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PURPOSE OF THIS REPORT 
 At the outset of this study its sponsor, the U.S. Department of Energy (DOE), 
requested a brief status report about midway through the project.  The report would 
summarize the committee’s information-gathering activities and identify issues within the 
scope of its task that have risen to the committee’s attention.  After holding three 
meetings that essentially finished the information-gathering phase of the project, the 
committee wrote this interim status report to meet DOE’s request.  The project is 
scheduled to be completed in May 2007, with a final report that presents the committee’s 
findings and recommendations.  No findings or recommendations are presented in this 
interim report. 
 

INTRODUCTION 
 Discharges of wastes from activities associated with the federal government's Los 
Alamos site in northern New Mexico (see Figure 1) began during the Manhattan Project 
in 1943.  Now designated the Los Alamos National Laboratory (LANL), the site is 
operated by Los Alamos National Security LLC1 under contract to the National Nuclear 
Security Administration (NNSA) of DOE.  Through past and ongoing investigations, 
radioactive and chemical contaminants have been detected in parts of the complex system 
of groundwater beneath the site.  Effective protection of groundwater is important for 
LANL’s continuing operations.   
 Seven of Los Alamos County’s 12 drinking water supply wells are located on the 
LANL site.  Water from one of these wells is known to be contaminated with limited but 
detectable levels of tritium and perchlorate.  Slightly elevated concentrations of 
contaminants have also been observed in a group of springs near the site.  Some 
contamination from the laboratory has been carried by stormwater runoff into the Rio 
Grande River, which provides water to parts of New Mexico.  
 Under authority of the U.S. Environmental Protection Agency (EPA), the State of 
New Mexico regulates protection of its water resources through the New Mexico 
Environment Department (NMED).  NMED has recently issued an Order on Consent for 
Los Alamos National Laboratory2 that establishes schedules for additional investigations 
that will lead to a corrective action decision under the order.  New Mexico citizens and 
citizens’ groups are also actively involved in environmental issues at LANL.  The Pueblo 
de San Ildefonso is located down gradient of the site, and its people have a long-term 
interest in the quality of groundwater.3

                                                 
1 Los Alamos National Security LLC is a consortium of Bechtel, the University of California, BWX 
Technologies, and Washington Group International. After competitive bidding, DOE selected this 
consortium to operate LANL in December 2005, and the transition was completed in June 2006.  See 
http://lansllc.com/. 
2 Usually referred to as the Consent Order.  This legally binding agreement among NMED, DOE, and the 
University of California was signed on March 1, 2005. 
3 The Pueblo de San Ildefonso is a federally recognized Native American tribal government—one of 
nineteen pueblos still in existence in New Mexico and one of five Tewa-speaking tribes. The Pueblo’s 
30,271-acre reservation (i.e., Tribal Trust Lands) is located in north central New Mexico adjacent to the 
LANL site (see Figure 1).  
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FIGURE 1  Location of Los Alamos National Laboratory in Northern New Mexico.  The site is 
traversed by numerous canyons, such as Mortandad Canyon, which has been studied extensively.  
Groundwater flow is generally from west to east toward Pueblo de San Ildefonso lands and the 
Rio Grande.  The Radioactive Liquid Waste Treatment Facility in TA  
where liquid radioactive waste continues to be discharged to the environment. 
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 The study described in this interim report is funded by the DOE Office of 
Environmental Management, which turned to the National Academies for technical 
advice and recommendations regarding several aspects of LANL’s groundwater 
protection program.  The Los Alamos site office of NNSA is the DOE liaison for the 
study.  Results of the study are expected to provide guidance and impetus for dialogue 
and agreement among DOE, LANL, NMED, and other stakeholders on a focused, cost-
effective program for protecting the groundwater in and around the site.  
 

THE COMMITTEE’S TASK 
 The statement of task for this study is shown in Sidebar 1.  The first two subsets 
of tasks direct the committee to provide answers to questions regarding LANL’s 
knowledge of potential sources of groundwater contamination and aspects of its 
monitoring program.  The committee’s final report will address these questions and 
provide recommendations as requested in the last portion of the task statement.  
 LANL’s presentations to the committee have paraphrased portions of the task 
statement to emphasize issues of greatest interest to DOE, as follow (Dewart, 2006): 
 

• Do we [LANL] understand and have we controlled our sources of 
groundwater contamination? 

• Are we adequately addressing issues of groundwater data quality? 
• Is our groundwater monitoring approach effective in identifying contaminants 

that may migrate at unacceptable levels to public receptor locations?  
 

Further, LANL is legally bound to meet milestones specified in the Consent Order 
with NMED (see Sidebar 2), which requires the laboratory to evaluate and remediate, as 
necessary, contamination in the groundwater by about 2015.  The laboratory is therefore 
seeking advice on whether its current technical approaches are sufficient to accomplish 
this work. 
 At the study’s beginning the committee recognized that water is a precious 
resource in northern New Mexico, and citizens of that state are very concerned that their 
water supplies be protected.  The LANL site itself is located on lands historically 
occupied by Native Americans and immediately adjacent to several active pueblos.  
While confining its deliberations to technical issues, the committee included citizens’ 
concerns in its information gathering and will be mindful of such concerns as it develops 
its final report. 
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Sidebar 1 
Statement of Task 

 
 This study will focus on specific scientific and technical issues related to 

groundwater monitoring and contamination migration at LANL as follow: 
 
 1.  General review of groundwater protection at LANL: 
 
 What is the state of the laboratory's understanding of the major sources of 

groundwater contamination originating from laboratory operations and have 
technically sound measures to control them been implemented?  

 
Have potential sources of non-laboratory groundwater contamination been 
identified?  Have the potential impacts of this contamination on corrective-
action decision making been assessed? 

 
Does the laboratory's interim groundwater monitoring plan follow good 
scientific practices?  Is it adequate to provide for the early identification and 
response to potential environmental impacts from the laboratory? 

 
Is the scope of groundwater monitoring at the laboratory sufficient to provide 
data needed for remediation decision making?  If not, what data gaps remain, 
and how can they be filled? 

 
 2.  Specific data-quality issues: 
 

Is the laboratory following established scientific practices in assessing the 
quality of its groundwater monitoring data?   

 
Are the data (including qualifiers that describe data precision, accuracy, 
detection limits, and other items that aid correct interpretation and use of the 
data) being used appropriately in the laboratory's remediation decision 
making? 

 
3. Recommendations to improve the future effectiveness of the laboratory's 
groundwater protection program with respect to: 

 
 Potential remedial actions for the groundwater contamination, 
 especially for radionuclide contamination for which DOE is self-
 regulating; and 
 
 Monitoring for long-term stewardship. 
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Sidebar 2 
Summary of the Order on Consent for Los Alamos National Laboratory 

 
The final order was signed March 1, 2005, by the New Mexico Environment 

Department, U.S. Department of Energy, and the University of California.  Its 
purpose is to: 

 
• Accelerate the pace of investigation and cleanup of the LANL facility; 
• Prioritize investigation and cleanup activities; 
• Provide minimum investigation and reporting requirements; 
• Provide for cleanup requirements that meet state environmental 

standards; and 
• Provide schedules for completion of remedies by about 2015. 

