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1.0 INTRODUCTION

The performance evaluation of innovative and aternative environmental technologiesis an
integral part of the U. S. Environmental Protection Agency’s (EPA) mission. Early efforts focused
on eval uating technol ogiesthat supported the implementation of the Clean Air and Clean Water Acts.
In 1986 the Agency began to demonstrate and eval uate the cost and performance of remediation and
monitoring technol ogies under the Superfund Innovative Technology Evaluation (SITE) program (in
response to the mandate in the Superfund Amendments and Reauthorization Act of 1986 (SARA)).
In 1990, the U.S. Technology Policy was announced. This policy placed a renewed emphasis on
“...making the best use of technology in achieving the national goals of improved quality of life for
al Americans, continued economic growth, and national security.” In the spirit of the technology
policy, the Agency began to direct a portion of its resources toward the promotion, recognition,
acceptance, and use of U.S.-devel oped innovative environmental technol ogies both domestically and
abroad.

The Environmental Technology Verification (ETV) Program was created by the Agency to
facilitatethe deployment of innovative technol ogiesthrough performanceverification and information
dissemination. The goal of the ETV Program isto further environmental protection by substantially
accel erating the acceptance and use of improved and cost-effective technologies. The ETV Program
isintended to assist and inform those involved in the design, distribution, permitting, and purchase
of environmental technologies. The ETV Program capitalizes upon and appliesthelessonsthat were
learned in the implementation of the SITE Program to the verification of 12 categories of
environmental technology: Drinking Water Systems, Pollution Prevention/Waste Treatment, Pollution
Prevention/ Innovative Coatings and Coatings Equipment, Air Pollution Control, Indoor Air
Products, Advanced Monitoring Systems, EVTEC (an independent, private-sector approach), Wet
Wesather Flows Technologies, Pollution Prevention/Metal Finishing, Source Water Protection
Technologies, Site Characterization and Monitoring Technology (ak.a. Consortium for Site
Characterization Technology (CSCT)), and Climate Change Technologies. For each pilot, EPA
utilizes the expertise of partner "verification organizations' to design efficient procedures for
conducting performance tests of environmental technologies. EPA selectsits partnersfrom both the
public and private sectors including federal laboratories, states, universities, and private sector
entities. Verification organizations oversee and report verification activities based on testing and
quality assurance protocols developed with input from all major stakeholder/customer groups
associated with the technology area.

September 14 - 25, 1998 the Site Characterization and Monitoring Technology Pilot, in
cooperation with the U.S. Department of Energy’s Environmental Management Program, will
conduct a demonstration to verify the performance of six Decision Support Software packages.

1.1  Decision Support Software Demonstration

Decision Support Software (DSS) packages integrate environmental data and simulation
models into a framework for making site characterization, monitoring, and cleanup decisions (e.g.,
where to sample, cost/benefit analysis of additional or reduced sampling, human and ecological risk
analysisasafunction of cleanup level, etc.). An effective DSS package should integrate, analyze, and



present environmental information to assist a project manager in developing a cost-effective,
defensible, cleanup/monitoring strategy.

DSS packages are new, innovative technologies that have not seen widespread use in the
environmental field. However, they show promise as a means to facilitate understanding of
contaminant behavior and help make cost-effective decisions about environmental issues. Therapid
growth in computing power over the past ten years has permitted development of powerful software
systems that operate on personal computers. The combination of an integrated approach and the
potential to have these tools on a persona computer is attractive to many environmental managers.
For this reason, the EPA Regions, severa EPA Program Offices, and other Federal Agencies have
expressed interest in the performance and potentia applications of environmental DSS programs
when tested under real-world situations.

The preceding description of Decision Support Software defines the characteristics of DSS,
but not the components. As such, the definition is vague and a wide range of software can be
considered asDSS. This makesthe demonstration unique and challenging. To limit the scopewhich
will be addressed in this demonstration, three endpoints have been selected for evauation: a)
Visualization, b) Sample Optimization, and c) Cost/Benefit Analysis. The definitionsfor thesethree
areas in this program follow.

Visualization: Visuaization softwarewill beevaluated intermsof theability tointegrate site
and contamination data in a coherent and accurate fashion which aids in understanding the
contamination problem. Tools used in visualization can range from data display in graphical or
contour form to integrating site maps and aerial photos into the results.

Sample Optimization: Sample optimization software will be evaluated for soil and
groundwater contamination problems in terms of predicting the minimum number and location of
samples needed to define a contaminated region with a specified level of confidence.

Cost/Benefit Analysis. Cost/Benefit analysis software will be evaluated on soil and
groundwater contamination problems. In general, cost/benefit analysis will be defined as the cost
optimization relative to a benefit. There are many potentia “benefits’ that could be used for the
anaysis. For example, the benefit could be defined as @) changes in the size of remediation zones as
afunction of the degree of certainty in the decision for afixed cleanup limit, b) changesin the size
of the remediation area as afunction of cleanup limits for afixed degree of certainty in the decision,
c) the probability of successin meeting cleanup criteria, or d) the reduction in human health risks as
afunction of the amount of remediation. The test problems will be discussed in detail in Section 4
and 6.

Based on visualization, sample optimization, and cost/benefit analysis, DSS packages will
participate in a demonstration to provide information to assist in the evaluation of the performance
of the DSS packages. It isimportant to emphasize that the software tested in the demonstration does
not need to addressall three endpointsto participate. Softwarewill be evaluated only on the portions
of the problem to which it is applied. Upon completion of the demonstration and evaluation of the
results, EPA-ETV will issue a verification report for each DSS package.



