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ABSTRACT 
 
The U. S. Department of Energy’s (DOE) National Nuclear Security Administration Nevada 
Operations Office (NNSA/NV) Environmental Management (EM) Underground Test Area 
(UGTA) project addresses the characterization and needs for long-term monitoring of the 
subsurface contamination resulting from 828 underground nuclear weapon tests at the Nevada 
Test Site (NTS).  EM promotes, and is required, to include stakeholders in its program.  
However, UGTA is a very complex program not easily understood by members of the public.  
The NTS Community Advisory Board (CAB), a federally chartered Site Specific Advisory 
Board (SSAB), has studied the UGTA project since 1996, and has found it a challenge to 
completely comprehend and provide NNSA/NV meaningful citizen input.  The CAB realized the 
benefit of a technical peer review and in 2000 recommended to NNSA/NV that a peer review of 
the UGTA strategy would provide valuable feedback to the program to address underground 
contamination at the NTS.  NNSA agreed to the CAB’s recommendation, and moved forward 
with a scope of work to have the American Society of Mechanical Engineers (ASME) perform 
the peer review of the UGTA strategy.  The ASME began the peer review in June 2001, and their 
final report was published in November 2001.  In January 2002, the CAB devoted their monthly 
meeting in Las Vegas, Nevada to reporting the results of the peer review of the UGTA strategy 
to the public.  Two public workshops were later held in the community of Amargosa, Nevada 
during the month of January to help educate and build interest in the CAB February 2002 
monthly meeting which was also held in Amargosa.  The CAB recommendation to NNSA to 
utilize a technical peer review has provided valuable information to NNSA, the State of Nevada, 
and the CAB.  At other DOE sites SSABs are challenged by a number of complex, technical 
programs requiring considerable time and resources for the board to comprehend.  It is worth 
considering the utilization of an independent, technical peer review to help provide credible and 
invaluable feedback for both DOE sites and stakeholders. 
 
INTRODUCTION 
 
The Environmental Management (EM) Site-Specific Advisory Board (SSAB or Board) provides 
the Assistant Secretary for EM, the appropriate Site Manager(s), and any other designated U.S. 
Department of Energy (DOE) officials advise and recommendations concerning issues affecting 
the EM program at various sites.  Since 1994 the mission of the Community Advisory Board 
(CAB) is to provide recommendations and advice to the National Nuclear Security 
Administration (NNSA) Nevada manager relative to EM, environmental restoration, waste 
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management and technology development at the Nevada Test Site (NTS).  This requires the 
review of related plans and programs, doing budget analysis, reviewing and prioritizing EM 
projects, and forwarding comments and recommendations from the CAB to NNSA for review 
and action, as appropriate. 
 
NTS FACILITY 
 
The NTS was established as the principal U.S. nuclear weapons testing facility in the early 
1950’s.  The 1,375 square mile facility is located approximately 65 miles northwest of Las 
Vegas, Nevada entirely within Nye County (Figure 1).  The Nellis Air Force Range (NAFR) 
buffers the NTS on the east, north, and west.  Lands of the Bureau of Land Management provide 
a buffer on the south and southwest boundaries of the NTS (1). Since the early 1950’s, the NTS 
has been the location of more than 900 atmospheric and underground nuclear tests.  These tests, 
plus related support activities and nuclear rocket experiments, have contaminated portions of the 
NTS.  In 1989, NNSA/NV initiated an environmental restoration program to address concerns 
relating to this contamination.  The program was designed to coordinate and carry out numerous 
cleanup activities, ranging from the removal of underground storage tanks to the remediation of 
plutonium-contaminated soils. 
 
A total of 908 historical nuclear detonations were conducted in shafts and tunnels at depths 
ranging from approximately 90 to 4,800 feet below the ground surface at the NTS.  About one-
third of these detonations occurred near or below the water table, which resulted in groundwater 
contamination.  A moratorium on full scale nuclear testing began in 1992 and ended further 
introduction of new contamination to the groundwater system.  Hydrologic research on the 
effects of underground nuclear testing to local and regional groundwater flow system was 
initiated in the 1970s.  A brief summary of the history and events related to the investigation and 
monitoring of the NTS groundwater system is given in Table 1 (2). 
 
