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Preface

The U.S. Army Engineer Waterways Experiment Station (WES); the Direc-
torate of Military Programs, Headquarters, U.S. Army Corps of Engineers
(HQUSACE); and the U.S. Army Environmental Center (AEC, formerly the
U.S. Army Toxic and Hazardous Materials Agency) cosponsored the workshop
that resuited in this report. The workshop, held in Denver, CO, on 30 March-
1 April 1992, included a technical tour of Installation Restoration (IR) activi-
ties at the Rocky Mountain Arsenal (RMA). USACE gratefully acknowledges
the support of the Commander, RMA, and his staff throughout the course of
this workshop.

The workshop objectives were to determine the following: (a) the extent
and specific nature of groundwater flow and contaminant transport models in
Army hazardous and toxic waste site remediation work; (b) requirements for
enhanced transfer of groundwater modeling technology within the Army; and
(c) needed research and development in groundwater modeling systems. As in
any short-duration workshop of practitioners, the focus of the individuals
attending was on how to improve the state of practice and do the most pro-
fessional job possible. The attendees concentrated on making things better,
and not much time was spent on recognizing what is already being done well.
Thus the tone of the meeting and of this report, which attempts to be faithful
to what took place at the workshop, leaves the reader with an incomplete and
perhaps biased picture. Problems were identified but no time was taken to
celebrate successes.

The report of the workshop was written by Mr. Ira May of AEC;
Ms. Tomiann McDaniel of HQUSACE; and Drs. P. F. Hadala and D. K.
Butler, Geotechnical Laboratory, WES; J. Cullinane, Environmental Labora-
tory, WES; and J. P. Holland, Hydraulics Laboratory, WES. In addition to
these individuals, the following contributed to the planning and organization of
the workshop: Mr. Tony Dardeau, Ms. Cheryl Lloyd, Dr. Paul R. Schroeder,
Mr. Mark E. Zappi, Mr. Christian J. McGrath, and Dr. Carlos Ruiz, Environ-
mental Laboratory; and Ms. Dorothy L. Staer and Dr. James H. May,
Geotechnical Laboratory.

The workshop was conducted as a part of the Installation Restoration
Research Program under HQUSACE-sponsored RDTE Work Unit Ground-
water Model Assessment AF25-GW-0001. The preconference questionnaire
and its analysis were sponsored by the Directorate of Military Programs. The
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Summary

The findings of this investigation are based upon two major activities: a
groundwater modei users needs questionnaire sent from the
neer Waterways Experiment Station (WES) to t f
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1 30 March D , CO. Of interest
although the responders to the questionnaire and the attendees at the workshop
were not identical, the outcomes of both exercises were quite similar. This
summary, which reviews the results of the questionnaire and the workshop, is
divided into two areas: summary of the activities, and recommendations for

future research and development needs for the US Army Corps of Engineers.

The questionnaire was developed to solicit Army needs for, use of, and
experience with groundwater flow and contaminant transport modeling tools in
support of contaminated site characterization and remediation. Responses were
received from 77 individuals representing installations, USAEC, and 17 dif-
ferent Corps of Engineers districts and divisions. These responses suggested
the following:

7 Thao melirar: anptorneioate oF aomoanin o0t Aneos o do cfag oo mnoo ot
a. 1ne primary contaminants oi concern at Army study siies are organic
racarhane and avalacivec anvyu metale ware
solvents, petmleum hydrocarbons, and CAlJlUblV s. Heavy metals were

also cited as a concern at many sites.
b. Limited in-house Army expertise is available in groundwater modeling

¢. A dramatic increase in the amount of groundwater modeling is
in the next 5 years.

d. Training and guidance in the use, applicability, and limitations of
groundwater models were almost universally stressed.

e. In-house technical assistance in the Army is needed, although the exact
form of that assistance was not recommended.

The workshop gathered together the individuals involved in the use of
groundwater models in support of Army environmental programs. Major

vii
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objectives of the workshop were to determine the extent and specific nature of
the use of groundwater flow and contaminant transport models in hazardous
and toxic waste site identification and remediation efforts; and to provide
Army researchers with user recommendations for required research and devel-
opment in groundwater modeling systems. Ninety individuals attended the

workshop, representing USAEC, various Corps of Engineers offices, unive
ties, consultants, and other Federal government entities. The workshop
participants suggested the following (though not necessarily in order of
importance):

a. Complexity of the modeling effort should be a reflection of the
complexity of the problem and the objective of the modeling effort.

b. The absence of adequate data for modeling is not a good reason for
re[usmg to attempt the modeling process. Adequate data that are needed

geologic system being studied. The need for modeling and the datia o
support the modeling effort should be based on the degree to which the
modeling effort can improve the ability to make decisions about the
project.

¢. Groundwater modeling is the best p.

analyze large amounts of geolomc. geochemxcal and hvdrogeologu,: data
available, and therefore should be used throughout the remedial
investigation/feasibility study process. A state-of-the-art modeling-based
approach to the site characterization and cleanup will result in predict-
able and decreased remediation costs and verifiable results.

d. In-house institutional knowledge is essential. The Army needs an
in-house capability to evaluate and assess groundwater model results and
their uses, and to provide technical assistance to individual practitioners.

most pressing ne’d This guidance is needed for all levels of potential
model users, from the field level praciitioners to upper levei

/. Geostatistics represents the best methodology currently available to
rationally account for uncertainty and geologic heterogeneity.

g- Many problems with groundwater mod_ling studies are not technical in
nature, but rather involve initial constrain
regulatory requirements, etc.

Z;f
2
8
]
8
3
=
5
o
2
=
=
»

h. A formal mechanism is needed to provide technology transfer to the
practitioners in the field. These mechanisms could include future
workshops, newsletters, etc.

i. Many good modeling studies have been conducted during the course of
the Army environmental restoration program. The state of practice of



Army modeling is, in general, the same as that in all Superfund related
work. However, the state of practice is not close to the state of the art
in groundwater modeling in academia and Federal research and
development agencies.

Research and development needs as identified by the workshop and the
questionnaire (again, in no particular order of importance) included the
foliowing:

a.

o

b

o

£ e~ P = em cas

n methods for design of remedial actions need development
should employ sensitivity analysis of site parameters.

Procedures for parameter sensitivity analyses and for understanding and
quantifying uncertainties need to be developed.

New procedures to make use of fundamental geology in site
conceptualization are needed.

Research needs to be conducted in multiphase flow in groundwater
systems, in the vadose zone, and in fractured systems, and in flow in
frozen soils.

mrmancone iy SRy PP S, . PP,

Capability needs to be increased to evaluate a variety of transport
PTrOCESSES muuumg UlllUblUll b()rpuon moucg adation, et

- . . . . .
Existing models need to be improved, with orientation toward input
requirements and output displays. Graphical User Interfaces should be
developed for the models

Interfaces between groundwater models and geographic information
systems and environmental databases are needed.

>
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Background

The U.S. Army has significant responsibilities and numerous actions
underway to define the extent of and then remediate groundwater contamina-
tion by hazardous, toxic, and radiological wastes in its (a) Installation Restora-
tion (IR) Program, (b) Formerly Used Defense Sites (FUDS) Program, (c) Base
Realignment and Closure (BRAC) process, (d) Superfund work undertaken in
support of the U.S. Environmental Protection Agency (EPA), and (e) incidental
support to some Civil Works (CW) projects.

The scope of the groundwater contamination problem is large and the

contaminants present are numerous (see Appendix A). There are 97 Depart-
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The correction of a groundwater contamination problem begins with its
definition. This definition process is called site characterization or, more com-
monly, remedial investigation (RI), as shown in Figure 1. With respect to
groundwater, the objectives of an RI are to define the sources and current state
of contamination, and predict the future movement of and changes in the con-
tamination, especially off installation. The direction, rate of movement, and
concentration of contaminants are largely controlled by the direction and rate
of movement of the groundwater, which is, in turn, largely controlied by the

regional and site geologic profiles, the regional hydroiogy, the biochemistry of

the aquifer, and the inherent chemical makeup of the contaminani(s). Much

effort is expended in the RI phase on geologic reconnaissance, geologic map-

ping, borings, geophysics, observation wells, water quality sampling wells, data
hemical and data ana yses to understand the suhgurface condi-
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! Report to Congress on the Defense Environmental Restoration Program, February 1991.

Chapter 1 Introduction
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groundwater at a site. Groundwater flow and transport modeling is used to
assess the risk of future contaminant arrival at critical locations under known
or postulated hydrologic conditions.

The feasibility study (FS) phase compares proposed contaminant contain-
ment and remediation alternatives for effectiveness, timeliness, cost, and reli-
ability. Since all of these are possibie future events, prediction is required; and
prediction of effectiveness as a function of time inherenily requires modeling

of groundwater flow and contaminant transport in one fashion or arrother in
$he el e nce b n bl e s e A a6l calinnn tlhn Aol AF tln wneenAln6l e

11C HNPICIIICIILdUIOIL U1 TCHICULdUUIL PLAdC, UIC UCSIEIL U1 UIC ICHICUlaULil
varmiras ayaliratinem ~AF tha affantivvanace Af a variatu Af mnhuginal tranatmantg
chuuca Cvaludiliull Ul LIC ULICLUVULIILDD UL . a val Cl.y vl puyox\,al ucvauiivliiw
{];nnrc clllff\l \XIOIIC ~anc nIumMmningao cnpnor;nc otr \ 9"!‘ "\I’nf‘ pm;r‘cﬂ lrpafmpnt
\IIII\IID’ olunl "ullﬂ, \—uya, Pullll_’llls A wiildal AUD, \/b\a.} Al UViIVViIIVILILIIVAL MvdAviiiviLy
options. Groundwater modeling can assist with these determinations. During
the operational phase, time-dependent owner-controlled activities such as rates
and durations of pumping and evaluations of data taken to assess effectiveness

of remedial measures can benefit from groundwater modeling to predict, albeit
imperfectly, the course of future events should certain alternatives be adopted.

L]
The I1Q Armv Fnoinear Waternvave Fvnarimant Qtatinn (WESQ) in ~cOno
A RNV o lulll, l_;llslll\/\/l YV awvi vvu]o l_tl\l.l\-l 1111V 1IV wJwaviviin \ Y Ld\)}, A4l UL
junction with the Directorate of Military Programs, Headquarters, US Army
Corps of Engineers, and the U.S. Army Environmental Center USAEC\ spon-

following: (a) the extent and specrfrc nature of use of groundwater flow and
contaminant transport models in Army hazardous and toxic waste site
remediation work; (b) requirements for enhanced transfer of modeling
technology to Army users; and (c) user recommendations for research and
development in groundwater modeling systems. As the title of this report and
the workshop indicates, the sponsors were interested in determining future
needs in order to identify deficiencies and the research to overcome them. The
workshop succeeded in this purpose, and as subsequent parts will indicate, also
defined a need for immediate significant technology transfer effort to bring the
current state of practice closer to the current state of the art.

This report is intended to be a record of the workshop. This record is
backed up by a nearly verbatim transcript taken by a court reporter and copies
of all Vugraphs and slides presented, which are on file at WES. Abstracts of
all presentations are included in Appendix A. The workshop was organized so
that the experts from Government agencies, academia, and industry and users
at USAEC, U.S. Army Engineer districts, and Army installations held the floor

for most of the meeting. The Corps of Engineers research and development

| I T e | A YUUNQ o3 /N Dt T o Lo M _

1dDOT4IOrICS concernea (1.€., wWro 4dna Lola KCgIons Kescdrcn dna l:ngmccrmg

T alansnt~serr) sxrmen smncsncass 4ad laces ccenan calannnlle, fn o Vbl need Fanilitnte
ULIdIVLY ) WEIC ICpICSLI ted DUl WCIC DILIdINY 11 4 LISWCIIE dlld 1dtliiiaivl

canacity  Tha warbochan wage dalibasataly mlannad ag a2 nnigarge meaating Thao

Lapactit 111v WUll\bllUlJ wdad ucliucidiul Pldll 1ITU 4ad 4 uUdUIS livvung J @ Iiv]
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agenda of the meeting is given in Appendix B. In the first session, after an
overview of the subject and purposes by representatives of the sponsoring
agencies, the result of a preworkshop survey (Appendix C) on Army ground-
water model use was presented (Chapter 2 of this report).

In the remaining sessions, four panels discussed the following subjects:

Chantar in
\lllﬂ'l\vl s
Panel Topic This Report
1 Groundwater Probiems, Users Needs and Modei Uses 3
2 Model Use in Remedial Investigations 4
3a Model Use in Remediation, Part 1 5
at M P ~
3b odei Use in Remediation, Part 2 )
Fach nonal had ana ta thraa invitad cnanlbare and covaral athar mambare ramen
i.auvil Pdll\vl 11au VIIVU WU LWLy Livivu DPCGI\UIB dallu dUviuiidl uUulel 11iCllivucid>d |1 }JIU'
centing a miv nf A v neeare and nnon_Armv avnarte and ncerec The nanal
d\dlltllls €& ARRAN VUL I ulll.’ MOIOWwIO Allv v g ulll] \(Atl\rlt—n) €A1iN\ UOJWwil J. A4 1l l.}ull\al
(a) discussed auestions nosed bv a moderator. (h) reacted to the nanel sneak-
(a) discussed questions posed by a moderator, (b) reacted to the panel speak
ers, and (c\ fielded aueqtl ons from the floor. Planning materials from ea h

panel furmshed to each attendee, given in Appendix D, better describe th
scope of the panel’s activities and list the panel members.

Rocky Mountain Arsenal (RMA) sponsored a field trip for workshop atten-
dees to their installation where the scope of their investigation and remediation
of groundwater contamination was presented and the workshop attendees saw
pump and treat operations in action.

Ninety individuals, of which 60 were Corps of Engineers employees,

participated in the workshop. The complete list of attendees is given in
Appendix E.

Chapter 1 introduction



Chapter 2 Summary of Responses to Questionnaire on Army Use of Groundwater Models
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In early February 1992 a questionnaire (Appendix C) was developed at
WES that solicited information on Army use of and experience with ground-

water flow and contaminant transport modeling tools in support of contami-
nated site characterization and remediation. The questionnaire also sought user
input on the research and development requirements for future model develop-
ment. The questionnaire was mailed to 22 Corps of Engineers district and/or
division offices, generally to specific individuals designated by Directorate of
Military Programs, Headquarters, US Army Corps of Engineers, personnel.
Forty-seven responses from 17 Corps of Engineers offices were received.
Responses were obtained from 28 users at USAEC, representing seven USAEC
elements, and from two Army installations (Aberdeen Proving Grounds, MD,
and Fort Richardson, AK). While only two installations were poiled directly,
USAEC representatives provided input for aii other known uses of ground-

ater mo staliations. Thus, it is believed that a significant

Y oo At v e T
Uch USCI> aomg modaciing 11 sup-

—
2
> é:
ot
=
-
=
@]
=
w

An analysis of the questionnaire responses is presented in the following
paragraphs. The results of this analysis are presented in the forms of graphs,
tables, and simple statistics (such as percentages) for each question posed.

This document seeks to present a snapshot of where the Army finds itself

lative to groundwaier modeling at this time.

-t £, Py
11iS part Oi ¢ repor S i 10T Urv qucsuoi.
nllowing thece certinng additinnal analucic af tha alahal enryav ie neavidad
A VLU YY uls SAANADN owl-l\lllo, ANMNLVIVLIAL mlmJ Di0 VLI WUV sluum SUlL VYV a0 PIUVIUUU,
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Question 1. What percentage of the hazardous and toxic wastes
(HTW) problems you are encountering at military or Superfund sites is

- ___ Petroleum Hydrocarbons
___Organic Solvent Liquids
___ Explosives
___ Metals
___ Other (please specify)

The responses to this question are given in Figure 2, with an overall response
(Figure 2a), and a breakdown for the Corps and USAEC/installation responses
(Figures 2b and Zc, respectively). The designation of "high," "medium," or
"low" was deveioped based on these criteria:

~ IYeli. ancemimicn menoéns S RO, T | .
Q. r1igri. 1CSPOIDdC gruwr tonan 33 percent

b. Medium: response between 10 percent and 33 percent
¢. Low: response less than 10 percent

As shown, the Army is most strongly concerned about hydrocarbons,
organic solvents, and explosives cleanup. A concern with metals appears to be

' growing as well, given the elevated "medium" vote cast for this class of con-

tainment. The "other" category contained several things including pesticides,
polychlorinated biphenyls (PCB’s), radionuclides, and ‘herbicides. Note also
that, other than a slight change of order of priority, very little difference was
found between the Corps responses (Figure 2b) and the USAEC/installation
responses (Figure 2c).

Question 2. For the sites referred to above, how many of them are, or

are projected to be, invoived wiih the cleanup of contaminated ground-
waier resources for boih saturated and unsaiuraied conditions? __ (miii-
tary) __ (Superfund) What percentage of the total number of your HTW
sites is this number? __ (military) ___(Superfund) The responses to this :
question were very difficult to analyze due to relative incompleteness of the
responses. Of the information that could be analyzed, over 60 percent of the
respondents said their HTW sites had contaminated groundwater as a principal

gt 111 p1210% aly U oupeil u a1 LAY L

tatlon ThlS number. however is Drobablv low Commumcat LtLl multx le
USAEC personnel and several Corps offices indicated that over 85 percent of
all Army RI sites investigated to date have groundwater contamination as a
point of prime concern (given that a concern is registered at all).

Question 3. How many of your groundwater-related cleanup studies
(over the last ten years) contained, or are projected (over the next five
years) to contain, a groundwater modeling effort? ___ If this number is
zero, skip to Question 10. Respondents listed 127 groundwater modeling
studies that had been conducted in the last 10 years, or were projected over the
nexi 5 years. Additional analysis of the information provided in Table 2 of

Chapter 2 Summary of Responses to Questionnaire on Army Use of Groundwater Models
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Figure 2. Army contaminants (Continued)
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Number of Occurrences

the questionnaire (Appendix C) revealed that 61 of these studies were ongoing
or completed, wnth the remamder planned. Note also that 11 of the respon-
dents to the questionnaire had no ongoing, completed, or planned groundwater
modeling studies at this time. Six of these respondents were from USAEC and

five were from the Corps.

Question 4. For each groundwater modeling study planned or exe-
cuted, please provide the information requested in the attached Table 1.
Please reproduce additional sheets as needed. (See Table 1 in Appendix C.)
An enormous amount of information was derived from Table 1. The analysis
of this information was constrained to those responses for which the model

e 30 T s

studies were either ongomg or completea (oasea on information provnaea in
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UL liluliiiauoil 1 Uuce>ICU iii 1duil 1 dillu L. A dUdicu plchuualy, llllb
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(3.3 percent) were-of the "other" category (1
response").

Figure 4 provides the models employed for the ongoing/completed model
studies. The model cited with the greatest number of applications is the

Chapter 2 Summary of Responses to Questionnaire on Army Use of Groundwater Models
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MODFLOW model, with 24 of 61 total responses. This is of little surprise,
given that the model is currently among the best models available that is
executable on mulitiple (personal computer to supercomputer) computing
piatforms.-

As shown in Figure S, most of the Army’s model studies to date have been
two-dimensional (2D) or three-dimensional (3D). These studies have been for
both steady-state and transient conditions (Figure 6) in generally saturated
environments (Figure 7). This latter point is of importance because, to date
most of the c,le_pun gmgeme requiring modeling have been related to whether

water suoplv ( given present or possible future hydrologic conditions) as part of
a risk assessment. This also explains the multidimensionality of a significant
majority of studies, given the basic heterogeneous nature of the soil matrix and
the potential for movement along multiple axes.

