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GROUND WATER MODELING IN THE

ARMY ENVIRONMENTAL RESTORATION 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. The Army spends more funds on ground
water-related problems at Army installations than on any other environmental remediation activity.
Thus, there is a critical need to develop innovative technologies and processes that can help the Army
clean up polluted ground water 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 tie
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 challenging. Ground water models mathematically approximate
contaminant fate and transport processes in certain subsurface water crnditions, providing a tool for site
characterization that can help clarify the trade-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 to 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 how to use the model, but more importantly,
when and where to use which model.

The Army's GWM acfivities hiIve. mte.t with varion- depore..s of sucai~es.. To alleviate identified
usage problems, the Army plans to initiate a more aggressive and comprehensive research, education and
out-reach program - the Ground Water 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 technologies;
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; and, evaluation of the proposed Ground Water Modeling/Simulation Research Program.



1. Role of GWM in Site Restoration

1.1 Finding: The Army has not provided guidelines for the 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 restoratuin projects and develop guidelines
that will include GWM as an integral part of planning and conducting these
activities.

2. Traijnig and Technical Supotrt Reguirements

2.1 Finding: Many Army personnel responsible for site restoration do not have adequate
expertise to apply, review, and understand grouA.1 water models. 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 eround water mode! user comnm.niu.•,y-wih i the A i- S .prca.... o
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. (on W,-,,atwe,- Mo,,f,,a /Simuh.i on°l.•^ D ... ' Pro~ranj

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 resources - time, budget, and
talent - must reflect the true needs and scope of project goals.
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An independent advisory group should be established to monitor and review the
adequacy of platning and programming, as well as to assure technical
credibility.

3.2 Finding: 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 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.

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

3.3 Finding: 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.

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

iv



GROUND WATER MODELING IN THE
ARMY ENVIRONMENTAL RESTORATION PROGRAMS

Part I
Ground Water Models: Background Facts

The U.S. Aimy Corps of Engineets'(COE) Directorate of Research and Development asked tht
I&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.I

1. Army Environmental Resonsibility

The Army and the Department of Defense (DoD), as owners and occupiers of millions of squa.,ý
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 Strategy for the 21st Century recognizes
this role explicitly and pledges them to providing environmental 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 developel an
environmental strategy. Among other goals, it directs the Army to give immediate priority to sustained
compliance with all environmental laws and to continue to restore previously contaminated sites. To
achieve these goals, the Army wilI netsd to develop and ime itc eniwronv-.ena-! reo•or-.e -- 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 problemsS................,,v,,,• I tf lX.UU1 CoUiL~ervafion adRecovery Act)
at haza-rdous waste sites in&- botuh the Supcrif-unad anud kRCRA,ý - -evai andReoryAt
Corrective Action Prograrms. 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. `1 Activities on military installations have a significant impact on the environment and ecology of

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

2 U.S. Arm' •nvironmental Strateev into the 2sCetu�2 r.q., Department of the Army, Washington, DC 1992,

p 1 .

' 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.

I I I II i1
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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 processes that can help 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 to threatening the surrounding communities. The Army currently has over 5,500
kmown contaminated sites - located on 1,300 Army installations - that require further study and
possible remedial action." T,-e Army is required by law to rernediate 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 Army 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 faw 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.7

The Army environmental restoration program does not operate in a vacuum. Many Army clean-
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 tecluiques. Another important 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 envirornmental
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.

" R Review of Ground Water Modeling Needs for the U.S. Army, National Research Council, September 1992,
p. 3.

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

6 op cit., p. 4.

7 U.S. Army Corps of Engineers, Plan for Deveopment o~f i omprehensive, Integrted System of Groundwater
Ml.els and Analysis Tools for Use in 2DOD Installation Cleanun, USAE Waterways Experiment Station, Vicksburg,
MS, 5 Nov. 1992, p. 3, citing the Annual Repot t0 Con gress for Fiscal Xer 1991, Defense Environmental
Restoration Program, Department of Defense, Feb. 1992.
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2. Environmental Rest rPtion and the Role of (Lrund Wate l

Cleaning up contarnina.di glrlund ;,-ter and soils is :-n exceptionally difficult problem.
Contaminants often eist in complex hydrogeologic conditions in which a variety of different physical,
chemical, and biological processes are occurring. Complexities in subsurface characteristics can affect
ground water conditions and make characterizing c.-ntaminant transport challenging. Notwithstanding
these difficulties, the CERCLA remediation process requires the Army (and other organizations
responsible for environmental danmage) to make a determination of the nature and extent of existing
contamination and predict further contamiiant migration in order to conduct risk assessments, to
evaluate, design, and implement remedial alternatives, a.id 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-eftective
manaier, the Army must improve its technical capability to evaluate and predict the effectiveness of a
variety of rempedial alternatives as part ot tde initial remedial decision process - long before clean-up
work is nctually begun.

The ux of technological tools as an aid to understanding the complex interactions among surface
water and engineering projects is ntot new. For instance, for many years the Army COE has used
realistic models of waterways to help inform engineering decisions -that have a potential effect on surface
water flow. Today, use of these physical models is supplemented by computer simulations,
mathematical models that approximate physical reality and guide engineering decisions before acw al
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 physical realities of the
underground water environment with mathematical equations.' Mathematical ground water flow and
solute transport models are now widely used in er.ngmeering, geology, hydrogeology, environmental
sciences, atd hazardous waste remediation studies. 9 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 interactJons that have an impact on contaminant
behavior, ground water models can help make subsurface conditions more transparent. Model results
can clarify the trade-offs associated with alternative clean-up remedies and improve environmental
decision-making. In the context of developing alternative remedial strategies, models can help define
and characterize the degree of uncertainty. Thus, in determining the best approach to an environrniental

' Ground Water Models. Scientific and Regulatory Applications, Water Science sad Technology Board,
Committee on Ground Water Modeling Assessment, Commission on Physical Sciences, Mathematics and Resources,
National Research Council, National Academy Press, Washingtcn, D.C. 1990.

9 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
understanding concerning the proper role of GWM was often unclear, a problem which Ole panel
addresses later in this report.

While models might be immediately useful in many instances, there are limits to modeling
capabilities that must be tunderstood by users and decision-makers. In many ways tue application of
models is still move 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
more 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
importance 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 contaminant transport are largely unknown.""0 In addition, pr-dicticas from
ground water models generally lack field verification. Given these circumstances, GWM is most useful
for replicating flow processes in porous media. Some transport and chemical 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 difficulties, 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 degrees of success. The study panel finds that,
e ner-lly se'akingf nrhbles Prncintonred by the Armn, in i,;nn t-2li• menrols 2re:

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

"* The most appropriate modeling tools are not always used; models may be applied
inappropriately, or unsuitable assumptions nw ix made by the user. For example, a three-
dimensional flow model may be a;tempted Ahen a simnler model, or no model at all, may better

Plan for Development of a .Comehensive. Integrated System of Ground Water Models andAna!ysis Tools

for Use in DOD Installation Clunup., op cit., p 3.

