the engineering dravicga and 

records t~at were round in the ~les. Many hcun were spent ill asaembl~::.g 

the available d.ravicga and reeora.. on each ot the old buildings, but the~e 

were Kny missicg links. There vere no CC'IIl'Plete "aa•'built'" records. ~!.s 

!.s alae tr~e many tt:es when modi!icstions or extensive maintenance work :s 

being planned.. 

I bave di Vid.ed. t.'le presentation into tvo areas: !1rst, t.'1e re:oval a~t 

clearance or explosives process 'builcii::gs and second, the clear!ag o! a 

ror.:er f!.ri~~ site. 

su~::: 1. Follovicg the war, ;:rior to the construction of any per."'..a:e::t 

cuild.i::.;s, use of the temporary warti::e facilities for explosive process!::.; 

continued. There was a large collection or vooden process build.~=gs a~t 

sui)pcr. facil! ties. ~ere were tew, 1! aay 1 struct~s that had not ':::-ee!': 

added -:.o or modit~ed. 

SU:E 2. T!le controlled bu...'"":ine pregrs.m vaa accomplished. as the f!.:-~~ 

step tor those wooden ~u1:~1~s no :onger needed. The better ~uil~!:gs 

vere ~iotained for sui)por-:. facilities, and a rev are still in use t:day. 

~e cu:~~d skeletons ot t~cse tr~t were destroyed. ~ere lett i: place u~~:: 

:noney vas apprepr!atei !or !"..:..-t!':.er cleanup and removal. The aew per.na:e::: 

atructur~s vere ::a~e pri::a:-Uy cf :onerete and located arou:ci the ~ri::e":.e: 

ot the old facilities. 
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:~:~. :iote that ;:ar.. c! this buil~!::g 2s c:onc:~te :rei: ~c:ree~ ·.;a !.!.s 

a:d tee :rest is o! vood. Buil~!~s, such as magaz~:es tr~t bad ea~~en 

oar:-::acies agai:st t~en, vere burned without removt~ the esr:h. ~e 

comb~s~1~1~ ~~eriels ~ere removed very effectively and completely. ~e 

re=aini:g ~ork ~=r the c:lean~p or that type or struct~e vas ~ust the 

removal ~! the conc:-:te floor and level!=g or the earthe: 'ollrricacie. 

Sti:! 4. Shovs a typical process building atter t."le c:o:trolled 

burni:li. It can be seen how the heat thoroughly r~shed the vacu'lr.': 

~ipes, ducts, and all equi~ent !: the buil~cg. Tvo explosive vaste 

su=ps can be seen 1: the foreground. Ic most cases the collection sum;s 

vere exposei t~ very little _beat rr:m the tire, at least cot enough to 

consi~er t:em !lasned. We did cot develop a controlled burning method 

t.bat would ensure complete flashing ot tl:le collection sumps at or belc'W 

ground level. 

SUD! c;. Shows a section ot vacuum line which detoaated dur!.:.g t!l~ 

controlled 'burning and vas positive ertdence that the 'cur.11ng di~ ;rovl-

ettec:t! ve !lashing. Several s:~all detona tiona were heard during the 

controlled =~!cg. Some of our tac1l!ties had ccmmcn utility buildings 

vh1ch se:-ved several smaller builci!ngs. In these cases, a central vacu1.: 

system served several ~ays or small structures. The pipes between 

'bu1ld!:gs vere not ex;osed to r:ashing during the controlled bur~i:g 

operatic:l and therefore vere stlll explosive-contaminated. These con

taminate~ pipes vere re=oved ~ the use ot an external pipe cutter ~ith 

vater r".ltming over the cutting area. The ends or c:~ctaminated pi;es 

vere capped vi~ plastic and ~ped to prevent loose HE !rem falling out 

durir~ r~ndline a~d ~oVi:g to a vaah-down 'building for explosive decco

taminaticc. 

SU~! C Sho~s a 'building during the process ot removal or the 

debris fr:: a:ove the !loor level. Since the contr:lled 'bu.~icg did 

not ~e~cve the under!lcor and underground hazards, the next step duri~g 

the clea:lup ~as to re~ve the flashed debris abovt• ~"le floor level. 

~is vas done by usir~ only ~~nd tools to cut or r~ve all the ~i~es 

and equi~ent. The ~se of c:~tting torches cr power tools ~'s not ~e~1tt~~ 



dur!::::g t..~1s c~e:a tio::. It !s sur,::-'!s !cg nov ~c::!'l vorx can be cic::e :.LS !:-~ 

only r.ar.d-ope:a~ed pire and 'bol~ cu-:.ters. A.a e-:oncmic:al 'bonus c~ :!.::1~:.::..; 

the work to stancard r.and <;eels vas t!-.at laborers co~! cio this wcrx and :. -: 

did :ot require ~re expensive craftsmen such aa welders. We fel~ ttat :~~ 

reduced ?er·hour cost :ore t~.an c~~set the extra speed that co~l: r.ave bee~ 

gained by t~e use ot a cutt!ng torch, even vi~cut regard to ~e sat"ety 

cccaiderati~ns. ~e personnel tor ~~is d~clitioc werE were constr~ct!.c~ 

workers who did not normally work with or around explosives. Before eact 

:aJor portion or the Job, an extensive standard operation procedure vas 

prepared. by t.~e representatives ot the !Zlg~ceer1ng aad Satety Depar..::ents 

and approved by the Explcsi ve Technical Group. Betore the work 'began an 

orientation ?~gra= vas conducted tor the workers aad their supervisors, 

and all tee general satety r~es and conditions in the SOP's vere outlined 

in simple ter.ns. 'n'ley vere shove surples ot various kicda ct explosives 

that "!~ey %ight encounter. The vcrken were instructed that 1! they touod 

acy ex;losives or anything they thought :ight be exploaives, they were to 

step vcr.k and !:mediately nct!ty their supervisor. 'l'hia proved very prc!'!~

a'ble, a:d the workers were cccsciectious about reporting aaythi:g ~t eve~ 

res~'bled explosives. 

SID!: 7 . Shows a building where essentially all t!le ~va 'ble tuned 

debris has been removed to floor level. Some waste d..,ics c:ac still 'be 

seen a'oove the ncor level. ~e next step vaa to remove the outside under

ground su.'l1ps and d.-a ins up to the ed3e ot the rcucdatioca. 

SliJE 8. Shews an explosiv~ collection sw=p being eleaced cut. "~en 

ve k:ev of or found large quantities o! explosives, ~he regular high ex;lc

sive disposal crew vas call~d in to remove the explcsivea. I~ these,types 

of situations wa~er vas placed i~ the sump and allowed to stand for several 

d.ays, ~~en the sl~e vas re:toved 'cy hand and taken to the 'bu.rcing ground 

!'or ci~str.lction. 'r.lis ;.rticular sump contained the greatest quantity c !' 

ex?losiv~s ~ound, est'-•ted ~o :e about 1500 pounds. I de ~o~ believe tta: 

the ccllect!on syst~ vas cleaned when t~e building waa abandoned, or !':r 

some t::e before. This !s an exnmple ot what one can find around :l: 

explcsive precess 'cuild!:;s v~ere the operations were net well co~~rclled 

and. :~e 'cu1l~!n6S ~ere later abandoned. , 



SI.::E ~. Sho"Ws a su::p -:.2t !-.as 'been c:leaaed a ad excavated, a::ci !s 

:-eady 

'Whi~ 

~~..... :-e::oval !'::-....::: t.:.e area. Several !.::.stances were enc:ouctered !..:: 

explosive- bear!.cg vater :&d. goae through c:rac.ks or 'croke.:: 

~o!.::<:a o: -:..:.e sumps acd. ~-ains, aad. deposited cocceatrationa or exp.!.:::~

sives !.:: !~e aciJacen-:. gr=ucd. Sue: soil vas kept slightly da:p, acd t~e 

coacectrati:.::s "Were re:oved by ha.::d digging "Wi~ aluminum shovels. Large 

q,uact!.t!.es of "Water coW.ci cot be used becauae it vould make the exploa!.Ye 

1cd1st1~-uis.bable rrom t!le soil. The explcsive-coatam1cated. soil was put 

in gartage caas tor removal to the 'cuming area tor burcing v1tr. :ore 

concentration waste explos1 ve. Since thiD von waa done by band !. -; was 

vert slov and tedious. '!'he decisica on Juat hov tar to go w1 th ~is type 

ot cleaaup vas ditf!.c:W. t. Hov clean 11 clean! Our geaeral guide to the 

workers vas to re=cve material as long •• th!J could distiaguish t~e 

presence ot e.xplcsi ves. They then calle4 the aatety engineer vho acie a 

decision on each case based on his opinioa ot the remaiz11ng hazard. 

Sli:! lC. Sl:.ovs acme of the pieces ot explosives that were round c. 

side of slJ:ps. They vere for.:ed 'or explol1ve•bear1ag water lea.lti:~g or 

over~~ving fro: the collection system and the explosive thea sol!.i!!y1r~ 

in various vc1ds. In addition to explosive from leaks in the c:ollect!.on 

syste=s, ve found. conce~trations o! explosives oa and in the grcund. ~ust 

outside the doors of sc:ne buUdi~s. Apparmtly the operators d.:!.:i cot 

alvays wa1 t tor noor "Washinga to go tl:1rcugh the collection syatecs, anci 

svept or washed them out the doors. ;ooae •=~~etl~~ed e~],.2.!_~V!~ 

~-~~-~ _!'_ound. 1n the _so-called _::_c:~~~P:~a~~-.Jill~. w_f!_re_ smal.}_: 

'barricadeC., -:.emporary, open storage t'acil1tit:.s at firing ,Jites. ~ieather .. -....-......_ .. ,__ ...... ___ .. __ ...- ____ _ 
and t!:e r.ad. deteriorated and crokea the chargee into small pieces, a~ci 

ve found i)ieces on the surface acd burieci u dee~) •• one toot in the grcu.::C.. 

SU:! !.l. '!'he process of uncovering and erpoeiag tile drain l!..::es for 

the explosive ccl:ection sum~s vas a delicate and tt=e-consu:1ng ~ob. '!'he 

aori;:n:al anci ver~ical positions o~ the lines were located by hand di;gi~~ 

at 20 t~ 25-foct i~t.er-~als. ~iext., a front-encl loacier vas used to remove 

the over:urd~n to vit~ic an esti:ated one root ot the line. The re:air. 

'WOrt. was C-one by hand digei:-.g so t::.at the drains vould not be bro.r.en or 

dit. turoed. Soce of the en.;ineeri :lg ciravif16S vere helptul 1n loca t1ng t~e 



general a:eas of unde:-grou."lci ci...~i.:s, ':ut, i:l ::est cases, !. t \las ::lecessa;-:: 

':.0 ac::.:..~~el.y loca-:e the= "r!'J r.and i!!.;.;!.::g. 

st.::! :.2. Shows an exaz:ple c~ ";!:e maze c! uncovered d.:·a:.n l.:::es a:::. 

sucps a:ter t~e l!nes were exposed :Y :arerul ~igg!.:g. Since the:e ve:e 

add-on i.te~ a!ter the ori~inal coDstr~ct!on, there waa c:issc~ssl~~ ~: 

lines. At ~'lis part!.c:J.l.sr loca tieD there vere ·three separate cini.:-.age 

systems, all installed at cu:~erent -:t=ea. Somet1:1ea undergrou::. elec-:.:-::~.:. 

aod steam service was inter:ixed with these underground drai~ge syste:s. 

~wi~s t!:at sb.owed all drains and other uti !. ties were aeldcm ~::lu:::.. 
_...........__. ~ .--..... ... 

SU2 ::.3. Here is an expoaed su:p dnj.ll line ready to be :e::ovet. ;.. 

method vaa developed tor re::ovitli t!:ese d.raics remotely. The d.""ai::s !:-::: 

the s~s 'Jere ~!.le, sc=e vtth ~ortar joints anc scme just laid end-to-ec~. 

In either :ase ve vere ~cccer:ed abo1.:t H! bavi:-.g settled iD the ~c!.nts a::: 

thus 'being exposed to i'i::e:.i:g or :::-.:shi:ll; action vllen tb.e drains 'Jere ::,:,vet 

SU~! 14. 'nle method used to safely l"!!IIve the explosive-contam!::ate:. 

drains vas to 'build a clurp device like a large pair ot old-ti:ne !.:e t:::.;s. 

~is vas !asteced to ~e end. or t."le crane line and placed aroucd a sec::::: 

ot the I!X!'Osed. cirai.n. A l.!!'t ·•as ~en made vhich raised one or tvo sect:.:::s 

c! l.!.:le a~ a t1::e, d.epecdi:-.g ui)On vnere the break: occurred. All ;erso::::el 

were evacuate:. to carriea~e~ l.ocatiocs except the crane operator vno ~•s '

the protec-:ea. cao. !he c:a:1e vas al,.ays located at ri&ht angles o;o the 

d!tc:, so ~t the operate~ vas Dot iirectl1 1~ lice vttb. the drain ;i;e 

~hen ~he ~n!.tial l1!t ,.as :ade. Cnce the section or ~ipe vas crokeD !~ee. 

it ~as set to one side ~cr 1ater cleaning. Then a helper ~ould ecce 

a 'barricaded area and plaee t:e tongs on t:e next section or ;i;e. 

,. .. _ ... ·---

su::::: 1;. Shows some c! ~"le ~e::oved pi~es vh1ch contained s:gni!!.::!::-:. 

"quantities of explosives." ?re:n the evi~ecce round in so=e o! !:::.ese C.:-3.:..::: 

we suspect that duri~ thei~ ~se, soce beca:e completely plugge~. Cpere~:r 

'Jere then ur~'ble to get a ~~ow th~~h th~ and to expedite thi:;s ma1~~e~a 

people hac! to cooe 1n a lay ~ev l.:.::es :leartly. The PlU~Sed l!.~es 'Jere a oa ~~ 

in place. An exam~le cf t:!.: is the pipe on the lett vhi~ vas completely 

pl~ed \11th ~. Also shovn is an exa:ple ot explosives settl!~ in t~e 

~oi~ts of ~rain p1p~s 'Jhich ~re cut our concern a'bcut pincn points du::::; 

:e.:noval ct thi; tyre o! pi;:e. 



su::: ::. 
·=u~ soce vere case i~n. ~ost or ~:e drains !rom t~e opera~i~ beys t: 

~:e sw:zps vere east iron while! these !rom the IW11l'S were of :.he V"1 ::-ecus 

:l.ay. ~e cas~ !.rcn ci.-ains coul~ :ot 'be 'broken and r=cved ey :.,_e :-~~e 

crane ~~~~:g op!ration. ~e used a chain pipe eut~er on t~e cas~ ~:-:o 

a.._ins. ~e !i~l cutting vas done trom a protected location. ~ater vas 

run on the outside ot the pipe as an extn. precaution to rectuce aay neat. 

'buildup. Cne may ask why ve ciicl cot attempt to steam, vasb., or !'lush 

these drains be tore remoVing t.'le=. Where possible, we ciicl vash aaci !'l:.J.sr. 

t!lem, cut, generally, they were so plugged. with explosives or d!.r. tba~ 

we could. not get a now through them. Also, ne1 ther hot water ::or steam 

vas avail4'ble at :any ot' these locations and. it would have been di!!'1eul t 

to provide them. Even v~en ..,. ter would. nov through these clrain.s, there 

vas no way or knowing how ertect1vely the explosives had 'been removed !':':: 

the ~oints and l'Qc:kets. In some locations the pipes vere tound crushed 

collapsed causing the plugging. w'hen sections ot' pipes vere removed, · 

ends were covered vith plastic: and taped to l'reYent the spilling or explo

sives clurir.g handling. They were then transported to our explosive vas!'! 

!ac:il!ty. Ir ve had a particularly sensitive situation, the pipe seet!.c~a 

were plac~d in a tanit ot' vater tor transportillg and handling. At the vase 

t'ac1l!ty1 the drain pipes vere cleaned with hot water anci steam to re:cve 

all visible Ulllosive c:ontami:l&tion. 'n:.is 'builcling is used tor cleani::.g 

ot' explosive-contacinated equiv.=ent and is served 'by the explosive vas~e 

collection syst~. 

SU=! 17. After all the dra itlS , S\.1ml)S 1 and Other Utili ties had been 

removed !':'::: outside the euil:i!:g rou:astiOZlS, the next step vas to remove 

the explosive-con~inated ~ocr and the drains or trougns under o~ ~n ~~e 

Coor. ~o reduce the possibility or an iarp&ct or friction ignit~cn tr.e 

area waa nooC:.cd wit.'l water and then the protected crane vith a headacr.c 

ball -.as used t~ creak up the f'loo~ and d.raiZlS. When the noor vas co:l

pletely 'broken, a close 1:spection vas mnde to deter.Dine the loca~icns 

and :ondi ticn ct the drains. 'The area ...... wet thoroughly again, nnd -:.~

'broken ;ieces of concrete, pipe, ±rains, etc., were removea by hand. 

vas during this operation tr~t ve experienced our only serious injury 

vhic~ vas a ~trained back r~=~ l~:~!.~ the piece ot' broken concrete . 

. - ,..., -- ,.. 



SU:! ::. ~e nex-: step, a ~er t."te noors had :,.eea c:-oxe:-1 up a::: 

~e u::d.er· r::cr d:-ains ac~ c::ctam!.::ated. ;:or; ions r~oved., was t!le :-e:x:l ·~ _ 

of t~e re::a!.ni:-.e; d.ivid.!r..g valls. !Je felt t!:at the potect1al erplosi're 

co::tami!"..l ~!.::: "::y now vas ::in!::al. A b.eaciac::te ball vas used., '::Jt t~e 

large amount of reic!or:i::g steel 1:: the c:cccrete did. not yield. easi:y. 

Ic this parwi::~ar picture you see a slight putt of s::10ke leavicg ~!':e 

vall as t~e heaciache ball strikes • •e assu=e- that this vas ::o t e.xpl:: s :::e 

detocat!.::g, ':ut vb.o knows !cr sure. ~e eab ot t.."te c:ane vas ;:r::t.ect~:. 

with bal!·1~c:h plate steel. ~ere were three 6 x l2 inc~, tvo-1:c:-t~!:~ 

bw.let-proof glass ports tor Tieving so tbat the operator was cot. von<:!::.; 

completely ':l!:d. 

SU~!: 19. Some ot ~e buildings bad enclosed t!:!.ng cham't.ers "Where 

small explcsi ve charges, some containil:Jg rad1oact1 ve u. terial, !:ad beet:. 

tired.. ~e valla ot these chambers were i:pr-_gnated with pieces or :c::.a: 

uranium and had counts ranging t'rcm 100 to 8o,OOO C:OWl'tS per minute ;:er 

60 sq,uare c:ent!::eters of alpha and 2 to 20 millirem per hour ot beta ;:las 

ga:ama. I:: atte::pticg to destroy rein.toreed :::ambers, especially t..'"lose 

lined v1 b steel, we found a c:o.1tting torch ~elptul to cut up some c r t~e 

metal and. rei::!'orci=g bars. These chambers had been thorougb..ly flAshed 

by the c:c:'lt.rolled burni=g prog~, and the potential or explosive co::-:a:!

natioc r~ining vas essentially :ero. ~e :en u.sicg the c:utt!:g to~!:es 

vore full-race malts to protect bem !'rom radioactive fumes Cl.at :::.gr.t :e 

the debris had been re=oved, the ditches and 

excavations were back:i!led and t~e area leYeled to the original terra:~. 

In some areas a natural grass vas planted, and in ot~ers, nature vas 

allowed to take ever and :over t.."te areas. The material reccved d'.l:-,1:-..g 

the cleanup vas ot three types: (1) explosive-con~nated co:b'.l!t!':l~s. 

(2) explosive-contaminated noccocbustible, and (3) noncoc~icated :on

co=busti:le. ~e comcusti~le :ate~ial vas piled in a large vindrov i~ a~ 

open area and -;~en burne:i during our rainy season. Since there vas sc:ne 

explosive conta=ination 1~ the cccoustible ~terial such as covers tor 

sum~s ace. open ~ins, ve did not v.ant to place it !n the public d~p. 

'!'he nonc:::=:::usti~le ite:!: that -.ere itnovc to be, or posai'bly, explosi'le-



\ 

:ontami~~e~ vere placed ~~ =~ explosives contami~~ed bu:!al ;!:. 

~is is a co:~:-olle~ ou:~al location tor explosive-cc:~oated !:e:s 

~t are :ot economically teaaicle to clean tor salvage or vo~~ ~e 

coat of ~..asi:li:-~. Some o! the drain pipes acd. the badly conta:ni:a~ed 

concrete sucps vere placed in this location. ~ere vere 30 t~~cklcads 

ot this ~te:-ial. ~he aoaccmbust!ble ~ter!al that vas coasi~red !=ee 

ct explosive contamicat!on vas disposed. ot !:1 our regular controlled 

disposal area whic~ is cot available to the public. ~ere were over 

1325 truckload3 ot this material. 

nue operations at 

oue ot the !!r'!.og s1 tes, we agreed to clean up the area ao that !. t ::ou::. 

be returced. to the AEC vi t!lcut any restrictions. S1ace tJ:l!a area had 

been used. as a !1r1~ s~te, there were a\llleroua detoaat1oas, most o! 

which contained in ~e explosive assembly a lanthanum 140 source, some

times amcunting to seTeral thousacd. curies. IAntbaaum r.as a relatively 

short 21!"-l!te, :ut it was coutaminated also with strontit:= 90, ·•hic:h 

lett ::uch ot the area slightly radioactively contamiaated with tb.!s beta 

em:1 tt!ng :a te:-!al. The sources bad 'Oeec prepared. at this locatio:, and 

the assembly building and its associated plumbing aad waste pits were 

hea v1ly raci!oac:~i vely cont.amica ted, j:lrinci;ally vi th strontiu= 90. ::: 

addition to the radioactive contamicatioa at the assembly build!:g loca

tion, :here was much debris scattered around ~e countryside by ~he 

explosions !':-om the fir!::g locations. This debris consisted. mostly :.!' 

twisted metal, wire, and scrap wood. Since the area waa to be retur.'led 

to its natural state, !t was cecessary that all ~~is ~terial be picked 

up and t!:at t!:.e area 'be seareh.ed !or any haurcious :ateria:. Calcula~::..::s 

and inspection o! t!le area indicated. t.bat t.~e maxuum t:'ag::ent range was 

about 2000 fee~. ~e decided to clear a 2500-foot radius !~m both of ~te 

!'1r1C6 poi:lts. :'he removal of t.~e raciioact1 ve con~nation tr::m the 

vaste pits !=== ~be source preparation building was done by our own 

service contrae-:.or. More than 550 du::p-trucit loads ot material vere 

rsoved in t~is part of the optrration. This ::aterial was taken to cur 

rad.icact!. Ye conta.~inated b!U"ial pit for disposal. For the general r.le~:o .. _.:.; 

or the f!.~ir~ area, two 13-maa In~ian tire t!gr.t1~ crews vert cot~l~e~. 

'!hey ..,ere avai.:.able !rom t!'le near'cy ;.uebloa and. were trained to vor~ as :ea~ 



tne ~un~ of =aterial decreased, ~nd tne ~en ~ere acle to 

apa~ as t~e debr~s got t:!~ner and t~e ;1eces larger. 
-

6 ....... ,.. 
t-• ---

.PUll ;:rotect! ve clothi::g \laS not aecessary, ':lut f!.!: badges :"·--

tective gloves ~ere ~om by all ;erscnnel ~orxing on the job to ~~te~: 

them aga1:st c'.lts and ;ossi:le radioactive ccnta.'n1:at1cn. Each :a!: 

carried a gu:my sack to hold the debris that he gathered. Most o~ -:.:-.e 

debris sllc ... ed very l! ttle rad1oact1 ve conta.:n1nation. It wa round -:..~at 

~nen several sacks of material ~ere piled tosether, a count or !~= 

O.l =r/hr to l :r/h.r could 'be obtained.. The tilled sacks vere depos1tet. 

at collection poi:lts and later nauled away to the contaminated. 'our!al 

?it. There ~ere ever 90 dump-truck. loads ot debris picked up 'by hand. 

SI.!!jE 23. ~e terrain some distance out trom the t1ri~ poi:lts ·•as 

very rcugr. and !:eluded many sheer clitts; however, aay locatic:l vhere 

shra;nel cc:lld. have rested ._.as searched. The search crews vere at ar:: • s 

length ~hen searching t~e ~oods and clitts in the cuter ares. Pie~es o: 

debris ~ere fo~d as far avay as 1eso reet. 

Sli:! 24. ~e ~est si£~if!cant ~!nd or this search vas 32 ~-43 

ig:liters. ~ere had 'oeen a s::all te:::pcrary vooden "cap" storage :agazi:le. 

and, a?parently ~hen 1t ~as re=oved from the site, these igniters r~d 

fallen t:.r:ugh t~e ~~ocr and 'been left there tor at least ai:e years. 

SliD! 2;. ~elve pieces of ~o::al uranium vere also !'::und ::y :r.e 

searchers, all at di!!ere:lt loc~t1cns and as ~uch a! 400 feet away ~~:~ 

the f!.ring pad. ~e total ~eight ct tnese pieces ~as 23-1/2 ;ou~C.s'. 

Sli~! 26. An !nteresti~~ f!~d ~as tne needs and antlers o! tvo cue~ 

deer vno, d'.lr!::g a f!.ght, had 'becczr:e ent.a:sled and died in some o!' the 

old f!~!~ :acles lying about the area. 

F~~= t~e ~recedi~3 presentation I 'believe you can see a rev o~ t~e 

4) • .... ,e!!l t""a• ,...n 'be ....... ea·ted ~ a~ .. dc .. 1,.,~ e~losives t'ac!.~i:!es 

sa.e .. j ~"r:::: •. s ·~ .. .... '"' .. J ~.a.. ~ ~ ~!"' 

~1th~ut ::nsi:cratic~ or !'~t'.lre problems. ! ho~e you nov have an 

--



appre~!a:icn ~=~ wr~t :an =~ shou1~ ~ done wben a !ac!l~~Y is ~e-

So::e ot ~e safety lessotl3 tr.at have been brought hc:::e ~= us ':ece:.:s~ 

ot ~ese cleaoup ope~t!:ns aod ~r.at you aboul~ be able to :axe use c~ 

in your ovn ;:lants are: 

:. Waste collection syst~ :ust be properly ies1gned to ~~v:ie ~=~ 

auccesstul operation w1t.i. pr=v1s1ons iucb as open drai=:. :~::es 

that are always accessible tor cleaning and inspection. 

2. Standard operating procedures tor band"ns, cleanup and C.!spcsa.:. 

ot vaste explosives 1:1ust ':le properly prepared. and proper1:,' 

entorced. 

3. There must be continuous updati%16 and maintenance or per.:anent 

records ot as-cuilt dravings ot tacilities and associated 

utilities. 

4. Res~nsibility for shutting down and cleaning up a racil!ty u: 

the completion or te=porary stoppase ot 1 ts use must 'oe ass ig::le:: 

and tu:cis provided. Cperat1ons tor deact1 vat1on, :odi!'~ea~1o:. 

or cleanup ~~st be recorded tor tuture reference. 

;. ~ost ~xplcs1ves d~ net become less sensitive or so away with :~~~ 

or exposure to the ele:nents. The cleanup problem and the hazar:. 

remcval is gc1::lg to r.ave to be raced. by soceone sczteti:le. 

6. You :ay get :y ~i~h careless and sloppy operations !or a ti::e, 

'cut eventually the consequences eave to be dealt wit~. :~ is 

:ore ert!cient and safer to C.o it right at t~e t~e. 

j. !::l t~e ~c~1!'1:ation, :aintenance, d~l1tion or cleanup 0~ ex;~:

sive taeil!t!e~, cne cannot :e too cautious or del!Of!rate :n t:.e 

preparatior.. ~e most ur.l1kely cond! tiona and c1reu::sunces a:-e 

possible ~ec3~se j~U ere dealing with the ro~er a:tions c~ :.~~~ 

beings wnc vere ::!1~en~ed ey a wide range or ideas, cir:~sta=:.:~s. 

and press-...res. 

You can see oy t~:s ?resentat1on that th!s type or operaticn is ~:.:~:e 

expensi·:e, t!.::e·c~~s·.:.":li~;, anci !~11ec wit.."l. :uay uni:.:tovn ~aznrC.s. I !::~e 



0 

0 

o-

ttat ycu •::: :::s~ie: t~e cle~:!:~ a~c seu:-~:vc pr:~le:s ~~ pre?&~:=; 

acd approv:~ SOP's !:r you: =~~e~: ope~t!c:s. wnec it is k~ovc t=a~ 

ac explosives ~ae!l!ty is to be shut dov~, you shculd use your !n!lue~:e 

to see t~t :a~g~ect does cot allov it to be lett 1~ a cocd1t!c: :~a~ 

prese~~s u:~covc ~~:a~s to ~~ture users o! the !ac:l!ty or t~e lacd ~~~: 

it occupies. 
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LOS ALAMOS. NEW WEXIC:C 

~tr. E. t. W1 n;f 1 c lei, Chief, Operaciona lrancb 

Loa Alamoa Area Office 
u. s. Atomic tnar;y ~aaion 
l.Qa Al&aOa, Nev MeXico 

Oear H%. Win;fialci: 

19 Auauac 1970 

This letter responds to yoursof 3 Auau1t 1970 to Mr. Braabury 

on the aubject "Walta HE Diape,sal. Quaationnaire". 

Thia L&borator7 uaas open air burnina &I tha principal method 

cf dispoain; of waace HE, in accordance vttb the p~ilions of the 

Army ~lateriel Coanan4 Safety Manual. We also .. ploy open a1r burning 

to dispoae of aubacant1al amounta of coabultibla aatat'ial& ~hich have 

been involvae in our HE operation• and which are either known to be, 

or suspected to be, ~ontaainatad With HE. The latter .. ceriala range 

f=om wipin& tiaauaa to portiona of voaaan atanda uaed.to support 

ex;~er1mene&l chaqca aftCi raaainin& after the chaqa wa fir.O. Bec:.auae 

the volu=e and character of thaaa two typea of burna are ao different 

<ana they ara not done a~ltanaoualy) it ..... appropriate to &ive 

• tvo an avera co aavaral of tba quaauona in the "'-0 queationnaira, one 

reaponaa for the burna of HI wata, ani one fft the otber buma of 

HE•conca.inatad .. c.~ala. 

