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One of the high-profile, public sites that I was the Technical/Scientific Project Officer for was the 
project for water-modeling of volatile organic compound (VOC) contamination of drinking water 
supplies at U.S. Marine Corps Base Camp (USMCB) Camp Lejeune, Noth Carolina. In terms of 
overseeing and managing this project, I was responsible for putting together a multidisciplinary 
team of scientists, engineers, and data analysts consisting of available staff from the Agency for 
Toxic Substances and Disease Registry (ATSDR); coordinating with a cooperative agreement 
University Partner (the Multimedia Environmental Simulations Laboratory in the School of Civil and 
Environmental Engineering at the Georgia Institute of Technology); hiring outside consulting 
experts for task-specific assignments; coordinating with an ATSDR contractor (Eastern Research 
Group) to provide engineering and hydrologic science sub-contractor support and project 
logistical and administrative support; and requesting and executing cooperative agreements with 
other federal agencies (U.S. Geological Survey [USGS]) to provide modeling and cartographic 
support personnel. In total, there were 21 people that I supervised and 3 outside organizations that 
I coordinated with (Eastern Research Group, a university partner, and the USGS) from 2003–2013 
for this project. Table 2.1 lists the partners and team members by organization. Appendix B lists 
team members, their occupation, organization, and their respective technical and scientific 
expertise provided to the project. 
 
Table 2.1. Partners and Team Members Supporting the Agency for Toxic Substances and Disease Registry’s 
(ATSDR’s) Water-Modeling Activities for the Camp Lejeune Drinking-Water Health Studies. 

ATSDR Consultants University Partner1 Other Federal 
Agency 

B.A. Anderson Eastern Research 
Group2 M.M. Aral U. S. Geological 

Survey (USGS) 
F.J. Bove J. Doherty3 B. Chang L.E. Jones7 
M.L. Maslia R.E. Faye4 J. Guan S. J. Lawrence7 
S.M. Moore W.M. Grayman5 W. Jang K.A. Waltenbaugh8 
P.Z. Ruckart I.T. Telci6 I,T. Telci C.J. Wipperfurth8 
J.B. Sautner J.W. Green, Jr.   
R.J. Suárez-Soto C. Valenzuela   

 1Multimedia Environmental Simulations Laboratory, School of Civil and Environmental Engineering, Georgia 
Institute of Technology 
2Under contract to ATSDR for multi-site assistance and logistic support 
3Watermark Numerical Computing 
4R.E. Faye and Associates, sub-contractor to Eastern Research Group 
5W.M. Grayman Consulting Engineer 
6Sub-contractor to Oak Ridge Institute for Science and Education (ORISE) 
7Georgia Water Science Center, USGS 
8Science Publishing Network, USGS  
 

2.1 U.S. Geological Survey (USGS), 1980–1989 
Regional Aquifer Systems Analysis (RASA) 
The major groundwater systems of the United States were investigated by the U.S. Geological 
Survey (USGS) through its Regional Aquifer-System Analysis (RASA) Program. During the first 15 
years of the program (1978-92), 25 regional aquifer systems, including the most heavily pumped 
aquifers in the Nation, were intensively studied. One of the aquifer systems, the Floridan Aquifer 
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System, is located in southwest Georgia, southernmost Alabama, and all of Florida. I had the 
opportunity to develop and calibrate two-dimensional groundwater-flow models for southwest 
Georgia (an area of extensive agricultural pumpage) and northwest Florida (an area of extensive 
agricultural and water-supply pumpage). The results of the RASA studies are detailed in the series 
of USGS Professional Papers publications (1403 series for the Floridan Aquifer System). Two 
sentinel publications that I co-authored are Hayes et al. (1983) and Maslia and Hayes (1988). A 
peer-reviewed journal article that I co-authored was published in the journal Ground Water and 
was a result of research efforts conducted on the Floridan RASA program (Randolph et al. 1985). 
 
Investigation of Groundwater Flow, Hyde Park Landfill, New York 
Early in my tenure with the USGS Water Resources Division, I and a colleague were asked by the 
U.S. Environmental Protection Agency (USEPA) to assist them with evaluating and understanding 
the hydrogeologic controls on groundwater flow in a fractured rock aquifer at Niagara Falls, New 
York. The Hyde Park landfill, owned and operated by Hooker Chemical Company and located in 
the vicinity of Love Canal and the S-Area, had buried, toxic wastes underlain by a fractured rock 
aquifer. We applied a saturated-unsaturated finite element groundwater-flow model that I had 
developed as part of my Master’s Degree dissertation (Maslia 1980) to conduct the analysis. The 
results of the analyses were used by the USEPA to determine the direction and travel time for 
groundwater (and hence groundwater contaminated with chemicals) from the Hyde Park landfill to 
the Niagara River Gorge. This research effort resulted in two publications (a USGS Open-File 
Report and a peer-reviewed journal article) that are described in Maslia and Johnston (1982, 1984). 
The resulting calibrated hydrogeologic and aquifer parameter values have stood the test of time 
and have been used by other researchers conducting groundwater-flow modeling in this area over 
the years. Noteworthy of this research is that the results were used by the USEPA to support its first 
legal proceedings under the newly enacted CERCLA (Superfund) legislation. 
 
Determining Anisotropic Transmissivity Tensor Components of Two-Dimensional 
Groundwater Flow 
The equations that represent the movement of water in an aquifer when water is being withdrawn 
from a well form the basis of methods used to analyze aquifer-test data. These equations were 
derived under the assumption of aquifer isotropy and are not valid for analysis of anisotropic 
aquifers that include, for example, flow in some secondary permeability terrains and fractured 
rocks. Thus, in conjunction with aquifer-test data, the anisotropic equations can be used to 
determine aquifer anisotropy and the components of the anisotropic transmissivity tensor. In this 
research, the method originally described by Papadopulos (1965) was applied to aquifer hydraulic 
data to determine the components of the anisotropic transmissivity tensor. In addition, this 
research described the development, codification, and use of the computer program TENSOR2D, 
which automates the solution of hydraulic parameters and tensor components of the anisotropic 
transmissivity tensor. This research resulted in two USGS publications (Maslia and Randolph, 
1986, 1987) and has been incorporated into several public and proprietary desktop aquifer 
analysis programs used today by consulting engineers. An updated version of the TENSOR2D 
program was described in a note to the journal Ground Water (Maslia 1994). 
 
Effects of Faults on Groundwater Flow and Chloride Contamination in the Upper Floridan 
Aquifer, Brunswick, Glynn County, Georgia 
This research focused on the effects of inferred faults based on geophysical, hydrogeologic, and 
water-quality data within the Upper Floridan aquifer underlying Brunswick, Glynn County, Georgia. 
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This area has historically withdrawn large quantities of groundwater to support the chemical and 
pulp industries in Georgia, and in addition, provide drinking water to local municipalities. The 
research developed a unified, multidiscipline hypothesis to explain the anomalous pattern by 
which chloride has been found in water of the Upper Floridan aquifer. Analysis of geophysical, 
hydraulic, water chemistry, and aquifer-test data using the equivalent porous medium (EPM) 
approach were used to support the hypothesis and to improve further understanding of the 
fracture-flow system in this area. Results are described in a peer-reviewed journal article (Maslia 
and Prowell 1990) and two USGS publications (Jones and Maslia 1994; Jones et al. 2002). 

