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Executive Summary

This Closure Report has been prepared for Corrective Action Unit 329, Area 22 Desert Rock Airstrip 

Fuel Spill, in accordance with the Federal Facility Agreement and Consent Order (1996).  The 

Corrective Action Unit consists of Corrective Action Site 22-44-01, Fuel Spill.

This report provides justification for closure of Corrective Action Unit 329 based on the results of 

investigative activities conducted in accordance with the Streamlined Approach for Environmental 

Restoration Work Plan for Corrective Action Unit 329:  Area 22 Desert Rock Airstrip Fuel Spill, 

Nevada Test Site, Nevada (DOE/NV, 1999).  Closure of the site requires the following actions:

• Review the current site conditions, including the nature and extent of contamination.
• Document closure of the Corrective Action Unit.

From April 27 through May 12, 2000, corrective action activities were performed as set forth in the 

Streamlined Approach for Environmental Restoration Work Plan (DOE/NV, 1999).  The purpose of 

the corrective action activities is described as follows:

• Identify the presence, distribution, and nature of contaminants of potential concern at the 
Corrective Action Unit.

• Determine the vertical and lateral extent of contaminants of potential concern.

• Provide sufficient information and data to develop appropriate closure activities for the 
Corrective Action Unit.

The following is a brief summary of the corrective action activities and is provided as background 

information. 

• Collected surface soil samples from background locations surrounding the site to establish 
radiological background values. 

• Performed soil-gas sampling and analysis from several depths using previously installed soil 
gas sampling lines.

• Collect soil samples from one location using a rotosonic coring method:

- Conducted field screening for radiological constituents, volatile organic compounds, and 
total petroleum hydrocarbons.
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- Conducted visual field screening.

- Collected environmental samples for laboratory analyses.

- Collected soil samples for bioassessment and geotechnical analyses.

Analytes detected during the corrective action were evaluated against preliminary action levels to 

determine contaminants of concern for Corrective Action Unit 329.  Analysis of the data generated 

from corrective action activities indicates the preliminary action levels were exceeded for total 

volatile organic compounds, total semivolatile organic compounds, and total petroleum hydrocarbons 

in the soil samples.  Contaminants of concern were identified only within the vicinity of the former 

underground storage tank pit.

The evaluation of Nevada Administrative Code 459.9921-.999 (1) (a-k) (NAC, 1998c) supports the 

protection of groundwater from contaminants of concern at Corrective Action Unit 329 and no 

corrective action is required.

The U.S. Department of Energy, Nevada Operations Office provides the following recommendations: 

• No corrective action is required at Corrective Action Unit 329.

• Annual monitoring will be conducted at the site for a period of five years to determine 
degradation rates.

Use restrictions are required to be placed on Corrective Action Unit 329 because the corrective action 

activities showed evidence of soil contamination.  
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1.0 Introduction

This Closure Report (CR) has been prepared for Corrective Action Unit (CAU) 329, Area 22 Desert 

Rock Airstrip Fuel Spill, in accordance with the Federal Facility Agreement and Consent Order 

(FFACO) 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 CAU consists of Corrective Action Site (CAS) 22-44-01, Fuel Spill.

Corrective Action Unit 329 is located at the Nevada Test Site (NTS) Area 22 Desert Rock Airstrip.  

The NTS is approximately 65 miles (mi) northwest of Las Vegas, Nevada (Figure 1-1).  

1.1 Purpose

This report provides justification for closure of CAU 329 based on the results of investigative 

activities conducted in accordance with the Streamlined Approach for Environmental Restoration 

(SAFER) Work Plan for Corrective Action Unit 329:  Area 22 Desert Rock Airstrip Fuel Spill, Nevada 

Test Site, Nevada (DOE/NV, 1999).

1.2 Scope

The scope of this CR is to justify and recommend that no corrective action is required at CAU 329.  

Closure of this site requires the following actions:

• Review the current site conditions, including the nature and extent of contamination.
• Monitor site conditions for closure of the CAU.

1.3 CR Contents

This CR is divided into the following sections:

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

Section 2.0 - Closure Activities:  summarizes the corrective action activities, the results of the 

corrective action activities, and the justification for closure.

UNCONTROLLED When Printed



CAU 329 CR
Section:  1.0
Revision:  0
Date:  08/14/2000
Page 2 of 12

Figure 1-1
Corrective Action Unit 329, Area 22 Desert Rock Airstrip Fuel Spill Site Location Map, Nevada Test Site
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Section 3.0 - Waste Disposition:  identification of waste types encountered and the appropriate 

disposition.

Section 4.0 - Closure Verification results:  description of verification activities and associated results.

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

Appendix A:  Corrective Action Report for CAU 329, Area 22 Desert Rock Airstrip Fuel Spill.

Appendix B:  Preliminary Soil Gas Sampling Results

Appendix C:  Bioassessment Report

Appendix D:  Use Restriction Form

Appendix E:  Closure Verification Analytical Results

Appendix F:  Response to NDEP Comments

All work was performed in accordance with the following documents:

• Streamlined Approach for Environmental Restoration Work Plan for Corrective Action 
Unit 329:  Area 22 Desert Rock Airstrip Fuel Spill, Nevada Test Site, Nevada, Rev. 0 
(DOE/NV, 1999)

• Industrial Sites Quality Assurance Project Plan, Rev. 1, DOE/NV--372 (DOE/NV, 1996b)

• FFACO (FFACO, 1996)

• Project Management Plan, Rev. 0 (DOE/NV, 1994)
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2.0 Closure Activities

The following sections describe and summarize the results of the corrective action activities 

conducted at CAU 329.  For detailed corrective action activities results, please refer to Appendix A.

2.1 Description of Corrective Action Activities

From April 27 through May 12, 2000, corrective action activities were performed as set forth in the 

SAFER Work Plan (DOE/NV, 1999).  The purpose of the corrective action activities is described as 

follows:

• Identify the presence, distribution, and nature of contaminants of potential concern (COPCs) 
at the CAU.

• Determine the vertical and lateral extent of COPCs.

• Provide sufficient information and data to support closure of the CAU.

The following summary of the corrective action activities is provided as background information: 

• Collected surface soil samples from background locations surrounding the site to establish 
radiological background values. 

• Performed soil-gas sampling and analysis from several depths using previously installed soil 
gas sampling lines:

- Results are presented in Appendix B 

• Collected soil samples from one location using a rotosonic coring method: 

- Conducted field screening for radiological constituents, volatile organic compounds 
(VOCs), and total petroleum hydrocarbons (TPH).

- Conducted visual field screening.

- Collected environmental samples for laboratory analyses for total VOCs, total semivolatile 
organic compounds (SVOCs), TPH gasoline, and TPH diesel.

- Collected soil samples for bioassessment and geotechnical analyses.
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2.1.1 Results

Analysis of the data generated from corrective action activities conducted at CAU 329, indicates the 

following:

• The preliminary action levels (PALs) for TPH were exceeded in soil samples collected from 
the CAU 329 site.

• The PALs for total VOCs and total SVOCs were not exceeded in soil samples collected from 
the CAU 329 site.

• The analytical results for the composited soil sample for gamma-emitting radionuclides 
collected from the CAU 329 site were consistent with naturally occurring background 
conditions.

• The geologic conditions from the CAU 329 site revealed soil consisting of alluvial fan 
material composed of poorly-sorted clay, silt, sand, with abundant gravel.  A thin lens of 
caliche was present at one depth interval.

• The bioassessment results indicate that the soil conditions are less than optimal for successful 
bioremediation.

Details of the methods used and results found during the corrective action activities are presented in 

Appendix A.  Based on these results, the corrective actions at the CAU 329 site have been adequately 

completed for closure.