Figure 8 provides responses for the phases of study during which the Army
has conducted the ongoing/completed groundwater modeling. Note that the
majority of these modeling efforts have been conducted in association with RI,
followed by remedial treatment, design/operation (RE), and FS.

A T . a3 . T _____. 0O Lin camnfnlte, A8 et el b n ] o dexratae
As illusiraied in Figure 9, the majorily of ongoing/compieted grounawater

PUSRPR. PIG PRy S | ntrn nentaila A Aavasntian A ~

model stud ¢ entailed the execution of both flow and transport models

modeling assocmted w1th transnort 51mulatlon However most of the

18 studies citing "flow-only" responses listed a variety of nonconservative
contaminants as those of concern in connection with the modeling. This is,
hopefully, an artifact of the requirement often expressed by regulatory agencies
that the Army simulate "worst case" conditions. These conditions usually
entail simulation of flow only as an expression of conservative' contaminants
that neither lag behind the flow of water, become attached to or trapped by
soil particles, nor biodegrade. This achieves, in theory, the strongest contami-
nant concentration that reaches a location of concern the fastest. If this resuit
is not an artifact of regulatory conservatism, it represents a misunderstanding

of the kinetics of the contaminanis being modeied. Note, aiso, that this result
again points toward the idea that the majority of Army modeling has probably
been in support of a risk analysis, with the use of modeling as part of a
remedial design being a secondary factor (as shown in Figure 8).

Figure 10 provides one last snapshot of the modeling the Army is doing
As shown, the Army has been simulating a number of contaminant classes,

Conservative contaminants are biochemicaily nonreactive. Nonconservative contaminanis

ra chaminally and/ar hinl ally H
Iy and/or biclogically reactive.
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Figure 5. Cited dimensionality of model applications
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Figure 6. Steady-state versus transient applications
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Figure 7. Type of application cited: saturated or unsaturated conditions
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Figure 10. Contaminant types being evaluated with groundwater models
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A final piece of information requested in Table 1 had to do with the types
of computing hardware on which groundwater models were being run. A
significant majority of those who did respond to this question listed the per-
sonal computer environment as the one they were currently operating within.

Question 5. For each groundwater modeling study listed in Table 1,
please provide the information requested in the attached Table 2 on a
sheet per study basis. Please reproduce additional sheets as needed. (See

ows that, of the 61 studies
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cessful, and marginal studies and whether said studies were contracted, done
in-house, or done as a combination of the two. As shown in the fi !

with equal ease.

Figure 13 provides some insight into why respondents thought their model-
ing studies were marginal or unsuccessful. Eleven of 39 respondents
(28.2 percent) listed poor or incomplete site characterization as the prime rea-
son for less-than-successful modeling applications. The additional answers are
noteworthy as well. Seven respondents said that technical gaps in the state of
modeling precluded their successful use in their applications. Five responses
listed poor study documentation as proof of a marginal or unsuccessful study.
Coupled with four responses each that listed a iack of coniractor expertise and
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Question 6. Are groundwater models overly expensive or difficult to
use for your applications? ___If the answer is no, please continue to
Question 7. If the answer is yes, please check the following that supports
your answer:

Models typically require more cost or effort than the
information gained from them is worth,

User manuals or other instructions for using the individual
models are inaccurate, incomplete, and/or out of date.
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No Response (16.4%

Unsuccessful (9.8%
Fully Successful (50.8%)

N

Marginally Succ. (23.0%) S

61 Studies

Figure 11. Evaluation of relative success of ongoing or completed studies

80% of all studies contracted

Number of Occurrences Reported

Successful Marginal Unsuccessful

Contractor

. In-House Combination

Figure 12. Relative success of modeling as a function of who performs
the modeling
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- ,—Contractor Expertise (10.3%)
2, ~Contract Specs (2.6%)
: \ —~ il JA N AOSN
- _ \\\\\\\ -House Analysis (10.3%)
Nonimproved RE (7. 7%&7//// m '
V7%
Inadequate Time/$ (7.7%) i : Study Doc. (12.8%)
= :"f X : : o <,
& - DATech Support (26%)
Site Character. (28.2%) -
39 Responses
Figure 13. Reasons for marginal or unsuccessful studies
_ Too much labor and/er time is required te compile the field
data needed to define the problem to be modeled.

—dh

(o))

Too much labor and time is required to put results of
model analyses in a form that is useful for making
engineering decisions.

Other; please explain.

There were a total of 47 responses to this question; their distribution is given
in Figure 14. Respondents were spiit on this question.

effort, including data collecuon. narameter estimation, model calibration, and
analysis was deemed too high by the respondents. When coupled with con-
cerns about analysis costs, be they associated with time or labor usage, or
concerns about poor model documentation, the reasons respondents thought
groundwater models were too difficult or too expensive to operate suggest a

few ideas: (a) the time model users have in the RI/FS process to conduct any
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Figure 14. Are groundwater models too difficult or expensive to use?
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Figure 15. Reasons why groundwater models are felt to be too difficult/expensive
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doing site characterization consider data collection to support numerical models
to be outside the scope of data they normally collect fo.r adequate site con-
ceptuall,,,tion; and (c, the difficulties pr esent users have in lmnlemcming

the other two concerns, may be great enough to dlscourage more extensive use
of groundwater models in the Army.

It is interesting that nearly one-third of the respondents to Question 6 gave
no response to the question. An analysis of the overall questionnaire responses
from this group is shown in Figure 16. All of the respondents in this group
cited, in one way or another (i.e., the group had only five ongoing or com-
pleted studies, and these were all contracted), a lack of in-house groundwater
modelmg experience as the pnmary reason for their lack of response to Ques-
tion 6. As will be discussed in a later section, this finding is extremely

ure studies, an
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Figure 16. Reasons for nonresponse to question on model difficulty/expense

Question 7. Was your answer to Question 6 based on your own expe-
rience, discussions with contractors, or both? Continuing with
examination of the experience base of the Army modeling community, the
results to Question 7 are provided in Figure 17. The "minimal experience"
group (that is, the group that gave no response to Question 6) has been dis-
cussed in the preceding paragraph. Now the three other groups listed in
Figure 17 will be examined.

In an effort to analyze the Figure 17 responses, a set of criteria were
established reiative to the overail experience base of Army modeli users.

-t
(04]
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Figure 17. Experience basis for answer to question on model expense/difficulty
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Nine "experienced" Army modelers said that groundwater models were
overly difficult or overly expensive to use (Question 6). Twelve said no. Of
the "yes" group, all cited their own experience, or a combination of their own
and contractors’, as the basis for their response to Question 6. One of the
"no’s" cited their own experience; the remaining 11 cited a combination of
their own and contractors’, or just contractors’, as their experience basis.

Now return to the group of 32 original respondents to Question 7, removing
for a moment the experience criterion. Analyzing these data further, of the
nine respondents who listed the basis for their answer to Question 6 as their
own experience, seven said th

on  Nen cal
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Finally, 17 respondents to Question 7 listed both contractor and in-house
experience as the basis for their answer to Question 6. Ten of the 17 said that
models were not overly difficult or expensive to use.

From this analysis, it would appear that those modelers having in-house
experience in modeling generally thought that groundwater models were overly
difficult or expensive to use. Further, those thinking the converse were
generally using solely contractor, or a combination of their own and contractor.
experience o justi[y tneir answer. While this is a bit of a mixed bag, the
result does dgdlll suppo he need for additional in-house ll'dllllﬂg and
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comprehenswe enough for groundwater model use? - Flgure 18 1llus-
trates the responses to this question. Again, there is no clear trend in these
answers. It is interesting that eight of ten Corps district/division respondents
to this question said models were comprehensive enough; two-thirds of
USAEC respondents said no. The responses to the data set question were

M
RN
NN

Number of Occurrences

NN\ S
N\

Models Comprehensive Data Sets Comprehenswe

Yes | No

Figure 18. Are groundwater models and data sets comprehensive enough?
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mixed. Additionally, 12 "experienced" modelers said models were comprehen-
sive enough; eight said no (one did not respond). It is not clear what this
trend suggests. It is entirely possible that many of the questions the Army is
currently facing, especially in Corps district/division offices, can be answered
with better packaging of existing technology. However, the results also
suggest that the need is recognized by a sizeable portion of the user
community for improvements to both models and data gathering techniques.

Question 9. Rank the following items by assigning them a High (H),
Medium (M), or Low (L) importance in making groundwater models more
useful iools for your siie applications. Noie thai the abbreviation for each

S oo 4 4% _ ___ B _ L __°* W %4 __

caftwara far narcanal cammnntare (PO ar warl: ctatinng
oUilLlYal v 1ul llchllal CUIIIPUBITID I LW3) Ul wulin dStauvild

. . . . s
Wl‘ a gogran ll‘ql ncor infa DD ‘ at n“al‘\‘nc oacior iINnnut '\“.
with a graphicai user interface that enabies easier input of
data to groundwater models (PCGUI
da o groundwater modeis (rCGUuUl)

software for PCs or work stations with a graphical user

interface to aid in visualizing groundwater model results
(PC Visuals)

software that would aid in extracting information from
model results in the form of tables and plots similar to
those now used to evaluate field data (Extraction)

interfaces that would couple groundwater models to CADD
and GIS software (Interfaces)
a data base of typical geophysical and biochemical param-

eter values for specific soil types and contaminants (Par.
Dbase)

a data base that would provide citations to pertinent
published information on groundwater models (Cit. Dbase)

a probabilistic modeling capability that includes measures
of uncertainty in geologic conditions, aid in parameter
estimation, and theoretical limits of modeling reliability
(Prob. Model)

axentdarnnan aee tho tron amdd 1eifdndlnme P oolodle r crenceeedear b nee
RUIUALILT Ull LUT UudT anu i IO i cllallllg 1IoUNuUwaiti
madale Far cita scharantardoratinnm faoacihility ctindiac and
MOGE:S 10T Siwe ThATaCieniZation, Iasivhily Stuaies, ana

o 4o o .
remediation oneration (Guidance)

1a%en operatlion (suicanc

an expert system to aid us

3 ADCIL

groundwater models. The system would also provide

S

with recommendations for model parameter selection
(Expert Sys.)
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— Army-wide standardized groundwater modeling tools that
have obtained EPA approval for use (Std. Mod.)

and appllcatlon (Tech Supp.)

The results of this question are given in Figure 19. The trends in these results
again illustrate the users’ desires for improved methods for the use of existing
models, as illustrated by the high marks for personal computer-based graphical
user interfaces for existing models, and by the call for visualization and
guidance on modei use. From these three items a second group, made up of

m

Qo or

, in that order. It i

s e
sunnort 1tem scored below the dian_ line for all items in contrast to the

=
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were quite posmve on this pomt Additionally, it may be 00551ble that the
ordering of all but the three items in the highest grouping reflects, again, the
level of experience of the users at this time. The responses may more accu-
rately reflect the field’s overriding desires to do better with existing tools than
any focused priority for the development of improved tools.

Question 10. If you are not using groundwater models for your

groundwater cieanup studies, please indicate why (check each that is
appropriate):

Insufficient in-hou
models

Insufficient time to contract groundwater modeling efforts
Insufficient funds to pay for contracted modeling efforts

Current groundwater models have insufficient levels of
credibility for decision making
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Figure 19. User ranking of potential modeling R&D activities
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Typically an insufficient amount of site data exists to
warrant groundwater model use

Other; please explain.

The most frequent responses for this question are given in Figure 20. Inade-
quate site data was the reason for not using modeling in remediation and site
characterization studies. This is quite disconcerting, for it seems a complete
site characterization or remediation scheme design would, in general, require
the same data, or nearly so, as a modeling investigation.
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Figure 20. Reasons for groundwater model nonuse
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The remaining responses illustrated in Figure 20 can be divided into two
basic groups: (a) "Our schedules are so tight that we do not have the time,
manpower, or funds to do an adequate job of modeling"; and (b) "We are not
ready for modeling yet, or modeling is not ready for us." The lack of in-house
experience discussed in many previous sections again comes into play in these
answers. However, a second concern appears. Several respondents seem to be
saying that the site characterization/remediation process itself, either through
regulatory or Army rigidity, does not provide for ample time to do a
concerted, complete modeling study. One must wonder, if this is indeed the
case, how a concerted, complete site characterization or remediation design is
effected.
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Question 11. Would you employ models more often if the items above
in Question 9 were available? ___ If the answer is yes, please be sure you
ranked the items in Question 9. Of the 47 responses to this question, 19 said
yes, 15 gave no response, and 13
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some of those answering no to Question 11 might believe that they were then
using, or had already planned to use, groundwater models effectively prior to
any proposed research and development. On the other hand, those answering
no could be averse to groundwater models under any circumstances. Given
the plausibility of each of these postulates, it may be advisable to discount the
overall worth of the responses to Question 11.

Question 12. Do you have any access in-house to additional ground-
water models that are not listed in Table 1? [See Appendix C.] If so,

o~ oo » s »

piease provide the names of those modeis beiow and whether they are run
- = 4 T ___ X1 > M L1 'V 0 a AY
3 te PC and class of PC; i.e., 286, 386, etc.),
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Ten models, or direct variations thereof (usually associated with graphical
interface extensions to the original model), were listed. The MODFLOW
model (McDonald and Harbaugh 1984) led the way by far, followed by
PLASM (Prickett and Lonnquist 1971), RANDOMWALK (Prickett, Naymik,
and Lonnquist 1981), and SUTRA (Voss 1984). Several additional models
were mentioned in individual responses. None of the in-house models were
being housed on a supercomputer by the Army user community. In fact, all of
the respondents stated that their models were operating on personal computers

7 Awr

or workstations except two, who lisied VAX hardware as their compuiing

Py Y S L DR by I P as | A e __at Va1 s ST
plauorm. 1n€ modacis 11siea, dnd e compulng piaiorms mentioneda, dre very
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computer on which to conduct development (i.e., 286, 386, 486), and what
level of development is appropriate given the changing hardware world will
require additional review and discussion between Army model users and
developers. However, there can be no question that the current computing

platform of choice of the Army user community is the personal computer.
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n in-house technical review

Quality of proposal based on external technical review,
Who generally conducts this review?

Known reputation of contractor

Other; please explain

'Thlrty six responses were provided to this question as shown in Figure 21.
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Figure 21. Methods used in evaluation of contractors’ proposals for modeling

questionnaire have said that they feel they lack the experience to comment on
whether groundwater models are overly expensive or difficult to use. With
that, note that of the people who responded to Question 13, over three-fourths
said they conduct in-house review only in the assessment of contractors’

N
)]
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proposals. Note also that 6 of 36 respondents said they go primarily on con-
tractors’ reputations when assessing the worth of contractors’ proposals.

Question 14. When groundwater modeling results are presented, which
of the following is generally the primary means of assessing the reliability
P VY RS PO, Y7o | TGN TR SRS
O1 Ui0S€ TeésulIlS. (LneCK one piease)

In_hanca tachnical raviaw
ABTHIUBOV LCUIIAKILGE AT VAT VY

External technical review., Who generally conducts this

review?

Other; please explain

The results of responses to Question 14 are shown in Figure 22. Note that
in-house review is used almost exclusively to evaluate groundwater modeling
results. Coupled with the results from Question 13, and recalling the overall
experience level of Army modelers, it is imperative that steps be taken quickly
io improve in-house groundwater modeling expertise. The ramifications of
these resuits relative to the quality control of contractors’ studies are
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Figure 22. Methods used in review of groundwater modeling results

Chapter 2 Summary of Responses to Questionnaire on Army Use of Groundwater Models



N
(o]

Question 15, Please nrnvidg any additional comments you hav

including your projected future needs for groundwater models.
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A variety of comments were provided in this section. The most common
response was an explanation for the respondents’ failure to complete the
questionnaire. The usual reason for this failure, or reticence, was a cited lack
of modeling expertise required to complete the text.
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In early February 1992 WES developed a questionnaire that solicited Army

use of and experience with groundwater flow and contaminant transport modei-

ing “ois in support of co ﬁtdmmdu:u site characierization and remediation. The
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17 Corps offices were received. Additionally, questionnaire responses were

obtained from 28 users al USAEC, repre scmmg seven USAEC elements, and

Fort Rnchardson AK) Whlle only two mstallatlons were polled dlrectlv,
USAEC representatives provided input for all other known uses of ground-
water models at Army installations.

These responses were analyzed for trends and content as presented in this
Chapter. From these analyses, certain points have appeared:

a. The Army is presently investigating organic solvents, hydrocarbons, and
explosives as their primary contaminants of concern. Heavy metals
were listed as of medium concern.

b. The Army is perlormmg modeling primarily for military installation
restoration, followed by Superfund activities

~ Armyu agranndwatar mndal ncare hava limitad in_hAanca avnariancs in

L& n.uuy sluuuuwat\A AIUUILVL UOV1D 11AavY v 1111ivuU LTIV uov UAP\/II\/IIU\I 111
modeling 0 date annravimatelv 80 nercent of all oanooino or

g. To date, approximately 80 percent of all ongoing or

completed modeling efforts have been contracted. Several questionnaire
respondents expressed a lack of sufficient modeling experience to

Chapter 2 Summary of Responses to Questionnaire on Army Use of Groundwater Models



complete the questionnaire. There are organizations within the Army,
however, that have acquired significant levels of modeling experience.

d. A sizeable portion of the experience base employed by Army model
users for decision making regarding modeling results is derived directly
from contractors’ experiences and comments.

ine nexi years uuesuonnalrc I'CSpOIl(lel'l(S cited 6 xpecrea moaeung
studies in the next 5 years, in contrast to the 61 Oﬁ‘Oiﬁg or completed
studies (over the last 10 years) reported.

g- The need to make much improved use of existing modeling tools
through interface and visualization extensions to current models,
modification of existing technology, etc., was stressed in users’
responses.

h. Additional research and development needs, ranging from probabilistic
model development to parameter database creation, were ranked by
questionnaire respondents.

i. The need for Army in-house technical assistance was suggested by the

overail tenor of users’ responses. The form for this assistance was not

k. A variety of reasons for nonuse of groundwater models was reported.
Chief among them were inadequate site data and resource limitations

regarding model training, upkeep, executlon, and analysis.