This section provides an overview of the demonstration plan. Five mgor topics are covered
inthis chapter: 1) the objectives of the demonstration, ii) the elements of the demonstration plan, iii)
an overview of the Site Characterization and Monitoring Technology Pilot, iv) an overview of the
technology verification process, and v) the purpose of this demonstration plan.

1.2  Demonstration Objectives

In conventional approaches to environmental decision making, each of the processes is
performed individualy (e.g., fate and transport, risk analysis, cost/benefit, etc.) and often not in an
internaly consistent manner. In addition, because the conventional approach is performed on a
piecemed basis, it doesnot permit an easy evaluation of alternative scenariosor remedia approaches.
This leads to inefficiencies and higher expenses. Environmental DSS remedy this problem by
incorporating several models to perform an integrated assessment.

The objectives of the program are to provide thorough testing of the DSS products over a
wide range of environmental conditions taken from real sites. The testing will permit an unbiased
evaluation of the capabilities of the DSS to address real world problems.

1.3 Elements of the Demonstration Plan

This plan defines the following elements of the demonstration:

. Roles and responsibilities of demonstration participants.

. Procedures governing demonstration activities, such as data collection, to define test
problems, data preparation, anaysis, and interpretation.

. Experimenta design of the demonstration.

. Quality assurance (QA) and quality control (QC) procedures for conducting the
demonstration and for assessing the quality of the information generated from the
demonstration.

1.4  The Site Characterization and Monitoring Technology Pilot

The Pilot isapartnership between the EPA and the Department of Energy (DOE). DOE has
established programs and facilities (testing venues) for testing, demonstrating, and evaluating the
performance of monitoring, measurement and site characterization technologies, among other
technologies. As a partnership, the Pilot offers valuable technical expertise to support the
demonstration and verification of the performance of new and emerging technologies and offers
access to awide array of testing venues.

A goa of the Pilot is to facilitate the acceptance and use of cost-effective technologies
applicable to awide range of environmenta problems. The Pilot meets this goal by working with
technol ogy devel opersand other agenciesin planning and conducting demonstrations, eval uating data
generated in demonstrations, and managing and disseminating information. The Pilot does not offer
any financial support to those desiring to conduct a technology demonstration. The developer is
expected to secure the appropriate resources to support their part of the technology verification
process.



1.4.1 Technology Verification Process

The technology verification process is intended to serve as a template for conducting
technology demonstrations that will generate high-quality data which EPA can use to verify
technology performance. Four key steps are inherent in the process.

Needs identification and technology selection.
Demonstration planning and implementation.
Report preparation.

Information distribution.

Needs Identification and Technology Selection: The first aspect of the technology
verification processisto determine technology needs of the EPA and the regulated community. The
EPA, U.S. Department of Energy, U.S. Department of Defense, industry, and state agencies are
asked to identify technology needs and interest in a technology. Once a technology need is
established, a search is conducted to identify suitable technologies that will address the need. The
technology search and identification process consists of reviewing responses to Commer ce Business
Daily announcements, searches of industry and trade publications, attendance at rel ated conferences,
and leads from technology developers. Characterization and monitoring technol ogies are evaluated
against the following criteria:

Meets user needs.

May be used in the field or in amobile laboratory.

Applicable to avariety of environmentally impacted sites.

High potential for resolving problems for which current methods are unsatisfactory.
Costs are competitive with current methods.

Performance is better than current methods in areas such as data quality, sample
preparation, or analytical turnaround time.

. Uses techniques that are easier and safer than current methods.

. Isacommercially available, field-ready technology.

Demonstration Planningand Implementation: After atechnology hasbeen selected, EPA,
the verification organization, and the developer agree to responsibilities for conducting the
demonstration and evaluating the technology. The following issues are addressed at this time:

. | dentifying demonstration sitesthat will provide the appropriate physical or chemical
attributes, in the desired environmental media.

. Identifying and defining the roles of demonstration participants, observers, and
reviewers.

. Determining logistical and support requirements(for example, field equipment, power
and water sources, mobile laboratory, communications network).

. Arranging analytical and sampling support.

. Preparing and implementing a demonstration plan that addresses the experimental

design, sampling design, quality assurance/quality control (QA/QC), health and safety
considerations, scheduling of field and laboratory operations, data analysis
procedures, and reporting requirements.
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Report Preparation: Innovative technologies are evaluated independently and, when
possible, against conventional technologies. The field technologies are operated by the devel opers
inthe presence of independent technol ogy observers. Thetechnology observersare provided by EPA
or athird party group. Demonstration data are used to evaluate the capabilities, limitations, and field
applications of each technology. Following the demonstration, all raw and reduced data used to
evaluate each technology are compiled into an Environmental Technology Verification Report
(ETVR), whichismandated by EPA asarecord of the demonstration. A datasummary and detailed
evaluation of each technology are published in an ETVR.

I nformation Distribution: Thegoal of theinformation distribution strategy isto ensurethat
ETVRsarereadily availableto interested parties through traditional data distribution pathways, such
as printed documents. Documents are also available on the World Wide Web through the ETV Web
site (http://www.epa.gov/etv) and through a Web site supported by the EPA Office of Solid Waste
and Emergency Response’s Technology Innovation Office (http://CLU-in.com).

1.5  Purpose of this Demonstration Plan

The purpose of the demonstration plan is to describe the procedures that will be applied to
generate the data and information that can be used to verify the performance goals of six Decision
Support Software packages. This document incorporates the QA/QC elements needed to provide
test problems of appropriate quality sufficient to reach a defensible position regarding technology
performance. This is not a method validation study, nor will it represent every environmenta
situation which may be acceptable for this technology. But it will provide data of sufficient quality
to make a judgement about the application of the technology under conditions similar to those
encountered in the field.