Uaina the n•bera of the At.D queauona, aur anawn V~Nlci be: 

l. {HE) 1900 Ua/wic avarqe; 3.6 buzona/vk avaraa•• 

2. CHE) .wounca ot tbaae per bun an eaaatiaUy trtnal •. 

CHE•CODC&a1D&ced Wu~e; buzon.a aepuaC.lJ) 4200 lblw aver&&•• 

3. (loth) D\a!Oftt .... alactnc aquiba& ... ,., .... kanaaae, flake mr. 
roofiq falc. 

4. CHE) 36 111nutaa/wek avenae• 
(HE•Cofttaai.natld Wuce) fOI' 1111pLna-... 

buna -W•L' fft 41 -.a-.. 
1 w/wek ave~qa; aOM 



.:'o: Mr. '· ~. Wingfield, LAAO 19 Auguac 1970 

5. CH~) does not exceed l on Ringlemann ICAla. 
CH~·cone&m1n&tea M&aca) mAX1mum dana1ty 3•4; over No. l &VI• l hr/w~. 

- . 
6. No. 

7. ~:oc tl14t va Are directly aware of; ve baUeve that a St&ca of Nev Hexi.co 

official appr04chad the Councy on the uctal' <~•· Gerety of the l.MO 

Counsel'• Office 11 familial' With tbia). 

8. No. 

9. No. 

11. lt may be appropriate. 

12. Yes, but tbey preaently have ocher china• co do. 

13. The probl• of HI diapoaal 11 pi'Ob&bly leaa dU!1cu1t clwa chat of 

c:iiapo•ina of HE•concaaucect -.cariala. lt waulcl undoubtedly be quite 

espenaive co &cbitft a wa • -.rkect reduction in cha vol.a of tna 

lac car. 

c:c: R.. £. Schrei bet> • TAD 
R.. Raider, H•3 
M. · L. lnou • Gill• a:$= a a~ 
R.. L. s,a.uu.aa. GMI• 7 
H. r. Scbulca; B•S 
Hail ........ (1) 

Fila 



Oi='i="ICE ~EMORANOUM 

.S. Panowsk1 June 1. 1171 

· ... .. ?. G. Salgado 

- ,, ·• 2FFLU:E:;.tT SCOP:E: CCMMI"!'":'Z:E: 

- • ..,,,., ·l. GMX-3 

On May ZO, 1 9i 1, a meeting was held to discuss the Croup CiM.X. 3 
approach to an effluent inquiry. Those participating were: 

H. F. Schulte • Croup H•S 
F. W. DuBois 
J. B. Panowski 

C. R. West 
M. Schwartz 
P. a. Salgado 

J. B. Pa.nowski explained our mechanism for obtaining the amounts oi HE destroyed in burns and carried. away in effluent streams and ~he 
amounts o£ solvents drained. !rom the Site. The solvents drained !:-om 
Lhe Site will be reported as that quantity of LASL stock and spectal 
order solvents delivered from the warehouse to S·Site users (except !or 
:he solvents expended. by the two lar1est users, Buildings TA-lo-306 
and 340; these will be reported individually according to actual usc). 
The HE burned. wtll be reported by wei;ht from records kept by Burning 

• Grounds personnel. The HE in efflueat streams will be estimated. from 
approximate building discharge stream flow rates and the average con• 
centrations of HE in streams as determined from chemical an&lyses. 
In addition to the effluent HE and solventa, a list will be provided o! the 
S ·Site buildings from which there is no or ne1ligible e!!luent. 

The question w&a asked. as to the composition o! the HE combustion 
gas. Panowaki replied that we have inquired of our local experts and the 
anwser is not lczmwn. The carbonaceous materials probably go to C02 and the hydrogen goes to water but the compoaition of nitrocen gases is 
not known. A sucaeation was made by Schwartz that a small expertment 
could be conducted. at the Burning Ground to recover free burn off gas 
a.nd analyze it for a qualitative evalU&tion of composition. 

The use of the form provided by Schulte was reviewed. It was gener
ally acreed th&t the forma could be uaecl freely to describe S•Site utua• 
tiona and ri1icl coniorm&nce to the torm outline would not be ne~••sary. 



. -~ .... -

· ,; ,.; f ...: ........ s···"'a.,..... so•l J.-a· cN 1"c .. • sa !'1t··- · .. -..esc •. ~t1on o -"" ···• .. - ... • .• ........ .•• rr.r- ... g tn ~::c :a.:-.·:::::-.~ 

a.cijJ.ccnt to S-3ite was p:·esc:Hcu. Sch•.Jltc approved of our downst::.:.~ 

sod sa.mpli.ng ?roccc.iure, J.nri ~e Sl.!!;;estcc.i thaL we sample a.nd anJ.t•:::e 

£or ::o:·on to cictermtne Lhe pc!·sistcncc of bone ac1d, wiuch was usee.! ;:::,__ 

e:-::~:1s1vei.y at s-~ite many years ago. 

!t w.J.s agreed that it would be appropriate to publish seve!·al pa!'c~·3 

assoctateci w1.th environmental protection b~sed on work alrea.ciy co:-::~ic:c~ 

and work underway a.t S·Site as .1.ollows. -

Authors 

F. W. DuBois 
and J. F. :Saytos 

I. F. Baytol 

M. Schwartz . 

Subject 

"IU: Deterioration in the Soil Through We a the:-
ing a.nci Bacteriological E:!!ecu" 

"Sump Drain Pocket Analyses" 

"HE Solubility and Analysis 11 

H. F. Schulte felt that once we have listed all our effluents, we will 

!~nci that most discharged components will be small and of no cancer~. 

Eowaver, he felt that we ma.y find a. few o£ our discharge materials to oe 

wornsome and we may be required to consider our handli"\g of these 

wastes more critically. He felt that we may have to consider the tr1ple 

qucsnon, "How far away can we tolerate what concentrations of what 

• mater1.als?" He felt tha.t our discharge• to the soil are not getting very 

!a1· away. Clay is a 1ood absorber &Ad material is bound strongly to cla.y. 

Transfer of our w&ate then become• related to the physical washing a.way 

oi day. 

r. B. P&AOWiki clo•ed the meetinl by presentinl &n "in-perspective" 

view !lf the m&pitucle ol. the S·Site 1s wa1te cii1p01&l problem in the form 

o£ the £ollowm1 table. 



....... S-Sitc 

Solvents 
HI: 

Total 
Composition 

EFFL t:;_:::T CCMP .\IUSONS 
(No ~~~~ash" tnc ~".;dcd) 

Dis~osa l ( 6 months) 

3, Z84 gal 
49, 400 lbs 

Hydrocarbons, C0
2

, 

N2 , ~0, NO, 

P,atc (tbs/r-.:·\ 

5. zs 
11. 40 
1 b. 7 

B. One Automobile ( 15 miles/ gal Octane at 0. 703 s/ cm:l or 5. 9 lbs I gat) 

Gasoline 
Composition 

C. Summarv 

S·Si.te 
One automobile 

PCS/ sf 

cc: Jease Ara1on 
H. E.· Ballance 
J. B. Bourne 
C. Bo111 

Disooaal (one hour) 

4 gal 
Hydrocarbona, CO, 
C02 • N2 ' NOI • 502 

16.71bs/hr 
Z3. 6 lba/hr 

W. C. Courtright ~ 
C. R. DePoorter 
F. w. DuBois 
H. B. Fletcher 
J. J. Oarci& 

" , ' 

Rate ( lbs /hrl 

Z3. 6 

R. S. Ciau.ler 
F. A. Hauser 
D. D. McCormick 
A. Popol&to 
M. Schwartz 
W. A. Spencer 
c. R. Weat 
CiMX•l R.e&cliq File 
File 
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~.temo1·a.ndum !:-om Harry F. 
subjec: "E:!fluents from .~.E:C 
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!n response to the reference memorandum, we have surveyed ei!l-..:.c:-.: 

ma.ter~als from Group G~- 3 operations. rn accordance Wlth "he agreerne!1: 

reached in our meeting on May ZO, 1971, we are reporung these ei!ll.!ents 

( 1) as best estimates from specific buildings, which are large users oi 

soivents and explouves or users of materials of spec1.al c:::~nce:-:l and ( 2) a.s 

a.n ~tem1zed breudown of matena.L issued to individual buli.d1.ngs. 

G~LX-3 has a large number of buildings and auxiliary facilities. 5o ::-.a.: 

'fOU will not have to reduce the iniormation from a. formtciabl.e nl.!mcer ::: 

''Su.:-vey oi E:!!luent Stream" forms, we are providing the fol.low1.ng ~:-..::o:-:":":a.::::-.: 

Table 1 

Table 2 

Table 3 

~umbers of GM:X-3 buildings that emit no or negligible eif~uent 

~umbers oi GMX-3 buildings th&t em1t explosives, solvents, o:

gases in moderate amounts 

Numbers of CiMX-3 builc!in1s that emit large amounts oi explosi.ves. 

solvents, gases, or m&terl.&Ls of particular concern 

Table 4 N~a&~ CiMX·3 structures that are associated. with the B~r::::-.g 

. ~~~ dispo•a.L faci.Li.ties 

• Table !. Mmoaci·m CiMX·3 buildincs th&t are the responsibility oi a.genc1es 

-·oth•z:JIIi& CiMX • 3 

-~ ppendi.x A 

Appendix B 

, .... ~ ; .. -.·. 
Forms for buildings listed. under ttems 3 and. 4, above 

Qua.ntitie• of "material• of concern" supplied to CiMX • 3 bv ' ·.g 

i.ncluciinl U1ose listecl uncier Item Z, a.bove 



-... -. : ::-.·_.:e 

::-. a.ssessu1.g ':he e£ilt.:.e:-.: i:::lm G~~:-:.j, :he ca.:a. o:-. :!":e ::::l:-:-:-:.s :.:-.:-..:..:. - .. 
.:1:ven c:ecience over :he L~s: :::lt r:":a.:e::a.:.s cie~:·:ercc. ::-.these c:l.ses. :ec:::..o 
:::. 
~: ·· ,.. ·"'e ,_,,;,...:; ... ~s .... ..o.ca.·e ·•a.· -;..e -a.-e .. ·a.; de;···e- ... ,.; ·- .... -. ~---- _sa.gc .-. ... ;.; ...... 1.0-·~ ........ - -·· - -·· ... - -. . .. · . --· ... ex ... _:=:= w• 

:::.a: ·..:.seci, ~s .st1.ll on ha.nci. ::1 ca.ses · .. vhe:-e ::-.ere a.re no i:::lr~s. ::-..e c.::~·~e~ .. : 
:-:-:.ay !:e co::..:~ciereci :o ~e equal :o :hose r:":a.:er:a.ls ciell'.lereci. 

~~..,.,-----.-· :..,.:·· ---
/ .:..s shown ~n ....... p l.!li~uencs oi maJor conce::-. aMP-

/ 

~oivc:-:.:s a.nci high explosives because oi :!'lc qua.ni.:.ty -oi ma.ter:a.t ~:-.·.-oi·:ec. 

Approxl.matcly 3600 gallons o! vanous solvents a.re delive:eci to our o?er~:::-.;. 

' ;:,u,:.lci~r.gs over a. si.x-month per~od. These solvents leave :!lc: bu1ici::-.gs ':l·: 
I 
/ ·..ra.r:ous routes, but we feel :hat virtuaLly all :.'us ma.ceria.l e1ther e.,·a?or~:cs 

i.n:o the atmosphere wit:hin a. short distance, pe~·ha.ps ha.Li a. mile, :::li ::-:.c s :.: 

bounciar~es or is burncci a.s par: o! our disposal iLC::.vi.cies. With rcs?cc: :: 

waste exploswes, we burn a.pproxunacely 50, 000 pounds dur:.ng a. s:..x-rnor.:!t 

period and estimate that another 1Z3 pounds i.s earned a. short cii.sta.nce 
downstream i.n our sump effluent • 

• n an attempt to get some perspectlve !or the scope ox .!'l.e 
?roblem, we ha.ve compared the site solvent and HE: efflt.:.ent with that of a.:1. 

a.u:omobile as shown below. 

. . . . G~C<·3 

Solvents 

?roducts 

Disposal ( 6 ~onths) 

3, 5i0 gal(:-~ i tbs/ga.l) 

49, 400 lbs 

Rate ltbs/hr. 24-h:- ~a::) 

3. 7 

11. 3 

Tota.l li. 0 

Hydrocarbons, C, CO:~, 

~2 • H.:O· ~o. 

5. One automobile ( 15 miles/ gal: Ciasoline at 0. i g/ cm.J or 5. 9 lbs/ ga.l)' 

Ga.soline 

?roduc:s 

C. Summa.ry 

Disnosal (one hour) 

4 ga.l 

Hydrocarbons, C, CO, 
co , N.,, ~o • S0

2
, 

H
4 
6. Pb(C 4 H~ ) 4 

17.0 lbs/hr 

~~ c''L..-1._~~ r;\.,Q"\ 

Rate ( tbs /hrl 

Z3. 6 
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:-:-.~s ~:-.i.:~~a.:io:1 :s :;:e ~es: J.•.ta~:J.ble a.: .:: . .3 =~::-:c a::ci ·»e a:e se:-:.c.:.:-. .; 
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:>'..:.~~~::~::.,. :~e sco~e oi :~c ovc:-a.lt =:-ooiem. ·,•;e ex'l:lec:~ :o na·.-e a.cic:.~o::~~ 
~ . . . 

~·~a.:-.:~:a.:lve ~::ior~a.:ion a.i:e~· a.na.iysLs o£ ;~qu~d a.::ci. .sod .sa.m?~cs ~:-:;:":"". ~--

c::~:.:e:-.: st::-e3.~s. T:.e se cia:a. wttl be iorwa;.·cied :o ::oc. ·.vhc:: a.·.-a~La.o ~e. 

:3?/PGS/s! 

2nc: iosures: .-\s c~:eci above 

- H. =yster cc: -· 
?... ,or Drake " . 
!). o. ~teyer 

c. ·,•!. Chnstens on 
-:..: s. Jordan ~ c ... 
Jesse Aragon 
c. ? •• ,, ... ;est 

G~!X-3 Reading File 
File ( Z) 
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-:::.- 16- i :-:~-16-209 :- .'·.- 16- 34 3 :-:-.-16-520 -. ·--.-.- _, -10 2:!0 344 ·513 ... ., .. :?.21 345 :-:.- 11 _.. 1 -1 : 
54 223 360 ., 

10 -:a 224 400 3 l l ·o ;:, ' 
.,.,. 
--;) 411 4 1: 

61 226 413 6 1: 
65 261 -1:14 24 1-~ 
73 263 413 25 13 
38 2- ... I I 417 30 b 
39 278 -1:35 36 li 
10 281 437 T .!. -28- 1 19 
91 283 46Z. z. 19 oz 235 ·163 3 20 
93 236 4i6 4 :1 
99 300 4""-I I ;:, 

., ., 
164 303 478 '!.~-37- 1 ., . 
191 304 489 ., -, I 

--= :oo 305 515 3 23 
203 308 516 -1: ., :.. --206 319 517 :I 

.,-
20i 341 518 6 
208 34Z. 519 

TABL.E: 2 

GMX-3 BUILDINOS THAT E:MI':' SMALL OR MODERA T~ .-\M0t:):7S 
OF EXPLOSIVES. SOL VENTS, OASES, 

OR OTHER MA TERI.~LS OF PARTICULAR CONC E:RN 
(No forms a.re provided.) 

TA-16- 7 
9Z 

260 
265 

TA-16-2.67 
Z.BO* 
301* 
30Z~ 

TA-16-307 
308* 
410 
4JO~ 

T.'-.-16-450 
460 

::: ::!!luent from building consists of sma.Ll quantities o£ solvents and =~~ 
:ha.t are carried to the sump and repor;;ed a.s burned. 

~ ~ 9-.~ 
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'?J::-:-::s a.:-e ?:-=v~C.eci.) 

:-.:.-16-1'?3 
202 
... ..,., 

-------------------
:- .:.. - 1 6 - 3 0 6 

340 
370 

G~t.~-3 St:!'.S!;!G G?.Ctr.--:0 AND D!SPOS.\.!.. STRUC7~It!:S 

:-. .:..-lo-386 
387 
388 

'!A-16·38q 
3qo 
39Z 

TABLE 5 

TA-16-3q4 
Jc:q 
401 
412 

BtJtLDtNQS ASSOCL;T!:D Wt'I'H CiM:X-3 FOR WH!CH 

PO!..:..U'I'!ON E:FFLUEN'I'S \'/ILL SE R.::PO::t'I':::D BY OTH~. AGE:~c::;:s 

:-.;-16- 16· 
180 
1qz 
195 
2.10 
530 

'I' A-16-531 
53Z 
533 
534 
535 

T.;-16-540 
54Z 
560 
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APPENDIX F 

Material Disposal Area P Closure Plan 
Revision 0. February 1995 

COMPOSITION OF EXPLOSIVES USED AT THE LABORATORY 
(EXCERPTED FROM THE RFI WORK PLAN FOR OU 1082, 

ADDENDUMI,APPEND~D) 



A. p pen.di.:r D 

1.0 INTRODUCTION TO HIGH EXPLOSIVES USED AT THE S-SITE 

COMPLEX 

There are several types of explosives and associated co-constituents that 

may be present m soils and/or sediments at sites where explosives were or 

are currently processed. assembled, machined, stored, tested (i.e .. 

detonated), or disposed. Potential contaminants from these operations may 

consist of the residual parent explosive and other co-constituents, such as 

inorganic metals, production impurities. degradation products, or products 

of detonation and/or combustion. The migration and dispersal characteristics 

of these potential contaminants in the environment are governed by the 

physical and chemical properties of the constituents, as well as by the 

physical characteristics of the sediments and soils on site. Some of these 

potential contaminants are carcinogens or systemic toxicants and may pose 

a health hazard upon exposure through inhalation, incidental ingestion, and 

dermal contact. 

Explosives used at the Los Alamos National Laboratory (LANL) may be 

divided into three classes: 1) primary or initiating, 2) boostering, and 

3) secondary (bursting charge) or high explosives (LANL 1986, 15·16·315). 

High explosives (HE) that contain HMX (cyclotetramethylenetetranitramine), 

RDX (cyclonitrite, cyclotrimethylenetrinitramine), or TNT (trinitrotoluene) 

as explosive components represent the vast majority of explosives that 

have been processed at Technical Area (TA) 16. 

Primary explosives are not currently processed at the Laboratory but are 

used in squibs, low-energy detonators, fuses, explosive bolts and fasteners, 

and are assembled into test devices. Primary explosives are extremely 

sensitive to friction, heat, and impact, and some are sensitive to an electrical 

discharge. When exposed to flame, these explosives can be expected to 

detonate without burning. Lead azide and lead styphnate are examples of 

primary explosives. These and other detonator materials were used, 

processed, and disposed of at S·Site during the 1940s and 1950s. 

The majority of detonators handled and assembled into test devices at these 

locations are the exploding bridge wire type which contain boostering 

explosives. High-energy exploding bridge wire detonators approved for use 

at LANL may be found in the Fabrication and Assembly Group's (WX·3) 

Standard Operating Procedure (SOP) 1.1.0, Explosives (LANL 1986, 

RFI Work Plan forOU 1082. Addendum 7 D • 1 July 1994 
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15-16·315). Boostering explosives are less sensitive to explos1on 1n1t1ators 

than primary explosives, but may be set off by heat. friction. or 1mpact 

These explosives may detonate when burned in large quantities. Examoies 

of boostering explosives include HMX, PETN (pentaerythntol tetranitrate l. 

RDX. and tetryl (trinitrophenyl methylnitramine). 

HMX. PETN, and RDX are also processed in the first steps of makmg 

molding powders for secondary or high explosives such as plastic-bonded 

explosives (PBX) and extrudable explosives '[e.g .. Extex (XTX)]. 

Most of the explosives processed at S·Site are secondary or high explosives 

(LANL 1986, 15·16·315). These explosives require more energy for initiation 

than either primary or boostering explosives. All will detonate if they receive 

a strong shock from an impact or from a boostering explosive. Unless 

confined, secondary explosives will burn without detonating. Examples of 

high explosives include baratol, the cyclotols. TNT, several PBXs. and 

extrudable explosives. 

The types of secondary or high explosives that may be processed at TA-16 

fall into the categories of established explosives, developmental explosives. 

and detonators. Table 0·1 lists the nominal compositions of established 

secondary explosives that contain HMX, ROX, or TNT; these include the 

explosives most commonly used at TA-16. Table 0·2 lists the nominal 

compositions of established secondary explosives used at TA·16 that do not 

contain HMX, ROX, or TNT. The type of bonding materials used in these 

explosives (e.g., plasticizers, polystyrenes, waxes, etc.) are not considered 

to be of human health or environmental concern and are not included in 

these tables. Developmental explosives contain the same types of chemicals 

that compose the established explosives; however, they are generally used 

in extremely small quantities (<100 lbs) in a limited number of TA-16 

facilities (TA-16·340 and TA-16·460). However, there are some additions to 

this list. These are included in Table 0·3. A complete listing of each of these 

explosives may be found in WX·3 Standard Operating Procedure (SOP) 

1.1.0, Explosives (LANL 1986,. 15·16·315). Table 0·4 summarizes the 

explosives components of concern from Tables 0·1 through 0·3. with 

estimates of the total quantities of each that have been processed at TA· 16 

over the past 50 years. These estimates were made by Mr. L. Hatler of 

July 1994 D-2 RFI Work Plan for OU 1082. Addendum 1 
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TABLE 0-1 

NOMINAL COMPOSITION OF ESTABLISHED EXPLOSIVES THAT CONTAIN HMX, ROX, OR TNT (LANL 1986, 15-16-315) 

CHEMICAL BDNPAI 

EXPLOSIVE AI BA BDNPF a. CEP DEHS 

BaJatot• 76% 

BoJacitol 60"1. 
ComJ!Osilion_ A-3 
Com_j)()sition A-4 

. (:om~sition A·5 
Composition B • 
Composition 11·3 
COinfJOsition C-3 . 
Composilion C-4 5.3"1. 

Cyclolol, 75125 
Cyclotol 70/'JO 
DBA-I 
EDC.e 
EDC-28 
EDC-32 
EDC-37 
EDC-38 
HOX-1 17% 

•NK 
lX.o4 
lX-07 
LX-14 
Oclol 
POX-9001 
PBX-9007 
POX-9(J10 
PBX-9011 
POX-9205 
POX-9206 
POX-9401 . 
PBX-9404 • 3'lCt 

PBX-9405 3'lCt 

PBX-9407 
POX-9501 • 2.5% 

POX-9503 
POXW-113 
Penlolile 
mx 
lNT 
TNT INC 
Tntonal 20% 
XTX ' 

- -· - --- ~ __ _____.. -·--- -- . .-.... ..... .._ .. -.-.... ................ 
ages .. wl% (l.ANL1986,1s-1&3l!>J 
Alun•••m flOwdiiJ U P Cl.oroelhyl phostlhale 

AI· 
AI 
UA U. ,n. [I( I IS 01(2 elhV'h••V'IMlleC4lle 

tu ifJI'& Rb .• .,...,,., IMJf' lllodylpl.,lillille 

DOP 

1.5% 
0.5% 

2% 

FOor 
110 

U% 

1.5% 

. ~ 
t¥; 

HIIX NaN03 

85,.. 

9.5% 

IOO"Y. 
85% 
90% 
95.5% 
75% 

90% 

92% 

95'Y. 
15,.. 
88.,.. 

Molar ol 
Sodium tlllrale 

X 

NC 

'"· 

3'Y. 
3'lCt 

20"1. 

Nlltoc.,luloH. teluloM nlh,.le 

PETN 

76% 

50% 

lUll< 
I A Ill 
Ill I 

RDX TA18 TNT TOP OTHER 

24% 
40"1. 

91% 9'¥ • 

97"1. 3"/o 

98.5"1. 1.5"1 • 
60"1. 40% 
60% 40"1. 
88% 12"1 • 
91% 
75"1. 25"1. 
70% 30% 

X X 
24.,.. 

94% 6"1. 
15"1. 

91,.. 8"1. 
s s·t. 

40% J8'Y. 5"1. 

15"1. 
10"1. 
4 S"!. 

25% 
90"1. 8.5"1. 
90"1. 9.5"1. 
90% 10•1. 

JO•J. 

92% 6"1. 
B'l'o 

94.2% 2.2% 3.6"1. 
94% 
94% 
94% 6"/o 

.2 5"1. 
80"1. 5"1. 

12% 
50% 

100"/. 
100"/. 
80"/. 
80'Y. --

80% ~1"1. 

I .yt ~IIIII&, tV' lullln•tllt~l"""hiiiiiiH ....... ~ ... ., .... ,, ....... ,.,.lltt 
ltlllltoiHl. 
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TABLE D-2 

COMPOSITION OF ESTABLISHED SECONDARY . 

EXPLOSIVES THAT DO NOT CONTAIN HMX. RDX, OR TNT (all percentages in wt %) 

(LANL 1986, 15-16·315) 

EXPLOSIVE COMPOSITION 

AI ANFO Alummum powder (AI)/ammontum nitrate (ANVfuet oil (FO) 

AN 1 00% ammonium nitrate 

ANFO Ammonium nitratalfuel oil 

BDNPA 100% Bix(dinitropropyl acetal) -
Black powder 74% Potassium nitrat&'104% sulfur/14.6% other 

BTX 5. 7 -Dinitro-1-picrylbenzotriazole 

OATS 1 00% Oiaminotrinitrobenzene 

Datasheet C 63% PentaerythrJtol tetranitrate (PETN)/8% nitrocellulose (NC)I 

29% other 

Datasheet D 75°.4 Pentaerythrltol tetranrtrate/25% other 

DINGU 100% Dinitroglycoluril 

DNPA 1ocrYo 2.2-Dinitropropyl acrylate polymer 

EDC·8 76°/o Pentaerythritol tetranitratel 14°/o other 

High energy propellants 100% Solid propellants 

HNS 1 00% Hexanitrostilbene 

K-10 65.3% Dinitroethylbenzene/34. 7% trinitroethylbenzene 

NC 1 00% Nitrocellulose 

Nitromethane 1 OOOfo Nitromethane 

NO 1 00% Nitroguanidine 

NTO 1 00% 1 .2. 4-nitro-triazole-5-one 

PBX-9502 95% Triam•notrinitrobenzene/5% other 

PETN 1 00% Pentaerythritol tetranitrate 

PYX 1000/o 2.6-Bix(picrylamino)·3.5-dinitropyridine 

Smokeless powder (single base) Nitrocellulose/inorganic nitrates 

Smokeless powder (double base) Nitrocellulose/inorganic nitrateslnitroglycenn or nrtroglycol 

STRA TABLAST C Sluny blasting explosrve 

TAGN 100% Triaminoguanidine nitrate 

TAL·1005E Sluny blasting explosive 

TATB 100% T riaminotrinitrobenzene 

Tetryl 100% 2.4 ,6-T rinitrophenylmethylnitramine 

TNS 1 oo•1o T rinitrostilbene 

TPM 100% Tripicrytmelamine 

XTX-8003 80% Pentaerythritol tetranitrate/20% other 

LANL 1986, 15-16·315. All percentages an wt Of •• 

July 1994 D • 4 RFI Work Plan for OU 1082. Addendum 1 
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TABLE 0-3 

ADDITIONAL CHEMICALS THAT ARE COMPONENTS OF DEVELOPMENTAL 

SECONDARY EXPLOSIVES (all percentages In wt •!e) (LANL 1986, 15-16-31 5) 

EXPLOSIVE CHEMICAL EXPLOSIVE CHEMICAL. 

X.0231 40 • 90"· Tungsten X.0302 100"1. A<M 

X.0232 40 • 90"'/e Tungsten X.0364 52.4•;. AONT 

X.0233 40 • 90"'/e Tungsten X.036S 39'tl. EOO 

X.0239 40 • 90"'. Tungsten X.0366 5011. eoo 

X.0249 o • 7o,.-. Banum caroonate S.0367 sO"'!. eoo 

X.0250 0 • 7o-t. Cyanunc acid X-0368 7 .5.,.. Potau1um nrtrate 

X.0251 0 • 70.,.. Barium caroonate X.0369 40.3.,.. Potass1um nrtrata 

X.0252 0 • 7o-Y. Cyanuric ac1d X.0370 36.2-1. Potaaaium nrtrate 

X.02~ Barium carbonate X.0382 3.75,... Potus1um nitrate 

X.0256 L.eaa than u.~. Barium caroonate X-0386 6.4,.. Potass1um nrtrate 

X.0258 L.eaa than 46.8,... Banum caroonate X-<)387 7.4% Potus1um nrtrate 

X.0260 L.eaa than 4 7. 1.,.. Balium carbOnate X-o388 4.9% Potassium nrtrate 

X.0262 L.eu tnan 46.7% Banum caroonate X.0389 85.24% Tungsten 

X.0264 L.eaa than 45.2"• Banum catt~onatt· X-0390 8S.36.,.. Tungsten 

X-0266 Leaa than 47.1 "• Barium ca~onate X-<>415 ~.EAK 

X-0268 L.eu tnan 27.4,... Banum caroonate X-<>416 so-Y. EAK 

X-0271 Approximately o.s,... Oecyclgallopnenone X-<>417 80-t. EAK 

X-0276 35.9,... Copper X-<>421 eoet.EAK 

x-o2n 33e,'. Iron X-o460 1 1 .Set. TCP/1 8-t. CT 

X.0279 40.8.,.. Cesium nrtrate X-o466 LNs than 30-t. cyanuriC ac1d 

X.0284 0 • 7o,.-. PotassiUm nitrate X-o467 Leu tnan 30-t. zinc ox1dl 

X.0294 ApproXImately 1 5% MAN X.0515 so-t. CyanuriC acid 

X-0295 Approximately 3()1Y. MAN X-QS16 50'% ~nc OXIde 

~ 3.S·OinltJOo1 .2.4·171&ZCHe 
cr c.lc:ium tatn• 
E.AK MiX1U,. ol eU1ylene cl.mlnl clnlt,.... ammon~um nrtra•. and potauiUm nitrate 

EOO E lhylane dllmine cinitnue 

A<M MIX1u,. ol HMX. natrale, •ters. oxidizers. and binders 

MIN Methyl am~n~ nitras. 
TC:P Tnc,.syl pnospnate 

RFI Work Plan for OU 1082. Addendum 1 D·5 July 1994 
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TABLE 0-4 

SUMMARY OF HE COMPONENTS USED AT TA-16 

THAT ARE POTENTIAL CONTAMINANTS OF CONCERN 

HE COMPONENT AMOUNT (lbs) NOTES 

ADNT 

Ammon1um nnrate < 2 500 

Barium nitrate > 500 000 

BDNPA 2 500 Plasticizing agent 

BDNPF 2 500 - Plasticizing agent 

BiX < 100 

CT 

Cyanuric aCid 25 000 • 50 000 Mock HE component 

DATB 10 000. 25 000 

Decyclgallophenone < 100 Cast HE additive, viscosity 

Di(2-ethyl) sebacate < 100 Cast HE additive, viscosrty 

Dinitroethylbenzene < 10 

Dinitroglycolutil < 500 

DNPA 6000 Plastic 

EAK <2500 

EOO < 2500 

FKM <1 000 

Hexanitrostilbene < 100 

toM( > 500 000 

MAN < 1 000 

Nitrocellulose 2000·5000 

Nitroguanadine so 000. 100 000 

Nitromethane <50 000 Liquid HE 

NTO 500 ·1 000 

PETN 10 000. 15 000 

PYX < 1 000 

RDX > 500 000 

TAGN < 100 

TATS 100 000 • 500 000 

TCP < 100 

Tetryt 1 000·5000 

TNT > 500 000 

Trinitroe -:vlbenzene < 10 

Trinitros1 .• oene < 100 

T rioctyl phosphate < 1 000 

T ripicrylmelamine < 1 000 

Note: Abbrev.ations are 1dema1 to those 1n Tables 0·1 through 0·3. 
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Group WX·3. who has worked at TA·16 since 1968 (Hickmott and Martin 

, 993, , 5·1.6·448). 