2.1.2 Need for Corrective Action

Analytes detected during the corrective action activities were evaluated against PALs to determine 

contaminants of concern (COCs) for CAU 329.  The COCs were identified within the vicinity of the 

former tank pit.  The following evaluation of Nevada Administrative Code (NAC) 459.9973 (1) (a-k) 

(NAC, 1998) supports the protection of groundwater from COCs at CAU 329:

a. The depth to ground water is approximately 800 feet (ft) (DOE/NV, 1999).  The vertical extent 
of the wetting front from residual saturation was 120 ft in 1989 (REECo, 1991).  The vertical 
extent of contamination was determined to be less than 140 ft.

b. Army Well No. 1 is 2 mi south of the CAU.  Groundwater in this area generally moves to the 
southwest (REECo, 1991).  The likelihood of any impacts to the well is minimal based on the 
removal of the tank in 1992 and the lack of migration.
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c. Surface geology and soils at CAU 329 consist of alluvial fan material composed of 
poorly-sorted clay, silt, sand, and gravel.  See Figure A.2-2 for a more detailed description of the 
soil encountered during drilling activities.  These types of soils are generally unstable and 
cohesionless; however, no problems were encountered during drilling and sampling activities. 

d. Annual precipitation averages 5 inches (in.) and annual evaporation is between 58 and 66 in.  
(DOE/NV, 1996a).  The high evaporation and low precipitation rates create a negative water 
balance for the area; therefore, no driving force associated with precipitation is available to 
mobilize COCs vertically.

e. A total of approximately 18,000 gallons (gals) of Jet-A and JP-4 were reportedly released in the 
late 1980s.  JP-4 is a broad cut, naptha jet fuel similar to kerosene.  The composition of JP-4 is 
approximately 65 percent gasoline and 35 percent light petroleum distillates.  Actual fuel 
constituents will be determined by precursor crude oils and refining processes 
(McKenna et al., 1995).  Jet-A is similar to JP-4.  Both Jet-A and JP-4 are kerosene based 
turbine fuels for aircraft.  Jet-A is a commercial fuel and JP-4 is a military fuel (Coordinating 
Research Council, Inc., 1988).

f. Based on field-screening results and laboratory analytical results, the vertical extent of 
contamination does not extend below 140 ft.

g. Presently, the CAU is located in a government-controlled facility.  The NTS is a restricted area 
that is guarded on a 24-hour, 365-day-per-year basis; unauthorized personnel are not admitted to 
the facility.  The area is identified for the development of a solar energy power-generation 
facility, and light industrial equipment and commercial manufacturing capability 
(DOE/NV, 1996a).  The contaminated area was covered by approximately 18 ft of clean soil and 
gravel after the underground storage tank (UST) was removed, limiting inadvertent contact.

h. Contamination by fuel contaminants in the unsaturated zone exists in four phases:  vapor in the 
pore spaces, sorbed to subsurface solids, dissolved in water, or as residual nonaqueous phase 
liquid.  The nature and extent of transport are determined by the interactions among contaminant 
transport properties (e.g., density, vapor pressure, viscosity, and hydrophobicity) and the 
subsurface environment (e.g., geology).  Typically, after a spill occurs, light nonaqueous phase 
liquids migrate vertically in the subsurface until residual saturation depletes the liquid (Federal 
Remediation Technologies Roundtable, 1997).  The site has reached equilibrium and additional 
migration is not expected.

i. The subsurface contamination is located beneath 16 ft of clean soil and gravel.  The location of 
the former UST is on the south side of the Desert Rock Airport.  The UST has been removed but 
piping and other associated utilities remain in the area.

j. The potential for a hazard related to fire, vapor, or explosion is very low because the 
contamination is located beneath approximately 16 ft of clean soil and gravel.  There are limited 
underground utilities in the area that could confine vapors.  The contamination consists of 
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material that will burn (petroleum hydrocarbons), but would require exposure to fire or flame, 
neither of which are applicable to the buried contaminants at the CAU.

k. The piping system was last used on December 22, 1990, when operation was ceased due to 
electrical problems.  Fuel remaining in the tank was removed through the fill port by aviation 
refueling trucks.  A closure notification form was sent to NDEP stating that the tank was 
pumped out and last used on February 19, 1993.  The UST was removed on January 27, 1994.  
These actions minimized the potential for future release at the site.

2.2 Deviations from SAFER Work Plan as Approved

There were no deviations from the approved SAFER Work Plan.

2.3 Corrective Action Schedule as Completed

The following corrective action activities were conducted:

• April 27, 2000 - Existing soil-gas monitoring points were sampled.  Results were not adequate 
to complete closure activities.  The DOE/NV and NDEP gave direction to drill the borehole.

• May 8 - 12, 2000 - Borehole DRA-0 was drilled in the vicinity of the former tank pit.  The 
maximum depth drilled was 165 ft.  The DOE/NV and NDEP determined that additional 
soil-gas monitoring points needed to be installed.  

• June 30, 2000 - Initial sampling of new soil-gas monitoring points for VOCs, SVOCs, TPH, 
oxygen, carbon dioxide, nitrogen, and methane was conducted.  

2.4 Site Plan/Survey Plat

The current site layout is shown in Appendix A on Figure A.2-1.
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3.0 Waste Disposition

The verified sample results for CAU 329 indicate that the waste generated at the site contains only 

those chemical compounds associated with a petroleum hydrocarbon spill.  No additional hazardous 

substances or radiological constituents were identified.  The waste determination will be completed 

and submitted to Bechtel Nevada Waste Management for review.  The waste will be disposed of as 

sanitary waste, except for the Hanby waste which will be disposed of as hazardous waste. 

Contingent on approval, the waste is expected to be disposed of by August 31, 2000.   Waste 

manifests and disposal documentation will be available subsequent to disposal.
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4.0 Closure Verification Results

The newly installed soil-gas monitoring points in Borehole DRA-0 were sampled on June 30, 2000.  

Samples were collected for analysis of VOCs, SVOCs, TPH, oxygen, carbon dioxide, nitrogen, and 

methane.  The monitoring points will be resampled in approximately 60 days to verify that the site has 

reached equilibrium and determine baseline monitoring conditions.  The exact date will be 

coordinated with DOE/NV, NDEP, and subcontractors prior to conducting sampling activities.  The 

sample locations, depths, and analysis are specified in Table 4-1. 

If analytical results for the second sampling event indicate that the site has reached equilibrium, the 

results will be used as baseline monitoring data.  The equilibrium determination will be based on the 

analytical results for oxygen, nitrogen, carbon dioxide, and TPH.  The results from the first 

monitoring event will be compared to the results of the second monitoring event.  The primary 

indicator for equilibrium will be the TPH results.  If there is less than a 50 percent change from the 

first monitoring event, it will be assumed that the site has reached equilibrium.  The final decision 

will be determined based on the analytical results as discussed with DOE/NV and NDEP.  The annual 

monitoring as specified in the SAFER Work Plan will be conducted in accordance with an approved 

schedule.  Table 4-2 provides a proposed monitoring schedule.  The exact monitoring dates will be 

coordinated with DOE/NV and NDEP.  These dates will be determined based on DOE/NV, NDEP, 

and contractor availability.  If the site has not reached equilibrium as determined from analytical 

results obtained during the baseline monitoring event, another monitoring event will be conducted in 

60 days and the proposed monitoring schedule will be updated.

Table 4-1
Soil Gas Monitoring 

Borehole Depth Analysis

DRA-0 40, 80, 120
VOCs, SVOCs, TPH, oxygen, 

nitrogen, carbon dioxide, methane

DRA-3 50, 75, 120
VOCs, TPH, oxygen, nitrogen, carbon 

dioxide, methane
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4.1 Use Restrictions

Future use of any land related to this CAU is restricted from any activity that may alter or modify the 

contaminant controls as approved by the state, unless appropriate concurrence is obtained in advance.  

Appendix D contains a copy of the use restriction form identifying the surveyed location.

4.2 Recommendations

Based on the results of the closure activities no further action is required at the site.  Therefore, 

DOE/NV provides the following recommendations:

• A Notice of Completion from NDEP is requested for the closure of CAU 329 (Desert Rock 
Airstrip Fuel Spill [CAS 22-44-01, Fuel Spill]).

• CAU 329 should be moved from Appendix III to Appendix IV of the FFACO.

Table 4-2
CAU 329 Proposed Monitoring Schedule

Monitoring Event Scheduled Date

Preliminary Monitoring June 30, 2000

Baseline Monitoring August 28 - 31, 20001,2

1st Annual Monitoring August 27 - 30, 20012

2nd Annual monitoring August 26 - 29, 20022

3rd Annual Monitoring August 25 - 28, 20032

4th Annual Monitoring August 23 - 26, 20042

5th Annual Monitoring August 29 - September 1, 20052

1If the site has not reached equilibrium as determined from analytical results obtained during the baseline monitoring event 
another monitoring event, will be conducted in 60 days and the proposed monitoring schedule will be updated.

2Exact monitoring date to be determined based on DOE/NV, NDEP, and contractor availability. 
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A.1.0 Introduction

This appendix presents closure activities and analytical results for CAU 329, Area 22 Desert Rock 

Airstrip Fuel Spill, at the NTS.  This CAU includes CAS 22-44-01, Fuel Spill (FFACO, 1996).  The 

corrective action activities were conducted in accordance with the SAFER (DOE/NV, 1999), as 

developed under the FFACO (1996).

