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Definitions
The following definitions are used in the Nevada Test Site (NTS) Mud Pit Risk-Based Closure 
Strategy Report:

Blooey Line:  Metal piping used in drilling operations to direct the drilling fluids and drill 
cuttings from the drill hole to the return mud pit.

Blow-Out Preventor (BOP): A device located at the post-shot drilling hole that can seal off the 
annular space between the drill pipe and walls of the containment stack to prevent an uncontrolled 
escape of radioactive gases or liquids.

Borehole:  A hole bored or drilled into the earth and used for a variety of purposes.

Cellars:  Entries constructed below grade, composed of a large piece of casing whose primary 
function is to house the BOP.

Corrective Action Sites (CASs):  Sites potentially requiring corrective action(s) and may include 
solid waste management units or individual disposal or release sites.  This term is used solely to 
identify sites that are included or will be included in the Federal Facilities Agreement and 
Consent Order (FFACO) appendices.

Corrective Action Units (CAUs):  One or more CASs grouped geographically, by technical 
similarity, by agency responsibility, by funding, or by other appropriate reasons for the purpose of 
determining corrective actions.

Contaminant of Concern (COC):  A compound that, based on the weight of evidence, is likely to 
be related to mud pits operations and found in the NTS mud pits.

Davis Mix:  An air foam mix primarily consisting of some bentonite, water, detergent, guar gum, 
and soda ash that was used as a drilling fluid in drilling activities.

Debris:  Solid material exceeding a 60-millimeter particle size that is intended for disposal and 
that is a manufactured object, plant or animal matter, or natural geologic material.

Dermal:  Relating to skin.

Drill Cuttings:  A generic term describing any earthen debris resulting from preparation of a drill 
hole.

Drill Hole:  A generic term describing the hole that has been drilled.
xvi



Definitions (Continued)
Drilling Fluid:  A generic term describing any type of fluid used as a lubricant, a hole stabilizer, 
and for cleaning in drilling operations.

Drilling Media:  A generic term describing any type of fluid or material used to aid in the drilling 
process.

Drilling Mud:  A generic term describing a powdered clay mixed with water and various 
additives to produce a viscous fluid. This term can be synonymous with drilling fluid.

Drill Pad:  A compacted earthen pad where drilling equipment was routinely set up.

Emplacement Hole:  A large-diameter hole that is drilled for the emplacement of a testing device.  
These holes generally range from 48 to 98 inches (in.) in diameter.

Exploratory Hole:  A small-diameter hole drilled for geological inquiry. These holes generally 
range from 8 to 13 inches in diameter.

Federal Facility Agreement and Consent Order (FFACO):  A document that provides a 
framework for identifying, prioritizing, investigating, remediating, and monitoring Nevada sites 
contaminated by the U.S. Department of Energy (DOE) and the U.S. Department of Defense 
(DoD).

Geosyncline:  A large troughlike or basinlike downwarping of the earth's crust, in which a thick 
succession of sedimentary and volcanic rocks accumulated.

Instrumentation Hole:  A small-diameter hole drilled for the placement of monitoring 
equipment. These holes generally range from 8 to 13 in. in diameter.

Mud Pit:  A general term describing an earthen area into which drilling fluid and/or drill cuttings 
were pumped.

Other Mud Pit:  These mud pits were used during the drilling of holes for purposes other than 
emplacement or post-shot drilling activities.

Post-Shot:  Refers to drilling activities performed to collect samples from the area affected by a 
test.

Post-Shot Mud Pit:  A mud pit used during post-shot drilling activities.

Pre-Shot Mud Pit:  A mud pit associated with the drilling of an exploratory, emplacement, or 
instrumentation hole.
xvii



Definitions (Continued)
Pre-Shot:  Refers to drilling activities associated with emplacement, exploratory, or 
instrumentation holes.

Primary COC:  A compound that, based on the weight of evidence, is likely to be related to mud 
pit operations and found in the NTS mud pits.

Return Mud Pit:  An earthen pit used during pre- and post-shot drilling to collect the drill cuttings 
and drilling mud or drilling fluids.  The return mud pit was also used to collect any fluid from 
equipment or decontamination activities.

Small Return Mud Pit:  An earthen pit used to dispose drill cuttings and water that was pumped 
from the cellar.  It was also used to collect any excess fluid from equipment or decontamination 
activities.

Suction Mud Pit:  An earthen pit used in conjunction with a return mud pit; the drilling media 
was pumped out for reuse in drilling operations.

Suction Pit:  An earthen pit used during emplacement hole drilling; the fluid was pumped out for 
reuse in the drilling operations.

Surrogate COC:  A compound that based on the weight of evidence may not be related to mud 
pits operations, but which cannot be ruled out as unrelated to mud pits operations.

Weir:  A device placed in a trench that restricts fluid flow to measure discharge from the return 
mud pit to the suction pit.
xviii



Executive Summary

This Mud Pit Risk-Based Closure Strategy Report, Nevada Test Site, Nevada, details a risk-based 

approach that will be used to investigate and close Corrective Action Units (CAUs) 530, 531, 532, 

533, 534, and 535.  These CAUs are located in 14 U.S. Department of Energy (DOE) areas of the 

Nevada Test Site (NTS), and consist of 270 individual Corrective Action Sites (CASs).  For the 

purposes of this report, these CASs will be referred to as the NTS mud pits.

The Mud Pit Strategy, Mud Pit Identification, and Mud Pit Inventory reports were the preceding NTS 

mud pit documents.  They provided historical and operational information about the NTS mud pits as 

well as the process that led to their entry into the Federal Facility Agreement and Consent Order 

(FFACO).  The Mud Pit Risk-Based Closure Strategy Report, Nevada Test Site, Nevada builds upon 

the data from the preceding reports.

This report presents the findings of the human and ecological risk assessment for the NTS mud pits.  

The risk assessment utilizes data from 52 of the 270 NTS mud pits in conjunction with corroborative 

data from 87 other DOE mud pits associated with nuclear testing (at locations on the NTS, in the 

western United States, and Alaska) as well as relevant process knowledge.  Based on the risk 

assessment findings, the report provides a strategy for further evaluation, characterization, and 

closure of all 270 NTS mud pit CASs using the Streamlined Approach for Environmental Restoration 

(SAFER). 

This risk assessment methodology uses established U.S. Environmental Protection Agency (EPA) 

and DOE guidance for evaluating the human health and ecological risks associated with residual 

contamination at the NTS mud pits.  These guidances, which are discussed in Section 1.3, set forth 

steering principles for conducting risk and dose assessments and provide a regulatory framework to 

ensure technical and policy consistency within the regulated community.  They are used nationwide 

in regulatory settings to evaluate the risks associated with chemical and radiological contamination, 

and to guide cleanup decisions.  They are widely used and accepted as appropriate for Comprehensive 

Environmental Response Compensation and Liability Act (CERCLA) risk assessments, such as those 

associated with the NTS mud pits.  

The risk-based closure strategy is feasible and in agreement with the CERCLA risk assessment and 

regulatory framework, and with the National Contingency Plan.  The risk-based strategy includes an 
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evaluation of the risks or threats posed by contaminants at the NTS mud pits, assessment of 

approaches to address data gaps that hold back the decision process, identification of a familiar path 

forward, completion of remaining characterization and remediation work (as necessary), and 

verification and regulatory closure.  However, at this point in time, there is insufficient information to 

implement the strategy without further investigation.  There are data gaps which generate more 

uncertainty than can be accepted in the decision process.  In order to implement the risk-based 

strategy, the deficiencies related to these uncertainties in the risk assessment information must be 

overcome.  The principal findings of the risk assessment include:

• The primary contaminants of concern (COC) at the NTS mud pits are petroleum 
hydrocarbons.  Petroleum hydrocarbons, such as diesel fuel, were used as drilling lubricants.  
Additional COCs include a limited number of radionuclides that are most likely associated 
with legacy fallout on the ground surface and/or residual contamination from underground 
tests that vented to the atmosphere.

• Conservatively estimated exposures to humans who may contact hydrocarbon and 
radiologically contaminated mud pit soils in the future are well within regulatory risk 
assessment compliance limits.

• Conservatively estimated exposures to terrestrial plants that may contact mud pit soils are also 
within ecological regulatory risk assessment compliance limits, and there are no issues with 
listed threatened and endangered species. 

• Additional sampling of the petroleum hydrocarbons contamination is required to increase the 
statistical confidence in the characterization.

Based on these findings, this strategy sets forth a SAFER Plan for characterizing the NTS mud pits 

using regulatory risk assessment results as the gauge of compliance.  The Plan utilizes Data Quality 

Objectives as a road-map and conventional statistical methods to derive a standard characterization 

approach for efficiently characterizing the NTS mud pits.  The Plan includes:

• Characterizing the 270 NTS mud pit CASs using a strategy based on data from a total of 104 
CASs.

• Obtaining petroleum hydrocarbon analysis from 52 unsampled CASs using a systematic 
random grid for 10 surface soil samples at each of the selected CASs.

• Assessing the human health and ecological risks from each CAS that is characterized.
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• Applying a decision logic that leads to closure of the NTS mud pits with the no further action 
alternative, if the additional data matches the hypothesis. 

The strategy provides a 95 percent assurance against a false negative error for any CAS which is 

characterized (i.e., directly sampled).  A false negative error occurs if it is determined later that 

additional actions to control the risks to acceptable levels were necessary for a CAS that was 

originally determined to not require further action for closure.  The strategy also gives a 90 percent 

assurance against a false negative error for NTS mud pits that are not sampled.  This is because the 

statistically based approach provides a 95 percent confidence that no more than 5 percent of the NTS 

mud pits will exceed compliance limits.  The NTS mud pits that are not sampled will be characterized 

based on process similarity and association with results of NTS mud pits that are sampled.  A decision 

logic that is part of the strategy involves stakeholders.  If indeterminate characterization results are 

obtained, the decision logic can, in consultation with the stakeholders, lead to additional 

characterization.

The path forward includes the following steps:

1. Finalizing this report with the Nevada Division of Environmental Protection (NDEP).
2. Development of a single SAFER Plan for CAUs 530 through 535 and obtaining NDEP 

concurrence.
3. Characterization of 52 randomly selected NTS mud pits representing each mud pit 

category.
4. Preparation of the Closure Report.
5. Obtaining NDEP concurrence on the Closure Report.
6. Allowing all other mud pits that are in the FFACO, but are not currently included in 

CAUs 530-535, to be closed in the future using the data provided in the SAFER Plan and 
Closure Report, provided they are operationally similar to the NTS mud pits.

The findings in this strategy report are reasonable and can be traced to accepted regulatory guidance.  

As a result, the strategy report provides appropriate information upon which decision makers can rely 

for taking into consideration risk management options.
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1.0  Introduction

This risk-based closure strategy details a risk-based approach that will be used to investigate and 

close Corrective Action Units (CAU) 530:  Los Alamos National Laboratory (LANL) Preshot Mud 

Pits; CAU 531:  LANL Postshot Mud Pits; CAU 532:  Lawrence Livermore National Laboratory 

(LLNL) Preshot Mud Pits; CAU 533:  LLNL Postshot Mud Pits; CAU 534:  Exploratory/ 

Instrumentation Mud Pits; and CAU 535:  Mud Pits/Disposal Areas.  These CAUs are located in 

14 of the U.S. Department of Energy’s (DOE) areas of the Nevada Test Site (NTS), and consist of 

270 Corrective Action Sites (CASs) that are currently listed in Appendix II of the 1996 Federal 

Facility Agreement and Consent Order (FFACO) (Figure 1-1 and Figure 1-2).            

1.1 NTS Mud Pit Reports History

The U.S. Department of Energy, National Nuclear Security Administration Nevada Site Office 

(NNSA/NSO) and the Nevada Division of Environmental Protection (NDEP) agreed to develop a 

systematic process for categorizing, identifying, and administratively entering mud pits at the NTS 

with suspected environmental contamination into the FFACO.  This strategy applied to mud pits 

located at the NTS that were not already listed in the FFACO appendices prior to 2001.  The 

following is a brief summary of the reports preceding the Mud Pit Risk-Based Closure Strategy 

Report, Nevada Test Site, Nevada:  

• The Mud Pit Strategy, Nevada Test Site, Nevada (DOE/NV, 2001b) provided pertinent details 
about the general NTS mud pit designs and operations, as well as the composition of the 
drilling mud formulations used by the various labs.  The report discussed the current 
conditions of the NTS mud pits and identified the associated contaminants of potential 
concern.

• The Mud Pit Identification Report, Nevada Test Site, Nevada (DOE/NV, 2001a) documented 
the drillhole/NTS mud pit identification process which included the use of historical reports, 
engineering drawings, and aerial photographs.  The criteria for entering or excluding NTS 
mud pits as corrective action sites in the FFACO were also discussed.  Based on the 
information contained in this report, 257 NTS mud pits were subsequently entered into the 
FFACO as CAUs 530 through 535.

• The Mud Pit Inventory Report, Nevada Test Site, Nevada (NNSA/NSO, 2004b) discussed the 
process used to perform the field inventory of the NTS mud pits.  As expected, FFACO 
modifications were required based on the results from the field inventory.  Additionally, new 
1



Figure 1-1
NTS Mud Pit Distribution

(by DOE Area)
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Figure 1-2
Distribution of 270 NTS Mud Pits
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NTS mud pits and spills were identified and added to CAUs 530 through 535 for a total of 270 
NTS mud pits.        

1.2 Purpose

The purpose of this report is to provide a risk-based strategy for characterization and closure activities 

at CAUs 530 through 535.  This report will examine and report on all of the information, data, and 

rationale used to support implementation of a strategy that will collect data of sufficient quality and 

quantity to: (1) determine the nature and extent of contaminants of concern (COCs), and 

(2) recommend a corrective action alternative to close the NTS mud pits.  For the remainder of this 

report, the mud pits within CAUs 530 through 535 will collectively be referred to as the NTS mud 

pits.  There are several Appendix II and III CAUs that contain mud pit CASs outside of CAUs 530 

through 535. These CAUs were entered into the FFACO prior to the identification and creation of 

CAUs 530 through 535 based on process knowledge information that identified specific 

environmental concerns.  The mud pit CASs that are in CAUs other than CAUs 530 through 535 will 

generically be referred to as mud pits while the term NTS mud pits will specifically refer to the mud 

pit CASs in CAUs 530 through 535.

If approved, the risk-based strategy presented in this report may also be applied to the remaining mud 

pits in the FFACO that are within CAUs other than CAUs 530 though 535. Although there are some 

CAUs that consist entirely of mud pit CASs, often these CASs have been misgrouped within CAUs or 

have been misnamed with inappropriate CAS descriptions.  As these sites are identified and 

recognized to be mud pits, a preliminary assessment investigation will be performed to determine if 

the mud pits are operationally similar to the NTS mud pits.  If a site is found to be operationally 

similar to the NTS mud pits, a request will be made to transfer one or more CASs to the appropriate 

CAU within CAUs 530 through 535.  Evidence supporting the request will be presented to justify an 

FFACO CAU transfer.  Evidence could include preliminary assessment sampling data, process 

knowledge information, or a combination thereof.   If the request is approved by NDEP, the CAS or 

CASs will be placed directly into Appendix IV of the FFACO, once the NTS mud pit corrective 

actions have been completed.  If a mud pit is not found to be operationally similar, the CAS will not 

be transferred to CAUs 530 through 535, will remain in the appropriate FFACO Appendix, and will 

be investigated according to the specified corrective action process.
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1.3 Objectives

The risk-based strategy will be based on data, mud pit process knowledge and characterization/ 

closure experience, coupled with an understanding of data that is required to complete 

characterization for closure.  This knowledge will be derived from a scientific evaluation using 

methodologies approved by the U.S. Environmental Protection Agency (EPA) guidance.  The key 

implementing objectives of the risk-based strategy are:

• Characterize the risks associated with the NTS mud pits (CAUs 530 through 535) using 
site-specific data.

• Characterize the risks associated with all other mud pits in the FFACO using the large body of 
existing data and process knowledge.

• Develop correlations between the risks normally associated with the NTS mud pits and all 
other mud pits in the FFACO. 

• Identify a risk-based strategy for characterization and closure activities at the NTS mud pits 
that are consistent with regulatory requirements. 

• Apply the strategy for characterization and closure activities at the NTS mud pits to the 
remaining mud pits in the FFACO, as appropriate.

1.4 Regulatory Decision Framework

The FFACO (1996), which is an agreement between the DOE, NDEP, and U.S. Department of 

Defense (DoD), is the primary regulatory driver for developing this strategy.  Additional drivers for 

this activity include federal regulations including Resource Conservation and Recovery Act (RCRA) 

and Comprehensive Environmental Response Compensation and Liability Act (CERCLA), as well as 

other State regulations and DOE Orders. 

The NNSA/NSO agreed to develop a systematic process for categorizing, identifying, and 

administratively entering mud pits with suspected environmental contamination at the NTS into the 

FFACO.  This process was applied to those mud pits located at the NTS that were not already listed in 

the FFACO Appendices.  Those mud pits are now identified in CAUs 530 through 535 in the FFACO 

and are referred to in this report as the NTS mud pits (Table 1-1).     
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1.4.1 SAFER Process

The objective of the SAFER process is to document and verify the adequacy of existing information, 

collect sufficient information and data to affirm the closure decision, and to provide sufficient data to 

implement the corrective action.  The SAFER process is based on technical decisions that may be 

made based upon limited but sufficient information, as well as the experience and expertise of the 

decision makers.  Uncertainties are addressed by developing conceptual site models that are verified 

by sampling and analysis, data evaluation, and on-site observations.  The remediation and closure 

may proceed simultaneously with the site characterization as sufficient data are gathered to confirm 

or disprove the assumptions made in selecting the closure alternatives.  CAUs that have conceptual 

corrective actions that are clearly identified may be closed using the SAFER process.  Consequently, 

corrective action alternatives can be chosen prior to the completion of a Corrective Action 

Investigation (CAI) given anticipated investigation results.  The SAFER process combines the Data 

Quality Objectives (DQOs) process and the observational approach to help plan and conduct 

corrective actions.  DQOs are used to identify a problem, develop the decision statements, define the 

type and quality of data needed to resolve the decision statements, and execute the investigation phase 

of the process.  The purpose of the investigation phase in the SAFER process is to verify the adequacy 

of existing information to implement the corrective action.  The observational approach provides a 

framework for managing uncertainty and supporting the decision-making process.

This risk assessment utilizes existing data from 52 of the 270 NTS mud pits in conjunction with 

corroborative data from 87 other DOE mud pits associated with nuclear testing (at locations on the 

Table 1-1
NTS Mud Pits

CAU Number of CASs CAU Description Source Group

530 54 LANL Preshot Mud Pits Contaminated Waste Sites

531 13 LANL Postshot Mud Pits Contaminated Waste Sites

532 78 LLNL Preshot Mud Pits Contaminated Waste Sites

533 70 LLNL Postshot Mud Pits Contaminated Waste Sites

534 39 Exploratory/Instrumentation Mud Pits Contaminated Waste Sites

535 16 Mud Pits/Disposal Areas Contaminated Waste Sites

Source:  NNSA/NSO, 2004a
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NTS, in the western United States, and Alaska) as well as relevant process knowledge.  Over 900 

COCs identified from past characterization efforts were reviewed and input into the risk assessment 

model for purposes of this study.  In addition, this report describes process knowledge which includes 

information on the specific mud formulations, additives, lubricants, and design details to better 

understand the NTS mud pits.  Using the results of the risk assessment coupled with process 

knowledge information, the level of uncertainty is minimal and the uncertainty that remains will be 

sufficiently addressed by developing conceptual site models that will be verified by sampling and 

analysis, data evaluation, and on-site observations.  The risk assessment and subsequent investigation 

methodology proposed in this report will ensure that sufficient data are gathered to confirm or 

disprove the assumptions made in selecting the closure method.  Further, quality controls will be 

incorporated into the investigation process.  

The results of this strategy conclude that sufficient information exists about the NTS mud pits to 

perform the investigation using the SAFER investigation process using the closure with no further 

action as the preferred alternative.  The strategy is a key step in the SAFER process.  This process 

(which is discussed in Appendix VI, Section 2.3.2 of the FFACO) states that the risk assessment 

requirements and criteria will be formulated by the parties with NDEP participation prior to the 

submittal of a single SAFER Plan for CAUs 530 through 535.  This strategy serves to satisfy this 

requirement and will provide the basis for future SAFER activities at the NTS mud pits 

(FFACO, 1996).

1.4.2 Methodology

This risk assessment uses EPA and DOE guidance for evaluating the human health and ecological 

risks associated with residual contamination at the NTS mud pits.  These guidance documents are 

widely used and accepted as appropriate for CERCLA risk assessments, similar to those associated 

with the mud pits.  They provide a regulatory framework to ensure technical and policy consistency 

within the regulated area.  The principal guidance documents that will be used in this analysis are: 

Risk Assessment Guidance for Superfund, Human Health Evaluation Manual (2001)  

Frequently referred to as “RAGS,” the EPA’s Risk Assessment Guidance for Superfund establishes 

broad guidance for assessing the risks to human from chemicals and radionuclides in the environment 
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(EPA, 2001a).  RAGS is the foundation of the risk-based remediation process and it provides 

guidance for many key topics that will be addressed in the NTS mud pits risk assessment including:

• Development and evaluation of a conceptual site model (CSM) to identify potential receptors 
and contaminant migration pathways

• Evaluation of contamination data and the screening of data to identify COCs

• Assessment of exposure pathways and selection of appropriate exposure factors, such as 
human inhalation rates, in order to quantify the exposure an individual may receive from the 
NTS mud pits

• Evaluation of toxicity information to arrive at appropriate toxicological benchmarks for 
assessing the risk associated with exposure to mud pit contaminants

• Characterizing the risks from exposure, including issues such as adding the risks from 
multiple chemical exposures and from more than one exposure pathways and routes

A fundamental component of the RAGS process is the basic risk assessment model:

Exposure point concentration * Exposure factors * Toxicity factor = Risk

As indicated, the combination of the three factors that impact the risk are the concentration of the 

compound to which an individual is exposed, the extent of exposure to the compound (i.e., the 

frequency and duration of exposure), and the inherent toxicity of the compound.  Thus, it is possible 

that a compound having a low concentration but high toxicity can produce a significant risk.  

Likewise, for a compound having a relatively low toxicity, high concentrations may be necessary to 

produce a significant risk. 

The remediation decision process takes the risk from the model and compares it to benchmarks of 

acceptable risk or endangerment.  In the case of potentially carcinogenic compounds, the benchmark 

is usually the 1x10-4 to 1x10-6 (1 in 10,000 to 1 in 1,000,000) risk range cited in the EPA’s National 

Contingency Plan (NCP) (EPA, 1991).  For compounds that pose systemic toxicity threats that are not 

carcinogenic, the benchmark is usually a hazard index that relates the “dose” associated with 

exposure to a reference dose that is widely regarded as safe.  Frequently, hazard indexes are summed 

to yield a hazard quotient (additional discussion of toxicology topics can be found in Section 5.0).  
8



In essence, the RAGS model, when performed within the purview of EPA’s guidance, and when 

coupled with the evaluation rationale of the NCP, is actually an extended concentration versus 

criterion comparison methodology that is very similar to conventional compliance comparison 

techniques widely used in the environmental and public health arenas.  It is notable that the RAGS 

model can be easily rearranged to give concentrations that relate to a specific acceptable risk 

benchmark, as indicated below:

Allowable exposure point concentration = Designated Risk/

(Exposure factors * Toxicity factor). 

Arranged in this fashion, the model is frequently used to evaluate chemical-specific cleanup goals.  

Cleanup goals defined in this manner are commonly referred to as “risk-based remediation goals,” 

“risk-based remediation levels,” or “risk-based target levels,” to name a few.  These terms all have the 

common aspect that they were derived using the RAGS model discussed above.  Since the 

remediation goals derived in this manner are based on a human exposure and toxicity paradigm, they 

are considered human health protective. 

Once derived, risk-based remediation goals, are carried forward to an evaluation of remedial 

alternatives.  In the evaluation of remedial alternatives, other factors such as implementation 

practicability, other regulatory constraints, and economic issues are evaluated to arrive at an optimal 

closure strategy.  The evaluation of remedial alternatives is actually part of the risk-management 

decision process that will be discussed more in Section 7.0.  

The entire process described above is frequently referred to as the “risk-based remediation decision 

framework,” or the decision framework.  For this reason, the terms risk-based remediation decision 

framework, risk-based strategy, and decision framework, when used elsewhere in this report, all 

relate back to the evaluation and decision concepts of the RAGS model and the NCP.

DOE Order 5400.5 (1993)

DOE Order 5400.5, Radiation Protection of the Public and Environment, sets forth the Department’s 

requirements for radiation protection at all facilities, including those that are applicable to the NTS 

mud pits.  The Order establishes basic dose limits and prescribes methodologies for assessing doses to 

the public.  In accordance with the Order, doses from radiological contaminants will be evaluated 

using the DOE’s residual radiation (RESRAD) assessment.  The RESRAD models parallel the RAGS 
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model previously discussed and include terms describing radionuclide concentrations, the CSM, 

receptor exposure factors, and radionuclide-specific dose conversion factors that function essentially 

as toxicity factors.  

Use of the “dose-based” results is analogous to the RAGS model and NCP decision framework.  

Doses computed with RESRAD are compared to benchmarks of acceptable dose (known as dose 

limits).  Dose based cleanup goals can be derived using the same method as the RAGS model.  Once 

again, since the remediation goals derived in this manner are based on a human exposure and 

radiobiology model, they are considered human health protective. 

U.S. Environmental Protection Agency Guidelines for Ecological Risk Assessment (1998)

This guidance is the ecological analog to the human health RAGS.  The guiding principles in this 

instruction take on a slightly different strategy than RAGS, but ultimately produce a similar result.  

Once again, identifying cleanup goals is a fundamental attribute that can be obtained using a 

RAGS-like model.

A Graded Approach to Evaluating Radiation Doses to Aquatic and Terrestrial Biota,
DOE – STD – 1153-2002

This guidance establishes the U.S. Department of Energy’s implementation plan for assessing the 

threats to aquatic and terrestrial biota from radionuclides.  It includes pathway models linking 

exposure concentration, exposure frequency and duration, and inherent radiotoxicity to dose limits 

that are considered acceptable to aquatic and terrestrial species. 

1.4.3 Report Organization

This report is organized to provide a logical flow and guide the reader to the logical conclusions 

presented.  The report is organized as follows:

• Section 1.0 provides a general discussion of the NTS mud pits and pertinent regulatory 
information.

• Section 2.0 provides a detailed discussion on the history of the NTS mud pits, investigation 
techniques, and related information.

• Section 3.0 presents an evaluation of mud pit investigation data.
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• Section 4.0 and Section 5.0 provide detailed information on the risk assessment methodology.

• Section 6.0 and Section 7.0 discuss implementation of the risk-based strategy and a 
path-forward.
11



2.0 Site Background

Nuclear testing was conducted at the NTS during two distinct eras: 1951 to 1958 and 1961 to 1992.  

During the period of 1951 to 1958, most of the tests were atmospheric.  From 1961 to 1992, nearly all 

of the tests were conducted underground.  A total of 828 underground nuclear tests were conducted at 

the NTS.  Each underground detonation required that an emplacement hole be drilled to facilitate the 

placement of the testing device in the desired location and depth.  Drilling that occurred prior to the 

detonation of a device is referred to as pre-shot drilling and created large-diameter holes, also referred 

to as emplacement holes.  Other pre-shot drilling included the drilling of exploratory holes (for 

geological data) and instrumentation holes (for monitoring), which were smaller in diameter (Butler, 

2000).  Post-shot drilling occurred following the detonation of a device.  Small-diameter holes were 

typically drilled to collect samples from the area affected by the test (Fenix & Scission and Petroleum 

Consultants, Date Unknown a).  Drilling mud or fluid was used as a lubricant and stabilization 

medium during drilling operations.  Regardless of the purpose of the drilling and the resulting hole 

diameter, mud pits were routinely created for the cutting separation and recirculation of drilling mud 

and fluids.  Once detonation occurred, craters or potential craters characteristically formed near the 

testing location, although cratering did not occur for all of the tests (Nicosia, 2003). 

2.1 Pre-shot, Post-shot, and Other Drilling Activities

Drilling mud or polymers were traditionally used during pre-shot emplacement hole drilling 

activities.  As the drilling proceeded, drill cuttings and drilling fluids were discharged to an earthen 

return mud pit via a blooey line.  The cuttings were allowed to settle out of the drilling fluids while 

the drilling fluid passed through the weir box and back into the suction pit.  The fluid was then 

pumped out of the suction pit for reuse in the drilling process (Wilkes, 2000; Witt, 2000).  Similar 

pre-shot drilling operations were conducted by both LANL and LLNL; although there were several 

notable differences in the suction pits (metal versus earthen) and the use of water or polymer instead 

of drilling mud as drilling additives, the physical processes were essentially the same.

The process for drilling post-shot holes was different.  The hole that was drilled during the post-shot 

activities was much smaller in diameter, which resulted in a different mud pit design and smaller 

overall size.  Both LANL and LLNL drilled post-shot holes, although LANL utilized drilling mud 

and LLNL used an air-foam mixture referred to as Davis Mix.  A line transported the drilling mud or 
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Davis Mix to the drill hole where a cellar had been installed.  The cellar’s primary function was to 

house the blow-out-preventor (BOP) equipment (Wilkes, 2000).  The BOP was a device used to 

prevent an uncontrolled escape of radioactive gasses or liquids from the drill hole.  Drill cuttings were 

discharged to an earthen mud pit until such time the drilling reached the depth potentially affected by 

the test.  This alleviated the likelihood that material which had become radioactively contaminated 

would reach the surface and enter the small return mud pit (Wilkes, 2000; Carpenter, 2001).

Other drilling activities conducted at the NTS included the drilling of exploratory and instrumentation 

holes.  Since these are considered small-diameter holes, exploratory and instrumentation holes were 

drilled using the LLNL and LANL typical post-shot drilling procedures, even though they are termed 

pre-shot holes. 

Other mud pits present at the NTS were non-specific and could not be identified for any particular 

drilling operation.  It is believed that many of these mud pits were created for the purpose of mixing 

virgin mud for drilling purposes while others were used for the disposal of spent drilling mud.  In 

addition, mud spills were identified.  The spills are described as dump sites, generally located in close 

proximity to existing NTS mud pits.  It is believed that these mud spills contain contamination 

resembling those contaminants found in the adjacent NTS mud pits or those commonly found in 

drilling mud.

2.2 Physical Setting

Most of the NTS underground detonations were conducted in four main test areas:  (1) Yucca Flat, 

(2) Pahute Mesa, (3) Rainier Mesa, and (4) Frenchman Flat.  Numerous NTS mud pits are also found 

throughout these areas.  The NTS mud pits are present in the surficial Quaternary alluvium.  The NTS 

is geologically complex because it lies within the miogeosynclinal belt of the Cordilleran 

geosyncline, in which thousands of feet of marine sediments accumulated.  Also, the region is within 

a Tertiary volcanic area, where more than 13,000 feet (ft) of extrusive rock was erupted 

(USGS, 1996).  Most NTS mud pits are contained in the uppermost stratum of the NTS, thus the 

focus will be on the Quaternary alluvium and the Tertiary volcanic hydrogeologic units, as well as the 

general hydrogeology of areas containing NTS mud pits.  