1 A Review of Ground Water.Modfir. Nxes for the U.S. ArmX, op cit., Table 1, Progress in

Modeling, p. 8.
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address a particular question. At a particular site, no 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 rnost appropriate model may be costly and time-consuming, while - given the
framework of mandated regulatory process - time and resources available to comply with the
regulatory process may be severely limited.

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

* Lastly, and perhaps most importantly, the results of GWM activities may be disappointing
because Army personnel with sufficient modeling experience or expertise to use models
eftectively and appropriately are in short supply. Appropriate use or application of ground water
models is not simple, It takes experience and in-iepth 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 remediatfon 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 polluted ground water), and the potential ben'efits of improved analysis and
understanding prior to implementing a site clean-up project, present a strong argument 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 enviromnental leadership must improve the installation commander's ability to
understand and forecast the interrelation of military activities and environmenta! consequences before
they occur. New and emerging technologies, among them the use of ground water models, can facilitate
the process of understanding the impact of military activities on th_ unseen water below.

3. The ASB I&E Issue Group Study

Recognizing that GWM plays a critical role in environmental activities, the Army plans to
initiate a more agmressive and comorehensive research. educ~tion, and outrach progra, ......o.t q thei

use of ground water models. In connection with this new initiative, in August 1991, Dr. Robert Oswald,
Director, Research and Development, U.S. Army Corps of Engineers"2 requested that Mr. James
Jacobs, Chair, ASB, convene a committee to undertake an assessment of "Ground Water Modeling in the
Arty'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.
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ascertain if it is directed towards meeting the Army's Restoration Program requirements.13 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 proposed 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 Technology 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 teclmical 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 written 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
attending the March 19-92 workshop. Additional user-based insights were obtainexi from an extensive
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 COE 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.

" Terms of Reference, Groundwater Modeling in the Army's Environmental Restoration Programs, 1991.
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Part II
Findings and Recommendations

The findings of the ASB panel fall into three broad categories, 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 conduct 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 site 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 acceptability are inconsistent and, within EPA, region-specific. The
Agency is still striving to develop an integrated approach for the use of ground water models 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
requirements 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 post-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 are made throughout site restoration. In particular, model requirements should guide data collection
during the initial site characterization process, when the site conceptual model is being developed based
on a preliminary understanding of the physical, chemical, and biological vrocesscs 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 a 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 limitations.

The application of ground water models is a scientific ptactice that can play many roles in the
design and implementation of site restoration activities. As such, they are subject to t-e common
wisdom regarding mathematical models representing complex physical and biological processes, i.e., all
models are wrong, but some a,-e 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 tool 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 itelf. Even if
everyone currently expected to perform or evaluate GWM for the Army had the experise 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. GUVM is a tool that can reduce the uncertainty
related to decision-making when designing a sampling strategy, estimating the likelihood of human
exposure and consequent health risks, and selecting remedial alternatives. 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
underlying 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 GWH 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 will ikaclude GWM as an integral part of planning and
conducting these activities.

2. Training and Technical Support Reouirements

2.1 Finding: Many Army personnel respansible for site restoration do not have adequate
expertise to apply, review, and understand ground water models. Army personnel
need and desire additional education, 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 little or no expertise in GWM while simultaneot~qy 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
themselves 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



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 translate 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 organizations in the next five years is more than twice the
number 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 contsacts 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 restoration 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 problems. But despite the users' own
recognition of their lack of modeling expertise, they judged the outcome of modeling efforts harshly;
only one-half 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 analytic expertise sufficient to properly oversee and evaluate
contractor effrts• . U ersFel (,d•_A ti ....... ts conc.r. e . s a ... ." ... o tech-,,cai support

for GWM activities within the Army and no cadre of experts or center of expertise with the ability, tim@..
and mission to provide needed assistance 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 community 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 will 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; quality control and quality assurance; and, improved
access to or knowledge of reliable evaluations of particular ground water models.

2.2 Finding: The ground water model user community within the Army is spread among diverse
organizations and has widely varying skills, with no process for mutual 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 laboratories, 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
Installation Restoration Program (DIRP), for site restoration on existing, in-use bases and the Formerly
Used Defense Sites (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. 14 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,

insoe a~~'"'' ff -1- hih are responibl fWý % 11o
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 Corps districts in the conduct of ground water restoration projects. In contrast, other
USACE district offices that have few personnel with appropriate 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
tiue ,iibsion nor ihm resources to provide GJWM assistance to 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 turned 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 technical support to other DoD organizations,
integrating modeling components, and process R&D on explosives, metals, flow, and cold region concerns); 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 HTW
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 to
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 responsible for the Installation
Restoration Program (IRP), which is an element 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
resaond to issue relatinp to annronefite P-p and ;n t 'npo;-aan o,r r- -'L4

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:

0 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.

0 Pv, ,........ý 4,,A; ..... .I .. A.. .. ,.Licl - at a vauiet- of •ev - is to enhance the-- 'r--- r ........ 1•.J ,Iv.I.UU. .- L assistanceaa a-eyo

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.
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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 to users of ground water models at
Army sites; and, communication among users of ground water models at Army sites to
accommodate information exchange and collaboration on similar problems related to GWM and
management of ground water problems.

3. he Gr0gund Water Modeling/Simulation Research Program

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 furthier 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 to 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 progarams with the goal of developing a
comprehensive expert system for modeling 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 ard 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 capable of translating, integrating, and manipulating dissimilar data types from differing
software/hardware platforms into a single database management system.

The GMS includes elements other than it tegration 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

~ ~ ... j ~ '-'**F" 0  
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component of the proposed R&D effort "will be the improvement and, where needed, creation of process
formulations for 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, wlhich provide the foundation for development of effective systems.
Furthermore, the plans call fir technology transfer (a key mission for federal laboratories) with research
and model development combined with denmonstrations, feedback, and other extensive outreach activities
providing informaf in and training on ground water models and modeling to users throughout the Army.

" Plan for Development of a Comprehensive. Integrated System of Ground Water Models, op cit. With the
exception of fuels and solvents (where the Air Foice 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 At my'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.