The Desert Rock Airstrip consisted of the single runway, several portable buildings, three USTs  

storing jet fuel, and plumbing to several refueling areas on the ramp.  The 25,000-gal tank, 

22-DRA-3, was installed in 1980 and was the only tank to have a recorded leak.  The tank was bedded 

in sand and gravel; the base of the tank was 16 ft below the surface.  This was confirmed during the 

drilling of Borehole DRA-0.  Three spills (over 18,000 gals) of jet fuel were recorded at this tank 

from 1985 to 1989.  

The CAS area is contaminated by fuel spills from the UST 22-DRA-3.  The tank was emptied and 

removed by January 1994 and soil samples were collected as required by federal UST regulations 

(40 Code of Federal Regulations [CFR] Part 280) (CFR, 1998) and state UST regulations  

NAC 459.9921-459.999) (NAC, 1998b).  Those samples indicate the presence of hydrocarbons in 

soil that exceed the State of Nevada action levels (NAC 459.9973) (NAC, 1998b).  Additional 

information regarding the history of this site, planning, and the scope of the corrective action 

activities is presented in the SAFER Work Plan (DOE/NV, 1999) and will not be repeated in this 

report.  

This CAU was investigated because process knowledge indicated that the subsurface soils in the 

vicinity of the UST 22-DRA-3 were impacted by releases containing COPCs generated by refueling 

activities associated with Desert Rock Airstrip operations.  This report provides the results for 

sampling the contaminated soil and soil-gas for closure of the site under regulatory compliance.

A.1.1 Project Objectives

The primary objectives of the corrective action activities were as follows:

• Identify the presence and the vertical and lateral extent of COPCs.
• Provide sufficient information and data to support closure of the CAU.

UNCONTROLLED When Printed



CAU 329 CR
Appendix A
Revision:  0
Date:  08/14/2000
Page A-2 of A-28

The selection of soil sample locations for the site was based on site conditions and the strategy 

developed during the Data Quality Objectives (DQO) process as outlined in the SAFER Work Plan 

(DOE/NV, 1999). 

A.1.2 Report Content

This report contains information and data in sufficient detail to support the selection of no further 

action in the CR.  The contents of this report are as follows:

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

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

• Section A.3.0 summarizes the results of the laboratory analyses from the sampling activities.

• Section A.4.0 discusses the quality assurance (QA) and quality control (QC) procedures that 
were followed and the results of the QA/QC activities.

• Section A.5.0 is a summary of the corrective action results for CAU 329.

• Section A.6.0 provides the cited references.

The complete field documentation and laboratory data, including Field Activity Daily Logs, Sample 

Collection Logs, Analyses Request/Chain-of-Custody Forms, soil sample descriptions, laboratory 

certificates of analyses, analytical results, and surveillance results are retained in project files.
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A.2.0 Field Corrective Action and Sampling Activities

The following is a brief summary of the Corrective Action activities and is provided as background 

information: 

• Collected surface soil samples from background locations surrounding the site to establish 
radiological background values. 

• Performed soil-gas sampling and analysis from several depths using previously installed soil 
gas sampling lines:

- Results are presented in Appendix B. 

• Collected soil samples from one location using a rotosonic coring method: 

- Conducted field screening for radiological constituents, VOCs, and TPH.

- Conducted visual field screening.

- Collected environmental samples for laboratory analyses.

- Collected soil samples for bioassessment and geotechnical analyses.

The field activities were conducted in several stages.  Purging, sampling, and field-screening the 

existing soil-gas lines was conducted on April 27, 2000.  Results are provided in Appendix B.

Advancing a rotosonic boring (DRA-0) to a depth of 165 ft below ground surface (bgs) occurred from 

May 8 through 12, 2000.  The objectives of this boring were to collect soil samples for laboratory 

analyses and install soil-gas monitoring lines.  During the field activities, soil removed from the 

boring was either drummed or returned nearest to its original location within the borehole.  Soil-gas 

monitoring points were installed at 40 ft, 80 ft, and 120 ft bgs within the borehole.  The soil gas points 

were centered in a 10-ft long sand pack.  Materials were tremied into the borehole to prevent bridging 

during emplacement.  The top of each interval was measured using a weighted tape measure to verify 

proper placement.  Initial purging, sampling, and field screening of the new soil-gas monitoring lines 

installed in Boring DRA-0 occurred on June 30, 2000.
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The field activities and sampling program was managed in accordance with the requirements set forth 

in the SAFER Work Plan (DOE/NV, 1999).  The field activities were performed in accordance with 

an approved site-specific health and safety plan (IT, 2000).  The samples were collected and 

documented by following approved sampling procedures.  Quality control samples (e.g., field blanks, 

equipment rinsate blanks, trip blanks, and sample duplicates) were collected as required by the 

Industrial Sites Quality Assurance Project Plan (QAPP) (DOE/NV, 1996) and approved procedures.  

During field activities, waste minimization practices were followed according to approved 

procedures, including segregation of the waste by waste stream. 

A.2.1 Site Descriptions and Conditions

The Desert Rock Airstrip is located about one-mile southwest of Mercury, Nevada, the main support 

area for the NTS (Figure 1-1).  Corrective Action Unit 329, Area 22 Desert Rock Airstrip Fuel Spill 

(CAS 22-44-01) is located west of the control tower at the Desert Rock Airstrip in Area 22 of the 

NTS.  Several fuel spills resulted from a leak from the transfer pump after seal-failure.  The spills 

occurred approximately 675 ft west of the control tower.  The remaining pipelines for the tank are 

approximately 54 ft north of the wooden shed and 10 ft east of the metal shed housing the pump 

manhole.

During the field activities, the weather conditions at the site were generally sunny and hot.  Sampling 

activities were halted on one afternoon because of high wind gusts.

Soil conditions at the site were suitable for the purpose of sample collection.  A caliche layer was 

encountered within Borehole DRA-0 at 58 to 60 ft bgs; however, no sampling horizons had to be 

adjusted due to difficult drilling conditions.

A.2.2 Soil-Gas Sampling

Soil-gas field screening was conducted prior to drilling activities to determine site conditions and the 

serviceability of existing soil-gas lines.  The existing boreholes sampled include DRA-3, DRA-5, 

DRA-7, and DRA-8 (Figure A.2-1).  Soil-gas lines for DRA-9 were still intact but were not field 

screened.  The soil-gas was sampled to monitor natural attenuation in the contaminated area using the 

existing soil-gas sampling equipment.  Additional soil-gas monitoring equipment was installed in 

UNCONTROLLED When Printed



CAU 329 CR
Appendix A
Revision:  0
Date:  08/14/2000
Page A-5 of A-28

Figure A.2-1
Corrective Action Unit 329 Site Map Showing Location of Instrumented Boreholes
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Borehole DRA-0 and soil-gas screening was performed after drilling and soil sampling was 

completed.  Soil-gas was field screened using a Landtec GA 90TM analyzer for VOCs, oxygen, carbon 

dioxide, and methane.  All sampling was conducted in accordance with the Decision Logic Diagram 

shown in Figure 1-2 of the SAFER Work Plan (DOE/NV, 1999).  See Appendix B for additional 

information regarding the preliminary soil-gas survey results.  

A.2.3 Rotosonic Soil Sampling

After soil-gas sampling, a borehole (DRA-0) was drilled through the location of the former 

25,000-gal fuel tank (see Figure 2-1 of the SAFER Work Plan) with a rotary sonic drill rig 

(Figure A.2-2).  The depth of the borehole was 165 ft bgs.  Soil samples were collected at 20-ft 

intervals and field screened.  After field screening, soil samples were placed into appropriate sample 

containers, sealed, and labeled.  Upon completion of drilling DRA-0, selected samples were shipped 

to the laboratory and analyzed for total VOCs, total SVOCs, TPH-diesel oil, and TPH-gasoline.  A 

composited sample was submitted for gamma-emitting radionuclides for waste management 

purposes.  Bioassessment analysis was also performed on several soil samples.  

A.2.4 Field Screening

Two consecutive “clean” samples, as measured by field-screening methods, were collected to define 

the lower limits of the impacted soils.  Field screening and surveys were performed as specified in the 

SAFER Work Plan (DOE/NV, 1999).  Soil samples were field screened every 20 ft by the sampling 

team for:

• VOCs using a Hnu® photoionization detector

• TPH screening using a colorimetric field testing kit manufactured by Hanby Environmental 
Laboratory Procedures, Inc., if VOC field-screening levels (FSLs) were exceeded  

• Radiation using an NE Technologies Electra for alpha and beta emitters

Field-screening results were used to guide sample collection and analyses.  The FSL for VOCs was 

20 parts per million (ppm).  The FSLs for radiation monitoring results were established as the average 

activity of 20 background samples plus two times the standard deviation of the average activity of the 
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20 background samples.  The FSL was established at 24 disintegrations per minute (dpm)/100 square 

centimeters (cm2) for alpha and 973 dpm/100 cm2 for beta.  