Yucca Flat was used for many of the nuclear tests, and the alluvium and tuff formations provide many 

advantages for the containment of potential contamination from existing NTS mud pits and for the 
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containments of nuclear explosions.  The high porosity overburden will accept and depressurize any 

hazardous gases that might escape the blast activity.  The zeolitized tuffs also have absorptive 

attributes, which severely restrict or prevent migration of radionuclides.  The deep water table 

(1,650 ft) provides additional environmental benefits (BN, 2001).

Pahute Mesa was the site for 85 underground detonations; therefore, NTS mud pits are common in 

this area.  Underlying the ash fall tuff in Pahute Mesa are the tuff confining units; thus, the potential 

for the migration of hazardous materials to the groundwater, particularly from NTS mud pits, is not 

likely to occur (BN, 2001). 

Most of Rainier Mesa consists of zeolitized bedded tuff capped by a thick layer of welded ash flow 

tuff, both of which serve as aquitards in the area.  Therefore, the potential for mud pit contamination 

to migrate into the groundwater is relatively low (BN, 2001).

Frenchman Flat consists of Paleozoic clastic and carbonate rocks (limestone), Tertiary sedimentary 

and tuffaceous rocks, Tertiary volcanic rocks, and Quaternary and Tertiary alluvium (USGS and  

DOE/NV, 1999).  The northernmost portion of Frenchman Flat consists of Miocene volcanic rocks, 

which overlie Ordovician carbonate rocks.  In the western part of Frenchman Flat, Miocene Tuffs, 

lavas, and debris flows cover the area.  The southernmost portion volcanic rocks are absent, and the 

area consists of Oligocene to Miocene sedimentary and tuffaceous sedimentary rocks which 

unconformably overlie the Paleozoic carbonates.  In general, Miocene covers most of Frenchman Flat 

to Holocene alluvium (3,800 ft thick).  The potential for the migration of hazardous materials to the 

groundwater, particularly from NTS mud pits, is not likely to occur.

2.2.1 Hydrology

A water balance-monitoring program was set up at Area 5 in 1994, in order to understand the 

movement of water within the near-surface alluvium or upper unsaturated zone.  Measurements from 

this program show that zero recharge occurs and actual evaporation rates are as high as 0.2 inches per 

day (in./day) in the upper unsaturated zone.  Since minimal precipitation occurs, the potential for 

downward movement of contaminants is limited.  The movement of water that occurs in the upper 

unsaturated zone is mainly upward and is due to evapotranspiration (ET).  Discharge by ET 

constitutes the majority of the total discharge from the NTS groundwater flow system.  Based on 

previous investigations, significant groundwater losses by ET are known to occur in Death Valley, 
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Oasis Valley, and areas of the Amargosa Desert (DOE/NV, 1997).  Whereas in the vadose zone 

evaporation rates decrease significantly below 130 ft; based on isotopic composition water present in 

pores below 130 ft is present from a cooler, past climate (DOE/NV, Date Unknown).  It is assumed 

that the moisture in the vadose zone does not move upward by processes of evaporation; rather, water 

in the vadose zone below the top 6 inches (in.) is controlled by vapor pressure.  Thus, based on high 

evaporation in the upper unsaturated zone, the potential for downward transport of contamination due 

to infiltration and movement by groundwater most likely will not occur (DOE/NV, Date Unknown).

No perennial surface water bodies exist on the NTS; however, the intermittent flow in the drainage 

channels caused by flash floods may be the source of small amounts of groundwater recharge.  Five 

major drainages are present within the NTS that discharge to the Amargosa River and to the 

Amargosa Desert.  These drainages are located west to south of the NTS (DOE/NV, 1992). 

Groundwater at the NTS is generally deeper than 800 ft in most areas.  The depth to the static water 

level in Frenchman Flat ranges from 690 ft to more than 1,150 ft, and is generally located within the 

Alluvial Aquifer, Timber Mountain Aquifer, volcanic confining unit, and tuff confining unit, which 

comprise part of the Frenchman Flat aquifer system (BN, 2001).

2.2.2 Climate

The NTS is located within the most arid part of Nevada, where the annual precipitation in the valleys 

ranges from 3 to 6 in., and 10 in. in the higher elevations.  The overall average precipitation is 6.4 in., 

based on a 36-year record.  Seasonal precipitation is minimal, but dynamic.  However, when 

precipitation does occur, it is usually during the summer and winter months (DOE/NV, Date 

Unknown).

2.2.3 Background Concentrations of Naturally Occurring NTS Metals

Determination of background levels for various naturally occurring metal COCs is important for 

environmental restoration sites, such as the NTS mud pits.  The Nevada Bureau of Mines and 

Geology (NBMG) conducted sediment sampling in an attempt to provide analytical data for 

numerous naturally occurring metals at the NTS.  The data produced was for pre-Tertiary 

(carbonates) and Tertiary (Tuffs) rocks.  Most exposed rocks at the NTS are Tertiary in age; thus, 

they were the only rock types sampled.  Background soil concentrations for RCRA metals found at 
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the NTS are as follows: arsenic (23 milligrams per kilogram [mg/kg]), barium (1,267 mg/kg), 

cadmium (0.3 mg/kg), chromium (75 mg/kg), lead (54 mg/kg), mercury (253 mg/kg), selenium 

(0.4 mg/kg), and silver (0.4 mg/kg) (NBMG, 1998).  Although arsenic concentrations exceed the 

health-based action level reported by EPA Region 9, these levels are considered representative of 

ambient conditions at the NTS (NBMG, 1998; Moore, 1999).

Sandia National Laboratories (SNL) conducted a soil sampling investigation in 1998.  Among other 

information, this sampling event provided baseline analytical data for numerous naturally occurring 

metals, including arsenic.  This investigation determined that the range of background arsenic 

concentrations at the NTS could vary from 6 to 43 mg/kg (SNL, 1999).

2.2.4 Potential and Subsided Crater Areas

As a result of the nuclear testing program, the NTS contains numerous potential and subsided craters. 

Depending on the distance of the NTS mud pits from ground zero at the time of detonation, the NTS 

mud pits may be located in a potential or subsided crater area.  Entry into these sites is an issue that 

led to formal discussion and correspondence between NNSA/NSO and NDEP.  As a result of these 

discussions, information was obtained indicating that many of the underground tests did not crater to 

the size of the area that was originally estimated.  Consequently, NNSA/NSO requested that crater 

stability studies be conducted for all of the CASs residing in potential or subsided crater areas.  Based 

on the results of the study, a decision for entry/no-entry will be made on a case-by-case basis.  To 

date, 21 of the crater stability studies have been received.  These reports will require further 

evaluation by health and safety professionals to determine the risks associated with entry into these 

areas.  It is the position of NNSA/NSO that potential and subsided craters not be entered.  If crater 

entry is determined to be crucial to the investigation, a crater stability study that specifically states it 

is safe to enter must be obtained along with the appropriate clearance from health and safety 

personnel.

The Mud Pit Inventory Report, Nevada Test Site, Nevada (NNSA/NSO, 2004b) identified 73 NTS 

mud pit CASs located in potential or subsided crater areas.  These craters represent 27 percent of the 

total number of NTS mud pit CASs in CAUs 530 through 535 (Table 2-1).  
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2.3 NTS Mud Pit Categories

The NTS mud pit categories were established and revised in the Mud Pit Strategy, Mud Pit 

Identification, and Mud Pit Inventory reports (DOE/NV, 2001b; DOE/NV, 2001a; NNSA/NSO, 

2004b).  The NTS mud pit categories were selected based primarily on the similarity of processes 

employed by sponsoring laboratories and the subsequent engineered design of the NTS mud pits.  

Other factors considered included the drilling mud recipes and the likely contaminants associated 

with the pre- and post-shot drilling processes.  The location of an individual NTS mud pit was not a 

factor in the categorization process; although, for the most part, the sponsoring laboratories used 

specific DOE areas for testing which generally resulted in NTS mud pits in a particular category 

being in the same geographical area.  The NTS mud pits and categories comprise a large portion of 

the NTS, including 14 DOE Areas (Table 2-2).     

Table 2-1
CAU Comparison of NTS Mud Pit CASs Location with Regards to Craters

CAU Number of NTS Mud 
Pit CASs in Craters

Number of NTS Mud Pit CASs 
Not in Craters Total Number of CASs

530 24 30 54

531 0 13 13

532 30 48 78

533 10 60 70

534 7 32 39

535 2 14 16

Totals 73 197 270

Refer to Appendix D, Table D.3-1 for a specific list of CASs not located within a crater that have been identified for 
characterization.

Table 2-2
NTS Mud Pit Categories

 (Page 1 of 2)

NTS Mud Pit 
Category Category Description Type of NTS Mud Pit System DOE Areas

1 LANL Preshot Mud Pits One earthen, large-return mud pit or two 
earthen mud pits with a connecting trench 1,2,3,4,6,7,19

2 LANL Postshot Mud Pits
Primarily one earthen, small-return mud 
pit or a mud spill in the vicinity of the 
drilling activity

3,4,7,19,20
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2.4 Engineered Design and Containment

The NTS mud pits were engineered and designed with physical barriers to contain the mud and 

prevent run-on and run-off contamination.  Process knowledge indicated that Categories 1 and 3 mud 

pits were engineered structures designed for the depth and type of drilling operation proposed.  

Categories 2, 4, and 5 mud pits do not appear to be engineered in the same manner, but a consistent 

approach and general design appeared to be employed.  Category 6 mud pits were built for specific 

mud processing or disposal actions and were designed accordingly.  Table 2-3 illustrates the average 

physical characteristics of the NTS mud pits by category.  Depending on the location of the NTS mud 

pits and sponsoring laboratory, NTS mud pits were either excavated several feet below ground 

surface (bgs) to create a natural containment structure or earthen berms were constructed in a 

rectangular shape on the ground surface to create a surficial containment structure.    

2.5 Drilling Mud Composition and Vertical Migration

The drilling mud was used to both lubricate the subsurface process and suspend solids for subsequent 

removal from the drill hole (REECo, 1994).  Drilling mud was also used to stabilize the wall of the 

drill hole to prevent collapsing (Witt, 2000).  The main constituent of drilling mud was powdered clay 

mixed with water to produce a viscous fluid (REECo, 1994).  Bentonite and sepiolite were the two 

types of powdered clay used at the NTS.  Bentonite was considered to be less abrasive and became 

3 LLNL Preshot Mud Pits Primarily one earthen, large mud pit 2,4,5,6,7,8,9,10,19,20

4 LLNL Postshot Mud Pits
Primarily one earthen, small-return mud 
pit or a mud spill in the vicinity of the 
drilling activity

2,4,9,10,19,20

5 Exploratory/Instrumentation 
Mud Pits Primarily one earthen mud pit 1,2,3,4,5,6,7,8,9,10,14,

17,19,20

6 Mud Pits/Disposal Areas Primarily one earthen, large-return mud 
pit or mud spill on the surface 1,3,4,7,9,10,19,20

Source:  FFACO, 1996 and NNSA/NSO, 2004a

Table 2-2
NTS Mud Pit Categories

 (Page 2 of 2)

NTS Mud Pit 
Category Category Description Type of NTS Mud Pit System DOE Areas
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more gel-like than sepiolite.  Sepiolite had a watery consistency, crystallized when it dried, and 

tolerated higher temperatures (Witt, 2000; REECo, 1994). 

The primary roles of bentonite in the drilling process were to seal the borehole walls, remove drill 

cuttings, and lubricate the drill bit (IMANA, 2004).  Bentonite is an extremely absorbent, granular 

clay that is formed from volcanic ash.  Bentonite attracts positively charged water particles; thus, it 

rapidly hydrates when exposed to liquid, such as water or leachate.  Based on the properties of 

bentonite and its prominent occurrence in drilling mud, it is believed that drilling mud containing 

bentonite would help retard the migration of COCs present in the mud.  

Table 2-4 illustrates the physical characteristics of bentonite drilling mud samples taken from the 

Central Nevada Test Area (CNTA), Central Mud Pits, CAU 417 (DOE/NV, 1998).      

Generally, vertical contaminant migration from near a surface release is extremely limited (localized) 

at the NTS.  The technical basis that the geology/hydrology at the NTS precludes a significant 

migration pathway to regional aquifers has been established through a number of technical studies 

associated with the Area 5 Radioactive Waste Management Site (RWMS) in Frenchman Flat.  Due to 

the physical, climatological, and hydrological similarities between Frenchman Flat and other DOE 

Table 2-3
Categorical Comparison of Physical Characteristics

Category

Total 
Number of 
NTS Mud 
Pit CASs

Number 
of NTS 

Mud Pits 
per CAS

Return 
Pit 

Average 
Size (ft2)a

Suction Pit 
Average Size 

(ft2)a

Number of 
Covered/

Filled NTS 
Mud Pit CASs

Average 
Depth of Mud 

(ft)b

1 54 1-2 193 x 168 142 x 24 5 4.18

2 13 1 75 x 55 N/A 4 3.5

3 78 1-2 158 x 134 101 x 29 6 3.5

4 70 1 99 x 67 N/A 8 3

5 39 1-2 132 x 99 117 x 43 1 4.2

6 16 1 or more 158 x 122 N/A 3 4

aDenotes > 20 percent of the total NTS mud pits population per category was used to determine average physical characteristics.
bDenotes the depth of the actual mud in the NTS mud pit, not the vertical depth of the mud pit berms.

ft2 = Square feet
N/A = Not applicable
Source:  NNSA/NSO, 2004a and b
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Areas at the NTS, the Area 5 RWMS studies are applicable to other basins in the area where nuclear 

testing and NTS mud pit construction were prevalent.  The potential annual evaporation is 

approximately 10 times greater than the annual precipitation, thus greatly reducing the possibility of 

vertical migration (DOE/NV, Date Unknown).  In addition, the presence of bentonite in mud should 

be taken into consideration.  Although the exact quantity will vary from one NTS mud pit to another, 

the drilling mud has binding properties that retard vertical migration and likely the transportation of 

contaminants.

2.5.1 Drilling Lubricants

The NTS mud pits were created as a result of LANL and LLNL drilling activities.  An operation 

common to both of the sponsoring laboratories was the addition of diesel fuel during drilling 

activities.  Diesel fuel was periodically added to the drill hole when the drill bit became immobile; 

thereby, providing additional lubrication to get the drill bit moving again.  The diesel fuel also caused 

the drilling mud or fluid to become thicker or more viscous.  It was mentioned that hundreds of 

gallons of diesel fuel might have been introduced into the hole, although it was noted that this did not 

occur very often (Wilkes, 2000; Witt, 2000).  However, the quantity of diesel fuel that was used at 

each hole was not regulated or recorded; therefore, the amount of diesel fuel that might be present in 

a NTS mud pit will vary and cannot be forecasted.

Table 2-4
Physical Characteristics of Bentonite Drilling Mud Samples 

from the Central Nevada Test Area, Central Mud Pits

Physical Properties Sample 2-2 Sample 4-1

Average Density 2.50 g/cm3 2.49 g/cm3

Average Pore Diameter 162.6 m 162.6 m

Porosity 16.99% 23.37%

BET-Surface Area 13.2 m2/g 9.7 m2/g

Mean Mass Distribution 2.3 m 5.3 m

Mode Mass Distribution 2.2 m 2.5 m

Median Mass Distribution 0.4 m 0.6 m

g/cm3 = Grams per cubic centimeter
m = Meter
m2/g = Square meters per gram

Source:  NNSA/NSO, 2004a
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There are a host of drilling mud lubricants used in drilling and many of these are not hydrocarbon 

based and likely not hazardous.  These lubricants include copolymer, high-strength spherical 

microbead; cellulose fiber; biodegradable, concentrated liquid; and powder-based blends and 

mixtures (Messina, Inc., 2000).

2.5.2 Drilling Mud Additives

Drilling mud recipes and additives were used at the NTS and other sites prior to the promulgation of 

environmental laws and regulations.  Using the current RCRA standards, the only contaminant of 

potential concern (COPC) that has been identified as an ingredient of drilling mud mixtures and/or 

additives is the heavy metal chromium. Chrome lignosulfonate (a common mud additive found in 

products such as Raykrome-400) is a noncaking, water-soluble powder containing chromium that was 

used as a chemical thinner in drilling mud.  The substance lowered mud viscosity and minimized 

drilling water loss (Fenix & Scisson and Petroleum Consultants, Date Unknown b).  

Another popular drilling medium used at the NTS was the Davis Mix.  This was known as an 

air-foam mixture rather than a drilling mud, and it did not contain bentonite (Fenix & Scisson and 

Petroleum Consultants, Date Unknown a).  The Davis Mix included a combination of water, 

detergent, guar gum, and soda ash.  It was noted in historical documentation that if water was 

encountered during the drilling process, the use of the Davis Mix was discontinued and a changeover 

was made to use drilling mud (Fenix & Scission and Petroleum Consultants, Date Unknown a).

2.5.3 Surface and Subsurface Radiological Conditions

As part of a surface radiological study, 68 sites and over 582,800 square feet (ft2) of the NTS mud pit 

CASs were surveyed.  Although a number of small localized areas of elevated activity were identified 

on the surface during the surveys, only 4 of the 68 (6.0 percent) NTS mud pit CASs surveyed were 

determined to have radiological conditions warranting further controls under the NV/YMP 

Radiological Control Manual.  It was generally concluded that fallout from nuclear weapons testing 

had introduced the largest extent of contamination from man-made radionuclides into the NTS 

environment (DOE/NV, 2000b).  The elevated readings associated with the four NTS mud pits are 

likely associated with fallout from legacy atmospheric testing and residual contamination from 

underground tests that vented to the atmosphere.  Surface radiological contamination has not been 
21



identified as a concern at the 64 Category 1 through 6 NTS mud pit CASs surveyed during the 

Preliminary Assessment (PA) event (Shaw, 2003).

During the post-shot sampling events, strict controls were employed to prevent a release of 

radiological contamination.  Procedures used to perform sampling events included the use of a BOP.  

Interviewees reported that the BOPs were reliable and typically functioned properly; however, they 

could recall a few instances where the BOP failed or radiological contamination was released 

(Wilkes, 2000).  Based on field observations and inventory results from PA activities, it is believed 

that the majority (if not all) of the mud pits that contain radioactive contamination from the failure of 

the BOP are captured in CAU 177, and are not part of the NTS mud pit CAUs.

2.5.4 Variability in NTS Mud Pits Process and Usage

Process knowledge strongly indicates that the NTS mud pits were designed for the containment of 

drilling mud and were not used for other purposes.  During the PA phase, geophysical surveys taken 

at 51 of the NTS mud pit CASs were consistent with these findings.  Although near surface metallic 

debris was found at 14 (27 percent) of the NTS mud pit CASs, large metallic anomalies were not 

found and the geophysical conditions were consistent with that of drilling mud and compacted fill 

used to construct the base of the pits.  Thus far, subsurface metallic debris was identified at four of the 

NTS mud pit CASs reviewed.  Also, it is believed this small amount of scattered debris was left over 

from drilling operations.  Based on this information, it appears that the NTS mud pits were not used 

as landfills or subsurface dump sites (SAIC, 2003).

2.6 Summary of Pertinent Historical Data

During 2003, a systematic process was used to compile the existing mud pit data.  The data included 

a total of eight CAIs and two PA events.  The investigations and PA events included activities at 15 

CAUs at the NTS, 2 CAUs located outside of the NTS in Nevada, and 4 sites in New Mexico, 

Colorado, and Alaska.  This data was sorted by mud pit category and entered into a database.  An 

initial search of past PA and site investigation data was undertaken to identify all mud pits or drilling 

mud-related CASs listed in the FFACO (including NTS mud pits).  This process included the review 

of PA field inventory and sample data, geophysical and radiological survey results, and analytical 

data used to support closure decisions made during the Complex or SAFER processes at previously 

investigated CASs at the NTS and Offsites locations.  Once the appropriate CAU/CAS was identified, 
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the FFACO was reviewed to determine the regulatory status and to ascertain, what if any, 

characterization and/or closure data was available.  Table 2-5 lists the data sources identified for 

review.  The table also illustrates the quality assurance protocols used to collect and evaluate the 

report data.       

Table 2-5
Quality Assurance Information for Data Sources

 (Page 1 of 2)

Project 
Location

Relevant 
CAUs/ Sites

DQO 
Process 

Employed

Quality Assurance 
Program Resource

Applicable Regulatory 
Standard Used

Tiered 
Validation 
Process 

Employed

NTS CAU 34 /
Industrial Sites Quality 
Assurance Project Plan 
(QAPP) (DOE/NV, 1996)

EPA Region 9 Industrial Soil PRGs 
(EPA, 2000a) /

NTS
CAUs 438, 
439, 440, & 

470
/ Industrial Sites QAPP

(DOE/NV, 1996)
EPA Region 9 Industrial Soil PRGs 
(EPA, 1996c) /

NTS CAU 355 /

U.S. Environmental 
Protection Agency (EPA) 
Guidelines
(EPA, 2000a)

EPA Region 9 Industrial Soil PRGs 
(EPA, 2002)

NTS CAU 356 / Industrial Sites QAPP
(DOE/NV, 1996)

EPA Region 9 Industrial Soil PRGs 
(EPA, 2000a)

NTS CAU 358 / U.S. EPA Guidelines 
(EPA, 2000a)

EPA Region 9 Industrial Soil PRGs 
(EPA, 2002)

NTSa

CAUs 34, 177, 
234, 356, 357, 
538, 539, 544, 

& 553

Industrial Sites QAPP
(DOE/NV, 1996)

EPA Region 9 Industrial Soil PRGs 
(EPA, 1996c) /

NTSa CAUs 530 – 
535

Industrial Sites QAPP
(NNSA/NV, 2002b)

EPA Region 9 Industrial Soil PRGs 
(EPA, 2002) /

Shoal CAU 416 / Industrial Sites QAPP
(DOE/NV, 1994)

EPA Region 9 Industrial Soil PRGs 
(EPA, 1996c) /

CNTA CAU 417 / Industrial Sites QAPP
(DOE/NV, 1996)

EPA Soil Screening Guidance 
Levels (EPA, 1996c); 40 CFR 
261.24 and CFR 261.33; 1996 
Nevada State Environmental 
Commission Regulatory Standard

/

Amchitka

Milrow, 
Cannikin, Long 

Shot, & Drill 
Sites D, E, & F

/ Amchitka QAPP
(DOE/NV, 1996)

Ecological Risk-Based 
Concentrations (ERBCs); 40 CFR 
261.24; EPA & Alaska Dept. of 
Envir. Conser. Drinking Water 
Standards and 40 CFR 261.24

/

Gasbuggy

GB-1, GB-2, 
GB-D, GB-E-A, 

GB-E-D, & 
GB-E-E

/ New Mexico QAPP
(NNSA/NV, 2002c)

EPA Region 9 Industrial Soil PRGs 
(EPA, 1996c) /
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2.7 Data Validation

For many of the sites, the EPA National Functional Guidelines (EPA, 1994 and 1999a) and 

method-specific requirements were implemented using a three-tiered process.  Data was reviewed to 

ensure samples were appropriately processed and analyzed, and that the results passed all applicable 

data validation criteria (Table 2-5).

2.7.1 Tier I Evaluation

For those sites that included a Tier I evaluation for both chemical and radiological analysis, the data 

review consisted of, but was not limited to, the following examinations:

• 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 Contract Laboratory Program (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
• Electronic data transfer supplied
• Results reported for field and laboratory quality control (QC) samples

Rio Blanco
RB-E-01, 

RB-AR-2, & 
RB-U-4

/ Rio Blanco QAPP
(DOE/NV, 2000a)

EPA Region 9 Industrial Soil PRGs 
(EPA, 1996c), Colorado Oil and 
Gas Conservation Commission, 
and Colorado Department of Labor 
and Employment Tier 1 or 1A

/

Rulison 2 Mud pits / Rulison QAPP
(DOE/NV, 1995)

EPA Region 9 Industrial Soil PRGs 
(EPA, 1996c) /

aDenotes PA sampling events.

Table 2-5
Quality Assurance Information for Data Sources

 (Page 2 of 2)

Project 
Location

Relevant 
CAUs/ Sites

DQO 
Process 

Employed

Quality Assurance 
Program Resource

Applicable Regulatory 
Standard Used

Tiered 
Validation 
Process 

Employed
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• Whether or not the deliverable met the overall objectives of the project
• Proper field documentation accompanying project packages

2.7.2 Tier II Evaluation

Tier II evaluation for both chemical and radiological analysis 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
• Quality control batch association for each sample
• Cooler temperature upon receipt
• Sample pH for aqueous samples, as required
• Detection limits properly adjusted for dilution, as required
• Blank contamination evaluated and applied to sample results/qualifiers
• Matrix Spike (MS)/Matrix Spike Duplicate (MSD), percent recovery (%R), and relative 

percent differences (RPDs) evaluated and applied to laboratory results/qualifiers
• Field duplicate RPDs evaluated using professional judgment 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
• Mass spectrometer tuning criteria
• Organic compound quantitation
• Inductively coupled plasma (ICP) interference check sample evaluation
• Graphite furnace atomic absorption quality control
• Inductively coupled plasma serial dilution effects
• Recalculation of 10 percent of laboratory results from raw data

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
• Detector system calibrated to National Institute for Standards and Technology 

(NIST)-traceable sources
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• 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, 
which may include peak energy, peak centroid, peak full-width half-maximum, and peak 
efficiency, depending on the detection system

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

• Documentation of all QC sample preparation complete and properly performed
• QC sample results (e.g., calibration source concentration, %R, and RPD) verified
• Spectra lines, emissions, particle energies, peak areas, and background peak areas that support 

the identified radionuclide and its concentration
• Recalculation of 10 percent of laboratory results from raw data

2.7.3 Tier III Review

Tier III evaluations examine a limited portion of data reviewed during Tier II validation.  The Tier III 

review includes the additional evaluations:

Chemical:

• Recalculation of laboratory results from raw data

Radioanalytical:

• Radionuclides and their concentration appropriate considering their decay schemes and 
half-lives

• 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
• Recalculation of laboratory results from raw data

A Tier III review of approximately 10 percent of the samples was conducted, where applicable.  Tier 

II and Tier III results were compared and, where differences were noted, data was reviewed and 

changes were made accordingly.
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3.0 Data Evaluation and Identification of COCs

This section discusses analytical data associated with mud pits that have been investigated at the sites 

identified in Table 2-5.  This includes chemical and radiological analytical data obtained from 

numerous documents addressing a total population of 357 mud pits or mud pit CASs.  Based upon 

their spatial and FFACO relationship, the 357 mud pits or mud pit CASs have been subdivided into 

three groups.  

• Group 1:  Offsite mud pits located in four western states
• Group 2:  Mud pits located at the NTS that are not identified in CAUs 530 through 535
• Group 3:  Mud pits included in CAUs 530 through 535 (NTS mud pits)

The two objectives of the data evaluation are:

1. Develop an understanding of the nature and extent of contamination associated with all mud 
pits listed in the FFACO.

2. Identify COCs for use in the risk assessments.  A COC is a contaminant detected at a 
concentration exceeding regulatory screening levels and is attributable to the mud pit 
operations.

3.1 Extent and Summary of Mud Pit Data

All of the mud pit categories have been investigated to some extent.  Most of the sites are located on 

the NTS, while several others are located in the western United States at remote locations from the 

NTS.  A large body of data was evaluated to establish an understanding of the type of chemical and 

radiological contamination associated with the NTS mud pit operations.  This evaluation, in 

conjunction with process knowledge data for the different mud pits, supports the development of 

information which was useful in characterizing NTS mud pit contamination.  The data evaluation 

considered all of the mud pits in the DOE inventory, but focused primarily on the NTS mud pits.  

The number of mud pits or mud pit CASs, along with the total number of investigative soils samples 

taken per group, is outlined in Table 3-1.     
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Table 3-1
Summary of Mud Pit Groups and Investigative Soil Samples

Group Corrective Action Unit / Site Number of Mud Pits or 
Mud Pit CASs

Number of 
Investigative
Soil Samples

Taken

1 
Offsite Mud 

Pits

CAU 416 (Nevada) 1 12

CAU 417 (Nevada) 11 612

Amchitka (Alaska) 12 61

Gasbuggy (New Mexico) 6 208

Rio Blanco (Colorado) 3 297

Rulison (Colorado) 2 26

Group 1 Subtotals 35 1,216

2
NTS General

CAU 34 3 102

CAU 177 2 3

CAU 234 1 2

CAUs 438,439,440, and 470 5 4, 6, 3, 4, respectively

CAU 355 15 43

CAU 356 4 34

CAU 357 4 5

CAU 358 13 37

CAU 538 1 2

CAU 539 1 2

CAU 544 1 1

CAU 553 2 3

Group 2 Subtotals 52 251

3
NTS Mud Pits

CAUs 530, 531, 532, 533, 534, and 
535 270 17, 10, 24, 31, 16, 8,

respectively

Group 3 Subtotals 270 106

Grand Total 357 1,573

Source:  FFACO, 1996 and NNSA/NSO, 2004a
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Inspection of Table 3-1 reveals that 1,573 samples have been collected from the three mud pits 

groups.  These samples were analyzed for a wide range of chemical and radiological parameters 

including:

• Volatile organics (VOC)
• Semivolatile organics (SVOC)
• Polychlorinated Biphenyl (PCBs)
• Metals 
• Hydrocarbon fractions including

- Diesel-range Organics (DRO)
- Gasoline-range Organics (GRO)
- Total Petroleum Hydrocarbons (TPH)

• Radionuclides

Because the site-specific objectives of each site varied, not all of the above mentioned parameters 

were obtained for all samples.  However, the metals and hydrocarbon fractions were obtained at 

nearly 100 percent of the samples; VOCs, SVOCs, and radionuclides were obtained from 

approximately 85 percent of the samples.  

3.2 Data Qualification and Usability

Human health and ecological risk assessments normally utilize data from detailed corrective action 

investigations.  The risk assessment for the NTS mud pits will employ data from similar mud pit 

investigations and process knowledge of site operations to support the conclusions and 

recommendations.  This information is coupled with PA activities of the sites under investigation.  

PA objectives typically include an initial identification of potential contaminants and hot spots 

through biased sampling in areas most likely to contain contaminants.  Consequently, PA activities 

tend to produce conservative characterizations.  The outcome from these preliminary mud pit 

characterizations (summarized in Table 3-1) is that there is high confidence that the major 

contaminants have been identified, particularly when supplemented with corroborative process 

knowledge.  Confidence in the extent of the contamination is good, as well.  Existing data typically 

show contamination to be confined to the pit and the mud layer at the base of the pit.  This is 

corroborated by the use of engineered designs to prevent run-on and run-off (refer to Section 2.4) and 

drilling techniques that minimized the potential for vertical migration (refer to Section 2.5) 1. 

1.  An assessment of the potential for vertical migration using a standard EPA screening model is provided in 
Appendix A.  The assessment addresses contaminant transport and fate mechanisms and helps explain why 
contamination is found mainly in the mud layer. 
29



3.2.1 Analytical Data

The analytical data obtained from the investigations is generally high quality and comparable to the 

analytical quality obtained through the EPA’s CLP in CERCLA investigations.  The analytical data 

has been processed through a three-tiered data validation protocol that mirrors EPA CERCLA 

practices (refer to Section 2.7).  