20 DEMONSTRATION RESPONSIBILITIESAND COMMUNICATION

This section identifies the organizations involved in this demonstration and describes the
primary responsibilities of each organization. It also describes the methods and frequency of
communication that will be used in coordinating the demonstration activities.

21  Demonstration Organization and Participants

Thisdemonstration is being conducted by the DSS Devel oper or assigned representative with
support by Brookhaven National Laboratory (BNL) and Oak Ridge National Laboratory (ORNL)
under the direction of the U.S. Environmental Protection Agency's (EPA) Office of Research and
Development, National Exposure Research Laboratory, Environmental Sciences Division - Las
Vegas, Nevada (CRD-LV) and the Department of Energy’s National Analytica Management
Program, (NAMP) Idaho Falls, Idaho. The CRD-LV'sroleisto administer the CSCT Demonstration
Program with the assistance of the NAMP. BNL’s and ORNL’s role is to provide technical and
administrative leadership and support while conducting the demonstration.

Participants in this demonstration are listed in Table 2.1. Detailed information on how to
contact the participants is provided in Appendix A. The specific responsbilities of each
demonstration participant are discussed in Section 2.3.

Based on the three endpoints presented in Section 1.0 of this report, the software products
SitePro and ARCVIEW will demonstrate their capabilities for the Visualization endpoint. The
softwareproductsEV S, SamplingFX, GroundwaterFX, and SADA will demonstratetheir capabilities
on all three endpoints, Visualization, Sample Optimization, and Cost/Benefit analysis.

2.2  Organization

An organization chart presenting the relationship between the different participants is
displayedin Figure 1. Therolesand responsihilities of each participant are discussed in Section 2.3.

2.3  Responshilities

Representatives from BNL and ORNL (Terry Sullivan and Anthony Armstrong), in
consultation with DSS Devel opersand the EPA project manager, Eric Koglin, areresponsiblefor the
following elements of this demonstration:

. Designing and preparing all elements of the demonstration plan.

. Developing a Quality Assurance Project Plan (QAPP). The nature of this
demonstration prevents the use of typical quality assurance procedures. Section 8 of
this report will discuss how the principles of Quality Assurance will be applied.



Table2.1

DSS Demonstration Program Participants

Name Affiliation Role DSS Product
Eric Koglin EPA - ESD-LV EPA Project Manager N/A
Stan Morton DOE-NAMP DOE Project Manager | N/A
Gary Hartman DOE-ORO DOE Project N/A
Management
Terry Sullivan BNL Technical and N/A
Administrative Lead
Anthony Armstrong ORNL Technical and N/A
Administrative Lead
Amy Dindal ORNL Technical and N/A
Administrative
Support
Roger Jenkins ORNL Technical and N/A
Administrative
Support
Dennis Morrison New Mexico Demonstration Site N/A
Engineering Research Support
Institute
Bern Baumgartner Environmental Developer SitePro
Software
Reed Copsey C-Tech Developer Environmental
Visualization
System (EVS)
Baob Knowlton Decision/FX Developer a) SamplingFX
b) GroundwaterFX
Robert Stewart University of Developer SADA
Tennessee
Jennifer Zoerkler ESRI Developer ARCVIEW




Figure 1 - DSS Technology Demonstration Organization Chart

EPA Project
Management
Team
Las Vegas,
NV
DOE Project DOE Project
Management \L Officer
Team DOE - NAMP,
Oak Rdige, TN BNL/ORNL Idaho Falls, ID
— Verification —
Organization
<«
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) (New Mexico
Technology Confirmatory . :
Engineering
Developers Process
Research
Institute)

Refer to Table 1 for the names of specific individuals involved in demonstration

. Providing needed logistical support, establishing a communication network, and
scheduling and coordinating the activities of al demonstration participants.

. Ensuring that appropriate sites and data sets are selected consistently with the
objectives of the demonstration.

. Acquiring the necessary environmental data sets for analysis.

. Preparing the test problems for the demonstration.

. Anayzing the test problems prior to the demonstration asabasisfor evaluation of the
DSS.

. Managing, evaluating, interpreting, and reporting on the analyses generated by the
demonstration.

. Evaluating and reporting on the performance of the DSS technologies.

The Developers are responsible for providing the following elements of the demonstration:

. Detailed procedures for using the technology. This could be the documentation for
use of the DSS and discussions of availabletraining courses. Aspart of the evaluation
report, each Developer will be asked to supply a narrative description of their
software describing the major process models incorporated into their code and a
description of how these process models are implemented in the code.

. Complete, market-ready technology for demonstration. Developers will not be
allowed to modify the software during the demonstration.
. Data requirements to successfully operate the DSS.
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. Operation of the DSS technology during the demonstration.

. Documentation of the DSS methodol ogy.

. Andysis of output files to support the evaluation of the technology against the
baseline.

. Data reduction and interpretation support, as required to support the decision.

. Logistical, and other support, as required.

The demonstration site host, NMERI, and the EPA will provide the following support:

. Site access.
. Other logistical information and support needed to coordinate access to the site for
the demonstration.



3.0 TECHNOLOGY DESCRIPTION

The genesisof environmental Decision Support Software (DSS) beginsin thelate 1980'sand
coincideswith two events: a) increased awareness of the complexity of environmental contamination
issues which precipitated increased site characterization and data collection, and b) rapid increases
incomputational power which provided ameansof storing, handling, and analyzing thelargeamounts
of datagenerated in defining contaminationissues. Addressing thecomplexity of many environmental
problemsrequired expertisein severa fieldsincluding but not limited to hydrogeol ogy, geochemistry,
statistics (geostatistics), human health risk assessment, economics (cost estimation), and contami nant
transport. The DSS concept was presented to environmental decision makers as a tool that would
integrate many of these areas into a consistent package for supporting decisions. This shift in
emphasis from obtaining a technical parameter (e.g., concentration, cost, risk, etc.) to supporting a
decision lead naturally to an integrated analysis.

