IN THE UNITED STATES DISTRICT COURT
FOR THE EASTERN DISTRICT OF NORTH CAROLINA
Civil Action No.: 7:23-CV-00897
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I. INTRODUCTION

Plaintiffs’ Leadership Group (“PLG”) submits this Opposition to the United States’
Motion to Exclude Unreliable and Irrelevant Expert Testimony of Mustafa Aral. The United States
asks this Court to believe that Dr. Aral, an internationally renowned environmental engineer who
spent a decade working on the historical water modeling of Camp Lejeune’s contaminated water
systems—alongside and at the request of Defendant’s own expert environmental agency,
ATSDR—could not utter one helpful word about the quality of their joint work to this Court at
trial. In its Motion, the United States glosses over Dr. Aral’s ten years of work on Camp Lejeune,
recasts his substantial contributions to ten chapters of ATSDR’s peer-reviewed, published reports
as having been “limited,” and tells this Court he now has nothing “helpful” to say at the
forthcoming trials.

In his years working with ATSDR on historical water modeling for Tawara Terrace and
Hadnot Point, Dr. Aral had significant involvement in many aspects of both projects.
Nevertheless, as to be expected with such large-scale engineering projects, he did not touch every
single aspect of the agency’s work spanning this time—or even every aspect of data collection for
the chapters he did author. That fact does not render him unable to testify about ATSDR’s overall
work under Federal Rule of Evidence 703. Were it so, Defendant’s own experts would lack any
basis to opine on ATSDR’s work because they, too, were “not involved in collecting data that the
ATSDR used in all relevant steps of the water modeling projects at Camp Lejeune...” Def.’s Mot.
at 12. Further, under Defendant’s argument—that Dr. Aral’s testimony is irrelevant because he is
not an epidemiologist who can opine on the sufficiency of the water modeling data—no expert in
this case would be able to testify unless he or she could testify across all of the sciences, connecting
A to Z. Rule 702 and its caselaw impose no such requirement; in fact, courts around the country
have rejected that exact notion.

As set forth below, Dr. Aral’s substantial contributions to the water modeling conducted
alongside ATSDR for ten years at Camp Lejeune surely qualify as sufficient facts and data under

Rule 702 to opine on the quality of the work produced. And Defendant’s argument that Dr. Aral’s
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testimony is irrelevant because he “knows nothing about the level of exposure detail needed for
the epidemiological studies” should likewise be rejected. Def.’s Mot. at 12. Plaintiff’s other
causation experts can and will address the sufficiency of the contaminant data required to find

causation. For these reasons, this Court should deny Defendant’s misplaced Motion to Exclude.

I1. FACTUAL BACKGROUND

Mustafa Aral Ph.D., P.E., is a Professor Emeritus of Civil and Environmental Engineering
at the Georgia Institute of Technology and an independent consultant. Ex. 1, Report at 3. Dr. Aral
has more than 50 years of professional experience in environmental modeling and forensic
analysis, including the development and application of mathematical model techniques to assess
the origin, fate, and transport of contaminants in natural and engineered environments. /d. He has
conducted environmental forensic evaluations of chemical release timing and developed enviro-
geochemical models within multimedia systems in compliance with regulatory guidance and
directives. Id.

Dr. Aral holds a Ph.D. in Environmental Water Resources Management and Modeling
(1971) and a Master of Science in Water Resources Engineering (1969)—both from the Georgia
Institute of Technology. /d. He earned his Bachelor of Science in Civil Engineering in 1967 from
the Middle East Technical University in Ankara, Turkey. Over the course of his academic and
professional career, Dr. Aral has authored more than 100 peer-reviewed technical publications,
five books, ten book chapters, and numerous conference papers and technical reports. /d. Dr. Aral
is a Fellow of the American Society of Civil Engineers (ASCE) and a Past President of the
American Institute of Hydrology (AIH). /d. He founded the International Journal on Water
Quality, Exposure and Health in 2009 and served as its Editor-in-Chief until 2014. Id.

Dr. Aral has received twenty-eight honor citations from scientific and professional
organizations. Id. His awards include, inter alia, the ASCE Cuming Medal (2000), two American
Academy of Environmental Engineers Best Environmental Health Research Awards (2003 and
2015), the Centers for Disease Control and Prevention (CDC) Excellence in Applied
Environmental Health Research Award (2006), and the ASCE-EWRI James R. Croes Medal
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(2011). Id. Notably, in 2015, Dr. Aral received the Grand Prize in Environmental Engineering

Research from the American Academy of Environmental Engineers, based on his work in the

historical reconstruction of the Camp Lejeune water contamination and modeling project. /d.
Here, based on his education, experience, and training, Dr. Aral offers several opinions,

see Ex. 1, Report at 12—13, which include:

The models and techniques used by the ATSDR for historical reconstruction,
including fundamental equations, input parameters, parameter estimates,
calibration, uncertainty and sensitivity analyses, were and remain reliable,
scientifically valid and state of the art procedures that are consistent with standard
practices used and are generally accepted in this field.

The simulated monthly mean concentrations of TCE, PCE, 1,2-tDCE,
benzene and vinyl chloride at Tarawa Terrace, Hadnot Point and Holcomb
Boulevard included (tabulated or in figures) in ATSDR reports are reliable and
represent, within a reasonable degree of scientific and engineering certainty, the
contaminant levels in finished water at Camp Lejeune from 1953 to 1987

The analyses published in all ATSDR chapter reports (ATSDR, 2007;
ATSDR, 2013) and supplemental information regarding Camp Lejeune (see Figure
2), including the conclusions and monthly concentration data, were all done
applying proper scientific and engineering methodologies and remain to this day to
be mathematically reliable, statistically accurate and correct.

Id.

III. LEGAL STANDARD

Federal Rule of Evidence 702 permits a qualified expert to testify if their knowledge will
assist the trier of fact, the testimony is grounded in sufficient facts or data, that testimony is the
product of reliable principles and methods, and those principles and methods have been reliably
applied to the case. Daubert v. Merrell Dow Pharm., Inc., 509 U.S. 579, 588 (1993). Evidence is
relevant if “it has any tendency to make a fact more or less probable than it would be without the
evidence” and “the fact is of consequence in determining the action.” Fed. R. Evid. 401. And the
“basic standard of relevance ... is a liberal one.” Daubert, 509 U.S. at 587.

Federal Rule of Evidence 703 permits an expert to opine regarding data that he has not
personally observed. (“An expert may base an opinion on facts or data in the case that the expert

has been made aware of or personally observed.”). Moreover, “[i]f experts in the particular field
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would reasonably rely on those kinds of facts or data in forming an opinion on the subject, they

need not be admissible for the opinion to be admitted.” Id.

IV.  ARGUMENT
A. Defendant fails to present any evidence that environmental engineers such as

Dr. Aral do not reasonably rely on data collected by other engineering
professionals.

Defendant argues that, because Dr. Aral “was not involved in collecting data that the
ATSDR used in all relevant steps of the water modeling projects at Camp Lejeune,” he cannot
opine on the reliability of ATSDR’s work, and thus he must be “parroting” ATSDR’s work as well
as other experts (who are not identified by Defendant). Def.’s Mot. at 12. In support, Defendant
cherry-picks irrelevant deposition questions concerning ATSDR’s work—which spanned more
than a decade, involved dozens of government officials, and manifested in thousands of pages of
reports—such as “why the ATSDR needed operational histories for the 96 supply wells in the
Hadnot Point system, of which only a few were contaminated.” /d. Such a question has no bearing
on whether ATSDR’s reports or Dr. Aral’s testimony were reliable; it may most charitably be
characterized as an historical factoid.

And in reality, Defendant’s argument is, at heart, a question of whether Dr. Aral’s opinions
comply with Federal Rule of Evidence 703, which permits an expert such as Dr. Aral to offer
opinions based upon data that he has not personally observed. Defendant argues that because Dr.
Aral didn’t personally observe, collect, or review all of the data in ATSDR’s reports, his opinion
cannot satisfy Rule 702’s requirement that his opinions be based on “sufficient facts or data” and
is inadmissible hearsay. But Rule 703 envisions, and permits, that exact scenario: “If experts in
the particular field would reasonably rely on those kinds of facts or data in forming an opinion on
the subject, they need not be admissible for the opinion to be admitted.” Fed. R. Evid. 703; see
also United States v. Vandivere, No. 5:15-HC-2017-D, 2015 WL 13689051, at *1 (E.D.N.C. Dec.
14, 2015) (“Thus, the fact that Dr. Zinik may not have firsthand knowledge of information upon

which he relied does not provide a basis for striking evidence of his opinions.”).
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In OmniSource Corp. v. Heat Wave Metal Processing, Inc., the plaintiff made a similar
argument as Defendant here: that an expert’s opinions “do not rely on sufficient facts or data
connected to this case because he has not independently investigated the matter.” No. 5:13-CV-
772-D, 2015 WL 3452918, at *§ (E.D.N.C. May 29, 2015) (Dever, J.). This Court rejected that
argument in observing that under Rule 703, if such information is a type reasonably relied upon
by experts in the field, “[i]ndividual investigation is not necessarily required.” OmniSource Corp.,
2015 WL 3452918, at *8. This Court held that such “concerns go to the weight of [the expert’s]
testimony and not to its admissibility.” Id.; see also Collins v. Cottrell Contracting Corp., 733 F.
Supp. 2d 690, 701 (E.D.N.C. 2010) (Flanagan, J.) (finding expert physician’s reliance on other
physicians’ records was reasonable under Rule 703); Verona v. U.S. Bancorp, No. 7:09-CV-057-
BR, 2011 WL 1252935, at *18 (E.D.N.C. Mar. 29, 2011) (stating that expert testimony is
excludable if it is “speculative or conjectural,” “based on assumptions that are so unrealistic and
contradictory as to suggest bad faith,” or an “apples and oranges comparison,” but other
contentions that the assumptions are unfounded go to the weight, not the admissibility, of the
testimony) (internal quotations omitted).

Defendant completely fails to show that environmental engineers such as Dr. Aral do not
regularly rely on data collected by other professionals when conducting their professional work.
And the few cases that Defendant cites that it claims support exclusion are too far afield from the
facts here. For example, Defendant cites Funderburk v. S.C. Elec. & Gas Co. for the proposition
that expert testimony “that seeks merely to parrot other evidence or vouch for the work of another
expert” is prohibited. 395 F. Supp. 3d 695, 717 (D.S.C. 2019). But a closer read of that decision
reveals that the concerns meriting exclusion there are not applicable here. In Funderburk, as
Defendant highlights, the court excluded an expert’s testimony that “parroted manufacturer’s
hearsay on culvert life expectancy.” Def.’s Mot. at 14. The court wrote what is reflected in Rule
703: “Generally, it is permissible for an expert to rely upon the opinions and findings of other
experts to reach his or her expert conclusion, but only if experts in their respective field would
reasonably rely on the other expert's opinions and findings.” Funderburk, 395 F. Supp 3d at 717..
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(internal quotations omitted). The court continued, “[i]n some instances, a proffered expert ...
should address the validity of the opinions of the experts he relied upon and not just show an
unblinking reliance upon the opinions of other experts.” Id. (citing In re TMI Lit., 193 F.3d 613,
716 (3d Cir. 1999)). But the expert in Funderburk was excluded because he simply recited,
verbatim, a blanket statement from the culvert manufacturer’s materials, and thus did nothing more
than provide an “unblinking reliance” without conducting any analysis or testing himself. 395 F.
Supp. 3d at 719. Critically, the sole reliance for his opinion about the life expectancy of a culvert
was that statement from the manufacturer’s materials, and because that statement was not peer-
reviewed or published, that fact “significantly undermin[ed] its reliability.” Id.at 718.!
Defendant cites a bankruptcy case, Matter of James Wilson Assocs., as additional, but again
misplaced support for its argument. 965 F.2d 160, 173 (7th Cir. 1992). There, a party retained an
expert architect who was to opine on the physical state of the building that was the subject of the
bankruptcy. Id. The expert architect hired an engineer (who was not called as an expert witness)
who personally inspected the building—while the architect never did. Id. The Seventh Circuit
observed, again consistent with Rule 703, that “[a]n expert is of course permitted to testify to an
opinion formed on the basis of information that is handed to rather than developed by him—
information of which he lacks first-hand knowledge and which might not be admissible in evidence
no matter by whom presented.” /d. at 172. But, importantly, the court wrote that “the judge must
make sure that the expert isn’t being used as a vehicle for circumventing the rules of evidence.”
Id.at 713. The Seventh Circuit found exactly that: “The issue was the state of the building, and

the expert who had evaluated that state—the consulting engineer—was the one who should have

! Defendant cites another decision that quotes the Funderburk decision, In re Zetia (Ezetimibe)
Antitrust Litig., No. 2:18-MD-2836, 2022 WL 3337796, at *10 (E.D. Va. Aug. 3, 2022). Def.’s
Mot. at 14. But in In re Zetia, the court actually permitted the at-issue expert’s testimony, and
wrote that Rule 703 permits such reliance on another expert, as the court observed that “an expert
is not required to reprove the other expert’s opinions.” 2022 WL 3337796, at *10 (emphasis in
original). The court also wrote: “Furthermore, Federal Rules of Evidence 702 and 703 do not
require that an expert rely upon the best evidence, and certainly not upon what the opposing party
considers to be the best evidence.” Id. at *14 (citation omitted).
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testified.” Id. The expert architect “could use what the engineer told him to offer an opinion
within the architect's domain of expertise, but he could not testify for the purpose of vouching for
the truth of what the engineer had told him—of becoming in short the engineer's spokesman.” /d.
Thus, the Seventh Circuit concluded that such a maneuver is an improper “screen against cross-
examination.” Id. Here, by contrast, Dr. Aral is not being used simply to introduce the data
collected by ATSDR, but rather to offer an expert opinion based upon his review of that data.

In any event, Defendant has failed to show that Dr. Aral has a sole, “unblinking reliance”
on anyone or that his testimony is being used to “screen” against cross-examination. Dr. Aral
spent 10 years working on water modeling for Camp Lejeune and co-authored 10 chapters as part
of ATSDR’s work. That is not the “unblinking reliance” on unpublished, un-peer-reviewed
hearsay that the Funderburk court excluded. Dr. Aral has relied on the data collection of his fellow
co-authors at ATSDR with whom he worked hand-in-hand for a decade to opine on the reliability
of ATSDR’s work here. But that is quite different from what Funderburk says and what Defendant
claims has happened here. Nor is Dr. Aral’s years-long work at Camp Lejeune akin to the architect
in James Wilson, whose entire opinions amounted to vouching for the work of a non-testifying
consultant engineer.

In scientific and engineering fields, often work is conducted as a team effort, with
participants working on specialized aspects of a project, based on their particular expertise. Dr.
Aral contributed directly to certain aspects of model development and specifically focused on the
very complex field of three-dimensional multiphase flow and transport. This is common and
standard practice in the groundwater field. Basic data collection can often be collected by
technicians, and it is not economically feasible, practical, nor scientifically necessary for
professors, scientists, and model developers to be intimately or directly involved in the collection
of data used to support a model. And here, Dr. Aral is not opining that the underlying data
collection was correct, but that based on his decades of experience in water modeling, the methods
that ATSDR used to evaluate that data were sound—an opinion that is permissible under Rules
702 and 703. See Vandivere,2015 WL 13689051, at *1 (“Thus, the fact that Dr. Zinik may not
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have firsthand knowledge of information upon which he relied does not provide a basis for striking
evidence of his opinions.”). Moreover, other experts who did participate in the data collection
related to Camp Lejeune, such as Morris Maslia, are named as experts for Plaintiffs here and can
testify to the methods and accuracy of that data collection.

Defendant’s questions regarding Dr. Aral’s knowledge of specific data related to the water
modeling are matters for cross-examination rather than a basis for exclusion under Daubert. As
this Court wrote in OmniSource, if an expert has reasonably relied upon data as other experts in
the field would have, then the questions regarding the expert’s independent investigation “go to
the weight of [the expert’s] testimony and not to its admissibility.” 2015 WL 3452918, at *8
(“OmniSource can cross-examine Kerlin at trial about the depth of his investigation, and the jury
will decide how much weight to afford Kerlin’s testimony.”); see also Verona,2011 WL 1252935,
at *18 (stating that contentions that factual assumptions are unfounded go to the weight, not the
admissibility, of the testimony).

Under Rules 702 and 703, Dr. Aral is clearly permitted to testify that based on his
education, experience, and training, the “models and techniques used by ATSDR ... were and
remain reliable, scientifically valid and state of the art procedures that are consistent with standard
practices used and are generally accepted in this field,” that the calculated concentrations of the
contaminants are reliable, and that the “analyses ... were all done applying proper scientific and
engineering methodologies.” Ex. 1, Report at 12—13. As Dr. Aral wrote in his report: “The basis
of my opinions outlined in this expert report is my 50 years of work in this field and my fifteen
years of Camp Lejeune related work providing technical assistance to ATSDR under a cooperative
agreement established between the Centers for Disease Control and Prevention (CDC) and Georgia
Tech and my fifty years of expertise and knowledge in this area of research as an educator,
researcher and engineer.” Ex. 1, Report at 13. Importantly, Dr. Aral, continued: “The documents
and information that I considered are of the type that can be reasonably relied upon to support my
opinions and are regularly relied upon by practitioners in my field.” Id. at4. “The materials that
I reviewed include, but are not limited to, published technical literature, reports, historic data
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sources, correspondence and meetings with state and regulatory agencies, participation in
workshops and review of documents provided by independent experts at these gatherings.” /d.
Those statements remain unrebutted by Defendant, which has entirely failed to show that Dr. Aral
has impermissibly relied on other engineering professionals to arrive at his opinions. The Court

should thus reject Defendant’s argument.

B. Defendant invents a standard for expert “fit” that its own experts could not
satisfy.

Defendant next argues that because Dr. Aral “knows nothing about the level of exposure
detail needed for the epidemiological studies that the ATSDR’s water modeling projects were
intended to support,” that his opinions that ATSDR’s water modeling work was reliable must be
excluded. Def.’s Mot. at 16. Specifically, Defendant argues: “Without any reference to the
purpose of the model, however, Dr. Aral’s opinion is unhelpful in determining the exposure issue
in this case.” Id. Tellingly, Defendant fails to cite any authority for its proposition that Dr. Aral
must have experience in epidemiology to deliver a helpful opinion about water modeling. That is
because none exists. Dr. Aral disclaims any opinions regarding epidemiology; he is not an
epidemiologist—he is a recognized authority on water modeling, he has had a long career teaching
at a world-class university, he was the head of a research institute at that university, and his
assessments of groundwater models at Camp Lejeune are highly relevant to the follow-up
epidemiological studies at Camp Lejeune. But he does not need to be an expert in epidemiology
or to be aware of the details of the epidemiological studies to qualify as an expert for the water
models.

Defendant in essence argues that Dr. Aral must be an expert in epidemiology to deliver a
helpful opinion to this Court. Courts around the country have soundly rejected such an argument

positing that experts must prove a party’s entire case:

The Court must pause at the outset to acknowledge that no single expert provides a
self-sufficient opinion that an identified defect or defects in fact caused the St. John
collision. This is not dispositive. The case law does not . . . require each expert to
present the complete decision tree leading from defect to collision. Reliable expert
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testimony need only be relevant, and need not establish every element that the
plaintiff must prove, in order to be admissible.

In re Toyota Motor Corp. Unintended Acceleration Mktg., Sales Pracs., & Prods. Liab.
Litig., 978 F. Supp. 2d 1053, 1066-67 (C.D. Cal. 2013) (citation omitted); Kassman v. KPMG
LLP, 416 F. Supp. 3d 252, 272 (S.D.N.Y. 2018) (“Dr. Golberg’s failure to address causation does
not make her opinion irrelevant, as no single expert must prove a party's entire case.”); Chen-Oster
v. Goldman, Sachs & Co., 114 F. Supp. 3d 110, 125 (S.D.N.Y. 2015), objections overruled, 325
FR.D. 55 (S.D.N.Y. 2018) (“But it is not necessary for each expert to provide evidence
establishing every element of a party’s case . . . .”); Hix v. Zimmer Biomet Holdings, Inc., No.
3:18-CV-00437-RCJ-WGC, 2022 WL 946914, at *4 (D. Nev. Mar. 29, 2022) (“The argument fails
because Hix is not limited to meeting his burden of proof through a single expert.”); Nationwide
Agribusiness Ins. Co. v. Munters Corp., No. 15-CV-1362, 2018 WL 3769846, at *5 (E.D. Wis.
Aug. 8, 2018) (“[W]hile I agree with defendants that there is no single expert that ‘connects all the
dots,” because no ‘Grand Unified Theory of causation’ is required, I find that plaintiffs have put
forth sufficient evidence to defeat defendants’ motion for summary judgment.”); Schmucker v.
Johnson Controls, Inc., No. 3:14-CV-1593 JD, 2019 WL 718553, at *12 (N.D. Ind. Feb. 19, 2019)
(“The Plaintiffs offer no reason why a witness must be an expert in every discipline that could
possibly bear on a question before offering an opinion on that question, and the Seventh Circuit
has expressly rejected such a suggestion.”); Smith v. Ford Motor Co., 215 F.3d 713, 720 (7th Cir.
2000) (“[E]xpert testimony need only be relevant to evaluating a factual matter in the case. That
testimony need not relate directly to the ultimate issue that is to be resolved by the trier of fact.”).

Moreover, in Defendant’s zeal to exclude Dr. Aral because his work purportedly did not
make reference to the purpose of the water modeling, Defendant overlooks a thorny fact in its
argument: Defendant’s own expert hydrogeologist, Dr. Alexandros Spiliotopoulos, whose work
in this case is “only to critique the quality of the modeling work and outcome of that modeling,”
testified that e does not know whether or how ATSDR epidemiologists used the results of the

water modeling in their studies. Ex, 2, Dep. Tr. 152:20-22; id. 152:5-13. In fact, Dr.
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Spiliotopoulos called the epidemiological studies “irrelevant to my opinions on this matter.” Id.

at 152:24-9. So irrelevant are they, that Dr. Spiliotopoulos did not even read them:

Q. Have you reviewed the published epidemiology studies regarding Camp
Lejeune?

A. I have not.

Q. Do you know whether in any of the published epidemiology studies they
document that the epidemiologist used the modeling in order to calculate the level
and duration of exposure to contaminants?

[objection omitted]
Q. Do you know whether it says that in the published studies?

A. No. I have not read those studies.

Q. Do you know if ATSDR epidemiologists had used the mean monthly levels of
contaminants predicted by ATSDR's models to calculate the cumulative exposure
for any individuals who lived at Camp Lejeune?

[objection omitted]

A. I do not know that. I'm not familiar with the epidemiological studies at Camp
Lejeune.

Q. So if the modeling was sent to support the epidemiology studies and the
epidemiologists used the modeling to calculate cumulative exposure to individuals,
you don't know that; right?

[objection omitted]

A. My work here is only to critique the quality of the modeling work and outcome
of that modeling.

Q. So you don't know whether ATSDR's work was used for the purpose of making
exposure assessments in individuals? You don't know either way, do you?

[objection omitted]
Q. By the ATSDR epidemiologists. Do you know?

A. This is irrelevant to my opinions on this matter.
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Q. Did you do any research to determine how ATSDR's modeling studies were used
by the epidemiologists?

A. That was not my role in this case.

Id. at 151:13-154:18. Defendant’s argument thus falls flat given Dr. Spiliotopoulos’s testimony
that the purpose of the water modeling was irrelevant to his own opinions on the reliability of that
modeling. It cannot be the case that Dr. Aral’s lack of familiarity with epidemiological studies is
grounds for his exclusion, when the testimony of Defendant’s hydrogeologist expert suffers from
precisely the same deficiency.

Defendant also erroneously argues: “Reliability for individual exposure is also not included
in the models’ intended purpose, which was to support epidemiology studies concerned with
relative, not absolute, exposure levels.” Def.’s Mot. at 17. In fact, use of the mean monthly levels
was not limited to estimating relative exposures among groups, as shown in ASTDR’s Childhood
Birth Defects and Cancer Study and 2017 Public Health Assessment. Plaintiffs incorporate by
reference their Opposition on this very subject, which details Plaintiffs’ response more fully. See
Pls.” Opp. To Mot. to Exclude Pls.” Phase 1 Expert Testimony in Supp. of Using ATSDR’s Water
Models to Determine Exposure Levels for Individual Plaintiffs at 4-7, 16-20.

An assessment of the accuracy, reliability, and correctness of water models depends on
hydrogeological factors and principles; it does not depend on how someone else would use the
results of the model after it is developed. The models are used to compute the contaminant
concentrations at water-supply wells and water treatment plants. An expert like Dr. Aral is
qualified to assess how well the model does that. Dr. Aral does not need to have expertise in
epidemiological studies to assess the accuracy, reliability, and correctness of the modeling, and
the lack of such expertise does not logically disqualify him from using his groundwater and
modeling expertise to assess the development and accuracy of the ATSDR groundwater models.
It was not his job to assess whether these models supported individual exposure levels; that

responsibility falls to other plaintiff experts.
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Likewise, an epidemiologist would not have the training or expertise to assess whether
hydrogeological data were collected properly or sufficiently, nor whether numerical methods used
in solving the equations governing groundwater flow or transport were appropriate and sufficiently
accurate. And an expert epidemiologist should not be excluded from testifying about the
epidemiological studies because they did not have expertise in groundwater methods, models, and
studies.

Additionally, Defendant argues that “it does not matter whether science and engineering
could do any better than the ATSDR’s water modelers did because relevance is independent of
scientific validity.” Def.’s Mot. at 16. But Defendant again misses the mark: Daubert does not
require the use of the “best” modeling methodology or data; rather, the choice of methodology or
data must be based on good grounds, based on what is known. See Hartle v. FirstEnergy
Generation Corp., 7 F. Supp. 3d 510, 515, 522-23, 525 (W.D. Pa. 2014) (allowing modeler to
testify because he had good ground for selecting and applying the model and considered the
model’s limitations). Neither Rule 702 nor Daubert hold experts to a standard of “absolute”
certainty —i.e., they are not required to be “irrefutable or certainly correct.” See Westberry v.
Gislaved Gummi AB, 178 F.3d 257, 261 (4th Cir. 1999); see also Daubert, 509 U.S. at 590 (“Of
course, it would be unreasonable to conclude that the subject of scientific testimony must be
‘known’ to a certainty; arguably, there are no certainties in science.”).”

Both in his expert report and in the foreword to Chapter G of the Tawara Terrace ATSDR

Report, Dr. Aral wrote:

Historical water contamination data needed for the epidemiological study were
limited. To obtain estimates of historical exposure, ATSDR used water-modeling
techniques and the process of historical reconstruction of contamination levels at
the base. These methods are used to quantify concentrations of contaminants in
finished water at the base and to compute the level and duration of human exposure
to contaminated drinking water.

Ex. 1, Report at 14. This is a clear statement of the purpose of the water models and is consistent

with Dr. Aral’s statement that he was aware that the groundwater models would supply “estimates

13
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of historical exposures” for the epidemiological studies. It is the role of Plaintiff’s other experts
to then assess whether the data that Dr. Aral’s models generated is sufficient for causation.
Plaintiffs are not limited to meeting their burden of proof through a single expert, and Dr. Aral’s
opinions are simply one piece of the larger causation puzzle. Because the Federal Rules of
Evidence do not require Dr. Aral to opine on epidemiology as a water modeling expert,

Defendant’s argument that his testimony would not be helpful under Rule 702 should be rejected.

V. CONCLUSION

For the foregoing reasons, the PLG respectfully requests the Court to deny Defendant’s
Motion to Exclude the Testimony of Mustafa Aral. Dr. Aral’s opinions are grounded in sufficient
facts and data based on his decade of work on water modeling for Camp Lejeune. He is not
required to offer opinions on what epidemiological studies may require to prove causation, as he
is not an epidemiologist. Dr. Aral is a well-respected environmental engineer with decades of
experience, and his report and deposition testimony fully support his admission as an expert in that

field.
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1. Background and Qualifications

| am a Professor Emeritus from the School of Civil and Environmental Engineering, Georgia Institute of
Technology, Atlanta Georgia USA and an independent consultant residing in 270 17t St NW, Unit 809,
Atlanta, Georgia USA. | hold a Ph.D. degree in Environmental Water Resources Management and
Modeling (1971) and a master’s degree in water resources engineering from the School of Civil and
Environmental Engineering (1969), Georgia Institute of Technology. | have a bachelor’s degree in civil
engineering (1967) from the Middle East Technical University, Ankara, Turkey. | am a Professional
Engineer registered in the State of Georgia (PE-15254).

| joined the Georgia Institute of Technology faculty in 1978 where | served until 2018 as Professor
and the Director of Multimedia Environmental Simulations Laboratory (MESL), a research center
established in 1993. In 2018 | was appointed as Professor Emeritus at Georgia Institute of
Technology. During my career | have published over 100 technical publications in peer reviewed
journals, five books, ten book chapters, and numerous conference papers and technical reports.
served as the Chair of several International Conferences. Among these the most noteworthy
activities are the NATO Advanced Study Institute that | organized in Antalya, Tiirkiye in 1995; the
Environmental Exposure and Health Conference held in Atlanta, GA, USA in 2005 which | co-
organized; and | was the Technical Chair of the ASCE/EWRI IPWE 2013 International Conference
held in Izmir, Tiirkiye in January 7-9, 2013. | am the Past-President of the American Institute of
Hydrology (AIH), and a Fellow of the American Society of Civil Engineers (ASCE), a professional
organization that represents over 190,000 civil and environmental engineers in the USA. During
2009 | established the International Journal on “Water Quality, Exposure and Health” published by
Springer Publishers. | was the Editor-in-Chief of this journal from 2009 to 2014. |1 am also on the
Editorial Board of several technical journals and serve as a consultant and reviewer on European
Framework programs.

