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Executive Summary

This Corrective Action Decision Document/Closure Report has been prepared for Corrective Action 

Unit 266, Area 25 Building 3124 Leachfield, in accordance with the Federal Facility Agreement and 

Consent Order (FFACO, 1996).  Corrective Action Site 25-05-09 is the only Corrective Action Site 

within Corrective Action Unit 266.  Data collected during the field investigation activities showed 

evidence of contamination at this site in the soil, septic tank, and distribution box.  The Corrective 

Action Decision Document and Closure Report have been combined into one report because the 

contaminants of concern were either not present in the soil, or present at concentrations not requiring 

corrective action.  Contaminants identified within the septic tank and distribution box have been 

adequately addressed.

The purpose of this Corrective Action Decision Document/Closure Report is to justify and 

recommend that no corrective action is required at Corrective Action Unit 266.  To achieve this, the 

following actions are required:

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

From February 10 through May 25, 1999, corrective action investigation activities were performed as 

set forth in the Corrective Action Investigation Plan (DOE/NV, 1999).  The purpose of the corrective 

action investigation is described as follows:

• Identify the presence, distribution, and concentration 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 corrective actions for the 
Corrective Action Unit.

Analytes detected during the corrective action investigation were evaluated against preliminary action 

levels to determine contaminants of concern for Corrective Action Unit 266.  Analysis of the data 

generated from corrective action investigation activities indicates the preliminary action levels were 

not exceeded for total volatile organic compounds, total semivolatile organic compounds, total 

petroleum hydrocarbons, polychlorinated biphenyls, total Resource Conservation and Recovery Act 
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metals, gamma-emitting radionuclides, isotopic uranium, isotopic plutonium, and strontium-90 for 

any of the soil samples collected from Corrective Action Unit 266.  However, contaminants of 

concern were identified in two soil samples and within the septic tank and distribution box.  The 

isotopic americium concentrations in two soil samples exceeded preliminary action levels.  Because 

the calculated dose from the residual americium-241 results in the soil is less than the 100 millirems 

per year limit established by U.S. Department of Energy (DOE) Order 5400.5 (DOE, 1993), no 

corrective action is necessary for the soil. 

Closure activities were performed to address the contaminants of concern identified within the septic 

tank and distribution box.  Based on the results of the closure activities, no further corrective action is 

necessary for these structures.

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

• No corrective action is required at Corrective Action Unit 266.

• No corrective action plan is required.

• A Notice of Completion to the U.S. Department of Energy, Nevada Operations Office, is 
requested from the Nevada Division of Environmental Protection for the closure of Corrective 
Action Unit 266, Area 25 Building 3124 Leachfield (Corrective Action Site 25-05-09).

• Corrective Action Unit 266 should be moved from Appendix III to Appendix IV of the 
Federal Facility Agreement and Consent Order.

No use restrictions are required to be placed on Corrective Action Unit 266 because the investigation 

revealed soil contamination to be less than the 100 millirems per year limit established by DOE 

Order 5400.5 (DOE, 1993).  The septic tank and distribution box have been closed in accordance with 

applicable regulations (Nevada Administrative Code 444.818 [1997]).
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1.0 Introduction

This Corrective Action Decision Document/Closure Report (CADD/CR) has been prepared for 

Corrective Action Unit (CAU) 266, Area 25 Building 3124 Leachfield, 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).  Corrective Action Site (CAS) 

25-05-09 is the only CAS within CAU 266.  The CADD and CR have been combined into one report 

because sample data collected during the corrective action investigation indicated that contaminants 

of concern (COCs) were either not present in the soil, or present at concentrations not requiring 

corrective action.

Corrective Action Unit 266 is located in Area 25 at the Nevada Test Site (NTS) in Nevada.  The NTS 

is approximately 65 miles (mi) northwest of Las Vegas, Nevada (Figure 1-1 and Figure 1-2).        

1.1 Purpose

This CADD/CR provides justification for no further action at CAU 266.  The justification is based on 

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

Investigation Plan for Corrective Action Unit 266, Area 25 Building 3124 Leachfield, Nevada Test 

Site, Nevada (DOE/NV, 1999a) and the Work Plan for Leachfield Corrective Action Units:  Nevada 

Test Site and Tonopah Test Range, Nevada (DOE/NV, 1998).

1.2 Scope

The scope of this CADD/CR is to justify and recommend that no corrective action is required at 

CAU 266.  To achieve this scope the following actions are required:

• Review the current site conditions including the concentration and extent of contaminants.

• Document closure of the CAU.
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Figure 1-1
Nevada Test Site
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Figure 1-2
Location of CAU 266, Area 25, Nevada Test Site, Nevada
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1.3 CADD/CR Contents

This CADD/CR is divided into the following sections:

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

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

the results of the investigation, and the justification for no further action.

Section 3.0 - Recommendation:  recommends no further action is required at the CAU and requests a 

Notice of Completion.

Section 4.0 - References:  provides a list of all referenced documents.

Appendix A - Corrective Action Investigation Report for CAU 266:  Building 3124 Leachfield, 

Nevada Test Site, Nevada.

Appendix B - Radiological Walkover Survey Report

Appendix C - Closure Activities Summary

Appendix D - Waste Generator Approval Process Flow Diagram

Appendix E - Responses to NDEP Comments

All work was performed in accordance with the following documents:

• Corrective Action Investigation Plan for Corrective Action Unit 266, Area 25 Building 3124 
Leachfield, Nevada Test Site, Nevada, Rev. 1, DOE/NV--529 (DOE/NV, 1999a)

• Work Plan for Leachfield Corrective Action Units:  Nevada Test Site and Tonopah Test 
Range, Nevada, Rev. 1, DOE/NV--514 (DOE/NV, 1998).

• 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 Corrective Action Investigation Summary

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

CAU 266.  For detailed investigation results, please refer to Appendix A.

2.1 Investigation Activities

From February 10 through May 25, 1999, corrective action investigation activities were performed as 

set forth in the Corrective Action Investigation Plan (CAIP) (DOE/NV, 1999a).  The purpose of the 

investigation is described as follows:

• Identify the presence and concentrations of contaminants of potential concern (COPCs) at the 
CAU.

• Determine the vertical and lateral extent of COPCs.

• Provide sufficient information and data to develop appropriate corrective actions for the CAU.

The investigation activities were conducted in three stages.  The activities for each stage are 

summarized below: 

Stage I

• The first stage was conducted on February 10 and 11, 1999, and is summarized as follows:   
sampled the contents of the septic tank and distribution box using hand tools for the collection 
of liquid and sludge samples.  Two sludge and four liquid samples were collected and 
submitted for laboratory analyses.

• Field screened sludge samples for volatile organic compounds (VOCs) and alpha, beta, and 
gamma emitters.

• Analyzed sludge and liquid samples for total VOCs; total semivolatile organic compounds 
(SVOCs); total Resource Conservation and Recovery Act (RCRA) metals; total petroleum 
hydrocarbons (TPH) as diesel/oil, polychlorinated biphenyls (PCBs), gamma-emitting 
radionuclides, isotopic uranium, isotopic plutonium, isotopic americium, and strontium-90.  
Additionally, the sludge samples were analyzed according to the toxicity characteristic 
leaching procedure (TCLP) for VOCs, SVOCs, and RCRA metals.

• Evaluated sample analytical results from Stage I to guide Stage III.
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Stage II

The second stage of the investigation consisted of a video mole and radiation survey of the discharge 

and outfall piping to identify the collection system and lines leading into the leachfield.  The 

objectives of the video mole survey were to identify tie-ins, outfalls, broken pipes, and radiation in 

pipes.  The second stage occurred from March 22 through 26, 1999, and April 20, 21, and 28, 1999.  

No sampling was conducted during this stage.

Stage III

The third (main) stage of the investigation consisted of determining the leachfield piping 

configuration using a backhoe, and soil sampling using a Geoprobe® and a rotary sonic drill rig.  This 

stage occurred from April 28 through May 25, 1999, and is summarized as follows:

• Excavated with a backhoe to identify the leachfield piping configuration and to stake 
sampling locations. 

• Drilled 15 boreholes within the leachfield to collect soil samples below the leachrock for 
laboratory analyses. 

• Conducted field screening for radiological constituents and VOCs.  Conducted visual field 
screening and logged soil cuttings to assess the site geology.  

• Collected soil samples for bioassessment and geotechnical analysis from below the base of the 
leachfield.

• Analyzed soil samples for VOCs, SVOCs, RCRA metals, TPH-diesel/oil, and PCBs.  More 
than 25 percent of the samples submitted to the laboratory were also analyzed for 
gamma-emitting radionuclides, isotopic uranium, isotopic plutonium, isotopic americium, and 
strontium-90.

2.2 Results

Analysis of the data generated from corrective action investigation activities conducted at CAU 266, 

Area 25 Building 3124 Leachfield, indicates the following:

• The preliminary action levels (PALs) were not exceeded in soil samples for total VOCs, total 
SVOCs, TPH, total PCBs, total RCRA metals, gamma-emitting radionuclides, isotopic 
uranium, isotopic plutonium, and strontium-90 for any of the samples collected from the site.  
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• The isotopic americium (americium-241) concentrations in two soil samples exceed PALs; 
therefore, americium-241 is a COC at CAU 266.  The calculated dose from the residual 
americium-241 in the soil results is less than the 100 millirems per year (mrem/yr) limit 
established by U.S. Department of Energy Order 5400.5 (DOE, 1993).

• Analytical results from liquid samples collected from the septic tank indicated detection of 
COPCs to include 1,4-dichlorobenzene, p-isopropyltoluene, trichloroethene, 
bis(2-ethylhexyl)phthalate, americium-241, uranium-234, and uranium-238.  There were no 
toxicity characteristic chemical COPCs detected above the regulatory levels.  Uranium 
isotopes were detected in ratios that were determined to constitute “added radioactivity.”

• Analytical results from sludge samples collected from the septic tank and distribution box 
indicated detection of COPCs to include americium-241, americium-243, cesium-137, 
uranium-234, uranium-238, and potassium-40.  Americium-241 was detected at levels which 
were determined to constitute “added radioactivity.”  Aroclor-1260 was detected at 
2,200 micrograms per kilogram (µg/kg) which is below the regulatory level of 50 milligrams 
per kilogram (mg/kg).  Diesel-range organics were detected in the septic tank sludge at 
1,400 mg/kg, which exceeds the Nevada regulatory level of 100 mg/kg, and in the distribution 
box at 78 mg/kg.

• Analytical results from sludge samples collected from the septic tank and distribution box and 
processed using the TCLP method indicated detection of COPCs to include barium, cadmium, 
and lead.  None of these COPCs were detected above the toxicity characteristic regulatory 
levels.

• The geologic conditions revealed that the soil within the leachfield is comprised of alluvial 
fan soil that is poorly sorted with abundant gravel and cobbles.  Thin lenses of sand and silt 
were present at some locations.  The soil beneath the leachrock was a poorly sorted, silty 
gravelly sand with abundant pebbles, some gravel, and a few cobbles. 

• The geotechnical and bioassessment samples will not be submitted for analysis because the 
results will not significantly benefit the corrective action decision process.

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

Based on these results, the CAU 266 site has been adequately characterized. 

2.3 Need for Corrective Action

Analytes detected during the corrective action investigation were evaluated against PALs to 

determine COCs for CAU 266.  Contaminants of concern were identified in two soil samples and 

within the septic tank and distribution box.  Because the calculated dose from the residual 

americium-241 results in the soil is less than the 100 mrem/yr limit established by DOE Order 5400.5 
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(DOE, 1993), no corrective action is necessary for the soil.  Information supporting the dose 

assessment calculations is contained in Attachment 1 of Appendix A.  The septic tank and distribution 

box have been closed in accordance with applicable regulations (Nevada Administrative Code [NAC] 

444.818 [1997]). 

Septic tank and distribution box closure activities were performed by Bechtel Nevada from 

December 13, 1999, through January 20, 2000 (Cowser, 2000).  The activities included the following:

• Removed contents of the septic tank.

• Pressure-washed the septic tank and distribution box interiors.

• Solidified the septic tank contents and associated rinsate from the septic tank and distribution 
box for disposal.

• Collected verification samples from the septic tank rinsate.

• Grouted the septic tank and distribution box in place including the influent and effluent lines 
near the septic tank.

The rinsate from the septic tank was analyzed for TPH and gross alpha and gross beta.  The 

established closure criteria for TPH is the NAC Action Level of 100 parts per million (ppm) using 

U.S. Environmental Protection Agency’s (EPA’s) Method 8015 (modified).  The established closure 

criteria for radiological constituents is the EPA Drinking Water Standards of 15 picocuries per liter 

(pCi/L) for gross alpha and 50 pCi/L for gross beta.  

Analytical results of the final rinsate from the septic tank met closure criteria.  Results indicated TPH 

as gasoline less than 0.25 milligrams per liter (mg/L) and TPH as diesel at 0.5 mg/L.  Gross alpha was 

detected at 4.61 pCi/L and gross beta at 11.1 pCi/L.  

Rinsate samples from the distribution box were inadvertently omitted and verification that the closure 

criteria was met is unattainable.  However, site conditions indicate that the distribution box was 

sufficiently cleaned and does not pose a health or environmental risk based on the following:

• The interior of the distribution box was pressure washed.

• Minimal residual waste was present in the distribution box prior to pressure washing.
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• Concentrations of radioisotopes and petroleum hydrocarbons detected in the original 
characterization sample analysis were very low.  The characterization data is available in 
Appendix A.

• Identical procedure used to decontaminate the septic tank in which contaminant 
concentrations were much higher than those of the distribution box

• The box is structurally intact indicating that nothing has been or will be released into the 
underlying soil.