2.2 Geosyntec Consultants, 1990–1992 
Evaluation of Groundwater Flow Regime at a Landfill in New York 
The High Acres Landfill is located southeast of Rochester, New York, in Monroe County, on the 
eastern border of the town of Perinton. The design, construction, and operation of a waste 
disposal facility requires owners and operators to comply with applicable state and federal 
regulations. These regulations require the owner/operator to demonstrate that a minimum 
distance can be maintained between waste and groundwater to assure that the waste is not 
placed in the saturated zone (zone at and below the water table). For this site, the owner/operator 
had to demonstrate that the seasonal-high water table could be maintained 5 feet below the liner 
system. A multilayer finite-element aquifer model was applied to the site to (1) simulate the 
mechanism by which groundwater moves through the landfill at the site, and (2) evaluate the 
average and seasonal high water-table conditions at the site with and without the liner system. 
Based on the simulations, critical design aspects of the landfill liner system and its effect on local 
groundwater flow regime were evaluated throughout the entire site. Details of the analyses are 
provided in a peer-reviewed journal article (Maslia et al.1992). 

2.3 Agency for Toxic Substances and Disease Registry (ATSDR),1992–2017 
Exposure-Dose Reconstruction Program 
In 1980, Congress created the Agency for Toxic Substances and Disease Registry (ATSDR) to 
implement the health-related sections of laws that protect the public from hazardous wastes and 
environmental spills of hazardous substances. ATSDR was created under the Comprehensive 
Environmental Response, Compensation, and Liability Act (CERCLA)—also known as Superfund. A 
critical activity in achieving ATSDR's mission is characterizing past and current human exposures 
to, and doses received from, hazardous substances. Because direct measures of exposure and 
dose are often unavailable to agency health assessors and health scientists, sensitive, integrated, 
science-based methods for exposure-dose characterization needed to be developed. On 
December 23, 1992, Dr. Barry L. Johnson, Assistant Administrator, ATSDR, requested that a 
coordinated, comprehensive plan be developed that would serve as the agency's strategy for 
exposure-dose reconstruction activities. That plan, which I co-authored for ATSDR, is presented in 
Appendix C. 
 
The overall goal of the Exposure-Dose Reconstruction Program (EDRP) was to enhance the 
agency's capacity to characterize exposure and dose to better support health assessments and 
consultations, health studies, and exposure registries. As agency and division needs and 
requirements were identified, specific projects under the auspices of the EDRP were proposed 
and developed. The EDRP workplan (Appendix C), therefore, sets forth ATSDR's program 
objectives and priorities for conducting exposure-dose reconstruction activities. Listed below are 
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examples of projects, analyses and methods development conducted under the auspices and 
funding of the EDRP (1993–2013) that are described in agency reports and peer-reviewed 
literature. 
 
Two very high-profile sites where the EDRP was requested to provide scientific and technical 
expertise were: (1) the Dover Township (Toms River), New Jersey childhood cancer cluster 
investigation (1998–2001) and (2) exposure to volatile organic compound-contamination of 
drinking water supplies at U.S. Marine Corps Base (USMCB) Camp Lejeune, North Carolina (2003–
2015). The Dover Township analysis, which applied a water-distribution system model and 
developed the novel concept of proportional contribution for an epidemiological study is 
described in detail in Appendix D. The Camp Lejeune analysis, which applied groundwater flow, 
contaminant fate and transport, and water-distribution system models (in addition to other 
specialized analysis methods) is described in detail in Section 7.0 of this report. Supporting 
documentation, including all materials referenced therein, for the Camp Lejeune analysis are 
provided in Appendixes E–O of this report. Listed below are selected sites where the EDRP 
applied analysis tools to reconstruct (or predict) contaminant concentrations. 
 
• The Analytical Contaminant Transport Analysis System (ACTS)—Multimedia 

Environmental Fate and Transport 
The analytical contaminant transport analysis system (ACTS) is a computational platform 
designed to assist environmental engineers and health scientists with assessing and 
quantifying environmental multimedia fate and transport of contaminants within four 
environmental transport pathways—air, soil, surface water, and groundwater. ACTS was 
developed by the ATSDR Cooperative Agreement University partner, the Multimedia 
Environmental Simulations Laboratory (MESL) at the Georgia Institute of Technology (Ga. Tech, 
Atlanta, GA), and was applied by ATSDR engineers and health scientists to several sites ATSDR 
was investigating. ACTS contains more than 100 models and associated analytical solutions 
that are available in the public domain.  Analyses can be conducted using a deterministic 
(single-point) and a probabilistic analysis (two-stage Monte Carlo simulation) to assess the fate 
and transport of contaminants in multi-pathway environmental assessments. ACTS is a user-
friendly computational platform that was released publicly (Aral 1998), described in detail and 
applied to specific case studies in Maslia and Aral (2004), including: (1) deterministic fate and 
transport of tetrachloroethylene (PCE) at the North Railroad Avenue Plume site (Española, New 
Mexico), (2) probabilistic fate and transport of tetrachloroethylene (PCE) in groundwater using 
two-stage Monte Carlo simulation, and (3) probabilistic multi-pathway environmental fate and 
transport analysis of ethylene dibromide (EDB) using two-stage Monte Carlo simulation at the 
Massachusetts Military Reservation, Otis Air Force Base, near Hatchville, Massachusetts. 

 
• Use of Computational Models to Reconstruct and Predict Trichlorethylene (TCE) Exposure 

ATSDR evaluates the public threat of hazardous waste sites using environmental and health 
outcome data and community concerns. For the Gratuity Road Site, located in the town of 
Groton, Massachusetts, the health assessment indicated onsite and off-site residential 
contamination of groundwater wells with TCE. Because direct measures of historical TCE were 
unavailable for the site, computational models were used to reconstruct and predict exposure 
to TCE. Groundwater flow and contaminant fate and transport models were applied to the site. 
Using output from these models, inhalation exposure to TCE during showering was estimated 
using empirical formulas developed from the results of laboratory studies, and these results 
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Figure 7.1. Water-supply areas with focus on housing areas, barracks, and workplaces included 
in the Agency for Toxic Substances and Disease Registry (ATSDR) drinking-water exposure and 
health studies, U.S. Marine Corps Base Camp Lejeune, North Carolina (Maslia et al. 2013, 2016). 
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Figure 7.2. Operational chronologies of Tarawa Terrace water-supply wells, Tarawa Terrace study area, 
1952–1987 (Maslia et al. 2007). 
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Figure 7.5. Three-stage process used for identifying relevant information and extracting 
data for databases and model development, Tarawa Terrace, Hadnot Point, and 
Holcomb Boulevard study areas (Maslia et al. 2013). 
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Table 7.2. Analyses and simulation tools (models) used to reconstruct historical contamination events at 
Tarawa Terrace and vicinity (Maslia et al. 2007) 
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Table 7.3. Analyses and simulation tools (models) used to reconstruct historical 
contamination events at Handot Point-Holcomb Boulevard and vicinity (Maslia et al. 2013). 
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Table 7.9. Summary of reconstructed (simulated) values and observed data of tetrachloroethylene 
(PCE) at water-supply wells, Tarawa Terrace (Maslia et al. 2007).  