 
The order contains the following: 

• Specific investigation requirements for high priority sites; 
• General characterization requirements for sites not yet addressed under 

the LANL environmental restoration program; 
• Requirements for selecting corrective actions; 
• Methods for establishing cleanup levels; 
• Methods and procedures for conducting corrective actions; 
• Reporting requirements; and  
• Schedule for reporting, work plan submittals, and corrective action 

completions. 

Noncompliance is subject to enforcement under the Hazardous Waste Act. 
 

Source: Bearzi (2006).   
Also see http://www.nmenv.state.nm.us/hwb/lanl/OrderConsent/03-01-
05/Order_on_Consent_2-24-05.pdf. 

CHALLENGES CONFRONTING LANL’S GROUNDWATER PROTECTION 
PROGRAM 

 Assessing groundwater contamination beneath and around LANL is challenging 
because of the long history and variety of wastes released at the site and the area’s 
complex hydrogeological environment (Robinson, 2006; Vaniman, 2006).  The top of the 
regional groundwater aquifer is typically about 1000 feet (330 meters)1 below the ground 
surface. The regional aquifer is overlain by discontinuous intermediate aquifers and 
shallow “perched” groundwater in the vadose zone.  These features are illustrated in 
Figure 2.   
 

                                                 
1 Most data were reported to the committee in English units, which will be used throughout this report. 
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Source: Donathan Krier, LANL 
 
FIGURE 2  Representative Geological Cross Section of the LANL Site.  Alluvial material is 
erosional sediment, including gravels, sands, silts, and clays, that is deposited by flowing water.  
The materials are eroded from higher elevations in the watershed.  Small zones of alluvial and 
intermediate-depth groundwater are referred to as “perched” because they occur in the 
unsaturated zone above the more laterally extensive and productive regional groundwater aquifer.   
 
 
 LANL has long recognized radionuclide and chemical contamination in 
groundwater beneath the site.  Radioisotopes such as strontium-90 and tritium have been 
detected in the perched groundwater along with chemical contamination, including 
perchlorate and metals.  The perched groundwater generally contains greater 
concentrations of contamination than the underlying regional aquifer.  Although it 
appears that discharges from LANL are the major sources of this contamination, there are 
also off-site sources—for example, wastewater treatment plants near the site—that make 
the origins and movements of some types of contamination (e.g., nitrate) difficult to 
understand.  In addition, LANL groundwaters contain naturally occurring constituents 
such as uranium and its radioactive decay products. 
 There are three recent developments that are challenging LANL’s groundwater 
protection efforts and which provided impetus for this study: 
 

1. The Consent Order laid out specific milestones that LANL must meet;   
2. In fall 2005 chromium concentrations about four times greater than EPA 

drinking water standards were measured in the regional aquifer beneath 
Mortandad Canyon (see Figure 1 for the canyon’s location).  This level of 
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contamination was not expected at that location, and its discovery brought into 
question LANL’s understanding of groundwater flows and contaminant 
migration at the site; and 

3. At about the same time, the DOE Office of the Inspector General (IG) 
determined that the construction of many of LANL’s groundwater monitoring 
wells did not strictly adhere to Resource Conservation and Recovery Act 
(RCRA) guidance.  

 
The September 2005 IG report responded to allegations regarding wells 

constructed under LANL’s Hydrogeologic Workplan (LANL, 1998).  The allegations 
were that “(1) the use of mud rotary drilling methods violated RCRA; and (2) the use of 
muds and other drilling fluids during well construction had an adverse effect on 
groundwater chemistry, masking the presence of radionuclides and causing groundwater 
contamination data to be unreliable” (DOE, 2005, p. 2).  The IG found that these 
allegations were partially substantiated.   

LANL responded to the IG’s findings with a Well Screen Analysis Report 
(LANL, 2005a).  In that report LANL analyzed the effects of residual drilling fluids on 
samples taken from groundwater wells in the regional aquifer and evaluated the ability of 
these wells to provide representative measurements.  A review of LANL’s report by the 
EPA, however, found that: 
 

In general, the criteria used to evaluate the representativeness of ground-
water samples installed under the hydrologic characterization program still 
fail [italics added] to consider impacts that may be present following 
biodegradation of residual organic drilling additives and the return of 
oxidizing conditions. (Ford and Acree, 2006, p. 1) 

  
The EPA report also presented nine other concerns regarding LANL’s well screen 
analysis. 
 

STATUS OF THIS STUDY 
 This status report was written at approximately the halfway point in the 
committee’s study.  A total of six meetings were provided in the study’s schedule.  Three 
open-session meetings have been held in the Los Alamos/Santa Fe region of New 
Mexico, essentially completing all of the committee’s planned information-gathering 
activities.  The three remaining meetings will allow the committee to develop its findings 
and recommendations and prepare its final report.   
 The committee was well supported in its information gathering by LANL 
scientists and other stakeholders who made presentations and participated in discussions 
during the meetings (meeting presentations are given in Appendix A).  Mat Johansen of 
the NNSA Albuquerque Operations Office served as the committee’s point of contact 
with DOE.  Jean Dewart and Donathan Krier of the LANL Environmental Programs 
Directorate were especially helpful, respectively, in serving as the committee’s point of 
contact with LANL and fulfilling the committee’s many document requests. 
 The committee held its first meeting on March 23-24, 2006, in Santa Fe to gain a 
basic overview and understanding of LANL’s operating history, history of waste 
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discharges, geology and hydrology, and the site’s technical programs for dealing with 
issues to be addressed by the committee.  Accordingly, most presentations were made by 
LANL personnel.  The committee also requested and received overview presentations 
from the Pueblo de San Ildefonso, the Northern New Mexico Citizens’ Advisory Board 
(NNMCAB), and NMED.  As in all of its information-gathering meetings, time was 
provided for comments from all attendees. 
 The committee’s second meeting, May 16-17, 2006, in Santa Fe and Los Alamos, 
emphasized non-LANL presentations.  Robert Gilkeson, a registered geologist and 
former LANL adviser and contractor, gave a technical critique of the LANL monitoring 
program.  James Bearzi, Chief of the NMED Hazardous Waste Bureau, gave an overview 
of the Consent Order and summarized LANL groundwater issues of regulatory 
significance.  The second day of the meeting included a visit to the Pueblo de San 
Ildefonso, an overview tour of portions of the LANL site, and participation in an 
NNMCAB Groundwater Forum meeting at the Smith Auditorium in Los Alamos.  At the 
Forum, committee chairman Larry W. Lake described the committee’s task statement and 
plans for conducting its study. 
 The committee members chose a workshop format for their third meeting, held 
August 14-15, 2006, in Santa Fe.  The main purpose of the workshop was to conduct 
detailed technical discussions with LANL scientists and others to address questions 
developed by committee members.    
 