During my career | received twenty-eight honor citations from scientific organizations. Among these the
most noteworthy national (USA) and international recognitions are American Society of Civil Engineers
{(ASCE), Cuming Medal (2000); two times the recipient of American Academy of Environmental Engineers
Best Environmental Health Research Award (2003 and 2015); Centers for Disease Control and Prevention
(CDC) Excellence in Applied Environmental Health Research (2006); and ASCE-Environmental Water
Resources Institute (EWRI) James R. Croes Medal (2011). Among these, the Grand Prize Award received
in Environmental Engineering in Research category given by the American Academy of Environmental
Engineers (AAEE, 2015) is particularly important to this case since it is based on the quality and
substance of the research work done in the Camp Lejeune water modeling historical reconstruction
project.

My expertise includes the development and application of mathematical modeling techniques to
environmental and engineered systems to evaluate the origins and fate and transport of contaminants
in natural and engineered environments. | have more than 50 years of relevant professional experience
evaluating the timing of chemical releases, developing enviro-geochemical models in multimedia
environments and conducting environmental forensic analysis in the context of mathematical modeling
techniques, regulations and guidance or directives established by the relevant agencies. My Curriculum
Vitae and a list of my publications are provided in Exhibit A of this report. | have not testified by
deposition or at trial in the last four years.
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2. Assignment

In August 2022, | was retained by Bell Legal Group on behalf of the Camp Lejeune Water Litigation
Plaintiffs as an environmental modeling expert to testify regarding the ATSDR Environmental Water
Modeling Study conducted at U.S. Marine Corps Base Camp Lejeune, North Carolina and such other
opinions as may become relevant. | am being compensated $600 per hour for my work on this matter.

As an environmental modeling expert, | was tasked with the following:

e Provide a high-level explanation of the ATSDR’s historical reconstruction process for both the
Tarawa Terrace and Hadnot Point-Holcomb Boulevard study sites, including my involvement in
it.

e Provide an explanation of the reported concentrations of contaminants in finished water at
Camp Lejeune from 1953 to 1987.

e Provide an explanation of the calibration, sensitivity analysis, uncertainty analysis, and validation
techniques used in the ATSDR study of the Camp Lejeune site.

e Summarize the conclusions and opinions included in the published ATSDR Reports.

e Provide additional opinions beyond those already included in the ATSDR published works.

Around the year 2000, the Multimedia Environmental Simulations Laboratory (MESL), a research center
at the School of Civil and Environmental Engineering, Georgia Institute of Technology entered into a
cooperative agreement with the Agency for Toxic Substances and Disease Registry (ATSDR)/Centers for
Disease Control and Prevention (CDC) to provide technical support to ATSDR in all aspects of the Camp
Lejeune study for all three study areas on an as-needed basis. As the MESL research center director, |
oversaw all aspects of this cooperative agreement at the Georgia Institute of Technology side. The
cooperative agreement was extended to three five-year periods and ended in 2015. My involvement in
the ATSDR Historical Reconstruction Project was supported by my graduate students at the MESL
research center. There was no other faculty member involvement in the cooperative agreement from
the Georgia Tech side. Over the 15-year period from 2000 to 2015, | and my team members worked with
the other team members of the Exposure Dose Reconstruction Program (EDRP) at ATSDR to perform an
analysis of the Tarawa Terrace, Holcomb Boulevard, and Hadnot Point study sites of the U.S. Marine
Corps Base Camp Lejeune.

To conduct my evaluation and render my expert opinions, | relied on my education, research,
professional experience, and the information base | accumulated over the years while working on the
ATSDR Camp LelJeune study and other matters. The documents and information that | considered are of
the type that can be reasonably relied upon to support my opinions and are regularly relied upon by
practitioners in my field. The materials that | reviewed include, but are not limited to, published
technical literature, reports, historic data sources, correspondence and meetings with state and
regulatory agencies, participation in workshops and review of documents provided by independent
experts at these gatherings. The list of documents | have considered and/or relied upon to render my
opinions is provided in Section 8 of this Expert Report.

Opinions presented in this report were reached by applying accepted methods and information in the
fields of hydrogeology, geochemistry, environmental sciences and mathematical and stochastic
computational modeling. The opinions expressed in this report are my own and are based on my
education, training, and experience, as well as the documents, public information, diagrams, data, and
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facts that were available to me at the time of writing. 1 hold these opinions to a reasonable degree of
scientific and engineering certainty. | reserve the right to supplement and/or amend my opinions on
this matter as necessary as additional documents, depositions or information are made available to me.
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3. Introduction

U.S. Marine Corps Base Camp Lejeune, North Carolina was established in 1942. Groundwater is the sole
source of water supply for Camp Lejeune. Inthe 1980s, Navy water testing at Camp Lejeune detected
Volatile Organic Compounds (VOCs) in some water-distribution systems at the base. In 1982 and 1983,
continued testing identified two VOCs—trichloroethylene (TCE), a metal degreaser, and
tetrachloroethylene (PCE), a dry-cleaning solvent—in two water-distribution systems that served base
housing areas, Hadnot Point and Tarawa Terrace. In 1984 and 1985 a Navy environmental program
identified VOCs, such as TCE and PCE, in some of the individual wells serving the Hadnot Point and
Tarawa Terrace water-distribution systems. Ten wells were subsequently removed from service.

The extent of subsurface contamination, its impact on groundwater, and the associated potential health
risks of water contamination prompted the U.S. Environmental Protection Agency (USEPA or EPA) to
place Camp Lejeune on the EPA CERCLA (Superfund) National Priority List for cleanup (remediation) in
1989, leading to Remedial Investigations / Feasibility Studies and ultimately to Records of Decisions
(RODs) for remedial action (EPA, 1993 for Tarawa Terrace / ABC One Hour Cleaners; EPA, 1993 for Hadnot
Point Industrial Area; and EPA 1994 for Hadnot Point Landfill).

Hadnot Point was the original water-distribution system, serving the entire base with finished water
beginning in the early 1940s. The Hadnot Point water treatment plant (WTP) was constructed and began
operations in the 1941-1942 timeframe. The Tarawa Terrace WTP began delivering finished water
during 1952, and the Holcomb Boulevard WTP began delivering finished water during June 1972, Figure
1. The Tarawa Terrace WTP was closed in March 1987 due to contamination, leaving Hadnot Point WTP
to supply water to the Hadnot Point area, and the Holcomb Boulevard WTP to supply water to the
Holcomb Boulevard and Tarawa Terrace base housing areas. The Holcomb Boulevard water-distribution
system is connected to the Hadnot Point water-distribution system at the Marston Pavilion valve and at
booster pump 742. While booster pump 742 was removed during 2007, the two systems can still be
interconnected by opening a valve at the same location based on water supply demand. For operational
reasons, the two water-distribution systems were occasionally connected—exceptions being some
connections that occurred during late spring and summer months of 1972-1986 and a continuous 8-day
period of 28 January to 4 February 1985 (ATSDR, 2007a). Tarawa Terrace, Hadnot Point, and Holcomb
Boulevard water-distribution systems historically supplied finished water to most family housing units,
enlisted personnel barracks, workplaces, and other facilities at the base (ATSDR, 2013a).

Department of Defense (DOD) and North Carolina officials concluded that on and off-base sources were
likely to have caused contamination (GAO, 2007). With respect to Tarawa Terrace, PCE contamination of
finished water occurred because PCE, a common dry-cleaning solvent, leaked into groundwater that
supplied the Tarawa Terrace drinking water system from a dry-cleaner {One-Hour ABC Cleaners} located
outside the Camp Lejeune base. In 1987, the military base shut down the Tarawa Terrace water
treatment plant because of PCE contamination of the drinking water (ATSDR, 20073, e). The Hadnot
Point water system, which provided water to both the Hadnot Point and Holcomb Boulevard service
areas, was contaminated with TCE, PCE and refined petroleum products because of waste disposed of at
a landfill and activities within an industrial area, including vehicle service and maintenance,
warehousing, auto body painting and maintenance, and heavy equipment maintenance. Active
underground storage tanks (USTs) and solvent storage areas were in the Hadnot Point Industrial Area
(HPIA), where substantial volumes of liquid hydrocarbon fuels were lost due to leakage to the
subsurface.
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Figure 1: General map of U.S. Marine Corps Base Camp Lejeune in North Carolina (ATSDR, 2007a; ATSDR,
2013a)

The Agency for Toxic Substances and Disease Registry {ATSDR), an agency of the U.S. Department of
Health and Human Services, conducted several studies to help Marines, civilians, health officials, and
other interested parties understand more about the drinking water contamination at Camp Lejeune and
whether it affected the health of persons living or working on the base during the period 1553-1987.

The first was an epidemiological study to evaluate whether in-utero and infant exposures to volatile
organic compounds in contaminated drinking water at Camp Lejeune were associated with specific birth
defects and childhood cancers. The study included births occurring during the period 1968-1985 to
women who were pregnant while residing in family housing at the base. Later, the epidemiologic studies
were extended to cover other health effects as well. These epidemioclogic studies and their findings are
not within my expertise area.

Historical exposure data needed for the epidemiological case-control study were limited. To obtain
estimates of historical exposure, ATSDR used water modeling techniques and the process of historical
reconstruction to determine the extent of VOC-contamination at the site, to quantify historical
concentrations of contaminants in the finished water, and to compute the level and duration of human
exposure to the contaminated drinking water. The findings of the study were grouped in two series of
reports: (a) Tarawa Terrace and Vicinity Study Reports {ATSDR-a/b/c/d/e/f/g/h/i, 2007); (b) Hadnot Point
and Vicinity Study Reports {ATSDR-a/b/c/d/e/f/g/h/i/i/k/1, 2013), Figure 2. From this point forward these
references will be quoted as {ATSDR, 2007) and {ATSDR, 2013) in bulk. From the context of the
discussion, it will be clear which chapter is under consideration. In some references specific chapter
references will also be given when necessary.

The ATSDR water modeling team was guided by an external ATSDR Expert Panel, whose members
contributed significantly to the quality of the modeling effort. The members of the ATSDR Expert Panels
are well-known and respected scientists in the field; their names are listed in the Expert Panel reports
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{Maslia, 2005; Maslia, 2009). These are also available on the ATSDR website
{https://www.atsdr.cdc.gov/sites/lejeune/expert-panels.htmil}.

Water modeling enabled ATSDR to estimate monthly mean contaminant levels in drinking water within
the Tarawa Terrace, Hadnot Point and Holcomb Boulevard water treatment plant service areas for the
period 1942-2008. This work in turn helped ATSDR epidemiologists determine if populations were
exposed to contaminants, at what levels and when they were exposed during the period 1953-1987
{ATSDR, 2007; ATSDR, 2013).

Table AL Summary of ATSDR chapter reports on topical subjects of water-modahng analyses and the histoncal raconstruction
progess, Tarwa Terrace and viciny, U.S Marine Corps Base Camp Lejeune, Narth Caraline.

IAISDR. Apency for Tonse Substances and Disease Keglsiry, VOU, volalile organmc pound: PUL tesrachl 1y . W water plant]
Lyl
:;" i Authorls) Chapter titte and reference citation Topical sunniary
A Maslia ML, Saniner 1B, Sumouary of Findings; Maslia et ol. 2007 Summary of detailed techmeal Findings
Faye RE. Suarez-Soto RJ, (Lhis ecport ) (found in Chaplers B-K) Tocusing on the
Aral MM, Grayman WM. historical reconstruction analysis and preseni-
Jong W, Wang 1. Bove I, day conditions ol proundwiter fow, contmi-
Ruckan PZ, Valenzyueia C, nugd fare and tiaospon, and distribution of
Green JW e, and drinking wates
Krueger AL
B Faye RE Geohydrologlc Framework ol the Analyses of well und gechydrologic dats used
Castle Hayne Aquifer Systom: to develop the goohydrologic Tmmewiwk of
Puye (In pross 30070} the Castle Mayne aguifier sysiem o Tamwa
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C Faye RE, and Valenzuela Simulation of Grouadwaier Flow., Analyses of groundwater fiow tnclinding devel-
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D Lawrence 81 Properties of Deprudation Pathways of Descrites and summurizes the properties, degra-
Comien {rpanis Compounds n datlipn path ., and degradation hy-progd
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of Teirachloroelhylene (PCE) of PCE in groundwater from the vicinily of
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ated Degradation By-Products; lang anel iranspon of PCE and associated degradation
Aral (In press 207) hy-products

11 Wang 1, aud Aml MM Effect of Groundwater Pumymng Schedule Annlysin of the effect of groundwaler pumping
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ene (PCE) al Watcr-Supply Wells and (he wiler-supply wells and the Taows Terowe WTT

Water Trestiment Plunt; Wang und Al
tin press 2007)
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Wang 1, Aral MM, abitiry Associned with Model Simulations ang variuhility nssociated with model sipmula-
Suutner 1B, and ol Groundwater Flow, Conlaminant Fate Hons of groundwater Mow, contaminuni Fale and
Valenzuela C and Transport, and Distribution of Drink- trunspoet, and the distributiog of doaking waler
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Aral MM. Grayman Wi, smoundwater Mow, and the distibution of PCE
Jang W, Wang J, Bove F). hased on simulatton; a complete st of reler-
Ruckan FZ. Videnzuela C. ences: und other gncillary informatton and
Green IW Ir, and dabs that were used as Ihe basis ol this study

Knieper Al

Expert Geport. MY MTBOES R DocumentaB8%  Filed 06/04/25 Page 9 of 1067



Tabls AT,

Summary of ATSOR chaptar raports and supplementat information sections, Hadnat Point-Holzomb Boulavard siudy arma,

U.S.Manne Corps Base Camp Leyauna, North Carclina.

[ATSDR. Apeicy for Towae Substances mnd Disease Reprtry, PCE,

AP, Inuallation Bestoranon Propran: WIE. irater
ethylbenzenc, wd wylenes]

L Tl 1ol

TCE. wichl LNAPL. light phave ligusd,
reament plan, RCRA Re«mrce Conservawon and lhew:r, At of 1976, BTEX. bentene, woluene

Summey of decailed techutical findings (fowsd.

Masha ML S\mr Salu lU Summm and Findings

Sautner JB. Anderson BA. w Supplements 1-8 and

Jones LE. Faye RE. Amal MM, Chapters B-D) focusiug on ustoncal

Guan J, Jang W. Tele IT. reconstiction analyses nnd present-

Grayoman WH, Bove FJ, day conditions of groundwarer Bow,

Ruckart PZ. and Maore SM i fate and port. and

{Mashia et al, 20131 distnbution of Rmshed water
A-Supplement 1 Saumer JI, And BA Diescryy and Characrienizanons of A cowprebensive Lstg aud asalyss of

Svarez-Solo RJ. and Data Pettinent to Water-Supply Well lustoncal throngh June 2008 water-supply

Naslia ML (Sautiwer @1 al Capacities, Histonies, and Operations wells, their capacities, opermnonnl histories,

2013a1 and supply of finished waler
A-Suppicmen 2 Telei IT, Saumer 7B, Develoganent and Application of Describes a method that uses ded data,

Suyrez-Soto RS, Awd BA,  ahMabalslogy to Charactenze other mcillary mformation., and 4 uamne

Masliz ML, oand Aral AV Present-Day and Histoncal Waler- algorithn to synthesize monthly water-

(Telcier al. 2013) Supply Well Operatons supply well operations, 1942-20408
A-Supplement 3 Faye RE, Jones LE. aid Descriptions and Charactenzations of  Desciibes water-level data Ior the Brewster

Suanez-Sodo, RY ‘Water-Level Data and Groundy Boulevard and Castle Hayne aquifer systems

(Faye erni 2013} Flow for the Brewster Boulevagd and an Tarawn Terrace aquufer, anafyzes wies-

Castle Hayne Aquifer Systems and level trends. and presents a potentiometric
the Tarzwa Temace Aquifer siuface map denived from the warer-level dana
aud resoliing groimdwater-Now directions

A-Supplement 4 Suarer-Sote RJ. Jones LE Sunulation of Tluee-Dimensional Drescnbes the applic nmu and cnnbnnm

and Afaslin ML
(Swez-Soto el al 20

of a thoee-dti

fiow niodel used ta sunulate steady-state
(predevelopment) and transient proundwater
flow for the penost 1942-2008

Croundwater Flow
13

Expert 8408 /R NIBAL YRy

Documen?’%’f) % Filed 06/04/25 Page 10 of 1087 19



Case 7:23-cv-00897-RJ  Document 400-2  Filed 06/04/25 Page 11 of 106



e Members of the expert panel that the National Academy of Sciences convened generally agreed
that many parameters of ATSDR'’s current study are appropriate, including the study population,
the exposure time frame, and the selected health effects (GAO, 2007).

At the time (GAO, 2007), ATSDR’s epidemiology studies were ongoing. Since then, these studies have
been concluded. The findings of these studies are given in ATSDR epidemiology reports which are
beyond my expertise area.

ATSDR study of the Camp Lejeune site also went through the critical review of an Expert Panel organized
by another branch of CDC outside the EDRP/ATSDR group working on the study. The Tarawa Terrace
ATSDR study underwent extensive external peer review by an expert panel of leading scientists as
documented in Maslia et al. 2009 (Appendix B, P. 46, (https://www.atsdr.cdc.gov/sites/lejeune/expert-
panels.html)), as was the Hadnot Point and Holcomb Boulevard study (Maslia et al., 2009; Maslia et al.,
2013, P. A98). The scientists on these panels have international reputations as leaders in this field.
EDRP/ATSDR program took several steps to respond and adapt to the recommendations of the Expert
Panel throughout the study.

The rigorous peer review done by the ATSDR expert panels was followed with another level of peer
review in the published journal articles, and a major national award by American Academy of
Environmental Engineers (AAEE, 2015) which recognized the quality of ATSDR work product
completed at the Camp Lejeune site. This further substantiates the general acceptance of ATSDR’s
modeling and reconstruction methodology in the pertinent scientific community.

As stated above, an additional level of scrutiny of ATSDR’s modeling work came from publication of
the Tarawa Terrace and the Hadnot Point/Holcomb studies in two separate peer-reviewed articles
published in high quality Q1 (top quartile) journals as given below:

e Maslia, M.L. et al. 2009(b). “Reconstructing Historical Exposures to Volatile Organic
Compound-Contaminated Drinking Water at a U.S. Military Base.” Water Quality, Exposure, and
Health. 2009, 1, 49-68.

e Maslia, M.L. et al., 2016. “Reconstructing Historical VOC Concentrations in Drinking Water for
Epidemiological Studies at a U.S. Military Base: Summary of Results.” Water. 2016, 8, 449, 1-
23.

This is the summary background of the water modeling studies that have been conducted at the Camp
Lejeune site by ATSDR.
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4. Principles of Water Modeling and Application at Camp Lejeune

4.1 Water Modeling

In the absence of historical and continuous water quality sampling data, environmental scientists
commonly rely on modeling to both predict future contaminant levels and to reconstruct historical
contamination at a site. The use of modeling for historical reconstruction is an accepted methodology to
predict past exposure or contamination levels, as demonstrated both in the scientific literature (Reif et
al. 2003; Maslia et al., 2005; Sahmel et al., 2010) and in site specific studies such as Jacksonville, FL Naval
Air Station (USGS, 2003); Tucson International Airport / Hughes Aircraft Facility (EPA, 1988); Oak Ridge
National Lab (ATSDR/ChemRisk, 2000); Hanford Site (PNL, 1991); and Toms River / Dover Township
(ATSDR, 2000). In its study of the Camp Lejeune site, the ATSDR created four interlinked models using
scientifically valid, state of the art modeling tools that are based on fundamental groundwater flow and
contaminant migration principles that are widely accepted and routinely utilized in practice for
predicting contaminant movement (e.g., during natural spread or enhanced cleanup scenarios) and/or
for historical reconstruction efforts such as at Camp Lejeune and other sites (Sahmel et al., 2010;
Anderson et al., 2015; Bedient et al., 1999).

My opinions, within a reasonable degree of scientific and engineering certainty, on modeling techniques,
their principles, and their application to the Camp Lejeune site include the following:

e Water Modeling (environmental modeling) is a science-based approach to describe and develop
domain-based knowledge on contaminant migration within and across domains to understand
environmental responses to natural or human perturbations.

e A scientific model (in this case Water Modeling) can be defined as an abstraction of some real
system - an abstraction that can be used for decision making and management purposes.
Development of a scientific model may include physical, mathematical and statistical
procedures. In ATSDR studies of the Camp Lejeune site both mathematical and statistical
procedures were used.

e Since all models are an abstraction of the real system, they need to be presented and analyzed in
a computational or physical environment which may include an analysis of calibration, validation
(section 6.7), uncertainty and variability before they are used in simulation to predict future or
past conditions at a site. In ATSDR studies of the Camp Lejeune site all aspects of these
computational procedures were successfully employed using computational methods.

e Assuch, Water Modeling is a reliable and widely accepted method of reconstructing historical
contamination in natural and engineered environmental systems. Natural environmental
systems may include surface, subsurface and air media; and engineered systems may include
water distribution systems, constructed water ways and harbors, etc.

e Under all circumstances, trying to fit a physical system to an available off-the-shelf model
approach should be avoided in water modeling. In all cases the best models that describe the
system adequately should be used or developed when necessary {USEPA 2009, p. 31).

e The models and techniques used by the ATSDR for historical reconstruction, including
fundamental equations, input parameters, parameter estimates, calibration, uncertainty and
sensitivity analyses, were and remain reliable, scientifically valid and state of the art procedures
that are consistent with standard practices used and are generally accepted in this field.

o The model results show finished water at U.S. Marine Corps Base Camp Lejeune was
contaminated with varying levels of TCE, PCE, 1,2-tDCE, benzene and vinyl chloride from 1953 to
1987.
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e The simulated monthly mean concentrations of TCE, PCE, 1,2-tDCE, benzene and vinyl chloride at
Tarawa Terrace, Hadnot Point and Holcomb Boulevard included (tabulated or in figures) in ATSDR
reports are reliable and represent, within a reasonable degree of scientific and engineering
certainty, the contaminant levels in finished water at Camp Lejeune from 1953 to 1987.

e The analyses published in all ATSDR chapter reports (ATSDR, 2007; ATSDR, 2013) and
supplemental information regarding Camp Lejeune (see Figure 2), including the conclusions and
monthly concentration data, were all done applying proper scientific and engineering
methodologies and remain to this day to be mathematically reliable, statistically accurate and
correct.

4.2 Basis of Opinions

The basis of my opinions outlined in this expert report is my 50 years of work in this field and my fifteen
years of Camp Lejeune related work providing technical assistance to ATSDR under a cooperative
agreement established between the Centers for Disease Control and Prevention (CDC) and Georgia Tech
and my fifty years of expertise and knowledge in this area of research as an educator, researcher and
engineer. | have reviewed and relied on published literature, reports, historic data sources,
correspondence and participation in meetings with state and regulatory agencies, participation in
workshops and the review of documents provided by independent experts at these gatherings, as
documented in this report (Section 8).

My opinions are based on my understanding of sound science, engineering, mathematical and statistical
formulations that follow the current technology, scientific and engineering methodology that is used in
archival literature.
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5. Models used in ATSDR Study at Camp Lejeune

The Agency for Toxic Substances and Disease Registry {ATSDR), an agency of the U.S. Department of
Health and Human Services, was requested to conduct an epidemiological study to evaluate health
issues at U.S. Marine Corps Base Camp Lejeune, North Carolina. The scientific protocol on these studies
received approval from the Centers for Disease Control and Prevention Institutional Review Board and
the U.S. Office of Management and Budget.

Historical water contamination data needed for the epidemiological study were limited. To obtain
estimates of historical exposure, ATSDR used water modeling techniques and the process of historical
reconstruction of contamination levels at the base. These methods are used to quantify concentrations
of contaminants in finished water at the base and to compute the level and duration of human exposure
to contaminated drinking water.

Owing to the complexity, uniqueness, and the number of topical subjects included in the historical
reconstruction process of each study area, several reports were prepared that provide comprehensive
descriptions of information, data, and methods used to conduct historical and present-day analyses at
both Tarawa Terrace (TT) and Hadnot Point—Holcomb Boulevard {HP-HB), Figure 2.

These reports provide comprehensive descriptions of modeling results used to reconstruct historical
contaminant concentration levels and timing of contaminant movement at Camp Lejeune. The study
represents the efforts of about 20 experts whose combined expertise from a variety of scientific and
engineering disciplines spans every relevant area and specialty involved in water modeling. This body of
work forms the foundation for many of the opinions | have included in this report. In this report, | am
also offering a more in-depth level of detail on some of those opinions when necessary. To allow the
reader the easiest access to this extensive body of work as it relates to this expert report, some of the
figures and tables were copied/reproduced from these reports and included here with proper references
to the source of the information.

5.1 Modeling Tools

The methods and approaches used to complete the historical reconstruction process for the Tarawa
Terrace, Hadnot Point and Holcomb Boulevard study areas, the ATSDR study included the following steps
of analysis:

i Information discovery, field study, data mining and data analysis.

ii. Three dimensional, steady-state (predevelopment) and transient groundwater-flow modeling
application using MODFLOW-2005. This study included a trial-and-error calibration of the model
which also included the use of objective parameter estimation technique using PEST-12.

iii. Determining historical water-supply well scheduling and operations using TechWellOp and
PSOpS, a sub-model developed by MESL, Ga Tech.

iv.  Three-dimensional dissolved phase groundwater fate and transport modeling of VOCs using
MT3DMS-5.3.

V. Estimating the volume of light nonaqueous phase liquid (LNAPL) released to the subsurface at
the Hadnot Point Industrial Area using TechNAPLVol, a sub-model developed by MESL, Ga Tech.

vi. LNAPL and dissolved phase fate and transport analysis using TechFlowMP, a sub-model
developed by MESL, Ga Tech.
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vii.

viii.

Xi.

Xii.
xiii.

Reconstruction of water-supply well concentrations at the Hadnot Point landfill area using the
linear control theory model (LCM) TechControl, a sub-model developed by MESL, Ga Tech.
Computation and analysis of flow-weighted average concentrations of VOCs assigned to finished
water delivered by the water treatment plants using a volumetric mass balance analysis {simple
mixing).

Extended period simulation of hydraulics and water quality in the water-distribution system
using EPANET 2.

Probabilistic analysis of intermittent connections (1972—-1985) of the Hadnot Point and Holcomb
Boulevard water-distribution systems using the TechMarkovChain, a sub-model developed by
MESL, Ga Tech.

Calibration and sensitivity analysis of hydraulic and fate and transport models, and numerical-
model parameters.

Uncertainty analysis of model simulations.

The result of the historical reconstruction process included the estimation of monthly mean
concentrations of selected VOCs in finished water distributed to Tarawa Terrace housing areas
and vicinity, and for the Hadnot Point and Holcomb Boulevard study areas of Camp Lejeune
served by the TTWTP, HPWTP and HBWTP.

The models and techniques used by the ATSDR to complete the historical reconstruction process for the
Tarawa Terrace, Hadnot Point, and Holcomb Boulevard study areas were and remain reliable, state of the
art and consistent with standard engineering practices used in the field of water modeling. The
governing mathematical and statistical methods and models used in these applications are standard
techniques that are used in technical literature and are well established (Anderson et al., 2015; Aral,
2010; Bedient et al., 1999, Rao, 1996).

Modeling tools (software) used for multiphase flow and multi-species transport in the subsurface and
engineered systems at the site include the following public-domain applications developed by the US
government agencies:

The MODFLOW-2005.5 application, a three-dimensional finite-difference groundwater-flow
model developed by the U.S. Geological Survey {(USGS) that is used in groundwater modeling,
{(https://igwmc.princeton.edu/modflow/).

MT3DMS, a public domain application developed by USGS. MT3DMS is a three-dimensional
multi-species solute transport model used for solving advection, dispersion, and chemical
reactions of contaminants in saturated groundwater flow systems. MT3DMS interfaces
directly with the U.S. Geological Survey finite-difference groundwater flow model
MODFLOW for the groundwater flow solution and supports the hydrologic and
discretization features of MODFLOW. MT3DMS contains multiple transport solution
techniques in one code, which can often be important, including for model calibration.
(https://pubs.usgs.gov/publication/70189204).

The HSSM.5 application, a one-dimensional semi-analytical model developed by the U.S.
Environmental Protection Agency to estimate volume of spills at contaminated sites.
(https://www.epa.gov/water-research/hydrocarbon-spill-screening-model-hssm).

Developed by USEPA, EPANET application is a software application that is used throughout
the world to model water distribution systems. It was developed as a tool for understanding
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the movement and fate of drinking water constituents within water distribution systems and
can be used for many different types of applications in water distribution systems analysis.
It can also be used to model contamination threats and evaluate resilience to security
threats or natural disasters relevant to water distribution systems.
(https://www.epa.gov/water-research/epanet).

The applications listed above are all in the main core of tools used in the ATSDR studies of the Camp
Lejeune site. They are all accepted methodologies and software that were used in similar studies at
other sites by government agencies and consulting firms.

