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GROUND WATER MODELING IN THE
ARMY ENVIRONMENTAL RESTCRATION PROGRAMS

EXECUTIVE SUMMARY

The Army's Environmental Strategy for the 21st Century directs the Army to give immediate
priority to sustained compliance with all environmental laws and to continue to restore previously
contaminated sites. The Army currently has over 5,500 known contaminated sites — located on 1,300
Army installations — that require further study and possible remedial action. By law the Army is
required to restore them to an environmentally safe condition. ‘fhe Army spends more funds on ground
water-related problems at Army installations than on any other environmental remediation acivity.
Thus, there is a critical need to develop innovative technologies and processes that can help the Army
clean up polluted ground waier resources more effectively. Ground water modeling (GWM) is one such
technology.

This is the report of the findings and recommendations of a ground water study panel convened
by the Army Science Board’s (ASB) Infrastructure and Environmental (I&E) Issue Group to evaluate the
role and practice of (GWM) in the Army's environmental restoration programs and to assess future
research program needs.

Cleaning up contaminated ground water and soils is an exceptionally difficult problem.
Contaminants often exist in complex hydrogeologic conditions in which a variety of different physical,
chemical, and biological processes are occurring. Complexities in subsurface characteristics make
characterizing contaminant transport chailenging. Ground water models mathematically approximate
contaminant fate and transport processes in certain subsurface water conditions, providing a tool for site
characterizatiou that can nelp clarify the rade-offs associated with alternative clean-up remedies. Models
alone cannot determine particular outcomes with certainty; they help determine the range of outcome
probabilities.

A number of different elements within the Army (or its contractors) use a variety of ground
water models 0 carry out site restoration projects. Because the utility of models is highly dependent on
the validity of the model assumptions and the quality of the data, modeling requires a sophisticated,
knowledgeable user with the capability to know not only Aow to use the model, but more importantly,
when and where to use which model. '

The Army’'s GWM activities have met with various degrees of success. To alleviate identified
usage problems, the Army plans to initiate a more aggressive and comprehensive research, education and
out-reach program — the Ground Waier Modeling/Simulation Program — to support better use of
ground water models. The program focuses on the development of an integrated Ground Water
Modeling System (GMS) and includes activities such as: evaluation of existing modeling tschnologies;
provision for an integrated user environment (including education, training and technical support);
integration of multiple database management systems; and, undertaking basic research on transport and
flow of Army-specific contaminants in varied hydrogeologic conditions.

The findings of the ASB panel fall into three broad categories: examination of the role of GWM
in Army activities: review of training and other technical support needed for more effective GWM
efforts; anc, evaluation of the proposed Ground Water Modeling/Simulation Research Program.
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L. 1 WM in Si ion

1.1 Finding: The Army has not provided guidelines for tae conduct of site restoration
activities that include use of GWM as an integral part of site restoration,
especially at the beginning of a project.

1.2 Finding: Regulators and managers often have unreasonable expectations with regard to
what models can be used to accomplish, and are seemingly unaware of their
limitations,

Recommendation: The Army should establish policies articulating the role of ground water models

in environmental protection and site reswrauun projects and develop guidelines
that will include GWM as an integral part of planning and conducting these

activities.
2. Training and Technical Suppori Requirements
2.1 Finding: Many Army personnel responsible for site restoration do not have adequate

expertise to apply, review, and understand grour.d water mndels. Army
personnel need and desire additional education, training, technical support and
assistance to use ground water models appropriately and to manage projects
involving GWM effectively.

2.2 Finding: The ground water model user community within the Army i3 sprcad among
diverse organizations and has widely varying skills, with no process for mutual
support.

Recommendation: The Army‘should establish a Technical Support Center to provide: training to

increase the number of qualified personnel; technical assistance to respond to
issues relating to appropriate use and interpretation of GWM results; and,
technology transfer — spreading technical and user information involving the use
and limitations of GWM — to Army personnel involved with site restoration
activities.

3. Gronnd Water Madalina/Cimalation Recaase LM
3. Crrauns Water A ang/

1103 AY

3.1 Finding: The proposed program for Ground Water Modeling/Simulation Research,
especially the GMS, is an ambitious one. It appears to be sound scientifically,
and if implemented will help to mect the requirements of the Army’s
Environmental Restoration program. It is not apparent, however, that the
quality and level of resources — funds or personnel — are sufficient to meet the
goals of the program.

Recommendation; The proposed research program should be implemented and a process established
to ensure close interaction with the user community to guide program priorities.
The program should be a dynamic one and be modified as requirements and
resources change. Most importantly, project tesources — time, budget, and
talent — must reflect the true needs and scope of project goals.




3.2 Finding:

Recommendation:

3.3 Finding:

Recommendaton:

An independent advisory group should be established to monitor and review the
adequacy of planning and programming, as well as to assure technical
credibility.

Components of the proposed GMS will be completed after many Army site
restoration efforts are underway. Incremental development of the GMS with
clear user-defined intermediate products is therefore critical to address
immediate needs. Ground water modeis are currently available that can be used
by the Army in its site characterization and remediation efforts, although field-
scale verification of many models is incomplete.

Technology transfer must be a continual part of the GMS development process,
with intermediate GMS products transferred to the user community (including
contractors) as developed. Initial GMS research program efforts should be
devoted to: improving user capability for extant mode!s; field-scale research and
improving the predictive capability of existing models; and, improving the
scientific understanding of flow, transport, and fate processes.

There are Army-specific contaminants, such as explosives, on which little
research is likely to be performed outside the Army. There is a need for
additional basic research to characterize the behavior of these contaminants and
to provide accurate input to ground water models used in Army site restoration
activities.

The research program should give priority to investigating and characterizing
physical, chemical, and biologic processes that affect Army-specific
confaminants.




GROUND WATER MODELING IN THE
ARMY ENVIRONMENTAL RESTORATION PROGRAMS

Part 1
Ground Water Models: Background Facts

The U.S. Atmy Corps of Engineers’(COE) Directorate of Research and Development asked the
1&E Issue Group of the ASB to convene a panel to evaluate the current state- of-the-art in GWM in th:
Army’s environmental restoration programs and to help them assess and shape the future direction of
research programs in this area. This report describes the findings and recommendations of the ASB
ground water study parel.!

L, Army Environmental Responsibility

The Army and the Department of Defense (DoD), as owners and occupiers of millions of squa.c
miles of land, harbors, wetlands and natural resources, are aware of the growing importance of their role
as stewards of the environment. The Army’s Environmental Swrategy for the 21st Century recognizes
this role explicitly and pledges them to providing eavironmental leadership: "The Army will be a
national leader in environmental and natural resource stewardship for present and future generations as
an integral part of our mission."? To fulfill this mission and respond to a broad array of legislation
protecting the environment, surface, and underground water resources, the Army has developed an
environmental strategy. Among other goals, it directs the Army to give immediate priority to sustained
compliance with all environmental laws and to continue 10 restore previously contaminated sites. To
achieve these goals, the Army wili need to davelop and use its environmental resources — both
technological and human — more efficiently and effectively.

As this nation’s environmental consciousness increases, the need to protect clean water and
restore contaminated water resources becomes more critical. Local and regional surface water has
become a significant component of the nation’s and the Army’s environmental agenda, And although
unseen — much of our water resources lies below ground in subsurface aquifers — the condition of our
nation’s ground water resources is a growing concern. Pollution of subsurface water supplies has a more
injurious impact on the environment and ecology than surface water contamination, These injuries are
more difficult to remedy; the impacts, more lasting. The Environmental Protection Agency (EPA)
recently noted that, "[g]round-water contamination is one of the most prevalent and challenging problems
at hazardous waste sites in both the Supcrfund and RCRA (Resource Conservaiion and Recovery Act)
Corrective Action Programs. Ground-water contamination is present at more than 70% of the sites on
the National Priorities List [Superfund] and almost 50% of the permitted RCRA land disposal facili-
ties. "* Activities on military installations have a significant impact on the environment and ecology of

! The term "ground water” is variously written as one or two words. Reflecting usage of both the Water
Science and Technology Board and the dictionary, this renort uses the two word variant except where quoting or
citing another usage.

2 U.S. Army Environments] Strategy into the 21st Century, Department of the Army, Washington, DC 1992,
pl.

3 U.S. Environmental Protection Agency, "Considerations in Ground-water Remediation at Superfund Sites and
RCRA Facilities — Update,” Memorandum, Directive No 9283.1-06, Washington D.C., May 27, 1992.
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lands and wetlands on and adjacent to military installations, and these activities can detrimentally affect
both surface and ground water supplies. Thus, there is an emerging critical need to develop innovative
technologies and processss that can heip the Army and the nation more effectively address the clean-up
of our nation's ground water resources.

Ground water contamination constitutes a risk to human and environmental health on Army
installations in addition io threatening the surrounding communities. The Army currently has over 5,500
known contaminated sites — located on 1,300 Army installations — that require further study and
possible remedial action.* Tae Ariny is required by law to remediate these damaged sites, i.e., to
restore them to environmentally safe condition. Currently thirty-four of these contaminated sites are on
the National Priority List, marked for highest clean-up priority under the Superfund Program mandated
by the Comprehensive Environmental Response, Compensation and Liability Act (CERCLA) legislation.

Ninety percent of all Ariny contaminated sites face problems of polluted ground water and 60
percent of the Army’s current clean-up efforts are focused on remediation efforts relating to
contaminated ground water.® The costs — in terms of resources, time and funds — associated with
these environmental clean-up efforts are, and will continue to be, significant. The Army spends more
funds on ground water-related problems at Army installations than on any other environmental
remediation activity. It is estimated, for example, that the potential costs to address soil- and ground
water-related problems at the Rocky Mountain Arsenal outside of Denver, Colorado and at the Aberdeen
Proving Ground in Aberdeen, MD may top $1.7 billion over the next few years. While taw sites will
necessitate the level of effort required in the latter two installations, cost estimates for the Army to clean
up its ground water generally range from $3 to $6 billion.”

The Army enviroumental restoration program does not operate in a vacuum, Many Army cleari-
up activities, including ground water, are affected by the regulatory activities of the EPA as well as
those of regional, state, and local jurisdictions. This overlay may control the time allowed for evaluation
of a particular contaminated site and strongly influence the Army’s choice of assessment and remedial
tools and techniques. Another impaortant factor affecting the Army’s current site restoration effort is the
fact that the Army must rely heavily on the expertise of private contractors ~ who have varying degrees
of capability and familiarity with assessment technologies -- to implement and accomplish envirormental
restoration projects. All of these factors underscore the importance of building a greater capability in
order to properly manage and monitor these Army environmental projects in an efficient and cost-
effective manner, '

* A Review of Ground Water Modeling Needs for the U.S. Army, National Research Council, September 1992,
r 3.

% *DOD Groundwater Modeling/Simulation Res=arch Plan", Presentation, USAE Waterways Experiment Station
(WES), Vicksburg, MS, n.d. (as to ratio of ground water probiems).

S op cit., p. 4.