[PCE, tetrachloroethylene; µg/L, microgram per liter; J, estimated; ND, nondetect] 
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Table 7.10. Summary of reconstructed (simulated) values and observed data of tetrachloroethylene 
(PCE) at the water treatment plant, Tarawa Terrace (Maslia et al. 2007). 

[PCE, tetrachloroethylene; µg/L, microgram per liter; J, estimated; ND, nondetect] 
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Figure 7.24. Reconstructed (simulated) and measured concentrations of tetrachloroethylene (PCE) and 
trichloroethylene (TCE), trans-1,2-dichloroethylene (1,2-tDCE), and vinyl chloride (VC) at water-supply well 
HP-651 using numerical (MT3DMS) and linear control methodology (LCM; TechControl) models, Hadnot Point 
study area (from Guan and Aral 2013, Maslia et al. 2013). 
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Appendix B — The ATSDR Water Modeling Team for 
Historical Reconstruction at U.S. Marine Corps Base 

Camp Lejeune, North Carolina
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Appendix C — Exposure-Dose Reconstruction Program: 
Overview of Strategy, Agency for Toxic Substances and 

Disease Registry, March 1993 
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March 26, 1993  
 
From: Assistant Administrator,  ATSDR, (E28)  
 
Subject:  ATSDR's Exposure-Dose Reconstruction Program 
Overview of Strategy 
 
To:  Division Directors 
Office Directors 
Dose Reconstruction Committee Members 

A critical activity in achieving ATSDR's mission is characterizing 
past and current human exposures to, and doses received from 
hazardous substances. On December 23, 1992 I requested that a 
coordinated, comprehensive plan be developed that would serve as 
the agency's strategy for exposure dose reconstruction activities. 
Since that time, members of the Dose Reconstruction Committee have 
developed a plan that will enable ATSDR to address issues ranging 
from total human exposure to early biological effects. 
 
Attached to this memorandum is the document developed by the Dose 
Reconstruction Committee. The document sets forth the agency's 
program objectives and priorities for conducting exposure-dose 
reconstruction activities. As agency and division needs and 
requirements are identified, specific projects under the auspices 
of the Exposure-Dose Reconstruction Program will be proposed, 
developed, and funded. 
 
If additional copies of the report are needed, they may be obtained 
from Dr. Allan S. Susten, Assistant Director for Science, DHAC 
(E32).  
 
 

 

Barry L. Johson, Ph.D.  
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Agency for Toxic Substances and Disease Registry  

 

EXPOSURE-DOSE RECONSTRUCTION PROGRAM 

 

OVERVIEW OF STRATEGY 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

MARCH  1993  
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PREFACE 

A critical activity in achieving ATSDR's mission is characterizing past and current 
human exposures to, and doses received from, hazardous substances. Because direct 
measures of exposure and dose are often unavailable to agency health assessors and 
health scientists, sensitive, integrated, science-based methods for exposure-dose 
characterization need to be developed. On December 23, 1992, Dr. Barry L. Johnson, 
Assistant Administrator,  ATSDR, requested that a coordinated, comprehensive plan be 
developed that would serve as the agency's strategy for exposure-dose reconstruction 
activities. Since that time, members of the Dose Reconstruction Committee have 
developed a plan that will enable ATSDR to address issues ranging from total human 
exposure to early biological effects. 

The overall goal of the Exposure-Dose Reconstruction Program is to enhance the 
agency's capacity to characterize exposure and dose to better support health 
assessments and consultations, health studies, and exposure registries. As agency and 
division needs and requirements are identified, specific projects under the auspices of 
the Exposure-Dose Reconstruction Program will be proposed and developed. This 
document, therefore, sets forth ATSDR's program objectives and priorities for 
conducting exposure-dose reconstruction activities. 
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Figure 1. Continuum for relating environmental contamination with clinical disease. (From Lioy, 1990; Johnson 
and Jones, 1992) 
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COORDINATION 

In pursuing agency objectives, the Dose Reconstruction Committee will coordinate intramural and 
extramural activities with CDC, EPA, NTP, and other organizations that are actively involved with 
exposure-dose assessment and reconstruction. The committee will monitor and provide status 
reports on a regular basis to the Assistant Administrator, ATSDR. 
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Appendix D — Dover Township, Toms River, New Jersey Childhood 
Cancer Cluster Investigation 
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Figure D.1. Investigation area, Dover Township, Ocean County, New Jersey (modified from Maslia et al. 2001). 
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Appendix E — Information Sources Used to Extract Model-Related 
Data for Historical Reconstruction  
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Appendix F — Summaries of ATSDR’s Tarawa Terrace Chapter 
Reports 
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Appendix G — Summaries of ATSDR’s Hadnot Point–Holcomb 
Boulevard Chapter Reports and Supplemental Information 
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described. Collectively, these data provide most of the base of information necessary to construct the fate 
and transport models used to reconstruct (simulate) historical concentrations of contaminants within the 
water-distribution systems serviced by the HPWTP and HBWTP. Additionally, this report provides a detailed 
summary of historical information useful to ongoing and future exposure and health studies at USMCB 
Camp Lejeune, including a chronology of residential housing areas served by the HPWTP and HBWTP, 
annual operational capacities of the WTPs, locations and construction details of water-supply wells and 
water-quality monitor wells, and a summary and discussion of relevant environmental investigations at 18 
IRP sites within the study area where contaminated groundwater occurred or was thought to have 
occurred. 

Chapter D: Occurrence of Selected Contaminants in Groundwater at Above-Ground and Underground 
Storage Tank Sites (Faye et al. 2012) provides summaries of results of investigations at 64 designated 
Resource Conservation and Recovery Act (RCRA) study areas and emphasizes the occurrence and 
distribution of benzene, toluene, ethylbenzene, and xylenes (BTEX) components within groundwater of the 
areas served by the HPWTP and HBWTP. The volume of BTEX mass removed from the subsurface during 
remediation at selected locations within the service areas also is summarized. Results of analyses of 
samples collected in monitor wells at several CERCLA investigation study areas co-located with RCRA 
areas are also included herein. Concentrations of chlorinated alkenes such as PCE and TCE are also 
described where plumes of BTEX and chlorinated alkenes are mixed at several locations. 
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Appendix H1 — Tarawa Terrace Water Treatment Plant 
Reconstructed (Simulated) Mean Monthly Finished Water 

Concentrations for Single-Specie Tetrachloroethylene (PCE) 
Using MT3DMS Model and for Multispecies, Multiphase PCE 

(Trichloroethylene [TCE], trans-1,2-Dichlorothylene [1,2-
tDCE], and Vinyl Chloride [VC]) Using TechFlowMP Model 
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Appendix H2 — Tarawa Terrace Water Treatment Plant 
Reconstructed (Simulated) Mean Monthly Finished Water 

Concentration of Single-Specie Tetrachloroethylene (PCE) and 
Range of Concentrations Derived from Monte Carlo Simulation 
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Appendix I —Reconstructed (Simulated) Mean Monthly 
Concentrations of Selected Water-Supply Wells, for 