GROUNDWATER ISSUE-UGTA PROJECT 
 
The NTS is the location for one of the federal government’s most comprehensive groundwater 
study programs (3).  The NNSA began this intensive, long-term program with the purpose of 
maintaining safe groundwater conditions both at, and surrounding, the NTS.  The aim of these 
groundwater studies has been to: identify radiological risks (if, where, and when they exist) 
resulting from underground nuclear testing; predict groundwater movement; and define 
boundaries for safe water use. 
 
The Groundwater Characterization Project was formed in 1989 to evaluate the extent of 
contamination to the groundwater resulting from past testing activities.  In 1992, the project was 
renamed the Underground Test Area (UGTA) Project.  The UGTA Project incorporates various 
components, such as sampling technology, contaminant characterization, computer modeling, 
and process validation.  Utilizing these components, UGTA designed a two-part, phased 
strategy—objective of which is to establish a sound compliance-monitoring network using both 
new and existing wells.  The first phase of the strategy consists of a regional evaluation and 
development of a regional groundwater flow model, which explores the groundwater pathways 
over large areas both up gradient and down gradient from underground nuclear testing locations.   
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Figure 1.  Location map of the Nevada Test Site and areas subject to the Federal Facility 
Agreement and Consent Order in the State of Nevada.



WM’03 Conference, February 23-27, 2003, Tucson, AZ 

 4

Table 1. Brief Summary of the Investigation and Monitoring of the Groundwater System at 
the Nevada Test Site (NTS) Contaminated by Underground Nuclear Testing. 
 
year major events 

 
1960-
1970 

Above ground nuclear testing generated unacceptable contamination of the atmosphere with fallout 
primarily as tritium so USA & USSR agreed to above ground testing moratorium in 1963.  Only 
underground testing conducted at NTS since 1963.  Community monitoring of water supplies around NTS 
indicates no offsite presence of radioactivity from underground nuclear testing. 

  
1970-
1990 

National policy supports a vigorous nuclear weapons program as part of defense posture.  Offsite water 
monitoring continues to show no radioactivity attributable to underground nuclear testing at NTS.  1982 
Yucca Mountain designated as a candidate site for deep geologic repository enhanced the need for regional 
groundwater modeling.  1987 Nuclear Waste Policy Act amended to focus only on Yucca Mountain & 
emphasis on the need for regional groundwater modeling increased.  1989 DOE audit of NTS finds major 
environmental deficiencies especially lack of program to manage groundwater contamination from past & 
active underground nuclear weapons testing. 

 
1990 

DOE/NV develops plans to construct 100 wells over 10 years to investigate groundwater contamination at 
NTS.  Groundwater Characterization Project established as working concept to study & manage 
groundwater contamination. 

 
1991-
1993 

DOE/NV & State of Nevada sign Agreement in Principal for environmental oversight of NTS activities.  
1992 Moratorium suspends full-scale underground nuclear testing at NTS.  1993 Pilot risk assessment 
predicts tritium in groundwater from underground testing in northwest area of the NTS could migrate 
down gradient to Oasis Valley area, Nevada, or it may not go beyond U.S. Air Force lands. 

 
 

1994 

Groundwater Characterization Project changed to Underground Test Area (UGTA) Operable Unit.  
Negotiations begin between DOE/NV, State of Nevada, & US Department of Defense for Federal Facility 
Agreement & Consent Order (FFACO) to establish an acceptable regulatory process to bring plutonium 
soil sites, industrial sites, and underground test areas into regulatory compliance. 

 
1996 

FFACO formally signed & initial strategy to use existing data and regional & local-scale computer models 
to predict boundaries of unsafe NTS groundwater contamination for 1000 years described.  1990 program 
plan to drill 100 wells over 10 years dropped.  UGTA strategy groups groundwater contamination areas of 
NTS into Corrective Action Units or CAUs.  

 
1997 

Regional Groundwater Flow & Tritium Transport Modeling-Risk Assessment of UGTA completed. 
Conservative assessment indicates the possibility of offsite tritium migration or that contamination will not 
get beyond U.S. Air Force lands.  Study of remedial alternatives to manage underground contamination at 
NTS report completed.  Initial UGTA strategy of modeling the contaminant boundaries of all NTS 
groundwater contamination estimated to: require no new monitoring wells; take 14 years to complete; & 
cost $269 million to finish followed by 50 years of monitoring.    