Workshop Plenary Session 
 The term “groundwater protection” is prominent in the committee’s task 
statement.  During the closed session wrap-up of the second meeting, several members 
raised the question of what exactly is meant by the term.  It appeared that DOE, its 
regulators, and public stakeholders had different views of what would constitute 
groundwater protection at LANL. 
 Accordingly, for the workshop the committee organized part of its plenary session 
around the questions: “What constitutes groundwater protection?” and “What should be 
the objectives of LANL’s groundwater protection program?”  Representatives from six 
organizations were invited to give five- to seven-minute commentaries on these questions 
and then participate in a question and answer session, which was open to all attendees.  
Invited organizations were selected by the committee to reflect a variety of viewpoints, 
based on their participation in the earlier meetings and advice from the NNMCAB.  The 
viewpoints presented are summarized in Sidebar 3. 
 The committee will consider these views on groundwater protection in 
approaching its task statement for the final report.  More importantly, the committee 
hopes that further discussion of these fundamental questions by LANL, its regulators, and 
public stakeholders will help promote agreement on what LANL’s groundwater 
protection program should accomplish. 
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Sidebar 3 

Stakeholder Perspectives on Groundwater Protection 
 

Concerned Citizens for Nuclear Safety (CCNS)
Groundwater protection is very basic and simple.  It means: 

• Protecting water supplies now and in the future; 
• Collecting representative groundwater samples in compliance with the 

Clean Water Act and the Resource Conservation and Recovery Act; 
• Imposing fines for facilities that are not in compliance with the law; 
• Having answers to questions about where contaminants are going; 
• Considering and including wastes buried in unlined pits, trenches and 

shafts in monitoring and remediation programs; and 
• Removing sources of contamination. 

 
Department of Energy-National Nuclear Security Agency (DOE-NNSA)
Groundwater protection is achieved by meeting specific requirements that are 
spelled out in: 

• The NMED Order on Consent for the Los Alamos National Laboratory; 
• New Mexico Water Quality Control Commission (WQCC) regulations; 

and 
• DOE Orders. 

DOE requires maintaining groundwater quality adequate for its highest 
beneficial use, which DOE considers to be extraction of drinking water from 
the regional aquifer. 

 
Environmental Protection Agency (EPA)
EPA’s standards and policies for groundwater protection include the following: 

• Meet appropriate cleanup standards as determined by a site-specific risk 
assessment.  EPA standards range from 1 excess cancer in 10,000 
exposed people to 1 excess cancer in one million exposed people (i.e., a 
risk range of 10-4 to 10-6). 

• Address all exposure points from groundwater, such as groundwater to 
surface water, groundwater to springs, or indoor inhalation of 
contaminants from groundwater (e.g., radon). 

• Be flexible in the cleanup standards according to usage classification 
of the water (e.g., residential, industrial, farming) and the natural 
quality of the groundwater itself. 

 
New Mexico Environment Department (NMED) 
What constitutes groundwater protection at LANL is specified in the: 

• New Mexico Water Quality Act; 
• New Mexico WQCC Regulations; and 
• the Order on Consent for Los Alamos National Laboratory. 
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Sidebar 3 continued 
 

According to both the WQCC regulations and the Consent Order, 
“groundwater” means interstitial water that occurs in saturated earth material 
and which is capable of entering a well in sufficient amounts to be used as a 
water supply.  The WQCC regulations include the notion of groundwater that 
can be “reasonably expected to be used in the future” and states that risk from 
a toxic pollutant must not exceed one cancer per 100,000 exposed persons.  
The Consent Order requires cleanup of groundwater when the lower of either 
WQCC standards or EPA maximium contaminant levels (MCLs) are 
exceeded. 

 
Northern New Mexico Citizens’ Advisory Board (NNMCAB) 
Contamination at LANL arose in the context of ensuring the nation’s nuclear 
security.  Similar commitment and continuity in monitoring and site 
remediation is required, including: 

• Monitoring and detecting trace-level contaminants in order to 
anticipate significant migrations. 

• Improving flow models.  (Must understand groundwater flows because 
the only alternative is to remove the sources, which would be very 
difficult.) 

• Taking a very-long-term perspective, perhaps 2000 years.  Such long 
times are unique—beyond our experience.  Models that can reliably 
predict contaminant behavior over such times are necessary.  Be 
prepared for surprises and incorporate uncertainty in models. 

• Following a risk-informed decision process. 
 

Pueblo de San Ildefonso
Land, air, and water are sacred.  They must be viewed holistically, so that 
groundwater cannot be separated from the others.  LANL occupies the ancestral 
domain of San Ildefonso. 

• All environmental media have been contaminated by LANL activities; 
• Contamination violates the sanctity of religious and cultural resources; 

and therefore,  
• Contamination at any level is unacceptable. 

 
Los Alamos National Laboratory 
LANL summarized its goals for groundwater protection during the opening 
session of the plenary, as follow (Dewart, 2006): 

• Demonstrate compliance with applicable standards and regulations; 
• Protect the drinking water supplies of surrounding communities; 
• Protect the quality of groundwater moving from LANL to off-site 

locations; and 
• Protect the quality of water in springs and the Rio Grande. 
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Workshop Breakout Sessions 
 To ensure that members’ technical questions were addressed in detail, the 
committee organized breakout sessions on three simultaneous tracks.  Three committee 
members led each session, and five to ten LANL scientists and other interested 
individuals participated in each.  During the sessions, committee members heard real and 
useful interactions among all participants.  
 The three tracks for the workshop were: 
 

1. Sources of contamination: location, inventory, and controls; 
2. Flowpaths for contaminant migration in vadose and saturated zones, and 
 their conceptual models; and 
3. Groundwater monitoring and data quality. 

 
 While recognizing that the topics of the breakout sessions are interconnected, 
committee members decided that organizing their technical discussions in these three 
tracks would be most efficient for gathering information to address the task statement, as 
described below.   
 Track 1 focused on LANL’s understanding of potential sources of groundwater 
contamination.  The discussions addressed two subtopics of the statement of task: 
 

What is the state of the laboratory's understanding of the major sources of 
groundwater contamination originating from laboratory operations and 
have technically sound measures to control them been implemented?  
 
Have potential sources of non-laboratory groundwater contamination been 
identified?  Have the potential impacts of this contamination on 
corrective-action decision making been assessed? 

 
 Track 2 focused on LANL’s understanding of flowpaths that could transport 
contaminants from sources to the regional groundwater and ultimately to receptors.  Two 
subtopics of the statement of task are directly related to how well flowpaths are 
understood: 
 

Does the laboratory's interim groundwater monitoring plan follow good 
scientific practices?  Is it adequate to provide for the early identification 
and response to potential environmental impacts from the laboratory? 
 
Is the scope of groundwater monitoring at the laboratory sufficient to 
provide data needed for remediation decision making?  If not, what data 
gaps remain, and how can they be filled?  

 
 Track 3 focused on data-quality issues related to judging the adequacy of LANL’s 
groundwater monitoring program and future plans.  The discussions addressed the data- 
quality issues in the statement of task: 
 

Is the laboratory following established scientific practices in assessing the 

Plans and Practices for Groundwater Protection at the Los Alamos National Laboratory: Interim Status Report

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/11781


12                                    Plans and Practices for Groundwater Protection – Interim Report 

quality of its groundwater monitoring data?   
 
Are the data (including qualifiers that describe data precision, accuracy, 
detection limits, and other items that aid correct interpretation and use of 
the data) being used appropriately in the laboratory's remediation decision 
making? 