In addition to the above listed standard applications used in the water modeling field, ATSDR needed to
investigate in more detail some of the questions that were raised by the expert panel convened by
ATSDR/CDC. For that purpose, MESL research program capabilities were used to supplement the main
core applications described above.

These supportive (sub-model) applications used in the ATSDR study of the Camp Lejeune site include:

o The TechFlowMP application is a multiphase flow and multispecies contaminant transport model
developed in MESL studies (Jang, W. and Aral, MM, 2005; Jang, W. and Aral, MM, 2007; ATSDR
2007h; Jang, W. and Aral, MM, 2008: a, b; Jang, W. and Aral, MM, 2011). In TechFlowMP model
the coupled equations for flow of water, gas, and NAPL phases and transport of multispecies
contaminants in saturated and unsaturated subsurface systems and heat energy transport were
formulated and analyzed. To solve those equations, a three-dimensional finite element
numerical model (software) was developed. The origin of these studies at MESL research
program dates to 1997. TechFlowMP model has been verified using analytical solutions and
experimental data that are published and available in the literature. To investigate the fate and
transport of VOCs in the subsurface, the model was used in conducting numerical analysis on the
following other topics in other MESL studies: (i) multiphase flow and contaminant transport in
subsurface environments; (ii) biological transformations of contaminants in multiphase
environments; (iii) in-situ air sparging analysis (IAS); and, (iv) thermally enhanced venting (TEV)
that is used in contaminated groundwater treatment processes. In these numerical studies, the
TechFlowMP model successfully simulated the migration of contaminants between phases and
between the unsaturated/saturated zones of a subsurface system, the dynamic movements of
gas phases in the unsaturated zone, and remedial processes under in-situ air sparging (I1AS) and
thermally induced remediation (TEV) studies of the MESL program.

This application was used to explore saturated and unsaturated zones and vapor phase
contaminant distributions at the Camp Lejeune site. It also served the purpose of independent
reconfirmation of the predictions of the calibrated multiphase subsurface models used by ATSDR
at the Camp Lejeune site as described above (Figure 11). The ATSDR water modeling team first
utilized the MODFLOW and MT3DMS codes in its groundwater simulations and analysis at the
Camp Lejeune site. These two models are widely accepted public domain codes that have been
tested and verified in other studies and are universally used in the modeling field for the analysis
of groundwater flow and fate and transport of contaminants in subsurface systems (see above
cited web sites). In addition to these studies, to enhance the understanding of conditions at the
site, ATSDR extended its analysis. The ATSDR water modeling team applied the TechFlowMP
software to understand and evaluate the unsaturated zone injection and migration conditions at
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the site. TechFlowMP is a public domain code that can be accessed from the Georgia Tech
website for individual use (http://mesl.ce.gatech.edu/, MESL 2017).

The TechFlowMP code has been tested and verified against other applications in the literature.
The details of verification analysis developed for TechFlowMP model can be found in the
following references (Jang, W. and Aral, MM, 2005; Jang, W. and Aral, MM, 2007; ATSDR 2007h;
Jang, W. and Aral, MM, 2008: a, b; Jang, W. and Aral, MM, 2011). This list of peer reviewed
publications provides detailed information on the verification of this model in subsurface
application. The application of the TechFlowMP model to Camp Lejeune site and calibration,
sensitivity and reliability analysis can be found in the references (ATSDR, 2007g; ATSDR, 2013a)
and in, http://mesl.ce.gatech.edu/PUBLICATIONS/Publications.html).

o The TechNAPLVol sub-model: This is a spilled LNAPL volume estimation model which is based on
the USEPA HSMM.5 analysis mentioned above. In this case the USEPA HSSM.5 procedures are
extended to three-dimensional analysis and used to estimate the volume of spilled BTEX
compounds at the Camp Lejeune site.

For the overall project, the area of interest was the entire Hadnot Point-Holcomb Boulevard
(HPHB) study area (Figures A1 and A12 in ATSDR, 2013a, Figure 1). The focus for the
modeling and analyses of LNAPL volume estimates is in an area of the Base designated as
the Hadnot Point Industrial Area (HPIA). Various fuels, solvents, and other chemicals were
stored, used, and inadvertently released to the environment during routine operations at the
HPIA. Of particular interest in this study was the historical presence and subsequent fate
and transport of subsurface light nonagueous phase liquid (LNAPL) associated with fuel
storage system releases at the HPIA. Results from the analyses are integrated with the
results from other models and approaches as a part of the overall project objective to
produce estimates and uncertainty bounds for the concentration of contaminants over time
in selected water-supply wells and water-distribution systems.

The objectives of the LNAPL volume estimate analysis were to:

i. Investigate the migration and distribution of fuel-related LNAPL released into the
unsaturated zone above a shallow aquifer for a hypothetical scenario.

ii. Estimate the volume and distribution of LNAPL in the subsurface at the HPIA using
historical field data for LNAPL (free product) thicknesses measured over time in site
monitoring wells; and,

iii. Analyze the dissolution of benzene and total xylenes from the LNAPL source areas and
the subsequent dissolved phase fate and transport of these contaminants under
unsteady hydrologic and variable water supply well pumping conditions in the
underlying groundwater system at the HPIA.

The purpose of the hypothetical scenario used is to illustrate and explore the behavior of
LNAPL in a multiphase environment and provide insight about the potential variability of
results involving LNAPL movement. LNAPL movement is just one component of the overall
fate and transport process for the applied analysis at the HPIA. For the HPIA analysis,
LNAPL movement and estimates of LNAPL distribution in soil were also integrated with the
TechFlowMP model including the LNAPL dissolution process and subsequent transport of
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o The Pumping Schedule Optimization System, PSOpS sub-model: To complement ATSDR’s
historical contamination reconstruction studies, the pumping schedule variation analysis was
conducted to describe the effect of groundwater pumping schedule variations on the arrival
times of Tetrachloroethylene (PCE) and other by-products at water-supply wells and the water
treatment plant (WTP).

During the historical reconstruction study, the groundwater flow and fate-and-transport of
contaminants in the Tarawa Terrace area of the Camp Lejeune base and its vicinity have been
simulated to evaluate the contaminant concentration in the WTP. Due to the uncertainty residing
in the reconstructed input data used in these simulations, uncertainty may be present in the
simulated contaminant concentrations in the water-supply wells and the WTP, and hence in the
times for contaminant concentrations to reach the maximum contaminant level (MCL) at these
locations. A contributor to this uncertainty is the uncertainty in pumping schedules used in the
ATSDR model, therefore, in this study the focus was on the uncertainty associated with the
pumping schedules. The study included the development of a simulation and optimization (S/0)
procedure identified as PSOpS (Pumping Schedule Optimization System), which combines field
data, simulation models and optimization techniques to optimize the pumping schedules to
identify maximum or minimum contaminant concentrations in the WTP consistent with the
reported pumping schedules. Based on the optimized pumping schedules, variations of PCE
concentration and the maximum contaminant level (MCL, PCE) arrival time at water-supply wells
and the WTP were evaluated (Wang and Aral, 2008).

The MESL-Georgia Tech research group developed PSOpS sub-model, an optimization
application to yield answers to specialized uncertainty-related question raised by the ATSDR
Expert Panel (March 2005) (https://www.atsdr.cdc.gov/sites/lejeune/expert-panels.html). The
analysis is based on the MODFLOW family of codes in the generation of the database used to
solve an optimization problem. The question ATSDR Expert Panel members raised in this case
was related to the uncertainty of a pumping-schedule operation that may be implemented at
the site and the characterization of its effects on the study outcome. The PSOpS model that was
developed for the purposes of this analysis and used in the ATSDR water modeling study to
address this question became part of the peer reviewed PhD thesis of a graduate student at
Georgia Tech. The detailed documentation of this model, which uses the principles of
optimization (Rao, 1996) can be found in the PhD thesis of Dr. J. Wang, which is public domain
information (Wang, 2008). The overall methodology that used these applications are set forth in
detail in the series of reports published by ATSDR, (ATSDR, 2007a, h; ATSDR, 2013a and S2).

e The TechMarkovChain sub-model: As described earlier (see Section 3), the Tarawa Terrace WTP
was closed in March 1987 due to contamination. During this period, Hadnot Point WTP supplied
water to the Hadnot Point area, and Holcomb Boulevard WTP supplied water to the Holcomb
Boulevard and Tarawa Terrace base housing areas. The Holcomb Boulevard water-distribution
system is connected to the Hadnot Point water-distribution system at the Marston Pavilion valve
and at booster pump 742. While booster pump 742 was removed during 2007, the two systems
can still be interconnected by opening a valve that exists at the same location based on water
demand conditions. For operational reasons, the two water-distribution systems were
occasionally connected (depending on water demand)—exceptions being connections that
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occurred during late spring and summer months of 1972—1986 and a continuous 8-day period of
28 January to 4 February 1985 (ATSDR, 2007a, ATSDR, 2013 S8). Because the information
pertaining to times when interconnection events occurred is limited and for some years
unknown (e.g., 1972-1977, Figure S8.37; ATSDR, 2013), a Markov process (Ross, 1997) was
applied by using available field data and information to estimate the probability and number of
monthly interconnection events that occurred during the months of April-August for 1972—
1985.

A Markov process (a stochastic process) analyzes the tendency of one event to be followed by
another event based on the data available on a sequence of events during a calibration period.
By using this analysis, one can generate a new sequence of random but related events, which
will be statistically correlated to the original calibration data. The stream of events generated is
called a Markov Chain.

In this study, a probabilistic approach based on Markov Chain simulations was used to
estimate the yearly numbers of booster pump/valve openings. For the calculation of
transition probabilities of this Markov Chain model, the conditional probabilities of transfer
events given the temperature, precipitation, or delivered finished-water volume value in a
day were calculated using Kernel density estimator and Bayes’ theorem. Also, the
probabilities of transfer were conditioned on the values of pairs of parameters by using the
Copula concept. The Markov analysis first estimates the number of historical booster pump
opening events on a yearly basis. Next, the numbers of events are distributed among the dry
months (April-August) during each year. Graphical techniques and data analyses (of daily
recordings of temperature, precipitation, and raw-water volume in the HBWTP) were then
used to estimate the occurrence of daily finished-water transfers during individual months.
Table $8.20 (ATSDR, 2013, S8) lists the number of recorded interconnection events, and the
number of monthly events predicted by using a Markov Chain analysis for the period 1972—
1985.

This methodology is an efficient and effective way of utilizing the available data to predict
the number of booster pump/valve openings monthly (Ross, 1997; Rao, 1996). The results
show that predictions made using the Markov methodology analysis are statistically
correlated and mimic the historical operations within a statistical confidence interval (Table
$8.20, ATSDR, 2013, S8). These outcomes are used in contaminant fate and transport
simulations for the Holcomb Boulevard and Hadnot Point water-distribution systems in
ATSDR study. The details of the Markov analysis methodology are given in Appendix S8.4
(ATSDR, 2013a, S8).

e TechControl sub-model: A linear control theory model and software developed by MESL, Ga
Tech. It is used to address the question of the application of simpler models to predict
contaminant concentrations at certain locations of the Camp Lejeune site (HPLF) (ATSDR,2013,
SS). The development of the software was based on a request that was initiated by the ATSDR
Expert Panel of scientists (Expert Panel 2005) (https://www.atsdr.cdc.gov/sites/lejeune/expert-
panels.html).
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e The Linear Control Theory, LCT analysis: Linear Control Theory is a scientific methodology of the
field of control engineering and applied mathematics. The methodology deals with the control of
dynamical systems in engineered processes. In the case of ATSDR study of the Camp Lejeune
site, the methodology was applied to groundwater contaminant transport analysis as a simple
application to predict concentration values at a specific point in space and time based on limited
data available at the site (ATSDR,2013, S5). This study was requested by the expert panel (Expert
Panel 2005) which reviewed the ATSDR Camp Lejeune site study and provided scientific advice.

o The TechWellOp sub-model: A subsurface pumping well estimation model and software
developed by MESL, Ga. Tech. The methodology uses the daily data in the Training Period to
determine the monthly operational behavior of the water supply wells at the Camp Lejeune site
that would satisfy the total water volume delivered to the water treatment plants. Once the
average monthly working days in the Training Period are estimated for each calendar month,
they are utilized in the prediction stage which is based on the same principle of satisfying the
total monthly flow delivered to the treatment plant at those periods. This methodology is an
efficient and effective way of integrating the available data in recent years to the prediction
process for the past years. The development of the software was based on a discussion that was
initiated by the ATSDR Expert Panel of scientists (Maslia, et al., Expert Panel 2005, ATSDR, 20073;
ATSDR, 2013, S2).

The use and application of specialized codes to address specific problems that standard codes such as
MODFLOW and MT3DMS cannot address is an accepted methodology. As stated in the U.S.
Environmental Protection Agency report, “Guidance on the Development, Evaluation, and Application of
Environmental Models” {(USEPA 2009, p. 31): “However, the Agency acknowledges there will be times
when the use of proprietary models provides the most reliable and best-accepted characterization of a
system.” The point being made in this statement is that the most appropriate model should be applied to
characterize a system, not necessarily, the most popular or often-used off-the-shelf models. This is the
modeling philosophy and approach that ATSDR took when applying the TechFlowMP, TechNAPLVol,
TechWellOp, TechControl, TechMarkovChain and PSOpS models that were used at the Camp Lejeune
site.

5.2 Multimedia Environmental Simulation Laboratory (MESL) involvement in the ATSDR study

In Figure A2, the first in Figure 4 below (ATSDR, 2007; ATSDR, 2013), the components of the Tarawa
Terrace modeling study are shown. The red arrows on this figure indicate the areas where the MESL
team was involved, and the yellow arrows indicate where the MESL team provided an oversight of the
study components. In Figure A2, the second in Figure 4 below (ATSDR, 2007; ATSDR, 2013), the
components of the Hadnot Point — Holcomb Boulevard modeling study are shown. The red arrows on
this figure indicate the areas where the MESL team was involved, and the yellow arrows indicate where
the MESL team provided an oversight of the study components.
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6. Evaluation of ATSDR Camp Lejeune Study Results
6.1 Environmental Modeling Processes used in ATSDR Study

A scientific model can be defined as being an abstraction of some real system - an abstraction that can
be used for prediction and management purposes. Thus, the purpose of a scientific model is to make
some predictions on the modeled system. While making these predictions, a scientific model also
enables the analyst to determine how one or more changes in various aspects of the modeled system
may affect the other aspects of the system, the system itself, and the results predicted, in a cost-effective
manner. Because models are an abstraction of the real system and cannot be a complete depiction of
the real system, they need to be presented and analyzed in a computational environment which includes
an analysis of uncertainty, variability, calibration and validation.

Uncertainty analysis may take the form of sensitivity analysis, or for more complicated applications,
statistical uncertainty analysis may be utilized. It is important to distinguish the difference between the
terms “uncertainty” and “variability.” As expected, they refer to two different and distinct concepts (Aral,
2010).

Uncertainty is a measure of knowledge of the magnitude of a parameter. Thus, uncertainty can be
reduced by further research, i.e. the parameter value can be refined through further experimentation or
further data collection. Variability on the other hand is a measure of the heterogeneity of a parameter,
event or the inherent variability in a chemical property at a site. Variance cannot be reduced by further
research, but a model can be developed such that it would mimic the variability of the parameter or
event used in the model. Statistical variability analysis is a common approach used in modeling studies to
envelope these variations at a site and understand its effects on the outcome. This analysis provides
some degree of confidence in model output.

Models include parameters that need to be associated with values. These parameter values are used as
input to mathematical models to produce numerical output. Ideally, these parameters should have a
good definition and a physical basis for the environmental system under study. Usually, these parameters
either are calculated using the mathematical representation of their physical basis, or they are measured
in field or laboratory studies. Often, however, the values of these parameters are unknown or only
known approximately. Thus, a range of these parameters can be input into a model to yield the best
outcome when compared to an observation made in a field or laboratory study. Appropriate values of
the parameters are needed in the model to achieve the appropriate output that is observed at a site.
Thus, calibration of models is necessary. Calibration of a model can then be defined as the stage where
we adjust the parameters of the mathematical model such that the model agreement is maximized with
respect to the observation data we have on the modeled system output. In this sense, model calibration
is fine tuning the model to a set of parameter data on the modeled system. Calibration procedures used
in the ATSDR study for all models considered adhere to the standards used in the technical literature
(Bedient, 2003; Anderson, 2015, Mei 2023).

The calibration process followed by validation of complex systems is another important aspect of model
development and use as it is implemented in ATSDR studies. The seemingly complex definitions of these
two terms may get further complicated when several models are used in environmental applications
where overlapping models are necessary to describe the behavior of the complex system. In complex
system analysis several interlinked modeling phases are used to describe the behavior of the system
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modeled. Thus, as a typical example, the calibration and validation procedures used in a simple steady
state groundwater modeling application will be different than an interlinked study of a complex system.
A complex system may include a steady/unsteady groundwater flow model that is linked to a transient
contaminant transport model which is further linked to a water treatment plant condition that is linked
to a water distribution system analysis. Since these phases are not independent and occur within the
same envirosphere and time frame of analysis, one should not ignore the integrated calibration and
validation processes involved in these applications. In complex systems the interlinked behavior of the
models used is the key response that is in question which is sometimes ignored, overlooked or not
properly understood. The ATSDR study of the Camp Lejeune site represents such a complex system
where steady groundwater flow, unsteady groundwater flow, unsteady multispecies multiphase
contaminant transport and the engineered water treatment and water distribution system applications
are all components of the same envirosphere and operate within the same time frame. As such,
calibration and validation processes should be considered as interlinked processes.

Having described the definition of the calibration process above, validation is another contended
modeling concept that was and still is debated in scientific literature. For example, in Konikow and
Bredehoeft (1992) it is stated that: “Ground-water models are embodiments of scientific hypotheses. As
such, the models cannot be proven or validated, but only tested and invalidated,” or “...The absolute
validity of a model can never be determined” (NRC, 1990). This is partly a semantic issue and partly a
philosophical one. In the main text of this report, | will not go into the details of the philosophical
discussions on this subject although | believe they have merit within the context the authors describe
the process in their scientific discussions. However, | will evaluate this process within the context of
complex systems analysis in Section 6.7 of this expert report to bring clarity to the definition of this
process as it is used in the Camp Lejeune study. In this expert report | will adopt the standard
(traditional) definition of validation of a model. In traditional definition, validation is understood as a
process that results in an explicit statement about the behavior of a model in an application. That is, the
common definition of validation is the demonstration that a model, within its domain of applicability,
possesses satisfactory accuracy consistent with the intended application of the model (Sargent, 1984;
Curry et al., 1989; Konikow and Bredehoeft, 1992). This demonstration builds confidence in the model
and indicates that the model is acceptable for use. As such, validation procedures used in the ATSDR
study for all models considered adhere to the standards used in technical literature (Aral, 2010, Bedient,
2003; Anderson, 2015, Sargent, 1984; Curry et al., 1989; Konikow and Bredehoeft, 1992; Mei, 2003).

The calibration, validation, uncertainty and sensitivity analysis concepts used in the ATSDR study are
clearly described on page 23 of Chapter A report (ATSDR, 2007a; Fig. A9) Figure 5. In these definitions,
the hierarchical approach to calibration and validation is conceptually described in terms of the Venn or
set diagrams (Borowski and Borwein 1991), Figure 5. Such diagrams are useful for showing logical
relations between sets or groups of like items and are shown in Figure A9 for each hierarchical
calibration level. What is meant by this description is that at level 1 (Figure A9q, Figure 5), there may be
many combinations of parameters that yield solutions to the predevelopment groundwater-flow
calibration conditions. However, only a smaller set of these feasible solutions, the subset of solutions
indicated by circle "A" in Figure A9a yields an acceptable combination of parameters for a calibrated
transient groundwater flow condition. Viable solutions are indicated by circle "B" (Figure A9b, ATSDR,
2007a), Figure 5. Only those solutions that successfully simulate both predevelopment and transient
groundwater flow conditions can be accepted and classified as resulting in calibrated transient and
predevelopment groundwater flow models. As such, the next level modeling used not only serves as the
independent validation of the previous level application, but it is also used in the iterative recalibration
process of the previous system if validation process does not yield satisfactory outcome. Similarly, the

Expert Report — Prof. Mustafa M. Aral 10/23/2024 ) Page | 24
Case 7:23-cv-00897-RJ  Document 400-2  Filed 06/04/25 Page 25 of 106



Case 7:23-cv-00897-RJ  Document 400-2  Filed 06/04/25 Page 26 of 106



e trans 1,2-dichloroethylene, (1,2-tDCE),
e vinyl chloride (VC), and
e benzene or BTEX compounds.

Trichloroethylene: Trichloroethylene (TCE) is a volatile, colorless liquid organic chemical. TCE does not
occur naturally in the environment and is created by chemical synthesis. It is used primarily to make
refrigerants and other hydrofluorocarbons and as a degreasing solvent for metal equipment. TCE is also
used in some household products, such as cleaning wipes, aerosol cleaning products, tool cleaners, paint
removers, spray adhesives, carpet cleaners and spot removers. Commercial dry cleaners also use
trichloroethylene as a spot remover. (extracted from: https://www.cancer.gov/about-cancer/causes-
prevention/risk/substances/trichloroethylene).

Tetrachloroethylene: Tetrachloroethylene is a nonflammable colorless liquid. It is widely used for dry

cleaning of fabrics; hence it is sometimes called "dry-cleaning fluid". It also has its uses as an effective
automotive brake cleaner. Other names for tetrachloroethylene include perchloroethylene, PCE, PERC,
tetrachloroethene, and perchlor. (extracted from: https://en.wikipedia.org/wiki/Tetrachloroethylene).

Trans-1,2-dichloroethylene: Trans-1,2-dichloroethylene is a colorless liquid, with a sharp, harsh odor,
and is highly flammable. The primary uses for trans-1,2-dichloroethylene are as a solvent in processing
and in formulations for cleaning and degreasing.

Vinyl chloride: Vinyl chloride is a colorless gas that burns easily. It does not occur naturally and must be
produced industrially for its commercial uses. Vinyl chloride is used primarily to make polyvinyl chloride
(PVC), a hard plastic resin used to make a variety of plastic products, including pipes, wire and cable
coatings, and packaging materials (extracted from: https://www.cancer.gov/about-cancer/causes-
prevention/risk/substances/vinyl-chloride).

BTEX: A group of VOCs, collectively known as BTEX, comprising benzene (B), toluene (T), ethylbenzene
(E) and xylene (X) (often expressed as total xylenes) are important industrial solvents and frequently
encountered in petroleum products.

Benzene: Benzene is a colorless or light-yellow liquid chemical at room temperature. It is used primarily
as a solvent in the chemical and pharmaceutical industries, as a starting material and an intermediate in
the synthesis of numerous chemicals, and in gasoline. Benzene is produced by both natural and man-
made processes (extracted from: https://www.cancer.gov/about-cancer/causes-
prevention/risk/substances/benzene).

The contamination conditions based on these chemicals at the Tarawa Terrace, Hadnot Point and
Holcomb Boulevard areas will be examined in more detail in the following sections of this expert report.

6.3 Contaminants Observed at the Camp Lejeune Site

Contamination vs Pollution are two synonymous terms that are commonly used in technical literature
and in the common language that is associated with environmental studies and health risk analysis.
Contamination that is present in the environment at low concentrations and thus does not cause adverse
environmental or health effects should not be confused with pollution. It is when these contaminant
levels exceed a certain threshold and cause health effects is of concern in health studies. When that
happens, contaminants at a site are classified as environmental pollution {Meharg, 2005; Aral, 2010).
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or dense nonaqueous phase liquids (DNAPLs) which have densities greater than that of water (Newell et
al., 1995).

Upon release to the environment, NAPL (i.e., LNAPL or DNAPL) will migrate downward under the force of
gravity. If a small volume of NAPL is released to the subsurface, it will move through the unsaturated
zone where a fraction of the hydrocarbon will be retained by capillary forces as residual globules in the
soil pores, thereby depleting the contiguous NAPL mass until movement ceases. If sufficient LNAPL is
released, it will migrate until it encounters a physical barrier (e.g., low permeability strata) or is affected
by buoyancy forces near the water table. Once the capillary fringe is reached, the LNAPL may move
laterally as a continuous, free-phase layer along the upper boundary of the water-saturated zone due to
gravity and capillary forces (Newell et al., 1995). DNAPL pollution on the other hand, because its density
is higher than that of water, will continue its downward motion under the force of gravity in a water
saturated subsurface system.

Modeling techniques used for each of these contamination types and dissolved phase modeling
techniques are distinctly different from one another. The governing equations, mathematical definitions
of migration and diffusion-dispersion processes differ from one another and a model developed for one
case cannot represent the contaminant fate and transport in the other case.

A NAPL phase which is in physical contact with ground water will dissolve (solubilize, partition) into the
aqueous phase. The solubility of an organic compound is the equilibrium concentration of the compound
in water at a specified temperature and pressure. For all practical purposes, solubility represents the
maximum concentration of that compound in water at a given temperature. At the maximum
concentration, the solution is said to be saturated and thus the NAPL phase exists. Thus, to distinguish
NAPL pollution from dissolved phase pollution at a site, the relative magnitude of solubility of the alien
substance and the concentrations observed at a site can be used. If the concentrations of the alien
substance observed at a site is less than ~10% of the solubility range of the alien substance, then the
alien substance plume can be identified as a dissolved phase plume rather than an NAPL plume (Hulling
and Weaver, 1991).

Characterization of tetrachloroethylene (PCE) contamination in groundwater at the ABC One-Hour
Cleaners site and at Tarawa Terrace base housing as a “free-phase” or “pure-phase” DNAPL plume (NRC
2009, p. 38) contradicts and misrepresents the concentration data presented in ATSDR and in other
reports and documents in the water phase. Those reports and documents describe the PCE in
groundwater in the vicinity of ABC One-Hour Cleaners as “dissolved-phase” PCE (Shiver 1985, Roy F.
Weston, Inc. 1992, 1994, Faye and Green 2007). The solubility limit of PCE in water occurs at a
concentration of at least 210,000 pug/L (Pankow and Cherry, 1996, Lawrence 2007). PCE solubility is given
in the range 150,000 pg/L— 1,503,000 pg/L at 25 °C in (Fetter, 1998: page 163). PCE in groundwater that
occurs at concentrations much less than the solubility limit is, by the definition given above, a dissolved-
phase PCE plume. The ATSDR conceptualization of groundwater flow and of dissolved-phase PCE
conditions at ABC One-Hour Cleaners and the Tarawa Terrace base housing area is shown below in Figure
9. PCE-concentration data presented in ATSDR reports (Faye and Green 2007, Tables ES and E7) indicate
that concentrations of PCE in groundwater at Tarawa Terrace and vicinity occur at much less than 10% of
the solubility limit. Thus, the characterization of the PCE plume in the vicinity of ABC One-Hour Cleaners
as a dissolved phase plume is the most appropriate characterization of conditions at the site.
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November 1957 and routinely exceeded it, except for two “two-month” periods when Well TT-26 was
not in operation, until February 1987, when the water treatment plant was finally decommissioned.

In summary, based on field data, modeling results, and the historical reconstruction process, the
following observations can be made with respect to water contamination at Tarawa Terrace (ATSDR,
2007):

e Simulated PCE concentrations exceeded the current MCL of 5 ug/L at water-supply well TT-26 for
332 months—January 1957-January 1985; the maximum simulated PCE concentration was 775
ng/L; the maximum measured PCE concentration was 1,580 pg/L during January 1985.

e Simulated PCE concentrations exceeded the current MCL of 5 ug/L in finished water at the
Tarawa Terrace WTP for 346 months—November 1957—February 1987; the maximum simulated
PCE concentration in finished water was 176 ug/L; the maximum measured PCE concentration in
finished water was 215 pg/L during February 1985 (Figure 13).

e Simulation of PCE degradation by-products—TCE, trans-1,2-dichloroethylene (1,2-tDCE), and
vinyl chloride—indicated that maximum concentrations of the degradation by-products generally
were in the range of 10 —100 pg/L at water-supply well TT-26; measured concentrations of TCE
and 1,2-tDCE on January 16, 1985, were 57 and 92 pg/L, respectively (Figure A19, 2007a).

e Maximum concentrations of the degradation by-products in finished water at the Tarawa Terrace
WTP generally were in the range of 2—15 pg/L; measured concentrations of TCE and 1,2-tDCE on
February 11, 1985, were 8 and 12 ug/L respectively. Max TCE 7 pg/L and max 1,2 tDCE 22 pg/L
levels were simulated as given in Table A13, page A44 (ATSDR, 2007a).

e PCE concentrations in finished water at the Tarawa Terrace WTP exceeding the current MCL of 5
ng/L could have been delivered as early as December 1956 and no later than December 1960.
Based on probabilistic analyses, the most likely dates that finished water first exceeded the
current MCL ranged from October 1957 to August 1958 (95 percent probability), with an average
first exceedance date of November 1957.

e PCE and PCE degradation by-products contamination in finished water ceased after February
1987; the Tarawa Terrace WTP was closed March 1987.