The soil did not exceed FSLs for radiation; however, FSLs were exceeded for VOCs and TPH and the 

results are shown on Figure A.2-2.

A.2.5 Sample Collection

Soil sample collection was performed as specified in the SAFER Work Plan (DOE/NV, 1999).  

During drilling, the soil sample was transferred from the plastic core barrel liner to the sampling 

table, opened and screened for alpha, beta, and VOCs prior to collecting samples.  Samples were 

collected in appropriate containers, temporarily marked with sample label information, sealed with 

custody tape, and placed in an iced cooler with a trip blank (if applicable).  Volatile samples (VOCs, 

and headspace field screening) were collected immediately after the required radiation field 

screening.  The remaining samples were collected after soil was homogenized in a stainless steel 

bowl. 

After samples were identified as laboratory samples, labels with the sample number, sample 

collection date/time, sampling team members, container preservative, medium type, and requested 

analyses were attached to each of the containers.  Each sample container was then wrapped in 

protective bubble wrap (if applicable), placed into a sealable bag, and stored in an iced cooler with a 

trip blank (if applicable).  Sample media not submitted to the laboratory was disposed of in 

appropriate waste containers.  Soil descriptions were recorded on a Sample Collection Log and are 

retained in project files.

A.2.6 Waste Management

Investigation-derived waste (IDW) was segregated into the following waste streams:

• Personal protective equipment (PPE) and sampling equipment that contacted potentially 
contaminated media

• Decontamination rinsate that contacted potentially contaminated media

• Plastic and minor amounts of soil from the decontamination pad
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• Soil, absorbent material, and PPE contaminated with hydrocabons

• Absorbent material from drill rig oil spill

• Hanby waste

Soil and debris incidental to sample collection (e.g., soil cuttings, discarded sample media) was 

drummed for disposal.  Hazardous waste (Hanby) generated during site operations was drummed and 

labeled as such.  All waste was transferred to the Hazardous Waste Accumulation Area daily.  The 

IDW was documented in the waste management logbook.

A.2.7 Geology

Surface geology and soils at CAU 329 consist of alluvial fan material composed of poorly-sorted 

clay, silt, sand, and gravel.  See Figure A.2-2 for a more detailed description of the soil encountered 

during drilling activities.  These types of soils are generally unstable and cohesionless; however, no 

problems were encountered during drilling and sampling activities. 

A.2.8 Hydrology

Groundwater beneath CAU 329 is not expected to be impacted by COPC migration due to the depth 

to groundwater.  Depth to groundwater in Mercury Valley ranges from 800 to 1,100 ft bgs (Winograd 

and Thordarson, 1975; Robie et al., 1995).  Groundwater flow is generally to the southwest and may 

discharge at Ash Meadows (Laczniak et al., 1996).  There are no perennial surface water sources that 

would impact the CAU 329 site.  However, the site could potentially be impacted by ephemeral 

drainage due to localized flooding.
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A.3.0 Corrective Action Results

The analytical results of samples collected from the CAU 329 corrective action activities have been 

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

results above the minimum reporting limits are summarized in the following subsections.

During corrective action activities, 12 samples were submitted to Paragon Analytical Services, Fort 

Collins, Colorado, for laboratory analysis.  Radiological analyses were also performed by Paragon 

Analytical Services for waste management purposes only. 

A list of the sample numbers and their relationship to the sample depths is presented in Table A.3-1.  

Two samples were collected for geotechnical analysis and three samples for bioassessment analysis.  

The geotechnical samples have not been submitted as coordinated with DOE/NV and NDEP.  The 

bioassessment results are included in Appendix C.  A Tier III review of at least five percent of the 

sample analytical data will be performed by TechLaw, Inc. in Lakewood, Colorado.  The analytical 

parameters and laboratory analytical methods requested for the corrective action activities 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’s) Guidance for the Data Quality Objectives 

Process (EPA, 1994b).  Preliminary action levels for off-site laboratory analytical methods were 

determined during the DQO process and are documented in the SAFER Work Plan (DOE/NV, 1999).  

Sampling activities were conducted to confirm or disprove assumptions (i.e., models outlined in 

SAFER Work Plan) made in the DQO process (DOE/NV, 1999).       

A.3.1 Total Volatile Organic Compound Analytical Results

The total VOC analytical results detected above minimum reporting limits established in the SAFER 

Work Plan (DOE/NV, 1999), along with the associated PAL, are presented in Table A.3-3.  The 

laboratory VOCs results indicate that contaminants were present below the PAL as established in the 

SAFER Work Plan for petroleum hydrocarbons (DOE/NV, 1999).     
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Table A.3-1
Samples Collected and Analyzed at the CAU 329 Corrective Action Activities

Borehole
Sample 
Number

Depth Below 
Ground 

Surface (ft)
Matrix Sample Type Analyses

DRA-0 DRA0001S 20-22.5 Soil Environmental Set 1

DRA-0 DRA0002S 40-42.5 Soil
Environmental/
Bioassessment

Set 1, 2

DRA-0 DRA0003S 60-62.5 Soil
MS/MSD

Environmental
Set 1

DRA-0 DRA0004S 80-82.5 Soil
Environmental/
Bioassessment

Set 1, 2

DRA-0 DRA0006S 120-122.5 Soil
Environmental/
Bioassessment

Set 1, 2

DRA-0 DRA0007S 140-142.5 Soil Environmental Set 1

DRA-0 DRA666S NA Soil Composite
gamma 

spectrometry

DRA-0 DRA00031S 61 Soil
Field Duplicate of 

DRA0003S 
Environmental

Set 1

DRA-0 DRA201 NA Water Field Blank Set 1

DRA-0 DRA203 NA Water
Equip. Rinsate - 

Core Barrel
Set 1

DRA-0 DRA204 NA Water Trip Blank Set 1

DRA-0 DRA205 NA Water Source Blank Set 1

DRA-0 DRA300S 65-66.5 Soil Geotechnical Set 3

DRA-0 DRA301S 125-126.5 Soil Geotechnical Set 3

Set 1:  Analytical parameters are total VOC, total SVOC, TPH-Gasoline, TPH-Diesel/Oil.
Set 2:  Analytical parameters are soil pH and moisture, background nutrient concentrations, microbial enumerations, and microbial 

stimulation test.
Set 3:  Analytical parameters are initial moisture content, dry bulk density, calculated porosity, saturated hydraulic conductivity, 

unsaturated hydraulic conductivity, and particle size distribution.

MS/MSD = Matrix spike/matrix spike duplicate
NA = Not Applicable
VOC = Volatile organic compounds
TPH = Total petroleum hydrocarbons
SVOC = Semivolatile organic compounds
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A.3.2 Total Semivolatile Organic Compound Analytical Results

The total SVOCs detected in soil above the minimum reporting limits established in the SAFER Work 

Plan (DOE/NV, 1999) are presented in Table A.3-4.  The laboratory SVOCs results indicate that 

contaminants were present below the PAL as established in the SAFER Work Plan for petroleum 

hydrocarbons (DOE/NV, 1999). 

A.3.3 Total Petroleum Hydrocarbon Results

The TPH detected in soil in the gasoline and diesel range above the minimum reporting limits 

established in the SAFER Work Plan are presented in Table A.3-5 (DOE/NV, 1999).  The laboratory 

TPH results indicate that contaminants were present above the PAL as established in the SAFER 

Work Plan for petroleum hydrocarbons (DOE/NV, 1999).   

Table A.3-2
Laboratory Analytical Methods Used for Samples Collected at the
CAU 329 Area 22 Desert Rock Airstrip Fuel Spill, Nevada Test Site

Analytical Parameter Analytical Method

Total volatile organic compounds EPA 8260Ba

Total semivolatile organic compounds EPA 8270Ca

Total petroleum hydrocarbons - diesel range EPA 8015B (modified)a

Total petroleum hydrocarbons - gasoline range EPA 8015B (modified)a

Gamma-emitting radionuclides L-E10.602.PCb, c

SOP 739/713b, d

Bioassessment Parameters Method

Soil pH and moisture

Laboratory specific
Background nutrient concentrations

Microbial enumerations

Microbial stimulation test

aEPA Test Methods for Evaluating Solid Waste, Physical/Chemical Methods, 3rd Edition, Parts 1-4, SW-846 (EPA, 1996)
bOr equivalent laboratory method
cBechtel Nevada, Analytical Services Laboratory Procedures Manual  (BN, 1998)
dParagon Analytics, Inc., Standard Operating Procedures Manual  (PAI, 1998)
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Table A.3-3
Soil Sample Results for Volatile Organic Compounds Detected Above Minimum Reporting Limits,

CAU 329 Desert Rock Airstrip Fuel Spill

Sample
Location

Sample
No.