7U.8. Army Corps of Engineers, Plan for Development of & Comprehensive, Integrated System of Groundwater
Models and Analysis Tools for Use in DOD Installation Cleanup, USAE Waterways Experiment Station, Vicksburg,
MS, 5 Nov. 1992, p. 3, citing the Annual Report to Congress for Fiscal Year 199], Defense Environmental
Restoration Program, Department of Defense, Feb, 1992.
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2. Fnvironmentai Restyration and e Role of Ground Water Models

Cleaning up contaminawd ground vater and soils is 2n exceptionally difficult problem.
Contaminants often eaist in complex hydrogeologic conditions in which a variety of different physical,
cheinical, and biological processes are occurring. Complexities in subsurface characteristics can affect
ground water conditions and make characterizing contaminant transport challenging. Notwithstanding
these difficulties, the CERCLA remediation process requires the Army (and other organizations
responsible for environmental damage) to make a determination of the nature and extent of existing
contamination and predict further contamiuant migration in order to conduct risk assessments, to
evaluate, design, and implement remedial alternatives, and to monitor the progress of a clean-up. The
cost to alleviate polluted ground water conditions and potential risk to health precludes undertaking
remedial actions based on a trial and error process. To address these issues in the most cost-effective
manuer, the Army must irnprove its technical capability to evaluate and predict the effectiveness of a
variety of remedial alternatives as part oi die initial remedial decision process — long befors clean-up
work is cctually begun,

The use of technological tols as an aid to understanding the complex interactions among surface
water and engineering projects is uot new. For instance, for many years the Army COE has used
realistic models of waterways to help infarm enginecring decisions that have a potential effect on surface
water flow. Today, use of these physical models is supplemented by cemputer simulations,
mathematical models that approximate physical reality and guide engineering decisions before actual
construction is under way.

Computer-aided systems are also used to gain greater understanding of subsurface water
conditions. GWM is one such tool. These models attempt to represent the physica! realities of the
underground water environment with mathematical equations.® Mathematical ground water flow and
solute transport models are now widely used in engineering, geology, hydrogeology, environmental
sciences, and hazardous waste remediation studies.® In the context of contaminated ground water,
models can mathematically approximate contaminant fate and transport processes under certain
subsurface water conditions. These models are used as tools to evaluate simple or complex
hydrogeologic environments, estimate current levels of contamination at particular locations, estimate the
direction and rate of migration of contaminant plumes in ground water, estimate potential human
exposure to contaminants, and help design and evaluate remediation strategies for contaminated ground
water,

Models alone cannot determine particular outcomes with certainty; they help determine the range
of outcome probabilities. When there is a good theoretical understanding of the unseen hydrogeologic
conditions and the physical, biological, and chemical interactions that have an impact on contarninant
behavior, ground water models can help make subsurface conditions more transparent. Model results
can clarify the trade-offs associated with aliernative clean-up remedies and improve environmental
decision-making. In the context of developing alternative remedial strategies, models can help define
anc characterize the degree of uncertainty. Thus, in determining the best approach to an environrmental

¥ Ground Water Models, Scientific and Regulato lications, Water Science and Technology Board,
Committec on Ground Water Modeling Assessment, Commission on Physical Sciences, Mathematics and Resources,
National Research Council, National Academy Press, Washington, D.C. 1599,

® op cit.
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clean-up project, models play a facilitative role; they support sounder decision-making but they do not
mandate particular outcomes. In the course of the ASB ground water panel’s investigations, this critical
vnderstanding concerning the proper role of GWM was often unclear, a problem which the panel
addresses later in this report.

While models might be immediately useful in many instances, there are limits to modeling
capabilities that must be understood by users and decision-makers. In many ways tne application of
models is still more of an art than a science. GWM software is not "user friendly.” Ground water
models require a fairly sophisticated user with the capability to know not only how to use the model, but
mere importantly, when and where to use which model. Ground water models can be relatively simple
or highly complex; unidimensional or multidimensional. The utility of models is highly dependent on
the validity of the model assumptions and the quality of the data. Appropriate site sampling is of prime
importanze for the application of models. Thus, GWM ultimately can help managers make more cost-
effective decisions, the use of the modeling process itself is expensive and labor-intensive.

In some instances — perhaps many — models inadequately replicate complex physical
phenomena because of the limits of theory and the fact that the underlying hydrogeologic and chemical
interactions are not well understood. As researchers acknowledge: "Many of the processes affecting
ground water flow and contaminani transport are largely unknown."'® In addition, predicficns from
ground water models generally lack field verification. Given these circumstances, GWM ig mosi useful
for replicating flow processes in porous media. Some transport and chemicai mass transfer processes are
also well understood and modeled. Models ar. less likely to be useful under more complex
hydrogeologic conditions, or in simulating chemical/mass transfer processes under complex
conditions, "

Despite these difficuliies, a number of different elements within the Army, including the Army
Environmental Center (AEC), individual installations, and COE districts, use a variety of ground water
models to carry out environmental clean-up projects. Because Army resources are limited and
overworked, personnel responsible for site characterization and remediation often must rely on contractor
support for these activities, including GWM components, The Army bears the ultimate responsibility for
site restoration projects, however, and must be able to evaluate and assess the effectiveness of contractor
efforts.

The Army’s GWM efforts have met with various degress of success. The study panel finds that,

aanarallv cneallinog nrohleme anconnterad hy the Armvu in ucino 2uch madele are:

gencrally speaxang, prooiems £nco unICree oy ¢ Army 1nusing suclh meQods are!

. Regulators and managers often have unreasonable expectations with regard to what models can
be used to accomplish, and are seemingly unaware of their limitations.

L] The most appropriate modeling tools arc not always used; models may be applied
inappropriately, or unsuitable assumptions m.ayv i made by the user. For exampiz, a three-
dimensional flow model may be aitempted “when a simpler model, or no model at all, may better

1 plan for Development of 2 Comprehensive, Integrated System of Ground Water Models and Analysis Tools

for Use in DOD Installation Cleznun, op cit., ¢ 3.

" A Review of Ground Water Modeling Noeds for the U.S. Army, op cit., Table 1, Progress in
Modeling, p. 8.




address a particular question. At a particular site, n0 model may accurately represent the spatial
and temporal distribution of ground water flow and, thus, be unable to predict contaminant,
water, and porous media interactions in a multidimensional, dynamic biochemical environment.

° Using the muost appropriate model may be costly and time-consuming, while — given the
framework of mandated regulatery process — time and resources available to comply with the
regulatory process may be scverely limited.

L Model software may be poorly documented and their applications at particular sites inadequately
reporied, maxing it difficult for users to interpret and defend modeling results.

e Lasdy, and perhaps most importantly, the results of GWM activities may be disappointing
because Army personnel with sufficient modeling experience or expertise to use modeis
effectively and appropriately are in short supply. Appropriate use or application of ground water
models is not simple. It takes experience and iniepth knowledge to know when and where to
use which type of model to address what questions.

Too often, the cumulative impact of these problems is ineffective use of ground water models in
the Army’s site remediation activities. In turn, the problems associated with model usage and
understanding can negatively affect the selection of remedial strategies which, however well-intended,
may prove to be ineffective. The importance of the consequences and costs (especially those associated
with remediating poiluted ground water), and the potential benefits of improved analysis and
understanding prior to implementing a site clean-up project, present a strong argament for encouraging
more effective use of ground water models by the Army.

In addition, both to protect clean water resources as well as to restore polluted systems, the
Army’s drive for environmental leadership must improve the installation commander’s ability to
understand and forecast the interrelation of miilitary activities and environmenta! consequences before
they occur. New and emerging technclogies, among them the use of ground water models, can facilitate
the process of understanding the impact of military activities on th. unscen water below.

3. The ASBI&E Issue Group Study

Recognizing that GWM plays a critical role in environmental activities, the Army plans to
initiate a more aggressive and comprehensive research, education, and outreach program to support their
use of ground water models. In connection with this new initiative, in August 1991, Dr. Robert Oswald,
Director, Research and Developinent, U.S. Army Corps of Engineers'? requested that Mr. Yames
Jacobs, Chair, ASB, convene a committee to undertake an assessment of "Ground Water Modeling in the
Ariny's Restoration Programs” (Appendix A). A ground water modeling study panel was established,
composed of several members of the ASB I&E Issue Group (Appendix B).

The Terms Of Reference (TOR) indicate that the ground water study objectives are twofold: (a)
evaluate the current use of ground water models in the Army’s Restoration Programs and to assess the
degree to which the Army is using the existing modeling capability to meet current and projected
requirements; and, (b) review the Army’s Ground Water Modeling Research Program [as proposed] to

12 Under the Department of Defense "Project Reliance”, the Corps of Engineers has lead responsibility for
ground water protection and restoration.



ascertain if it is directed towards meeting the Army’s Restoration Program requirements.” In their
evaluation, the ASB panel was asked to also “identify gaps between the state of Army practice (including
that of its contractors) and the state of the art...and recommend remedial actions ...[for] effective use of
ground water models.”

The ASB study panel first met on March 31, 1992 in conjunction with an Army-sponsored
GWM use and needs workshop in Denver, Colorado. The ASB study panel met three more times in
Washington, D.C., and one meeting was held at the Army COE WES, Vicksburg, Mississippi, where
the preposed Ground Water Modeling Research Program is to be located. Presentations were made to
the study panel by individuals from various components of the Army and the COE, private industry,
academia, and the EPA,

Concurrent with this ASB study, the U.S. Army COE WES contracted with the National
Research Council’s (NRC) Water Science and Tecknology Board (WSTB) to evaluate the current state-
of-the-art in ground water flow and contaminant transport modeling. In 1990, some members of this
NRC panel had participated in a major study of the scientific use and application of ground water
models. The purpose of the 1992 study was to review and update modeling developments since that
time. The WSTB study provided technical support for this ASB study. Results of the WS” B study are .
kept on file at the ASB office, '

The findings and recommendations contained in this report represent the consensus of the ASB
study panel after its deliberate review and evaluation of oral presentations and writter reports or other
material provided at panel meetings or in response to panel questions. In addition to these technical
studies and informatior briefings, the ASB panel obtained user-based perspectives from participants
user survey that was administered by the WES. The survey questionnaire was distributed to Army
personnel in COE field offices, certain Army installations, and major elements of the U.S. Army Toxic
and Hazardous Material Agency (USATHAMA), all of whom have participated in or have responsibility
for site restoration efforts that involve GWM, Responses to the questionnaire were received from 77
individuals representing installations, USATHAMA, and 17 different CCE districts and divisions. WES
later processed, analyzed, and reported the survey results (Appendix B), Additionally, a ~ajor
component of the background materials and presentations reviewed by the study panel relate to the
proposed DOD Groundwater/Modeling Simulation Research Plan. These materials, prepared by WES,
are noted in the bibliography. '

e |l

1 Terms of Reference, Groundwater Modeling in the Army's Environmental Restoration Prograns, 1991,
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Part 11
Findings and Recommendations

The findings of the ASB panel fall into three broad casegories, the first two of which —
examination of the role of GWM in Army activities and review of training and other technical support
needed for more effective GWM efforts — address the issues in part (a) of the TOR. Evaluation of the
proposed Ground Water Modeling/Simulation Research Program, addresses part (b) of the TOR.

1. Role of Ground Water Modeling in Site Restoration

1.1 Finding: The Army has not provided guidelines for the cenduct of site restoration activities
that include use of GWM as an integral part of site restoration, especially at the
beginning of a project.