Chapter 2 Summary of Responses to Questionnaire on Army Use of Groundwater Models
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3 Panel 1: Groundwater
Problems, Users Needs

Objective/Scope of Panel

The scope of this panel was to provide the Army groundwater model user
community with the opportunity to present their general insights into modeling
experiences and more importantly their insights into requirements for future
activities. The responses to the preworkshop users survey provide an overview
of the user community’s needs, but the panel discussion was able to amplify
based on individual experiences past Army efforts in the modeling arena.
Successes and failures of previous modeling efforts at IR sites were addressed.
Suggestions were offered on the Army groundwater modeling user com-
munity’s greatest needs, including their perception of future research needs in
the field of groundwater modeling. Three state-of-the-art papers were

presented, and a panel discussion with audience participation foilowed. Panel
members and their affiliations follow; additional panel information is provided
2 A smannes dler T AAA~Ancntnw AAL T MM YFICALDM Mo Deaine Awmdosec~n ) » PO
Jeis t\ppﬁ iJdix viOUcCidor, Ivil. 1Id lVldy, UOAILL, IVll. Dildll AIIUCIDLIL, I'IVU-
agram Maonaognar Danlby Manntain Arcoanale Mr K hal Macand TT1Q Armyu Fngagi_
slalll 1v1aua5€1, INUCK 1vivulliialil nosviial, ivil. INidil 1IviddUuld, U.o. Ml Lllsl
near Nictricrt Raltimnra: Nr Fred Ralkar Ralrar and cenciatac: and Mr Qam
AVl A/ 30U l\—l’ U(lllvllll\ll\/, As1. A AV u(uxvn, AJanvi aiivu [)OO\J\.«IULV\” QEiNg IVii. waAQIlll
Bass, U.S. Army Engineer Division, Missouri River
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“Description o
Process at the

around Water Modeling Experience for the Ri/FS
cxy Mounta in Arsenai,” Brian Anderson, Program

chloride as a tracer fo modell g contaminant transnort Whlle thes arly

v
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Al farine ramandial invaction 3 H
differing-remedial investigation purposes, design and operation of individual
interim remedial actions, endangerment and risk assessments, and most
recently water quality management

Much 0[ the early modcl effort at RMA, in hmdsuzhl was wasted. One

different orgamzatnons. The codes and models became unusable upon the
completion of the individual study. There is no way of running or updating
these particular models with new data or with new scenarios that might have
developed after the model was completed. Modecling efforts were often under-
taken without an understanding of the data requirements of the model. Models
were also developed without a clear-cut objective for the modeling effort.
Finally, there was a lack of in-house Army expertise and resources to under-
stand the results of individual modcls and how to use the information from one

modelmg effort to gUldC either the work bemg done at RMA or the next
moaenng effort.

ensurin;J that objectives are clearly understood, relcvant past efforts are
considered, and the latest modeling effort will be useful to the overall cleanup
of RMA. In effect, this board, with its blend of state-of-the-art personal
experience, overcomes for this one installation the technology transfer problem
so strongly expressed in the user survey. Whilc it is not certain that such a
formal process can be set up at every installation doing groundwater modeling,
it is certain that guidance of this type is desperately needed to ensure that
modeling efforts are conducted efficiently.

Since 1917, the Edgewood Area of the Aberdcen Proving Ground has been

5 il LU0 g il iy

nical warfare research and development center and a chemical
agent oroductlon area for the United States. This long history of chemical
production, research and development, and disposal has led to the designation
of Edgewood Area as an NPL site with the identification of over

150 potentially contaminated subsites. These individual subsitcs have been
grouped into 55 clusters. Groundwater modeling efforts under the direction of
the USGS have been going on since the middle 1980°s in the Canal Creck and

O Field areas. Data collection has been challenging because of the large

Chapter 3 Panel 1: Groundwater Problems, Users Needs and Model Use



amount of unexploded ordnance (both chemical and conventional) in the study
areas. These special risks have led to the development of remote drilling and
which

whi!c safe for the workers, are very expensive and
time- consummg Much effort in the future is to be expended on developing
less expensive data collection allcrnatlves to the present methodologies.

To date, the majority of the groundwater modeling efforts have been con-
ducted by the USGS using the USGS MODFLOW model. This three-
dimensional model has been used to model a two-aquifer system with
boundary conditions for the rivers and the Chesapeake Bay, which ring the
site. This and future modeling efforts have the objectives of (a) characterizing
the contaminant plumes; (b) determining migration pathways to potentiai
receptor populations; and (c) simulating remediation activities. Moaeung

mrougnom the course of the field data collection efforts
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"Development of Groundwater Modeling Objectives and
Performance Criteria," Dr. Fred G. Baker, Baker Consultants

A common problem with modeling efforts seems to be the failure of the
model to meet the expectations of the end user. This failure can be traced to
several causes, which often lead to the end user feeling uncomfortable and
burned by the modeling process. The major causes of this disappointment are
(a) communication failures between the end user and 'l'ne modeier' (b) a

misunderstanding of the problem that the model is being create

]

e > required level of odeling eonhletl—
cation. After the modeling need i slabhshed the specific project modelmﬂ
objectives are determined. These objectlves should include a definition of the
major attributes or assumptions being made about the hydrogeologic system,
the calibration criteria that will be used to evaluate the model at the end of the
effort, and most importantly the expected limitations of the modeling effort.

Selected Questions and Answers

"Docs your peer review panel look at just the plans for groundwalter

w
w
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models? Or does the panel also look at the modeling results?" Mr. Anderson
responded that the peer review panel looked at the modeling effort at all
stages, from start to finish. This answer started a panel discussion as to the
availability and practicality of peer review panels at every installation for every
proposed groundwater model. Mr. Anderson responded that historically RMA
had never had the internal resources to really identify what their true objectives
were. Groundwater modeling was understood internally as a tool, but not
understood as to what the tool was accomplishing. Because of this lack of
internal guidance and understanding of' lhe modcling proccss the rcsuits were

tract for moclcnng forts. Therefore wunout gooa in-house modeling und

smndmg or gl.ll(ld nce, a peerr revie

"It has been stated that a groundwater model would be useful from the
beginning of the investigation process. If this is so, can I use the same model
throughout the entire process, through the feasibility study and remedial
design? Or do the changing conditions and level of data make that impos-
sible?" Mr. Anderson answered that this was very difficult, especially because
of the lack of in-house understanding of the modecling processes, and that the
lack of institutional knowledge made such a long-term approach practically
impossible. However, he further suggested that if proprietary codes were

v

avoided, perhaps a Corps laboralory or the USGS would be in the position to

"

help the instaliation make such long-ierm institutional arrangements possible
He reemphasized a point made by several panelists that modeling had to be
looked at as an iterative process and that only institutional knowledge would
prevent modelers from constantly reinventing the wheel

"Have any of the modecls predicted the end of the necessity of remedial
actions at RMA?" Mr. Anderson responded that the models predicted very
long time periods, but that the carly predictions had predicted quicker clean-
ups. This led to a general panel discussion of the changing technology of
groundwater modeling in the last 15 years and if it was appropriate to compare
recent predictions with predictions made 10 or 15 years ago. The panel also
discussed that it was hard to go back and look at 5- or 10-ycar-old modeling
efforts, both because of changing technologies and because organizations rarely
want lo iook at those oidcr prcdiclions. Organizations wouid raiher move

W
(6)]
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"The survey of end users identified that there was a large cost component
in developmg the data necessary to run a good groundwater model and that
this was a major impediment. If this is the case, should research efforts be
placed on developing models that require less data?" Ira May, USAEC,
responded that from his perspective that would be an inappropriate use of
research resources as he felt that the data needed to construct a good ground-
water model were data on the parameters necessary to have any understanding
of groundwater flow. After all a bad model is far worse than no model at all.
The problem was not the types of data needed for models, but rather that these
types of data were not routinely gathered at all sites. While these data can

A

fien be expensive to collect, knowiedge of these parameters is necessary with
| NP

=

of without mathematical groundwater nAdeing. He suggesied that research
efforts would be better spent on beiter data M}}ectim technology for these
parameters than on trying to i

This led to a general panel di&ussxcn on .research needs to better understand
the chemist..rv and physics of the subsurface, the transport of particular organic

Comment from Sam Bass, U.S. Army Engineer Division, Missouri
River

"One of the reasons we got together was to gather the end users together to
give advice to the R&D community on what the users need. It appears to me
that a majority of the users are reporting that models are too expensive and too
difficult. The users did not identify a need for additional or new computer
codes, rather help in using and understanding the existing codes. We do not
need to spend our time and money aevelopmg new coaes to renect subsurface

conditions; rather we need O pe sting tools and
3 ¢
L

o
o]
o
-
w

etter application of
i ization of
of with the
a ookbooks on

ng 0
how to apply a m odel are im ossnble to write effecuvelv 'I'hat mdgment

comes through experience and training, and there is no reasonable alternatlve
to that.

Summary

The panel discussed the specific models and installations that had been
presented during the short papers. The exchange of lessons learned and
experiences between installation projects proved quite valuable to many users
in the audience. Some of the general ideas shared include the following:
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a. Inadequate data for modeling is not an adequate excuse. The data will
be needed to define the problem, not just the model.

b. Complexity of the modeling effort should be a reflection of the
complexity of the problem.

c. Model capabilities and modeling efforts shouid never drive project
objectives.

=

f. The calibration process should not involve simply manipulating the
hydrogeologic parameters to match the observations. Calibration should
be more scientifically based by improving if possible the site conceptual
model and understanding.

g. Future modeling should include optimization methods for design and
should employ sensitivity analyses on site parameters prior to model
application.
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k. Training in the use of and understanding of existing models is the users’
most pressing need.
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4 Panel 2: Model Use in
Remedial Investigations
(RI)

Background

The RI aspects of the overall RI/FS process at hazardous, toxic, and
radiological waste (HTRW) sites involve field and laboratory studies com-
monly referred to as site characterization or site assessment. RI activities are
inherently interdisciplinary, involving geology, hydrogeology, geophysics, and
contaminant geochemistry. Groundwater modeling is or should be used before,
during, and after the RI activities.

Objective/Scope of Panel

The Panel 2 presentations and discussion addressed a subject area that is
commonly recognized as the most important and yet most difficult problem
encountered in a groundwater modeling effort: defining the problem to be
modeled. While the previous statement is true, it may contribute to a miscon-
ception that views groundwater modeling as a separate entity from the RI
activities. The primary purpose of the Rl is to define a site, in terms of
geology, hydrogeology, contaminant sources, and contaminant transport pro-
cesses and properties, to the extent necessary to support FS and remediation
activities. Groundwater modeling plays an important role in the FS and
remediation activities by evaluating remediation alternatives and assessing
remediation effectiveness. However, groundwater modeling can also play a
key role in conceptualizing site processes and planning the RI. Groundwater
modeling during the RI is effectively used to enhance understanding of the site
during data acquisition and to modify the RI strategy to more effectively
address data gaps and uncertainties. Panel 2 emphasized the synergism
between groundwater modeling and the RI process. This modeling/RI
synergism is suggested in Figure 25, where a feedback loop, which includes
groundwater modeling, remains active until remediation decisions can be made
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Among numcrical groundwater modeling concerns are uncertainties related
to the validity of the defining cquations, accuracy of the numerical approxima-
tions to the defining equations, and accuracy of the computational algorithms.
However, accuracy and uncertainty related to numerical groundwater modeling
are at least sccond order in significance when compared to uncertainties related
to dcfinition of the geologic model, hydrogeologic model, and contaminant
transport processes. Although the numerical models require definition of
properties at all points in the domain of the model (the subsurface), this can
never be achiceved in practice. Field data must be interpolated and extrapolated
in a statistically and geologically meaningful and rational manner to account
for the geologic heterogeneity/variability and resulting parameter uncertainty
that will inevitably exist after any site characterization/RI. The cost of reduc-
ing site characterization uncertainty by acquiring additional data must be
balanced against the results of acceptable risk analyses.

The site characterization requirements addressed in the Rl include definition
of (a) geologic structure, stratigraphy and lithology; (b) hydrogeologic
properties; (c) flow boundaries; (d) surface hydrology; () contaminant types,
sources, properties and mechanisms; and (f) transport and transformation proc-
esses in the subsurface environment. The techniques used to obtain informa-
tion for these definition requirements are diverse: geologic mapping; surface
geophysical surveying; borehole drilling, sampling, and logging; borchole geo-
physical logging; borchole pumping tests; dye tracing; laboratory testing,
including physical and chemical properties; and others. A large and/or
complicated site will involve a significant data management cffort and require
a quality control and assessment program. The factors, considerations, and
parameters that must be considered and determined in the RI are summarized
in Figure 26.

The panel format consisted of (a) two synopsis presentations on
hydrogeology/groundwater modeling and contaminant transport processes/
groundwater modcling, (b) a case history prescntation emphasizing the role of
geostatistics in site characterization, (¢) an interactive discussion (questions and
answers) with Workshop attendees, and (d) a concluding statement by each
panel member. Members of Panel 2 are listed as follow; additional informa-
tion on this pancl is provided in Appendix D: Moderator, Dr. Dwain Butler,
WES; Mr. Carlos Tamayo-Lara, Colorado State University; Dr. Frank
Schwartz, Ohio State University; Dr. Carl Enfield, U.S. Environmental Protec-
tion Agency Kerr Environmental Research Laboratory; Dr. James May, WES;
Mr. Gregory Hempen, U.S. Army Engineer District, St. Louis; Mr. Dennis
Bowser, USAEC; Dr. James Brannon, WES; and Dr. Jesse Yow, Lawrence
Livermore National Laboratory.

Key Points from Panel 2 Presentations

“Groundwater Models and Remedial Investigation," Dr. Franklin W.
Schwartz, Ohio State University

There are two approaches to groundwater modcling: (a) a conventional

Chapter 4 Panel 2: Model Use in Remedial Investigations (RI)



Project Type

» DERA (Defense Environmental Restoration Act Program)
« IR (Installation Restoration)
» NPL (Nationai Priority List)
» Formerly Used Federal Properties
« Other Hazardous Wastes
* Superfund Site
« Contamination Remediation
* Unexploded Ordnance
* Site/Remediation Monitoring

Geologic Environment

* Fractured Rock/Porous Media

» Consolidated/Unconsolidated Materials

« Aquifers/Aquitards (Permeable/Impermeable)
* Structure, Stratigraphy and Lithology

* Heterogeneity

» Geometry and Scale

» Parameter Uncertainties

< Boundary Conditions

* Hydraulic Head Distribution

+» Unsaturated/Saturated Flow

* Steady State/Transient

» Hydraulic Conductivity Distribution in Three Dimensions
* Porosity Distribution in Three Dimensions

» Saturated Thickness Distributions in Three Dimensions

I'e) + Q
« Contaminant Source Locations

« |nitial Conditions
» Parameter Uncertainties

Contaminant Properties and Transport Mechanisms

* Single/Multiple Species
* Soluble/Insoluble
* Density (Relative to Water)

NAa V-t N
e onsenvaiive/iNnonconsery

« Advective Transport

* Dispersion/Diffusion

» Chemical and Biological Reactions/Transformations
* Retardation/Decay

« Radionuclides

« Parameter Uncertainties

iva
LAY

Data Management and Quality Assurance/Quality Control of Field Surveys

and Laberateru Meacurements

RI and Groundwater Modeling Synergism

Figure 26. Factors and considerations in Rl’s

Chapter 4 Panel 2: Model Use in Remedial Investigations (RI)

41



42

approach and (b) a state-of-the-science approach. The conventional approach
is the norm, and the same general strategy is followed at all sites, regardless of
site-specific details. The conventional approach has some important
advantages:

a. It requires little technical sophistication, and the same standard tests are
performed according to more or less standard procedures by the same
personnel at all sites.

b. It is relative easy to manage, since there is little deviation from one
project to the next.

c. It is simple from the perspective of regulators, since proposals, scopes of
work, and final RI reports all look very similar from site to site.

d. The standardization leads to a homogeneity and simplification of
management and execution and is the least expensive approach.

There are, however, some serious disadvantages to the conventional approach:

a. In many cases, the site is not adequately characterized to support
groundwater modeling, FS, and ultimately the decisions which must be
made.

b. It results in a very unpredictable cost of remediation.

c. It gives few clues regarding the time required to remediate and the
effectiveness of remediation.

The conventional approach typically uses state-of-the-practice methodology,
which in many cases is not equivalent to the state of the art. A state-of-the-
science approach requires "cutting edge" technology and the best available
personnel. The state-of-the-science approach discussed here is a model-based,
mass transport approach to RI, where the ideas and procedures of a modeler
are applied to RI. Procedures and techniques used in the mass transport
approach will vary from site to site. Generally the model-based, state-of-the-
science approach will involve a general methodology that requires the geo-
scientist to (a) identify the contaminants and their distribution at the site,

(b) identify the transport processes and the key parameters that describe/
quantify the processes, and (c) develop a measurement strategy that will enable
the determination of the key transport parameters. The advantages of the

model-based approach are as follows:

a. Sites are much better characterized and problems are better defined; data
gaps are less likely.

b. The results are presented in forms which directly support groundwater
modeling and FS.

¢. Remediation/cleanup costs are more predictable.

Chapter 4° Panel 2: Model Use in Remedial Investigations (RI)



d. 1t is easier to predict compliance as a result of remediation.

The disadvantages of the model-based approach are as follows:

a. Better trained, specialized personnel are required.

b. Field and laboratory measurement programs and interpretation tools are
more exotic.

c. RI planning, management, and regulatory oversight become more diffi-
cult, since each site/project will have an individualized RL

d. The RI will be more expensive than for the conventional approach.

In summary, the model-based, state-of-the-science approach will result in a
better site characterization and a greater chance for successful remediation.

Groundwater modeling is important early in the RI process as an aid in
conceptualizing the site geology, hydrogeology, and contaminant transport.
Early site modeling has tangible benefits that include (a) an awareness of the
key processes and parameters, (b) a feel for the sensitivity to changes in
parameter values, (c) identification of deficiencies in background data, and
(d) a valuable aid in designing the RI. Inverse groundwater modeling is used
during the RI to determine hydrogeological and transport parameters from field
measurements. An expert system-based inverse groundwater modeling
program called Expert ROKEY (McClymont and Schwartz 1987) was
described, and an example presented of its use with varying amounts of input
data. The program has embedded knowledge to guide the user through data
input, and can be a valuable aid for problem conceptualization and for
parameter determination from field measurements.

"Contaminant Transport Processes, Determination of Important
Processes for a Given Site," Dr. Carl G. Enfield, U.S. Environmental
Protection Agency

Three areas relevant to contaminant transport processes were briefly dis-
cussed: (a) hydrogeological factors contributing to significant differences
between contaminant transport model calculations and field measured values;
(b) chemical transport processes; and (c) transformations. In situ, hydraulic
conductivity can vary by orders of magnitude over short distances (microscale
variability) depending on the geologic environment of deposition (Figure 27).
This hydraulic conductivity variation has the effect of allowing rapid flow and
transport in some regions and much slower flow and transport in nearby
regions. Commonly, based on a very limited number of hydraulic conductivity
measurements, this is modeled by some "average or typical" hydraulic conduc-
tivity value, when in actuality there is no typical value, and a large dispersion
coefficient is used in an attempt to account for observations. This practice
applies a theory to the wrong problem, for only if the hydraulic conductivity
distribution is completely-random (very small correlation distance) will
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delav chemxca] tr sport,
relative to the ﬂow, are
commonly described by
partition coefficients, which
to many people may seem
like "voodoo magic."
Partition coefficients can
vary significantly from one
part of a site to another, and
can vary significantly along
the path of transport of a
contaminani, as the

varies. Partition coefficients
in the literature assume only
water and one contaminant
compound, where the con-
taminant is an organic,

neutral, nonpolar material
and the partitioning (sorp-
tion) is to the organic carbon
in the soil. If all the
assumptions are valid at the
site, the theory works fairly
well as long as the contami-

Figure 27. Variation in geologic environment of S
b d 3 nant concentration is very
deposition ; ieen 1x
low (dilute). However, at
many sites, the concentration
is noi iow. Also at many siies, ithere will be a mixture of chemicais,
nonaqueous phase liquids (NAPL’s) as well as dense nonaqueous phase liquids
/MNADT ’c) and thara maur ha mnen than ana onliant cnak ac alanhal
LJINLAE B, b}, dallu uivli v 1iia UC 1HIVUIC Uiadll ULIC 1Vl dSUulll ad dl 11U1
Cosolvents ench ag alecohnle and additive eurfactante have the effect of
Cosolvents, such as alcohols, and additive surfactants have the effect of
speeding up contaminant transport. With surfactants, there is a critical concen-
tration. Below Lhe critical concan ati@n the surf a-t:,mt can be treated as a

must be considered as a multiple-phase system. Other factors, such as residual
saturation of an organic compound in a soil, can delay contaminant transport
relative to predictions using a simple partitioning model for transport through a
"pristine" soil. The residual saturation will not only slow contaminant trans-
port but will act as a contaminant source for many years (possibly centuries).