In the early 1990's, environmental DSS programs, which integrated site data and provided
visualization tools became available. These tools were originally developed for UNIX-based
computer operating systems which required a WorkStation and expertise in UNIX. Thisimpacted
their avallability for wide-scale use. Simultaneoudly, data analysis tools such as flow and transport
models, geostatistical data analysis models, and cost/benefit assessment models were incorporated
into some DSS programs. As computer technology improved, many of these systemswere modified
to operate on Windows-based systems and thereby, became available for wide-spread use.

In addition to an integrated analysis, many DSS possess the ability to address uncertainty that
occurs due to incomplete knowledge about the system and the natural variability present in the data.
The statistically based analysis assists the decision maker by incorporating the effects of uncertainty
in the decision process.

This demonstration will evaluate different software tools. The following sections describe
each of these software tools including the scientific principles, components and application history
of thetechnology. The performance range through which the technology isapplicable, aswell asthe
advantages and limitations of the technology are also included. This section concludes with the
technology performance goals. These goals will be used to evaluate the software in terms specific
to the demonstration as well as terms relevant to general applications.

3.1  Technology Overview

Six different software packages will be evaluated as part of the Decision Support Software
demonstration. The following sections, which have been provided by the DSS Devel opers, present
background information on each of these computer codes. The background information includesthe
primary application, hardware, cost andtraining requirements. Advantagesof thesetechnologiesover
conventional approaches are aso discussed.
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3.1.1 Environmental Systems Research Ingtitute (ESRI)

3111 Primary Application

A geographic information system (GIS) is acomputer-based tool for mapping and analyzing
things that exist and events that happen on earth. GIS technology integrates common database
operations such as query and statistical analysiswith the unique visualization and geographic analysis
benefits offered by maps. These abilities distinguish GIS from other information systems and make
it valuable to a wide range of public and private enterprises for explaining events, predicting
outcomes, and planning strategies.

Aspart of theVisualization endpoint for the Environmental Technology V erification Program,
ESRI softwarewill demonstrate database connectivity, geographic display and mapping functionality,
and mode! interfaces, which are vital toolsto site characterization, risk assessment, and groundwater
remediation. Thesetoolswill also provide the inputs for 3-D modeling of contaminant plumes, and

the decision support criteriafor placement of injection/extraction wells.

Supported Platforms:

Platform Operating System Window Manager Minimum Swap Databases
Memory Space
Windows PC * MS-DOS 5.0 or later, and  Video graphics 12 MB
Microsoft Windows NT adapter (VGA) or (16 MB
3.5.1 or higher, Windows better resolution recommended)
95/98 monitor
Digital UNIX Alpha  Digital UNIX v4.0b Motif or CDE 64MB (based 75MB Informix-OnLine Dynamic
on a single (based on Server: 7.20.UC3
user) a single CA-Openlngres: 1.2/01
user) Oracle: Oracle7 Server
7.33
Sybase: SQL Server
11.0.2
HP 9000/700 & HP-UX 10.20 CDE or HP VUE 32MB (based 100MB Informix-OnLine Dynamic
8X7 ** on a single (based on Server: 7.20.UC2
user) a single CA-Openingres: 1.2
user) Oracle: Oracle7 Server
7.33
Sybase: SQL Server
11.0.2
IBM RS/6000 AlIX 4.1.5.0 (RTE - CDE or AIX 32MB (based 64MB Informix-OnLine Dynamic
supplied by ESRI) Windows Rev. on a single (based on Server: 7.20.UC2
4.1.50 user) a single CA-Openingres: 1.2
user) Oracle: Oracle7 Server
7.33
Sybase: SQL Server
11.0.2
Silicon Graphics IRIX Rev. 6.2, with these Version 6.2 based 64MB (based 100MB Informix-OnLine Dynamic
patches: on OSF/Motif 1.2.4 on a single (based on Server: 7.20.UC2
SG0001717, user) a single CA-Openlngres: Not
SG0002086, user) Applicable
SG0002161, Oracle: Oracle7 Server
SG0002044, 7.33
6.2_POSIX patch Sybase: SQL Server
11.0.2
Solaris 2 Solaris 2.5.1, with these CDE or 32MB (based 100MB Informix-OnLine Dynamic
patches for OpenGL/3D OpenWindows on a single (based on Server: 7.20.UC2
Analyst: user) a single CA-Openingres: 1.2
103796-12 (FFB patch), user) Oracle: Oracle7 Server

103566-18 (Xsun jumbo
patch)
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* An industry-standard personal computer with at least an 80486 or higher Intel-based microprocessor, and a hard disk
** Filesystem: Must be configured for long filenames

31111 Key Applications

. Site characterization and remediation.
. Risk Assessment.
. Environmental monitoring and modeling.

31112 Data Used

. Environmental/Facility Site Data.

. Aerial Photo and Satellite Imagery.
. Toxic Site Location Data.

. Natural Resource Data.

. Well and Borelog Data.

. Project Impact Data.

31113 Cost of the Technology

Pricing variesfor single stand-al one systemsthrough enterprise-wide systems. ESRI software
isavailable for purchase from ESRI or through authorized resellers. Severa existing contracts also
make purchasing software easy for the federal government, including the ESRI GSA Schedule #GS-
35F-5086H. ESRI representatives assist customersin choosing the appropriate system configuration
for their needs.