Based on the Tarawa Terrace study results (ATSDR, 2007) the following conclusions can be drawn for the
PCE contamination of finished water at Tarawa Terrace:

e PCE concentrations in the finished water at Tarawa Terrace first exceeded MCL level of 5 pg/L
during the period 1957-1958.

e During the period 1957 — 1962, the PCE concentrations in the finished water at Tarawa Terrace
continued to increase sharply from 5 pg/L to a range of 42 pg/L — 92 pg/L, Figures 11 and 12b.

e During the period 1962 — 1987, the PCE concentrations in the finished water at Tarawa Terrace
continued to gradually increase from 42 pg/L —92 ug/L range to a range of 110 pug/L— 250 pg/L,
Figures 11 and 12b, except for two “two-month” periods when Well TT-26 was not in operation.

e Similar observations can be made for the degradation by-products of PCE from Figure 11.

e The simulated monthly mean concentrations and confidence boundaries given in ATSDR reports
and the conclusions reported above are reliable and represent, within reasonable scientific and
engineering certainty, the contaminant levels in finished water at Camp Lejeune from 1953 to
1987.
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The original capacity of HPWTP is unknown. However, July 21, 1954, USMCB Camp Lejeune property
record card indicates a capacity of 5 million gallons per day (MGD) (Scott R. Williams, USMCB Camp
Lejeune, written ATSDR communication, February 22, 2012).

During 1942, the 21 original water-supply wells at Camp Lejeune (HP-601 to HP-621) were placed into
operation and provided a total combined capacity of 7.3 MGD (CLHDW CDR File #2292, p. 1). Throughout
the years, additional water-supply wells were brought online to increase system capacity or to replace
abandoned wells. Some of the water-supply wells were removed from service and eventually were
abandoned because of contaminants found in groundwater at nearby disposal sites and in the supply
wells themselves (ATSDR, 2013a). As of June 2008, 27 wells were supplying groundwater to HPWTP with
a total combined capacity of about 5.9 MGD and a delivered groundwater (raw water) flow rate of 2.2
MGD (ATSDR, 2013a).

Until the summer of 1972, all finished water distributed to bachelor and family housing units and all
other facilities within the Hadnot Point-Holcomb Boulevard study area were supplied by the HPWTP
(Building 20). After June 1972, finished water distributed to Berkeley Manor, Midway Park, Paradise
Point, and Watkins Village family housing areas was supplied by the HBWTP. Also included in the HBWTP
service area are the current U.S. Naval Hospital (from 1983), the USMCB Camp Lejeune high school, and
the Brewster Boulevard junior high school. The Holcomb Boulevard water-distribution system is linked to
the Hadnot Point water-distribution system near McHugh Boulevard and Wallace Creek (Marston
Pavilion valve) and near Holcomb Boulevard and Wallace Creek at booster pump 742. For operational
reasons, the two water-distribution systems were occasionally connected—exceptions being some
documented connections that occurred during the late spring and early summer months of 1972-1986
(ATSDR, 2013a).

The historical reconstruction analysis of the Hadnot Point and Holcomb Boulevard area is more complex
than the Tarawa Terrace study area described above. This is because there are multiple contamination
sources and multiple contaminants at the site. The study also includes a water distribution system
analysis, and the study area is much larger than the Tarawa Terrace study area. Accordingly, the historical
reconstruction analyses discussed herein will focus on two general areas (within the Hadnot Point-
Holcomb Boulevard study area) that contributed most substantially to water-supply well contamination.
These are the Hadnot Point Industrial Area (HPIA) and the Hadnot Point landfill (HPLF) area.

The Hadnot Point-Holcomb Boulevard historical reconstruction covers the period 1942-2008. The first
year, 1942, was chosen because operations at USMCB Camp Lejeune began in late 1941. The last year,
2008, was chosen to take advantage of more recent water-supply well operational data and contaminant
concentration data to assist with model calibration.

As is the case with the Tarawa Terrace site, groundwater is the sole source of water at this site. Of critical
need, in terms of historical reconstruction, was information and data on the monthly raw water
production of supply wells (to enable computation of flow-weighted finished-water concentrations) and
the distribution of finished water to family housing areas. The supply of finished water for the Hadnot
Point-Holcomb Boulevard study area was composed of the following: {1) supply of water from
groundwater wells to the HPWTP {1942—present) and the HBWTP (1972—present), (2) delivery of finished
water from the WTPs through a network of pipelines and storage tanks to housing areas and other
facilities, and (3) intermittent transfers of Hadnot Point finished (contaminated) water through
connecting pipelines to the Holcomb Boulevard water-distribution system during late spring and early
summer months for years 1972-1985.
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Groundwater is the sole source of water supply at the site. To reconstruct contaminant concentrations
and the timeline of contaminant movement at the site a series of modeling techniques were
implemented. These are:

e To simulate predevelopment groundwater-flow conditions, the MODFLOW code was used. In
addition to the trial-and-error calibration procedures, the estimates of model parameter values
were supplemented using the objective parameter estimation code PEST-12 (Doherty 2003,
2010).

e Tosimulate the transient (unsteady) effects caused primarily by the onset and continued
operation of water-supply wells in the study area, historical water-supply well operating
schedules were developed and again the MODFLOW code was used. The operating schedules of
water supply wells was accomplished for the period 1942-2008 using TechWellOp and PSOpS
sub-models described earlier {Section 5.1).

e Groundwater contaminant fate and transport analysis of TCE and benzene were simulated using
MT3DMS and TECHFLOWMP. In addition, the fate and transport of PCE and TCE from source
areas in the HPLF area to water-supply well HP-651 was simulated using the MT3DMS,
TechFlowMP, and LCM-TechCONTROL code (Section 5.1).

e The occurrence of benzene as an LNAPL in the subsurface in the vicinity of the Hadnot Point Fuel
Farm (HPFF) and HPIA is described in (ATSDR, 2013) and in Section 6.4. Estimates of subsurface
LNAPL volume were developed using historical measurements of LNAPL thickness over time—
monitor well data—in the HPIA combined with the TechNAPLVol code that uses semi-analytical
and numerical methods in a three-dimensional domain (ATSDR, 2013). The resulting saturation
profile from the LNAPL volume analysis was used within the TechFlowMP model code to
simulate the dissolution of LNAPL constituents and the fate and transport of dissolved phase
benzene (Section 5.1).

e An alternative method, a linear state-space representation of a contaminated aquifer system
designated as the linear control model (LCM) methodology, was developed to reconstruct
contaminant concentrations in water-supply wells (ATSDR, 2013). Using the model code
TechControl, this simplified approach was used to reconstruct historical contaminant
concentrations, including PCE, TCE, 1,2-tDCE, and VC, in water-supply well HP-651 in the HPLF
area. A description of this code is given in Section 5.1 of this report. A more detailed description
of the methodology can be found in (ATSDR, 2013; Guan, 2009). Results from the LCM
application at water-supply well HP-651 were compared to simulated PCE and TCE
concentrations obtained using the MT3DMS numerical fate and transport code later when the
MT3DMS study was completed. The comparisons of these solutions and the analytical analysis
of these comparisons are discussed extensively in (ATSDR, 2013, Chapter A supplement 5) for
the results of the TechControl application at the HP-HB site which will not be repeated here.

e Reconstructed (simulated) monthly mean concentrations of PCE, TCE, 1,2-tDCE, VC, and benzene
for finished water at the HPWTP were determined by using a materials mass balance model
(Mass Balance, simple mixing) to compute the flow-weighted average concentration of the
aforementioned contaminants. The use of the material mass-balance method is justified because
all raw water from water-supply wells within the HPWTP service area was mixed at the HPWTP
prior to treatment and distribution.

e Intermittent operations of booster pump 742 and the opening of the Marston Pavilion valve
transferred contaminated Hadnot Point finished water to Holcomb Boulevard family housing
areas and other facilities. Owing to missing data related to pump and valve operations, proba-
bilistic analyses of the intermittent water transfers during the period 1972-1985 were conducted
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Based on field data, uncertainty and sensitivity analyses, and the historical reconstruction process, the
following conclusions are made with respect to groundwater and finished-water contamination of the
Hadnot Point—Holcomb Boulevard (HPHB) study area.

For the Hadnot Point water treatment plant (HPWTP):

e  Within the HPWTP, TCE routinely exceeded its current MCL during the period (1955-1985). TCE
concentrations in finished water at the HPWTP ranged from about 10 to 30 ug/L for the period
1955-1972, prior to the onset of pumping from water-supply well HP-651 (Figure A27, ATSDR,
2013). After the onset of pumping of water-supply well HP-651 during July 1972, finished-water
concentrations increased to a maximum computed value of 670 pg/L during August 1982 (Table
A18, ATSDR 2013). Measured concentrations of PCE, TCE, 1,2-tDCE, VC, and benzene and
historical reconstruction (simulated) results for the HPWTP are listed in Table A18 (ATSDR,
2013a).

e The reconstructed contamination of finished water exceeding the current maximum
contaminant level (MCL) for TCE was 374 months (August 1953—January 1985) (Table A14,
ATSDR, 2013a) Figure 17. With the onset of pumping at well HP-651 during July 1972, the
concentration of TCE in well HP-651 affected the resulting finished-water concentrations of TCE
at the HPWTP, which exceeded 750 pg/L during November 1983 (Table A14, ATSDR, 2013).
Measured TCE concentrations in finished water at the HPWTP during the period May 1982
through February 1985 ranged from 1.2 pg/L to 1,400 pg/L (Faye et al. 2010, Table C11, ATSDR,
2013).

e The reconstructed contamination of finished water exceeding the current MCL for PCE was 114
months (August 1974—January 1985) (Table A14), Figure 17, also a consequence of the onset of
pumping of well HP-651. The maximum reconstructed finished-water concentration of PCE was
about 39 pg/L during November 1983 (Table A14, ATSDR, 2013a). Measured PCE concentrations
at the HPWTP ranged from below detection limits (1-10 pg/L) to 100 ug/L during the period
May 1982—-February 1985 (Faye et al. 2010, Table C11, ATSDR, 2013).

e The reconstructed duration of contamination of finished water exceeding the current MCL for
benzene was 63 months (January 1979—-November 1984) (Table A14, ATSDR, 2013a), Figure 17.

e The maximum reconstructed finished water concentration of benzene was about 12 pg/L during
April 1984 (Table A14, ATSDR, 2013). Measured benzene concentrations at the HPWTP ranged
from below detection limits (10 pg/L) to 38 pg/L during the period December 1984-December
1985. An unexplained value of 2,500 pg/L of benzene was measured on November 11, 1985
(Faye et al. 2010, Table C12, ATSDR, 2013).

For the Holcomb Boulevard housing area:

¢ When this housing area was serviced by the HPWTP (prior to June 1972), the maximum
reconstructed (simulated) monthly mean TCE concentration in finished water (January 1968—
December 1985) was 32 pg/L during August 1968 and August 1969 (Appendix A7, ATSDR,
2013a). The minimum reconstructed (simulated) monthly mean TCE concentration in finished
water (January 1968—December 1985) was 8 ug/L (September and October 1969). TCE
concentrations in finished water first exceeded the MCL during August 1953 (Appendix A7,
ATSDR, 2013).

e After June 1972 when the Holcomb Boulevard water treatment plant (HBWTP) came online to
service this housing area, an interconnection analysis indicates that the maximum reconstructed
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(simulated) TCE concentration in finished water was 66 pg/L during February 1985 for the
Paradise Point area (Figure A29(H), ATSDR, 2013a).

e After June 1972 when the HBWTP came online to service this housing area, the maximum
reconstructed (simulated) monthly concentrations for PCE, 1,2-tDCE, and VC in finished water for
the Holcomb Boulevard housing area occurred during February 1985 and were 3 pg/L, 33 pg/L,
and 6 pg/L, respectively (Table A21(H), ATSDR, 2013a). The maximum reconstructed {simulated)
monthly concentration for benzene was 3 pg/L, occurring during January, February, April, May,
and June 1972 (Table A21(H), ATSDR, 2013a).

For the Hadnot Point Industrial Area (HPIA):

e The maximum reconstructed (simulated) monthly mean TCE concentrations at water-supply
wells HP-602, HP-608, and HP-634 were 658 pg/L during January 1959, 50 ug/L during Septem-
ber 1972, and 659 pg/L during October 1968, respectively {Table A14, ATSDR, 2013a). Measured
TCE concentrations at well HP-602 ranged from an estimated 0.7 pg/L to 1,600 pg/L during the
period of record, July 1984 to January 1991 (Table A4{H), ATSDR, 2013a). Corresponding
concentrations at well HP-608 ranged from 9 pg/L to 110 ug/L during the period of record,
December 1984 to November 1986. In well HP-634 between December 1984 and January 1991,
TCE concentrations ranged from less than detection limits to 1,300 pg/L.

e Substantial volumes of liquid hydrocarbon fuels were lost due to leakage to the subsurface
within the Hadnot Point Industrial Area (HPIA). This area contained as many as 10 active water-
supply wells. Despite the large volumes lost, finished-water concentrations of benzene only
exceeded the current MCL of 5 pg/L in some of the wells during the period 1980-1985.

e At water-supply wells with measured benzene concentrations exceeding detection limits (HP-602
and HP-608), the maximum reconstructed {simulated) monthly benzene concentration was 236
pg/L at well HP-602 during November 1984 and 11 pg/L at well HP-608 during September 1979
(Table A14, Appendix A3, ATSDR, 2013). Measured benzene concentrations at well HP-602 during
the period of record, July 1984 to January 1991, ranged from less than 1.0 pg/L to 720 pg/L.
Measured benzene concentrations at well HP-608 during the period of record, December 1984
to November 1986, ranged from 1.6 pg/L to an estimated 4.0 pg/L. All measured benzene
concentrations in well HP-603 were below detection limits {Table A5(H), ATSDR, 2013a).

For the Hadnot Point landfill (HPLF) area:

¢ The maximum reconstructed (simulated) monthly mean TCE concentration at water-supply well
HP-651 was 7,135 pg/L during December 1978 (Table A14, ATSDR, 2013a), Figure 17. Measured
TCE concentrations during the period of record, January 1985 to January 1991, ranged from 13
pg/L to 18,900 pg/L (Table A4(H), ATSDR, 2013a).

e The maximum reconstructed (simulated) monthly PCE concentration at water-supply well HP-
651 was 353 pg/L during December 1982 (Table A14, ATSDR, 2013), Figure 17. Measured PCE
concentrations during the period of record, January 1985 through January 1991, ranged from 45
pg/L to 400 ug/L (Table A4(H), ATSDR, 2013a).

e The maximum reconstructed (simulated) monthly mean 1,2-tDCE concentration at water-supply
well HP-651 was about 4,037 pg/L during December 1984 (Table A14), Figure 17. Measured 1,2-
tDCE concentrations during the period of record, January 1985 to November 1986, ranged from
140 pg/L to 8,070 pg/L (Table A4(H), ATSDR, 2013a).
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e The maximum reconstructed (simulated) monthly mean VC concentration at water-supply well
HP-651 was 660 pg/L during November 1984 (Table A14, ATSDR, 2013), Figure 17. Measured VC
concentrations during the period or record, January 1985 to January 1991, ranged from 70 pg/L
to 655 pg/L (Table A4(H), ATSDR, 2013a).

In summary:

e The historical reconstruction process results show that finished water at U.S. Marine Corps Base
Camp Lejeune was contaminated with varying levels of TCE, PCE, 1,2-tDCE, vinyl chloride and
benzene from 1953 to 1987, (ATSDR, 2013).

e TCE contamination at the HP-HB finished water first exceeded MCL level of 5 pg/L during the
period 1954 — 1955, Figure 16.

e During the period 1954 — 1973, the TCE contamination at the HP-HB finished water gradually
increased from 5 pg/L to a range of 19 ug/L — 26 ug/L, Figure 16.

e During the period 1973 — 1985 there is a sharp increase in the TCE contamination at the HP-HB
finished water from a range of 19 ug/L — 26 ug/L to a range of 380 ug/L — 620 ug/L, Figure 16.

e PCE contamination at the HP-HB finished water first exceeded MCL level of 5 pg/L during the
period 1974 — 1975, Figure 16.

e During the period 1974 — 1985 there is a sharp increase in PCE contamination at the HP-HB
finished water from 5 ug/L to a range of 20 pg/L — 30 pg/L, Figure 16.

e 1,2-tDCE contamination at the HP-HB finished water first exceeded MCL level of 100 pg/L during
the period 1973 — 1974, Figure 16.

e During the period 1973 — 1985 there is a sharp increase in 1,2-tDCE contamination at the HP-HB
finished water from 100 ug/L to a range of 220 pg/L — 390 ug/L, Figure 16.

e VC contamination at the HP-HB finished water first exceeded MCL level of 2 pg/L during the
period 1972 — 1973, Figure 16.

e During the period 1972 — 1985 there is a sharp increase in VC contamination at the HP-HB
finished water from 2 ug/L to a range of 34 pug/L — 52 pg/L, Figure 16.

e Benzene contamination at the HP-HB finished water first exceeded MCL level of 5 ug/L during
1980, Figure 16.

e During the period 1980 — 1985 there is a sharp increase in Benzene contamination at the HP-HB
finished water from 5 pg/L to a range of 7 ug/L— 12 pg/L, Figure 16.

e The simulated monthly mean concentrations and confidence boundaries given in ATSDR reports
and the conclusions reported above are reliable and represent, within reasonable scientific and
engineering certainty, the contaminant levels in finished water at Camp Lejeune from 1953 to
1987.

| confirm that the conclusions | summarized above and others that exist in ATSDR reports were reached
by applying generally accepted methods in the fields of hydrogeology, geochemistry, environmental
sciences and engineering and mathematical and stochastic computational modeling. These conclusions
are my own and are based on my education, training, and experience, as well as the documents, public
information, diagrams, data, and facts that were available to me at the time of writing. | hold these
conclusions to a reasonable degree of scientific and engineering certainty. | reserve the right to
supplement and/or amend my conclusions on this matter as necessary as additional documents or
information are made available to me.
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6.7 Confidence in Validity of Historical Reconstruction Results

It is generally accepted that properly selected models that have been calibrated to site-specific
conditions are appropriate for environmental management and decision-making — frequently there is no
other form of guidance. While proper model calibration, sensitivity and uncertainty analyses improve
confidence in model predictions, additional validation steps can increase confidence in simulation
results. (Anderson et al., 1992; Bredehoeft and Konikow, 1993; Oreskes et al., 1994; Aral, 2010; Sahmel
et al,, 2010, Mei, 2003).

In an ideal world, the modeler would have an abundance of data. In that scenario, a portion of the data
can be used to calibrate the model. The calibrated model can then be used to simulate values for
comparison with the remaining independent data. This is the classical definition of model validation. In
literature there are other definitions of validation as well. For example, IAEA (1982) defines validation as
"A conceptual model and the computer code derived from it are validated when it is confirmed that the
conceptual model and the computer code provide a good representation of the actual processes
occurring in the real system." Or Schlesinger et al. {1979) defines validation as "substantiation that a
computerized model within its domain of applicability possesses a satisfactory range of accuracy
consistent with the intended application of the model." Or in Konikow and Bredehoeft (1992) it is stated
that: “Ground-water models are embodiments of scientific hypotheses. As such, the models cannot be
proven or validated, but only tested and invalidated.” Or “...The absolute validity of a model can never be
determined” (NRC, 1990).

Frequently, an abundance of data is unavailable {Maslia and Aral, 2004), and alternate validation means
must be considered. In such situations, Sahmel et al. (2010) recommend alternative means to increase
confidence (help validate) simulated exposure levels, including assessing:

i. Were the data used to formulate and calibrate the model taken from dependable and

appropriate sources?
In my opinion, the ATSDR Camp Lejeune studies went to extraordinary measures to identify and
collect all the dependable and appropriate sources of data for model calibration from Camp
Lejeune archives.

ii.  Has variability in the outcomes been considered?
There is abundant evidence in the ATSDR study that extensive analysis of stochastic uncertainty
and sensitivity analysis was performed in the ATSDR study.

iii. Where possible, have multiple simulation approaches been utilized and generated similar
results?
There were two additional modeling efforts employed in the ATSDR study which provided the
reconfirmation of the results obtained from the standard applications that exist in public
domain. These are the TechControl application that uses Linear control model and TechFlowMP
application that is used to investigate the fate and transport processes at the Camp Lejeune site.
These are two independent codes used in the analysis that satisfies the above criteria. One
should also recognize the fact that two independent study groups implemented these parallel
simulation approaches which yielded similar results. The comparisons of these solutions and the
analytical analysis of these comparisons are discussed extensively in (ATSDR, 2013, Chapter A
supplement 5) for the results of the TechControl application at the HP-HB site and in (ATSDR,
2007g) for the results of the TechFlowMP application (Figure 11) at the Tarawa Terrace site
which will not be repeated here.
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As philosophical discussion on validation concepts and definitions continues, as engineers
working on the Camp Lejeune study, we believe being as close as possible to an observed system’s
behavior in modeling yields satisfactory answers to most practical problems that await immediate
solutions. Having introduced some of the secondary philosophical discussions on validation
concepts above, one must also recognize the following traditional validation step employed in
ATSDR study as well. This step, described below, was completed for the models used in the ATSDR
study of the Camp Lejeune site. | also notice that the completion of this step as an extra effort was
not recognized or understood by some of the experts of the government in this case (see Dr. Dan
Waddill’s deposition, Tuesday, August 6, 2024).

As discussed in Sections 5 and 6 of this report, the ATSDR reconstruction model is a complex system and
consists of five stages: i. pre-development (pre-pumping); ii. transient (pumping); iii. contaminant
migration; and iv. production well mixing at the treatment plant; and v. the water distribution system
analysis. The reconstructed sequence of model's ability to fit the independent data available for finished
water (supplied to the consumer) at WTP (see Figures 12, 13 and 15) provides internal model validation
that all four levels are accurately capturing the system behavior. For example, only those solutions that
successfully simulate predevelopment (pre-pumping) and transient groundwater flow conditions can
successfully capture the contaminant migration processes that would yield the independent data values
we have at the WTP. Thus, in the final stage when WTP data is captured accurately, it requires that all
three previous stages have been accurately incorporated into the model and validated appropriately.
Thus, successful capture of the independent measured data at the WTP, as occurred here for Tarawa
Terrace and Hadnot Point/Holcomb Boulevard, provides an internal validation of the MT3DMS model
and the coupled complex modeling ensemble.

In summary, as stated by Dr. Robert Clark, Chair of the Expert Review Panel for the ATSDR Camp Lejeune
studies, the ATSDR appropriately used the data sets that were available to it, and validated its model
using the best approach under the circumstances:

“From a scientific viewpoint it would be ideal to have independent data sets. One set could be used to
calibrate the models, and the second data set used for validation. If one is developing a model based
on experimental data this approach can be built into the combined experimental and modeling effort.
However, it has been my experience that such an ideal situation rarely exists in “real world” situations.
Therefore, in my opinion, the best approach is to use available datasets in conjunction with sound
engineering principles and the investigator’s best judgment to establish the validity of the exposure
models.” Dr. Robert M. Clark, Chair Expert Review Panel, Maslia (Editor), 2009a, p. 76.

| concur with Dr. Clark’s assessment given above. It is my opinion that ATSDR used the best available
datasets, sound science and engineering principles, and professional judgment to establish the best
possible reconstructed values of historical contaminant concentrations, and that, within a reasonable
degree of scientific and engineering certainty, these were the contaminant levels delivered to Tarawa
Terrace, Hadnot Point, and Holcomb Boulevard.

This assessment is reinforced by the successful peer review of ATSDR results in two top-tier journals
(Maslia et al., 2009(b) for Tarawa Terrace and Maslia et al., 2016 for Hadnot Point-Holcomb Boulevard)
along with the Grand Prize for Excellence in Environmental Engineering and Science Research (2015)
from the prestigious American Academy of Environmental Engineering and Science for ATSDR's
exemplary work at Camp Lejeune.
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7. The NRC report

On June 27, 2009, | submitted a memorandum to EDRP/ATSDR which included my response to the NRC
review comments on the Camp Lejeune study. The memorandum became an internal document for the
Camp Lejeune study at ATSDR/CDC and was not released to the public. This section of my expert
report includes both the contents of this memorandum and additional observations.

7.1 Comments on the NRC Report

The National Research Council (NRC) was requested to conduct a review by the Department of

Navy (DON), under a mandate by the U.S. Congress (Public Law 109-364, Section 318). The U.S. Navy
requested the NRC review to address whether adverse health outcomes are associated with past
drinking-water contamination at U.S. Marine Corps (USMC) Base Camp Lejeune, North Carolina. The NRC
review included an assessment of the Agency for Toxic Substances and Disease Registry’s (ATSDR) overall
study and in particular, the water modeling analyses and findings at Tarawa Terrace and vicinity. The NRC
report released on July 13, 2009 (NRC 2009) covers a wide range of topics that include: (i) conceptual
topics of exposure analysis and source characterization that are based on expert opinions of NRC
committee members; (ii) water modeling based on observations of NRC committee and a critique of the
science-based tools and analyses that are described in ATSDR technical reports on Tarawa Terrace and
vicinity (Maslia et al., 2007; ATSDR, 2007); and, (iii) a critique of findings and interpretation of water-
modeling study results that were completed by ATSDR at Tarawa Terrace and vicinity at Camp Lejeune.

On June 27, 2009, my responses to the NRC review were respectfully submitted to ATSDR to document
my scientific evaluation of the findings of the NRC report. Exhibit B is the header of my original response
to the NRC report.

To accurately respond to the comments made under each category | have identified above, the review
comments | am providing below are grouped under two specific headings. This is in an effort so as not to
confuse the reader and mix-and-match the review comments reported by the NRC committee which
range from “conceptual topics” to the “comments on actual data reported” in the ATSDR water modeling
study. | am confident that this approach will provide the reader with a clear picture of a range of topics
critiqued in the NRC report. Accordingly, the discussion included in my review comments below will
cover the range from “conceptual” perspectives on exposure analysis to “water modeling analysis” and
“application specific” topics that are addressed in the NRC report.

It is important to note that the review comments | am providing below are only associated with the
water modeling aspects of the ATSDR health study and the NRC report, and do not cover any
epidemiologic study aspects since those topics are outside my expertise areas. All references to the “NRC
report” refer to the NRC report titled, “Contaminated Water Supplies at Camp Lejeune: Assessing
Potential Health Effects” and cited as NRC (2009) in the Reference section of this expert report.
Furthermore, the reader should recognize that sentences in “italic font” under the heading “Comment
on...” are extracted verbatim from the NRC report and statements in “regular font” under the heading
“Response” are my responses to the specific NRC report statements.
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7.2 Comments on the NRC report associated with conceptual topics of exposure analysis and site
characterization.

Comment on p. 29: Exposure assessment for epidemiologic studies of the effects of water-supply
contamination includes two components. The first is estimation of the magnitude, duration, and
variability of contaminant concentrations in water supplied to consumers. An important consideration is
hydrogeologic plausibility: an association between a contaminant source and exposure of an individual or
population cannot exist unless there is a plausible hydrogeologic route of transport for the contaminant
between the source and the receptor (Nuckols et al., 2004). The second component is information on
individual water use patterns and other water-related behaviors that affect the degree to which
exposures occur, including drinking-water consumption (ingestion) and dermal contact and inhalation
related to the duration and frequency of showering, bathing, and other water-use activities. Water use is
an important determinant of variability of exposure to water-supply contaminants, particularly if it varies
widely in the study population. Ideally, exposure-assessment strategies include both components, but in
practice it may be difficult to obtain either adequately.

Response: In this comment, which also includes a reference to the work of one of the committee
members (Nuckols et al. 2004), the NRC committee is providing the reader with their understanding of
the components of an exposure study that is associated with pollutants that may exist in an aquatic
pathway at a contaminated site. The aquatic exposure analysis framework described in this statement is
a conceptual statement and represents a very restrictive view of the exposure pathway analysis that
needs to be considered at contaminated sites given the current understanding of the interaction
between environmental pathways and the behavior of chemicals along those pathways. Current
knowledge in this scientific field recognizes that in an aquatic exposure study the environment must be
considered as a whole, and scientific and regulatory approaches alike must consider complex
interactions between multimedia and intermedia interactions that exist in a multitude of potential
environmental pathways at a site. In my opinion one should not emphasize only the concept of a
“hydrogeologic connection” between the contaminant source and the exposure point as put forth by the
NRC committee. This conceptual suggestion made by the NRC committee would be a very elementary
and restrictive exposure analysis framework.

As specialists in this field, we know pollutants released to an aquatic environment are distributed among
environmental media such as air, water, soil, vegetation etc., because of complex physical, chemical and
biological processes. Thus, environmental pollution is a multi-pathway problem and environmental
exposure assessment methods require that we carefully consider the transport, fate and accumulation of
pollutants in the environment as a whole, (Cohen 1986; Aral, 2010). Methods that are proposed to
evaluate environmental migration or exposure characterization in this envirosphere must consider all
potential pathways and the interactions between these pathways. In scientific literature, the multi-
pathway approach to environmental exposure analysis is identified as Total Exposure Characterization
(TEC).

Elements of this multi-pathway analysis for an aquatic contamination source are imbedded in the ATSDR
water modeling studies that were conducted for the Tarawa Terrace area of the Camp Lejeune site as
much as possible. The specific pathways and processes considered in the ATSDR water modeling study
are: (i) saturated groundwater; (ii) unsaturated groundwater; (iii) vapor emissions; (iv) multispecies
analysis of contaminants in these three pathways; (v) mixing in the water treatment system; and (vi)
estimates of contaminants in the water-distribution system. This was followed by proper epidemiologic
studies that are not considered in this expert report.
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In this analysis framework it is also important to recognize that one should not try to fit a physical
problem to a model that may be readily available for use. Instead, appropriate models should be
selected or developed that would fit the characterization of the physical problem at hand. Thus,
selection of appropriate modeling tools to complete such an analysis is very important and is considered
in sufficient detail in the ATSDR study. This is a very important point, which was either completely
ignored in the NRC report or, steps taken by the ATSDR water modeling team to address these issues in a
sound scientific and engineering manner were criticized by the NRC committee without providing any
supporting evidence that is traceable to technical literature. | will revisit this issue in more detail in my
comments below while providing case-specific public domain data and public domain information.