Transformations involve chemical or biological interactions that change the
nature of the contaminants being transported through the geologic media.
Most contaminant transport models assume first-order kinetics for describing
transfo rmauons However, transtormauon rates are not first order [or all
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transformations. However, transformation rates are not first order for all
chemical interactions, for all geologic media, and for all concentrations of the
chemicals. Generally, two chemicals must be in intimate contact, i.e., at the
same place at the same time, for major transformation to occur; this implies
that mixing must occur. For cases where one contaminant displaces another in
a soil/water/contaminant system, transformation may occur in a narrow zone
on either side of the contact surface, but mixing and hence transformation may
not occur on a large scale.

The key reason for groundwater modeling problems and failures is poor site
characterization. The success or failure of groundwater modeling depends on
how well the site is characterized. Likewise, the success or failure of activities
leading to the design, construction, and operation of remedial measures is
dependent on the understanding (characterization) of the site geology. Two
factors that must be addressed in all RI and groundwater modeling efforts are
uncertainty and aquifer heterogeneity. Any groundwater modeling effort that
characterizes an aquifer with a singie vaiue of hydrauiic conductivity, singie
value of saturated thickness, efc., can give, at best, only a crude approximation

[ aqui is type modeling is
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The application of geostatistics and stochastic process theory to characterize
geologic heterogeneity and parameter uncertainty is illustrated by a site charac-
terization effort at an offpost area north of RMA. Three statistical techniques/
procedures were described for characterizing heterogeneity and parameter
uncertainty: parameter semivariogram for determination of variances and
spatial correlation distances; kriging for parameter estimation in areas where
there are no measurements; and co-kriging for parameter estimation in areas
where there are no measurements of a given parameter, but where there are
measurements of another parameter that is correlated to the given parameter
(such as transmissivity and saturated thickness). The parameter semivariogram
is analyzed to yield a correlation distance that describes the distance from a

given measurement position at which the parameter values are correlated or
spatially continuou Kriging is a technique for estimati meter vaiues
1.,

,..
i
]
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away 1ioiy ur ¢ the same va

tion structure as the measured data. In many cases, only a few values of
hydraulic conductivity (usually the most undersampled variable) will be avail-
able in an area; however, there will generally be substantially more values of
saturated thickness, and hydraulic conductivity and saturated thickness will

likely be correlated (as they were for the case presented). Co-kriging improves
the estimates of the undersampled variable, based on the correlation. The
kriged and co-kriged estimates are used in stochastic process modeling for
remediation alternative evaluation and predictions.
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Selected Questions and Answers and Panelist
Comments

Question to Dr. Enfield by unidentified speaker

"Can you see a use for a model such that it could justify a ‘no-action’ at a
particular site?" Two cases were identified by Dr. Enfield that might justify a
"no-action": (a) where the natural chemical and biological processes that are
taking place will reduce the plume concentration to below regulatory criteria
before leaving site boundaries; (b) where there is sufficient dilution from
natural water input to reduce the concentration at the points of control to
below regulatory criteria. - "No-action" could be justified by modeling in these
cases if the processes and input parameters are carefuily documented and the
modeling procedure is demonsirated o0 be realisiic for the siie.

Question to Dr. Schwartz by Mr. Stephen White, U.S. Army
Engineer District, Omaha

"Many times the Districts are assigned ‘modeling tasks’ with very little
data; often another party has acquired the data and there is no option to obtain
additional data. There is a great need for basic modeling tools with ‘low
learning curves,” such as Expert ROKEY, that can be used as learning tools
themselves and can help conceptualize flow and transport, particularly at sites
with limited data. With respect to doing the more complex RI [model-based
approach] up front, we have a lot of trouble getting architect-engineers [A-E’s]
to go through and manage and carry out the more simple...or more standard
task [conventional approach]....[What do we do to] get them capable to do this,
and what parameters, in specific, are you talking about getting up front in that

11 nYon ™

more model-oriented RI?" Dr. Schwartz stated that the probiem of encourag-

ing more proactive science-oriented Rl is a difficult one, because the level of
education of the responsible parties is the limiting factor. More sophisticated
RI will come only through education. The parameters that are missing most
frequently in the conventional approach, that are needed in the state-of-the-
science approach, are all the critical mass transport parameters. Personnel
conducting RI are more accustomed to determining groundwater flow
parameters than the mass transport parameters, and the transport parameters are
neglected.

Comment, Mr. Mat Johansen, U.S. Army Engineer District, Walla
Walla

"On my wish list of the ultimate model is a model that helps the user
effectively link the input uncertainty with the variability and the output
uncertainty. I think we may deceive bosses, regulators, and the public when
we give singie [simpie] answers to compiex probiems. I iook forward to any
research and development of modeling that heips us deal with that

Chapter 4 Panel 2: Model Use in Remedial Investigations (RI)



Comment, Mr. Greg Hempen, Panel Member, U.S. Army Engineer
District, St. Louis

"I would like to mention a pet area, that I think there is reason to save
considerable amounts of money on site investigation....And that is the classical
geologic input of depositional information [environment of deposition]. If you
know the depositional environment before you go to a site, all your site
samples mean much more than they would in a stark sense....The new field of
geostatistics and the classic geologic depositional history will give much better
answers much sooner.”

less of what model is ultimately used [for groundwater mo
have the correct conceptual model and input
geologic uncertainty."
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Comment, Dr. James Brannon, Panel Member, WES

"...I can’t overemphasize the importance of really understanding the
geochemistry and the chemistry of the contaminant which you are dealing
with, in addition to understanding geological properties of the site and the
formation and the way that the water moves, because if you don’t understand
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"The DOE [Department of Energy] faces environmental restoration

problems similar in magnitude to the DOD. There are differences in emphasis,

but also some common ground. The four areas of primary interest to the DOE
are as follows:

a. Subsurface contamination; solvents (DOE has TCE [trichloroethylene]
contamination on virtually all its properties).

b. Petroleum products; DOE has its share of hydrocarbon spills.

c. Heavy metals and radionuclides (a departure from DOD concerns).

A Deaneoanti atneial 1 PO RSN | DRSPS L vt Aa AL L0
@. Dncigiul maicridis, CXpiosives, and propeiiants (tn€ magnitude ol inis
problem is less for DOE than for DOD)."
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Miscellaneous comments and suggestions from workshop
attendees

Personnel in Corps districts and at military installations frequently do not
have the training and experience to enable them to adequately review the
progress and results of groundwater modeling and site characterization input to
the modeling process. Also the personnel are often not equipped to make in-
formed decisions regarding when to model, when not to model, and the level/
extent of groundwater modeling appropriate to given situations. The Army
needs a unified strategy and guidelines for application of groundwater model-
ing. An Army in-house capability for evaluation, assessment, verification, and
validation of groundwater modeling results is needed. An Army-wide
methodology for quality control and quality assurance of site characterization
and groundwater modeling would greatly enhance the role and success of
groundwater modeling in the RI/FS process.

Written Comments on the Tenets of Good or Usable Groundwater
Models, Mr. Hector Magallanes, White Sands Missile Range

Mr. Magallanes provided the following comments:

a. Easy to input variables, hopefully from database.

b. Easy to use, i.e., user friendly, with prompts asking for data and "Help"
function.

c. Clearly specifies limitations and what kinds of geologic and hydro-
geologic conditions that it can represent well (two-dimensional flow,
constant head, plug flow, homogeneous, isotropic, etc.).

d. Not unnecessarily complex to use.

e. Allows for easy sensitivity analysis of results.

f- Designed for the novice who has the capacity to learn.

g. Microcomputer (PC) based.

h. Takes into consideration retardation due to organic carbon, vapor phase
transport, mass transfer, aquifer thickness.

i. Ability to do inverse calculations for hydrogeological parameters.
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Summary and Research and Development
' .equ:rements
Summary -
L . 11 —_ a1 1 ~ A 1 PR a1 . s rad
The following points summarize the key facts relevant to the subject of
Panel 2 that were presented and discussed during the workshop:
a. A state-of-the-science, groundwater modeling-based approach to
remedial investigations will result in predictable and decreased
remediation costs and verifiable results.

b. Groundwater modeling should be used early and throughout RI for con-
ceptual model formulation and program planning/modification.

¢. The RI should be planned and conducted with the objective of support-
ing groundwater modeling, FS, and remediation, and not just to develop
a database of facts about the site.

d. Geostatistics is currently the best way to rationally account for
uncertainty and heterogeneity.

e. The Army needs an in-house capability to evaluate/assess/verify/validate
groundwater modeling results

f. There is need for an Army-wide quality assurance/quality control
methodology

g- The Army needs a unified strategy for application of groundwater
modeling

h. Many problems that are being encountered in practice are not technical,
but caused by regulatory requirements, timeliness, budget, etc.

i. An increased emphasis on fundamental geology is needed, e.g.,
environment of deposition, characterization of types, and scale of
heterogeneity, etc.

J- Many fundamental contaminant transport processes that are contaminant
specific are poorly understood; the Army needs an enhanced understand-
ing of fundamental transport process, particularly for soivents, hydro-
carbons, and explosives.

Chapter 4 Panel 2: Model Use in Remedial Investigations (RI)
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ter guidelines and new procedures to make use of
1 in RI planning and execution and site conce

Development of groundwater models or procedures for parameter sensi-
tivity analyses and for linking input uncertainties to model output
uncertainties.

Valid procedures for modeling transport at high contaminant
concentration levels.

Development of procedures for identifying numerical transport (con-
trasted to physical transport) when it occurs during groundwater
modeling.

Development of guidance on the appropriate level of analysis/modeling
versus problem type/complexity and on personnel/time/cost to
arnrnmnlich tha nhiantiva
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Development of better, more effective mechanisms for groundwater

Development of mechanisms for transitioning state-of-the-science
approaches to RI to actual application and practice.
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The primary purpose of remediation activities is to protect human health
and the environment. This overall objective is accomplished, where necessary,
through implementation of passive and/or active remedial action alternatives.
Once the site is characterized in the RI and the risk assessments establish
appropriate remediation goals, numerous alternatives for attaining the
established cleanup requirements may be evaluated during the FS process.
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a. Inventory modeling applications in the remedial alternative evaluation
and implementation process.

b. Identify research and development issues related to the technically
effective and cost-efficient use of groundwater modeling during the FS
process.

As an increasing number of large complex contaminated sites move toward
remediation, it is becoming increasingly important to develop methods to
predict the performance of various subsurface remediation options. These

performance models are critical to predict the potentiai cost effectiveness of
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remediai allernauves and to aetermme whether a particular technology is likely
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One state-of-the-art paper was presented and a panel discussion with
questions from the audience followed. Panel 3 members (made up of sub-
panels 3a and 3b) are listed as follow; add;tional panel information is provided
in Appendix D: Panel 3a Moderator, Dr. John Cullinane, WES; Mr. Jack
Genereaux, U.S. Army Engineer District, Kansas City; Mr. Jim Zeltinger, U.S.

7’

Army Engineer District, Omaha; Mr. Don Koch, Engineering Technical
Associates; and Dr. Gaylen Brubaker, Remediation Technologies, Inc.; and

n
-
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Panel 3b Moderator, Ms. Tomiann McDaniel, HQUSACE; Dr. James Warner,
Colorado State University; Dr. Randall Ross, U.S. Environmental Protection
Agency Kerr Environmental Research Laboratory; Dr. C. Y. Chiang, Shell
Development Company; and Ms. Carol McKinney, U.S. Army Engineer
District, Kansas City.

Key Lessons from Paper Presented

Dr. Gaylen Brubaker, Remediation Technologies, Inc., presented a paper,
"Process Options for In Situ Subsurface Remediation." This paper, using a
case history approach, describes typical subsurface remedial action alternatives
considered during the FS process. Two sites were described: a petrochemical
facility on the Gulf Coast and a Superfund site in the Midwest. The subsur-
face remedial action alternatives considered at these sites included the
following:

a. NAPL recovery.

| A 5 O o
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¢. In situ bioremediation.

d. Vapor extraction techniques.

Nonaqueous phase liquid recovery

In cases where a large release of material occurs, solubility limitations may
result in the formation of NAPL’s. Depending on density, NAPL’s are
classified as light (LNAPL) and dense (DNAPL). NAPL recovery incorporates
the removal of "product" from the ground. Product recovery may result in a
recyclable material or a concentrated waste material. A simple NAPL recovery
system is shown in Figure 28. Multiphase models are required for evaluation
of NAPL removal alternatives. Rules of thumb for evaluating NAPL removal
aiternatives are aiso being generated by the EPA. Parameters of interest in
evawaung
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APL removal alternatives include VlSCOSl[y, aensuy, interfacial
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Raising the temperature of most DNAPL’s reduces their v1scosnt and results
in improved product recovery. From a modeling perspective, there is a need to
model the effects of temperature and the chemical interactions of various
additives with the NAPL’s.

s e i
water or steam processes are particularly significant for rem
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Figure 28. Simple NAPL recovery system
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Pump and treat

Pump and treat is the grandfather of subsurface remedial alternatives
(Figure 30). Pump and treat systems employ extraction wells to simply pump
the water to the surface for treatment. A variant of traditional pump and treat
systems is the use of interceptor trenches for shallow groundwater systems.
Enhanced pump and treatment systems (Figure 31) are also being developed.

1

Limitations of pump and treat systems inciude the following:
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d. Pumping can create dead zones.
e. Groundwater flow is limited in low permeability zones.

Original models for pump and treat systems were rather simplistic
groundwater flow models. More sophisticated models, incorporating
contaminant transport, are being developed. These models are beginning to
account for such phenomena as advection, diffusion, partitioning, adsorption/
desorption, biological degradation, etc. The sophistication of the model
selected for use on a specific site shouid be appropriate to the compiexities of

the site. Different modeis may be appropriaie at different stages of aliernative
development and evaluation.

In situ bioremediation is an extremely popular concept (Figure 32). Very

/s EEEEETS XN r-\" o7

simple models of bioremediation process are currently used. Factors of inter-
est in modeling the bioremediation process include the following:

a. Microbial versatility and diversity.
b. Microbial environment (pH, oxygen supply, temperature, nutrients).

c. Bioavailability of organic contaminant (thermodynamics, accessibility to
enzyme systems, solubility).

L ¥ Py Wy
Vapor systems
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recovery systems, which are essentially in situ air stripping, incorporate the
movement of air through the porous media. A variation on the vapor recovery
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gure 30. Simple pump and treat system
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system is aquifer aeration. Henry’s law and partitioning effects from the
aqueous to the air phase are important considerations. Important modeling
considerations include the following:
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Question to Dr. Brubaker from unidentified speaker

"The use of hot water flushing to convert DNAPL’s to LNAPL’s was an
interesting prospect, but can’t vou create a much larger zone of residual satura-
tion that way?" Dr. Brubaker replied that design and operation considerations

can be used to minimize the possibility of this occurring. This is a technology
that is used in the oil industry. Two pilot studies that evaluate thls technology
for the recovery of DNAPL’s are currently underway.

Question to Dr. Brubaker from unidentified speaker

"Where are we in the use of genetic bacteria for remediation?" According
to Dr. Brubaker, there are a variety of thoughts on this issue. Within the in s-
itu bioremediation commumly, there is a slrong preference for using the

natural bacteria r r than lrymg o mj IOl‘Clgn bacteria. He thinks the

"Is modeling used to justify the no-action a!LcrnaLive?" \ccordin
Ms. Tomiann McDaniel, Headquarters U.S. Ar
action alternative has been justified and seleclcd
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Comment from unidentified speaker. "I am working on a site where we
are hoping to incorporate a no-action alternative. Modeling is definitely
needed to justify compliance as far as concentrations at points of compliance."

Comment from Dr. C. Y. Chiang, Shell Development Company. "I
think that modeling plays a crucial role if you have a no-action alternative."
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Comment from Mr. Bass. "We have a site where modeling was used to
justify a no-action alternative. This site used unsaturated zone modeling to
predict the impact of contaminant release on the underlying groundwater."

Question from unidentified speaker

"Does anybody know how much data is required for a really good model?
Can you say a number? How much should I pay for groundwater modeling?"
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the type of model, data requirements, or costs."

. . . "
Comment from Mr. Don Koch, Engineering Technologies, Inc. "There
are a variety of interpretations on what a model is, ranging from merely

models. The decision on what is appropriate has to be based on the amount of
data you have or the uncertainty you need to resolve your problem."

ing data to analytical models to complex finite difference/element

Comment from Mr. Bass. "The time required for modeling also needs to
be considered.”

Summary

7

categorized into four broad areas: technology transfer, communications,
process science, and modeling science. The technology transfer and communi-
cations categories are oriented more toward the Corps of Engineers institu-
tional environment, whereas the process and modeling science categories are
associated with traditional research and development activities.

ssues and topics identified during the Panel 3a discussion can be

Technology transfer

The most important concern for the users attending the workshop is the
iechnology transfer issue rather than "pure” research and development issues.

v A AL

The users require information on the existing state of the art and
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requirements stated by the audience included training, technical guidance docu-
ments, management guidance, and a formal technology update mechanism.

See Chapter 7 for more detail.

Communications

The acceptance and efficient use of modeling depend on improved com-
munications and interaction between modelers and the various disciplines that
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are using the information produced by the models. Specific issues included
the following.

Improve scoping. Modeling and the use of information provided by
models is a multidisciplinary activity. Each discipline (hydrogeologist,
chemist, engineer, etc.) has different expectations for modeling and modeling
results. The interaction between these disciplines should be improved and
initiated early in the process. Modeling should be considered in the scoping
process. '
Objectives. Specific objectives should be developed and included in the
de in lion of model expecxauons Objectives shouid be writien to incorporate

othe

i

disciplines.

Process science
Process science relates to the physics, chemistry, and biology of ground-
water flow and contaminant fate and transport. It was generally agreed that an
improved understanding of the physical, chemical, and biological mechanisms

associated with groundwater flow and contaminant transport is needed.