31114 Training Requirements and User Support

Trainingisthe process of teaching “how-to-use’ the software, while education isthe broader-
based transfer of knowledge including concepts of cartography, spatia analysis, database
management, and so forth. Only through appropriate education can users successfully implement and
use GIS technology. ESRI offerstraining courses in the use of its software products. Classes are
offered at the ESRI headquarters in Redlands, CA, at the regional offices, and by ESRI Authorized
Instructors. A “Virtua Campus’ also offers accessto training classes over the internet, at the user’s
own pace and convenience.

ESRI aso provides a*“hot-line technical support” number for the purpose of providing user
assistance and guidance in the implementation of the software during the period of time which the
product is covered under its origina warranty. ArcView and its optional extensions have a 60-day
complimentary period for technical support. Additional technical support servicesare availablefrom
ESRI through software maintenance and support programs.

3.11.15 Licensing Requirements
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ArcView and itsoptional extensions are licensed as shrink-wrapped products. A license may
reside on a stand-alone workstation or PC, or on a network. However, one license must be
purchased for every concurrent user of the ArcView software and its optional extensions.

3.11.2 History of ESRI

ESRI was founded in 1969 by Jack and Laura Dangermond as a privately held consulting
group. During the 1970's, ESRI focused on the devel opment of fundamental ideas of GIS and their
application in real-world projects such as developing a plan for rebuilding the City of Baltimore,
Maryland, and helping Mobil Oil select a site for the new town of Reston, Virginia

In its second decade, ESRI moved from a company primarily concerned with carrying out
projects to a company building software tools and products. Dangermond realized that to leverage
the methods and technologies developed for project work during the 1970s, the company needed to
develop commercia software productsthat others could use and rely on for doing their own projects.
The company hired several software engineers and created its first software product.

ArcView GIS, as amember of the ESRI product family, reflects ESRI's more than 25 years
of experiencein providing high-quality GIS software and related services. ESRI’ s flagship product
ARC/INFO is recognized as the most advanced GI S software worldwide. ESRI software serves a
diverse set of application needs in federal, state, and local government, oil and gas, forestry,
transportation, university, utility, private industry and many other application areas. With more than
100,000 copies in use worldwide, ArcView GIS helps thousands of organizations to understand
relationships, make better decisions, and solve problems faster.

GISispoised for ever greater growth during the rest of the decade and beyond. Innovations
in computer technology now allow sophisticated GIS operations to be performed on the desktop.
Faster and cheaper computers, network processing, el ectronic data publishing, and improved easier-
to-use Gl Stechnologiesarefueling rapid growth inthe desktop area. Private businessesare adopting
GI S technology as adecision support tool. And with the introduction of live mapping applications
to the World Wide Web, anyone with a computer has access to the benefits of GIS technology.

Technology Applications

Site Characterization & Remediation Waste M anagement

Impact Assessment Chemical Hazards Management
Site Investigation Storage Tank Management

WEell Log and Data Management Inspection Prioritization

Fate and Transport Modeling Materials Tracking

Plume Modeling HazMat Transportation Routing
Remedia Investigation Landfill and Waste Site Selection

Groundwater Sample Management
Waste Disposal Site Location

Environmental Modeling Environmental Monitoring
Fate and Transport Modeling Water Quality
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Groundwater Contaminant Modeling Groundwater Pollution

Particle Tracking Soil Gas Measurements
Watershed Modeling Radon Measurements
Hydrologic Flow Analysis Radiation Detection
Saltwater Intrusion Modeling Indoor Air Pollution

Air Dispersion Modeling
3.113 ARCVIEW Advantages and Operating Parameters
ArcView

ArcView takes desktop users beyond the basic limitations of "desktop mapping” and offers
the only comprehensive Out-of-the-Box Desktop GIS in the industry. Users are able to produce
tallored products by anayzing data layers to determine patterns, relationships and trends.
Customization is possible using the ArcView program language, Avenue.

ArcView Gl Slinkstraditional dataanalysistools, such as spreadsheets and businessgraphics,
with maps for a completely integrated analysis system. ArcView GIS can be used as a stand-alone
project system or extended into an entire department, division, or organization. ArcView GIS may
be used to access and view the thousands of ARC/INFO databases in existence, including PC
ARC/INFO and SDE data. ArcView can aso directly use raster image data in a wide variety of
formats. Users can access and visualize geographic data stored either locally or remotely over a
network.

The extensible software architecture of ArcView GIS delivers a scaleable platform for GIS
computing. This new architecture has enabled ESRI to develop a series of "plug-in" modules for
ArcView Gl Sthat can be mixed and matched to dramatically extend itsfunctional capabilities, taking
desktop GIS to an entirely new level.

Spatial Analyst - An Extension to ArcView

ArcView Spatia Anayst introduces a broad range of powerful new spatial modeling and
analysis features previoudly not available to desktop users. This new extension allows a user to
create, query, map, and analyze cell-based raster dataand to perform integrated raster-vector analysis.

Unique to ArcView Spatial Analyst is the ability not only to work with raster-based data
(including the ability to overlay, query, and display multiple raster themes), but also to perform
integrated raster-vector theme analysis. This analysis would include a task such as aggregating
properties of araster theme based on an overlaid vector theme.

ArcView Spatial Analyst is particularly well suited for providing solutions to problems that
require distance or other continuous surface modeling information to be considered as part of the
anaysis. For example, site suitability analysis often requires combining information about slope
(information best represented as raster data) and the location of roads and property boundaries
(information best represented as vector data) in order to arrive at the best location for anew facility.
Spatial Analyst not only can generate the appropriate surface representation of information from a
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variety of existing data sources, but it can also derive new information from the overlay of multiple
theme types. The results are then used to suggest possible solutions to the original problem.

ArcView Spatia Anayst can create a raster data source from any point, line, or polygon
feature source or import data from standard formatsincluding TIFF, BIL, SUN raster, USGS DEM,
DTED, and others.