The site investigations relied on conventional EPA analytical methods.  These methods were selected 

so that representative and defensible analytical data would be generated.  The most commonly used 

methods for mud pit characterization are shown in Table 3-2.  Quantitation limits in the ranges 

supplied by these methods are normally sufficient for risk-based screening and for most risk 

assessment purposes.     

3.2.2 Sampling Data

The sampling data was collected to identify the most prevalent contamination and to gain preliminary 

insight into the maximum contamination concentrations (MCCs) potentially present in the mud pits.  

In general, the number of samples collected at any specific CAS was limited to a few locations.  

Frequently, the sample locations were biased and were selected from known or suspected hot spots, 

Table 3-2
Typical Mud Pit Investigation Analytical Methods

Analysis Descriptiona Analytical
Method

Typical Quantitation
Limits (Soils)

Volatile Organics EPA 8260B ~1 to 3 µg/kg

Semivolatile Organics EPA 8270C ~ 660 µg/kg

Gasoline-Range Organics EPA 8015B Modified ~ 10 to 15 mg/kg

Diesel-Range Organics EPA 8015B Modified ~ 10 to 15 mg/kg

Metals Various ~10 mg/kg

Polychlorinated Biphenyls EPA 8082 ~ 570 to 700 µg/kg

Pesticides EPA 8081A ~ 10 to 50 µg/kg

Gamma Spectroscopyb Soil - HASL-300 ~ 1 pCi/g

a Other analysis included isotopic assay for Am-241, Pu-238, Pu-239, Sr-89, Sr-90, U-235, U-235, U-238.
b Including Ac-228, Am-241, Bi-212, Cs-137, Eu-152, K-40, Pb-212, Pb-214, R-226, Th-234.
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spills, or areas of discoloration.  A summary of the sampling and analysis results from the 

investigations identified in Table 3-1 is presented in Table 3-3.

Inspection of Table 3-3 reveals that 45 compounds in the 1,573 samples collected from the three 

groups were detected at least once at concentrations exceeding Preliminary Action Levels (PALs).  

The detections reported in Table 3-3 included compounds from each of the analytical suites reported 

in Table 3-2. 

Overall, the combined dataset of Groups 1, 2, and 3 is considered broad and representative of the 

spectrum of contaminants that could be present within the NTS mud pits.  Considering the number of 

samples and the extent of chemical analysis, the analytical data combined with process knowledge 

provides an accurate depiction of the nature of mud pit contamination.  Due to the similarities of the 

three mud pit groups in mud pit processes, it is expected that the extent of contamination at any given 

site is probably localized to the confines of the mud pit and perhaps to the contiguous areas outside of 

the pit.  On this basis, from a general usability standpoint, data from similar sites is regarded as 

representative and usable for characterizing exposures and risks in this risk assessment.  

3.3 Identification of COCs

The following subsections address the identification of COCs through the development of screening 

criterion and evaluation of profiles in Table 3-1.

3.3.1 Application of Screening Criterion

Table 3-1 indicates that 106 soils samples have been directly obtained from the NTS mud pits 

(Group 3).  These samples were submitted for analyses that included VOCs, SVOCs, metals, PCBs, 

DRO, GRO, and radionuclides (by gamma spectroscopy) (refer to Table 3-2).  The PA data for the 

NTS mud pits is considered to be comparable to a typical broad-based  multi-analytical suite analysis 

conducted under the CERCLA program, which typically includes analyses for over 100 individual 

target compounds.  In the CERCLA program, this preliminary broad-based analysis is commonly 

used when the nature of contamination at a site is not well known.  Following the initial multi-suite 

screening analysis, the nature of contamination is evaluated and a refined investigative analytical 

suite (distilled from the broad-based analysis results and tailored to site) is used for additional 

investigations, and ultimately for the risk assessment. 
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Table 3-3
Sampling and Analysis Detection Summary

 (Page 1 of 3)

Group
Corrective 

Action
Unit / Site

Contaminants Exceeding 
PALsa

Number
of 

Exceedances

Concentration 
Range

Average 
Concentration Units

1 Offsite 
Mud Pits

CAU 416 MOTOR OIL RANGE 
ORGANICS 4 110 – 170 132.5 mg/kg

CAU 417

DIESEL RANGE ORGANICS 63 103 – 7,610 735.127 mg/kg

MOTOR OIL RANGE 
ORGANICS 69 100 – 7,830 538.684 mg/kg

TPH (general) 12 130 -840 344.167 mg/kg

Amchitka 
(Alaska)

ACENAPHTHENE 19 0.545 – 3.34 1.201 mg/kg

ACENAPHTHYLENE 4 0.509 – 0.802 0.625 mg/kg

ACETONE 2 0.318 – 0.833 0.576 mg/kg

ANTHRACENE 19 0.035 – 0.823 0.265 mg/kg

AROCLOR-1248 7 0.036 – 0.363 0.139 mg/kg

AROCLOR-1260 16 0.013 – 0.308 0.094 mg/kg

ARSENIC 13 6.45 - 16.9 9.8 mg/kg

BENZO(B)FLUORANTHENE 1 0.054 0.054 mg/kg

CADMIUM 4 0.604 – 1.03 0.791 mg/kg

CHROMIUM 47 28.3 – 1,090 322.006 mg/kg

Copper 56 34.8 – 474 126.457 mg/kg

DIESEL RANGE ORGANICS 38 100 – 14,000 2,631.026 mg/kg

ETHYLBENZENE 3 0.147 - 3.19 1.592 mg/kg

FLUORANTHENE 12 0.065 - 0.311 0.156 mg/kg

FLUORENE 53 0.045 – 13 1.7 mg/kg

IRON 46 21,300 – 63,000 38,269.57 mg/kg

M+P-XYLENE 13 0.051 - 19.2 6.874 mg/kg

MANGANESE 40 507 – 4,040 1,090.75 mg/kg

NAPHTHALENE 64 0.036 – 118 16.767 mg/kg

NICKEL 15 16.8 – 125 34.873 mg/kg

O-XYLENE 15 0.019 - 11.2 3.576 mg/kg

PHENANTHRENE 41 0.372 - 19.7 3.905 mg/kg

PYRENE 6 0.426 – 0.802 0.53 mg/kg

TOTAL XYLENE 11 0.302 - 3.04 1.586 mg/kg

ZINC 4 125 – 198 147 mg/kg
32



1 Offsite 
Mud Pits 
(Cont’d)

Gasbuggy 
(New 

Mexico)

1,2,4-TRIMETHYLBENZENE 4 650 – 24,000 11,487.5 µg/kg

DIESEL RANGE ORGANICS 52 110 – 26,000 3,367.69 mg/kg

GASOLINE RANGE 
ORGANICS 17 130 – 3,300 800 mg/kg

Rio Blanco 
(Colorado)

DIESEL RANGE ORGANICS 5 1,100 – 8,100 2820 mg/kg

LEAD 2 340 – 470 405 mg/kg

Rulison 
(Colorado)

DIESEL RANGE ORGANICS 11 100 – 4,700 1421.82 mg/kg

ETHYLBENZENE 1 1,400 1,400 µg/kg

TOTAL XYLENE 1 23,000 23,000 µg/kg

2 NTS 
General

CAU 177
ARSENIC 1 89.3 89.3 mg/kg

Ra-226 1 5.52 5.52 pCi/g

CAU 234 MOTOR OIL RANGE 
ORGANICS 1 240 240 mg/kg

CAU 34

Am-241 17 0.066 – 6.4 1.19 pCi/g

Bi-212 1 3.7 3.7 pCi/g

DIESEL RANGE ORGANICS 18 110 – 48,000 4,850.56 mg/kg

Eu-152 11 1.25 - 6.1 2.56 pCi/g

GASOLINE RANGE 
ORGANICS 1 1,800 1,800 mg/kg

Pb-212 2 20.9 - 24.1 22.5 pCi/g

Pu-238 4 0.085 - 0.193 0.13 pCi/g

Pu-239 14 0.12 - 7.1 2.44 pCi/g

Th-234 3 4.4 - 5.4 4.77 pCi/g

U-234 2 4.29 - 6.84 5.57 pCi/g

U-235 6 0.072 - 0.189 0.11 pCi/g

CAU 355
DIESEL RANGE ORGANICS 4 120 – 390 280 mg/kg

MOTOR OIL RANGE 
ORGANICS 8 110 – 7,500 1,471.25 mg/kg

CAU 356
Am-241 2 0.71 - 1.02 0.865 pCi/g

DIESEL RANGE ORGANICS 4 160 – 3,300 1,307.5 mg/kg

CAU 358
DIESEL RANGE ORGANICS 5 138 – 48,000 9,841.6 mg/kg

MOTOR OIL RANGE 
ORGANICS 11 150 – 190,000 18,712.73 mg/kg

CAU 438 Ra-226 1 6.66 6.66 pCi/g

Table 3-3
Sampling and Analysis Detection Summary

 (Page 2 of 3)

Group
Corrective 

Action
Unit / Site

Contaminants Exceeding 
PALsa

Number
of 

Exceedances

Concentration 
Range

Average 
Concentration Units
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To fully assess the mud pit data, all samples reported in Table 3-1 were sorted and screened using 

conventional risk and dose assessment screening techniques.  In the screening assessment, maximum 

measured soil contaminant concentrations for each radionuclide or chemical are compared to 

appropriate benchmark soil concentrations.  The benchmark concentration may be based on a dose 

limit or a toxicity threshold.  In the case of radionuclides, the benchmark concentration is the 

concentration that, when inserted into an exposure and dose equation, would produce a 15 millirem 

per year (mrem/yr) dose to a worker (exposure assessment assumptions and equations are discussed 

in Section 4.0 and Section 5.0).  A toxicity threshold benchmark is the soil concentration that, when 

inserted into a risk equation would give either a hazard quotient of 1.0 (for non carcinogenic 

compounds) or a 1x10-6 (1 in one million) added cancer risk to a worker.  If the maximum soil 

concentration is less than the lowest benchmark, it is concluded that the radionuclide (or chemical) is 

not present in sufficient concentration to produce a dose or chemical toxicity effect that is of concern.  

2 NTS 
General 
(Cont’d)

CAU 439 MOTOR OIL RANGE 
ORGANICS 2 100 - 700 400 mg/kg

CAU 553

AROCLOR-1248 1 90 90 µg/kg

Pb-212 2 3.51 - 3.93 3.72 pCi/g

Pb-214 1 3.57 3.57 pCi/g

3 NTS 
Mud Pits

CAU 530 DIESEL RANGE ORGANICS 1 210 210 mg/kg

CAU 531 Th-234 1 7.3 7.3 pCi/g

CAU 532

Ac-228 1 3.91 3.91 pCi/g

Bi-212 1 4.2 4.2 pCi/g

Pb-212 1 3.87 3.87 pCi/g

PENTACHLOROPHENOL 1 12 12 mg/kg

CAU 533

Am-241 1 0.47 0.47 pCi/g

Bi-212 1 3.7 3.7 pCi/g

Cs-137 1 10.2 10.2 pCi/g

DIESEL RANGE ORGANICS 1 120 120 mg/kg

Th-234 1 3.6 3.6 pCi/g

aThe table includes organics (e.g. Acenaphthene) that were not screened against the NTS PALs.  Additional screening of the organics 
will be described in Section 3.3.1.

Table 3-3
Sampling and Analysis Detection Summary

 (Page 3 of 3)

Group
Corrective 

Action
Unit / Site

Contaminants Exceeding 
PALsa

Number
of 

Exceedances

Concentration 
Range

Average 
Concentration Units
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Therefore, the chemical can be omitted from further consideration in the assessment.  This concept is 

taken from EPA’s Risk Assessment Guidance for Superfund (1989) where it is referred to as a 

concentration-toxicity screen.  The logic of this process is given below as:

IF Maximum Concentration < Benchmark Concentration; 
THEN conclude that the chemical (or radionuclide) is not a concern and omit as a COC.

As indicated above, in this screening process, radionuclides and chemicals whose maximum 

concentrations are less than the benchmark concentrations are said to be “screened out” of the 

assessment.  The screening process is discussed more fully in EPA (1989) and the National Council 

on Radiation Protection’s Recommended Screening Limits for Contaminated Surface Soil and Review 

of Factor Relevant to Site-Specific Studies, (1999).

Many of the chemicals found in the mud pits are naturally occurring earthen compounds.  According 

to EPA (1989), naturally occurring compounds found to be within the common background 

concentration range should not be considered COCs.  Therefore, in the screening assessment, 

maximum measured soil contaminant concentrations for each metal were compared to benchmark 

background soil concentrations.  The logic of the background screening process is given as:

IF Maximum Concentration < Background Benchmark Concentration; 
THEN conclude that metal is not a concern and omit as a COC.

The following protocols were used to implement this screening process:

• Radionuclides were screened with radiochemistry preliminary action levels (PALs)  
(Table 3-4) that are based on a scaling of the National Council on Radiation Protection and 
Measurements (NCRP) 25-mrem/yr dose-based levels (NCRP, 1999) to a conservative 
15-mrem/yr

• The recommended dose-based levels for certain radionuclides in DOE Order 5400.5 
(DOE, 1993), as listed in Table 3-4      

The NCRP 15 mrem PALs are based on the construction, commercial, industrial land-use scenarios 

provided in the guidance, and are appropriate for the NTS based on future land-use scenarios as 

presented in Section 4.3.1.  These established PALs have been accepted by the regulatory agency for 

this use. 
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Metals were screened against background soil concentrations (Table 3-5).    

Organic chemicals and metals detected at least once that were not addressed by the background 

evaluation were screened against EPA Region 9’s Industrial Exposure Scenario, Direct Contact 

Pathway preliminary remediation goals (PRGs) (EPA, 2002).  The PRGs used for screening were 

indexed to a 1E-6 added cancer risk or to a Hazard Quotient (HQ) of 1.0, whichever was the more 

conservative and resulted in the lower screening value (refer to Table 3-6).  As discussed in 

Table 3-6, the screening process utilized the best available benchmark concentrations which, in 

general, were EPA Region 9 PRGs.  For acenaphthylene and phenanthrene, screening values for soil 

cleanup objectives were not listed in the Region 9 PRGs so an alternative source for risk based 

Table 3-4
Radionuclide Soil Screening Values

Radionuclide Detected Bq/kg25 mrem/yr 
a pCi/g25mrem/yr

Preliminary Action Level
pCi/g15mrem/yr

Actinium (Ac) -228 (Ac-227)b, c 27 0.7 0.4

Americium (Am) -241 470 12.7 7.6

Bismuth (Bi) -212 (Bi-207)b, c 160 4.3 2.6

Cesium (Cs) -137 450 12.2 7.3

Europium (Eu) -152 210 5.7 3.4

Pb-212 (Pb-210)b, c 780 21.1 12.7

Plutonium (Pu) -239 470 12.7 7.6

Pu-240 470 12.7 7.6

Radium (Ra) -226c 19 0.5 0.3

Uranium (U) -234 5300 143.3 86.0

U-235 650 17.6 10.5

Thorium (Th) -234 (Th-230) 53 1.4 0.9

Conversion of picocuries per gram (pCi/g) per Becquerel per kilogram (Bq/kg) = 0.02703
15/25 mrem/yr = 0.6 or pCi / Bqd  =  27.03

aTable 2-2 for Construction, Commercial, Industrial Exposure (NCRP, 1999)
bThe NCRP source does not have a screening value for every radionuclide detected at the mud pits.  The isotope in 
parenthesis was used as a surrogate when the screening value was not provided.  It is the most conservative isotope of 
the detected radionuclide listed in the NCRP table.

cConcentrations of these radionuclides will also be screened with the 5 pCi/g average (1st 15 cm) and 15 pCi/g average 
(subsequent 15 cm lift bgs) provided by DOE Order 5400.5 (DOE, 1993).

dShleien et al. (1998)

Note:  Ac-228, Bi-212, and Pb-212 are decay progeny of the thorium series.  These are naturally occurring radionuclides.
Additionally, Potassium-40 (K-40), while occasionally detected in mud pit soils, is not considered a COC due to its natural 
occurrence and predominance in the environment.  The only mechanism for K-40 to be considered an environmental 
contaminant is through concentration.  There are no known activities reported at the NTS that would have concentrated K-40 or 
released it as a contaminant.
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screening levels was sought.  The State of New York’s Department of Environmental Conservation 

(NYDEC) for soil cleanup objectives was used.  The NYDEC values are based on conservative 

assumptions and are significantly more restrictive than regulatory screening values published by 

other states.       

3.3.2 Evaluation of Profiles

Those chemicals with concentrations exceeding the screening values have been organized based on 

three groups identified in Table 3-1 and in conjunction with the six mud pit operational categories 

discussed in Section 2.3 (refer to Table 2-2).  The results are displayed in Table 3-7.  Key features of 

the table are: 

• The first column in Table 3-7 lists all chemical compounds detected at least once in the 
investigations that are summarized in Table 3-1.  As indicated in Table 3-7, 45 compounds 
were detected at least once in any of the 1,573 samples collected from the three groups.  The 
45 compounds have been further segregated into four subsets:     

- 10 metals
- 13 radionuclides
- 4 petroleum product fractions, and 
- 18 organic compounds

Table 3-5
Background Screening Values Used for Metals

Metals Common 
in Soils

Concentration
mg/kg

Silver (Ag) 0.4

Arsenic (As) 23b

Barium (Ba) 1,267

Cadmium (Cd) 0.3

Chromium (Cr) 75

Copper (Cu)a 27

Iron (Fe)a 26,000

Mercury (Hg) 253

Manganese (Mn)a 480

Nickel (Ni)a 19

Lead (Pb) 54

aShacklette and Boerngen, 1984
bNBMG, 1998; Moore, 1999

Sources:  NBMG, 1998, refer to Section 2.2.3
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Table 3-6
Toxicity Based Screening Values

Chemical Concentratio n (mg/kg)

1,2,4-Trimethylbenzene 170

Acenapthtene 29,000

Acenaphthylene 41a

Acetone 6,000

Aluminum 100,000

Anthracene 100,000

Aroclors (PCBs) 0.7

Arsenic (As) 1.6b

Benzo(b)fluoranthene 2.1

Cadmium (Cd) 450

Copper (Cu) 41,000

Total Chromium (1:6, CrVI:Cr III) 450

Ethylbenzene 20

Fluoranthene 22,000

Fluorene 26,000

Iron (Fe) 100,000

Lead (Pb) 750

Manganese (Mn) 19,000

Naphthalene 190

Nickel (Ni) 20,000

Pentachlorophenol 9

Phenanthrene 50 a

Pyrene 29,000

Xylenes (all) 420

Zinc (Zn) 100,000

All values are Industrial Exposure Scenario, Direct Contact Pathway values indexed to a 1X10-6 added cancer risk or to a HQ of 1.0.

Source:  EPA, 2002 
Refer to http://www.epa.gov/region09/waste/sfund/prg/index.htm, as accessed on 13 April 2004.

Note: In some NTS references, the Region 9 PRGs are occasionally referred to as PALs.

a State of New York recommended soil cleanup objective (NYDEC, 2004).  Region 9 has not published PRGs for these compounds.  
Region9’s policy is to use only toxicity information that has been accepted into the EPA’s IRIS database.  EPA discontinued their IRIS 
postings for acenaphthylene and phenanthrene in 1997 and 1995, respectively.  The State of New York’s accepts the use of toxicity 
information that has not been accepted in, or has been withdrawn from, the IRIS database.  Use of NYDEC’s values of 41 and 50 mg/kg as 
surrogate values to screen acenaphthylene and phenanthrene, respectively, in the NTS mud pits are considered appropriate because the 
values are recognized by a state regulatory agency with responsibilities that are comparable to the State of Nevada standards and the 
values are conservative when compared to cleanup standards in Pennsylvania, (another state regulatory agency).

NYDEC’s basis for soil cleanup levels include: 
Human health based levels that correspond to excess lifetime cancer risks of one in a million for Class A1 and B2 carcinogens, or one in 100,000 
for Class C3 carcinogens. These levels are contained in EPA's Health Effects Assessment Summary Tables (HEASTs) which are compiled and 
updated quarterly by the NYDEC's Division of Hazardous Substances Regulation.

Human health based levels for systemic toxicants are calculated from Reference Doses (RfDs). RfDs are an estimate of the daily exposure an 
individual (including sensitive individuals) can experience without appreciable risk of health effects during a lifetime. An average scenario of 
exposure in which children ages one to six is assumed.  An intake rate of 0.2 gram/day for a five-year exposure period for a 16-kg child is 
assumed. These levels are contained in EPA's HEASTs.  NYDEC also takes into consideration environmental concentrations which are protective 
of groundwater/drinking water quality; based on promulgated or proposed New York State Standards; background values for contaminants; and 
detection limit in establishing their soil cleanup levels. 

Other states have similar policies of using the best available toxicity information to develop soils cleanup levels.  Pennsylvania, for example, uses 
values of 170,000 and 190,000 mg/kg for nonresidential clean up criterion for acenaphthylene and phenanthrene, respectively (PA DEP, 2004).

 bArsenic was evaluated with the background soil concentration reported in Table3-4 (23 mg/kg).



Table 3-7
Mud Pits Contamination Profiles After Screening

Compounds Detected in Mud 
Pit Investigations

Group 1, Offsite Mud Pits
(1,216 Samples)

Number of Detections > 
Screening Values

Group 2, NTS General Mud 
Pits (251 Samples)

Number of Detections > 
Screening Values

Group 3, NTS Mud Pits 
(106 Samples)

Number of Detections > 
Screening Values

Category Category Category

1 2 3 4 5 6 1 2 3 4 5 6 1 2 3 4 5 6
Aluminum 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Arsenic 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0
Cadmium 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Chromium 2 0 0 11 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Copper 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Iron 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Manganese 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Nickel 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Lead 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Zinc 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Actinium-228 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Americium-241 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bismuth-212 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Cesium-137 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0
Europium-152 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0
Lead-212 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0
Lead-214 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Plutonium-238 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Plutonium-239 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Radium-226 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0
Thorium-234 0 0 0 0 0 0 0 0 0 0 0 3 0 1 0 1 0 0
Uranium-234 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Uranium-235 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Diesel-Range Organics 1 11 114 35 14 1 16 0 2 7 0 6 1 0 0 1 0 0
Gasoline-Range Organics 0 0 17 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0
Motor Oil-Range Organics 0 4 68 0 0 1 0 0 5 14 2 0 0 0 0 0 0 0
Total Petroleum Hydrocarbons 0 0 12 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1,2,4-Trimethylbenzene 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Acenaphthylene 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Acenapthene 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Acetone 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Anthracene 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Aroclor-1248 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Aroclor-1260 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Benzo(b)flouroanthene 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Ethylbenzene 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Flouranthene 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Flourene 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
M+P Xylene 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Naphthalene 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
O-Xylene 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Pentachlorophenol 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0
Phenanthrene 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Pyrene 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Total Xylene 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Source:  NNSA/NSO, 2004a
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• Contaminant detection profiles are provided for each of the three mud pit groups and the six 
mud pit operation categories within each group.  Within each group and type, positive 
detections are shown in red.  The number shown in bold is the count of detections exceeding 
screening values.  

Key points evidenced in Table 3-7 include:

• Table 3-7 expresses the results of a multi-suite screening analysis and distillation process 
from the broad-based analysis, a tailored suite of compounds for use in additional 
investigations, as necessary, and the risk assessment.

• Overall, the occurrence of mud pit contamination in excess of the screening levels is not 
extensive and is limited to a relatively few number of compounds.  As illustrated, of the 
original 45 compounds detected at least once, only 12 were detected at concentrations 
exceeding the screening values.  Readers should bear in mind that the initial broad-based 
multi-suite analytical program contained many more compounds that were either not detected 
or were detected at concentrations below the PALs. 

• Two metals were found at concentrations exceeding screening levels.  Chromium was found 
above the screening level in 13 samples in the Offsite mud pit investigations (Group 1) at 
concentrations ranging from 455 mg/kg to 1,096 mg/kg.  These chromium detections may not 
have been related to mud pit operations.  According to Dragun (1998), native soil 
concentrations of chromium range from 5 to 3,000 mg/kg with extreme limits up to 
10,000 mg/kg.  The highest of the 13 chromium detections, 1,090 mg/kg, is well within this 
range.  Additionally, all 13 soil samples were obtained at the Amchitka site located on the 
Aleutian Archipelago, Alaska.  The conservative background screening value for chromium 
reported in Table 3-4, 75 mg/kg, is based on geology in Nevada.  The geology of the Aleutian 
Islands in the zone of drilling is Ultramafic and Mafic rocks.  According to Kabata-Pendias 
(1991), Ultramafic and Mafic rocks naturally contain 170 to 3,400 mg/kg chromium.  It is also 
possible that the drilling fluids used at Amchitka contained higher levels of chromium than 
drilling muds used at other locations.  Moreover, if the occurrences of chromium in the 
13 samples obtained from Amchitka were related to common mud pit operations, it is likely 
that comparable chromium concentrations would be found at other mud pits where similar 
drilling operations were used.  As indicated in Table 3-7, chromium was not detected at 
concentrations exceeding the screening levels at mud pits other than the Amchitka mud pits.  
In the NTS General group, arsenic was detected in surface soil samples at 30.6 mg/kg and 
32 mg/kg at CAUs 356 and 553, respectively.  These detections are consistent with 
background levels of arsenic at the NTS (6 to 43 mg/kg) (SNL, 1999) and are probably not 
related to mud pit operations2.  

• Comparing the profiles of Groups 1, 2, and 3, it appears that the occurrence of radionuclides at 
concentrations exceeding the screening levels is a phenomenon related to mud pits located on 

2. Native soil concentrations of arsenic range from 0.1 to 40 mg/kg with extreme limits up to 500 mg/kg 
(Dragun, 1998).  As indicated in Table 3-5, the arsenic background screening value, 23 mg/kg, is actually well 
within the range of native soil concentrations.
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the NTS.  These detections are generally sporadic and at concentrations less than 25 
picocuries per gram (pCi/g).  The inconsistent nature of these detections suggests that they are 
not related to mud pit operations and are likely related to radioactive fallout.

• Petroleum hydrocarbons contamination is observable in all three mud pit groups.  This is 
consistent with process knowledge.

• The occurrence of organics at concentrations exceeding the screening levels was limited to a 
single detection of pentachlorophenol (PCP) in one surface soil sample.  PCP was reported at 
a concentration of 12 mg/kg in CAU 532.  This appears to be an isolated detection that, based 
on process knowledge, is probably not related to mud pit activities3.  EPA guidance on 
identifying COCs recommends that chemicals detected infrequently (a 5 percent detection 
rate threshold is suggested) and which do not appear to be site related be considered as 
candidates for elimination from the risk assessment (EPA, 1989).

• There does not appear to be a correlation between the type of mud pit operation, and a pattern 
of contamination.  This is apparent by observing that there are no prominent distinctions in the 
types of contaminants between the six categories displayed over the three mud pit groups in 
Table 3-7.  

• When the detections of metals in Groups 1 and 2, the occurrence of radionuclides in Groups 2 
and 3, and the random occurrence of PCP are taken into account as not related to mud pit 
operations, it is apparent that only the petroleum mixtures (e.g., DRO) are consistently related 
to mud pit operations.  This is consistent with the process knowledge that petroleum mixtures 
were used as drilling lubricants and additives. 

This evaluation demonstrates that contamination in excess of the screening levels at the three mud pit 

groups evaluated in Table 3-7 is limited to five radionuclides (cesium [Cs]-137, europium [Eu]-152, 

lead [Pb]-212, radium [Ra]-226, and thorium [Th]-234), and several petroleum compounds.  The 

occurrence of radionuclides exceeding the screening levels is limited to mud pits located on the NTS 

(Groups 2 and 3).  Petroleum hydrocarbons were found in all three groups.  Within the NTS mud pits 

(Group 3), only two radionuclides (Cs-137 and Th-234) and DRO exceeded the screening levels. 

3.3.3 COCs for Human Health and Ecological Concerns at the NTS Mud Pits 

A review of Table 3-7 and the above discussion of the evaluation of the profiles indicate that only 

petroleum compounds used in the drilling operations, specifically DRO, are clearly linked to NTS 

mud pit activities.  Several radionuclides, although possibly not related to the mud pit operations, also 

3. According to the Agency for Toxic Substances and Disease Registry (ATSDR), PCP is frequently found in 
soils and is known to be distributed in the environment (CDC, 2001).  PCP is a long-lived compound that is 
released to the atmosphere from industrial and waste operations and is returned to waters and soils by wet and 
dry deposition.  PCP is a highly chlorinated compound that tends to degrade slowly in the environment. 
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emerge from Table 3-7 as candidate COCs.  On this basis, COCs that are applicable to the NTS Mud 

Pits are identified Table 3-8.    

As indicated, all compounds that were detected in the NTS mud pits that were not eliminated by the 

screening described above are included as COCs (see Table 3-1).  The COCs listed in Table 3-8 will 

be carried through the remaining steps of the risk assessment.  

Table 3-8
COCs for Assessment of the NTS Mud Pits (Group 3)

Human Health and Ecological Concerns

Chemical/Radionuclide COC Remark

Cs-137 X Detected in Group 3

Th-234 X Detected in Groups 2 & 3

DRO X Detected in Groups 1, 2 & 3
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4.0 Exposure Assessment

This section presents an exposure assessment in general accordance with the Risk Assessment 

Guidance for Superfund (EPA, 1989).  According to the EPA, the objective of the exposure 

assessment is to estimate the type and magnitude of exposures to any COCs present at the site 

(EPA, 1989). 

4.1 Physical Setting

The NTS is located about 65 miles (mi) northwest of Las Vegas in Nye County, Nevada.  The site 

varies from 28 to 35 mi (46 to 56 kilometers [km]) in width and 40 to 55 mi (64 to 88 km) in length 

(north to south).  The approximate 1,375 square mile (mi2) site features desert and mountainous 

terrain and is one of the largest restricted access areas in the United States.  The remote site is 

surrounded by thousands of additional acres of land withdrawn from the public domain for use as a 

protected wildlife range and for a military gunnery range, creating an unpopulated land area 

comprising some 5,470 mi2.

Established as the U.S. Atomic Energy Commission's (AEC) on-continent proving ground, the NTS 

has seen more than four decades of nuclear weapons testing.  Since the nuclear weapons testing 

moratorium in 1992, and under the direction of the DOE, NTS use has diversified into many other 

programs, such as hazardous chemical spill testing, emergency response training, conventional 

weapons testing, waste management, and environmental technology studies.  

The Mojave, Great Basin, and Transitional Deserts comprise the three major biotic communities of 

the NTS.  Many varieties of vegetation, ranging from creosote to juniper trees, and a wide variety of 

animal life abound.  This diverse and complex mosaic of vegetation and animal communities permit 

studies that focus on interactions between ecosystems, as well as individual habitats and populations.