 
1999 

DOE completes construction & data collection of monitoring wells in Oasis Valley, Nevada to help 
enhance Pahute Mesa CAU investigation & modeling.  Internal peer review of Frenchman Flat CAU (FF-
CAU) model prediction of contaminant boundary using existing data found not acceptable due to large 
amount of uncertainty & lack of critical site-scale data.  Peer review of FF-CAU recommends construction 
of additional monitor wells & more site-scale data collection.   

 
2000 

DOE begins renegotiation of initial UGTA strategy & cost estimate to model & monitor extent of unsafe 
groundwater at NTS.   Additional work required to reduce uncertainty & make prediction of contaminant 
boundary in the FF-CAU acceptable are used as a cost estimate for the additional work likely to be 
required for the other CAUs in the revised & renegotiated UGTA strategy.  NTS Community Advisory 
Board (CAB) recommends DOE conduct an independent peer review of UGTA strategy. 

 
2001 

Revision No. 3 of the UGTA Project Life-Cycle Baseline estimate reveals that implementation of the 
revised & renegotiated UGTA strategy to attain regulatory closure for the five CAUs followed by 100 
years of monitoring to the year 2129 will cost a total of $2.2 billion.  DOE agrees with NTS CAB 
recommendation and has American Society of Mechanical Engineers complete peer review of UGTA 
strategy.  DOE/NV reorganized under National Nuclear Security Agency (NNSA/NV). 
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The second phase consists of the development of local models to help scientists and regulators 
identify contaminant movement and boundaries that are unique to each of the underground test  
areas.  The UGTA Project is also based on grouping the underground test areas into five 
geographically distinct units called Corrective Action Units or CAUs (Figure 2).  Within each 
CAU are a specific number of Corrective Action Sites or CASs. 
 
The CAUs shown in Figure 2 are based on the following information: 
 

1. Frenchman Flat CAU consists of 10 CASs located in Areas 5 and 11.  These sites are the 
remnants of tests conducted in both vertical emplacement holes and mine shafts. 

2. Western Pahute Mesa CAU consists of 18 CASs in Area 20 and are the remnants of tests 
conducted in vertical emplacement holes. 

3. Central Pahute Mesa CAU consists of 64 CASs in Areas 19 and 20, and are the remnants 
of tests conducted in vertical emplacement holes. 

4. Yucca Flat/Climax Mine CAU consists of 720 CASs located in Areas 1, 2, 3, 4, 6, 7, 8, 9, 
10, and 15.  These sites are remnants of tests conducted in vertical emplacement holes 
and tunnels. 

5. Rainer Mesa/Shoshone Mountain CAU consists of 66 CASs located in Areas 12 and 16.  
These sites are remnants of test conducted primarily in tunnels. 

 
According to the Federal Facility Agreement and Consent Order (FFACO), the environmental 
remediation plan for the NTS signed by the NNSA and the Nevada Division of Environmental 
Protection (NDEP) in 1996, a Corrective Action Strategy specific to UGTA Project was agreed 
upon.  The strategy for UGTA is based on two principal assumptions.  The first assumption is 
that the original strategy can initially be achieved utilizing existing data and wells.  The second 
assumption is that the proposed remediation option will be long-term monitoring.  The current 
UGTA strategy is depicted in the generalized flow diagram called the Complex Corrective 
Action Process (Figure 3). This generalized process does not necessarily apply to the strategy.  
 
The UGTA strategy process flow diagram contains five major decision points where data and/or 
data analysis are reviewed and consensus reached before proceeding with next step.  The 
regulatory deliverable documents for each CAU that result from this process are: 1) Corrective 
Action Investigation Plan (CAIP); 2) Corrective Action Decision Document (CADD); 3) 
Corrective Action Plan (CAP); and 4) Closure Report (CR).  This process will analyze and 
evaluate each CAU through a combination of data and information collection and evaluation, and 
the modeling of groundwater flow and contaminant transport.  This analysis will estimate the 
vertical and horizontal extent of contaminant migration to predict contaminant boundaries.  The 
contaminant boundary is the extent of radionuclide-contaminated groundwater above 
background conditions exceeding Safe Drinking Water Act standards within 1,000 years at a 
95% level of confidence. 
 