• The box was sealed to the surface with grout.

Refer to Appendix A (Cowser, 2000) for a more detailed description of closure activities and rinsate 

results.

The waste profile has been approved by the Radioactive Waste Acceptance Program.  See

Appendix D for a description of the NTS Waste Acceptance process (DOE/NV, 1999b).  The waste is 

expected to be disposed of by February 29, 2000.   Waste manifests and disposal documentation will 

be available subsequent to disposal.
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3.0 Recommendation

Based on the results of the corrective action investigation in Appendix A, a COC has been identified 

in the soil at CAU 266.  However, the concentrations pose an acceptable risk to human health and the 

environment.  Results from the closure activities associated with the septic tank and distribution box 

presented in Appendix C indicate that no further corrective action is necessary for these structures.  

The DOE/NV provides the following recommendations based on the results of the corrective action 

investigation: 

• No corrective action is required at CAU 266.

• No corrective action plan is required.

• A Notice of Completion to DOE/NV is requested from NDEP for the closure of CAU 266, 
Area 25 Building 3124 Leachfield (CAS 25-05-09).

• CAU 266 should be moved from Appendix III to Appendix IV of the FFACO.

No use restrictions are required to be placed on CAU 266 because the investigation revealed soil 

contamination to be less than the 100 mrem/yr limit established by DOE Order 5400.5 (1993).  The 

septic tank and distribution box have been closed in accordance with applicable regulations 

NAC 444.818 [1997]).
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Appendix A
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CAU 266:  Area 25 Building 3124 Leachfield,

Nevada Test Site, Nevada
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A.1.0 Introduction

This appendix presents corrective action investigation (CAI) activities and analytical results for 

CAU 266, Area 25 Building 3124 Leachfield at the NTS.  This CAU includes CAS 25-05-09, 

Leachfield (FFACO, 1996).  The corrective action investigation was conducted in accordance with 

the Corrective Action Investigation Plan for Corrective Action Unit 266:  Area 25 Building 3124 

Leachfield, Nevada Test Site, Nevada (DOE/NV, 1999) as developed under the FFACO (1996).

Test Cell A operated during the 1960s and 1970s to support nuclear rocket reactor testing as part of 

the Nuclear Rocket Development Station (NRDS) (SNPO, 1970).  Various operations within 

Building 3124, from 1962 through 1995, have resulted in liquid waste releases to the leachfield 

(DOE/NV, 1999).  This CAU was investigated because process knowledge indicated that the 

subsurface soils in the vicinity of the collection system and leachfield may have been impacted by 

radioactive and other COPCs associated with activities from Building 3124.  Additional information 

regarding the history of the site, planning, and the scope of the investigation is presented in the CAIP 

(DOE/NV, 1999) and will not be repeated in this report.

A.1.1 Project Objectives

The primary objectives of the investigation were as follows:

• Identify the presence and the vertical and lateral extent of COPCs.
• Provide sufficient information and data to develop appropriate corrective action alternatives.

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 CAIP 

(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 CADD/CR.  The contents of this report are as follows:

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

• 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 investigation results.

• 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 Investigation and Sampling Activities

The following is a brief summary of all CAI activities provided as background information: 

• Conducted surface radiation survey to determine surface radioactivity.

• Collected samples from the septic tank and distribution box for laboratory analyses. 

• Performed video mole and radiation surveys of portions of the collection system.

• Excavated with a backhoe to identify the leachfield piping configuration.

• Drilled 15 boreholes within the leachfield.

- Conducted field screening for radiological activity and VOCs 

- Conducted visual field screening

- Collected environmental samples for laboratory analyses 

- Logged soil cuttings to assess site geology

• Collected soil samples for bioassessment and geotechnical analyses using a direct-push 
method (Geoprobe®).

The field investigation was conducted in three separate stages.  A radiological walkover survey was 

conducted prior to sampling activities and is not included as part of the three stages.  The radiological 

walkover survey results are included in Appendix B.  The first stage, conducted on February 10 

and 11, 1999, consisted of collecting liquid and sludge samples from the septic tank and distribution 

box using hand tools.

The second stage of the investigation consisted of a video mole and radiation survey of the discharge 

and outfall piping to identify the collection system and lines leading into the leachfield.  The 

objectives of the video mole survey were to identify tie-ins, outfalls, broken pipes, and radiation in 

the pipes.  The second stage occurred from March 22 through 26, 1999, and April 20, 21, 

and 28, 1999.  No sampling was conducted during this stage. 
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The third (main) stage of the investigation consisted of determining the leachfield piping 

configuration using a backhoe, and soil sampling of potentially affected areas using a rotary sonic 

drill rig.  During the field investigation, soil removed from excavations and sampling locations was 

returned nearest to its original location.  This stage occurred from April 28 through May 25, 1999.

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

forth in the CAIP (DOE/NV, 1999) and the Work Plan for Leachfield CAUs (DOE/NV, 1998).  The 

field activities were performed in accordance with an approved Site-Specific Health and Safety Plan 

(IT, 1999).  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, 1996b) 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

Corrective Action Unit 266 is located at Test Cell A in Area 25 of the NTS (see Figure 1-2 of the 

CADD/CR).  The site is comprised of the leachfield, septic tank, distribution box, and associated 

piping.  The leachfield is located southwest of Building 3124, which is southwest and adjacent to Test 

Cell A.  

During the investigation, the weather conditions at the site were generally favorable and varied from 

sunny and hot to rain showers and some snow.  Sampling activities were halted on occasion, due to 

weather conditions. 

A.2.2 Septic Tank Sampling

First stage sampling was conducted at the septic tank and distribution box located adjacent to the 

leachfield.  Liquid and sludge samples were collected from within the septic tank and a sludge sample 

was collected from the distribution box.  These samples were collected by hand using long-handle 

scoops.  The samples collected from the septic tank and distribution box were submitted for analyses 

and the results were used to help guide the third stage of the investigation.  The liquid and sludge 
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samples were analyzed for total VOCs, SVOCs, RCRA metals, TPH-diesel/oil, PCBs, gamma- 

emitting radionuclides, isotopic uranium, isotopic plutonium, isotopic americium, and strontium-90.  

Additionally, the sludge samples (TCA60002 and TCA60003) were processed using the TCLP 

method prior to analyzing for total VOCs, SVOCs, and RCRA metals.   

A.2.3 Video Mole/Radiation Survey

The second stage of the investigation involved use of the video mole.  The video mole was used to 

investigate the integrity of the piping, identify tie-ins, and obtain gross gamma activity within the 

pipes.  The video mole was introduced into the pipes and a Geiger-Muller (GM) detector was attached 

behind the camera head.  No elevated radiation (greater than 100 microroentgen per hour [µR/hr]) 

was observed in any of the pipes that were surveyed with the video mole and the GM detector.  The 

GM detector readings ranged from 26 to 60 µR/hr in the pipes surveyed.  No elevated radiation (using 

the Electra) or volatiles (using a photoionization detector [PID]) above field-screening levels (FSLs) 

were detected within the pipes near the openings.

One 15-foot (ft) section of pipe was not surveyed due to limited pushing capabilities.  This occurred 

at the pipe between the manhole (outside Building 3124) and the septic tank at the leachfield.  No 

unexpected tie-in or breeches in the pipe were observed.  No breeches in the pipe were observed that 

would warrant additional sampling beyond those locations already planned for this CAU.  A 

videotape was used to record the camera images during the video mole survey.  This tape is retained 

in the project files.

A.2.4 Excavations

Excavations were used to identify the leachfield piping configuration.  The leachfield piping 

configuration was as expected, and the excavations were used to verify the pipe layout and to locate 

and stake the sampling locations.  Figure A.2-1 shows the leachfield piping configuration and the 

sampling locations.  Soil from the excavation was placed on plastic sheeting or field screened prior to 

staging on the surface.  Field-screening levels were not exceeded for excavated soil.  All excavations 

were backfilled with spoils.  Sampling was not conducted during these excavations.
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Figure A.2-1
CAU 266 Sampling Locations
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A.2.5 Direct-Push Sampling

A direct-push method (Geoprobe®) was used to collect samples during the third stage of the 

investigation.  Geotechnical and bioassessment soil samples were collected using a Macrocore® 

sampler with stainless steel liners.  The Geoprobe® unit was utilized to collect samples from one 

location in the native soil beneath the leachfield (see Figure A.2-1).  Four 1-ft long by 1.5-inch (in.) 

diameter samples were collected and placed in a plastic covering with end caps.  Due to limited 

volume constraints within the specified interval, multiple pushes were necessary to obtain adequate 

soil for the bioassessment and geotechnical analyses. 

A.2.6 Rotary Sonic Sampling

The third stage of the investigation also used rotary sonic drilling, which uses vibration and rotation 

of the drill string to advance a core barrel.  An outer casing was used as needed to stabilize the hole 

and minimize potential cross contamination produced by soil from shallower levels falling down the 

hole (sloughing) as the core barrel is removed for cuttings extrusion.  After the bit at the end of the 

core barrel reaches the specified depth, the core barrel is withdrawn from the borehole and the 

contents are extruded into polyethylene (PE) bags. 

A 10-ft long, 6-in. diameter core barrel was advanced.  Due to the length of the core barrel and the 

shallow sampling depths, all of the boreholes were completed without the need for the 8-in. diameter 

casing, except at L-2.3 where a further advancement (12.5 ft) was necessary.  All boreholes were 

backfilled with unused cuttings. 

Sonic drilling was used to sample the soil from below the leachfield.  The planned sample locations 

are shown in Figure 4-2 of the CAIP (DOE/NV, 1999).  The leachfield piping configuration and the 

sampling locations were as expected.  The sampling locations were selected based on visual 

observation and process knowledge.  The locations of the 15 boreholes drilled within the leachfield 

are shown on Figure A.2-1.  The soil cuttings were suitable for field screening, sampling, and visual 

classification of the soil as described in subsequent subsections.  No problems were encountered 

while drilling within the leachfield.  Leachrock was encountered within the leachfield ranging in 

thickness from 1.5 to 2.5 ft, and at a depth that ranged from 1.5 to 3.0 ft below ground surface (bgs).
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Soil cuttings were delivered to the field geologist and sampling team in labeled PE bags in 2- to 4-ft 

long sections.  Soil samples were collected from 0 to 1 ft and 2.5 to 3.5 ft below the leachfield base 

(leachrock/soil interface).  These samples were submitted for laboratory analyses.  At boring L-2.3, 

soil samples were submitted to the laboratory from 0 to 1 ft, 2.5 to 3.5 ft, and 7.5 to 8.5 ft (due to 

inadequate soil volume) below the leachfield base.  Soil samples were submitted to the laboratory 

from 5 to 6 ft bgs at the influent and effluent ends of the septic tank, below the influent and effluent 

pipes.  Soil samples were submitted to the laboratory from 5 to 6 ft bgs at the effluent end of the 

distribution box as specified in the CAIP (DOE/NV, 1999).  Samples were analyzed for VOCs, 

SVOCs, RCRA metals, TPH-diesel/oil, and PCBs.  A minimum of 25 percent of the samples 

(including duplicates and matrix spike/matrix spike duplicate [MS/MSD]) submitted to the laboratory 

were also analyzed for gamma-emitting radionuclides, isotopic uranium, isotopic plutonium, isotopic 

americium, and strontium-90 based on field-screening results and location.  For a complete list of 

analyses, see Section 3.2 of the CAIP (DOE/NV, 1999).  Field screening identified no contamination 

above FSLs in any of the borings drilled within the leachfield; therefore, no step-out borings were 

necessary.  Only one deeper sampling horizon (at boring L-2.3) was sent to the laboratory because 

adequate volume was not obtained at the normal sampling depth.

A.2.7 Background Soil Samples

Six background soil samples were collected by hand from the surface area near Test Cell A (see 

Figure 1 in Appendix B).  The samples were collected from the surface to a depth of 0.5 ft and were 

analyzed for RCRA metals, gamma-emitting radionuclides, isotopic uranium, isotopic plutonium, 

isotopic americium, and strontium-90. 

A.2.8 Field Screening

In general, two consecutive “clean” samples, as measured by field-screening methods, were collected 

to define the lower or lateral limits of the impacted soils.  Field screening and surveys were performed 

as specified in the CAIP (DOE/NV, 1999).  The screening and survey methods were as follows:

• Radiological survey for alpha and beta emitters using an Electra instrument.
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• Radiological survey for gamma emitters using an Eberline ESP-2 instrument with a sodium 
iodide probe.

• Headspace screening for VOCs using a PID.

Field-screening levels were used to guide sample collection both laterally and vertically, and to 

provide a basis for the collection of additional environmental samples.  The FSL for VOCs was 

20 ppm or 2.5 times background, whichever was higher.  The FSLs for radiation surveying results 

were established as the average activity of 20 background samples plus two times the standard 

deviation of the average activity of the 20 background samples (see Figure 1 in Appendix B).  The 

FSL for alpha was established at 110 disintegrations per minute (dpm)/100 square centimeters (cm2) 

and 2,045 dpm/100 cm2 for beta.  The FSL for gamma radiation was established at 62,451 counts per 

minute.

Field screening was performed on all soil samples.  For excavations, soil from the initial bucket and 

every third thereafter was field screened to determine if the spoils had to be staged on plastic sheeting.  

Some excavated soil was placed on plastic as a precaution; however, the soil did not exceed FSLs. 

A.2.9 Sample Collection

Sample collection was performed as specified in the CAIP (DOE/NV, 1999).  During rotary drilling, 

soil cores were moved from the boreholes to the sampling area in PE bags cut into convenient lengths.  