Based on the ASB panel's evaluation of the issues and the expert opinion of members of the
NPC 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 ground water models now in existence: none are perfect but perhaps they
go 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 challenging 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 Modefing/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 (iMS 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
investigationu.' 6

This effort will involve partnering with the Air Force and other non-DoD agencies, in particular
EPA and the Department of Energv (DoE). which WES and others view positively WEq uAiI h•vp 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 modeling of surface water flow
and WES has been involved in site characterization and remediation activities for many years. The plans
call for a multidisciplinary research team of 16 members, including 13 Ph.D.s with backgrounds in

16 DOD Groundwater Modeling/Simulation Research 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 complexity 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 !hat 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 committed to continued interaction with the user community. The ASB
panel is concerned, however, that once the GMS project is under way, imaginative personnel 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 clean-
up activities. The user community, out in the field, 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 institutional commitment (e.g., by WES and Corps managers).

" 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:

"• 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 software translator programs.

"* 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' previoas modeling activities
focused on surface water phenomena, particular care must he taken to a-ssure th~at thiq ew program 6-.a•

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
innovative approaches and to have the time and ability to implement innovations in a successful project.
"The project requires a dedicated team, 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

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 software 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.
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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,
management 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 experienced personnel) and/or under-funded. Such underestimation may not be
intentional, but conceptual difficulties 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 "partnering" effort already appears to be underway.

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.

* Project resources - time, budget, and talent - should be reassessed to reflec' the true
needs and scope of project goals.

0 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: Components of the proposed GMS will be completed after many Army site
restoration efforts are underway. Incremental 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
until 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 genetally 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 wodels was deemed more
important by users than the development of new models.

There is another important by-product provided by this project: an opportunity for field-scale
verification studies of existing models. Verification (testing conceptual theory and mathematical
characterization in 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 dhe users' questionnaire stated "poor model 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 better confirmation of models with laboratory and field data.""9

The Army is in a unique position to undertake field-level verification studies because it possesses
the requisite data and knowledge of various 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: Technolou, transfer must be a continual part of the GMQ dMve!PnnmPnt
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.

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

"J Environmental Engineering Committee, Resolution on Use of Mathematical Models by EPA for Regulatory
Assessment and Decision-Makin , EPA Science Advisory Board, Environmental Protection Agency, Washington
D.C. 1989,
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3.3 Finding: There are Army-specific contaminants, such as explosives, on which little research is
likely to be pzrrormed outside the Army. There is a need for additional basic
reserch to characterize the behavior of these contaminants, to provide accurate
inp:it to ground water models used in Army site restoration activities.

While obvic%,ý, this finding is very important. Given its limited resources, the Army should
focus on iks unique oroblems. This issue was clearly identified both in the COE user workshops as well
as in the external community 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 arc 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 modeling
of contaminants. However, Army-specific compounds are likely to ,.,. addressed by no one but the
Army, while more general issues are being addressed elsewhe-e, 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.

SA Review of Giround Watei Modelin2 Needs for the U.S. Army, op cit.
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GLOSSARY

AEC Army Environmental Center

ASB Army Science Board

BRAC Base Review & Closure

CERCLA Comprehensive Environmental Response, Compensation & Liability Act

COE Corps of Engineers

CRREL Cold Regions Research & Engineering Lab

DERP Defense Environmental Restoration Program

DIRP Defense Installation Restoration Program

DOD Department of Defense

DOE Department of Energy

EPA Environmental Protection Agency

FUDS Formerly Used Defense Sites

GWM Ground Water Modeling

GMS Ground Water Modeling SysteW

HTRW Hazardous Toxic & Radioactive Waste

I&E Infrastructure & Environment

IRP Installation Restoration Program

MRD Missouri River Division

NRC National Research Council

RCRA Resource Conservation & Recovery Act

R&D Research & Development

TOR Terms of Reference

USACE US Army Corps of Engineers

USACE-CEMP US Army Corps of Engineers - Corps of Engineers Military Programs

USATHAMA USA Toxic & Hazardous Material Agency

WSTB Water Science & Technology Board

WES Waterways Experiment Station
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DEPARTMENIT OF Tht AIKMY
US. Army Coex egksfl4

WAMINGTON, OD.C =14-100

February 27. 1992

OI).t To
ArMrNTION OW.

Mr. James Jacobs
Chair
Army Science Board
The Pentagon, Room 32359
Washington, DC 20310-0103

Dear Mr. Jacobs:

I am requesting the Army Science Board to initiate a Issue
Group Study titled: "Groundwater Modelint in the Army's
Environmental Restoration Programs. Enclosure . is a backg:oind
paper that describes the problem while Enclosure 2 is a proposed
Terms of Reference (TOR). I have discussed the proposed study
vith Dr. Crystal Campbell, Chairperson, Infrastructure and
Environment Panel, and she has concurred vith the proposed TOR.
Enclosure 3 is a list of the Senior Staff Assistants, Technical
Staff Assistants, and suggested members of the Issue Group.

During the 31 March - I April 1992 period, the Army is
conducting a groundwater modeling use and needs workshop in
Denver, Colorado. I would like to initiate the proposed study in

IsSue Group members an opportunity to become familiar vith the
current situation regarding groundwater modeling in the Army's
restoration programs. Enclosure 4 is a draft meeting notice for
the 31 March - I April 1992 for the Federal Register.

Sincerely,

# •re~r , ites~arch
" and Development

Enclosures

CF:
€•EI-CO
CEMP-ZB/CEMP-RT (T. McDaniel)
CEWES-ZI (Wahlin)/CZWE-EV-C (3. Nolland)
OASA(IL&E) (R. Neosome)
ENVM-EH (B. PrirAgle)
CrE•-IR (I. Mal)
CERD-K (T. Hpart)
SGRD-UGB-E (M. Small)
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GROUNDWATER XODEL NG
ZN THE

"AMIV S ENVIRONMENTAL RESTORATION PROMW

Activities at numerous military installations have produced
grvundwater contamination which pose human health problems and
threaten wildlife habitat and vetlands on and adjacent to these
facLlities. The Army is legally required to cleanup these sites,
and the overall cost will be significant. The Army is spending
more funds en groundwater-related problems than any other cleanup
activity at Army installations.

Remediation of contaminated groundwater and soils is an
exceptionally difficult problem because contaminants often exist
in complex hydrogeologic conditions where a variety of physical,
chemical, and biological processes are occurring. The ability to
determine the nature and extent of existing contamination and to
pr:dict further contamination migration is required to conduct
risk assessment, evaluate, design and operate remedial
alternatives, and monitor the progress of cleanup. Trial and
error remedial actions are unacceptable when human health and
cost Jiare considered. Therefore, the Army must improve its
capa ility to evaliu&t6 and pedict' h . .DQ .a fe11rrso
remedial technologieo to develop viable and cost effective
solutions.

Groundwater modeling is one of the tools being used to aid
in solving remediation problems. A number of different elements
within the Army, e.g, CETHA, individual installations, Corps
d1strict, offices, etc. are using a variety of groundwater models
troughout the remadiation process. These modeling efforts have

r'. with varying degrees of "success.- The problems encountered
appea to be related to the following factors:.

