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Executive Summary

This Corrective Action Decision Document (CADD) has been prepared for the Area 9 Unexploded 

Ordnance (UXO) Landfill (Corrective Action Unit [CAU] 453) in accordance with the Federal 

Facility Agreement and Consent Order (FFACO) of 1996.

Corrective Action Unit 453 is located at the Tonopah Test Range (TTR), Nevada, and is comprised of 

three individual landfill cells located northwest of Area 9.  The cells are listed as one Corrective 

Action Site (CAS) 09-55-001-0952.  The landfill cells have been designated as:

• Cell A9-1
• Cell A9-2
• Cell A9-3

The purpose of this CADD is to identify and provide a rationale for the selection of a recomme

corrective action alternative for CAU 453.

The scope of this CADD consists of the following tasks:

• Develop corrective action objectives.

• Identify corrective action alternative screening criteria.

• Develop corrective action alternatives.

• Perform detailed and comparative evaluations of the corrective action alternatives in re
to the corrective action objectives and screening criteria.

• Recommend and justify a preferred corrective action alternative for the CAU.

In June and July 1997, a corrective action investigation was performed that consisted of activit

forth in the Corrective Action Investigation Plan (CAIP) (DOE/NV, 1997).  Subsurface investiga

of the soils surrounding the cells revealed no contaminants of concern (COCs) above prelimin

action levels.  The cell contents were not investigated due to the potential for live UXO.  Detai

concerning the analytical and investigation results can be found in Appendix A of this CADD.
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Based on the potential exposure pathways, the following corrective action objectives have been 

identified for CAU 453:

• Prevent or mitigate human exposure to subsurface soils containing COCs, solid waste, 
UXO.

• Prevent adverse impacts to groundwater quality.

Based on the review of existing data, future land use, and current operations at the TTR, the fo

alternatives have been developed for consideration at the Area 9 UXO Landfill CAU:

• Alternative 1 - No Further Action
• Alternative 2 - Closure in Place by Administrative Controls
• Alternative 3 - Closure in Place by Capping
• Alternative 4 - Clean Closure by Removal

The corrective action alternatives were evaluated based on four general corrective action stan

and five remedy selection decision factors.  Based on the results of this evaluation, Alternative

Closure in Place by Administrative Controls, was selected as the preferred corrective action 

alternative.  The preferred corrective action alternative was evaluated on its technical merits, fo

on performance, reliability, feasibility, and safety.  The alternative was judged to meet all 

requirements for the technical components evaluated and to represent the most cost-effective

corrective action.  The alternative meets all applicable state and federal regulations for closure

site and will reduce potential future exposure pathways to the contents of the landfill.

During corrective action implementation, this alternative will present minimal potential threat to

workers.  However, appropriate health and safety procedures will be developed and implemen
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1.0 Introduction

This Corrective Action Decision Document (CADD) has been prepared for the Area 9 Unexploded 

Ordnance (UXO) Landfill (Corrective Action Unit [CAU] 453) in accordance with the Federal 

Facility Agreement and Consent Order (FFACO) of 1996 that was agreed to by the 

U.S. Department of Energy, Nevada Operations Office (DOE/NV), the Nevada Division of 

Environmental Protection (NDEP), and the U.S. Department of Defense (FFACO, 1996).  The 

CADD provides or references the specific information necessary to recommend possible corrective 

actions for the single Corrective Action Site (CAS), 09-55-001-0952, within CAU 453.

Corrective Action Unit 453 is located at the Tonopah Test Range (TTR), Nevada.  The TTR, 

included in the Nellis Air Force Range, is approximately 255 kilometers (km) (140 miles[mi]) 

northwest of Las Vegas, Nevada (Figures 1-1 and 1-2).  Corrective Action Unit 453 is comprised of 

three individual landfill cells located northwest of Area 9 on the TTR (Figure A.2-1).  The landfill 

cells have been designated as:

• Cell A9-1
• Cell A9-2
• Cell A9-3

1.1 Purpose

This CADD identifies and provides a rationale for the selection of a recommended corrective 

alternative for the CAU.  The need for these alternatives is based on process knowledge and

results of investigative activities conducted in accordance with the Corrective Action Investigation 

Plan for CAU No. 453:  Area 9 Landfill, Tonopah Test Range, Nevada (DOE/NV, 1997).

1.2 Scope

The scope of this CADD consists of the following:

• Develop corrective action objectives.

• Identify corrective action alternative screening criteria.

• Develop corrective action alternatives.
Uncontrolled When Printed
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• Perform detailed and comparative evaluations of corrective action alternatives in relat
corrective action objectives and screening criteria.

• Recommend and justify a preferred corrective action alternative for the CAU.

1.3 CADD Contents

This CADD is divided into the following sections:

Section 1.0 - Introduction:  summarizes the purpose, scope, and contents of this CADD

Section 2.0 - Corrective Action Investigation Summary:  summarizes the investigation field 

activities, the results of the investigation and the need for corrective action.

Section 3.0 - Evaluation of Alternatives:  documents steps taken to determine a preferred corr

action alternative

Section 4.0 - Recommended Alternative:  presents the preferred corrective action alternative 

the rationale for its selection based on the corrective action objectives and alternative screen

criteria

Section 5.0 - References:  provides a list of all referenced documents

All work was performed in accordance with the following documents:

• Corrective Action Investigation Plan for CAU No. 453:  Area 9 Landfill, Tonopah Test 
Range, Nevada (DOE/NV, 1997)

• Industrial Sites Quality Assurance Project Plan (DOE/NV, 1996c)

• Draft, Corrective Action Unit Work Plan, Tonopah Test Range (DOE/NV, 1996a)

• FFACO (FFACO, 1996)

• Project Management Plan, (DOE/NV, 1994)

• Appendix A:  Corrective Action Investigation Report for CAU 453:  Area 9 Landfill, TTR

• Appendix B:  Cost estimates as developed by Bechtel Nevada
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2.0 Corrective Action Investigation Summary

The following sections describe and summarize the results of the investigation activities conducted 

at CAU 453.  For detailed investigation results, please refer to Appendix A.

2.1 Investigation Activities

In June and July 1997, a corrective action investigation was performed that consisted of activities as 

set forth in the Corrective Action Investigation Plan (CAIP) (DOE/NV, 1997).  The purpose of the 

investigation was to identify the nature and extent of contaminants of concern (COCs) beneath the 

landfill cells.  The cell contents were not investigated due to potential live UXO.  The following 

items summarize the investigation activities:

• Drilled 14 boreholes surrounding the landfill for borehole geophysical surveys

• Conducted borehole geophysical and surface-wave surveys to determine landfill dept

• Drilled three vertical borings in undisturbed areas in the landfill vicinity for background
data

• Drilled 11 angled (45°) investigation borings beneath the landfill cells to total vertical 
depths of 7.6 meters (m) (25 feet [ft]) and collected samples for field screening and 
laboratory analysis (Figure A.2-1 in Appendix A shows boring locations)

• Field-screened soil samples using headspace analysis for volatile organic compounds
(VOCs), colorimetric testing for total petroleum hydrocarbons (TPH), and radiological 
screening for alpha and beta/gamma emitters

• Analyzed environmental samples from the investigation borings for total VOCs, 
semivolatile organic compounds (SVOCs), Resource Conservation and Recovery Act 
(RCRA) metals, nitroaromatic and nitroamines, TPH, polychlorinated biphenyls (PCB)
gamma-emitting radionuclides

• Analyzed background samples for total RCRA metals and gamma-emitting radionucli

• Analyzed geotechnical samples from investigation borings for initial moisture content,
bulk density, calculated porosity, saturated/unsaturated hydraulic conductivity, particle
distribution, and water-release curve
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In addition, historical documents, interviews, and process knowledge assisted the potential 

contaminant identification process at each of the landfills (see Appendix A).

2.2 Results

The corrective action investigation results indicated the following:

• No contaminants above preliminary actions levels were identified in soil below the lan
cells.

• Visual inspection and moisture testing indicated that soil below the cells is not saturat
Leachate was not discovered below the cells and is not expected to be present in the
as process knowledge does not indicate the disposal of any hazardous materials to th
landfill.

• Most VOCs were not detected.  Detected VOCs were below the preliminary action lev
outlined in the CAIP (DOE/NV, 1997).  Those detected are all common laboratory 
contaminants.

• Soil sample TPH levels were below the NDEP-established action level of 100 parts pe
million (ppm) in all cells.

• A single SVOC, Bis(2-Ethylhexyl)Phthalate, was detected at a concentration below th
preliminary action level.  It is a common laboratory contaminant.

• Reported levels for all total RCRA metal samples (arsenic, barium, cadmium, chromiu
lead, mercury, selenium, and silver) were below the preliminary action levels establish
the CAIP (DOE/NV, 1997).  The analytical results for all detected metals are indicative
the naturally occurring background levels for this area based on results from the backg
samples collected as part of this investigation.

• No PCBs were detected.

• Radiological results are within preliminary action levels as established in the CAIP.

Details of the methods used and results found during the investigation are presented in Appendix A.

2.3 Need for Corrective Action

Analytes detected during the corrective action investigation were evaluated to determine pot

COCs for CAU 453.  This evaluation did not identify any constituents above applicable regul

limits (i.e., EPA Region 9 Preliminary Remediation Goals Table [EPA, 1996] and Off-site 
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Radiation Exposure Review Project, Phase II Soil Program [McArthur and Miller, 1989]) or 

naturally occurring background levels; therefore, no COCs were identified in the soil beneath the 

landfill.  However, site process knowledge indicates it was used for solid waste disposal, including 

disposal of UXO.  An earlier action to remove exposed debris encountered inert UXO, rocket motor 

casings, rocket motor shipping containers, and construction debris.  Although Cells A9-2 and A9-3 

received waste prior to the regulations pertaining to Class III solid waste facilities (e.g., Nevada 

Administrative Code [NAC] 444 [NAC, 1996a]), Cell A9-1 may have been in operation on the 

effective date of these regulations.  While this landfill was never permitted under these regulations, 

comparison of site conditions with regulatory requirements provides criteria for evaluating the need 

for capping and/or monitoring at the site.  A Class III site is defined as a site which accepts only 

industrial waste (NAC, 1996a).  Under NAC 444.731.3.a, b, and c, the landfill demonstrates all the 

characteristics necessary to qualify for a waiver from the requirements for a Class III site as 

follows:

• All waste placed in the landfill was incidental to the operator’s industrial operations.

• The landfill is located on property controlled by the operator of the industrial operation

• The landfill will not receive any hazardous materials and is unlikely to produce pollutan
contaminants that may degrade waters of the state.

Based on these criteria, a permitted landfill would be eligible for a waiver of both capping and

monitoring requirements.  Therefore, monitoring is not required at the CAU.  Measures shou

taken, however, to prevent inadvertent contact with potentially live UXO.
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3.0 Evaluation of Alternatives

The purpose of this section is to present the corrective action objectives for CAU 453, describe the 

general standards and decision factors used to screen the corrective action alternatives, and develop 

and evaluate a set of corrective action alternatives that could be used to meet the corrective action 

objectives.

3.1 Corrective Action Objectives

The corrective action objectives are media-specific goals for protecting human health and the 

environment.  Based on the potential exposure pathways (see Section 3.1.2), the following 

corrective action objectives have been identified for CAU 453:

• Prevent or mitigate human exposure to subsurface soils containing COCs, solid waste
and/or UXO.

• Prevent adverse impacts to groundwater quality.