The bags were opened and screened for alpha, beta, and gamma radiological contamination.  The 

breathing zone was monitored for VOCs using a PID before and during sample collection.  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 directly from the soil cores immediately after 

required radiation field screening and breathing zone monitoring was conducted.  The remainder of 

the samples were collected from soil representative of the sampling interval after homogenization 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 
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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 returned with the soil 

cuttings to the collection location.  Soil descriptions were recorded on a Sample Collection Log and 

are retained in project files.

A.2.10 Waste Management

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

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

• Decontamination rinsate that contacted potentially contaminated media

• Plastic and minor amounts of soil from the decontamination pad

Soil incidental to sample collection (e.g., soil cuttings, discarded sample media) was placed back into 

the associated borehole.  Potentially hazardous waste generated during site operations was labeled as 

such and transferred to a Hazardous Waste Accumulation Area daily.  The IDW was documented 

using a waste tracking log.  All IDW associated with the collection of samples from the septic tank 

and distribution box will be managed and disposed of as low-level waste.  All other IDW will be 

disposed of as sanitary waste.

A.2.11 Geology

Corrective Action Unit 266 is located in Jackass Flats.  The Jackass Flats basin was formed by 

faulting of Paleozoic carbonate rocks.  The Paleozoic rock and clastic sediment are approximately 

22,000 ft thick and are overlain by welded and semiwelded ash flow and ash fall tuffs of Tertiary age, 

approximately 5,000 ft thick.  The most prominent structural feature in Jackass Flats is a fault which 

trends northeast and is located west of Well J-11.  Surface geology and soils in Area 25 consist of 

silty sand, ranging from fine sand to coarse sand and gravel.  These types of soils are generally 

unstable and cohesionless.  Other rock types in the surrounding area include shales, quartzites, and 

carbonates of Lower to Middle Cambrian age; carbonate and thin shale layers of Middle Cambrian to 

Devonian age; and argillites, cherty limestones, and conglomerates of Devonian to Permian age.  

Soils in the area range from poorly sorted silt to coarse sand and gravel (SNPO, 1970).
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The alluvial fan soil at the Test Cell A site is poorly-sorted with abundant gravel and cobbles.  Thin 

lenses of sand and silt were present at some locations.  The alluvial fan soil beneath the leachrock was 

similar to CAUs 261 and 500 and is a poorly sorted, silty-gravelly sand with abundant pebbles, some 

gravel, and a few cobbles.  No welded tuff layer was encountered at the CAU 266 leachfield.  Field 

descriptions were performed by the sampling team at each borehole location and recorded on Visual 

Classification of Soil Logs which are maintained in the project files.

A.2.12 Hydrology

Groundwater at Test Cell A is not expected to be impacted by COPC migration due to the depth to 

groundwater.  Information on depth to groundwater in this vicinity can be found in the Yucca 

Mountain Site Characterization Plan (DOE, 1988).

Depth to groundwater at the nearest well (J-11) is approximately 1,040 ft bgs and is located 17,200 ft 

southwest of Test Cell A (USGS, 1993).  The distance to the nearest active water-supply well (J-12), 

is approximately 8.5 mi southwest of Test Cell A (DOE/NV, 1996a).  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 CAU 266.  However, the site could be potentially impacted 

by ephemeral drainage due to localized flooding.
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A.3.0 Investigation Results

The analytical results of samples collected from the CAU 266 investigation 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 the Stage I and Stage III investigation activities (Stage II activities did not include sample 

collection), 57 samples were submitted to Paragon Analytical Services, Fort Collins, Colorado, for 

laboratory analysis.  During Stage I (septic tank and distribution box sampling), radiological analyses 

were performed by the Bechtel Nevada Analytical Services Laboratory in Mercury, Nevada, with the 

exception of the isotopic americium and uranium analyses.  These analyses were performed by 

Paragon Analytical Services.  The analytical results of the septic tank and distribution box sampling 

are discussed separately in Section A.3.8.

A list of the sample numbers from Stages I and III (including quality control samples) and their 

relationship to the sample locations is presented in Table A.3-1.  One sample was collected for 

geotechnical analysis and one sample for bioassessment analysis.  These samples will not be 

submitted for analysis because the results will not significantly benefit corrective action.  A Tier III 

review of at least five percent of the sample analytical data will be performed by Laboratory Data 

Consultants, Inc. in Carlsbad, California.  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 EPA’s Guidance for the Data Quality Objectives Process (EPA, 1994c).  Preliminary action 

levels for off-site laboratory analytical methods were determined during the DQO process and are 

documented in the Work Plan for Leachfield CAUs (DOE/NV, 1998).  Sampling activities were 

conducted to confirm or disprove assumptions (i.e., models outlined in CAIP) made in the DQO 

process (DOE/NV, 1999).      
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Table A.3-1
Samples Collected During the CAU 266 Area 25

Building 3124 Leachfield Characterization
 (Page 1 of 3)

Sample 
Location

Sample 
Number

Depth Below 
Leachrock (ft)

Matrix Sample Type Analyses

NA TCA00001 NA Water Trip Blank Total VOCs

NA TCA00002 NA Water Trip Blank Total VOCs

NA TCA00004 NA Water Trip Blank Total VOCs

NA TCA00006 NA Water Trip Blank Total VOCs

Septic Tank TCA60002 NA Sludge
MS/MSD

Environmental
Set 1, Rad 1, 

TCLP

Distribution Box TCA60003 NA Sludge Environmental
Set 1, Rad 1, 

TCLP

Septic Tank TCA60004 NA Liquid
MS/MSD

Environmental
Set 1, Rad 1

NA TCA60006 NA Water

Equipment 
Rinsate Blank - 

Beakers and 
Scoops

Set 1, Rad 1

NA TCA60007 NA Water Field Blank Set 1, Rad 1

Septic Tank TCA60008 NA Liquid
Field Duplicate of 

TCA60004
Set 1, Rad 1

NA

TCA60010 NA Water Trip Blank Total VOCs

TCA60011 NA Water
Equipment 

Rinsate -Bowl
Set 1, Rad 1

TCA60012 NA Water Trip Blank Total VOCs

TCA60013 NA Water
Source 

Blank-Poly-
urethane Bag

Set 1, Rad 1

TCA60014 NA Water Trip Blank Total VOCs

TCA60015 NA Water Field Blank Set 1, Rad 1

TCA60016 NA Water Trip Blank Total VOCs

TCA60017 NA Water
Equipment 

Rinsate - Core 
Barrels

Set 1, Rad 1

TCA60018 NA Water Trip Blank Total VOCs

L-1.3 TCA60019 0-1 Soil Environmental Set 1, Rad 1

TCA60020 2.5-3.5 Soil Environmental Set 1, Rad 1
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L-1.2 TCA60021 0-1 Soil Environmental Set 1, Rad 1

L-1.2 TCA60022 2.5-3.5 Soil Environmental Set 1

L-1.1
TCA60023 0-1 Soil Environmental Set 1

TCA60024 2.5-3.5 Soil Environmental Set 1

L-2.3

TCA60025 0-1 Soil Environmental Set 1, Rad 1

TCA60026 2.5-3.5 Soil Environmental Set 1, Rad 1

TCA60027 2.5-3.5 Soil Field Duplicate Set 1, Rad 1

TCA60030 7.5-8.5 Soil Environmental Not Used

NA TCA60028 NA Water Trip Blank Total VOCs

L-2.2
TCA60031 0-1 Soil Environmental Set 1

TCA60032 2.5-3.5 Soil Environmental Set 1

L-2.1

TCA60033 0-1 Soil Environmental Set 1

TCA60034 2.5-3.5 Soil
MS/MSD

Environmental
Set 1, Rad 1

NA TCA60035 NA Water Trip Blank Total VOCs

L-3.3
TCA60036 0-1 Soil Environmental Set 1

TCA60037 2.5-3.5 Soil Environmental Set 1

L-3.2
TCA60038 0-1 Soil Environmental Set 1

TCA60039 2.5-3.5 Soil Environmental Set 1

L-3.1
TCA60040 0-1 Soil Environmental Set 1, Rad 1

TCA60041 2.5-3.5 Soil Environmental Set 1, Rad 1

DC-1 TCA60042 5-6 bgs Soil Environmental Set 1

NA
TCA60043 NA Water Trip Blank Total VOCs

TCA60044 NA Water Field Blank Set 1, Rad 1

ST-3 TCA60045 5-6 bgs Soil Environmental Set 1

NA
TCA60046 NA Water Trip Blank Total VOCs

TCA60047 NA Water Trip Blank Total VOCs

Table A.3-1
Samples Collected During the CAU 266 Area 25

Building 3124 Leachfield Characterization
 (Page 2 of 3)

Sample 
Location

Sample 
Number

Depth Below 
Leachrock (ft)

Matrix Sample Type Analyses
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L-4.3

TCA60048 0-1 Soil Environmental Set 1, Rad 1

TCA60049 0-1 Soil Field Duplicate Set 1, Rad 1

TCA60050 2.5-3.5 Soil Environmental Set 1

L-4.2
TCA60051 0-1 Soil Environmental Set 1

TCA60052 2.5-3.5 Soil Environmental Set 1

L-4.1
TCA60053 0-1 Soil

MS/MSD
Environmental

Set 1, Rad 1

TCA60054 2.5-3.5 Soil Environmental Set 1

ST-1 TCA60055 5-6 bgs Soil Environmental Set 1

NA TCA60056 NA Water Trip Blank Total VOCs

Drum#
CAU266-99-002

TCA60057 NA Liquid
Waste 

Characterization
Set 1, Rad 1

Between L-3.1 
and L-4.1

TCA60058 5-7 bgs Soil
Geotechnical & 
Bioassessment

None Performed

BCK5 TCA10110 0-0.5 bgs Soil Background Set 2

BCK6 TCA10111 0-0.5 bgs Soil Background Set 2

BCK17 TCA10112 0-0.5 bgs Soil Background Set 2

BCK3 TCA10113 0-0.5 bgs Soil Background Set 2

BCK1 TCA10114 0-0.5 bgs Soil Background Set 2

BCK2 TCA10115 0-0.5 bgs Soil Background Set 2

Set 1:  Analytical parameters are total VOC, total SVOC, TPH-Diesel/Oil, total RCRA metals, PCBs
Set 2:  Total RCRA metals, gamma spectrometry, strontium-90, and isotopic plutonium, uranium, and americium

Rad 1:  Gamma spectrometry; strontium-90; and isotopic uranium, plutonium, americium
Rad 2:  Gamma spectrometry, strontium-90, isotopic uranium
TCLP = Toxicity Characteristic Leaching Procedure (VOCs, SVOCs, RCRA metals)
MS/MSD = Matrix spike/matrix spike duplicate
NA = Not Applicable
VOC = Volatile organic compounds
TPH = Total petroleum hydrocarbons
SVOC = Semivolatile organic compounds
RCRA = Resource Conservation and Recovery Act 
bgs = Below ground surface (in feet)
ft = Feet

Table A.3-1
Samples Collected During the CAU 266 Area 25

Building 3124 Leachfield Characterization
 (Page 3 of 3)

Sample 
Location

Sample 
Number

Depth Below 
Leachrock (ft)

Matrix Sample Type Analyses
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A.3.1 Total Volatile Organic Compound Analytical Results

The total VOC analytical results for soil samples detected above minimum reporting limits 

established in the Work Plan for Leachfield CAUs (DOE/NV, 1998), along with the associated PALs, 

are presented in Table A.3-3.  None of these results exceed the PALs (DOE/NV, 1998).    

A portion of the results for acrolein and 2-chloroethyl-vinyl ether were rejected for samples collected.  

Acrolein is most commonly used as an herbicide in irrigation canals (EPA, 1989).  It is also used as a 

Table A.3-2
Laboratory Analytical Methods Used for Samples Collected at the

CAU 266 Area 25 Building 3124 Leachfield Characterization

Analytical Parameter Analytical Method

Total volatile organic compounds EPA 8260Ba

TCLP volatile organic compounds EPA 1311/8260Ba

Total semivolatile organic compounds EPA 8270Ca

TCLP semivolatile organic compounds EPA 1311/8270Ca

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

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

EPA 6010B/7470Aa

EPA 6010B/7471Aa

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

EPA 1311/6010B/7470Aa

Polychlorinated biphenyls EPA 8082a

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

SOP 739/713b,f

Isotopic uranium
L-E10.605.PLb,d,e(soil)

PAI 777/778/714b,f(water)

Isotopic plutonium
L-E10.601.PLb,c,e

PAI 777/782/714b,c,f

Strontium-90
L-E10.610.PLb,e

PAI 717/724b,f

Isotopic americium PAI 780/714b,f

aEPA Test Methods for Evaluating Solid Waste, 3rd Edition, Parts 1-4, SW-846 (EPA, 1996)
bOr equivalent method
cSeparation and Preconcentration of Actinides from Acidic Media by Extraction Chromatography  (Horwitz, et al., 1993)
dSeparation and Preconcentration of Uranium from Acidic Media by Extraction Chromatography (Horwitz, et al., 1992)
eBechtel Nevada Analytical Services Laboratory Procedures  Manual (BN, 1998)
fParagon Analytics, Inc. Standard Operating Procedures Manual (PAI, 1998)
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pesticide.  2-chloroethyl-vinyl ether is used in the manufacture of anesthetics, sedatives, and cellulose 

ethers (Spectrum Laboratories, 1999).  Acrolein and 2-chloroethyl-vinyl ether are highly volatile and 

are not persistent in the environment and do not concentrate in sediments (EC, 1999; Spectrum 

Laboratories, 1999).  This is an acceptable data gap because acrolein and 2-chloroethyl-vinyl ether is 

not expected at this CAU and it was not detected in other usable results.  