- unreasonabls expectations - sometimes managers and
mjulatcrs do not undcrstand model limitations or adequately

dtf.in their needs (models are no substitute for experience and

l*•el of effort Is not correctly geared to the actual
ptcb1la (t, 3-D flow model is attempted when an analytical or no
m*tvl may better address a particular question)

m-,daeling experience or expertise way not be available

- there may be a lack of data to adequately select, develop,
caiitýat, and verify F. model

I•CLCSUR• A
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- misapplication of model type to problem (misunderstanding
the hydrogeology and/or the model assumptions)

- it rny be costly and tine consuming to develop a modal
adequately (;chedule driven projects, poor estimating)

- poor documentation of models and of modeling efforts
(difficult to interpret and defend 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
multidimensional, biochemodynamic environment

These and other problem areas related to groundvater
modeling need to be address to more effectively use groundwater
modeling as a tool to aid in the remediation process.
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GROUNDW'TER MODELING
IN THE--

ARMY' S ENVIRONMENTAL RESTORATION PROGRAMS

TERMS OF REFERENCE

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

(i) Identify gaps between the state of Army practice
(including its contractors) and the state of the art that are or
may be critical to or impede the effective use of modeling for
site characterization, remedial alternatives evaluation, and
monitoring (e.g., risk assessment, remedial alternatives
evaluation, design and operations.)

(ii) If gaps discussed in (i) are identified, recommend
reoedial actions, including institutional or administrative
changes, to remove the impedance(s) to effective use of
groundwater models.

b. Review the Army's Groundwater Modeling Research Program to
ascertain if it is directed towards meeting the Army's
Restoration Program requirements. As part of this review
identify the role of the research community in increasing the
effectiveness of the Army's use of current groundwater models.

ENCLOSURE 2
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PARTICIPANTS LIST

ARMY SCIENCE BOARD
INFRASTRUCTURE AND ENVIRONMENTAL ISSUE GROUP STUDY

ON
"GROUNDWATER MODELING IN THE

ARMY ENVIRONMENTAL RESTORATION PROGRAM"1

STUDY CHAIR
Dr. Gail Charnley

Consultant in Toxicology

STUDY PARTICIPANTS
Dr. Martin Alexander Dr. Jay Sculley
Cornell University Grumman Corporation

Dr. Crystal Campbell SPONSOR
Padanaram Associates Dr. Robert B. Oswald (CERD)

Department of the Army
Msý Kim Green 4 US Mn Ay Corps Af L A1incers

Branch Manager
Environmental Services SENIOR STAFF ASSISTANTS
Ogden Environmental & Energy Dr. Thomas L. Hart (CERD-M)

Services Department of the Army

Dr. Alan Karr TECHNICAL STAFF ASSISTANTS
Professor of Mathematical Sciences Ms. Tomiann McDaniel (CEMP-RT)

and Associated Dean for Department of the Army
Special Projects HQ, US Army Corps of Engineers

Dr. George Piegari Mr. Ira May (Cetha-IR)
Head of the Department of US Army Toxic and Hazardous

Mathematics and Computer Science Materials Agency
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APPENDIX B

SUMMARY OF RESPONSES TO USER QUESTIONNAIRE



PART III: SUQAY OF RESPONSES TO QUESTIONNAIRE ON_
AMY USE OF GROUNDWATER KODELS

14. In&roduiXLon. In early February 1992 a questionnaire (provided in

9D.ral Im "Appendix D) was developed at the VWterways Experiment Station (WES)

tht solicited information on Army use of and experience with groundwater flow

and contenimant transport modeling tools in support of contaminated site char-

acterization and remediation. The questionnaire also sought user input on the

research and development (R&D) requirements for fueure model development. The

questionnaire was sailed to 22 Corps of Engineera (CE) district and/or divi-

sion offices, generally to specific individuals designated by Kilitary

Progra•s Directorate, Headquarters, Corps of Engineerd (CD(P) personnel.

'orc-yseven (47) responses from 17 CE offices were received. Responses wear

..obtained from 28 users at the US Army Toxic and Hazardous Katerials Agency

tUSiTRAMA), representing seven USATHAMA elements, and frowm two Army installa-

tions (Aberdeen Proving Grounds, MD, and Fort Richardson, AX). Wk.ile only two

installations were polled directly, USATHAMA representatives provided input

for all other known uses of groundwater models at Army installations. Thus,

it. is believed that the vast majority of potential Army groundwater model

users doing modeling in support of contaminated site cleanups received

questionnaires.

15. An analysis of the questionnaire responsoes is presented in the

following paragraphs. The results of this analysis are presented in te forms

of graphs, tables, and simple statistics (such as percentages) for each ques-
tionl Posa. M a Ti; r. VIA Q tc-------- -U--- 4 A...uu f49%Ae

Itself relative to groundwater modeling at this time.

16. This part of the report is arranged by section for eaech survey

question. Following these sections, additional analysis of the global survey

Is provided, along with a Summary.

17. 2g3igg 1. What percentage of the hazardous end t=Lc ustes

(09) proiblms you &re enmotering at uIlItar-y or Saperfuad sites 13 associ-

qsted with

Petrolem Uydroczrbous

-- Organic Solvent Liquids

-- plosives

-Metals
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Other (please specufy)

The responses to this question are given in Figure 2, with an overall response

(2a), and a breakdown for the CE and USATHAWA/Installation responses (2b and

2c. respectively). The designation o. high., midium, or low was developed

based on these criteria:

hiLh - response percentage greater than 33 percent

edaiun - percentage between 10 percent and 33 percent

1In - percentage less than 10 percent

18. As shown, the Amy is oost strongly comcerned about hydrocarbons.

organic solvents, Ad explosives clemaup. A growing concern with metals

appears looming an we&.,. given the elevated sdium vote casted for this class

of containment. The *other" category contained several things including pea-

tLcides, PCB's, radionwclLdes, and herbLLdes. 'Note also that, other than a

slight change of order of priority, very little difference was found between

the CE responses (Figure 2b) and the TMWA/InstallatLon responses (Figure 2c).

19. RUNS -- 2. Tor the sites referd to above. bo many of than are,

oc are projected to be, nIlvld with the Weoaup of otaiudnated grodawater

resoeroes; for both saturatMed m matoatmee =wmdieonal Cmltay

(Uuet- d) What persntege of the tot4 miber of ya MW sites La thi

umber? ._..(uilitszy) ._.(apezmd) The responses to this question were
very difficult to analyze d&e to" relative incompletewwss of the responses. Of

the information that could be analyzed, over 60 percent of the respondents

said their HT' (hazardous and toxic wastes) mites bad contamLnatsd groundwater

as a principal concern, with miiLtary and Superfund sites both receiving sig-
.,.Jfd.....w w... .t~g�w FIl vwmhav. hirawmm•v In probhbly low. Communica-

tion with multiple USATHAXA persomel, and several CE offices, indicated th4t

over 85 percent of all Army II sites Lnwestigated to date have grourdvater

contanilnaton as a point of prime concern (given that a concern is registered

at all).