 
Discussing, comparing, and evaluating information gained in the breakouts will be a 
major part of the committee’s work in developing its final report.     
 

SUMMARY OF TECHNICAL INFORMATION PRESENTED TO THE 
COMMITTEE 

During the information-gathering portion of this study, the committee received 
approximately 60 reports and other written materials and heard some 25 presentations.  In 
addition, the workshop provided eight hours of focused scientific and technical 
discussions.  The following is a general overview of the information received.  The 
committee does not intend this to be a full summary of the information that it will 
consider for its final report, nor does it reflect any assessment of the accuracy of 
information received.  
 

Sources of Contamination and Source Controls 
LANL is systematically investigating contaminant sources (principally liquid 

waste discharges and buried waste) and the nature and extent of releases under a 
prioritized sequence that is consistent with the Consent Order.  There are uncertainties in 
the total amount of contaminants that were historically discharged at the site.  As of 
October 2006 LANL had not begun groundwater remediation under the Consent Order’s 
regulatory compliance requirements (Dewart, 2006). 

Contaminant movement from its source to groundwater (or in groundwater, see 
the section on flowpaths) is determined by the chemical properties of the contaminant.  
LANL uses the terms “conservative” and “non-reactive” to describe contaminants that do 
not sorb readily onto soils or other media and therefore can move at about the same 
velocity as the water (i.e., they are mobile).  Examples include tritium (as tritiated water), 
perchlorate, nitrate, chromium (as the chromate anion CrO4

2-), and high explosives (e.g., 
RDX).2  Sorbing or “reactive” species are much less mobile, and largely remain near their 
source.  Examples of sorbing radionuclides include strontium-90, cesium-137, and 
plutonium.   

Transport of sorbing species by water can occur, however.  Stormwater runoff and 
erosion after the Cerro Grande fire in spring 2000 moved considerable amounts soil and 
other materials, including contaminants, toward the Pueblo de San Ildefonso and the Rio 
Grande River (Alvarez and Arends, 2000; LANL, 2005b).  Transport of plutonium 

                                                 
2 Chemically 1,3,5-trinitroperhydro-1,3,5-triazine, RDX is an explosive used in military and industrial 
applications.  This chemical and its degradation products are typical of the high explosive residues that are 
found in some areas of LANL groundwater. 
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colloids or plutonium sorbed onto colloids3 has been discussed in the literature to explain 
unexpectedly long distances of plutonium migration at DOE sites, including Los Alamos 
and the Nevada Test Site, and around the Mayak site in Russia (Penrose et al., 1990; 
Kersting et al., 1999; Novikov et al., 2006).   

Uranium is associated with trace minerals that occur naturally in the Los Alamos 
region.  These minerals (zircon and apatite) have a low aqueous solubility, which results 
in uranium concentrations of less than about 1 part per billion (ppb) in groundwater 
beneath some regions of LANL.  Uranium from laboratory activities from 1943 to the 
mid-1950s is also present and has migrated to perched intermediate zones and the 
regional aquifer (see Figure 2).  This laboratory-origin uranium typically is at 
concentrations somewhat higher than 1 ppb.  LANL noted that uranium is one example of 
a complicated case in which statistical methods coupled with knowledge of releases and 
co-occurrences of other mobile contaminants may be needed before a confident 
identification of the source of some contaminants can be made (Simmons, 2006a). 

According to LANL (Dewart, 2006; Katzman, 2006), the potential for a source of 
contamination to affect deep groundwater is governed predominantly by: 

 

• Size of the inventory; 
• Mobility of the chemical form of the contaminant; 
• Presence of an aqueous driver; and 
• Subsurface stratigraphy. 

 
Major LANL contaminant impacts on groundwater are the result of large volumes 

of liquid effluents released in the past.  In addition to being sources of contaminants, the 
effluent releases increased infiltration (Rogers, 2006a).  The liquid discharges that LANL 
considers to be significant sources of groundwater contamination are listed in Table 1 
(Katzman, 2006).  

Since 1994, LANL has reduced the number of locations where liquid waste is 
released to the environment from 141 to 21. The Radioactive Liquid Waste Treatment 
Facility in TA-50, which has operated since 1963, has been the only source of radioactive 
liquid discharges since 1986 (Rogers, 2006b).  LANL presented data showing that 
ceasing the other discharges resulted in rapid improvement in alluvial groundwater 
quality for non-sorbing contaminants, as the contaminated water moved downward out of 
the alluvium (Rogers, 2006a).  LANL indicated that alluvial water quality for the sorbing 
contaminants is improving more slowly (Rogers, 2006a). 

There are 25 locations where solid waste has been disposed of, referred to as 
material disposal areas (MDAs), across the site.4  The MDAs include large buried- 
contaminant inventories with some mobile constituents.  However, they are located on 
dry mesa tops with little or no continuous water influx.  LANL considers these MDAs 
less important sources than liquid outfalls.  In discussions, however, NMED and other 
stakeholders expressed concern that ponding of rainwater in the disposal pits while they 
are open could provide an aqueous driver for contaminants released from the solid  

 
                                                 
3 In this context, colloid refers to submicrometer-size inorganic and/or organic solids that disperse and 
remain suspended in water. 
4 LANL uses “material disposal area” to designate an area used any time from the beginning of operations 
in the early 1940s to the present for disposing of chemically and/or radioactively contaminated materials. 
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TABLE 1  LANL’s Current View of Liquid Releases That Are the Key Sources of Deep 
Groundwater Contamination 
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wastes. led 
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The ources and source control: 
 

• utfall 

rate, 
 that 

• nthropogenic liquid” sources, many other potential 
sources of groundwater contamination exist, but their characterization is not 
as advanced yet. 

• Mortandad C rea on the site. 
Therefore, it tent of 

t 

and plateau scales, but predictions at the scale of individual contaminant sources are 
complicated by small-scale heterogeneities and anisotopy in the rock permeability. 
Heterogeneity refers to the general variability in the geological media, while anisotropy 
in the rock permeability may create a preferred direction for water movement.  According 
to LANL, these effects, combined with the influence of municipal water supply well 
pumping, lead to significant uncertainty in flow path predictions at the local scale.  

as continued to receive discharges from the site’s Radioactive Liquid Waste Treatment 
acility since 1963.  Most of LANL’s presentations on groundwater hydrology and 
roundwater conceptual modeling dealt with this canyon, which is illustrated in Figure 3. 

 
 
 
 

                                                

  MDAs are being investigated through 2010 with corrective actions schedu
15 under the Consent Order (Katzman, 2006). 
 following highlights the workshop discussion on s

Birdsell et al. (2006) provided a summary report “Selected Key Liquid-O
Contamination Sources from LANL.” 

• The Birdsell et al. report was limited to mobile sources (tritium, perchlo
nitrate, chromium).  It did not include actinides or other contaminants
LANL considers to be practically immobile. 
Besides these specific “a

anyon is probably the best characterized a
 may provide a template for the type and ex

characterization that LANL seeks for other areas. 
• Using Mortandad Canyon as an example, Birdsell et al. include a three-

dimensional diagram showing that most of the mass of perchlorate now 
resides between the canyon alluvium and the regional groundwater. 