Tetrachloroethylene (PCE), Trichloroethylene (TCE), trans-1,2-
Dichloroethylene (1,2-tDCE), Vinyl Chloride (VC), and 
Benzene, Hadnot Point-Holcomb Boulevard Study Area 
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Appendix J — Hadnot Point Water Treatment Plant 
Reconstructed (Simulated) Mean Monthly Finished Water 

Concentrations 
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Appendix K — Holcomb Boulevard Water-Distribution System 
Reconstructed (Simulated) Mean Monthly Finished Water 

Concentrations 
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Appendix L — ATSDR Response to Department of the Navy’s 
Letter on: Assessment of ATSDTR Water Modeling for Tarawa 

Terrace (ATSDR 2009) 

 

 

The ATSDR Response to Department of Navy’s Letter is publicly available on the 
ATSDR website at: 

ATSDR Response2DON 10Mar09.pdf (cdc.gov) 

 

References to “Attachment 2 – Attachment 8” in the text portion of the response 
included with this Appendix K are found in the publicly available report on ATSDR’s 

website. Attachment 1 is included with this Appendix 
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RESPONSE TO THE DEPARTMENT OF THE NAVY’S LETTER ON ASSESSMENT OF ATSDR WATER 
MODELING FOR TARAWA TERRACE 
 
 
INTRODUCTION 

The Agency for Toxic Substances and Disease Registry (ATSDR) has used the following 
referencing format in responding to the Department of the Navy (DON) comments contained in their 
letter of June 19, 2008. A comment is identified in the DON letter by a number (e.g., 1.1, 2.1, 3.1, 
etc.), and the ATSDR response to that particular comment is identified with a sequential number 
(e.g., 1.2, 2.2, 3.2, etc.). To facilitate comparison of DON comments with ATSDR responses, DON 
comment identifiers (e.g., 1.1, 2.1, 3.1, etc.) have been placed in the margins of the DON letter. This 
“marked up” letter is provided as a reference and is identified herein as Attachment 1. 

 
BACKGROUND 

This ATSDR response and related attachments are part of a continuing effort on the part of ATSDR 
to maintain a high level of communication between ATSDR and other agencies responsible for the 
current health study at Camp Lejeune. To reiterate those efforts, Attachment 2 presents information 
pertinent to previous meetings, presentations, and conversations between ATSDR and the 
Department of Defense (DOD), the DON, and the U.S. Marine Corps (USMC). Since ATSDR 
proposed using the historical reconstruction approach as part of the current health study during 
October 2003, ATSDR staff have kept the DOD, DON, and USMC fully informed, at the highest 
levels of command, regarding ATSDR’s work plans, activities, progress, and results. Attachment 2 
provides a complete chronology of meetings, presentations, and publications related to the historical 
reconstruction of contaminated drinking water at Tarawa Terrace and vicinity. Three examples, we 
believe, are noteworthy: 
 

(1) On October 8, 2003, ATSDR presented its proposed modeling approach to support the 
current health study—historical reconstruction—during a meeting at ATSDR 
headquarters. Attending the meeting were representatives from the DOD, DON, and 
USMC (headquarters and Camp Lejeune). A copy of the meeting sign-in sheet and 
sample presentation slides also are provided in Attachment 2. 

 
(2) On August 26, 2005, ATSDR health study and water-modeling staff met with Lt. General 

Kelly and his staff at USMC headquarters and presented initial water-modeling results 
indicating tetrachloroethylene (PCE) had reached Tarawa Terrace water-supply wells as 
early as 1960. 

 
(3) On June 11, 2007, ATSDR health study and water-modeling staff met with Lt. General 

Kramlich and his staff at USMC headquarters and presented final water-modeling results. 
These results indicated that PCE dissolved in groundwater had reached Tarawa Terrace 
water-supply wells as early as November 1957. ATSDR also presented Lt. General 
Kramlich and his staff with printed copies of the Executive Summary report (Maslia et al. 
2007a) that would be publicly released the following day (June 12, 2007). 
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RESPONSE TO SPECIFIC COMMENTS 

 
1.1 DON Comment/Statement 

During a Technical Information Meeting with the Marine Corps and Navy on March 26, 2008, the 
ATSDR presented their water modeling efforts in a summary report entitled “Exposure to Volatile 
Organic Compounds in Drinking Water and Specific Birth Defects and Childhood Cancer at U.S. 
Marine Corps Base Camp Lejeune, North Carolina.” 
 

1.2 ATSDR Response 

During the aforementioned meeting on March 26, 2008, in Atlanta, ATSDR presented water- 
modeling results for Tarawa Terrace and vicinity. Staff and technical representatives from ATSDR, 
DON, and USMC headquarters attended the meeting. ATSDR presented a summary of published 
results and a list of Tarawa Terrace chapter reports to be completed. Attendees were provided with 
a copy of the ATSDR PowerPoint® presentation that was used during the meeting. 
 
Note that all reports of technical analyses and water-modeling results pertinent to historical 
reconstruction of exposure to volatile organic compounds (VOCs) at Tarawa Terrace and vicinity 
published to date by ATSDR have been available on the agency’s Camp Lejeune Web site 
(http://www.atsdr.cdc.gov/sites/lejeune/watermodeling.html) since June 2007. For example, the 
Executive Summary (Maslia et al. 2007a) and Chapter A (Maslia et al. 2007b) reports were released 
publicly during June and July 2007, respectively. As agreed upon with USMC headquarters staff, 
ATSDR provided Camp Lejeune and USMC headquarters staff with advanced electronic copies 
(508-compliant PDF® files) of the aforementioned reports 24 hours prior to their public release. 
 
 

2.1 DON Comment/Statement 

Monthly PCE concentrations are required for the ATSDR health study, which will examine births that 
occurred from 1968 (when North Carolina computerized its birth certificates) to 1985 (when the 
contaminated water supply wells were removed from service). 
 
2. 2 ATSDR Response 

In general, ATSDR is in agreement with this statement. Specifically, however, historical and water 
treatment plant (WTP) operations records indicate that only the most contaminated wells were 
removed from continuous service during 1985. For example, water-supply wells TT-26 and TT-23 
were removed from continuous service during February and May 1985, respectively. 
Remaining Tarawa Terrace water-supply wells continued to operate continuously and intermittently 
until the Tarawa Terrace WTP was permanently shut down during March 1987 (Maslia et al. 2007b, 
Table A6). Thus, ATSDR is not in agreement with the DON statement in parentheses that incorrectly 
describes the schedule for the removal of water-supply wells from service at Tarawa Terrace. 
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3.1 DON Comment/Statement 

Due to lack of measured concentrations, the ATSDR used groundwater flow and contaminant transport 
modeling in a historical reconstruction process to simulate PCE concentrations in the drinking water on 
a monthly basis from 1952 to 1987. 
 

3.2 ATSDR Response 

To reconstruct monthly concentrations of PCE in drinking water, ATSDR used three types of 
models: (1) groundwater flow, (2) contaminant fate and transport, and (3) simple mixing based on 
the concepts of continuity and mass balance. The mixing model was necessary to account for the 
mixing of uncontaminated and contaminated water-supply wells contributing to the water supply at 
the Tarawa Terrace WTP. The mixing model provided the final “mixed” drinking- water 
concentrations on a monthly basis, and these are the values that are available on the ATSDR Web 
site and published in the Chapter A report (Maslia et al. 2007b). 
 