3.1.1 Contaminants of Potential Concern

Analytical results obtained from the corrective action investigation were evaluated to determ

COCs for CAU 453.  No constituents were identified in the soil beneath the landfill at 

concentrations above preliminary action levels (see Section A.3.0 of Appendix A).  Therefore, no 

COCs were identified for these soils.  No samples were taken of the cell contents; process 

knowledge does not indicate the disposal of any hazardous materials to the landfill.

3.1.2 Potential Exposure Pathways

As part of the CAIP (DOE/NV, 1997), a conceptual model for CAU 453 was developed which

identified the potential exposure pathway as ingestion of soils under residential and occupat

scenarios (see Figure 3-1 in the CAIP).  This pathway includes inhalation of vapors and derm

contact.  Exposure pathways to contaminants are not considered further because no COCs 

identified.  However, accidents associated with potentially live UXO could result from inadve

intrusion into the landfill cells or from surface activities.
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3.2 Screening Criteria

The screening criteria used to evaluate and select the preferred corrective action alternatives are 

identified in the U.S. Environmental Protection Agency (EPA) Guidance on Resource 

Conservation and Recovery Act Corrective Action Decision Documents (EPA, 1991) and the Final 

Resource Conservation and Recovery Act Corrective Action Plan (EPA, 1994).

Corrective action alternatives will be evaluated based on four general corrective action standards 

and five remedy selection decision factors.  All corrective action alternatives must meet the general 

standards to be selected for evaluation using the remedy selection decision factors.

The general corrective action standards are:

• Protection of human health and the environment
• Compliance with media cleanup standards
• Control the source(s) of the release
• Comply with applicable federal, state, and local standards for waste management

The remedy selection decision factors are:

• Short-term reliability and effectiveness
• Reduction of toxicity, mobility, and/or volume
• Long-term reliability and effectiveness
• Feasibility
• Cost

3.2.1 Corrective Action Standards

The following text describes the corrective action standards used to evaluate the corrective a

alternatives:

Protection of Human Health and the Environment

Protection of human health and the environment is a general mandate of the RCRA statute 

(EPA, 1994).  This mandate requires that the corrective action include any protective measur

are needed.  These measures may or may not be directly related to media cleanup, source co

management of wastes.  The corrective action alternatives are evaluated for the ability to me

corrective action objectives as defined in Section 3.1.
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Compliance with Media Cleanup Standards

Each corrective action alternative must have the ability to meet the proposed media cleanup 

standards as set forth in applicable state and federal regulations (NAC 444 [NAC, 1996a] and 445A 

[NAC, 1996b]).  Preliminary action levels were not exceeded; therefore, only media cleanup 

standards related to NAC 444 apply (NAC, 1996a).  See Section A.3.0 of Appendix A for analytical 

results.

Control the Source(s) of the Release

An objective of corrective action remedy is to stop further environmental degradation by 

controlling or eliminating additional releases that may pose a threat to human health and the 

environment.  Unless source control measures are taken, efforts to clean up releases may be 

ineffective or, at best, will essentially involve a perpetual cleanup.  Therefore, each corrective 

action alternative must use an effective source control program to ensure the long-term 

effectiveness and protectiveness of the corrective action.

Comply with Applicable Federal, State, and Local Standards for Waste Management

During implementation of any corrective action alternative, all waste management activities must 

be conducted in accordance with applicable state and federal regulations (e.g., Nevada Revised 

Statutes 459.400 - 459.600 [NRS, 1995]; RCRA 40 CFR 261 - 281 [CFR, 1996]; 40 CFR 268, 

“Land Disposal Restrictions;” NAC 444, “Solid Waste Disposal” [NAC, 1996a]; and 

NAC 459.9974, “Disposal and Evaluation of Contaminated Soil” [NAC, 1996c]).  The 

requirements for management of the waste, if any, derived from the corrective action will be 

determined based on applicable state and federal regulations, field observations, process 

knowledge, characterization data, and data collected and analyzed during corrective action 

implementation.  Administrative controls (e.g., decontamination procedures and corrective ac

strategies) will minimize waste generated during site corrective action activities.  Decontamin

activities will be performed in accordance with approved procedures as specified in the 

NDEP-approved TTR work plan (DOE/NV, 1996a) and will be designated according to the C

present at the site.
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3.2.2 Remedy Selection Decision Factors

The following describe the remedy selection decision factors used to evaluate the corrective action 

alternatives:

Short-Term Reliability and Effectiveness

Each corrective action alternative must be evaluated with respect to its effects on human health and 

the environment during the construction and implementation phase of the corrective action.  The 

following factors will be addressed for each alternative:

• Protection of the community from potential risks associated with implementation such
fugitive dusts, transportation of hazardous materials, explosion

• Protection of workers during construction and implementation

• Environmental impacts that may result from construction and implementation

• The amount of time until the corrective action objectives are achieved

Reduction of Toxicity, Mobility, and/or Volume

Each corrective action alternative must be evaluated for its ability to reduce the toxicity, mob

and/or volume of the contaminated media.  Reduction in toxicity, mobility, and/or volume refe

changes in one or more characteristics of the contaminated media by the use of corrective m

that decrease the inherent threats associated with that media.

Long-Term Reliability and Effectiveness

Each corrective action alternative must be evaluated in terms of risk remaining at the CAU af

corrective action alternative has been implemented.  The primary focus of this evaluation is o

extent and effectiveness of the controls that may be required to manage risk posed by treatm

residuals and/or untreated wastes.
Uncontrolled When Printed



CAU 453 CADD
Section:  3.0
Revision: 0
Date: 03/06/98
Page 12 of 22

 

ent 
e 

e 
and 
ative.

r each 

ts, as 

onsist 
ls, 
d safety 
es, 

is, 

s and 

tails of 

 

ting 
Feasibility

The feasibility criterion addresses the technical and administrative feasibility of implementing a 

corrective action alternative and the availability of various services and materials needed during 

implementation.  Each corrective action alternative must be evaluated for the following criteria:

• Construction and Operation:  This refers to the feasibility of implementing a corrective
action alternative given the existing set of waste and site-specific conditions.

• Administrative Feasibility:  This refers to the administrative activities needed to implem
the corrective action alternative (e.g., permits, public acceptance, rights of way, off-sit
approval).

• Availability of Services and Materials:  This refers to the availability of adequate off-sit
and on-site treatment, storage capacity, disposal services, needed technical services 
materials, and availability of prospective technologies for each corrective action altern

Cost

Costs for each alternative are estimated for comparison purposes only.  The cost estimate fo

corrective action alternative includes both capital and operation and maintenance (O&M) cos

applicable.  The following is a brief description of each component:

• Capital Costs:  These costs include both direct and indirect costs.  Direct costs may c
of materials, labor, mobilization, demobilization, site preparation, construction materia
equipment purchase and rental, sampling and analysis, waste disposal, and health an
measures.  Indirect costs include such items as engineering design, permits and/or fe
start-up costs, and any contingency allowances.

• Operation and Maintenance:  These costs include labor, training, sampling and analys
maintenance materials, utilities, and health and safety measures.

Costs associated with potential O&M activities are considered to be minimal for all alternative

were, therefore, not estimated.  Cost estimates were developed by Bechtel Nevada (BN); de

the estimated costs for this CADD are provided in Appendix B.

3.3 Development of Corrective Action Alternatives

This section identifies and briefly describes the viable corrective action technologies and the

corrective action alternatives considered for the affected media.  Based on the review of exis
Uncontrolled When Printed
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data, future land use, and current operations at the TTR, the following alternatives have been 

developed for consideration at the Area 9 UXO Landfill CAU:

• Alternative 1 - No Further Action
• Alternative 2 - Closure in Place by Administrative Controls
• Alternative 3 - Closure in Place by Capping
• Alternative 4 - Clean Closure by Removal

The following information supports the protection of groundwater and eliminates the need fo

groundwater monitoring:

• The depth to groundwater at the site is estimated to be 43 meters (m) (131 ft) 
(DOE/NV, 1996a).

• The soil below the cells is native soil consisting of alluvial materials.  The geotechnica
analysis determined that the alluvial/fill material has very low hydraulic conductivity an
soil moisture content within the low range.  Both of these factors limit the migration 
potential through the soils.

• Annual precipitation averages 13 to 15 centimeters (cm) (5 to 6 inches [in.]) at TTR 
(DOE/NV, 1996a).  Annual evaporation is between 147 and 168 cm (58 and 66 in.) 
(DOE/NV, 1996a).  The high evaporation and low precipitation create a negative wate
balance for the area; therefore, no driving force associated with precipitation is availa
mobilize contaminants to groundwater.

• No evidence of COCs above regulatory limits was found in the soils beneath the land
cells.  

• Based on the investigation, the extent of the contamination is limited to the solid wast
the trenches with no identified COCs.  Soil moisture and sampling results show no 
indication of downward migration of contaminants.

• The CAU is located in a government-controlled facility with the potential land use simila
current use.  The TTR is a restricted area that is guarded on a 24-hour, 365-day-per-y
basis; unauthorized personnel are not admitted to the facility.

• No COCs were identified at levels with the potential for a hazard related to fire, vapor,
explosion.  The potential for explosion exists if live UXO is located in the cells.

No other site-specific information is available to substantiate the potential for contaminant 

migration.  Based on this information, neither vadose nor groundwater monitoring is conside

necessary for this site.  
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3.3.1 Alternative 1 - No Further Action 

Under the No Further Action alternative, no corrective action activities will be implemented with 

one exception; the open portion of Cell A9-1 should be backfilled and graded to minimize surface 

depressions.  This alternative is used as a starting point to establish a baseline for comparison with 

the other corrective action alternatives.  This alternative does not meet the corrective action 

objectives because no actions are taken to prevent human contact with the solid waste or the UXO.  

This alternative will not be compared to the other alternatives using the selection decision factors.

3.3.2 Alternative 2 - Closure in Place by Administrative Controls

Administrative controls are used to prevent inadvertent contact with contaminated media.  

Administrative controls would consist of land-use restrictions to prevent intrusive activities.  In 

addition, signs and/or fencing could be used to further restrict access.  The open portion of Cell 

A9-1 should be backfilled and graded to minimize surface depressions.  Administrative controls are 

commonly used and can effectively eliminate potential pathways.  Administrative controls are 

effective because the TTR, which includes CAU 453, is a restricted access facility.  The 

implementation of administrative controls requires the coordination of all entities at a site to ensure 

that the restrictions are enforced.

3.3.3 Alternative 3 - Closure in Place by Capping

Alternative 3 consists of constructing an engineered cap over the landfill to prevent inadvertent 

intrusion to the solid waste and UXO and to protect against detonation accidents associated with 

surface or intrusive activities.  This will include backfilling the open portion of Cell A9-1 and 

grading to minimize surface depressions.

A fence will be constructed and signs will be placed around the perimeter of the landfill to prohibit 

unauthorized access and illegal dumping.  Land-use restrictions will be implemented to prevent 

intrusive activities.

3.3.4 Alternative 4 - Clean Closure by Removal

Alternative 4 consists of removing the solid waste and UXO from the landfill cells and disposing of 

this waste in an approved disposal facility.  If live UXO is found, detonation may be required.  Due 
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to the inherent dangers associated with the handling of UXO, the removal action would be done 

either by hand on a piece-by-piece basis or with remotely operated equipment.  The excavation 

must proceed slowly to reduce the potential for accidents associated with detonation of any UXO.

The excavated areas will be backfilled with uncontaminated soils and recontoured to eliminate 

topographic depressions.  Excavation would be used to remove clean borrow soil from an on-site 

location for placement at the landfills as necessary.