Start 
Depth

(ft)

End 
Depth

(ft)

Contaminants of Potential Concern (µg/kg)
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Preliminary Action Levelsa 170,000 70,000 230,000 520,000 580,000 550,000 550,000 190,000 280,000 NI 410,000 520,000

DRA-0

DRA0001S 20 22.5 2,600 3,400 -- -- 1,400 4,400 1,300 (J)c -- -- 3,200 2,600 --

DRA0002S 40 42.5 17,000 7,700 1,800 1,500 5,700 7,200 4,200 4,600 (B)d -- 3,900 3,500 --

DRA00031S 60 62.5 56,000 18,000 4,300 3,500 18,000 13,000 9,300 27,000 (B)d 2,700 6,900 6,600 --

DRA0003S 60 62.5 76,000b 22,000 6,000 4,400 25,000 15,000 11,000 36,000 (B)d 2,500 7,500 7,500 --

DRA0004S 80 82.5 15,000 21,000 6,500 4,900 8,200 16,000 13,000 43,000 (B)d 13,000 8,900 8,600 --

DRA0006S 120 122.5 51,000 15,000 3,800 2,800 15,000 14,000 8,700 35,000 (B)d 8,100 7,100 6,300 1,700

aU.S. Environmental Protection Agency Region 9, Industrial Preliminary Remediation Goals (PRGs) (EPA, 1998)
bDiluted value
c Value above method detection limit (MDL) but below contract-required detection limit (CRDL)
dBlank contamination

µg/kg = Micrograms per kilogram
ft = Feet
NI = Not identified
-- = Not detected above minimum reporting limit
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A.3.4 Gamma Spectrometry Results

The gamma spectrometry results detected in soil above the minimum reporting limits, as specified in 

the SAFER Work Plan (DOE/NV, 1999), were not distinguishable from background concentrations 

listed in the Off-Site Radiation Exposure Review Project (McArthur and Miller, 1989) or the 

Environmental Monitoring Report for the Proposed Ward Valley California Low-Level Radioactive 

Waste (LLRW) Facility (Atlan-Tech, 1992).

A.3.5 Bioassessment Results

A bioassessment was performed on three soil samples to investigate the feasibility of using 

bioremediation at CAU 329 (Appendix C).  Bioassessment is a series of tests designed to evaluate the 

physical, chemical, and microbial characteristics of a site.  The bioassessment consisted of a 

determination of nutrient availability, pH, microbial population density, and the ability of the 

microbial populations to grow under enhanced conditions.  Based on the results of the bioassessment, 

Table A.3-4
Soil Sample Results for Semivolatile Organic Compounds Detected Above 

Minimum Reporting Limits, CAU 329 Desert Rock Airstrip Fuel Spill

Sample
Location

Sample
No.

Start Depth
(ft)

End
Depth

(ft)

Contaminants of Potential Concern (µg/kg)

2-Methylnaphthalene Naphthalene

Preliminary Action Levelsa NI 190,000

DRA-0

DRA0002S 40 42.5 1,090 --

DRA00031S 60 62.5 24,000 (J)b, c 9,900 (J)b, c

DRA0003S 60 62.5 18,000 7,200

DRA0004S 80 82.5 22,000 (J)b, c 11,000 (J)b, c

DRA0006S 120 122.5 27,000 (J)b, c 14,000 (J)b, c

aU.S. Environmental Protection Agency Region 9, Industrial Preliminary Remediation Goals (PRGs) (EPA, 1998)
bMatrix effects may exist 
cSurrogates diluted out 

J = Estimated value
µg/kg = Micrograms per kilogram
ft = Feet
-- = Not detected above minimum reporting limit
NI = Not identified
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soil conditions are marginally suitable for bioremediation of contaminated soil at CAU 329.  The 

results of the bioassessment are summarized below:

• The pH is slightly above the optimal range for bioremediation.

• The natural microbial populations for heterotrophs or hydrocarbon degraders were less than 
100 colony-forming units per gram of dry soil (CFU/g), which is very low.

• Heterotrophic microbial populations reacted favorably to oxygen stimulation.  Hydrocarbon 
degraders did not appear to respond to stimulation.

• Phosphate levels were moderate and ammonium levels were less than the method detection 
limit.  The low ammonium concentrations may limit biodegradation.

• Moisture levels were moderate to high in the soil samples and should be adequate to support 
microbial activity. 

Table A.3-5
Soil Sample Results for Total Petroleum Hydrocarbons Detected Above Minimum

Reporting Limits, CAU 329 Desert Rock Airstrip Fuel Spill

Sample
Location

Sample
No.

Start 
Depth

(ft)

End Depth
(ft)

Contaminants of Potential Concern (mg/kg)

Gasoline 
Hydrocarbon 

Range
Gasoline

Diesel 
Hydrocarbon 

Range

Diesel-Range 
Organics

Preliminary Action Levelsa 100 100

DRA-0

DRA0001S 20 22.5 C7-C13 660b C8-C20 7,400

DRA0002S 40 42.5 C7-C13 590b C8-C20 4,500

DRA00031S 60 62.5 C7-C13 1,200b C8-C20 7,900

DRA0003S 60 62.5 C7-C13 1,800b C8-C20 9,100

DRA0004S 80 82.5 C7-C13 1,700b C8-C20 12,000

DRA0006S 120 122.5 C7-C13 1,600b C8-C22 10,000

DRA0007S 140 142.5 -- -- -- --

aNevada Department of Environmental Protection regulatory action level for total petroleum hydrocarbons (NAC, 1986b).
bThe chromatograms for these samples displayed peak patterns similar to JP-5 standard.

mg/kg = Milligrams per kilogram
ft = Feet
-- = Not detected above minimum reporting limit  
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A.4.0 Quality Assurance

The results of the QA/QC activities for the CAU 329, Area 22 Desert Rock Airstrip Fuel Spill 

corrective action sampling events are summarized in the following text.  Detailed information 

regarding the QA program is contained in the Industrial Sites QAPP (DOE/NV, 1996).

Quality control results are typically judged in terms of precision, accuracy, representativeness, 

completeness, and comparability and are 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 for inorganic analysis by collecting, preparing and analyzing duplicate 

field samples, and comparing the results with the original sample.  Precision is also assessed by 

creating, preparing, analyzing, and comparing laboratory duplicates from one or more field samples 

in inorganic analyses and matrix spike/matrix spike duplicate (MS/MSD) samples for organic 

analyses.  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 deviation from these requirements has been 

documented and explained and the related data qualified accordingly.  The qualification process is 

described in Section A.4.7.1.

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 the 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 

percent recovery by dividing the measured sample concentration by the true concentration and 

multiplying the quotient by 100.
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Field accuracy is assessed by confirming that the documents of record track the sample from origin, 

through transfer of custody, to 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 laboratories 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 was 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 was assessed through analysis of duplicate samples. 

Representativeness of the samples taken in this sampling event was assured by collecting the 

specified number of samples (DOE/NV, 1999) and by analyzing them by the approved analytical 

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 percent completeness was established for this project 

(DOE/NV, 1996).  The minimum 80 percent completeness was achieved.

The specified sampling locations were utilized as planned.  All samples were collected as specified in 

the SAFER Work Plan (DOE/NV, 1999), and all sample containers reached the laboratory intact and 

properly preserved (when applicable).

A.4.5 Comparability

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

compared to another (EPA, 1987).  To ensure comparability, the CAU 329 field and sampling 

activities were performed and documented in accordance with approved procedures, and all samples 

were collected in accordance with the SAFER Work Plan (DOE/NV, 1999).  Approved standardized 

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

Field (i.e., 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 sections.  Documentation of the data qualifications 

resulting from these reviews is retained in the project files.

A.4.6 Tier I and Tier II Data Evaluations

All laboratory data from samples collected at CAU 329 have been evaluated for data quality 

according to the EPA Functional Guidelines (EPA, 1994a and 1999).  These guidelines are 

implemented in a tiered process and are presented in the following text.  No data rejected during the 

data evaluation process were used to draw the conclusions presented in the CR.  Only valid data, 

whether estimated (i.e., J-qualified) or not, were used.