A.3.2 Total Semivolatile Organic Compound Analytical Results

The laboratory results for SVOCs for soil samples indicate that contaminants were not present above 

the minimum reporting limits as established in the Work Plan for Leachfield CAUs (DOE/NV, 1998).

Table A.3-3
Soil Sample Results for Total Volatile Organic Compounds Detected 

Above Minimum Reporting Limitsb, CAU 266 Area 25 Building 3124 Leachfield

Sampling 
Location

Sample
Number

Start Depth 
Below 

Leachrock (ft)

End Depth 
Below 

Leachrock (ft)

Contaminants of Potential Concern 
(µg/kg)

2-Butanone b Acetone b

Preliminary Action Levels a (µg/kg) 27,000,000 6,100,000

L-1.3 TCA60019 0 1 -- 7.8 (J)

L-2.3 TCA60025 0 1 -- 9.2 (J)

L-3-3 TCA60036 0 1 5 (J) --

L-3.2 TCA60038 0 1 -- 9 (J)

L-4.3

TCA60048 0 1 -- 8.1 (J)

TCA60049 0 1 -- 10 (J)

TCA60050 2.5 3.5 -- 9.8 (J)

L-4.1 TCA60053 0 1 -- 8.7 (J)

aEnvironmental Protection Agency Region 9, Industrial Preliminary Remediation Goals (PRGs) (EPA, 1998)
b Values below the analyte specific minimum reporting limit of 20 µg/kg are reported here for Acetone and 2-Butanone because 
they were reported in the draft

-- = Not detected above minimum reporting limit
J = Estimated value
µg/km = Micrograms per kilogram
ft = Feet
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A.3.3 Total Petroleum Hydrocarbon Results

Total petroleum hydrocarbons were not detected in soil in the diesel range above the minimum 

reporting limits as established in the CAIP (DOE/NV, 1999). 

A.3.4 Total RCRA Metals Results     

The total RCRA metals detected in soil above the minimum reporting limits (DOE/NV, 1999) are 

presented in Table A.3-4.  The total RCRA metals detected at the site were arsenic, barium, 

chromium, lead, mercury, and selenium.  The total RCRA metals results were all below the PALs 

(DOE/NV, 1999; EPA, 1998) except for arsenic.  Arsenic was detected at several sampling locations 

above the Industrial Soil Preliminary Remediation Goal (PRG) of 3.0 mg/kg.  These results are lower 

than the 7 to 8 ppm (mg/kg) mean concentration of arsenic in silt from the Nellis Air Force Range 

(NBMG, 1998; Moore, 1999).  Arsenic was detected in the six background soil samples collected 

from the surface area near Test Cell A (see Figure 1 in Appendix B).  These soil samples were found 

to have slightly higher arsenic concentrations than the planned soil sampling locations chosen for the 

investigation.  The concentrations at CAU 266 are not unusual and are considered representative of 

ambient conditions. 

A.3.5 PCB Analytical Results

The laboratory PCB results for soil samples detected above the minimum reporting limits 

(DOE/NV, 1999), along with the associated PALs are presented in Table A.3-5.  None of these 

results exceed the PALs (DOE/NV, 1999).

A.3.6 Gamma Spectrometry Results

Gamma spectrometry results for soil samples detected above the minimum reporting limits as 

specified in the CAIP (DOE/NV, 1999) are presented in Table A.3-6.  The radiological results 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).          
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Table A.3-4
Soil Samples for Total RCRA Metals Detected Above Minimum Reporting Limits 
Corrective Action Unit 266 Area 25 Building 3124 Leachfield, Nevada Test Site

 (Page 1 of 2)

Sample 
Location

Sample 
Number

Start 
Depth 
Below 

Leachrock 
(ft)

End Depth 
Below 

Leachrock 
(ft)

Contaminants of Potential Concern (mg/kg)

Arsenic Barium Chromium Lead Mercury Selenium

Preliminary Action Levelsa (mg/kg) 3.0 100,000 64 1,000 560 9,400

L-1.3
TCA60019 0 1 3.4 (J)b 67.3 (J)d 3.8 (J)b, d 6 -- --

TCA60020 2.5 3.5 3.2 (J)b 108 (J)d 3.4 (J)b, d 5.6 -- --

L-1.2
TCA60021 0 1 3.6 (J)b 111 (J)d 4.2 (J)b, d 5.9 -- --

TCA60022 2.5 3.5 3.4 (J)b 105 (J)d 3.8 (J)b, d 5.8 -- --

L-1.1
TCA60023 0 1 2.5 (J)b 74.2 (J)d 3.5 (J)b, d 6.3 -- --

TCA60024 2.5 3.5 2.8 (J)b 118 (J)d 3.8 (J)b, d 5.7 -- --

L-2.3

TCA60025 0 1 2.5 (J)b 70.8 (J)d 4 (J)b, d 5.9 -- --

TCA60026 2.5 3.5 3.1 (J)b 104 (J)d 3.5 (J)b, d 5.4 0.11 --

TCA60027 2.5 3.5 3.1 (J)b 93.4 (J)d 3.2 (J)b, d 7 -- --

L-2.2
TCA60031 0 1 2.7 (J)b 84 3.8 (J)b 7 (J)c, e -- --

TCA60032 2.5 3.5 3.1 (J)b 93.2 2.7 (J)b 6 (J)c, e -- --

L-2.1
TCA60033 0 1 2.8 (J)b 108 14 (J)b 8.6 (J)c, e -- --

TCA60034 0 1 3 (J)b 85.6 4.7 (J)b 6.5 (J)c, e -- --

L-3.3
TCA60036 0 1 2.7 (J)b 161 6.3 (J)b 9.3 (J)c, e -- 0.53

TCA60037 2.5 3.5 2.7 (J)b 94.3 3.5 (J)b 9.3 (J)c, e -- --

L-3.2
TCA60038 0 1 3.2 (J)b 142 9.2 (J)b 9.6 (J)c, e -- --

TCA60039 2.5 3.5 3.3 (J)b 105 4 (J)b 6.4 (J)c, e -- --

L-3.1
TCA60040 0 1 2.8 (J)b 66 28.8 (J)b 13.4 (J)c, e 0.1 --

TCA60041 2.5 3.5 2.7 (J)b 95 3.6 (J)b 5.9 (J)c, e -- --

DC-1 TCA60042 5 bgs 6 bgs 3.7 (J)b 120 3.5 (J)b 6.2 (J)c, e -- --

ST-3 TCA60045 5 bgs 6 bgs 2.6 (J)b 134 3 (J)b 5.2 (J)c, e -- --

L-4.3

TCA60048 0 1 3.5 (J)b 124 5.1 (J)b 8.4 (J)c, e -- --

TCA60049 0 1 3.6 (J)b 93.6 4.1 (J)b 5.8 (J)c, e -- --

TCA60050 2.5 3.5 2.8 (J)b 85.4 2.6 (J)b 5.2 (J)c, e -- --
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L-4.2
TCA60051 0 1 3.4 (J)b 114 4.1 (J)b 6.8 -- --

TCA60052 2.5 3.5 3.3 (J)b 140 3.4 (J)b 5.4 -- --

L-4.1
TCA60053 0 1 3.3 (J)b 109 4.9 (J)b 13.3 -- --

TCA60054 2.5 3.5 2.9 (J)b 116 2.8 (J)b 6.5 -- --

ST-1 TCA60055 5 bgs 6 bgs 3 (J)b 116 3.1 (J)b 5.7 -- --

aEnvironmental Protection Agency Region 9, Industrial Preliminary Remediation Goals (PRGs) (EPA, 1998)
b Duplicate precision analyses were outside control limits
c CRI/CRA % recovery criteria not met
d Serial dilution %D was outside control limits
e Low CRI standard recovery
-- = Not detected above minimum reporting limit
J = Estimated value
bgs = Below ground surface (in feet)
mg/kg = Milligrams per kilogram
ft = Feet

Table A.3-5
Soil Sample Results for PCBs Detected Above Minimum Reporting Limits, CAU 266 

Area 25 Building 3124 Leachfield

Sample 
Location

Sample 
Number

Start Depth 
Below 

Leachrock (ft)

End Depth 
Below 

Leachrock (ft)

Contaminants of Potential Concern 
(µg/kg)

Aroclor-1254 Aroclor-1260

Preliminary Action Levels a (µg/kg) 1,300 1,300

L-2.1 TCA60033 0 1 42 --

L-3.2 TCA60038 0 1 46 41

L-3.1 TCA60040 0 1 69 67

aEnvironmental Protection Agency Region 9, Industrial Preliminary Remediation Goals (PRGs) (EPA, 1998)
ft = Feet
-- = Not detected above minimum reporting limit
J = Estimated value
bgs = Below Ground Surface (in feet)
µg/km = Micrograms per kilogram

Table A.3-4
Soil Samples for Total RCRA Metals Detected Above Minimum Reporting Limits 
Corrective Action Unit 266 Area 25 Building 3124 Leachfield, Nevada Test Site

 (Page 2 of 2)

Sample 
Location

Sample 
Number

Start 
Depth 
Below 

Leachrock 
(ft)

End Depth 
Below 

Leachrock 
(ft)

Contaminants of Potential Concern (mg/kg)

Arsenic Barium Chromium Lead Mercury Selenium

Preliminary Action Levels a (mg/kg) 3.0 100,000 64 1,000 560 9,400
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Table A.3-6
Soil Sample Results for Gamma-Emitting Radionuclides Above MRLs, CAU 266 Area 25 Building 3124 Leachfield

Sample 
Location

Sample 
Number

Start 
Depth 
Below 

Leachrock 
(ft)

End Depth 
Below 

Leachrock 
(ft)

Contaminants of Potential Concern (pCi/g)

Actinium-228 Bismuth-212 Bismuth-214 Cesium-137 Potassium-40 Lead-212 Lead-214 Thalium-208

Background Concentrationsa,b 0.4 - 3.64a 0.49 - 2.4b 0.1 - 3.47b 0.4 - 7.0b 11 - 96a 0.86 - 2.9a 0.5 - 2.9b 0.5 - 3.4a

L-1.3
TCA60019 0 1 1.01 ± 0.30 (J) -- 0.63 ± 0.23 (J) -- 17.60 ± 3.7 (J) 1 ± 0.24 (J) 0.67 ± 0.19 (J) --

TCA60020 2.5 3.5 2.02 ± 0.47 (J) -- 0.9 ± 0.27 (J) -- 31.4 ± 6 (J) 2.13 ± 0.41 (J) 1.13 ± 0.26 (J) 0.56 ± 0.16 (J)

L-1.2 TCA60021 0 1 1.83 ± 0.43 (J) 2.40 ± 1.20 (J) 0.97 ± 0.26 (J) -- 28.6 ± 5.5 (J) 1.74 ± 0.34 (J) 0.97 ± 0.24 (J) 0.69 ± 0.17 (J)

L-2.3

TCA60025 0 1 1.77 ± 0.44 (J) 2.70 ± 1.40 (J) 0.82 ± 0.29 (J) -- 28.7 ± 5.6 (J) 1.7 ± 0.35 (J) 0.8 ± 0.22 (J) 0.56 ± 0.17 (J)

TCA60026 2.5 3.5 1.73 ± 0.46 (J) 2.90 ± 1.40 (J) 1.07 ± 0.32 (J) -- 32.3 ± 6.2 (J) 2 ± 0.39 (J) 1.02 ± 0.26 (J) 0.58 ± 0.16 (J)

TCA60027 2.5 3.5 2.07 ± 0.52 (J) -- 0.99 ± 0.31 (J) -- 33 ± 6.4 (J) 2.02 ± 0.41 (J) 1.06 ± 0.27 (J) 0.68 ± 0.19 (J)

L-2.1 TCA60034 0 1 1.82 ± 0.44 (J) -- 0.91 ± 0.27 (J) -- 27.2 ± 5.3 (J) 1.74 ± 0.34 (J) 0.75 ± 0.21 (J) 0.57 ± 0.16 (J)

L-3.1
TCA60040 0 1 1.51 ± 0.46 (J) -- 0.86 ± 0.30 (J) 0.33 ± 0.14 (J) 32.7 ± 6.4 (J) 1.81 ± 0.37 (J) 1.18 ± 0.28 (J) 0.69 ± 0.19 (J)

TCA60041 2.5 3.5 1.71 ± 0.46 (J) -- 0.87 ± 0.31 (J) -- 32.3 ± 6.2 (J) 1.84 ± 0.37 (J) 0.78 ± 0.24 (J) 0.61 ± 0.18 (J)

L-4.3
TCA60048 0 1 1.77 ± 0.46 (J) 2.90 ± 1.50 (J) 0.97 ± 0.30 (J) -- 28.3 ± 5.6 (J) 1.62 ± 0.34 (J) 1.14 ± 0.27 (J) 0.55 ± 0.17 (J)

TCA60049 0 1 1.71 ± 0.47 (J) -- 1.15 ± 0.35 (J) -- 31.8 ± 6.2 (J) 1.98 ± 0.4 (J) 1.2 ± 0.3 (J) --

L-4.1 TCA60053 0 1 1.99 ± 0.50 (J) -- 1.09 ± 0.31 (J) -- 32.7 ± 6.4 (J) 1.93 ± 0.39 (J) 1.15 ± 0.29 (J) --

aBackground concentration listed in Environmental Monitoring Report for the Proposed Ward Valley California Low-Level Radioactive Waste (LLRW) Facility  (Atlan-Tech, 1992)
bBackground concentration listed or derived in Off-Site Radiation Exposure Review Project, Phase II Soils Program  (McArthur and Miller, 1989)

-- = Not detected above minimum reporting limit
J = Estimated value because lab did not provide sample specific MDA
bgs = Below ground surface (in feet)
pCi/g = Picocuries per gram
ft = Feet
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A.3.7 Isotope Uranium, Isotopic Plutonium, Isotopic Americium,
and Strontium-90 Results

Isotopic plutonium and strontium-90 were not detected in soil above minimum reporting limits.  The 

isotopic uranium and isotopic americium analytical results for soil samples above minimum reporting 

limits as specified in the Work Plan for Leachfield CAUs (DOE/NV, 1998), along with the associated 

background concentrations, are presented in Table A.3-7.  The isotopic uranium concentrations listed 

in the table are in the range found in soil samples taken from undisturbed background locations.    