3.4 Evaluation and Comparison of Alternatives

The general corrective action standards and remedy selection decision factors described in 

Section 3.2 were used to conduct a detailed evaluation of each corrective action alternative.  An 

analysis compared each corrective action alternative to the other alternatives.  In this way, the 

advantages and disadvantages of each alternative are assessed in order to select a preferred 

alternative for CAU 453.  Table 3-1 presents a summary of the detailed analysis of the alternatives.  

Table 3-2 presents the comparative analysis of alternatives.  Cost estimate details are provided in 

Appendix B as developed by Bechtel Nevada.  
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Alternative 4
Clean Closure by Removal

P
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• No COCs identified
• Meets corrective action 

objectives
• Potentially, very high risk to 

workers associated with UXO 
removal and detonation

• Low risk to public because of 
remote location and controlled 
access to the TTR

C
C

Complies with media cleanup 
standards

C
R

• No COCs identified below the 
landfill cells

• No indication of migration of 
contaminants below the cells

• Hazardous materials not 
expected in cells based on 
process knowledge

• Solid waste and UXO removed

C
F
L
W .

• Significant volume of waste 
generated

• Will be handled and disposed 
of per applicable standards
Table 3-1
Detailed Evaluation of Alternatives

 (Page 1 of 3)

Evaluation Criteria
Alternative 1

No Further Action

Alternative 2
Closure in Place by 

Administrative Controls

Alternative 3
Closure in Place by Capping

Closure Standards

rotection of Human 
ealth and the Environ-
ent

• No COCs identified
• UXO in landfill
• Does not meet corrective action 

objective of preventing 
inadvertent intrusion into solid 
waste and potential UXO

• No worker exposure associated 
with implementation

• No COCs identified
• Meets corrective action 

objectives
• Prevents inadvertent intrusion 

to landfill
• No worker exposure associated 

with implementation
• Low risk to public because of 

remote location and controlled 
access to the TTR

• No COCs identified
• Meets corrective action 

objectives
• Prevents inadvertent intrusion
• Cover maintenance ensures 

integrity
• High risk to workers during 

implementation because of 
potential for disturbance of live
UXO

• Low risk to public because of 
remote location and controlled
access to the TTR

ompliance with Media 
leanup Standards

Complies with media cleanup 
standards because no COCs were 
identified

Complies with media cleanup 
standards

Complies with media cleanup 
standards 

ontrol the Source(s) of 
elease

• No COCs identified below the 
landfill cells

• No indication of migration of 
contaminants below the cells

• Hazardous materials not 
expected in cells based on 
process knowledge

• No COCs identified below the 
landfill cells

• No indication of migration of 
contaminants below the cells

• Contaminants of concern not 
expected in cells based on 
process knowledge

• No COCs identified below the 
landfill cells

• No indication of migration of 
contaminants below the cells

• Hazardous materials not 
expected in cells based on 
process knowledge

• Cap limits infiltration
• Cap maintenance ensures 

integrity

omply with Applicable 
ederal, State, and 
ocal Standards for 
aste Management

No waste generated • No waste generated
• Minor construction debris and 

sanitary waste may be 
generated by fencing activities.

• No waste generated
• Minor construction debris and 

sanitary waste may be 
generated by fencing activities
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S
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• High risk to workers associated 
with removal of UXO

• Potential for detonation during 
removal

• May require controlled 
detonation for disposal

• Public protected by remote 
location and TTR site access 
controls

R
M

; • No COCs identified under cells; 
no hazardous materials 
expected in cells based on 
process knowledge

• No evidence of migration of 
contaminants beneath cells

• Volume would be reduced by 
segregating the wastes and 
recycling recyclable materials

• Live UXO would be rendered 
inert on site

L
a

• All risk will be eliminated upon 
completion.

• No maintenance required

Alternative 4
Clean Closure by Removal
Remedy Selection Decision Factors

hort-Term Reliability 
nd Effectiveness

Not evaluated • Minimal impacts to workers 
during implementation; 
associated only with 
construction of fence and 
installation of signs

• Public protected by remote 
location and TTR site access 
controls

• Potential for worker risk 
associated with construction of
engineered cap over UXO

• Public protected by remote 
location and TTR site access 
controls

eduction of Toxicity, 
obility, and/or Volume

Not evaluated • No COCs identified under cells; 
no hazardous materials 
expected in cells based on 
process knowledge

• No evidence of migration of 
contaminants beneath cells

• Volume of solid waste not 
reduced

• No COCs identified under cells
no hazardous materials 
expected in cells based on 
process knowledge

• No evidence of migration of 
contaminants beneath cells

• Cap limits infiltration and 
subsequent migration; 
maintenance ensures cap 
integrity

• Volume of solid waste not 
reduced

ong-Term Reliability 
nd Effectiveness

Not evaluated • Controls inadvertent intrusion
• Maintenance of fence required

• Controls inadvertent intrusion
• Maintenance of cap required
• Maintenance of fence required

Table 3-1
Detailed Evaluation of Alternatives

 (Page 2 of 3)

Evaluation Criteria
Alternative 1

No Further Action

Alternative 2
Closure in Place by 

Administrative Controls

Alternative 3
Closure in Place by Capping
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• May require piece-by-piece 
removal or remote control 
equipment

• Very slow process with 
potential for high risk

• Availability of remote control 
equipment for use at site is 
uncertain.

• Will require specially skilled 
workers to handle UXO

• May require detonation of UXO

C $2,796,430

Alternative 4
Clean Closure by Removal
easibility Not evaluated • Easily implementable
• Coordination of all entities is 

necessary to ensure 
compliance

• Suitable capping material and 
installation method will have to
be identified

• Hazards associated with 
construction of cap over UXO

• Coordination of all entities is 
necessary to ensure 
compliance with administrative
controls to prevent intrusion 
into the cells.

ost $94,464 $230,396 $463,564

Table 3-1
Detailed Evaluation of Alternatives

 (Page 3 of 3)

Evaluation Criteria
Alternative 1

No Further Action

Alternative 2
Closure in Place by 

Administrative Controls

Alternative 3
Closure in Place by Capping
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t.  Worker exposure to risks 
ith Alternative 2, to high risk 
rotection of waters of the state 
e not identified.

C
C

C
R

ever, the presence of a source 

C
e
d

te minor construction debris 
 amounts of waste.  All waste 

S
E

 2, to high risk associated with 

R
a

g.  Alternative 4 reduces all 

L
E

tenance over time.

F nd construction methods must 
 availability for significant vol-

ay be difficult to obtain.

C d grade it to minimize surface 
nistrative controls.  Alternative 
 the type of capping material 
 for removal and disposal of 
Table 3-2
Comparative Evaluation of Alternatives

Evaluation Criteria Comparative Evaluation

Closure Standards

rotection of Human Health 
nvironment

Alternatives 2, 3, and 4 meet corrective action objectives; Alternative 1 does no
increases from no risk associated with Alternative 1, to minor risk associated w
associated with Alternative 3, to very high risk associated with Alternative 4.  P
from COCs is not an issue because COCs above preliminary action levels wer

ompliance with Media 
leanup Standards

All alternatives comply with media cleanup standards.

ontrol the Source(s) of the 
elease

Alternatives 3 and 4 would most effectively control the source of a release; how
was not identified.

omply with Applicable Fed-
ral, State, and Local Stan-
ards for Waste Management

Alternative 1 does not generate any waste.  Alternatives 2 and 3 would genera
and sanitary waste during fencing activities.  Alternative 4 generates significant
will be managed and disposed per applicable standards.

Remedy Selection Decision Factors

hort-Term Reliability and 
ffectiveness

Worker exposure to risks increases from minor risk associated with Alternative
Alternative 3, to very high risk associated with Alternative 4.

eduction of Toxicity, Mobility, 
nd/or Volume

Alternative 3 results in a reduction of mobility of any potential COCs by cappin
three parameters by removal from the site.

ong-Term Reliability and 
ffectiveness

Residual risk for all alternatives is low.  Alternatives 2 and 3 require some main

easibility Alternatives 2 and 3 are feasible; for Alternative 3 a suitable capping material a
be identified prior to construction.  Alternative 4 requires disposal capacity and
umes of waste.  Alternative 4 may also require equipment and personnel that m

ost The cost for Alternative 1 is $94,464 to backfill the open portion of Cell A9-1 an
depressions.  The cost for Alternative 2 is $230,396 for implementation of admi
3 is estimated to cost $463,564 for construction of a cap.  Uncertainties include
and construction of a test cap section.  The cost for Alternative 4 is $2,796,430
UXO and other construction debris.
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4.0 Recommended Alternative

Based on the results of the detailed and comparative analysis of the potential corrective action 

alternatives presented in this document, the preferred corrective action alternative selected for 

implementation at CAU 453 is Alternative 2, Closure in Place by Administrative Controls.  

Alternative 2 was chosen for the following reasons:

• No COCs were identified in the soils beneath the landfill; no hazardous materials are k
to have been disposed in the landfill.

• Short-term risks to workers are minimal and considerably lower than for the capping a
removal alternatives.

• Long-term risks are minimized by controlling access to the site.

• Only minimal construction debris and sanitary waste will be generated during fencing 
activities.

• It is easily implementable using existing resources and technologies with minimal 
disturbances to surrounding areas.

• It provides the most cost-effective method for achieving protection and for meeting clo
requirements.

The preferred corrective action alternative was evaluated on its technical merits, focusing on

performance, reliability, feasibility, and safety.  During corrective action implementation, this 

alternative will present minimal potential threat to site workers.  However, appropriate health

safety procedures will be developed and implemented.  The alternative was judged to meet 

requirements for the technical components evaluated.  The alternative meets all applicable st

federal regulations for closure of the site and will reduce potential future exposure pathways

contents of the landfills.

The future use of any land related to this CAU, as described by this CADD, is restricted from

activity that may alter or modify the containment control as approved by the State and identif

the CAU Closure Report or other CAU documentation unless appropriate concurrence is obt

in advance.
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A.1.0 Introduction

The report contained in this appendix presents the investigation activities and analytical results from 

the corrective action investigation conducted at the three individual landfill cells which comprise the 

Area 9 Unexploded Ordnance (UXO) Landfill, Corrective Action Unit (CAU) 453.  The CAU 453 

consists of a single Corrective Action Site (CAS), Number 09-55-001-0952.  The cells are referred to 

as Cells A9-1, A9-2, and A9-3 as presented in Table 3-1 of the Corrective Action Unit Work Plan, 

Tonopah Test Range, Nevada (DOE/NV, 1996a) (hereafter referred to as the TTR Work Plan).  The 

corrective action investigation was conducted in accordance with the requirements set forth in the 

Corrective Action Investigation Plan for CAU No 453:  Area 9 Landfill, Tonopah Test Range 

(DOE/NV, 1997a) as developed under the Federal Facility Agreement and Consent Order 

(FFACO, 1996).

The CAU is located in Area 9 of the Tonopah Test Range (TTR), Nye County, Nevada (see 

Figure 1-1 and Figure 1-2 of the Corrective Action Decision Document).  The landfill cells associated 

with CAU 453 were excavated to receive waste generated from daily operations conducted at Area 9 

and from range cleanups which occurred after weapons testing activities (DOE/NV, 1996a).  The 

landfill cells were operated during different time intervals spanning from the early 1960s 

(Karas, 1993) to approximately 1993 (DOE/NV, 1997a).  Process knowledge regarding the contents 

of the cells is limited due to the unregulated disposal practices commonly associated with early 

landfill operations (DOE/NV, 1997a). 