Groundwater flow, The physics of groundwater flow is a major aspect of
development of accurate models. Users appeared to agree that the understand-
ing of the groundwater flow portion of the overall probiem is much further
advanced than the understanding of the physical, chemicai, and moxoglcal
phenomena associated with subsurface transport of contaminants.
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accurately evaluate dlfoSlOﬂ, sorptlon desorption, biological de madatlon etc.
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Modeling science

Use existing models. In general, users appear to be of the opinion that
exisiing models are adequate for current needs. The use of existing models
should be stressed. Improvements in existing models should be considered,
but this is not a high priority. The most pressing need is to provide guidance
on existing models. Procedures for use and application are needed. Many
users feit that they did not have sufficient information or knowiedge with

which io make recommendations concermng research needs.
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Universal model. Development of one "universal" model is not
appropriate. A family of models may be more appropriate. Both analytical
and numerical models have their place and should be viewed as arrows in the
quiver of the engineers and scientists conducting a remedial action.
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a. If at all possible, the model should run in the PC (preferably on a
386 generation processor) environment.

b. Input data requirements should be minimized, subject to unacceptable
reduction in model accuracy.

¢. Models should include optimization capabilities.

d. Run time is extremely important. It is essential to be able to make
numerous runs.
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h. Methods for easy data input should include procedures to allow for the
inclusion of output from prior runs into input of subsequent runs.

i. Models should easily accommodate various remedial action alternatives.
For example, it should be easy to put in such features as extraction
wells, extraction trenches, recharge wells, recharge trenches, barriers,
and surface infiltration. The models should have the capability to
simulate various remedial alternative operation scenarios such as pulse

pumping.

Models should provide a time-phased estimate of contaminant
concenirations in exiracied water.
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Data requirements. Procedures and methods for obtaining data should be
simplified. Techniques to incorporate existing databases with the modeling
process should be developed. Interfaces with GIS type systems would improve
model application and be more efficient.

Chapter 5 Panel 3a: Model Use in Remediation, Part 1



6 Panel 3b: Model Use in
Remediation, Part 2
Background

The feasibility study and site remediation process result in the implementa-
tion of a carefully considered course of action designed ultimately to protect
human health and the environment. When such a course of action involves
operation of a contaminated groundwater management or remediation project,
it may range from fairly straightforward to quite complex. The variability may
be due io the hydrogeologic conditions, the objective of the remediation, or the

........ A _

system design itself.

Objective/Scope of Panel

The scope of this panel was to discuss the potential benefits and other
issues related to using groundwater modeling in the operation phase of
groundwater remediation projects.

Key Points from Panei 3b Presentations

Environmental Protection Agency

Groundwater modeling is best approached as an iterative process beginning
with the RI and continuing through the evaluation of feasible alternatives to
design of the remedial action and assessment of remedial action performance.
A numerical groundwater model can be useful in testing a conceptual site
model to determine the validity of data interpretation and the relative value of

onal data points. Once the objectives of the remediation are determined,

eling is useful in evaluating the effectiveness of different
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methods of obtaining those objectives. The efficiency of a groundwater pump-
and-treat or containment design can be enhanced through the use of ground-
water modeling. As illustrated in this case study, groundwater modeling is
also useful in evaluating the effectiveness of pump-and-treat systems and in
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determining potential locations and pumping rates for future extraction wells or
recharge trenches.

Evaluation of the Gilson Road Superfund Site remedial action using moni-
toring data led to reevaluation of the numerical groundwater modeling origi-
nally done to design a containment project. Several problems were found with
the original conceptual site model including poor characterization of the source
and an incomplete understanding of the site hydrogeology, despite having what
might be considered a well-characterized site, i.e., over 100 monitoring points
in a 20-acre (8-ha) site. The importance of maintaining continuity throughout
the process was illustrated when the data files from the original modeling
activity by a contractor could not be located in order to continue with further
groundwater analyses by another contractor.

The use of a reputable consulting firm did not guarantee that good model-
ing practices were used in later modeling attempts. Some of the problems
noted include modeling a heterogeneous aquifer in a homogeneous manner,
significant adjustment of site physical features in order to calibrate head data,
incorrect location on the model grid of physical features with hydraulic impact,
and significant size differences between adjacent nodes.

The integration of proven flow models with transport models and geostatis-
tics in order to evaluate the effectiveness and efficiency of a pump-and-treat
system is being tried on this site. A GIS will be combined with the modeling
activities to aid in presenting volumes of data in a meaningful way. The use
of GIS packages helps with data input to a numerical groundwater model as
well as with management of data generated by modeling activities. This is
considered to be the future trend in data/model interfacing and data
management.

“Use of Numerical Groundwater Modeling for Operation and
Management of the North Boundary Containment System at the
Rocky Mountain Arsenal,” Dr. James Warner, Colorado State
University

A detailed numerical groundwater model of the North Boundary Con-
tainment System was developed to aid the RMA in its operation of the barrier
system. Since this barrier system was one of the first of its kind, there was no
previous operational experience on which to base decisions. Management of
such a system turned out to be a complex task.

To answer the detailed operational questions being asked by RMA, a finite
element model (CSU-GWFLOW) with a very fine grid (14,000 nodes) was
used (Warner 1987). This allowed each well to be represented by separate
nodes. Direct comparison of model results with field data was possible with
this configuration. Transport of contaminants was not modeled.

Model calibration with an average error of about 0.5 ft (0.15 m) was
achieved through the use of steady-state and transient calibrations. This was
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possible because of the amount of field m_o_wa,i,_n that was available. Lack

of monitoring data did, however, present problems.

The model was used to explore what operational changes would work best
to achieve the desired results in management of the contaminated groundwater
plumes. Overpumping of wells with installation of recharge trenches has been
used to reverse gradients across the system. The model was also used to pre-
dict the time available before undesirable effects from a system shutdown
would be felt. This allows RMA to plan, not merely react.

There is now a good body of experience gained through the operation and

___________ Y % 1

management of this barrier system, which should be studied by anyone
involved in designing or operating a contaminated groundwater management
Qucgtomm
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Prediction ,t (_:!ean_up Time," Dr. C. Y. Chiang
Company

Models are a useful aid in designing bioremediation systems. It is imper-
ative to the success of the design that the physical processes at the site are
well understood and that site-specific parameters are used in the model. A
case study was used to illustrate the interactive nature of modeling and data
gathering.

Field data were gathered and analyzed in order to make hypotheses about

the processes that were taking place. Modeling was used in these analyses.
Additional data collection and modeling were done as the hypotheses were
refined. Laboratory studies were also used to supplement and further correlate
the trends that were observed from the field data. This procedure led to a
better understanding of the processes that were and were not taking place in
the field

Modeling was then used to aid in designing an injection and capture sys-
tem. Multilevel injection wells were used to assure the oxygen was available
to the entire contaminated aquifer. Pure oxygen at a concentration of 40 ppm
was injected into the site. A system to prevent iron precipitation was used and
nutrients were also added. The nutrients were later found to be unnecessary.

There are many uncertainties that must be considered when modeling
attenuation or transport processes. Some of these problems can lead to what
appear to be abnormally high predicted contaminant concentrations when com-
pared to field data. The sampling method can affect apparent concentrations
of contaminants. Correiations between monitor well sampling and formation

sampling were found o be poor, possibly due io diluiion effecis. Water tabie
Flizntinntinems nhnwman ¢ o A0, 60c. cmcnne Vo sl 3 _OC_ & el
11uCluations cnange une €ireclive screen ie gul ana LIE€CL Ln€ average con-
centration of contaminant at that sampling point. The source term is very
important to the way contaminants begin to migrate, and its accurate definition
can have significant impact on the accuracy of transport models. Partial
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penetration effects can also be important in the model and must be considered
when defining aquifer thickness.
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analyses that were taking place, the regulators were willing to allow some
innovative things to be done on the site.

Comment, Dr. Warner, Panel Member

"Modeling can be used in the design stage to consider the effects of the
proposed design on existing groundwater users in the area of the prOJect and

aiso help fo predict what effects other new groundwater projects may have on
an existing or proposed remediation system. When you start iooking at how
these types of projects need to be operated in conjunction you will see that the
ieal lesson o be learned is it’s not a trivial problem to turn a few wells on and
solve your problem."

Comment, Ms. Carol McKinney, Panel Member, U.S. Army Engineer

"We modeled quite a large site in Nebraska for a project. I was skeptical
about what a number of irrigation wells that were pumping most of the
summer would do to our plume, and we modeled that quite successfully. The
modeling has helped us understand what has happened at the site and to antici-
pate having to shut down some of the irrigation wells and supply water from
another source to those people."

"I was wondering if anybody has actually gone back and looked at hiow
the system actually performed and compared that to the initial modeling effort
and tried to decide whether or not the model was actually a success?"

Dr. Chiang’s comparison of the actual capture zone (as determined by head
data from monitoring wells and piezometers) to the flow model predictions of

capture showed complete agreement. Dr. Brubaker commented that whenever
you have injection into an aquifer, you should use modelmg to control
hydraulic gradients. Without using modeling in conjunction with trial and
error, you can get very far along in your project before you are able to
determine if you are getting the type of performance you need.

Chapter 6 Panel 3b: Model Use in Remediation, Part 2



Question to Dr, Chiang from unidentified speaker

"What model did you use to help design your extraction and injection sys-
tem?" He proposed that BIOPLUME, basically the USGS Method of Charac-
teristics (MOC) model (Konikow and Bredehoeft 1978; Goode and Konikow
1989), was used.

Question to the Panel from Mr. W. Dickinson Burrows, Biomedical
Research and Development Laboratory

"Is there any need to continue developing a method of estimating physical,

properties for organic materials: solubil

ty, absorption, partition
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etficients?" Mr. Koch replied that the two greatest sources of uncertainty in
hic trancnnrt mnadalinag ara tha cntiena tasm and tha A~antoaminant/onil adcnretie
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characteristics, soc more work is needed in this area

"We are having massive problems with biofouling of some sort or other in
otherwise productive wells. Is there any way to model this problem?"
Dr. Stewart at the University of Buffalo has done a lot of work in modeling
those efforts using the basic biofilm modeling processes, so there is a mecha-
nism to model this. Most of the work has been done in laboratory scale, col-
umns, and filters, and they work. But there is some work out there and some
modeling.

Summary

Many good ideas were expressed during the panel discussion related not
only to operation and monitoring of remediation activities, but to all aspects of
environmental restoration. The research and development needs that were
identified and major points from the panel discussion follow.

Research and deveiopment needs

Methods are needed to quantify the biologicai, geochemicai, and
hydrogeological processes that are occurring and how they interrelate
Development of a process (o determine the cost-benefit ratic of numerical

ALK llg ls ALVWAwNEWAL PAVA L AV ?l \’uu.l J AAAN/AR CARA
customers the potential benefit of undertaking a costly, time-consuming
modeling project when they want to see action instead of more study?

Ways to better characterize source terms are needed in order to improve the
predictive capabilities of contaminant transport modeling activities. Better

o
=~

Chapter 6 Panel 3b: Model Use in Remediation, Part 2



[0)]
(00}

P 1P, i | T, A _at

A meananccae itk o 1 ',
UIC PIoCoa>e> such dad> uld>pers1on tnat aii

Major points

The need to maintain continuity between successive modeling activities on
a project was stressed. Many instances were cited when activities needed to be
tied into earlier modeling studies that were no longer available. Guidance on
minimum documentation requirements for every modeling activity would help
to establish continuity.

Aafi1]l 20 haleiens ta Antaseadnn tha trmnc nmd calamgca a8 ol %0 0 1 s
useful in helping to determine the types and placement of monitoring devices
needed to accurately evaluate performance.

The operational complexity of groundwater remediation projects was
emphasized. Modeling was illustrated as a very important tool in optimizing

Everyone must consider at the beginning of any modeling activity how
success is to be defined. Comparison of the model predictions to actual field
data gathered after implementation of a remediation activity should be a part of
every project.

The concern that seemed to echo throughout the workshop was people did
not feel they had the knowledge and other resources at their disposal to take

PRT

ull advantage of the powerful tool that numerical modeling can be. Develop-
i fi

g

f general and specific guidance to aid people in making better use of

groundwater modeling and having appropriate training available are necessary
to alleviate this concern.
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The workshop and the questionnaire defined a near-term technology transfer
challenge to bring the state of Army practice in in-house groundwater model-

ing and in Army contractor groundwater modeling closer to the state of the art
(see Summary, page vii, subpa‘agraphs b, d, and e, and page viii, subpara-
wvnmha A 2 and LY Tadand smanmer ~F tha fladlace n tha Qiroessness Annl wxrith
Blapuds «4, €, dlil "}. 111uccd, 1ildlly UL WO LHIUHIES 111 WO Oulllllidly Jtdl will
tha naar Aammunity ~rangcancng that ctata_nf_tha_art ~amnntar crndoag ara avail
IV UDVVl VAULLLILLIURLIL CAJLIOUVAIDOUD HUAGL SlalvTuLTuIVTaALIl VULLIPU IV LUUVD alv avall
able but the knowledge and experience on how and when to use these codes
are not in the hands of in-house Army users. T-“i_n.mg, guidance (technical

manuals; standard scopes of work; and specifications for contracting, planning
checklists, and product review checkllsts, etc.), and a source for m—house
technical assistance were suggested.

The Army user community can be divided by role. First, there are those
who are concerned with the technical management of the risk assessments,
remedial investigation, remediation, and/or postremediation monitoring at a
given site. They make decisions as to what project and modeling objectives

are and whether or what general kind of numerical modeling should be done
and when (see Figure 24). Second, there are those who execute all or parts of
thc modeling process (again, see Figure 24) when the work is done in house.
ese people set up the cata run me grounawater codes, and analyz e out-

The users recognized that the fundamental kernel of groundwater modeling
technology is knowledge and experience and that all else was a means toward
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change of title) be continued on an annual or biannual basis. Emphasis would

be on sharing of experiences from case histories and the state-of-the-art
improvements.

Based on user comments, the Army today has at least 100 individuals
needing varying forms of training in groundwater modeling for HTW appli-
cations. Based on reasonable employee turnover, it can be anticipated that
even when this need is filled, there will be enough new people needing train-
ing to support a continuing PROSPECT Course! every few years.

As a prelude to such a course, a commiitee s ouid tabiish a curriculum
i i ' prmcnpxes and proc-
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response to the field need than a formal course and 111 nrovxde room for
some experimentation with the training scenario before finalizing the curricu-
lum for a PROSPECT course.

Checklists for (a) developing scopes of work, (b) report content, and
(c) report review for contracted groundwater modeling efforts are needed and
could be developed in the near term. Example decision trees and benefits/
limitations checklists could be developed to help accomplish the processes
described in Figures 24 and 25. A task group of experienced model users
from government, mduslry, and academia should be established to develop
these checklists. Users also asked for time and cost estimating guidelines for

yrrres Aexrnt e caa AT o e B0 PR SRS s .
groundwater modeling studies. Information on cost and duration of past stud-
ies could be collected and provided to those planning future in-house and
contract efforts in this area

The RMA review panel (page 32) is a concept that should be more widely
used and could be implemented quickly. This is technology transfer via the
use of a small group of consultants who are at the cutting edge of the state of
the art to impart just enough of the best technology to the project staff
1 A 1-week PROSPECT Course tentatively entitled "Geotechnical Aspects of Hazardous and

Toxic Waste Sites" is presently under development by the Corps and scheduled for first presen-
tation in May 1993. It will not teach how to do numerical modeling of groundwater flow trans-

port but will provide an awareness that technology exists in this area.
PROSPECT is an acronym for "Proponent Sponsored Engineer Corps Training,” which is a
blicl—uvl hu tha Corne

a-gP body of technical, management, and administrative short courses established by the Corps

managed by the US Army Engineer Division, Huntsville.
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responsible for action to get a good solution to a site-specific problem.
Funding vehicles could be established to enable the entire Army HTW com-
munity to use these consultants (a small group of recognized experts from
academia, various Corps organizations, and/or other Federal agencies) for this

purpose. -

Technoiogy Transfer (2-5 years)

Guidance taken to its logical conclusion includes a technical manual on
groundwater modeling. Indeed, conference and survey participants asked for
such a manual. Preparing such a comprehensive document is a major project.
The manual would be comparable to a major textbook. If it is to be a reason-
ably sized document, its development must be preceded by choices of
(a) which few of the numerous existing groundwater flow and transport codes
it is to be written around (van der Heijde, El-Kadi, and Williams 1988),

(b ) whether to repeat (IOI‘ the sake of having all the information in one place)
supplement the information available in existing code documentation,
19

© to include software with the manual, (d) whether to improve cer-
tain of the software to make it easier to use (easier input/output) before pro-
mulgating it, (¢) what kinds of examples to include in the manual, and (f) how
to teach the process of reviewing site investigation results, developing a con-
ceptual model of the site, and how to select model input parameters from site
investigation data. The reason this manual is proposed for the midterm

.

category (although the field says the need is immediate) is related to items (a)-
(d). A Corps research and development Work Unit entitled "Groundwater
Model Assessment" is scheduled to be completed in Fiscal Year 1994. Its
products in 1993 will provide management with the information needed to
decide items (a)-(d). Another reason is that the development of a comprehen-
sive technical manual is not a short or easy technical task, and once the infor-
mation (items (a)-(d)) is available, there is at least a year’s effort involved in
creating the document.
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than could be nrov1ded in a 2 week short course, a 120 day annual course was
set up at Harvard (later moved to University of California at Berkeley). A
similar program in rock mechanics was set up by the Corps and operated for a
number of years, and there is a currently operating program in coastal engi-
neering. These courses were and are eminently successful in bringing
technology into Corps district offices. An analogous program emphasizing
hydrogeology with a strong emphasis on numerical groundwater modeling
should be considered. The size of the Army need for this kind of course, its
costs, and its benefits should be evaluated.

~
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of technology transfer will be impacted by the Army’s choice as to the
optimum mix of in —l_lousc and contractor cff._rL, in this area. It is clf.:ar that the

The Army, as a minimum, needs to do enough HTW groundwater
modeling in house to train its future key staff to be smart buyers of con-
tracted modeling work and smart technical decision makers.

b. As indicated in the survey results for question 3, page 6, in the next
S years, the Army has a significant number of groundwater modeling
studies planned. Based on past history (see Figure 12), at least 20 per-

T Y

cent wiil be done in house. While the survey did not ask the users to
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The workshop did not address long-term technology transfer. However, if
groundwater modeling research is to be done by the Corps, an obvious lesson
the workshop teaches is that the technology transfer of research results should
be carefully planned and resourced.

The Army environmental restoration programs are moving very fast. They
are pictured as short-term programs where contamination probiems will be

PSP RSNt RS- VISP SIPUIPUIEE TN T RS LI S S
correctea in tne near term. One target date was to have all remedial actions
nndamiray hy tha vvans 2NNN Pernm :f thic cnhadula o savnt thn svnnd $4 13on
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arnnndwatar madaling in nactramadiatinn manitaring will ctill ramain  Tn
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order to assure continuned success in the future. the value of oronndwater
Orger ¢ assure conunued sucCess 1n e ulure, ¢ vaiug ol groungwaler
modeling must be recognized and plans need to be made now to be able to
meet future needs.
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The Role of Groundwater Modeling in Army Activities
Army Groundwater Modeling Use and Needs Workshop
31 March 1992 - 1 April 1992
by

Mr ITim Rallif

ar. il Saiiil

Chief, Environment and Chemical Engineering Branch
Environmental Restoration Division - HQUSACE

In this application by the Army Activities being spoken of are the HTRW
+ in a

[a

as
nes

Installation Restoration
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Base Realignment and Closure
Superfund

The Installation Restoration Ptogram addresses the determination and

ation of environmental damage caused by past disposal practices at active
military installations.