2.0 POTENTIAL CONTAMINANTS OF CONCERN FROM EXPLOSIVES 

The type of potential contaminants present at a particular site is directly 

dependent upon the type of operation conducted at the site (i.e., processing, 

assembly, machining, storage, testing, and/or disposal) and the type of 

explosive and test device used in the operation. Products of environ-mental 

degradation (e.g., photolysis and/or microbial degradation) of the potential 

contaminants located at each site may also be present. Table D·S presents 

the type of potential contaminants of concern (PCOCs) associated with 

various explosive operations conducted at the Laboratory. Table 0·6 presents 

the potential explosive impurities and environmental degradation products 

likely to be of concern in the environment that are associated with explosives 

that contain HMX, RDX, TNT, PETN, and tetryl. 

TABLE 0·5 

CONSTITUENTS OF POTENTIAL CONCERN 

ASSOCIATED WITH EXPLOSIVE OPERATIONS AT THE 

LABORATORY 

OPERATION 

ASSEMBLY 
PROCESSING AND 

CONSnTUENTS OF POTENnAL CONCERN OPERATIONS STORAGE MACHINING 

Parent explosiVe (explosive, inorganic metal 

co-constituents. production impurities) X X 

Inorganic metals (that compose the explosive 

device) 

Products of incornpHtte detonation andlor 

incomplete combustion (nitroaromatics, lead, 

friable asbestos, ~uc!ear aromatic 
hydrocarbons) 

Products of environmental degradation X X 

Although Table 0·6 lists a large number of potential co-contaminants of HE 

that may be detected in the environment, most have only been observed in 

laboratory experiments. The following HE impurities and degradation 

products have been observed in field investigations: in TNT· 2,4 ONT, 
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TABLE D-6 

EXPLOSIVE CONSTITUENTS OF POTENTIAL CONCERN IN THE ENVIRONMENT 

PARENT EXPLOSIVE INORGANIC 
METALS 

(explosive, (lh1l compose ...... (production lhl explosive PIDa 1ndlor PRODUCTS OF CONSTITUENTS DETECTED 
co-constituent a) Impurities) device) PICa ENVIRONMENTAL DEGRADA liON IN THE ENVIRONMEN f 

See Tables ROX, aliphatic See Table Barium, Nitrate ions, nitrile Ions, Parent explosive (HMX. JlDX, 
0-1.0-2, and cyclic 0-11 lead, anvnonia, formaldehyde, aliphatic and cyclic nitro-
and0-3 nitro- triable organic nitro-compounds, compounds). inorganic metals, 

compounds asbestos, hydrogen cyanide (a), mono-, PIOs and PICs (lead. triable 
(a) polycyclic di-, and lrinitroso-ROX asbestos, PAHs) (a) 

aromatic analogues, hydrazine, 
hydro- 1,1-dimethylhydrazine, 
carbons 1,2-dimethylhydrazine, 
(PAHs)(b) methanol (a) 

See Tables HMX, aliphatic See Table Barium, Similar 1o those of BMX (a) Parent explosive (HOX, t IMX, 
0-1, 0-2. and and cyclic 0-11 lead, aliphatic and cyclic nitro-
0-3 nitro- triable compounds), inorganic metals. 

compounds asbestos, PIDs and PICs (lead, triable 
(a) PAHs (b) asbestos, PAtis) (a) 

See Tables 2,4-0NT, Sealable Barium, 1,3,5-TNB, TNBOH, TMBAL. Parent explosive (TNT. 2, 4 l>N T. 
0-1, 0-2, and 2,6-0NT, 0-11 TNT, TNBA, anthranils (e.g., 2,6- 2,6 DNT, 1,3-0NB, t,3,5· TNU), 
0-3 1,3-0NB. 2,4-0NT, dinilroanthranil), nitrites (e.g., inorganic metals, Pills and PICs 

1,3,5-TNB (a) 2,6-0NT, 2,4,6-lrinitrobenzonilrile), (lead, triable asbestos, PAlls). 
1,3,5-TNB, a nines environmental degradation 
1,3-0NB, (2-amino-4,6-DNT. 4-amino-2,6- products (2-amino-4,6-DN T. 
lead, ONT, 4-anino-2,6 ONl) (a) 
triable 3,5-dinitrophenol, 2-aminu 4,6- 2 NT, 3 NT. 4 Nl,1,2 ONO. 3 
asbestos, dinitrobenzoic acid) (a), Nitroaniline, 2 Methylaniliuo. 2 
PAUs (b) 2 NT. 3-NT. 4 NT, 2,3-0AT, 2,4- Nitro-4A T. 2 Nitro 6A I. 3 N•tru 

OAT. 2,6-0AT. 2,4,6-TAT, 2- 4AT, 3 Nitro 2AI, 2,4 01AI. 2.11 
Nitro-6-AT, 4-Nitro-6 AT (c) DiA T (c) 
Nitrocresols (I.e., 2 Nitro m- ' 
cresol). Dinitrocresols (i e . 
d11utro o ~resol) (c) 

---
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TABLE D-6 (continued) 

EXPLOSIVE CONSTITUENTS OF POTENTIAL CONCERN IN THE ENVIRONMENT 

PARENT EXPLOSIVE INORGANIC 
METALS 

PRINCIPAL (eaplollve, (that COmpGII 

TYPE OF 1111111 (producdon the eaplollvt PIDs andlor PRODUCTS OF CONSTITUENTS DETECTED 

EXPLOSIVE co~onsUiulnts) lmpurltlll device) PICs ENVIRONMENTAL DEGRADA liON IN THE ENVIRONMENT 

PETN Seellbl•• PE-trt-N, cl- See Table lead, Pentaerythrltol (PE or Pe-tri-N) Parent explosive, inorganic 

0-1. D-2,.nd c:ntaerythrltol 0-11 triable (a) metals, PIOs and PICs (lead, 

0-3 xanllrate,lrl asbestos, triable asbestos, PAHs), 

pentaerythritol PAHs (b) environmental degradation 

acetonilrale products (a) 

(a) 

Tetryl See Table• No production See Table lead, N-methylpicramide, picric acid, Parent explosive, inorganic 

0-1, 0-2, and lnl:»urilies ol 0-11 triable methylnitramine (a) metals, PIOs and PICs (lead, 

0-3 consequence asbestos, triable asbestos, PAUs) (a) 

(a) 
-----

PAH!_~bL_ 
--- --

Notea: For lhe explollv• end met .. co~siMflle o1 the parentexf*Jslvee, •• T ebles 0-1, 0-2. end 0-3. 

For lnorgMIIc m ....... t compoM lhe uploslve device, ... T.tJie 0·11. 

legend: 
2-emklo .... I-ONT 
4-emklo-2,1-DNT 
1,3-0NB 
2,4-0NT 
2,6-0NT 
1,3,5-TNB 
tt.AX 

2-amlno ... ,8-dnllrotoluene 
4-MIIno-2,8-dnltrololuene 
1,3-dnlrobentene 
2. 4 -dnllrololuene 
2,8-dnltrololuene 
1,3,5-lrlnlrobenzene 
cyclo .. lramelhylene
....... emlne 

PE-tlt-N 
PETN 
PAH 
PDX 
Nr 
OAT 
TAT 
AT 

penl•rytullol 
penlaerylhrtlol .. lranllrale 
polyqdlc aromalc hydrocarbon 
cydonltrlle, cydorbtmelhylenelrlnltramlne 
nlrololuene 
dllmlnotoluane 
tra.mlnololuene 
emlnololuene 

TNBA 2,4,6-lltnltrobenzolc acid 
TNBAL 2,4,6-lrlnllrobenzllldehyde 
rtBJH 2.4,6-blnltrobenzylaloohol 
iNT 2,4,6-lrlnltrololuene 
Foolnolea: 
(a) Layton elal1~7. 15-16-447 
(b) USATt-NA 1'986, 15-16--457 
(c) ~~~and Kon1993, 15·18·555 

I 

)>. 

~ 

~ 
1::) 

~ 
~ 
~ 
() 
::!. 
() 
;:s 

8 
~ 

'tQ 
:1 

ftl 
·O 
t;· 
"" :J 
"' "• 



lnrroducrion ro High Explosives A.pper ... :i.;..x D 

2.6 DNT, TNB, DNB, NT nitroaminotolyenes nitrocresols, diamtnot~luer:es 

and dinjtrocresols; in RDX • HMX, nitrate; and in HMX- RDX. Thus. at TA-16 

we will focus our investigation of HE co-contaminants on DNT. TNB. and 

DNB, all of which are determined by high performance ljcuid chromatoara:Jn 

CI-IPLCl Many other of these byprodycts. such as the nttrocresols will be 

determined by GC-MS dyrjng analyses for sem1volatiles. 

WX Division SOPs describe components of both standard and developmental 

explosives. The principal constituents of the explosives are generally the 

explosive components themselves, such as HMX, RDX, and TNT. However. 

subsidiary contaminants present in the explosive formulations may include: 

polycyclic aromatic hydrocarbons (PAH), metals, cyanide, and asbestos. 

Each of these co-contaminant types is described below. Inorganic metals 

that may compose the explosive device include, but are not limited to: lead. 

uranium, copper, or iron. 

2.1 Polycyclic Aromatic Hydrocarbons 

Polycyclic aromatic hydrocarbons have been detected at firing sites and 

burning grounds. They may be the product of incomplete detonation or 

combustion of those explosivea that contain motor or fuel oil or may be the 

product of incomplete combustion of fuels used to ignite explosives at 

disposal areas. At TA-16, these contaminants are most likely to be found at 

open burn;~pen detonation sites and at firing sites, rather than in association 

with process buildings. 

The manner in which individual PAHs behave in the environment is linked 

directly to the molecular weight of each potential contaminant. For example, 

low molecular weight PAHs (e.g., acenaphthylene, anthracene, fluorene. 

and phenanthrene) are associated with significant volatilization compared . 
to high molecular weight PAHs (e.g., benz(a}anthracene. 

benzo(b}fluoranthene, benzo(k}fluoranthene, benzo(a}pyrene, chrysene, 

dibenz(a,h)anthracene, and indeno[1 ,2,3-cd)pyrene) (Clement International 

Corporation 1990, 0873). Thus, it is likely that high molecular weight PAHs 

will be found in the soils and sediments. 

In addition, sorption of PAHs to soil and sediments increases with increasing 

soil organic carbon content. The higher molecular weight PAHs have Koc 
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values in the range of , o•' to , 0 .. , indicating a stronge.o tendency to adsorb 

to organic carbon (Clement International Corporation , 990, 0873). This 

tendency for sorption also governs the manner in which the individual PAHs 

will move in surface or groundwater. The high molecular weight PAHs will be 

transported in water adsorbed to particulates, whereas the lower molecular 

PAHs will tend to volatilize. Microbial metabolism is the major process for 

degradation of PAHs in the soil environment. Photo oxidation, chemical 

oxidation, and biodegradation are only of importance in water environments. 

Hydrolysis is not considered to be an important degradation process for 

PAHs (Clement International Corporation 1990, 0873). 

2.2 Potential Metal Contaminants 

Metals used in processing operations and in assembly and storage locations 

may be co-constituents of the parent explosive (see Tables 0·1, D-2, and 

0·3). Metals may be co-constituents of parent explosives or may have 

composed the device that housed the explosive. Such metals may include 

barium, beryllium, lead, uranium, copper, and iron. These metals will be 

found in largest quantities at open burn/open detonation sites at TA·16. 

They will also be present at firing sites. Those that are components of the 

explosives themselves will be found associated with process buildings. 

The primary factor governing the distribution of potential metal contaminants 

in the environment is soil pH. With the exception of lead, the potential metal 

contaminants will tend to be more mobile in acidic soils. Lead is mobile in 

soils under both alkaline and acidic conditions. Two metals of particular 

concern at T A-16 are barium and beryllium. 

Barium exhibits low mobility in soil. Barium mobility is limited by adsorption 

in soils with high cation exchange capacity (Clement International Corporation 

1992, 0874). Thus, in fine soils or soils with high organic content, barium is 

expected to be located near the soil surface. 

Scannjng electron micrgscocjc and electron mjcrocrobe inyestjgatjons of 

soils from the TA-16 byrojng groynd CBrown et at 19S2 15·16-3891 and 

;rom wjthjn canon de Valle (Eppler ynpyblishtd data) show that barjym js 

present jn at least foyrforms wjthjn contamjnated sgils and sedjments: 1 las 

barjym carbonate 21 as barjym sy!fate 31 as barjum adsorbed on organjc 
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particles and 4) as a bariym·iron-titaniym silicate in reac~1or- •. ,.,..s 

overgrowing steel fragments. No barium nitrate was foynd Bar1urr sulfa'~ 

aooears to predominate in Canon de Valle and barium carbonate CQ1'T11~a'~s 

in the Area P landfill and in a small drainage from the burnir.g g•our-1~ 

Barium sylfate is gyite insolyble and barium carbonate is moderately 

soluble. 

Beryllium is also expected to have limited mobility in most. soil types. 

Beryllium tightly adsorbs to soils by displacing divalent cations that share 

common sorption sites (Syracuse Research Corporation 1992, 0872). 

2.3 Cyanide 

Cyanuric acid. a co-constituent of some developmental secondary explos1ves 

and a component of mock HE (see Table 0·3), contains cyanide. Upon 

heating, cyanuric acid evolves hydrogen cyanate (CHNO), which is soluble 

in water, decomposing to carbon dioxide and ammonia (Budavari et at. 

1989, 15·16·454). Thus, cyanide may be detected at processing areas for 

developmental secondary explosives and mock HE. AT TA-16, outfalls 

associated with the 300-Line are most likely to be contaminated with 

cyanuric acid. However, it is unlikely that cyanide will be detected at testmg 

or disposal sites. 

The fate of cyanide in soils and/or sediments is pH dependent. Cyanide may 

adsorb to suspended solids and sediments, although adsorption is probably 

insignificant when compared to volatilization. The adsorption of cyanides 

increases with increasing iron oxide, clay, and organic material. However. 

instead of being more mobile in acidic environments, cyanide adsorption 

increases with increasing acidity (ATSOR 1991 Syracyse Research 

Corporation 1992, 15·16·451 ). 

In the soil, cyanide may be present as hydrogen cyanide, soluble alkali 

metal salts, or as immobile metallocyanide complexes. Under aerobic 

conditions, low concentrations of cyanide undergo biodegradation with the 

formation of ammonia followed by nitrate. Under anaerobic conditions 1n the 

subsurface environment cyanides denitrify to gaseous nitrogen (Cie""ent 

IPiterrustienal Cerl'eratioPI 1991 Syracyse Research Cornoration 1992, 

15·1 6·451 ). 
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2.4 Asbestos 

Asbestos is nonvolatile and insoluble. Thus. its fate is primarily controlled 

by deposition after airborne transport. However. some fibers are sufficiently 

small that they may remain suspended in the atmosphere or water and be 

transported long distances. Asbestos is not known to undergo significant 

transformation or degradation in the environment (Clement International 

Corporation 19908, 15·16-450). Asbestos is most likely to occur at firing 

sites and WW II waste disposal sites at TA-16. 

3.0 FATE AND TRANSPORT OF EXPLOSIVES AND EXPLOSIVES 

BY-PRODUCTS 

In addition to environmental degradation, other factors affect the potential 

fate and migration of PCOCs in the environment. These include the physical 

and chemical properties of the constituents and their degradation products 

as well as the physical and geochemical characteristics of the sediments 

and soils on site. Factors such as soil pH, soil cation-exchange-capacity 

(CEC), water infiltration rate, soil porosity, along with chemical-specific 

factors [e.g., water partition coefficient (K .. ), and soil retention factors (K 41)] 

are key to understanding the potential migration patterns of these 

constituents. A summary of aspects of the environmental fate of iQm1 

explosives is presented in Table 0·7. 

A sjte·specjfjc jnyestjgatjon jnto the decomoosjtjon of HE used at TA· 16 was 

jnjtjated jn the late 1960s. Test cylinders were spjked wjth HE loaded jnto 

transjte tybjng. and byrjed at test plots at TA·11. The amoynt of HE 

remajnjng afterfoyr and one·half years CQyBojs and Baytos 1972 1 5·1 6·286) 

and twentv years lPuBojs and Baytos 1 991. 071 8) was measyred Oyer 

ninety percent of the TNT bad djsappeared oyer twenty years· howeyer. 

more than seyenty percent of the BQX. HMX and PETN remajned. 

Layton et al. (1987, 15·16·447) provide a detailed discussion of the 

distribution of HE in environmental media. They calculate the distribution of 

a number of HE. including TNT, HMX, ROX, and HE byproducts including 

DNT and ONB, in reference landscapes using the program GEOTOX. They 

also summarize existing data confirming HE and HE byproducts at open 

burn/open detonation sites nationwide. 
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TABLE 0·7 

ENVIRONMENTAL FATE OF EXPLOSIVES AND HE BYPRODUCTS 

CONSTITUENT WATER L.cgKa: 
OF POTENTIAL SOLUBILITY 

CONCERN tmg/l) 

2-am.no-4.6- 2 SOO (a) o. 15 \a) 
[)\IT 

4-ammo-2.6- 2 800 (a) 0.26 (a) 
DNT 

1,3-0NB 533 (b) 1.56 (b) 

2.4-0NT 280 (b) 2.4 (b) 

2.6-0NT 206 (b) 1.89 (b) 

HMX 2.6 (a) or 2.11 (a) 
5.0 (a) 

PETN 2 (a) or32 1.83 (a) 
(a) 

PE·trt-N Very Not 
soluble (a) available 

RDX 42.2 (a) 0.89 to 
2.~ (a) 

Tetryl 75 (a) 2.~ (a) 

1,3,5-TNB 385 (b) 2.82 (b) 

'TNT 123(a) 2.67 to 
3.2 (a) 

(a) L.ay1Dn et al. 1987. 15-16"""7 
(b) Bui'Tt)ws et al. 1989, 15-16~55 

July 1994 

HENRY'S ENVIRONMENTAl. FATE PRIMARY LOCATION IN 

CONSTANT ENVIRONMENT 

(atm-ml/mol) 

-4 E-9 (a) Gradual movement tnrougn S~osunace SOliS ar.c 
so1ls and groundwater. snould grouncwater (a) 

bmd to humic ac1ds and otner 
organ1c matter (a) 

-1 E-9 (a) Gradual movement tnrou_gh Subsurtace SOliS ana 
soils and groundwater. snould groundwater (a) 

bind to humic ac1ds and other 
organtc matter (a) 

1.8 E-7 (b) Gradual movement through Subsurface so1ts ano 
soils and groundwater (a) groundwater (a) 

1.86 E-7 (b) Gradual movement through Subsurtace so1ls ano 
soils and groundwater, groundwater (a) 
diffusion of both vapor and 
aqueous phases through soil in 
soils receiving limited water 
infiltration (a) 

4.86 E-7 (b) Gradual movement through Subsurface so11s and 
soils and groundwater, groundwater (a) 
diffusion of both vapor and 
aqueous phaHs through soil in 
soils rec:erv1ng limned water 
infiltration (a) 

1 E-16 (a) Leach1ng througn soils Subsurface so1ts and 
groundwater (a) 

4 E-10 (a) Leachtng through sotla Subsurface soils ano 
groundwater (a) 

Not avatlable Very stable •n sunlight, Subsurface soils and 
resistant to microbial groundwater (a) 
degradation (a) 

6.58 E·12 (a) RDX does not strongly adsoro Subsurface sotls ana 
to soils and sediments. soil groundwater (a) 

adso'l)tion affects RDX 
migratton only in soils with an 
organic content >0.25 wt e;. (a) 

2.0 E·12 (a) Leachtng through soils (a) Subsurface so11s ano 
groundwater (a) ' 

9 E-8 (b) Gradual movement through Subsurface so11s and 

soils and groundwater (a) groundwater (a) 

2.6 E-9 (a) Migratton of TNT ia affected tn Subsurface sotls and 

soils with a cation exchange groundwater (a) 

capacity ( CAC) 
> 1 0 meg/1 00 g: vapor-phase 
diffusion only ·~onant tn soils 
where water infiltration is tow (a) 
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The most important result of the modeling is that all of the HE and HE 

byproducts are calculated to be distributed into both surface soils (A soil 

horizons) and subsurface soils (8 soil horizons). In the western ecoregion 

models TNT, DNT, and RDX were all predicted to favor subsurface over 

surface soils. This modeling may not be directly relevant to TA·16 because 

a near-surface groundwater reservoir was included in the models. 

The compiled data on concentrations of HE and HE byproducts for a wide 

variety of facilities also suggest that HE is distributed in surface and 

subsurface soils (L.ayton et al. 1987, 1 5·16·447). In general, the actual field 

data suggest greater concentrations of HE in surface soils than predicted by 

the GEOTOX modeling. 

The implication for TA·16 of these data is that subsurface sampling for HE 

will be necessary at those sites where HE contamination is likely, such as 

at TA· 1 6·260 and sump outfalls. However, the lacK of evidence for decoupling 

of surface and subsurface HE suggests that surface screening can be used 

to locate subsurface HE contamination. 

4.0 TOXICITY OF HE CONSTn'UENTS 

Several of the explosives, co-constituents, degradation products of the 

explosives, and associated experimental materials are carcinogens and/or 

systemic toxicants. Nearly all of the potential contaminants may exert their 

toxic effect (i.e., either carcinogenic and/or systemic effect) through any of 

the direct routes of exposure (i.e., inhalation, incidental soil ingestion, 

ingestion of water, and dermal exposure). The exceptions to this include the 

carcinogenic metals (cadmium, chromium~. and nickel) and the carcinogenic 

mineral asbestos, which are considered by the US Environmental Protection 

Agency (EPA) to be carcinogenic only through the inhalation route of 

exposure. 

Table 0·81ists the potential inorganic contaminants considered by the EPA 

to be carcinogenic only through the inhalation route of exposure (EPA 1992, 

0830). They are placed in order of highest carcinogenicity to lowest 

carcinogenicity. The class of carcinogen refers to the evidence used to 

support the carcinogenic classification. For example. the evidence supporting 
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TABLE 0·8 

CARCINOGENIC INORGANICS VIA INHALATION 
- HE DEVICE CONSTITUENTS 

CONSTITUENT CLASS OF TARGET ORGAN 
CARCINOGEN 

Chromtum~ A Lung 

Asbestos A Lung 

Cadmium 81 Resptratory tract 

TABLE D·8 

CARCINOGENIC CONSTITUENTS VIA ALL ROUTES OF EXPOSURE 
-HE AND BY-PRODUCTS 

CONSTITUENT CLASS OF TARGET ORGAN 
CARCINOGEN FOR ORAL ROUTE 

Inorganic• 

Beryllium 82 Multiple organs 

Organics 

PAHs (e.g., benzo(a)pyrene) 82 Stomach 

2.4·DNT 82 liver 

2.6-DNT 82 Liver 

RDX c Liver 

TNT c Bladder 

TABLE D·10 

ORGANIC SYSTEMIC TOXICS - HE AND BY-PRODUCTS 

CONSTITUENT ORAL RfD TARGET ORGAN OR EFFECT 
(rnglkg/dly) 

1,3,5·TNB S.OOE·S Spleen 

1,3-0NB 1 .OE·4 Spleen weight 

Nitrobenzene 5.00E·4 Liver, kidney 

2.4.6·TNT S.OOE-4 Liver 

2.4·DNT 2.00E·3 Neurotoxic 

RDX 3.000·3 Prostate 

Tetryl 1 .OOE·2 Liver, kidney, spleen 

l-f.1X S.OOE·2 Liver 
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the carcinogenic classification of A for a potential contaminant is stronger 
than that for a constituent with a carcinogenic classification of B. 

Table 0·9 lists the potential inorganic and organic contaminants that are 
explosives' components considered by the EPA to be carcinogenic through 
all direct routes of exposure (EPA 1992. 0830). The target organs identified 
are for the oral route of exposure. These potential contaminants are placed 
in decreasing order of carcinogenicity within each class of chemical (i.e .. 
inorganics and organics). 

All of the aforementioned constituents have the potential to ex en a systemic 
toxic effect through all direct routes of exposure. However, systemic health 
criteria have not been developed for all of these constituents. Tables 0·10 
and 0·11 list the constituents, oral target organ designation, and oral 
reference criteria [i.e., reference dose (RfD) in mglkg·day] available from 

TABLE 0·11 

INORGANIC SYSTEMIC TOXICS - HE DEVICE COMPONENTS 

CONSTITUENT ORAL AfD TARGET ORGAN OR EFFECT 
(mg,tglday) 

Lead 1 0 u~dl (btood) a Central nervous system 
Cadmium s.ooE_. Kidney 
Uranium 3.00E·3 Kidney 
Beryllium S.OOE·3 Not availabHt 
Chromium loU S.OOE·3 CentraJ nervous system 
VaNidium 7.00E·3 Not avait.ble 
Cyanide 2.00E·2 Myetin degradation 
Nickel 2.00E·2 Decreased body weight 
Barium 7.00E·2 Blood pressure 
Boron 9.00E·2 Testicular effects 
Manganese 1.00E·1 Central nervous system 
Nitrite 1.00E·1 Methemoglobemia 
Zinc 2.00E·1 Anemia 
Copper 1.30E+O Glmation 
Nitrate 1.60E+O Methemoglobemia 
a The blood lead level of 10 ugldl hu bHn selected u a cutoff for intervention. Lead does not have an RfD because lead does not have a known th,.shold tor the induction of systemic effects (EPA 1990, 15·16-~56). 
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the EPA. An RfD is the highest dose that an individual may recetve 

throughout his lifetime without experiencing an adverse health effect. The 

more toxic systemic constituents have the lowest RfOs. These const1tuents 

are placed in decreasing order of systemic toxicity within each class of 

chemical (i.e .. inorganics and organics). 
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APPENDIX G 

SAMPUNGPROCEDURES 

G.1 Procedure for Collection of Rinsate Samples 

Rinsate samples will be collected using an open-top stainless steel or polyethylene container or 

a disposable composite liquid waste sampler (e.g. Coliwasa) or similar equipment. Samples will 

be collected using the open-top container as follows: 

1) Collect rinsate by pouring distilled or deionized water over decontaminated debris. 

2) Collect samples for volatile organic compound (VOC) analysis first, by slowly 

discharging into the sample vials when filling the VOC sample vials. Avoid any agitation 

that could cause volatilization. Completely fill the vial to eliminate any headspace. This 

may be achieved by gently pouring the last few drops into the vial so that surface 

tension holds the water in a convex meniscus. When the cap is applied, some of the 

overflow may be lost, but the airspace in the bottle should be eliminated. After capping, 

turn the bottle over and tap it to check for bubbles. If any bubbles are present, repeat 

the same procedure. If a second try is required, use a new sample container. 

3) To collect composite samples, obtain aliquots from rinsing several pieces of 

decontaminated debris and combine in a single container. Mix to obtain a uniform 

composite sample. Then transfer the water from the container to the sample containers. 

VOC samples should not be composited, due to the potential for VOC loss during the 

compositing procedure. VOC samples must be collected directly into the VOC sample 

vials. 

4) Ensure that all sample containers are tightly capped. Rinse and dry the sample 

containers, attach labels and seals, record the sample information in the field log book 

and complete the sample analysis request and chain-of-custody record. 
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5) Repeat Steps 1 through 4 until all sample containers for this sample location have been 

filled. 

6) Decontaminate the used sampling equipment. Package and label rags and any other 

waste material in plastic bags for subsequent disposal. 

Rinsate may also be sampled using a Coliwasa or similar equipmenf Samples will be collected 

using the following procedure: 

1) Remove the decontaminated sampler from its protective packaging. 

2) Open the sampler by pushing the interior rod down to unseat the bottom stopper. 

3) Slowly lower the sampler into the liquid at a rate that permits the level of the liquid inside 

and outside the sampler tube to be about the same. If the level of the liquid in the 

sampler tube is lower than that outside the sampler, the sampling rate is too fast and 

will result in a nonrepresentative sample. 

4) When the sampler stopper hits the bottom of the liquid container, raise the interior rod 

to seat the bottom stopper and close the sampler. 

5) Slowly withdraw the sampler from the container with one hand and wipe the sampler 

tube with a disposable cloth in the other hand. 

6} Carefully discharge the sample into the appropriate containers by slowly unseating the 

bottom stopper. 

7) Collect the samples for VOC analysis first by slowly discharging into the sample vials 

when filling the VOC sample vial. Avoid any agitation that could also cause 

volatilization. Completely fill the vial to eliminate any headspace. This may be achieved 

by gently pouring the last few drops into the vial so that surface tension holds the water 

in a convex meniscus. When the cap is applied, some of the overflow may be lost, but 
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the air space in the bottle should be eliminated. After capping, turn the bottle over and 

tap it to check for bubbles. If any bubbles are present, repeat the same procedure. If 

a second try is required, use a new sample container. 