20. Doestin.m3. Now BaOy of w p,'terrelted Clanup Studies

(over the "ast m 7az's) e,,nts" , or a"e projeC93 d (eavr the meut fLv•

7ears) to multa.t a piita nodeiiag effort? _ St this Abear U

aro, skip to Q,,stIm 10. Respond•nts listed 1.27 grounater model! ag stud-

ies that bad been conducted in the last tan years, or were projected over the

next five years. Additiowfl analysis of the infoeuation provided `n Table 2

(sea Appendix D for Table L! details) of the questionnaire revealed that 61 of
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these studies vere ongoing or completed, with the remainder planned. Note

also that eleven of the respondents to the questionnaire had no ongoing. com-

pleted, or planned groundvater modeling studies at this time. Six of these

respondents were from USATHAM. with five being from the CE.

21. OUsjklomn . For SAn Xrounwmter modling study planned or mee-

cuted, plesse provide the Informatins requested In the attached Table 1.

Please reproduce additiomal shoets as seeded (see Appendix 3 for adeitioml

details of Table 1). An enormous amount of information was derived from

Table 1. The analysis of this Information was constrained to those responses

for which the model studies were either onSoing or completed (based on infor-

matLon provided in Table 2). This was deemed most appropriate given the types

of information requested in Tables I and 2. As stated previously, this

emounted to analysis of 61 ongoina•t ompletad studies.

22. As ahown in Figure 3, 36 of these studies (59.0 percent) were for

military installations; 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 percent) were of the Oothero cate-

gory (1 civil works project and I 'no rospe=e').

23. Figure 4 provides the models employed for the ongoing/completed

model studies. The model cited with the greatest eomber of applications is

the HODFLOW model, with 24 of 61 total responses. Thig In of little surprise,

given that the model is currently among the beet models available that is

executable on multiple (personal computer to supercoputer) computing

platforms.

24. AS shown in Figure , most, ux =ha Ay ý aj- a i ro.i '.....

been tvo-dimensional (2D) or three-diAensional (3D). These studies have been

for both steady-state and transient conditions (Figure 6) In generally satu-

rated enviroi•mets (Figure 7). This latter point is of importance because it

reflects the fact that, to date. most of the cleanup concerns requiring model-

ing have been related to questions of whether or how fast a containaLnt will

travel through the saturated zone to a domestic water supply (given present or

possible future hydrologic conditions) as part of a risk assessment. This

also explains the walti-dinenionality of the vast majority of studies, given

the basic heterogeneous nature of the soil matrix and the potential for move-

ment along multiple axes.
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25. Figure I provides responses for the phases Of Study the ArMy has

conducted the ongoing/completed groundwater modeling within. Note that the

injority of these modeling efforts has been conducted in association with

remedial irvestigation (U.1), followed by remedial treatment, design/operation

(RE) and feasibility study (PS).

26. As illustrated in Figure 9, the majority of ongoing/completed

groundvater model studioes have entailed the execution of kaoh flow end trans-

port models (in either a coupled or mmcoupled mode). Forty-two of the

61 respondents gave this response, followed by 1I wflow-only" responses.

These results point toward the often son-conservative* natu of the contami-

nants simulated numerically in Army-sponsored studies that require the more

rigorous modeling associated with transport simulation. However, most of the

18 studies citing "flow-only responses listed a variety of non-conservative

contaminants as those of concern in cormaction with the modeling. This is,

hopefully. an artifact of the requirement often expressed by regulatory agen-

cies that the Army simulate worst case6 conditions. These conditions usually

entail simulazion orfj, r"only3 an *"~rwd5Ui- Cof ca servat14V06CC ct a- -Si aan-t M

that neither laI behind the flow of water, become attached to nor are trapped

by soil particles or biodegrade. This achieves. I1n theory,. the strongest con-

taminan.t concentration that reaches a location of concern the fastest. If

this result is not an artifact of regulatory conservatism it represents a

misunderstanding of the kinetics of the contaminants being modeled. Note.

also3 that this result &gain points toward the idea that the majority of Army

modeling has probabli been in aspport of a risk analysis vith the use of

modeling as part of a readial design being a secondary factor (as shown in

Figure 5).

27. Figure 10 provides one last snapshot of the modeling the Army is

doing. As shown, the Army has been esmulating & =nber of contaminant

cUsses, most notably solvents. The lack of modeling emphasis on explosives

and bydrocarbons is inI contrast with the prevalence of these materials in

groundwater at Army installations shown in Figure 2. Alternatively, the

result most likely represents a lack of experience or confidence with the

modeling of explosives and hydrotarbon tr•nsport by either the Army, its con-

tractors, the regulatory agencies or all three.

* Conservative contaminants are biochemically non-reactive. Non-conservative
contaminants are chemically and/or biologically reactive.
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28. A final piece of information requested in Table 1 had to do with

the types of computing hardware on which groundwater models were being run.

The vast majoriLty of those who did respond to this question listed the per-

sonal computer environment as the one they were currently operating within.

29. flggJgj5i. For each grX mvae modeling eatwy listed In !albl. 1.

please pro. de the lnformation requested In the attached Table 2 o a 8shet

per study basis. Please teproduce additional aseets as seedad (see Appeudiz D
for additional detail). Figure It shows that, of the 61 studies listed as

ongoing or completed, only about one-half of them were felt to be successful.

The remLaing studies were listed as a combination of marginal, Unsuccessful,

and no-response. Approxisately 80 percent of these 61 studies were con-

tracted. Figure 12 shows the rolstionship among successful, %m•uccessful, and

marginal studies and whether said studies were contracted, done in-house, or

don as a combination of the two. As shown in the figure, there is no bias

associated with who does the studies; all study agents succeed or fail with

equal ease.

30. Figure 13 provides some insigt into why respondents thought their

modeling studies vwar* &a&rLLa or w€succassful. Eleven of 39 re•pondents

(28.2 percent) listed poor or incomplete site characterization as the prime

reason for less-than-successful modeling applications. The additional answers

are noteworthy as well. Seven respondents said that technical gaps in the

stats-of-modeling precluded their successful use in thoir applications. Five

responses listed poor study documentation as proof of a marginal or unsuccess-

ful study. Coupled with four responses each thatlsted a lack of contractor
e 4as and a lack of in-house analysis exprtise as prime contributors to

lessened study sucoss, this strongly suggests the used for increased in-house

expertise (thromg training, tecbnical asnistane and hiring). Such expertise

should greatly reduce the likelihood of poor contractor selection, and would

improve study monitorship through heightened technical interaction, statement

of in-house expectation of contractor products, and in-house review of con-

tractor results.