 

4.1 DON Comment/Statement 

Figure 1 shows the simulated concentrations of PCE versus measured concentrations in finished 
water from the WTP. Significantly, measured concentrations of PCE are available only in 1982 and 
1985, near the end of the overall time period. Thus, the majority of the simulated concentrations 
cannot be compared to measured data. 

 
4.2 ATSDR Response 

ATSDR agrees that there is a lack of historical contaminant concentration data. That is why 
ATSDR applied the historical reconstruction process to reconstruct (or synthesize) water levels, 
groundwater concentrations, and drinking-water concentrations of PCE for historical periods 
(months) when data were not available. Note that data used to calibrate the model(s) in the 
historical reconstruction process can either be historical data (as was the situation for Tarawa 
Terrace), or present-day data obtained through a field-test program—as was the case for the water-
distribution system model developed by ATSDR for the Dover Township (Toms River), New 
Jersey, childhood cancer cluster investigation (Maslia et al. 2000). 
 
 

5.1 DON Comment/Statement 

Furthermore, all of the measured concentrations were used during model calibration, leaving no 
data available for model validation. As a result, the Tarawa Terrace model was not validated. 
 

5.2 ATSDR Response 

A number of terms have been used throughout the published literature that reference the adequacy of 
model simulation to reliably reproduce real-world conditions based on the fidelity of the model and 
its intended use. Many groundwater modelers and hydrologists have abandoned the use of terms 
such as model verification and validation for the terms of history matching and post audits 
(Bredehoeft and Konikow 1993, Oreskes et al. 1994). However, ATSDR understands that the DON 
comment was intended to express the DON’s concern that the calibrated Tarawa Terrace models 
were not compared to multiple independent sets of measured data (water levels 
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and concentrations) as part of ATSDR’s model calibration process and strategy. To address this 
concern, definitions of terms such as “verification” and “validation” should be agreed upon, and the 
consequences of undertaking a useful “validation” program for Tarawa Terrace should be 
completely understood by ATSDR and the DON. Model verification requires that multiple sets of 
field data be available for model calibration. These sets of field data should be sufficiently large in 
quantity and distribution and of sufficient quality to provide at least two equally useful calibration 
data sets. Each data set also should be sufficiently separated in time so as to represent significantly 
different water-level and contaminant conditions within the model domain. The field data set at 
Tarawa Terrace used for model calibration was not of sufficient quantity and was too compressed in 
time to implement a verification procedure. To appropriately calibrate the Tarawa Terrace models, 
all available field data were required for a single calibration data set and effort. This is consistent 
with and follows ASTM D5981-96, Standard Guide for Calibrating a Ground-Water Flow Model 
Application (1996, Note 4), that states: “When only one data set is available, it is inadvisable to 
artificially  split it into separate ‘calibration’ and ‘verification’ data sets. It is usually more important 
to calibrate to data spanning as much of the modeled domain as possible.” 
 
To meaningfully validate the Tarawa Terrace models (or more appropriately, to conduct a post 
audit), sufficient time should elapse between individual sets of field data to ensure that significant 
changes in field conditions have occurred compared to calibrated conditions. At Tarawa Terrace, 
such changes, by necessity, would require the migration of the contaminant mass to a completely 
new location and for contaminant concentrations to change significantly when compared to 
calibrated conditions. Additionally, at Tarawa Terrace, validation (a post audit) would require the 
collection and analyses of substantial quantities of additional field data, similar to Weston’s 
Operational Units 1 and 2 (Roy F. Weston, Inc. 1992, 1994). 

Note, once an acceptable calibration was achieved (using a four-stage calibration strategy described 
in Maslia et al. [2007a], Faye and Valenzuela [2007], and Faye [2008]), the calibrated models were 
used to reconstruct historical monthly PCE and PCE degradation by-product concentrations in 
groundwater and drinking water (Jang and Aral 2008). This is standard practice in the modeling 
community—using a calibrated model to “predict” (in ATSDR’s situation, “reconstruct”) results for 
a period of time when data are not available or cannot be obtained. An example using this same 
approach is the application of fate and transport modeling to chlorinated organic compounds at 
Operable Unit 1, U.S. Naval Air Station, Jacksonville, Florida (NASJF), conducted by Davis (2007, 
Figures 28–31). At this site, the earliest water-quality data that are available were collected during 
1992, but the fate and transport model simulations reconstruct concentrations as far back as 1945. 
 
 

6.1 DON Comment/Statement 

For PCE detections, the ATSDR chose the calibration standard to be “±1/2-order of magnitude of 
the observed valued,” such that the higher value in the calibration target range is 10 times greater 
than the lower value …. In other words, a model-derived PCE concentration can be approximately 
3 times higher or 3 times lower than the measured concentration and still fall within the calibration 
range. 
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6.2 ATSDR Response 

ATSDR generally is in agreement with this statement. For model calibration, ATSDR established, a 
priori , calibration “targets” that were based on the reported accuracy of the available water-level 
and water-quality measurements. This is in keeping with, and following, the ASTM Standard Guide 
for Calibrating a Ground-Water Flow Model Application (ASTM 1996). Note, however, that 
published or accepted groundwater-flow or contaminant fate and transport model calibration 
standards are currently not established. The lack of model calibration standards is further 
emphasized by Anderson and Woessner (1992) who state: “To date, there is no standard protocol 
for evaluating the calibration process, although the need for a standard methodology is recognized 
as an important part of the quality assurance in code application (National Research Council 
1990).” In thoroughly reviewing the published literature for contaminant fate and transport model 
applications, ATSDR did not find any examples wherein calibration targets were established a 
priori and then were followed by a comparison of model simulation results to the calibration targets, 
as was done in the ATSDR analyses (Maslia et al. 2007b, Faye 2008). For example, at another DON 
site—the NASJF—contaminant fate and transport simulations of selected chlorinated organic 
solvents were accepted by the DON, but the simulations did not include any a priori contaminant 
fate and transport calibration targets (Davis 2003, 2007). 
 
 

7.1 DON Comment/Statement 

However, all comparisons did not fall within the calibration range. At the WTP, 12% of the 
simulated PCE concentrations failed the calibration standard …. at the water supply wells, a 
majority (53%) of the simulated concentrations fell outside the calibration standard…. 
 

7.2  ATSDR Response 

ATSDR will address three issues pertinent to the aforementioned DON statement: 
(1) ATSDR acknowledges that several simulated head and concentration data fall outside of 

the range of the ATSDR established calibration targets. As discussed above, ATSDR 
used available data provided by the U.S. Environmental Protection Agency (USEPA), 
U.S. Geological Survey (USGS), USMC, and DON, and based on these data, established 
calibration targets a priori, as prescribed in ASTM D5981-96 (1996, Section 6). 
Furthermore, ATSDR clearly identified and conveyed to the reader (and the public) those 
data that met and did not meet calibration targets by providing illustrations comparing 
observed (measured) data, nondetect data, and simulated results with calibration targets 
for water-supply wells and the Tarawa Terrace WTP. These illustrations are designated 
as Figures A11 for water-supply wells and A12 for the WTP of the Chapter A report and 
are located on pages A30 and A31, respectively (Maslia et al. 2007b). 