Changes resulting from the data evaluation process are documented in project files and are 

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

in project files.

A.4.6.1 Tier I Evaluation

Tier I evaluation for both chemical and radiological analyses 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
• 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
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• Electronic data transfer supplied
• Results reported for field and laboratory QC samples
• Whether or not the deliverable met the overall objectives of the project

A.4.6.2 Tier II Evaluation

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

Chemical:

• Correct detection limits achieved
• 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
• MS/MSD percent recoveries (%R) and RPDs evaluated and applied to laboratory 

results/qualifiers
• Field duplicate RPDs evaluated using professional judgement 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 %R evaluated and applied to laboratory results/qualifiers
• Initial and continuing calibration evaluated and applied to laboratory results/qualifiers
• Internal standard evaluated and applied to laboratory results/qualifiers
• Recalculation of 10 percent of laboratory results from raw data
• 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

Radioanalytical:

• Correct detection limits achieved
• Blank contamination evaluated and applied to sample results/qualifiers
• Certificate of Analysis consistent with data package documentation
• Quality control sample results (duplicates, laboratory control samples, laboratory blanks) 

evaluated and applied to laboratory result qualifiers
• Sample results, error, and minimum detectable activity evaluated and applied to laboratory 

result qualifiers

UNCONTROLLED When Printed



CAU 329 CR
Appendix A
Revision:  0
Date:  08/14/2000
Page A-20 of A-28

• Detector system calibrated to National Institute for Standards and Technology (NIST) 
traceable sources 

• Calibration sources preparation was documented, demonstrating proper preparation and 
appropriateness for sample matrix, emission energies, and concentrations

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

• Tracers NIST-traceable, appropriate for the analysis performed, and recoveries that met QC 
requirements

• Documentation of all QC sample preparation complete and properly performed
• Spectra lines, emissions, particle energies, peak areas, and background peak areas support the 

identified radionuclide and its concentration 

A.4.6.3 Tier III

Data quality considerations that are included in EPA data review functional guidelines (EPA, 1994a 

and 1999) as a Tier III review include the additional evaluations:

Chemical:

• Recalculation of all laboratory results from raw data

Radioanalytical:

• QC sample results (e.g., calibration source concentration, percent recovery, and RPD) verified
• Radionuclides and their concentration appropriate considering their decay schemes, half-lives, 

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

A Tier III review of at least five percent of the sample analytical data was performed by 

TechLaw, Inc. in Lakewood, Colorado.  As a result of the Tier III review, there were no changes to the 

data contained in the analytical summary tables in Section A.3.0.

A.4.7 Quality Control Samples

There was one trip blank, one field blank, one equipment rinsate blank, one MS/MSD, one source 

blank, and one field duplicate collected and submitted for laboratory analysis as shown in 

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

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

UNCONTROLLED When Printed



CAU 329 CR
Appendix A
Revision:  0
Date:  08/14/2000
Page A-21 of A-28

duplicates.  Documentation related to the collection and analyses of these samples is retained in 

project files.

A.4.7.1 Field Quality Control Samples

Review of the field-collected blank analytical data for the corrective action sampling indicates that 

cross-contamination from field methods did not occur during sample collection.  Field and equipment 

rinsate blanks were analyzed for the parameters listed in Table A.3-2 and trip blanks were analyzed 

for VOCs only.  None of the results exceeded the minimum laboratory reporting limits specified in 

the SAFER Work Plan (DOE/NV, 1999). 

During the sampling event, one field duplicate soil sample was sent as a blind sample to the 

laboratory to be analyzed for the corrective action parameters listed in Table A.3-2.  For this sample, 

the duplicate results precision (i.e., RPDs between the environmental sample results and their 

corresponding field duplicate sample results) were evaluated to the guidelines set forth in EPA 

Functional Guidelines (EPA, 1994a and 1999).  The EPA Functional Guidelines state that there are no 

required review criteria for field duplicate analyses comparability, but allow the data reviewer to 

exercise professional judgement.  The RPD between the environmental samples results and their 

corresponding field duplicate sample results exceeded the 20 percent criteria stated in the Industrial 

Sites QAPP (DOE/NV, 1996) for some target analytes.  The variability in the results between the 

environmental samples and their corresponding field duplicate sample could be attributed to 

nonhomogeneous samples and the difficulties associated with collecting identical field samples.  It is 

expected that soil field duplicate results will have a greater variance than water matrices.

Lab duplicate RPDs are only performed on inorganic metals and mercury analyses.  No metals 

analyses were requested for CAU 329.

One field sample was selected for use as MS/MSD samples.  The percent recoveries of this sample 

(a measure of accuracy) and the relative percent differences in these sample results (a measure of 

precision) were compared to EPA Functional Guideline criteria (EPA, 1994a and 1999).  The results 

were used to qualify associated environmental sample results accordingly.
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The EPA Functional Guidelines for review of organic data state that no data qualification action is 

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

considering these results in conjunction with the results of laboratory control samples (LCSs) and 

other QC criteria in applying qualifications to the data.

A.4.7.2 Laboratory Quality Control Samples

Analysis of method QC blanks and surrogate spikes for organic analyses, method blanks, preparation 

blanks, initial and continuing calibration blanks for LCS were performed for each SDG by Paragon 

Analytics, Inc.  The results of these analyses were used to qualify associated environmental sample 

results according to EPA Functional Guidelines (EPA, 1994a and 1999).

The EPA Functional Guidelines (EPA, 1994a and 1999) 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 described in the 

“The 5X/10X Rule.”

For most VOCs, SVOCs, TPH diesel, and gasoline, if an analyte is detected in the sample and was 

also detected in an associated blank, the result is qualified as undetected (U) if the sample 

concentration is less than five times (5X) the blank concentration. 

For the common laboratory contaminants (e.g., methylene chloride, acetone, 2-butanone [methylethyl 

ketone or MEK and cyclohexane], and phthalate esters [especially bis(2-ethylhexyl)phthalate]), the 

factor is raised to ten times (10X) the blank concentration.  The sample result is elevated to the 

quantitation limit if it is less than the quantitation limit or remains unaltered if the sample result is 

greater than or equal to the quantitation limit.

Surrogate spikes, or system monitoring compounds, are added to the environmental samples analyzed 

by chromatographic techniques for VOCs, SVOCs, TPH diesel and gasoline.  Surrogate compounds 

are analytes that are not expected to be present in associated environmental samples, but behave the 

same as similar target compounds chromatographically.  Known amounts of each surrogate are added 

prior to sample preparation and are carried throughout the preparation/analysis procedure.  The 
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percent recoveries of these surrogate compounds give some measure of the anticipated recoveries of 

the target compounds whose chromatographic behavior they mimic.

If any surrogate percent recoveries are out of the acceptable range (which differs for each surrogate in 

each method), laboratory protocol calls for the sample to be reprepared and/or reanalyzed.  When the 

surrogate recoveries are acceptable on the second run, only the second analysis results are reported. 

When both analyses yield the same unacceptable range, the results of both analyses are reported.

The evaluation of surrogate spike percent recovery results is not straightforward.  The functional 

guidelines suggest several optional approaches, but require the data reviewer to exercise professional 

judgement in reviewing surrogate data and qualifying associated data as estimated (J or UJ, for 

detections or nondetections, respectively) or unusable (R).  Documentation of data qualifications 

resulting from the application of these guidelines is retained in the project files as both hard copy and 

electronic media.

Laboratory control samples, also known as blank spikes, consist of known quantities of target 

compounds added to purified sand or deionized, distilled water and analyzed along with the 

environmental samples in the sample delivery group.  The percent recoveries of the compounds in the 

LCS give a measure of laboratory accuracy.  The functional guidelines call for the data reviewer to 

use professional judgement to qualify associated data according to established criteria. 

Documentation of data qualifications resulting from the application of these guidelines is retained in 

project files as both hard copy and electronic media.

A.4.8 Field Nonconformances

During the corrective action activities, one management surveillance was conducted by IT 

Corporation to verify that sampling activities were performed in accordance with applicable 

requirements.  The results of the surveillance indicated no findings, deficiencies, or nonconformances 

with sampling activities.  The requirements of the plans and procedures governing the activities at the 

site were adhered to throughout the corrective action activities. 
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A.4.9 Laboratory Nonconformances

Laboratory nonconformances are generally due to inconsistencies in analytical instrumentation 

operation, sample preparations, extractions, and fluctuations in internal standard and calibration 

results.  No laboratory nonconformances were documented for this project.  
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A.5.0 Summary

Analysis of the data generated from corrective action activities conducted at Area 22 Desert Rock 

Airstrip Fuel Spill, CAU 329, indicates the following:

• The PALs for TPH were exceeded in soil samples collected from the CAU 329 site.