31. ftbtM J. Are grawadeter models overly expeasive or difficult

to use far ya applicatioms? . If the Mawr Is so. please Ceutios to

QueaesLu 7. if the usmwe is yes. please dheck the follovig tchat supports
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-Models typically require more cost or effort tha the

infor•ation Sefned from then Ls worth.

User manuals or othor SAstructions for using the ladlvid-
ual models are Inaccrate, incomplateo end/or out of date.

Too wach labor and/or time is required to coapile the
field data needed to def•ie the problem to be modeled.

Too much labor and time is required to put results of
model analyses In a form that is unseful for moking mgi-
nearing decisions.

Other; please ezplaft.

There were 47 total responses to this question; their distribution is given in

Figure 14. Respondents were splLt.on this question.

32. As shown in Figure 15, those responding OyesO to Question 6 above

felt that the costs of getting the data required to effectively execute a

groundvater model were excessive. This is of some concern because the same

data required to execute a model are. in general, those required to conduct a

tharough site characterization. Additional respondents cited the effort to

conduct the Modeling Cmffoat as a zbztigracn fcr tum ir Wj Pra.

susably, the intensity of this effort. Including data collection, parameter

estimation, model calibration, and 'nalysis was deemed too high by the respon-

dents. When coupled vith concerns about anLlysis costs. be they associated

with time or labor usage, or concerns about poor model documentation, the

reasons respondents thought groundvater models ware too difficult or too

expentive to operate suggest a few ideas: (a) the time model users have in

the RI/FS process to conduct any model studies, whether el.aborate or simple,

is short; (b) the groups presently doing site characterization consider data

collection to support umerical models to be outside the scope of data they

normally collect for adequate sit, conceptualizatLon; and, (c) the difficul-

ties present users have in implementing models. so exeupllfied by model docu-

mentation concerns, then coupled with the two above concerns, may be great

enough to discourage more extoensive use of groundvater models in the Army.

33. It is interesting that uearly one-third ef the respondents to Ques-

tion 6 above gave no response to the question. An snalysis to the oyerall

quesztLonnare responses from this group is shown in Figure 15. All of the

respondents in this group cited, in one way or another (i.e.. the group had

only five ongoing Or cOmPleted studieos, and these were all contracted), a lack
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of £n-hoe. groundvateer odeling experience as the primary reason for their

lacr of :esps•se to Question 6. As we v•il discuss in a later section, this

fiuing !x ex*treuely important because of its potential impact on future stud-

Les, e.m oa the quality of in-house review of future contractor studies.

34. 9Vij1i.RZ. Was your answer to Questiam 6 based ca 7m•m € ezxp-

nonec. *discussions wiLtk contrattors * oc beth? _ ______Continuing

with examination of the experience bass of the Army aodeling comtuit, the

results to Question 7 are provided in Figure 17. go have discussed above the

,*ainial, experionce group (that is. the group that gave no responae to Ques-

tion 6). let us now emine the three other groups listed in Figure 17.

35. In en effort to analyze the Figure 17 responses a &•t of criteria

wtre established relative to the overall experience base of AZry model users.

Required in this analysis was that the respondent have ongoing or completed

modeling studios rather than just planned studies alone. This resulted in the

size of the "experienced" group being reduced from 32 (those answering yes or

no to Question 6) to twenty-one. go then Investigated any trends in responses

based on the respondent's answer to Question 7. Analysis of an additional

tract., or as a c.mbination of both, failed to produce. my obvious trends.

36. Nine uezpeniencedO Army modelers said that groundwater models woer

overly difficult or overly expensiva to use (Question 6). Twelve said no. Of

the "yes" group, all cited their own experience, or a combination of their own

and contractors'. as the basis for their response to Question 6. One of the

Ono's cited their 6ovn expetionce; the remaining 11 cited a combination of

their own and contractorm', or just -contractors', as th-ir experience basis.

37. Lot us now return to the group of 32 original rspondents to Ques-

tion 7, removing for a mment the zpeGrieua criterion used above. Analyzing

these data further, of the nine respondents who listed Che basis for their

answer to Question 6 as their own experience, seven said that models were

overly difficult or overly oxpesive to use. One said no, and one had no

resionse to Question 6. ,ight of the nmne in this group were listed among 'the

"experienced" modelers as discussed in Paragraph 23. CoGersely, 4f the six

aodelers who listed contractor experience as their bamis for answerlng Ques-

tion 6, all six responded that models were not overly difficult or expensive

to use. This #:oup had only seven studies planned or executed be•oven the six

of them, and four of the six were listed among the 6experienced" group.
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38. Finally, 17 respondents to Question 7 listed both" contractor eand

in-house experience as the basis for their answer to Question 6. Ten of the

17 said that models veora not overly difficult or expensive to use..

39. From this analysis, it would appear that those modelers having

Ln-house experisuce in modeling generally thought that groundwater models were
overly difficult or expensive to use. Further, those thinking the converse

were generally using solely contractor, or a combination of their own and

contractor, experience to Justify their answer. Mhile this is a bit of a

sixed bag, the result does again support the ueed for additieoal In-house

training and expertise In groundwater modeling tools. It ti obvious that the

level of Army in-house experience Is greatly Impacting the answers given to

Question 6.
40. &3s ft 7ur eriena.e are Srmudewaate 14AR comprehen-

sIve enough to acc••nt to the major dta$ls of s•*a fLild problems? -

Alternatively, do Y belemv Yaw OrgpsLatleM Senmerey Collects jLj..AgJL
coep haus Lye anenm t for zo tear model. vue? FiLgre 18 illustrates

the responses to this question. Again, chere Is no clear trend in these

azisvurs. It is Lateresting that eight of cen C! distrietjdivLidilq rep?4ct
to this question eaLd medals ware copreheansIve enWh; two-thirds of USATHAKA

respondents said no. The responses to the data set quescton were mixed.

Additionally. 12 "experienced modelers saLd models were comprehensive enough'

eight &&id no (one 414 not respond). It La not clear what this trend sug-

gests. It is eatLrely possible that &M of the questions the Army is aur-

rently facing, especially In CE district/dIvision offices, can be aunvered
.4th beer- r packazint of existing technology. lNoevur, the resultz also sug-

gest that the need is recognized by a sizeable portion of the user coonimity

for Improvements to both models and data gathering techniques.