B) Repeat steps 2 through 7 until all sample containers have been filled. 

9) Assure that all sample containers are tightly capped. Rinse and dry the sample 

containers, attach labels and seals to them, record the sample information in the field 

log book and complete the sample analysis request and chain-of-custody record. 

1 0) Decontaminate the used sampler before collecting the next sample. Package and label 

rags and any other waste material in plastic bags for subsequent disposal. 

G.2 Procedure for Collection of Excavated Soil, Unconsolidated Material, and Tuff Samples 

During the excavation of the waste pile, samples of the soil or tuff will be collected from the 

immediate vicinity of and from within voids of the debris. 

A split-spoon sampler will be used with the following procedure: 

1) Remove debris material from the sampling site until the top of the soil or pulverized tuff 

is exposed. 

2) Assemble the decontaminated split-spoon sampler. 

3) Advance the sampler through the soil or tuff until refusal is reached. 

4) Withdraw the sampler from the soil and transfer the sampler to the sample preparation 

area outside the waste pile but within the exclusion zone. Disassemble the sampler. 

Split the core lengthwise using a clean stainless steel knife or other appropriate 

sampling tool. 
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5) Immediately collect samples for VOC analysis from the bottom 6-in. interval of the core 

either by slicing vertical segments from the core using a clean stainless steel knife (or 

other appropriate sampling tool) or by scooping material from the core using a clean 

stainless steel spoon. 

6) Transfer the samples for VOC analysis to appropriate sample containers using a clean 

stainless steel spoon or other appropriate sampling tool. - Tightly pack or fill sample 

containers as completely as possible to eliminate airspace. 

7) Record a description of the underlying soil or tuff in the field log book, including the 

exact location of the hole and batch number. 

8) Collect the remaining samples by obtaining sample material from the remaining interval 

of the core using a stainless steel spoon or other appropriate sampling tool. If this 

sample collection technique is not practical, obtain the remaining samples by 

transferring the bottom 6-in. interval of the core to a decontaminated stainless steel 

bucket or other appropriate container and mixing until the sample is homogenized. 

Transfer the samples to appropriate sample containers using a clean stainless steel 

spoon or other appropriate sampling tool. 

9) If additional material is needed to fill sample containers, repeat steps 1 through 8 at a 

location within the same batch. 

1 0) Ensure that all sample containers are tightly capped. Decontaminate the outside of the 

containers, attach labels and seals, record the sample information in the field log book 

and complete the sample analysis request and chain-of-custody record. Place sample 

containers in plastic bags and place in coolers. 

11) Decontaminate the sampler, spoons, knives, pan and other sampling tools before 

sampling at the next location. Package and label contaminated rags, gloves, and other 

waste material in double plastic bag~ or appropriate containers for subsequent disposal. 
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When necessary, the following procedure will be used for collecting solid tuff samples with a 

hand-operated electric auger: 

1 ) Remove the decontaminated auger from its protective packaging and attach the drive 

head. 

2) Place a clean sheet of plastic over the tuff and cut a hole for the auger using a clean 

knife. 

3) Drill into the tuff 18 in. at 6-in. intervals using the auger. Allow the cuttings to collect on 

the plastic sheet. Record in the field log book descriptions of the cuttings from each 

interval, including the location of the hole and the depth interval. 

4) Immediately collect samples for VOC analysis by transferring cuttings from the plastic 

sheet to appropriate sample containers using a clean stainless steel spoon or other 

appropriate sample tool. Tightly pack or fill sample containers as completely as 

possible to eliminate air headspace. 

5) Record in the field log book a description of the cuttings including the exact location 

of the hole and the depth interval. 

6) Collect the remaining samples by transferring the sample material to a decontaminated 

stainless steel bucket or other appropriate container and mixing until the sample is 

homogenized. Transfer the samples to appropriate sample containers using a clear~ 

stainless steel spoon or other appropriate sampling tool. 

7) Ensure that all sample containers are tightly capped. Decontaminate the outside of the 

containers, attach labels and seals, record the sample information in the field log book 

and complete the sample analysis request and chain-of-custody record. Place sample 

containers in plastic bags and place in coolers. 
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8) Decontaminate the auger, spoons, knives, pan, and other sampling tools before 

sampling at the next location. Package and label contaminated rags, gloves, and other 

waste material in doubled plastic bags or in appropriate containers for subsequent 

disposal. 

G.4 Procedure for the Collection of Decontamination Sludges 

These wastes will be sampled using a thief sampler, sampling trier or scoop, depending on the 

consistency and quantity of the waste. Samples will be collected using the following procedure: 

1) Remove the decontaminated sampler from its protective packaging. 

2) Push the sampler down through the waste until the sampler hits the bottom of the 

container. If a thief sampler is being used, rotate the inner tube to close the sampler. 

If a trier is being used, rotate the sampler to free it from the waste. 

3) Slowly withdraw the sampler from the container with one hand and wipe the outside of 

the sampler tube with a disposable cloth using the other hand. 

4) To collect composite samples, obtain aliquots from the waste containers and combine 

in a single container. Mix to obtain a uniform composite sample. Then transfer the 

water from the container to the sample containers. VOC samples should not be 

composited, due to the potential for VOC loss during the compositing procedure. VOC 

samples must be collected directly into the VOC sample vials. 

5) Open the sampler and immediately collect a sample for VOC analysis. Collect a' 

composite sample for VOC analysis by removing waste from the entire sample profile 

using a clean stainless steel spoon. After the volatile sample has been collected, 

transfer the remainder of the sample to a clean stainless steel pan and homogenize it 

using a stainless steel spoon. Transfer the homogenized sample to appropriate sample 

containers. 
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6) Repeat steps 2 through 5 until all sample containers have been filled. 

7) Tightly cap the sample containers. Rinse and dry the sample containers, attach labels 

and seals to them, record sampling information in the field log book and complete the 

sample analysis request and chain-of-custody record. 

-
8) Decontaminate the sampler, spoon. and pan before collecting the next sample. 

Package and label rags, gloves, and any other waste material in plastic bags for 

subsequent disposal. 

G.s Procedure for the Collection of Decontamination Liquids 

Decontamination liquid samples will be collected using an open top stainless steel or 

polyethylene container or a composite liquid waste sampler (e.g. Coliwasa) or similar equipment. 

samples will be collected using the open top container as follows: 

1) Obtain a sample of the decontamination liquid by slowly immersing the open-top sample 

container and raising it out of the waste. Slowly pour the water into the sample 

containers. 

2) Collect samples for VOC analysis first, by slowly discharging into the sample vials when 

filling the VOC sample vials. Avoid any agitation that could cause volatilization. 

Completely fill the vial to eliminate any headspace. This may be achieved by gently 

pouring the last few drops into the vial so that surface tension holds the water in a 

convex meniscus. When the cap is applied, some of the overflow may be lost, but the 

airspace in the bottle should be eliminated. After capping, turn the bottle over and tap 

it to check for bub!:>les. If any bubbles are present, repeat the same procedure. If a 

second try is required, use a new sample container. 

3) To collect composite samples, obtain aliquots from the liquid waste containers and 

combine in a single bucket. Mix to obtain a uniform composite sample. Then transfer 

the water from the bucket to the sample containers. VOC samples should not be 
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composited, due to the potential for VOC loss during the compositing procedure. VOC 

samples must be collected directly from the individual waste container. 

4) Ensure that all sample containers are tightly capped. Rinse and dry the sample 

containers, attach labels and seals, record the sample information in the field log book 

and complete the sample analysis request and chain-of-custody record. 

5) Repeat Steps 1 and 2 until al~ sample containers have been filled. 

6) Decontaminate the used sampling equipment. Package and label rags and any other 

waste material in plastic bags for subsequent disposal. 

Decontamination liquid may also be sampled using a coliwasa or similar equipment. Samples 

will be collected using the following procedure: 

1) Remove the decontaminated sampler from its protective packaging. 

2) Open the sampler by pushing the interior rod down to unseat the bottom stopper. 

3) Slowly lower the sampler into the liquid at a rate that permits the level of the liquid inside 

and outside the sampler tube to be about the same. If the level of the liquid in the 

sampler tube is lower than that outside the sampler, the sampling rate is too fast and 

will result in a nonrepresentative sample. 

4) When the sampler stopper hits the bottom of the liquid container, raise the interior rod 

to seat the bottom stopper and close the sampler. 

5) Slowly withdraw the sampler from the container with one hand and wipe the sampler 

tube with a disposable cloth in the other hand. 

6) Carefully discharge the sample into the appropriate containers by slowly unseating the 

bottom stopper. 
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7) Collect the samples for VOC analysis first by slowly discharging into the sample vials 

when filling the VOC sample vial. Avoid any agitation that could also cause 

volatilization. Completely fill the vial to eliminate any headspace. This may be achieved 

by gently pouring the last few drops into the vial so that surface tension holds the water 

in a convex meniscus. When the cap is applied, some of the overflow may be lost. but 

the air space in the bottle should be eliminated. After capping, turn the bottle over and 

tap it to check for bubbles. If any bubbles are present, repeat the same procedure. If 

a second try is required, use a new sample container. 

8) Repeat steps 2 through 7 until all sample containers have been filled. 

9) Assure that all sample containers are tightly capped. Rinse and dry the sample 

containers, attach labels and seals to them, record the sample information in the field 

log book and complete the sample analysis request and chain-of-custody record. 

1 0) Decontaminate the used sampler before collecting the next sample. Package and label 

rags and any other waste material in plastic bags for subsequent disposal. 

G-9 



S950211.MDP 

APPENDIX I 

Material Disposal Area P Closure F 
Revision 0, February 1 . · 

SITE SPECIFIC STANDARD OPERATING PROCEDURES 



::::: :..-·.\'.:.:.. SC•P ., ·' · OPER-\ TIO.'.":\L Gl"IDELI.'."ES FOR T.-\KI.'."G 
?..:•. 1•ro:~ :J•.1f: '"iOIL .-\"'D \\-\ TER S-\"PLES I~ HE -\RE.\S 

Engineenng and Sciences .\pplicattons (ES.\J Oi\·rsion 

Weapon \laterials Applications(\\ "\l\) Group 

STA~DARD OPER\ T~G PROCEDCRE (SOP) 

for 

SOIL A~D \\'A TER SA~IPL~G OPER\ TIO~S 

T.-\-16 HIGH EXPLOSIVE EXCLCSIO~ AREA 



:::s -\-'.\ \!-\ SOP .. ,· ,,, OPER-\ TIO,.-\L G l"IDELI' ES FOR T -\1-.:l:"oo G 
?-2' :<;.·;; ·~·,:·· SOIL .-\'\"D \\-\ TER ,_-\\1PLES 1:"-o HE -\RE.\S 

Cements 

1 0 SCOPE 

: 0 LOCATIO~ 

3 0 DEFI~ITIO~S 

-+ 0 H.-\ZARDS A~D PREC.-\l"TIO~S 

S 0 TR-\I~~G 

6 0 l"SE OF HE SPOT TEST KIT FOR HE CO~TA:\l~A TIO~ TEST~G 

~ 0 SA:\lPLI~G PL.-\~ A~D APPROVAL 

8 0 TR-\:\SPORT A~D SHIP:\lE~-r '1F HE SA:\lPLES 

.) 

. ... 



:::::; . .l_ • .,, '.L-\ ::;oP . , " OPER-\ TIO:\AL Gl.IDELI:\ES FOR TAKI~G 

~-~· :':::-- · ·· ~Oll .\.'~iD \\ \ TER S.-\"PLES p.,; HE AREAS 

1.0 SCOPE 

n~e ~t.::-::-c-;.: or· ::-::s Sundard Operating Procedure I SOP l :s to pro\ :de operat1onai g•Jtde::::e~ :·,,~ 

personr.e! :akrng surface soil samples. subsurface soil samples. and water samples m E:-.g:r.e.::-::-. ..: 

Sctences ar.d -\ppttcauons I ESA 1 Division. Weapons \fatenal .A.pplicatJons 1 \\'\LA., G:-c:..;; 

controlled High Explosive tHE) Exclusion areas specitied in Section :. 0 SOil and out:all \\ a:e:- ~: 

Group ES.-\- W\fA HE exclusion areas have the potential to contam HE in the form or' obse:-". l~:e 

p1eces. particulate matter in the soil. particulate matter m water. and as a dissoh ed comam1na:-.: ::-: 

\Vater This SOP contains the procedures required for both shipment of HE soiL water sarr:pie~ :..; 

locations wnhin L.-\.."\1. for analysis and to an off-site location for additional analysis Group ESA.

\\ '\LA. must approve of all off-site locations to whtch HE samples are to be shipped as spec:tieci :::. 

Section 8 0 .-\11 personnel entenng the HE Corndor area to survey. perform preltrr.!n:>.r. 

assessments. collect samples. and, or remediate an area. must complete the trammg spec:::e: ::-: 

Section 6 0 of this SOP and strictly adhere to the gutdelines established in this SOP .A. Groc:::

ES.A.-W\LA. designated Safety \fomtor must accompany sampling personnel dunng ail :iei-:1 

operations and sampling operations 

2.0 LOCATIO~ 

The guidelines shall be followed by all personnel performing field operations and or ta:-:1:-:l! 

soiL water samples m Group ESA-W\LA. controlled locattons at T.A.-8. 11. 16. ~8. and 3-

3.0 DEFI~ITIO~S 

a Field Operations A.ny activity to be performed in the tleld. including. but not limited 

to. visual reconnaissance. RCR..A. Field Investigations ~RFI) sampling. and remedial 

ac:1ons 

b Hazard Circles The area in which hazards resulting from explosives firing or other 

explostve operations are present 

c HE Spot Test Kit The "HE spot test kit" is a kit containing collection chemical test 

developed by DX-16 to detect tlnely distributed explosives ( > 100 ppm l in particulate or 

liqu1d samples. The HE spot test will detect the presence of all high explosives 

currently and previously used at TA-16 down to 100 ppm. however. will not quantify 

the amount of HE present The HE spot tests are approved only for homogeneous-type 

samples and cannot be used reliably for heterogeneous-type soil samples. 

d Homogeneous Soil Sample Location .-\ homogeneous soil sample location is an area 

that contams explosive materials well dispersed within the desired sample volume \vtth 

h1gh solubility such that the explostves could be detected by the HE spot test 

e Heterogeneous Soil Sample Location .-\ heterogeneous soil sample location 1s a 

location that contains randomly dispersed pieces of exolostves that are not well 
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d:s~:::sc~ ::'.a sample volume and cannot be detected re\iabiy usmg the H:E spot tes: r-.::: 

T:-::: e'\p!OSi\ e pteces may be tn large chunks or :n small p:eces. and :T.l\ 8e or: ::::: 

s;.;~:ice or '::-Llr:ed These areas constitute a potentially more hazardous struat!On T~e 

T -\-: : Drop Tov .. er area is a heterogeneous type sampling area If pteces of ex;::Jlcst\ e~ 

are preser:t on the sunace of the sampling area. the area shall be ciasstried as a 

heterogeneous area. Samples testing positive \VIth the HE spot test kit or those :r: 

which \isible pieces of HE are found trom heterogeneous areas must be submme:i :o 

DX-16 for laboratory analysis -

f Sampling .--\rea .-\ specific location defined by the sampling organization at wh;c:: a 

soecitied number of samples will be taken Examples of a sampling "area" are a ; : · 

by 1:" area beneath an out tall pipe. a 6' wide by 1 00' long segment of a stream bed. or 

a 3 00' by 3 00' area v;hich at one time contained a structure or tacility 

.t.O HAZARDS A~D PRECACTIO~S 

Impact. pinch points. heat. spark. and t1ame have the potential to initiate expiost\ es .-\ge a:-.d 

exposure to other substances have the potential to change the sensitivity of explosives High 

explosives and components containing high explosives can be present m many colors and exist :n 

many components m a manner that the presence of explosives will not be obvious Strict gUicie!::-:es 

are established for obtaining samples. handling of potentially HE contammated samples. p1cK1r.~ ~::.' 

or removal of any unknown item or component in the HE exclusion areas. and transport ot' HE 

contammated samples within L.-\.. '\l. or to an outside location The followmg requirements \\lil t:'e 

stnctly enforced for all sampling operations 

a .-\s a general rule, implements (shovels. troughs. hoes. etc ) used to obtain samples 

should be made of non-ferrous matenals. such as aluminum or plastic This will reduce 

the potential of producing a spark during sampling operations. However. it ts realized 

that ferrous implements may be required for some sampling operations. such as deep 

soil sampling Operations that require ferrous sampling equipment must be descnbed tn 

the sampling plan as described in Section 7 0 and will be approved on an mdividual 

basts All ferrous and non-ferrous implements used during sample collection must be 

specifically described in the sampling pian as detailed in Section i 0 

b C ontamers used to store samples shall not have metallic lids that screw onto glass or 

plastic containers or other type of containment mechanism that allow "pinch points" 

bet\veen metal to metaL metal to glass. or metal to other material. Plastic bottles with 

piasttc scre\v-on lids are acceptable for sample containment. 

c Heat sources. open flame or spark producing devices are strictly prohibited from entry 

to the HE corridors sampling areas 

d Chunks of explosives and any components. materials. or objects found during sampling 

operations shall not be handled or removed If the object or component IS an explosive. 
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deto~Jtor. cr ~omponent containing explosi\·es. the sensin\·ir~ mav be r~creased :·:--:~. 

;:x:;o~c:re :0 rhc \l,eather or mrxture wrth unkr:own rr.atenals at the !oc.1t1on P:e o:-:>. . . 

::c:-:-ts that \1, rll be allowed to be remo\·ed from the sampimg locations are the sar:-:::cs 
.:cn:amec! m sample comamers 

e Ext sting HE processing operations can pose a hazard for samplmg operations \[an\ of 
the locations that comam HE contanunated sod are located behmd operational r'a.:litt:es 
Sampling operations within the existmg hazard ctrcles for these facilities \\Ill net :-c 
permitted during operation of the facility The time of sampling-must be specitied in :he 
sampling plan so that the sampling schedule can be worked out with the operatmg 
facility Building \tanagers 

-\uthorized personnel from the host group governing the sampling location must aoc:o\ e ___ 
samples leavmg the sample location. whether HE contaminated or not 

5.0 TR-\1:\I:\G 

.-\.ll personnel entering the Group ES.-\-\V\L\ controlled areas to perform field operar:or:s sr.ail 
comoiete both the Safety Overview Course and ESA-\V\L-\ Site-Specific trairung The HE S.:.:·e~\ 

Overvtew Course is a 1-2 hour briefing on the hazards associated wtth high explosives and the 
general rules for working in areas where HE may be present. A test is administered at rhe 
conclusion of the HE Safety Overview Course The site-specific trairung consists of an additional 
rrammg course and along with SOP/procedure reading The site-specific traming will be conducred 
by Group ES.-\-\\ "\1.-\ training personnel. A signature of understanding and abidance is requtred 
upon completion of the site-specific training. 

It ts the responsibility of the FPL (Field Project Leader for Environmental Restoration 1 or a 
designee or' the FPL to arrange and schedule both the Safety Overview Course and Site Specttic 
trammg 

6.0 CSE OF HE SPOT TEST KIT FOR HE CO~TA~I~A TIO~ TEST~G 

.-\.11 personnel performing "HE spot tests" on potentially contaminated soil and;or other samples 
shall complete the DX-16 trairung course on the use of the HE spot test field kit When performmg 
the HE spot test. the sample to be tested must consist of approximately 1 gram. The entire 1 gram 
sample must be saturated with the test che::ticals for a valid test result "Swiping" of the soil sample 
for HE contamination testing will not be considered as a valid HE contamination test. 
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-.o S.-\,lPLI:\G PL.-\:\ .-\:\D APPROVAL 

-\ t10'.\ -:::a:-: ror :he complete process required for sample collec:icn ts tr.c:uced as .-\:ta-:~.~~e:-:: c.. 
L'pon complet:on of all of the traming requirements specttied in Secuon ~ 0 and o ·='· :he :'ollc'-\ ::-:!: 
steps must be :o!lo\\ ed to collect. analyze. and approve otf-stte release c~· -:ollected samples 

a Submit a "sampling plan" to the host group The sampling plan must :r.clude ::-:e 
exact location. type of sampling (surface. subsurface. or \Va~er). depth of sampl!ng ::· 
sampling ts subsurface. quantity of samples. consmuents that sample wtll be analvzec 
for. description of equipment or apparatus that will be used to obtam the sample. an.:! 
date. ume at which the sampling will occur The sampling plan must spemicJih 
derine the sampling "area" or "areas'' (See definition of "area" in Section 3 C,) and 
include the number of samples required in each ''area" 

b Group ES.-\-W\1.-\ will review the sampling plan and determine whic~ of :he 
follo\ving categories the location falls into Area generally accepted a free from HE 
contarrunation. low to negligible probability of HE contaminauon area. or area wnh 
potential HE contamination. The areas that potentially contain HE contaminatiOn 
will be further divided into "homogenous" or "heterogeneous" contarrunated areas 
.-\ description of each of the areas and the criteria that the host group wtll use ro 
determine what category· the location falls under is as follows 

.., 

Areas Generall~y Accepted as Free of Explosi\:e Contamination: If there 
is substantial histoncal data. direct kno\vledge. or if data from an existing or 
prevtous sampling program rule out the possibility of potenttal HE 
contamination. the host group can declare the location free of HE 
contamination and host group personnel can authorize the release of samples 
from the site for further analysis 

Low to ~ egligible Probability of HE Contamination Area: These areas 
are locations not known to have been exposed to explosives. however. have 
the remote possibility of containing homogeneous or heterogeneous soil 
rruxtures. In conjunction with the requester, the host group or personnel 
designated by the host group as acceptable to use the HE spot test kit. wtll 
perform reconnaissance samplmg using the HE spot test kit and visual 
examination. .-\ visual examination at these areas can rule out the possibility 
of heterogeneous-type contamination ~egative results for all samples at the 
location and depths of the final sampling locations will rule out the possibility 
ot homogeneous contarrunation. -:\egative results from both the visual 
examination and the spot test at all locations will allow the samples to be 
released off -site upon approval from the host group. If the visual 
examination by the HE expert results in HE material or any of the HE 
spot tests are positive. the location must be considered as a potential HE 
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contamination area The srze of the area wril be de~e:-:nrr.eci ~\ :::e HE 

Potential HE Contamination Area: These are locatrons that rr:a\· .:or.u.Ir. 
HE .::omamH:anon in enher a homogeneous or heterogeneous nature These 
locations mclude such areas as firing mounds. stream beds and. or drarr.ages 
from srtes with known contamination. and outfalls from HE processrng 
facilities. The host group will determine :: :e location rs .a homogeneous or 
heterogeneous location and the policy for sampling at these locations \\ di be 

Homogeneous Area: As defined by Group ESA-W\IA. samples from these 
areas are treated on an individual basis Samples that test negative usrng :he 
HE spot test kit are considered non-contammated and therefore a non
explosive Such samples can be approved for removal from the sampling srte 
by the host or operatmg group All samples testing positive for HE usrng the 
spot test kit must be further analyzed by either Group DX-16 or the Group 
ES:\.-W\LA. approved mobile field laboratory for quantitative HE anaiysis 
Transport of the samples to Group DX-16 must be done as specit!ed m 
Section 8 1. The mobile field van will be located in the HE exclusron area 
near the sampling site • If the quantitative analysis determines that the total 
explosive content is > 5°'o or the spot test indicates positive on the sample 
after all HE constituents (except T .-\ TB) have been extracted ~ ".d quantrt!ed. 
the sample must be transported to any L-\.. '\iL or orf-Site _.mon as an 
explosive as specified in Section 8 2 If the quantitative analysis determmes 
that the total explosive content is < 5% and the spot test mdicates negative 
after all HE constituents (except TATB) have been extracted and quantit!ed. 
the sample can be shipped to a L-\.. ~L. or orf-site location as a non-explosive 

"' 'ote At the present time. a laboratory method is not available to quantify 
T.-\ TB explosives in a sample even though the presence of TA TB in the 
sample will show up using the HE spot test ESA-\V\1A will requrre that all 
samples containing TA TB (as deteriTIJned using the HE spot test on the 
sample after all other explosives have been extracted and quantit!ed) be 
handled and shipped as an explosive until a laboratory method for 
quantitative analysis is available. L-\.. "\L. group DX-16 is currently working 
on a quantitative analysis method for TA TB. This method is expected to be 
available by February, 1995. 

Heterogeneous Area: If the historical data or authorized Group ESA
\\ '\l-\ personnel determine that the location is contaminated in a 
heterogeneous manner all samples from a specific area must be tested for HE 
using the HE spot test (See definition of "area" in Section 3 0) If any of the 
samples from the sample "area" (as defined in the sampling plan) test positive 
for HE or if HE is present on the surface of the sampling area, all samples 



ESA-WMA SOP oo.oo OPERATIONAL GUIDELINES FOR TAKING 
Revision o <Draft) SOIL AND WATER SAMPLES IN HE AREAS 

llW9~ 

Page 8 

from the area must considered to be HE contaminated and be submitted to 

either Group DX-16 or the Group ESA-WMA approved mobile field 
laboratory for quantitative analysis. The sample must be homogenized 
before HE constituent analysis can be performed. *If the quantitative analysis 
determines that the total explosive content is > 5% or the spot test indicates 
positive on the sample after all HE constituents (except T A TB) have been 
extracted and quantified, the sample must be transported as an explosive to · 
any LANL or off-site location as specified in Section 8.2. ·If the quantitative 
analysis determines that the total explosive content is < 5% and the spot test 
indicates negative after all HE constituents (except T ATB) have been 
extracted and quantified, the sample can be shipped to a LANL or off-site 
location as a non-explosive. 

For sampling operations that will involve removing or accessing soil at depths greater than 6 inches, 
an excavation permit from Group HS-3 will be required. The excavation permit can be obtained 

directly from Group HS-3 upon Group ESA-WMA approval of the sampling plan. 

8.0 TRANSPORT AND SHIPMENT OF HE SAMPLES 

Soil and water samples that contain a cumulative explosive content of greater than 5% or samples 

that contain T ATB shall be treated as explosives when shipping off site for further analysis. Soil 

and water samples that contain a cumulative explosive content of 5% or less, and which do not 

contain T ATB, can be treated as a non-explosives when shipping to a LANL or off-site location. 

LANL Administrative Requirement (AR) 6-6, "Explosives", specifically details the requirements 

that shall be followed for shipment of explosives both within the LANL and outside of LANL. HE 

samples (>5% or those which contain TATB) that are shipped to a location outside ofLANL can 

only be shipped to a Group ESA-WMA approved location. Group ESA-WMA technical personnel 

will ensure that the off-site laboratory will store, handle, and analyze the HE samples in accordance 

with the DOE EV -6194 Explosive Safety Manual requirements for laboratory operations. A 

maximum of 500 grams of explosive (cumulative total within soil samples) can be shipped and/or 

stored at the off-site laboratory at a single time. Sampling personnel will be required to keep ESA

WMA informed of the total quantity of explosives (as determined by quantitative analysis) that will 

be located at the outside laboratory an any one time. ESA-WMA will request that the outside 

laboratory have documented disposal methods for HE extracted from the samples for analysis. 

Samples that contain 5% or less, and which do not contain T ATB, can be shipped to off-site 

locations as a non-hazardous commercial shipment. A copy of the paperwork for shipment of all 

samples (both HE and non-HE contaminated) to an off-site organization for analysis must be sent to 

the CST -9 Sample Control Center. 

8.1 TRANSPORT OF EXPLOSIVES SAMPLES TO GROUP DX-16: The 

transport of HE contaminated and potentially HE contaminated samples to Group D X -16 at 

T A-9-21 or T A-16-460 shall be done in strict accordance with AR 6-6, "Explosives", and 
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ESA-WMA (WX-3) SOP 13.1.0, "General Explosives Transportation Procedures". AR 6-6 
specifies the general guidelines that are to be followed and WX-3 SOP 13.1.0 defines the 
specific personnel, vehicles and procedures that will be used in the transport of HE and 
potentially HE contaminated samples to TA-9-21 or TA-16-460. Sampling personnel are 
not qualified to transport HE contaminated and potentially HE contaminated samples from 
the sampling location to T A-9 or TA-21. Because the cost of transporting samples will fall 
on the organization taking the samples, it is requested that all of the samples from a specific 
HE exclusion area be transported to Group DX-16 at one tini_e, and upon completion of 
sampling at the location. 

If the mobile field laboratory is used for quantitative analysis, the field laboratory must be 
located at the HE sampling site. HE samples (>5% or which contain TATB) cannot be 
transported by the mobile field laboratory when leaving the site. 

8.2 SHIPMENT OF EXPLOSIVES SAMPLES TO AN OFF-SITE LOCATION: 
The transport of HE contaminated samples (>5% or which contain TATB) to an off-site 
Laboratory or location must be done in strict accordance with LANL Hazardous Materials 
Transportation Manual and LANL AR 6-6. All explosives shipments to locations outside of 
LANL shall be arrange by Group MAT-14 as specified in AR 6-6. Sampling personnel are 
strictly prohibited from transporting or authorizing shipment of HE contaminated samples to 
a destination or location outside of the Laboratory. The cost of shipping the samples to the 
outside location will be paid for by the organization requesting the analysis. 
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::1POR7A .• ~T 'TO ALL PERSONS ENGAGED IN FIELD ACTIVITIES. 

?CS:'EJ PERSONNEL L:MI'!'S 
~o:-::::A7!0NS TO Bt:ILDING St."?ERV!SOR 
SMOK!~IG 

:cc;::, 3EVERAGES I!i EXPLOs:·:ES AREA 
SOL'.7E~iT :..·sE 
·::::1: ::::.c;R 'TRAFFIC 
':EMPORARY ~~ZARDS AREAS 
~::-!!:'ED EGRESS.CONFIRMED SPACES 
E~E:7~!CAL c:RCUIT EXPOSURE 
:::·.::?~E~IT/MATERIAL REMOVAL, H.E. AREA 
WO?.::: 2N /WITH CONTAMINATED A.R'!': :~.ES 
c:~;F:~i!!iG ABRASIVES P.~T:::.ES 

:~-;~JCESS H.E. REMOVAL 
WORK :c:NE BOUNDARY LIMITS 
L"NOSS':Rt"C':ED 'TRAFFIC ROt:TES 
WORK :JNE CLEANING 
WORK :ONE CERTIFICATIONS 
CERT!?Y!~G A~ENT SUPERVIS:ON 

C. S~PPLE~ENTAL SAFETY REQC:REMENTS: 

SL"BMI::'E:J CATE 
.:;?PROVEJ BY 
A?PRO~:EJ DATE 

~cc:R.~:c;-: 

1.2/06/94 
S7RE':Z 
:2;'06/94 

fb-2 

/YES NO 

r:. A. 2 
:v.A.2 
:·.·.A. 3 

r:.:s.J 
r:.c.2 
IV.:J.l 

:v.E.J 

r·l. u. 1 
IV.G.4 
I7.I.l 
!'l.:.J.A 
r!. I. J. B 
IV.I.4 
IV.:.S.A 
rv.:.s.a 

:.6.'J 

'"I ., "'\ --- -

--·••..J·---·-·~ 
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AFTER ::3 ::~P:E:::N. 