In addition, ArcView Spatial Analyst includes a suite of more advanced raster analysistools
that can be accessed through Avenue software requests. AvenueisArcView GIS software’ sbuilt-in
application development language. ArcView Spatial Analyst combined with Avenue can provideyou
with hydrologic, cost, distance, and visibility tools on the desktop. Developers are able to deliver
highly sophisticated spatial analysis applications based on these extended capabilities. ArcView
Spatial Analyst isavailable for Windows and UNIX and requiresthe base ArcView GIS Version 3.x
software.

3-D Analyst — An Extension to ArcView

The 3D Analyst allowsfor the viewing and analysis of 3D datain anew ArcView Document
type called a Scene. The 3D Analyst provides functionality to assist users with three primary tasks -
surface model construction, analysis, and display.

The3D Analyst supportsthe creation of Triangulated Irregular Networks (TINs) fromfeature
themes in a view. TINs are vector based, topologically structured models that have desirable
characteristics for representing terrain and other surfaces. Selected records from active themes will
be used asinput. This methodology enables the user to visuaize, viathe view display, what will be
used to create a TIN before processing begins.

Existing TINs can be modified by adding features to them. Individual nodesin a TIN can
havetheir z values modified. Nodes can aso be moved or deleted. Thisincremental refinement will
help users create high quality surfaces. The capability to edit is also important when changes to a
surface in the real world (new roads, buildings, reservoirs, etc.) need to be reflected in an existing
model without re-creating it from scratch.

The 3D Analyst goes beyond common forms of surface analyss, such as contouring and
slope/aspect derivation, by providing attribute support, low-level navigation tools, and iterators for
TINs. Numeric values representing user defined attributes can be assigned to triangle nodes (point
features) and facets (areal features). Thus, for any location onaTIN the user can access not only the
surface geometry but other thematic characteristics such as landcover. The navigation tools and
iterators are useful to applications that need to walk through the triangulation or run through a
collection of triangles that satisfy some criterion. An example iterator is one that will return all
triangles that contribute flow to a point location. These capabilities should be of significant benefit
to application Developers.

3.1.2 Environmental Visualization System
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C Tech's Environmental Visualization System (EVS) software runs on virtually any PC
running Windows 95 or Windows NT Workstation. EV'S unites state-of-the art analysis and
visualization tools into a software system developed to meet the needs of geologists, geochemists,
engineers and modelers. EVSs graphical user interface is integrated with modular analysis and
graphics routines. These can be customized and combined to satisfy the analysis and visualization
needs of any application. EVSstools will reduce site assessment costs and enhance the capability
to analyze and present data for assessments, remediation planning, litigation support, regulatory
reporting, and public relations. Optionsinclude PRO version with animation creation and advanced
features; classroom and on-site training; and ground water and solute transport modeling.

3121 EV S Hardware System Requirements

EV S has very few specific hardware requirements, and has been designed to run on awide
range of PC hardware. The following table gives recommendations for system configurations. Of
these requirements, memory and CPU speed have the greatest impact on calculation time, while
graphics resolution and number of displayable colors affect the appearance on screen. All system
hardware must be Windows 95 or Windows NT compatible.
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Hardware Item Demo Minimum Installation Ideal Configuration
Minimum
CPU Pentium 60 Pentium 120 Pentium 11 400
RAM 43 Mb 64 Mb (128 Mb 256 Mb (or more)
recommended)
Hard Disk 120 Mb swap 200 Mb swap 400-800 Mb swap
85 Mb installation 85 Mb ingtallation | 85 Mb installation
300 Mb free 500 Mb free 1 Gbfree
Graphics Card 1024x768 1024x768 1280x1024 or 1600x1200
64k colors 64k colors 16 million colors
Floppy drive 3.5" high density 3.5" high density 3.5" high density
Monitor 15 inch color 17 inch color 20 to 21 inch color
CD ROM Drive Required Required Required
e-mail, web & ftp | Recommended Recommended Required
access
31211 EV S Software Interfaces

EV Sdoesnot require any additional software and it can interface with many popular software
packages. EV'S can read and write AutoCAD Dxf files, ESRI shapefiles, and can directly access
ODBC compliant databases (provided ODBC 32 is installed on the clients computer).
Environmental database software products such as EarthSoft’s Equis for Windows and GIS
Solution’s GIS/Key also support output to EVS. EVS can perform three-dimensional post-
processing and animation for ground water and solute transport modeling packages such as
GeoAnalysis sEVS-SIM and ESI’s Ground Water Vistas.

31212 Analytes and Environments

EVS can analyze al types of analytes and geophysica data in any environment (e.g., soil,
groundwater, surface water, air, etc.).
31213 EVS Pricing

There are two functionally different versions of EVS, the standard and PRO versions.
Additionadly, EVS-PRO comes in two different licensing versions. Our fixed licensing uses a
hardware key to license the software. The key may be moved, and the machine with the key (and the

software and driversingtalled) islicensed and fully functional. The standard version of EVSisonly
available as afixed license at a price of $4,995. The fixed license version of EVS-PRO is $9,995.

The floating license version of EVS-PRO has steep discounts with quantity and a more
complex pricing structure. The floating license uses a hardware key on the machine that serves
licenses, but any machine on a (TCP/IP) network can run the software until the available seats are
used up. The table below gives pricesfor six nominal configurations. Please call for aquotation on
any quantity. Additional keys to better distribute licenses are available for $500 each.
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Tier Nominal Price for Seat Additional Price for Nomina Effective Seat Price for
Class Seats #1 seats Number of Seats Nominal Seats

A 1 $13,500 $6,250 $13,500 for 1 seat $13,500

B 3 $16,000 $4,000 $24,000 for 3 seats $8,000

C 8 $23,000 $3,000 $44,000 for 8 seats $5,500

D 17 $41,800 $1,800 $70,600 for 17 seats $4,153

E 34 $51,500 $1,500 $101,000 for 34 seats $2,971

F 100 $101,000 $1,000 $200,000 for 100 seats $2,000

Annual software maintenance, updates and tel ephonic and e-mail tech support isincluded for
the first year. Additiona years are currently 12% of software list price. One year of technical
support with software maintenance and upgrades is included in the purchase.