STAKEHOLDER CONCERNS 
 
Since 1996 the NTS CAB and stakeholders have expressed concerns about the groundwater 
system contaminated by underground nuclear weapons testing.  The issue is a multi-component 
topic heavily based in the subjects of geology, hydrology, contaminant transport, flow modeling, 
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Figure 2.  Location map of the underground test area corrective action units (CAUs) on the 
Nevada Test Site. 
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Figure 3.  Generalized process flow diagram for the underground test area corrective action units 
at the Nevada Test Site. 
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data adequacy, and regulatory process.  Most stakeholders are challenged to have enough time 
and resources to read through technical reports, and comprehend briefings in order to follow the 
evolution and status of such a complex problem.  In an effort to help the NTS CAB grasp 
important aspects of the UGTA issue where public feedback was very desirable, the UGTA 
strategy questions were developed by NNSA/NV for the board’s response.  These four questions 
framed key components of the UGTA issue into simple statements the CAB could respond to 
without having to sort through substantial information on their own. 
 
The four UGTA strategy questions were as follows:   

1. Does the CAB agree with the UGTA strategy?  Why or why not? 
2. Does the CAB consider defining contaminant boundaries important? 
3. Should the DOE abandon the strategy and:  

a. Define where the contaminant plumes are?   
b. Establish a sentinel line of monitoring wells? 

4. Can the CAB provide an alternative strategy for addressing groundwater contamination? 
 
Despite the simplification of the framing the UGTA issue into four key questions, the CAB spent 
a year of effort before submitting a final response to NNSA/NV in early 2000. 
 
Simultaneously as the CAB was developing a response to the UGTA strategy questions, the 
NNSA/NV conducted an internal peer review of their data analysis and contaminant boundary 
prediction for the Frenchman Flat Corrective Action Unit (FF-CAU).  The FF-CAU was 
prioritized as the first group of five CAUs to be addressed according to the initial UGTA 
strategy.  Frenchman Flat was viewed as the least complex CAU to demonstrate the operation of 
the UGTA strategy using the existing database.  The peer review determined not enough was 
known about the potential for contaminant migration into the regional aquifer and more site-
scale data would be required to address a number of uncertainties in the data analysis and 
prediction of the contaminant boundary. 
 
Results of the FF-CAU peer review were utilized by the Nevada Division of Environmental 
Protection (NDEP) to write a letter to NNSA/NV describing data deficiencies that would have to 
be addressed as part of the ongoing CAIP.  NNSA/NV responded to NDEP’s concerns, and both 
parties agreed to an amendment of the CAIP which consisted of more data collection utilizing 
exploration wells, aquifer testing, seismic surveys, geochemistry, data analysis, and revised 
modeling of potential contaminant migration. 
 
The NTS CAB closely followed the results and benefits of the peer review of the FF-CAU data 
analysis.  The board realized that a peer review of the overall UGTA strategy would be a wise 
and beneficial way the public could provide credible and invaluable feedback to NNSA/NV.  So 
in the CAB’s response to the No. 4 UGTA strategy question, the board recommended the 
independent peer review of the strategy in a manner similar to the FF-CAU peer review. 
 
NNSA/NV addressed the NTS CAB response to the UGTA strategy questions in late 2000, and 
agreed to support a peer review of the UGTA strategy.  The board was requested to provide 
suggestions for a specific scope of work in the peer review that NNSA/NV would consider when 
making the final scope of work. 
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UGTA STRATEGY PEER REVIEW 
 
Development of a recommendation letter from the CAB on a scope of work for a peer review of 
the UGTA strategy was a lively discussion topic, because some members of the board wanted 
more than just a review of the strategy.  Some members thought that the peer review should 
include a review of the funding spent on, and the management of the project to date.  Others 
wanted the review to include hands-on data analysis by the reviewers to see if they would get the 
same results as previous studies performed by NNSA/NV and its EM contractors.  The CAB had 
to be instructed that the peer review was to focus only on the strategy, not everything that was of 
concern regarding the entire UGTA issue.  The review would be a very systematic study of 
existing documentation by a well-rounded team of experts who would respond to a specific set of 
instructions and/or questions about the UGTA strategy.  One noteworthy concern the CAB had 
over the strategy was the adequacy of this approach to provide early warning of potential 
contaminant migration in the area down gradient of Pahute Mesa.   In early 2001 the CAB 
submitted their final recommendation letter of suggestions for the peer review scope of work, 
and NNSA/NV utilized the CAB’s recommendations in developing the UGTA strategy peer 
review criteria.  Eleven key questions or criteria made up the final scope of work that would 
constitute the peer review of the UGTA strategy.  
 