4.2 Conceptual Site Model

The CSM provides the basis for identifying release mechanisms, exposure pathways, migration 

pathways, and receptors.  Figure 4-1 presents the multi-media, multi-pathway CSM that will be used 

to evaluate exposure pathways and identify the receptors.  The CSM traces the migration of COCs 
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 uses of the mud pits and/or their contents will
ect should be taken into consideration.

o the Exposure Media (e.g., Subsurface Soils).
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Figure 4-1
Conceptual Site Model

Practically speaking, discriminating between a surface veneer and subsurface soils is somewhat artificial from a future use perspective.  Most future
require significant physical alteration and mixing so that the result will be a blend of surface and subsurface material.  As appropriate, the blending eff

aBurrowing animals may contact subsurface materials as well as surface soils.
bRefer to Appendix A for evaluation. 

Release mechanisms, including resuspension of particulates and leaching, are implied by the arrows leading from the Primary Source (Drilling Mud) t



from the primary source via pathways to the potential receptors.  According to EPA (1989), each or 

any complete exposure pathway, indicated by a Yes in the receptor box, should be evaluated.    

In some cases, exposure media data are available (e.g., on-site soils data).  In other cases, exposure 

media data will not be available (e.g., air concentrations and biota).  In cases where exposure media 

data are not available, accepted estimation modeling techniques will be used to estimate exposure 

concentrations.  Completed and significant pathways will be addressed and quantified to the extent 

possible.  The CSM is theoretical by nature, and if in the course of the exposure assessment it 

becomes apparent that an exposure pathway is not complete, or is complete only in a mathematical 

sense, the CSM will be revised. 

4.3 Potentially Exposed Populations

Risk assessment guidance recommends an evaluation of receptors that are currently exposed to 

site-related chemicals.  Additionally, the guidance recommends that the assessment address receptors 

that may reasonably be exposed under logically plausible future land use conditions (EPA, 1989).  

Based on the site setting and future use of the NTS, the following potential human receptors and 

exposure scenarios have been identified as appropriate for characterizing study conditions. 

4.3.1 Human Receptors

Current Use – Currently, in a practical sense, there are no humans who are routinely exposed to mud 

pit contaminants.  Periodically, site workers may visit a NTS mud pit; however, these occasional 

visits are not likely to result in significant exposure to mud pit contaminants.  

Future Use – At present, no definitive plans exist for future development of the mud pit CAUs; 

however, any development of the NTS mud pits will be limited to uses associated with industrial 

development.  On this basis, it is foreseen that two groups of humans could potentially be exposed to 

mud contaminants.

• Future Industrial Workers - These are individuals who could be exposed to mud pit 
contaminants in the event that a CAS is developed through reindustrialization.  Additionally, 
it is also plausible, although unlikely, that mud pit soils could be excavated and transported to 
an alternate reindustrialization location and used as fill material.  In either case, workers 
whose activities could cause them to encounter mud pit contaminants through their normal 
work practices are potential future receptors.  
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• Future Construction Workers - In order for the future industrial worker scenario to occur, 
construction related to reindustrialization of the facility would have to occur.  In such an 
instance, a construction worker involved in earthen operations, such as excavation and 
trenching, could be exposed to site related contaminants.  Thus, construction workers whose 
activities would cause them to encounter mud pit contaminants through their normal work 
practices are also potential receptors.

It should be noted that the future use exposure scenarios described above are put forward to facilitate 

the risk analysis and completion of the risk-based closure strategy.  While plausible from a theoretical 

perspective, they may not be realistic.  Assuming construction and habitation of a facility on a mud 

pit ignores practical issues, such as constructability and the low likelihood of actually using a mud pit 

for an industrial facility in light of other better construction sites.  Additionally, excavation and 

transport of mud pit material for use in other locations, while conceivable, may not be a reasonable 

set of circumstances.  Readers should keep in mind that these scenarios may be improbable, but they 

will provide a bounding case for evaluating the potential risk from mud pit contaminants.  

4.3.2 Ecological Receptors

Current and Future Use – Currently, as well as in the future, ecological receptors can be exposed to 

residual contamination at the NTS mud pits.  The NTS is located along the transition zone between 

the Mojave Desert and Great Basin ecosystems (NNSA/NSO, 2002a).  As a result, the area contains a 

diverse combination of plant and animal communities representative of both deserts, as well as some 

communities common only in the transition zone between these deserts.  Two broad classes of 

ecological receptors are envisioned:

• Plant Species - Plant communities of the NTS are typical of those found in the Mojave and 
Great Basin Deserts.  Common species include creosote bush, white bursage, cacti, yuccas, 
and a variety of other shrubs.  At present, there are no known federally listed threatened, 
endangered, or candidate plants at the NTS (NNSA/NSO, 2002a).   

• Animal Species – Some common species residing in the Mojave or the Great Basin Desert 
habitats include kit foxes, kangaroo rats, desert tortoises, western shovelnose and sidewinder 
snakes, cliff chipmunks, Great Basin pocket mice, mule deer, northern flickers, scrub jays, 
Brewer's sparrows, western fence lizards, and striped whipsnakes, among others.  At the NTS, 
there is one known federally listed endangered species, the peregrine falcon, and there are two 
federally listed threatened species, the desert tortoise and the bald eagle.   
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4.4 Identification of Exposure Media and Routes of Exposure

The CSM (Figure 4-1) identifies three exposure media, surface soils, shallow subsurface soils, and 

groundwater, as potential points of exposure.  As indicated in the CSM, release mechanisms, such as 

resuspension of particulates and leaching to groundwater, are implied by the relationships between 

the drilling muds and the exposure media.  The logical extension of the CSM is to link the exposure 

pathways with the media that can serve as the basis for direct exposure point estimations.  It is also 

possible, with the use of a model, that the data that will serve as the basis for indirect exposure point 

estimations.  Figure 4-2 is an illustrative conceptual depiction of the exposure model that further 

identifies the exposure media and potential receptors.  Key features illustrated in Figure 4-2 include: 

• Surface soils, typically the top 6-in. horizon, which includes residual surface mud, is an 
exposure media for human and ecological receptors.  This media serves as the source for 
exposures through ingestion of soils, inhalation of re-suspended particulates (i.e., dust), 
dermal (skin) contact, and penetrating external gamma (γ) radiation (refer to Figure 4-1).  
Most of the mud pit investigation surface data was actually collected over the top 6-in.  As 
Figure 4-2 indicates, these soils are the exposure media for future industrial and construction 
workers, as well as for local animal and plant species that have contact largely with only the 
upper most surface soils.

• Subsurface soils and mud, those below the 6-in. surface to a depth of approximately 6 ft bgs, 
may also be exposure media for human and ecological receptors.  In general, future industrial 
workers would not be exposed to subsurface soils (refer to Figure 4-1); however, it is possible 
that future construction workers would be exposed to the mixture of surface and subsurface 
soils4.  

• Based on the particle tracking thought process of the CSM, groundwater is identified in 
Figure 4-1 as an exposure media.  In most areas, water levels at the NTS are greater than 
800 ft bgs (BN, 2001).  There are local occurrences of perched groundwater; however, in 
most cases, saturated zones capable of producing significant quantities of groundwater are not 
within the influence of mud pits contamination.  Appendix A presents a conservative 
screening level analysis of the potential for contaminants to leach from the NTS mud pits and 
impact groundwater.  The analysis finds that vertical migration from the NTS mud pits to the 
unsaturated zone is minimal and adverse impacts to groundwater are extremely unlikely; 
therefore, groundwater will be omitted from consideration as an exposure media.  

4. Excavation and fill, site preparation, and related construction activities would result in workers being exposed 
to the surface and subsurface soils as a mixture. 
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4.5 Exposure Point Concentrations

Section 4.4 defined the media that will serve as the basis for direct exposure point estimations or, in 

the case of a model, the indirect exposure point estimations.  This section discusses how exposure 

point concentrations will be estimated.  Figure 4-2 identified the different media that would support 

the CSM and exposure scenarios in a theoretical manner.  However, a review of Table 3-7 reveals that 

the degree to which NTS mud pit contamination exceeds the conservative screening values is actually 

very limited.  Specifically, there are only five detections from samples taken at the NTS mud pits that 

have exceeded the screening values.  These detections are the sole exposure point concentrations 

(EPCs) for the risk assessment; they are presented in Table 4-1.    

Based on this limited set of detections, there are no risk assessment data aggregation or statistical 

issues to address.   The values in Table 4-1 will be used as EPCs although the mean concentration and 

95 percent confidence limit of the mean concentration would probably be notably lower5.

Figure 4-2
Illustration of Conceptual Exposure Points and Exposure Media

Illustrative Depiction of Exposure Model
  With Exposure Media and Idealized Target Data

Unsaturated Zone 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Note:  This is a simplified depiction intended to illustrate approximate points of contact with exposure media.  It is based on a 
hypothetical multimedia data characterization and is not intended to specify risk assessment data requirements.

Blended Soil Column
Animal and Plant Exposed 

to Entire Soil Column

Surface Soils (0 to 6 in.)

Subsurface Soil  
(Greater than 6 in. to – 6 ft bgs)

Use Combined Upper Most Horizon 
and Subsurface Data to the Extent 

Practicable

Blended Soil Column
Future Industrial Workers Exposed 

Surface Soils (0 to 6 in.)

Subsurface Soil  
(Greater than 6 in. to ~ 6 ft bgs)

Use Combined Upper Most Horizon and 
Subsurface Data to the Extent Practicable

Future 
Construction 
Worker

Subsurface Soil  
(Greater than 6 in. to - 6 ft bgs)

Future Industrial Workers Not 
Exposed 

Surface Soils (0 to 6 in.)
Future Industrial Workers Exposed 

(Use Upper Most Horizon Data)

Future 
Industrial
Workers

Saturated Groundwater Zone

Subsurface Soil  
(Greater than 6 in. to - 6 ft bgs)

Surface Only Species Not 
Exposed

Surface Soils (0 to 6 in.)
Surface Only Species

(Use Upper Most Horizon Data)

Note:   See Discussion of Groundwater as a Media for 
Exposure

Depth to Perched Groundwater: 260 to 525 ft
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4.6 Exposure Assessment for Human Health 

In the previous sections, scenarios, exposure media, and techniques for estimating exposure point 

concentrations have been identified.  This section will identify exposure factors that will be linked to 

the exposure point concentrations to estimate chemical-specific intakes (i.e., doses) for each scenario 

and exposure media.  An exposure factor is a variable that expresses human or ecological receptor 

contact with a chemical.  Exposure factors include variables, such as contact rates (e.g., soil ingestion 

rate), frequency of contact (e.g., days per year of soil ingestion), and exposure durations (e.g., years 

of exposure). 

Guidance from EPA (1989) suggests the consideration of two scenarios: the reasonable maximum 

exposure (RME) and, if possible, the central tendency exposure (CTE).  For the purposes of this 

assessment, only the more conservative RME scenario will be provided.  The RME is reasonable 

because it is a product of factors, such as concentration and exposure frequency and duration.  These 

are an appropriate mix of values, which reflect averages and the 95th percentile distributions 

(EPA, 1990).  The RME tends to be conservative and often leads to an overly conservative estimate 

5. Conventional human and ecological risk assessment guidance recommends use of the 95-percent upper 
confidence limit of the mean concentration as a reasonable, although conservative estimate, of the exposure 
point concentration (EPA, 2002).

Table 4-1
Summary of NTS Mud Pit Soils COC Detections

CAU 530 531 533

CAS 19-09-16 20-09-11 20-09-23 20-09-25 02-09-39

Depth (in.) 0 to 6 0 to 6 0 to 6 0 to 6 0 to 6

Type Detection Maximuma Maximuma Maximuma Maximuma Maximuma

Chemical

Diesel-Range 
Organics (mg/kg) 210 --- --- --- 120

Radionuclides

Cs-137 (pCi/g) --- --- 10.2 --- ---

Th-234 (pCi/g) --- 7.3 --- 3.6 ---

aInsufficient sample size prohibits data aggregation and statistical treatment of the data; therefore, the reasonable maximum 
exposure scenario is used.

Readers will recall that all CASs were evaluated and COCs (compounds with concentrations exceeding screening values) were 
identified at the five CASs identified above.  The risk-based screening is discussed in Section 3.3.3.
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of exposure and risk.  In accordance with DOE (1993), radiological doses will be computed with the 

RESRAD code.  RESRAD is a multi-media dose assessment code that contains pathway algorithms 

patterned after EPA’s Risk Assessment Guidance for Superfund (EPA, 1989).  

4.6.1 Human Exposure Factors and Assumptions

Exposure factors comprising the RME for the Future Use Industrial Worker and the Future Use 

Construction Worker are provided in Table 4-2 and Table 4-3, respectively.      

Inspection of Table 4-2 shows that nearly all exposure variables are EPA Region 9 default factors.  

Occupancy Factors (OF) and equivalent soil ingestion and inhalation rates required by RESRAD to 

compute radiological exposures are also shown.  Additional information on the use of RESRAD to 

evaluate radiological exposures is provided in Appendix E.  The factors displayed in Table 4-2 

essentially place the Future Use Worker in the mud pit soils 100 percent of their workday (8 hours per 

day [hrs/day], 250 days/yr) for a 25-year working career.  This is a very conservative assumption and 

overestimates the actual exposure that a Future Use Worker would actually receive.  A review of  

Table 4-3 indicates that the exposure variables used to characterize the Future Use Construction 

Worker scenario come mainly from EPA’s Supplemental Guidance for Developing Soil Screening 

Levels for Superfund Sites (2001c) which provides a conservative set of exposure factors for 

assessing construction worker exposures to soils.     

The result of the exposure assessment is estimation of the Chronic Daily Intake (CDI) for chemicals 

and the Total Radiological Exposure (TRE) for radionuclides.  Examples of the uses of these 

exposure factors to compute CDIs can be found in Table A.3-2 through Table A.3-5 near the end of 

Appendix A.
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Table 4-2
Factors to Characterize Reasonable Maximum Exposure

to Future Use Industrial Workers

Exposure Variable Unit Value Remark

Soil ingestion rate (IRsoil_daily) mgsoil/day 100 EPA Region 9 Defaulta

Soil ingestion rate (IRsoil_annual) gsoil/yr 110
Input value for RESRAD that is equivalent to the 
EPA Region 9 Default (See equation 4-2 and 
footnote 7)a

Fraction from site (FI) Fraction 1.0 100% Exposure from mud pit soil

Exposure frequency (EF) days/yr 250 EPA Region 9 Defaulta

Hours worked per day (HWPD) Hours/day 8
Conservatively assume a standard work day 
(BLS 10- year average [1994 – 2003] = 6.8 
HWPDb

Occupancy factor (OF) Fraction 0.228

Fraction of a year the worker spends working 
out of doors at a mud pit ([8 hrs  working per day 
/24 hrs per day]* [250 work days per 
yr/365 days per yr]).  RESRAD uses the OF to 
compute exposuresb

Exposure duration (ED) Yr 25 EPA Region 9 Default a

Body weight (BW) Kg 70 EPA Region 9 Defaulta

Inhalation rate (INHRdaily) m3/day 12

EPA’s Exposure Factors Handbook, 
(EPA, 1996a), recommended value for outdoor 
workers at moderate activity (1.5 m3/hr * 
8 hours)c

Inhalation rate (INHRannual) m3/yr 13,140 Input value for RESRAD that is equivalent to the 
EPA Region 9 Defaulta

Exposed surface area (Skin 
SAsoil)

cm2/day 3,300 EPA Region 9 Default a

Absorption fraction (ABSsoil) fraction 0.1 EPA Region 9 Default for SVOCsa

Soil to skin adherence factor 
(AFsoil)

mg/cm2 0.2 EPA Region 9 Defaulta

ATNCA Days 9,125 EPA Region 9/ED (25 yrs)a

ATCA (70 yr) Days 25,550 EPA Region 9 Defaulta

aEPA, 2002
bBLS, 2004
cEPA, 1996a
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Table 4-3
Factors to Characterize Reasonable Maximum Exposure

to Future Use Construction Worker

Exposure Variable Unit Value Remark

Ingestion rate (IR) mgsoil/day 330 Construction worker default a, b

Soil ingestion rate 
(IRsoil_annual)

gsoil/yr 289.1 Input value for RESRAD that is equivalent to the EPA Region 9 
Default 

Fraction from site (FI) fraction 1 100% Exposure from mud pits soil

Exposure frequency 
(EF)

events 
(days)/yr 90 90 day maximum earth works likely c

Hours worked per day 
(HWPD) Hours/day 10 Conservatively assume extended work day (BLS 10- year average 

[1994 – 2003] = 7.9 HWPDd

Occupancy factor (OF) fraction 0.103

Fraction of a year the construction worker spends working out of 
doors at a mud pit ([10 hrs working per day/24 hrs. per day]* [90 
work days per yr/365 days per yr]).  RESRAD uses the OF to 
compute exposures. 

Exposure duration (ED) yr 10 Assume one mud pit project per year at NTS per worker.  Assume 
a 10 year mud pit construction career.

Body weight (BW) kg 70 Construction worker default a, b 

Inhalation rate (INHR) m3/day 20 Construction worker default a, b

Inhalation rate 
(INHRannual)

m3/yr 17,520 Input value for RESRAD that is equivalent to the EPA Region 9 
Default. 

Skin surface area cm2 3300 Construction worker default a, b

Absorption fraction 
(ABSsoil)

fraction 0.1 EPA Region 9 Default for SVOCs

Soil to skin adherence 
factor (AF) mg/cm2 0.3 Construction worker default (95th percentile) a, b

ATCA (70 yr) days 25550 Construction worker default a, b

ATNCA days 365 Construction worker default a, b

aDefault exposure assumptions used for calculating soils screening levels are intentionally conservative.
bEPA, 2001b 
cAssumes a plausible large-scale construction scenario for the NTS involving site preparation, grading, cutting and filling, 
excavation for utility installation and footers, backfilling, concrete pouring, and miscellaneous earthen work finishing.

dBLS, 2004
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4.6.1.1 Exposure to Chemicals

The CDI is the long term daily intake associated with the exposure pathway expressed in terms of the 

EPC and the RME exposure factors that describe the exposure contact rate and duration.  A model 

contact rate and duration equation for the CDI from ingestion of soils, taken from EPA’s Risk 

Assessment Guidance for Superfund (EPA, 1989), is shown in equation 4-1.

(4-1)

where:

CDI = Chronic daily intake (mg of chemical/kg body weight per day)
EPCc = Exposure point concentration of the chemical (mg/kg) (in this case the maximum 

detected concentration)
IRsoil = Soil ingestion rate (milligrams [mg]/day)
CF = Conversion factor (1E-6 killograms [kg]/mg)
EF = Exposure frequency (days/year)
ED = Exposure duration (years)
FI = Fraction of exposure that comes from the site (1.0 in this case)
BW = Conventional adult body weight (kg)
ATNCA = Averaging time for assessing non cancer risks (ED in this case)

Note that the average time for noncarcinogenic risk estimates varies with the ED.  Exposure through 

other pathways, such as inhalation and dermal contact is computed with the same contact rate and 

durations in fundamentally similar equations.  For example, when computing the CDI from 

inhalation, the EPCc air concentration is substituted for the soil concentration and an applicable 

inhalation rate (e.g., INHL = 12 or 20 cubic meters per day [m3/day]) is substituted for IRsoil.  

4.6.1.2 Exposure to Radionuclides

The TRE for radionuclides has two components.  The first component, the radionuclide intake is 

analogous to the CDI for chemical exposures.  The second component is the exposure from external 

penetrating radiation.  Both are discussed in this section.

The annual intake from all pertinent exposure pathways, is also a combination of the EPC and the 

RME exposure factors.  The actual equations used by RESRAD to quantify radiological exposure are 

CDI mg/kg day
EPCc*IRsoil*CFc*EF*ED*FI

BW*ATNCA
-----------------------------------------------------------------------=–
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essentially similar to those used to estimate chemical exposures.   An example of the type calculation 

performed by RESRAD for the soil ingestion pathway is given in equation 4-2.

(4-2)

where:

Radionuclide Intake from Soil Ingestion annual   =  Annual radionuclide intake in picocuries (pCi)
EPCr = Exposure point concentration of the radionuclide pCi/g
IRsoil_annual = Soil ingestion rate (grams soil/year)
OF = Occupancy factor (fraction of the year that exposure occurs)

Once again, the exposure for other pertinent pathways (i.e., inhalation) is computed in an analogous 

manner. 

Radiological exposure also considers exposure to radionuclides in soils that produce external 

penetrating radiation.  The contact rate and duration for estimating exposure to external penetrating 

radiation (e.g., gamma) from radionuclides in soils takes the form of the fraction of a year that a 

worker is exposed to radionuclides in soils and is illustrated in equation 4-3.

(4-3)

where:

Total Exposure  annual = Sum time of exposure to gamma producing radionuclides expressed as the 
fraction of a year (pCi - yr/g)

EPC r = Exposure point concentration of the radionuclide (pCi/g)
OF = Occupancy factor (fraction of the year that exposure occurs)

Equation 4-3 is a generalization of the actual computation performed by RESRAD to estimate 

exposure to external penetrating radiation.   The RESRAD users manual (DOE, 2001) provides 

additional detail on the calculation.  Dose conversion factors (DCFs) are applied to equations 4-3 and 

Radionuclide Intake from Soil Ingestion
annual6 EPCr*IRsoil_annual* OF=

Total Exposureγ annual EPCr*OF=
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4-4 to convert these metrics of exposure to dose6.  Dose conversion factors are discussed in 

Section 5.0. 

Equations 4-2 and 4-3 result in an estimate of annual radionuclide intake and exposure duration, 

which coincides with the estimation of radiological doses.  Radiological doses are expressed in 

mrem/yr through the use of DCFs. 

This assessment also considers potential carcinogenic effects.  In order compute the total radiological 

exposure for an entire exposure duration, RESRAD applies the EDs provided in Table 4-2 and 

Table 4-3 to the annual intake and external penetrating radiation exposure time.  This is consistent 

with EPA’s guidance for assessing the risk to radionuclides (EPA, 1989 and 2001b).  This topic is 

also discussed fully in the RESRAD users manual (DOE, 2001).

4.7 Exposure Assessment for Ecological Receptors

The assessment of exposure and risk to ecological receptors is segregated into the methods for 

evaluating exposure to chemicals and the technique that are applicable for radionuclides.  The 

methods described below are generally consistent with EPA guidance for assessing ecological risk 

from a screening level perspective (EPA, 1998).  According to Sutter et al. (2000), the primary 

purpose of the screening ecological risk assessment (SERA) is to narrow the scope of subsequent 

activities by focusing on those aspects of the investigation site that constitute credible potential risks.  

The EPA recognizes the role of screening level assessments as an important element in their national 

ecological risk assessment guidance (EPA, 1998).  For the NTS mud pits, the SERA will assess the 

impacts of COCs on the individual organism level using health protective ecotoxicological screening 

benchmarks and conservative assessment models.  The individual organism level is the most 

conservative framework for evaluating ecological effects.  

6. Readers who are more accustomed to the conventional Risk Assessment Guide for Superfund use of the term 
exposure assessment will note that intake and dose calculations are performed on an annual basis.  Thus, the 
time weighting factors such as ATNCA are not necessary.  Additionally, radiological intake are not normalized 
to body weight and the customary BW is not necessary.  In many respects, radiological intake computations 
are simpler than conventional chemical intake computations.  Additional information on radiological intake 
calculations can be found in Chapter 10 of EPA, 1989 and DOE, 2001. 
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4.7.1 Ecological Receptor Exposure to Chemicals

Ecological exposures to individual species will be assessed using the DOE’s RESRAD-Ecorisk 

model (DOE, 1995).  The code uses species-specific life history information (e.g., ingestion rate, 

body weight, and diet composition) to calculate the applied daily dose and ecological effects in terms 

of an accepted benchmark of exposure.  

The only chemical identified as a COC for NTS mud pits is DRO.  DRO is a composition of 

petroleum mixtures – not an individual compound.  Thus, DRO compositions may vary between mud 

pits.  Further, the chemical nature of DRO is known to change with weathering (TPHCWG, 1998).  

Very little actual ecotoxicology information has been published on petroleum hydrocarbon mixtures 

(Appendix B).  Therefore, in order to estimate the risk posed by DRO to ecological receptors, a 

surrogate hydrocarbon compound, toluene will be used.  Toluene is a hydrocarbon and is occasionally 

found in Diesel # 2.  Additionally, reliable ecotoxicity information for toluene is available and can be 

used to account for the major ecological risks of the mixture7.  However, an important distinction is 

that toluene is an aromatic compound and DRO is composed largely of alkanes.  Thus, it is possible 

that making use of toxicity information from toluene as a surrogate for the alkane rich DRO may 

result in an overstated (i.e., conservative) toxicity assessment.  In general, aromatic compounds are 

regarded as more toxic to mammals than high molecular weight aliphatic hydrocarbons.  This idea is 

supported by toxicity data provided by the Massachusetts Department of Environmental Protection 

(MADEP) (2002) which has specified the following oral reference doses (RfD) for assessing the 

affects of TPH on humans:

• C19 – C32 Aliphatics RfD oral = 2.0  mg/kg-day
• C9 – C32 Aromatics RfDoral = 0.03 mg/kg-day

A smaller RfD indicates higher toxicity.  Note, the factor of 67 difference between the RfD for

C19 – C32 Aliphatics (2.0 mg/kg-day) which are analogous to DRO, and the RfD for the C9 – C32 

Aromatics (0.03 mg/kg-day).  This analogy constitutes a species-to-species extrapolation and there 

can be considerable uncertainty in this technique.  Additionally, toluene is a C7 aromatic.  It should be 

noted, however, that the basic toxicity data used by MADEP is from small mammal studies and is 

7. One approach to characterizing the properties of mixtures is to use indicator chemicals.  An indicator 
chemical is assumed such that if the risk from the indicator is acceptable, then the risks from the whole 
mixture are acceptable (Sutter, 1997).  In general, aromatic compounds tend to be more toxic to mammals 
than do alkanes rich petroleum hydrocarbons.  Thus, it is believed that toluene accounts for the major risks of 
the petroleum hydrocarbon mixture. 
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probably quite relevant to the White-Footed Mouse and the Eastern Cottontail.  Notwithstanding 

these uncertainties, the analogy generally supports the premise that using the aromatic toluene as a 

surrogate for DRO, which is composed largely of aliphatic alkanes, is a conservative action.

The assessment will include three species: White Tailed Deer, Eastern Cottontail Rabbit, and 

White-Footed Mouse.  Default exposure factor supplied by RESRAD-Ecorisk are provided in 

Table 4-4.    

The RESRAD Ecorisk code was set to run with the default parameters with the following exceptions:

• The soil cover was set at 0.0 meter (m) (versus 0.5 m the default) to emulate surface 
contamination.

• The contamination depth was set to 0.3 m (1 ft versus 1 m the default) to express the soils 
contamination data.

• The area of contamination was set to 1,500 square meters (m2) (0.15 hectare [150 ft x 100 ft] 
versus 10,000 m2 default).  The 1,500 m2 area of contamination was selected because it 
coincides approximately with the size of typical mud pits.  This area is about two and one-half 
times the size of the home range of the smallest target species (the home range of the 
White-Footed Mouse is 615 m2 [Table 4-3]). 

RESRAD Ecorisk, when run in the default mode, and with only the two site-specific parameters 

identified above is a conservative computation that will tend to overestimate the exposure of 

ecological receptors.  

Table 4-4
Ecological Receptors and Exposure Factors

Target Species Diet Fraction
Body

Weight
(kg)

Home
Range

(ha)

Food Consumption Rate
(kg/day)

White Tailed Deer
Odocoileus virginianus Vegetation = 1.0 73.3 16.2 4.674

Eastern Cottontail Rabbit
Sylvilagus floridanus

Vegetation = 0.937
Soil = 0.063 1.22 3.129 0.562

White-Footed Mouse
Peromyscus leucopus

Vegetation = 0.41
Soil = 0.02
Invertebrates = 0.57

0.0212 0.0615 0.0055

Source:  DOE, 1995
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4.7.2 Ecological Receptor Exposure to Radionuclides

Ecological exposure to radionuclides is evaluated using an approach similar to that used for 

chemicals.  A screening level assessment is conducted using the RESRAD Biota code (DOE, 2003).  

The RESRAD Biota code was developed to support implementation of the Graded Approach for 

Evaluating Radiation Doses to Aquatic and Terrestrial Biota (The Graded Approach) (DOE, 2002).  

This approach is discussed in detail by Higley et al. (2003).  The graded approach is a dose-based 

technique that employs a successive screening, refinement, and analysis framework involving: 

• General screening using a highly conservative model and general Biotic Concentration 
Guides (BCGs)

• Site-specific screening using site specific parameters

• Site-specific analysis employing more refined kinetic/allometric modeling

• Site-specific biota dose assessment using representative biotic data evaluated in an eco-risk 
framework 

Given the rare occurrence of the radionuclide contamination and the uncertainty of its relationship to 

mud pit operations, along with the inherent complexity of the environmental systems associated with 

the mud pits, the general screening step will be applied using the available radionuclide soil 

contamination data and BCGs.  Details of the BCGs and the applicable dose rates are discussed in 

detail in Section 6.0.  The general screening step utilizes a simplified two-compartment model whose 

key features are illustrated in Figure 4-3:

• The model computes dose rates in RAD/day.

• The model is applicable to terrestrial animals and plants (depicted as a rodent and a small 
plant).

• Conceptually, the terrestrial animals and plants are actually immersed in the soil so that there 
is an equilibrium established between the soil contamination and the internal tissues of the 
biota.  This equilibrium is set up by:

- Soil to internal lumped8 transfer factors that essentially function as intra-compartmental 
partition coefficients. 

8. The authors use the term lumped transfer factor to express in one partition factor the many ways 
(e.g., ingestion, dermal contact) in which soils the equilibrium concentration relationship across the soil and 
biota compartments is established.
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- Soil to biota penetrating DCFs that transfer gamma radiation from the soil to the organism 
at constant rates.

These equilibrium factors are presented in the table at the bottom of Figure 4-3.  As noted, the 

RESRAD Biota Code (DOE, 2003) has a limited number of radionuclides in the inventory for 

performing the screening calculations.  Consequently, radionuclides from the RESRAD Biota 

inventory were selected as surrogates for the mud pit radionuclide COC, based on their 

parent-progeny relationship9.     

Figure 4-3
Conceptualization of the Terrestrial Biota 

General Screening Model for Radionuclide

9. With the exception of Cs-137, all of the mud pit radionuclide COCs are progeny.  Actinium-228 and 
bismuth-212 are progeny of Ra-228, which is a member of the thorium series; uranium-238 is a progeny of 
Th-234, which is a member of the Uranium Series.  

Conceptualization of the RESRAD Biota Exposure Exposure Model for 
Screening Ecological Risk Assessment

  

 

 

 

 

 

 

 

 

Soil to Internal 
“Lumped” Transfer Factors

External Penetrating 

Radiation

Soil to Internal 
“Lumped” Transfer Factors

External Penetrating 

Radiation

Biota are 
Effectively

Immersed in Soil 
Having Uniform 
Concentration

Biota dose rate is a function of contaminant concentration in the soil 
 and is the sum of internal and external dose contributions.

A generalized “lumped” 
radionuclide-specific partition coefficient or transfer 
factor that relates the concentration in the soil to the 
tissue dose rate in the generic biotic species.

A generalized 
radionuclide-specific dose conversion
factor that relates the external 
penetrating radiation to the tissue dose 
rate in the generic biotic species.