The Formerly Used Defense sites program addresses the same types of
environmental problems caused by DOD activities on property that was once
controlled by DOD.

BRAC addresses the remediation of existing environmental damage on military
installations which are closing and are planned for return to other DOD purposes.

cile LA Drogram

waste sites across the country. The Corps design
which EPA has adopted a plan of remediation.

Superfund is the EPA program to remediate the g_rsr urn cgpt_‘rg]_]_ed hazardous
-4 es

The Corps' Civil Works program sometimes encounters hazardous waste when
planning, designing, construction or operating its water resource projects. The
Corps must evaluate potential cost increases and delays to a project caused by

the presence of hazardous waste and then determine how to address it if there is
no sponsor involved.

These programs have been growing rapidly. Some programs are beginning to
level out while others are still growlng Groundwater contamination is a problem
€~ a

m d el ne A £ .—‘— ———d e

for the majorily or ineé projects in these programs.

We are mandated to accomplish remediation work as rapidly as possible. To
do so in a technically sound fashion in order to deliver a quality project is our
challenge. 1In order to meet that challenge we must make good use of all the
tools that are available as well as find new ones.
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We all know how difficult groundwater problems are to understand and
remediate efficiently. One of the tools available for this task is groundwater

modelinge
mecelling.

But that is just what it is, a tool. I hope this workshop will give us all

a better understanding how groundwater modeling is being used in the area of

hazardous waste remediation within the Army, will create an atmosphere of idea

exchange and mutual support among the people using groundwater modeling in the
and tha DAN ~ammun tvy to nrovide nnnrery-\r
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guidance and support in the future.
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ANSTALLALTION RESIURALLIUNS

SITE INVESTIGATION/CHARACTERIZATION AND REMEDIATION

Presentation by Dr. M. John Cullinane, WES

This presentation will provide an overview of the Installation Restoration
nortion of the Environmental Qual ity ‘l‘nrhnn‘lnny program with an emphasis on

groundwater problems. The primary objective is to enhance the ‘capability of
the Army to meet its environmental obligations to protect the public health and
environment. The primary research effort is on military unique contaminants.
Installation Restoration research and development activities have been divided
into two major thrust areas: Site Investigation/ Characterization and Site
Remediation. Each major thrust area will be described particularly as it
relates to groundwater and groundwater modeling, including major R&D
activities, past accomplishments and future work efforts. The

interrelationshin of the work affort with tha Tnetallation Regtor
ANTErrelationsalip oI the WOrxX efilrt witii Tae instaiiatiln Restoer

presented.
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Overview of Major Remedial Investigation/Feasibility Study (RI/FS)
Work in Edgewood Area (EA) of Aberdeen Proving Ground (APG), MD,
As Related to Groundwater (GW) Modeling and Its Needs

Tias

vy
Khaled M. Masoud, P.E.
US Army Corps of Engineers, Baltimore District

31 Hopkins Plaza, Baltimore, Maryland 21201
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Throughout its history as a military installation (dating from 1917), EA
of APG has been the primary chemical warfare research and development center

=% ama PP,

for the United States. A Federal Facility Agreement was signed between Envi-
ronmental Protection Agency and APG in March 1991. All of EA has been identi-
fied as a National Priority List site. With Exception of Canal Creek area,

0-field, and J-fleld all the RI/FS work EA is conducted under a Memorandum of
Understanding executed among APG, Waterways Experiment Station (WES), and

n.1 S NS _aanl o Z2TATN 2. T Vo e | o 1 n £2_123 2= T L£2_1 23
Daiitimore vUistrict (N ) 1 reoruary L?‘jL Lanal LreexK, uvu-1ieid, 4dana J-irieia
RI/FS work has been underway since mid eighties

The major RI work in EA conducted by WES and NAB involves 151 Solid
lusters. The clusters fall in four

Waste Management Units divided into 55 ¢

(&) majer areas; Bush River, Lauderick Creek, Westwood, and Other Edgewood
area RI underway in support of GW modeling includes geotechnical borings
and electroni logging, conducting paleochannels study, well installations and

development, slug Eests Total Organic Carbon measurements, investigating
potential Biofouling problems, sampling and analysis (soil, sediment, surface

water, and groundwater) Cost reduction was possible by developing downhole-
magnetometer methodology for drilling in lieu of remote control drilling from
behind bombproof shelters
WES and NAB are studying the GW modeling work conducted by USGS in Canal
Creek and O-field areas and also reviewing the Rocky Mountain Arsenal Experi-
ence in G mn(‘nlinn for lececone laarnad and raviawine tha ctata of tha art ta
iIce in GW modeling for lessons learned, and reviewing the state of the art to

identify future GW modeling needs early in the RI phase. The consensus seems

to indicate that there is a critical need to utilize and introduce state of

the art geostatistical and probability techniques in reducing the uncertainty

nd variability in the hydrogeological parameters (e.g. conductivity, trans-
ava 1
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DEVELOPMENT OF GROUNDWATER MODELING
OBJECTIVES AND PERFORMANCE CRITER

Fred G. Baker, Ph.D., P.E. -
Baker Consultants, Inc.
2970 Howell Road, Golden, CO 80401
Phone (303) 278-1179

L INTRODUCTION
Mathematical groundwater flow and solute transport models are being widely used in engineering geology,
hydrogeology, environmental sciences, and hazardous waste remediation studies (National Research Council,

ogeology, s dies (1 ch
1990) These models can be used as tools to evaluate simple or complex hydrogeologic regimes, estimate the

direction and rate of migration of solute or contaminant plumes in groundwater, design remediation systems

for contaminated groundwater, and for many other apphcauous. Given this broad rangc of potenual modelmg

uses, it is clear that an eq‘li.'iu'y' broad range of models can be ucvclupcu to meet the needs of a speculc

application.

The value of a model as a tool for solving a given problem depends on a number of factors including the

abllnty of the model to address modeling objecuves and to meet performance criteria established for the

application of the model. It is important that modeling objectives be carefully formulated and documented

so that they can serve as the basis for model dwo‘ﬂpm"n When modeling objectives are not clearly or

completely dcf' ned during groundwater investigations, it is possible that the model will not meet its stated

objectives, and users, clients, or regulators relying on the outcome of the modeling work may become

disillusioned with model results.  Disillusionment occurs because users perceive that the groundwater
modeliing efiort does not fuifili project expectations or needs, and as a resuit, they become dissatisfied with

the specific model application and, potentially, with modeling in general. Therefore, in nearly all model

applications, the development and clear definition of objectives is an essential planning step that must be
carried out before the modelmg effort is initiated.

hed at the begmnm of the project as part
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of the plar—.mg process. Performance criteria Provia€ am 1imj| mechanism uy wiica in€ modaei Can o€
gvah_lg_t_gd to determine whether the stated mgdg_m_g nhim‘twgs have been achieved. In addition, theqe cri;vrja

required to meet the modeling objectives. Model performance cmena provide a self- 1mposed test of whether
the model application is consistent with the established expectations for the work.

IL. MODELING OBJECTIVES

The development of groundwater modeling objectives is a critical component of the modeling process.
Modeiing objectives are estabiished to ensure that the modei appiication meets its intended purpose. For a
must meet all stated annlisrahla ta thae

‘}l} N v

nd bha
model app"caticn tc be WulPlthly Sﬂwmxul, it must meet all stated uu_lwuvco ana o appicacid WO

intended modeling use. If the model does not meet all of the modeling objectives, it can only be partially

successful. In some cases, a perfectly good model may be developed, but it may not be appropriate for the
intended use; such a model has to be considered a failure because it does not achieve the intended goals.

.
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(4) expected limitations of the model. The major assumptions about the model depend on how completely
the mathematical model attempts to describe the conceptual model, oomponents of the hydrogeologic system,

acrime and ,_.,‘,..l»'.n PR P .

initial and boundary conditions, aquner or transport properu&s, overail model behavior, and specific p operiies
or behavior that the model is expected to represent. The calibration criteria are the standards against which

the model will be tested during calibration and the standard of performance deemed necessary for the
successful application of the model to its intended use. The calibration criteria may represent a subset of the
overall model performance criteria. The intended use of the model should be clearly defined including the

P el 1 3L

overall purpose, general and specific applications, level of sopmsucauon of promcm to- be solved, and how

particular problems are to be addressed. It is also appropriate to explain how the performance criteria relate

to the planned use. Finally, the limitations to model use and the expected sources and relative magnitude of
uncertainty should be stated. The limitations may simply be a restriction to steady-state oondmons, low water

parameters used in the modei shouid be pomtea out along with any corresponding limitations in model output.
ed s

Aecer ~thhne lasita
Any other limitations that may affect the use or interpretation of simulated results should also be
acknowledged.

Modeling objectives should be established very early in the modeling .process because they drive decisions

made throughout the modeling effort. The ob]ectxves should be viewed as a statement of the goals that will
1.

~ tace Aad carreennan Nhiantivac that ara dafinad at tha autcat of

all oo a | P R ~1 e 4
101 Ul uucuucu PUuiplst. UUJTAIVES Lddl alv Ulliavd as tav vuwr Ui

aluow lﬂc mUQCl lU DC uUdu ad a l 1
modeling can be used as a basis for decisions such as model selection, evaluation of calibration progress, and

evaluatxon of the appropriateness of the final model for the intended use. During the modelmg process, the
objectives should be frequently reviewed to determine whether the model and available data can support the
ob]ectrves, and to evaluate whether the objectrves can be met given existing data gaps, uncertainty in the

Abadula T anu of thaca fantare ennosoct

aVall Dl uala aﬁd any ouner wnatrdmu 10 lCVCl O1 €10ry, uuugci, Of sCaeauie. 1 afy O1 €S 1aCiors SUggest
tine model will not hp adequate to meet the stated modelin blectlves. then the oblectrves and

support the requlred modeling effort, then additional data should be collected, or the ob_;ecuves should be
modified to reflect the limitations of the modeling application. In either case, the modeling objectives should

be reviewed and adjustments made as necessary. Frequent review and evaluation of the model against the
obiectives will help to keep the modeling effort on track and allow the model to meet expectations.

VUJLAYUS Wil iy WU alAp wal ivUtaiug v i

I MODEL PERFORMANCE CRITERIA

v
These criteria are established at the outset of modeling to provide a basns for evaluation of overall model
performance as well as to test the mathematical accuracy of the model. Performance criteria can be used to
assess whether the model meets modeling objectives and specific efficiency and accuracy goals. If the
performance criteria are not met, then additional work is required to bring the modei to an acceptabie ievel

Ul pCrlUl’deLC

Performance criteria consist of standards of performance for the model as a whole as well as specific modeling
standards. These may include the overall appropriateness of the modeling approach and procedures used for
construction of the model, representatxveness and completeness of modelmg results, comparability of resuits

ATla [ JERPS. SS Y PRI PRy IR =~ o -y o wrree _tieva

[rom other model represenlallons model aln‘lensmnauty or discretization goais, modadi euicic iCy Of run-umo
criteria madal nrecician and calibration or accuracv eoals. The annronriateness of the modelin 1g ap)] roach
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and model construction depénd on the reasonableness of the assumptions made during the setup of the model,
and in the approach taken to model construction. The representativeness and completeness of model results
reflect how well the mathematical model represents the components and behavior of the hydrogeologlc system
that are expected based on the conceptual model. The comparability of model resuits with the resulis of other

ot
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reasonable models providles a test of the comsistency of modeling assumptions and a representation of essential
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processes and behavior. This can represent a form of model validation if properly posed. Model
dimensionality and discretization goals should be appropriate and realistic so that they can represent the
conditions being simulated, meet minimum application needs, and be consistent with numerical modeling
constraints. Madel efficiency and run-time constraints include transportability and operating environment
constraints as well as hardware, software, and turn-around time goals. Model precision goals refer to the
reproducibility of predicted results and reduction of uncertainty due to modeling methods. Finally, calibration
or accuracy goals can be established to verify that the model reproduces observed data within an acceptable
level of bias or systematic error. This is usually evaluated by comparison of simulated output with observed
measurements of variables such as groundwater surface elevation, solute concentration, or hydraulic gradient.
The basis for the comparison is frequently the minimization of residuals or differences between observed and

simulated values.

SUMMARY

Groundwater modeling objectives and performance criteria need to be developed and clearly defined during
the planning of any modeling effort. If they are developed early in the modeling process, they can be used
as a basis for decisions made throughout the process, and consequently, ensure that the model will be suitable
for the model application. The development of objectives and performance criteria can lead to the creation
of useful and unambiguous model applications.

REFERENCES

National Research Council. Ground Water Models: Scientific and Regulatory Applications. National

Academy Press, Washington, D.C., 1990.
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Panel 2: Model Use in Remedial Investigations
(RI)

Schwartz, Franklin W. "Groundwater Models and Remedial Investigation"

Enfield, Carl G. "Contaminant Transport Processes, Determination of
Important Processes for a Given Site"

Tamayo-Lara, Carlos; Warner, J. W.; and May, James. "Geostatistical
Characterization and Stochastic Ground Water Modeling, Offpost Operable
Unit, Rocky Mountain Arsenal"
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Groundwater Models and Remedial Investigation

anklin W. Schwartz
Department of Geological Sciences
The Ohio State University
Room 283 Scott Hall, 1090 Carmack Rd
CAaliymhne o A710
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ABSTRACT
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o ke
n rt models migh
play in a remedial 1nvest1gatlon. The first contribution that a
model can make 1is to alter conventional thinking about what
remedial lnvestlgatlons are all about and how 'they should be

conducted. There is a variety of evidence to suggest that increased
knowledge and understanding about a site that naturally falls out
of a model-based conceptualization will reduce the costs of
remediation.

In terms of the "styles" of remedial investigation, the
conventional approach  provides fundamentally less useful
information about a site and prcoblem than a state-of-the-science

approach. The conventional approach represents a minimalist,
cookbook procedure for site lnvestlgatlon that has many attractlve
features

P P

to execute and manage, and relatively

a ~aon atiidyy ~AF

i nad + a3 n
Stralghtfomard for r%"ulcu_u;.a tc understand. As a case STudy o1 an

industrial site will h,l‘ illustrate, this conventional style has

for contractor

0]

one important limitation. Often, major gaps in knowledge remain
after the remedial investigation, which ultimately increase the
costs of remediation and the ablllty to demonstrate regulatory
comnlianca Nacianina +ha ..--..,..4..'.....

LA A LQIICT . vocodiyuaily Lic .Lcult:u.l.d.l. inves Liya L.LUll us J..llg a ulUUB.L
framework" is a more costly state-of-the-science approach.
Indications are that increased knowledge about the site translates
into cheaper cleanups. However, these studies are more expensive,

much more dlfflcult to execute, and much more difficult for

In additiop to .
undertaken, there will always be gaps because it is 1
possible to characterize the spatlal variability in parameter
values. Modellng work by Gorellck on the desxgn of pump and treat

fTe]
£
o]
0

/st
medial costs.

Beyond the role of models as a framework to quide studies,
there are at least two important uses for models durlnq a remedial
lnvestlgatlon. Early site modeling using background data and expert
knowledge assists in understandlng the problem and in ldentlfylng
the key variables affecting the spread of contaminants. One
knowledae-based navkanp (Expert ROKEY) has been demonstrated for
contaminant cystems that illustrates the great promise for the
approach. Unllke more traditional modeling packages, this software
provides advic and assistance in parameter selection and

b

recommendations for the remedial design based on the parameters.
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Contaminant Transport Processes
Determination of Important Processes for a Given 'Site

hy
(%)

Mr. Carl G. Enfield
Robert S. Kerr Environmental Research Laboratory
United States Environmentai Protection Agency

Remediation of subsurface environmental contamination requires the use
of mathematical codes (sometimes called mode]s) in a prospective rather than a
retrospective mode. The mathematical codes require input data describing the
i

T
cyctam sna~licdsa viectIina .-nn& m oand ~additinnal innute whicrh miaht ha
2yl lllLluul"g exist HwYy Ll
remedi
agy refed

annlied in an effort to

data are combined to create a model of the system which is then used to
forecast how the system is expected to behave. The model is an approximation
of the real system. Mathematica] codes consider a Timited number of assumed

M-vn
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te

tion and additional inputs which mignt be
he site. The mathematical code and input

IlJ ﬁ)
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processes. Ideally, the processes that are included in the code describe the
controlling nrocesses at the site under consideration. The objective of this

P VLT eStT e QL TS iaAT I Qv iU oL

presentation is to illustrate three broad classes of transport/transformat1on
processes which are infrequently incorporated in mathematical codes and
indicate where these processes might be important.

The transport/transformation processes which are frequently ignored at
remediation sites include:

1. The significance of microscale variability in hydraulic
conductivity.

a Tha imnavtantanca nf nan_aniianiie £luusde and naw Tac n rhamical

Lo 1ic IIHPUI caiitalivc vi ot quCUU) tiuiuys atiu Pdl 1 N viicinivail
transport.

3. The importance of how transformations are incorporated in

mathematical code and the importance of numerical dispersion on
the forecasts made by these codes.
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Geostatistical Site Cheracterization and
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Colorado State Unlver51ty
Department of Civil Engineering
Groundwater Program
Fort Collins, Colorado 80523

Jim May, Hydrogeologist
US Army Corps of Engineers
Waterways Experlment Station

umptions of aquifer

ediatio of contaminated aquifers. Currently, the design
stems is ¢ nl nde s i

homogeneity, even though it is well know that in reality, the concept of a
deterministic homogeneous and isotropic media does not exist. To lgnore

aquifer tf‘ﬁsmigsiV1 y, saturated thickness, etc. can significantly affect the
successful operation and effectiveness of these systems. To covercome this
situation, the stochastic nature of the aquifer properties must be considered

in making decisions about the design, operation and management of pump and
treat systems.

ility of

Description of the spatial variability o ydro
within a porous media can be approached by using a state of the art technlque
called geostatistics. This technique is a branch of applied statistics spe-
cializing in the analysis and modeling of spatial variability in earth sci-
ences. In this study, geostatistical analysis were performed for site

i j +h o} 1 M, tad
ation in the offpost area north of the Rocky Mountai

o
(<)

character
el

Caaiad

iz -
Denver, Colorado, where a pump and treat system is planned for implementation.

ty

Geostatistics was used to estimate the best, 1inear, unbiased values of

hydrogeological regionalized variables at unsampled locations based on the
available measurements of these variables. Contrary to the most used estima-
tion techniques such as inverse distance, least squares, or polynomial inter-

polation (either applied by hand or computer), geostatistics also account for -
the uncertainty in the estimated values and the precision of the results. As

part of this analysis, experimental semivariograms and cross-semivariograms

that describe the spatial structure of the regionalized variables were deter-
mined at the study site. Different mathematical models were fitted to these
semivariograms and cross-semivariograms and the results were cross-validated.

Kriging and Cokriging technlques were used to describe the spatial var1ab111ty
of several aquifer properties nclud1ng hydraulic conductiv1ty Es !

u
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estimated points and to create maps of ninety-five percent confidence limit to
obtain the range of the estimated variables.
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The obtained results are currently being used in
the pump and treat system to provide the operational personnel a
managing this system so as to have the greatest likelihood of achieving
project goals This procedure will also provide estimates of uncertainty in

model predictions and will permit examination of the error in designing the
svstem using an assumntion of a homogeneousg aauifer
ystem usling an assumption ol a homogeneous aquifer.