Additional information relating to the site history, planning, and scope of the investigation is 

presented in the Corrective Action Investigation Plan for CAU No. 453:  Area 9 Landfill, Tonopah 

Test Range (DOE/NV, 1997a) and the TTR Work Plan (DOE/NV, 1996a) and is not repeated in this 

report. 

A.1.1 Project Objectives

The primary objectives for this project were to identify the vertical and lateral extent of possible 

contaminant migration from the landfill cells, to ascertain the potential impact to human health and 
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the environment, and to provide sufficient information and data to develop appropriate corrective 

action alternatives for the landfill.

As part of the Data Quality Objectives (DQO) process outlined in the CAIP (DOE/NV, 1997a), 

potential routes of migration for possible contaminant sources within the landfill cells were proposed.  

The soil surrounding the cells was investigated by conducting a subsurface drilling program and by 

collecting environmental samples for both field screening and laboratory analysis.  To optimize the 

sampling program, the drilling locations were selected based on geophysical results indicating the 

depth and areal extent of the cells.  Because of the potential for live UXO in the cells, no drilling or 

sampling was conducted within the cells.  The following tasks were performed to meet project 

objectives:

• Conducted borehole geophysical and surface seismic surveys to determine the depths 
landfill cells

• Drilled angle (slant) boreholes to investigate soils beneath landfill cells
• Drilled vertical boreholes in undisturbed areas to obtain background data
• Field screened unsaturated soils beneath landfill cells
• Collected environmental samples for laboratory and geotechnical analysis

Eleven slant boreholes were drilled at the three landfill cells to investigate the subsurface soils.

vertical boreholes were drilled in the undisturbed area surrounding the landfill for background 

Hollow-stem auger drilling methods were used for sample collection.  Soil samples were collec

from specified core intervals for laboratory- and field-screening analyses, as well as for detaile

observations and lithologic description of the subsurface soil conditions.

A.1.2 Report Content

This corrective action investigation report is intended to provide information and data in sufficie

detail to support the selection of one of the preferred corrective action alternatives in the CADD

contents of this report are as follows:

• Section A.1.0 describes the investigation background, objectives, and the report content

• Section A.2.0 provides information regarding the field activities and sampling method.

• Section A.3.0 summarizes the results of the laboratory analysis from the investigation 
sampling.
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• Section A.4.0 discusses the quality assurance (QA) and quality control (QC) procedures
were followed as well as the results of the QA/QC activities.

• Section A.5.0 is a summary of the significant results pertaining to the Area 9 Landfill 
corrective action investigation program.

• Section A.6.0 cites the references.

• Attachment 1 includes the soil boring logs and information pertinent to the corrective act
decision process.

To make this report a concise summary, the complete field documentation and laboratory data

including Field Activity Daily Logs, Sample Collection Logs, Analysis Request/Chain-of-Custod

Forms, soil sample descriptions, laboratory certificates of analyses, analytical results, and 

surveillance results are not contained in this report.  These documents are retained in project 

both hard copy files and electronic media and will be supplied upon request.  
   

Uncontrolled When Printed



CAU 453 CADD
Appendix A
Revision:  0
Date: 03/06/98
Page A-4 of A-65

 of 

dar 
e cells 

ical 

et forth 

oved 

d by 

d field 

 by the 
A.2.0 Field Investigation and Sampling Activities

Field investigation and sampling activities were divided into two separate phases.  Because live UXO 

may exist within the landfill cells, the first phase of the field investigation involved determining the 

depths of the landfill cells in order to safely drill beneath the cells.  Two geophysical surveys were 

performed by the University of Nevada, Las Vegas Department of Civil and Environmental 

Engineering and Bechtel Nevada and Powder River Geophysical from June 23 to June 25, 1997, and 

from July 21 to July 31, 1997, respectively.  The second phase of the investigation activities involved 

drilling background and slant borings from August 11 to August 21, 1997, to collect environmental 

and geotechnical samples.  The primary elements of the field investigations and sampling program 

included:

• Conducting a nonintrusive seismic measurement technique called the Spectral Analysis
Surface Waves (SASW) method to determine depth of the cells

• Drilling 14 vertical borings along the sides of the trenches to run Ground Penetrating Ra
Borehole Tomography in two phases across each cell as well as in the area between th
to determine the cell depths

• Drilling three background vertical boreholes and eleven slant investigation boreholes

• Conducting continuous field screening for total petroleum hydrocarbons (TPH), radiolog
constituents, and volatile organic compounds (VOCs)

• Collecting environmental samples for laboratory analysis

• Collecting soil samples directly beneath the landfill cells for geotechnical analysis

• Logging the soil cuttings to assess soil characteristics

The investigation and sampling program was managed in accordance with the requirements s

in the CAIP (DOE/NV, 1997a).  The field activities were performed in accordance with an appr

Site-Specific Health and Safety Plan (IT, 1997b).  The samples were collected and documente

following approved sampling, field activity documentation, sample collection documentation, 

decontamination, chain of custody, shipping, and radiation screening protocols, procedures, an

sampling instructions as indicated in the CAIP (DOE/NV, 1997a).  Quality control samples 

(e.g., field blanks, rinsate blanks, trip blanks, and sample duplicates) were collected as required
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Industrial Sites Quality Assurance Project Plan (QAPP) (DOE/NV, 1996b) and approved procedures 

(IT, 1993).  During field activities, waste minimization practices were followed according to 

approved contractor procedures, including segregation of the waste from the two investigation phases 

and from each cell, segregation of suspected contaminated items from suspected uncontaminated 

items, and separation of personal protective equipment into bags (DOE/NV, 1995).

A.2.1 Site Description and Conditions

The Area 9 Landfill is located along the Area 9 Bypass road northwest of Area 9 on the TTR.  The 

locations of the landfill cells were approximated from information obtained from results of a surface 

geophysical study performed in 1993 (DOE/NV, 1997b), interviews with former and current 

employees, and historical aerial photographs (DOE/NV, 1997a).

A.2.2 Geophysical Activities

The SASW method was conducted by personnel from the University of Nevada, Las Vegas 

Department of Civil and Environmental Engineering.  The SASW method consisted of seismic 

surface wave measurements collected at the three landfill cells and one undisturbed site near the 

landfill.  Bechtel Nevada and Powder River Geophysical performed a Ground Penetrating Radar 

Borehole Tomography survey.  This required fourteen vertical boreholes to be drilled in the native 

soil along the north and south sides of each landfill cell to a minimum vertical depth of 13.7 m (45 ft) 

(see Figure A.2-1).  Based on the results of both studies, the maximum depths of Cells A9-1, A9-2, 

and A9-3 were determined to be approximately 3.0, 2.7, and 2.0 m (9.8, 8.8, and 6.6 ft), respectively, 

from ground surface.  The average shear velocity of the caps ranged from 100 to 150 meters per 

second, and the thickness ranged from 0.2 to 0.3 m (0.6 to 1.0 ft).  The upper surface of the landfill 

covers was loose and unconsolidated, with the exception of the center portion of Cell A9-1, which 

had a hard crust, likely due to natural cementation (Luke et al., 1997).

A.2.3 Sampling Logistics

This section describes the boring locations and sample collection activities for the Area 9 Landfill 

corrective action investigation.
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A.2.3.1 Drilling

The hollow-stem auger method was selected to directionally advance the drill holes beneath the 

landfill cells.  Three vertical background borings and eleven directional investigation borings were 

drilled from ground surface.  The three background borings were each drilled to 7.6 m (25 ft) below 

ground surface (bgs) (Figure A.2-1).  The eleven directional investigation borings were drilled at a 

45-degree angle to a minimum depth at which the borehole intersected the center line of each cell 

beneath the landfill cells (Figure A.2-2).  The borehole locations are shown on Figure A.2-1.

A.2.3.2 Field Screening

Field-screening methods were used to collect semiqualitative data and to determine if drilling should 

continue deeper than the established minimum angle depth of investigation (Figure A.2-2).  Field 

screening was performed at 1.5-m (5-ft) intervals from ground surface for all boreholes including 

those drilled for the downhole geophysical activities.  The screening methods included:

• Radiological screening for alpha and beta/gamma radiation using an Electra and a Lud
Model l19 instrument

• Headspace screening for VOCs using a Photoionization Detector

• TPH screening using the Hanby field testing kit manufactured by Hanby Environmental
Laboratory Procedures, Inc. (phase two investigation activities only)

The field-screening results recorded at the background borehole locations were designated as

“background” levels and used as a baseline for investigation sampling.  The background levels

established by the VOC field screening fluctuated between 0 and 2.8 parts per million (ppm).  

was no TPH detected at the background borings.  The background level for alpha radiation de

from the core and headspace samples was 0 disintegrations per minute (dpm).  Background le

beta radiation fluctuated around 950 dpm; background levels from gamma radiation fluctuated

around 20 microroentgens per hour (µR/hr).

The preliminary action level for TPH field-screening results was established at 100 ppm in 

accordance with the Nevada Division of Environmental Protection screening levels for TPH 

(NAC, 1996).  The preliminary action level for VOC field-screening results was determined to b

20 ppm or 2.5 times background, whichever was higher.  The preliminary action level for radia
   

Uncontrolled When Printed



Uncontrolled When Printed



CAU 453 CADD
Appendix A
Revision:  0
Date: 03/06/98
Page A-9 of A-65

ch 

ened 

liquot 

.

 type, 

er was 

 

ical 

r 

ere 

ths.  

nd 

n a 
monitoring results was established at two times background levels (DOE/NV, 1997a).  

Field-screening preliminary action levels were established to guide the advancement of the borehole 

and to provide a basis for collecting unplanned environmental samples or drilling additional 

boreholes.  

A.2.3.3 Sample Collection

Samples were collected beginning at the bottom depth of the landfill cell and continued to a minimum 

depth at which the boreholes intersected the center line beneath the landfill cells (Figure A.2-3).  Soil 

samples were collected for laboratory and geotechnical analysis using a stainless steel, 0.6-m (2-ft) 

long, California Modified split-barrel (“split-spoon”) sampler fitted with 1.1-centimeter (cm) (3-in

[in.]) brass sleeves for sample retention.  The content of the split-spoon sampler was field scre

for alpha and beta/gamma radiological contamination and VOC contamination prior to sample a

collection.  Sample collection followed the procedures specified in the CAIP (DOE/NV, 1997a)

Upon sample collection, sample labels preprinted with the sample number, sample collection 

date/time, chain-of-custody number, sampling team members, container preservative, medium

and requested analysis were attached to each of the sample containers.  Each sample contain

then sealed with custody tape, wrapped in protective bubble wrap (if applicable), placed into a

ZiplocTM bag, and placed in an iced cooler with a trip blank (if applicable).