NNSA/NV called upon the American Society of Mechanical Engineers (ASME) and the Institute 
for Regulatory Science (RSI) to assemble an independent review team to conduct the formal 
review.  The NNSA/NV enlisted the assistance of the ASME/RSI team, which is well known for 
its significant scientific and technical expertise, its reputation for being independent and 
unbiased, and its commitment to stakeholder involvement.  The ASME peer review panel kicked 
off its effort with a tour of the NTS and a three-day public workshop in June 2001 (4).  Key 
representatives from NNSA/NV, NDEP, and the CAB briefed reviewers on key components of 
the project and issues of concern.  Stakeholders and members of the media were also present at 
the workshop. 
 
The 11 criteria for UGTA strategy peer review are as follows: 

1. Is the segmentation of the testing areas of the Nevada Test Site (NTS) into five Corrective 
Action Units (CAUs) reasonable? 

2. Is the corrective action strategy divided into a logical sequence of steps? 
3. Are the activities within each Corrective Action Investigation Plan (CAIP) step 

appropriate and necessary to complete that step successfully? 
4. Are the activities within each Corrective Action Investigation (CAI) step appropriate and 

necessary to complete that step successfully? 
5. Are the activities within each Corrective Action Decision Document (CADD) step 

appropriate and necessary to complete that step successfully? 
6. Are the activities within each Corrective Action Plan (CAP) step appropriate and 

necessary to complete that step successfully? 
7. Are the activities within each Closure Report (CR) step appropriate and necessary to 

complete that step successfully? 
8. Is the strategy outlined in Appendix VI, Section 3.0 of the Federal Facility Agreement and 

Consent Order (FFACO) scientifically defensible? 
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9. Will the implementation of the strategy result in an effective monitoring network able to 
detect movement of contaminants or changes in the groundwater system early enough to 
take corrective action? 

10. Has the Project Team evaluated potential alternatives that address the remediation of 
groundwater contamination? 

11. Has the Project Team developed an adequate mechanism for stakeholder participation? 
 
The ASME/RSI team thoroughly addressed the 11 criteria and was near completion of a final 
report.  After some delay the final report was issued in November 2001 consisting of a total of 
225 pages, 43 figures, and 27 tables based on 222 references.  In brief, the ASME/RSI found the 
UGTA strategy to be largely acceptable although some steps lacked all the procedures 
recommended for a complete and thorough technical analysis.  Eight recommendations were 
provided by the review panel along with their response to the 11 criteria as suggestions to help 
clarify and improve parts of the overall process leading to regulatory closure for the five CAUs. 
 
RESULTS AND LESSONS LEARNED 
 
The NTS CAB devoted its January 2002 public meeting in Las Vegas, Nevada to sharing the 
results of the UGTA strategy peer review with the public.  Members of the ASME/RSI UGTA 
strategy peer review team presented summaries of their response to the 11 criteria and the eight 
recommendations for improvement.  In an effort to further involve the public in the area down 
gradient of the groundwater system beneath the NTS, the CAB directed their Technical Advisor 
to conduct two public workshops.  These workshops were held in the small farming community 
of Amargosa, Nevada during the month of January 2001 to help educate and build interest in the 
CAB’s February 2002 monthly public meeting that was also held in Amargosa.   Local resident 
turnout was good for each two-hour workshop, and stakeholders learned more about the overall 
UGTA issue and the results of the ASME/RSI peer review of the UGTA strategy.  Subsequently, 
the local stakeholder attendance at the CAB’s February 2002 monthly public meeting in 
Amargosa was strong, and the panel discussion by the NNSA/NV, NDEP, Nye County, and the 
CAB on their initial response to the results of the UGTA strategy peer review report was well 
received (5). 
 