Uniform soil 
concentration in 

pCi/g

Biotic Dose Rates Are Computed and Compared to 
DOE’s Acceptable Dose Rates

Soil to Terrestrial Plant Soil to Terrestrial Animal Internal Rad/day per pCi/g External Rad/day per pCi/g
Cs-137 None 0.1 0.01 4.4E-05 4.1E-05
Th-234 U-238 250 250 4.5E-03 4.7E-05

RESRAD Biota surrogates selected are the parent of the progeny Mud Pit Radionuclide (Table 2 in Higley, et al., 2003)
The general screening methodology assumes continual 100% immersion in the soils. 
DCF = dose conversion factor
Source = Higley, et al., 2003 (unit converted from SI to Traditional)

Radionuclide COC RESRAD Biota Surrogate Soil to Biota DCFsLumped Soil to Tissue Transfer Factors
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5.0 Toxicity Assessment

The primary objective of the toxicity assessment is to evaluate the inherent toxicity of the COCs and 

to identify the toxicity constants for use in characterizing the site-specific risks.  The toxicity 

constants operate essentially as unit damage functions.  They relate the amount of adverse biological 

effect delivered to an organism on a unit of exposure basis. 

5.1 Noncarcinogenic Effects

Noncarcinogenic effects are gauged by the magnitude of HQ, which is illustrated in equation 5-1:   

(5-1)

Recall that the CDINCA is the chronic daily intake to which a receptor is exposed through all pertinent 

exposure pathways.  The RfD is the reference dose, which is an estimate of a daily exposure level for 

the human population, including sensitive subpopulations, which are likely to be without appreciable 

risk of effects during a lifetime (EPA, 1989).  If the CDI is greater than the RfD, the HQ will be 

greater than 1.0.  This signifies a concern that the exposure that produces the average daily dose is too 

high.  

In a regulatory risk assessment, it is common to add the individual HQs to get a summation referred to 

as a Hazard Index (HI) as indicated in equation 5-2.

(5-2)

The above expression assumes proportional additivity and it may not accurately predict the 

occurrence of a chemical exposure related effect.  However, it is a useful metric in the regulatory 

decision making process for gauging the potential threat posed by chemicals with associated 

noncarcinogenic effects (EPA, 1989).

5.2 RfDs for DRO 

A common source for obtaining RfDs is the Integrated Risk Information System (IRIS), which is an 

EPA peer reviewed database, and the preferred source for toxicity information in the CERCLA 

Program (EPA, 1989).  A search of the IRIS database revealed that the EPA has not developed RfDs 

HQ[ ]
CDINCA

RfD
--------------------=

HI ΣHQallexposures=
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for petroleum hydrocarbon mixtures.  Thus, the investigation for RfDs was expanded to include other 

information from reliable sources, such as:

• Agency for Toxic Substances and Disease Registry, which is a parent agency to the Centers 
for Disease Control (CDC) – Toxicological Profile for Total Petroleum Hydrocarbons (TPH) 
(CDC, 1995) 

• Massachusetts Department of Environmental Protection (MADEP) – Updated Petroleum 
Hydrocarbon Fraction Toxicity Values for the VPH/EPH/APH Methodology (MADEP, 2002)

• The Total Petroleum Hydrocarbon Criteria Working Group (TPHCWG) – Development of 
Fraction Specific Reference Doses (RfDs) and Reference Concentrations (RfCs) for Total 
Petroleum Hydrocarbons (TPHCWG, 1997)

Based on a review of the above information, the RfDs shown in Table 5-1 were identified as 

appropriate for evaluating the risks of humans potentially exposed to DRO at the NTS mud pits.    

As indicated in Table 5-1, oral and inhalation RfDs for DRO and GRO were taken from MADEP, 

primarily because it is the most recent publication.  The oral RfDs will be used for assessing dermal 

exposures. 

5.3 Doses from Exposure to Radionuclides

The impacts that exposure to radionuclides may have on humans are evaluated by comparing an 

estimated dose that an individual could receive from exposure to a standard of the acceptable dose.  

The estimated dose that an individual could receive for their lifetime from an exposure is termed the 

Table 5-1
Reference Dosed for Petroleum Hydrocarbon Mixtures

Petroleum 
Fraction

Oral RfD
(mg/kg-day)

Inhalation 
RfD

(mg/kg-day)

Dermal b
RfD

(mg/kg-day)
Source Remark

DRO 0.1 0.057a 0.1 MADEP, 2002 For C9 to C18 aliphatic 
hydrocarbons.

aConverted from MADEP’s 0.2 mg/m3 reference concentration using standard conversions (0.2 mg/m3 * 20 m3 per day 
inhalation rate/70 kg body weight).

bNo information on Dermal RfDs, assumed the same as Oral.

Source: MADEP, 2002
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Total Effective Dose Equivalent by the U.S. Nuclear Regulatory Commission (NRC, 2003) and is 

defined as follows: 

Total Effective Dose Equivalent (TEDE) is defined as the sum of the effective dose
equivalent (EDE) from external radiation and the committed effective dose equivalent
(CEDE) from internal radiation.  A dose equivalent is the radiation dose absorbed by a
tissue multiplied by a dimensionless quality factor that represents the biological
effectiveness of the radiation type (i.e., alpha particled, photons) for causing stochastic
biological effects such as cancer or heredity effects.  The EDE is the weighted sum of
the dose equivalents to different organs and tissues, where the weighing factor is the
ratio of the stochastic risk for an individual tissue to the total stochastic risk for all
tissue following whole body irradiation.  The CEDE is the dose equivalent to organs
and tissues that will be received by an individual from an intake of radioactive
material during the 50-year period following the intake.

The TEDE is computed within RESRAD by applying DCFs to the estimates of exposure intensity and 

duration described in Section 4.0.  Inspection of the RESRAD version 6.22 radionuclide inventory 

reveals that the information necessary to compute doses and risk for Th-234 is not included in the 

library.  Consequently, uranium (U)-238 will be used as a surrogate for Th-234.  This is a practicable 

assumption based on the knowledge that Th-234 is a decay product of U-238 and the two are likely to 

be in secular equilibrium.  Equation 5-3 illustrates the type calculation performed by RESRAD for the 

calculation of the committed effective dose equivalent for internal exposures external exposure.  Note 

that intakes and doses are actually radionuclide and pathway specific.

(5-3)

Equation 5-4 illustrates the basic calculation performed by RESRAD to estimate the EDE from 

external penetrating radiation.  

EDE for external exposure radionuclide i  = 
Total Exposure γ annual,i * External DCFequivalent radionuclide i soil i    (5-4)

As indicated by equation 5-4, the CEDE is computed with radionuclide specific and DCFs. 

The TEDE for radionuclide i is the sum of equations 5-3 and 5-4. 

CEDEradionuclide i Intakeannual radionuclide i, pathway j*Internal DCFradionuclide i,j=
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It is common in a regulatory dose assessment and management framework to add the TEDEs from all 

radionuclides get a summed total as indicated by the equation 5-5: 

(5-5)

DCFs were obtained from the RESRAD code (NNSA/NSO, 2004c).  It is notable that the values in 

RESRAD are actually taken from EPA’s compilations of DCFs.  These collections are often referred 

to as Federal Guidance Reports (FGRs) 11 and 12 for internal and external DCFs, respectively.  The 

two radionuclide COCs and their DCFs are shown in Table 5-2.      

Cancer risk calculations are performed by RESRAD using conventional cancer risk slope factors 

(SFs), the total exposure summed over the ED.   Readers will recall that ED is the exposure duration 

identified in Table 4-2 and Table 4-3.  Equations 5-6 and 5-7 illustrate the type calculation performed 

by RESRAD for the risk from internal and external exposure, respectively.

Lifetime added cancer risk from external exposure to radionuclidei,  = 
IntakeED radionuclide i,j  * Internal SF radionuclide i,j soil (5-6)

Lifetime added cancer risk from external exposure to radionuclide i   = 
Total Exposure ED * External SF radionuclide i soil    (5-7)

Again, readers should note that there are SFs for specific pathway of exposure (e.g., ingestion, 

inhalation, and external penetrating). 

Table 5-2
Radionuclide Dose Conversion Factors

Radionuclide
COC

Internal DCFs 
External DCFs

mrem/yr - pCi /grsoil, infinite depthIngestion
mrem/pCi

Inhalation
mrem/pCi

Cs-137 5E-5 3.19E-5 3.4

U-238 2.69E-4 1.18E-1 1.37E-1

Dose Conversion Factors from RESRAD code version 6.22 (NNSA/NSO, 2004c)

Total TEDE Σ TEDEall pertinent exposures=
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Cancer SFs were also obtained from the RESRAD code (NNSA/NSO, 2004c).  Once again, it is 

notable that the values in RESRAD are actually taken from EPA’s compilations of SFs contained in 

Cancer Risk Coefficients for Environmental Exposure to Radionuclides (FR 13), (EPA, 1999a).  The 

two radionuclide COCs and their SFs are shown in Table 5-3.     

5.4 Ecological Toxicity Information

Ecological toxicity information used to characterize the adverse effects of chemicals and 

radionuclides on biota is generally analogous to that used for human health risk analysis.  For the 

NTS mud pits, the evaluation will assess the impacts of COCs on the individual organism level using 

health protective ecotoxicological screening benchmarks and conservative assessment models.  The 

ecotoxicological screening benchmarks are discussed in this section.

5.4.1 Chemical Screening Benchmarks

The ecological toxicity assessment used to gauge the risk to individual biota species posed by 

chemicals is analogous to the HQ metric used to evaluate non carcinogenic risk in humans as is given 

by Equation 5-8.

(5-8)

The HQ, as shown in Equation 5-6, is essentially the ratio of the actual daily intake or dose to the 

biotic species to the benchmark dose.  If the biota intake is greater than the benchmark, the HQ will 

be greater than 1.0.  This signifies a concern that the exposure that produces the average daily dose is 

too high.  

Table 5-3
Radionuclide Cancer Risk Slope Factors

Radionuclide
COC

Internal SFs 
External SFs

Risk/yr - pCi /grsoilIngestion
Risk/pCi

Inhalation
Risk/pCi

Cs-137 3.74E-11 1.12E-10 2.55E-6

U-238 1.2E-10 2.37E-8 8.66E-8

Dose Conversion Factors from RESRAD code version 6.22 (NNSA/NSO, 2004c)

HQ[ ] Biota Intake
SERA Benchmark
--------------------------------------------=
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As discussed previously, the only chemical identified as a COC for the NTS mud pits is DRO, which 

is a composition of petroleum mixtures, not an individual compound.  A review of the literature did 

not find applicable ecotoxicological screening benchmarks; thus, toluene was selected as a surrogate 

hydrocarbon compound.  Important ecotoxicological benchmarks for toluene are presented in 

Table 5-4.     

5.4.2 Radiological Screening Benchmarks

The radioecological assessment used to gauge the risk to individual biota species associated with 

radionuclides is a dose rate based metric that uses DOE’s benchmark dose rates.  Although dose rate 

based, the final gauge of compliance is the familiar HQ; however, it is referred to as the “Summed 

Ratio” as illustrated in Equation 5-9.

(5-9)

In the general screening methodology, individual SRs from each radionuclide are added to get a 

summation called the Summed Ratios (analogous to the HI) as indicated in Equation 5-10.

Summed Ratios = Σ SR all exposures, add radionuclides (5-10)

Once again, the SR, as reported, is essentially the ratio of the calculated dose rate to the allowable or 

compliance dose rate.  If the biota dose rate is greater than the allowable dose rate, the SR will be 

greater than 1.0.  This indicates a concern that the exposure that produces dose rate (i.e., soil 

contamination) might be too high.

Table 5-4
Ecotoxicological Benchmarks for Toluene (as a Surrogate for DRO)

Target Species
No Observed Adverse Effect Level 

NOAEL
(mg/kg-day)

White-Tailed Deer
Odocoileus virginianus 2.16

Eastern Cottontail Rabbit
Sylvilagus floridanus 7.69

White-Footed Mouse
Peromyscus leucopus 28.8

Source:  DOE, 1995

Summed Ratio SR[ ] Biota Dose Rate
Compliance Dose
------------------------------------------=
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The Graded Approach for Evaluating Radiation Doses to Aquatic and Terrestrial Biota establishes 

compliance dose rates for biotic species (DOE, 2002).  They are provided in Table 5-5.    

Table 5-5
Ecotoxicological Benchmarks for Biota Exposure to Radionuclides

Target Species Compliance Dose Rates
(RAD per day)

Terrestrial Plants 1.0

Terrestrial Biota 0.1

Source:  DOE, 2002
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6.0 Risk Characterization

Previous sections have identified COCs and discussed the potential receptors, media to which they 

can be potentially exposed, the various aspects of contact with site chemicals that affect the exposure 

dose, and the toxicity constants that are appropriate for use in characterizing the risk associated with 

the NTS mud pits.  This section will integrate these components and generate estimated lifetime 

added risk estimates and chronic HIs to characterize human health risk.  Ecological risks will be 

characterized by computing HIs for chemical contaminants and summed ratios (SRs) for radiological 

contaminants. 

6.1 Human Health Concerns

Risk characterization profiles, based on RME exposure factors for the Future Use Industrial Worker 

and the Future Use Construction Worker are provided in Table 6-1 and Table 6-2, respectively.      

Inspection of Table 6-1 indicates that the RME Radiological TEDEs for the specific NTS mud pit 

CASs where radionuclides were reported at concentrations exceeding the PALs ranged from 0.3 to 

7.0 mrem/yr; these doses are all below the 15-mrem/yr dose limit10.  Twenty-five year exposure, 

Table 6-1
RME TEDEs and HIs for Future Use Industrial Workers

CAU CAS

Radiological
Summed 

TEDE
(mrem/yr)

Radiological
Lifetime Added 

Cancer Risk

Chemical
HI Remark

Limit or Target 15 1E-4 1.0 NA

530 19-09-16 NA NA 3E-3 DRO

531 20-09-11 0.3 3E-6 N/A Th-234 (as U-238)

533 20-09-23 7.0 6E-5 N/A Cs-137

533 20-09-25 0.2 1E-6 N/A Th-234 (as U-238)

533 02-09-39 NA NA 2E-3 DRO

Based on maximum concentrations.
Exposure duration for cancer risk (ED)  = 25 yr

10. The 15-mrem/yr dose limit for the Mud Pits is established in a March 9, 2004, letter from NDEP Bureau of Federal 
Facilities Chief to NNSA/NSO (Maize, 2004).
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lifetime added cancer morbidity risks range from 1 E-6 to 6 E-5.  These risk estimates are well within 

the upper end of the CERCLA risk management range of 1E-4 (EPA, 1991).  Additionally, RME 

Chemical HIs are all well below the yardstick value of 1.0 that would signify a concern for exposure 

to soils contaminated with DRO (EPA, 1991).    

As indicated in Table 6-2, RME TEDEs for the NTS mud pit CASs where radionuclides were 

reported at concentrations exceeding the PALs ranged range from 0.1 to 3.2 mrem/yr and are below 

the 15-mrem/yr dose limit.  The one-year exposure, lifetime added cancer morbidity risks range from 

8E-8 to 2E-6.  Once again, these risk estimates are well within the upper end of the CERCLA risk 

management range of 1E-4.  As indicated in the table, RME Chemical HIs are all well below the 

yardstick value of 1.0.  

6.2 Ecological Concerns

This section addresses ecological concerns potentially related to residual mud pit contamination at the 

NTS mud pits.  The approach to addressing ecological concerns focuses on two important topics: 

potential impacts to representative biota and the potential impacts to threatened and endangered 

(T&E) species or critical habitats.

Table 6-2
RME TEDEs and HIs for Future Use Industrial Workers

CAU CAS

Radiological
Summed 

TEDE
(mrem/yr)

Radiological
Lifetime Added 

Cancer Risk

Chemical
HI Remark

Limit or Target 15 1E-4 1.0 NA

530 19-09-16 NA NA 3E-3 DRO

531 20-09-11 0.2 9E-8 N/A Th-234 (as U-238)

533 20-09-23 3.2 2E-6 N/A Cs-137

533 20-09-25 0.1 8E-8 N/A Th-234 (as U-238)

533 02-09-39 NA NA 2E-3 DRO

Based on maximum concentrations.
Exposure duration for cancer risk (ED)  = 1 yr.
Multiple year added cancer risks can generally be assumed to be proportional to the single year risks.
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Ecological risk characterization profiles, based on the screening level models used to assess the 

threats to biota from exposure to chemicals and radionuclides, are provided in Table 6-3 and 

Table 6-4, respectively.           

Examination of Table 6-3 indicates that the HIs for all three species, using toluene as a surrogate for 

DRO, are well less than the benchmark HQ of 1.0.  Exposure to the White-footed mouse is the 

limiting exposure at both CASs.  

Inspection of Table 6-4 indicates that the SRs for terrestrial plants and animals are less than the 

benchmark SR of 1.0.  Exposure to the terrestrial animal is the limiting exposure at all CASs.

Table 6-3
Ecotoxicological HIs for Toluene (as a Surrogate for DRO)

Target Species CAU 530
CAS 19-09-16

CAU 533
CAS 02-09-39

White Tailed Deer
Odocoileus virginianus HI = 4E-4 HI = 2E-3

Eastern Cottontail Rabbit
Sylvilagus floridanus HI = 7E-3 HI = 4E-3

White-Footed Mouse
Peromyscus leucopus HI = 1E-1 HI = 5E-2

Computed with RESRAD Ecorisk (DOE, 1995).
Refer to Table 4-1 for DRO concentrations.
Readers will recall that all CASs were evaluated and COCs were identified (compounds with concentrations exceeding  
screening values).  The two CASs identified above were found to have petroleum hydrocarbon concentrations exceeding 
screening values.  The risk-based screening is discussed in Section 3.3.3.

Table 6-4
Ecotoxicological Radiological SRs

Target Species CAU 531
CAS 20-09-11

CAU 533
CAS 20-09-23

CAU 533
CAS 20-09-25

Terrestrial Plants <0.01 <0.01 0.02

Terrestrial Biota <0.01 0.47 0.09

Computed with RESRAD BIOTA (DOE, 2003) using surrogates.
Refer to Figure 4-3 for surrogates and Table 4-1 for radionuclide concentrations.
Readers will recall that all CASs were evaluated and COCs were identified (compounds with concentrations exceeding 
screening values).  The three CASs identified above were fond to have radionuclide concentrations exceeding screening 
values.  The risk-based screening is discussed in Section 3.3.3.
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6.2.1 Sensitive Species

Consideration of the impact of mud pit contaminants on sensitive species considers plant and animal 

communities.  According to the NNSA/NSO (2002a), there are no known federally listed threatened, 

endangered, or candidate plants at the NTS.  Thus, mud pit contaminants cannot affect sensitive plant 

species.  

There is one known federally listed endangered species, the peregrine falcon, and there are two 

federally listed threatened species, the desert tortoise and the bald eagle at the NTS 

(NNSA/NSO, 2002a).  An evaluation of the habitat preferences of these species illustrates that they 

are not likely to frequent the NTS mud pits; therefore, they are unlikely to receive direct exposure 

from mud pit contaminants.  According to the U.S. Fish and Wildlife Service (USFWS) (2004) eagles 

select nesting areas with low human disturbance, suitable forest structure, and abundant prey.  

Because fish are important prey, nests are nearly always associated with fishable waters.  The same 

source indicates that optimal nesting habitat for the peregrine falcon usually consists of a cliff face 

over 200 ft high, and 500 ft or more in length, with more than one good nesting ledge, a wooded slope 

or open land below, and isolated from roads or other human disturbance (USFWS, 2004).  In the same 

way, desert tortoise habitats must include sufficient suitable plants for forage and cover, and substrate 

for nest sites and burrows.  Natural rock crevices and/or caliche caves also provide adequate 

borrow/cover sites (Redlands University, 2004).  According to Wills (2001), the desert tortoise is 

found only in the southern one-third of the NTS; the vast majority of the NTS mud pits (261 of 270) 

are found in the northern one-half of the NTS.  This indicates a very low likelihood that desert tortoise 

would be exposed to mud pit contaminants. 

These habitat characterizations are directly applicable to the NTS mud pits risk assessment.  The 

absence of the preferred habitats of these species in the vicinity of the NTS mud pits strongly suggests 

that the threats associated with listed endangered or threatened species are low.  

6.3 Discussion of Uncertainties

Uncertainty is an element common to all risk assessments.  In fact, uncertainty is a central 

characteristic of all risk assessments (NRC, 1994).  Previous sections of this assessment have 

witnessed assumptions, calculations, and estimates in which there are sources of uncertainty.  The 
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most important aspect of dealing with uncertainty in a risk assessment, however, is acknowledging its 

presence and presenting it to the decision maker (NRC, 1994).  

The main sources of uncertainty in the risk assessment, and their likely impact on the overall 

evaluation, are summarized in Table 6-5.         

An examination of Table 6-5 reveals that the sampling program, exposure point estimations, the use 

of conservative exposure factors for the human health and ecological assessment, and possibly 

shortcoming in toxicity are possible sources of uncertainty that can affect the outcome of the risk 

assessment.  As indicated in the table, these sources of uncertainty were essentially managed by 

erring on the side of safety in the assessment process.  Thus, there is likely to be a pronounced 

conservative bias in the findings that were reported previously in Section 6.1 and Section 6.2.  

6.4 Human Health and Ecological Risk Conclusions

Table 6-6 demonstrates that the NTS mud pits are compliant with recognized human health and 

ecological acceptable risk benchmarks.  Based on these findings and available data, and in 

recognition of the uncertainties which have been managed through conservative assumptions, there 

are no unacceptable human health or ecological risks associated with the NTS mud pits. 
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Table 6-5
Sources and Impacts of Uncertainties in the NTS Mud Pits Risk Assessment

Source of 
Uncertainty Impact Bias Affect on Uncertainty

Overestimate or Underestimate Risk

Sampling
strategy

Significant.  The PA sampling strategy produced 
good information on the nature of NTS mud pit 
contamination, but did not provide sufficient 
information on the extent of contamination.  It is 
assumed that biased sample locations have produced 
higher concentration estimates than would have been 
obtained from a systematic random design.

Overestimate

Exposures and resulting HIs, TEDEs, and SRs 
are overestimated.  

Analytical program
Not significant.  The analytical program was very 
broad-based and provided very good contaminant 
identification information. 

No Affect

Chemical transport 
and fate

Not significant.  There is little uncertainty 
surrounding the mobility of mud pit contaminants.  
They are not very mobile in the NTS environment. 

No Affect

Identification of 
receptors

Significant.  It is unlikely that a significant human or 
ecological receptor population was overlooked.  

Overestimate

Construction and occupancy of structures for 
future industrial use at the NTS is actually 
improbable considering the many more 
suitable settings that would be available and 
the practical considerations and limitations of 
constructability. 

Identification of 
COCs

Possibly Significant.  Inclusion of radionuclides as 
COCs may not be appropriate since their occurrence 
is not likely related to mud pit operations.

Overestimate

Inappropriate inclusion of radionuclides as 
being related to mud pit operations can result 
in an overstatement of the risks. 

Exposure point 
estimates

Significant.  Use maximum concentrations to 
estimate exposure point concentrations are 
conservative and overstate the actual exposure point 
estimates.  

Overestimate

The use of maximum concentrations from 
biased sampling without integrating the 
influence that other lower concentrations 
would have on average exposures produces 
artificially elevated exposure point 
concentrations.

Exposure factors

Significant.  Use of the Region 9 default exposure 
factors overstates the actual exposures and resulting 
risks and HQs.  The RME exposure assumptions used 
to assess Future Use Workers.   Ecological receptor 
exposure assumptions used in the radiological 
screening model are acknowledged as very 
conservative.

Overestimate

Region 9 PRGs are risk-based concentrations 
that are intended to assist risk assessors and 
others in initial screening-level evaluations of 
environmental measurements.  They are 
intentionally conservative.  Similar issues of 
errors on the side of safety are embedded in 
the Future Construction Worker exposure 
scenario and ecological screening models.

Toxicity Information

Possibly significant.  For the human health 
assessment, EPA’s DCFs and MADEP’s RfDs 
represent bounding estimates and probably result in 
overestimates of the actual biological threat.  In the 
ecological assessment, use of surrogates to evaluate 
radiological and chemical exposures may provide a 
conservative assessment. 

Overestimate

The use of standard toxicity information from 
public health institutions generally ensures that 
the toxicity of mud pit contaminants is not 
underestimated. 
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Table 6-6
Dose and Risk Assessment Summary

Human Health

Future Use Industrial Worker NTS Mud Pits Criterion Finding

TEDE 0.2 to 7.0 15 mrem/yr Compliance

Lifetime Added Cancer Risk 1E-6 to 6E-5 1E-4 Compliance 

Non-Cancer HIs 2E-3 to 3E-3 # 1.0 Compliance

Future Use Construction 
Worker NTS Mud Pits Criterion Finding

TEDE 0.1 to 3.2 15 mrem/yr Compliance

Lifetime Added Cancer Risk 8E-8 to 2E-6 1E-4 Compliance 

Non-Cancer HIs 2E-3 to 3E-3 # 1.0 Compliance

Ecological Concerns

Assessment NTS Mud Pits Criterion Finding

Terrestrial PlantRadiological SR <0.01 to 0.02 # 1.0 Compliance

Terrestrial BiotaRadiological SR <0.01 to 0.47 # 1.0 Compliance

Target SpeciesChemical HI <0.01 to 0.1 # 1.0 Compliance

Listed Threatened and Endangered 
species

Not likely to be 
impacted No impact Compliance 

Uncertainties are discussed in Section 6.2.  
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7.0 Risk-Based Strategy and Decision Analysis

Previous sections in this analysis have evaluated the potential impact to human and ecological 

receptors from mud pit contaminants.  A summary of the findings was presented in Table 6-6.  This 

section builds on the findings and sets forth the elements for implementation of the risk-based 

strategy.  Specific implementation aspects that will be addressed in this section include the regulatory 

framework, a summary of data gaps, additional characterization needs, approaches for fulfilling 

information needs, and a path forward for implementation.

7.1 Risk Based Strategy – Framework

The FFACO (1996) establishes project objectives and sets forth requirements for closure of the NTS 

mud pits.  Additional guidance for these sites include federal regulations, such as RCRA and 

CERCLA, as well as other State regulations and DOE Orders.  The risk assessment (Sections 3.0, 4.0, 

5.0 and 6.0) has been conducted using the guiding principles for conducting risk and dose 

assessments which provide a regulatory framework to ensure technical and policy consistency within 

the regulated community (see discussion in Section 1.4).  These guidance documents are used 

nationwide to evaluate the risk associated with chemical and radiological contamination, and to guide 

cleanup decisions.  They are accepted as appropriate for CERCLA risk assessments, including the 

NTS mud pits.  The risk-based strategy will be used in conjunction with the FFACO process to 

achieve closure of the NTS mud pits in accordance with the requirements of the governing 

regulations.  The risk-based strategy is actually a risk assessment – risk management process.  The 

risk assessment – risk management paradigm is founded on the National Academy of Science’s 

(NAS) seminal guidance that provides the following definitions (NRC, 1983):

• Risk assessment is the characterization of potential adverse effects resulting from exposure to 
environmental hazards.  Risk assessment is largely technical and objective in nature.  

• Risk management is the process of evaluating alternative regulatory actions and selecting 
among them.  Risk management considers risk assessment information, cost, benefit, social, 
and political issues.  It is objective and subjective in nature.

Elements involved in the risk based strategy and decision analysis, cast within the NAS paradigm are 

illustrated in Table 7-1.      
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The risk-based strategy will determine whether specific NTS mud pits can be closed with no further 

action11.  Acceptable conditions that will enable a mud pit to be closed with no further action are 

specified by the following Risk Based Criterions (RBCs):  

• NTS mud pit human TEDEs  ≤15 mrem/yr
• NTS mud pit human lifetime added cancer risk < 1E-4
• NTS mud pit human health HQchemical  ≤1.0
• NTS mud pit ecological HQchemical ≤ 1.0
• NTS mud pit ecological SRradiological ≤ 1.0

Thus, a “no further action determination” (NFA) will require that residual contaminant concentrations 

do not exceed values that would produce unacceptable threats to human or ecological receptors. The 

analysis in Section 3.0 demonstrated that petroleum hydrocarbons are the signature indicator of mud 

pit contamination, including the NTS mud pits.  This finding was based on the screening evaluation 

the sampling and analysis results obtained from numerous mud pit investigations.  The evaluation 

assessed the consequence of many chemical and radiological constituents using health protective 

screening techniques.  A synopsis of the logic and finding of this screening evaluation is provided 

below:

• Identify all detections of chemicals and radionuclide constituents from all applicable mud pit 
investigations and,

• IF maximum concentrations of any chemical or radiological constituents exceed conservative 
screening criterion (e.g., PALs); THEN further evaluate their potential impacts.  The results of 
this screening process were:

Table 7-1
Elements of Risk-Based Strategy

Risk Assessment 
Information Regulatory Risk Management Risk Management Decisions

• Human health • Risk assessment information • Close without remediation
• Ecological concerns • Regulatory issues • Close using administrative controls

• Technology considerations • Close with remediation
• Social/political concerns

• Cost and Benefits of Alternatives

• Close using a combination of 
administrative controls and 
remediation

11. These decision alternatives are derived from the DQO activities described in Appendix C. 
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- Two detection of Th-234 and one detection of Cs-137.  Both radionuclides were carried 
forward to the risk assessment and their potential impacts on human and ecological 
receptors were evaluated.

- One detection of pentachlorophenol.  The single detection of pentachorophenol was 
evaluated to determine whether it was related to NTS mud pit processes.  The evaluation 
concluded that it was not related to the NTS mud pit processes; rather its occurrence in a 
single surface sample was most likely the result of atmospheric transport and deposition 
from a source unrelated to the NTS mud pits.

- Two detections of DRO.  Both DRO detections were carried forward to the risk assessment 
and their potential impacts on human and ecological receptors were evaluated.

Further evaluation consisted of human and ecological risk assessments using conservative and 

protective assumptions using the maximum reported concentrations for the Th-234, Cs-137, and 

DRO.  The logic and findings of these risk assessments are summarized below:

• IF the maximum concentrations do not produce human or ecological impacts in excess of the 
RBCs (See above), THEN, find that human and ecological risks are within acceptable limits 
and conclude that no further action is necessary to protect human health and the environment.  
The results of the risk assessment were:

- Human doses from Th-234, Cs-137 were below 15 mrem/y and doses to ecological 
receptors were below radiological dose limits,

- Lifetime added cancer risk from Th-234, Cs-137 were below the 1E-4 compliance 
criterion,

- Human health hazard indicies for DRO were below the 1.0 compliance criterion, and

- Ecological receptor hazard indices for DRO were also below the compliance criterion 

• Thus, the risk assessment findings support the conclusion that no further action is necessary to 
protect human health and the environment for the NTS mud pits that were sampled.

This rationale is the basis for specifying additional characterization plans.  In considering candidate 

chemical and radiological indictor suites, the following rational was applied:

• Volatile organics; there is no analytical or process knowledge to suggests that VOCs are 
present at NTS mud pits at significant concentrations. 