The isotopic americium results in two soil samples (from locations L-2.3 and L-3.1) taken from 

0 to 1 ft below the leachfield base (leachrock/soil interface) were elevated in americium-241.  The 

americium-241 concentrations are 2 to 3 times the maximum calculated americium-241 

concentrations in soil samples taken from undisturbed background locations (McArthur and 

Miller, 1989).  The maximum calculated dose from the residual americium-241 in the soil results in a 

dose of 0.02 mrem/yr.  This dose rate is about 0.02 percent of the 100 mrem/yr limit to members of 

the public established in DOE Order 5400.5 (DOE, 1993).  Details on this dose assessment are 

presented in Attachment 1 of this appendix.

A.3.8 Septic Tank and Distribution Box Sampling Results

Septic tank and distribution box analytical results exceeding minimum reporting limits are shown in 

Table A.3-8.  The COPCs detected in liquid samples included 1,4-dichlorobenzene, 

p-isopropyltoluene, trichloroethene, bis(2-ethylhexyl)phthalate, americium-241, uranium-234, and 

uranium-238.    

The COPCs detected in sludge samples from the septic tank and distribution box included 

americium-241, americium-243, cesium-137, uranium-234, uranium-238, potassium-40, and 

aroclor-1260.  The known uranium source term in Area 25 was the highly enriched uranium-235 fuel 

used in the ROVER reactors.  The concentration of uranium-235 in the water samples is less than the 

minimum detectable concentrations.  However, based on the uranium-234 to uranium-238 ratios, the 

uranium concentrations demonstrate very low-level contamination from highly enriched uranium, 

such as that expected from the type of uranium utilized by the NRDS.  The PCB, aroclor-1260, was 

detected at 2,200 µg/kg.  Diesel-range organics were detected at 1,400 mg/kg and 78 mg/kg.
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Septic tank analytical results for TCLP are shown at the bottom of Table A.3-8.  In sample number 

TCA60002, barium was detected at 934 micrograms per liter (µg/L), cadmium was detected at 

53 µg/L, and lead was detected at 398 µg/L.  No other COPCs were detected by TCLP analysis.  All 

detections were less than the regulatory level for the toxicity characteristic (CFR, 1998). 

Table A.3-7
Soil Sample Results for Isotopic Americium and Isotopic Uranium,

CAU 266 Area 25 Building 3124 Leachfield

Sample 
Location

Sample 
Number

Start Depth 
Below 

Leachrock 
(ft)

End Depth 
Below 

Leachrock 
(ft)

Contaminants of Potential Concern (pCi/g)

Americium-241 Uranium-234 Uranium-235 Uranium-238

Background Concentrations 0.00006 - 0.048b 0.1 - 2.6a 0.5 - 0.1a 0.2 - 3.2b

L-1.3
TCA60019 0 1 -- 0.85 ± 0.14 0.07 ± 0.03 (LT) 0.78 ± 0.13

TCA60020 2.5 3.5 -- 1.23 ± 0.19 0.07 ± 0.03 (LT) 1.21 ± 0.19

L-1.2 TCA60021 0 1 -- 1.02 ± 0.16 -- 0.87 ± 0.14

L-2.3

TCA60025 0 1 0.09 ± 0.05 (LT) 0.96 ± 0.19 -- 1 ± 0.19

TCA60026 2.5 3.5 -- 1.09 ± 0.17 -- 1.1 ± 0.17

TCA60027 2.5 3.5 -- 0.95 ± 0.19 -- 0.96 ± 0.19

L-2.1 TCA60034 0 1 -- 1.04 ± 0.17 -- 1.01 ± 0.17

L-3.1
TCA60040 0 1 0.17 ± 0.05 (LT) 0.97 ± 0.16 0.06 ± 0.03 (LT) 0.89 ± 0.15

TCA60041 2.5 3.5 -- 0.71 ± 0.17 -- 0.87 ± 0.19

L-4.3
TCA60048 0 1 -- 1.06 ± 0.18 0.07 ± 0.03 (LT) 0.97 ± 0.16

TCA60049 0 1 -- 1.03 ± 0.17 0.06 ± 0.03 (LT) 0.94 ± 0.16

L-4.1 TCA60053 0 1 -- 0.96 ± 0.16 -- 1.02 ± 0.17

aBackground concentration listed in Environmental Monitoring Report for the Proposed Ward Valley California Low-Level 
Radioactive Waste (LLRW) Facility (Atlan-Tech, 1992)

bBackground concentration listed or derived in Off-Site Radiation Exposure Review Project, Phase II Soils Program 
(McArthur and Miller, 1989)

LT = Concentration is greater than the sample specific minimum detectable concentration but less than the requested minimum 
detectable concentration

-- = Not detected above minimum reporting limit
pCi/g = Picocuries per gram
ft = Feet



CAU 266 CADD/CR
Appendix A
Revision:  0
Date:  02/18/2000
Page A-25 of A-58

Table A.3-8
Summary of Septic Tank and Distribution Box Sampling Results Detected Above Minimum 

Detectable Concentrations, CAU 266 Area 25 Building 3124 Leachfield

Sample Location Sample Matrix Sample Number Parameter Result Units

Septic Tank Liquid TCA60004 1,4-Dichlorobenzene 11 µg/L

Septic Tank Liquid TCA60004 P-Isopropyltoluene 1.2 (J)a µg/L

Septic Tank Liquid TCA60004 Trichloroethene 4.4 (J)a µg/L

Septic Tank Liquid TCA60004 Bis(2-Ethylhexyl)Phthalate 100 µg/L

Septic Tank Liquid TCA60004 Americium-241 0.14 ± 0.05 (LT) pCi/L

Septic Tank Liquid TCA60004 Uranium-234 0.75 ± 0.14 (LT) pCi/L

Septic Tank Liquid TCA60004 Uranium-238 0.33 ± 0.08 (LT) pCi/L

Septic Tank Liquid TCA60008 Trichloroethene 3.5 (J)a µg/L

Septic Tank Liquid TCA60008 1,4-Dichlorobenzene 8.3 µg/L

Septic Tank Liquid TCA60008 Uranium-234 0.89 ± 0.17 (LT) pCi/L

Septic Tank Liquid TCA60008 Uranium-238 0.28 ± 0.08 (LT) pCi/L

Septic Tank Sludge TCA60002 Diesel-Range Organics 1,400 mg/kg

Distribution Box Sludge TCA60003 Diesel-Range Organics 78 mg/kg

Septic Tank Sludge TCA60002 Americium-241 2.1 ± 0.51 (J)b pCi/g

Septic Tank Sludge TCA60002 Cesium-137 0.76 ± 0.20 (J)b pCi/g

Septic Tank Sludge TCA60002 Americium-241 11.1 ± 1.3 pCi/g

Septic Tank Sludge TCA60002 Americium-243 0.09 ± 0.04 (LT) pCi/g

Septic Tank Sludge TCA60002 Uranium-234 2.17 ± 0.34 pCi/g

Septic Tank Sludge TCA60002 Uranium-238 1.19 ± 0.22 pCi/g

Septic Tank Sludge TCA60002 Aroclor-1260 2200 µg/kg

Distribution Box Sludge TCA60003 Cesium-137 0.64 ± 0.18 (J)b pCi/g

Distribution Box Sludge TCA60003 Potassium-40 2.52 ± 1.37 (J)b pCi/g

Distribution Box Sludge TCA60003 Americium-241 1.15 ± 0.15 pCi/g

Distribution Box Sludge TCA60003 Uranium-234 0.31 ± 0.10 (LT) pCi/g

Distribution Box Sludge TCA60003 Uranium-238 0.14 ± 0.06 (LT) pCi/g

Distribution Box Sludge TCA60003 Aroclor-1254 220 µg/kg

Distribution Box Sludge TCA60003 Aroclor-1260 170 µg/kg

Septic Tank Sludge TCA60002 TCLP Barium 934 (B)c µg/L

Septic Tank Sludge TCA60002 TCLP Cadmium 53 (J)d µg/L

Septic Tank Sludge TCA60002 TCLP Lead 398 µg/L

LT = Concentration greater than sample specific minimum detectable concentration but less than requested minimum detectable concentration
a Below minimum reporting limit
b Incomplete initial calibration information and the standard used for what the lab considered to be initial calibration is not gi ven.
c Value obtained from a reading that was less than the Contract Required Detection Limit but greater than or equal to the Instrument Detection Limit
d Duplicate precision analyses were outside QC limits
J = Estimated value
B = Estimated value for inorganic analytes
µg/km = Micrograms per kilogram
mg/kg = Milligrams per kilogram
µg/L = Micrograms per liter
pCi/L = Picocuries per liter
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A.4.0 Quality Assurance

The results of the QA/QC activities for the CAU 266 Area 25 Building 3124 Leachfield corrective 

action investigation 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 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 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.

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 
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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, 1996b).  The minimum 80 percent completeness was achieved although a portion of the 

acrolein and 2-chloroethyl-vinyl ether results were rejected during data validation.

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

the CAIP (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 266 investigation activities 

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

collected in accordance with the CAIP (DOE/NV, 1999) and the Work Plan for Leachfield CAUs 

(DOE/NV, 1998).  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 
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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, 1996b), 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 266 have been evaluated for data quality 

according to the EPA Functional Guidelines (EPA, 1994a and 1994b).  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 CADD/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
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• 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 1994b) 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 Laboratory 

Data Consultants, Inc. in Carlsbad, California.  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 were 15 trip blanks, 3 field blanks, 4 equipment rinsate blank, 4 MS/MSD, 1 source blank, and 

3 field duplicates 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 duplicates.  

Documentation related to the collection and analyses of these samples is retained in project files.
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A.4.7.1 Field Quality Control Samples

Review of the field-collected blank analytical data for the investigation 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 for these field-collected blanks exceeded the minimum laboratory 

reporting limits (DOE/NV, 1999). 

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., 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 1994b).  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, 1996b) for some target analytes.  The variability in the results between the 

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

nonhomogeneous samples and the difficulties associated with collecting identical soil field samples.  

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

The laboratory duplicate samples were compared to the criteria set forth in the EPA Functional 

Guidelines (EPA, 1994a) and the associated sample results were qualified accordingly.  Both 

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

percent difference between an environmental sample and its laboratory duplicate fell outside 

established criteria.

Four field samples were selected for use as MS/MSD samples.  The percent recoveries of these 

samples (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 

1994b).  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.

The inorganic data review in EPA Functional Guidelines allows professional judgement to be applied 

in evaluating the results of matrix spikes (EPA, 1994a).  Generally, if the spike recovery is greater 

than the upper acceptance limits (>125%), nondetections are acceptable for use.  If the spike recovery 

is greater than the upper acceptance limits (>125%) or less than the lower acceptance limits (<75%), 

positive results are qualified as estimated (J).  If spike recovery falls within the range of 30-74%, 

nondetections are qualified as estimated (UJ).

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 total metals, and 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 1994b).

The EPA Functional Guidelines (EPA, 1994a and 1994b) 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, herbicides, TPH as diesel and gasoline, PCBs, and pesticides, 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 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 
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less than the quantitation limit or remains unaltered if the sample result is greater than or equal to the 

quantitation limit.

For inorganics (i.e., 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 sample 

result is never altered.  When applying the 5X criteria to soil sample data or calibration blank data, the 

raw data results are used to evaluate and qualify the reported results on the Certificate of Analysis.

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

by chromatographic techniques for VOCs, SVOCs, herbicides, TPH as diesel and gasoline, PCBs, 

and pesticides.  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 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.

One laboratory duplicate analysis for metals was performed for each SDG that reported total metals. 

The duplicate results are compared to the results of the original sample to give a measure of analytical 

laboratory precision.  If the results from a duplicate analysis for a particular analyte fall outside the 
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control limits, the EPA Functional Guidelines for Inorganic Data Review (EPA, 1994a) call for all 

results for that analyte in all associated samples of the same matrix to be qualified as estimated (J). 

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 investigation, one QA surveillance was conducted by IT Corporation to 

verify that sampling activities were performed in accordance with applicable requirements.  The  

surveillance did not identify any findings, deficiencies, or nonconformances with sampling activities.  

The requirements of the plans and procedures governing the activities at the site were met. 

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.  Several laboratory nonconformances were documented for this project.  These 

nonconformances have been accounted for in the data qualification process.  All nondetect acrolein 

and 2-chloroethyl-vinyl ether results were rejected due to the compounds response in the initial 

calibration.  The laboratory is not required to generate a nonconformance for this type of deficiency 

as long as the laboratory met all the required QC criteria for the initial calibration analysis. 

Documentation of these results is retained in project files.
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A.5.0 Summary

Analysis of the data generated from corrective action investigation activities conducted at CAU 266, 

Area 25 Building 3124 Leachfield, indicates the following:

• The PALs were not exceeded in soil samples for total VOCs, total SVOCs, TPH, total PCBs, 
total RCRA metals, gamma-emitting radionuclides, isotopic uranium, isotopic plutonium, and 
strontium-90 for any of the samples collected from the site.  