• The site has many “solid waste management units” (SWMUs) that are 
presumed to be small.5  They may not be fully explored at this time. 

• Erosion after the Cerro Grande fire affected transport of contaminants presen
at and near the surface. 

 
 

Flowpaths for Contaminant Migration 
LANL considers that regional aquifer pathways are well understood at the basin 

Alluvial groundwater is a rapid lateral transport pathway for non-sorbing contaminants 
(Robinson, 2006). 

Mortandad Canyon has been a priority for groundwater investigations because it 
h
F
g

 
5 LANL applies the term “solid waste management unit” to any area from which DOE determines there 
may be a risk of release of contaminated materials, irrespective of whether the area was intended for the 
management or disposal of such materials.  Areas where there was a one-time spill are not included. 
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E 3 Mortandad Canyon Hydrogeologic and Contaminant Conceptual Model.  LANL 
is canyon to be a significant source of groundwater contamination.  Much scientific 
en focused on understanding its hydrology. 

 
 

ording to LANL (Newman and Birdsell, 2006; Robinson, 2006), travel times 
nal aquifer from surface sources are a function of two factors: infiltration 
eology.  

• Travel times are in excess of 1000 years from mesas.  In these areas 
downward percolation rates are typically <10 mm/yr, and few perched water 
bodies have been found. 

• Travel times are on the order of decades in canyons where there is water from 
natural, municipal, or LANL discharges.  In these “wet canyons,” downw
percolation rates can be on the or

• There is slow percolation of water through the Bandelier Tuff. 
• Fractured basalts may provide fast vertical and horizontal pathways throug

the vadose zone, with the potential to cause perched groundwater to move
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unpredictable directions from beneath the wet canyons where infiltration 
originally occurred. 
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• Multi-phase simu of the mesa-top disposal 

e 
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zations.6    
LANL received an EPA/NMED operating permit in 1989, which required 

monitoring of RCRA-regulated facilities.  In 1995 NMED found LANL’s groundwater 
characterization program to be inadequate and denied LANL a waiver from its 
groundwater monitoring requirements.  Subsequently, LANL developed a Hydrogeologic 
Workplan (LANL, 1998) to refine its understanding of the site’s hydrogeology in order to 
design an effective monitoring network.  NMED approved the workplan in 1998. 

                                                

he regional aquifer, groundwater flow is generally from w
 G nde.  The aquifer contains waters of very different ages.  Based on carbon-1

e of th
en  of very young water (<45 years).  Water in the aquifer generally increases
 est to east, and the deepest groundwaters typically show no indication of 

og nic influence (Robinson, 2006). 

• The major liquid and solid waste sites and how well the LANL scien
believe they understand

• The major flowpath conceptualizations for each of the major sources and ho
well the LANL scientists believe they understand the flowpaths; 

• Numerical models of the vadose zone and regional aquifer

lations of water and vapor at one 
sites; 

• Regional flow models and their use in evaluating the effectiveness of th
existing groundwater monitoring system; 

• The difficulty in interpreting aquifer test data for characterizing anisotropy 
and heterogeneities; 

• Methods and utility of incorporating uncertainty into an analysis of 
contaminant transport; 

• Long-term stewardship discussions, with LANL staff noting that plans 
long-term stewardship are still in the developmental stages; and  

• Remedial action plans for chromium in the groundwater. 
 

Monitoring and Data Quality 

The U.S. Geological Survey began monitoring of water supply wells, observation 
wells, and springs around the Los Alamos site in 1949.  A court decision in 1984 
extended RCRA to DOE’s chemically hazardous waste, and later that year the Hazardous 
Waste Amendments to RCRA further increased the stringency of RCRA requirements at 
DOE sites.  In 1986 EPA clarified its jurisdiction for mixed waste (waste that contains 
both chemically hazardous and radioactive constituents) and determined that states must 
include mixed waste in RCRA authori

 
6 See http://www.epa.gov/radiation/mixed-waste/mw_pg4.htm 
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Prior to the workplan LANL had seven regional aquifer wells, two deep borings, 
and two intermediate depth wells.  By 2006 LANL had added 35 new regional aquifer 
wells and approximately 22 new intermediate-depth boreholes and wells (Broxton, 2006).  
Figure 4 illustrates a multi-screened water well as installed at the LANL site.  Note that 
the well screens are the places where groundwater can enter the well; hence, the screens 
are the sampling points in each well.  

 

2.4 ft. stick-up

C entralizers (ft-bgs):

56
358
640
647
863
870

1014
1022
1236
1244

Note: 1. Each screen interval lists the footage of the pipe perforations, not the top and bottom of screen joints.
2. All screens are pipe-based 304 stainless steel, 4.5 in. I.D., 5.563 in. O.D., with s.s. 0.010 in. wire wrap slots.
3. The interval of slough consists of sands and gravel of the Santa Fe Group Sediments.
4. Westbay multiport sampling system (MP-55) casing not shown.
5. 11.75 in. casing abandoned in borehole rendered screen #1 non-functional.
6. Well sump interval: 1244.6 to 1276.4 ft.

20/40 Sand

KEY TO MATERIALS USED

Cement

Bentonite

30/70 Sand

Well Screen

Slough

Drawing Not to Scale
All depths are below ground surface

Note:

Concrete

10.75 in. protective casing
Concrete pad (5 ft x10 ft x 12 in)

Well casing: 4.5-in. I.D.,
5.0-in. O.D., 304 stainless steel
with external couplings
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Slough

30/70 sand
20/40 sand

Well T. D. = 1276.7 ft.

Total depth drilled = 1287.0 ft.

(1014.8 ft. to 1022.4 ft.)

10.625 in. borehole 728 ft. to 1287 ft.

16 in. borehole 15.0 ft. to 728 ft.

11.75 in. casing 0 ft. to 729 ft.
(cemented 0 ft. to 130 ft.;
slough 130 ft. to 728 ft.)

22 in. borehole 0 to 15.0 ft.

0 to 75.0 ft.

851.4 to 852.1 ft.

1237.7 to 1287.0 ft.

30/70 sand

20/40 sand

30/70 sand

30/70 sand

20/40 sand

20/40 sand
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Locking cover

 

ource:

 

 
S  Donathan Krier, LANL 
 
FIGURE 4  Diagram of a Multi-Screened Well.  The well screens are locations at which 
groundwater can enter the well.  Waters sampled from these screens are required to be 
representative of the native (unperturbed) groundwater in the formations surrounding the
screened interval. 
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In presentations to the committee LANL distinguished between “characterization

for the purposes of gaining ba
” 

sic knowledge and understanding, versus “monitoring”— 
surveill . 