A.2.3.4 Background Boreholes

Three vertical boreholes were drilled at undisturbed locations near the Area 9 Landfill (Figure A.2-1) 

to assess the background variability of radiological and inorganic parameters.  Background 

field-screening results for TPH, VOCs, and radiological levels were collected along with analyt

samples for total Resource Conservation and Recovery Act (RCRA) metals and radiological 

parameters.  Field-screening was performed every 1.5 m (5 ft).  Soil samples were collected fo

laboratory analysis from 3.0 and 4.6 m (10 and 15 ft) below ground surface (bgs).  Samples w

collected at these depths to represent background levels at and below the anticipated cell dep

Sample numbers TTR00779 through TTR00784 are associated with the subsurface backgrou

investigation.  Geologic field descriptions were performed by the field geologist and recorded o

Visual Classification of Soil Log (Attachment 1).
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A.2.3.5 Landfill Cell A9-1

Landfill Cell A9-1 is the youngest of the three landfill cells and was operational between 1986 and 

1993 (DOE/NV, 1997a).  In 1995 a voluntary cleanup of the contents of the open portion of Cell A9-1 

was performed by IT Corporation.  Contamination was not observed within the open portion 

(DOE/NV, 1997a).  Four directional boreholes (borehole numbers BH1-1 to BH1-4) were drilled to 

investigate the soil beneath this cell (Figure A.2-1).  Each boring was drilled at a 45-degree angle 

beneath the cell to a minimum vertical depth of 7.6-m (25-ft) bgs (Figure A.2-2).  Borings BH1-2, 

BH1-3, and BH1-4 were drilled from the northwest side of the cell.  Boring BH1-1 was drilled from 

the southeast side of the cell.  Eighteen soil samples were collected from beneath the cell.  Sample 

numbers TTR00819 through TTR00842, including quality control samples, are associated with the 

subsurface investigation.

A.2.3.6 Landfill Cell A9-2

Landfill Cell A9-2 was believed to be operational after the close of Cell A9-3 between 1986 and 

1988, prior to the opening of Cell A9-1 (DOE/NV, 1997a).  Two boreholes (borehole numbers BH2-1 

and BH2-2) were drilled to investigate this cell (Figure A.2-1).  Each boring was drilled at a 

45-degree angle beneath the cell to a minimum vertical depth of 7.6-m (25-ft) bgs (Figure A.2-2).  

Borings were drilled from the southeast side of the cell.  Ten soil samples were collected from 

beneath the cell.  Two contigency boreholes located on the northwest and the southeast sides of the 

cell were not drilled because the field screening results from BH2-1 and BH2-2 indicated no 

contamination.  Sample numbers TTR00843 through TTR00855, including quality control samples, 

are associated with the subsurface investigation.

A.2.3.7 Landfill Cell A9-3

Landfill Cell A9-3 was the first operational cell and is believed to have been in use in the early 1960s 

and closed between 1986 and 1988 (DOE/NV, 1997a).  Five boreholes (borehole numbers BH3-1 to 

BH3-5) were drilled to investigate this cell (Figure A.2-1).  Each boring was drilled at a 45-degree 

angle beneath the cell to a minimum vertical depth of 7.6-m (25-ft) bgs (Figure A.2-2).  Borings 

BH3-1, BH3-3, BH3-4, and BH3-5 were drilled from the southeast side of the cell.  Boring BH3-2 

was drilled from the northwest side of the cell.  Twenty-six soil samples were collected from
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beneath Cell A9-3.  Ten quality control (liquid) samples were collected during investigation activities 

at cell A9-3.  Sample numbers TTR00777, TTR00778, and TTR00785 through TTR00818, including 

quality control samples, are associated with this subsurface investigation. 

A.2.4 Geology

The Area 9 Landfill is located on Cactus Flat within TTR.  Cactus Flat is a northwest-southeast 

elongated, closed basin bounded by exposed Tertiary volcanics.  The Area 9 Landfill is located upon 

a layer of alluvial sediments greater than 200 m (700 ft) thick which is underlain by Tertiary 

volcanics (Ekren et al., 1971).  Surface deposits consist of well-sorted, moderately consolidated 

alluvial silty sands with gravel and cobble sized volcanic detritus.  The soils are typical of lake and 

shoreline deposits found at the TTR and are associated with the Main Lake playa located to the 

southwest of the landfill cells.  Field descriptions were performed by the field geologist for each 

boring and recorded on a Visual Classification of Soil Log (Attachment 1).  Cell contents were not 

investigated because of the potential for live UXO.  The strata encountered below each cell are 

summarized below:

• Cell A9-1
Grades from an unconsolidated, slightly moist to dry, silty sand to a well-sorted, loose s
Gravel becomes prevalent beneath the cell.

• Cell A9-2
Grades from an unconsolidated, slightly moist, silty sand to a well-sorted, loose sand

• Cell A9-3
Grades from an unconsolidated, dry, silty sand to a well-sorted, loose sand.  Lens of 
well-graded gravel were encountered in the center borings.

A.2.5 Hydrology

The Area 9 Landfill lies within an internally drained valley delineated as the Cactus Flat 

Hydrographic Basin.  The overall surface of the Area 9 Landfill is flat, but has a gentle drainag

direction to the west.  The depth to water in Area 9 is approximately 40 m (131 ft) (DOE/NV, 199

No perched water was found around the landfill cells.  Groundwater flow within the basin is gen

to the west/northwest.  
   

Uncontrolled When Printed



CAU 453 CADD
Appendix A
Revision:  0
Date: 03/06/98
Page A-13 of A-65

DQO 

96a) for 

 

with 

ucted 

om 

 

anterra 

rse 

inary 

ts 

e 

ethod 
A.3.0 Investigation Results

The analytical results of samples collected from the Area 9 Landfill CAU have been compiled and 

evaluated to determine the presence and/or extent of contamination.  The analytical results are 

summarized in the following subsections.  The complete laboratory result data packages are available 

in the project files.

During the investigation activities, 57 soil samples and 19 liquid samples were collected and sent in 

for laboratory analysis.  Three soil samples were sent in for geotechnical analysis.  A list of the 

sample numbers (including field duplicate and other quality control samples) and their relationship to 

the boreholes is presented in Table A.3-1. The analytical parameters and laboratory analytical 

methods requested for this investigation are presented in Table A.3-2. The analytical parameters were 

selected through the application of site process knowledge according to the U.S. Environmental 

Protection Agency’s (EPA) Guidance for the Data Quality Objectives Process (EPA, 1994a).  

Preliminary action levels for off-site laboratory analytical methods were determined during the 

process and are based on the EPA Region 9 Preliminary Remediation Goals (PRGs) (EPA, 19

chemical parameters and either background levels or levels listed in the Offsite Radiation Exposure 

Review Project (ORERP) Phase II Soil Program report (McArthur and Miller, 1989) for radiological

constituents.  The results of the DQO process are documented in the CAIP (DOE/NV, 1997a) 

the remainder of the documentation retained in the project files.  Sampling activities were cond

to either confirm or disprove the speculations made in the DQO process.  Samples collected fr

Area 9 Landfill were analyzed by Quanterra Environmental Services in St. Louis, MO, with the

exception of the nitroaromatic and nitroamine samples.  These samples were analyzed by Qu

Environmental Services in Knoxville, TN.  The geotechnical samples were analyzed by Conve

Consultants Southwest, Inc., in Las Vegas, Nevada.

A.3.1 Total Volatile Organic Compound Analytical Results

The total VOC analytical results above method detection limits, along with the associated prelim

action levels, are presented in Table A.3-3 Scrutiny of the laboratory data indicates that constituen

were either not present above the method detection limits or, if present, were present below th

preliminary action levels.  Low levels of acetone and methylene chloride were detected above m
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Table A.3-1
Samples Collected During the Area 9 UXO Landfill

Corrective Action Investigation Activities
 (Page 1 of 2)

Borehole 
Number

Sample 
Number

Sample 
Deptha(feet)

Sample Type
Borehole 
Number

Sample 
Number

Sample 
Deptha(feet)

Sample Type

Cell A9-1 BH2-1 TTR00855 44 Soil

TTR00820 NA Trip Blank BH2-2 TTR00844 29 Soil

TTR00825 NA
Equipment Rinsate 

Blank
TTR00845 32 Geotechnical

TTR00826 NA Trip Blank TTR00846 34 Soil

TTR00831 NA Trip Blank TTR00847 34
Duplicate of 
TTR00846

TTR00841 NA Field Blank TTR00848 39 Soil

TTR00842 NA Trip Blank TTR00849 42 Soil

BH1-1 TTR00819 29 Soil Cell A9-3

TTR00821 34 Soil TTR00777 NA Trip Blank

TTR00822 34 Duplicate of TTR00821 TTR00778 NA Trip Blank

TTR00823 39 Soil TTR00786 NA Trip Blank

TTR00824 44 Soil TTR00787 NA Field Blank

BH1-2 TTR00827 30 MS/MSD TTR00792 NA
Equipment Rinsate 

Blank

TTR00828 35 Soil TTR00793 NA Trip Blank

TTR00829 39 Soil TTR00809 NA Trip Blank

TTR00830 44 Soil TTR00810 NA Trip Blank

BH1-3 TTR00832 29 Soil TTR00811 NA Trip Blank

TTR00833 34 Soil TTR00812 NA Trip Blank

TTR00834 39 Soil BH3-1 TTR00794 20 Soil

TTR00835 44 Soil TTR00795 25 MS/MSD

BH1-4 TTR00836 29 Soil TTR00796 30 Soil

TTR00837 32 Geotechnical TTR00797 35 Soil

TTR00838 34 Soil TTR00798 40 Soil

TTR00839 39 Soil BH3-2 TTR00799 20 Soil

TTR00840 44 Soil TTR00800 20
Duplicate of 
TTR00799

Cell A9-2 TTR00801 25 Soil

TTR00843 NA Trip Blank TTR00802 30 Soil

TTR00850 NA Trip Blank TTR00803 40 Soil

TTR00851 NA
Equipment Rinsate 

Blank 
BH3-3 TTR00804 20 Soil

BH2-1 TTR00852 29 MS/MSD TTR00805 25 Soil

TTR00853 34 Soil TTR00806 30 Soil

TTR00854 39 Soil TTR00807 35 Soil
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detection levels, but below the preliminary action levels.  These samples do not correspond to any 

other elevated constituents detected during this investigation.  These constituents are common 

laboratory contaminants.  An indication of laboratory contamination was an acetone detect of 

140 micrograms per kilogram (µg/kg) (sample number TTR00779) collected from background boring 

BHB-1.  Chloromethane was detected at 10 and 13 µg/kg in sample numbers TTR00810 (a trip blank) 

and TTR00823, respectively.  The toluene detects, each at the method detection limit of 5 µg/kg, 

were detected in samples TTR00783 (a background sample), TTR00790, and TTR00795.  Both the 

chloromethane and toluene detects were well below the preliminary action levels (EPA, 1996a). 

A.3.2 Total Semivolatile Organic Compound Analytical Results

Elevated levels of bis(2-ethylhexyl)phthalate were detected in sample numbers TTR00821, 

TTR00822, and TTR00827 at 630, 1700, and 360 µg/kg, respectively.  None of these levels exceed 

the preliminary action level of 140,000 µg/kg parameters (EPA, 1996a).  Bis(2-ethylhexyl)phthalate 

is recognized as a common laboratory contaminant.

Cell A9-3 BH3-5 TTR00816 30 Soil

BH3-3 TTR00808 40 Soil TTR00817 35 Soil

BH3-4 TTR00785 20 Soil TTR00818 40 Soil

TTR00788 25 Soil Background Borings

TTR00789 30 Soil BH-B1 TTR00779 10 TVD Soil

TTR00790 35 Soil TTR00780 15 TVD Soil

TTR00791 40 Soil BH-B2 TTR00781 10 TVD Soil

BH3-5 TTR00813 20 Soil TTR00782 15 TVD Soil

TTR00814 22 Geotechnical BH-B3 TTR00783 10 TVD Soil

TTR00815 25 Soil TTR00784 15 TVD Soil

aMeasured drilling depth

MS/MSD  =  Matrix Spike/Matrix Spike Duplicate
TVD = True vertical depth
NA = Not applicable

Table A.3-1
Samples Collected During the Area 9 UXO Landfill

Corrective Action Investigation Activities
 (Page 2 of 2)

Borehole 
Number

Sample 
Number

Sample 
Deptha(feet)

Sample Type
Borehole 
Number

Sample 
Number

Sample 
Deptha(feet)

Sample Type
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A.3.3 Total Nitroaromatic and Nitroamine Analytical Results

Total nitroaromatic and nitroamine constituents were not detected above method detection levels.