• Semi volatile organics; there is no analytical or process knowledge to suggests that SVOCs 
are present at NTS mud pits at significant concentrations.  While polynuclear aromatic 
hydrocarbon were reported at the Amchitka site, they were not detected at the NTS mud pits 
in concentrations exceeding PALS or similar health protective benchmark concentrations.
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• Pesticides and PCBs; there is no analytical or process knowledge to suggests that pesticides or 
PCBs that are related to NTS mud pit processes are present at NTS mud pits at significant 
concentrations. 

• Metals; there is no analytical or process knowledge to suggests that metals are present at NTS 
mud pits at concentrations exceeding background or PAL concentrations.  Metals in excess of 
background concentrations were reported at Amchitka; however, all metal concentrations 
reported at NTS mud pits were with the bounds of background and PAL concentrations.

• Radionuclides;  there is no analytical or process knowledge to suggests that  radionuclides are 
present at NTS mud pits at concentrations that would produce doses or lifetime added cancer 
risk in excess of acceptable limits.  While Th-234, Cs-137 were found to be COCs at the NTS 
mud pits, their reported concentrations border on background levels and they were not 
detected at concentrations that produce doses or lifetime added cancer risks in excess of 
acceptable limits. 

• Petroleum hydrocarbons;  there is no analytical data indicating that DRO, GRO, motor oil 
range organics (MORO), and TPH are present at NTS mud pits in concentrations exceeding 
those that are protective of human and ecological receptors.  Process knowledge however, and 
analytical results from a wide array of mud pit investigations suggests that petroleum 
hydrocarbon are frequently found as residual mud pit contaminants. 

This rationale and supporting analysis suggests that the NTS mud pits are candidates for no further 

action determinations.  However, no further action determinations must be supported by objectively 

obtained characterization data and defensible rationale.  In light of the relatively low human and 

environmental risk posed by the NTS mud pits, and considering the need to utilize analytical 

parameters that are reliable and consequential from a compliance assessment perspective, DRO and 

GRO are considered the optimal indicator constituents for further characterization efforts. 

The risk-based closure strategy is feasible and in agreement with the regulatory framework.   

However, at this point in time, there is not sufficient information to implement the strategy without 

further investigation.  There are gaps in the information, which generate more uncertainty than can be 

accepted in the decision process.  In order to implement the risk-based strategy, the shortcomings 

related to these uncertainties in the risk assessment information must be overcome.   

7.2 Data Gaps Summary 

The risk assessment and decision process uncertainties were evaluated using the conventional DQO 

process described in EPA’s QA/G-4 and the Multi-Agency Radiation Survey and Site Investigation 

Manual (MARSSIM) (EPA, 2000a and b, respectively) (Appendix C).  Figure 7-1 illustrates the 
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DQO process as it pertains to the characterization of the NTS mud pits.  The key data needs emerging 

from the DQO process are:   

1. The need to determine the governing nature of the petroleum hydrocarbon mixtures at the 
NTS mud pits.  Petroleum hydrocarbons are likely to be risk driving constituents; thus, 
identification of a governing mixture (e.g., DRO) based on site contaminant characteristics, in 
recognition of the potential toxicological effects, is necessary.  

2. Specify a technically-based plan to characterize the NTS mud pits (218 without investigation 
data) so that there is at least a 95-percent confidence that no more than 5 percent of the 
uncharacterized sites mud pits exceed the RBCs.  This leads to a 95-percent confidence 
interval on the mud pits that are sampled and an overall 90-percent confidence interval on the 
mud pits that are not sampled.      

3. Specify a standard approach to characterize NTS mud pits in accordance with the risk 
assessment needs and decision uncertainty requirements. 

These three data needs are discussed below and in detail in Appendices B, C, and D.  

7.3 Characterize Petroleum Hydrocarbons

The risk assessment found that petroleum hydrocarbon mixtures, specifically DRO and potentially 

GRO, were the principal risk driving chemicals for both the human health and ecological risk 

assessments.  Process knowledge indicates that petroleum products, often diesel, were used as a 

drilling lubricant.  However, two major issues related to the petroleum hydrocarbon contaminants 

should be resolved before extensive characterization begins.

1. Laboratory analytical procedures should be designated that align with the Updated Petroleum 
Hydrocarbon Fraction Toxicity Values for the MADEP VPH/EPH Methodology 
(MADEP, 2002).

2. The presence of petroleum mixtures significantly affects the ecological risk assessment.  For 
the risk assessment, a search of the available ecotoxicological reference materials did not 
disclose specific petroleum mixture toxicity information that would be directly relevant to 
biota in the vicinity of the NTS mud pits.  To resolve the issue, an investigation of the 
pertinent ecotoxicological information that could lead to more accurate or applicable 
ecotoxicity data for DRO and GRO should be conducted.    

Historically, TPH analysis has frequently been used to gauge the extent of petroleum hydrocarbon 

mixture contamination.  The current status of petroleum hydrocarbon toxicity research, as indicated 

by MADEP (2002), indicates that addressing the specific hydrocarbon fractions (e.g., DRO, GRO) is 
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a more defensible method of assessing the threats from hydrocarbon mixtures (i.e., TPH).  Resolving 

these issues will be important for ensuring if significant concentrations of TPH are encountered in 

future characterizations, their impacts can be adequately assessed and appropriate actions taken.

Additional information on this topic can be found in Appendix B.

7.4 Technical Plan of Characterization for the NTS Mud Pits 

This section provides a general overall approach to characterizing the remaining NTS mud pits 

(i.e., those 218 mud pits that were not involved in the PA sampling event, which sampled 52 of the 

NTS mud pits) in accordance with the risk-based compliance strategy.  The approach (Figure 7-2) is 

laid out on general terms by intention (so that site specific issues can be accommodated); however, 

definitive technically based requirements based on the DQO process are specified.    

Stage I
Refine the Current NTS Mud Pit Contamination and Risk Profile

• Develop SAFER Plan for CAUs 530 through 535

• Confirm character of petroleum hydrocarbons

Stage II
Characterize a Statistically Derived Number of NTS Mud Pits

• Characterize using standard template

• Conduct a quality assurance evaluation to verify compliance

• Evaluate remedial action alternatives

Stage III
Remediation and Confirmation

• Prepare Closure Report for CAUs 530 through 535

• Conduct remedial actions and implement control, as necessary, to effectively manage the risk.

• Conduct verification 

Figure 7-2
Overall Implementation of the NTS Mud Pits Risk-Based Strategy
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• Stage I is generally a planning and issue resolution phase that should be completed before the 
actual characterization begins in Stage II.  The outcome of Stage I will be development of the 
SAFER Plan.  This stage is an enabling activity that must be completed to facilitate scoping 
and completion of Stage II.  Determining the disposition of petroleum hydrocarbons important 
to the success of the Stage II.  Stage II planning, conducted in Stage I, will be completed in 
detail using the DQO process.  

• In Stage II, the characterization is conducted using the template approach.  When data is 
available, a quality assurance evaluation is conducted to verify compliance.  Compliance is 
indicated when the data demonstrates that RCS are not exceeded.  This is envisioned as 
simply inputting sample results into standard spreadsheets and the models described in the 
risk assessment.  At this point, if noncompliance is indicated, some formal remedy will be 
specified to mitigate the noncompliance.  Stage II will be field and analysis intensive.  The 
quality assurance assessments should be straightforward.  However, consideration should be 
given to topics, such as how analytical data (including matrix interferences) will be handled, 
the appropriate level of validation, computation of 95 percent upper confidence limits (UCLs) 
from small sample sizes, and so forth.  Technology evaluation and remedial action 
alternatives that are responsive to situations where risk-based criterion is exceeded will be 
critical in this stage.

• Stage III involves preparing the closure report and implementing remedial action or imposing 
other controls as necessary to ensure that the risk management requirements are achieved and 
maintained.  As indicated in the figure, some type of verification can be expected.   Stage III 
entails formal reporting to stakeholders and includes implementation of the actual remedies.  
Administrative controls can lead to long-term maintenance and surveillance requirements 
whose burden will be appropriately weighed in the decision.  Some verification will likely be 
necessary.  

Additional details of the technical facets of the implementation plan are provided in Appendices A, B, 

and C.  Section 7.5 provides an overview of those aspects.

7.5 Characterization Approach

A key component of the risk-based strategy is the approach to further characterizations or inspection.  

It was indicated previously that there is no appreciable difference in the contamination patterns 

between the three groups of mud pits or between the six mud pit categories.  Thus, the NTS mud pits 

can be treated as a single group of products arising from essentially the same process.  Each NTS mud 

pit that is investigated will have a 95-percent confidence level and the decision on the group as a 

whole will have a net 90-percent overall confidence level.  To attain these confidence levels, 52 CASs 

in the NTS mud pit inventory (CAUs 530 through 535) will be characterized.
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Appendix D goes into significant detail evaluating a characterization approach that will meet the 

DQO in an effective manner.  The approach is summarized in the following sections.

7.5.1 Characterization Optimization – Number of NTS Mud Pits to Characterize 

A widely recognized approach to this type problem is acceptance sampling, which is a major field of 

statistical quality control whose origins go back to the U.S. military’s testing of bullets during World 

War II.  The dilemma was that if every bullet was tested in advance, no bullets would be left to ship. 

If, on the other hand, none were tested, malfunctions might occur in the field of battle, with 

potentially disastrous results.  This situation led to the development of techniques to sample a 

representative portion of the bullets, evaluate characteristics that were indicative of quality criteria 

and process consistency.  Based on the results of the sampling and evaluation a determination would 

be made or a specific lot of bullets being acceptable for shipment.  The underlying premise of the 

technique was that the same production specification and processes were used to produce bullets no 

matter where they were manufactured and the type of defects should; therefore, should be similar.  

This analogy is transferable to the NTS mud pits.  The NTS mud pits were created using a process 

that is very similar from pit to pit.  The NTS mud pit process has produced contamination which is a 

potential limiting defect.  The potential for the contamination “defect” to be limiting is judged by the 

risk and dose-based compliance limits identified as items A through D in Section 7.1.  This rationale 

is illustrated in the logical flow diagram in Figure 7-3.  The left hand column in Figure 7-3 identifies 

the logical requirements for the technique; the right hand column specifies how the logical 

requirements were addressed. 

Using this acceptance sampling approach, preliminary estimates suggest that an additional 52 NTS 

mud pit CASs need to be sampled to achieve DQOs (see Appendix C).  Appendix D provides 

additional detail on the rationale and statistical aspects of this approach.  The sample size calculations 

depend, in large part, on the difference between the underlying quality level (designated the AQL) 

and the target quality level (designated the LTPD).  In the case of the NTS mud pits, no individual 

mud pit was found to have contamination that resulted in exceeding the risk and dose-based 

compliance limits (items A through D in Section 7.1), and the AQL (underlying risk and dose based 

compliance rate) is approximately 100%.  This is analogous to a bullet manufacturer having no 

defective bullets in an initial product survey.  For purposes of the evaluation, AQLs of 99 and 

99.9 percent were assumed and resulted in sample sizes of 79 and 52, respectively.  
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Figure 7-3
Logic of the Statistical Sample Size Identification Approach
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Selection of a sample size of 52 reflects all of the following considerations that: 

• None of the previously sampled NTS mud pits were found to be “non-compliant” with 
risk-based criterion.

• Process knowledge from a wide array of mud pits demonstrates that, in general, mud pit 
processes do not create particularly hazardous contamination profiles.

• The characterization data was, in many cases, biased or “worst-case” so that the risks are 
actually lower than reported in Section 6.0.  

Thus, an AQL of 99.9 percent (0.1 percent of mud pits exceed criteria) was used as the basis for 

proposing the sample size of 52.  The sample size calculations were performed with Stratigraphics 

software (see Appendix D).  As indicated in Figure 7-3, 104 NTS mud pits will be sampled (52 

currently sampled and 52 additional).  The additional 52 NTS mud pit CASs were randomly selected 

on a proportional basis from each mud pit category.  A detailed explanation of the mud pit categories 

can be found in Section 2.3 and Table 2-1.  NTS mud pits located within the boundary of a potential 

or subsided crater area and those with existing investigation data were not considered.  The health and 

safety risks posed by entry into a potential or subsided crater area along with the presence of 

investigation data were the primary factors that led to these decisions. It is not believed that the 

potential or subsided crater areas would affect the chemical make-up of the mud pit but could 

significantly impact the safety of the worker.  Table 7-2 depicts the 52 NTS mud pit CASs randomly 

selected for characterization.    

7.5.2 Characterization Optimization 

Optimizing the characterization of the NTS mud pits is best managed by establishing a standard 

template inspection to be applied at each NTS mud pit.  A standardized approach coincides with 

overall alignment of the characterization as quality assurance inspection type activity rather than an 

investigation action.  Investigations have led to the production of the risk assessment.  The emphasis 

should be on implementation with intention of verifying whether conditions are consistent with the 

present data set.

7.5.3 Parameters to Sample and Number of Samples

The analytical parameters that need to be characterized were derived from the risk assessment and the 

DQO process (see discussion in Appendix C and D).  Based on the risk assessment findings, the 
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extent of petroleum hydrocarbon contamination, DRO and possibly GRO, is the predominant 

characterization issue.  This conclusion is founded on the assessments described in Section 3.0 and 

Section 6.0 where it was demonstrated that:

• Petroleum hydrocarbon contamination is the signature of mud pit operations and it is 
observable in all three mud pit groups.  This is consistent with process knowledge.  Table 3-7 
illustrates that, overall, contamination exceeding PALs is not widespread and petroleum 
hydrocarbons were the main compounds consistently found across the three mud pit groups.  
Diesel range organics were detected in two samples from NTS Mud Pits.  

• Within the NTS Mud Pits (Group 3), metals and VOCs were not detected at concentrations 
exceeding PALs.  Only a single isolated detection of pentachlorophenol (an SVOC), was 
reported in the NTS mud pits; however, this occurrence is not believed to be related to the 
mud pit processes (See Section 3.3.2) 

Table 7-2
NTS Mud Pit CASs Selected for Characterization

Mud Pit Categories

1 2 3 4 5 6

01-09-02 04-09-06 02-09-03 02-09-30 03-09-30 01-09-04

06-09-02 07-09-25 09-09-05 02-09-33 09-09-40 07-09-28

07-09-10 19-09-19 04-09-08 09-09-35 05-09-02 20-09-46

07-09-13 02-09-09 09-09-42 08-09-06

03-09-15 09-09-10 02-09-51 04-09-18

03-09-17 02-09-12 04-09-14 07-09-27

03-09-21 10-09-12 10-09-18 14-09-02

07-09-22 02-09-15 09-09-24 20-09-40

19-09-12 09-09-16 09-09-27

19-09-17 02-09-18 19-09-27

09-09-20 20-09-27

09-09-23 20-09-31

02-09-26 20-09-35

10-09-26

20-09-15

Source:  FFACO, 1996
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• There were three detections of radionuclides (Cs-137 in one sample and Th-234 in two 
separate samples) reported in the NTS mud pits; however, their presence is most likely related 
to background levels of radionuclides.  Moreover, the dose and risk assessment demonstrated 
that NTS mud pit radionuclides are not found in concentrations that are sufficient to produce 
doses or lifetime added cancer risks in excess of governing criterion (see Table 6-6).

Based on the consistency of these observations and the fact that, when taken as a whole, the profile of 

contamination that is characteristic of mud pit processes does not pose a significant threat to human 

or ecological receptors, it is sensible that petroleum hydrocarbons (DRO and, by inference, GRO) 

should be utilized as the indicator COCs for further characterization.  

The consideration of whether the NTS mud pit environs would provide suitable habitat for listed 

threatened and endangered species is not necessary for further investigation.  This is because the 

absence of the preferred habitats of these threatened and endangered species in the vicinity of the 

NTS mud pits strongly suggests that the threats to listed endangered or threatened species are low.  

On this basis, the analytical suite for further characterization will address only petroleum 

hydrocarbon mixtures.  Appendix B discusses the need to ensure that petroleum hydrocarbon mixture 

analytical protocols align with the toxicity information in the MADEP methodology.  This can 

probably be accomplished by ensuring that EPA Method 8015B (Modified) (EPA, 1996b) is tailored 

to the match, to the extent practicable, the carbon range specific toxicity information in the MADEP 

methodology.  Based on a statistical analysis of the variance of existing data, the sample sizes 

computed with existing data recommends 10 samples per NTS mud pit (Refer to Appendix D). 

7.5.4 Sample Distributions at a NTS Mud Pit

The sample distribution at given NTS mud pits will also be a consideration in the characterization and 

decision framework.  In order to honor the statistical theory of the compliance tests, the array of 

samples selected for a mud pit characterization must be random.  However, the random sample array 

must also meet coverage and related considerations.  A preliminary plan detailed in Appendix D 

suggests a triangular pattern to optimize the opportunity to identify hot spots may be optimal.  

7.6 Path Forward

The risk-based strategy (as proposed) is a comprehensive, technically sensible plan for future 

investigation and closure of the NTS mud pits.  Using process knowledge information compiled from 
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years of experience, coupled with proven risk-based practices, will ensure the NTS mud pits are 

properly closed according to the FFACO and all governing regulations.  Four possible closure 

alternatives were identified in Figure 7-1:

• Alternative I - No Further Action
• Alternative II - Clean Close
• Alternative III - Close in Place
• Close using a combination of Alternatives II and III

The risk-based decision process is designed to be a straightforward compliance test using the 

following logic. 

IF the 95% UCL DRO and GRO concentrations produce human health HIs less than
1.0 AND

IF the 95% UCL DRO and GRO concentrations produce ecological HIs less than 1.0
AND

IF there are no mud pit specific issues with data quality, representativeness, or similar
topics that might cast doubt on the findings, 
THEN:

The NTS mud pit can be closed according to Alternative 1 (close with no further
action).  

NTS Mud pits that cannot be closed through Alternative I, based or an initial assessment, will require 

additional follow-on actions that could include further investigation, remediation, and/or application 

of administrative controls.  After appropriate follow-on actions have been completed, closure through 

one of the four alternatives will be appropriate. 

The risk-assessment presented in this report has determined that the NTS mud pits can be treated as a 

single group of sites arising from essentially the same process; however, the NTS mud pits cannot be 

closed without investigation.   In order to make risk-based decisions for the entire group of NTS mud 

pits, only a portion of the NTS mud pits will require investigation.  Each NTS mud pit that is 

investigated will have a 95-percent confidence level and the decision on the group as a whole will 

have a net 90-percent confidence level.   In addition, 10 samples and limited analytical suites have 

been recommended for those NTS mud pits selected for investigation.  
87



The path forward can be structured around the overall implementation stage identified in Figure 7-2 

and the implementation guide illustrated in Figure 7-4.  As with all FFACO investigations conducted 

at the NTS, the path to closure is interactive and is driven by the DQO process conducted during 

Stage I.  It is anticipated that the documents required to close the NTS mud pits include a SAFER 

Plan and Closure Report.   

There are several mud pits in the FFACO that are not included in CAUs 530 through 535.  If the 

SAFER Plan and Closure Report for the NTS mud pits are approved as outlined in this risk-based 

strategy report, then the results will be applied to other, similar mud pit CASs.  The remaining mud 

pits in the FFACO will undergo a Preliminary Assessment investigation.  If a mud pit is found to be 

operationally similar to the NTS mud pits, an FFACO modification will be submitted to NDEP via 

letter requesting transfer into the appropriate NTS mud pit CAU within Appendix IV of the FFACO.  

If a mud pit is found to be operationally different and does not meet the criteria as discussed in this 

risk-based strategy report, then the mud pit will follow the typical FFACO closure process.    

Figure 7-4
Implementation Guide

Stage I

•Develop overall program DQOs

•Prepare SAFER Plan

Stage II

•Characterization

•Discuss mini-risk assessment

•Evaluate remedy alternatives

Stage III

•Report  to Stakeholders

•Conduct remedy actions, as necessary

•Verify

SAFER PlanSAFER Plan

Technical 
Memos

Technical 
Memos

Formal Findings 
Report

Formal Findings 
Report
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The SAFER Plan will present detailed, site-specific information regarding COCs, sampling locations 

and investigation methods using the risk-based strategy proposed in this document.  A single SAFER 

Plan will be completed to address CAUs 530 through 535.  The Closure Plan will provide necessary 

back up information and strategy to support the closure of the NTS mud pits.

As detailed in Section 7.2 and Section 7.3, the risk-based strategy will be embedded in the process to 

follow.  Quality controls will be part of the system to ensure the level of confidence is maintained and 

that the assumptions used to formulate the strategy are indeed accurate.  With the abundance of 

process knowledge and site history available, the risk-based approach will provide a high-value 

product while responsibly managing those resources provided.
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Appendix A

Information Supporting Exposure Analysis



A.1.0 Introduction

This evaluation considers the long-term implications of residual mud pit soil contamination on 

subsurface soil and groundwater quality.  TPH, and specifically the DRO fraction, was selected to 

represent the most significant organic contaminants in the mud pits.  DRO was the most frequently 

detected component in petroleum hydrocarbons detected in the three mud pit groups (refer to 

Table A.3-1).  TPH (DRO) is a group of hydrocarbons for which individual chemical-specific data is 

not generally available.  However, based on process knowledge, diesel fuel is considered the source 

of TPH (DRO) found in the mud pits.  For purposes of characterizing, the fate and transport 

characteristics of TPH (DRO), Diesel #2 fuel oil (Diesel #2) was selected.  Diesel #2, with a boiling 

point range of 200 to 325o, is a highly complex mixture consisting primarily of aliphatic 

hydrocarbons and some higher molecule weight aromatic hydrocarbons (TPHCWG, 1998).  

Consequently, a surrogate compound was selected to represent the potential environmental fate and 

transport characteristics of TPH (DRO) based on information published by the TPHCWG in their 

Composition of Petroleum Mixtures (TPHCWG, 1998).  To make this evaluation possible, 

n-Hexadecane was identified as the surrogate for the straight-chain, alkane-rich fraction of DRO.  

According to TPHCWG (1998), Diesel #2 has a high concentration of n-alkanes, particularly in the 

C8 to C21 range.  With 16 carbons (C16), n-Hexadecane was selected as a mid-point proxy.
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A.2.0 Qualitative Assessment

Standard environmental contaminant fate and transport metrics for n-Hexadecane are presented in 

Table A.2-1.    

Inspection of Table A.2-1 indicates the TPH (DRO) as represented by n-Hexadecane, is virtually 

insoluble in water, and has a very high adsorptive tendency as indicated by a Koc of 8.47E6.  TPH 

(DRO), as represented by n-Hexadecane, is categorized as “very immobile” in the environment 

according to the Ford Mobility Indicator.  Additionally, Schwarzenbach et al. (1983), have identified 

a Kow of = ≤ 5,000 as a gauge for identifying organic chemicals that are mobile in surface and 

groundwater systems.  The n-Hexadecane Kow, which is 177.8 E6, is more than 1,500 times higher 

than 5,000.  The low vapor pressure of n-Hexadecane, 0.05 millimeters (mm) mercury (Hg), indicates 

that DRO does not have a strong tendency to volatilize from the subsurface.

Table A.2-1
Contaminant Transport and Fate Metrics for TPH (DRO)

(n-Hexadecane as a surrogate for DRO straight chain alkanes)

Parameter Value Source/Remark

Water solubility 5E-5 mg/L

TPHCWG, 1997

Molecular weight 226 g/mole

Air diffusion coefficient
3.07E-2
cm2/sec

Standard atmospheric vapor pressure 0.005 mmHg

Koc 8.47E6
ug/g-OC / ug/L

Standard LogKow

Standard Kow
8.25

177.8E6 

Overall Mobility Indicator MI = -14
“Very Immobile” Ford and Gurba, 1988

n-Hexadecane is typical of the straight-chain alkenes found in high concentration in Diesel (#2) (TPHCWG, 1998).

Relative Mobility Index (MI) Mobility Descriptor

> 5.0
0.0 to 5.0
-5.0 to 0.0

-10.0 to –5.0
< -10.0

Extremely Mobile
Very Mobile

Slightly Mobile
Immobile

Very Immobile

MI = log ((Solubility*Vapor Pressure)/Koc)
Source:  Ford and Gurba, 1988
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A.3.0 Screening Model to Assess Threat to Subsurface Soils 
and Groundwater

This evaluation also uses site- and chemical-specific information as inputs into a widely recognized 

vadose zone leaching and transport model, seasonal soil (SESOIL), to investigate whether residual 

soil contamination can affect the deeper saturated groundwater (GSC, 1998).  The configured model 

provides a conservative assessment.  A conceptualization of the SESOIL model is presented in 

Figure A.3-1.  Table A.3-1 identifies the key SESOIL Modeling Input Variables.  Additional 

information on the SESOIL model (including model input screens and the output) can be found in 

Appendices E and F, respectively.         

Table A.3-1
Major SESOIL Modeling Input Variables

Major Input Input Remark

Atmospheric 
data

Beatty, NV 
Weather Station From SESOIL database

Time period 50 years Adequate to observe modeled impacts

Chemical 
parameters

Refer to 
Table A.2-1 Standard sources, most from TPHCWG

Source area 30,000 ft2 Approximate area of a large return mud pit (~ 200 x 150 ft)

Source 
thickness 3 ft Conservative estimate of a possible continuous layer of contamination

Source 
Concentrations

n-Hexadecane 
= 1,000 mg/kg

Both are surrogates for TPH (DRO)
n-Hexadecane represents the typical straight-chain alkane fraction of #2 
Diesel.  Straight-chain alkanes in this molecular weight range (C=16) are 
very immobile.

The concentration of 1,000 mg/kg was selected because this is within the 
range of DRO soil concentrations.  Additionally, based on trial runs, it was 
judged that 1,000 mg/kg would be a sufficient concentration to see notable 
effects from the model. 

Alluvial Soils
“Bard- 

Tonopah” soil 
types

From SESOIL database

The NTS soil consists primarily of gravelly, sandy loams and gravelly 
sands.  The permeability of the Bard soils is moderate, and the water 
capacity is low (NNSA/NV, 2002).

Infiltration is computed internally using Beatty, NV atmospheric data.

Source:  GSC, 1998
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Figure A.3-1
SESOIL Model Conceptualization

3 ft
(91.4 cm)

100 ft
(3,048 cm)

Mud pit zone
(Waste source)

Assume 
DRO as n-Hexadecane at 1,000 mg/kg 

uniformly distributed over the source layer

10 ft
(304.8 cm)

Unsaturated alluvial zone
Assume 

“Bard” Aridisol typical of NTS
Porosityeff = 0.25

Bulk density = 1.49 g/cm3

Intrinsic permeability = 2E-9 cm2

Disconnectedness index = 4
Organic carbon = 0.001%

 (Bard Properties 
From SESOIL Database)

Saturated zone
Assume 

Hydraulic conductivity =  1E-4 cm/sec
Gradient = 2%

Width perpendicular to flow  = 200 ft

200 ft 150 ft

Leaching model = SESOIL, ver. 3 General Sciences Corp. (GSC, 1998)

Saturated zone model = Summers Equation Option in SESOIL

Note:  The unsaturated alluvial zone at the NTS is actually much thicker than 100 ft  
This thickness (100 ft) was used to conservatively evaluate the potential for mud pit 
contaminants to reach groundwater including perched zones. 

SESOIL is a one-dimensional, screening-level, vertical transport code for the 
unsaturated soil zone developed by EPA’s Office of Water and Toxic Substances 
(OTS).  The Summers Model Option is a groundwater dilution equation that takes 
contaminants discharge from the bottom of the soil column.

Meteorological  data
Beatty, Nevada NWS 

Station
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A.3.1 Findings

The results for n-Hexadecane are presented in Figure A.3-2.  Key points are:    

• The upper panel illustrates that there is essentially no vertical migration of n-Hexadecane 
through the soil column.  The SESOIL model suggests that vertical migration over a period of 
50 years would not exceed 5 centimeters (cm) (several in.). Based on this screening-level 
assessment, there is no threat to the underlying groundwater approximately 100 ft bgs1.  By 
analogy, vertical migration of the alkane fraction of TPH (DRO) is expected to be minimal.  
The upper panel illustrates that for over 50 years, alkanes would not be expected to exit the 
mud pit zone.  This is attributable to the combination of the very high immobility of alkanes in 
soils and the very small net infiltration expected from the high evapotranspiration in the desert 
climate of the NTS.  

• Steady-state conditions in the mud layer are illustrated in the lower panel (depth of 45 cm).  
The maximum soil moisture concentration (pore water concentration) that alkanes would 
achieve is approximately 5E-5 mg/L, which is the water solubility limit of n-Hexadecane.  
The model did not “breakthrough” to the unsaturated alluvial soil zone over the 50-year 
simulation period. 

Overall, based on these findings, coupled with the conservatism built into the SESOIL model, and 

given the similarity of the physical and chemical properties of the compounds, it is concluded that 

residual soil concentrations of TPH (DRO) in the NTS mud pits pose no viable threat to the 

groundwater located approximately 100 ft bgs of the mud pits.  Additionally, the model illustrates 

that potential for significant vertical migration from the mud layer to underlying unsaturated soils is 

minimal.

The results presented herein are based on a computational screening-level model.  The model cannot 

capture and express all of the intricacies of a complex system, such as a mud pit.  However, the model 

results do incorporate the general fate and transport chemistry of TPH (DRO), the potential (although 

exaggerated) mud pit source characteristics, and it also conveys the effect of the very high ET of the 

mud pit setting.  The model clearly reflects, in fundamental physical terms, the observations of 

limited vertical migration of mud pit contaminants.               

1. Depth to groundwater at the NTS is much greater 100 ft (500 to 1,000 ft in some instances).  This depth was 
conservatively selected in the screening evaluation in order to gauge the potential for mud pit contaminants to 
impact even more shallow perched systems.  If groundwater at an artificially conservative depth of 100 ft bgs 
is not adversely impacted, it can be concluded with confidence that groundwaters at much greater depths 
(e.g., many hundred of ft bgs) will not be adversely impacted. 
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Figure A.3-2
SESOIL Graphical Outputs for n-Hexadecane (50-Year Profiles)

Note: essentially steady-state conditions 
within the waste front.  Soil water (vadose 
zone) concentrations are very low.

Lower Panel

Note: the “n-Hexadecane” waste front migration over 50 
years is very small due to: (a) very low solubility, (b) very 
high adsorption, and (c) very low net infiltration of 
precipitation in the desert climate.