BE THE PCR?OSE OF TAKING BREAKS, 

--:.:"=" ::~:.: CFF:C:E ~.A'i SE !:SED AS A S~OKE BREAK AREA :~ 

:.:GHTER s·iSTEM FOR THE SMOKE AREA WILL BE Fi.JRNISHED. 

AL:.-JWED :~I THE EXC!.t:S ION AREA o 

.::.::..s:- s::.:: =: 

ONE S~c::-::~;. A 
MA!CH~S A..~ ~;::-

F:~LD OFFICE WILL BE S~?PLIED WITH C~STODIAL SERVICE OR THE FIELD 

: FFI :~ .::~P!..J.iE~S -;.;rr.:. 3E REQt:IRED TQ MAINTAIN CLEANLI~ESS OF THE ARE.;. 

5. :::~ ·:s~ :F ?.AD::s CR CEL:.t:I..AR TE:.E?HONE WI:.!.. BE CLEARED 7HROt:GH THE 

SAFETY :FF:CE FOR ESA-w~ ~~D OPERA7IJN RGLES ISSUED WILL EE Fo:.:.:wE:. 

6. SAFETY -;.i0RK ?E?~!TS AND OTHER PER~ITS DEEMED NECESSARY w::.:. BE ISSGE: 

B'i ESA-i-11-f.A SAFE7.l OFFICE AND THE C:'HER LANL SAFETY GROUPS. 

:t=RI7ATE .!.SD CJMPANY VEHICLES WILL NOT BE ALLOWED TO ENTER TRE HIGH 

:::XPLOS:~tE AREA (H.Eo) WITHOU7 APPROVAL BY ESA-WMA SAFETY OFF!CE :R 

:::sA-w~ ~ROt:P OFFICE. A DESIGNATED AREA FOR PARKING OF THESE ~:::::: :~s 

~::.:. E~ ESTABLISHED BY ESA-w~ SAFETY OFFICE • 

. ~ri ~IEC~SSARY C~~GES TO TRIS SAFETY REGUI.AT::::ON WIL:. BE DIS~.:SSED ~;;:) 

A:OED AS REQUIRED. 

THE SOP's, SAFE7Y REGGI.ATIONS &~D PERMITS MUST BE POSTED I~ THE 

CFF::::CE :?.AI:.ER. 

:J. 3t:::.::NG 340, SOUTHEAST END, WILL BE GSED FOR A SECOND FIELD OFF::::CE 

AREA AND T:::~PORARY STORAGE FOR MISC o MATERIALS REMOVED FROM BURNING 

'3ROt:ND. 

f '&.-3 
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~Qt:!REMENTS ARE Ft:LLY SE~E~~!NE 7:1ROt:GH: 

A. EXISTING SOP'S 

3. DEVE:.OPMENT OF SR'S 

.: . A:J.!ANCES APPROVAL OF SCHE:t::..::s FOR ROt:TINE INSPEC':'IC~~S 1 
AND 

AAI~iTENA.t·iCE I SERVICES. 

3. ?.ESOL':.:T:·::lN OF CONFLICTS BETWEEN CONTRACTOR ACTI.l!7I.ES AND S-5 :::: 

:?E?.ATICNS. 

... ::: ~:ECESSARY I E::::c:ENT REMOVAL oF EXPLOS I7ES . 

C. S'C?E?:::SORY ORGA..'·HZATION OF CONTRACTOR PERSONNEL: TEL:. :'!iE!R 

?ERSCNNE:. AEOCT SAFETY REQUIREMENTS; SEE THAT THE PERTINENT 

?Ro·::5: C!iS OF SOP'S A."lD SR' S ARE FOLLOWED. 
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SAFE:''! \ofORK ?E? .. 'i::s 

::-::s SC? GO./ERJ-iS :~::: :SSt:ANCE OF SAFETY WORK ?ER.!U:'S FOR T~E :?.ANS?C?.: 
.-!.S'J !.."SE OF MATCHES, LIGHTERS, SPARK- OR FLAME-?RODt:rCING DE~.rrCES. ::::.~ ::?.:: 
::c:..s ~i07 APPROVED FOR OPERATION I~ HAZARDOt:S LOCATIONS, OR DEV:c:::s -;...r.:s:::. 
S~RFACE :'EMPER.Ar-~ WILL EXCEED 228 DEGREES F (109 DEGREES C) WI:'~:~~ 

- ----~-::-_.:. . 
... .....,_.,. ___ ,,. 
_ ..... '._rt .. -- ... 

~:.:.AREAS AT S-s:::::. SEE WX-OJ SO? l.O.J 

• l"\o 

,... 
'-• 

A MAINTENANCE ZONE IS ANY LOCATION WITHIN THE EXPLOSIVES AREA wnERE 
~;oR..~L MAINTENANCE AC':':VI:"IES ARE TO BE CONDt:CTED . 

.:. .. c:~;STR.~C:':ON ZO~E IS ~~y LOCAT:ON WITHIN THE :::XPLOSI'VES AREA :~ 

wniCH MAJOR CONSTRUCTION OR EXTENSIVE MAINTENANCE WORK IS TO BE DONE, 
AND I~l wniCH AN OPERATING GROt:? WILL ~OT BE OPERATrNG. THIS AREA 
1-iiL:. BE !'HOROt:GHLY CLEANED, INSPECTED, AND CERTIFIED BEFORE BEI!iG 
:-·:RNED O'lER TO THE CONTRACTOR FOR SUCH WORK. 

A ~~I~TENANCE !'RUCK IS A VEHICLE THAT HAS WELDING AND BURNING 
E:Q~:?~E~T PE~~~ENTLY MOUNTED UPON IT, OR NOR..M~LLY CARRIES ::E~S 

c:~;TROLLED BY THIS SOP. SUCH TRUCKS ARE OFTEN USED ONLY AS A MEANS 
OF :R.A..NSPORTATION TO AND FROM A JOB SITE. 

D. HEA: SCt:RCES 

HEA:" SC~RCES ARE THOSE I:'EMS THAT ARE CONTROLLED BY THIS SOP AND ARE 
CSt:AL:.Y ~TCHES, LIGHTERS, SPARK- OR FLAME-PRODUCING DEVICES, 
ELEC:'RIC TOOLS NOT APPROVED FOR OPERATION IN HAZARDOUS LOCATIONS, CR 
JE~::cES wnOSE SuRFACE :"EMPERATt:RE WILL EXCEED 228 DEGREES F ( 109 
DEGREES C) . 

SAFE':'i ;.;oRK PER.'-!!:' (FORM WX-3-760) 

A SAFETY WORK PERMIT IS A PROPERLY SIGNED DOCL~ENT THAT GI~~S 
?ER..~ISSION, ;.;!THIN STATED TIME LIMITS FOR A SPECIFIC JOB AND 
LOCATION, TO TRANSPORT AND USE HEAT SOURCES WITHIN THE CONTROL:Z:l 
~qEAS LISTED BELOW. 
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• -.- •• - •• - .::l • :'..r-• • - • .:. .--"\.::..-. 

:::::: ·_·.;::: :: :-::::.;: 3 :::?~=:::s -;.;:::-!:~~ All .!-~.:::.~ ::r.;: :.s 
:::::::::::;; . ..3 ~·:::. ?_::::,: .. ;:;:,::: A SAFE7.i ~-C?~~: ::::?_'1::. 

A s;..?~-:·:: ;.;c?.Y ::~?-"!!:' -;..;r: .. : E~ ?.EQt:IRED ?OR :'HE 7RANS?CR.T A.lrO 
::EAT SJt"RCES ;.ii:'!-C!i THE EXP!..OS:7ES AREA. 

-:·::?~.5 C F SAFETY toiCRK PER!-1:ITS 

::'.A'- :.::-

A DAILY WORK PERMIT WILL BE ISSt:ED FOR MAINTENANCE AND CONSTR~::-::~: 
Ac-::·;:TIES ON A DAY-TO-DAY BAS IS. THIS PERMIT WI!.!. BE GOOD ?:R. :~::·:: 
ONE DAY. 

B. EXTENDED TI~E 

.!~1 EX':'ENDED 7!~E PERM!:' !1AY BY :.sst:EJ F'JR A C:JNST:R::::-::~: :c:E. 
PER.."'!IT WI::. CAREFt:L:..Y DESIGNATE THE CONSTRt:C':'!ON ZONE AND WILL 
S?EC:?Y A FIXED -::xE !.:MIT. 

C. ANN't:AL 

ANN"t:Ar... PERMI:'S MAY BE ISSt:ED BY THE 'i."'X-12 PLANT A.."iD EQt:I?!'!E~:-: 
SER~:::ES SEC":'I:JN FOR !-f.AINTENANCE TRUCKS WITHIN THE EXPLOsr:::s ::._~.~.'!.... 

THE A.."iNtiAL PERMIT WILL AUTHORIZED THE t:SE OF THE TRUCK WITH!~~ -
EXPLOSIVES AREA ONLY AS A MEANS OF TRANSPORTATION. THE t"SE CF -:::~ 
HEAT SOt:RCE EQCI?MENT CONTAINED THEREON WILL REQUIRE AN ADDIT:C!IA:. 
SAFETY WORK ?ER..~IT OR A SPECIAL WORK PERMIT (HSE FORM 8-4A) . ~"i 
A.lart:AL ?ERMI:' !1AY ALSO BE ISSt:ED FOR ZONES WITHIN THE EXPLOsr·.""Es 
AREA :'HAT ARE NOT t"SED FOR EXPLOSrlES OPERATIONS AND ARE NOT 
CONTAMINATED WITH EXPLOSIVES, WHEN HEAT SOURCES ARE REQt:IRED FOR 
ROt:T!NE OPERATIONS CONDUC":'ED IN THESE ZONES. 

APPROVALS 

' .-. . 

ONE CF :'HE PERSONS LISTED IN APPENDIX A MUST ISSUE AND SIGN ~ACH 
SAFETY WORK ?ER..~!T. HE MUST HAVE AN INTIMATE KNOWLEDGE OF :'HE toiCRK 
TO BE PERFORMED, AND BEFORE HE SIGNS THE PERMIT HE MUST DO THE 
FOLLOWING THINGS: 

, .... 

.::. . 

CE:'ERMISE WHETHER THE t:SE OF A HEAT SOGRCE IS NECESSARY ':''J 
ACCOMPL:3~ THE WORK PROPOSED. 

ASS~RE Hl~SE!.F THAT THE ~SE OF THE EQCIPMENT WILL NOT CREATE A 
P.AZARD. 

J. ASSt:RE H:~SE!.F THAT THE CRAF':'SMAN IS AWARE OF THE SAFETY ?RCB:.~:~.S 
:NVOLVED IN t:SING A HEAT SOURCE :N THE PROPOSED ZONE. 

• ... . DESIGNATE WHAT HEAT SOURCES ARE ALLOWED UNDER THIS PERMIT ~10 
;.iORK ZONE IN ~~ICH IT MAY BE CSED. 

~'a-10 

-··--. 
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::':"-=v---- .. -·--· 

: :=.::; :~;;.. ::R :~~L"L - ASN't·..;:. ?E?-~::s, A.~~ ?E?-~::s ?:R ?.c;..: 
·_·:::.::·.:: ::s:?~!BL"-:'::~1 s·i.s:E~S, :rt ::HER ~ORK ::..:,.;;..·i :--::-v 
:::.!'·- .. - -,.,__ 
.....,~,......- -- -·'\...:~ • 

- _,.--
-- ... =..,::, • 

' __ ,,_ 
l"'\\.J'L:..~. -

:;;.:::~;;..::R A.~D LEAD OPERATOR - PER!'!!':'S FCR ~.A!N7ENANCE ::~;::.3. 

ORIG!!IA7CR, CERT!FYING AGENT, A:m LEAD OPERA:'CR - ?E?-~::s ::?. 
~INTE!l.ANCE WORK I!I OPERA!I!IG SEC':'IONS OF Et:I:.D:NGS A.~J :::.s: 
AREAS. 

E. At:THORIZED CERTIFYING AGENT 

,.... -. 

:HE At:THORIZED CERTIFYING AGENT WILL SIGN PERMITS WHEN REQUESTEJ BY 
THE ORIGINATOR. H!S SIGNA7·:RE Wit:. CONFIRM THAT HE HAS CERT!F:E2 :HE 
WORK ZONE FREE OF DANGEROUS AMOUNTS OF H.E. AND THAT IT IS SAFE :J 
~SE STATED HEAT SOt:RCES IN THE AREA SPECIFIED. THE NAMES OF :~E 
At:':'HORIZED CERT:FY!NG AGENTS ARE LISTED I!l APPENDIX A. 

I...EAD OPERATOR 

:'HE Bt:ILDING LEAD OPERATOR WILL SIGN ALL PERMITS FOR WORK TO EE 20NE 
WI:'HIN HIS BUILDING OR IN THE IMMEDIATE VICINITY OF THE BUI:.DING. 
HIS SIGNATl."'RE !oiiLL CCNFIR."! THAT HE IS AWARE THAT THE WORl< :s 7~ :=::: 
JONE ~D THAT ':'HE t:SE OF THE HEAT SOURCE WILL NOT ENDANGER ?ERS::;:;~ 
OR ?ROCESSING OPERATIONS. 

A~M!NISTRATION PROCEDURE 

' n.. 

EACH ORIGINATOR WILL ~.AVE A BOOK OF FORMS WHICH ARE ONE-T:~E 
CARBON SNAP-OUT-TYPE, IN TRIPLICATE, NUMBERED, IN BOUND BOOKS 
WITH w"'RAP-AROUND COVERS. THE DISTRIBUTION OF THE PERMIT WIL: EE 
AS FOL:OWS: 

~ -. 

ORIGI!IAL COPY TO THE CRAFTSMAN WITH VERBAL INSTRUCT!ONS FOR 
OBTAINING THE ADDITIONAL SIGNA!t'"RES INDICATED ON THE SAFETY 
WORK ?ER.'-!ITS . 

REMAINI!;G COPIES TO KEPT BY THE ORIGINITOR. 

B. EXPIRED ?ERMITS 

t:?ON COMPLETION OF THE WORK, OR EXPIRATION OF THE PERMIT, .THE 
PERMIT WILL BE RETt:RNED TO THE WX-DIVISION SERVICE AND ACCESS 
CONTROL OFFICE, BUILDING TA-16-202. 

APPENDIX A 

A. THE PERSONS L!S':'ED BELOW ARE AUTHORIZED TO ISSUE AND SIGN SAFETY 
WORK PERMITS FOR USE IN TECHNICAL AREAS 11, 16, 28, AND 37. 
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-. ~. :~c:: ?_'!: ::: 
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H. ~ K:::::..::R 
3. G. ~c:::R."'!!CK 

D. SHARP!.ESS 
MARTINEZ 

~. 7APIE 

:~E :ECHNICA~ S~PERVISOR, OR ACTING :ECHNICAL SUPERVISOR, FOR EAC~ 

:F ::t::: 3t:!:.r::~iGS ~ISTE:J SE!.CW ~y ACT AS THE At:l'HOR!ZED CER:-:;·:::~:~ 

AGENT !N THE SPECIFIC BGILDING FOR WHICH THEY ARE RESPONSIBLE. 

BUI!.DING TA-16-370 
BUILDING TA-16-304 
3t:::.DING TA-l6-306 
BUILDING TA-16-450 

T:!OSE PERSONS ~ISTE:J I!i ::-E~ A, ABOVE, wnO ISSt:E A SPEC:;:: SAFE:''£' 

WORK PE:R.~IT ~ST NOT BE THE CERTIFYING AGENT FOR THE PE:R.~IT ~~D Mt'ST 

~OT SIGN THE ?ER~IT AS THE AUTHORIZED CERTIFYING AGENT. 

t= ~-12 
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?.E Q ·-·: ?.EME~r:' S 

C::-!P.!o..':":3L.:: :-!A:"E?.:ALS A.ND CHE!'!::..;:.s - A!iY QC'ES:":JNS 
r~::.c'rl:!;G SnOt::.J BE H.ANDLEJ THROt:GH THE AC'THOR:ZED 
AGEN':'. 

,..~":f---":"·/-,·-
~- .... --· .. -·~\,; 

l. !'!ATER:ALS OR CHEMICALS NOT ALREADY APPROVE6 AS CC!-!PA':':3r...:: 
~!TH EXPLOsr--:~,.ES WI!..:. REQt:IRE APPROVAL BY M-1 PRIOR "I~ :"HE:R 
r·-~ _,::,_. 

r: ~-13 



·:EHIC:.ES 

··-··-----.;:.;: ___ .;:.~ 3E 
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S?EC:AL AREAS 

;...i{E~l C2~iT?..A.C72R WORK ZCNES CR AC:ESS WAYS 7::ERE7'J ~..:'S7 3E ES7ABLISHEJ :~I AREAS ON '!'HE ROOFS CR BLOWOUT-WALL S ::::-s :: 
2::::::~IGS :R :~I A..~EAS AWAY FROM ES7ABL:SHED ROAD'i-i'AYS, 
?ER."!ISSION AND AD~lA..."'CE PREPARATION FOR ':'HE ACTr·;::y ;.;:::. 2E 
:!· • .RRA.NGED 7HRCt:GH WX-12 'S PLANT AND EQt:I?MENT SERVICES SEC:-::~;. 

F b-15 
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- . --· - - . 
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::~;:-?..AC:'':R ?E?.SONNE:. ;.;r:.:. ::::SPOSE CF DEBRIS, SCRA? 

~-:;.:::RIA:.S, ;.;ASTE SOL.lENTS A.ND L::BRICA.NTS, OIL- OR 

.sc:.·lE!'l'T-CC~TA.'~H~ATED TISS~ES A.ND CLCTHS, AND t:SED 

::.·::.:~1ED :~r C:tA?TER :2 OF :'H::S S-SI:'E SOP MAN1JAL. SOP 

:.2. 3. 6 DESCRIBES 7HE ?ROC::S:Jt:RE FOR Dt"MPING TNCONTA.'!I!iATE:, 

·..:NBURNABLE Y.A7ERIAL IN 7HE S-SI:'E Bt"RNING GROt:ND Dt"MP. 

::i::S WORK ZONE St:PER~liSCR OR AN AUTHORIZED CERTIFYING AGENT 

c.;:-1 OF:'ER .!.:·:: ::: ABOt:T :'!-:E ?ACKAGI!iG OF SCRAP A.~D CA.N 

ASSIST !N OBTAINING ?ROPER CONTAINERS. 

f~-16 



~.!..?E.::·:: ::::-·,.;EA..R - AP?RO'."EO SAFE-:·! SHOES CR SHOE c:' ... ERS ·~·::.:... 
:::::: i-iCRN :~1 EXPZ:..OSI7ES AREAS WHERE ':'HERE :s A ?OSSIB::::::-·.:." 7:1A.T EXP:.os:·:ES XAY BE TRANSPORTED ON FOOTWEAR AND/OR i-f1E?..Z ::::xp:.os r.""ES c:t:LJ BE ::~IT:ATED BY :!-!PROPERLY CONSTRt:C':E: ?OOTWEAR EX:STS. SAFETY SHOES OR SHOE COVERS CANNOT BE 
-;.;oRN HOME. 

~NLESS CER":"::F!ED CLEAN OF EXPLOSIVES, APPROVED FOOTWEAR 
~:s:- BE '\oiOR.),j Dl': 

EX?:.:s:·::::s O?ERA.:':!IG ::ONES--?.OOMS, BAYS, C:RR!JORS, 
~~D PASSAGEWAYS wnERE EXPLOSIVES ARE PROCESSED, 
HANDLED, STORED, OR TESTED 

THE s-s:-::: St"RNING GROUND 
THE K-SI7E TEST AREA EAST OF TA-11-2 AND TA-ll-3 
OTHER ::~ES SPEC:F::ALLY DES:GNATED !N S-S!:'E SOP'S 

CR SR'S. 

r-~-17 
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PERSONAl. .SAFEGt:'ARDS 

A. ~BC?~'I'ORY-St:'PPL:EJ APP.~EL :s ISSt:'ED AS REQt:'!REJ 70 PERSONS ~r.: 

;.;oRK :~l 'I'HE E:XP!..Os:·.:::s AREA 'I'O PRE~lENT ~HE E:XPLOSr.:::s CON'I'A..'i::;,:;.:-: :~; 
Or :::E:R PERSONAL APPAREL AND TO AVO::J THE 7RANSFER OF H.:::. ?~C:~ :-:-:E 
;.;oRK AREAS TO THE HOME. ISSt:'ED APPAREL MUST BE LEFT AT S-s::E :R 
ABLE SITE AT :'HE END OF '!HE WORKDAY. 

:=. 7HE 7'!?ES OF ;..P?AREL :sst:ED ~0 AJ~ E~PLOYEE WIL!.. :EPEND CN H!S ::3 
ASS!~m'!ENT A..~D THE AMOUNT OF EXPOSURE TO Hj\.ZARDOt:S ~TER!ALS ;.~m 

'- . 

OPE?~;::c!~S. T:iE !7E~S OF APPAREL THAT WILL BE ISSt"ED '!'0 A..'i 
E~PLC:'!EE WILL BE DETE?.."!INED JO:NTLY BY THE GROt:'P WX-03 SERV:C:ES 
SEC'::::: eN AND 7HE GROt:P BY WHICH HE IS EMPLOYED. THE SERVICES SEC':::~~ 

Y-iiL!.. PROVIDE :'HE GROt:'PS INVOL~lED WITH A LIST OF THE :T:::~s A~lA!:...AB:....E 

FOR :5St:'E. 

SAFE7Y SHOES ;.;:7H TOE PROTECT!ON &'iD NONMETAL FASTENERS MUS:' BE 
;.;oR."l 3'l A-Li. :...;BORATOR'l PERSONNEL REGt:'~LY ASSIGNE::l TO 7HE EX?LC-
S :·:ES AREA. :!i ALL AREAS WHERE H. E. !-!AY BE PRESENT ON WA:......-=<::;G 
S~RFACES, SHOES ;.;:-rH EXPOSED METAL ON SOLES OR HEELS ARE PRCr.:s::-:::: 
::~iLES.S !'HEY ARE PROPERLY COVERED. 

E:E ?ROTECT!CN :s REQt:'IRED IN ~~y OF THE S-SITE OPERATING Bt"!!..J-
:~;Gs .~;D AP,.E.;s. 7HESE LOCAT::~IS ARE CALLED Ot:'T !~i WX-03 SOP ::.. ~.: . 

. ;i..:.. :::~PLOYEES ~110 MIGHT REASCNALBY BE EXPECTED TO GO I~TO "!'"HE 
EXPLC.SrlES AREA IN PERFORMANCE OF THEIR DUTIES ARE !SSUED SAFETY 
SHOES ~"lD SAFETY GLASSES. 

ALL PERSONS ~nO ENTER AN OPERATING BUILDING OR ARE MUST WEAR 7HE 
?.Ec.:::?.ED PROTE:T:~:E APPAREL FOR THE LOCATION (FOOTWEAR AND EYE 
??.G7E:-::ON) . THEY MUST ALSO WEAR wliATEVER ADDIT!ONAL PROT'SC-::·::: 
A??.:....=..:::. ~.AY BE REQ'CIRED BY 7HE HAZARDS THAT THEY WI:.:. EE EX?C5EJ 
:~ ~~::.E !HEY .:....~E A! !HE LOCAT:ON. 

r:-~-18 
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:. . :-. : ; 

:~.ESE R.EG~:AT:CNS DEL:NEATE THE EYE PROTECT:~N REQwiREMENTS FOR 
S-5 ITE .!..T LOS AL\."!OS, AND ABLE S !:'E, AREA 2 7, ~lTS ._ !T :s RECCG~;: :::::: 
THAT OPERATIONS I~JOLVE A WIDE RANGE OF EYE HAZARDS, AND IT WOC~~ 3E 
:::::c~:..:' ~lD PROBABLY I~PRAC~ICAL TO CATEGORIZE THE TYPE OF EYE 
?RCTECT!CN FOR EACH PROTECTION EQCIPMENT EE WORN IN AREAS IN ~11::~ 
EYE P~ZARDS ARE KNOw~ TO EXIST. SPECIFIC OPERATIONS THAT REQCIRE 
ADD!T!JNAL ?ROTECT!CN wr:..:.. BE SO S?EC:!:E~ !N TRE APPROPRIATE SC?. 

E.lE PROTECTION IS REQCIR.ED IN THE FOLLOWING AREAS: 

S ---~ -,:,.._ __ 

T.~-:..:-2~ 

TA-:..:-JO 
TA-16-193 
:.~-:..6-202 

TA-l6-207 
7.'\-:.S-208 
TA-16-22.2 
: . .;-:..-s-260 

:- .. ;-:.S-265 
TA-16-267 
:;..-:..o:S-300 
TA-16-301 
TA-:..6-302 
: . .;-:.6-303 
:.~-:.6-304 

TA-15-305 
TA-15-306 
:.~-16-307 

'!'.!..-2..5-340 
TA-16-360 
:A-16-370 
:'A-2.5-380 
TA-16-386 
TA-16-387 
:'A-l6-388 
TA-l6-390 
TA-16-392 

ALL 
ALL 
ROOM 1!3 

AREA 

ROOMS 101, 113, 1!4, AND 114C 
CAGE ON FIRST FLOOR 

ROOMS 104 AND 106 
SAYS 3 THROCGH 25, ROOM 103 rcRIB-15) -
~'"HENEVER AN ACTOCOLLI!-tATOR IS BEING ~SED 
IN A BAY, EYE PROTEC~!ON IS NOT REQC!RED, 
PROVIDED THAT NO OTHER OPERATIONS ARE BEING 
PERFORMED IN THE BAY. 
AL:. 
ALL 
ROOMS 101, 1J2, A.l'-l'D :OJ 
ROOM :.02 
ROOM 101, 102, A.l'-l'D 103 
ROOM 102 
ROOMS 101, 102, AND 103 
ROOM 102 
ROOMS 102 AND 103 
ROOMS 101 AND 102, CORRIDOR 1 
ROOMS 102 THROCGH 1!1, 1!4, 115, A.l'-l'D 1:6 
::NCRATI~iG AREA 
ROOMS 101, l 0 2, 10 J , 2 01, 3 0 l, A.."-l'D J 0 2 
ROOMS 101 THRCCGH 104 
ALL 
ALL 
ALL 
~.;ASHDOWN BAY 
ALL R-19 
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:.!.-:.-5-462 
:"A-:.S-~77 

EQt::PMENT 

... .. -. __ 
.""\--

' . . 
1"\.o..-
-=~,-v.::: - ... ,, ........ -.. 
··'-'-··- : ~-"1 ... ./ _..,~ 

ROC~S : :HROCGH 6 

ROm-!S :Jl, :~2, 

:.13 ~;~ 3ASE~.E~1T RCCMS 2 A..'iD J 

OPERATI~l'G BAY 
OPERA7I~G BA'l 

A. HARDE~ED GLASS SAFE~Y G~SSES, P~~O OR PRESCRIPTION 

PLAS7:: FACE SHIELDS 

-··- -·· -·· -- . --····-- -·· 

OTHER EYE PROTECTION EQCIPMENT SPECIFIED !N WX-03 SOPS A?PL::ABLE 
:~ A ?~~TIC~~ OPERATION. 

GE!-IERAL Rt::..ES 

~- ~LL PERSONNEL ~rtOSE =~~:ES TAKE THEM !~TO OPERAT:ONAL AREAS ~

s-s:TE ~~D ABLE SITE WILL BE !SSGED SAFE~Y GLASSES. 

~. ALL PERSONNEL E~TERING DESIGNATED EYE HAZARD AREAS MUST WEAR THE 
~P?RCPR!ATE EYE ?ROTECTI8N FOR THAT AREA, EXCEPT AS PERMITTED :~1 

::EM C.:, BELCW. BROKEN, LOST, OR MISPLACED GLASSES WILL NOT 
EXC~SE ANYONE FROM THAT REQUIREMENT. A SUPPLY OF MONOGOGGL.ES AND 
P:..A..'lO GLASSES IS AVAILABLE IN BUILDING TA-16-209 FOR TEMPORARY 
CSE :~ SUCH CASES. MANY OF THE MAJOR OPERATING BUILDINGS ALSO 
HAVE S~~LL St:PPLIES OF MONOGOGGLES AND PLANO GLASSES . 

.!.!m ·..;Is I:'ORS 

:HE REQt::REMENT FOR WEARI!l'G EYE ?ROTEC':'ION MAY BE WAI':;EJ 3'i 

:HE WX-03 SROCP LEADER FOR PERSONS wrtO ARE INCLt:DED I!-1 A 
G:::DED TOUR OF S-SITE OR ABLE SITE FACILITIES, OR WHO ARE 
s::::ED ~l!SITORS ~0 THESE :'ACILI~IES, AND THE GUIDES. THE 
-;..;;..:;:·:ER MA'i APPLY TO A ZONE, A BUILDING, OR TO ALL. BUILDINGS 

2. ·:::s::::oRS C':'HER THAN THOSE DESCRIBED IN ITEM C. l, ABOVE, ~.:S:' 

~EAR THE APPROPRIATE EYE PROTECTION IN THE DESIGNATED EYE 
~:ARD AREAS. :: IS THE RESPONSIBLI~IY OF ~HE PERSON BEI~G 

·::siTED :o ~.AKE St:RE THAT ~HE VISITOR IS PROVIDED WITH :HE 
~~E:ESSARY EYE PROTECTION EQt:IPMENT. 
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:~; . .;::::-::~; :-: .;??:::ABU: GE~ERAL ?.E;t::?.E!-!E~7S OF :-~:s S:?, 
::::::::; :J?F:c::::s r I~ic:::J:NG INTEGRAL OR SEPARATE TOILET FAc::::-:::::.3 
~~D ~TER!A:S AND ::::Qt:!?MENT STORAGE YARDS) ~::~ BE :CCAT::::J, 
::SED, AND ?.E~O'/ED AS FOLLOWS: 

' ."'1.. 