Comment on p. 33: At a typical waste site, spent VOCs are present in the unsaturated zone (a partially
saturated soil layer above the water table) in the form of dense nonaqueous-phase liquids (DNAPLs).......
{... after a lengthy discussion of what DNAPL is and how DNAPL-based contaminants behave in the
subsurface and what the consequences of such a source are, the NRC report continues in this section
with the following remarks linking DNAPL presence to the aquifers at Camp Lejeune.)..... The presence of
low-permeability units (such as the Castle Hayne confining unit or any clay units) would limit vertical
migration of both DNAPL and dissolved contaminants.....

Response: The NRC report does not provide any information for the justification of this
conceptualization of the contamination source at the ABC One-Hour Cleaners site and Tarawa Terrace
and vicinity other than providing a reference to a source concentration of 12,000 pg/L, reported in
Chapter E of the ATSDR Tarawa Terrace report series (Faye and Green 2007, p. 38). This is followed by a
reference to a number “110,000 pg/L” (p. 38 of the NRC report, second paragraph from bottom of page).
As indicated in the NRC report, this is the highest possible concentration of tetrachloroethylene (PCE) in
water. Because this reference value is given in the NRC report without a reference citation, | question the
credibility of this reference value. The NRC report also does not discuss the importance of this number in
their conceptualization of the contaminant source as a DNAPL. Furthermore, the NRC report does not
refer to a data source on the solubility levels of PCE in water like those data sources reported in Chapter
D of the ATSDR Tarawa Terrace report series (Lawrence, 2007). The NRC report does not refer to

or cite a database that may exist in USMC files at Camp Lejeune, unknown to the ATSDR water modeling
team, that NRC committee members may have had access to, that would indicate the presence of
DNAPL-phase PCE at the site. The NRC report also does not refer to a systematic dry-cleaner disposal
procedure that is reported in the documents they have reviewed for handling the disposal of the
chemical PCE as a pure phase PCE at the ABC One-Hour Cleaners site.

In the NRC report, the highest concentration of dissolved PCE, 110,000 pg/L, must imply the NRC
committee’s understanding of the solubility level of PCE in water. Because a reference is not provided, |
could not confirm this number. However, our references indicate that the solubility of PCE in water is
around 200,000 pg/L (= 200 mg/L) at 15°C or higher. In Chapter D of the ATSDR Tarawa Terrace report
series (Lawrence 2007, p. D12, Table D9), solubility of PCE is reported to be 210, 000 pg/L (=210 mg/L) at
25°C, which is the solubility number | would like to work with for my analysis below. There are other
references in the literature that report the solubility of PCE at much higher concentrations as well, which
are not referenced here. This is because | would like to focus on what is reported in the ATSDR Tarawa
Terrace series of reports (ATSDR, 2007a).

The 12,000 pg/L concentration reported in NRC report (and in Chapter E of the ATSDR Tarawa Terrace
report series [Faye and Green 2007]) as a justification for the presence of a DNAPL phase is about 5.7%
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to 6% of the solubility level of PCE {12,000/200,000 = 6% or 12,000/210,000 = 5.7%). The 12,000 pg/L
concentration is the dissolved-phase PCE concentration in the groundwater at ABC One-Hour Cleaners as
reported by ATSDR (Faye and Green 2007). Although this is a high concentration, this value is much less
than PCE's solubility limit in water (200,000 pg/L at 15°C or 210,000 pg/L at 25°C). Even at the lowest
solubility value reported by USEPA 150,000 ng/L this concentration level is at 8% of the solubility level
(USEPA, 2024). The location of the highest concentration sample within Tarawa Terrace and vicinity can
be used to identify the source location at the site. High concentrations at a site may suggest the
possibility of non-aqueous phase (NAPL) PCE {PCE in form of NAPL) presence but this does not guarantee
a NAPL presence at the site, because in this case, 12,000 pug/L is 6% or less of the solubility limit of PCE
(see Section 6.4 of this expert report).

Thus, the conceptual DNAPL contaminant source characterization that is provided in the NRC report
without any justification and without any field data support is bothersome. This reference to the
presence of a DNAPL-phase contaminant source at the site not only appears in this comment on NRC
report page 33, but it is repeatedly referred to in other pages of the NRC report which is not clear and
correct understanding of the source conceptualization (see discussion of “Dissolved phase pollution vs
NAPL, LNAPL and DNAPL pollution” in Section 6.4). In my opinion the NRC committee needs to provide
further technical and field data evidence in support of their DNAPL conceptualization. Also reporting the
solubility of PCE in water at about half the value of the data reported in the ATSDR Chapter D report
{Lawrence 2007) without providing a reference (page 38 of the NRC report) is not scientifically
acceptable. Short of citing field data evidence and an appropriate reference for the solubility level of PCE
as reported in the NRC report, | would question the scientific basis of this conceptualization. Further,
without field data evidence, the NRC review is based on hypothetical conditions and assumptions that
are extracted from the scientific work of others (Figure 2-3 of the NRC report) which is based on studies
that are conducted at other sites. It is my opinion that these sites have no relevance to the ABC One-
Hour Cleaners site or Tarawa Terrace and vicinity. The purpose of this assertion (PCE as DNAPL source
conceptualization) and misrepresentation of the site data by the NRC committee is not clear to me.

During the NRC committee review process, the question of the characterization of the source was
brought to the attention of ATSDR water modeling team members in a request for information by an NRC
committee member (Email communication from P. Clement to M.L. Maslia, ATSDR, May 5-11, 2008). At
that time, ATSDR water modeling team members provided the NRC with data ATSDR had on the subject
matter clearly showing why the modeling team elected to simulate the PCE source as a dissolved-phase
source.

Furthermore, the modeling team clearly identified why the dissolved-phase injection procedure applied
in the models used for the ATSDR water modeling analyses. The information that was provided to the
NRC was based on data from several remedial investigation reports, site reports, and other DON and
USMC files (Shiver 1985, Roy F. Weston 1992, 1994). In these field study reports, there is no recorded
data reported by DON and USMC consultants that would provide evidence of, or substantiate the
existence of, the presence of a DNAPL source at ABC One-Hour Cleaners or Tarawa Terrace. |f the DNAPL
source conceptualization that appears in the NRC report is based solely on the data source and
information we provided to the NRC committee, then | do not agree with the NRC'’s source
characterization. |, therefore, consider this to be a misinterpretation of the conditions at the site. If this
conceptualization is based on any other information or data that | was not aware of, and if this
information was provided to NRC by DON, the USMC, or their consultants, the modeling team should
have been provided with that information and data. Because the reference to a DNAPL-phase in the
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aquifers underlying ABC One-Hour Cleaners and Tarawa Terrace and vicinity appears in several places
within the NRC report, | will revisit this topic again in my discussions below.

In the statement on page 33 of the NRC report, | also noticed that the NRC committee acknowledged
that the PCE source was discharged to the unsaturated zone of the aquifer underlying ABC One-Hour
Cleaners and Tarawa Terrace and vicinity. However, given that observation, the NRC committee fails to
provide a justifiable critique of the use of the MODFLOW family of codes that only considers a saturated
groundwater zone to analyze the physical problem at the site. On the contrary, the NRC committee
considers the MODFLOW family of codes to be an acceptable modeling choice throughout the NRC
report. This is probably because the NRC committee considers the MODFLOW codes as accepted state-
of-the-art tools for typical groundwater pathway modeling. This is an example of a typical case of fitting a
physical problem to a code “concept” | referenced in my response statement “7.2” above, which the
ATSDR water modeling team tried to avoid as much as possible (see the discussion in section 6.1 and
TechFlowMP application in section 5.1).

In recognition of this problem and in recognition of the general perception that prevails in the scientific
community that the MODFLOW family of codes is an accepted procedure, the ATSDR water modeling
team first utilized the MODFLOW and MT3DMS codes in their simulations. In addition, to enhance our
understanding of conditions at the site, ATSDR extended its analyses. The ATSDR water modeling team
applied the TechFlowMP software to understand and evaluate the unsaturated zone injection conditions
that are implemented at the site. TechFlowMP is a public domain code that can be accessed from the
Georgia Tech website for individual use without a fee (http://mesl.ce.gatech.edu/). The NRC report
attempts to discredit this extra effort and the steps taken by the ATSDR water modeling team to simulate
the proper source disposal conditions at the ABC One-Hour Cleaners site by classifying: (i) TechFlowMP
code as a research tool; and (ii) as a proprietary code that is not verified. Again, this is very puzzling and
a misrepresentation of the scientific and public domain facts of this case by the NRC committee. These
NRC statements that appear in several places in the NRC report ignore a scientifically sound attempt by
the ATSDR water modeling team to properly evaluate a physical problem, above and beyond a traditional
MODFLOW and MT3DMS application which the NRC review committee accepts (NRC 2009, p. 43).
Further, the NRC committee failed to check current technical literature and scientific publications
containing substantial evidence of publications involving the TechFlowMP. The evidence that the
TechFlowMP code has been tested and verified against other applications (see section 5.1) exists in this
technical literature. (web site: http://mesl.ce.gatech.edu/PUBLICATIONS/Publications.html). This lack of
due diligence by the NRC committee is puzzling.

It is equally important to note that the use and application of specialized codes to address specific
problems that codes, such as MODFLOW and MT3DMS, cannot address, is not shunned by government-
based scientific organizations, but rather, it is recognized and encouraged. As stated in the U.S.
Environmental Protection Agency report, “Guidance on the Development, Evaluation, and Application of
Environmental Models” (USEPA 2009, p. 31): “However, the Agency acknowledges there will be times
when the use of proprietary models provides the most reliable and best-accepted characterization of a
system.” The point being made in this statement is that the most appropriate model should be applied
to characterize a system, not necessarily, the most popular or most often-used model; and this is the
exact modeling philosophy and approach that ATSDR took when applying the TechFlowMP and PSOpS
and other sub-models at ABC One-Hour Cleaners and Tarawa Terrace and vicinity (see discussion of this
topic in section 5.1).
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7.3 Comments on the NRC report associated with science-based tools, analysis and interpretation of
study results.

Comment on p. 43: For example, MT3DMS can predict the transport only of dissolved contaminants, so a
key approximation was made to represent the mass dissolved from the DNAPL source. To apply
MT3DMS, ATSDR replaced the highly complex DNAPL contaminated source zone with a hypothetical
model node where PCE was injected directly into the saturated aquifer formation at a constant rate (1.2

kg/day).

Response: This NRC report statement relies on their unsubstantiated and undocumented source
characterization concept (see my review comment above and in section 6.4). Using this
conceptualization as an undisputable fact, the NRC committee then attempts to discredit the
groundwater-modeling study conducted by ATSDR at the ABC One-Hour Dry Cleansers site and Tarawa
Terrace and vicinity. This statement is a hyperbole, wherein first an “assumption” is made which is wrong
and then that “assumption” is considered to be a “fact” to critique the findings of a study. This approach
in a scientific critique is puzzling.

Comment on p. 43: Unlike the MODFLOW and MT3DMS codes, the PSOpS and TechFlowMP codes lack
validation by a broad spectrum of practicing geoscientists in an open-source environment.

Response: | have addressed the point the NRC committee chose in reference to the misrepresentation of
TechFlowMP as an unverified code in my response above. | will not repeat that here. In reference to the
PSOpS and other sub-model developed by the Georgia Tech research group (see section 5.1), the
following needs a clear answer: Can a reference to a public domain code be provided by the NRC
committee members that is available through the published literature that provides the analysis
performed by PSOpS and other sub-models? Has such a public domain code been developed for, and
applied to, any study that they are aware of to manage pumping-schedule operations in an optimal
manner for a complex system such as the one at Tarawa Terrace? The answer to these questions is
obvious and the answer is: “This type of public domain model does not exist in the literature and needed
to be developed to complete the study in appropriate scientific confidence bounds.”

PSOpS is an optimization application that was developed by the MESL-Georgia Tech research group
participating in the ATSDR water modeling analysis to yield answers to specialized uncertainty-related
questions pertinent to the current health study conducted at Camp Lejeune site. The analysis is based on
the MODFLOW family of codes in the generation of the database used to solve an optimization problem.
The development of this optimization model was necessary to respond to scientific questions raised by
the ATSDR Expert Panel (March 2005) whose members guided our study and contributed significantly to
its quality. The members of this ATSDR Expert Panel are well known and respected scientists in the field
and their names are listed in the Expert Panel report (Maslia 2005) that is also available on the ATSDR
website. The question ATSDR Expert Panel members raised in this case was related to the uncertainty of
a pumping-schedule operation that may be implemented at the site and the characterization of its
effects on the study outcome. The PSOpS model that was developed for the purposes of this analysis
and used in the ATSDR water modeling analyses to address this question became part of the peer
reviewed PhD thesis of a graduate student at Georgia Tech. In that sense, the theoretical background of
the model is reviewed and accepted by independent PhD thesis committee members at Georgia Tech
and the detailed documentation of this model can be found in the PhD thesis of Dr. J. Wang, which is
public domain information (Wang, 2008).
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In conclusion, the NRC committee is most likely aware of the following: (1) specialized models such as
PSOPpS are not available in the technical public-domain literature; and (2) codes such as PSOpS only are
developed for the specialized purposes of the current study to find answers to specialized questions that
are raised by the current water modeling analysis. The concept of using an optimization algorithm that is
fed by a database through the MODFLOW family of models, which is a common and routine procedure,
is both scientifically sound and scientifically necessary in a study such as the one ATSDR conducted at
Camp Lejeune site. If a public domain model existed that can be used for this study, that would serve the
same purpose, instead of the PSOpS model, we would have used that model instead of the PSOpS
model. To my knowledge, such a model is not available. In my opinion, the NRC committee also should
recognize that the ATSDR water modeling effort is not a run-of-the-mill work-product and the problem at
hand is not a routine problem that can be or should be analyzed using routine models. In such cases it is
expected that specialized methods can be developed and implemented; this should not be shunned by
the NRC, but instead, it should be encouraged (see USEPA comment and reference above) (USEPA 2009,
p. 31).

Comment on p. 44; The DNAPL source zone was represented by using a model node where PCE was
injected continuously into the unconfined model layer-1 of the saturated zone at a constant rate of 1.2
kg/day (Faye 2008).

Response: Again, in this statement, the NRC committee is asserting that the DNAPL source zone was
misrepresented in the current study. | refer to the reader to my previous comments in my response to
the DNAPL source mischaracterization by the NRC committee also see section 6.4 of this expert report.

To reiterate, we have not represented a DNAPL source zone as an injection point in our models because
there is no DNAPL source zone in the aquifer underlying the ABC One Hour Dry Cleaners site at Tarawa
Terrace and vicinity. If the claim of the NRC committee can be substantiated by any field data, | stand
corrected. Not only | would stand corrected, but also, | would strongly recommend that the U.S.
Environmental Protection Agency (USEPA), their consultants, and the North Carolina Department of
Environment and Natural Resources (NCDENR) should immediately abandon their remediation efforts at
the ABC One-Hour Dry Cleaners site at Tarawa Terrace and vicinity and adopt remediation strategies that
would yield more effective results for a DNAPL source contaminant. The U.S. Environmental Protection
Agency (USEPA), their consultants, and the North Carolina Department of Environment and Natural
Resources (NCDENR) conducted remediation efforts at the ABC One-Hour Dry Cleaners site at Tarawa
Terrace and vicinity using remediation strategies directed toward a dissolved phase contaminant. The
fact that USEPA and NCDENR field consultants did not implement DNAPL remediation technologies at
the site is additional evidence that these agencies and their consultants also do not agree with the NRC
committee as to the characterization of the contamination source as DNAPL phase PCE.

Comment on p. 48: Because insufficient historical pumping data were available to constrain the model
predictions from 1953 to 1980, the ability of the advanced optimization models to estimate the dates
accurately is questionable.

Response: There are obvious uncertainties in the physical problem being studied at ABC One-Hour Dry
Cleaners and Tarawa Terrace and vicinity. The NRC committee would most likely agree with this
statement. If we accept this statement, then the question becomes, should one completely ignore
uncertainty in the analysis or should one try to develop techniques that would provide an estimate of
the effects of uncertainty on the solution in a systematic way? In this study we have chosen the second
route, which is the sound science alternative which documents the inherent level of uncertainty.

Expert Report — Prof. Mustafa M. Aral 10/23/2024 ) Page | 55
Case 7:23-cv-00897-RJ  Document 400-2  Filed 06/04/25 Page 56 of 106



The NRC committee should accept the fact that answers to uncertainty questions cannot be answered
“accurately” as the NRC report states in the above statement. Expecting that from an uncertainty
analysis outcome would be scientifically irresponsible. Our uncertainty analyses are not provided to give
“accurate” answers to the problem studied. Instead, our uncertainty analyses are used as estimates that
would indicate the variability range of deterministic results provided earlier. The domain of uncertainty
analysis is a scientific field which is not in the realm of the traditional groundwater fate and transport
analysis expertise and should be viewed using a different microscope and expertise. ATSDR’s uncertainty
analysis is a reliable and accepted methodology in the field of environmental modeling.

Comment on p. 48: (5) there is no spatial variation in the microbiologic or geochemical characteristics.

Response: The NRC committee correctly identified that in the application of the TECHFLOWMP model to
the aquifers underlying the ABC One-Hour Dry Cleaners site and Tarawa Terrace and vicinity, we assumed
no spatial variation of microbiologic characteristics. If the NRC committee is familiar with the finite
element procedures used in the TechFlowMP model, they would acknowledge that this is not a
restriction of the model but a restriction on the available field data for the site. If the microbial
distribution in an aquifer can be accurately characterized, which we doubt can be accomplished in this
case or in any case, we can certainly include that heterogeneity in our modeling effort.

Having pointed out this fact, | would also like to question issues pertaining to levels of acceptable
homogeneity considered in our modeling effort and compare it with levels of unacceptable homogeneity
that are shunned in our modeling analysis based on the critique presented in the NRC report. For
example, the assumption of uniform infiltration across the model domain when the MODFLOW family of
model codes is utilized was not critiqued in the NRC report, but the assumption of uniform microbial
distribution in the multilayer aquifer domain is critiqued. Between these two processes, which would be
the easier process to characterize and implement? | think the answer to this question is obvious, the
infiltration process would be easier. Thus, although both processes are characterized by heterogeneity in
the aquifer, accepting the homogeneity assumption for the infiltration case but not accepting
homogeneity assumption for the microbial distribution case would be setting the bar too high and would
be scientifically irresponsible considering the levels of data that may be available to characterize either
process. A scientific review committee should be able to make these distinctions easily and come up with
appropriate conclusions in their review comments.

Comment on p. 49: However, there are some important limitations in ATSDR’s modeling efforts because
of the sparse set of water quality measurements, the need to make unverifiable assumptions, and the
complex nature of the PCE source contamination.

Response: There are limitations of the modeling analyses conducted by ATSDR water modeling team. We
would be the first to acknowledge these limitations. This is evident by the level of detail of the
uncertainty analysis conducted as part of the water modeling analysis to envelope the effect of those
uncertainties on the outcome presented. However, in my opinion, characterizing the uncertainty analysis
outcome as not “accurate” as previously stated (see response above) or, that uncertainty analysis should
only be conducted in “verifiable” cases as stated above is not a scientifically sound assessment or
procedure. As we all agree, an uncertainty that can be verified would be no longer uncertain.

Regarding the lack of historically measured values of contamination, it was not required to measure
these contaminants in the timeframe of interest, according to regulatory agencies. It was when
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trihalomethane (THM) measurements were first required, those analytical techniques were utilized that
could detect the presence of other halogenated {e.g., chlorinated) compounds like PCE and TCE. The lack
of such measured values points to the need for historical reconstruction efforts — the NRC report offers
no better alternative.

| fully agree with the NRC observation that “ATSDR applied best practices and cutting-edge modeling
approaches to predict the complex groundwater-contamination scenario” (NRC, 2009; p 65) necessary
for establishing reconstructed exposure levels. ATSDR conducted sensitivity analyses in both the 2009
Tarawa Terrace study (ATSDR, 2009) and the later 2013 Hadnot Point / Holcomb Boulevard study (ATSDR,
2013) that generated a range of possible exposure levels at a given point in time. Thus, in my opinion
ATSDR not only satisfied but also built upon input from the NRC report to produce the best-possible
engineering and scientifically valid information for assessing historical exposure levels at Camp Lejeune.

Comment on p. 49 first bullet: The effects of the DNAPL in both unsaturated and saturated zones have
not been included in the studies.

Response: The NRC report brings back the DNAPL issue here again. Please see my response in the
comments above.

Comment on p. 49 second bullet: Constant values of dispersivity (longitudinal dispersivity of 25 ft and
transverse 2.5 ft) were used in the transport model.

Response: Although dispersivity is constant, based on the definition of the hydrodynamic diffusion
coefficient, the hydrodynamic diffusion coefficients are variable because they depend on the velocity
field at the site. This is a common assumption in most studies where field data are not available to
support spatially variable dispersion/diffusion coefficients. This comment again is related to my
discussion of acceptable homogeneity and unacceptable homogeneity conditions at a site study above.

Comment on p. 49 bullet four: The numerical codes TechFLowMP and PSOpS used in the modeling are
research tools and are not widely accepted public-domain codes, such as MODFLOW and MT3DMS, so
their validation is important,

Response: This characterization is a misrepresentation of the models, as clearly identified in my
response above. The availability of codes with the capabilities of these models is very limited. In my
opinion the use of these models in complex analysis should not be shunned by NRC, but instead, it
should be encouraged since these models provide supplemental information beyond MODFLOW family
of code applications (USEPA 2009, p. 31).

Comment on p. 49 bullet five: The PSOpS modeling study is based on the premise that an optimization
model can be used to evaluate pumping stresses. Without site-specific pumping and water-quality data,
the results will be nonunique and uncertain.

Response: PSOpS modeling concept is based on the effort of estimating the effects of uncertainty on the
modeling outcome. This analysis is approached in a systematic manner following accepted processes
such as an optimization analysis based on some constraints to satisfy the demands. The PSOpS model
uses the MODFLOW family of codes as its database engine. We are not claiming that the outcome
provides the exact conditions representing the problem at the site. But the outcome of the analysis
provides us with an envelope which bounds our deterministic analysis. This is a standard uncertainty
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analysis procedure like, for example, Monte Carlo analysis that is routinely used in uncertainty analysis.
Monte Carlo analysis, according to a well-established procedure, systematically evaluates the effects of
uncertainty on the problem solution based on random synthetic data generation. In such an application,
it is not certain that the random numbers generated would exactly represent the actual conditions for
the problem at the site. However, the bounding limits of the analysis are the goal of the analysis. The
application of PSOPS, in essence, is very similar to that analogy.

As | have stated earlier, this goes back to the NRC report statement about the “accuracy” of the
uncertainty analysis results that cannot be justified scientifically. Also, | must emphasize again what |
stated earlier: The domain of uncertainty analysis is a scientific field which is not in the realm of the
traditional groundwater fate and transport analysis expertise and should be viewed using a different
microscope and expertise.

Comment on p. 49 bullet seven: The TechFlowMP model predicted very high vapor concentrations. For
example, TechFlowMP predicted that the PCE vapor concentration in the top 10 ft of soil beneath the
Tarawa Terrace elementary school should be 1,418 ng/L. Studies of PCE vapor concentrations in buildings
that house or are near a drycleaning facility have reported measured concentrations around 55 ug/L.

Response: This reference to a vapor concentration at 1,418 ug/L is another example of
misrepresentation of the results of the modeling analyses conducted by the ATSDR water modeling
team. This aforementioned information was taken from Chapter A of the ATSDR Tarawa Terrace report
series (Maslia et al. 2007, p. A44). The statement provided in the ATSDR report reads as follows: “b. the
maximum simulated PCE concentration in groundwater (model layer 1) at the Tarawa Terrace
elementary school was 1,418 1.g/L (Figure A15b), whereas the maximum simulated vapor-phase PCE
(in the top 10 ft of soil) was 137 ug/L (Figure A20a)”

The above sentence, taken directly from the ATSDR report submitted to NRC, clearly states that the
groundwater (not vapor) concentration of PCE in layer “1” is at 1,418 pg/L concentration. Vapor
concentration is given separately in the paragraph towards the end of that sentence. For the NRC report
to represent this number (1,418 ug/L) as the vapor concentration that is simulated at the site to discredit
a study is not appropriate for a scientific review. | will provide a more detailed analysis of this case using
simulation results to bring clarity to the concern raised in the NRC report.

In this case, the work product referred to are the TechFlowMP modeling results and the analysis
mentioned was conducted by the MESL - Georgia Tech research group participating in the ATSDR water
modeling analysis of the ABC One-Hour Cleaners site and Tarawa Terrace and vicinity (Jang and Aral
2007). To provide the reader with clear evidence of scientific misrepresentation of the facts, the actual
data reported in our report is presented below in sufficient detail, unlike the other responses | have
provided to other comments in this document. In the numerical study of the multispecies, multiphase
groundwater contamination at ABC One-Hour Dry Cleaners and Tarawa Terrace and vicinity, TechFlowMP
simulations used two boundary-conditions to characterize the ground surface under the original
pumping schedule: (1) GSBC = 0.01 and (2) GSBC = 1.0 (Jang and Aral 2007, p. G15). Here the acronym
“GSBC” stands for the Ground Surface Boundary Condition. For the in-/out-flux of gas between the
atmosphere and the unsaturated zone, if the ground surface does not have low-permeable zones or
hindrances due to pavement, lakes, or buildings, the GSBC value is set to be 1.0. This implies that soil gas
can be freely released into the atmosphere from the unsaturated zone. However, when some objects,
including roads, buildings, ponds, or highly water-saturated areas, are present at the ground surface, the
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| also note that the unsaturated zone is located at a very thin layer near the ground surface {z = 7.6 m (25
ft)} in Jang and Aral (2007, Figure G5) which is characterized in terms of several layers in water-modeling
analysis. The maximum thickness of the unsaturated zone is about 7.6 m.

In conclusion the data, the associated discussion of the vapor levels near the Tarawa Terrace elementary
school area, and the reference provided in the NRC report {McDermott et al. 2005) are far from the facts
of the case and the results that are presented by the ATSDR water modeling team.

Comment on p. 49 bullet elght: The biodegradation modei used within the TechFlowMP code Is based
on an untested preliminary research model.

and also,
Comment on p. 50: The TechFlowMP simulations assumed that the biodegradation byproduct of TCE Is
trans-1,2-DCE. However, the scientific literature indicates that cis-1,2-DCE is the predominant product of
TCE reduction under In situ groundwater conditions.

Response: The detailed description of why trans-1,2-dichlorpethylene is chosen as the representative
byproduct of TCE bioreaction at the Tarawa Terrace area instead of cis-1,2-DCE is given in page G4 of the
report, Chapter G (lang and Aral, 2007). An additional explanation regarding this issue is given below.

As shown in Figure G2 of the report (Jang and Aral, 2007}, the anaerobic biological degradation of
trichloroethylene (TCE) generates three isomers, cis-1,2-dichloroethylene (cis-1,2-DCE), trans-1,2-
dichloroethylene {trans-1,2-DCE), and 1,1-dichloroethylene (1,1-BCE). As discussed in the report (Jang
and Aral 2007), cis-1,2-DCE (1,2cDCE) is the most common byproduct among the three DCE isomers
produced theoretically (Wiedemeier 1998). Even though cis-1,2-DCE has been often used as a primary
byproduct of TCE-biodegradation under the anaercbic conditions in contaminant transport modeling of
chlorinated ethenes (Clement et al., 2000; Jang and Aral, 2008), but the primary byproduct of the TCE
bioreaction highly depends on the chemical-biological conditions {especially, microorganisms and
nutrients) at the contaminated sites {Bradley, 2003}, implying that the biological reaction of TCE is highly
site-specific. For example, Christiansen et al. {1997) and Miller et al. (2005) reported the anaerobic
biological degradation of TCE produced more trans-1,2-DCE than cis-1,2-DCE. At the TCE contaminated
site in Key West, Florida, the ratic of trans-1,2-DCE te cis-1,2-DCE was greater than 2 (SWMU9, 2002).
Griffin {2004) reported that the ratio could reach up to 3.5, based on field data for several sites, including
Tahquamenon River, Ml; Red Cedar River, MI; Pine River, MI; and Perfume River, Vietnam.

In the medeling of contaminant transport at a contaminated site, the field measurement data at the site
are very important in validating the numerical medels and in obtzining more accurate simulation results.
For the numerical study at the Tarawa Terrace area, we had limited field data regarding the
concentrations of PCE, TCE, and trans-1,2-DCE. This is indicated in the following statement of the ATSDR
report: Review of degradation byproduct data analyses, provided to ATSDR by the Department of the
Navy, U.5. Marine Crops, the North Carolina Department of Environment and Natural Resources,

and others indicated that the predominant degradation byproduct of TCE at Tarawa Terrace and vicinity
was trans-1,2-DCE (Faye and Green 2007, Tables E2 and E7).
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As mentioned above, since the primary byproduct of the biological degradation of TCE depends on site-
specific conditions, it is more reasonable to select trans-1,2-DCE instead of cis-1,2-DCE as a primary TCE-
bioreaction-byproduct in the study on the groundwater contamination at the Tarawa Terrace area.