 
(2) Note, as well, that ATSDR did not discard any nondetect data, as is done in many 

environmental analyses (Helsel 2005). Rather, ATSDR clearly identified the nondetect 
data on the aforementioned illustrations so the reader could judge for themselves the 
usefulness of these data and their relation to the calibration targets. This is very much in 
keeping with the approach stated by Helsel (2005): “Deleting nondetects, concentrations 
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risk assessment utilizing approaches such as meta-analysis to summarize evidence from several 
epidemiological studies because a single epidemiological study is generally insufficient to make this 
determination. The goal of the ATSDR epidemiological 
analysis is to evaluate exposure-response relationships to determine whether the risk for a specific 
disease increases as the level of the contaminant (either as a categorical 
variable or continuous variable) increases. 
 
 

8.1 DON Comment/Statement 

It seems reasonable to conclude that the accuracy of the historically reconstructed PCE 
concentrations would be less than the calibration standard of ±1/2-order of magnitude. Thus, the 
historical reconstructions may be viewed as rough estimates of actual exposure concentrations, with 
model-derived PCE concentrations representing a relatively wide range of possible exposures. It is 
essential that this concept be expressed clearly and consistently to all stakeholders. 

 
8.2 ATSDR Response 

ATSDR is in disagreement with DON’s assessment and interpretation as expressed in the first two 
sentences above. As previously discussed, there are no established calibration targets or standards 
that are universally accepted or used by the contaminant fate and transport modeling community. 
With respect to the Tarawa Terrace models, the failure of a percentage of data to conform to a 
designated calibration target is more a commentary on the accuracy and variability of field data used 
for model calibration than the model’s ability to accurately simulate true field conditions. These 
issues are thoroughly discussed in the “Discussion” sections of the Tarawa Terrace Chapter C and F 
reports (Faye and Valenzuela 2007, Faye 2008) For example, note on Attachment 3 of this letter the 
radical changes in PCE concentration at well TT-26 during the approximately 1-month period 
between January 16 and February 19, 1985. Of the four comparisons of measured PCE 
concentrations with simulated PCE concentrations, three comparisons failed the calibration target 
test of ±1/2-order of magnitude while the field data varied by as much as 2.5 orders of magnitude. 
The two analyses recorded for February 19, 1985, are duplicative but were nonetheless counted as 
two failures with respect to computing a percentage of comparisons that failed the calibration target 
test. Furthermore, ATSDR is not aware of any other published report that establishes, a priori, 
contaminant fate and transport calibration targets. ATSDR based its calibration target of ±1/2-order 
of magnitude on the assumption that very restrictive or “tight”  control on model calibration was 
desired. With 59% of the water-supply well and water treatment plant paired data points meeting 
these targets, ATSDR believes it met its model calibration goals. 
 
ATSDR is in disagreement with the DON statement that the historical reconstruction results of 
PCE concentrations are “rough estimates” and represent a “relatively wide range of possible 
exposures.” Results presented in the Chapter A report (Maslia et al. 2007b) demonstrate just the 
opposite. ATSDR meticulously followed accepted modeling standards (ASTM 1996, Hill and 
Tiedeman 2007) for both deterministic (single-valued input and output) and probabilistic 
(distributed-value input and output) modeling analyses. Results obtained are accurate on a monthly 
basis within the variability bands indicated, given the quality and quantity of available 
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10.1  DON Comment/Statement 

Other concerns with model calibration include the simulation of contaminant mass loading and 
groundwater flow. With Dense, Non-Aqueous Phase Liquids (DNAPLs) such as PCE, mass 
estimation is always quite difficult and subject to very high uncertainty due to irregular movement 
and distribution of DNAPL in the subsurface. 

 
10.2  ATSDR Response 

In principle, ATSDR is in agreement with the DON statement that DNAPL movement and 
distribution makes it difficult to estimate contaminant mass. However, water-quality data obtained 
from the USEPA for the unsaturated zone in the vicinity of ABC One-Hour Cleaners and in the 
Upper Castle Hayne aquifer at Tarawa Terrace (Roy F. Weston, Inc. 1992, 1994; Faye and Green 
2007) indicated that measured PCE concentrations in water-quality samples were significantly 
below the solubility limit of PCE in water. Typical solubility limits for PCE in water reported in the 
scientific literature range from 150–210 mg/L (Schwille 1988, Pankow and Cherry 1996, ATSDR 
1997, Lawrence 2007). Reported concentrations of PCE in all water- quality samples made available 
to ATSDR were less than 20% of the solubility limit and most concentrations were in the range of 
less than 1% to 5% of the solubility limit (Faye and Green 2007). Thus, with PCE concentrations 
well below their solubility limit, the movement of PCE- contaminated groundwater would not be 
subjected to the complexities and difficulties encountered with estimating mass of density-driven 
flows. This concept is further borne out by Schwille (1988) who states, in referring to chlorinated 
hydrocarbons (CHCs): “In most cases, the concentrations near all CHC spill sites are very low—
usually far below the saturation values. 
This indicates that it may be assumed that density-affected flow will  be the exception in real- world 
situations.” 

In addition, mass computations similar to those described in Pankow and Cherry (1996) were 
accomplished for the saturated and unsaturated zones in the vicinity of ABC One-Hour Cleaners, 
using hydrocone and well data made available to ATSDR by USEPA and USMC (Roy F. Weston, 
Inc. 1992, 1994; Faye and Green 2007). These mass computations provided a lower- limit estimate 
for dissolved PCE mass in groundwater needed for simulating the contaminant fate and transport of 
PCE at Tarawa Terrace. Furthermore, the calibration of the Tarawa Terrace fate and transport model 
is additionally corroborated by comparing the computed mass residing in the saturated zone from 
December 1991 to April 1992 (1.5 x 106 grams) to the simulated mass residing in the saturated zone 
during February 1992 (1.0 x 106 grams) (Faye 2008). The mass computation method described in 
Pankow and Cherry (1996) and similar to that used by Faye and Green (2007) has been further 
refined. As explained in Ricker (2008): “this method is applicable to any contaminant dissolved in 
ground water.” A copy of the paper by Ricker (2008) is provided as Attachment 5. 