• The PALs for total VOCs and total SVOCs were not exceeded in soil samples collected from 
the CAU 329 site.

• The analytical results for the composited soil sample for gamma-emitting radionuclides 
collected from the CAU 329 site were consistent with naturally occurring background 
conditions.

• The geologic conditions from the CAU 329 site revealed soil consisting of alluvial fan 
material composed of poorly-sorted clay, silt, sand, with abundant gravel.  A thin lense of 
caliche was present at one depth interval. 

• The bioassessment results indicate that the soil conditions are less than optimal for successful 
bioremediation.
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A review of the soil-gas monitoring data for soil-gas monitoring points at DRA-3, DAR-5, DRA-7, 

and DRA-8 does not indicate contamination levels adequate to determine biodegradation rates at 

those locations.  No VOC readings exceeded background concentrations.  Methane results were 

nondetect.  There was a decrease in oxygen and increase in carbon dioxide for the points located 

closest to the former tank pit, DRA-3.  These changes could be caused by either chemical or 

biological reduction of the contamination; however, the results are generally consistent with 

bioremediation.  The decrease in oxygen is probably a result of microbial degradation of the 

contamination.  The increase in carbon dioxide is probably a result of microbial respiration.  The 

monitoring results for DRA-3 indicate that in the vicinity of the edge of the plume there are reduced 

conditions. 

Table B.1-1 summarizes the field-screening results performed on April 28, 2000, of existing soil-gas 

monitoring points at CAU 329.

Table B.1-1
Soil-Gas Monitoring Results

Borehole Depth (ft bgs) VOC (ppm) O2 (%) CO2 (%)

DRA-3

50a (Cb) 0.5 6.8 4.7

75a (Bb) 1.6 5.0 2.4

120a (Eb) 1.8 11.2 0.1

DRA-5

25 0.7 14.6 1.1

50 1.4 13.4 0.7

75 0.5 13.0 0.0

120 1.4 14.9 0.0

DRA-7

25 1.6 17.5 0.3

50 1.6 16.7 0.1

75 3.2 16.5 0.0

120 2.5 20.8 0.2

DRA-8

25 1.1 18.5 0.2

50 1.4 18.0 0.0

75 1.6 17.5 0.0

120 1.4 18.6 0.0

aDepths are estimated based on vacuum pump results.
bAssigned letter designation.  Previously installed depth tags were missing.

O2 = Oxygen
CO2 = Carbon Dioxide
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C.1.0 Introduction

IT Corporation was contracted to conduct a site bioassessment on samples collected from the 

Desert Rock Airstrip site.  The Biotechnology Applications Center received three soil samples on 

May 18, 2000.  The samples were collected on May 9 and 10, 2000.   

The Desert Rock Airstrip samples were collected from a borehole location near a former fuel tank 

location in the Asphalt Parking and Refueling Area.  The subsurface soil had been impacted with 

aviation fuel.  Samples were collected from 3 depths:  40 ft, 80 ft, and 120 ft bgs.

Bioremediation is an environmental remediation tool that uses bacteria to oxidize a wide variety 

of wastes.  Bacteria can transform most natural and man-made organic compounds given 

appropriate environmental conditions and an adequate acclimation period.  The biological 

conversion of organic compounds into biomass, carbon dioxide, and water, makes bioremediation 

an attractive remedial alternative.

In situ bioremediation using bioventing is useful for treating the vadose zone soil at many sites.      

During bioventing, remediation is promoted by supplying oxygen to the subsurface using blowers 

or vacuum pumps.  Bioventing can effectively treat any biodegradable compound if bacteria are 

present in the soil with the metabolic capability to biodegrade the target compounds.  In the case 

of petroleum products such as gasoline, jet fuel, diesel, and heating oils, bacteria are nearly 

always present but they may not be very active due to lack of oxygen, extreme pH, lack of 

nutrients, lack of moisture, or cold temperature.  
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C.2.0 Bioassessment Test Results

This bioassessment is a series of tests designed to evaluate the physical, chemical, and 

microbiological characteristics of a site that are likely to impact the successful application of 

bioventing.  The bioassessment consists of residual nutrient determinations, pH, microbial 

population density, and the ability of the microbial populations to grow under enhanced 

conditions.  Understanding and controlling these parameters is critical for designing and 

executing a successful land treatment system.

C.2.1 pH and Soil Moisture

The optimal pH for effective bioremediation is in the range of six to eight.  A pH outside of this 

range may negatively affect microbial metabolism and contaminant biodegradation.  Results of 

the laboratory pH measurements are reported in Table C.2-1.  The pH of soil samples ranged from 

8.2 to 9.2.  A pH above 9 will begin to inhibit microbial activity and a pH above 9.5 is detrimental 

to microbial populations.   

The moisture content of the soil samples ranged from 9.7 to 17.2 percent (weight to weight).  The 

moisture content of the soil will sustain microbial activity.  The samples were characterized as 

sandy soil. 

Table C.2-1
Desert Rock Airstrip

Nutrient Content, and pH, of Site Samples
IT Project No. 799422

Sample No.
Sample Depth

(feet)
Matrix

Ammonia
(mg/kg)a

Ortho-Phosphate
(mg/kg)

Percent Soil 
Moisture

pH

DRA00025 40 Sandy Soil <4 120 9.7 9.24

DRA00045 80 Sandy Soil <4 230 14.1 8.67 

DRA00065 120 Sandy Soil <4 690 17.1 8.20 

 amg/kg = Milligrams per kilograms for soil
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C.2.2 Background Nutrient Concentrations

Nutrients essential for bioremediation are nitrogen (as ammonium) and phosphorous (as 

orthophosphate).  The existing nutrient concentrations in all samples are defined initially to 

determine the need for nutrient additions.  Results of the analyses for these inorganic nutrients are 

shown in Table C.2-1.  The ammonium concentrations in the three soil samples were below the 

detection limit of 4 milligrams per kilogram (mg/kg).  This suggests that the lack of ammonium in 

the soil samples may limit the rate and effectiveness of remediation.  Phosphate concentrations in 

the soil samples were moderate ranging from 120 to 690 mg/kg.  Nutrient additions are 

recommended to avoid nutrient limited microbial activity and biodegradation.  This can be 

accomplished by the addition of vapor phase ammonia to the subsurface. 

C.2.3 Microbial Enumerations

In situ treatment requires the presence of hydrocarbon-degrading bacteria.  To determine if 

appropriate bacteria were present, bacteria were quantified according to two categories.  The first 

category includes heterotrophic bacteria, defined as those bacteria capable of growing on dilute, 

solidified nutrient medium.  Heterotrophs represent a very general class of bacteria that are 

typically abundant in soil and groundwater.  Quantification of this category provides a measure of 

the overall size and vigor of the bacterial population (Table C.2-2).

The second category includes hydrocarbon-degrading bacteria.  These bacteria were quantified 

after growing in an environment where petroleum hydrocarbons were the only available carbon 

(or food) source.  The petroleum hydrocarbon used as the carbon source for this test was Jet A 

aviation fuel.  This test determines if the bacterial population has developed the ability to 

biodegrade the contaminant present in the soil samples.

The heterotrophic and hydrocarbon degrading populations were less than the detection limit of 

100 CFU/g.  The results indicate that under laboratory conditions, a viable microbial population 

was not detected in the soil samples.     
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C.2.4 Microbial Stimulation Test

A microbial stimulation test was performed to determine if enhanced in situ conditions will 

stimulate growth of  indigenous bacteria up to densities that are adequate for biodegradation.  This 

test involves introducing oxygen or oxygen plus nutrients to the soil slurries created from the soil 

samples.  The results determine if oxygen will stimulate activity, and if nutrients provide an 

additional benefit.  A positive response is indicated by a five-fold or greater change in microbial 

density.

Although initial bacterial densities for the heterotrophic population in the samples were less than 

the detection limit of 100 CFU/g, a small but positive response was observed in two of the soil 

samples upon oxygenation.  Samples DRA00065 and DRA00045 increased from 100 CFU/g or 

less to 1,100 and 500 CFU/g, respectively (Table C.2-3).  The addition of nutrients plus 

oxygenation stimulated microbial growth slightly beyond the effect of oxygenation alone in 

Sample DRA00065.  Measurable hydrocarbon degraders were not detected in any of the 

treatments and, therefore, did not respond positively to stimulation.  The positive response of the 

heterotrophic population to oxygenation indicates that the microbial population is oxygen limited 

and the addition of air to the subsurface should enhance the heterotrophic microbial population.    