The NRC critique, therefore, ignores site-specific TCE degradation by-product data pertinent to Tarawa
Terrace and vicinity, listed in Chapter E of the Tarawa Terrace report series. This statement again clearly
demonstrates the lack of due diligence by the NRC review committee in their review of the data that
exists at the Tarawa Terrace, Camp Lejeune site and their lack of understanding of the facts of the site-
specific case based on this data.

Comment on p. 50 next to last bullet: /n the absence of data, historical reconstruction efforts that use
groundwater models can only provide a general conceptual framework for what happened at the site
and why.

Response: Historical reconstruction is a procedure that is accepted in literature. It uses models to predict
the past in a conceptually similar manner to the models that are routinely used to predict the future in
other engineering studies. The ATSDR response document provides references to such historical
reconstruction applications.

Comment on p. 65: Therefore, the committee recommends the use of simpler approaches (such as
analytic models, average estimates based on monitoring data, mass-balance calculations, and
conceptually simpler MODFLOW/MT3DMS models) that use available data to rapidly reconstruct and
characterize the historical contamination of the Hadnot Point water-supply system. Simpler approaches
may yield the same kind of uncertain results as complex models but are a better alternative because they
can be performed more quickly and with relatively less resources, which would help to speed-up the
decision-making process.

Response: Use of simpler models may be easier to implement. We have also proceeded in that direction
as well for the Hadnot point study. However, how the detailed questions that are raised in the NRC
report could be answered using simpler models is not clear to me. Further, simpler models will not
necessarily reduce the level of uncertainty. Instead, they may introduce conceptual misrepresentation of
the physical system modeled. The ATSDR'’s approach, which in my opinion is the correct approach, is to
use the most appropriate model that can provide the needed information, rather than the simplest or an
off the shelf model.

CONCLUSIONS:

The scientific and engineering evidence presented in this response statement (submitted to EDRP/ATSDR
as a memorandum in 2009} and the discussion of this evidence herein clearly indicate that the data and
the analysis presented in the NRC report (NRC, 2009) are misrepresentations and mischaracterizations of
the findings of the ATSDR water modeling analyses conducted at the ABC One-Hour Cleaners site, Tarawa
Terrace area and vicinity. The conceptual characterization of the contaminant source made by the NRC
committee also does not fit available field data or reported field conditions by the USEPA, their
consultants, or the NCDENR which guided remediation efforts at ABC One-Hour Cleaners and Tarawa
Terrace and vicinity.

Thus, | believe, due to the presence of numerous errors, misrepresentations and mischaracterization of
the scientific facts of the ATSDR water modeling analyses, the NRC report cannot be used as a reliable
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rebuttal to ATSDR conclusions on water modeling or a guidance document in its entirety. | reserve the
right to update this report should any additional evidence or deposition testimony be provided to me
that calls into question the conclusions of the NRC report or that concerns any other topic in my report.
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Operations." ATSDR, March 2013.

Telci, .T. et al. 2013. "Analyses and Historical Reconstruction of Groundwater Flow,
Contaminant Fate and Transport, and Distribution of Drinking Water Within the Service Areas
of the Hadnot Point and Holcomb Boulevard Water Treatment Plants and Vicinities, U.S.
Marine Corps Base Camp Lejeune, North Carolina - Chapter A-Supplement 2 - Development
and Application of a Methodology to Characterize Present-Day and Historical Water-Supply
Well Operations.” ATSDR, March 2013.

Faye, R.E. et al. 2013. "Analyses and Historical Reconstruction of Groundwater Flow,
Contaminant Fate and Transport, and Distribution of Drinking Water Within the Service Areas
of the Hadnot Point and Holcomb Boulevard Water Treatment Plants and Vicinities, U.S.
Marine Corps Base Camp Lejeune, North Carolina - Chapter A-Supplement 3 - Descriptions
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14.

15.

16.

17.

18.

19.

20.

and Characterizations of Data Pertinent to Water-Level Data and Groundwater Flow for the
Brewster Boulevard and Castle Hayne Aquifer Systems and the Tarawa Terrace Aquifer.”
ATSDR, March 2013.

Suarez-Soto, et al. 2013. "Analyses and Historical Reconstruction of Groundwater Flow,
Contaminant Fate and Transport, and Distribution of Drinking Water Within the Service Areas
of the Hadnot Point and Holcomb Boulevard Water Treatment Plants and Vicinities, U.S.
Marine Corps Base Camp Lejeune, North Carolina - Chapter A-Supplement 4 - Simulation of
Three-Dimensional Groundwater Flow." ATSDR, March 2013.

Guan, J. et al. 2013. "Analyses and Historical Reconstruction of Groundwater Flow,
Contaminant Fate and Transport, and Distribution of Drinking Water Within the Service Areas
of the Hadnot Point and Holcomb Boulevard Water Treatment Plants and Vicinities, U.S.
Marine Corps Base Camp Lejeune, North Carolina - Chapter A-Supplement 5 - Theory,
Development, and Application of Linear Control Model Methodology to Reconstruct
Historical Contaminant Concentrations at Selected Water-Supply Wells." ATSDR, March 2013.
Jones, L.E. et al. 2013. “Analyses and Historical Reconstruction of Groundwater Flow,
Contaminant Fate and Transport, and Distribution of Drinking Water Within the Service Areas
of the Hadnot Point and Holcomb Boulevard Water Treatment Plants and Vicinities, U.S.
Marine Corps Base Camp Lejeune, North Carolina - Chapter A-Supplement 6
Characterization and Simulation of Fate and Transport of Selected Volatile Organic
Compounds in the Vicinities of the Hadnot Point Industrial Area and Landfill.” ATSDR, March
2013.

Jang, W. et al. 2013. "Analyses and Historical Reconstruction of Groundwater Flow,
Contaminant Fate and Transport, and Distribution of Drinking Water Within the Service Areas
of the Hadnot Point and Holcomb Boulevard Water Treatment Plants and Vicinities, U.S.
Marine Corps Base Camp Lejeune, North Carolina - Chapter A~-Supplement 7 - Source
Characterization and Simulation of the Migration of Light Nonaqueous Phase Liquids
(LNAPLSs) in the Vicinity of the Hadnot Point Industrial Area." ATSDR, March 2013.

Sautner, J.B. et al. 2013. “Analyses and Historical Reconstruction of Groundwater Flow,
Contaminant Fate and Transport, and Distribution of Drinking Water Within the Service Areas
of the Hadnot Point and Holcomb Boulevard Water Treatment Plants and Vicinities, U.S.
Marine Corps Base Camp Lejeune, North Carolina - Chapter A-Supplement 8 - Field Tests,
Data Analyses, and Simulation of the Distribution of Drinking Water with Emphasis on
Intermittent Transfers of Drinking Water Between the Hadnot Point and Holcomb Boulevard
Water-Distribution Systems.” ATSDR, March 2013.

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 Areas
of the Hadnot Point and Holcomb Boulevard Water Treatment Plants and Vicinities, U.S.
Marine Corps Base Camp Lejeune, North Carolina - Chapter B: Geohydrologic Framework of
the Brewster Boulevard and Castle Hayne Aquifer Systems and the Tarawa Terrace Aquifer.”
ATSDR, January 2012.

Faye, R.E. et al. 2010. “Analyses and Historical Reconstruction of Groundwater Flow,
Contaminant Fate and Transport, and Distribution of Drinking Water Within the Service Areas
of the Hadnot Point and Holcomb Boulevard Water Treatment Plants and Vicinities, U.S.
Marine Corps Base Camp Lejeune, North Carolina - Chapter C: Occurrence of Selected
Contaminants in Groundwater at Installation Restoration Program Sites.” ATSDR, October
2010.

21. 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 Areas
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22.

23.

24,

25.

26.

27.

28.

29.
30.
31.
32.
33.
34.
35.
36.
37.
38.

of the Hadnot Point and Holcomb Boulevard Water Treatment Plants and Vicinities, U.S.
Marine Corps Base Camp Lejeune, North Carolina - Chapter D: Occurrence of Selected
Contaminants in Groundwater at Above-Ground and Underground Storage Tank Sites.”
ATSDR, December 2012.

The documents, information and data identified in Appendix A2 (“Information sources used to
extract model-specific data for historical reconstruction analyses, U.S. Marine Corps Base
Camp Lejeune, North Carolina”) to Maslia et al., Analyses and Historical Reconstruction of
Groundwater Flow, Contaminant Fate and Transport, and Distribution of Drinking Water
Within the Service Areas of the Hadnot Point and Holcomb Boulevard Water Treatment Plants
and Vicinities, U.S. Marine Corps Base Camp Lejeune, North Carolina—Chapter A: Summary
and Findings, ATSDR 2013.

Maslia, M.L. (Editor). 2005. “Expert Peer Review Panel Evaluating ATSDR’s Water-Modeling
Activities in Support of the Current Study of Childhood Birth Defects and Cancer at U.S
Marine Corps Base Camp Lejeune, North Carolina.” ATSDR, Meeting March 28-29, 2005,
published October 2005.

Maslia, M.L. (Editor). 2009. “Expert Panel Assessing ATSDR’s Methods and Analyses for
Historical Reconstruction of Groundwater Resources and Distribution of Drinking Water at
Hadnot Point, Holcomb Boulevard, and Vicinity, U.S. Marine Corps Base Camp Lejeune, North
Carolina.” ATSDR, April 28-30, 2009, published December 2009.

March 28, 2005 Expert Peer Review Panel Meeting Transcript, available at
https://www.atsdr.cdc.gov/sites/lejeune/panel_report_groundwater.html

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

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

April 30, 2009 Expert Peer Review Panel Meeting Transcript, available at

February 8, 2012 Deposition of Elizabeth Ann Betz and any exhibits referenced therein

June 30, 2010 Deposition of Morris Maslia and exhibits referenced therein

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

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

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

August 14, 2024 Deposition of Jason Barry Sautner; Sautner Deposition Exhibits 1-10
August 15, 2024 Deposition of Rene Suarez-Soto; Suarez-Soto Deposition Exhibits 1-5
August 22, 2024 Deposition of Dr. Chris Rennix; Rennix Deposition Exhibits 1-6

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

ATSDR Camp Lejeune Project File: CLJA_ATSDRWMO01-0000000001-CLJA_ATSDRWMO1-
0000189563; CLUA_ WATERMODELING-0000000001-CLJA_WATERMODELING-0000208307;
CLJA_WATERMODELING_01-0000000001-CLJA_WATERMODELING_01-0000854197;
ATSDR_WATERMODELING_01-0000854198-ATSDR_WATERMODELING_01-0000936235;
CLJA_WATERMODELING_01-0000936236-CLJA_ WATERMODELING_01-0001118025;
CLJA_WATERMODELING_04-0000000001-CLJA_ WATERMODELING_04-0000117996;
CLJA_WATERMODELING_05-0000000001-CLJA_WATERMODELING_05-0001394405;
ATSDR_WATERMODELING_05-0001394406-ATSDR_WATERMODELING_05-0001394413;
CLJA_WATERMODELING_07-0000000001-CLJA_WATERMODELING_07-0002316354;
CLJA_WATERMODELING_08-0000000001-CLJA_WATERMODELING_08-0000193508;
CLJA_WATERMODELING_09-0000000001-CLJA_ WATERMODELING_09-0000547124;
ATSDR_WATERMODELING_09-0000547125-ATSDR_WATERMODELING_09-0000568329;
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CLJA_WATERMODELIING_09-0000568330-CLJA_WATERMODELIING_09-0000615612;
CLJA_WATERMODELING_09-0000615613-CLIA_ WATERMODELING_09-0000745917

39. Georgia Tech Camp Leleune Water Modeling Working Files

40. 00897_PLG_0000067113-00897_PLG_0000067132

41. 00897_PLG_0000339484-00897_PLG_0000339588

42. 00897_PLG_0000063393-00897_PLG_0000063594

43. 00897_PLG_0000065633-00897_PLG_0000065659

44. CLJA_ATSDR_BOVE-0000006959-CLJA_ATSDR_BOVE-0000006960

The forthcoming depositions of Frank Bove, Susan Martel, and Scott Williams, including any
accompanying deposition exhibits and any other materials later produced in this litigation for which
| reserve the right to read, review and rely upon.
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9. Glossary of Abbreviations, and Definitions

Definitions of terms and abbreviations used throughout this report are listed below in alphabetical order.

ATSDR: Agency for Toxic Substances and Disease Registry.

BTEX: Benzene, toluene, ethyl benzene, and xylenes. These compounds are some of the VOCs found in
petroleum derivatives such as gasoline. BTEX compounds typically occur near petroleum and
natural gas production sites, gasoline stations, and other areas with underground storage tanks
(USTs) or above-ground storage tanks (ASTs) containing gasoline or other petroleum-related
products

CDC: Centers for Disease Control and Prevention.

DCE Dichloroethylene; an industrial chemical that is not found naturally in the environment. The USEPA
has determined that 1,1-dichloroethylene is a possible human carcinogen
1,1-DCE 1,1-dichloroethylene or 1,1-dichloroethene
1,2-DCE 1,2-dichloroethylene or 1,2-dichloroethene
1,2-cDCE cis-1,2-dichloroethylene or cis-1,2-dichloroethene
1,2-tDCE trans-1,2-dichloroethylene or trans-1,2-dichloroethene
total 1,2-DCE total 1,2-dichloroethylene or total 1,2-dichloroethene

DNAPL: Nonaqueous Phase Liquids that are denser than water.

DOD: Department of Defense.

DON: Department of the Navy.

DPL: Liquids that mix with water, as opposed to nonmixing phase liquids NAPL.

EPANET 2: A water-distribution system (or network) model developed by the USEPA (Rossman 2000)

GAO: Government Accountability Office.

GSBC: Ground Surface Boundary Condition.

HBWTP: Holcomb Boulevard Water Treatment Plant.

HPWTP: Hadnot Point Water Treatment Plant.

HSMM: A one-dimensional NAPL volume estimator model and software developed by USEPA (Weaver et
al. 1996).

LCT: Linear Control Theory. A scientific methodology of the scientific field of control engineering and
applied mathematics. The methodology deals with the control of dynamical systems in
engineered processes. In the case of ATSDR study of the Camp Lejeune site, the methodology
was applied to groundwater contaminant transport analysis as a simple application to predict
concentration values at a specific point in space and time based on limited data available at the
site. This study was requested by the expert panel which reviewed the ATSDR Camp Lejeune site
study and provided scientific advice.

LNAPL: Nonaqueous Phase Liquids that are lighter than water.

Markov process: A process that analyzes the tendency of one event to be followed by another event
based on the sequence of events. Using this analysis, one can generate a new sequence of
random but related events, which will look similar to the original; a stream of events is called a
Markov Chain.

MCL: Maximum contaminant level; a legal threshold limit set by the USEPA on the amount of a
hazardous substance that is allowed in drinking water under the Safe Drinking Water Act; usually
expressed as a concentration in milligrams or micrograms per liter (USEPA 2003, 2009).

MESL: Multimedia Environmental Simulations Laboratory, a research center at Georgia Institute of
Technology.
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MODFLOW: A U.S. Geological Survey modular finite-difference flow model, which is a computer code
that solves the groundwater flow equations. Used worldwide in groundwater flow simulations in
subsurface systems.

Monte Carlo analysis: Also referred to as Monte Carlo simulation; a computer-based method of analysis
that uses statistical sampling techniques to obtain a probabilistic approximation to the solution
of a mathematical equation or model (USEPA 1997).

MT3DMS: Three-dimensional mass transport, multispecies model developed on behalf of the U.S. Army
Engineer Research and Development Center. MT3DMS-5.3 (Zheng and Wang 1999) is the specific
version of MT3DMS code used for the Hadnot Point-Holcomb Boulevard study area analyses;
references to MT3DMS in text, figures, tables, appendixes, and supplemental information refer
to MT3DMS-5.3. It can be used linked to a MODFLOW model. Used worldwide in contaminant
transport simulations in subsurface systems.

NAC: National Academy of Sciences.

NAPL: Nonaqueous phase liquids; hazardous organic liquids such as dry-cleaning fluids, fuel oil, and
gasoline that do not readily dissolve in water. Dense NAPLs (DNAPLs), such as the chlorinated
hydrocarbons (e.g., PCE, TCE) used in dry cleaning and industrial degreasing, are heavier than
water and sink through the water column. Hydrocarbon fuels and aromatic solvents are
described as light NAPLs (LNAPLs), which are less dense than water and float. These include
lubricants and gasoline, pollutants often associated with leaking gasoline or oil storage tanks
(e.g., benzene).

NRC: National Research Council.

PCE: Tetrachloroethylene, 1,1,2,2-tetrachloroethylene, or perchloroethylene; also known as PERC® or
PERK®. PCE is a manufactured chemical used for dry cleaning and metal degreasing. In 2012,
following its Guidelines for Carcinogen Risk Assessment (USEPA 2005), the USEPA characterized
PCE as likely to be carcinogenic in humans by all routes of exposure (USEPA 2012).

PEST: Model independent, objective parameter estimation and uncertainty analysis code originally
developed by Watermark Numerical Computing {Doherty 2003, 2010); the current version is
PEST-12, available at http;//www.pesthomepage.org/Downloads.php.

PSOpS: Pumping Schedule Optimization System application developed by MESL, Ga. Tech. The study
included the development of a simulation and optimization procedure identified as PSOpS,
which combines simulation models (MODFLOW, MT3DMS, TECHFLOWMP) and optimization
techniques to optimize the pumping schedules to identify maximum or minimum contaminant
concentrations in the WTP consistent with the reported pumping schedules and demanfs on
finished water supply at Camp Lejeune site. Based on the optimized pumping schedules,
variations of PCE concentration and the maximum contaminant level (MCL, PCE, TCE etc.) arrival
times at water-supply wells and the WTP are evaluated (Wang and Aral, 2008, ATSDR, 2007;
ATSDR, 2013).

Sensitivity Analysis: A method used to ascertain how a given model output (e.g., concentration)
depends upon the input parameters (e.g., time-step size, pumping rate). Sensitivity analysis is an
important method for assessing the quality of a given model and a powerful tool for analyzing
the robustness and reliability model analyses.

TCE: 1,1,2-Trichloroethene; commonly referred to as 1,1,2-trichloroethylene or trichloroethylene. TCE is
a colorless liquid which is used as a solvent for cleaning metal parts. In 2011, following its
Guidelines for Carcinogen Risk Assessment (USEPA 2005), the USEPA characterized TCE as
carcinogenic in humans by all routes of exposure (USEPA 2011).

TechControl: A linear control theory model and software developed by MESL, Ga Tech. It is used to
address the question of application of simpler models to predicting contaminant concentrations
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at certain locations of Camp Lejeune site. The development of the software was based on a
request that was initiated by the ATSDR Expert Panel of scientists.

TechFlowMP: Three-dimensional multispecies, multiphase mass transport model developed by the
Multimedia Environmental Simulations Laboratory at the Georgia Institute of Technology,
Atlanta, Georgia.

TechMarkovChain: A model and software developed by MESL, Ga. Tech. It is based on a scientific
mathematical methodology called Markov stochastic sequential processes (Ross, 1997). Itis
used to estimate intermittent connections (1972—-1985) of the Hadnot Point and Holcomb
Boulevard water-distribution systems based on the analysis of available field data collected at
the Camp Lejeune site. The development of the software was based on a discussion that was
initiated by the ATSDR Expert Panel of scientists (see section 5.9 for more details).

TechNAPLVol: A subsurface NAPL volume estimation model developed by MESL, Ga. Tech. It is a NAPL
volume estimation model based on USEPA HSMM analysis described above. In this case the
USEPA HSSM procedures are extended to three-dimensional analysis and used to estimate the
volume of spilled BTEX compounds at the Camp Lejeune site. This software is an integral part of
TECHFLOWMP (see section 5.10 for more details).

TechWellOp: A subsurface pumping well estimation model and software developed by MESL, Ga. Tech.
The methodology uses the daily data in the Training Period to determine the monthly
operational behavior of the water supply wells at the Camp Lejeune site that would satisfy the
total water volume delivered to the water treatment plants. Once the average monthly working
days in the Training Period are estimated for each calendar month, they are utilized in the
prediction stage which is based on the same principle of satisfying the total monthly flow
delivered to the treatment plant. This methodology is an efficient and effective way of
integrating the available data in recent years to the prediction process for the past years. The
development of the software was based on a discussion that was initiated by the ATSDR Expert
Panel of scientists (see section 5.8 for more details and ATSDR, 2007).

Uncertainty: Lack of knowledge about specific factors, parameters, or models (for example, one is
uncertain about the mean value of the concentration of PCE at the source).

Uncertainty analysis: Determination of the uncertainty (e.g., standard deviation) of the output variables’
expected value (e.g., mean) due to uncertainty in model parameters, inputs, or initial state by
stochastic modeling techniques (Schnoor 1996).

Unsaturated zone: Zone or area below ground in which the interconnected openings within the geologic
medium contain a mixture of water under pressure less than atmospheric and air under
atmospheric pressure; sometimes referred to as the vadose zone or the zone above the water
table. The capillary fringe is part of the unsaturated zone and sometimes occurs as completely
saturated.

USEPA: United States Environmental Protection Agency.

USMC: United States Marine Corps.

VC: Vinyl chloride or chloroethene; a colorless gas that burns easily, is not stable at high temperatures,
and has a mild, sweet odor. It is a manufactured substance that does not occur naturally. It can
be formed when other substances such as TCA, TCE, or PCE undergo biochemical degradation.
The USEPA has characterized VC as a known human carcinogen (USEPA 2000). The NTP Report
on Carcinogens (NTP 2011) has recognized vinyl chloride as a known human carcinogen based on
sufficient evidence of carcinogenicity in humans.

VOC: Volatile organic compound; one of a group of carbon-containing compounds that evaporate readily
at room temperature and can readily be inhaled. Examples of VOCs include tetrachloroethylene
(PCE), trichloroethylene (TCE), vinyl chloride (VC), and benzene. These contaminants typically are
generated from metal degreasing, printed circuit board cleaning, dry cleaning, gasoline, and
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wood preserving processes. VOCs are environmental contaminants, and some are classified as
known human carcinogens (e.g., TCE, VC, and benzene).
WTP: Water treatment plant.
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Exhibit A

Mustafa M. Aral, PhD

Professor Emeritus, Georgia Institute of Technology

Email: mmaral@live.com

Address: 270 17*" St. NW Unit 809 Atlanta, Georgia USA 30363
Research Gate: https://www.researchgate.net/profile/M-Aral

EDUCATION:

Ph.D. in Environmental Fluid Mechanics with minor in Numerical Analysis and Applied Mathematics,
Sept. 1971, School of Civil Eng., Georgia Institute of Technology, USA.

M.S. in Civil Engineering with major in Environmental and Water Resources Engineering, June 1969,
School of Civil Eng., Georgia Institute of Technology, USA.

B.S. in Civil Engineering, June 1967, Department of Civil Engineering, Middle East Technical University,
Turkey.

EMPLOYMENT:

2018-present Emeritus Prof. School of Civil and Environmental Engineering, Ga. Tech., USA.

2018-2020 Dean College of Engineering, Architecture and Design, Bartin Univ., Turkey.
2018-2020 Vice President International Programs and Research, Bartin University, Turkey.
2018-2020 Professor Department of Civil Engineering, Bartin University, Turkey.

1993-2018 Prof. Director Multimedia Environmental Simulations Laboratory, Ga. Tech. USA

1983-1993 Assoc. Prof. School of Civil and Environmental Engineering, Ga. Tech., USA

1979-1983 Visiting Prof.  School of Civil and Env. Engineering Ga. Tech. (On sabbatical), USA

1974-1982 Adjunct Prof. Marine Sciences Dept., Civil Eng. Dept., Eng. Science Dept.,
Middle East Tech. Univ., Turkey.

1977-1982 Assoc. Prof. Mathematics Dept., Middle East Tech. Univ., Turkey.

1974-1979 Asist Chairman Mathematics Dept., Middle East Tech. Univ., Turkey.

1971-1977 Assistant Prof. Mathematics Dept., Middle East Tech. Univ., Turkey.

PROFESSIONAL REGISTRATION:

Professional Engineer (PE): GA.USA. 15254

HONORS:

1973, NATO, Science Fellowship, September 1973.

1976, Best Teacher Award, Middle East Technical Univ., Mathematics Department, May 1976.
1976, NATO, Science Fellowship, September 1976.

1980, Who is Who in Science, Engineering and Education series since 1980.
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1984, Award of Appreciation, in acknowledgment of contributions to the organization of the ASCE
International Conference held in Atlanta, American Society of Civil Engineers, June 1984.

1986, Outstanding Faculty Member, Georgia Institute of Technology, May 1986.

1986, Sigma Xi Research Society.

1986, Best Teacher Award, Georgia Institute of Technology, June 1986.

1995, Award of Recognition, for the Organization of the East-West Advanced Study Institute on
Environmental Issues, NATO, Scientific and Environmental Affairs Division, August 1995.

1996, Engineering Technical Excellence Award, Public Health Serv., USDHHS 1996 for the technical
paper: “Estimating Exposure to VOCs from Municipal Water System Pipelines: Use and
Application of a Computational Model, Archives of Environmental Health, May 1996 (with co-
authors).

1997, Research Program Development Award, in Recognition for Developing a Consistent and
Comprehensive Research Program in Environmental Health, School of Civil and Environmental
Engineering, Georgia Institute of Technology, May 1997.

1997, Science Publication Award, ATSDR, US DHHS, for the technical paper: “Use of Computational
models to Reconstruct and Predict Trichloroethylene Exposure,” in Toxicology and Industrial
Health, April 1997 (with co-authors).

1997, Award of Appreciation and Recognition, in acknowledgment of contributions to the
organization of the International Conference on Geology and Environment (GeoEnv’97),
September 1997.

1998, Engineering Literary Excellence Award, Public Health Serv., USDHHS for the technical paper:
“Exposure Assessment Using Analytical and Numerical Models: A Case Study,” in ASCE Practice
Periodical of Hazardous, Toxic, and Radioactive waste Management, April 1998 (with co-
authors).

1998, Honorary Professor of Environmental Sciences, Huazong University of Science and Technology,
Wuhan, Peoples Republic of China.

2000, Cuming Medal Award 2000, The Society of American Military Engineers award to Dover
Township Water Distribution System Modeling Research Team.

2000, Best Practice Oriented Paper Award, ASCE Environmental & Water Resources Institute Planning
and Management Council, for the technical paper “Using Water-Distribution System Modeling to
Assist Epidemiologic Investigations,” ASCE Journal of Water Res. Plan. and Man., Vol. 126, No. 4,
2000.

2003, Excellence in Environmental Engineering Award in Research Category, American Academy of
Environmental Engineers (AAEE). Research Topic: “Enhancing Environmental Engineering Science
to Benefit Public Health: Integrating Hydraulic Network Modeling, Spatial Analysis, and Genetic
Algorithms with Epidemiologic Studies,” Awarded to M. M. Aral for the Leadership of the ATSDR
— MESL/GT Research Group.

2005, Engineering Technical Excellence Award, Public Health Service, USDHHS for the technical paper:
“ACTS - A Multimedia Environmental Fate and Transport Analysis System.” in ASCE Practice
Periodical of Hazardous, Toxic, and Radioactive Waste Management, published in 2004 (with co-
authors).

2006, Excellence in Applied Environmental Health Research, National Center for Environmental
Health (NCEH), Centers for Disease Control and Prevention (CDC), for our work in assisting
NCEH/CDC in an epidemiological study of childhood leukemia and central nervous system
cancers that occurred in the period 1979 through 1996 in Dover Township, New Jersey and Camp
Lejeune (Air Force Army Base) at North Carolina.
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2010,

2010,

2010,

2010,

2010.
2011,

2011,
2011,

2013,

2015,

2015,

2015,

2018,
2018,

2022,

Best Research Paper Award, ASCE Water Resources Management Council, for the technical
paper “Saltwater Intrusion Hydrodynamics in a Tidal Beach,” ASCE Journal of Hydrologic
Engineering, Vol. 13, No. 9: pp. 863-872126 (with co-authors).

US Public Health Service Engineering Best Research Paper Award, CDC, DHHS. “Reconstructing
Historical Exposures to Volatile Organic Compound-Contaminated Drinking Water at a U.S.
Military Ba

ASCE Outstanding Service Award, ASCE EWRI, for Groundwater Hydrology Committee Chair
activities under EWRI Groundwater Council.

Life Member, ASCE EWRI.

Fellow ASCE, ASCE, EWRI.

James R. Croes Medal, ASCE EWRI, for the paper: “Optimal Design of Sensor Placement in Water
Distribution Systems,” ASCE Journal of Water Resources Planning and Management, Vol. 136,
No. 1, pp.5-18, 2010.

Founders Award, American Institute of Hydrology for dedicated contribution to the profession.
USPHS Engineering Literary Award, for an outstanding Engineering Management Paper entitled
“Stochastic Analysis of Pesticide Transport in the Shallow Groundwater of Oatland Island,
Georgia.” Published in the International Journal on Water Quality, Exp. and Health, Vol. 2, No. 1,
pp. 47-64.

Sustained Interdisciplinary Research Award, in Recognition for Developing a Consistent,
Comprehensive and Integrated Research Program within CEE, Georgia Institute of Technology.
Panel Leadership and Organization Recognition, 68. Turkish Geology Conference.
“Groundwater Supplies and Drought” Panel, 68. Turkish Geology Conference, Organized by
Turkish Maden Tetkik Arama Kurumu and Turkish Geology Engineers, 6 April 2015, Ankara,
Turkey.