A.3.4 Total Petroleum Hydrocarbon Results

Total Petroleum Hydrocarbons were not detected in the gasoline and diesel ranges above action 

levels.  

Table A.3-2
Laboratory Analytical Methods Used for

Area 9 UXO Landfill Investigation Samples

Analytical Parameter Analytical Method

Total volatile organic compounds EPA 8260a

Total petroleum hydrocarbons - gasoline and diesel EPA 8015 (modified)a

Total semivolatile organic compounds EPA 8270a

Total nitroaromatics and nitroamines EPA 8330a

Total RCRA metals (arsenic, barium, cadmium, chromium, lead, selenium, silver, and 
mercury)

EPA 6010/7470a

Total polychlorinated biphenyls EPA 8080a

Gamma emitters HASL 300, 4.5.2.3b

Isotopic uranium NAS-NS-3050c

Geotechnical Requirements Method

Initial moisture content ASTMd D 2216

Dry bulk content EMe-110-2-1906

Calculated porosity EMe-110-2-1906

Saturated/unsaturated hydraulic conductivity ASTMd D 5084

Particle-size distribution ASTMd D 422

Water-release (retention) curve ASTMd D 3152

a 
EPA Test Methods for Evaluating Solid Waste, 3rd Edition, Parts 1-4, SW-846 (EPA, 1996b)

b
 Environmental Measurements Laboratory Procedures Manual, HASL-300, U.S. Department of Energy (DOE, 1992)

c
 National Academy of Science, Nuclear Science Series, September 1, 1963

d
 Annual Book of American Society for Testing and Materials (ASTM) Standards, Section 4, “Construction”, Volume 04.08, 
“Soil and Rock (1)”, and Volume 04.09, “Soil and Rock (11)”, 1996

e
 United States Army Corps of Engineers (USACE), Engineer Manual (EM) 1110-2-1906, “Laboratory Soils Testing,” 
Appendix II, 1970
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Table A.3-3
Soil Sample Results for Total Volatile Organic Compounds Detected Above Method 

Detection Limits, Area 9 UXO Landfill, TTR

Borehole 
Number

Sample Number
Sample

Deptha

(feet)

Constituents of Concern in micrograms per kilogram 

(µg/kg)

Acetone Chloromethane
Methylene 
Chloride

Toluene

Preliminary Action Levels (µg/kg) 

(Industrial Soil PRG)
b

8,800,000 2,600 18,000 880,000

BH-B1 TTR00779 10 140 -- -- --

BH-B3 TTR00783 10 -- -- -- 5

BH3-4 TTR00788 25 34 -- -- --

TTR00789 30 81 -- -- --

TTR00790 35 74 -- -- 5

TTR00791 40 180 -- -- --

BH3-1 TTR00795 25 -- -- 5

TTR00798 40 51 -- -- --

BH3-2 TTR00799 20 71 -- -- --

TTR00800 20 85 -- -- --

TTR00801 25 110 -- -- --

TTR00802 30 69 -- -- --

BH3-3 TTR00805 25 -- -- 16 --

BH1-1 TTR00821 34 -- -- 15 --

TTR00822 34 -- -- 15 --

TTR00823 39 -- 13 12 --

TTR00824 44 -- -- 11 --

BH1-2 TTR00828 25 -- -- 8 --

TTR00829 39 -- -- 15 --

TTR00830 44 -- -- 17 --

aMeasured drilling depth
bU.S. Environmental Protection Agency, Region 9 Preliminary Remediation Goals (PRGs) (EPA, 1996a)

--Not detected above method detection levels.
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A.3.5 Total PCB Analytical Results

There were no PCBs detected above method detection limits. 

A.3.6 Total RCRA Metals Results

The total RCRA metals detected above the method detection limits are presented in Table A.3-4.   

The total RCRA metals results were all below the preliminary action levels for the metal constituents 

except for arsenic (EPA, 1996a).  Arsenic was detected above the Industrial PRG (2.4 µg/kg) in many 

samples; however, arsenic was not detected above the maximum background concentration of 

6.8 µg/kg which was detected in background sample TTR00783 collected from BHB-3.  Borehole 

BHB-3 was located approximately 125 m (240 ft) east-southeast of Landfill Cell A9-1.  Based on this 

information, the concentrations of arsenic are believed to be representative of ambient conditions.

A.3.7 Gamma Spectroscopy Results

The gamma spectroscopy results for the TTR Area 9 Landfill soil samples are listed in Table A.3-5.  

The results demonstrate that the concentration of gamma emitters was not different from background 

locations.  In addition, if the gamma spectroscopy results demonstrated radionuclide concentrations 

greater than the preliminary action levels, then uranium-specific analysis of the samples would have 

been performed.  All gamma spectroscopy results are below the preliminary action levels established 

by background sample collection during this investigation and lower than background levels 

established for the State of Nevada (McArthur and Miller, 1989).  As a result, no samples were 

analyzed for isotopic uranium.

A.3.8 Geotechnical Results

A geotechnical sample was collected for each of the landfill cells:  sample TTR00814 from boring 

BH3-5, TTR00837 from boring BH1-4, and TTR00845 from boring BH2-2.  The data were collected 

to provide input for closure options.  The results of the geotechnical observations suggest that the 

subsurface soil is comprised of a fine silt to clay, comprised mostly of silts.  This is typical of alluvial 

materials found near playas at the TTR.  The results of the laboratory analysis of the geotechnical 

samples are presented in Tables A.3-6 to A.3-8.                   
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Table A.3-4
Soil Sample Results for Total RCRA Metal Constituents Detected Above Method 

Detection Limits, Area 9 UXO Landfill, TTR

Borehole
Number

Sample
Number

Sample
Deptha

(feet)

Parameters in milligrams per 
kilogram Borehole

Number
Sample
Number

Sample
Deptha

(feet)

Parameters in
miligrams per kilogram (mg/kg)

Lead Arsenic Barium Chromium Lead Arsenic Barium Chromium

Industrial PRG
b
 (mg/kg) 400 2.4 5300 210 Industrial PRG

b
 (mg/kg) 400 2.4 5300 210

BH-B1 TTR00779 10 TVD 5 4.4 90.3 7.2 BH3-5 TTR00817 35 2.1 2.5 72.9 2.4

TTR00780 15 TVD 2.2 1.5 71.2 2.8 TTR00818 40 7.6 3.4 127 5.4

BH-B2 TTR00781 10 TVD 6.9 3.6 121 9.9 BH1-1 TTR00819 29 5.9 4.3 73.2 6.1

TTR00782 15 TVD 5.4 4 126 6.9 TTR00821 34 6.4 4 85 16.1

BH-B3 TTR00783 10 TVD 7.7 6.8 108 6.3 TTR00822 34 5.1 2.8 119 5.6

TTR00784 15 TVD 3.7 3.5 112 7 TTR00823 39 4.2 3 80.9 6.5

BH3-4 TTR00785 20 3.7 2 84.4 6.9 TTR00824 44 5.3 2.9 119 7.2

TTR00788 25 2.3 1.6 49.2 2.4 BH1-2 TTR00827 30 2.1 1.7 39.4 3.2

TTR00789 30 4.6 3.2 121 8.9 TTR00828 35 4.2 3.2 111 6.1

TTR00790 35 3.2 3 65.9 2.8 TTR00829 39 4 2.4 69.3 42.2

TTR00791 40 3.6 2.8 90.1 13.3 TTR00830 44 3.7 2 85 5.6

BH3-1 TTR00794 20 4.6 4.7 67.6 14.3 BH1-3 TTR00832 29 3.9 4 69.1 7.7

TTR00795 25 2.7 2.1 66.8 3.2 TTR00833 34 3.6 2.2 98.4 5.9

TTR00796 30 3.4 2.2 74.7 7.2 TTR00834 39 5.8 2.8 144 4.3

TTR00797 35 3.9 2.5 88.1 10.1 TTR00835 44 3.9 2.6 83.9 7.5

TTR00798 40 5.6 2.9 153 5 BH1-4 TTR00836 29 3.7 4.8 55.9 8.7

BH3-2 TTR00799 20 3.6 3.7 69.5 6.6 TTR00838 34 2.7 2 61.1 3

TTR00800 20 3.2 3.2 54.6 12.3 TTR00839 39 6.7 1.4 147 14.2

TTR00801 25 2 1.5 49.6 2.5 TTR00840 44 6.6 1.9 120 9.5

TTR00802 30 3.3 2.2 82.5 3.3 BH2-2 TTR00844 29 2.5 1.9 44.5 2.1

TTR00803 40 3.1 2 80.1 6.5 TTR00846 34 4.4 1.6 112 4.2

BH3-3 TTR00804. 20 2.4 1.6 48.3 3.2 TTR00847 34 4.4 1.4 128 6.9

TTR00805 25 4.7 3.2 112 8.4 TTR00848 39 3.8 1.7 93.1 4.8

TTR00806 30 4.4 3.4 90.6 11.2 TTR00849 44 6.6 1.3 108 12.9

TTR00807 35 3.5 2.3 88.6 3 BH2-1 TTR00852 29 4 2.8 89 6.3

TTR00808 40 4.5 2.2 102 6.3 TTR00853 34 1.9 1.6 39.2 5.4

BH3-5 TTR00813 20 4.8 4.3 76.6 7.6 TTR00854 39 6 1.7 147 5.4

TTR00815 25 6 3.5 84.5 11 TTR00855 44 5.8 1.6 137 7.1

TTR00816 30 3.2 1.2 100 4.1

aMeasured drilling depth
bU.S. Environmental Protection Agency, Region 9 Preliminary Remediation Goals (PRGs), 1996 (EPA,1996a)

TVD = True vertical depth
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Table A.3-5
Gamma Spectroscopy Results Detected Above Method Detection Limits,

Soil Sample Results, Area 9 UXO Landfill, TTR
 (Page 1 of 2)

Borehole 
Number

Sample No.
Sample 

Deptha (feet)

Constituents (pCi/g)