The EPA’s Office of Solid Waste and Emergency Response, which has primary responsibility
for establishing siie restoration requirements, has noted that there are no existing policies on the use of
models in the CERCLA hazardous waste/superfund programs. In practice, data requirements and
guidelines for model selection and accepiability are inconsistent and, within EPA, region-specific. The
Agency is still striving to develop an integrated approach for the use of ground water miodels in site
restoration activities. In this regulatory vacuum, the Army must develop its own clear policy concerning
the roles and purposes of GWM.

Guidelines do not, and should not, prescribe or standardize assessment techniques or models.
Because appropriate use of ground water models reflects the unique characteristics of each site, the
requiremenis for their use must be site-specitic. Under these conditions, providing specific, detailed and
prescriptive guidance for model use would not be productive,

Guidelines developed by the Army should address the conduct of studies from conceptualization
and planning through posi-implementation review and foster careful, thoughtful analysis of each specific
problem. Most importantly, guidelines should highlight the need for initiating any modeling effort at the
beginning of a project as an integral part of the site characterization and remediation planning process.
Modeling objectives should be stated clearly at the outset because they serve as the basis for decisions
that ar¢ made throughout site restoration. In pariicular, model requirements should guide data collection
during the initial site characterization process, when the site conceptual model is being developed based
on 2 preliminary understanding of the physical, chemical, and biological processcs thai characterize the
affected area. This conceptualization is very important. It is used to guide data collection, and provides
the foundation for critical assumptions leading to the selection of appropriate ground water models. The
initial conceptualization is then modified iteratively as knowledge and data permit. Collecting data in the
absence of 4 modeling objective and consideration of model requirements is likely to be neither cost- nor
time-effective.

1.2 Finding: Regulators and managers often have unreasonable expectations with regard to what
models can be used to accomplish, and are seemingly unaware of their limitatiens.

The application of ground water models is a scientific practice that can play many roles in the
design and implementation of site restoration activities. As such, they are subject to £ ¢ common
wisdom regarding mathematical models representing complex physical and biological processes, i.e., all
models are wrong, but some ace useful. Every contaminated site is unique and although it is commonly
used as such, GWM is not intended to be a deterministic procedure that provides reliable predictions of
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future contamination scenarios. Rather, GWM is a tcol tha: can be used in a probabilistic sense to
provide bounds on predicted scenarios and to help guide decision-making.

Many within the Army appear to be unaware that GWM is not an end in iiself. Even if
everyone currently expected to perform or evaluaie GWM for the Army had the exper'ise to do so
reliably (and we find they do not), policy-makers must understand that the only thing reliable about the
modeling predictions themselves is that they will differ. GWM is a tool that can reduce the uncertainty
related 10 decision-making when designing a sampling strategy, estimating the likelihood of human
exposure and consequent health risks, and seleciing remedial aliernatives. Models can be used to
estimate the probabilities of outcomes. They should not be used to give deterministic answers; they do
not of themselves determine the "right" remedy for a given situation. As a consequence, it is very
important that the role of ground water models in the site restoration process be clearly established and
modeling objectives be stated explicitly so that later disillusionment and misunderstanding can be
avoided.

Reducing the flow and transport characteristics of multiple dissolved contaminants and
nonaqueous phase liquids to a mathematical equation that accounts for the myriad chemical, physical,
and biological processes that alter those 'characteristics in an ill-defined underground environment is
destined to be a very uncertain procedure. The utility of predictions will differ depending on the
underiying assumptions made, the natural heterogeneity of natural systems, and the structural differences
between models and the real world. Thus it is unrealistic to rely on GWM to define site characteristics,
while it is realistic to rely on ground water models to characterize the uncertainty associated with
predicting the location and concentration of contaminants at a site.

Recommendation: The Army should establish policies articulating the role of ground water
models in environmental protection and site restoration projects and develop
guidelines that wiil suclude GWM as an integral part of planning and
conducting these activities.

2. aining and Technical Requir

2.1 Finding: Many Army personnel responsible for site restoration do not have adequate
expertise to apply, review, and understand ground water models, Army personnel
necd and desire additional educatien, training, and technical support and assistance
to use ground water models appropriately and to manage projects involving
effectively.

Discussion at the March 1992 workshop on GWM use and needs and the results from the user's
questionnaire clearly indicate that many Army perronnel responsible for the use of modeling in site
restorations do not have the education or training to properly use or review such models. The results of
the questionnaire reveal critical dichotomies: the majority of the respondents identified themselves as
having lirtle or no expertise in GWM whiie simultaneously identifying themselves as users of modeling
results in site restoration decision-making.

Army users lack in-house experience with modeling. A very small number of the questionnaire
respondents or workshop participants involved with on-going or completed modeling studies considered
themselves to be "adept” in the understanding and use of ground water models. Another 25% classified
themselvzs as "experienced” users, and approximately 25% of the questionnaire respondents reported
they had no experience with ground water models, but nonetheless had responsibility for restoration of
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Army sites where GWM was being conducted or was going to be conducted. Participants in the Denver
workshop felt they lacked adequate understarding of the conceptual limitations of particular models and
model assumptions, and were unable to translatc particular site situations into terms they could use in
ground water models. Assuming these responses accurately reflect the state of modeling expertise in the
Army, this bleak situation is likely to become worse: the number of modeling studies that the
respondents expect to undertake for their organizaticns in the next five years is more than twice the
nuinber undertaken in the last ten years.

To supplement the limited number of qualified Army personnel, the Army places heavy reliance
on the expertise of contractors; approximately 80% of ground water model applications in the Army
programs are accomplished through contcacts with private consultants. Often the contractor will
recommend the selection of a model, perform the actual modeling application, and finally, interpret the
results. Although the contractual partnership does not relieve Army project managers and Army
technical support elements of their duty to oversee and monitor performance of site resioration activities,
including the contractor’s use of ground water models, these managers come from a wide variety of
disciplines. They often do not have hydrogeologic or modeling experience. This diversity leads to
managers relying on contractors’ abilities to differing degrees, abilities that are also quite variable in
quality.

Army users are not unaware of these limitations and preblems. But despite the users’ own
recognition of their lack of modeling expertise, they judged the outcome of modeling efforts hatshly;
only one-haif of the 61 GWM studies identified as on-going or complete were considered successful.
Reasons cited for this record included lack of contractor expertise with respect to ground water models
and/or a lack of in-house ground water analyiic expertise sufficient to properly oversee and evaluate
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contractor efforts. Usars felt {(and the panclists concur) there is an insuilicient level of teCimical suppori

for GWM activities within the Army and no cadre of experts or center of expertise with the ability, time,

and mission to provide needed assistarce to the user community. All of these deficiencies contribute to
inconsistent, sometimes inappropriate, or even disuse of GWM techniques within the Army’s
environmental restoration programs,

These problems underscore the fact that among some Army users there is a serious need for
knowledge of basic modeling concepts and recognition of appropriate uses of models in support of
decision-making. Within the broad user comnmunity there is a desire and growing need for better
education, training and guidance in the use, applicability, and limitations of various ground water
models, to better address current needs and to prepare for the increase in the number of site clean-ups
for which the Army wiii have management responsibility in coming years.

Even the "experienced” model users expressed a desire for more information and technical
support. Their questionnaire responses reflected a desire for better in-house technical assistance to
accomplish many tasks including: protocols for the use of ground water models; improved contractor
selection; in-house review of contractor products; Juality control and quality assurance; and, improved
access to or knowledge of reliable evaluations of particular ground water models.

2.2 Finding: The ground water medel user community within the Army is spread among diverse
organizations and has widely varying skills, with ne process for muiual support,

The Army suffers from a lack of centralized scientific leadership, which is critical for gaining

better understanding of the complex scientific problems associated with the use of ground water models.
Ground water clean-up and related modeling efforts are being conducted within many organizational
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components of the U.S. Army but existing technical support, which is often provided through informal
networks of personal contacts, does not uniformly meet the needs of the Army. Institutional support,
such as the Army’s COE research lahoratories, WES and CRREL, currently can provide only limited
assistance.

The absence of centralized scientific and expert leadership and responsibility within the highly
complex and technically sophisticated arena of GWM accounts for much of the lack of coordination and
diversity in the use of such models. Lack of centralized oversight and inadequate provision for technical
assistance and support contributes to the frustration and disappointment voiced by many Army ground ¥
water model users. Given the number of challenging ground water evaluation and remediation problems %
across a multitude of Army sites and the uneven and unequal level of expert resources available to
address these problems, disappointment with modeling outcomes is not surprising.

There are several Army or DoD programs with some linkage to or responsibility for
environmental restoration, with the major clean-up and restoration programs being the Defense
Installacion Restoration Program (DIRP), for site restoration on existing, in-use bases and the Formerly
Used Defense Siws (FUDS), Program, for clean-up of abandoned and unused military sites, It should be
noted, however, that many different organizations and entities are nominally responsible for program
execution, and thus for ground water assessment and clean-up.'* Despite the plethora of environmental
restoration responsibility, none of these entities has the responsibility or resources for coordinating or
assuring that GWM efforts are conducted effectively and efficiently within the Army as a whole.

For example, the U.S. Army COE Military Programs Directorate (USACE-CEMP) is
responsible for execution of clean-ups at FUDS. This work is executed through the COE districts and,
in some cases, division offices, which are responsible for conducting site restoration projects that involve
ground water contamination, and thus potentially involve the use of ground water models. Although
most of the COE district offices have responsibility for remediating similar types of sites with similar
types of contamination and varying levels of site complexity, there is a wide variation in the level of
effort, resources, and expertise available to conduct GWM. For instance, the COE Tulsa District has a
relatively high level of resources (both personnel and equipment) and ground water expertise.

Designated a "model district™ with more flexible on-site authority than other districts, Tulsa is one of the
most progressive LCorps districts in the conduct of ground water restoration projects. In contrast, other
USACE district offices that have few personnel with appropriawe educational background or ground water
expertise and limited computational equipment are also responsible for performing similar site restoration
efforts. And despite its ground water leadership and expertise, the Tulsa District Office does not have
the inission nor the resources w provide GWM assistance i other Army or even Corps organizations.

' Other programs with some programmatic responsibility for installation clean-up or science and
engineering research and technology development to facilitate such ends are: the Base Review and Closure
(BRAC), Program addressing clean-up activities on bases identified for closure and tumed over to other
authorities in the near future Project Reliance, a DoD interagency program in which certain organizations have
lead responsibility for research and development (R&D) addressing particular environment restoration needs
(i.e., the USACE has responsibility for GWM and providing technica! support to other DoD organizations,
integrating modeling components, and process R&D on explosives, metals, flow, and cold region concemns); the
Army Hazardous Toxic and Radioactive Waste Program; and, some individual, site-specific programs such as
the Rocky Mountain Arsenal restoration project.
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Another COE organization, the Missouri River Division (MRD), has been designated the
Mandatory Center of Expertise for Hazardous Toxic and Radioactive Waste (HTRW) for all of USACE.
This responsibility includes providing review and assistance to USACE Districts executing HTRW
projects at FUDS sites, including those with GWM aspects. MRD has approximateiy 2.5 full-time
personnel committed to such review and, according to presentations to this panel, is currently able ¢
review only 15% of the documents generated on site restoration projects. Although a large amount of
GWM expertise resides at MRD, the technical assistance provided by MRD tends to be very limited and
focused on special projects. They cannot provide routine support.