The CAB utilized the results of the UGTA strategy peer review report and the information 
gained at the January and February 2002 meetings to submit a seven point letter of 
recommendation to NNSA/NV on the results and concerns of the peer review report in April 
2002.  The CAB letter was very particular to note the information from the findings on Criteria 9 
and in Recommendation 2 on the adequacy of the UGTA strategy to provide early detection of 
contaminant movement, and a recommended approach for integrating modeling and 
confirmation of model predictions.  In the selection of locations to verify CAU model predictions 
with monitoring wells, the peer review states it is also possible to select these locations in such a 
manner as to optimize the location for possible sentinel well placement that would also provide 
early detection of potential contaminant movement.  
 
NNSA/NV formally responded to the CAB recommendation letter on the UGTA strategy peer 
review in August 2002 (6).  The response to the seven key points in the CAB letter was very 
thorough and it included aspects related to: 1) the regulatory agreement and the risk-based 
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approach of the UGTA strategy; 2) the interim status of the current groundwater monitoring 
program to detect contaminant boundaries and provide early warning; 3) adequacy of data in the 
Pahute Mesa area of the NTS; 4) justification for the location of new monitoring wells;  
5) justification of upcoming technical studies; 6) characterization of groundwater flow and 
transport systems at the local scale; and 7) documentation of geologic features that could 
dominate groundwater flowpaths.  Overall, the CAB was satisfied by the NNSA/NV response to 
the CAB’s recommendation letter, and the information and activities of ongoing efforts related to 
the results of the UGTA strategy peer review report. 
 
In a related effort to further respond to public concerns about the groundwater issue, NNSA/NV 
invited the CAB to provide a recommendation of possible locations for the placement of a 
monitoring well(s) in the northwest area of the NTS.  This invitation is based in part on the 
CAB’s concern for potential offsite migration in the Pahute Mesa area of the NTS, and Criterion 
9 of the UGTA strategy peer review.  Criterion 9 states, “Will the implementation of the strategy 
result in an effective monitoring network able to detect movement of contaminants or changes in 
the groundwater system early enough to take corrective action?”  The CAB is concerned that the 
existing monitoring network of wells in the Pahute Mesa to Oasis Valley area is unable to 
provide adequate early warning of contaminant movement toward areas of groundwater use 
down gradient from this part of the NTS.  The peer review response to Criterion 9 is summarized 
in their first sentence, “The current implementation of the strategy requires improvements in its 
capability to detect movement of contaminants or changes in groundwater sufficiently early for 
corrective action.”   The peer review response to Criterion 9 discusses the concept of where 
local, individual source pathways of contaminant flow (the near field) may “diverge” or 
“converge” into larger aggregate pathways (the transition zone) more easily recognized using the 
regional flow model.  By conducting a series of probabilistic analyses of the regional flow paths 
down gradient of a single underground test or group of tests, it is possible to show an area where 
the placement of monitoring wells is optimized for detection of tritium migration. 
 
In addition to the peer review findings on Criterion 9, the CAB also intends to utilize the 
information from Recommendation 2 of the peer review report to help guide the development of 
a recommendation containing possible locations suitable for an early warning well.  
Recommendation 2 describes the need for the interaction between modeling and near-term 
confirmation of the models based on the transition region between the near field and the far field.  
A paradigm is given where model confirmation through near field characterization is modified to 
include the transition to the far field as representing the optimal point in both space and time for 
confirmatory well locations.  Recommendation 2 states, “In addition, these wells should provide 
timely data as a ‘sentinel’ for early warning of groundwater contamination.” 
 
The independent peer review of the UGTA strategy has provided invaluable and credible 
feedback to NNSA/NV on the strategy to address underground contamination at the NTS.  The 
resource of an independent peer review panel with its level of education, experience, and 
analytical ability provided a level of feedback to the NNSA/NV UGTA project far above what 
the CAB could provide.  At a cost of approximately $250,000 the CAB believes this is money 
very well spent considering the overall life cycle cost estimate to complete the UGTA strategy 
for the five CAUs.  NNSA/NV considers the UGTA strategy peer review to be a win-win 
approach to help address the complex problem of underground contamination at the NTS.  At 



WM’03 Conference, February 23-27, 2003, Tucson, AZ 

 12

other DOE facilities where the EM site advisory board is challenged to grasp a complicated 
program and issue, utilization of an independent peer review is a highly advisable, cost-effective 
means to help citizens provide invaluable and credible feedback.   
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