41. 2UsMM ,. a* the follUIaig tems by ssiging them a Nigh W),

sediun MI, or LOW L) MinS Rrt e mt I-king PImiAwter mod•ls Mre UseL

tools for your site applicatImos. Uos that the abbreviat•n for each 1ten

appears at the md of saGA item.

software for Personal computers (PCs) or wor• ttions
with a graphical user Interface that enables easier Input
af data to Sroind"tat models (P= D)
- oftware for PCs or wor stations with a graphcal user
Interface to aid In vfsflali a grotndWhter model eMsUs
(PC IUsuals)
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software that would aid LI extracting bdormatioc from
model results In the foas of tables =nd plot$ similar to
those amo used to evaluate field data (Catraction)

interfaces that would couple gprmdsater models to CADD
and 015 software (Interfaces)

____ a data base of typical geophyscal adn biochemical prarm-
oter values for epecific soil types and contealnauto (Pat.
Dbase)

a date base that mwld provLde cLtatLos to pertLnant
published Laformeticm = groimuawter nodels (Cit. Dhase)

a probabilLstic madeling capsbility that ftcludes seasures
of uncertaisty La goolog•i •onditLons, ald •n parameter
estimation, and theoretical lUits of modeling reliability
(Fob. - odel)
guid•nce *n the use and imitatLos of existing grouddae-
ter models for site cberacterftation. feasibility studies,
sad r•eediatLn operatLon (Guidance)

-on expert system to id usoers Lu the aelectLem of appro-
LSatse 8z Odaeer models. U/se system would also provide

users with rocamemdatloss for model paroewter selectiAn
(EXPert SYS)
groda•-f- ter msod ng svymcha r Uma * bav rekeai. 'aiar-.a
tiwes integrated fvLl7 withn theirJ flow and transport
Nodels (am. 8a-.)

__�_A=-vude atun4detoed grimdwate modeling tools that
Mave obtained ZPA apprawal for use (std. Nod.)

A._ y technical support paromel to asesit Lu model choice
and application CTechk Spo)

The results of this question are given in Figures 19a and b. The trends in

these results again illustrate the users' desires for improved methods for the

use of existing models, as illustrated by (1) the btigh safka for person-a

computer-based graphical user interfaces for existing models, and by the call

for (2) visualization and (3) guidance on model use. From these three items,

a" second group., msde up of extraction method, *expert systems, probabilistic

models, general interfaces to GIS, -=d standardized modeling tools, was

bunched tosether in importance. These items point toward a combination of

development for existing tools and the creatlon of now research products.

Army technical support, integrated remediation simulation tools, parametrie

databases. and a citation database were the lesser desired products of those

mentioned In the survey, respectively. It is interesting that the Amy tech-

nical support iten scored below thr medLan line for all items in contrast to

the general tone of responses to questions elsevwere in the questionnaLre
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which wore quite positive on this point. Additionally. it way be possible

that the ordering of &1 but the three items in the highest grouping reflects,

again, the level of experience of the users at this time. The responses may

more accu=ately reflect the field's cerriLdLng desires to do better with

existing tools than any focused priority for the development of improved

tools.

42. fteklam -12. If 7ou ae saot u•sfg FOM&vter modals for 7"W

groiw•ter cleuamp studies, pleass lIdicato uwy (check each that Is

appropriate):

omeraLiy Snsufficient time for model uSate Within •n•oal
project schedeles

mmffinoiut f•u•ing w timo to lot=m te se t-bhome of
most ZZr o hatxF Dols

insufficient ia-house smapoer to apply gramdvater nodels

-Insufficient time to aoatrsct grounivater modeling efforts

- Isufficlenst tA s to pay for contracted modeling efforts

Current grod•mter models have InosfLciet levels of
ezxi"uiiixy ir imaiuim Mukiu

-TypIcally an insufficient wt of site data exists to
wz%-nt 15 a model use

Ngo imduater &odellivg um doomed secessawy. Please

la in the rationale fr this declaim ____

Other; Please earlals.

The most often given moesponses for this question are given Ir Figure 20.

inadequate site data was the reason for not using smdaiing in ramediarion and

site characterization studies. This Is quite disconcert•in, for it seems a

cplete site characterization or raeediation scheme design would, in general,

require the same data, or nearly so, as a modeling investigation.

43. The remaining responses illustrated in Figure 20 can be divided

into two basic groups: (a) "our schedules are so tight that we do not have

the time, manpower, or furids to do an adequate job of modeliLug; end (b) We

are not ready for modeling yet. or modeling is not ready for us. The lack of

In-house experience discussed in multiple sections above again comes into play

in these ansvers. However, a second concern appears. Several respondents

seem to 1e saying that the site charactsrization/romediation process itself,

either t.routh regulatory or Army rigidity, does mot provids for ample time to
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do a concerted. coupleto modeling study. One rmst vender. if this is indeed

the case, how a concerted, couplete sive characterization or remediation

design is effectad.

"4.. 22s .~guL2L.Womld you employ mdels one often U th Ites above

Sn Question 9 were svilable? - If CM • sawer is yes, please be sue you

z3*&d the item sIn Questiom 9. Of the 47 responses to this questiom, 19 said

yes; 15 gave no response; aA., 13 said no. This leads one to ask that these

results really suggest, given the distLbution of the responses. Tse intent

of the questiov was to ascertain If the conduct of the resaarch rAd divelop-

sent discussed Lu Q"estLon 9 would Lnduce more effective use of groumdwater

modeling tools. Taken at face value, it appears that some of the respondents

to Question 11 would aot mal- more effective use of groundwater models regard-

less of the developmeut proposed. Sovever, It may be that the question wax

framd too anbLguously to rea11y provide usable results. For example, some of

those answering no to Question U1 mLght believe that they were then using, or

had already s3aund to use. troundvater models effectively prior to a•y pro-

posed R&D. On the other band, those answering so could be averse to groundva-

ter mode•, Adar any circus tances. Given the plausibility of each of these

postulates, it may be advisable to discount the overall worth of the responses

to Question 11.

45. •tegiES1f•1 . So you bave any access la-bouse to additloal groam4-

water models that are sot lsrted In Table lT If so, please provide the names

of those models 1slow and wAether they are ram a personal camputers (desig-

mate PC and class of PC; i.e., ZES, S6. eSc.), wokstation (designatse V

with workstation nsme) or mainframes CM with macbi.h nme):

Ter models, or direct vexiations thereof (usually assor.iated With graphLcal

aiterface extensions to the original model), were listed. The KODFLOW** modal

• See Appendix D.
M Kclsonald, K. G., and A. W. Mhrbaugh. 1984. A Modular Three-DimenLsonal
Fiuite-Diffevence Grouwt-Water Flow t1odel, Open-File Report 83-875,
US Geological Sl•rvey0 Roston, Virginia.
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led the way by far. followed by PLASM*, RiDQ•KALK**. and SUTRAt. -Several

additioTnal models were mentioned in individual responses. None of the

in-house models were being housed on a supercomputer by the Arny user coun-

ity. In fact, all of the respondents stated that their models were operating

on personal computers or workstations except two, vho listed VAX hardware as

their computing platform. The models listed, and the computing platforms

mentioued, are very Important in that they indicate a general reqir+ement for

personal computer modeling tools in the nmar future. The question of what

level of PC on which to conduct development (i.e., 286, 386, 486), and what

level of davelopsent is appropriate gIvan the chaaging hardware vorld, is one

that will require additional review and discussion between Army model users

and developers. However, there can be no question thaz the current computing

platform of choice of the Arm user counmity Is the personal computer.