L 

ell development—
particu

 process intended to remove drilling fluids and repair damage done to the 
formation adjacent to the borehole wall by the well drilling.  For monitoring wells, the 
goal is r f the original formation, especially with respect to 
chemic c lity (Broxton, 2006).   

vened by LANL to assess its well drilling 
program
al., 2005): 

•

• The static water levels are deep. 
• Som and yield 

 

 

to obtain acceptable well development and reasonable results (Anderson, et al., 

  
analysis of e groundwater wells 
in the r o
 

 Evaluate whether the well screens are producing data that are reliable and 
representative of the intermediate groundwater and regional aquifer; 

• Provide a summary of the number of well screens that are producing reliable 
data and the number that are potentially impacted; and 

• Of the impacted screens, identify those that appear to be cleaning up over time 
and those that are the most problematic (Simmons, 2006b). 

ance of groundwater quality to ensure compliance with regulatory requirements
Under the workplan, groundwater wells were drilled into the regional aquifer to 
characterize both its hydrogeologic properties and characterize its contamination.  
However, drilling such wells is expensive (some $1 million to 2 million each), so LAN
has sought in a number of instances to use the same wells for both characterization and 
monitoring (Broxton, 2006). 

LANL emphasized that well design, drilling methods, and w
larly for the approximately 1000-foot-deep wells that reach the regional aquifer—

are evolving.  This is especially true for well development, which is the part of the well-
construction

to estore the properties o
al onditions, porosity, and permeabi
An expert advisory group (EAG) con
 concluded that challenges to well development are the following (Anderson et 

 
 The wells are deep. 
• The wells are small in diameter. 

e of the aquifer formations are tight (i.e., of low permeability) 
little water. 

• Multiple zones have substantially different piezometric heads. 

Given these difficulties, the EAG concluded: 

There is not one single approach that is guaranteed to produce ideal 
results....it likely will not be feasible to develop individual screen zones to “near 
perfect” conditions, as it might be possible in a large diameter, shallow well in a 
permeable aquifer with a high static water level.  However,...it should be possible 

2005; as presented by Broxton, 2006). 
.  

Following the DOE inspector general’s report (DOE, 2005), LANL undertook an
 the impacts of residual drilling fluids on the ability of th

egi nal aquifer to provide representative measurements.  Its purpose was to: 

•
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).  The approach 

LANL

 
 

 new wells, which LANL considers to 
be a mo

 

issolve 

fects of organic 
polyme

m groundwater monitoring in all watersheds throughout the site by 
2015 (Dewart, 2006). 

 

Sidebar 4 
LANL’s Approach to Assessing the Quality of Data from Selected Well Screens 
 

• or effects of residual drilling fluid on water 

•  that are not reliable or representative based on geochemical 

• e prognosis for providing reliable data 

• ysis) to 
id impacted 

groundwater data (e.g., springs, water supply wells). 

ources: LANL (2005a); Simmons (2006b). 
 

Define conceptual models f
quality in screen intervals; 

• Select geochemical indicators for these effects; 
• Assess water samples against geochemical criteria; 

Note analytes
criteria; and 
Assign rating to each screen to indicat
indicative of pre-drilling conditions.  
Apply an independent statistical method (principal component anal
compare screens of wells drilled with fluids to non-flu

 
S

 
This Well Screen Analysis (LANL, 2005a) included 64 screens in 33 wells.  It 

included effects of bentonite drilling mud (12 screens in 9 wells) and organic polyme
based additives to drilling fluids in all 64 screens (Simmons, 2006b

 took in performing its analysis is summarized in Sidebar 4. 
According to LANL’s analysis, a third of the well screens provide very good 

chemical data.  Single-screen wells show the least impact from residual drilling fluids.  
All 16 single-screen wells were rated good to very good according to LANL’s assessment 
criteria.  The majority of screens in multi-screened wells are impacted by residual drilling
fluids.  However, in many cases LANL would prefer to redevelop the existing wells that
are not producing reliable data rather than to drill

re expensive option (Simmons, 2006b).  
LANL acknowledged that bentonite drilling mud may be a source of inorganic 

salts and may sorb some metals, radionuclides, and organic species.  Organic polymer
additives used in drilling fluids may cause any or all of the following: (1) change the 
chemical reduction/oxidation (redox) environment around the screens, which may alter 
some of the chemical species that are being analyzed for in the groundwater; (2) d
some minerals and release adsorbed metals; and (3) provide a nutrient media for 
microbial growth (Simmons, 2006b).  LANL’s view of the possible ef

r additives on groundwater chemistry is depicted in Figure 5. 
What LANL refers to as “interim monitoring” started in 2006.  The current 

system of monitoring is considered interim because site characterization is not complete 
as defined in the Consent Order.  Further, LANL agrees that some characterization wells 
may not be suitable for monitoring.  LANL’s goal, as prescribed by the Consent Order, is 
to transition to long-ter
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ource: Donathan Krier, LANL 

e 

that the system would 
ventually return to its native (undisturbed) condition.  Others disagree. 

 

 
L 

pany that is independent of DOE and approved by stakeholders 
(Gilkes

l 
 

at 
well development efforts are unlikely to be effective for removing this barrier.  Mr. 

 

 

 
 
S
 
FIGURE 5  Possible Effects of Drilling Fluids that Contain Organic-Polymer Additives.  If thes
drilling fluids are not throughly removed from a monitoring well during its development, their 
biodegradation could affect the reduction/oxidation (redox) conditions of groundwater near the 
well screens.  LANL believes that such an effect would be temporary so 
e
 

Robert Gilkeson made technical presentations to the committee that were 
generally critical of LANL’s groundwater program.  He found that previous failures and 
deficiencies in the program, such as those that led to the DOE inspector general’s report,
are being repeated, and he called for “independent validation and verification of LAN
activities” by a com

on, 2006a). 
In his presentation at the committee’s second meeting, Mr. Gilkeson stated that 

bentonite clay and/or organic drilling additives had invaded the screened intervals in al
of the LANL characterization wells.  He illustrated (see Figure 6) how these materials
can set up a reactive capture barrier that tends to remove contaminants from sampled 
groundwater, which would preclude use of the well for monitoring.  He concluded th
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Source: Gilkeson (2006a); also see Ford and Acree (2006) 
 
FIGURE 6  Reactive Contaminant Capture Barrier that Surrounds the Screened Intervals in the 
LANL Characterization Wells.  Geologist Robert Gilkeson described how drilling fluids could 
form a zone that removes contaminants from sampled groundwater. This would invalidate 
affected well screens as sampling points. 
 
Gilkeson disagrees with LANL’s view that natural processes can restore groundwater 
chemistry to its initial conditions after those conditions have been disturbed by organic 
drilling fluid additives (see Figure 5; also see Ford and Acree, 2006). 

Mr. Gilkeson also noted that some installed wells are located relatively far from 
the contamination sources they would be intended to monitor (e.g., buried waste disposal 
at MDA G and MDA L).  He singled out wells R-16, 20, 26, and 34 as not useful for 
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monitoring.7  He stated that some wells (e.g., R-15, 22, 25, 26) have cross-contaminated 
aquifers (Gilkeson, 2006a).   

In his presentation at the committee's workshop, Mr. Gilkeson provided a 
summary of his reasons that many of LANL's wells that penetrate the regional aquifer 
and some perched aquifers do not produce reliable and representative water quality data: 

 
• Drilling additives; 
• Corrosion of iron well screens in the older wells; 
• Construction errors that have plugged screens with bentonite clay; 
• Dilution of contamination by very long well screens; 
• Well screens in strata with low permeability rather than in strata with high 

permeability; and 
• Well screens too deep below the water table of the regional aquifer. 