B. 

..... -. 

r' -. 

A. 

s. 

F:E:::.J :F:!CES ;.;::: 3E SEPARATED FROM ::::XPLOSr.::s 
S:'ORAGE OR PROCESSING FACI:ITIES B'l A MINIMt"M OF 
:~<7?.A:.:~;E ::S7A:ICE ( SA?...lUCADED CR ::~<BARRICADED, .;s 
APPLICABLE) FOR c=..;ss l..: ::::XPLOS!~!ES ITE~S (TAB:.::: 
OF THE ORDNANCE SAFE:'Y MANUEL, AMOR 385-100). 

~--=: ... ' -

FIELD OFFICES ~~y BE LOCATED IN A K-SITE HAZARD AREA 
OR AT :'HE BG~~ING GROGND. HOWEVER, ~~EN REQUIRED BY 
:'HE ZONE SGPERVISOR, THEY WILL BE ABANDONED DL"P.I~G 

CERTAI!i OPERATIONS INVOL'v'ING EXPLOSIVES. !N SDC~ 
!~STANCES, :'~E REQGIREMENT DESCRIBED IN J.l.A NEED 
~WI APPLY. 

ES':'ABLIS~E~T ·~F F!!..ED OF:'!CES OPPOSI:':: :"HE 
SLCWOC:'- WALL SIDES OF BUILDINGS WIL: BE AVO!JED. 
EXCE?:'IONS: 

l) ~~E~ EXPLCSI'lES OPERATIONS SC~EDGLES HAVE BEEN 
ADJGSTED SO TF~T THE PRESENCE OF PERSONNEL IN T~E 
FIELD OF:ICE WILL NOT COINCIDE WITH THE PRESENCE 
OF EXPLOSIVES IN THE BUILDING. 

2) ~"HEN T~E FIELD OFFICE WILL BE SEPARATED FROM THE 
BUILl:::li~G BY A MINIMUM OF I~HABI7ED-BUILDING 
DISTANCE (BARRICADED CR L"!IBARRICADED, AS 
A?P!.IC.;BU:l :oR C:..ASS 1.1 EXPLOSI':ES ::::-EMS (TABLE 
:7-5 OF THE ORDI~ANCE SAFETY ~~~AL, A.MOR 385-100). 

fiELD OF:!CES WILL BE LOCATED OR THE SITE PREPARED SO 
:':tAT . .; F!?.E :~ THE F!:Z:D OFFICE WILL !iOT READI:Y MOVED 
TO AREAS OR FACILITIES NEARBY. 

F!E:::.D OFFICES WILL BE LOCATED :'0 !-!I!H!-!I:Z: TRAFFIC 
CONGEST!C~ CN ~EA.RBY ROADWAYS. 

~~EC7~IC ::~nRE7~E L:GHTERS AND AOEQ~ATE ASHTRAYS 
BE PROVI:EJ. 

.,.T_ ~ 
~·--

COMB~ST!BLZ: ~~TERIALS~~t BE ~~I~TAI~ED AT ~I~IML~ 
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3E?:::~;G A :::::::.J OFFICE ::::mE WIL:. BE :!iSt::.ATE:, EXCE?":" 
:::.:::~;;:::::J ::~;Dt:C':'ORS, 'i-lli!C:i ~.AY BE t:N!NSt:LATE=::. :-~:::·I 

('f ... -- 3E :!;s:-;..:.:.zJ :'0 r.A"lE 7HE Fo:.:.oW!!iG c:..EARA..'lCES: 

:~ER ES7AEL:SHEJ RCADWA!S :.IKELY !0 BE 
~SED Ct:R!NG 7HE EXISTENCE OF THE :NSTALLAT!ON 

c•JER ROOFS OF STRt:CT"..."RES TF.AT MAY BY READILY 
WALKED ON 

O"!ER WALK"I'iA'lS OR ANY PO!~IT ON THE GROUND 
:.:KEL'l !0 EE ~SEJ BY ?EJESTRI~'lS 

A. FIELD OFFICES WILL BE REMOVED PROMPTLY AFTER 
AC':'!i!T!ES REQUIREING THEIR USE ARE COMPLETED. 

:3 

a 

1.0 

-
-

":'T 

-... -

3. ABANDONED FIELD OFFICE ZONES WILL BE CLEANED OF 8EBRIS 
~'lD SURPLt:S ~.ATERIALS ~'lD WILL EE RESTORED TO THEIR 
PREV!Ot:S CCND!':'ION OR A CONDITION APPROVED BY THE 
i-iX- J..2 PLANT AND EQt:!PME!iT SERVICES SECTION. 



.... . -... ... - . 

.:.. ..,. . - .. ~-... - . 

. -... 

~ .. _.~ ::?.·:: s: ?~ 

__ ,.,. __ ._,,. 
...; ..:. • ~ =.. .:\.~"\. ..... 

2. ~CST~J PERSONNE~ ~:~:TS WIL~ BE OBSERVED .. CN ENTER!~G ~;: 
:...E:AVING THE POS7ED ZONE DURING OPERAT!~iG HOC'RS, CC~iTRACT':R 
PERSONNEL WILL NOTIFY !'HE SUPERVISOR R.ES?ONS:BLE FOR 
ENFORCEMENT OF PERSONNEL L:MITS. 

F~-:!3 



- . -..... ' - . ~0S:EJ ?ERSCNNEL ::~::s i No::~:CAT:JNS 3t:::::sG ... .., . - .. :'\. .... 

.-... 

3"'_'"'?E?.·-·:.s·:R 

;csTE~ PERSONNEL ::~ITS WILL 3E OBSERVED. CN ENTERING ~:: 
LZ:AVI!iG THE POSTED Z·JNE Ct:RING OPERATING HOC'RS, C8NTRAC'::R 
?ERSONNEL WILL NOTIFY THE St:PERVISOR RESPONSIBLE FOR 
ENFORCEMENT OF PERSONNEL LIMITS. 



-~·-· .r\.:: 

.-.. --:':"'\.·-:a".: .. ----·---""'\.-
S~OKI!1G REG'C'LAT::~s wr:.r.. BE GSSER7E:l. A.NY ~EP.SCN ~.A·i BE 
.5\..."BJEC':'EJ :'0 A..'l :..·!1A..'lNOC'NCED CHECK FOR PROrUBI:':EJ ::'E!-!S: 
:-'.A7CHES, ::::GHTERS, AND C:'HER F:::..AME-PRODt:C:NG !1A:'ERIA.:.S. 

F 'Q-25 
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-----.:; __ !::'::.. 

:-:::.s .s:? ~:·:::P-~S SMOKI~IG ;..;::-:ti!l' -u':' CCNFI~l'ES OF ~~'S A..';:{E ::::s:~~;A:-:::: 
AS S-SI:'E ~~DNTS AREA 27. 

A. A~~ s-si7E AREAS, SEE SOP 1.0.0.::. 

3. ; .• :=.:::.; 27, ABU: s::-::, ~l'TS (SEE :'ABLE II) 

' ,..., . ~:E:.J OFFICES 

;.. r:E:.J OFFICE IS A Et:!:.JI~G OR SHELTER THAT :s SET t:? TE~POEA.R::·i 
F·OR SOME .:"OBS BY THE ?AN-AM COMPANY OR OTHER CONTRACTORS TO HOt:SE 
:::::: F:E:.J HEADQt:ARTERS FOR A MODIFICATION OR MAINTENANCE :oa. --
:::::: OFFICE r-i'ILL BE ::CATE:J A7 LEAST I!l'TRAL!!l'E DIS7ANCE F?.CM 
EXP:.OS :·,·Es OPERATIONS AND STORAGE. 

3. CONSTRt:CTICN AREA 

A c:~;s:-:::u:c:-:o!l' ARE ::::s ANY PAR! OF !!'!E EXPLOSriES AREA I~ w'1i:CH 
~XCR CONSTRt:C'::oN WORK IS TO BE DONE, AND I~ WHICH NO OPERATIONS 
~~E 3E!~G CCNDt:CTED. EXTENSIVE REPAIRS OR MODIFICATIONS TO A 
Bt:::.::!l'G WI:: NOT NOR!-'..ALL'i BE CONSIDERED MAJOR CONSTRUCT:ON. 

SMOKING 

' .-.. 

.::. . 

. ... . 

IS GENERALLY .;~~O'fiED :!l' :'HE ADMINIS7RATrlE AREA; HOWE':E?., 
IS PROHIBITED :~ THE FOLLOWING AREAS: 

3t:::::~G TA-16-200, ROOMS 112, 212, AND 312 - VAULTS 
EOOM B-12 - DATA PROCESSING MACHINES 
ROOM 308A - NC DRAFTING MACHINE 

3'.:::.::~;G :A-16-206, ?AI!l'':' STORAGE BUIL:JI~G 

3t:::.JDl'G :A-16-208, SOL./E~IT STORAGE BUILDI!IG 

.;NY S-SI:'E :oNE THAT IS POSTED "NO SMOKING" 

SMOKI~l'G :s NOT PERMI:'':'ED INSIDE OR OUTSIDE BUILDINGS IN THE 
EXPLos:~:ES AREA, OR :~: ·.~EH!C~l~;~?VELING IN THESE AREAS, EXCEPT 



.. ~. 

-- -- . 

:: :;. .. :: :~:5 :~; :::E EX?:~s :·:::s .. !_:; .. =:A ~1iERE S~OK:~;G :.s ?E?-'1::-:-~: .. !_~=: 
--·------- ··--·· -,. __ ,-- -""" .. --··----
:.w.--:=-:.~ .,.., .... .:-: --i~ .. rt ... _:..-' --...:r.-~: .. ~. 

:::.:: ::,:5.3~:5.5::~1· C·F ~~!CHES, :.:3HTERS, .;..'iD C7~E?~ ::.A.~E-?RC:cc:~;c 

~;::::=.:.!.:.3 :~; :::::: EX?!..os:·::::s ;..F.EA :s PROHIB:::::-::::~, EXCEPT AS AL::-;.;::: 
::r£ ;.. s;..F:::~·! ·,.;c?J< PERM!:' :JR SPEC:FICAL::L PRO•:::E!J :::?.. :~I ::-~::::?.. 

.s:Ps. :::::~s :::.;..: ARE BE!~IG :'?.ANS?OR'!E!J BY A ?E?..SCN :~I :~:::: 

E:•:?:.::s:·:ES ;...F.E;.. ARE CC!Is::E?..E::l TO BE :!I HIS ?OSSESS::N. 

;._.:n PE?.SON 
:HE:K.S FOR THESE PROHIBI:'E::l !:'EMS. 

""' AN'i ?E?..SCN w'"HO DISCOVERS, AFT!:R ENTERING THE EXPLos:·.~Es AREA, :H..;: 
HE ~S INADVERTENTLY CARRIED F~E-PRODUCING MATERIALS INTO ~~~ 
AREA, SHALL :~DIATE!..Y LEAVE 7HE AREA AND DISPOSE CF THESE 
~:'!RIALS BEFORE RE-ENTERING. 

r~-27 



.s;..::::·~ ?~==~~-·:.;..:::!;s 

--"·-·~----t.· 
--··~- .... t'"' .... -- .. t -· ::c:s AND aE·:ERAGES !!i 7HE EX?LCs:·;:::s 

... __ , 
~ ..... 

' .'""1.. 

3. 

:::::::.;:..·s::: C F _ ··- EX? LOS :·:::s HE.AL:"H HAZARCS MENTI~NED :~r ;.iX-·J 3 

s:? :. . :. . 0.::. 3 A.J.l.lD :'HE c:H:!-fi:AL HEALTH HAZARDS :-!ENT!CNEJ :~ -;.;x- ~: 

SC? :..2.8, :'HE C:JNS~"MPT!~N OF FOODS AND BEVERAGES IN 'THE EX?:.:-
.3 :·;:::s ;..REA IS ?ROH!BI'TED, EXCEPT AS Al..l..GWED BY. T.li. 3 AND C, ::::::.:-;.;. 

~EALS ~.AY NOT SE CONSL~ED ::!-1 ':HE EXP!.OS!"lES AREA EXCEPT 3Y 

PROTEC':':~:E FORCE PERSONNEL IN STATIONS 561 AND 565 AND BY 

CC~S7R~CTION PERSONNEL !N FIELJ OFFICES. 

:..,;aoRA7CR'i-St:PPLIED BEVERAGES ARE PROVI:JED FOR THE COFFEE BREAK 

.!..T ~OS:' CF :'HE :.OCAT!O~iS :-!EN:'!ONED IN !:"EM VI .A, ABO •• '"E. ?ERSCN-

ALL'i PROVIDED BEVERAGES (NONALC:JHOL!C) &~D SNACKS MAY A~O BE 

c:mS\..;.!ED !~i THESE LOCATIONS. PERSONAL DISHES OR ~TENSI:.s ARE ~:c: 

TO BE TAKEN INTO THE EXPLOSLVES AREA. EXCEPTIONS ARE THE PER-

.30NAL BEVERAGE CONTAINERS :'HAT !-ruST BE t:SED IN THE L:CAT::JNS 

~EN':'I~NED ABOVE. 

E:.EC':'RICAL HE.AT!!iG CEVICES FOR L!Qt:IDS ARE PER.~ISSIBLE IN "~'"t:-: 

CCFFEE ROOMS. 



--·-' -

-... ---·· ___ .... .,. ___ ,._ 
.::;rt:.:._.:. ;",..:..;._....J"\.-- .. ·~ 

:~l:."L v ~. ;..??Ro~:ED sc::.:;E~r:s MA'l 3E ::SEJ. 
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··-··--·--. .:..::. .... --..:..~ 

: ~::::-:::::, :.;:.~-:::~;, A-1-lD "DA.'-lG:::R S :-~~15 wr:.r_ EE ~EE:EJ. ·.·::~: ::.ES 
~<C?-"1AL::L ~o;r:.:. 3E C:NF:~E~ !''J ?A.JED CR t:NPAVED ?::JADWA"iS. 

F~-3o 



S?EC:A.r.. AREAS 

3: ~!;s, ~A:"ES, AND BARRIERS DES IGNAT!NG AREAS 7!-!A'!' ARE 

::..;;zARDO\."S Ct:?.!!iG 7ESTS A.ND CERTA.:N ?ROCESS:!1G A...'lD D:3?0SED 

:PER.A':':CNS ~.:ST BE OBEYED. 

F"b\-31 



- .. ... ---· -·-~·-· 

------' - ~ -----
::--::s SC·? :::::::!:Es :HOSE :CCAT::~IS :!I -:HE PRESSING OPERAT:'J~lS ;..: 3C'::..:
:~;G :A-1..6-430 :'HAT ARE :JE~TIF:z:: AS C:.ASS A Ll~I':'ED EGRESS/C:::JNF:!;:::: 
.3?.!..CE ( :.:::.·cs l AREAS. I-:' ALSO DE':'AILS !'HE PROCEDt:RES :'P.A! ~S':' 3E 
?~:.:.CWED ~nEN WORKING :~ THESE LE/CS AREAS. 

3t:::.::NG ':'A-16-430 

A. !iO. J-H PRESS PI:', 3A'i 101 
3. =:oo-:s~r E:..'1ES PRESS ':::l-"""' BAY :.o2 ' ' .. --I 
c. 500-!0N E!.."!ES PRESS PIT, BA'i 104 
"" :~oc-::N E:.."!ES PRESS -.-~ 8A'I. 1.05 -. .t".J. ... , 

. ;, S !GN :'HAT ::ENT:F:ES EACH OF :'HESE PITS AS :.E/CS AREAS :~1 

?ROMI~E~TL'I. DISPLAYED ABOVE THE ENTRANCE TO THE PITS. 

:.:!1!-:"S 

A. ?ERSOtlNE:. 

SEE GROt:P WX-03 5.2.0 

3. -·,.-·-- --·--:. .'.: -·- ~- . .:.:::. 

~IO EX?:.csr:Es ARE A~:.OWED !~ PI':'S. 

SEE WX-OJ SCP 5.1.0 

.-.. :-:.AND :-sc:.s AS REQUIRED. 

3. ?OWER :'OOLS AS REQt:IRED, St:BJEC':' -:::'0 THE REQUIREMENTS OF GROUP 
WX-OJ SOP 5.!.1. 

?L~!D LEAKS !N THE HYDRAULIC SYSTEMS LOCATED IN THE PITS ARE NOT 
t:~~St:AL. WITH THE EXCEPTION OF THE 1000-TON ELMES PRESS LOCATED IN 
3A'I. 105 N~D !HE 20-TON PELLET PRESS LOCATED IN BAY 101, THE HYDRAULIC 
::~:J t:SEJ :~ ALL THE PRESSES IS A WATER-BASED LIQUID THAT IS NON
::_~~.ABLE. !HE HYDRAt:L!C FLt:ID t:SED !~ THE 1000-TON E!.."!ES PRESS &~D 
!HE 20-TCN PELLET PRESS IS A PETROLEu~ OIL. BOTH FLUIDS CAN MAKE !HE 
?:CCRS 2N~GEROt:SLY SLIPPERY. SLlPPERY FLOORS CONSTITUTE THE MOST 
::~ELY ?HYSICAL HAZARD 70 BE ENCOt:NTERED IN THE PIT. 

R-32 



.:...:: .. _-~~-·:_.:::·::;:.= :: =~·-·:: =~; -:::=:: ::..::;;. ~~--~-=- === ::.: .. =-.~;=:: ·_·'? :~; .. ::.~:-_·:.._:_: 

=.:...3:.3. -~·:::::~,-3 ·_·: :::::: ::..:::J ·,.;:::: ::_;.~3 :.s ::-:::: ?.::::::~:::~~::::: ~~=:::-:::..: ::. 
:::..~.!..!;:~;,::;: ::·:~·E·:::::., :~;=::.: ;. .. ascP~?:-::~: .. ;G:::~;:-s, 3·_·::-: .. :..s ::?~:-.;:_:.., ~-;·:· :=::: 

.. _.5EJ. :~ESE :-=-~.;4·::: 7:!E rto·~·A.~TA.GE :; ::;.c·.·:::~G S'( . .-?..ER :·:c:-:~;G ;.1-iES 3Z:7.::: .. =-.: 
:~~ :E=: :::c~. : :?.3-.:0.LL !-!t:ST NO! 3E ALL~ WED :o Acc:.:n:~:E :~~ :..;..·£~? . .:: : ~; 

~::-3 .=::..:. .. :_:_ ~;c:- 3E ._.SEJ AS STCP-AGE .!..?.EAS. 

:.:s.:::J :~I :-::.::: ?E:?.?C?-'-'.ANCE OF MA.::~r:-:::~;Al~CE CR 
P..AGS, sc~t·.·E~rrs, :ccs, ::::. 
CPERAT:CN AD .. 7:5~E!'i':S, .:;::._;:_.:.. 

:~i :"P.E :~iS':~"lCE CF TP.E BA'i 101 ?:: , SPEC:AL :'CCL::NG A..'iD ~.A:'E?.:A:....S 

:~;::::~iCEJ ?OR CSE :N THE OPERATIONS OF THE NO. J -H PRESS ARE A..'i :::<::::?
:-:eN TO :"HE ABOVE RULE. WHEN NOT IN t:SE, THIS TOOL:NG SHAL.:. BE ::·~;s:; 

:N ;.;A.:..:. 3MCKETS ?ROVIJED FOR THAT ?t:RPOSE. 

~::. PROCEDt:RES 

A. :~~S?EC~IVE OF ORGANIZATIONA~ AFF!~IATION PERSONNEL WHO ENTER 
:.E/CS AREAS TO PERFOR.'i EQt:IPMENT CHECKS, ADJt:STMENTS, OR MAI!r~:::

~IANC~ ~·s~ 5E CCMP!...E:'E!..L :.;..'!:::.:;...~ WI:'R :'R!S SOP AND S:'RER foil<-·:: 

s. 

SOPS CALLED Ct:T HEREIN. 

AC::ESS TO THE LE/CS AREAS IS- B'i A TRAP DOOR IN THE FLOCR BEH!!W 
:'HE ?RESSES OR, IN THE CASE OF BA'i 101, A FLIGHT OF STEPS. 
LI~H!S AND THE FRESH-AIR BLOWER LOCATED IN THE PIT MUST BE ::.rtNEJ 
ON BEfORE PRCCEEDING WITH ANY JOB. IF THE LIGHTS AND BLOWER 
CA..'iNO:' BE T~RNED ON, REPORT THE ~.ALFCNCT!ON TO THE 7EC S~PERV::S:R 

::-!ME:!ATEL'i. 

NOT ~ORE THAN ONE PINT OF AN'i SOLVENT (OTHER THAN WATER) MAY 3~ 

:-.;KE~I :~r:-o A..'i LE/CS AREA. VERBAL PERMISSION FROM TRE TECH S~FER
·/:::SCR mJST BE OBTAINED BEFORE A..'i'i SOL·-.·ENT CAN BE ::SED IN ANY 
:.:::;cs AREA. 

?ERSC~mE:. -;.;AN7!NG TO ENTER ANY LE/CS AREA Mt:ST NOT!F'i THE 
S~PER·::soR AND OBTAIN HIS CONCt:RRENCE BEFORE PROCEEDING. 

E. MAJOR, MAINTENANCE OPERATIONS INVOLVING DISASSEMBLY OF HYDRAt:LIC 
SYS:'~~S 7:) :'HE POINT THAT C:::.EANING OPERATIONS WILL REQUIRE TRE 
::SE :: ~GE AMOUNT SO SOLVENTS SHALL BE DONE UNDER SPECIAL WORK 
?E~~!:'S !N ACCORDANCE WITH LANL ADMINISTRATIVE REQUIREMENT 6.1. 



?? . .ESE~CE OF SIGN~:: ::....•rr A.'10t:NTS 
~lOT SE EXPOSE:I 
EXPLCS r•;::s . 

.: 



- . -·· - ~ . - ~. - .. ....: . -. ::~<7A.~:~rA7EJ EC~.::?!-!.E~~:- :'? . .ANSFER 
;.;:?.::: :~r · ;.;::-:1 c:~rTA..'Iw!~~~ATE:J ;ur::::.zs 

:::::::?M.E~'r' ?C~C~ot;"'N CR S'C'S?EC7E::l :'Q 2E C8NTAMI~~AT.E::l WI:':! 
:::X?!..OS :·;:::s ;.;r:.:. ~rOT EE :'P.)· • .'lSFER..~D, STORED, REMOVE: ??.:~ 

:-:~E :::X?LOS r·:ES AREA, OR PREPARED FOR MAINTENANCE :::XCE?':' :~; 

AC:C::RDANCE WITH REQ'C'IREMENTS OF CP.APTER 2 7 -GF :'HE S -s ::-::: 
SOP ~~AL. IN INSTANCES OF DOCBT ABOUT CONTAMINAT::~l, ~~ 

AG:'HORI:ED CERT:FYING AGENT MUST BE CONTACTED. HIS 
JEC:SIONS ~~D ADVICE WI~~ BE FOLLOWED. 

Fli\-35 



...... --- ::. .... 
- o - I - • - - - I - o - t 

.:..:..: E~t::?~ENT AND ~iONEX?!..OS :·;:: MATERIALS REMOVED FROM :-:-::: 

EX?:.osr·:ES AREA AND BROt:GHT :::!;To :-HE AC~!NISTRAT:::·:E A..REA. :?. 
~AKEN OFF-SITE THROUGH THE GATES A! SECCR!TY STATIONS :~: :? 
3t:::.JING TA-16-220, MUST BE CERTIFIED CLEAN OF EXPLOSr.""Es .:1r 

A.N S -SITE CERTIFYING AGENT; EXCEPTIONS ARE- NOTED IN !:'E!'! 3. :.. . 

EXPLOSIVES TRANSPORTATION VEHIC:..ES MUST BE CERTIFIED 

C:EAN BEFORE THEY ARE SENT OFF-SITE FOR MAINTENANCE OR 

REPAIRS OR ARE RELEASED TO ANOTHER ORGANIZATION; HOWEVER, 

ROt:T!~IE SERVICING MAY BE PERFOR!-!ED AT THE BUILDING TA-16-lS:S 

GARAGE WITHOt:T THIS CERT!FICAT!ON. 

F~-36 



.... . -·. - ... 
- ""f • - • •....; • -I ::~r:.;.."!:~;;..:::J Ec:::?!-!E!i:' :?_;!iS?E?. 

;.;oRK :~L WI'!:t C8N7A.."!DlA7EJ ART:c:.;::s 

.::·:t::?!-!ENT KNOWN OR St:SPEC':'ED ':'~ SE C::N':'AM!~1ATED WI7:! 
E:XPLOS!":ES WI:!. NOT SE TRANSFERRED, STORED, REMOVED ?~C~ 
::iE EXPLCS!"lES AREA, OR PREPARED FOR MAINTE~ANCE EXCE?'!' :~; 
ACC~RDANCE WITH REQt:IREMENTS OF CHAPTER 27_0F THE s-s::E 
SOP MANt:AL. IN INSTANCES OF DOCBT ABOUT CONTAMINAT:ON, ;~~ 
At:THORIZED CERTIFYING AGENT MUST BE CONTACTED. H!S 
8EC:SHJNS AND ADVICE WILL BE FOLwWED. 



.... . -·· - .. 
-~·-· ._;.~, 

-~ ... --,.-, .. r: --··= -·"--i...: 

~ . E:FF::c:-:·::: ;.;;..ys F0R CONFINING AERASr:E PART::C:.ZS, St:C:t AS 
:-::OSE FROM CONCRETE SHI?P!NG, GRI!iD!NG, OR FI:.::!lG, A..~:J 

ACC::::::ENTAL :;LASS BREAKAGE, :"0 WORK ZONES MVS'! BE :JE~::s:.:::; 

AND EMPLOYED. 

f'&.-38 
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-"·-==.--"-:"-:::--·· ....... -t---.:J 

?RE?ARAT:CN CF ~ORK ZONES 

c::~:TRAC:':R 1-iCRK ZONES AND. ~~E AC=ESS WA'iS THERE~O I!l Bt:::.::~;c;s 
~~D :t:T:OOR AREAS ~nERE EXPLOSI7ES ARE PROCESSED, HANDLEJ, 
S~CRED, TESTED, OR DESTROYED, AND IN OGTDOOR AREAS WHERE 
EXPLOSI?ES-BEARING EFFLGENT WATER IS OR HAS BEEN PRESENT ARE 
BE PREPARED AS FOL~WS: 

1. OPERATING PERSONNEL WILL REMOVE IN-PROCESS OR STORED 
EXPLOSIVES FROM WORK ZONES EXCEPT FOR ACTIVI~IES 7HAT :o 
~iOT REQt:IRE THEIR REMOVAL. THIS WILL PREVENT THE 
:!H7:ATICN OF SGCH EXPLOs:·:ES ~HROt:GH CONTRAC':'OR AC~:·::7:ES. 

f~-39 
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' l"\o ;.. WORK ZONE C:JMPRISES ALL OF A BAY, ROOM, St:'::::::!<G 

C:JRR!::)OR, PASSAGEWAY, OR A DEFI~TED Ot:~DOOR AREA. ;..r.:::~ 

-:'HIS :s NOT PRACTICAL OR REQUIRED FOR EXPLOSrlES 
SAFETY AND/OR CONDUCTING CONTRACTOR ACTIVITIES, A 

DIFFERENT DEFINITION CAN BE ESTABLISHED BY AN 
AUTHORIZED CERTIFYING AGENT. 

~-40 



: ~ . :· .... : . : . 3: :.-~~cas:~::c-::::J TRAFF:: Rot:::::s 

3. ;.;aRK ::c~IES WILL BE ES":ABLISHED AND AC':'r:::-!ES 
CONDt:C':'ED SO THAT EMERGENCY EXI7S, ACCESS ~AYS 70 
EMERGENCY EXITS, AND ROUTES OF NORMAL o:~RAT!ONAL 
-:RAFF!C REMAIN OPEN. 

r:~-41 



_ _ _ ::..; . :·:. : . ..; : ~-oR.K : :~;E C:.ZANI~iG 

. ... . 

~2E?ARAT:CN OF WORK ZONES 

C:..EA.N::::!iG CR DECONTAM!NAT!:lN - CU::ANING OR DECONTAMINAT:C!i 
f.ii:.L BE PERFORMED BY TRAINED OPERAT!NG ?ERSONNE!.. 

·-

f-~-42 
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?REPARATION OF WORK ZCNES 

5. CERTIFICA::oNS - INSPECTIONS TO CERTIFY WORK :ONES WI~~ 3E 
PROVIDED BY AUTHORIZED CERTIFYING AGENTS. THIS WIL~ ASS~~E 
THAT HAZARDCt:S Qt:ANT!TIES OF CONTAMINATING EXPLCsr·,·Es ARE 
~iOT PRESENT. 

A. DETAILS OF THE PLANNED ACTIVITY MUST BE GIVEN IN 
ADVANCE OF THE AUTHORIZED CERTIFYING AGENT. HE WILL 
INSPECT THE WORK ZONE (STRUCTURES, EQUIPMEN~, AND/OR 
TERRAIN AS NECESSARY) . IF PROPERLY CLE~~ FOR THE 
PARTIC::L\R ACT!.l!TY, HE WILL CERTIFY THE ZONE CLEAN. 

~-43 
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?RE?ERATI:N OF WORK ZONES 

B. ~HE A~7HORIZED CERTIFYING AGENT MAY OBSERVE OR DIREC~ 
PHASES OF A.."i AC':'rl:I:TY IN ORDER TO DE':'ECT HIDDEN 
C:JNTAMINATING EXPLOSr!ES. IF SIGNIFICANT ACC" ... "Mt:UT::NS 
ARE FO'CNO, HE WILL St:SPEND THE ACTIVITY GNTIL F"L"'RTHER 
CLEANING AND RECERTIFICATION ARE DONE. -

~~-44 
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APPENDIX J 

Material Disposal Area P Closure Plan 
Revision 0, February 1995 

SITE GEOLOGY AND HYDROLOGY OF TECHNICAL AREA 16, AREA P 
(EXTRACTED FROM BROWN ET AL, 1987) 

S950211.MOP 
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A · ~ x ""· '"eo·· ... ~ '"''"'d ·--c:: • .... ppenc_ ..,. ~ ~..,~.l •·• •·· ___ ... 