The USATHAMA, now part of the newly-created AEC, is responsibie for the Installaticn
Restoration Program (IRP), which is an elemenit of the Defense Environmental Restoration Program
(DERP). USATHAMA'’s mission is to work on active DERP projects, i.e., to work on properties now
owned or operated by the active Army. Within USATHAMA there is a small (5 person) group that
conducts most of the modeling-related activities at the agency. Given the limited resources of this
group and its large field work mission, USATHAMA currently cannot provide assistance to other Army
entities, nor is such assistance within its mission.

In addition to these organizations, some of the U.S. Army’s installations with particularly
difficult site problems, such as the Rocky Mountain Arsenal, have also developed some degree of
understanding and experience in the use of GWM. But like the COE districts, the expertise and
resources in the area of GWM vary greatly and none of it is available to address Army-wide needs.

Recommendation: The Army should establish a Technical Support Center to provide: training
to increase the number of qualified personnel; technical assistance to
respond to issues relating to apnropriate use and interpretation of GWM
results; and, technology transfer — spreading technical and user information
involving the use and limitations of GWM — to Army personnel involved
with site restoration activities.

The Technical Support Center should have the capacity to provide:

L Training programs at a variety of skill and understanding levels for Army personnel involved in
ground water restoration including basic modeling concepts, state-of-the-practice and state-of-the-
art ground water models, and the use of models in decision-making.

;. H H s L . ., .
e Expert perconngl dedicated to provide technical assisiance ai a varieiy of ieveis (0 enhance the

Army’s endeavors in site restoration, especially with regard to GWM efforts.

Technical assistance available to Army personnel on all aspects of ground water management
such as site characterization methods, characterizing uncertainty, model selection and use, and
especially the limitations of ground water models.

Guidance to Army decision makers on the implications of the results of ground water studies.




o Mechanisms such as workshops, user groups, short courses, newsletters, electronic bulletin
boards, etc. to facilitate: technology transfer of information on new developments, new
techniques, and new applications of ground water models o users of ground water models at
Army sites; and, communication among users of ground water models at Army sites to
accommodate information exchange and collaberation on similar problems related to GWM and
management of ground water problems.

3. The Ground Water Modeling/Simulation Research Prggl;gm

Before discussing the findings and recommendations of the study panel on the proposed Ground
Water Modeling/Simulation Research program, some further detail about the research proposal is
needed. Under Project Reliance, the USACE has the lead responsibility for research on cleaning up
water pollution caused by military contaminants common to all DOD organizations (e.g., explosives,
metals) as well as Army-specific hazardous wastes. In connection with this responsibility, the COE
WES — long-associated with surface water studies and research — has developed an R&D plan for
improved use and further development of ground water models and simulations. A key focus of this
initiative is the development of a comprehensive, integrated, state-of-the-art GMS te facilitate Army and
DoD activities such as risk assessment, site characterization, and clean-up of contaminated ground water.

As part of this GMS, WES proposes to undertake activities in five technical areas: (1) evaluate
existing technology; (2) develop an integrated user environment; (3) conceptualize subsurface processes;
(4) develop flow, transport, and remedial simulations; and, (5) provide technical assistance. Researchers
will assess and evaluate existing modeling software programs with the goal of developing a
comprehensive expert systeim for tnodeling suitable for use in differing hydrogeologic environments.
Plans for this database management software system have the goal of rationalizing and integrating a
variety of existing ground water modeling programs with differing capabilities and operative modalities.
GMS is designed to be "user-friendly,” i.e., possess point and click operation, interactive ability, and be
capable of providing graphical visualization of results. Additionally, it will have a standardized data
format and be capabie of translating, integrating, and manipulating dissimilar data types from differing
software/hardware platforms into a single databasc management system.

The GMS includes elements other than i1tegration of existing software, which is a very large job
in itself. Another critical research goal is to gain better understanding of ground water flow and
transport nrocesces relating to Army-specific compounds in differing hydrogeclogic environments: a key
component of the proposed R&D effort "will be the improvement and, where needed, creation of process
formulations sor military-unique compounds in highly heterogeneous environments."!* Through field
trials and demonstration programs, the research program will also provide an opportunity to verify both
existing and new conceptual theories, which provide the foundation for development of effective systems.
Furthermore, the plans call for technology transfer (a key mission for federal laboratories) with research
and mode! development combined with demonstrations, feedback, and other extensive outreach activities
providing informat'un and training on ground water models and modeling to users throughout the Army.

15 Plan_for Development of 8 Comprehensive. Integrated System of Ground Water Models, op cit. With the
exception of fuels and solvents (where the Air Force has the research lead) this research will address chemical

compounds of interest to the Army and the Air Force.
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3.1 Finding: The proposed program for Ground Water Modeling/Simulation Research, especially
the GMS, is an ambitious one. It appears to be sound scientifically, and if
implemented will help to meet the requirements of the Army’s Environmental
Restoration program. It is not apparent, however, that the quality and ievel of
resources — funds or personnel - are sufficient to meet the goals of the program.

Based on the ASB panel’s evaluation of the issues and the expert opinion of members of the
NRC Water Science and Technology Board panel as well as potential users, we believe that the proposed
GMS program is sound scientifically and that on the whole, WES personnel appear qualified to
undertake it. There are many grourd water models now in existence: none are perfect but perhaps they
g0 as far as the state of theory and knowledge permit. It is clear there is an immediate need to provide
technical assistance and advice concerning these programs to the many users throughout the Corps. The
GMS has the potential to help users in the field and facilitate self-education through embedded training
and self-help tools, especially if it is made user-friendly, is easy to update, and has easy data
convertibility and integration across differing models. The WES GMS proposes to address these issues
and more.

An ambitious program with chalienging goals has been outlined. The ambition and challenge
embedded in this research should be applauded. But the WES team and those in upper management who
have the responsibility for monitoring the performance of this team will have to work to assure that real
priorities get the proper attention. The Ground Water Modeling/Simulation research program is a large,
complex, lengthy project, and requires program management that is continually attentive to a variety of
issues including cost, schedule, research objectives, external research progress, model computational
capabilities, and regulatory contexts.

That the GMS research program is ambitious is evident not only from the scope of the proposed
research, but also in its scale in terms of funding, personnel, and projected time to accomplish its goals.
The demonstration and implementation of the first version of this system is late 1995, with the second
(state-of-the-art) version available by the year 2000. At this time the proposed budget for this effort is
$28.4 million, allocated among the five task areas over a seven-year period. It should be noted that
almost half of the proposed budget ($13.4M) is unfunded; the rest of the funds come from a variety of
DoD programmatic funding, and $1.3M is coming from reimbursable studies for site-specific
investigations. !¢

This effort will involve partnering with the Air Force and other non-DoD agencies, in particular
EPA and the Department of Energy (DoE), which WES and others view positively. WES will have the
lead role for development of this GWM effort, which is a new research direction for WES researchers
(although some in the WES group have some academic or operational experience with ground water
models). However, the WES team does have experience in mathematical modeiing of surface waier flow
and WES has been involved in site characterization and remediation activities for many years. The plans
call for @ multidisciplinary research team of 16 members, including 13 Ph.D.s with backgrounds in

¥ DOD Groundwater Modeling/Simulation Rescarch Plan, op cit., p. 21.
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hydrogeology, engineering, geochemistry, biology, mechanics, visualization, and computational
methods."” In discussion with WES personnel, however, the study panel could not determine how

many of these personnel will be able to dedicate their full time work effort to this project or whether the
budget included personnel costs.

Given the scope and coniplexity of the project, the study panel stresses the importance of
instituting a continual process of user assessment, feedback, and evaluation of user problems to ensure
that the research goals stay focused on user requirements. A peer review system should also be
instituted to keep the GMS development technically on track., Two meetings in 1992 {the one in Denver
in March and another in Omaha in November) provided user feedback that has already had a positive
impact. At this time, an on-going mechanism for productive exchange of ideas appears to be in place
and current project managers are commitied to continued interaction with the user community. The ASB
panel is concerned, however, that once the GMS project is under way, imaginative personnei may be
tempted to follow "interesting” but tangential issues.

The central focus of the WES proposal must always be the support of model users and site ciean-
up activities. The user community, out in the ficld, is the real world where products are measured by
their overall effectiveness for the purposes for which they are intended. The focus on facilitating site
clean-up activities implies that the GMS researchers must pay constant attention to technology transfer,
technical support, and training. For researchers these are neither easy nor familiar concepts. Thus, the
system must embed a process of continual interaction with the user community, reinforced and monitored
by institational commitment (e.g., by WES and Corps managers).

1" DOD Groundwater Modeling/Simulation Research Plan, op cit., p. 11.
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Other concerns regarding the general approach and requirements for GMS research which were
often voiced by users or by the ASB panelists in their discussion are:

e It is currently more important that existing ground water models be used fully and effectively
than that new models be developed; i.e., training, technical support and expertise should have
priority at this point.

] The GMS must be compatible with readily available hardware being used by client groups at the
time it is released.

. Enhanced compatibility of data bases among ground water programs and other data management
tools are crucial to the early success of the program. Because timeliness is a critical factor in
site characterization and assessment, redundant data entry should be eliminated through
development of scftware translator programs.

L Simplified user interfaces will meet identified user needs, but simplification must not obscure the
particular ground water model assumptions and limitations (theoretical concepts) embedded in
each model -- assumptions which, if hidden, increase the potential for uninformed and erroneous
use of models. Any new ground water model must be well-documented and supported with
training.

Finally, the ASB panelists would like to voice two major concerns regarding the professional and
financial resources for this project. First, professional: because WES’ previous modeling activities
focused on surface water phenomena, particular care must he taken to assure that this new program has
the active involvement of persons with expertise in ground water phenomena. The GMS development
team should represent a critical mass of knowledge-based scientific personnel, both to generate truly
inngvative approaches and to have the time and ability to implement innovations in a successful project.
The project requires a dedicated tecam, not a part-time team. Selecting team personnel from among WES
personnel now available, rather than recruiting on the basis of appropriate knowledge and specialized
expertise, should be avoided.

The absence of a statistician/stochastic modeler in the composition of the research project team is
particularly troubling. Modeling is a mathematical concept based on probability theory. A qualified
person with statistics background is needed to achieve a credible product. GWM deals with probabilistic
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concepte in a very complex arena; statistical methods must be considercd for evaluating and deilermining
risk, and approaches for site and ground water cleanup; and evaluating remedial effects. The notion that
these complex statistical issues can be addressed by those with limited training or training in different
analytical methods (as was implied by at least one project manager) is unjustified. The proposal appears
to underestimate the difficulty of software development (e.g., the very difficult design and
implementation problems that can arise when modules/models are to have a common interface and yet
satisfy differing software and hardware platform requirements; the complexity of the requirements for
these models; and, the realities of incorporating graphics capability). Furthermore, there appears to be
limited awareness concerning recent research advances in the sofiware development field external to
WES and the Army, advances that should be exploited in construction of the GMS (e.g., use of project
management software to estimate cost and time). The WES team would be well-advised to establish an
on-going external peer review group to ensure that their researchers bring the best technical insight to
this project.




To spark innovation within the WES team, WES should bring in additional talent well-grounded
in statistical and ground water theory. We recognize that the ability to bring in additional talent
dedicated to this project depends on adequate project financing, however, which is the second of our
resourcing concerns. Although much thought and planning have been devoted to the proposal, it is
simply not clear that a program of such size, complexity, and duration can be accomplished within the
proposed budget and time schedule. This opinion is based more on the personal experience of some of
the ASB panelists with large modeling projects, rather than on a detailed review of the GMS proposal’s
schedules, personnel resources, equipment, and budget. Such details go beyond the TOR of this panel.