 
As one case in point, Mr. Gilkeson described problems with well R-21, which the 

Well Screen Analysis report rated as “very good” in producing reliable and representative 
water samples.  He noted the well is 1200 feet from Area L, which it is intended to 
monitor, whereas compliance with RCRA Subpart F would require a cluster of 
monitoring wells directly along the downgradient boundary of buried waste in Area L.  
Further, he noted that the top of the 20-foot-long screen in well R-21 is located 87 feet 
below the water table, whereas RCRA Subpart F requires that well screens be no longer 
than 10 feet and be located in permeable strata near the water table (Gilkeson, 2006b). 

Highlights of the workshop discussions on monitoring and data quality included 
the following:  

 
• The continuing evolution of processes for monitoring and establishing the 

quality of the data;  
• Impetus to the current monitoring program by the Consent Order and other 

requirements;   
• Monitoring to protect supply wells and to provide data for model validation 

and connection to sources; 
• Issues with analytical data quality from previous and current sampling 

activities (legacy sampling) as well as with proposals for future monitoring, 
• Monitoring for long-term stewardship and remediation under the Consent 

Order—including methods to identify additional well locations for within-
canyon characterization and methods to develop site-wide plans, and  
application of innovative technologies used or developed at other DOE 
facilities; and 

• The need for decision-making processes that include all stakeholders. 
 

                                                 
7  “R” designates wells that are drilled into the regional aquifer, which is approximately 1000 feet deep. 
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FUTURE PLANS FOR THIS STUDY 
The committee’s information gathering is substantially completed.  The remaining 

study period and meetings will be used primarily for deliberation, developing consensus 
on the findings and recommendations requested in the task statement, and producing the 
final report.  According to National Academies’ practices, the committee’s conclusions 
and recommendations will be available only after the draft report has completed 
Academies review and the finalized draft has been approved for public release, which is 
scheduled for May 2007.
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Appendix A 
 
 

Presentations to the Committee 
 
 
 
 
 
 

Santa Fe, New Mexico, March 23–24, 2006 

Welcome, Mat Johansen, NNSA Los Alamos Site Office   
 
History of LANL, John Rhoades, Bradbury Science Museum 
 
Site-wide Geology of Los Alamos National Laboratory, David Vaniman, LANL 
 
Site-wide Hydrology, Bruce Robinson, LANL-ENV 
 
LANL Groundwater Contaminants: Sources and Transport, David Rogers, LANL-ENV 
 
DOE Request for Specific Questions to be Addressed by NAS, Mat Johansen, NNSA Los 
Alamos Site Office      
 
Public comments 
 
Groundwater Monitoring at Los Alamos National Laboratory, Armand Groffman, LANL 
 
Groundwater Data Adequacy Project, Ardyth Simmons, LANL-ENV  
 
Control of Groundwater Contamination Sources, David Rogers, LANL-ENV 
 
Evaluation and Decision-Making for Radionuclides at Environmental Restoration Sites, 
Danny Katzman, LANL 
 
Perspectives on this Study from the Northern New Mexico Citizens’ Advisory Board, 
J.D. Campbell, NNMCAB 
 
Perspectives on this Study from the San Ildefonso Pueblo, Neil Weber, San Ildefonso 
Pueblo 
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Perspectives on this Study from the New Mexico Environment Department, James 
Bearzi, NMED 
 
Public comments 
 

Santa Fe, New Mexico, May 16–18, 2006 

Improving LANL’s Groundwater Monitoring and Analysis Program, Robert Gilkeson, 
Registered Geologist 

Overview of the LANL Consent Order, James Bearzi, NMED 

Summary of LANL Groundwater Issues of Regulatory Importance, James Bearzi, NMED 

A Brief History of Drilling for the Hydrogeologic Workplan at LANL, Dave Broxton, 
LANL 

Vadose-Zone Hydrology of the Pajarito Plateau, Brent Newman and Kay Birdsell, LANL 

Sources of Deep Groundwater Contamination, Danny Katzman, LANL 

Review of documents to be provided to the NAS panel, DOE/LANL Staff 

Comments from the Northern New Mexico Citizens Advisory Board, J.D. Campbell, 
NNMCAB 

Public comments 

San Ildefonso Pueblo Site Visit 

LANL Site Visit 

Groundwater forum poster session at Dwayne Smith Auditorium in Los Alamos 

 

Santa Fe, New Mexico, August 14–16, 2006 

LANL’s Environmental Programs: Overview and Objectives, Andy Phelps, LANL  

Current Knowledge and Status of Groundwater Protection at LANL: A Framework and 
Definitions for the Workshop Sessions, Jean Dewart, LANL 

Public comments 

RACER: Tools and a Process to Guide Decisions Made about Risk Reduction at Los 
Alamos National Laboratory, John Till, Risk Assessment Corporation 
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LANL Decision Support Process (LDSP) Description for Groundwater Contaminants, 
Chris EchoHawk, LANL  

Invited Perspectives from Northern New Mexico Citizen Advisory Board, J.D. Campbell, 
NNMCAB 

Invited Perspectives from Pueblo de San Ildefonso, Neil Weber, Pueblo de San Ildefonso 

Invited Perspectives from Concerned Citizens for Nuclear Safety, Joni Arends, CCNS 

Invited Perspectives from Department of Energy, Mat Johansen, DOE 

Invited Perspectives from Environmental Protection Agency, Richard Mayer, EPA 

Invited Perspectives from New Mexico Environment Department, James Bearzi, NMED 

Public comments
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Appendix B 

 
 

Committee Biographies 
 
 

 
 
 
 

CHAIRMAN 

Larry W. Lake (NAE) holds the W.A. Moncrief Centennial Endowed Chair in 
petroleum and geosystems engineering at the University of Texas, Austin.  Dr. Lake is an 
expert in modeling flow in porous media.  He chaired the Department of Petroleum 
Engineering at the University of Texas, Austin, from 1989 to 1997.  His approximately 
200 publications deal with the permeability characteristics of near-surface as well as deep 
geological formations and include uranium leaching.  In addition to his research, he has 
served as a consultant to major national and international companies and taught 
specialized short courses throughout the United States and abroad.  He served on 
committees of the National Research Council’s Board on Earth Sciences and Resources 
and Board on Energy and Environmental Systems.  Dr. Lake was elected to the National 
Academy of Engineering in 1997.  He received a B.S.E. degree from Arizona State 
University and a Ph.D. degree from Rice University, both in chemical engineering.   
 