Lo YO

between the US Army Waterways Experiment Station and the Groundwater Program
at the Department of Civil Engineering, Colorado State University.
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Panel 3: Model Use in Remediation

Part 1 Brubaker, Gaylen P. "Process Options for In Situ Subsurface
Remediation: Can We Predict Performance?"

Part 2 Ross, Randali R. "Case Study: Giison Road Superfund Site:
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for Operation and Management of the North Boundary Containment System at
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Chiang, C. Y. "Biercmcdiati n-Parameter Estimation, System Design, and

WLlRCRIB e 2s 188 it

Prediction of Clea

‘:
':].
3
o

Appendix A Papers, Abstracts, and/or Vugraphs

g



Process Opti

Gaylen R. Brubaker, Ph.D.
Remediation Technologies, Inc.
Chapel Hill, NC

As an increasing number of large complex contaminated sites move toward
remedlatlon, it is becomlng 1ncreas1ng1y 1mportant to develop methods t

predict the performance of various subsurface remediation options. ThéSé

performance models are critical to predict the potential cost-benefit of

various remedial options and to determine whether a particular technology is
i

likely to achieve risk-drive remediation goals.

This paper will use two sites, a petrochemical faciiity in the guif
coast and a Superfund site in the midwest, to illustrate the types of
performance questions that are being explored while developing corrective

qu
actions plans at typical industrial s1tes. In each instance a series of in
situ remediation processes are being considered in various combinations. The
processes to be discussed w clude: SImple NAPL recovery, ennancea
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treat using surfactants, i
aeration. Key site parameters wi
introduction into the role of mode
remediation options.
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lng in evaluating the performance of these
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ABSTRACT

Randall R. Ross

R. S. Kerr Environmental Research Laboratory

USEPA

The Gilson Road (Sylvester) Superfund site located near Nashua, New
Hampshire, was the first hazardous waste s1te in the nation to initiate
remedial actions funded under the Comprehensive Environmental Response,
Compensation and Liability Act (CERCLA), more commonly known as the Superfund
Program. Ouring the 1960’s, sands and gravels were removed from a six acre
borrow pit. Initially, the site received domestic refuse and demolition
debris. During the early 1970’s the site received unauthorized heavy metal

sludges and industrial wastes. It is estimated that 800,000 gallons of
1ndustr1al waste were illegally dlscharged directly to the subsurface through

a leach field. An emergency groundwater interception and recircuiating system
was installed in an effort to contain the most heavily contaminated portion of

the plume to prevent contamination of surface waters (Lyle Reed Brook and
Nashua River). A 4000-foot long, 3-foot thick soil- bentonite slurry wall was
installed through the stratified glacial outwash and discontinuous till to the

fractured bedrcck in a attempt to further contain the groundwater contaminants
at the site. Additionally, a membrane cap was constructed over the 20 acre
containment areas.

Two prev1ous modellng studies were conducted to 1) evaluate potential
remedial options for the site and 2) characterize regional fliow conditions to
evaluate the most likely pathways for contaminant transport from the site.

The primary objectives of the ongoing modeling efforts are to evaluate the

effectiveness of the pump and treat gygfeh present]y-;n—operat;on and to ..
determine potential locations and pumping rates for future extraction wells
and recharge trenches. Groundwater flow and advective transport (partuc]e

tracking) models are being used in conjunction with geostatistical programs to
evaluate the performance of the existing groundwater extraction and
recirculating system with respect to effectiveness and efficiency. Future

modeling efforts w1]1 combine these tools under the umbrella of a geographical
information system (GIS) to allow greater flexibility and versatility of the

PPV PRI

cirrent system with respect to lncorporaung new grounawater momtormg
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USE OF NUMERICAL GROUNDWATER MODELING
FOR OPERATION AND MANAGEMENT OF THE
NORTH BOUNDARY CONTAINMENT SYSTEM
AT THE ROCKY MOUNTAIN ARSENAL

J. Warner, Associate Professor, Colorado State University,
Department of Civil Engineering, Groundwater Program,

Yoo X

Fort Loll1ns, Colorado 80523

J. May, yorogeoxog15t .S.Army Corp of Engineers,

]
»

Waterways Experiment Station, Geotechnical Laboratory,
Vicksburg, Mississippi 39180-0681

ABSTRACT

Three groundwater barrier systems have been installed at the
boundaries of the Rocky Mountain Arsenal to prevent the off post migration
of contaminated groundwater. The first of these was the North Boundary
Barrier System which was constructed in the period of 1978-81. The North
Boundary Barrier System was a p10neer1ng effort in the use of groundwater
barrier systems for the control of contaminant migration. Previous design
and operational experience for such systems was unavailable. Because of the

complex hydrogeologic conditions at the arsenal, this barrier system has
proved very difficult to manage and operate. Colorado State University and
the U.S. Army have cooperated in developing an operational management model
of this system.

This pilot system consisted of a 1,5 00 foot long bentonite s]urry wall,
dewatering wells and 12 recharge wells. In 1978 the barrier system was
extended to a total Tength of 6,470 feet. In 1989 and 1990 the barrier
system was modified to include t iti of recharge trenches. 1ne
complete barrier syste sists o

A pilot boundary system was installed at the north boundary in 1978

t £ warharan twvanchace Tha
te bar system consi f 35 dewatering wells, 38 recharge wells,

and 15 recharge trenches, separated by a bentonite slurry wall.

Contaminated groundwater is pumped from the upgradient side of the slurry

wall, treated by granu]ar act1vated carbon adsorpt1on, and the treated water

is recharged downgradient of the wall. The dewatering wells are divided

intn thraa callactinn manifald IA R and r\ F'Inw Frnm parh man'lf(ﬂd has
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historically been treated by senarate adsorber units. Manlfold A 1ntercepts

area. Manifold B intercepts a D1bromochloropropane (DBCP), chlorinated
pesticides, Aldrin, Dieldrin, and Endrin, and several organosulfur
+

Gy . .
compounds. Inorganic contaminants include chloride and fluoride. In 1990,

the treatment process was reconfigured to treat the combined inflow from the

separate manifolds as a single inflow stream.
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Since the bentonite slurry wall extends across the entire north
boundary of the arsenal (keyed at its ends into reiat1veiy impermeabie

hat{\ﬁnrl{ hiahe) +ha havrriar cvctam racgardlace af hao it 1c opevated
CUil ULn 1t lsllol 9 LHT VAl iITl Joyoltilly T Tyaiuicoo UI IIU“ I L% vyl abcu, )lluulu

intercept all of the contaminated groundwater in the shallow alluvial
aquifer reaching the north boundary. However, concerns have been expressed
about the integrity of the bentonite slurry wall and about the potential
underfiow past the barrier system of contaminated groundwater in the

Aam'lu-nn Nanuaw Cavmadin Tha u-;x'l +h h‘l’ 4¢c +ha Y¥hic nA
ullUCl g Uy voivorl ivirimau lUlI. lllc PIC alt llls l-ll\l\lsll 19 bllﬂ\o Lvittl o PULCI

underflow is best controlled by maintaining a reverse gradient (a gr

est a
inward towards the arsenal) across the bentonite slurry wail. Manag
of the contaminant plumes approaching the barrier system is also des
Questions about the operation of the barrler system concern: 1) What i
n

+ntal ha cvetam £1a: mad ‘). ic +tha AdAictwmihnts nf ma
LtO0td: varr Icl SJSLTH 11IUW JTaltl, iS tneé Giswrioucion o1 wan
e

flow rates?; 3) What is the best disz ibution of the treated rec
water?; 4) In the case of system failure, time and location of overtop
of the bentonite slurry wall?; 5) The Feasibility of achlev1ng a grad

reversal?; and 6) The system mod1hcat10ns to improve barrier operat‘lon?
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A finite element groundwater model (CSU/GWFLOW) was annlied to th
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mesh by separate nodal points so as to allow specification of individua
well pumping rates. FEach of the 15 recharge trenches were represented hy
3 to 6 nodes in the model grid. Similarly, 36 monitoring wel]s at the
arsenal in the vicinity of the barrier system were represented in the mesh
by separate nodal points so as to allow dlrect observation of model resu]ts
with field observations. In the mesh the bentonite slirry wall was
simulated as an interior no-flow boundary.
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calibration error of about .5 feet.

of the major
varsal could

oG

e achieved using the or1qina] barr1 er configuration (no r charqe trenches).
The line of recharge wells is located 250 feet downgradient of the slurry
wa]l and the line of dewatering wells are located 250 upgradient of the

S urry wa |. lne rate of undertlow of groundwater to the Nortn Bounuar‘y
Barrier System bha ad #h $3mna ot vaane hae haan ahand 290
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to 230 agom Under this natural interception rate the averaae head
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difference between the two Tines of wells is about 4 feet. Model results
indicated that the best that could be achieved by the barrier system in the
long term was the natural interception conditions. A gradient reversal over
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the entire length of the barrier system was not possible in the long term
but in the short term over pumping of the barrier system could be used to
increase the section of the barrier with a gradient reversal.

The recharge capacity of the injection weils has considerably
J R B S asmT TV a simamn £t deacndallaAd Thie Tnce nf wvarhawm~a
ue(.reaseu s]n(_e Lne WEIIS were 11150 litbraticu. IS 1Uss Uv relnarge
capacity is thought to be due to depg-itign of carbon fines from the
adsorber units and from microbial growth in the wells. These problems are
currently being studied in separate prOJect between Colorado State

Lciamn momemead racharaa watarm hae

a
University and the U.S. Army Corp of Engineers. because of this loss of
-~ ~ £ +n
e v 1

+hn +wraa
[ §

recharge capacity of the wells, much of the eated recharge water has
historically been disposed of in a bog at the east end of the barrier
system. Additionally Manifold C was over pumped relative to Manifolds A and
B because of concerns about overtopping of the slurry wall in that section
if the barrier system were to breakdown for an extended period of time. As
a result the actual head differential across the slurry wall have been
considerably different than that for natural interception rates. For this
historical operating condition the head differential across the slurry wall
in the Manifold A section was typically greater, and in the Manifolds B and

C sections was less than natural conditions.

Since Manifolds A and B intercept contaminated groundwater of high
ncentrations and Manifold C 1ntercents low concentration groundwater, 1t

is desirable to maintain a reverse gradient over at least Manifolds A and
B. In order to accomp]1sh this, several barrier system modifications were
tried in the model. The best configuration was to replace the recharge
wells with a series of recharge trenches located 45 feet downgradient from
the slurry wall. The concept was to provide better control over the

distribution of the recharge water on the downgradient side of the slurry
wall. Treated water prev1ous]y d15charge to the bog near the east end of

the barrier system would then be discharged through trenches located in the
western half of the barr1er~sysuﬂm to try to cause a gradient reversal in
this region. For this simulated operating condition a gradient reversal was

achieved over the entire section for Manffefd A and most of the section for
Manifold B. With this supporting results, the Army has installed 15
recharge trenches.

Thece rachar rge tvranches
Lrengcnes

TIICSC @ Ceardas

ave performed excellently and have achieved
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the desired gradlent reversal over the cr1t1ca] sections of the North
Boundary Barrier System. In actua11ty, the Army has thus far been able to
ma1nta1n a grad1ent reversa] over mos of the 1 g h f the barrier system.
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ABSTRACT

Bioremediation - Parameters Estimation, System Design, and
Prediction of Cleanup Time

C. Y. Chiang
Shell Development Company
Houston, Texas

In-situ bioremediation provides a potentially cost effective
alternative to a conventional pump and treat system by utilizing
indigenous microorganisms to increase the rate of decay of the
soluble hydrocarbon plume as well as the residual hydrocarbon
source. Mathematical models are often used to design the
bioremediation system. Before applying models to a field site, it is
crucial to understand the interplays of several key parameters:
macrodispersion, hydraulic conductivity, biodegradation rate,
sorption, and source strength. Well characterized site data are used
to illustrate the interactions among these parameters. For example,
threshold limits for aromatic hydrocarbon oxidation under varying
levels of dissolved oxygen were determined from both laboratory
microcosms and field data; the resuits were remarkably consistent
with each other.

Subsequently, these predetermined parameters are used in
numerical models to design an optimal bioremediation system and to
predict the cleanup time. A case study will be used to illustrate the
modeling processes and limitations. Finally, Some preliminary
results from an enhanced aerobic bioremediation system will be
presented.
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1630

Sheraton Denver Airport Hotel, Denver, CO

30 March - 1 April 1992

Optional Pre-registration, Icebreaker,
and Panel "Get Acquainted" Sessions

Registration

Welcome

Administrative Announcements

Purpose of Workshop

Role of THAMA

Role of GW Modeling in Army Activities
Introduction to Panel Discussions

Break

Groundwater Problems & Remediation Methods
Report of Groundwater Modeling Survey

Lunch

Panel 1: GW Problems,
Break/Board Buses
Optional Trip to Rocky Mountain Arsenal
Adjourn

User Needs & Model Use

Announcements and Comments

Panel 2: Model Use in Remedial Investigations
Break
Panel 3: Model Use in Remediation

(Emphasis on Feasibility Studies)
Lunch

Panel 3: Model Use in Remediation (Concluded)
(Emphasis on Design, Operation & Monitoring)

Break

Wrap-up

Adjourn
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QUESTIONNATRE ON ARM USE OF

v
GROUNDWATER FLOW AND CONTAMINANT TRANSPORT MODELS

S: Prior to beginning, please provide the following

Name: _
Office Symbol:
Address:

T
Telephone:

Now, please answer the following questions.

1. What percentage of the hazardous and toxic wastes (HTW)
problems you are encountering at military or Superfund sites is
associated with

Petroleum Hydrocarbons

Organic Solvent Liquids

Explosives

Metals

Other (please specify)
2. For the sites referred to above, how many of them are, or are
projected to be, involved with the cleanup of contaminated
groundwater resources for Dboth saturated and unsaturated
conditions? (military) (Superfund) What percentage of the
total number of your HTW sites is this number? (military)

{(Superfund)

3. How many of your groundwater- rela ted cleanup studies (over the
last ten years) contained, or are projected (over the next five
years) to contain, a groundwater modeling effort? If this
number is zero, skip to Question 10.
4. For each groundwater modeling study planned or executed, please
provide the information requested in the attached Table 1. Please

reproduce additional sheets as needed.

5. For each groundwater modeling study listed in Table 1, please
provide the information requested in the attached Table 2 on a
sheet per study basis. Please reproduce additional sheets as

needed.
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Appendix C Survey Form

6. Are groundwater models overly expensive or difficult to use for
your applications? If the answer is no, please continue to
Question 7.

f the s s 2§
upports your answer:

0 -

mrerr mde d men vt Al Fammwm . e
nformation gainea irrom n_uem 1S WOT uh.
11

the 1nd1v1du 1l odels are 1naccurate, 1ncomplete,
and/or out of date.
Too much 1labor and/or time is required to

compile the field data needed to define the problem
to be modeled.

Too much labor and time is requlred to put
results of model analyses in a form that is useful
for making engineering decisions.

Other; please explain.

7. Was your answer to Question 6 based on your own experience,
discussions with contractors, or both?

8. In your experience, are groundwater models comprehensive encugh
to account for the major details of real field problens?
Alternately, do you believe your organization generally collects
data sets comprehensive enough for groundwater model use?

9. Rank the following items by as

(M), or Low (L) importance in mak1
tools for your site applications.

igning them a High (H), Medium

i1

S
ng groundwater models more useful

software for personal computers (PCs) oOr Wwork
stations with a graphical user interface that enables
easier input of data to groundwater models

software for PCs or work stations with a graphical
user interface to aid in visualizing groundwater model

software that would aid in extracting information
from model results in the form of tables and plots
similar to those now used to evaluate field data

CADD d GIS software

a data base of typ

parameter values for spe

geophy51ca1 and biochemical

e Y e mande e 2 o e b

ic soil types and contaminants

ical
cif

a data base that would provide citations to
pertinent published information on groundwater models

9]
w



@)
x

10. If you a

cleanup

a probablistic modeling capability that includes
measures of uncertalnty in geologlc condltlons, aid in

ter eStlmatlon, and theoretical limits of modellng

guidance on the use and limitations of existing
groundwater models for site characterlzatlon, feasibility
studies, and remediation operation

an expert system to aid users in the selection of
appropriate groundwater models. The system would also
provide users with recommendations for model parameter

selection

aroundwater modeling

oL Gl atl el lll 9

svs 1

sys hav 1
alternatives integrated fully within their flow and
transport models

:
systems that have remedia

modeling tools

Army technical support personnel to assist in model
choice and application

re not using groundwater models for your groundwater
studies, please indicate why (check each that is

appropriate):

Insufficient funding or time to learn the use in-
house of most groundwater models

efforts

Current groundwater models have insufficient levels
of credibility for decision making

Typically an insufficient amount of site data exists

2 ypylidadlly ali 2

to warrant groundwater model use

No . groundwater modeling was deemed necessary.

rationale for this decision

}-J
()
Y
1]
o
[17]
b
T
’-J
ol
F
o
cf
o
(0]

Other; please explain.
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11. Would you employ models more often if the items above in
Question 9 were available? If the answer is yes, please be
sure you ranked the items in Question 9.

12. Do you have any access in-house to additional groundwater
models that are not listed in Table 17 If so, please provide the
namnes of those models below and whether they are run on persocnal
computers (designate PC and class of PC; i.e., 286, 386, etc),
workstations (de51gnate WS with workstation name) or mainframes (M

with machine name):

MODEL NAME COMPUTER
13. When evaluating groundwater modellnm proposals presented by
contractors, which of the following is generally the deciding
factor in contractor selection? (Check one please)
Quality of proposal based on in-house
technical review
Quality of proposal based on external
technical review. Whc generally conducts this
review?

Known reputation of contractor
Other; please explain

14. When groundwater modeling results are presented, which of the
following is generally the primary means of assessing the

reliability of those results? (Check one please)

.
In-~house technical rev

v

£

=W

ew.

.

External technical rev
conducts this review?

i
i

Who generally

Other; please explain

15. Please provide any additional comments you have
projected future needs for groundwater models.

including your
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6

- Please provide (reproductions or originals) of either cover
ag
it

s or references to any contractor and in-house reports dealing
=)

e a T
h the mcdeling of groundwater flow and/or transport at Army
sites.

€T =

4 Ailg

FINAL INSTRUCTIONS: Thank you for filling out this survey. Please
ail the completed forms to:

<]

Dr. Jeffery P. Holland
USAE Waterways Experiment Station
3909 Halls Ferry Rd

Vicksburg, M8 39180-6199

ATTN: CEWE8~HV-C

FAX:
If you have any need for assistance, please call Dr. Holland at
(601) 634-2644 or (FTS) 542-2644.
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€,

b.

C.

4.