Initiating a project of this scope and complexity requires people dedicated to achieving the team
goals and funding resources that support a focused effort. The WES staff working on the proposed
program is very enthusiastic. While enthusiasm is a necessary component of a successful project,
mznagement review must guard against underestimating the effort needed for this project, which might
increase the likelihood of getting the proposal approved and funded, albeit under-resourced (lacking a
critical mass of cxperienced personnel) and/or under-funded. Such underestimation may not be
intentional, but conceptual difriculties may be overlooked and task estimates under-programmed in a
desire to ensure the acceptance of the basic proposal.

The funding process is intricate, but the project funding must be appropriate to its scope and
goals. If funding turns out to be insufficient to perform all components, it is essential that priorities be
established at an early stage (with user involvement) so that the scope of the project can be reduced and
refocused in a rational manner. Additionally, creative ways to leverage Army resources, for example,
through partnerships with other government agencies, industries, and universities, should be explored.
Such a "parinering” effort already appears to be underway.

Recommendation:

L] The proposed research program should be implemented and a process established to ensure
close interaction with the user community to guide program priorities. The program should
be a dynamic one and be modified as requirements and resources change.

o Project resources — time, budget, and talent — should be reassessed to reflec’ the irue
needs and scope of project goals.

L] An independent advisory group should be established to monitor and review the adequacy
of planning and programming, as well as to assure technical credibility.

3.2 Finding: Componerits of the propesed GMS will be completed after many Army site
restoration efforts are underway. Incrementai development of the GMS system
with clear user-defined intermediate products is therefore critical to address
immediate needs. Ground water models are currently available that can be used by
the Army in its site characterization and remediation efforts, although field-scale
verification of many models is incomplete.

The Army is under the environmental restoration gun: the urgency of Army clean-up problems
as well as periodic review of the efficacy of remedial measures required by EPA, dictate immediate
action, even if improved modeling tools for remediation analysis and decision-making are not available
unti! some future time. It is especially important that the GMS research team be prepared and willing to
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provide intermediate products (e.g., a common data format and translator programs) that meet immediate
needs. The GMS project may be unique: there are many intermediate by-products — necessary steps to
the GMS goal — that can be of use to the user community as they develop. These intermediate
outcomes will thus leverage modeling effectiveness as products are developed as well as provide a
constituency and support for further research efforts.

The NRC WSTB panel, and modeling practitioners (COE and external consultants), repeatedly
noted that there are models currently available for use by the Army in its immediate site characterization
and remediation efforts. Existing models (if used effectively) were considered by the user community
and the WSTB panel to be generally adequate to represent current data, science, questions, and
computers. These models are not perfect; better ones can and will be developed. Users are less
concerned with the need for new models and more concerned with the need to cope with the complexity
and specialization of existing models. Some ground water models are better for some situations than
others but lack of time for training and incompatible data bases (thus necessitating re-keying data) finds
users relying on the models they know rather than on a model that is right for a given situation.
Overwhelmingly, the need for more effective, informed use of existing inodels was deesmed more
important by users than the development of new models.

There is another important by-product provided by this project: an opportunity fer field-scale
verification studies of existing models. Verificaton (testing conceptual theory and mathematical
characterization ir actual field practice environments) is necessary for credible use of models, and in
particular for understanding the predictive capabilities of models. Ten percent of those who responded
to ihe users’ questionnaire stated "poor medel credibility” as their reason for not using ground water
models. The WSTB report also had as one of its key findings the need to "undertake field-scale research
and testing of model applications."** In addition, a recent EPA Science Advisory Board report noted
that "[t)here should be betier confirmation of models with laboratory and field data.”*

The Army is in a unique position to undertake field-level verification studies because it possesses
the requisite data and knowledge of varions models and has the complex field sites on which to test
theory in practice. The ASB panel was pleased that a key component of the program proposed by WES
is the verification of ground water models. It is also significant that the proposed program plans to
enhance the probabilistic (versus deterministic) nature of modeling by incorporating statistical criteria in
the verification process.

Recommendation: Technology transfer must be a continug! part of the GMS develonment
process, with intermediate GMS products transferred to the user community
(including contractors) as developed. Initial GMS research program efforts
should be devoted to: improving user capability for extant models; field-
scale research and improving the predictive capability of existing models;
and, improving the scientific understanding of flow, transport, and fate
processes.,

¥ National Research Council, A Review of Ground Water Modeling Needs for the U.S. Army, Water Science
and Technology Board, September 1992, p. 2.

? Environmental Engineering Committee, Resolution on Use of Mathematical Models by EPA for Regulatory
Assessment and Decision-Making, EPA Science Advisory Board, Environmental Protection Agency, Washington
D.C. 1989,
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3.3 Finding: There ai'c Army-specific contaminants, such as explosives, on which little research is
likely to be performed outside the Army. There is a need for additional basic
rescarch to cliaracterize the hehavior of these contaminants, to provide accurate
input to ground water models used in Army site restoration activities.

Whiie obvicay, this fincing is very important. Given its limited resources, the Army should T
Jocus on its unigue problems. This issue was clearly identified both in the COE user workshops as well :
as in the external comrnunity of experts. The WSTB concluded ihat the Army should: "[i]nvestigate the
physical, chemical, and biological processes occurring in subsurface contamination with explosives, since
these contaminants are less likely to be studied by other agencies and may have unique problems."®
We concur. In general, new ground water models ar¢ needed to address new data, new science, new
questions, or new computational capabilities. Basic research on contaminant flow and transport
processes in subsurface geologic conditions undertaken by the Army and WES should focus on Army
problems. Minimally, it must be determined to what extent Army problems are truly unique, for there is
always the possibility that progress on Army-specific problems will have broader impact on the mcdeling
of contaminants. However, Army-specific compounds are likely 10 b addressed by no one but the

Army, while more general issues are being addressed elsewhese, such as by universities or government
contractors.

Recommendation: The research program should give priority to investigating and
characterizing physical, chemical, and biological processes that affect
Army-specific contaminants.

2 A Review of Ground Wates_Modeling Needs for the U.S. Army, op cit.
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AEC
ASB
BRAC
CERCLA
COE
CRREL
DERP
DIRP
DOD
DOE
EPA
FUDS
GWM
GMS
HTRW
1&E

IRP
MRD
NRC
RCRA
R&D
TOR
USACE
USACE-CEMP
USATHAMA
WSTB
WES

GLOSSARY

Army Environmental Center
Army Science Board

Base Review & Closure
Comprehensive Environmental Response, Compensation & Liability Act
Corps of Engineers

Cold Regions Research & Engineering Lab

Defense Environmental Restoration Program

Defense Installation Restoration Program

Department of Defense

Department of Energy

Environmenta! Protection Agency

Formerly Used Defense Sites

Ground Water Modeling

Ground Water Modeling System

Kazardous Toxic & Radioactive Waste

Infrastructure & Environment

Instaliation Restoration Program

Missouri River Division

National Research Council

Resource Conservation & Recovery Act

Resecarch & Development

Terms of Reference

US Army Corps of Engineers

US Army Corps of Engineers - Corps of Engineers Military Programs
USA Toxic & Hazardous Material Agency

Water Science & Technology Board

Waterways Experiment Station
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DEPARTMENT OF THE ARMY
.5, Army Coros of Enpinsens
WASHINGTON, D.C. 20314-1000

February 27, 1992

REMY TO
ATTENTION OF,

Mr. Janes Jacobs

Chair

Arny Science Board

The Pentagon, Room 32359
Washington, DC 20310-0103

Daar Mr. Jacabs:

I an requesting the Arny Science Board to initiate a Issue
Group Study titled: "Groundwater Mcdelin¢ in the Army's
Envircnmental Restorstion Programs.® Enclosurs 1 is a background
paper that describss the problem while Enclosure 2 is a proposed
Terms of Reference (TOR). I have discussed the proposed study
with Dr. Crystal Campbell, Chairperson, Infrastructure and
Environnent Panel, and she has concurred with the proposed TOR.
Enclosure 3 is a2 list of the Senior Staff Assistants, Technical
Staff Aassistants, and suggested mexbers of the Issue Group.

During the 31 March - 1 April 1992 psriocd, the Army is
conducting a groundwater modeling use and needs workshop in
Denver, Colorado. I would like to initiates the proposed study in
conjunction with tha workshop. The workahcp will provids ths
Issue Group members an opportunity to bacone familiar with the
current situation regarding groundwater modeling in the Arnmy's
restoration progrems. Enclosure 4 is a draft meeting notice for
the 31 March = 1 Apri)l 1992 for the Federszl Registear.

Sincerely,

Ve

~")
’( ({lg kbﬁﬂ
‘f" ERT B. 0§
\ rector, Reséarch
e and Davalopmant

Enclosures

Cr:

CETHA~CO

CEMP=ZB/CEMP=-RT(T. McDaniel)

CEWES~Z) (Wahlin)/CEWES-HV-C (J. Holland)
CASA(ILLE) (R. Newsons)

ENVR-EH {B. Prirgle)

CETHA-IR (I. May)

CERD-M (T. Hart)

SGRD-UGB-E (M. Smell)



GROUNDWATER MODELING
IN THE
ARMY'S ENVIRONMENTAL RESTORATION PROGRAMS

BACKGROUND

Activities at nunerous military installations have producad
groundvater contamination which pose human health problams and
threaten wildlife habitat and vetlands on and adjacent to thase
faclilities. The Army is legally required to cleanup these sites,
and the overall cost will be significant. The Army is spending
more funds cn groundwater-related problems than any other cleanup
activity at Army installations.

Renediation of contaminated groundwatsr and soils is an .
exceptionally difficult problex baczuse contaminants often exist
in complex hydrogeologic conditions where a variaty ef physical,
chemical, and biological processes are occurring. The ability to
determine the nature and extent of existing contamination and to
predict further contamination migration is required to conduct
risk assessment, gvaluats, design and opsrate remedial
aitarnatives, and monitor the progress of cleanup. Trial and
error remadial actions are unacceptable vhen human health and
cost are considered. Therefora, the Army must improve its
capability to evaluaste and predict the effsctivsnsss of potantisl
rtmcd%al technologies to develop viable and cost effective
gsolutions.

Groundwater modeling is one of the tuvols being used to aid
in solving remediation problems. A number of different slements
within the Army, e.g, CETHA, individual installaticns, Corps
district offices, etc. are using a variety of groundwater modeis
tivoughout the remadiation process. These modeling efforts have
mel with varying degrees of "guccess.®” The problens encountered
sppesr €O be relatasd to the following factors: .

-~ urireascnable expectations - somstimes managers and
regulatirs do not undorstand model limitations or adequately
cefine their needs (models are no substituts for expsrience and
Judgexant )

- lavel of effort is not correctly geared to the actual
picklen (v 3=D flow model is attempted when an smalytical or no
»rdnl may better addrsss a particular question)

= ms8eling experience or expertise may not be available

= there may be 2 lack of data to adequately select, develop,
caiikrate, and verify » model

ENCICSURE 1




-~ misapplication of modsl type to problem (misunderstanding
the hydrogeclogy and/or the model assumptions)

«~ it rny be costly and tims consuming to develop a model
sdequately {schedule driven projects, poor estimating)

-~ poor documentation of models and of nodeling efforts
(aifficult to interpret and defand results)

~ lack of appropriate models to accurately represent the
spatial and temporal distribution of groundwater flow and predict
contaminant, water, and porous media interactions in a
multidinensional, bicchemodynamic environment

These and other problem arasas related to groundwater
nodeling nesd to be address to more effectively use groundvater
modeling as a tool to aid in the remediation procsse.