 

VICE CHAIRMAN 

Rodney C. Ewing is the Donald R. Peacor Collegiate Professor in the Department of 
Geological Sciences with joint appointments in the Departments of Nuclear Engineering 
and Radiological Sciences and Materials Science and Engineering at the University of 
Michigan.  Dr. Ewing is an expert in geology and hydrology, and he has a broad 
knowledge of radioactive waste issues.  Prior to his appointment at Michigan, he was 
Regents’ Professor in the Department of Earth and Planetary Sciences at the University 
of New Mexico.  Dr. Ewing has served on several National Research Council committees 
and was appointed to the Nuclear and Radiation Studies Board (formerly Board on 
Radioactive Waste Management) in 2001.  He is a fellow of the American Association 
for the Advancement of Science, the Geological Society of America, and the 
Mineralogical Society of America.  Dr. Ewing received M.S. and Ph.D. degrees in 
geology from Stanford University.   
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COMMITTEE MEMBERS 

Deanna S. Durnford is a professor in the Department of Civil Engineering at Colorado 
State University.  Dr. Durnford is an expert in groundwater contaminant hydrology, 
mechanics of unsaturated and multiphase flow, and movement of water and 
contaminants.  She has developed a model of complex flow scenarios in confined and 
unconfined aquifers, which accounts for pumping well partial penetration, well-skin 
effects, and well-bore storage.  Dr. Durnford has done consulting work for several major 
corporations and has an extensive list of publications.  She is a fellow of the American 
Society of Civil Engineers, and a member of the American Geophysical Union and the 
National Groundwater Association.  Dr. Durnford received a B.S. degree in mathematics 
from the University of Wisconsin, Platteville, and M.S. and Ph.D. degrees in civil 
engineering from Colorado State University.   

Rolf U. Halden is an assistant professor in the Johns Hopkins Bloomberg School of 
Public Health, Department of Environmental Health Sciences.  Dr. Halden is an expert in 
analyzing pollutants in water, determining their source, and estimating their health risks.  
In his research, Dr. Halden uses a variety of advanced methods for sampling and analysis 
of organic and inorganic pollutants, along with mass balance calculations, to track 
pollutants from their point of release to a given receptor.  He served on the Maryland 
State Water Quality Advisory Committee from 2003 to 2005 and was an invited delegate 
to the Congress on Emerging Contaminants held in Washington, D.C., in 2005.  Dr. 
Halden received an M.S. degree in biology from the Technical University, Braunschweig, 
Germany, and M.S. and Ph.D. degrees in civil engineering from the University of 
Minnesota. 

Inez Hua is an associate professor of civil engineering and the founding interim head of 
the Division of Environmental and Ecological Engineering at Purdue University.  Dr. 
Hua is an expert in water treatment, fate and transport of chemical contaminants, 
inorganic and organic environmental chemistry, and groundwater and soil remediation. 
Three of her current research projects deal with contaminant detection and remediation.  
She has held temporary appointments with the Environmental Protection Agency and the 
National Aeronautics and Space Administration.  Dr. Hua received a B.A. degree in 
biochemistry from the University of California, Berkeley, and M.S. and Ph.D. degrees in 
environmental science and engineering from the California Institute of Technology. 

Annie B. Kersting is director of the Glenn T. Seaborg Institute at Lawrence Livermore 
National Laboratory.  Dr. Kersting is an expert in isotope geochemistry and 
environmental chemistry.  Her current research focuses on geochemical mechanisms that 
control actinide transport in the soil and groundwater, with special interest in how 
nanoparticles facilitate transport of contaminants in both saturated and unsaturated 
systems.  She served as a scientific advisor on the Actinide Migration Committee for 
Rocky Flats from 2000 to 2003.  She received a B.A. degree in geology from the 
University of California, Berkeley, and M.S. and Ph.D. degrees from the University of 
Michigan, both in geochemistry. 
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Anthony J. Knepp is a senior engineer and project manager at YAHSGS LLC, a 
technology management consulting firm located in Richland, Washington.  Before 
joining YAHSGS in 2004, he had more than 20 years of experience at the Department of 
Energy’s (DOE’s) Hanford site.  Mr. Knepp is an expert in regulatory documentation and 
negotiations for both federal and state environmental statutes and their implementing 
regulations, including RCRA, CERCLA, CWA, SDWA, NEPA, DOE Order 435.1, and 
others.  He also has extensive experience with hazardous, radioactive, and mixed waste 
cleanups; site characterization; and groundwater investigations and remediation (with 
DOE from 1985 to 1989 and subsequently with Hanford site contractors).  Mr. Knepp 
received a B.S degree in engineering from Johns Hopkins University and an M.S. degree 
in environmental engineering from Clemson University.   

Christopher J. Murray is a staff scientist in the Applied Geology and Geochemistry 
group at Pacific Northwest National Laboratory where he leads a group of 
geostatisticians.  Dr. Murray is an expert in applying statistics to problems of assessing 
subsurface contamination.  His work focuses on resolving two questions:  “Does a 
network of monitoring wells provide adequate sampling capability to understand and 
account for the heterogeneity in the subsurface hydrogeology?” and “Are the well-
sampling data statistically valid?”  Most of his work has involved the Hanford site; in 
addition, he has done work applied to mapping contaminated sediments off the coast of 
Southern California.  Dr. Murray has more than 20 peer-reviewed publications and has 
given numerous lectures on his research.  He received his B.A. and M.S. degrees in 
geology from the University of Montana and a Ph.D. degree in applied earth sciences 
from Stanford University.  

Kenneth A. Rainwater is a professor of civil engineering, with a joint appointment in 
geosciences, and director of the Water Resources Center at Texas Tech University.  Dr. 
Rainwater is an expert in groundwater sampling and well construction and groundwater 
modeling and monitoring.  He has been an expert witness on environmental 
contamination, water rights issues, and groundwater well field design and management, 
and he has peer reviewed groundwater modeling and risk assessment at the Pantex 
nuclear weapons site near Amarillo, Texas.  He is a member of the American Society of 
Civil Engineers, the American Geophysical Union, and the Universities Council on 
Water Resources.  Dr. Rainwater received a B.S. degree in civil engineering from Rice 
University and M.S. and Ph.D. degrees in water resources from the University of Texas, 
Austin.   

Arthur W. Ray has his own consulting firm, Wiley Environmental Strategies, 
specializing in development of proposed public policy, standards, legislation, and 
regulations; promotion of innovative technologies; and environmental justice, 
brownfields, and sustainability.  Mr. Ray is an expert in the aforementioned areas.  
Before starting his own firm in 2003, he was Exelon Generation Corporation’s assistant 
general counsel for environmental matters.  From 1995 to 2001, he was deputy secretary 
of the Maryland Department of the Environment.  He has done pro bono work for 
community groups and environmental organizations in New Mexico, including the 
Southwest Organizing Project and the Southwest Network for Economic and 
Environmental Justice, and has served as a guest lecturer at the University of New 
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Mexico.  Mr. Ray received a B.A. degree in psychology from Brown University and a 
J.D. degree from George Washington University.  

John R. Smith is section head of environmental health and safety (EHS) science and 
technology for Aluminum Company of America (Alcoa) and adjunct associate professor 
in civil and environmental engineering at Carnegie-Mellon University.  At Alcoa his 
responsibilities include early application of cost-effective and innovative solutions to 
address EHS issues throughout Alcoa worldwide.  Dr. Smith is an expert in remediation 
of both operating and closed facilities, including environmental fate and transport, 
application of innovative remedial technologies, and risk-based remedial approaches.  Dr. 
Smith received a B.S. degree in civil engineering and an M.S. degree in civil and 
environmental engineering from the State University of New York (SUNY), Buffalo, and 
a Ph.D. degree in civil and environmental engineering from Carnegie-Mellon University. 
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