Lead-210 Lead-212 Lead-214 Potassium-40 Radium-226 Thallium-208

BH-B1 TTR00779 10 TVD -- 1.58±0.46 -- 36.0±8.1 -- --

TTR00780 15 TVD -- 2.20±0.54 1.84±0.65 36.4±8.2 -- --

BH-B2 TTR00781 10 TVD -- 1.8±0.58 -- 35.6±8.4 -- 0.88±0.33

TTR00782 15 TVD -- 1.84±0.40 1.31±0.47 33.4±7.7 -- 0.67±0.24

BH-B3 TTR00783 10 TVD -- 1.99±0.57 1.56±0.65 34.9±7.7 -- --

BH3-4 TTR00785 20 -- 2.21±0.75 -- 28.2±7.88 -- --

TTR00788 25 -- 2.65±0.72 -- 37.8±8.4 0.72±0.28

TTR00790 35 -- 2.19±0.50 2.00±0.61 30.5±7.42 8.11±4.34 --

TTR00791 40 -- 1.68±0.61 1.95±0.80 35.7±9.3 -- --

BH3-1 TTR00794 20 -- 1.84±0.47 0.96±0.45 30.8±7.8 -- 0.69±0.28

TTR00795 25 -- 2.18±0.51 1.77±0.57 34.1±8.3 -- 0.78±0.35

TTR00796 30 -- 1.58±0.84 1.68±1.04 44.1±10.5 -- --

TTR00797 35 -- -- -- 42.0±11.8 -- --

TTR00798 40 -- 1.47±0.54 1.82±0.62 32.3±7.7 -- --

BH3-2 TTR00799 20 -- 2.00±0.51 1.91±0.65 33.0±9.6 -- --

TTR00800 20 -- 3.90±1.48 -- 52.1±20.5 -- --

TTR00801 25 -- 2.19±0.56 1.68±0.49 33.8±7.1 -- --

TTR00802 30 -- -- -- 34.6±8.1 -- 0.82±0.31

TTR00803 40 -- 2.12±0.49 1.71±0.52 35.0±8.2 -- 0.65±0.32

BH3-3 TTR00804 20 -- 1.74±0.47 1.32±0.49 30.2±7.4 -- --

TTR00805 25 -- 1.75±0.69 1.86±0.61 33.0±8.2 -- --

TTR00806 30 -- -- 2.43±1.11 36.2±10.0 -- --

TTR00807 35 -- 2.24±0.54 1.86±0.64 35.3±7.3 -- --

TTR00808 40 -- 2.12±0.47 2.08±0.53 27.9±7.66 6.43±2.95 --

BH3-5 TTR00813 20 -- 1.74±0.43 -- 32.3±8.1 -- --

TTR00815 25 -- 1.71±0.55 1.73±0.76 29.0±7.4 -- --

TTR00816 30 -- -- -- 34.4±9.6 -- --

TTR00817 35 -- 2.07±0.48 1.36±0.48 32.0±6.9 -- --

TTR00818 40 -- 2.12±0.53 1.64±0.64 31.9±8.0 -- 0.88±0.35

BH1-1 TTR00819 29 -- -- -- 33.4±8.0 -- --

TTR00821 34 -- 1.97±0.55 1.67±0.60 37.1±9.2 -- --

TTR00822 34 -- 1.61±0.61 1.51±0.50 34.9±7.5 -- --

TTR00823 39 -- -- -- 38.4±8.7 -- --

TTR00824 44 -- 2.32±0.56 1.75±0.57 34.6±7.6 -- 0.76±0.31

BH1-2 TTR00827 30 -- 2.27±0.51 -- 31.5±7.3 -- --
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BH1-2 TTR00828 35 -- 1.84±0.46 1.60±0.49 24.6±6.3 -- --

TTR00829 39 -- 1.57±0.47 1.25±0.55 34.3±9.0 -- --

TTR00830 44 -- 1.86±0.49 1.46±0.49 38.2±8.0 -- --

BH1-3 TTR00832 29 7.02±3.57 2.57±0.56 1.14±0.50 27.8±7.6 -- --

TTR00833 34 -- 1.99±0.49 1.72±0.60 32.6±8.0 -- --

TTR00834 39 -- -- -- 34.2±7.8 -- --

TTR00835 44 -- 1.75±0.63 1.58±0.56 32.6±7.1 -- 0.63±0.27

BH1-4 TTR00836 29 -- 2.09±0.49 1.37±0.61 37.6±8.6 -- --

TTR00838 34 -- 2.35±0.52 1.44±0.58 36.5±8.3 -- --

TTR00839 39 -- 1.97±0.66 2.42±0.73 42.1±9.4 -- 0.87±0.33

TTR00840 44 -- -- -- 24.6±6.5 -- --

BH2-2 TTR00844 29 -- -- 1.56±0.53 34.0±8.1 -- --

TTR00846 34 -- 1.96±0.48 1.47±0.53 38.1±7.8 -- 0.88±0.31

TTR00847 34 -- -- -- 29.4±7.2 -- --

TTR00848 39 -- 1.48±0.64 1.26±0.51 32.1±7.0 -- --

TTR00849 44 6.40±3.02 2.28±0.51 1.23±0.52 32.3±8.6 -- --

BH2-1 TTR00852 29 -- 1.66±0.63 1.68±0.54 38.0±7.6 -- 0.58±0.21

TTR00853 34 -- 1.57±0.52 -- 31.7±7.7 -- --

TTR00854 39 -- 2.22±0.56 2.06±0.56 29.0±8.0 -- --

TTR00855 44 -- -- -- 30.0±7.8 -- --

aMeasured drilling depth

pCi/g = Picocurie(s) per gram
TVD = True vertical depth
-- Constituent not detected above method detection limits.

Table A.3-5
Gamma Spectroscopy Results Detected Above Method Detection Limits,

Soil Sample Results, Area 9 UXO Landfill, TTR
 (Page 2 of 2)

Borehole 
Number

Sample No.
Sample 

Deptha (feet)

Constituents (pCi/g)

Lead-210 Lead-212 Lead-214 Potassium-40 Radium-226 Thallium-208
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Table A.3-6
Summary of Particle Size Characterization Using Hydrometer Analysis

Borehole
Number

Sample
 Number

Sample
Deptha

(feet)

d10

(mm)
b

d15

(mm)
d30

(mm)
d50

(mm)
d60

(mm)
d85

(mm)
Cu Cc

Gravel
%

Sand%
Silt & Clay

%

BH3-5 TTR00814 22 c c 0.2 0.4 0.5 1.2 -- -- 1 79 21

BH1-4 TTR00837 32 c c 0.1 0.1 0.2 0.6 -- -- 0 72 27

BH2-2 TTR00845 32 c c 0.1 0.1 0.2 0.3 -- -- 0 84 16

aMeasured drilling depth
bMillimeter(s)
cParticle not detected at specified sieve size (i.e., d10)

d10 = Median particle size
Cu = d60/d10
Cc = (d30)

2
/(d10)(d60)

-- Value not calculated due to no detected sieve value.

Table A.3-7
Summary of Initial Moisture Content, Dry Bulk Density,

Wet Bulk Density, and Calculated Porosity Results

Borehole
Number

Sample Number
Sample
Deptha

(feet)

Initial Moisture Content
Dry Bulk Density

(g/cm
3
)
c

Wet Bulk Density
(g/cm

3
)

Calculated
Porosity

(%)
cGravimetric

(%, g/g)
b

BH3-5 TTR00814 22 9.8 1.52 1.68 32

BH1-4 TTR00837 32 3.2 1.72 1.77 40

BH2-2 TTR00845 32 4.8 1.29 1.35 44

a
Measured drilling depth

bPercent, gram per gram
c
Gram(s) per cubic centimeter

d
Percent
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Table A.3-8 
Summary of Hydraulic Conductivity 

Test Results

Borehole Number Sample Number
Sample Deptha

(feet)
Ksatb

(cm/s)c

BH3-5 TTR00814 22 1.02E-06

BH1-4 TTR00837 32 2.43E-05

BH2-2 TTR00845 32 9.34E-05

a
Measured drilling depth

bSaturated permeability
c
Centimeter(s) per second
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A.4.0 Quality Assurance

The results of quality assurance and quality control activities for the Area 9 Landfill corrective action 

investigation sampling event are summarized in the following text.  Also included is a discussion 

about measurement of the QA/QC objectives and documentation of nonconformances.  The QA/QC 

procedures related to the geotechnical samples and analyses are contained in the Standard 

Specifications for Transportation Materials and Methods of Sampling and Testing (AASHTO, 1995) 

and are not discussed further in this text.  Detailed information on the QA program for this sampling 

event is contained in the Industrial Sites QAPP, Revision 1 (DOE/NV, 1996b).

Quality control results are typically looked at in terms of the five PARCC parameters (precision, 

accuracy, representativeness, completeness, and comparability), as described in the following 

sections.

A.4.1 Precision

Precision is a quantitative measure of the variability of a group of measurements from their average 

value.  Precision is assessed by collecting and analyzing duplicate field samples and comparing the 

results with the original sample.  Precision is also assessed by creating, analyzing, and comparing 

laboratory duplicates from one or more field samples.  Precision is reported as relative percent 

difference (RPD) which is calculated as the difference between the measured concentrations of 

duplicate samples, divided by the average of the two concentrations, and multiplied by 100.  Any 

deviations from these requirements have been documented in project files and explained and the 

related data qualified accordingly.  The qualification process is described in Section A.4.8. 

A.4.2 Accuracy

Analytical accuracy is defined as the nearness of a measurement to the true or accepted reference 

value.  It is the composite of the random and systematic components of the measurement system and 

measures bias in a measurement system.  The random component of accuracy is measured and 

documented through the analyses of spiked samples.  Sampling accuracy is assessed by evaluating the 

results of spiked samples and laboratory control samples.  Accuracy measurements are calculated as 
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percent recovery (%R) by dividing the measured sample concentration by the true concentration and 

multiplying the quotient by 100.

Field accuracy is assessed by confirming that the documents of record track the sample from its 

origin, through transfer of custody, to its disposal.  The goal of field accuracy is for all samples to be 

collected from the correct locations at the correct time, placed in a correctly labeled container with the 

correct preservative, and sealed with custody tape to prevent tampering.  All samples in this sampling 

event were properly collected and forwarded to the laboratory as described above.

A.4.3 Representativeness

Representativeness expresses the degree to which sample data accurately and precisely represent a 

characteristic of a population, parameter variations at a sampling point, or an environmental condition 

(EPA, 1987).  Sample representativeness is achieved through the implementation of a sampling 

program designed to ensure proper sampling locations, number of samples, and the use of validated 

analytical methods.  Representativeness may also be assessed through analysis of duplicate samples.  

Any deviations from these requirements have been documented and explained in project files and the 

related data qualified accordingly.  Representativeness of the samples taken in this sampling event 

was assured by collecting the required samples shown in Chapter A.2.0 and by analyzing them by the 

approved methods shown in Table A.3-2. 

A.4.4 Completeness

Completeness is defined as a percentage of measurements made that are judged to be valid.  A 

sampling and analytical requirement of 80% completeness was established for this project 

(DOE/NV, 1996b).  The Area 9 Landfill sampling data exhibit a high degree of completeness.  The 

sampling and analytical program was executed in accordance with approved field sampling 

instructions (DOE/NV, 1997a).  The specified sampling locations were drilled as planned.  All 

specified samples were collected, and all sample containers reached the laboratory intact and properly 

preserved (if applicable).  For all samples, sample temperature was maintained during shipment to the 

laboratory, and sample chain of custody was maintained during sample storage and/or shipment 

(DOE/NV, 1996b).
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A.4.5 Comparability

Comparability is a qualitative parameter expressing the confidence with which one data set can be 

compared to another (EPA, 1987).  A standardized sampling approach and analytical methodology 

are used to achieve data comparability.  To ensure comparability, the Area 9 Landfill field and 

laboratory activities were performed and documented in accordance with approved contractor 

procedures, and all samples were collected per the CAIP (DOE/NV, 1997).  Approved standardized 

methods and procedures were also used to analyze and report the data (e.g., Contract Laboratory 

Program [CLP] and/or CLP-like data packages).  This approach ensures that the data from this project 

can be compared to other data sets.  Based on the minimum comparability requirements specified in 

the Industrial Sites QAPP (DOE/NV, 1996), all requirements were met. 

Sample handling documentation, laboratory nonconformance reports, and the precision and accuracy 

of quality control sample results were evaluated for their effect on the results of the associated 

environmental soil samples.  The environmental sample results were then qualified according to 

processes outlined in the following section.  Documentation of the data qualifications resulting from 

these reviews is retained in project files as both hard copy and electronic media and will be supplied 

upon request.