• The isotopic americium (americium-241) concentrations in two soil samples exceed PALs; 
therefore, americium-241 is a COC at CAU 266.  The calculated dose from the residual 
americium-241 in the soil results is less than the 100 mrem/yr limit established by DOE 
Order 5400.5 (DOE, 1993).

• Analytical results from liquid samples collected from the septic tank indicated detection of 
COPCs to include 1,4-dichlorobenzene, p-isopropyltoluene, trichloroethene, 
bis(2-ethylhexyl)phthalate, americium-241, uranium-234, and uranium-238.  There were no 
toxicity characteristic chemical COPCs detected above the regulatory levels.  Uranium 
isotopes were detected in ratios that were determined to constitute “added radioactivity.”

• Analytical results from sludge samples collected from the septic tank and distribution box 
indicated detection of COPCs to include americium-241, americium-243, cesium-137, 
uranium-234, uranium-238, and potassium-40.  Americium-241 was detected at levels which 
were determined to constitute “added radioactivity.”  Aroclor-1260 was detected at 
2,200µg/kg which is below the regulatory level of 50 mg/kg.  Diesel-range organics were 
detected in the septic tank sludge at 1,400 mg/kg, which exceeds the Nevada regulatory level 
of 100 mg/kg, and in the distribution box at 78 mg/kg.

• Analytical results from sludge samples collected from the septic tank and distribution box and 
processed using the TCLP method indicated detection of COPCs to include barium, cadmium, 
and lead.  None of these COPCs were detected above the toxicity characteristic regulatory 
levels.

• The geologic conditions revealed that the soil within the leachfield is comprised of alluvial 
fan soil that is poorly sorted with abundant gravel and cobbles.  Thin lenses of sand and silt 
were present at some locations.  The soil beneath the leachrock was a poorly sorted, silty 
gravelly sand with abundant pebbles, some gravel, and a few cobbles. 

• The geotechnical and bioassessment samples will not be submitted for analysis because the 
results will not significantly benefit the corrective action decision process.
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Attachment 1

Memo from S. Adams to R. McCall entitled,
“Dose Assessments of the Americium-241 in
Soil at the Area 25 Building 3124 Leachfield.”
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DATE: September 15, 1999

TO: Robert McCall

FROM: Steve Adams

SUBJECT: DOSE ASSESSMENT OF THE AMERICIUM-241 IN SOIL AT THE AREA 25
BUILDING 3124 LEACHFIELD

Summary
Three very conservative assessments were performed to calculate the dose and risk from the residual 
americium-241(241Am) contamination in the Corrective Action Unit (CAU) 266 leachfield system 
soil.  The maximum calculated doses and risks are orders of magnitude less than the criteria 
established by the U.S. Department of Energy (DOE) and the U.S. Environmental Protection Agency 
(EPA) for requiring remediation.  Leaving the residual contamination in the CAU 266 leachfield 
system soil would be protective of the public, workers, and the environment.

Americium-241 was detected above background concentrations in soil samples collected at depths 
greater than 1.067 meters (m) (3.5 feet [ft]) below the ground surface (bgs) at the Area 25 Building 
3124 Leachfield, CAU 266.  The potential radiological dose and risk from the residual 241Am were 
calculated by assuming three hypothetical exposure scenarios:

• Exposure Scenario 1 assumes a dose receptor resides on the CAU 266 leachfield full time 
with the contamination at the current depth.

• Exposure Scenario 2 assumes a dose receptor resides on the CAU 266 leachfield full time 
subsequent to the 241Am contaminated soil being brought to the surface and mixed with the 
uncontaminated soil.

• Exposure Scenario 3 assumes a dose receptor resides on the CAU 266 leachfield full time and 
with the contamination at the ground surface.

Table 1 shows the calculated dose from the residual 241Am contamination to a hypothetical future 
receptor living on the CAU 266 leachfield under the three exposure scenarios analyzed.
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The maximum calculated dose is 0.02 percent of the 100 millirem per year (mrem/yr) limit to 
members of the public established in DOE Order 5400.5 (DOE, 1993).  This dose is 0.7 percent of the 
25 mrem/yr dose criterion established by the U.S. Nuclear Regulatory Commission (NRC) for license 
termination and adopted as a remediation goal by the DOE Nevada Operations Soils Media Project 
and the Nevada Division of Environmental Protection (NRC, 1997). 

The calculated cancer mortality risk from a dose of 1.6 × 10-2 mrem/yr is 4.2 x 10-9.  This risk is for 
Exposure Scenario 3, the scenario with the largest Committed Effective Dose Equivalent (CEDE) and 
risk.  In addition, this level of risk is less than the 1.0 × 10-6 to 1.0 × 10-4 risk criterion range 
recommended by the EPA for considering remedial action at Superfund sites (EPA, 1997).

Additional details on the distribution of the 241Am concentration in CAU 266 soil, dose calculation 
methodology, and risk calculations will be found in the following sections of this memorandum.

Introduction
The CAU 266 leachfield system received sanitary waste from Building 3124 in Area 25 of the 
Nevada Test Site.  Building 3124 was constructed in 1962 to support the Test Cell A reactor test 
facility at the Nuclear Rocket Development Station (NRDS).  Building 3124 contained equipment for 
water flow testing, gas flow testing, static pressure testing, equipment maintenance and cleaning, and 
limited analytical work (DOE/NV, 1999).  Subsequent to the deactivation of Test Cell A in 1966, 
Building 3124 was probably used to house various laboratories in support of the Nevada Applied 
Ecology Group (DOE/NV, 1999).  The building was refurbished in 1991 and used to study 
radioactively contaminated soil remediation techniques for 2.5 years.  After 1995, Building 3124 was 
used for bench scale testing of soil treatability tests.  Building 3124 activities resulted in the release of 
sanitary waste to the CAU 266 leachfield.  Activities conducted within Building 3124 may have 
introduced radiological material into the CAU 266 leachfield.

Surface and below ground surface soil samples were collected from CAU 266 in 1999.  The soil 
samples were analyzed by gamma spectrometry; alpha spectrometry for isotopic plutonium, uranium, 
and americium; and for strontium-90.  Two samples had analytical results that exceeded background 
concentrations (McArthur and Miller, 1989).  Soil sample TCA60025 was collected from a borehole 

Table 1 
Summary of Dose and Risk from Residual 241Am in Soil at CAU 266 

Exposure 
Scenario 

No.

Committed Effective Dose Equivalent and Risk from all Exposure Pathways

Dose
(millirem per year)

Risk
(probability of cancer mortality/lifetime)

1 2.92E-18 1.32E-24

2 4.70E-3 1.21E-9

3 1.63E-2 4.20E-9
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taken from a depth of 1.067 to 1.37 m (3.5 to 4.5 ft) below the ground surface.  It had a 241Am 
concentration of  0.092 picocuries per gram (pCi/g) ± 0.047 pCi/g.  Soil sample TCA60040 was 
collected from a borehole core taken from a depth of four to five feet and had a 241Am concentration 
of 0.169 pCi/g ± 0.048 pCi/g.  The maximum 241Am concentration found in surface soil samples 
collected from undisturbed background locations, based upon 239/240Pu concentrations, is 0.038 pCi/g 
(McArthur and Miller, 1989).  The maximum 241Am concentrations found in the CAU 266 soil are 2.4 
times and 4.4 times the background 241Am concentration.  The following section of this memorandum 
discusses the calculational methodologies used to assesses the dose and risk from the residual 241Am 
in the CAU 266 leachfield system soil.

Dose Methodology
The residual 241Am concentration in CAU 266 leachfield system soil is only a few times background.  
The contamination is more than a meter below the ground surface and would be expected to result in 
a minimal dose and risk to a future land user.  The probability is very low that a future land user 
would receive a significant intake or external exposure to the 241Am in the CAU 266 soil.  

Nevertheless, assessments were performed to demonstrate that the dose and risk from the residual  
241Am contamination are well below regulatory limits.  The assessment methodology used to analyze 
the dose and risk from the residual 241Am contamination in the CAU 266 leachfield system soil should 
not be presumed to set precedence on the methods used in future assessments in support of corrective 
action levels for DOE Nevada Operations Environmental Remediation Programs.  The dose and risk 
assessment method used for the  CAU 266 leachfield system is extraordinarily and simple.  The 
assessment  methodology will result in calculated doses and risks that are significantly greater than 
expected in any realistic future land use at CAU 266.  The assessment methodology was selected 
because the dose and risk from the residual 241Am contamination are recognized intuitively as being 
very small.  In addition, the use of this simple yet conservative methodology will reduce the resource 
and time required to perform the assessment.

The CAU 266 assessments consist of five components:  the exposure scenario, the radiological source 
terms, the dose assessment calculation methodology, the risk assessment calculation methodology, 
and the analytical results.  Each of the dose assessment components are discussed in the following 
parts of this memorandum.

Exposure Scenario
For each of the three exposure scenarios described above, the hypothetical dose receptor is assumed 
to live continuously at the CAU 266 leachfield.  They spend 100 percent of their time outdoors, 
24 hours per day, 365 days per year.  The only differences in Exposure Scenarios 1, 2, and 3 is the 
depth and concentration of the radiological source term.  For each Exposure Scenario the dose 
receptor is exposed to 241Am through four exposure pathways.  The four exposure pathways include 
the inhalation of resuspended contaminated soil, inadvertent ingestion of soil, the ingestion of food 
grown on the CAU 266 leachfield system, and external exposure.  The breathing rates, food ingestion 
rates, annual average mass loading of resuspended soil, fraction of 241Am transferred to vegetation, 
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particle size distribution, shielding factors, dose conversion factors, risk factors, unit conversions, and 
other calculational parameter values are listed in Table A.1.

Radiological Source Term
Two out of ten CAU 266 soil samples analyzed for isotopic americium had concentrations exceeding 
that found in soil samples collected from undisturbed background locations 
(McArthur and Miller, 1989).  Sample TCA60025 was collected from a borehole taken from a depth 
of 1.067 m to 1.37 m (3.5 to 4.5 ft) below the ground surface.  It had a 241Am concentration of  
0.092 picocuries per gram (pCi/g) ± 0.047 pCi/g.  Soil sample TCA60040 was collected from a 
borehole core taken from a depth of 1.22 m  to 1.5 m (4 to 5 ft) and had a 241Am concentration of 
0.169 pCi/g ± 0.048 pCi/g.  These concentrations are respectively, 2.4 times and 4.4 times the 
calculated 241Am concentration found in surface soil samples taken from undisturbed background 
locations (McArthur and Miller, 1989).  The radiological source term for Exposure Scenario 1, 2, 
and 3 are summarized in Table 2 and discussed in detail in the following text.

In Exposure Scenario 1 doses and risks were calculated assuming that the CAU 266 leachfield system 
soil is not contaminated to a depth of 1.067 m (3.5 ft) bgs.  From a depth of 1.067 m (3.5 ft) bgs to a 
depth of 1.22 m (4 ft) bgs the entire CAU 266 leachfield system soil is assumed to be contaminated 
with 241Am at a concentration of 0.092 pCi/g.  From a depth of 1.22 m (4 ft) bgs to a depth of 1.5 m 
(5 ft) bgs the entire CAU 266 leachfield system soil is assumed to be contaminated with 241Am at a 
concentration of 0.169 pCi/g.  This radiological source term should conservatively bound the true 
241Am concentration in soil at the CAU 266 leachfield.

For Exposure Scenario 2 the 241Am contaminated soil was assumed to be uniformly mixed with the 
clean soil located between the contaminated soil and the ground surface.  Mixing the contaminated 
soil with the clean soil would result in a 241Am concentration of 0.0409 pCi/g in all soil located in the 
CAU 266 leachfield system from the ground surface to a depth of 1.5 m (5 ft).  This value was 
calculated in the following manner:

Table 2 
Radiological Source Terms Used in the Assessments of CAU 266

Exposure
Scenario

Depth of 241Am Contamination
(mbgs)

241Am Concentration
(pCi/g)

1

Surface to 1.067/ 
1.067 to 1.22
1.22 to 1.5

> 1.5

0.0
0.092
0.169
0.0

2
0 to 1.5
> 1.5

0.0409
0.0

3
0 to 0.433

>0.43
0.14
0.0
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241Am concentration = [0.092 pCi/g × (1.22m - 1.067m)] + [0.169 pCi/g × (1.5m - 1.22m)]/(1.067m + 0.153m + 0.28m)
241Am concentration = 0.0409 pCi/g

The 241Am contaminated soil at the surface would increase the dose and risk per unit concentration of 
241Am.  However,  mixing the 241Am contaminated soil with clean soil also dilutes the 241Am 
concentration and thereby reduce the calculated dose and risk. 

In Exposure Scenario 3 the contaminated soil is assumed to extend from the ground surface to a depth 
of 0.433 m (1.42 ft).  The dose receptor is assumed to be living directly on the residual 241Am 
contaminated soil.

Dose and Risk Calculation Methodology
Simple, conservative, dose and risk calculation models were used to calculate the CEDE and cancer 
mortality risk to the hypothetical future land user at CAU 266.  The calculational dose models for 
inhalation, food ingestion, soil ingestion, and external exposure are described below.  The CEDE is  
calculated by summing the dose contribution from each of the four exposure pathways.  The 241Am 
risk models are from the EPA Federal Guidance Report No. 13 (Eckerman, et al., 1998).  The 
equations used to calculate the 241Am intakes, exposure, and the resultant dose and risks are shown in 
Attachment A.1.  Parameter values used in the equations and references for each parameter value are 
listed in Table A.1.  The dose and risk calculations are shown in Attachment A.2.