Table C.2-2
Desert Rock Airstrip

Enumeration of the Microbial Population Density of Site Samples
IT Project No. 799422

Sample No.
Sample Depth

(feet)
Matrix Total Heterotrophs Hydrocarbon Degraders

DRA00025 40 Sandy Soil <1.1 x 102 CFU/g <1.1 x 102 CFU/g

DRA00045 80 Sandy Soil <1.2 x 102 CFU/g  <1.2 x 102 CFU/g

 DRA00065 120 Sandy Soil  <1.2 x 102 CFU/g <1.2 x 102CFU/g
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Table C.2-3
Desert Rock Airstrip

Stimulation of the Growth of Site Microbes by
Enhanced Oxygenation and Nutrient Augmentation

IT Project No. 799422

Sample No.

Heterotrophs Hydrocarbon Degraders

Initial Oxygena
Oxygen

and
Nutrientsb

Initial Oxygen
Oxygen

and
Nutrients

DRA00025 <1 X 102 <1 X 102 <1 X 102 <1 X 102 <1 X 102 <1 X 102

DRA00045   <1 X 102   1 X 103 <1 X 102 <1 X 102 <1 X 102 <1 X 102

 DRA00065 <1 X 102 5 X 102 9 X 102 <1 X 102 <1 X 102 <1 X 102

aThe control treatment was vigorously shaken to provide oxygen to the microbes, but no nutrients were added in addition to 
those present in the sample material.

bOxygen and nutrient treatments are oxygenated and nutrient augmented with 100 ppm of the microbial nutrient formulation 
Restore 375.
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C.3.0 Summary and Conclusion

Results of the bioassessment indicate that the Desert Rock Airstrip soil conditions are less than 

optimal for successful bioremediation.  The results of the bioassessment are summarized below:

• The pH is slightly above of the optimal range for bioremediation.  A pH of 9.2 may have 
an inhibitory effect on microbial activity.

• The natural microbial populations for heterotrophs or hydrocarbon degraders were less 
than 100 CFU/g which is very low.

• Heterotrophic microbial populations reacted favorably to oxygen stimulation.  One sample 
responded to nutrient and oxygen stimulation.  Hydrocarbon degraders did not appear to 
respond to stimulation.

• Phosphate levels were moderate and ammonium levels were less than the method 
detection limit.  The low ammonium concentration may limit biodegradation.

• Moisture levels were moderate to high in the soil samples and should be adequate to 
support microbial activity.

Site conditions are less than optimal for biodegradation but may not eliminate bioventing as a 

viable technology for site remediation.  The pH was slightly high, ammonium was low, and the 

microbial population was low; however, the microbial population did respond to a limited degree 

to stimulation with oxygen and nutrients.  The performance of a bioventing system should be 

confirmed using an in situ respiration test.  
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Figure D.1-1
Corrective Action Unit 329 Site Map Showing Location of Instrumented Boreholes
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NEVADA ENVIRONMENTAL RESTORATION PROJECT
DOCUMENT REVIEW SHEET

1. Document Title/Number:  Draft Closure Report for Corrective Action Unit 329:  Area 22 Desert Rock Airstrip 
Fuel Spill, Nevada Test Site, Nevada

2. Document Date:  July 2000

3. Revision Number:  0 4. Originator/Organization:  IT Corporation

5. Responsible DOE/NV ERP Project Mgr.:  Janet Appenzeller-Wing 6. Date Comments Due:  July 28, 2000

7. Review Criteria:  Full

8. Reviewer/Organization/Phone No.:  John A. Wong, NDEP, 486-2866 9. Reviewer’s Signature:  

10. Comment 
Number/
Location

11. Type* 12. Comment 13. Comment Response 14. Accept

1) Page ES-2, 
Last Paragraph, 

2nd Bullet

Define the annual monitoring event (i.e., sample point depths to be 
sampled, the parameters to be analyzed for).  Also, somewhere in the 
document, include a proposed tentative schedule for the annual 
monitoring events.

The proposed sample point depth and analytes were added 
in Table 4-1.

The proposed monitoring schedule was added in Table 4-2.

Yes

2) Section 2.1.1, 
Page 5, 

5th Bullet

What is intended by this statement?  If this statement is accurate, is 
bioremediation an appropriate remedial alternative?  This comment is 
also applicable to text contained on pages A-15, A-25, and C-6.

The bioassessment results indicate that bioremediation at 
the site is possible.  However, the effectiveness of 
bioremediation without additional nutrients or oxygen will 
probably be marginal.  It cannot be determined if 
bioremediation, either passive or active, is an appropriate 
remedial alternative without additional monitoring.  

The SAFER Work Plan specifies that the site will be 
monitored for 5 years.  At that time, a determination will be 
made if the biodegradation rate is adequate to decrease 
contamination levels to <100 ppm within 30 years.  If NDEP 
wants to evaluate the bioremediation results prior to 5 years, 
then DOE/NV will review the results of the closure activities, 
monitoring results, and evaluate other remediation 
alternatives when requested by NDEP.  The effectiveness of 
the bioremediation and the potential cost/benefits of 
alternative remediation technologies will be evaluated.

Partial
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NEVADA ENVIRONMENTAL RESTORATION PROJECT
DOCUMENT REVIEW SHEET

3) Section 3.0,
Page 8

“...The waste will be disposed of as nonhazardous petroleum 
hydrocarbon waste, except for Hanby...”; soil sample results indicated 
that TPH concentrations in soil exceeded the PALs.  Associated 
waste would therefore require disposal in an appropriate landfill, as 
opposed to being managed as nonhazardous material.  Also, how are 
you defining “Hanby waste” and what is the reason for designating 
the Hanby waste as hazardous.

Petroleum hydrocarbons are not considered to be 
hazardous materials as defined by RCRA.  The hydrocarbon 
contaminated soil will be disposed of in the appropriate 
landfill. 

The Hanby waste was generated when the Hanby test kit 
was used for TPH field screening.  The Hanby waste is 
designated as hazardous because carbon tetrachloride is 
used for extraction as part of the Hanby test kit.

Partial

4) Section 4.0,
Page 9,

1st Paragraph 

Indicate the depths of the soil-gas monitoring points to be sampled. Table 4-1 was added specifying the depths and analysis for 
annual monitoring. 

The DRA-0 soil gas monitoring points will be sampled at 
40 ft, 80 ft, and 120 ft bgs.  The DRA-3 soil gas monitoring 
points will also be sampled at 50 ft, 75 ft, and 120 ft bgs.

Yes

5) Section 4.0, 
Page 9, 

1st Paragraph

How will the determination of equilibrium be made (i.e., explain the 
criteria that will be evaluated in making the determination of whether 
or not equilibrium is achieved)?  Also, discuss the course of action to 
be taken in the event that equilibrium is not reached. 

An explanation of the equilibrium determination was added 
to Section 4.0.

Yes

6) Page A-10,
2nd Paragraph

Results of radiological analyses should be discussed with respect to 
waste management decisions.

The 2nd sentence as changed to read  “Radiological 
analyses were also performed by Paragon Analytical 
Services for waste management purposes only.”
 
The gamma spectrometry results were discussed in the 
Draft CR in Section A.3.4 and state that the results were not 
distinguishable from background concentrations.  
Section 3.0, 1st paragraph, 2nd sentence states “No 
additional hazardous substances or radiological constituents 
were identified.”    

Partial

10. Comment 
Number/
Location

11. Type* 12. Comment 13. Comment Response 14. Accept
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NEVADA ENVIRONMENTAL RESTORATION PROJECT
DOCUMENT REVIEW SHEET

General 
Comment

Based on the results of the bioassessment report, as discussed in 
Appendix C, passive bioremediation (natural attenuation) may not be 
the most effective remediation strategy.  Upon obtaining and 
evaluating soil-gas data for the next 2-3 monitoring events, it may be 
appropriate to reevaluate remediation strategies.  Technologies and 
processes used for increasing subsurface oxygen levels and 
moisture, and decreasing pH in the subsurface, may need to be 
considered.

See response to Comment 2. Partial

a Comment Types:  M = Mandatory, S = Suggested.
Return Document Review Sheets to DOE/NV Environmental Restoration Division, Attn:  QAC, M/S 505.

10. Comment 
Number/
Location

11. Type* 12. Comment 13. Comment Response 14. Accept
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