GROUNDWATER MODELING
IN THE
ARMY'S ENVIRONMENTAL RESTORATION PROGRAMS

TEZRMS OF REFERENCE

a. Evaluate the current use of groundwater models in the Army's
Installation Restoration Program and assess the degree to which
the Army is using the existing modaling capability to meaet
current and projected requirements. Items to consider in this
evaluation include:

(1) Identify gaps batwesn the state of Army practice
(including its contractors) and the state of the art that are or
xay be critical to or impede ths effective use of modeling for
site characterization, remedial alternatives evalustion, and
meonitoring (e.g., risk assessment, remadial alternatives
avaluation, design and operations.)

(i1) If gaps discussed in (i) are identified, recommend
renedial actions, including institutional or administrative
changes, to remove the impedance(s) to affective use of
groundwvater models. ‘

b. Reviev the Army‘s Groundwater Hodeling Ressarch Program $0
ascertain if it is directed towards meeting the Army's
Restoration Program requirenents. As part of this review
identify the role of the research community in increasing the
sffectiveness of the Army's use of current groundwatsr models.

ENCLOSURE 2
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PART II1: SUMMARY OF RESPONSES TO QUESTIONNAIRE ON
ARMY USE OF GROUNDWATER MODELS

16. Introduction. Im sarly February 1992 a questionnaire (provided in
tosal in Appendix D) was devaloped at the Waterways Experiment Station (VES)
that solicited information on Army use of and experience with groundwater flow
und ‘contaninant transport modsling tools in support of contaminated site char-
acterization and remediation. The questionnaire also sought user input on the
rescarch and development (R&D) requirements for future mcdel development. The
quastionnaire wvas mailed to 22 Corps of Enginears (CE) district and/er divi-
sion offices, generally to specific individuals designated by Military
Prograns Directorate, Headquarters, Corps of Engineers (CEMP) personnel.
Forcy-seven (47) responses from 17 CE officses ware received. Rezponses vere
obtained from 28 users at the US Army Toxic and Hazardous Materials Agency
mSXﬁMHA). representing seven USATHAMA elements, and from two Army installa-
tions (Aberdeen Proving Grounds, MD, and Fort Richardson, AK). While only two
installations were polled dirsctly, USATHAMA rspresentatives provided input
for all other known uses of groundwater models at Army installations. Thus,
it {s believed that the vast majority of potential Army groundvater modsl
users doing modaling in support of contaminated site cleanups received
questionnalirass.

15. An anzlysis of the questionnaire regponses is presented in the N
folloving paragraphs. The results of this analysis are presented in the forms
of graphs, tables, and simple statistics (such as percentages) for sach gques-
tion posed. This documsnt sssks tc prssant & smapshot of whare the Army finds
itself relative to groundwater modeling at this tiwe.

16. This part of the rapert is arranged by ssction for each survey
question. Following these sections, additional analysis of the global survey
is provided, along with a sumnary. |

17. Questiop 1. VFhat percentagc of the hazardocus and tuxic wastes
(YY) problems you ars sncountering at militsry or Supexfund sites i3 sssoci-
ated with -

—ow. Petrolewm Rydrocsrbous
——— Ozganic Folvent Liquids
< Explocives

'ﬁw_ﬁ,:". - : _ ‘




Other (plesss spacify)
The responses to this question are given in Figure 2, with an overall response
(2a), and a breakdown for the CE and USATHAMA/Instsllation responses (2b and .
2c, respactivaly). The dasignation o. “high, medius, or lov" was developed
based on thesa criteria:

hizh - ressponse percentage greater than 33 percent
medivg - porunﬁp batwasn 10 percent and 33 percent
dov - percentage less than 10 parcent

18. As shown, the Army is wost strongly eoncerned sbout hydrocarbons,
organic solvents, and explosives cleanup. A groving concern with setals
appesars looning as we.., given ths clevated medium vote casted for this cless '
of containmént. The "other® cztegory contained several things including pes-
ticidas, PCB’'s, radionuclides, and herbicides. Note also that, other than a
slight change of ordar of priority, very little difference was found bacvaen
the CE responses (Figurc 2b) and the THAMA/Installation responses (Figure 2¢c).

19. Question 2. Yor ths sitcs referred to gbove, how many cf tham avs,
or ara projectad to be, inwlwed with the cleanup of contaminated groumdwater
vesources foxr both satursted &nd unsatwrated couditiocnst ___ (milifcary) __
(Superfund) What porcentsge of the total mmber of your NIV sitac i this
womber? ____(military) ____ (Supsrfund) Tha responses to this question vers
very di{fficult to analyzs dus to relative inccmpletensss of the responses. Of
the information that could be analyzed, over 60 psrcent of the respondants
said theixr HTW (hagardeus and toxic wastes) sites had contaninated groundwster
as a principal concern, with military and Superfund sites both receiving sig-
nificans zeprasentation. Thiz mumhar, howvever, is probsably low. Communica-
tion with multiple USATHAMA persortsl, and several CE offices, indicated that
over 85 percent of all Arwmy RI sites investigated to date have groundwater
contanination as & point of prise comcern (given that a concern {s registered
at all).

20. Question }. How many ¢f your groundwster-reluted clesnup studies
¢(over the last tep yasrs) coutiined, or are projected (over ths maxt five
years) to coatsin, nmdnmmﬁihgcﬂmt ——— 1f this mmbsr i3
gazo, skip to Question 10. Respondints listed 127 grounduater modaling stud-
{as that had been conducted in the last tsn ysars, or wero projscted cver the
next five years. Additionrl analysis of the information provided ‘n Table 2
{ces Appsndix D for Teble .! details) of the questionnaire revealed that 61 of
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these studias were onguing or completed, with the remainder planned. Note
also that sleven of the raspondanta to the questionnaire had no ongoing, cox-
pleted, or planned groundwater modeling studics at this time. Six of these
respondents vare from USATHAMA, with five being froa the CE.

21. Question 4. For gach groundwater modeling study plannad or exs-
cuted, please prc;ruo the informatico requasted in ths sttached Table 1.
Pleass raproduce additional shects as msadsd (see Appendiz B for edditional
datails of Table 1). An enormous amount of information was derived froam
Table 1. The analysis of this information was constrained to those responses
for which the modsl studies were sither ongoing or completed (based on infor-
wmation provided in Tebls 2). This was dsamed most appropriats given the types
of information requested in Tables 1 and 2. Az statsd previocusly, this
amounted to snalysis of 61 ongoing/completed studies.

22. As shovn in Figure 3, 36 «f these studies (59.0 percent) werse for
military installetiocns; 10 (16.4 percent) were for combined military/Superfund
sites; 7 (11.5 percent) were for Superfund sites; 6 (9.8 percent) were For-
merly Used Defense Sites (FUDS); and 2 (3.3 parcent) vere of ths "other” cate-
gory (1 civil works project and 1 "no response®).

23. Figure & provides the modsls -employed for the ongoing/completed
modsl studies. The wodel cited with the greatest mnbof of applications is
the MODFLOW model, with 26 of 61 total responses. Thirz is of little surprise,
given that the model 13 currently among the best modals available that is
executable on multiple (pezsonal computer to supercomputer) computing
platforas. '

24. As shown in Figure 3, wost vi ~he aArmy's wodel sctudlss to dats havwe
been two-dimensicnal (2D) or three-dimensional (3D). These studies have been
for both steady-state and transient conditions (Figure €) in genarally satu-
rated envirorments (Figure 7). This latter point is of importance because it
reflects the fact thar, to date, most of the cleanup concerns requiring model-
ing have been related to qusstions of vhether or hov fast a contaminsnt will
travel through the gaturated zons to & domestic vater supply (given present or
possible future hydrologic conditions) us part of & risk assesament. This
elsc axplains the multi-disensionality of the vast msjority of studias, given
the basic hetercgencous nature of the soil matrix and the potential for move-
ment along multiple axes.
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25. Figure 8 provides responses for the phases of study the Army has
conducted the ongoing/completed groundwater mcdeling within, Note that the
mejority of these modeling efforts has besn conducted in association with
ramedial investigation (R1), followsd by remedial trestment, dssign/operation
(RE) and fsasidbility study (FS).

26. As illustrated in Figure 9, the majority of ongoing/comploted
groundvater model studies have entailed the exscution of hoth flov and trans-
port models (in either & coupled or uncoupled mods). Forty-two cf the
61 respondents gave this response, followed by 18 *flow-only” responses.
These results point towzrd ths often non-conservative* naturs of the contani-
nants sioulated numaerically in Argy-sponsored studies that require the more
rigorous medeling associeted with transport simulation. However, most of tﬁo
18 studies citing “flov-only" responses liated a variety of non-conservative
contaninants as those of conéntn in connection with the modsling. This is,
hopefully, an artifact of thes requirement often exprassed by regulatory agen-
cies that the Army simulate "worst case” conditions. These conditions usually
entaii sinuiation of fivw oniy ar an expression of conservative® coutazinmants
that neither lag behind the flov of water, becowme attached to nor are trapped
by soil particles or biodsgrade. This achisves, 4n theory, ths strongest con-
tapinsut concentraticn that reaches a locstion of concern the fastest. If
this result is not an arctifact of regulatory conssrvatism it represents a
misunderstanding of the kinatics of the contsminants being wodeled. Note,
also, that this result again points voward the ides that the majority of Army
modeling has probably been in eupport of a risk snalyais, with the use of
modeling as part of & remedial design being & secondary factor (as shown in
Figure 8).

27. Figure 10 provides ona last snapshot of the modoling the Aray is
doing. As shown, the Army has been simulating s mmber of contaninant
classes, wost notably solvants. The lack of modeling emphasis on explosives
and hydrourbotis is in contrast with the prevalence of these materials in
groundvater at Army i{nstallations shown in Figurs 2. Alternetively, the
result most likely veprasents & lack of expsrisnce or confidance with the
modeling of explosives and hydrocarbon transport by either the Army. its con-
tractors, the regulatory agencies or all thres.

* Consarvative contaminants are biochemically non-resctive. Non-conservative
contaninants are cheuically and/or biologicelly reactive.
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28. A final piece of information requested in Table 1 had te do with
the types of computing hardware on which groundwater modals ware baing run.
The vast majority of those vho did respond to this question listed the pex-
sonal computer environment as the one they were currently operating within.

29. QOuestion §. ¥or each groundvater wmodeling study listed 4n Tatle 1,
plesse provids the irforsation vequested i{n the sttached Table 2 om & shsat
per study basis. Piease xeproduce sdditional sheets 23 veedad (see Appandix D
for additional detail). Figure 11 shows that, of the 61 studiss listed as
ongoing or completad, only about one-half of them were felt to ba successiul.
The remaining studies were 1isted as a combination of marginal, unsuccessful,
and no-response. Approximately 80 percent of these 61 studies ware con-
tracted. Figure 12 shows ths relationship smong successful, unsuccessful, and
sarginal studies and whether said studies were contracted, done in-house, or
Aona as a combination of the two, As shown in the figure, there is no bias
aasociated with who does the studies; all study agents succeed or fail wvith
equal ease.