TABLE 2: INPUT FOR QUESTION #5

Site Name, and its location (city, state)

’

What percentage of the study was performed
off-site, completely by contractor
in-house with the aid of a contractor
completely by in-house personnel

Was the study, or has it been to date
fully successful (continue to Question 6)
marginally successful
unsuccessful

To what do you attribute the lack of success with the above

modeling venture? Check all that are appropriate for this study.

lack of contractor expertise 'in general
lack of in-house expertise to adequately write contract
specifications
lack of in-house expertise to monitor contractor progress
and activity
lack of in-house expertise to interpret contractor
results :
poor documentation of study results and modeling
assumptions and methodologies
technology gaps . in particular models used for this
specific site. If so, who chose to use this model, your
organization or contractors?
lack of proper support within the Army for model
selection, validation, and review of contractor results
inadequate site characterization and data collection
inadequate time and/or funding to conduct an adequate
study
other; please specify
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Panel 1:

Panel 3:

SUMMARY OF PANEL TOPICS

llati
con

1
P,
icamin

General types of remediation be

in
RI/FS requirements related toc mod

Groundwater Model Applications

Key examples

$mmey P aVo E-10]

;e a an
Costs, timeliness and succes

Critical Modeling Components and Requirements

User

Data acquisition and management

Computer system

conditions

Staff knowledge, experience and training and guidance needs

Contracting

o e 2 ey mmomAloe

Proprie tary c<codes
Technical review, validation and verification

Approprxate documentation of modellng results
hili v in court

A mcaes anmAd Aaanc hi
cieliSiaaaa in courc

Regulatory acceptance and a
Needs
Model selection and calibration

Time and cost estimates
Review and quality control of modeling efforts

Results presentation, 3-D visualization and animation

Project Goals

Geologic Environment

Hyarogeo;ogxc Environment

Contaminant Properties and Transport Mechanisms

Data

g

Management and QA/QC of Field Surveys

RI and GW Modeling aynergxsm

Role of modeling in planning RI program
Role of modelxng in specxfylng supplemental RI

RI role in supporting modeling

Remediation Alternatives

Currently Used Flow and Transport Mode
Objectives of Model Use in Feasibility

Data

Model Requirements/Users for Feasibili

U P |

Requirements for Feasibility Stud

Treatability Desxcn
Flow Optimization for Pump-and-Treat Remediation Design
In Situ Remediation Optimization

Optimization of Monitoring Well Placement

vpLiieiataiol

Prediction of Remediation Response and Costs

Remediation Uncertainty
Requlatory Restrictions and Reguirements

neguliacly &~

Members, and Topics

O
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PANEL 1: Groundwater Problems, User Needs and Model Use

Objectives: The purpose of the User Panel is to provide representatives of the
user uummuu;uy with a forum to present lnSLgnc into their groundwater mOOELLng
requirements. The response to the groundwater modeling questionnaire will
provide a generic overview of Army user needs but this Panel will give key
representatives the oOpportunity to discuss pertinent Installation Restoration
modeling needs and how these needs are being addressed. The successes and
failures of previous modeling efforts can be addressed. Suggestions can be
offered on what degree of expertise or expert systems need to be developed in-
the user community to be able to ascertain when and if modeling is required and
what type of model is needed.

Presentations:

1. Mr. Brian Anderson, Program Manager, Rocky Mountain Arsenal (RMA).
Description of groundwater modeling experiences for RI/FS at RMA. (20 min)

2. Mr. Khal Masoud, Program Manager, Baltimore District. Synopsis of modeling
procedures, use and problems in RI/FS process. (15 min)

3. Dr. Fred Baker. Synopsis of modeling process, use and problems. (15 min)

Panel Members:

1. Moderator, Mr. Ira May, THAMA. Geologist. Represents THAMA as expert on
Army modeling needs.

2. Mr. Brian Rnderson, Program Manager Rocky Mountain Arsena
Engineer. Expertise in application of models at Rocky Mounta

1 Environmental
i n

. ro
n Arsenal.

3. Mr. Khal Masoud, Baltimore District, COE. Civil Engineer. Project Manager
with expertise in RI/FS needs.

4. Dr. Fred Baker, Baker and Associates. Civil Engineer. Groundwater model
expertise with emphasis on hydrogeclogic ceonceptual models. i
5. Mr. Sam Bass, Missouri River Division, COE. Geologist, Chairman of MRD CAD
Environmental Task Group Leader. Expertise in groundwater problems and RI/FS.
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Topics:

*

*

*

Current Installation Restoration Problems

Types of contaminant
-- Types of sources
-- Types of hydrogeologic conditions
-- RI/FS Requirements related to modeling

==

-~ General Types of remediation being applied

Groundwater Model Applications
-- Key examples
-- Costs
-- Timely Execution
-- Results
- Satisfactory
- Unsatisfactory

- Unclear

<L lLlCal NOoaelllg FonelLa

-- Contracting
--~ Proprietary codes
-= Technical review

-- Training
-- Staff knowledge and experience
- (‘nmnuter qutpm

- Data acquxsxtlon
-— Data management
-= Validation

-- Verification
-- Appropriate documentation of model results

- Dnnn’lafnru accentance

STl Y ST palile

—-- Defensible in court

1lgar Noeadea
vser Neecs

-- When is model needed?
-- What kind of model?

—_— Ot ?
LOSTS

-—- Time to develop and run?
-- How to determine adequate calibration?

—— Arvmu avnartien A wawid aw A et A n I~ £
Ay eéXpertise TO review and providae yn,g\, s

—-— State-of-the-art presentation of results

<)
[$)]



Q
»

Questions:
Is contaminated groundwater the biggest problem?
What are types of contaminants present Army groundwater problems?

What are some key modeling efforts?

What are the most critical modeling components which hinder model application?
How do you know if you need a groundwater model or not?

If a model is needed, what kind is adequate?

How do you know if you have adequate input data?

How long will it take to get results?

wWhat are the costs?

How do you determine adequate calibration?

Can anyone in the Army provide review?

Who should determine quality control of models being used?

What should a good model study report contain?

How does one estimate the level of effort required for a groundwater model
study?
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PANEL 2: Model Use in Remedial Investigations (RI)

(Role of RI in Model Definition and Models in RI Planning)

Objectives: This panel discussion will address the most difficult problem
encountered in a groundwater (GW) modeling effort, defining the problem to be
modeled. Uncertainties related to numerical methods and errors are second
order compared to the uncertainties related to definition of the geologic
model, hydrogeclogic model, and contaminant transport processes. Two or three
synopsis presentations and guided discussions will define requirements and
problems associated with defining (a) subsurface structure and stratigraphy,
(b) flow boundaries, (c) hydrogeologic properties, (d) properties of the fluids
and transport processes in the subsurface environment, (e) initial conditions,
and (f) the role of GW modeling in the RI process. The techniques involved in
defining the hydrogeologic model are diverse: geologic mapping, surface
geophysical surveying drilling and sampling, core/sample logging, borehole
geophysical logging, borehole pumping tests, dye tracing, laboratory testing,
and others. Although the numerical models require definition of properties at
all points in the domain of the model, this can never be achieved in reality.
The field data must be interpolated and extrapolated in a statistically
meaningful and rational manner. Modeling is used in an interactive manner to
guide the remedial investigations. This panel will emphasize the synergism
between RI and GW modeling.

Presentations:

l. Dr. Frank Schwartz, Ohio Eminent Scholar in Hydrogeology, Ohio State
University. Synopsis presentation on determining the hydrogeologic model and
the role of modeling in planning RI (includes parameter uncertainty and
geostatistical considerations). (30 min)

2. Dr. Carl Enfield, Chief, Processes and Systems Research Division,
USEPA-ORD, RSKEL-Ada, Oklahoma. Synopsis presentation on contaminant transport
processes--determination of important processes for a given site and parameters
for modeling. (15 min)

3. Mr. Carlos Tamayo, Civil Engineer, Colorado State University. Case study
on off-post (Rocky Mountain Arsenal) geostatistical groundwater modeling
effort.

D7
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Panel Members:

1. Moderator. Dr. Dwain Butler, WES. Geophysicist. Expertise in site
characterization for geology and hydrogeology.

2. Mr. Carlos Tamayo, Colorado State University. Civil Engineer. Expertise
in geostatistics and groundwater modeling.

3. Dr. Frank Schwartz, Ohio State University. Ohio Eminent Scholar in
Hydrogeology. Expertise in groundwater modeling, hydrogeologic description,
geologic description and geostatistics for parameter estimation and

uncertaxnty.

4. Dr. cCarl Enfield, USEPA-ORD, RSKEL-Ada,; Oklahoma. Chief,; Processes and

Systems Research Division. Expertise in contaminant transport processes and
transport parameter determination for modeling.

5. Dr. James May, WES. Hydrogeologist. Expertise on modeling needs related
to Remedial Investigation / Feasibility Studies.

6. Mr. Gregory Hempen, Saint Louis District. Geophysicist, past president of
the Association of Engineering Geologists. Expertise in site characterization
for hydrogeology.

7. Mr. Dennis Bowser, THAMA. Geologist. Expertise in geology and contract
monitoring for hydrogeclogic site characterization.

8. Dr. James Brannon, WES. Geochemist. Expertise in contaminate fate and
mobility processes in seil and its modeling.

9. Dr. Jesse Yow, Lawrence Livermore National Laboratory, DOE. Manager of
Environmental Technelogy Program. Expertise in medeling and remediation of

radionuclides in groundwater.
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Topics:

* Project Type

-- Defense Environmental Restoration Program
- Installation Restoration
- Other Hazardous Waste
- Formerly Used Federal Properties
- National Priority List

-- Superfund Site

-— Contamination Remediation

-~ Unexploded Ordnance

-- Monitoring Network

* Geologic Environment
-- Fractured Rock/Porous Media
-~ Consolidated/Unconsolidated
~=- Aquifers/Aquitards
-- Stratigraphy and Complexity
-- Geometry and Scale
-- Parameter Uncertainties

* Hydrogeologic Environment
-- Boundary Conditions
-= Hydraulic Head Distribution
-- Unsaturated/Saturated Flow
-— Steady State/Transient Flow
-~ Hydraulic Conductivity Distribution in 3-D
~— Porosity Distribution in 3-D
-= Contaminant Source Locations
-= Initial Conditions
~=- Parameter Uncertainties

* Contaminant Properties and Transport Mechanisms
-~ Single/Multiple Species
-= Soluble/Insoluble
-- Density (relative to water)
-—- Conservative/Nonconservative
~- Advective Transport
-~ Dispersion/Diffusion
-~ Retardation/Decay
-- Radionuclides
-—- Parameter Uncertainties

* Data Management and QA/QC of Field Surveys

* RI and GW Modeling Synergism
-- Role of Modeling in Planning RI Program
-- Role of Modeling in Specifying Supplemental RI
(Updating or Enhancing Geologic/Hydrogeologic Models)
-~ RI Role in Supporting Modeling
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Questions:

Generally, what is the interface between the personnel responsible for planning
and conducting RI and the personnel who must use to results of the RI to
perform numerical groundwater model simulations?

Are the groundwater modeling input requirements ever taken into account in
rlanning RI?

How does a knowledge of the contaminants, the source and site history affect
the RI?

Which of the geologic, hydrogeoclogi
generally have the greatest de rnes
How do the uncertainties and unknowns in th
inaccuracies and errors in the numerica

"
o]
(9]
(1]
1]
(1]
(2]

3
(t

Are there parameters needed to support the
n ical modeling that can no ow be pra

ﬂ
T
r
ﬂ

& now

cost the greatest controlling factor in the level of detail in the final

Typically how is the density of field measurements determined?

Are there any guidelines for determining scale and scope of the RI? That is,
how is the size of the area which must be characterized in the RI determined,
relative to the size of the site or facility of interest?

How often in practice is groundwater modeling used to plan RI?

How often are geostatistical procedures used to develop a parameter uncertainty
model for the hydrogeologic parameters?

Is there a need for RI planning tools, such as expert system programs, to
optimize the RI planning phase to support subsequent groundwater modeling
efforts?

RAP S > Ay

What are the major problems in RI data management? Are existing database
management systems adequate for the task?

Is QA/QC of field surveys a major problem in RI?

Appendix D Panel Objectives, Members, and Topics



PANEL 3: Model Use in Remediation

(Role of Groundwater Models in Feasibility Studies (FS), and
" Design, Operation and Monitoring of Remediation)

Objectives: This panel discussion will address one of the main reasons for
developing a Army groundwater model: remediation, that is, the need to
integrate remediation effects into groundwater flow and contaminant transport
models. The purpose of the panel is to establish the need for models in the
evaluation of remediation alternatives in the feasibility study (FS) and
optimization of the design, operation and monitoring of the remediation
process; identify current models and types of models and methods being used in
the evaluation process; determine the frequency of model use in the FS and
remediation process; and determine why models are not used more frequently. 1In
addition, the panel should establish the required level of sophistication;
potential use, products and impact of models; problems with existing models and
their needed improvements; criteria for model selection; data requirements and
who will use the model. The panel will be broken into two parts--model use in
the FS and model use for optimization of the remediation including verification
of the remediation process and the model based on monitoring data.

Presentations:
Part 1

1. Dr. Gaylen Brubaker, Remediation Technologies, Inc. Tutorial on types of
remediation alternatives and how a groundwater model could aid evaluation and
optimize design and operation of the alternatives. (30 min)

Part 2

2. Dr. Randall Ross, USEPA-ORD, RSKEL-Ada, Oklahoma. Tutorial on role of
monitoring in modeling and remediation process along with a case study.
(20 min)

3. Dr. James Warner, Colorado State University. Case study on modeling of
Rocky Mountain Arsenal. (20 min)

4. Dr. C. Y. Chiang, Shell Development Company. Case study on modeling NAPL
remediation by vapor extraction or biodegradation. (20 min)

D11
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Panel Members:
Part 1

or. Dr. John Cullinane, WES. Environmental Engineer. Expertise
ts of remediation and treatment systems.

2. Mr. Jack Genereaux, Kansas City District. Geologist. Reviewer of
remediation schemes with emphasis on feasibility based on groundwater flow

requirements.

3. Mr. Jim Zeltinger, Omaha District. Geologist. Reviewer of remedial
alternatives with emphasis on groundwater interactions.

4. Mr. Don Koch, Engineering Technical Associates. Expertise in groundwater
modeling for RI/FS involving pump-and-treat remediation alternatives.

5. Dr. Gaylen Brubaker, Remediation Technologies, Inc. Consulting
remediation specialist. Expertise in desxgnlng and evaluatlng remediati
systems for a wide range of problems and in specifying groundwater model

requirements.

on
ing

Part 2

6. Moderator. Ms. Tomiann McDaniel, HQUSACE. Expertise in remediation of
groundwater problems.

7. Dr. James Warner, Colorado State University. Professor of Civil
Engineering. Expertise in GW flow and transport modeling.

8. Dr. Randall Ross, USEPA-ORD, RSKEL-Ada Hydrogeologist. Expertise in
remediation modeling at Super;und sites.

9. Dr. C. Y. Chiang, Shell Development Company. Environmental Engineer.
Expertise in modeling and remediation of petroleum NAPL.

10. Ms. Carol McKinney, Kansas City District. Hydrogeologist. Expertise in
remediation design.
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Topics:

* Proposed remediation alternatives being considered

s*

\.uIICHL IIIUUEL use
-- names and type
-- selection criteria
-- frequency and objectives
-- reasons for non-use
-- deficiencies and needed improvements

~E e
Ul UuStT

* Potential use
-- effectiveness evaluation

-~ feasibility based on flow
- feasibility based on transport and reaction kinetics
- predlctlon of concentration as a function of time
-- preaxcclons for treatability studies
-— economics
-- optimization of design and operation
~ flow for pump-and-treat and containment

i
- transport of contaminants for pump-and-treat
- in situ remediation
- monitoring
-- uncertainty analysis for design and feasibility

* Data requirements
~-- site characterization (remedial investigation)
- contaminant descriptions
- contaminant concentrations
- site geology and geochemistry
-- process variables
- decay and reaction rates, etc.
- partitioning coefficients
-- remedial design parameters and descriptions
- flow rates
- reactant concentrations and dosages
- phase and component interactions
~- monitoring data for optimizing operation of remediation
verifying the model

)]
-
-

* Model requirements/users
-= level of qnnhlstlcatlon

- multx-phase’
- coupled unsaturated and saturated?

~ transport or flow only?

-- in-house or contractor

-—- versatility

-- computer environment

-- training

-~ recommendations for development

-- effects of regulatory requirements and review

Appendix D Panel Objectives, Members, and Topics
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Questions:

Part 1

What types of remediation alternatives are being considered in feasibility -
studies? Is modeling used to determine their feasibility? If so, what type of
remediation alternatives are modeled? what models are used? how are the

models selected? is only flow modeled or is transport also modeled? what are
the products of the modeling? what are the deficiencies and what improvements
are needed?

What level of sophistic

a (o]
feagibilityv of remediation alt
?

eagibility remediat natives? to estimate
concentratlons achieved? to predict costs?
Why aren’t models used more often for evaluating feasibility of remediation
alternatives? 1Is data limiting? 1If so, what data? Are models inadequate?
Are there good descriptions and models for incorporating the effects of
remedial actions in models? 1Is it too expensive for the results? Are models
unnecessary? Would routines to optimize the effectiveness of remedial

alternatives be useful and cost effective?

Should models be developed to optimize the remediation design? estimate costs?
predict effectiveness (concentration as a function of time and location)?

Is more research required to determine treatability and provide standard
testing to determine remediation process coefficients and analytical

decerintiona?
aescriptions?

Is in situ treatment a viable alternative? 1Is it being performed now? Is
pump-and-treat able to obtain acceptable results in a timely and cost-
effective manner?

Is remediation of the vadose zone a problem? Is a model needed to evaluate the
transport of contaminants and treatment of contaminants in the vadose zone?
What are the shortcomings in the current methods of evaluating the feasibility
of remediation alternatives?

Who needs to use a model in a feasibility study? 1Is it done in-house or by
contractor? On what type of computer should the model run? Is training -
required to better understand remediation alternatives and the evaluation of
their feasibility?

Are models used in feasibility studies also used to predict conditions for
treatability studies, design the remediation alternative and adjust operating
conditions during the remediation?
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dia erfor.ance? what models? How
What are the main sources of uncertainty

in remediation design? and performance forecasting? Which model parameters
and +ha s+ wn_nﬂﬁncfmnnf i.e which are least well estimated a Drlorl or

"
neegd Tne mest re S WiGCnie 1.8.,; Wil L2as8t

with laboratory experxments’ How is uncertainty incorporated in the design

process for optimization of the remediation alternative? How is uncertainty

gquantified?

What methods are available to optimize the arrangement of observation wells

‘aud Pumy*“y wella; in order to pwnniﬂn the necessary data to minimize

uncertainties, maximize operating efficiency of remediation process and verify
the model?

Have models been used to optimize the operation of an remediation system? How

can response data provide a feedback to the operation? Are there any

gquantitative/objective methods to Luyu‘EVLate rapidly new field and laboratory

data in model parameter adjustment? or is this subjective art?

What field measurements are necessary and sufficient to reasonably attribute
any contaminant disappearance to a specific process, such as dllutlon,
sorption, dispersion, volatilization, and particularly biotransformation?

Do ANY flow or transport parameters measured by bench scale experimentation
apply unaltered to field scale simulation or do field heterogeneities preclude

thaie aimenla annlicatrion § X 3
Cneéir simpi€& &appiiCation in a model? What is the process of **="=F°*‘r1ng

laboratory results to field performance?

Are there any circumstances in which the GW modeling state-of-the-use in the
field approaches the possibilities of the state-of-the-art?
™~ dre
1o
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