31214 EV S Training Requirements

The magjority of EVS users are self-trained using the printed and on-line workbooks and
tutorials. C Tech offersformal advanced training classes. The three-day class covers the operation
of the approximately150 modulesin EV S and covers advanced animation techniques. The cost for
the training classis $1,500 per student. Customized training sessions at customer facilities are also
available at consulting rates.

3.1.2.2 History of EVS

EV'S development began in 1991. Much of the technology employed in our visualization
techniques was the outgrowth of DOD and DOE weapons technology. C Tech Development
Corporation was previousy involved in solid mechanics simulations related to explosives research.
The development of thistechnol ogy required substantial time-based animation and three-dimensional
visualization. In 1991 C Tech became involved in a very large finite element mine dewatering
smulation for a mgor gold mining company in the U.S. As a result of that involvement we
recognized a need for better visualization tools to support the environmental engineering market.
During that first year we began developing a software system to address the needs of environmental
assessment, ground water, solute transport, air pollution modeling, and geologic modeling. That
development has continued nonstop driven by user inputs and a creative group of geologists,
environmental engineers, and software Devel opers.

Our current assessment for the industry need is even stronger than when we started in 1991.
C Tech hasinvested more than 30 man-years in the development of EV'S stools specifically for this
market. Additionally, there has been more than 100 man-years invested in the fundamental
visualization technology which served as the origina foundation of EVS.
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3.1.2.3 EVS Applications

EVS was developed to meet the needs of the geologist, environmental engineer, and
environmental program manager as they relate to:

. Site assessment: determination of the optimal locationsfor collecting datain order to
best determine the spatial extent of contamination at the lowest possible cost.
. Site evaluation: determination of the spatial extent of contamination, quantification

of the mass and volume of contaminant plumes, and quantification of the statistical
variation in the volume and mass estimates resulting from the current level of
characterization.

. Geology: creation of athree-dimensional model of the site geology and determination
of the relationship between the geology and the contaminant plumes. This
understanding allows for better-targeted remediation plans, which consider the effect
of geology on the migration and capture of contamination. Additionally EVS can
compute plume volumes and masses on a (geologic) layer basis.

. Communication: visual communication of the site geology and contamination is
critical. EV Sprovideshigh quality still and animated 3D visudization. EV Sprovides
the ability to integrate geol ogic information, environmental contamination data, aeria
photographs, site buildings, roads, etc.

3.1.24 Advantages of EVS

EVSisamodular software system geared to the needs of the environmental community. Its
architecture provides the ability to customize applications for the most demanding application while
preserving an ease of use that provides immediate productivity.

Research conducted by our customers has confirmed that EVS saves alot of money on site
assessment. Compared with sampling on a RCRA grid, EVS can save 30-80%. EV S reduces the
cost of assessment by focusing sampling on areas in the site where there is reason to suspect
contamination, but where the confidence in the estimate islow. EVS aso provides a quantitative
method to determine when a site is adequately characterized. Our “Min-Max Plume’ technology
provides statistical bounding of plume volume or mass based upon a user input confidence.

Findly, EVS provides extensive visualization capabilities. Environmental problemsare often
information rich. However, this information must be communicated. Graphics provides data
compression and trandation. The compression isa natural by-product of visual communication and
if the graphics are well designed, they provide trandation of highly technical information into aform
that can be understood by al parties involved in environmental decision making.
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3.1.25 Operating Parameters of EVS

EV S was devel oped to meet the data analysis needs of the geologist, environmenta engineer,
and environmental program manager. EV Scan deal with virtually all typesof dataand environments.
It is designed to be easy enough that nonspecialist personnel can use it (at a rudimentary level).
However, the modular software architecture and breadth of tools provide EV S with comprehensive
capabilities that can meet the needs of scientists and researchers.

One of EVS's greatest strengths is its integrated geostatistics that provide quantitative
assessment of the quality of a site assessment (min-max plume technology) and identification of
locations in a site which require additional investigation.

Oneof EVS'sfew limitationsisits limited ability to model faulted geologic structures. To
address this limitation, C Tech has developed the Mining Visudlization System (MVS). MVSisa
superset of EVS-PRO and adds the ability to model more complex geologic structures and to deal
with the additional data requirements common to mining operations.

3.1.3 GroundwaterFX

GroundwaterFXisadecision support systemintended to providedecision makersand analysts
ameans of evaluating environmental information relative to the nature and extent of groundwater
contamination. It also supports monitor well network design and performance evaluations of
remedial actionsin groundwater. Key attributes of the tool include the ability to:

. guantify uncertainties in the nature and extent of groundwater contamination.

. quantify uncertaintiesrelativeto remedial actions(e.g., pump and treat performance).

. provide objective recommendations on the number and location of monitor wellsto
delineate a plume.

. provide visual feedback to a user on the nature of the contamination (e.g.,
concentration distribution, probability distribution of exceeding a drinking water
standard).

. provide statistical information about the plume (eg., average volume of

contamination, standard deviation, etc.).