 
11.1  DON Comment/Statement 

For Tarawa Terrace groundwater, the difference between observed and simulated elevations is 5 to 
10 feet at many times during the 1970’s and 1980’s. This is a significant disparity because the total 
change in groundwater elevation from the source area to the receptor wells is approximately 10 to 
12 feet. 
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11.2  ATSDR Response 

This DON approach to evaluating model calibration applies a generalized “rule of thumb” to the 
Tarawa Terrace groundwater-flow models and is possibly based on wording found in ASTM Guide 
D5981-96, Standard Guide for Calibrating a Ground-Water Flow Model Application, (ASTM 1996, 
section 6.4.1): “the acceptable residual should be a small fraction of the difference between the 
highest and lowest heads across the site.” ATSDR is not in agreement with this approach to 
evaluate model calibration. A careful review of ASTM D5981-96 in its entirety indicates that the 
DON’s comment, as stated, is totally removed from the context of Section 6 of the ASTM Standard 
Guide as well as the context of the accuracy of field data used to calibrate the Tarawa Terrace 
groundwater-flow model, as described in the Chapter C report (Faye and Valenzuela 2007). For 
example, in Section 6.4, ASTM D5981-96 states: “the magnitude of the acceptable residual 
depends partly upon the magnitude of the error of the measurement or the estimate of the 
calibration target and partly upon the degree of accuracy and precision required of the model’s 
prediction.” Furthermore, Note 2 of ASTM D5981-96 states: “Acceptable residuals may differ for 
different hydraulic head calibration targets within a particular model. This may be due to different 
errors in measurement.” The Tarawa Terrace Chapter C report (Faye and Valenzuela 2007, p. C24) 
provides a comprehensive discussion of water-level measurement errors arising from the use of 
airlines and pressure gages to measure water levels. Faye and Valenzuela also point out that this is 
consistent with the discussions of LeGrand (1959) who described problems associated with the use 
of airlines to measure water levels at Camp Lejeune as far back as 1959. As pointed out in Faye and 
Valenzuela (2007, p. 
C24): “Typically, reported water levels [at supply wells] vary in excess of 20 ft during the period of 
measurement, and frequently 10 ft or more from month to month…. Such variability also may 
indicate leaking or damaged airlines or pressure gages.” 

Faye and Valenzuela (2007, p. C24) also provide detailed discussions as to the rationale for 
selecting two calibration target ranges for the transient groundwater-flow model. At wells where 
water-level measurements were obtained using airlines and pressure gages, the calibration target 
was selected as an absolute difference of 12 ft between simulated and measured water levels. 
This target was based on well-known disadvantages of using pressure gages and airlines to obtain 
accurate water-level measurements. Where water-level measurements were obtained using the more 
highly accurate tapes and similar devices at monitor wells, the calibration target was selected as an 
absolute difference of 3 ft between simulated and measured water levels. This target was based on 
the least accurate of these water-level measurements where topographic maps were used to estimate 
the altitude of a measuring point. 
 
Evaluating model calibration using the “rule of thumb,” as the DON has suggested, also assumes 
that no other information is available to determine calibration targets. When information is 
available, such as direct knowledge of methods of water-level measurements and information 
characterizing the measurement device(s), the calibration targets should be based on these data, not 
on a “rule of thumb.” Faye and Valenzuela (2007) provide detailed listings of measured water levels 
in supply and monitor wells throughout Tarawa Terrace (Appendix C5). 
 
The calibration of the Tarawa Terrace groundwater-flow and contaminant fate and transport models 
and the computation of related calibration metrics are described in great detail in published ATSDR 
reports (Faye and Valenzuela 2007, Maslia et al. 2007b, Faye 2008). The 
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calibration approach used by ATSDR closely follows published guidelines for model calibration 
(National Research Council 1990;Anderson and Woessner 1992; ASTM 2004, 2006, 2008). 
Nowhere in these publications could we find any reference to the “rule of thumb” for model 
calibration found in ASTM (1996) and subsequently promoted by the DON. The use of hydraulic 
head change over a model domain to define an acceptable residual for groundwater model 
calibration is not found or discussed in any of the aforementioned references. Anderson and 
Woessner (1992) and ASTM D5940-93 (2008) provide several metrics for evaluating the calibration 
process and comparing groundwater-flow model simulation to site-specific information. Among 
these metrics are the use of a scatter diagram and the computation of the mean error, the mean 
absolute error, the root-mean-square (RMS) of error, and standard deviation of error.1 In 
conformance with these metrics, the calibration of the ATSDR groundwater-flow models was 
evaluated using scatter diagrams (Figures C9 and C20 in Faye and Valenzuela [2007] and Figure 
A10 in Maslia et al. [2007b]) and by computing the mean absolute error of the differences between 
simulated and observed head at all known observation and water-supply wells within the model 
domain as well as the RMS and standard deviation of these differences (Table C10 in Faye and 
Valenzuela [2007] and Table A8 in Maslia et al. [2007b]). Attachment 6 to this letter, the scatter 
diagram from Maslia et al. (2007b), and Attachment 7, Table A8 from Maslia et al. 2007b, describe 
the computation of the absolute error (head difference) and related RMS and standard deviation. The 
calibration of the ATSDR Tarawa Terrace groundwater-flow and contaminant fate and transport 
models was based on available water-level and water-quality data to determine calibration targets 
and closely adheres to accepted model calibration standards and evaluation procedures, such as those 
described in the aforementioned publications. 
 
 

12.1  DON Comment/Statement 

In addition, model results suggest that the simulated PCE concentrations at the WTP depend 
significantly on the pumping rates at the various water supply wells. The degree to which simulated 
well operations match actual operations is a concern. The Navy/Marine Corps would welcome the 
opportunity for further technical discussion with ATSDR on these issues. 
 

12.2  ATSDR Response 

ATSDR is in agreement with the DON that PCE concentrations at the WTP are dependent on the 
pumping rates assigned to water-supply wells. This dependency is based on the principles of 
continuity and conservation of mass. The PCE concentration in finished water at the WTP is a 
function of individual water-supply well pumping rates and their simulated PCE concentrations for a 
given historical month (stress period)—also referred to as a flow-weighted average PCE 
concentration (Faye 2008). ATSDR shares the DON’s concern that simulated operations may not 
match historical operations. Thus, when monthly pumpage data were available, ATSDR used these 
data in the transient groundwater-flow model (for example, Table C8 in Faye and Valenzuela [2007] 
and Table I16 in Maslia et al. [2009]). To address issues of missing pumping operational data and 
the effect of uncertain pumping rates on simulated PCE concentrations, ATSDR conducted 
additional and complex analyses that described in detail: (1) issues of 
 

1The term “error” as used in Anderson and Woessner (1992) and some other references is defined in the ATSDR 
analyses as “head difference” and refers to the difference between measured and simulated potentiometric heads or water 
levels. 
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Chapter I report describes in detail the Monte Carlo simulation process and how this process was 
incorporated into Tarawa Terrace groundwater-flow and contaminant fate and transport models. 
Additionally, details pertaining to generating uncertain parameter distributions using Monte Carlo 
and sequential Gaussian simulation are discussed. Note, however, results presented in the Chapter I 
report do not change or alter results and interpretations presented in the Chapter A report. 
 

 
15.1  DON Comment/Statement 

The usefulness and applicability of the model-derived PCE concentrations for Tarawa Terrace are 
affected by the following …. 
 

15.2  ATSDR Response 

ATSDR has responded in detail to the items numbered in the Summary Section of the DON letter of 
June 19, 2008. To summarize, ATSDR used data and information that were provided by the USEPA 
and the USMC. In addition, other data sources from the USGS also were used. This formed the 
basis for the conceptual models of groundwater flow and contaminant fate and transport applied to 
the Tarawa Terrace area. 
 
Calibration targets were selected based on the quality and availability of water-level and water- 
quality data provided to ATSDR. Model analyses and calibrations were conducted by following 
accepted and published standards for groundwater-flow and contaminant fate and transport models 
(ASTM 1996, 2004, 2006). It must be emphasized, however, that model calibration standards or 
targets for groundwater-flow and contaminant fate and transport modeling analyses do not exist, as 
stated in Anderson and Woessner (1992): “To date, there is no standard protocol for evaluating the 
calibration process, although the need for a standard methodology is recognized as an important 
part of the quality assurance in code application (National Research Council 1990).” Thus, ATSDR 
maintains that the models (flow, transport, and mixing) are sufficiently calibrated, given the quantity 
and accuracy of data provided and the intended use of the simulated historically reconstructed 
concentrations for the epidemiological study, previously discussed above in the last paragraph of 
section 7.2. 
 