30. Figure 13 providss some insight into why respondents thought their
sodsling studies wars marginsl or wmsuccessful. Eleven of 39 respondsuts
(28.2 percent) listed poor or incomplets site characterization as the prime
reason for less-than-successful modeling applications. The additional ansvers
are notevorthy as wall. Seven respondents said that technical gaps in the
state-of-modeling precluded their successful use in their spplications. Five
responsss listed poor study documentation as proof of a sarginal or unsuccess-
ful study. Coupled with four responses each that listed a lack ¢f contractor
expartise snd a lack of in-house analysis expertise as prime contributors to
lessened study success, this strongly suggests the nsed for increased in-house
expertiss {through training, technical assistance and hiring). Such expertise
should grestly reduce the likelihood of poor comtracter selsction, and would
improve study monitorship through heightaned technical interaction, statement
of in-house expsctation of contractor products, and in-house reviev of con-

tractor results,

31. Question §. Are groundwater ®odsls overly expensivs or difficulr
to use for your applications? _ __ If ths ansver s mo, pleass coutisus to

Quastion 7. If thae answer i3 yss, ploase check tha folloving that supports
your gpever:




Y
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Figure 11. Evaluation of relstive success of
ongoing or coapleted scudies
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—— Nodels typiceally require more cost or effort than the
information gained from them is wurth.

—w User manuals or other imstructions £0or using the individ-
sal modals sre inaccurats, incomplets, and/or cut of date.

—r T00 much labor and/or time is requivrsd to coupile the
£ield data vescded to dafine ths problea te be modeled.

eweee Too much labor &nd tims is Tequired to put rasulits of
model analyses {n & form that {3 useful for making engi-
neoring dscisioms.

Other; pleass sxplaim.

There vere 47 total responses to this quastion; thair distribution is given in
Figure 14. Respondents were split on this questien.

32. As shown in Figure 15, those responding "yes" to Question 6 above
falt that the costs of getting the data requirad to affactivaly execute 2
groundvater modsl were excessive, This is of some concern because the sane
data required to executs a modsl are, in general, thoss required to conduct a
therough site characterization. Additional respondents cited the effort to
conduct the wodeling eifoil &5 a soutributing wsas2n fox thair anewer. Pre.
sunably, the intensity of this sffort, including data collection, parameter
estination, modsl calibrstion, and amalysis was dsemed too high by the respon-
dents. When coupled with concarns about anzlysis costs, be they associated
with tims or labor usags, or cincarns sbout poor model documsntstion, the
reasons regpondants theught groundvater modsls were too difficult or too
expsnzive to operats suggest 8 fev idaas: (a) the time model users have in
the RI/FS process to conduct any wodsl lt\ldill,. whether eiaborate or simple,
is short; (b) the groups presently doing site characterization consider datsa
collection to support mumerical modals to be outside the scope of data chey
siormally collect for adaguste site conceptualization; and, (c) the difficul-
ties present users have in implamenting modsls, as exemplified by wodel docu-
mentation concerns, vhen coupled with the two above concerns, may be grsat:
enough to discourage more sxtensive use of groundvater wodels ir ths Army.

33. It is intsresting that noarly ons-third ¢f the respondents to Quas-
tion 6 above geve No responss to the quostion. An.analysis to ths overall
quastionnaire responses from this group is shown {n ¥igure 15. All of the
respondents in this group cited, in one way or amsther (i.e., the group had
only £ive ongoing or cumpleted studies, and these were all contracted), a lack
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Figure 14. Are groundvatar #odals too difficult or
expsnsivs to use?
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of in-houte groundvater wmodeling experisnce as the primary reascn for their
lack »f respease to Qusstion 6. As we will discuss in a later section, this
finding {5 extremely important because of its potential impact on future stud-
ies, and on the quality of in-house review of future contractor studies.

34. Quasgion 7. Was your answer ts Quastion 6 based o your OAn expe-
rievce, dizcussions with coutractors, or doth? Continuing
with examination of the experiencs base of the Army modsling communicy, the
results to Quastion 7 are providad 4{n Figure 17. We have discussed abovs the
*mininal experience” group (that is, the group that gave no responts to Ques-
tien 6). lat us nov examins the three other groups listad in Figure 17.

3S. 1In an effort to anzlyze the Figure 17 responses, a st of criceria
were astablished relativa to the overall experience base of Aruy model users.
Required in this anslysis vas that the respondsnt have ongeing or completed
aodaling studies rather than just pmd studies zlons. This resulted in the
size of the “experienced” group being reduced from 32 (thoss ansvering yes or
no to Quastion 6) toc twenty-ons. We then investigated any trends in responses
based on the respondent’s answer to Qusstion 7. Analysis of an sdditional

mmef LY. ohoab e aba —madel mdma - i
Vaiiduis, MIIGLEL wuS ssdsl studiss o datz bave bsam dsus :..‘.=h=‘-’-==. 35" sen-

tract, or as a cembination of both, failsd te produce any obwious trends.

36. Nins “sxperienced” Army modslers zaid that groundwater aodels vers
overly difficult or overly expensive ¢to use (Question 6). Twelve said nc. Of
the "yes® group, ¢ll cited their cwn experience, or 2 combination of thair owm
and contractors’, &5 the basis for their responss to Quastion 6. One of the
*no’'s® citsd their ®own” expeiience; the remaining 1l cited a combination of
their cwn and contractoers’, or just contractors’, as their experienceé bssis.

37. let us now rsturn to the group of 32 origioal respondstits to Ques-
tion 7, removing for a moment the experisnce critsrion used above. Anzlyzing
these data further, of the nins respondsnts who listed the basis for thair
ansver to Question § as their own experience, seven said that wmoduls were
overly difficult or overly expsnsive to use. Ons said nc, aud one had no
tuﬁmo to Question 6. Eight of the nins in this group were listed among the
*experienced” modslers &s discussed in Paragrsph 23. Conversaly, of the sgix
modalers who listed contractor experience as their basis for aaswering Ques-
tion 6, all six responded that msdels wara not everly difficult er expensive
to use. This g-oup had ocnly seven studies planned or executed betwsen the six
of then, and four of the six were listed among the "axperienced™ group.
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38. Finally, 17 respondents to Question 7 1isted "both® contractor arnd
in-houss expericnce as the basis for thair answer to Question 6. Ten of the
17 said that models wera not overly difficult or axpsnsive toc usa.

39. From this anslysis, it would appear that those sodelers having
in-house experisncs in modeling generally thought that groundwater models wers
overly difficult or exponsive to uss. Purther, those thinking the convarse
were generally using sclaly comtractor, or a combination of their own and
contractor, expsrience to justify their answer. While this is a bit of a
aixzed bag, the result doss again support the nsed for additional in-house
training and expertise in groundwater modeling tools. It i{s ebvious that the
level of Army in-lwuse expsriencs is greatly impacting the answars given to
Question 6. )

60. Questicn §. Tu your experience, are grouniwster medsls cosprehen-
sive encugh to account fo. the msjor detaills of real ficld problems?
4Alternatively, do you belisve your organizatiocn gensrally collccts dgty gets
comprehensive anough for groundwster mofsl wsa? Figure 18 illustrates
the responses to this gquestion. Agsin, thers is mno clear trend in these
answetrs. IC 45 inctercsting that eight of ten CF distzict/divieéion zsspondsnce
to this q\u‘iuion ssid models were ccaprshansive emough; two-thirds of USATHAMA
Tespondsnts 8a3id mo. The responses to ths data sot quescion were mixed. .
Additionally, 12 “"expariencad" ‘mcdelers ssid modelis wera comprehsnsive enough;
eight said no (one €id not respond). It iz not clear what this trend sug-
gests. It is sutirsly possible that many of the guastions the Army is cur-
rently facing, espacially in CE district/division offices, can bo answsred
with betrar packaging of existing technology. Howevar, the result:z also sug-
gest that the need {s recognized by a sizeable portion of the user communicy
for improvemsnts to both modsls and data gathering techniguss.

41. Question 2. Bank the following items by sssigning them & Righ (N),
Bediom (X, oz Low (L) ispcortance in moking gromdwater sodals more useful
%ocls for your site spplicstioms. Hots that the abbreviatisn for esch ftam
sppears st the end of ssid item. |

softwsre for personal ccuputers {PCs) or work stations
witk a grapkicel wser imterface that emables easier input
of data to gromdvater modsls (PCCOY)

softure for ICs er work staticns witk a gresphical wssr
interface toc aid in viruslizing groundwater sodel results
(PC /izuals)
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softvars that would aid in extracting informstice froa
sode)] Tesults in the form of tables and plots similar o
thoss novw used to evaluate £iesld dats (Extrsction)

w——— ifitexrfaces that would coupls gromundwatsr models to CADD
and GIE softwvare (Interfaces)

— 3 data base of typical geophysical and blochemical paraa-
oter valuaz for spscific soil types snd contaninante (Par.
Phsse)

— 8 date Dage that would provide citations ©o pertinont
published informaticn on groumndvater models (Cit. Dbase)

—— 8 probsbilistic modeling capabilicy that includes seasures
of uncartainty im geologic conditicns, aid in parameter
estimatiocn, and theoretical limits of mudeling reliability
(Prcb. Model)

. guidance on the uwse and limitations of existing groundwa-
ter models for site characterisstion, feasibility studies,
and remediction operation (Quidance)

50 GEpsTt systel to 2i¢ users i{n the selectiom of eppro-
priate groundwater modsls. The systam would slso provide
users vith recoamendations for msodel parassctsr selection
(Expert Sys.)

—_— unduater podaling SYSTOmME Chat DEVe Teasvisi aitsTma-
tives integruted fully within their flov and transport
modals (Rem. Sim.) .

— AXXy-wide standardised groundvater wodeling tools that
have obtainsd ErA approval for use (Std. Mod.)

— Army technical scpport perscunel to sssist in wodel choice
and spplication (Tech Supp.)

The results of this question are given in Figures 19a and b. . The trends in
thess rosults again {llustrates the ulﬁtl'. desires for improved mathods for the
uss of existing models, as illustrated by (1) the high marka for psisonai
computer-based graphical user interfaces for sxisting models, and by the call
for (2) visualization and (3) guidance on modsl use. From these three itoms,
a second group, mide up of extraction sethods, expert systems, probabilistic
mocdals, general interfaces to CIS, and standardized modeling tools, was _
bunched together {n importence. Thsse items point toward s combination of
development for existing tools and the craatiom of nev resesarch products.
Aray tschnical support, integrated remsdiation simulation tools, parametric
databases, and & citation datsbase were the lesser desired procducts of those
pentioned in the survey, respsctiwely. It is interesting that the Army tech-
nical support item scored bslow thr median line for all items in contrast to

the general tone of responses to quastions elsavhere in the questionnaice
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vhich were quite positive on this point., Additionally, it may be possible
that the ordering of sll but the three items in the highest grouping reflects,
again, ths level of experience of the users at this time. The responses may
wore accurately reflect the £icld’s cverriding dasirss to do better with
existing tools than any focused priority for the dsvelopment of improved
tools.