~ec~~i:al Ar~a :6 Area ?. 

!'red Srown 

(ex~rac~ed !rom Browne~ al., 19Si) 

~e reqional qeoloqy of Los Alamos has ~een previously 
repo~ea in detail (i.e., Smi~~ ana Bailey, 1966: Pu~ymun, 
1974; Gardner and Goff, 1986). :n su::ary, ~os Alamos 
National Laboratory is located on the easte~ flank of ~~e 
~emez Mountains, an area dominated by volcanic aeposi~s 
associated with ~~e !or:ation and c=llapse of the Valle and 
Toledo Calderas. !ruptive activity cul:inated wi~~ ~he 
deposition of a larqe vol~e (about 400 kQ3) of Quaternary 
Bandelier T~!!, a rhyolitic tuf! ranqi::"lg in thickness from 
30 to 1000 !t. T~e Bandelier Tuff is c:~posed of a series of 
ashtall and ashflow t~!!s (iqni:=ri~es) un::n!o~ably 
resting on ~~ino Mesa Basalt ana Puye Conglomerate of the 
Santa Fe Group. Depth to the main aquifer in the vicinity of 
Area Pis about l2JO tt (Purtymun, 1984). See Fiqure Ol. 

Deposits of Bandelier Tuff form =road plateaus t~at encircle 
the Jemez Mountains and dip qently away from the Valle 

1 
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Calaera. ~~e plateau c~ ~te eas~er~ siae c~ ~~e :e~ez 
Mou~~ains, ~~e ?ajari~o ?la~ea~, consists of a s.eries o! 

canyons. ~he Bandelier ~u!! i~sel! ccnsis~s o! upper 
(Tshireqe) and lower (O~owi) ~e~ers, eac~ ccntaininq a 
prominent ash!all bed at ~he base. Generally, the upper 
(Tshireqe) member is the :ore densely welded of the two, and 

~ weldinq tends to increase wit~ proxi~ity ~o caldera sources 
(Bailey et al. 1969; Gardner et al., 1986}. 

The Bandelier Tuf! dips 2 ~= S deq=ees towards the east. 
Four fault zones have been recoqnized in the Pajari~o 
Plateau: the Pajari~=, Water Canyon, Guaje Mt., and Rendija 
Canyon Fault Zones (Dransfield and Gardner, 1985). ~he Water 
Canyon Fault Zone, which e~ends t.~rouqh TA-16, trends 
rouqhly no~~ to no~heast, with about 30 to 100 ft of down-
to-the-east displacement. Approximately lO to 15 f~ of 
displacement can be seen in the subsurface adjacent to Area
P, with li~~!e-or-no surface expression apparent. 

II. GEOLOGY OF AREA P 

Area P lies near the eastern marqin of the :emez Mountains, 
in the saddle of a short east-west trendinq mesa. The Water 
Canyon Fault Zone ~~ts throuqh t.~e t~ff approxi~ately soc tt 
to the east. To ~~e no~-~ ~~e Canon de Valle has cut throuqh 
the fault scarp, draininq an area on ~~e west of the Sierra 
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' ~e :os Valles ~!anks. ~o ~~e sou~~ ~s a s:a!: ~nna~ed ca~yc~ 
C~n·a;n;nq ;••e--;••e•• ~;s--a~-e •--~ ,-ca, ou••a,,s --e 
--·'-~a. -··- ..... ~-- ··- -~ '-•• -~ ,.._ .............. - .... --- . -·· 

(See !iqure D2). 

~he mesa is capped ~y approxi~ately 800 f~ cf Bandelier =u!! 
(Pu~ymun, 1968). Five disti~=~ units, co:posed of qro~ps of 
as~!!ows, ~ave ~een recoqnized in ~~e ~shireqe Member of ~~e 
Bandelier~!! (Griqqs, 1964: Smith and Bailey, 1966), of 
which two units were encountered durinq arillinq operations 
at Area P (!rown, 1987). In addition, scattered outcrops of 
tl Cajete ru=ice occur in ~~e area. 

In or:er to est~lish the subsurface qeoloqy of Area P a 
series· of 17 boreholes (numbered P-O throuqh P-16) was 
drilled in the summer of 1987. Orillinq was done wi~~ a 
CM!-SS rotary erillinq riq and !cur-inch conventional auqer. 
Continuous auqer cuttinqs were retrieved fer ~oisture 
analysis, and one set of continuous core was recovere~ usinq 
six-inch hollow stem auqer and split spoon cere barrels. 

Borehole loqqinq of litholoqy was done on the ~asis of four 
characteristics: (l) color (Goddard et al., 1984), (2) 
deqree ot weldinq, (3) shape and abundance of pumice 
lapilli, and (4) distribution of li~~ic fraqments. rour 
distinct types of weldinq were recoqnized durinq drillinq 
operations: 
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l. Non-welaea: ~~;h ~or:s~~y, low c:hesi:~ c! ;!assy 
:ra~en~s ana c~·-bly ~ex~~re. =~ core sa:;les ~~~s ca~ be 
recoqn~zea by aisaq;reqa~~on a~d l~~~!e or ~o :la~~e~~~; o~ 
pw:ice , . , , . _apl. .... .:.. 

2. Moderately welde:: less porosi~y, :odera~e c:hesion, 
brit~le texture and sliqh~ defo=:ation of qlassy :raq:ents. 
In core samples ~is te~~re c~les easily in the hand and 
contains some noticeably flat~ened pumice lapilli. 

3. Welded: low porosity, ;cod cohesion, bri~~le texture 
and noticeable defor:ation of qlassy :raqments. ~his te~ure 
normally requires a hammer to break, and ~~e majority of 
pumice fraqments are noticeably flattened. 

4. Densely welded: texture noticeably impedes or h: :s 
arillinq; lit~le or no penetration; poor core recovery. 

Two major litholoqic units have been reco~ized at Area P 
(person. comm., w. Pu~y:un, 1987). Onit 3, the upperMost· 
unit encountered durinq drillinq operat~ons, consists of 
:our individual ash!lows that appear to have cooled as a 
sinqle unit. These ash!lows are herein desiqnated as 
Subunits 3a, 3b, 3c and 3d (bottom to top). Onit 3 rests 
conformably above Unit 2, the lowermost unit encountered. In 
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Sub~ni~ Ja consis~s of a welded dark yel~owish brown 

a~undan~ pe~~le sized red porphyri~ic la~i~e and qrey 
rhyoli~e li~~ic traqmen~s. The contact ~etwee~ s~~~i~ Ja 
and ~ni~ ~ ~ends ~o be densely welded. !as~ of t~e Water 
canyon rault ~~is unit appears to be non-welded. 

S~unit 3~ consists of a welded pale yellowish ~rown 
tu!!, wi~~ co:mon qrey and red pumice lapilli, (noticeably 
!~at~ened), and rare peb~le sized rhyolite li~~ic !raqments. 
~his ur.it wea~~ers to a dark brown, and contains a~undant 
clayey pumice lapilli to the north-west. 

s~unit Jc consists of a moderately welded ~rownish 
grey to yellowish brown tu!!, with common qrey pu:ice 
lapilli (noticeLbly flattened), and rare peb~le sized 
rhyol!te l!~~ic fraqments. Clay filled ve~ical fractures 
are com:on ~~rouqhout ~~is subunit. The contact ~e~veen Jc 
and Jd tends to be densely welded. 

Subunit Jd outcrops alonq the hiqher ri: of ~~e saddle, 
and consists of a moderately welded yellowish brown tu!!, 
wi~~ rare peb~le sized rhyolite lithic fraqments and common 
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aeposi~s o~ !l Caje~e ~ice. 

~ocal!y, Cni~ 2 c:nsists o! a welded ~~ densely welded ~~!!, 
:i;~~ ;=ey ~~ ~inkish q=ey in c~lo=, •i~~ :::men pumice 
lapil!i and pebble sized r~yolite fra~en~s. Due to dense 
weldinq ~~e drill bit was only a~le t= pene~rate ~~e upper S 
to :o ~t of Unit 2. See Fiqure OJ. 

!II. :N-SITO MOIS~~~ CO~NT 

Hydroloqic characteristics of tut! depend primarily on the 
deqree of weldinq, with porosity and hydraulic conductivity 
decreasinq as ~~e deqree of weldinq increases. At Los 
Al&mos,-saturated hydraulic conductivity for a moderately 
welded tu:: ranqes from O.l to 1.7 !t/day, and !or a welded 
tu:: ranqes !rem 0.009 to 0.26 !tjday (~eele et al., l98l). 
Samples of tu:: recovered aurinq drillinq operations at Area 
P were not saturated. 

Gravimetric :oisture deter:inations were conducted to obtain 
a direct measurement of in-situ water content of the tut!. 

moisture deter.=inations were made by weiqhinq samples 

•• . .. , ana 

immediately a!ter collection and after oven-dryinq 24 hrs at 
lOS deqrees c. 
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easy -~ pe~•~.- c:•~e -us• ~e -~~e~ -~ -~~ .. s··--e • .... •.~-... -.... •.e hea· ... 
._..,. ...... _, a- - ,. - ...... r-. •• """" .., "" 

the few cases ~he~e d~ill c:~ttin;s we~e no~~:eably wa~ to 

borehole, sa:ples were not c:ollec:~eQ fer analysis. Care was 
also taken t~ maintain the dryin; oven at ~OS deq~ees c to 
ensure ~~at no st~c:t~ral water was driven c!!. 

Table 01 pr~viaes a summary ot qravi:e~ric data collected 
!or Unit ~, ana indicates a low overall :oisture content tor 
Area P. Al~~ou;h a ran;e ot 1.9 to 24.7\ is considered low, 
this value sli;ht!y exceeds the qravi:etric moisture content 
deter.:ined tor technical areas tur--~er t= ~~e east (5-llt 
for TA-JJ, Abrahams 1963: 2-20t tor TA-54; Xearl et al., 
1986). This increase may be due to increased rainfall at TA-
16 caused by oro;raphic et!ec:ts adjacent to the Jemez 
Moun'tains. 

--~---------------------------------------------------------Unit Mean 

Jd S.2 

Jc: 6.1 

3b S.7 

3a 3.8 
Total 'Onit 5.8 

(t) S'!':J 

3.6 

J.S 

2.! 

1.4 

3.0 

Ran;e (t) 

2.2-17.7 

1.9-24.7 

2.3-11.4 

2.3-5.8 

1.9-24.7 
Table 01: Avera;e Gravimetric: Moisture Content. STO • Standard Deviation. 
------------------------------------------------------------
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volu=e~ric :ois~~=e co~~en~ by Abraha~s (1963). Vol~et=ic 
values can be conve~ed ~= q=avi=e~=ic val~es :y usinq ~~e 
averaqe bulk density o~ ~~e tu~~. Repeated neutron and qamma 
probe cali~ration runs have es~ablished an averaqe bulk 
densi~y ~o= ~~e Tshireqe Member of 1.4 q;c:~. :n adei~ion, 
~~e density of ten random samples was obtained af~er dryinq 
by weiqhinq c~~shed t~f~ ot a known volume. Averaqe density 
for the ten samples was 1.47 q;c:J, wit~ a standard 
deviation c~ 0.12. 

TA-l6 Area ? lies in ~~e vadose zone of the Bandelier Tuff, 
a zone defined by tveret~ et al. (1984) as existinq beneath 
~he topsoil and above ~~e water ~able, in which moisture in 
pore spaces coexists wi~h air or in which qeoloqical 
materials are unsaturated. Based on t~e results of Abrahams 
(l96J), sat~ration of ~~e Tshireqe Member of ~~e Ban~elier 
Tuff, and ~~us qroundwater, occurs when qravi=etric moisture 
content is about 29\. When moisture content is below 7\ 
there i• no :ovement of water: between 7 to 2lt :oisture is 
redis~ributed by diffusion: between 21 to 29\ moisture 
distribution is by qravity and capillarity, and above 29\ 
movement is by qravity drainaqe (Tiqure 04). Trom Table 01 
it can be seen that the primary mechanism for moisture 

8 



' 

9 



...... 
0 

,000 
1100-

1400-

teoo-

1500 

£?J ....... i ..... , 
~ l•••lllc fH .. ef Claifte ..... . """~·-···-

..... c.,. 
r•..... ...,.,,, • 

..,...., j » .........._ 

rn ,_,,. Uft, .. ...., ... 
tSl , .. .,. ... ,., ... u .. 
u~~ rfeCeM .. ieA rtrtlelliAe fK .. 

1200 I;,,'Jll'~''';;' ... lfl•'-~~,•jltriJif,],f-. -., .. , • • . • •.. ·• ; .... • .... -·~ • ;·•.·•. • ·,·:.;•.·······•·.·;-,·~ .:. ;. ;;•·.···::.·;,· :.- .• ·;.J .... 
( ... 

.. 

Figure Dl. Geologic cross section through the Paja~lto 
Plateau. 



.! 

••••••••• 

Tecltftoca• ••• . , ...... -...... '" •It• ICC 11: 

... 

Figure t)2 • Site map t are numb c 'rechr.ieal 
erec! P-o 

Area 16 A ... ~e· 
thrcu'"'h ... ':1 P-l6A, anc:! 

P. Boreholes 
:arkec1 wi•h - cresses. 

11 

• ••• 



......... ,-----------------------

"' fii.UG 

.,,_, .. _,00 

ll 

t It IOO IIO JIO UO 
'liT 



' ..... 

7110 ~ 

IW ,_,. 
f&aO 

T600 

7110 

7100 

7110 

., 
. 

,_,, 

II 
II 

~. ... c,t.J. 
~ 

3C J 
3b 

3a 

·' 2 

3CI 
Sc -

7800·•---------------------------------~~---------------------------------

,. 
3a 7JIOJ:::::::::::::::::::::::::::::;2;.,r============;=================== IW 

HE ,-o IL CAJETE 'UWCE.._ fl-12A r•to 1~6~r;:~J~L'~R~C~A;N~Y;O~N~:::Ai::::::::::::-::::::] r•oo r 3d ~ 3c 
7110• ~------------------------------------~ 1100• ~·· ........... .,, 3b 

3a 
., •• o. I 
7100~--------------------------------------~ 

2 

I M •• tM 
• n•Tc.u cs.aeMa.&no• 

lines are ahovn in Fiqure 02. 

12 



• • .... n1u1e 
·~•c.ttti: 0e UeftMAt) 

--

·--

l.ir 
__ ..., __ _ 

.'7 

X=i•t~• CCntant ~y parcan~ Opper n~er is voluzat~!c val~•, tow·~ n~•r is vravi:atric val~•· 

Fiqure D4. Ener;y ralati=nship vith ~oisture ccntant of 
Bandelier Tu!! (:c~i!ia~ from Abrahams, 196~). 

13 



r 

21 

24-
I 

::z-

:o-,. -: 
- 11-
~ I ... 
"' 14 -c I 

~ 
; 

12 -
s I 
~ 10 -

•-1 
I . ' 1 
I 

4-

21 
l 

24-: 

::z.J 
; 

20-' 
I 
I 

11 .., 
I - , . ...; 

a( I ... 
141 w 

c 

~ 12 ' 
0 l 
~ 10 - I 

,J 
I .... 
I 
I 

.. -
2J 

0 l I 

7450 
• I 

GRA"IM=---·c Ho·s-· ·--v 1 -~~1 .VI I iWr"\~ 
.. -87-00 

7350 

DEP'Df (ft) 

= c c c c c 

' ' . ' 

GRAVIMETRIC MOISTURE 
P-17-01 

1;1 

v 
' I i I l I I I I I I I 

7ot00 'T.S50 7300 

~(ft) 

14 

c 
c c 

72SCI 



I ' 

GRAVIM:.. RIC ~.10:STUR~ 
P-11-C:Z 

:•------------------------·----------------------------~ 
24-

:z:z
:o-

tl -

'i ,. -: -Ill 14..:. 
1: 

g 12-
0 
~ 10-

I 

,..: 
I ·-

4-

2-
1 

o~.~~~~~~~~~~~~~~~~~-~~--~~~~~~.~--~~.---.~~~ 
7460 

21 

24-

:z:z~ 
I 

20j 
' • ,. -: 
I 
I 

M' 
,. ~ 

.... ,. J w 
1: I 

~ 
I 

12 ~ 
0 I 
~ 10 ~ 

I . ., 
I . ., 
I .... 

2~ 
0 1 
7~ 

1.\50 

D£P'nol (ft) 

GRAVIMETRIC MOISIURE 
P-17-o3 

i I I 
i ' ' 1 1 I l . 

7400 7350 

DEP"rW (ft) 

15 

I I I 
7.JOO 72.50 



, 

21 

24 ~ 
I 

:z:zJ 
I 

%C)..J 

I ,. -1 
! 

;- ,. ~ 
I - I 

w 14 -
I: I 

~ '12 -i 
0 
:l 10 ... 

j 
I ., ·-' I 

41 
:z-

I 
0 I , 

7~ 

21 
I 
I 

24-
I 

~-
I 
I :zc-
I 

'II ...; 
I -~ , .... 
j -"' 14 1 a: 

~ 
I 

:: ~ 0 
:l 

I 

'""' ·1 
·~ I 
2j 

0 
! . . 
7~ 

• I 

I 

GRAVIME!RlC tv'10:S7JR:: 

7-4CC 

P-87-66 

Q 

\ 
\ 
~ 

• i 1 i • i • 

7350 

~(ft) 

I ' 

GRAVIMETRIC MOISTURE: 
P-17-QS 

r\.. 
i 

J 
J I J I 1 i 

7350 

~(ft) 

16 

i 1 I 



GRAVIMETRiC MO!S7URE 
111-17-ot 

21 
I 

24 ~ 

' %Z~ 

I 
20-

I 
i 

11 -

" 
11 -: 

I - 14 -l w 
1: 

i 12 ~ 
0 ! 
~ 10 ~ 

.~ 
,..: 

I 

4-
! 

2-

0 I I ' I I I I I I I I . I 
7450 7..00 7350 7300 7:z50 

DU'n4(ft) 

GRAVIMETRIC MOISTURE 
~17-07 

21 
I 

24, 
I zz ... 
I 

20-, 
' I 

11 ... 

I 

" 
11 ~ - I 

Ill 14 _. 
1: I 
~ 12 ..! 
a I 

~ 10 ..J 
' 
' 

'l . .., 
·~ i 
2-1 

0 I • I i , 1 i i I I 
7450 7o400 73!0 7300 7:z50 

Cf7nf (ft) 

17 



, 

21 
I 

24-

=z-
:a-

11 -

..... 11 -
~ I -Ill 14 -

i ~!% -
0 
2 10 -

I 
I 

,..; 

·~ .... 
21 

I 
0 I . 

7460 

21 I 
24 i . 
22.., 

I 

=.., 
I 
I 

11 - I 

M" ,. ~ -
~ 14 

~ 12 i 
0 

10 I 2 1 
I .... 
I 

' 1-' 
I 

.~ 
I 

2j 

0 I ' I 
74e0 

. 

GRAVlME:RiC MO!S7JRE 
-..7-oe 

I 

~ 

• 1 I ' ! j • j t 1 

GRAVIMETRIC MOISTURE 

I I l 

..... 7-01 

i i I I 1 

730 

D£1'nof(ft) 

18 

• I 

l I I 



I I 

21 

24-

%2-

:o-
11 -

;- 11--w 14 -c 

~ 12-
0 
~ 10 -·-·-

4-

2-
I 
' 0 I ' 

74&0 

21 
I 

24-: 

22-

20-

11 -

~ 11 --w 14 -c 

~ 12 -
~ I 
~ 10 -: . ..; 

·-' 
4-

2-

0 I I I 
7450 

I 

Iii 

G =:> .~ ·v1' A~-· c , J c 's-· · R =n..-. 1~1 t"-' r\1 dl I I u I -

11-17-10 

GRAVIMETRIC MOISTURE 
P-17-11 

.., 
c 

c 
c c 

t I i I I I I I i 
7~ n50 

DEPTH(ft) 

19 

c c c 

I I I I I 
7:300 



! 

w a:: 

~ 
0 
:l 

21--

24-

::z-

20 -

11 -

11 -

·- I ,_, 

G- '' 'IM~R'C 'iQis~· :::-~'""'d 1 ..._;,I t'il ,u,,_ 
~-17-12G 

----~ 
I 
I 

I 
- I 

I 

·-: .......... 
2-:~ ~~ = = =j 
0~-r~j~j~~~~~~~~~~~~~~~~~~-~~.~~-r,~j~Tj~~~l~,-r~j~l~l-rl ~ 
7460 

GRAVIMETRiC MOISTURE 
21 -·---------------

24-

2:2-

20-

11 -

tl -

14 -

12 -

10 -·-·-
4-

2~ 

0 t I 

7450 
I 

II 
\ 

' 

' 
f f t J I i I I i 

73!0 

DE7rH (ft) 

20 

7250 

I I I 



21 
I 
I 

24 ~ 

:z::z-
i =-,. -

;-
,._ -

~ 14 -: 

i 12 -
0 
2 10 -·-. ..; 

4-

2-i 

0 I 
7450 

GRAVIMETRIC MO!S7URE 

I 

; I 
' i . 

I ; . 
I I 

! 
I • 

f ' • 

11-87-1! 

l I ' 1 i 1 I ' 

7350 

aE'I'n4 (ft) 

21 

I I 
I I ' 



.f 

TABU: D-2 
DATA FROM DR!I.:.:NG CORES RECO'VDU:!) AT WZLL P-l6A 

~?A ~XTRAc= CCNC~~=!ONS (in milliqrams/liter) 
-~-~--------------------------------------------------------CORE DEPTHS (in fee~) UNCERTANITY 

------------------------------------------------P.ARAMETER 10 so ss 60 ·81 (mq/l) 
~-----------------------------------------------------------Arsenic <O.OS <O.OS <O.OS <0.05 <0.05 <0.05 
Barium <0.05 0.07 0.09 0.09 <O.OS <O.OS 
C&c:!llli Ulll <0.01 <0.01 <0.01 <O.Ol <O.Ol <0.01 
Chromium <0.05 <0.05 <O.OS <0.05 <O.OS <0.05 
Lead <0.05 <O.OS <O.OS <0.05 <0.05 <0.05 
Merc-.::y <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 
Selenium <O.Ol <0.01 <0.01 <0.01 <0.01 <0.01 
Silver <0.05 <O.OS <0.05 <O.OS <O.OS <0.05 
~-----------------------------------------------------------

VOLt"MZTRIC MOIS'I'ORE CONTEN'I' OF CORE LOGS RECOVDU:D FROM WELL 
P-16A 

Depth " Moisture 

--------------------------0.5 ft 5.6 " 5.5 ft 16.0 " 10.5 ft 10.1 " 15.5 ft 13.8 ' 20.5 ft 13.1 ' 
AVERAGE GRAVIM::TR:C MOIS'I'mU: CON'ttNT C') FROM FIFTL.~ 

DIFFERENT CORE LOGS AT TA-16 AREA P LANDFILL 

GEOLOGIC WIT ~ MOISTURE C') STO RANGE (t) 

----------------------------------------------------------3 d 5.2 3.6 2.2 - 17.7 
3 c 6.1 3.5 1.9 - 24.7 
3 b 5.7 2.1 2.3 - 11.4' 
3 a 3.8 1.4 2.3 - 5.8 

Total for Onit s.s 3.0 1.9 - 24.7 

----------------------------------------------------------Notes: (l) See Fi~e D-3 for Geoloqic Onit Cross Section 
(2) STO • standard deviation. 
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:"A.B!.Z D-3 
:".ARGZ:" VO~:"::.Z ANI) S~:-VO!.A'!'::.! ORGA.N:C 
:NC!N~:::c~~:~N L:S~ :oR W~~~ ?-l6 CORZ 

:OMPOt~O 
SAMP!.!S 

------------------------------------------------------------Ace~=ne ...•..•...•... . . . . . . . Benzene ..••••.•.•....• . .... 
aromodichlorome~hane. . . . . . . . . . . . . !ro:ofor: ........... . . . . . . . . . . . . . 
Bromome~~ane (methyl bromide) 
2-Bu~anone (me~~yl e~hyl ~~~one) 
Ca~~on Oisul!ide ..••• 
Car~on =e~rachloride ..•• . . . . . . . . . . . . . . . . . . 

. . . . . . . . . 
. . . ..... . . . . .-.. .. . . . . . . . . . . . . . . Chlorobenzene. 

Chloroe~ane ••••••••• . . . . . . . . . . . . . . . . . . . . . . . . Chloroform ••••••••. . . . . . . . . . . . . . . . . Chlorome~hane (me~yl chloride) ••••••••••• . . . . l,2-Dichlorobenzene. . . . . . . . . . . . . . . . . . . ...... . 1,3-Dichlorobenzene .••••••••••••••••••• . . . . . . . .. . . . . . 1,4-Dichlorobenzene •.•.••••••••• 
l,1-Dich!oroe~hane (e~~ylidene dichloride) l,2-0ich!oroe~~ane •... . . . ........... . l, 2 -Oic~loroethene. . . • • • • • • • • • • • • • • • • • • • • • • • •••. 1,1-Dichloroethylene ••••••••••••••.•••••••• 1,2-Dichlorop~opane (propylene dichloride) ••.••••• cis-1,J-Oichloropropene ••••••••.•••••••••• ..... trans-1,3-Dichloropropene .••••••••• . . . . . . . . . Ethyl Benzene •.•.•.• . . . . . . . . . . . Naph":...~alene •....•••.••••. . . . . . . . . . . . . . . . . . . . . . . . . ... 

6764l 
71432 
75274 
75252 
74839 
78933 
75150 
56235 

108907 
75003 
67663 
74873 
95501 

541731 
106467 

75343 
107062 
540590 

75354 
78875 

. .10061015 

. .1006102 6 
100414 

~ethylene Chloride ... 
4-~ethyl-2-Pen~anone .•••.•••..•••• . . . . . . . . . . . . 

91023 
75092 

108101 
100425 

79345 

Stz-ene ..••••..••••.••••. ........ . . . . . . . . . . . . l,l,2,2-Tet=achloroe~~ane. . . . . . . . . . . . . . . . . . . . . . . . . =et=achloroe~ene .•.•..•. . . . . . . . . . . . . . . . . :oluene ..••••..••••..••. . . . . . . . . . . . . . . . . . . . . . . . . . 1,1,2-T=ichloroe~~ane •. 
1,l,l-Trichloroethane (me~hyl chloroform) 

. . . . . . . . . . . . . . . T~ichlcroe~ene •••••.•••.•••••••.••••• . . . . . . T~i~lorc!lcuromethane ••••.•• . . . . . . Vinyl Aceta~e .•••••..••••.•.•••.••.. . . . . ... Vinyl ~oriae (chloroe~~ene) •..••. . . . . . . . . . . . . . . Xyl enea . ..................... . ... 

127184 
108883 

79005 
71556 
79016 
75694 

108054 
75014 

133027 
---~---~~~---~---~--------~-----------------~---------------NOTE: All of the above compounds we~e a~ concen~ra~ions below GC/MS aetection l~its. Sample aa~e was 9-10-87. 
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TABLE D-4. RECONNAISSANC! WATER QOAL!~Y ~~D S~D!~NT SAMPL!NG LOS ALAMOS NATIONAL ~ORATORY - TA-l6 ~ ? LANDFI~L SEE AT'!'Acm::O MAP FOR SA."!PU: :.OCAT!ONS PG. ! OF ~ -------------------------------------------=---==--==---=--=----=-======= STAT!ON !0 : TA-l6 AREA ? - CANON DE VALLE SAMPLE TYPE: S"JRFAC:: WA':'!:R SAMPLES - CANON DE VALL!: SAMPLE OAT!:: CECEMEER 7, l987 LABORATORY : LANL HSE-9 LABORATORY (ANALYSES ON l2-l5-S7) -------------•••wwwaw•••••------•------••••••••z•~•••••••••--•=a===== P~TER CONCENTRATION ._.> (all units in ~q/l) 
-------~-------~-----------------~---------------------SAMPU: NO. As Ba Cc! c:- Pb Hq Se Aq --------- -- -----~ ••••-----------------=----••••=•c= 57 < o.os 3.50 < O.Ol < o.os < o.os < O.OOl < O.Ol < o.os 59 < 0.05 3.50 < O.Ol < 0.05 < o.os < O.OOl < 0.01 < o.os 63 < 0.05 3.50 < 0.01 < o.os < 0.05 < O.OOl < O.Ol < o.os 64 < o.os 3.30 < 0.01 < 0.05 < 0.05 < O.OOl < 0.01 < o.os 70 < 0.05 .so < 0.01 < 0.05 < o.os < O.OOl < 0.01 < o.os ----------------------------------------------------------------------ONC!:RTAINin" 0.05 0.05 0.01 0.05 0.05 0.001 0.01 0.05 ----------An~--------------·~-------~------------~----~---------------------

SAMPLE NO. SAMPLE D~S~PTION ••> 
-----·--.n~--~--a.-----.~--~n.----~an------·•--•••••--••--••----••••• 57 

59 
63 
64 
70 

DOWNSTREAM S'C'R.FACE WATU SAMPU st1RFAC!: WA'l'D NORTH OF LANDFILL 
St:TRFACE WATER NORTH OF LANDFII..L t1PS1'1U:AM Stl'JU'AC!: WATD SAMPLE 
SNOWMELT !lf INFLOW DRAINAGE CHANNEL 

------------------------------------------- --------------------------

24 
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':ABU D-4. RECONNAISSANCE WA'!'ER QUAI.!'!'Y AND SED:M:::NT SAl'.P!.:NG 
LOS ~~OS NATIONAL ~ORATORY - TA-16 AREA P LANDFILL 

"·c S!E Al''!'ACHED MAP FOR SAMPU: LOCA':'IONS PG. 2 OF 2 

••---·----------·---·-·----·---··-•-•aa------------~·~•=--=•••-----------------••===== S':'A'!':CN :::> . '!'A-16 A1U:A p - CA..~ ON DE VA~-":' . 
SAMPU: '!'YP!;: Snu:AM SEDIMENTS & SOIL SAMPLES - !?A WATER EX':'RAC'!' 
SAMP!.E DATE: DECEMBER 7, 1987 
lABORATORY :ANL HSE-9 LABORATORY (ANALYSES ON 12-15-87) --------- ------------ . ..._ __ 

-=·=== 
PARAMETER CONCENTRATION --> (all uni'ts in :qjl) 

-~-----------------------------------------------------SAMPU NO. As Ba Cc! c:- Pb Hq Se Ag 

----c:=------- ---- -- -= 55 < o.os .60 < 0.01 < 0.05 < o.os < 0.001 < 0.01 < 0.05 
56 < o.os .so < 0.01 < o.os < o.os < 0.001 < 0.01 < 0.05 
58 < o.os .so < 0.01 < o.os < o.os < 0.001 < 0.01 < 0.05 
60 < o.os 2.70 < 0.01 < o.os < o.os < 0.001 < 0.01 < 0.05 
61 < o.os .so < 0.01 < o.os < 0.05 < 0.001 < 0.01 < 0.05 
62 < o.os 2.10 < O.Ol < o.os < o.os < 0.001 < 0.01 < 0.05 
65 < o.os 2.70 < 0.01 < 0.05 < 0.05 < 0.001 < 0.01 < o.os 
66 < o.os .so < 0.01 < o.os < 0.05 < 0.001 < 0.01 < o.os 
67 < o.os .90 < 0.01 < o.os < 0.05 < 0.001 < 0.01 < 0.05 
68 < o.os 2.70 < 0.01 < o.os .13 < 0.001 < 0.01 < 0.05 
69 < o.os 1.30 < o.o1 < o.os < o.os < 0.001 < 0.01 < o.os 

----------------------------------------------------------------------UNCERTA:!NITY 0.05 0.05 0.01 0.05 o.os 0.001 0.01 0.05 
•••••·~-----·-----•••·--------~•--nwnaaa--aaawn.a.a.mm----~-~----c= 

SAMPU: NO. SAMPI..E DESCRIPTION -> 

55 LANDFilL EROSION SOIL SEDIMENTS 
56 BACKGROUND EROSION SOIL SEDIMENTS 
58 DOWNS'I'REAM SURFACE CHANm:L SEDIMENTS 
60 SURFACE CHANNEL SEDIMENTS NORTH OF LANDFILL 
61 SURFACE CHA.N'Nl:L SEDIMENTS NORTH OF LANDFILL 
62 SURFACl: CHANNEL SEDIMENTS NORTH OF LANDFILL 
65 UPSTREAM SURFACE CHANNEL SEDIMENTS (NORTHWEST) 
66 DRAINAGE CHANNEL SEDIMENTS WEST OF LANDFILL 
6 7 DRAINAGE CHANNEL SEDIMENTS AT CANON DE VA.LLE: 
68 DRAINAGE CHANNEL SEDr.MENTS SOUTH OF LANDFILL 
69 INFLOW DRAINAGE CHANNEL SEDIMENTS 

----------------------------mm---am--mmmm--~w--.------------------------~-----••• 
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l20 

L._•• n.:. ........ 