Invited Speaker in the opening session of the 68. Turkish Geology Conference. “Evolution of
Environmental and Geological Engineering Systems Analysis in Modern Day,” 68. Turkish Geology
Conference, Organized by Turkish Maden Tetkik Arama Kurumu and Turkish Geology Engineers, 6
April 2015, Ankara, Turkey.

Grand Prize in Environmental Engineering Award in Research Category by Am. Acad. of Env.
Engineers (AAEE). Research Topic: “Using Environmental Engineering Tools, Scientific Analyses,
and Epidemiological Studies to Quantify Human Exposure to Contaminated Drinking Water and
to Benefit Public Health,” Awarded to M. M. Aral for the Leadership of the ATSDR — MESL/GT
Research Group.

Best Teacher Award, Center for Teaching and Learning, Ga. Institute of Tech., January 09, 2018.
Invited Speaker, HIDRODER. “Climate Change and its Effects on Water Quality and Quantity”
Organized by HIDRODER-2018 National Hydrology and Water Resources Symposium, 27-29
September 2018, Ankara, Turkey.

Invited Speaker, IWA DIPCON, Istanbul, Turkey. “The Institute of Environmental Sciences co-
organized the International Water Association (IWA) 4th Regional Diffusion Pollution and
Eutrophication conference held in Istanbul 24-28 October, 2022” Istanbul, Turkey.
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10.1016/j.techfore.2017.05.008.

Demirel, E. and Aral, M.M. (2018) “An Efficient Contact Tank Design for Potable Water
Treatment” Technical Journal, Turkey, pp. 8279-8294, Paper 499, DOI: 10.18400/tekderg.322491.
Demirel, E. and Aral, M.M. (2018) “Performance Assessment of Efficiency Indexes for Contact
Tanks,” ASCE Journal of Environmental Engineering DOI: 10.1061/(ASCE)EE.1943-7870.0001266.
Okuducu, M.B. and Aral, M.M. (2018) “Performance Analysis and Numerical Evaluation of Mixing
in 3-D T-Shape Passive Micromixers,” Micromachines Journal, Special Issue on Passive
Micromixers, 9, 210; doi:10.3390/mi9050210

Kizilaslan, A. M., Demirel, E. and Aral, M.M. (2018) “Effect of Porous Baffles on the Energy
Performance of Contact Tanks in Water Treatment,” Water, 10, 1084; doi:10.3390/w10081084.
Telci, T.I. and Aral, M.M. (2018) “Optimal Energy Recovery from Water Distribution Systems
Using Smart Operation Scheduling and Turbine Placement,” Water, 10, 1464;
doi:10.3390/w10101464

Demirel, E. and Aral, M.M. (2018) “Liquid Sloshing Damping in an Accelerated Tank using a Novel
Slot-Baffle Design,” Water, 10, 1565; doi:10.3390/w10111565

Okuducu, M.B. and Aral, M.M. (2019) “Computational Evaluation of Mixing Performance in 3-D
Swirl-Generating Passive Micromixers,” Processes, Special Issue on Water Quality Management,
7, 121; doi:10.3390/pr7030121

Kizilaslan, M. A, Demirel, E and Aral, M.M. (2019) “Efficiency Enhancement of Chlorine Contact
Tanks in Water Treatment Plants: A Full-Scale Application,” Processes 7, 551;
doi:10.3390/pr7090551.

Okuducu, M.B. and Aral, M.M. (2019) “Novel 3-D T-Shaped Passive Micromixer Design with
Helicoidal Flows,” Processes, 7, 637, doi:10.3390/pr7090637.

Bayar, M. and Aral, M.M. (2019) “An Analysis of Large-Scale Forced Migration in Africa,” Int. J.
Environ. Res. Public Health, 16, 4210; doi:10.3390/ijerph1621.

Aral, M.M. (2020) “Knowledge Based Analysis of Continental Population and Migration
Dynamics,” Technological Forecasting and Social Change, 151(119848);
doi.org/10.1016/j.techfore.2019.119848

Demirel, E. and Aral M.M. (2020) “A Design for Vortex Suppression Downstream of a Submerged
Gate,” Water, 12, 750; https://doi.org/10.3390/w12030750.

Nasyrlayev, N., Kizilaslan, M. A., Kurumus, A. T., Demirel, E. and Aral, M.M. (2020) “A Perforated
Baffle Design to Improve Mixing in Contact Tanks,” Water, 12(1022), doi:10.3390/w12041022.
Yavuz, C., Kentel, E. and Aral, M.M. (2020) “Tsunami Risk Assessment: Economic, Environmental
and Social Dimensions,” Natural Hazards Journal, Springer Publishers, doi:10.1007/s11069-020-
04226-y.
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115. Yavuz, C., Kentel, E. and Aral, M.M. (2020) “Climate Change Risk Evaluation of Tsunami Hazards in
the Eastern Mediterranean Sea,” Water, Special issue in Computational Methods in Water
Resources, MDPI Publishers, 12(2881), doi:10.3390/w12102881.

116. Okuducu, M.B.; Aral, M.M. (2021) “Toward the Next Generation of Passive Micromixers: A Novel
3-D Design Approach.” Micromachines 2021, 12, 372. https://doi.org/10.3390/mi12040372

117. Aral, M.M. (2022) “Optimal Design of Water Treatment Contact Tanks,” Water, Special issue in
Artificial Intelligence and Machine Learning Applications in Water Resources Management, MDP|
Publishers, 14 (973), https://doi.org/10.3390/w14060973 .

118. Chen, J., Aral, M.M,, Kim, S-H., Park, C., Xie, Y. (2022) “Constrained Bayesian optimization and
spatio-temporal surveillance for sensor network design in the presence of measurement errors,”
Engineering Optimization, 6, https://doi.org/10.1080/0305215X.2021.2014475 .

PUBLICATIONS IN CONFERENCE PROCEEDINGS:

Aral, MM, Mayer, PG and Smith, CV, Finite Element Galerkin Method Solutions to Selected Elliptic
and Parabolic Differential Equations, Proceedings of the Air Force Third Conference on Matrix
Methods in Structural Mechanics, Wright-Patterson Air Force Base, Ohio, pp. 215-243, October 1971.
Aral, MM, Finite Element Galerkin Formulation of Heat Transfer Problems, Proc. of the Conf. on
Numerical and Functional Analysis, Istanbul Technical University, Publ. No. 982, pp. 16-28, 1973.
Aral, MM and Yazici, A, Finite Element Solution of Problems with Unknown and Moving Boundaries,
Proceedings of the International Conference on Finite Element Methaods in Engineering, University of
New South Wales, pp. 719-727, August 1974.

Aral, MM and Sezgin, M, A Comparison of Iterative Solutions of Navier Stokes Equations, Proceedings
of the International Conference on Finite Element Methods in Engineering, University of New South
Wales, pp. 555-567, July 1979.

Kunianski, E. and Aral, MM, Application of Digital Optimization for Parameter Estimation of Clayton
Aquifer near Albany, Georgia, Proceedings of the Conference, Water Resources of Georgia and
Surrounding States, Georgia Geologic Survey Bulletin 99, pp. 67-78, October 1983.

Aral, MM, and Zakikhani, M., Multi-aquifer Parameter Estimation of the Clayton-Clairborne Aquifer
Near Albany, Georgia, Proceedings NWWA East West Conference on Ground Water Management,
Orlando, Florida, pp. 272-298, 1984.

Aral, MM, Optimization Approach to the Identification of Aquifer Parameters in Multilayer Systems,
Proceedings VI Int. Conf. on Finite Elements in Water Resources, Portugal, pp.359-369, 1986.
Haddad, EH and Aral, MM, Ground Water Flow Models and Applications for Microcomputers,
Proceedings 5th National Conf. on Microcomputers in Civil Eng., pp. 290-294, Orlando, Florida, 1987.
Aral, MM and Tang, Y., A Comparison of DR-BEM and SR-BEM Solutions for Parabolic Problems,
Proceedings of the Int. Conf. on Computational Eng. Science, pp. 58iii1-58iii4, Atlanta, Georgia, 1988.

10. Aral, MM and Tang, Y., Semianalytic Boundary Element Solution of Time Dependent Partial

Differential Equations, Proceedings of the 11th Int. Conf. on Boundary Element Methods, pp. 42-52,
1989.

11. Maslia, M., Aral, MM, and Gill, HE, “The Importance of Hydrogeologic Controls on Remedial Action

12.

Alternatives,” Geophysical Society of America, Southeastern Section Meeting, Contaminant
Hydrogeology Session, Vol. 24, No. 2, pp. 53, 1992 (invited).

Maslia, M., Aral, MM, Williams, R., Williams, S., Hayes, L. and Wilder, L., “Use of Computational
Models to Determine Human Exposure Resulting from Remediation Activities at Hazardous Waste
Sites,” Proceedings of the Water Environment Federation Specialty Conference How Clean is Clean,
85p, January 10-13, 1993 (invited).
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13. Maslia, M., Aral, MM, Williams, R., Williams, S., Hayes, L. and Wilder, L., “Use of Computational
Models to Reconstruct and Predict Trichloroethylene Exposure,” Proceedings of the International
Congress on the Health Effects of Hazardous Waste, p 271-283, May 3-6, 1993 (invited).

14. Maslia, ML and Aral, MM, “Health Implications Associated with Hazardous Waste Site Clean-Up
Goals: A Case Study of Trichloroethylene (TCE) Contamination”, Proceedings of the Annual Meeting
of the Geological Society of America, Boston, 1993 (invited).

15. Aral, MM and Maslia, ML, Radtke, TM, “Conducting Exposure Assessment of Populations by
Integrating Environmental Transport Models, Demographic Analysis, and Geographic Information
Systems,” Proc. of the Int. Symposium on Assessing and Managing Health Risks from Drinking Water
Contamination: Approaches and Applications, Rome, Italy, pp. 221-233, September 1994 (invited).

16. Lyverse, MA, Aral, MM and Tang, Y., “Liquid Hydrocarbon Recovery and Groundwater Protection at a
Closed Refinery over a Sand and Gravel Aquifer”, Proceedings of the Conference on Petroleum
Hydrocarbons and Organic Chemicals in Ground-Water: Prevention, Detection, and Remediation,
Houston, Texas, November 2-4, 1994.

17. Maslia, ML and Aral, MM, “Application of Geographic Information Systems and Numerical Models to
Exposure Assessment”, Sixth Joint Conference of the International Society for Environmental
Epidemiology and International Society for Exposure Analysis, The University of North Carolina at
Chapel Hill, September 18-21, 1994 (invited).

18. Aral, MM, ML. Maslia, “Evaluation of Human Exposure to Contaminated Water Supplies Using GIS
and Modeling,” Proc. of the Int. Conference HydroGiS’96, pp. 243-252, Vienna, Austria, 1996.

19. Aral, MM, ML. Maslia, RC. Williams, JE. Abraham, “ATSDR’s Exposure-Dose Reconstruction Program:
Case Studies in Public Health Analysis of Exposure to Environmental Contamination,” Proceedings of
the 1995 Pacific Rim Conference on Occupational and Environmental Health, (in publication), Sydney
Australia, October 1995 (invited speaker).

20. Holm, DM, Maslia, ML, Reyes, JJ, Williams, RC, and Aral, MM, 195, Geographic Information Systems:
A Critical Resource in Exposure Assessment, Superfund XVI Conference and Exhibition Proceedings,
Vol. 2, pp. 860-866, Washington, DC, Nov. 6-8, 1995.

21. Aral, MM, Guan, J., “Optimal Groundwater Remediation Design Using Differential Genetic
Algorithm,” International Conference on Comp. Methods in Water Res.,” Cancun Mexico, pp. 349-
357, July, 1996.

22. Tang, Y., Aral, MM and Lyverse, M, “GIS Analysis of Subsurface LNAPL Volume Estimation,”
Proceedings of the Eleventh Qutdoor Action Conference on Groundwater Remediation,
Characterization and Management, pp. 156-178, Las Vegas, Nevada, April 1-3, 1997.

23. Aral, MM, M. L. Maslia, Exposure Assessment Using Simulation and GIS, Proceedings CSCE/ACSE
Environmental Engineering Conference, Edmonton, Alberta, Canada, pp. 885-892, July 22-26, 1997.

24. Aral, MM and Guan, J., “Contaminant Source Identification Problem and its Importance in Health
Sciences,” International Conference on Integrating Engineering and Health Sciences, Mexico, October
1998 (invited key note speaker).

25. Zhang, Y and Aral, MM, “Modeling Transport and Fate of Contaminants with Sediment Interaction
and Transient Storage in Streams,” Proceedings of the Second International Symposium on
Environmental Hydraulics, Hong Kong, China, pp. 733-738, 16-18 December, 1998.

26. Sautner, JB Maslia, ML and Aral, MM, “Water-Distribution System Modeling as a Tool to Enhance
Epidemiologic Case-Control Investigations: A Case Study, The Dover Township (Toms River) Childhood
Cancer Investigations,” 26" Annual Water Resources Planning and Management Conference WRPMD
‘99, ASCE, Tempe, Arizona, June 6-9, 1999,

27. Aral, MM, Liao, B., Guan, J., Maslia, ML, Sautner, J., Williams, R. and Reyes, JJ, “Reconstruction of
Hydraulic Management of a Water-Distribution System Using Genetic Algorithms,” World Water &
Environmental Resources Congress, ASCE, Orlando, Florida, May 20-24, 2001.
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28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43,

44,

Aral, MM, Maslia, ML, and Guan, J., “ACTS, A Multi-Media Contaminant Transport Modeling
Platform,” Proceedings of Envirosoft 2002, an International Conference on the Modeling, Monitoring
and Management of Environmental Problems, pp. 403-412, Bergen, Norway, 6-8 May 2002.

Aral, MM, Guan, J., Maslia, ML, “Modeling techniques to aid exposure analysis through Water
Distribution Systems,” at An International ISEA/ISEE Symposium, August 11-15, 2002, Vancouver, BC,
Canada. (invited)

Maslia, ML., Sautner, JB, Aral, MM,, Gillig, RE, Reyes, JJ and Williams J. “Using Water Distribution
System Modeling to Assist Epidemiologic Investigations,” at International ISEA/ISEE Symposium,
August 11-15, 2002, Vancouver, BC, Canada.

Gunduz, O. and Aral, MM. “Hydrologic Modeling of the Lower Altamaha River Basin,” 2003 Georgia
Water Resources Conference, Athens, Georgia, March 2003.

Park, C-H. and Aral, MM. “Saltwater Intrusion Control on Coastal Aquifers,” 2003 Georgia Water
Resources Conference, Athens, Georgia, March 2003.

Gunduz, O. and Aral, MM. “Simultaneous Solution of Coupled Surface Water / Groundwater Flow
Systems,” International Conference on River Basin Management, Edited by C.A. Brebbia, pp. 25-34,
Gran Canaria Islands, April 28, 2003.

Gunduz, O. and Aral, MM. “Satellite Imagery Based Watershed Management Modeling,” at
International Conference on Water Res. Man. Il, pp. 367-376, Gran Canaria Islands, April 23, 2003.
Maslia, ML, Aral, MM, and Sautner, J., Reconstructing Historical Operations of Water Distribution
Systems. In: Bizier, P., and DeBarry, P., Eds. Proceedings of the American Society of Civil Engineers,
World Water & Env. Res. Congress 2003 [CD ROM document]. Philadelphia, PA: June 23-26, 2003.
Aral, MM, and Maslia, ML. Application of Monte Carlo Simulation to Analytical Contaminant
Transport Modeling: In: S. Mishra, editor. Proceedings of the Symposium, Groundwater Quality
Modeling and Management Under Uncertainty, Environmental and Water Resources Institute of the
American Society of Civil Engineers, Philadelphia, PA, Am. Soc. of Civil Engineers, pp. 305312, June
23-25, 2003.

Aral, MM, and Gunduz, O., Scale Effects in Large Scale Watershed Modeling. In V. Singh and R. N.
Yadava editors, Advances in Hydrology. Proceedings of the International Conference on Water and
Environment (WE-2003), Bhopal India, pp. 37-51, December 15-18, 2003. (invited paper).

Kentel, E. and Aral, MM, “Optimization of Removal Rates of Target Contaminants from Water Supply
Wells,” at 6" International Congress on Adv. in Civil Eng., ASCE, Istanbul Turkey 6-8 October, 2004
Gokgoz, S. and Aral, MM, “Fugacity Analysis of Sediment, Biota and Aquatic pathway Environments
and its Potential use in Exposure Studies,” at 6 International Congress on Advances in Civil
Engineering, ASCE, Istanbul Turkey 6-8 Oct., 2004.

Gunduz, O. and Aral, MM, “Dynamically Coupled Contaminant Transport Model for a River Aquifer
System,” at 6™ International Congress on Adv. in Civil Eng., ASCE, Istanbul Turkey 6-8 October, 2004.
Jang, W and Aral, MM, Density-Dependent Transport And Sequential Biotransformation Of
Trichloroethylene In The Variably Saturated Zone, The International Conference on Environmental
Science and Technology, IC EST 2005, Am. Academy of Sciences, New Orleans, January 23-26, 2005.
Maslia, ML, Sautner, JB, Valenzuela, C, Grayman, WM, and Aral, MM, “Use of Continuous Recording
Monitoring Equipment for Conducting Water Distribution System Tracer Tests: The Good, the Bad
and the Ugly,” Proceedings ASCE, EWRI World Water and Environmental Resources Congress: Impacts
of Global Climate Change, Anchorage, Alaska, May, 15-19,2005.

Aral, MM and J. Guan, “Computational Platforms for Environmental Modeling,” Proceedings ASCE,
EWRI World Water and Environmental Resources Congress: Impacts of Global Climate Change,
Anchorage, Alaska, May, 15-19, 2005.

Sautner, JB, Maslia, ML, Valenzuela, C, Grayman, WM, Aral, M.M. and Green, JW, “Field Testing of
Water-Distribution Systems at Marine Corps Base, Camp Lejeune, NC, in Support of an Epidemiologic
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Study,” Proceedings ASCE, EWRI World Water and Environmental Resources Congress: Impacts of
Global Climate Change, Anchorage, Alaska, May, 15-19, 2005.

45. Guan, J., Aral, MM and Maslia ML, “Identification of contaminant sources in water distribution
system using optimization simulation method,” Proceedings of the 1% International Conference on
Environmental Exposure and Health, Atlanta, Ga, USA, October 2005.

46. Park, S-K, Piyachaturawat P, Aral, MM and Huang, C-H, “Potential Enhanced N-Nitrosodimethylamine
(NDMA) Formation under Water Treatment Conditions,” Proceedings of the 1% [nternational
Conference on Environmental Exposure and Health, Atlanta, Ga., USA, October 2005

47. Maslia, M. and Aral, MM, “Reconstruction of historical contaminant events: Use of computational
tools to assist environmental engineers,” Proceedings of the 1% International Conference on
Environmental Exposure and Health, Atlanta, Ga., USA, pp. 175-187, October 2005

48. Aral, MM. “Perspectives on environmental health management paradigms,” Proceedings of the 1
International Conference on Env. Exposure and Health, Atlanta, Ga., pp. 449-457, USA, October 2005

49, Kentel, E. and Aral, MM. (2005) “Effect of Fuzzy Aggregation Operators in Selecting Best
Groundwater Management Strategies” EWRA 2005, 6'" Int. Conference, Menton, France. September
7-10, 2005.

50. Kentel, E. and Aral, MM. “Spatial Distribution of Groundwater Availability for Various Pumping
Scenarios in Savannah Region,” ASCE World Environment and Water Resources Conference (EWRI),
Nebraska, Omaha, 2006.

51. Kilic, SG and Aral, MM. “Preliminary Analysis of Lake Pontchartrain Pollution after Hurricane Katrina,”
ASCE World Environment and Water Resources Conference (EWRI), Nebraska, Omaha, 2006.

52. Kijin, N. and Aral, MM. “Modeling Hydrodynamics and Storm Effects in the Altamaha River Sound,”
ASCE World Environment and Water Resources Conference (EWRI), Nebraska, Omaha, 2006.

53. Wonyong, J. and Aral, MM. “Modeling of Multiphase Flow and Contaminant Removal under In-situ
Air Sparging,” Air and Waste Management Association Annual Conference (AWMA), 2006.

54. Nam K. and Aral MM. Modeling Hydrodynamics and Storm Effect in the Altamaha River Sound. In:
Graham R, Editor. Examining the Confluence of Environmental and Water Concerns: Proceedings of
the 2006 World Environmental and Water Resources Congress; 2006 May 21-25; Omaha, US [CD-
ROM]. Reston: ASCE; 2006

55. Jang, W. and Aral MM, “Modeling of Multiphase Flow and Contaminant Removal under In-situ
Air Sparging,” Air & Waste Management Association’s 99th Annual Conference & Exhibition, New
Orleans, LA, June 20-23, 2006.

56. Guan, J., Aral, MM, Maslia, ML. and Grayman, W. (2006) “Optimization Model and Algorithms for
Design of Water Sensor Placement in Water Distribution Systems” ASCE Water Distribution System
Analysis Symposium (Battle of the Water Sensor Networks), Cincinnati, OH, August 27-30, [CD-ROM].

57. Suarez-Soto, R., Maslia, M., Wang, J., Aral, MM. and Faye, R. (2007) “Uncertainty Analysis for
Reconstructing Historical Tetrachloroethylene (PCE) Exposure in an Epidemiologic Study,” ASCE,
World Environmental and Water Resources Congress, Tampa, Florida, [CD-ROM].

58. Nam, K and Aral MM. (2007). “Optimal Placement of Monitoring Sensors in Lakes,” University of
Georgia Water Resources Conference, Athens, Georgia, [CD-ROM].

59. Rogers, SW, Guan, J., Maslia, ML and Aral, MM, “Nodal Importance Concept for Computational
Efficiency in Optimal Sensor Placement in Water Distribution Systems,” Proceedings of the World
Water and Environmental Resources Congress, ASCE, Tampa, FL, May 15-19, 2007.

60. Nam, K. and Aral, MM, “Optimal Sensor Placement for Wind-Driven Circulation Environment in a
Lake,” Proceedings of the World Water and Env. Res. Cong., ASCE, Tampa, FL, May 15-19, 2007.

61. Wang, J and Aral, MM, “The Effect of Historical Supply Well Schedule Variation on PCE Arrival Time,”
Proceedings of the World Water and Environmental Res. Cong., ASCE, Tampa, FL, May 15-19, 2007.
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62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

Park, S-H., Wei S., Mizaikoff, B., Taylor, AE, Aral, MM and Huang C-H., “Mechanistic Insight for the N-
nitrosodimethylamine (NDMA) Formation Potential of Amine-Based Water Treatment Polymers,”
Proceedings of the 233rd American Chemical Soc. National Meeting, Chicago, IL, March 25-29, 2007.
Kentel, E. and Aral, MM. (2007). “Groundwater Flow Simulation with Imprecise Parameters” National
Hydrology Congress, Middle East Technical University, September 5-7, [CD-ROM].

Ayvaz, T., Karahan, H. and Aral, MM. (2007). “Determination of Aquifer Parameters and Parameter
Structures with Genetic Algorithm,” National Hydrology Congress, Middle East Technical University,
September 5-7, [CD-ROM].

Suarez-Soto, R., Wang, 1., Faye, RE, Maslia, LM, Aral, MM and Bove, F. J., “Historical Reconstruction of
PCE-Contaminated Drinking Water Using Probabilistic Analysis at U.S. Marine Corps Base Camp
Lejeune, North Carolina,” Proceedings of the World Water and Environmental Resources Congress,
ASCE/EWRI, Honolulu, Hawaii, May 12-16, 2008.

Telci, IT, Nam, K., Guan, J. and Aral, MM, “Real Time Optimal Monitoring Network Design in River
Networks,” Proceedings of the World Water and Environmental Resources Congress, ASCE/EWRI,
Honolulu, Hawaii, May 12-16, 2008.

Guan, J. and Aral, MM, “Identification of Contaminant Sources in Aquifers under Uncertainty,”
Proceedings of the World Water and Environmental Resources Congress, ASCE/EWRI, Honolulu,
Hawaii, May 12-16, 2008.

Aral, MM, Guan, J. and Maslia, ML, “A Multi-objective Optimization Algorithm for the Solution of
Water Sensor Placement Problem in Water Distribution Systems,” Proceedings of the World Water
and Environmental Resources Congress, ASCE/EWRI, Honolulu, Hawaii, May 12-16, 2008.

Jang, W. and Aral, MM, “The Effect of Oxygen Transport on Biotransformation of Trichloroethylene
in the Subsurface,” Proceedings of the World Water and Environmental Resources Congress,
ASCE/EWRI, Honolulu, Hawaii, May 12-16, 2008.

Maslia, ML, RE Faye, MM Aral, F] Bove, and W. Jang. (2008) “Historical reconstruction of single-
specie and multispecies PCE-contaminated drinking water, U.S. Marine Corps Base Camp Lejeune,
North Carolina,” World Environmental & Water Resources Congress 2008, American Society of Civil
Engineers, Honolulu, HI, May 13-16.

Suarez-Soto, RJ, Anderson, BA, Maslia, ML. and Aral, MM, “A Comparison Between Biochlor and the
Analytical Contaminant Transport System (ACTS) for a Case Study in Coastal Georgia,” Proceedings of
the World Water and Environmental Res. Cong., ASCE/EWRI, Honolulu, Hawaii, May 12-16, 2008.
Jang, W. and MM. Aral. (2009) “Modeling of chlorinated VOCs transport under dual bioreactions,”
World Environmental & Water Resources Congress 2009, American Society of Civil Engineers,
Kansas City, Missouri, May 17-21.

Guan, J., Maslia, ML and MM. Aral. (2009) “A Novel Methodology to Reconstruct Groundwater
Contamination History with Limited Field Data,” World Environmental & Water Resources Congress
2009, American Society of Civil Engineers, Kansas City, Missouri, May 17-21.

Aral, MM, Guan, J., and Maslia, ML. (2009). “Reconstructing Groundwater Contamination History: A
Control Theory Based Approach,” Water and Public health, American Public Health Association
Conference, Philadelphia, PA, November 7-11.

Jang, W. Maslia, ML and Aral, MM, (2010). “The Effect of Atmos. Chemical Release on the Reduction
in Groundwater Pollution by CVOCs,” ASCE, EWRI Water Res. Cong., Rhode Island. May 25-30.

Guan, J. Jang, W., Maslia, ML and Aral, MM. (2010). “Historical Reconstruction of Groundwater
Contamination at Contaminated Sites and Uncertainty Analysis,” ASCE, EWRI Water Resources
Congress, Rhode Island. May 25-30.

Aral, MM. (2010) “Resilience Analysis of Climate Change Effects on Water Quality,” NATO Advanced
Research Workshop on Climate Change and Health, lzmir, Turkey.
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78. Park. C., S.-H. Kim, I. Telci and MM. Aral. (2010). “Designing Optimal Water Quality Monitoring
Networks for River Systems and Application to a Hypothetical case, Proceedings of the 2010 Winter
Simulation Conference, Austin, TX. (Invited).

79. Guan, J., Maslia, ML and Aral, MM. (2011). “Reconstruction of Groundwater Contamination History
in Hadnot Point Area of Camp Lejeune, North Carolina Using Linear Stochastic Model,” ASCE, EWRI
Water Resources Congress, Palm Springs California, May 25-30.

80. Maslia, ML, Aral, MM. and Faye R. (2011). “Impact of Historical Contaminant Source Uncertainty
Analysis and Variability on Human Health Risk,” ASCE, EWRI Water Resources Congress, Palm Springs
California, May 25-30.

81. Aral, MM, Guan, J. and Chang, B. (2011). “Climate Change and Sea Level Rise,” ASCE, EWRI Water
Resources Congress, Palm Springs California, May 55-68.

82. Biao, C, Guan, J. and Aral, MM, (2012). “Semi-Empirical Modeling of Spatial Variations in Sea Level
Rise,” ASCE, EWRI Water Resources Congress, Albequerque, NM, May.

83. Guan, J., Biao, C. and Aral, MM, (2012). “Exploration for Impact of Radiative Forcing on Global
Warming and Sea-Level Rise,” ASCE, EWRI Water Resources Congress, Albequerque, NM.

84. Telci, IT and Aral MM (2012). “Renewable Energy Production from Water Distribution Systems.”
Hydro Research Foundation Conference.

85. Dede, OT, Telci, IT and Aral MM (2013). “Water Quality Index Assessment of Surface Waters near
Ankara, Turkey,” ASCE, EWRI, IPWE 2013 Congress, lzmir, Turkey, January 2013.

86. Chang, B, Guan, J and Aral MM (2013). “Spatial Analysis of Climate Change and Sea Level Rise,” ASCE,
EWRI, IPWE 2013 Congress, lzmir, Turkey, January 2013.

87. Aral, MM. (2014). Application of Water-Modeling Tools to Reconstruct Historical Drinking Water
Concentrations in Epidemiological Studies, Exposure Science Integration to Protect Ecological
Systems, Human Well-Being, and Occupational Health 24" Annual Conference of The International
Society of Exposure Science, Cincinnati, Ohio.

88. Morgan, W. and Aral, MM. (2015). “Modeling Hydraulic Fracturing in Pre-Fractured Rock Using the
Discontinuous Deformation Analysis.” 49th U.S. Rock Mechanics/Geomechanics Symposium, June 28
= July 1, 2015, San Francisco, USA.