A.4.6 Tier I and Tier II Data Evaluations

All laboratory data from samples collected at TTR Area 9 Landfill have been evaluated for data 

quality, according to contractor-approved procedures (DOE/NV, 1996b).  These procedures, 

performed in a tiered process, based upon U.S Environmental Protection Agency data validation 

guidelines and presented in the following text, resulted in modifications to the laboratory-generated 

qualifiers or results.  No data rejected during the data evaluation process were used to draw the 

conclusions presented in Section A.3.0.  Only detections, whether estimated (i.e., J-qualified) or not, 

were used.

The changes resulting from the data evaluation process were documented in project files and were 

summarized in memoranda for each sample delivery group (SDG).  These memoranda are maintained 

with the SDGs in the contractor’s project files and are available for inspection upon request.
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Tier I evaluation for both chemical and radiological analysis examines (but is not limited to):

• Sample count/type consistent with chain of custody 
• Analysis count/type consistent with chain of custody
• Correct sample matrix 
• Significant problems stated in cover letter or case narrative
• Completeness of certificates of analysis (COAs)
• Completeness of CLP or CLP-like packages
• Completeness of signatures, dates, and times on chain of custody
• Condition-upon-receipt variance form included
• Requested analyses performed on all samples
• Date received/analyzed given for each sample
• Correct concentration units indicated
• Correct detection limits achieved
• Electronic data transfer (EDT) supplied
• Results reported for field and laboratory QC samples
• Whether or not the deliverable met the overall objectives of the project

Tier II evaluation for both chemical and radiological analysis examines (but is not limited to):

Chemical:

• Sample date, preparation date, and analysis date for each sample
• Holding time criteria met
• QC batch association for each sample
• Cooler temperature upon receipt
• Sample pH for aqueous samples, as required
• Detection limits properly adjusted for dilution, as required
• Blank contamination evaluated and applied to sample results/qualifiers
• Matrix spike/matrix spike duplicate %R and RPDs evaluated and applied to laboratory 

results/qualifiers
• Field duplicate RPDs evaluated and applied to laboratory results/qualifiers
• Laboratory duplicate RPDs evaluated and applied to laboratory results/qualifiers
• Surrogate %Rs evaluated and applied to laboratory results/qualifiers
• Laboratory control sample (LCS) %Rs evaluated and applied to laboratory results/quali

Radioanalytical:

• Whether or not blank contamination evaluated and applied to sample results/qualifiers
• Whether or not COA is consistent with data package documentation
• QC sample results (duplicates, laboratory control samples, matrix spikes and matrix sp

duplicates) evaluated and applied to laboratory result qualifiers
• Whether or not sample results, error, and minimum detectable activity was evaluated an

applied to laboratory result qualifiers
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• Whether or not the detector system was calibrated to National Institute for Standards an
Technology (NIST) traceable sources 

• Whether or not calibration sources preparation was documented, and whether or not it 
demonstrates proper preparation and was appropriate for sample matrix, emission ene
and concentrations

• Detector system response to daily, weekly, and monthly background and calibration che
for peak energy, peak centroid, peak full width half maximum, and peak efficiency

• Whether or not tracers were NIST-traceable, were appropriate for the analysis performe
had recoveries that met QC requirements

• Whether or not documentation of all QC sample preparation was complete and properly
performed

• Whether or not spectra lines, emissions, particle energies, peak areas, and background
areas support the identified radionuclide and its concentration 

Other data quality considerations that are included in Environmental Protection Agency data re

functional guidelines are evaluated as a Tier III review.  Tier III review of chemical and 

radioanalytical results would include the following additional evaluations.

Chemical:

• Mass spectrometer tuning criteria
• Initial and continuing calibration verification
• Internal standard evaluation
• Organic compound quantitation 
• Inductively coupled plasma (ICP) interference check sample evaluation
• Graphite furnace atomic absorption quality control
• ICP serial dilution effects
• Recalculation of all laboratory results from raw data

Radioanalytical:

• QC sample results (e.g., calibration source concentration, %R and RPD) verified
• Radionuclides and their concentration appropriate considering their decay schemes, hal

and process knowledge and history of the facility and site
• Each identified line in spectra verified against emission libraries and calibration results
• Independent identification of spectra lines, area under the peaks, and quantification of 

radionuclide concentration in a random number of sample results

Tier I and II data evaluations are summarized in a memorandum for each sample delivery grou

showing which results and qualifiers were changed and why these changes were made.  

A Tier III review of five percent of all the analytical data is currently being performed by Lockhe

Analytical Services in Las Vegas, NV.  A report of the findings will be issued and included in th
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project files.  If the Tier III review results in additional qualified results, the conclusions in 

Section A.3.0 will be reexamined and revised accordingly.  If this occurs after the CADD has been 

finalized, a letter stating the changed data will be issued. 

A.4.7 Quality Control Samples

Twenty-five quality control samples (i.e., trip blanks, field blanks, rinsate blanks, matrix spike/matrix 

spike duplicates, and field duplicates) were collected and submitted for laboratory analysis as shown 

in Table A.3-1.  The samples and duplicates were assigned individual sample numbers and sent to the 

laboratory as blind samples.  Additional samples were selected by the laboratory to be analyzed as 

laboratory duplicates.  Documentation related to the collection and analysis of these samples is 

retained in project files and will be supplied upon request.

A.4.7.1 Field Quality Control Samples

All blanks (i.e., field blanks, rinsate blanks, and trip blanks) were analyzed for the parameters listed in 

Table A.3-2 (trip blanks were analyzed for VOCs only) and showed only contamination associated 

with common laboratory contaminants (acetone, methylene chloride, 2-butanone, toluene, and 

phthalate esters as defined in the EPA Functional Guidelines).  These blank detections were used to 

qualify the results of the associated environmental samples according to EPA Functional Guidelines 

(EPA, 1994b; 1994c).  

The EPA Functional Guidelines state that no qualification action is taken if a compound is found in 

an associated blank but not in the sample, or if a compound is found in the sample but not in an 

associated blank.  The action taken when a compound is detected in both the sample and the 

associated blank varies depending upon the analyte involved and is known as “The 5X/10X R

For most VOCs, SVOCs, pesticides, and PCBs, an analyte detected in the sample that was al

detected in an associated blank is qualified as undetected (U) if the sample concentration is le

five times (5X) the blank concentration.  For the common laboratory contaminants (methylene

chloride, acetone, 2-butanone [methylethyl ketone or MEK], toluene, and phthalate esters [esp

bis(2-ethylhexyl)phthalate]), the factor is raised to ten times (10X) the blank concentration.  Th

sample result is elevated to the quantitation limit if it is not already reported at that level.
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For inorganics (metals), sample results greater than the instrument detection limit but less than five 

times (5X) the amount found in an associated blank are qualified as undetected (U).  There are no 

metallic common laboratory contaminants, so there is no “10X Rule” for metals, and the samp

result is never altered.

Documentation of the data qualifications resulting from the application of these guidelines is re

in project files as both hard copy and electronic media and will be supplied upon request.

During the sampling event, three field duplicate soil samples were sent as blind samples to the

laboratory to be analyzed for the investigation parameters listed in Table A.3-2.  For these samples, 

the duplicate results precision (i.e., relative percent differences between the environmental sa

results and their corresponding field duplicate sample results) were compared to criteria set fo

EPA Functional Guidelines (EPA, 1994b; 1994c), and the associated environmental sample re

were qualified accordingly. 

The EPA Functional Guidelines give no required review criteria for field duplicate analyses 

comparability, but allow the data reviewer to exercise professional judgement.  Both detections

nondetections have been qualified as estimated (J and UJ, respectively) if the relative percent

difference between an environmental sample and its field duplicate fell outside established crit

Three field samples were selected for use as MS/MSD samples. The %R of these samples (a 

of accuracy) and the RPDs in these sample results (a measure of precision) were compared to

Functional Guideline (EPA, 1994b; 1994c) criteria, and the results were used to qualify associa

environmental sample results accordingly. 

The EPA Functional Guidelines for review of organic data state that no data qualification actio

taken on the basis of MS/MSD results alone.  The data reviewer exercises professional judgm

considering these results in conjunction with the results of laboratory control samples and othe

criteria in applying qualifiers to the data.  Generally, if recovery criteria are greater than the up

acceptance limit, then positive sample results for the affected compounds are qualified as esti

(J), and nondetections are not qualified.  If recovery criteria are less than the lower acceptance

then positive sample results for the affected compounds are qualified as estimated (J), and 

nondetections are qualified as unusable (R).  The relative percent difference results of matrix 
   

Uncontrolled When Printed



CAU 453 CADD
Appendix A
Revision:  0
Date: 03/06/98
Page A-31 of A-65
spike/matrix spike duplicate samples that fall outside established criteria are applied to qualify 

detections and nondetections as estimated (J and UJ, respectively).

The EPA Functional Guidelines for inorganic data review allow professional judgment to be applied 

in evaluating the results of both matrix spikes and laboratory duplicates.  Generally, if spike 

recoveries are greater than the upper acceptance limit or less than the lower acceptance limit, positive 

results are qualified as estimated (J), and nondetections are either unqualified or qualified as 

estimated (UJ), respectively.  If spike recoveries are grossly low (less than 30%), positive results are 

unqualified, and nondetections are unusable (R).  The relative percent difference between the 

environmental sample and its laboratory duplicate are compared to established criteria to qualify 

detections and nondetections as estimated (J and UJ, respectively).

A.4.7.2 Laboratory Quality Control Samples

Analysis of method QC blanks and laboratory control samples was performed for each parameter 

analyzed by Quanterra Laboratory.  In addition, laboratory duplicate analysis was performed on one 

metals analysis environmental sample per sample delivery group (SDG).  The results of these 

analyses were used to qualify associated environmental sample results according to EPA functional 

guidelines (EPA, 1994b; 1994c).

A.4.8 Field Deficiencies/Nonconformance

During the Area 9 UXO Landfill corrective action investigation activities, no field deficiencies or 

nonconformances were cited.
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A.5.0 Summary

Analysis of the data generated from sampling activities conducted during corrective action 

investigation activities conducted at the Area 9 Landfill indicates the following:

• With the exception of arsenic, the industrial preliminary remediation goal levels were no
exceeded in any of the samples collected from the Area 9 Landfill for total VOCs, total 
SVOCs, TPH (gasoline or diesel), total PCBs, total RCRA Metals, and total 
Nitroaromatics/Nitroamines analyses.

• Arsenic concentrations were detected above the industrial PRG levels in several sampl
collected; however, these concentrations were below the maximum background 
concentrations detected for arsenic.  Based on historical evidence (DOE/NV, 1997a) an
background concentrations, it is felt that arsenic is naturally occurring at these concentra

• Gamma spectroscopy results indicate that there is no uranium contamination in the Are
Landfill.  As a result, samples were not analyzed for isotopic uranium.  All results are be
the preliminary action levels established through background sample collection during t
investigation and background levels established for the State of Nevada (McArthur and
Miller, 1989).  Radionuclide concentrations from the samples collected from beneath th
landfill cells are consistent with concentrations found at background locations. 

• The geologic, hydraulic, and geotechnical results revealed that the soil beneath the Are
Landfill is comprised of a silty, sandy, unconsolidated, unsorted gravel which grades to 
moderately indurated, moderately graded, silty gravel with a low migration potential. 
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