42. Ouestion 10. If you sre mot using growndwater modals for your
groundwater cleamup studies, please imdicato why (check esach that is
appropriate):

—— Gemnaraliy insufficient tins for model usage within pormsl
project schedules

. Insvfficient funding o¢ time to laxrn the wso in-house é!
most groundwater modsls

. Insufficient in-bhouse manpowsr to spply groundvater models

o Insufficisnt time to contract groundwater modeling efforts

—— Insufficient famds to pay for coutractsd modeling efforts

— Surrent groundwater models have insufficicat levels of
exedibiiicty fox decisiom muking

— Typically an fnsmfficicnt anomt of uite dsta axists to
warrsst groundwater modsl wse

Bo groundweter modeling was deemed mecesssry. Plesse
axplain the rationsle for this dscisicn

Othax; plesss explain.

The most often given rasponses for this quntion-m given ir Figure 20.
Inadequate site data was the reason for not using modeling in remediation and
site characterization studiss. 7This is quite disconcerting, for it seem:s a
complste site characterization or remadiation scheme dssign would, in general,
require the same data, or nesrly #o, as & rodsling investigation.

43. The remaining rasponses {llustratad in Figure 20 can be divided
into two basic groups: (&) ®Our schedules ere so tight that ws do not have
the time, manpower, or funds to do an adequate job of modeling®; and (b) “Ve
are pot ready for modeling yst, or modsling is not ready for us.® Ths lack of
in-house sxperience discussed {n multiple sections abovs agein comes into play
in these ansvers. However, a second conceln appsars. Ssveral raespondants
gsea to ke saying that the site charactarizstion/remsdiation process itself.
sither t.rough regulstory or Army rigidity, doss not provids for ample tixe to
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66 Total Responses

Figure 20. Reasons for groundvater modsl mon-use
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do a concerted, completo modeling study. Ons must wonder, i1f ¢this is indeed
the case, hov a concartad, complete site charactsrization or remediation
design iz effectad.

64. Question 11. Would you employ mcdels more often if ths items sbove _
in Question 9 were svailsble? ____ If the answer is yes, ploass be surs you
ratked the ftems {n Guascion 9. Of tha 47 respensss to this quescion, 19 aaid '
yas; 15 gave no vesponss; aud, 13 said mo. This leads one to ask vhat thess
rasults really suggest, given the distribution of the rosponses. The intent
of the quastionr was to ascartain if ths conduct of ths resaarch and dsvelop-
pant discussed {u Question 9 vould induce more effective use of groundwater
sodeling tools. Taksn at face valua, it appsars that some of the rnpondnnti
to Question 11 would mot make more sffective use of groundvater wodels regard-
less of the development proposed. However, it may ba that the question vas
fraped too ambigucusly to really provids usable results. For example, sone of
those answering mo to Queztion Il might bslieve that they were then using, or
bad already planned to use, groundvater medsls effectively prior te any pro- | {
posed R&D. On the other hand, thoss answering mo could bs averse to groundva-
ter model: ander any circumstances. Given the plausibility of each of these
postulates, it may be advisable £o discount the overall worth of ths responses
to Queagtion 11. ’

65. Puesticn 12. 5o you have any sccess in-house to sdditional grouwud-
sater podels that are wot listed 4n Table 1?¢ If so, pleass provids the pames
of those models Lalow std whather they &rs Tun oo persoval ccaputers (desig-
zste PC and class of ¥C; L1.0., 286, 386, etc.), vorkstations (fesignate ®d
with workstation oxme) or meinframes (¥ with machine mame):

NODEL RAME COMPUTER

Ter models, or direct variations thereof (usually sssor.iated with graphical
nterface axtansions to the original modsl), were listed. The MODFLOW*+* model

* See Appendix D.

wx Hchonald, M. G., «nd A, V. Harbaugh. 1984. A Nodular Three-Dimvrisionsl
Finite-Diffsvence Ground-Water Fiow flodel, Open-File Report 83-875,
US Geological Survey, Roston, Virginia.
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led the way by far, followad by PLASM*, RANDOMWALK#*,6 and SUTRAf{. Saveral
additional mcdel: were mentionsd in individual responses. None of the
in-houss models weres being housed on & supercomputer dy thse Army user commun-
ity. In fact, all of the respondsnts stated that their modals ware opsrating
on personal coaputers or workstations except two, who listed VAX hardware as
thair computing pletforn. The modals listed, and the computing platforms
mentioned, &re very important in that chey indicsts a gensral reguiramsnt for
~ personal computer modeling tools in the necr futurea. The question of what
level of PC on which to conduct development (i.e., 286, 336, 486), and what
ievel of duvslopoent is sppropriate given the changing hardware world, is one
that will require addici{onal review and discussion between Army modsl users
and developers. Howewer, thers can be no question that the current computing
Platforn of choice of the Arxy user comsunity is the personsl computer.

46. Questicp 15. Than ovaluating gromdwatsr modeling pruposals pre-
sented by caatractors, which of the folliowing is gensrally the daciding fector
in coatructor selsctiva?t (Check ocns plosse)

Qualicy of proposal based oo {n-howss technical revisw

Ouality of vreposel based 90 external techuicsl review.
Tho generslly couducts this Teview?
Enown T, a2stion of coutvactsr
—— Othax; plesse axplaix

Thirty-six responses were providaed to this question & shown in Figure 21.
The importance of this questicn, and the next ons, is tisd directly to the
leval of in-house sexparience the Army has in groundwater scdeling. Recall
that 80 percent of all ongoing or completed Army groundwater @modsel studies
havs been contrxacted. Further, recall that one-thizd of respondsnts to this

* Prickete, T. A., and C, G. lonnguist. 1971. S$siscted Digital Computer
Techniquas for Groundwatsr Resource Evaluation, 1llinois Stats Water
Survey, BULLETIN 55, Urbana.

sk Prickett, Thomas A., Thomas G. Naymik, and Carl €. Lomnguist. 1981. &4
*Randoa-Walk" Solute Transport Modsl for Selected Groundwater Quality
Evalustions, Illinois Stats Water Survey, BULLETIN 65, Champaign.

t Veoss, C. I. 1984. SUTRA - Saturated-Unsaruriced JRAnsport - A Finite-
Element Sisuletion Model for Sstursted-Unsaturated, Fluid Density-Dspendent
Ground-Water Flov with Energy Transport sr Chemically-Bsactive Single
Species Soluts Transport, Water Resources Investigations Report 84-4369,
US Geologicsl Survey, Reston, Virgiuis.




Figurs 21. Kethods used in cvaluation of contractors’
' preposals for moadaling
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questionnaire have said that they fesl they lack the expariencs to comment cn
whether groundvater models sre overly expansive or difficult to use. With
that, note that of the people who responded to Quastion 13, over three-fourtchs
said they conduct in-house review only in thc sssassment of contractors’ pro-
posals. Note also that six ef 36 respondants said they go primarily on con-
tractors’ reputations vhen asseszing t:ho wvorth of contractors’ proposals.

47. Ouastion 14. When groundwater modeling results are prescsted,
which of the folloving is generslly the Primary msans of asssssing the Tali-
abiiicy of those results? (Chack cne plesss)

w— — In-bouse technical rvview

we—r Extarmal tochnical reviewv. Who genercily conducts this
zeview?

e, Othez: plaass axplain

The results of responses to Question 14 are shown in Figurs 22. RNote that
in-houss review is used almost exclusively to review groundvater msdeling
results. Couplsd with the results from Question 13, and xscalling the overell
expsrience lewdl of Axrmy nf»dchts. it is ﬁpcn:tw that steps bs txken
quickly to improve in-houss groundvater modelimg expertise. - The ramifications
of these results xelative to the gquality control of contrsctors’ studies srcf
unquantifiable from ths results of this questiomairs.

48. Question 15. Please provids any additiousi commsnts you kave
including your projected futvure uod}a for grovndwater models.

There was a variety of couments provided in this asction. The most common
rosponse was an explanation for the respondents’ fallura tev complets the
questiowwire. The usual reason for this fail re, or retizence, var & citad
lack of sotsling sxpertise roquired to complete the text.

49. Quegtion 1. Please provids (veproducticns or criginals) or eichsr
cover pages or referencss to auy coatrzctor and in-bouse mwnéi deellng with
the podsling of grommdvater flov and/or transport at Army sites. Reference
materials wers provided by several respondsnts. These materials are being

used in-house.
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$0. Sumzary. In early February 1992 WES devoloped a questionnaire that
solicited Army uss of and experisnce with groundwater flov and contaminant
transport modeling tools in support of contaminsted site charasterization and
remedistion. The questionnaire alse sought uzer inmput c¢n the research and
developuen: (RAD) requirements for futurs wodel dewelcpmant. The Question-
naire was mailed to 22 Corps of Enginesrs (CE) éistrict and/or divisien
~ officos. Forty-seven (47) rasponses from 17 CE offices were received. Addi-
ticnally, quastionnsire responses were obtained from 28 users at the U Army
Toxic and Hazardous Matsrials Agency (USATHAMA), representing ssven USATHAMA
elements, and from two Atmy installations (Aberdeen Proving Grourds, Maryland, )
and Fort Richardson, Alaska). While only two installations were polled
dirsctly, THAMA repressntatives provided {mput for all other known uses of ‘
groundvater models at Army installations.

S1. These responses vors analyzad for trinds and content as presented
above. Fyom thess anslyses, certain points have appeired:

8- The Army is presently investigating orgenic solvents, hydrocer-
bons, and explosives as their prisary contaminants of concern.
Heavy metsls were listed as of medium concerm.

Ths Aty &c performing sodeling primerily for millicery {nsesl-

lation restoration, followed By Superfund activities.

¢. Army groundvater ®odel users have iiaited {v-houss experience
in modoling. To date, approximately 80 percent of all orgoing
or completed modeling efforts have bsen contracted. Several
questionnaive respondants expressed a lack of sufficient model-
ing experience to complets the questiomnaire. There are
organizations within the Army, hovswsr, that have acquirad
significant lavels ¢I modeling expsriencs.

d. A sizeable portion of the oxp.rimo base Army @odsl users
employ for decision making regarding modeling results ie
derived directly from contractors’ experiences ad commsnts.

g. Users expsct an increase in requiremssnts for grouncwater sodel-
ing over the mext five years. Questionnairs respondants cited
67 axpected modeling studies in the mext five ysavs, in .
contzast to the 61 engeing or completsd studies (over the last ™
10 years) reperced. '

£. The peeds for all levels of training and guidancs cu the uss,
applicability, snd limications of groundva er modeling tools
vere strossed in users’ TeIponsAs.

§- The nesd te sake much improved use of exictirg modsling tools
through interface and visuslization sxtsnsions to current mod-
els, modification of existing technology, ete., wxd atressed in
users’ regponses.

kr
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Additional R&D mueds, ranging frou prebsbilistic modal develop-
Bent to paramster databoes ersdtion, wers ranked by question.
naire respondents, .

Th. nsed for Atmy in-houss technical assistance was suggasted
by the ovarall tenor of users’ responses. The fora for this
assistance wvae not recomesndsd by users.

Host axperienced Aruy ;tom&au: model users felt existing
modals ware ovarly expensive or difficuit to uss.

A variety of reasons for mon-uss of groundvatar sodels was _
zeported. Chief among thea were inadequats sits data and Ly
Tesource limitations regerding model traoining, wpkeap, exscu- :
tion, &nd snalysis.
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