46. usg an13. Then evaluatin 8osavatei modelqIg proposals pre-

sented by traccor S. hbih of the following is generaly the •sscifIAu factor

in contractor selectia? (Meck mas plme)

- �€QUaty of proposal based ec In-house technical review

--.- Ouality of uovosl based gn ezternal techncal rerview.
Wb. generally WOUi&iCts thie ZVVieW?________

mi.. oft t•-•; of ciotractax

-__ Other; please explat ... .. .

Thirty-six responses were providsd to this question as shown In Figure 21.

The importance of this question, and the uext one, is tied directly to the

level of in-house experience the Army has in groundwater mnodeling. Recall

that S0 percent of all ongoing or completed Amy groundwace model sudies

have been contracted. Further, recall that one-third of respondsntzs to this

*Pricketc, T. A., and C. G. Lorsquist. 1971. Selected Digital Computer
Techniques for Grounwvater Resource Evaluation Illinois Star-e Vater
Survey, BUL.ETIN 55, Urbana.

,P 1rickett, Thomas A., Thomas G. NayMik, and Carl G. Lonuquist. 1986. A
"Randc-Walk' Solute Transport Model for Selected Groundwater Quality
Svaluations. Illinois State Vater Suwwy, 1UULZTIN 65, Miaupaign.

t Voss, C. 1. 1984. SUTRA - £aturwated-4Ratuzr;,ed Znsport - A Finite-
Element SLmulation Model for Saturated-Unsaturated, Fluid Don.sity-Dependent
Ground-Water Flow with Enerty Trwsport or Chosically-Reactive Single
Species Solute Transport, Vater Resources •nvestigations Report 84-4369,
US Geological Survey, Keston, Virginia.
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questionnaire have said that they feel they lack the experience to comment an

whether groundwater models are overly expensive or difficult to use'. W~ith

that, note that of the people who responded to Question 13, over three- fourths

said they conduct in-house review only in the assessment of contractors"* pro-

posals. Note also that six of 36 respondents said they go primarily on ccvi-

tractors' reputations when assessaing the worth of contractors* proposals..

47. Rgetin 14.. Vbeu szodwater swielift results eapre aswated.
which of the follow~ag Is generally fte LAzM~ meams of asaessln the reli-

ability of th~ose results? (Mack .me pleaae)

la-bouse teehaisal review
- Itexual tecMAcal review. Who generally coofutst this.

-Other; PLOase explala

The results of responses to Question IA are shown in Figure 22. Note that

in-house review is used almost exclusively to review groundwater m~dsling

results. Coupled with the results from Question 13, and recalling the overall

experience level of Army modelers * it Is imperative that steps be t&Uevi

quickly to improve in-house groundwater modeling expertise. -The Tamificalata~s

of these results x~elative to the quality control of contradtors' studies are

unquantifiable from the results of this questionnaire.

4S. ggjU a Please provide eny addtti~awl evomients you, beve,

Including your projected future needs tor groundwater models.

There was a variety of camnents provided In this section. 4The most &commor

response was an explanation for the respondents' Lailural to complets tho

questiouisire. The uusul reason for this fail re, or reti'nence, vas & citad

lack of notý%Iing expertise required to complete the text.

49. ~nmus * W Please PCOvids (Capmt~m W, vagbmal) Or either

cover pages or wefereaes to MnY C~M-utosr and In-house ZVPorta deXalin VIth

the updelftg of SXoad=hter flo =/or transport at Army sitea. 3afereneci

materials were provided by *everal respondents. These materials are being

used in-house.
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50., iaM -v. In early February 1992 WES developed a questionnaire that

solicited Army use of and experience with groundwater flow and contaminant

transport modekLng tools In support of contaminated site characterization and

raemedLatiou. The questionnaire also sought user Input an the research and

development (DAD) requirements for future model development. The question-

naire was sailed to 22 Corps of Engineers (CK) district and/or division

offices. Forty-sevea (47) responses from 17 CS offices were received. Addi-

t.inally, ustiormaire responses were obtained from 21 users at the US Army

Toxic and Eazardous Materials Agency (USATHAIKA), representing seven USATMAVA

elements, and from two Amy Luntallations (Aberdeen Provt•n Grouv*f, ylaond,

and Fort ILLchardoon, Alaska). WhL1e Only two Installatiow were polled

directly, THAXA representatives provided input for all other known uses of

groundwater models at Army Installations.

51. These responses were analyzed for tronds and content as presented

above. From these analyses, certain points have appeared:

&- The Army is presently investigating organic solvents, hydrocse-
bons, and explosives as their primary contaminants of concern.
Heavy metals were listed as of medium concern.

aUtiou restoration, followed 4y Superfund activities.

S. Army groundwater model users have limited in-house experienco
In modeling. To date, approximately 80 percent of al• ongoing
or completed modeling efforts have boon contracted. Several
questionnaire respondents expressed a lack of sufficient model-
ing experience to complete the questionnaire. There are
organizations within the Army, however, that have acquired
significant levels at modeling experience.

d. A sizeable portion of the experience base Army 9o06l users
employ for decision making rezarding modeling results Is
derivod directly from contractors' experiences and coments.

It. Users expect an increase in requirements for groauater mdle1-
ing wr the leot five years. Qoestionnaire reonlodents cited
67 expected modeling studies iu the next five ysars. iu
contrast to the 61 Ongoing or cempleted studies (over the last
10 years) reported.

. �The needs for all levels of training and guidanee ou the use,
applicability, &-d limitations of pounedwa er modeling tools
were strossed in userse resplonses.

•. The need to wake much improved us• of eXIstin mIeliLn tools
through interface end visualization eaxteios to 0 6re0t mod-
els, modification of existing technology, etc... vea stressed In

users' responses.
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h. Additional ID noeds, ranging frou probabilistic model develop-
ment to parameter dauabL... creoLion. weze ranked by question.
SaLwe respandents.

Th. T u. ned for Army in-house technical assistance was SMuested
by the overall tenor of users responses. ThO form for this
assistance was not recomendad by users.

.. Most experienced Army griounfater model users felt existing
models were oerly expensLve or difficult to use.

A. A variety of reasons for =no-usa of groundvater models was
reported. Chief among them were inadequato &ite data end
resource limitations regarding model training. upkeep, execu-
tion, and analysis.
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