Analytical Results
The calculated dose and risk for each exposure scenario from each exposure pathway are shown in 
Table 3.

Note - The risk component is expressed as the increase in the probability of cancer mortality to the dose receptor during their 
lifetime.

Table 3 
Calculated Committed Effective Dose Equivalent (mrem/yr) and
Risks from Residual 241-Am in CAU 266 Leachfield System Soil

Exposure 
Scenario

Inhalation Food Ingestion Soil Ingestion External Exposure Total

Dose Risk Dose Risk Dose Risk Dose Risk Dose Risk

1 0 0 0 0 0 0 2.9E-18 1.3E-24 2.9E-18 1.3E-24

2 3.3E-4 1.1E-10 2.6E-3 3E-10 1.1E-4 1.4E-11 1.7E-3 7.6E-10 4.7E-3 1.2E-9

3 1.1E-3 3.8E-10 9.0E-3 1.2E-9 3.8E-4 4.9E-11 5.8E-3 2.6E-9 1.6E-2 4.2E-9
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The maximum calculated dose from the residual 241Am contamination at CAU 266 leachfield system 
is for Exposure Scenario 3 and is equal to 1.63 × 10-2 mrem/yr.  About 55 percent of the dose is from 
food ingestion, 36 percent from external exposure, seven percent from inhalation, and two percent 
from soil ingestion.  The maximum calculated dose is less than 0.2 percent of the remediation 
criterion established in DOE Order 5400.5 (DOE, 1993).  In addition, it is less than 0.7 percent of the 
remediation criterion established by the NRC for licence termination.  The calculated dose for 
Exposure Scenario 2 is 4.7 × 10-3 mrem/yr.  It is less than 24 percent of the calculated dose for 
Exposure Scenario 3.  The calculated dose for Exposure Scenario 1 is 2.92 × 10-18, which is 
insignificant.

The maximum calculated risk from the residual 241Am contamination at CAU 266 leachfield system is 
for Exposure Scenario 3 and is equal to a 4.2 × 10-9 increase in the cancer mortality to the dose 
receptor during their lifetime.  This level of risk does not exceed the EPA recommended level for 
considering remediation at Superfund sites (EPA, 1997).

Conclusion
Three very conservative assessments were performed to calculate the dose and risk from the residual 
241Am contamination in the CAU 266 leachfield system soil.  The maximum calculated doses and 
risks are orders of magnitude less than the criteria established by the DOE and EPA for requiring 
remediation.  Therefore, leaving the residual contamination in the CAU 266 leachfield system soil 
would be protective of the public, workers, and the environment.

cc: Mike Foley Charles Orchard Dustin Wilson
Mike O’Hagan Stacey Alderson Central File
Bruce Dionne Carl Speer
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Attachment A.1 

Calculation Equations



CAU 266 CADD/CR
Appendix A
Revision:  0
Date:  02/18/2000
Page A-47 of A-58

Inhalation Dose Calculational Model

Hinh  = C × ML × BR × T × DR × FD where:

Hinh = CEDE from inhalation of 241Am (mrem/yr)
C = Concentration of 241Am in the soil (pCi/g)
ML = Annual average mass loading of resuspended soil in the air

gram per cubic meter (g/m3)
BR = Average daily breathing rate cubic meter per day (m3/day)
T = Exposure time (days)
DR = Dose conversion factor for inhalation of 241Am (mrem/pCi)
FD = Depth factor, fraction of contaminated soil that will be resuspended

Inhalation Risk Calculational Model

Rinh  = C × ML × BR × T × Rfinh  × FD where:

Rinh = Cancer mortality risk from the inhalation of 241Am (lifetime probability)
C = Concentration of 241Am in the soil (pCi/g)
ML = Annual average mass loading of resuspended soil in the air (g/m3)
BR = Average daily breathing rate (m3/day)
T = Exposure time (days)
Rfinh = Cancer mortality risk factor for inhalation of 241Am (lifetime probability/pCi)
FD = Depth factor, fraction of contaminated soil that will be resuspended

Food Ingestion Dose Calculational Model

Hingf  = C × Bv × Ir × T × DCF × 3,700 × 0.25 × Fu where:

Hingf = CEDE from ingestion of 241Am contaminated food (mrem/yr)
C = Concentration of 241Am in the soil (pCi/g)
Bv = Fraction of 241Am transferred from soil to food
Ir = Ingestion rate of food gram per day (g/d)
T = Exposure time of individual to food grown on CAU 266 (d/yr)
DCF = Ingestion dose conversion factor for 241Am (sieverts/becquerel [Sv/Bq])
3,700 = Multiplication conversion factor (mrem/pCi)/(Sv/Bq)
0.25 = Area correction factor for CAU 266 (dimensionless)
Fu = Fraction of 241Am taken up by the roots due to vertical distribution of the 241Am

in soil
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Food Ingestion Risk Calculational Model

Ring = C × Bv × Ir × T × Rfing × 0.25 × Fu where:

Ring = Cancer mortality risk from the ingestion of 241Am contaminated food
(lifetime probability)

C = Concentration of 241Am in the soil (pCi/g)
Bv = Fraction of 241Am transferred from soil to food
Ir = Ingestion rate of food (g/d)
T = Exposure time of individual to food grown on CAU 266 (d/yr)
Rfing = Cancer mortality risk factor for ingestion of 241Am (lifetime probability/pCi)
0.25 = Area correction factor for CAU 266 (dimensionless)
Fu = Fraction of 241Am taken up by the roots due to vertical distribution of the

241Am in soil

Soil Ingestion Dose Calculational Model

Hings  = C × Irs × T × DFs × 3,700 × FDu where:

Hings = Dose from the ingestion of 241Am contaminated soil
C = Concentration of 241Am in the soil (pCi/g)
Irs = Ingestion rate of soil (g/d)
T = Exposure time of individual to soil ingestion on CAU 266 (d/yr)
DFs = Ingestion dose conversion factor for 241Am (Sv/Bq))
3,700 = Multiplication conversion factor (mrem/pCi)/(Sv/Bq)
FDu = Fraction of 241Am ingested, a function of the vertical distribution of the 241Am in soil

Soil Ingestion Risk Calculational Model

Rings  = C × Irs × Ts × Rfs  × FDu where:

Rings = Cancer mortality risk from the ingestion of 241Am contaminated soil
(lifetime probability)

C = Concentration of 241Am in the soil (pCi/g)
Irs = Ingestion rate of soil (g/d)
Ts = Exposure time of individual to soil ingestion on CAU 266 (d/yr)
Rfs = Cancer mortality risk factor for ingestion of 241Am (lifetime probability/pCi)
FDu = fraction of 241Am ingested, a function of the vertical distribution of the 241Am in soil
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External Exposure Dose Model

Hext = C × DFext × Text × CF × SF where:

Hext = The external dose from 241Am in the soil (mrem/yr)
C = Concentration of 241Am in the soil (pCi/g)
DFext = External dose conversion factor for 241Am (Sv/Bq)/(s/m3)
Text = Exposure time (s/yr)
CF = Conversion factor [(mrem/yr)/(pCi/g)]/[(Sv/Bq)/(s/m3)]
SF = Shielding factor for 241Am below the surface (dimensionless)

External Exposure Risk Model

Rext = C × RFext × Text × CF × SF where:

Rext = The external exposure risk from 241Am in the soil (mrem/yr)
C = Concentration of 241Am in the soil (pCi/g)
RFext = External exposure risk factor for 241Am (kg/Bq/s)
Text = Exposure time (s/yr)
CF = Conversion factor (g-s-Bq/kg-yr-pCi)
SF = Shielding factor for 241Am below the surface (dimensionless)
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Table A.1
Numerical Values Used in the CAU 266 Dose and Risk Assessments

 (Page 1 of 2)

Parameter Value Reference

C1a 0.092 pCi/g from 1.07m to 1.22 m bgs CAU 266 Sample TCA60025 (Scenario 1)

C1b 0.169 pCi/g from 1.22 m to 1.5 m bgs CAU 266 Sample TCA60040 (Scenario 1)

C2 0.0409 pCi/g Scenario 2

C3

0.092 pCi/g from 0m to 0.153 m bgs
0.169 pCi/g from .153 m to .43 m bgs

Scenario 3

Hinh  mrem/yr Calculated value

Hingf mrem/yr Calculated value

Hings mrem/yr Calculated value

Hext mrem/yr Calculated value

Rinh lifetime cancer death probability Calculated value

Ringf lifetime cancer death probability Calculated value

Rings lifetime cancer death probability Calculated value

Rext lifetime cancer death probability Calculated value

ML 1.3 × 10-5 g/m3 Shinn, 1994

BR 16 m3/d Table 5, 19 - 34 year old males (Layton, 1993)

T 365 d/yr Maximum possible value

Text 3.156 × 107 s/yr Maximum possible value

DR 0.0999 mrem/pCi ICRP (1995) for Class M, 5 µm AMAD, 241Am

DCF 2.0 × 10-7 Sv/Bq ICRP (1995) for Class M 241Am

DCFs 2.0 × 10-7 Sv/Bq ICRP (1995) for Class M 241Am

DFext 2.34 × 10-19 (Sv/Bq)/(s/m3)
Table III.7 Eckerman and Ryman 1993, 241Am, infinite 
depth

Rfinh 9.04 × 10-7 /Bq Table 2.1, Eckerman et al., 1998, 241Am, cancer mortality

Rfing 2.56 × 10-9 /Bq
Table 2.3a, Eckerman et al., 1998, 241Am, cancer 
mortality

Rfings 2.56 × 10-9 /Bq
Table 2.3a, Eckerman et al., 1998, 241Am, cancer 
mortality

Rfext 1.59 × 10-17 kg/Bq-s Table 2.4, Eckerman et al., 1998, 241Am, cancer mortality

FD
0 for 241Am > 0.15 m bgs
1 for 241Am # 0.15 m bgs

Equations B.5, page 144 Yu et al., 1989

Bv 5.39 × 10-4 fraction Calculated, Tables D.2 - D-4, Yu et al., 1989



CAU 266 CADD/CR
Appendix A
Revision:  0
Date:  02/18/2000
Page A-51 of A-58

Ir 2,952 kcal/d Eckerman et al., 1998

3700 (mrem/pCi)/(Sv/Bq) Unit definition, Shleien et al., 1998

0.25 Dimensionless Equations D-5, page 179, Yu et al., 1989

Fu

0 for initial conditions, 1 when
 241Am is within root zone depth

Equations D.6, page 180, Yu et al., 1989

Irs 0.01 g/d Section 6A.1, for adults, AIHC, 1994

FDu

0 for 241Am > 0.15m bgs
1 for 241Am # 0.15 mbgs

Equations B.5, page 144 Yu et al., 1989

CF [(mrem/yr)/pCi/g)]/[(Sv/Bq)/(s/m3)] Unit definition, Shleien et al., 1998

SF
2.73 × 10-16 (mrem/yr)/(pCi/g) when
241Am $ 1.067 m bgs, otherwise = 1

Calculated using RESRAD code, Files RCRSCN17.RAD 
and RCRSACN2.RAD

Table A.1
Numerical Values Used in the CAU 266 Dose and Risk Assessments

 (Page 2 of 2)

Parameter Value Reference
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Attachment A.2 

Dose and Risk Assessment Due to Am-241
in Soil at CAU 266 Leachfield
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Inhalation Exposure Pathway

Inhalation Dose = H = C x ML x BR x T x DR x FD

Inhalation  Risk = R = C x ML x BR x T x Rf x FD where

H = The 50-year dose due to the Am-241 inhaled during the year of the maximum intake (mrem/year)

R = The cancer mortality risk from inhalation of Am-241

C = is the concentration of Am-241 in the soil (pCi/g)

C1 = 0.092 pCi/g from 1.07m to 1.22m bgs, Exposure Scenario 1

C1 = 0.169 pCi/g from 1.22m to 1.5m bgs, Exposure Scenario 1

C2 = 0.0409 pCi/g from 0m to 1.5m bgs, Exposure Scenario 2

C3 = 0.092 pCi/g from 0.0m to 0.153m bgs, Exposure Scenario 3

C3 = 0.169 pCi/g from 0.153 m to 0.43m bgs, Exposure Scenario 3

Note - For calculational purposes the Scenario 3 source term = 
the weighted average Am-241concentration in the soil from 0.0 to 0.43 m bgs

0.14 pCi/g

ML = the annual average mass loading of resuspended  soil in the air (g/m3)  (Shinn, 1994) = 1.36E-05

BR = breathing rate of 19 - 34 year old males from Table 5, Layton (1993) (m3/day)  = 16

T = the exposure time in days per year  (d/yr) = 365

DR = the dose conversion factor for Am-241 Class M, 5 micorn AMAD, (Sv/Bq), ICRP (1995)  Publication #68 = 2.7E-05

3700 = multiplication conversion factor (mrem/pCi)/(Sv/Bq)                                                                                                                                              FD 
= Depth Factor, adjust for depth of Am-241, 1.067 m for 0.092 pCi/g and 1.22 m for 0.169 pCi/g

Exposure Scenario #1 = 0

Exposure Scenarios #2 and #3 = 1

Rf = inhalation cancer mortality probability from Am-241,  (9.04E-7/Bq)/(1Bq/27.07pCi) = 3.34E-08

Inhalation Dose and Risk from Am-241 Contaminated Soil
(Am-241 Concentration in Soil)

Response
Scenario

1
0.092 pCi/g

Scenario
1

.169 pCi/g

Scenario
2

.0409 pCi/g

Scenario
3

.14 pCi/g

H = 0.00E+00 0.00E+00 3.25E-04 1.12E-03 mrem/yr

Rf = 0.00E+00 0.00E+00 1.08E-10 3.76E-10 probability cancer death/yr

Cancer Risk Coefficients (Probability/Becquerel of Intake)
(Federal Guidance Report No. 13 [Eckerman et al.,1998])

Mode of Intake Mortality
(1/Bq)a

Morbidity
(1/Bq)a

Inhalation 9.04E-07 9.58E-07

Water Ingestion 2.01E-09 2.81E-09

Food Ingestion 2.56E-09 3.63E-09

External 1.59E-17 2.36E-17

Note -  (a) the units for external exposure are (kg/Bq-s)
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Food Ingestion Pathway

Assumes worst case:  20-year old male consuming 2,952 kcal/d of food at an average rate of 1,700 kg of food per kcal 
(Eckerman et al., 1998).  Assumes that the fraction of Am-241 transferred from the soil to food is 5.39E-4 based upon 
Tables D.2 - D.4 of Yu et al., (1989).  The fraction of food raised on site is adjusted per Yu et al., (1989).