89. Aral, M. M. (2015) “Concepts and development of modeling principles in environmental analysis,”
68t National Geological Eng. Conf,, 6 — 10 April 2015, MTA Kultur Sitesi, Ankara, Turkey (Keynote
speech.)

90. Aral, M. M. (2015) “Integrated modeling of coupled watershed processes,” 68" National Geological
Engineers Conference, 6 — 10 April 2015, MTA Kultur Sitesi, Ankara, Turkey (invited).

91. Kentel, E., Gunduz, O. and Aral, M. M. (2015). “Critical Infrastructure Management: Risk, Resilience,
Extent Concepts,” The International Emergency Management Society 2015 Annual Conference, 30th
September - 2nd October 2015, Rome, Italy.

92. Aral, M. M. (2016) “Transition from simple, complicated to complex systems,” YTSAM, Yeni Turkiye
Bilim ve Arastirma Merkezi International Conference, Ankara, Turkey, September 14, 2016.

93. Kentel, E., Gunduz, O., Bayar, M. and Aral, M. M. (2017). “Critical Infrastructure Management: Risk,
Resilience, Extent Concepts,” 12t Conference on Sustainable Development of Energy, Water and
Environment Systems. Dubrovnic, Croatia.

94. Kizilaslan, M. A., Demirel, E., Aral, M. M. (2020). “Pathogen Inactivation and By-Product Formation in
a Full-Scale Contact Tank,” 2020 11t international Conference on Environmental Science and
Development (ICESD 2020), Barcelona, Spain, February 10-12, 2020.

95. Aral, M.M. and Demirel, E. (2020). “icme Sularinin Ariilmasinda Kullanilan Temas Tanklarinin
Verimlerinin Arttirilmasi igin Tasarim Onerileri ve Elde Edilen Verimler,” HIDRO 2020: Hidrojeoloji and
Water Resources Sempozium, June 18-20, Bartin, Turkey.
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96. Demirel, E. and Aral, M.M. (2020). “Batmis Kapagin Mansabindaki Vortekslerin incelenmesi ve
Séniimlenmesi,” HIDRO 2020: Hidrojeoloji and Water Resources Sempozium, June 18-20, Bartin,
Turkey.

97. Kizilaslan, M.A., Demirel, E., Aral, M.M., (2020). “Pathogen inactivation and by-product formation in
a full-scale contact tank,” 11" International Conference on Environmental Science and Development
(ICESD 2020), E3S Conf., 167 (2020) 01011, https://doi.org/10.1051/e3sconf/202016701011.

98. Aral M. M., (2022). “Optimal Water Treatment Tank Design and Analysis” IWA DIPCON, Istanbul,
Turkey. The International Water Association (IWA) 4th Regional Diffusion Pollution and
Eutrophication conference held in Istanbul 24-28 October, 2022” Istanbul, Turkey.

RESEARCH PROJECTS:

1. Principal investigator of the project titled, Finite Element Analysis in Continuum Mechanics: FEMAC
Computer Program, (Funded by Middle East Technical Univ. Research funds - $18,000), 1972-73.

2. Principal investigator of the project titled, An Analysis of Convective Diffusion Equation and Its Finite
Element Solution, (Funded by Turkish Sci. and Tech. Research Inst.- $ 12,000), 1976-77.

3. Principal investigator of the project titled, Analytical and Numerical Study of Jet Deflection from
Curved Boundaries, (Funded by Middle East Technical Univ. Research funds - $ 19,000), 1976-77.

4. Principal investigator of the project titled, Tsunami Study: Akkuyu Nuclear Power Plant, (Funded by
Turkish Electric Authority, Nuclear Energy Division - $ 75,000), 1977-79.

5. Principal investigator of the project titled, Analysis of the Development of Shallow Ground Water
Supplies by Pumping from Ponds, (Funded by the Department of the Interior, Office of Water
Resources Research and Technology - $ 48,000), 1979-80.

6. Principal investigator of the project titled, Mathematical Modeling of Aquatic Dispersion of Effluents
in Natural Rivers, (Funded by the Health and Safety Division of the Oak Ridge National Laboratories,
Oak Ridge Tennessee - $ 52,000), 1979-80.

7. Principal investigator of the project titled, Aquifer Parameter Prediction by Numerical Modeling,
(Funded by the Department of the Interior, Office of Water Research and Tech. - § 56,000), 1981-82.

8. Principal investigator of the proposal titled, An Analysis of Rimming Condensate Flow, (Funded by
Beloit corporation, Beloit, Wisconsin - $ 68,000), 1981-83.

9. Principal investigator of the project titled, Parameter Identification in Layered Aquifer Systems,
(Funded by the Department of the Interior, Office of Water Policy - $ 44,000), 1983-84.

10. Principal investigator of the project titled, A Simplified Approach to Regional Multilayered Aquifer
Analysis, (Funded by the Department of the Interior, U.S. Geological Survey - $25,000), 1986-88.

11. Principal investigator of the project titled, Modeling Transient Ground Water Flow in Multilayered
Aquifer Systems, (Funded by the Department of the Interior, USGS - $ 29,000), 1988-89.

12. Principal investigator of the project titled, Multilayered Aquifer Modeling in a Landfill Site, (Funded
by the Waste Management, Inc., Geosyntec, Inc. - $ 42.000), 1990-91.

13. Principal investigator of the Research Program titled, Exposure-Dose Reconstruction at Graton
Massachusetts, (Funded by: U.S. DHHS - $ 44,000), 1992.

14. Director, NATO Advanced Study Institute, Recent Advances in Groundwater Pollution Control and
Remediation, (NATO - Directorate of Environmental Programs $ 111,000), 1994.

15. National Science Foundation, Water, Sustaining A Critical Resource, Joint Proposal with Dr. A,
Zoporozec, University of Wisconsin, $ 30,000 1995,

16. Principal investigator of the Research Program titled, Research Program on Exposure-Dose
Reconstruction, (Funded by: ATSDR/CDC- $ 2,500,000), 2000-2005.

Expert Report—Prcé!. Mustafa M. Aral 10/23/2024 . Page | 99
Case 7:23-cv-00897-RJ  Document 400-2  Filed 06/04/25 Page 100 of 106



17. Principal investigator of the Research Program titled, Analysis of Coastal Georgia Ecosystem Stressors
Using GIS Integrated Remotely Sensed Imagery and Modeling: A Pilot Study for the Lower Altamaha
River Basin, (Funded by: Sea Grant Program - $ 288,000), 2000-2003.

18. Principal investigator of the Research Program titled, GIS Integrated Environmental Systems
Modeling, (Funded by: CDC - GT Bioengineering Center $ 30,000), 2000-2001.

19. Principal investigator of the Research Program titled, Research Program on Exposure-Dose
Reconstruction, (Funded by: ATSDR/CDC- $ 2,500,000), 2005-2010.

20. Principal investigator of the research Program titled “Potential n-Nitrosodimethylamine (NDMA)
Formation at Water and Wastewater Treatment Plants and Exposure Pathway Analysis,” (Funded by:
SNF FLOERGER, France, program period: 2004-2006. $ 550,432).

21. Principal investigator (co-investigator Prof. Ching-Hua Huang) of the research Program titled
“Potential n-Nitrosodimethylamine (NDMA) Formation at Water and Waste water Treatment Plants
and Exposure Pathway Analysis,” (Funded by: SNF FLOERGER, France, program period: 2007-2009. $
308, 821).

22. Principal investigator of the Research Program titled, Research Program on Exposure-Dose
Reconstruction, (Funded by: ATSDR/CDC- $ 2,500,000), 2010-2015.

23. Principal investigator of the Research Program titled, Chinese Drywall Emission and Exposure
through Inhalation, (Funded by: ATSDR/CDC- $ 500,000), 2012-2014.

24. Co-Principal investigator of the research program, “Combining Statistical Process Control and
Optimization via Simulation for Robust Sensor Network Design in the Presence of Sensor
Measurement Error,” Funded by National Science Foundation, $ 350,000), 2016 — 2018.

25. Co-Principal investigator of the research program, “EU-Horizon 2020 Energy Efficiency Program-Eco-
QUBE,” Funded by EU Horizon 2020 program, €4.5 million, 2020-2023.

PROFFESIONAL ACTIVITIES:

National (USA):

1. Member, American Society of Civil Engineers, (ASCE). (1969 — present)

2. Member, Sigma Xi Research Society, (U.S.A.). (1971- present)

3. Member, American Geophysical Union, (U.S.A.) (1978-2010).

4, Member, National Water Well Association, (U.S.A.) (1978 — 2010).

5. Member, American Water Resources Association, (U.S.A.) (1978 — 1989).

6. Member, Task Committee on Ground Water Strategy, ASCE Hydraulics Division, 1983-85.

7. Listed in the directory of experts in Ground Water and Ground Water Contamination, Prepared
by Edison Electric Institute and by Dames & Moore Consultants, Co.,1984

8. Listed in the directory in Who is Who in Science and Engineering.

9. Member of the organizing committee of the conference, The Water Resources of Georgia and
Adjacent Areas, Sponsored by Ga. TECH and Georgia Geologic Survey, October 1983.

10. Session Chairman, ASCE. Spring Convention, Atlanta, 1984.

11. Session Co-Chairman, Engineering Mechanics Society, Blacksburg, 1984.

12. Member, American Water Resources Association, Publications Committee and Conference
Organization Committee, 1987 — 1989.
13. Member of the Organizing Committee of the conference and Session Chairman, Key Problems in

Hydrology, Hazardous Waste, Sponsored by American Institute of Hydrology, 1987.
14. Member, American Institute of Hydrology (1978-present).
15. Session Chairman, Int. Conference on Computational Eng. Sci., Atlanta, April 10-14, 1988.
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16. Chairman, Multidisciplinary Geohydrology Program, Georgia Institute of Technology, College of
Engineering, 1988-present (founding member).

17. Invited Speaker - Board of Scientific Counselors, Agency for Toxic Substances and Disease
Registry (ATSDR), U.S. Department of Health and Human Services, 1990 - 1992,

18. Member, Sci. Review Board, Waste Policy Institute, U.S. Department of Energy, 1991 — present

19. Director, Multimedia Environmental Simulations Lab., CEE, Ga. Tech., 1994-present.

20. Member, Scientific Review Panel on program Analytical and Monitoring Methods in
Subsurface Remediation, USEPA, 1995 — 2001.

21. Member, Scientific Review Panel on program STAR Program, USEPA, 1995-present.

22. Member, Scientific Review Panel on Eastern Research Group, 1997-present.

23. Member, International Society of Exposure Analysis, 2002 — present.

24, Member, International Association of Hydrogeology, 2002 — present.

25. Organizing Committee Member, Achieving Sustainable Water Resources in Areas Experiencing

Rapid Population Growth, 2003 AIH International Conf., Atlanta, GA.

26. Vice President for International Affairs, American Institute of Hydrology, 2004 — 2006.

27. Elected to the Board of Dir. of the Buried Asset Man. Inst.— International, (2004 — 2007).

28. Chair of the ASCE Groundwater Hydrology Technical Committee {2007 — 2009).

29. Member of the ASCE Groundwater Hydrology Technical Committee (2007 — present).

30. Vice-Chair of the ASCE, GWH Tech. Report Com. on Exp.-Dose Reconstruction (2007 — 2009).

31. Member of the ASCE, EWRI Ground Water Council (2007 —2009).

32. Vice President for Int. Affairs, American Institute of Hydrology, (2009 — 2011).

33. Member of the ASCE, EWRI World Water Council, (2010 — present).

34, Member of the ASCE EWRI International Council (2010 — Present).

35. Control Group Member, ASCE EWRI World Water Council (2012 — Present).

36. Member of the ASCE, EWRI Env. Health and Water Quality Committee, (2008—present).

37. FELLOW ASCE/EWRI, elected by the ASCE Board of Directors to the rank of ASCE Fellow, 2010.

38. Co-Chair of the organizing committee, ASCE EWRI IPWE 2013 Conference Izmir, Turkey.

39. Short Course on “Environmental Modeling and Health Risk Analysis,” ATSDR/CDC Atlanta, GA
(2010, 2011, 2012) and Izmir, Turkey (2012).

40. Invited Speaker ORLOB INTERNATIONAL SYMPOSIUM ON THEORETICAL HYDROLOGY.
Presentation Title: “Climate Change and Spatial Variability of Sea Level Rise,” University of
California (Davis), August 4, 2013.

41. PRESIDENT ELECT, 2013-2015 and PRESIDENT 2015 - 2017. American Institute of Hydrology
(AIH). Elected by the AIH membership.

International:

Member, Association for the Advancement of Mathematical Sciences. (1971 — 1978)

Member, Marine Sciences Research Institute, (Turkey, founding member). (1971 — 1978)
Member, Computer Sciences Research Institute, (Turkey, founding member). (1971 — 1978)
Member, International Engineering Analysts, Southampton, England.

Member, International Association for Computational Mechanics (1987 — 1990).

Director, NATO Advanced Study Institute, “Recent Advances in Ground Water Pollution Control
and Remediation.” June 1995.

7. Session Chairman and Member of the Organizing Committee of the conference, International
Conference on Geology and Environment, Sponsored by Academy of Sciences of Turkey and
other International Organizations, 1997.

ouhswWwNRE

8. European Community FP6 — FP7 — FP8 proposal review panel member. (2005 — present)
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9. Fulbright Senior Scientist. (2005 — 2011).
10. Short Course on ACTS/RISK (Dec., 2011) Dokuz Eylul University, 1zmir Turkey.

11. Organization Committee Member, ASCE/EWRI IPWE International Conference on Perspectives
on Water Resources and Environment, Izmir, Turkey, 2013.

12. Organizing Committee member, HydroEnv. Ist-2017. International Association for Hydro-
Environment Engineering and Research (IAHR).

13. European Community Horizon 2020 panel member. (2013 — Present).

14. Austrian Science Fund review committee member. (2015 — Present).

EDITORIAL AND REVIEWER WORK

Reviewer:

Journal of Pure and Applied Sciences, 1976 — 1985.

Environmental Protection Agency (review of proposals), 1980 — present.

U.S. Dept. of Int., Geological Survey (review of reports and proposals), 1980 — present.
TUBITAK Research Council, Turkey (review of reports and proposals), 1980 — present.
ASCE Committee on Computational Hydraulics, 1981 — 1995.

ASCE Journal of Engineering Mechanics Division, 1982 — 1995.

Journal of American Water Works Association, 1985 — 1995.

Water Resources Bulletin, American Water Resources Association, 1985 — 1995.
Journal of Hydrology, 1986 — present.

Journal of Computational Mechanics, 1986 — 1995.

Water Resources Research, 1985 — present.

ASCE, Water Resources Planning and Management Journal, 1998 — present.

Saudi Geologic Survey for Scientific Research, 2000 — present.

Turkish Scientific Research Council, 2000 — present.

Netherlands Organization for Scientific Research, 1999 — present.

Danish Organization for Scientific Research, 2000 — present.

NSF/NIH, Engineering Centers of Excellence review committee member. 2003 — 2004,
Advances in Water Resources, 2005 — present.

Water Resources Research, 1990 — present.

Journal of Contaminant Hydrology, 2004 — present.

European Community, F6, F7, F8, Horizon 2020 committee member. 2005 — present.
Journal of Transport in Porous Media, 2005 — present.

NSF, SBIR review committee member. 2005 — present.

USEPA, SBIR review committee member. 2005 — present.

Journal of Environmental Management, 2007 — present.

Journal of Water Quality, Exposure and Health, 2009 - 2016.

Journal of Environmental Monitoring and Assessment, 2007 — present.

Journal of Water Resources Management, 2007 — present,

Journal of Neural Networks, 2007 — present.

Environmental Science and Technology, 2008 — present.

Journal of Risk Assessment, 2008 — present.

Journal on Neural Networks, 2008 — present.

Journal on Water, Air and Soil Pollution, 2009 — present.

Journal of Environmental Modeling and Software, 2009 — present.

Journal of Environmental Engineering, 2010 — present.
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USEPA, STAR Fellowship review committee member. 2013 — 2014.
Water Journal, 2015 — present.
Processes Journal, 2015 — present.

Associate Editor:

Journal of Environmental Science and Health, Am. Chem. Society, 1989 — 99.

ASCE, Journal of Hydrologic Engineering, Associate Editor, 1985 — 1995.

ASCE, Journal of Hydrologic Engineering, International Associate Editor, 1995 — present.
International Journal of Hydroelectric Energy, International Editor, 1998 — present.

ISI Journal of Hydraulic Engineering, Taylor & Francis, 2011 — present.

Journal of Engineering Sciences, (Turkey), 2011 - present.

Journal of Engineering and Environmental Sciences, (Turkey), 2013 — present.

Special Issue Editor:

Population Dynamics, Climate Change and Technology Nexus on Human Health (2019)
International Journal of Environmental Research and Public Health (Impact Factor: 2.47)
https://www.mdpi.com/journal/ijerph/special issues/pdcctnhh

Water Quality Modeling (2019)
PROCESSES Journal (Impact Factor: 1.97)
https://www.mdpi.com/journal/processes/special issues/Water Model

Computational Methods in Water Resources (2020)
WATER Journal (Impact Factor: 2.53)
https://www.mdpi.com/journal/water/special issues/computainal methods

Chemical and Non-Chemical Water Treatment (2020)
WATER Journal. (Impact Factor: 2.53)
https://www.mdpi.com/journal/water/special issues/ozone treatment

Editor-in-Chief:
International Journal on Water Quality, Exposure and Health, Springer Publishers. 2008 — 2014.

ENGINEERING CONSULTING:

uRwN e

Allied Gulf Nuclear Services, (1978-80).

NATO, United Nations Development Program, (1979-present).

The Coca Cola Company, Corporate Engineering Department, (1983).

Georgia Geologic Survey, Department of Natural Resources, State of Georgia, (1983-85).

Dames and Moore (1987), Numerical study of flow through earth embankments, Sarasota
reservoir.

Atlantic Richfield Co. (ARCO) (1990-92), Performance analysis of a cleanup operation in a vadose
zone, numerical modeling of saturated-unsaturated flow pump-and-treat operation, Opa Locka,
Florida and Numerical modeling of ground water flow and contaminant transport control in a
multilayer aquifer with a slurry wall design at a Super Fund Site.

CHEVRON Products Co. USA (1992-2002), Numerical modeling of transport of NAPL
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contamination, Cleves, Ohio and CHEVRON Chemical Products Co., USA (1996-1997),
Investigation of Agricultural Pesticides pollution, Ortho-CHEM plant, Missouri.

8. Expert Testimony: Atlanta Gas Light -vs.- various Environmental Insurance Underwriters (1993),
Numerical modeling of transport of petroleum products in aquifers, Georgia.

9. L&L Landfill Co. (1994), Transport of leachate through L&L landfill, Chicago, lllinois.

10. DOD, Mass. Military Reservation, EDB plume modeling and exp. risk analysis, (1997-1998).

11. GeoSyntec Consultants, Consultant (1994 - 2001) (subsurface resources and contaminant
transport modeling support and expert testimony).

12. Globex Engineering & Development, Consultant (1998 - 1999) (subsurface resources and
contaminant transport modeling support, risk analysis and expert testimony).

13. DOE, Waste Isolation Pilot Plant Project (WIPP), New Mexico (1998 - 1999) (Technical support for
expert testimony).

14. Texas Education Board, State Proposal Reviews, (1999-2000).

15. Eastern Research Group, Subsurface Resources and Environmental Health related analysis and
exposure assessment, (1998-2013).

16. Hydraulic Fracturing and shale gas extraction, Washington Law Group, (2010 —2017).

17. Camp Lejeune Exposure Litigation, Bell Law Group, Atlanta, GA, USA. (2022 — Present).

SPECIALIZATION AREAS:

Research, teaching and engineering experience in the following specific areas:

Groundwater flow and contaminant transport modeling in aquifers, aquifer remediation.
Groundwater resources evaluation and management.

Aerodynamic Analysis.

Multimedia (air-surface water- groundwater) environmental simulations, risk based env.
modeling.

Exposure analysis, exposure-dose reconstruction.

Environmental health.

Renewable Energy.

Climate Change, Water Resources and Environmental Health.

Analytical and numerical analysis in aerodynamics, surface water, groundwater and air
pollution.

Evaluation of groundwater and surface water monitoring data, site assessment.

Site characterization and surface water groundwater interaction.

Saturated and unsaturated groundwater flow analysis.

Miscible and immiscible groundwater flow analysis.

Computational methods in environmental fluid mechanics.

GIS applications in environmental systems.

Optimization methods in environmental systems.

Hydraulics and water resources engineering.

Hydraulic Fracturing and shale gas extraction.

Population Dynamics and Climate Effects.

PhD/MS Students:

Graduated 25 PhD students at Georgia Institute of Technology.
Graduated 68 M.S. students at Georgia Institute of Technology.
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Exhibit B

MEMORANDUM

To: Morris Maslia, PE
Project Manager
Exposure-Dose Reconstruction Program
ATSDR, CDC

From: Prof. Mustata M. Aral
Director, Multimedia Environmental Sunulations Laboratory
School of Civil and Enviromnental Engineering
Georgia Institute of Teclhmology
Atlanta, Georgia 30332-0355

Phone: 404 - 894 - 2243
Fax: 404 - 894 - 5111
E-mail: maral{@ce.gatech.edu
WWW: http://mesl.ce.gatech.edu/
Date: June 27, 2009
Subject: Response to Comments of the NRC Report on ATSDR Water Modeling
Study.

This memorandum was submitted to EDRP/ATSDR on June 27, 2009, and became an internal document
for the Camp Lejeune study at ATSDR/CDC. Contents of this memorandum are now included in Section 7
of this expert report.
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I N THE UNI TED STATES DI STRI CT COURT
FOR THE EASTERN DI STRI CT OF NORTH CAROLI NA
SOUTHERN DI VI SI ON
NO. 7:23-CV-897

| N RE: )

)
CAMP LEJEUNE WATER LI Tl GATI ON )

)

)
Thi s Docunent Rel ates to: )
ALL CASES )

)

VI DEOTAPED DEPGCSI TI ON OF
ALEXANDROS SPI LI OTOPOULCS, PH. D.,
a wtness herein, called by the Plaintiffs for
exam nati on, taken by and before Ann Medis, RPR, CLR,
CSR-WA, and Notary Public in and for the Comonweal t h
of Pennsyl vania, via Zoom Vi deoconference, at the
of fices of Departnment of Justice Civil Litigation 1100
L Street NW Washi ngton, DC 20005, on Tuesday,
March 18, 2025, comencing at 9:22 a.m
Golkow Technologies,
877-370-3377 A Veritext Division www.veritext.com
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APPEARANCES
of Plaintiff
WEI TZ & LUXENBERG, P.C.
BY: LAURA J. BAUGHMAN, ESQUI RE
DEVI N BOLTON, ESQUI RE
700 Broadway
New York, New York 10003
212.558.5915
| baughman@wei t zl ux. com
dbolton@wvei t zl ux. com

of Defendant United States of America
U. S. DEPARTMENT OF JUSTI CE
BY: HAROON ANWAR, ESQUI RE
KAI LEY SI LVERSTEI N, ESQUI RE
Gl OVANNI ANTONUCCI , ESQUI RE
1100 L Street NW
Washi ngton, DC 20005
202.552.9843
har oonanwar @usdoj . gov
silversteinkai @usdoj . gov
antonucci gi o@sdoj . gov

Al so present via Zoom

Jeff Davis
Allison O
Deanna Hav

Leary
ai

Leonard Koni kow

Morri s Mas

lia

Remy Hennet

April Cart

er, videographer

877-370-3377

Golkow Technologies,

A Veritext Division www.veritext.com
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Page 150

Did I read that correctly?

A Yes.

Q. So the ATSDR stated that its water
nmodel ing results can be used in conmbination with
i nformation fromthe nmother on her water use to
estimate the | evel and duration of her exposure to
t hese contam nants; right?

MR. ANWAR: Object to form

THE W TNESS: No. It clearly says it
was to be used by the epidem ol ogical study to
estimate the | evel and duration of exposures to
the mother. But there are caveats with respect to
t hat.
BY MS. BAUGHMAN:

Q. Is that a caveat right there?

A. This is not the only quote in ny
opi ni ons regarding what that did. This is just
one piece. You cannot take it out of context.

Q. Does this not say that the ATSDR s worKk,
the mont hly mean concentrations can be used by the
epi dem ol ogi cal study to estimate the |evel and
duration of exposures to the mother? It says
that; right?

MR. ANWAR: Object to form
THE W TNESS: Even though that is said

Golkow Technologies,

877-370-3377 A Veritext Division WWw.veritext.com
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there, M. Maslia has also provided responses to
t he expert panel, for exanmple, with respect to how
the results of these analyses will be used or the
| evel of detail that would be required. Then, in
fact, he said things |ike medium high, medium
| ow rather than actual val ues, detail ed
concentrations.

So there is a caveat here with respect
to how that should be interpreted.

MS. BAUGHMAN: |*'m going to object as
nonr esponsi ve.
BY MS. BAUGHMAN:

Q. Let me ask you this: Have you reviewed
t he published epidem ol ogy studi es regardi ng Canp
Lej eune?

A. | have not.

Q. Do you know whet her in any of the
publ i shed epi dem ol ogy studies they docunment that
t he epi dem ol ogi st used the nmodeling in order to
cal culate the | evel and duration of exposure to
contam nants?

MR. ANWAR: Object to form
BY MS. BAUGHMAN:
Q. Do you know whether it says that in the

publ i shed studies?

Golkow Technologies,

877-370-3377 A Veritext Division WWw.veritext.com
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A. No. | have not read those studies.

Q. Do you know if the ATSDR epi dem ol ogi sts
actually used ATSDR modeling of the historical
concentration -- strike that.

Do you know if ATSDR epi dem ol ogi sts had
used the mean nmonthly | evels of contam nants
predi cted by ATSDR s nodels to cal cul ate the
cunmul ati ve exposure for any individuals who |ived
at Canmp Lejeune?

MR. ANWAR: Object to form

THE W TNESS: | do not know that. [''m
not famliar with the epidem ol ogical studies at
Camp Lej eune.

BY MS. BAUGHMAN:

Q. So if the nodeling was sent to support
t he epi dem ol ogy studi es and the epidem ol ogi sts
used the nmodeling to cal culate cunul ati ve exposer
to individuals, you don't know that; right?

MR. ANWAR: Object to form foundation.

THE W TNESS: W work here is only to
critique the quality of the modeling work and
outcome of that modeling.

BY MS. BAUGHMAN:
Q. So you don't know whet her ATSDR s wor k

was used for the purpose of maki ng exposure

Golkow Technologies,

877-370-3377 A Veritext Division WWw.veritext.com
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assessnments in individuals? You don't know either
way, do you?
MR. ANWAR: Object to form and
f oundat i on.
BY MS. BAUGHMAN:

Q. By the ATSDR epidem ol ogi sts. Do you
know?

A. This is irrelevant to my opinions on
this matter.

MS. BAUGHMAN: |*'m going to object as
nonr esponsi ve.
BY MS. BAUGHMAN:

Q. Page 23 of your report, you chose to put
in your report a statement about this work being
to support and epi dem ol ogi c study and not for
pur pose of making exposure assessnments in
I ndi viduals. You included that in your report;
right?

A. | included that in my report because it
provi des context with respect to how this work was
done, what it was intended to do, what the
timeframe of that was and, therefore, support ny
work in | ooking at whether the modeling work that
was done provided good results to rely on and

support such eval uations.

Golkow Technologies,
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Q. Can you tell me whether or not the ATSDR
epi dem ol ogi st used the ATSDR s mean nonthly
concentrations fromthe modeling in order to make
exposure assessnments in individuals? Do you know
whet her they did that? Yes or no.

MR. ANWAR: Object to form and

f oundati on.

THE W TNESS: | do not know that, but
it's not relevant to work that | did and the
opi nions that | provide.

MS. BAUGHMAN: |'IlIl object as
nonresponsive to everything after "I do not know

t hat."
BY MS. BAUGHMAN:

Q. Did you do any research to determ ne how
ATSDR' s nodeling studies were used by the
epi dem ol ogi sts?

A. That was not nmy role in this case.

Q. Your report at 25 on a simlar subject
here, the |last sentence on the first paragraph,
you've written, "ATSDR further acknow edged this
uncertainty by stating," quote, "'ATSDR s exposure
assessnment cannot be used to determ ne whether you
or your famly suffered any health effects as a

result of past exposures to contam nated water at
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Canp Lejeune.'"

You put that quote in your report;

right?
A. Yes.
Q. And you're citing there two docunments

i ncl udi ng ATSDR had Hadnot Point Chapter A; right?

A. Looks about right.

Q. Yes?

A Yes.

(Spiliotopoul os Exhibit 9 was marked.)
BY MS. BAUGHMAN:

Q. "' m handi ng you what's mar ked as
Exhibit 9 to your deposition, which is Chapter A,
Summary and Fi ndings from Hadnot Point. That's
t he document that you cited there; correct?

A Yes.

Q. Let's turn to the page you cited page
A182. The very first sentence under the bol ded
statement is your quote, right, what you quoted?
But you left out a word, didn't you? MWhat the
ATSDR wr ote was "ATSDR' s exposure estimates cannot
be used alone to determ ne whet her you or your
famly suffered any health effects as a result of
past exposure to TCE contam nated drinking water

at US. Mlitary Base Canp Lejeune." Right?
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