The concept behind the historical reconstruction process is as follows: (1) when data are limited or 
unavailable for a certain time period, the data that are available are used to calibrate a model (or 
models), and (2) the missing data are “reconstructed” or “synthesized” using the calibrated model(s). 
 
 

16.1  DON Comment/Statement 

Groundwater modeling studies are always subject to a high degree of uncertainty, and in this sense, 
the Tarawa Terrace water model is no exception …. Any use of reconstructed concentrations must 
take into account the inherent uncertainty in the model results. 
 

16.2  ATSDR Response 
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ATSDR is not in agreement with the DON that there is a “high degree of uncertainty” associated 
with the Tarawa Terrace models. ATSDR acknowledges that uncertainty and variability exist in 
model input parameter values and in model output (simulated water levels and PCE concentrations). 
However, ATSDR has quantified the uncertainty and variability through the use of probabilistic 
analyses that apply Monte Carlo and sequential Gaussian simulation methods to the Tarawa Terrace 
groundwater-flow and contaminant fate and transport models. The probabilistic analyses, 
summarized in Chapter A and described in detail in Chapter I, indicate that for 95% of the Monte 
Carlo simulations, there is a PCE-concentration range of about 2 when pumping is not an uncertain 
input parameter and a factor of about 2.5 when pumping is an uncertain parameter. This is well 
within acceptable confidence limits for the intended use of the reconstructed PCE concentrations 
needed by the epidemiological case-control study. As previously discussed in section 7.2 of 
ATSDR’s response, the ATSDR health study is not trying to infer at what specific PCE 
concentration effects are seen. Instead, the epidemiological analysis is trying to evaluate an 
exposure-response relationship in which the exposures are categorized levels, not absolute values. 
 
 

17.1  DON Comment/Statement 

Recommendations 
1. Improve communication …, 2. Convene an expert panel …, 3. Finalize remaining sections…, 
4. Apply all lessons learned from the Tarawa Terrace modeling efforts to the scoping of the 
approach for Hadnot Point. 
 

17.2  ATSDR Response 

1. ATSDR water-modeling and health study staff will be meeting with the ATSDR Office of 
Communications to develop effective methods to communicate results of the historical 
reconstruction analyses and the uncertainty associated with reconstructed concentrations. 
ATSDR has removed the Web application that provides a “single” value estimate of historical 
PCE concentration in Tarawa Terrace drinking water. This Web application has been replaced 
with Figure I29 and Appendix I5 (Maslia et al. 2009). 

 
2. ATSDR is in the process of organizing an Expert Panel for the Hadnot Point and Holcomb 

Boulevard areas. The panel is scheduled to meet on April  29 and 30 at ATSDR headquarters. 
Initial information packets have been mailed to the 13 panel members and panel chair, and a 
courtesy packet has also been provided to USMC headquarters staff. 

 
3. Chapter I is complete and was released to the DON and USMC on February 13, 2009. Printed 

copies should be available after March 20. Chapters J (water-distribution modeling) and K 
(Supplemental Information) are anticipated to be final during June 2009. 

4. ATSDR agrees and is in the process of applying lessons learned from the Tarawa Terrace 
analyses as work progresses on the Hadnot Point and Holcomb Boulevard areas. 
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CONCLUSIONS 

ATSDR appreciates the DON’s continued support for the agency’s current health study and 
completion of water-modeling activities. The issues of concern and recommendations contained in 
the DON’s assessment of water-modeling analyses at Tarawa Terrace and vicinity have been 
carefully considered and fully addressed in ATSDR’s responses. The online release of Tarawa 
Terrace Chapter I report (Maslia et al. 2009) on February 13, 2009, provides additional confidence 
that the historically reconstructed PCE concentrations determined by Faye (2008) are reasonable, 
conform well to field observations, and are reliable for their intended use in the epidemiological 
study. 
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Appendix M — ATSDR Response to National Research 
Council Report on Contaminated Water-Supplies at Camp 
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Appendix N — ATSDR Editorial Response in Ground 
Water Journal (Maslia et al. 2012) to the Article, 

“Complexities in Hindcasting Models—When Should We 
Say Enough Is Enough?” by T. P. Clement (2010) 
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Appendix O — Post-Audit of the Tarawa Terrace Flow and 
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2010. 
 

23. Faye, R.E. et al. 2012. “Analyses and Historical Reconstruction of Groundwater Flow, 
Contaminant Fate and Transport, and Distribution of Drinking Water Within the Service 
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ATSDR, December 2012. 
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26. March 28, 2005 Expert Peer Review Panel Meeting Transcript, available at 
https://www.atsdr.cdc.gov/sites/lejeune/panel_report_groundwater.html  

27. March 29. 2005 Expert Peer Review Panel Meeting Transcript, available at 
https://www.atsdr.cdc.gov/sites/lejeune/panel_report_groundwater.html  

28. April 29, 2009 Expert Peer Review Panel Meeting Transcript, available at 
https://www.atsdr.cdc.gov/sites/lejeune/expertpanels.html  

29. April 30, 2009 Expert Peer Review Panel Meeting Transcript, available at 
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30. February 8, 2012 Deposition of Elizabeth Ann Betz 

31. June 30, 2010 Deposition of Morris Maslia 

32. May 28, 2024 Deposition of General Anthony Zinni; Zinni Deposition Exhibits 1-8 

33. August 5, 2024 Deposition of Kim Henderson; Henderson Deposition Exhibits 1-18 

34. August 6, 2024 Deposition of Dan Waddill; Waddill Deposition Exhibits 1-20 

35. August 14, 2024 Deposition of Jason Barry Sautner; Sautner Deposition Exhibits 1-10 

36. August 15, 2024 Deposition of Rene Suarez-Soto; Suarez-Soto Deposition Exhibits 1-5 

37. August 22, 2024 Deposition of Dr. Chris Rennix; Rennix Deposition Exhibits 1-6 

38. September 26, 2024 Deposition of Morris Maslia; Maslia Deposition Exhibits 1-22 

Case 7:23-cv-00897-RJ     Document 462-1     Filed 08/24/25     Page 398 of 400



 

_________________________________________________________________________________________________________________ 
Expert Report – Morris L. Maslia, PE    10/25/2024 Page | 398 
  

39. ATSDR Camp Lejeune Project File: CLJA_ATSDRWM01-0000000001-CLJA_ATSDRWM01-
0000189563; CLJA_WATERMODELING-0000000001-CLJA_WATERMODELING-0000209307; 
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44. CLJA_ATSDR_BOVE-0000006959-CLJA_ATSDR_BOVE-0000006960 
 

45. September 25, 2024 Tarawa Terrace Flow and Transport Model Post-Audit by N.L. jones and 
R.J. Davis, Integral Consulting, Inc. 

46. The forthcoming depositions of Frank Bove, Susan Martel, and Scott Williams, including any 
accompanying deposition exhibits 
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