Waste never 
reaches 

groundwater in 
50 years

Upper Panel
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9-16

er Effects

HQInhale HQDermal Sum HQ

DRIVER

7.59E-07 1.36E-03 3.4E-03 100%

0.00E+00 0.00E+00 0.0E+00 0%

0.00E+00 0.00E+00 0.0E+00 0%

7.6E-07 1.4E-03 3.E-03 100%

0% 40% 100%

16

r Effects

QIng HQInhale HQDermal Sum HQ

DRIVER

4E-03 1.91E-07 7.32E-04 3.17E-03 100%

0E+00 0.00E+00 0.00E+00 0.00E+00 0%

0E+00 0.00E+00 0.00E+00 0.00E+00 0%

E-03 1.9E-07 7.3E-04 3.E-03 100%

7% 0% 23% 100%
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Table A.3-2
Future Industrial Worker RME HQ Calculation, CAS 19-0

Future Industrial Worker RME

530

19-09-16 Exposure Point Concentrations Non Canc

Chemical Abs 
Fraction

Csoil_outdoors Cair_outdoors CDIIng-nc CDIInhl-nc CDIDermal-nc HQIng

mg/kgsoil mg/m3
air mg/kg-day mg/kg-day mg/kg-day

Diesel-Range Organics 0.1 2.10E+02 2.21E-07 2.05E-04 4.33E-08 1.36E-04 2.05E-03

Gasoline-Range Organics 0.1 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Motor Oil-Range Organics 0.1 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Sum 2.1E-03

Contribution 60%

Table A.3-3
Construction Worker RME HQ Calculation, CAS 19-09-

Construction Worker RME
530

19-09-16 Exposure Point Concentrations Non Cance

Chemical Abs 
Fraction

CSoil CAir CDIIng-nc CDIInhl-nc CDIDermal-nc
SUM 

DOSE
H

mg/kgsoil mg/m3
air mg/kg-day mg/kg-day mg/kg-day mg/kg-day

Diesel-Range Organics 0.1 2.10E+02 1.54E-07 2.44E-04 1.09E-08 7.32E-05 3.17E-04 2.4

Gasoline-Range Organics 0.1 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.0

Motor Oil-Range 
Organics 0.1 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.0

Sum 2.4

Contribution 7



39

ffects

HQInhale HQDermal Sum HQ

DRIVER

.34E-07 7.75E-04 1.9E-03 100%

.00E+00 0.00E+00 0.0E+00 0%

.00E+00 0.00E+00 0.0E+00 0%

4.3E-07 7.7E-04 2.E-03 100%

0% 40% 100%

-39

er Effects

HQIng HQInhale HQDermal Sum HQ

DRIVER

39E-03 1.09E-07 4.18E-04 1.81E-03 100%

00E+00 0.00E+00 0.00E+00 0.00E+00 0%

00E+00 0.00E+00 0.00E+00 0.00E+00 0%

.4E-03 1.1E-07 4.2E-04 2.E-03 100%

77% 0% 23% 100%
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Table A.3-4
Future Industrial Worker RME HQ Calculation, CAS 02-09-

Future Industrial Worker RME 
533

02-09-39 Exposure Point Concentrations Non Cancer E

Chemical Abs 
Fraction

Csoil_outdoors Cair_outdoors CDIIng-nc CDIInhl-nc CDIDermal-nc HQIng

mg/kgsoil mg/m3
air mg/kg-day mg/kg-day mg/kg-day

Diesel-Range Organics 0.1 1.20E+02 1.26E-07 1.17E-04 2.47E-08 7.75E-05 1.17E-03 4

Gasoline-Range Organics 0.1 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0

Motor Oil-Range Organics 0.1 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0

Sum 1.2E-03

Contribution 60%

Table A.3-5
Construction Worker RME HQ Calculation, CAS 02-09

Construction Worker RME
533

02-09-39 Exposure Point Concentrations Non Canc

Chemical Abs 
Fraction

CSoil CAir CDIIng-nc CDIInhl-nc CDIDermal-nc
SUM 

DOSE

mg/kgsoil mg/m3
air mg/kg-day mg/kg-day mg/kg-day mg/kg-day

Diesel-Range Organics 0.1 1.20E+02 8.82E-08 1.39E-04 6.22E-09 4.18E-05 1.81E-04 1.

Gasoline-Range Organics 0.1 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.

Motor Oil-Range Organics 0.1 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.

Sum 1

Contribution
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Appendix B

Approach to Resolving Uncertainties
with Petroleum Hydrocarbon



B.1.0 Approach

This risk assessment found that petroleum hydrocarbon mixtures, specifically DRO and potentially 

GRO, were the principal risk driving chemicals for both the human health and ecological risk 

assessments.  Since process knowledge indicated that petroleum products, often diesel, were used as a 

drilling lubricant, this information is consistent.  However, two major data gaps should be resolved 

before extensive characterization begins.

• Laboratory analytical procedures should be designated that align with the Updated Petroleum 
Hydrocarbon Fraction Toxicity Values for the MADEP VPH/EPH Methodology 
(MADEP, 2002).  Oral and inhalation toxicity values are provided based on the aromatic and 
aliphatic carbon ranges.  Laboratory methods should be identified that reasonably match the 
carbon ranges and the correlated toxicity information.  This is necessary so that future quality 
assurance assessments completed for risk-based compliance can have characterization data 
that is associated with the available toxicity information.  This can probably be accomplished 
by ensuring that the method routinely used at the NTS for petroleum hydrocarbon analysis, 
such as EPA 8015B (Modified), is tailored, as necessary, to align with the MADEP 
methodology. 

• The presence of petroleum mixtures significantly affects the ecological risk assessment.  For 
this risk assessment, a search of the available ecotoxicological reference materials did not 
disclose information concerning petroleum mixture toxicity that would be relevant to biota in 
the vicinity of the mud pits.  As a result, a surrogate compound, toluene, was used mainly 
because it is hydrocarbon in nature, comes from petroleum processes, and was judged to be 
more toxic to mammalian biota than the alkane rich DRO and GRO petroleum mixtures.  It 
should be noted that the use of toluene in the risk assessment as a surrogate produced an HI in 
the White-Footed Mouse of 0.1 at 210 mg/kg.  As reported in Section 7.0, on this basis, a 
concentration of 2,100 mg/kg would result in exceeding one of the critical risk-based decision 
criterion.  For context, on Figure D.2-1 the 95 percent UCL of all DRO and GRO 
measurements exceeding the PAL was reported as 2,962 mg/kg.  Thus, it is likely that 
continued use of the toluene surrogate toxicity data will lead to eventually exceeding the 
critical risk-based decision criterion.

To resolve these two issues, a detailed investigation of the ecotoxicological information should be 

conducted.  This effort could require the use of specially qualified experts and potentially testing and 

developing the appropriate ecotoxicity data.  
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B.2.0 References
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Appendix C

Data Quality Objectives



C.1.0 Data Quality Objectives

The DQO process is a strategic planning approach based on the scientific methods used to prepare for 

site investigation data collection (EPA, 2000a).  The DQOs are designed to ensure that the data 

collected will provide sufficient and reliable information to evaluate and technically defend decisions 

concerning the need for corrective actions.  This appendix serves to provide preliminary DQO 

guidance that can be used for the DQO process to follow.  

The mud pit investigation will be based on DQOs developed by NNSA/NSO during the planning 

stages of the project and approved by NDEP.  The FFACO (1996), which is an agreement between 

the DOE, NDEP, and DoD, establishes project objectives and sets forth requirements for closure of 

the NTS mud pits.  Six CAUs containing a total of 270 NTS mud pits comprise the mud pit 

investigation and are located in 14 areas of the NTS.  The NTS mud pits have been divided into the 

following CAUs:

• CAU 530, LANL Preshot Mud Pits
• CAU 531, LANL Postshot Mud Pits
• CAU 532, LLNL Preshot Mud Pits
• CAU 533, LLNL Postshot Mud Pits
• CAU 534, Exploratory/Instrumentation Mud Pits
• CAU 535, Mud Pits/Disposal Areas

This appendix presents an overview of the seven-step DQO process for the mud pit investigation 

(Figure C.1-1).  The DQO identification approach parallels EPA guidance (EPA, 2000a) and 

MARSSIM (EPA, 2000b).  Each step in the DQO process is discussed in the following sections.      

C.1.1 Step 1 State the Problem

Step 1 defines the problem that has initiated the NTS mud pit investigation.  This step identifies the 

DQO planning team members, describes the problem, and develops a CSM.  

C.1.1.1 DQO Planning Team

The DQO planning team consists of representatives from NDEP, NNSA/NSO, Stoller-Navarro Joint 

Venture (SNJV), and Bechtel Nevada (BN).  The primary decision-makers include NDEP and 

NNSA/NSO representatives. 
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C.1.2 Describe the Problem

Adequate information is currently not available on the 270 NTS mud pits to determine the appropriate 

closure strategy.  The NTS mud pits are being investigated to determine if the no further action 

alternative is the appropriate closure strategy and determine the conditions under which closure can 

occur.  The number of NTS mud pits being sampled will be determined and considered to be 

representative of all the NTS mud pits so the appropriate closure strategy can be applied to all 

remaining NTS mud pits that are not planned for sampling. 

If the number of NTS mud pits showing unacceptable risk does not exceed the critical value, no 

further action is required, and the sites can be closed.  However, if the number of NTS mud pits that 

show an unacceptable risk to human health or the environment exceed the critical value, then 

additional evaluation will be required in consultation with the NDEP and stakeholders. 

Figure C.1-1
Illustration of Conceptual Exposure Points and Exposure Media

Step 1

State the Problem

Step 2

Identify the Decision

Step 3

Identify Inputs to the Decision

Step 4

Define the Study Boundaries

Step 5

Develop a Decis ion Rule

Step 6

Specify Lim its on Decision Errors

Step 7

Optim ize the Design for Obtaining Data

Step 1
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Step 2

Identify the Decision

Step 3

Identify Inputs to the Decision

Step 4

Define the Study Boundaries

Step 5

Develop a Decis ion Rule

Step 6

Specify Lim its on Decision Errors

Step 7

Optim ize the Design for Obtaining Data

Source:  EPA, 2000a
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C.1.3 Develop a Conceptual Site Model

The CSM describes the most probable scenario for current conditions at a NTS mud pit and defines 

the assumptions that are the basis for identifying appropriate sampling strategy and data collection 

methods.  An accurate CSM is important as it serves as the basis for all subsequent inputs and 

decisions throughout the DQO process.  

An important element of a CSM is the expected fate and transport of contaminants, which infer how 

contaminants move through site media and where they can be expected in the environment.  The 

expected fate and transport is based on distinguishing physical characteristics of the contaminants and 

media.  Contaminant characteristics include solubility, soil adsorption, volatility, density, and particle 

size.  Media characteristics include permeability, saturation, particle size, sorting, chemical 

composition, and adsorption coefficients.  In general, contaminants with low solubility and high 

density (e.g., TPH-DRO) are expected to be found relatively close to release points.  Contaminants 

with high solubility and low density are expected to be found further from release points or in areas 

where settling may occur.  

Groundwater contamination is not considered a likely scenario at the NTS mud pits (Appendix A).  

The depth to groundwater varies for each NTS mud pit but is generally deeper than 500 ft bgs 

throughout the NTS areas where the NTS mud pits are located. 

The CSM for the NTS mud pits has been developed using historical background information, 

knowledge from studies at other mud pits, and data collected from previous sampling efforts.  

Figure C.1-2 shows the generalized CSM for the NTS mud pits.      

C.1.4 Future Land-Use Scenarios

Future land-use scenarios limit future uses of the NTS mud pits to various nonresidential 

(i.e., industrial) uses (DOE/NV, 1998).  Exposure scenarios for mud pits within the NTS boundaries 

are limited by the future land-use scenarios to site workers who may be exposed to COCs through 

oral ingestion, inhalation, or dermal contact (absorption) of soil and/or debris in the NTS mud pits 

due to inadvertent disturbance of these materials. 
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 uses of the mud pits and/or their contents will
ect should be taken into consideration.

o the Exposure Media (e.g., Subsurface Soils).
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Figure C.1-2
Conceptual Site Model

Practically speaking, discriminating between a surface veneer and subsurface soils in somewhat artificial from a future use perspective.  Most future
require significant physical alteration and mixing so that the result will be a blend of surface and subsurface material.  As appropriate, the blending eff

aBurrowing animals may contact subsurface materials as well as surface soils.
bRefer to Appendix A for evaluation.
Release mechanisms, including resuspension of particulates and leaching, are implied by the arrows leading from the Primary Source (Drilling Mud) t



C.1.5 General Conceptual Site Model

The general CSM presented in Figure C.1-2 represents the 270 NTS mud pits.  According to 

historical documentation and interviews, the processes associated with and operation of the NTS mud 

pits is generally the same although the volume and length of use may vary.  The drilling muds were 

used to assist in removing the cuttings from the boreholes, stabilize the borehole walls, and lubricate 

the drill bits.  As the drilling mud was circulated through the drill rods and flowed out of the borehole 

into the mud pit, the solids (rock cuttings) settled to the bottom of the pit.  The cutting-free mud was 

then recirculated through the drilling system and removed more drill cuttings.  This process was 

continued until the total depth of the boring was reached.  To assist with the lubrication of the drill 

bits and to help free stuck tools, diesel fuel was often introduced into the drilling system.  This 

petroleum product was circulated with the drilling mud throughout the borings and mud pits.  Once 

the drilling was completed, the mud was generally left in the pits along with any residual petroleum.

Surface and shallow subsurface soil on the floor and walls of the pits are the potentially affected 

media where the petroleum may have contributed contamination to the NTS mud pits.  Any 

contamination would be attributable to the direct release to the surface and/or shallow subsurface 

from the NTS mud pits.  Residual fluids in discarded containers, release of contaminants through 

erosion of the pit walls, and leaching of contaminants into the deeper soil intervals is also a potential 

migration pathway for the release of contamination.  No disposal records were identified for the NTS 

mud pits; therefore, materials that remain in the NTS mud pits are based on historical process 

knowledge, site visits, and information from interviews.

The amount of infiltration generated in any of the NTS mud pits is unknown, but expected to be 

minimal based on the physical properties of the bentonite (primary component of the mud), low 

precipitation, and high ET rates.  The drilling mud was used to coat the walls of the boring with a low 

permeability material to allow the liquid (water) to keep the boring from collapsing.  As the drilling 

was completed the bentonite coated the floor of the pit resulting in a low permeability layer that 

would restrict infiltration through the bottom of the pits.  Lateral migration of the contaminated 

bentonite is of minor concern because of the bermed construction of the pits.
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C.1.6 COCs/Released Material

Interviews with former site employees, review of historical documents, and interpretation of aerial 

and ground photographs indicate that the sources of potential contamination related to the NTS mud 

pits are the petroleum that was used during the drilling activities, smaller quantities of drilling 

additives, and/or fallout from atmospheric nuclear testing.  These are considered the primary COCs in 

the NTS mud pits.  Because the drilling methods were relatively consistent, the types of COCs are 

also expected to be similar.  The quantity of additives and petroleum introduced into the drilling mud 

is expected to vary with the depth of the boring and the type of problems encountered during the 

drilling.

C.1.7 Affected Media

Affected media includes the surface and shallow subsurface within and immediately surrounding the 

mud pits.

C.1.8 Location of Contamination/Release

The native soil interface adjacent to the floor and walls of the NTS mud pits and the mud remaining in 

the pits is the most likely place to find contamination.  Any contaminants migrating from the NTS 

mud pits, regardless of physical or chemical characteristics, are expected to be in the soil adjacent to 

the walls and floors of the mud pits.

C.1.9 Transport Mechanisms

Contaminants may have been transported by infiltration of precipitation through soil, which serves as 

a driving force for downward migration of contaminants.  However, the annual average precipitation 

in this region ranges from 3 to 10 inches per year (in./yr) combined with the low permeability of the 

bentonite deposited on the floor of the pits would limit the potential for vertical migration.  In 

addition, the majority of the NTS mud pits are surrounded by earthen berms that also reduce the 

potential erosion or flow from the mud at the bottom of the pits.

C.1.10 Preferential Pathways

The preferential pathway for contaminant migration at the NTS mud pits is expected to be limited 

vertical migration due to gravity.  The bentonite mud may contain residual contaminants and serve as 
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a potential continuing source of release.  The berms would also serve to reduce the potential for 

lateral transport of contaminants from the mud at the bottom of the pits.

C.1.11 Lateral and Vertical Extent of Contamination

Contamination, if present, is expected to be contiguous throughout the NTS mud pits and the 

immediately adjacent surface and subsurface soils.  Concentrations are expected to decrease with 

distance and depth from the pits.  Groundwater contamination is not considered a likely scenario at 

the NTS mud pits because of the limited annual precipitation, high ET, depth to groundwater, and low 

permeability of the bentonite.
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C.2.0 Step 2 Identify the Decision

This step develops a decision statement and defines alternative actions.  Figure C.1-2 is a flow chart 

that identifies decision and alternative actions appropriate for the mud pit investigation.

C.2.1 Develop a Decision Statement

The decision statement for this investigation is:  “Do the number of NTS mud pits that show an 

unacceptable risk to human health and the environment exceed the critical value?”  The critical value 

is defined as the number of NTS mud pits in the sample population that do not demonstrate 

compliance with RBCs at completion of the program (refer to Appendix D for a full discussion of the 

risk-based sampling strategy).

C.2.2 Alternative Actions to the Decision

It must be decided whether specific NTS mud pits can be closed.  Further, the conditions under which 

closure can occur must be determined.  The potential decision scenario is as follows:

If the number of NTS mud pits showing unacceptable risk does not exceed the critical 

value, no further action is required, and the sites can be closed.  However, if the 

numbers of NTS mud pits that show an unacceptable risk to human health or the 

environment exceed the critical value, then additional evaluation will be required in 

consultation with the NDEP and stakeholders.
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C.3.0 Step 3 Identify the Inputs to the Decision

This step identifies the information needed to support the decision identified in Step 2.  At a 

minimum, the following information is needed as inputs to the decision:

• An evaluation of the potential risk to human health and the environment from exposure to the 
contaminants in the mud pits including an evaluation of the following RBCs:

- The 95 percent UCL estimates of:

> The mean TEDE,
> The mean lifetime added cancer morbidity risk,
> The mean human health HQchemical,
> The mean ecological HQchemical,

> The mean ecological summed ratios (SRradiological).

• Remediation technology information.

• Cost effectiveness information.

For a full detailed discussion of the necessary inputs refer to Appendix D.
C-9



C.4.0 Step 4 Define the Study Boundaries

The purpose of this step is to define the target population of interest, specify the spatial and temporal 

features of that population which are pertinent for decision making, determine the practical 

constraints on data collection, and define the scale of decision making relevant to target populations.

The study encompasses mud pit Group 3, which comprise the NTS mud pits or CAUs 530 through 

535.  The local study boundary is considered the area of the individual NTS mud pit.

C.4.1 Define the Target Population

The target populations for the NTS mud pits are:

• Mean concentrations of contaminants (primarily petroleum hydrocarbons) remaining in the 
pits

• Concentrations of contaminants that pose an unacceptable risk to human health from exposure 
to the future land user.

C.4.2 Identify the Spatial and Temporal Boundaries

The spatial boundaries that apply to each NTS mud pit for the investigation are the locations selected 

for sampling.

The potential impact to human health and the environment will be evaluated by calculating the risk 

using the analytical results from the sampling efforts.  The human criteria will correspond to 

industrial land use.  For this reason, the inherent temporal boundary assumption for this comparison is 

that the samples are valid indicators of the constituent population throughout a time frame that is 

consistent with the intended land use.

C.4.3 Identify Practical Constraints

Practical constraints result from weather conditions, site access, utilities, topographic conditions, and 

project schedules.  Significant constraints due to weather conditions are not expected during the NTS 

mud pit effort.  However, snow in Areas 12 and 20 may affect site access during the winter months of 

December, January, and February.  Moist weather may place constraints on sampling and field 

screening contaminated soils because of the attenuating effect of moisture on the sample 
C-10



(e.g., alpha/beta-emitting radionuclides).  The NTS-controlled activities may affect the ability to 

investigate these sites, especially in Areas 12 and 20, if other agencies are using the areas for training.  

Underground utilities are not expected to exist at the NTS mud pit sites and should not limit intrusive 

sampling.  The uneven surfaces at various NTS mud pits sites may interfere with accessing the 

sampling locations. The potential and subsided crater areas present access issues to site workers.

C.4.4 Define the Scale of Decision-making

The scale of decision-making involves considering whether the sampled area corresponds to the study 

area.  In the case of the NTS mud pits, the scale of the sample collection is constrained by the desire 

to investigate a fairly small site.  As an exposure unit, or an area over which a receptor averages 

exposure, the sample area is small; however, it is not so small as to be impossible or otherwise call 

into question the findings based on the sample data.  For this effort, the scale of decision-making 

occurs on two levels.  The information collected for an individual NTS mud pit will be applied to that 

individual NTS mud pit.  The information from all NTS mud pits that are characterized will also be 

aggregated to evaluate the number of NTS mud pits showing unacceptable risk.  If the number of 

NTS mud pits showing unacceptable risk does not exceed the critical value, no further action is 

required and the sites can be closed.  However, if the number of NTS mud pits that show an 

unacceptable risk to human health or the environment exceed the critical value, then additional 

evaluation will be required in consultation with the NDEP and stakeholders.
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C.5.0 Step 5 Develop a Decision Rule

This step integrates outputs from the previous steps with the inputs developed in this step into a 

decision rule (an “if… , then…”) statement.  This rule describes the conditions under which possible 

alternative actions would be chosen.

C.5.1 Specify the Population Parameters

The population parameter of interest for statistical representation in the risk assessment is the median 

(i.e., log-mean) concentration of the suspected chemical constituents detected in the NTS mud pits.  

When considering the population of interest, the anti-log of the mean of the log-transformed 

constituent concentrations for the population of interest is an estimate of the median of the 

untransformed values.

The median is a widely used and conventional statistical parameter used in hypothesis tests.  It is 

considered to be appropriate for two primary reasons.  First, it is an estimate of the central tendency, 

so it is a key parameter for the risk assessment.  Second, the expected concentrations of constituents 

in the NTS mud pits are likely to be fairly low, suggesting the need to focus on low-level chronic 

exposures to the constituent over long periods of time rather than high-level exposure.

C.5.2 Choose an Action Level

The action levels for this effort are considered the RME estimates of the TEDE, human and 

ecological HQs and the ecological SR.  These metrics will be computed using the concentrations of 

detected contaminants obtained from the characterization and compared to the acceptable levels of 

risk and toxicity established by the RBCs for future industrial uses which are:

• The TEDE is less than 15 mrem/yr
• The mean lifetime added cancer morbidity risk is less than 1E-4
• Human health HIchemical is less than 1.0
• The ecological HIchemical is less than 1.0
• The ecological SRradiological is less than 1.0
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C.5.3 Analytical Methods

The measurement and analytical methods presented in the Industrial Sites Quality Assurance Project 

Plan (QAPP) and planned for use during this investigation are capable of achieving the expected 

range of values to resolve the decisions.  The detection limits of the analytical methods to be used 

have been evaluated and are less than the action level for each COC1.

C.5.4 Decision Rule

All existing data, site histories, and regulatory requirements are reviewed and used in the 

development of the decision rules for each NTS mud pit included in this investigation.  The following 

decision rule for the NTS mud pit-specific activities is as follows:

• If it can be concluded at 90 percent level of confidence that the human and ecological risks do 
not exceed the RBCs, then no remedial action is necessary at any of the NTS mud pits to 
reduce the risk of the mud pit to future users, and the investigation will cease.

• If risks are not within the RBCs, then conduct additional evaluations of the NTS mud pit to 
determine if the questionable pit is representative of the NTS mud pits in the inventory.  If the 
NTS mud pits are considered not to be representative of the NTS mud pit inventory, then it 
will be eliminated from the evaluation and addressed independently.

If a NTS mud pit is determined not to be representative of the NTS mud pit inventory, then the 

investigation will be suspended until additional evaluation is performed in consultation with the 

NDEP and stakeholders.  Any individual NTS mud pit that is demonstrated to not pose unacceptable 

risks will be closed.

This decision rule incorporates the parameters of interest, scale of decision making, and target values 

and action(s) that would result from the decision.  The decision rule for the NTS mud pits is shown in 

Figure C.5-1.     

1.  There may some need for tailoring to ensure that methods routinely used for petroleum hydrocarbon analysis, 
such as EPA 8015B (modified), is aligned with the MADEP methodology.
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Figure C.5-1
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C.6.0 Step 6 Specify Limits on Decision Errors

Generally, the errors are to limit the Type I error (false negative) and have a 90 percent confidence 

that the actual conditions are what is represented by the evaluation. While the Type II error (false 

positive) is generally acceptable at an 80 percent confidence since it usually means that unnecessary 

funds have been expended, but the risk to human health and the environment have not been increased.  

Table C.6-1 shows the decision error limits for the Type I and II errors.

The following factors will be integrated into the development of sampling and analysis segments of 

the SAFER plan:

• True state of nature, Ho (null hypothesis)
• The NTS mud pit human TEDE ≥ 15 mrem/yr
• The NTS mud pit lifetime added cancer morbidity risk is ≥ 1E-4
• The NTS mud pit human health HQchemical ≥ 1.0
• The ecological HIchemical ≥ 1.0
• The ecological SRradiological ≥ 1.0

Note that this statement of the hypothesis is the conservative or health protective form of the 

statistical inference that is prescribed by EPA (1994 and 2000b); thus, the risk falls on the DOE to 

demonstrate that site conditions do not exceed RBCs.

Control must be exercised so that the decisions can be made at 90 percent level of confidence.     

Table C.6-1
Decision Error Limits

Evaluations False negative error
“Consumers Risk”

False positive error
“Producers Risk” Remark

Human health, 
HQ 0.05 0.2

Higher Type II error reflects 
the preference to consider 

remediation rather than 
sample more to resolve 

uncertainties.
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C.7.0 Step 7 Optimize the Design for Obtaining Data

Contamination at the NTS mud pits results from drilling operations, including the handling of drilling 

fluids and mud (refer to Section 2.0).  Although some variation did occur, the process was repeatedly 

conducted in essentially the same manner.  There were some variations in the type of compounds 

used in the slurries, and different grades of petroleum products may have use as drilling lubricants.  

While these distinctions may be notable for a specific drilling operation, they are not considered 

significant from the risk analysis perspective.  Based on the assessment discussed in Section 3.0, the 

resulting contamination profiles are generally consistent between the mud pit groups.  The most 

notable distinguishing feature between the groups is the presence of low-level radionuclides in 

samples collected from the mud pit sites at the NTS.  The variations in the concentrations and types of 

radionuclides in the mud pits are attributed to the atmospheric testing conducted at the NTS and not 

associated with the mud pit operations. 

As indicated in the risk assessment, contamination at the NTS mud pits appears to be related to 

petroleum mixtures, most notably DRO.  The risk assessment demonstrated that, based on the PA 

sampling data from 52 of the 270 CASs, and using very conservative exposure assumptions and 

maximum reported DRO concentrations, it is not expected that NTS mud pit risks will exceed RBCs.  

Based on this low-risk potential, taking into account process knowledge of how contamination was 

generated, and employing statistical and rational relationships that extend to these considerations to 

NTS mud pits that are not characterized, it appears that all of NTS mud pits will receive a full 

characterization.  Refer to Appendix D, Section D.2.0 for a detailed sampling plan.

To optimize the most suitable design of obtaining data, the key data needs are to:

1. Assess the RME estimates of the TEDE, human added cancer morbidity risk, human and 
ecological chemical HQs, and the ecological SR.  In cases where it can be inferred that the 
presence of radionuclides is not attributable to NTS mud pit operations, the radiological 
component of this assessment (i.e., the TEDE and ecological SR) can be dismissed.  Current 
toxicological information is available on the different fractions of petroleum hydrocarbon 
mixtures, such as DRO.  Petroleum hydrocarbons are likely to be risk-driving constituents; 
thus, identification of a surrogate analyte representing the group of petroleum hydrocarbons 
such as DRO, could provide significant optimization. 

2. Specify a statistically based plan to characterize the remaining 218 NTS mud pits, which were 
not involved in any PA sampling event, so that there is at least a 95 percent confidence that no 
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more than 5 percent of the uncharacterized sites mud pits exceed the RBCs.  This leads to a 
95 percent confidence interval on the NTS mud pits that are characterized and an overall 
90 percent confidence interval on the NTS mud pits that are not characterized.  Therefore, 
statistical analysis indicates that 52 mud pits will require characterization. 

3. Specify a template approach to characterize each NTS mud pit in accordance with the risk 
assessment needs and decision uncertainty requirements.  Ten samples will be required at 
each NTS mud pit to be characterized.
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Appendix D

Risk-Based Characterization Plan for 
NTS Mud Pits



D.1.0 Overall NTS Mud Pit/CAS Characterization Strategy

The DQOs discussed in Appendix C presented a decision rationale with an objective to characterize a 

portion of the NTS mud pits so that there is no greater than 5 percent chance that a false negative 

decision will be made on a NTS mud pit that is characterized and no greater than a 10 percent chance 

that a false negative decision will be made on a NTS mud pit that is not characterized.  A false 

negative is incorrectly determining that a NTS mud pit does not pose an unacceptable risk when, in 

fact, the risks associated with the residual contamination do exceed acceptability criterion.  Appendix 

C established the term “Risk Based Criterions (RBCs)” to identify the acceptability criterion.  

This decision rationale is based on the premise that not all of the NTS mud pits have to be 

characterized in order to achieve this objective.  This concept is consistent with the approach to 

characterizing Class 2 Areas in MARSSIM (EPA, 2000b).  A Class 2 Area, according to MARSSIM, 

is one that has a potential for the existence of contamination, but contamination is not expected to 

exceed acceptable levels1 (EPA, 2000a).  The risk assessment demonstrated that, based on the 

characterization data from 52 of the 270 mud pit CASs (~20 percent), it is not expected that the risks 

will exceed RBCs2.  In the MARSSIM framework, Class 2 Areas are not subject to full 

characterization; rather, only a portion of a Class 2 Area is characterized, based on statistical and 

rational relationships that extend to portions of the area that are not characterized.  The practical 

difficulty with this approach is that there has to be an acceptable level confidence that the risks have 

been adequately characterized without characterizing all of the NTS mud pits. 

This difficulty is not new, nor is it unique to the NTS mud pit risk-based strategy.  A widely 

recognized approach to this type problem is acceptance sampling.  This methodology is described by 

Montgomery (1991).  Acceptance sampling is a major field of statistical quality control.   The DOE 

utilized a historically approved process that may have produced contamination at the NTS mud pits.  

1. MARSSIM uses the terms radioactive contamination and Derived Concentration Guidance Level (DCGLw).  
The DCGLw is the clean-up criterion used in the radiological field.

2. The risk assessment actually gave a very conservative evaluation the risks.  None of the RBCs were exceeded 
at any of the 52 NTS mud pits evaluated, even using conservative assumptions and maximum concentrations.
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The EPA, affected states, and stakeholders have established acceptance quality criteria.  These 

entities’ acceptance criteria are the RBCs:

• The NTS mud pit human health radiological TEDE < 15 mrem/yr
• The NTS mud pit human health lifetime added cancer risk  < 1E-4
• The NTS mud pit human health HQchemical < 1.0
• The NTS mud pit ecological HQchemical < 1.0
• The NTS mud pit ecological SRradiological < 1.0

Using this approach, a sampling plan can be designed to assess the risks of the entire stock of the NTS 

mud pits without characterizing every mud pit in the inventory.  Key terms used in acceptance 

sampling and their analogous NTS mud pit counterparts are defined in Table D.1-1.     

Table D.1-1
Attributes Sampling and Acceptance Components

Attributes Sampling Component Analogous NTS Mud Pits Attributes 
Sampling Component Remark/Comment

Lot tolerance percent defective 
(LTPD) the minimum quality that the 

consumer will accept.

The highest level of noncompliances 
that can be tolerated.  Assuming a 
95% confidence limit on the false 
negative, it is assumed that this 
corresponds to a 5% LTPDa.

LTPD correlates generally with the 
false negative error “consumers risk” 
from Table C.6-1 in the DQOs.

Acceptable Quality Level (AQL)
The process average quality or defect 
rate.   By analogy, the nominal RBC 
exceedance rate.