Calculation of the fraction of Am-241 transferred from the soil to food:
((160 kg/yr + 14 kg/yr fruits, vegetables, grain, leafy vegetables [Table D.2]) x 1.0E-3 Am-241 transfer rate 
(Table D.3)) + ((63 kg/yr of meat [Table D.2] x 5E-5 Am-241 transfer rate for beef (Table D.4)) + ((92 kg/yr of 
milk [Table D.2] x 2E-6 Am-241 transfer rate for milk (Table D.4))/(174+63+92) =                   0.000539009  =  Bv

The dose and risk from ingestion of food contaminated with Am-241 is calculated as follows:

H = C x Bv x Ir x T x DCF x 3,700 x 0.25 x Fu

R = C x Bv x Ir x T x Rf x Fu     where

C = Am-241 concentration in soil (pCi/g)

Bv  = fraction of Am-241 transferred from soil to food (Yu et. al., 1989) = 5.39E-04 pCi/g (vegetation)/pCi/g (soil))

Ir = food ingestion rate = (2,952 kcal/d)/(1,700 kcal/kg of food) x 1,000 g/kg = 1736 g of food/d

T = time dose receptor is ingesting food grown on CAU 266 leachfield = 365 days/year

DCF = ingestion dose conversion factor for Am-241 (ICRP, 1995) = 2.00E-07 Sv/Bq

3700 = multiplication conversion factor (mrem/pCi)/(Sv/Bq)

0.25 = fraction of all food grown on site = (50m x 100m)/20,00 m2  = .25 (Yu et al., 1989)

Rf = ingestion risk factor for Am-241 = (2.56E-9/Bq) / (27.027 pCi/Bq) = 9.47201E-11 (1/pCi)

Fu = fraction of Am-241 taken up by roots, assumed to be fraction of Am-241 in root zone, of 0.9 m, 

         Am-241 is <9 m BGS, Fu = 0, otherwise 1 (Yu et al., 1989) 0

Food Ingestion Dose and Risk from Am-241 Contaminated Soil
(Am-241 Concentration in Soil)

Response
Scenario 1
0.092 pCi/g

Scenario 1
.169 pCi/g

Scenario 2
.0409 pCi/g

Scenario 3
.14 pCi/g

H = 0.00E+00 0.00E+00 2.58E-03 8.95E-03 mrem/yr

Rf = 0.00E+00 0.00E+00 3.31E-10 1.15E-09 cancer death/yr

               Water Ingestion Dose and Risk from Am-241 Contaminated Soil

This exposure scenario was not chosen due to the large distance to groundwater, very low rate of 
precipitation, and high evapotranspiration.
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Soil Ingestion Dose and Risk from Am-241 Contaminated Soil

             H = C x  IR x T x DR x FD x 3700

R = C x IR x T x Rf x FD
where

H = The 50-year dose from ingesting Am-241 contaminated soil during the year of the maximum intake (mrem/year)

R = The cancer mortality risk from ingestion of Am-241

C = is the concentration of Am-241 in the soil, (pCi/g)

IR = ingestion rate of adults from Section 6.A.1, AIHC (1994), g/day = 0.01

T = the exposure time in days per year = 365

DR = the dose conversion factor for Am-241 Class M, Sv/Bq, ICRP Publication #68 = 2.00E-07

FD = Depth factor = 0 when the cover depth, 1.07 m, is > 0.15 m, Equation B.5, (Yu et. al., 1989) = 0

FD = Depth factor = 1 when the cover depth is < 0.15 m, Equation B.5, (Yu et. al., 1989) = 1

Rf = the cancer risk from ingestion of Am-24, 1/Bq x Bq/27.027, (FGR #13) = 9.46E-11

3700 = multiplication conversion factor (mrem/pCi)/(Sv/Bq)

Ingestion Dose and Risk from Am-241 Contaminated Soil
(Am-241 Concentration in Soil)

Response
Scenario 1
0.092 pCi/g

Scenario 1
0.169 pCi/g

Scenario 2
.0409 pCi/g

Scenario 3
.14 pCi/g

H = 0.00E+00 0.00E+00 1.10E-04 3.82E-04 mrem/yr

Rf = 0.00E+00 0.00E+00 1.41E-11 4.89E-11 cancer death/yr

                                                    External Exposure Pathway

H from external exposure to Am-241 = 2.34E-19 (Sv/Bq)/(s/m3) FGR #12, (1993).  Converting to familiar units:

(105 mrem/Sv) x (Bq/27.027 pCi) x (3600 s/ hr) x (24 hrs/d) x (365.25 d/yr) x (106 cm3/m3) x (1.5 g/cm3)

H = 2.34E-19 (Sv/Bq)/(s/m3) x 1.751 x 1017 [(mrem/yr)/(pCi/g)] /[(Sv/Bq)/(s/m3)] = 0.041 (mrem/yr)/(pCi/g)

H = 0.04098 (mrem/yr)/(pCi/g) when Am-241 is at the surface

H = 1.11841E-17 (mrem/yr)/(pCi/g) when Am-241 is at $1.067 m below the surface

Risk Coefficient for cancer mortality risk = risk coefficient for cancer morbidity risk = 1.59E-17 kg/(Bq-s)

Converting to familiar units:  (103g/kg) x (3.156 x 107 s/yr) x (Bq/27.027 pCi) =         1.168x 109 (g-s-Bq/kg-yr-pCi)

Cancer Risk Coefficient (Scn. 2,3) = 1.59E-17 kg/Bq-s) x 1.168E+9 =                      1.857E-08 (risk/yr)/(pCi/g)

Cancer Risk Coefficient (Exposure Scenario #1) =                                                  5.06804E-24 (risk/yr)/(pCi/g)

External Dose and Risk from Am-241 Contaminated Soil
(Am-241 Concentration in Soil)

Response
Scenario 1
0.092 pCi/g

Scenario 1
0.169 pCi/g

Scenario 2
.0409 pCi/g

Scenario 3
.14 pCi/g

H = 1.03E-18 1.89E-18 1.68E-03 5.80E-03 mrem/yr

Rf = 4.66E-25 8.56E-25 7.60E-10 2.63E-09 cancer death/yr
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Total Dose From all Exposure Pathways

Total Dose and Risk from Am-241 Contaminated Soil (mrem/yr)
(Am-241 Concentration in Soil)

Response
Scenario 1
0.092 pCi/g

Scenario 1
0.169 pCi/g

Scenario 2
.0409 pCi/g

Scenario 3
.14 pCi/g

H = 1.03E-18 1.89E-18 4.70E-03 1.63E-02 mrem/yr

Rf = 4.66E-25 8.56E-25 1.21E-09 4.20E-09 cancer death/yr

CONCLUSION

The estimated maximum dose to an individual living on the CAU 266 leachfield soil under the present conditions would be 
about 2.9E-18 mrem/year.  If the CAU 266 soil was mixed with surface soil than the dose would increase to 4.7E-3 mrem/year.  
If all of the Am-241 was brought to the surface the dose would be about 1.63E-2 mrem/year.  All of these doses are less than 
0.02 percent of the 100 mrem/year limit established in DOE Order 5400.5 (DOE, 1993), and less than 0.07 percent of the 
25 mrem/year established in 10 CFR 20 (NRC, 1997) for license termination.

Under all of the exposure scenarios the risk does not exceed the criterion established by the U.S. Environmental Protection 
Agency of 1.0E-6 for consideration of performing remediation at a Superfund site.
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Appendix B

Radiological Walkover Survey Report
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Appendix C

Closure Activities Summary
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Appendix D

Waste Generator Approval Process Flow Diagram

This information was copied directly from Appendix A of the Nevada Test Site 

Waste Acceptance Criteria
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NEVADA ENVIRONMENTAL RESTORATION PROJECT
DOCUMENT REVIEW SHEET

1. Document Title/Number:  Draft Corrective Action Decision Document/Closure Report for Corrective Action
Unit 266:  Area 25 Building 3124 Leachfield, Nevada Test Site, Nevada

2. Document Date:  September 1999

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

5. Responsible DOE/NV ERP Project Mgr.:  Janet Appenzeller-Wing 6. Date Comments Due:  10-20-99

7. Review Criteria:  Full

8. Reviewer/Organization/Phone No.:  Gregory A. Raab/NDEP (702) 486-2867 9. Reviewer’s Signature:  

10. Comment 
Number/
Location

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

Accept

1.  Page ES2, 
2nd Bullet

As the last paragraph states, the contents of the septic tank and 
distribution box must be removed before the site can be closed.  
Until and unless this is done, the site cannot be considered closed.

The contents of the septic tank were removed and the septic 
tank and distribution box were pressure washed.  Verification 
samples were obtained, analyzed, and reported from the septic 
tank and are shown in Appendix C of this CADD/CR.

Yes

2.  Page 7, 
Section 2.3

Need for Corrective Action:  This states there must be corrective 
action; therefore, there must be a Corrective Action Plan for closure.

No corrective action plan is necessary because closure activities 
have been completed and reported in this CADD/CR.

Yes

3.  Page 8, 2nd 
Bullet

Same comment as #1. The contents of the septic tank were removed and the septic 
tank and distribution box were pressure washed.  Verification 
samples were obtained, analyzed, and reported from the septic 
tank and are shown in Appendix C of this CADD/CR.

Yes

4.  Page 8, 
3rd Bullet

No letter of closure will be issued until the Corrective Action Plan for 
closure and the work is completed.

No corrective action plan is necessary because closure activities 
have been completed and reported in this CADD/CR.

Yes

5.  Page 8, 
4th Bullet

CAU 266 will be moved from Appendix III to Appendix IV only when 
the Corrective Action Plan for closure and the work is completed.

No corrective action plan is necessary because closure activities 
have been completed and reported in this CADD/CR.

Yes

6.  Page A-2, 
2nd Paragraph, 
3rd Sentence

“...The subsurface soils in the vicinity of the collection system and 
leachfield may have been impacted by radioactive and other 
contaminants of potential concern (COPCs)...”.  NDEP was of the 
opinion that the investigation conducted should have resolved this 
question.  If this is not the case, then this site cannot be closed at 
this time.

This sentence was changed to read “This CAU was investigated 
because process knowledge indicated that the subsurface soils 
in the vicinity.....” Yes
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NEVADA ENVIRONMENTAL RESTORATION PROJECT
DOCUMENT REVIEW SHEET

7.  Page A-6, 
Section A.2.3, 
1st Paragraph, 
Last Sentence

“...No elevated radiation (using the Electra)... were detected within 
the pipes near the openings...”.  This implies a physical sample was 
taken and presented to the Electra.  Please clarify.

No sampling was conducted during Stage II (video mole survey) 
activities.  The Electra and PID were used to monitor within the 
pipes at the openings or access points only.  The sentence was 
not modified.

No

8.  Page A-44

Dose and Risk Calculation Methodology:  The risk models and dose 
conversion factors (DCFs) used are from FGR-13.  According to 
DOE Order 5400.5, Radiation Protection of the Public and the 
Environment, page 4, paragraph y, the preferred DCFs for use by 
Federal agencies is FGR-11.  Until this policy statement changes, all 
dose and risk calculations should employ the FGR-11 DCFs.

No change made.  The risk models and dose conversion factors 
(DCFs) used were from FGR-13 and ICRP 68 and are 
presented in Attachment 1 of Appendix A.  In response to the 
use of FGR 11, the DOE Order 5400.5, Page 4 citation is from 
the “references” section and only included because those are 
the DCFs presented in Chapter III. DOE Order 5400.5, Chapter 
1, Section 10, states that the applicable DCFs should be used 
when performing calculations of dose from exposures to the 
public. Using this as guidance, the use of FGR 13 is appropriate.     
DOE Order 5400.5, Chapter IV specifically references 
DOE/CH/8901 (RESRAD user manual by Gilbert et al., 1989) as 
a guidance to be used for calculating the residual radioactive 
material guidelines.  This document stated that the ICRP 
effective dose model shall be used for deriving soil 
concentration guidelines.  The most recent ICRP dose 
conversion factors are those listed in ICRP 68 and 72.  The 
senior author of FGR 11 and 12, Keith Eckerman, stated that 
FGR 11 and 12 are to be revised to incorporate the dosimetry 
models of ICRP 68. Other DOE contractors and NRC licensees 
are currently using ICRP 68.  Additionally, FGR 13 makes use of 
the most up-to-date scientific information available for risk 
assessment. FGR 13 incorporates the most recent 
age-dependent dose model published by ICRP, EPAs current 
radiation risk models, and the most recent U.S. decennial 
census and cancer models.             

No

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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