?-Si-00 
( AL':.."'M:!r'~w:!) 

'!'I <---------'!'I ':'C? so::.. 
Tl <---------Tl 
Tl -x-:·-- ( J c:) . . .... 
Tl 
'!'I <---------Tl 
'!'I 
'I' I '!"t:!'F (Jb) 
'I' I 
'!'I 
'I' I 
'I' I <----~------------->TJ 

IX TtT: (3a) 
IX - <---------

---------------------SCRE!:N 
CAVED-IN 
SACKF!~·'="D ':'t:FF 
CEMENT 
BENl'ON!l'!: 
SII.ZCA SAND 

-X ... . 
c 
B 
s 

---------------------
(NOl' '!'0 SCA:.Z) 
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BORE30LE: ~-97-00 
GEOLOG:sT: rred Brown 
OAT~ ORI~O: 2l :OLY 1987 
ELEVATION: i~ : ~~ 
LOCAT!ON: 47E. ~5,1763523 
TOTAL OtP~: :35 ~t 
OIS?OS!~:ON: Alu:inum Casir.q 

o-3 

3-40 

40 

40-llO 

llO 

ll0-135 

135 

OESCR:PTION 

:ill/Top Soil (sandy loa~) 

Onit 3c. Liqht brownish qrey t~!! Moderately welded 
Rare r:yolite lithic ~raqments 
com:on ~ey pumice lapilli 

Contact is st=onqly welded 

Unit 3b. Pale yellowish ~rown 
Moderately welded 
Rare rhyolite traqments 
Abundant qrey pumice lapilli 
rract~re noted at 45 f~ 

Contact is stronqly welded 

~··#I· ~---

Unit 3a. Dark yellowish ~rown tuff Welded 
Abundant rhyolite/latite lithic fraqments Rare pumice lapilli 

Uni~ 2. Densely welded t~:: halts drillinq 
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?-Si-Cl 
(PVC) 

CJ :<--------- 0 c I I ':'0? sc::. 
Cl 1<--------- 4 Cl I 

ll ~-------->CI I 
Bl I 

lS --------->!1 I 
Sl•l 
Sl•l 
Sl•l 'I"t:FF (Jb) 
Sf• I 
SJ•I 
Sl•l 
Si•l 
Sl•l 
Sl•l 
SJ•I 

- <--------- JS 

---------------------SCRt~N • 
CAVED-IN X 
BACKFILU:O TUF:' T 
CDa:N':' c 
BEN!ONI~~ B 
SILICA SAND S 
---------------------

(NOT '!'0 SCAU:) 
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!ORZHO~: P-87-0l 
GEOLOGIST: Frea !rown 
OAT! OR!LlZO: 29 :=~; l987 
t~~ATION: 7344 !~ 
LOCATION: 475756,1764645 
~O~AL Ot?TE: 35 !~ 
OIS?OS!~:ON: PVC Casinq 

DEPTH 

0-4 

5-lO 

l0-35 

OESCAI?T!ON 

Top Soil (sanay loam) 

Onit 3b. Oark yellowish brown ~~!! 
Welaea 
Rare r~yolite lithic fraqmen~s 
Rare pumice lapilli 

Onit 3b. Pale yellowish ~rown ~~!! 
Moaera~ely walaed 
Rare rhyolite lithic ~raqments 
Rare pumice lapilli 
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BO~~OL!: P-97-02 
GEO~GIST: !~ed !~own 
tA~! DR!~:Z~: 2~ ~~L1 :987 
E~VAT!ON: 7~41 !~ 
LOCATION: 475708, l764617 
TOTAL DEPTH: 10 !~ 
D!SPOS:T:ON: Filled :~ 

DESCRIPTZON 

0-3 ~op Soil (sandy loa~) 
J-10 Unit Jb. Dark yellowish =rown t~!! Modera~ely welded 

Rare rhyoli~e li~~ic !ra;:en~s Aare pumice lapilli 
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' 

?-87-0:3 
(':"!F~N) 

CJ 1<--------- 0 l --------->C' I 
B I I '!'OP so::. 2 --------->BI I 
Sl•t 
Sl•t 
51•1<--------- 3 
Sl•i 
sr•r 
Sl•l 
Sl•l 
Sl•! '!"'FF (J~) 
Sl•l 
Sl•l 

7 --------->SI•I 
lXI 
lXI 
- <--------- 9 

SCREEN 
CAV!:D-!N 
BACKFII.:.l:D 
C'!Jo!l:NT 
BEN'TONI'!'E 
SILICA SAND 

• 
X 
""' . 
c 
B 
s 

-----~---------------
(NO'l' '!'0 SCA:.l:) 
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BOR-~OLE: P-B7-03 
GZOLOGIS~: r~ed Br~wn 
OAT! ORI~~: 2J =-~~1 !987 ELEVATION: 7342 !~ 
LOCA=:oN: 475676, !76,596 
~OTAL DEPTH: 9 !~ 
OIS?OSI=:oN: ~eflon Casinq 

OZSCRIPT:ON 

0-3 Top Soil, boulders and co::les 
3-9 Onit 3b. Dark yellowish =~own t~!! 

Modera~ely welded 
Rare rhyolite li~ic !~a;:ents Rare pumice lapilli 
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, 

?-Si-04 
(':!::'LON) 

c: I<--------- c l --------->C I J 

B I I 'I'O? so:L 
J --------->B I I 

Sl•l s .,. 
s •1<---------- 4 ,s ., 
s ., 
s ., 
s ., 
S •I TtJT!' C :! }::) ) s ., 
s •! 

B ....................... ,.,>5 •I 
XI 
XI 
- <--------- lO 

---------------------SCRED: • 
CAVEO-IN X 
BACU!'! • "='0 'I'U!'F 'I' 
CEMENT C 
BEN'I'ONI~E B 
SILICA SANO S 

(NO'!' 'I'O SCAU) 
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BOREHOLE: P-87-04 
GEOLOG:ST: Frea !ro~ 
tAT~ oRZ··eo: 2e ;-:~Y :9s7 
!~lAT:ON: 7348 !~ 
LOCATION: 475588, li64562 
TCTAL 0!~: lO !~ 
DIS?OS:~!ON: Te!lon Casi~q 

D!:SCRIPT:ON D!:P':'H 

0-4 Top Soil (sanay loam) 
4-lO Unit ~b. Dark yellowish ==own Welaea 

Rare rhyolite lithic t=aqments Rare pumice lapilli 
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, 

?-B7-·:i5 
(?VC) 

cr !<~~------- 0 
C I i ':OP so:: 
Cl 1<--------- J Cf I :J --------->CI I 
Bl I 

lS --------->BI I 
Sf•! 
Sl•l 
S 1•1 '!"'FF (3~) 
Sl•l 
Sl•l 
Sl•! 
Sl•l 
Sf•! 
Sl•l 
SJ•I 

- <--------- 35 

SCREEN 
CAVED-IN 
BACKFI:.:.::D 
CEMENT 
BENTONI':'E 
SII.ICA SAND 

• 
X ... . 
c 
B 
s 

---------------------
(NOT TO SCAU:} 
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!ORIHOL!: P-87-0S 
GEO~GIST: Fred Brown 
OAT! ~RI~O: 29 ~~y :987 ELEVAT:ON: 7JSJ !~ 
LOCAT:ON: 47SS20, l76,SJ2 TOTAL O!PTH: JS !~ 
o:sros:=:oN: Pvc casinq 

0-3 

3-lS 

lS-JS 

Top Soil (sar.dy loa:) 

~nit Jb. Oark yellowish b=own tu!! Welded 
Rare rhyolite lit~ic !:aqments Rare pumice lapil!i 

Unit Jb. oranqe pink ~~!! Moderately welded 
Rare rhyolite li~~ic !:aqments Rare grey pumice lapi!li 
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, .. 

..~-
"~-

?-87-06 
{'I'!:FLON) 

Cl 1<--------- 0 l --------- >C J I 
Bl I 

2 --------->!1 I TOP SOI~ 
Sl•l 
Sf•l 
Sl•!<--------- 4 
Sl•l 
Sf•l 
Sf•! 
Sl•! 
Sf•! 'I't1FF {Jb) 
Sf•l 
S!•l 

7 --------->51•1 
lXI 
lXI 
- <--------- 10 

SClttEN • 
CAVED-IN X 
BACKF!:.U:D T'C:"F T 
CEM!:N'l' C 
SENTONI=t S 
SILICA SAND S 
---------------------

(NOT '!'0 S CAU:) 
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BOR-~0~: P-87-06 
GZOLOG:ST: F~ed Brown 
OAT% OR!~~~: 28 ;-.~Y !987 
ELEVATION: 7~52 !~ 
LOCAT:ON: 475467, !76,S!4 
~OTAL DEPTH: 10 t~ 
OIS?os:=:oN: :eflcn casinq 
DEPTH DESCRIPTION. 

0-4 Tcp Scil (sandy lcam) 
4-lO Oni~ 3b. P~!~ yellowish brown t~!! Welded 

Rare rhyoli~e litnie fraqmen~s Rare pumice lapilli 
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' 

W-·· . ' --
?-87-07 

(?VC) 

CJ 1<--------- 0 c I I ':'0? so::. 
Cl 1<--------- 2 C: I I 

lJ --------->C:I I 
Bl I 

lS --------->BI I 
Sl•! 
Sl•l 
Sl•l '!'tJ'FF (Jb) 
Sl•l 
Sl•l 
Sl•l 
Sl•l 
Sl•l 
Sl•l 
Sl•l 

- <--------- JS 

---------------------SCREEN • 
CAVED-IN X 
BACKFII ~cO Tt'FF 'l' 
c:~ c 
BENTONI':'E B 
SILICA SANO S 
---------------------

(NO'l' 'I'O SCAU:) 
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BOREHOLt: P-87-07 
G~OLOG:S~: F~ed B~own 
OA~ OR!~O: 29 ~~y :987 
~LEVAT!ON: 7~56 
LOCAT:ON: 475381, 1764491 
TOTAL ~~~: JS ft 
OIS?os:=:~N: PVC Casinq 

0-2 

2-S 

S-6 

6-3S 

O~SCR!?T!ON 

Top Soil (sandy loam) 

Unit Jb. Pale yellowis~ :=own tu!! Welded 
Rare r~yolite lithic !ra~ents Rare pumice lapilli 

Weathered dark reddish brown clay 

Onit 3b. Pale yellowish =~own tuft Moderately welded 
Common rhyolite li~~ic !raqments Rare pumice lapilli 
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' 

P-97-0S 
{':!::'LON) 

c I I<---..,----- o 
l --------->CI 

Bl TOP SCI:. 
2 --------->BI 

Sl• 
Sl• 
Sf• <----------- J Sf• 
Sl• 
Sl• 
Sl• 
s I • TUFF C 3 c) 
Sl• 
Sf• 

7 --------->SI• 
lXI 
lXI 
- <--------- 10 

---------------------SCRE!:N • 
CAVED-IN X 
BACY'J'I!; .70 'I"Cl"l" 'l' 
~NT C 
!EN'l'ONI~E B 
SILl CA SAND S 

---------------------
(NOT TO SCAI..!) 
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!OREHOLE: P-87-08 
GEOLOGIST: r=ea !=o•~ OAT! ORII·~~: 28 ~1 !987 
Et-~ATION: 7370 !~ 
LOCATION: 475257, :764405 TOTAL DEPTH: lO !~ 
O!S?OS!T:ON: Tef!cn Casing 

O-J Tcp Sci! (san~y lcam) 
J-10 Uni~ Jc. Dark yellowish ~rcwn t~!~ Welaea 

Rare rhycli~e lithic !=aqments Rare pumice lapilli 
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13 

lS 

?-87-09 
(PVC) 

Cl 1<---------Cl I '!'0? so::. 
Cl 1<---------Cl I 

--------->CI I :-::FF pc) 
Bl I 

0 

J 

--------->81 1<------------lS 
Sl•l 
Sl•l 
Sl•l 
Sl•l 
s I •I ':m"F (:!=) 
Sl•l 
Sl•l 
Sl•l 
Sl•l 
Sl•l 

- <--------- ~s 

---------------------SCREEN -CAVED-IN X 
BACXFII.Il:D 'I'OFF ... . 
CEMENT c 
BENTONITE B 
SII.ICA SAND s 
---------------------

(NOT TO SCAU) 
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!ORERO~: P-87-09 
GEOLOGIST: Fred Brown 
DA~ ORI~O: 29 ~~y :9S7 ELEVATION: 7376 !~ 
LOCAT!ON: 475lS3, li643Sl TOTAL DEP7S: 35 ft 
OISrOS:T!ON: PVC Casi~; 
DEPTH 

o-3 

3-lS 

lS-33 

33-35 

DESCRIPTION 

Top Soil (sandy loam) 

Unit 3c. Moderate brown tu!! Moderately welded 
Rare rhyolite li~ic !raq:ents Common grey pumice lapilli 
Unit 3b. Greyish brown tu!! Welded 
Abundant rhyolitejlatite lit~ic fraqments Common red-brown pumice lapilli 
Unit 3b. Pale brown tu!! and clay Moderately welded 
Rare rhyolite li~~ic !raq:ents Abundant clayey pumice lapilli 
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?-Si-:0 

<--------- 0 ':'OP SOil. 

<--------- J 

'!'UFF ( 3 c: }-

<---------- so 
'!'UFF (3b) 

<--------- ::zo 
I ':"JFF ( 3a) 
I 

- <--------- !SO 

SCREEN • 
CAVED-IN X 
3ACKFII T ,'F'D '!"t:FF T 
C~'n' C 
BENTONIT~ B 
s:UCA SAND S 

(NOT '!'0 S C.AU:) 
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' 
BOR!HOL!: ?-a7-ll 
GZO~G:S7: !red Br~vn 
~AT! OR!~O: 27 ACG~S~ :sa7 
t~~AT!ON: 7409 !~ 
~CA~:ON: 475991, :76J5S~ 

OIS?os:=:oN: ~~=ased 

0-2 

2-JS 

JS-45 

45-50 

50-iO 

=op Soil (sandy :~a~) 

Unit ~e. Dark yellowish br:~n t~!! Moderately welded 
Rare =~yolite li~~i= !raq:e~~s Common red pumice lap~lli 
Unit ~e. Pale yellowish =rown tuf! Sliqhtly welaea 
Rare rhyolite lit~ic :ra~en~s Rare pumice lapi!li 

Vnit Je. Oark yellowish :rown t~!! Moderately welded 
Rare rhyolite li~~ic !raqmen~s Rare pumiee lapil:i 

Unit Jb. Pale yellowish ==~wn t~f! Densely welaed 
Rare r~yolite lit~ie !ra~en~s Rare pumice lapilli 
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, 

:.71 

:'I 1<---------:'I I :-:r c: ... --
I 

_ __, __ 
:'I 1<---------
":'I I 

.....,. ...... 
·-~: ( ~=) 

:'I I 
'I' I 1<---------
Tl 
Tl I ..... -~-=- ( JC/ . ., .. 
'I' I I 
'I' I 1<---------
Tl 

--------->TI I 
.,... __ 
... &: (~b) 

lXI 
lXI<---------
lXI TUFF (Ja) 
lXI<---------
!XI ........ ~~ ---·· (2) - <---------

SC!U:EN 
CAVED-!N 
BAcKTr· • ':'o r.:rr 
CD!! NT 
BENTON:':~ 
SIL:CA SAND 

-X ... . 
c 
3 
s 

---------------------
(NO:' TO SCAU:) 

47 

-. .., 

~ 

50 

:02 
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195 
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30~HOtE: P-a7-l:A 
GEO~G:ST: F~eO =~=~ 

:aCA~:ON: 476664, :76~0~6 
~OTAL ~!P!H: :co !~ 
~:sros:~:oN: A!~~~~= cas~~; 

0-l 

l-3 

J-5 

s-se 

so 

S0-102 

:JESC?.!?':'::N 

!l Caj e~e ?.:~ice 

C!ay 

Uni~ Ja. Greyish pink t~:: Slic;ht!y welded Rare rhyolite li~~ic :ra;:e~~s Rare pu:~ee lapilli 
cor.taet :odera~ely weldea ~~~dan~ brown pu:ice lapi!!i 
Unit Jc. ~ic;ht brown 
Modera~ely welaec:l Rare rhyolite lithic Rare pu:iee lapilli 

t •.•• ---
.tra;:ents 

102 Con~ae~ moderately welded 

102-17:3 

173 

173-195 

195-200 

~u~can~ r~yoli~e;latite lit~ic !:a~en~s co::on qrey pumice lapi!li 
Unit J~. Pale yellowish brown t~!! Sliqhtly welded 
Rare ~:ycli~e li~~ic ~~aq:e~~s Co::on reddish p~ice lap~::i 
Contact slic;htly welded 
~~~dant r~yolite lithic !ra~ents Rare pumice lapilli 
Unit Ja. Pale yellowish brown t~!! Non-welded 
Abundant r~yolite;latite !it~i= !ra~ents Rare pumice lapilli 
Unit 2. Oark yellowish brown t~!: Densely welc:led 
Abundant rhyolite lithic !raq=ents Rare pumice lapilli 
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l 

':'I 
j<-._, _______ 

'I' I I 
":'I I 
':'I I ....,.To:-':- (Jd) I _.., .. 
':'I I 
'!'I I 
'I' I f<--------~ 'I' I I 
'I' I I 
'I' I I r.;z-: (3c) 
'!'I I 
'I' I I 
'!'I 1<---------92 --------->'I'I I 

lXI ~.:FF (3b) 
lXI 
lXI 

---------------------SCRE!N • 
CAVED-IN X 
BACKFILLED TcrFF 'I' 
C~NT C 
BEN'I'ONI~ B 
SII.!CA SANO S 

---------------------
(NO":' 'I'O Sc.A.II) 

49. 

0 

JS 
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!OREHOLZ: r-86-l~ 
GEOLOG:S'!: Will.:.am P..::--:::-::-:.:~ 
DATE ~RI~~~: ~ OCTOS!~ :986 
~L!VA~:ON: 7445 ~~ 
LOCATION: 47S72C, 1764264 
TO=AL DEPTH: lOJ !~ o:sposz=:oN: Alumin~ Casin; 

DEPTH 

o-Js 

3S 

3S-S4 

S4-lOJ 

DESCRIP'l':ON. 

Unit Jd. Li;ht brown ~~!! 
Moderately velded 
Rare rhyclite/latite lit~ic ~=a·g:nen~s Rare pu:ice lapilli 

Contact stronqly welded 
Ccm:on rhyolite;latite lit~ic :ra~en~s 
Uni~ Jc. Grey t~f! 
Moderately welded 
Rare rhyolite lithic :raq:ents Rare pumice lapilli 

Uni~ Jb. Liqht qrey t~:: 
Moderately veldea 
Rare rhyolite lithic fraqments 
Rare pumice lapilli 
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, 

?-B7-l4 
( A:.~"M!NUM) 

'I' I 
<--,_ ______ 

0 
'!'I ':'OP so::. 
"' <--------- ' --... 
'I' Tt:FF (3d) 
T - <---------· JO ... 
T 
T ... • 
'I' TUFF (Jc) 

"" ... 
"" ... 
'I' 
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SILICA SAND S 
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!OR!MOL!: P-87-14 
GZO~G:ST: rrec !rcwn 
OA=t OR!~~: :a ACw~ST l9a7 
t~A=!ON: i4J7 !~ 
LOCA=:oN: 47SJ65, !764251 
TO=AL Ot?TH: as !~ o:sPos:=roN: Al~ir.~ casi~q 

0-4 

JO 

JO-JS 

JS-75 

75-SS 

DtSC~?!'ION 

Fill/~=P Soil (sandy loa~) 

Oni~ '~· Pale yellowish br=wn 
Modera~ely welded . 
Rare rhyolite li~ic ~=a~en~s Common ~·Y pumice lapilli 

......... ---·-

Contact is atronqly welded 
Abundant rhyolite lit~ic ~ra;men~s Common qrey pumice lapi11i 

Onit Jc. Pale yellowish brown t~~~ 
Modera~ely welded 
Rare rhyolite lithic ~ra;:en~s Rare p~ice lapilli 

Onit Jc. Dark yellowish brown t~~~ and c!ay Welded 
Rare rhyolite lithic frag:ents 
Abundar.~ clayey pumice lapi!:i 

Unit J~. Pale yellowish brown pu:ice Densely welded 
Rare r~yolite li~~ic tra;=ents Common grey pumice lapilli 
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BOREHOLE: P-87-lS 
G~OLOGIST: !rea Brown 
OAT! ORILLZO: 27 ACG=ST 1987 
!LEVAT:ON: 74lJ t~ 
LOCAT:ON: 47S80J, 1763520 
TOTAL O!PTH: 70 t~ 
o:s?os:=:oN: Cncasea 

DEPTH 

0-l 

l-3 

O!SClU?'I'!ON 

El Cajete Pu:ice 

Pumice;Top Soil {~~ndy loam) 

Dark yellowish brown clay 

Onit 3c. Oark yellowish brown 
Modera~ely welded 
Rare rhyolite lithic !raqments Common rea-qrey pumice lapilli 

t ..•• ..... 

40-50 Onit Jc. Pale yellowish brown tu!! Sliqhtly welded 

so-ss 

SS-70 

Rare rhyolite lithic !raqments Rare pumice lapilli 

Onit Jc. Dark yellowish brown tut! Moderately welded 
Rare rhyolite lithic fragments 
Common rea-qrey pumice lapilli 

Onit Jb. Oark yellowish brown tu!! Densely welded 
Rare rhyolite lithic !raqments 
Rare pumice lapilli 
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Tl <~-------- 0 '!'I TOP so::. 
T( <--------- 7 Tl 
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, 
.... 

30R-~OLE: P-87-l6A 
~EOLOG:ST: !=ed Bro~ 
~ATE DRI~~D: 4 S!P~~BE~ 1987 
ELEVATION: 7452 ~t 
:DCAT!ON: 475550, 1764200 
~OTAL DEPTH: lOS ~t 
:!SPOS!~!ON: Aluminu: Casinq 

!)EPTH 

o-s 
S-7 

7-15 

l!-26 

26-Jl 

Jl-42 

42-46 

46-50 

S0-60 

60-68 

DESCZU?T!ON 

Fill/Dark B=own Clay 

Top Soil {sandy loam) 

Unit 3~. Pale yellowish brown t~f! 
Sliqhtly welded 
Rare r~yolite lit~ic f=aqments 
Rare pumice lapilli 
Ve~ical fracture at 9-12 !t 

Unit 3~. Greyish oranqe pink tu~~ 
Moderately welded 
Ra=e rhyolite li~~ic ~=aqments 
Oxidation halo surrounds rhyolite 
li t.'lic fraqments 

Rare brown pumice lapilli 
Ve~ical frac~ure 19-22 ft 

Extensive clay-filled vertical fractures 

Unit J~. Greyish oranqe pink tuff 
Moderately welded 
Common oxidized rhyolite lithic fraqments 
Common qrey pumice lapilli 

Unit 3c. Pale red t~!! 
Welded 
Common oxidized rhyolite lithic !=aqments 
Common qrey pumice lapilli 
Clay-filled vertical fracture {width to .s in) 

Onit 3c. Pale yellowish brown t~!! 
Wel~ed 
Common oxidized rhyolite lithic fraqments 
Common qrey pumice lapilli 

Densly welded, no core recovered 

Onit 3c. Greyish red tu!! 
Welded 
Rare rhyolite lithic fraqments 
common larqe {to 2 in) pumice lapilli 
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74-Sl 

Sl-87 

87-lOS 

Unit Jc. ?ale brown t~:: 
Modera~ely welded 
Rare r~yolite l!t~!c !=a~e~ts 
Ra~e clayey ~umice lapilli 

Unit Jc. ?ale yellowish ~rown t~!! Moderately welded 
Rare r~yolite lithic :raqments Rare pumice lapilli 
Clay-fille~ ve~ical fracture (width to .iS i~) 
Onit Jc. Pale yellowish ~rown t~!f Welded 
Rare rhyolite lit.'lic fraqm£:-.t: ·_ Rare pumice lapilli 

Unit 3~. Dansly welded, no core recovered 

56 



' 

Abeele, ft.v., Wheele:, ~.~., E~~=~, s.w. (19Sl): 

Geohy:::l:;y c! Sar.del~e: ~~!!. ~-8962-MS. ~os Alamos 
Na~ional ~o:a~C~J, ~os A!a:os, New Mexi:o. 

Abrahams :.H. (l963): Physical prope~ies of and movement of 
wate: in ~~e Sandelie: =~!!, Los Alamos and San~a Fe 
Counties, New Mexico. U.S.G.S. Open File Report, San~a Fe, 
New Mexico. 

Bailey, R.A., Smith, R.L., Ross c.s. (1969): St:atiqraphic 
nomenclat~:e o! ~~e volcanic rocks of the :emez Mountains, 
New Mexico. U.S.G.S. Bulletin 1274-P, Santa Fe, New Mexico. 

Brown, F. (1987): Test Hole P-87-00, TA-16, Area P. LANL 
Memorandu: dated July 29, l987. Los Alamos, New Mexico. 

Brown, F., Pu~ym~~, w., Stoker, A., Barr, A. (1987): 
Geoloqy an~ hy~:oloqy ct Technical Area 16 Area P. In press. 
Los ~amos National Laboratory, Los Alamos, New Mexico. 

Dransfield, s.:., Gar~er, J.N. (1985): Subsurface qeoloqy 
ot the Pajarito Plateau, Espanola Basin·, New Mexico. LA-
10455-MS. Los Alamos National ~aboratory, Los Alamos, New 

Mexico. 

57 



tvere~~ ~.G., Wilson L.G., ?.oly:a~ E.W. (!984): Vacose ::ne 
moni~ori~q !or hazardous was~e si~es. Noyes :a~a 
C:=?cra~ion, ?ark Ridqe, New :erse . 

Gar:~e= :.N, Go!! F. (1986): S~ra~iqraphic relatic~s a~d 
li~~ologic va=ia~ions i~ ~~e :eme: Volcanic Field, New 
Mexico. Jou...-:1al of Geophysical Researc~, v .• 9l, p.l763-l77S. 

GoQdard ~.N., Trask P.O., De Ford R.K., and others (1984): 
Rock Color C~a~. Geological Society of America, Boulder, 
Coloraco. 

Griggs R.L. (1964): Geoloqy ana groundwater resources in ~~e 
Los Alamos area. o.s.G.S. Water Supply Paper 1753, Santa Fe, 
New Mexico. 

Kearl M.P., Dexter J.J, Kautsky, M. (1986): Vadose zone 
charac~eri:ation of Technical Area 54, Waste Disposal Areas 
G and L. Report 3: Preliminary assessment of ~~e hydrologic 
sys~em. Bendix Field Enqineerinq, Grand Junction, Colorado. 

Purtymun w. (1968): Geoloqy of the microseismic station at 
S-Site, Lea Alamos County, Los Alamos. O.S.G.S. 
Ad:inistrative Report, Santa Fe, New Mexico. 

58 



r 

~~~~~' w. (l974): Gene=al ~eohyC::loqy o! ~~e ?aja=~:~ 
Pla~eau, ~n New Mexico Geoloqi: Socie~y Gui:ebook, 25~~ 

Field Con~e=ence. soco~o, New Mexi::. 

Pu~ym~~, w. (1984): Hyc=oloqical c~a=ac:e=isti:s of t.~e 
main aquifer in the Lcs Alamos a=ea. ~-9957-MS. Los Alamos 
National Labo=atory, Los Alamos, New Mexico. 

Smith, ~.L., Bailey, R.A. (l966): The Bandelier =u::- a 
study of ash-flow er~pt!on cycles t=== zoned maqma chambers. 
Bulletin Volcanoloqique v.29, p.BJ-104. 

59 