This is the underlying average mud 
pit TEDE, risk, HQ, and SR 
exceedance rate.  None of the 52 
NTS mud pits exceeded the RBCs; 
thus, the AQL is actually very low.  
Note the apparent paradox in terms.  
AQL is analogous to the average 
percent of NTS mud pits that do not 
achieve RBCs.

Operating Curve (OC) The OC plots the probability of 
accepting the lot versus the LTPD.

Analogous to power and confidence 
curves frequently used to derive 
sample sizes and Type I and II error 
rates.  The OC is the key transitional 
analysis from the quality assurance 
model to the risk management 
paradigm. 

aThis analogy is inferred from the 5 percent false negative error rate.
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Examples for two cases typical of the NTS mud pits are illustrated in the operating curves displayed 

in Figure D.1-1.  The cases are:        

Case A

• Case A assumes that the AQL, underlying mud pit risk-based compliance rate 
(i.e., concentrations do not produce values exceeding RBCs) is 1 percent.  This is a highly 
plausible estimate and probably a conservative estimate3, based on the risk assessment 
findings (Section 1.0).

• The Type I error rate (e.g., the false negative, consumers, or stakeholder risk) is 5 percent as 
identified in DQO Step 6.

• The Type II error rate (e.g., the false positive or DOE’s risk) is 20 percent as identified in 
DQO Step 6.

Case B is analogous to Case A except:

• Case B assumes that the underlying AQL is 0.1 percent.  This is also a plausible estimate.  

Table D.1-2 summarizes the results of these examples.   

The operating curve commentary portion of Table D.1-2 indicates that under reasonably anticipated   

current conditions such as Case A the number of NTS mud pits that require characterization is 79 of 

218 uncharacterized NTS mud pits (~ 36 percent).  If no more than one NTS mud pit is found to not 

achieve compliance with the RBCs, the entire lot of 218 NTS mud pits is deemed to be acceptable at 

a false positive error rate of 95 percent.  Under a more optimistic forecast, assuming that the 

underlying compliance rate is 0.1 percent, 52 of the remaining 218 NTS mud pits would be 

characterized and the entire lot accepted if none of the 52 NTS mud pits are found to have soil 

concentrations exceeding the RBCs.  Considering the conservatism in the risk assessment and the 

confidence in the conservatism in the characterization data from the 52 mud pit CASs, Case B is the 

most appropriate basis for developing the SAFER plan.

3. The AQL is estimated as (# NTS mud pits > RBCs/# NTS mud pits characterized * 100).  From the risk 
assessment, AQL = (0 NTS mud pits > RBCs/52 NTS mud pits characterized * 100 = an unknown, but 
assumed to be very low).  This assumption is supported by use of maximum concentrations in risk assessment.  
Had the risk assessment used all of the data, including nondetections and reports below the PAL (when 
appropriate), the TEDE’s human and ecological HQs and risks, and radiological SRs would have been even 
lower.
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Figure D.1-1
Example Operating Curves Attributes and Sampling Acceptance

Lot Size = 218 NTS Mud Pits
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Table D.1-2
Example Attributes Sampling and Acceptance

Case Parameters OC Curve

A
AQL = 1% (1 percent of NTS mud pits > RBCLs)
False Negative Risk = 5%
False Positive Risk = 20%

Characterize 79 of the remaining 218 NTS mud pits.
Entire lot passes if 1 or fewer are found to exceed 
RBCs.

B
AQL = 0.1% (0.1 percent of NTS mud pits > 
RBCLs)False Negative Risk = 5%
False Positive Risk = 20%

Characterize 52 of the remaining 218 NTS mud pits.
Entire lot passes if none are found to exceed RBCs.
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D.2.0 Standard Characterization Plan

This section devises an overall sampling characterization strategy based on the DQOs.  The strategy 

employs the widely recognized technique of acceptance sampling for attributes.  This technique 

develops a statistical lot sampling plan (Montgomery, 1991).  Another key component of the 

characterization strategy is determining the specific attributes to include in the sampling and how to 

sample each unit.  In this case, a unit is a mud pit.  

D.2.1 Sampling Attributes

The attributes that need to be characterized are derived from the risk assessment and the DQOs.   The 

first column in Table D.2-1 identifies the decision variables.  The attributable constituent column 

identifies the decision parameter.  This is the parameter that needs to be measured in order to gauge 

compliance.  Measurements of these parameters will be accompanied by statistical treatment to get a 

95 percent UCL estimate of the mean (or median in some cases) concentration.  Site-specific 

95 percent UCL concentrations will then be computed using actual data developed from the 

characterization.  Using the models described in the risk assessment, these site-specific 95 percent 

UCL concentrations will be used in computing the actual RBC metrics.     

As indicated in Table D.2-1, to accomplish this overall sampling characterization strategy, the 

95 percent4 UCL concentration of DRO must be determined for each of the characterized mud pits.  

D.2.2 Mud Pit Sampling

Sampling of the mud pits incorporates two important steps.  First, the number of samples to be 

collected must be determined.  From this, the spatial distributions of the samples should be 

considered.  

4. The confidence interval on NTS mud pits that have been characterized is 95 percent; the overall confidence on 
the NTS mud pits that are not characterized is 90 percent.  The approximate false negative confidence level 
for the lot of 218 NTS mud pit CASs is approximately 92 percent ([0.36* 95%] + [0.64 * 90%] = 
~ 92 percent).  Note also that the sample plan illustrated in Figure D.1-1 ignores the fact that 52 NTS mud pit 
CASs of the total 270 NTS mud pit CASs have already been shown to be in compliance with RBCs.  If the 52 
additional CASs are characterized and found to be compliant and the statistics are re-run with a total of 104 
compliant CASs, the overall probability of committing a false positive error will be ~ 3 percent.  
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D.2.3 Numbers of Samples 

For the purpose of estimating sample sizes, the Groups 1, 2, and 3, DRO- and GRO-contamination 

profiles displayed in Figure D.2-1 were developed from data in the NTS mud pit database.  The upper 

panel is a scatter plot of the 220 measurements that exceeded the PALs.  Summary statistics including 

the mean, median, etc., are provided in the insert box.  One notable observation of the graph is that all 

but two of the DRO and GRO measurements exceeding PALs is actually less than 35,000 mg/kg, 

which is an approximate human-health benchmark for DRO5.  The lower panel demonstrates that 

most DRO and GRO measurements exceeding PALs are actually within two standard deviations 

(2-sigma) of the mean.  In all, there are 5 measurements that approach or exceed 2-sigma.  These are 

referred to as “outliers” in the lower panel.  The two extreme values of 48,000 mg/kg are seen as 

outliers that are well above the 4-sigma line. 

Table D.2-1
Decision Variables and Principal Attributes

Decision Variables Attributable 
Parameter Remark

The NTS mud pit human health radiological TEDE 
≤15 mrem/yr Radionuclides Sporadic detections not related to 

NTS mud pit operationsa

The NTS mud pit human health lifetime added 
cancer risk  ≤1E-4 Radionuclides Sporadic detections not related to 

NTS mud pit operationsa

The NTS mud pit human health HQchemical  ≤1.0 Petroleum Mixtures 
(DRO) Common NTS mud pit contaminant

The NTS mud pit ecological HQchemical  ≤1.0 Petroleum Mixtures 
(DRO)b Common NTS mud pit contaminant

The NTS mud pit ecological SRradiological ≤1.0 Radionuclides Sporadic detections not related to 
NTS mud pit operations a

aOn this basis, the radionuclies will be dropped as decision variable.
bIn considering this attribute and parameter, it must be remembered that the evaluation actually used Toluene as a surrogate for 
DRO.  Thus, reliance on this parameter should be done cautiously and in light of the uncertainties in the toxicity data. 

The risk analysis of the habitat preferences of threatened and endangered species found at the NTS illustrated that they are not 
likely to frequent mud pits, and therefore unlikely to receive direct exposure from mud pit contaminants (Section 6.2.1).  The 
absence of the preferred habitats of these species in the vicinity of the NTS mud pits strongly suggests that the threats associated 
with listed endangered or threatened species are low.  As a result, concerns for listed threatened and endangered species found at 
the NTS are not a decision variable. 

5. Section 6.0 illustrated that the HI for routine worker exposure to DRO was 0.003.  An approximate human 
health-based benchmark concentration would be 70,000 mg/kg (210 mg/kg /0.003).  For estimating sample 
sizes, a somewhat more conservative estimate of 35,000 mg/kg (1/2 of 70,000 mg/kg) will be assumed.
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Figure D.2-1
Distribution Profile of DRO and GRO Measurements > PALs From Groups 1, 2, and 3
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This insightful analysis is required in order to determine the number of samples necessary to be 

collected at a given mud pit to estimate a mean concentration and the 95 percent UCL of the mean.  

The mean concentration and 95 percent UCL of the mean are necessary to demonstrate compliance 

with the DQO requirements.  

Table D.2-2 identifies sample sizes, which were computed with the MARSSIM Power Software that 

is supported by U.S. Nuclear Regulatory Commission (NRC), DOE, EPA, and DoD (NRC, 2000).  

Approximate sample sizes necessary to compute mean concentrations with a 95 percent confidence 

level, given an underlying standard deviation of 5,789 mg/kg, and a target acceptance criterion of 

35,000 mg/kg, are shown in Table D.2-2 for a fixed false negative (alpha) error rate, and  several false 

positive (beta) error rates.       

Depending upon the amount of false positive risk accepted, and the type of compliance test, sample 

sizes in the range of 4 to 11 have been computed.  It is important to note that the Wilcoxson Rank 

Sum (WRS) Test is a two sample test that is frequently used when background contamination is an 

important consideration (compares two populations).  The Sign Test is a one sample test (compares a 

population to a fixed value) which may better compliment the NTS mud pits decision analysis.  As 

can be seen, the Sign Test also requires a larger sample size.  Utilizing the Sign Test, between 6 and 

Table D.2-2
Sample Sizes for Individual NTS Mud Pit Characterizations

Based on DRO

Alpha (False 
Negative)

Beta (False 
Positive)

Sample Size

WRS Test Sign Test

0.05 0.1 7 11

0.05 0.2 5 9

0.05 0.3 4 6

Assumes an approximate human-health benchmark for DRO of 35,000 mg/kg
Standard deviation = 5,789
LBGR = 0

Single sample compliance tests commonly used: 
  WRS = Wilcoxson Rank Sum Test 
  Sign Test 

Source:  EPA, 2000b and NRC, 2000 
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11 samples would be appropriate for characterizing each NTS mud pit.  Therefore, 10 surface 

samples is the recommended number of samples for each NTS mud pit.

D.2.4 Sample Distribution at a NTS Mud Pit

The sample distribution at a given NTS mud pit is a key consideration in the DQO decision 

framework.  In order to honor the statistical theory of the compliance tests, the array of samples 

selected for a NTS mud pit characterization must be random.  However, the random sample array 

must also meet coverage, related considerations and should include samples from biased locations 

where an obvious stain or radiological hot spot exists.  An approach to deploying a specific set of 

samples using the Visual Sample Plan (VSP) software is illustrated in Figure D.2-2 (Battelle 

Columbus Laboratory, 2002).  Examination of Figure D.2-2 illustrates the deployment of 10 

characterization samples.   The sample locations are displayed in a triangular pattern to optimize the 

opportunity when identifying a hot spot.  As illustrated, for a typical NTS mud pit of 1,410 m2 

(150 x 100 ft), the largest unsampled circular area is about 20 m2, which is notably smaller than the 

home range of the White-Footed Mouse6.    

Figure D.2-2
Example Deployment of Samples at a NTS Mud Pit Using VSP

6. Of the three ecological receptors whose exposures were evaluated, the White-Footed Mouse has the smallest 
home range. 

Largest
Unsampled Hot Spot ~ 

20 m
2

Typical NTS Mud Pit
˜ 47m by 30m = 1410m2

Deployment of 10 Systematic Samples in a Triangular Array
A Random Start Point Ensure Unbiased Sampling

This deployment 
ensures that a hot spot 
= the size of the 
ecological receptors 
home range will not be 
missed.

Home range of the 
White-footed mouse ~ 
615 m2.  
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D.3.0 Stratified Selection of NTS Mud Pit CASs to Characterize

This section identifies the NTS mud pit CASs to be characterized using a stratified random approach.  

The technique ensures that the NTS mud pit CASs to be characterized are randomly selected.  The 

NTS mud pits located within the boundary of a potential or subsided crater area and those with 

existing investigation data were not considered for selection.  The health and safety risks posed by 

entry into a potential or subsided crater area along with the presence of investigation data were the 

primary factors that led to these decisions.

Random selection is important to the risk-based strategy from a statistical perspective.  The stratified 

selection of “allocation” approach is a straight forward proportional allotment of the 52 NTS mud pit 

CASs across the six mud pit categories.  An allocation of this type is referred to a stratified sampling 

plan.  Randomly beginning the allocation within each of the six types ensures an unbiased 

distribution, hence the term “stratified random selection”.  

Table D.3-1 illustrates this allocation.  Bold text indicates the NTS mud pit CASs that have been 

selected for characterization.       
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Table D.3-1
Identification of NTS Mud Pit CASs for Characterization

 (Page 1 of 3)

Mud Pit Categories

1 2 3 4 5 6 Sum

Number of CASs in NTS Mud Pit Inventory per Category

54 13 78 70 39 16 270

01-09-01 04-09-05 05-09-01 02-09-30 03-09-30 09-09-41

04-09-01 04-09-06 09-09-01 09-09-30 09-09-37 01-09-04

01-09-02 04-09-20 09-09-02 02-09-31 09-09-38 04-09-09

02-09-02 07-09-23 02-09-03 09-09-31 09-09-39 10-09-10

04-09-02 07-09-24 06-09-03 02-09-32 09-09-40 04-09-11

06-09-02 03-09-25 09-09-03 09-09-32 02-09-44 04-09-22

01-09-03 07-09-25 02-09-04 02-09-33 02-09-45 07-09-28

04-09-03 03-09-26 08-09-04 09-09-33 02-09-46 03-09-29

04-09-04 03-09-27 09-09-04 02-09-34 02-09-47 07-09-29

07-09-06 03-09-28 02-09-05 09-09-34 05-09-02 19-09-31

07-09-07 19-09-19 09-09-05 02-09-35 05-09-03 19-09-32

03-09-08 19-09-20 02-09-06 09-09-35 05-09-04 19-09-33

07-09-08 20-09-11 09-09-06 02-09-36 06-09-04 19-09-34

03-09-09 02-09-07 09-09-36 08-09-05 20-09-44

07-09-09 04-09-07 02-09-37 01-09-06 20-09-45

03-09-10 09-09-07 02-09-38 08-09-06 20-09-46

07-09-10 10-09-07 02-09-39 01-09-07

03-09-11 02-09-08 02-09-40 01-09-09

07-09-11 04-09-08 02-09-41 04-09-16

03-09-12 09-09-08 02-09-42 04-09-17

07-09-12 10-09-08 09-09-42 04-09-18

03-09-13 02-09-09 02-09-43 04-09-19

07-09-13 09-09-09 09-09-43 04-09-21

03-09-14 10-09-09 09-09-44 10-09-22

07-09-14 02-09-10 09-09-45 10-09-23

03-09-15 04-09-10 02-09-50 10-09-24

07-09-15 09-09-10 02-09-51 10-09-25

03-09-16 02-09-11 02-09-52 07-09-27

07-09-16 09-09-11 02-09-53 14-09-01

03-09-17 10-09-11 02-09-54 14-09-02

07-09-17 02-09-12 02-09-55 17-09-01
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03-09-18 04-09-12 02-09-56 19-09-29

07-09-18 09-09-12 10-09-13 19-09-30

03-09-19 10-09-12 04-09-14 20-09-38

07-09-19 02-09-13 10-09-14 20-09-39

03-09-20 04-09-13 04-09-15 20-09-40

07-09-20 09-09-13 10-09-15 20-09-41

03-09-21 02-09-14 10-09-16 20-09-42

07-09-21 09-09-14 10-09-17 20-09-43

03-09-22 02-09-15 10-09-18

07-09-22 09-09-15 10-09-19

03-09-23 02-09-16 10-09-20

03-09-24 09-09-16 10-09-21

19-09-08 02-09-17 09-09-24

19-09-09 09-09-17 09-09-25

19-09-10 02-09-18 09-09-26

19-09-11 09-09-18 02-09-27

19-09-12 02-09-19 09-09-27

19-09-13 09-09-19 02-09-28

19-09-14 02-09-20 09-09-28

19-09-15 09-09-20 02-09-29

19-09-16 02-09-21 09-09-29

19-09-17 09-09-21 19-09-26

19-09-18 02-09-22 19-09-27

09-09-22 19-09-28

02-09-23 20-09-23

09-09-23 20-09-24

02-09-24 20-09-25

02-09-25 20-09-26

02-09-26 20-09-27

07-09-26 20-09-28

10-09-26 20-09-29

Table D.3-1
Identification of NTS Mud Pit CASs for Characterization

 (Page 2 of 3)

Mud Pit Categories

1 2 3 4 5 6 Sum

Number of CASs in NTS Mud Pit Inventory per Category

54 13 78 70 39 16 270
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19-09-21 20-09-30

19-09-22 20-09-31

19-09-23 20-09-32

19-09-24 20-09-33

19-09-25 20-09-34

20-09-12 20-09-35

20-09-13 20-09-36

20-09-14 20-09-37

20-09-15

20-09-16

20-09-17

20-09-18

20-09-19

20-09-20

20-09-21

20-09-22

Proportional Distribution by Type

20% 5% 29% 26% 14% 6% 100%

Number to Sample Based on n = 52

10 3 15 13 8 3 52

Sample Every “nth CAS” (No. in Inventory/No. to Sample)

Random Random Random Random Random Random

Source:  FFACO, 1996

Table D.3-1
Identification of NTS Mud Pit CASs for Characterization

 (Page 3 of 3)

Mud Pit Categories

1 2 3 4 5 6 Sum

Number of CASs in NTS Mud Pit Inventory per Category

54 13 78 70 39 16 270
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Appendix E

Modeling Support Information



E.1.0 Residual Radiation Ecorisk

This appendix is intended to provide information regarding the models used in the risk assessment.  

Residual Radiation Ecorisk can be downloaded from the DOE’s RESRAD Home Page at 

http://web.ead.anl.gov/resrad/home2/.  The code is menu driven.  There is no user’s manual.  This 

appendix will generally guide a user through the input screens to reproduce the findings presented in 

Section 6.0.  As discussed in Section 6.0, RESRAD Ecorisk was run in default mode with very few 

modifications to the “default” parameters that are provided with the code.  Note that by eliminating 

the water consumption pathway, the need to specify many of the input requirements 

(e.g., hydrological and geological input) is circumvented.  Table E.1-1 is a guide intended to take the 

reader through completion of the NTS mud pits screening level ecological risk assessment.  The 

RESRAD Ecorisk output can be found in Appendix F.      

Table E.1-1
RESRAD Ecorisk Guide

 (Page 1 of 2)

Menu Input 
Screen Action Remark

Change Title Name the output file Use the RESRAD Ecorisk default input file as the 
“initial” data file and rename the “final” appropriately.

Select 
Receptors

Suppress the American Robin and Mallard 
species.

This will leave the White-Tailed Deer, Eastern 
Cottontail and White-Footed Mouse species active. 

Set Pathways

Suppress the Water Uptake Pathways for the 
White-Tailed Deer, Eastern Cottontail and 
White-Footed Mouse.  

This will leave active:

1.  Vegetation pathway for the White-Tailed deer, 
Eastern Cottontail, and the White-Footed Mouse. 

2.  Soil uptake pathway for Eastern Cottontail and 
White-Footed Mouse.

3.  Invertebrate uptake pathway for the White-Footed 
Mouse.
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Modify Data

Contaminated zone parameters

Set area of contaminated zone = 1,500 m2

Set thickness of contaminated zone = 0.3048 m
Set calculation times = 1, 3, 10, 30, 100 yrs.

These dimensions generally correspond to a typical 
mud pit.  

Initial Concentrations of Chemicals

Toluene = 210 mg/kg
The maximum toluene concentration measured.

Cover and Contaminated Zone Hydrological Data

Set cover depth = 0 

This places the mud layer at the surface.

Note since the water consumption pathways are not 
active, the numerous hydrologic inputs also 
displayed on this screen are not used.  

Saturated Zone Hydrological Data

No modifications

Note again that since the water consumption 
pathways are not active, the numerous hydrologic 
inputs on this screen are not used.  Use the default 
Kd for toluene that is provided.

Uncontaminated and Unsaturated Strata 
Hydrological Data

No modifications

Distribution Coefficients and Leach Rates

No modifications

General Parameters

No modifications

Target Ecological Hazard Quotient Limits

No modifications

Exposure parameters for the White-Tailed Deer, 
Eastern Cottontail, and White-Footed Mouse

No modifications

Note that the exposure parameters are the same as 
those identified in Table 4-4.  

Graphics 
Parameters No modifications User can select graphics options.

Run RESRAD Follow commands 

View Output Follow commands
Note the graphics options provide succinct 
summaries. The printed output is somewhat involved 
and lengthy. 

Reset Colors No modifications

Modify Library No modifications User can specify chemical-specific properties, 
including benchmark values for target species.

Quit Follow commands

Table E.1-1
RESRAD Ecorisk Guide

 (Page 2 of 2)

Menu Input 
Screen Action Remark
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E.2.0 RESRAD Biota

The RESRAD Biota can be downloaded from the DOE’s RESRAD Home Page at 

http://web.ead.anl.gov/resrad/home2/.  The code is menu driven.  There is a user’s manual.  This 

appendix will generally guide a user through the input screens to reproduce the findings presented in 

Section 6.0.  As discussed in Section 6.0, RESRAD Biota was run in default mode with very few 

modifications to the “default” parameters that are provided with the code.  Readers should review 

Section 4.7.2 and Figure 4-3.  

In order to demonstrate RESRAD Biota, CAS 20-09-23 will be duplicated below.  

The general input screen for CAS 20-09-23 is illustrated in Figure E.2-1 below.  Note that Cs-137 is 

selected and the maximum soil concentration, 10.2 pCi/g, is entered; terrestrial animals and plants are 

selected as the target biota.  No other modifications are made.  Pressing the “Run” button executes the 

program.      

Figure E.2-1
RESRAD Biota Input Screen
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The main result output page is presented in Figure E.2-2 below.     

Note that the Summed Ratios (SR) is 0.47, which is the ratio of the maximum Cs-137 soil 

concentration to the BCG [0.47 = 10.2 pCi/g/21.7 pCi/g].  The BCG is the Cs-137 concentration that 

produces 0.1 RAD per day to the target biota (See Figure 4-3).  Figure E.2-3 shows a graphical 

depiction of the SRs for the terrestrial animal and plant.  Note that the SR for the terrestrial animal 

(0.47) far exceeds the SR for the terrestrial plant; hence, the terrestrial animal is identified as the 

“limiting” organism.     

Figure E.2-2
RESRAD Biota Main Output Screen
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Figure E.2-3
RESRAD Biota Graphical Depiction of SRs
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E.3.0 RESRAD 

The RESRAD can be downloaded from the DOE’s RESRAD Home Page at 

http://web.ead.anl.gov/resrad/home2/.  The code is menu driven.  There is an extensive users manual 

at the same web site that gives an excellent technical description of the model and comprehensive 

user guidance.  Section E.3.0 will generally guide a user through the input screens to reproduce the 

findings presented for the Future Worker at CAS 20-09-23 found in Section 6.0.   Table E.3-1 is a 

guide intended to take the reader through this process.  Select RESRAD input screen are provided to 

illustrate input parameters.  Readers may wish to consult Table 4-2 and its accompanying text.  The 

RESRAD outputs for all cases reported in Section 6.0 can be found in Appendix F.                                          

Table E.3-1
RESRAD Guide

 (Page 1 of 2)

Menu Input 
Screen Action Remark

Introduction Gain familiarity See Figure E.3-1.

Change Title
Name the output file 

Check box for time-integrated probabilistic risk assessment
See Figure E.3-2

Set Pathways

External gamma, inhalation, soil ingestion activated

Note:  by not employing the water and vegetation pathways, 
many of the RESRAD input parameters are not necessary 
and are not available for modification. 

See Figure E.3-3.

Modify Data

Most input information occurs in this section See Figure E.3-4.

Soil Concentrations;
Initial Concentrations of Chemicals

Cs-137* = 10.7 pCi/g

See Figure E.3-5.

Set calculation times Ensure 25 yr is set.

Contaminated Zone Parameters

Area = 1,500 m (typical mud pit area)

Depth = 0.3 m (~ 1-ft mud layer)

See Figure E.3-6.

Cover and Contaminated Zone Hydrological Data

Cover depth = 0 (places mud pit contaminated layer at the 
surface)

Other parameters are set to typical NTS physical conditions.

See Figure E.3-7.
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Modify Data

Saturated Zone Hydrologic Data

 NOT USED

Since the water pathways are not 
activated (see Figure E.3-2), these 
input screens are not used. 

Unsaturated Zone Hydrologic Data

NOT USED

Occupancy, Inhalation, External Gamma Data

Inhalation = 13,140 m3/yr (aligns with EPA Exposure Factors 
for moderate work; 12 m3/day (See Table 4-2)

Exposure duration = 25 yrs (ED of 25 years to permit cancer 
risk calculation) (see Section 4.6)

Indoor time fraction = 0.0 (all work time is outdoors in mud-pit 
media)

Outdoor time fraction = 0.228 (see Section 4.6)

Shape of contaminated zone = Circular (simplified 
assumption)

See Figure E.3-8.

Note these parameters are set to 
coincide with the EPA exposure 
assumptions discussed in Section 4.6.

Dietary Pathway, Ingestion Pathway
Soil Ingestion = 109.5 g/yr (aligns with EPA Exposure Factors 
for 100 mg/day (see Table 4-2)

See Figure E.3-9.
Coincides with the EPA exposure 
assumptions discussed in Section 4.6

Ingestion Nondietary, Radon, Storage Times, C-14 Input screens are not used.

Graphics 
Parameters No modifications User can select graphics options.

Run RESRAD Follow commands 

View Output

Follow commands

Dose results appear on the Summary Report

Cancer-risk results appear on the Health Risk Report 

Note:  the graphics options provide 
succinct summaries. The printed 
outputs are somewhat involved and 
lengthy. 

Reset Colors No modifications User preference

Dose Factors No modifications
User can specify view and specify dose 
conversion factors and cancer slope 
factors.

Quit Follow commands

Table E.3-1
RESRAD Guide

 (Page 2 of 2)

Menu Input 
Screen Action Remark
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Figure E.3-1
RESRAD Introduction Screen

Figure E.3-2
Change Title
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Figure E.3-3
Set Pathways

Figure E.3-4
Modify Data
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Figure E.3-5
Set Soil Concentrations

Figure E.3-6
Set Contaminated Zone Parameters
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Figure E.3-7
Set Cover and Contaminated Zone Hydrologic Data

Figure E.3-8
Set Occupancy, Inhalation and External Gamma Data
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Figure E.3-9
Set Ingestion Pathway, Dietary Data
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E.4.0 SESOIL and Summer’s Model

The SESOIL compartment model is a public domain software system developed by EPA that is 

widely used to evaluate vadose zone leaching and transport.  The code is menu driven and utilizes 

data from internal databases that the user can specify and/or modify.  The code can be purchased from 

General Sciences Corporation (301-931-2900).  Readers should review Appendix A A and 

Figure A.3-1 in particular where the conceptualization and general input parameters are defined.  

Inspection of Figure A.3-1 reveals that the model is configured to provide a conservative assessment.  

Table E.4-1 is the same as Table A.3-1; repeated here to aid the reader.       

Table E.4-1
SESOIL Modeling Input Variables

Major Input Input Remark

Atmospheric data Beatty, Nevada 
Weather Station From SESOIL database.  

Time period 50 years Adequate to observe modeled impacts

Chemical 
parameters

Refer to 
Table A.2-1 Standard sources, most from TPHCWG

Source area 30,000 ft2 Approximate area of a large return mud pit (~ 200 x 150 ft)

Source thickness 3 ft Conservative estimate of a possible continuous layer of contamination

Source 
Concentrations

n-Hexadecane = 
1,000 mg/kg

Both are surrogates for TPH (DRO)
n-Hexadecane represents the typical straight chain alkane fraction of #2 
Diesel.  Straight chain alkanes in this molecular weight range (C=16) are very 
immobile.

The concentration of 1,000 mg/kg was selected because this is within the 
range of DRO soil concentrations.  Additionally, based on trial runs, it was 
judged that 1,000 mg/kg would be a sufficient concentration to see notable 
effects from the model. 

Alluvial Soils “Bard- Tonapah” 
soil types

From SESOIL database.

The NTS soil consists primarily of gravelly, sandy loams and gravelly sands.  
The permeability of the Bard soils is moderate, and the water capacity is low 
(NNSA/NV, 2002).

Infiltration is computed internally using Beatty, Nevada atmospheric data.

Source:  GSC, 1998
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The following figures illustrate the SESOIL and Summer’s model input parameters.  Readers should 

recall that the SESOIL and Summer’s models used NTS data to the extent practical.  However, the 

source term was intentionally exaggerated (1,000 mg/kg DRO dispersed over the entire 90,000 ft2 

mud layer) and the depth to groundwater was intentionally set at 100 feet, which is notably less than 

the actual depth to groundwater.  The inputs to the Summer’s mixing zone model (Figure E.4-4) are 

intended to reflect a shallow and generally transmissive perched zone.  The SESOIL and Summer’s 

model output are provided in Appendix F.                

Figure E.4-1
Beatty, Nevada Weather Station Input Data
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Figure E.4-2
Bard Soil Properties Input Data

Figure E.4-3
DRO Chemical Properties Input Data
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Figure E.4-4
Saturated Zone Properties Input Data
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E.5.0 References

GSC, see General Sciences Corporation.

General Sciences Corporation.  1998.  SESOIL, Ver. 3.0, Beltsville, MD.

NNSA/NV, see U.S. Department of Energy, National Nuclear Security Administration Nevada 
Operations Office

U.S. Department of Energy, National Nuclear Security Administration Nevada Operations Office.  
2002.  Final Environmental Impact Statement for the Nevada Test Site and Off-Site Location in 
the State of Nevada.  Las Vegas, NV.
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Appendix F

RESRAD Ecorisk and SESOIL Models Output
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15. Section 4.4,
page 38

M Reference is made to groundwater depths of 260 ft bgs to 525
ft bgs.  A check of the units of measure is desired.

The 2nd sentence in the third bullet of Section 4.4,
Identification of Exposure Media and Routes of Exposure
was revised to “In most areas, water levels at the NTS are
greater than 800 ft bgs (BN, 2001).”

16. Section 7.5.1,
page 71

M Table 7-2 contains a mention of mud pit categories.  Section
7.5.1 should contain a definition of the categories or should
reference Table 2-1 and the Mud Pit Inventory or Mud Pit
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the beginning of the 1st paragraph in Section 2.3, NTS Mud
Pit Categories.  The sentence “A detailed explanation of the
mud pit categories can be found in Section 2.3 and Table
2.1" was added to the revised Section 7.5.1,
Characterization Optimization - Number of NTS Mud Pits to
Characterize.
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