GroundwaterFX relies mainly on process model algorithms to assess the potential for
contaminant migration and operations research methodsto provide guidance on key decision analysis
needs (e.g., recommended location of monitor wells). The GroundwaterFX methodology is an
improvement over conventional groundwater modeling analysi s approaches because of thefollowing
features: 1) allowsthe user to simulate the flow and transport of analytesfrom asource term, through
the unsaturated zone, and within the saturated zone in three dimensions; 2) quantifies uncertainties
through the use of stochastic simulation techniques; 3) honors hydraulic conductivity information and
explicitly accountsfor spatial variability through the use of geostatistical routines; 4) honorsobserved
water quality data, thereby providing atype of built-in calibration method; and 5) provides objective
guidance on monitor well placement (rather than using expert judgment).
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Currently, GroundwaterFX hasversionsthat run on Windows95, WindowsNT, and M acintosh
platforms. The softwareiswritten mainly in two languages: Fortran for the mathematical operations
and C++ for the graphical user interface (GUI) functions. Devel opment software was chosen for ease
of usein porting to different platforms. The recommended computer configuration for running the
GroundwaterFX software on PC platforms is approximately 50 Mb of hard-disk space for the
program, about 100 Mb+ of storage space for model runs, about 64 Mb of RAM, and areasonable
speed Pentium processor (> 100 Mhz).

The GroundwaterFX code is designed to provide decision analysis information on single
analytes associated with contamination in groundwater. The methodology is based on a number of
elements, including: 1) the use of fate and transport simulatorsfor the source term, vadose zone, and
the saturated zone (a 3-D finite difference model for flow and advective-dispersive solute transport);
2) geostatistics to simulate spatial variability; 3) Latin Hypercube Sampling (LHS) and Monte Carlo
simulation techniques to efficiently quantify uncertainties; 4) a statistical conditioning algorithm to
assure that observed water quality information are honored; 5) visual display capabilities that alow
auser to assess the uncertainties; and 6) an operations research algorithm for monitor well network
design. For multiple analytes of concern, multiple model runs must be performed. Though some
investigators have used geostatistical approaches to analyze groundwater plume data, DecisionFX
recommends the use of mass-conservative process modeling methods to address these issues. Thus,
GroundwaterFX simulatesthe physicsof flow and transport processes providing better understanding
of the nature and extent of contamination, and quite often with fewer data points than a statistical or
geostatistical approach would require.

DecisonFX is currently utilizing GroundwaterFX in consulting venues. The tool is
undergoing enhancements and will likely be ready for commercia salesin early 1999. DecisonFX
hopes to market the software for about $1000 per copy. Training and user support are also desired,
but the cost of such programs has not been established yet. At thistimeit is believed that a single
license with DecisionFX will be al that is necessary to purchase and use the software, and that no
sublicensing of other packages will be necessary.

3.131 History of GroundwaterFX

GroundwaterFXisanexclusiveproduct of DecisionFX, Inc. GroundwaterFXisan outgrowth
of the code called the Groundwater Analysis and Network Design Tool, or GANDT, developed at
SandiaNational Laboratories with funding from the Department of Energy (DOE). DecisionFX has
the license to commercialize GANDT and use it for commercia purposes. The GANDT code was
developed for use in the Environmental Restoration arena to save time and money compared to
conventional approaches for groundwater analysis and plume delineation. DecisionFX is planning
to utilize GroundwaterFX for conventional environmental compliance initiatives under RCRA and
Superfund, but has a so begun work on applications to Brownfields redevel opment issues. Thetool
has been used to demonstrate the potential for significant cost savings aa DOE sites where
conventional approaches would have cost millions of dollars in unnecessary expenditures.
GroundwaterFX has a so been used in the commercial sector to meet needsin the mining industry and
for a case with solvent contamination associated with the electronics industry. Cost savings
associated with characterization costs and cleanup optimizations have been demonstrated. A single
Brownfields site evaluation has been performed with GroundwaterFX.
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3.1.3.2 GroundwaterFX Applications

GroundwaterFX is intended to provide decision makers with defensible information on
monitor well network design and groundwater contaminant plume definition. In anideal situation
the following process flow would be recommended to address the key needs for an investigation of
contaminant nature and extent:

. Assemble and analyze any existing data pertaining to the site.

. Develop a conceptual model(s) of the site and the appropriate input parameter sets
for the GroundwaterFX code.

. Utilize GroundwaterFX to analyze the fate and transport of contaminants from the

source term and through the groundwater system. Condition simulationson available
information (e.g., hydraulic conductivity data, water quality data). Provide the
decison maker with maps of the average concentration distribution for the
contaminantsof concern, its standard deviation, variance, and coefficient of variation,
and the probability distribution of exceeding a user specified concentration threshold
(e.g., the drinking water standard, MCL). Also, use GroundwaterFX to provide
statistics on the uncertainty associated with the volume of contamination.

. If risk-based decison making is part of the process, utilize information from
GroundwaterFX to determine a risk-based cleanup level (such as in an Alternate
Concentration Limit, or ACL, approach). Use of GroundwaterFX resultsto evaluate
risk associated with groundwater concentrations makeit possibleto explicitly account
for risk uncertainty. An iterative sampling, analysis, and risk assessment approach
with the code allows decision makers to reduce uncertainties to a manageable level
while optimizing risk-based decision criteria.

. Use GroundwaterFX information to determineif additional monitor well locationsare
warranted. If so, use the operations research methods to provide guidance on
monitor well network enhancements (i.e., numbers and locations of additional wells
desired). This optimization process utilizes information on probabilistic results and
risk-based guidelines to reduce uncertainties in the knowledge of the nature and
extent of contamination. The process may or may not include cost metrics (note that
under RCRA cost is not allowed as a decision driver during characterization).

. Construct additional monitor wells and collect water quality data. The process of
analyzing the data, updating the risk-based analysis (if appropriate), and determining
when enough data have been collected for the decisions under consideration is best
donein an iterative fashion.

. Utilize the information from this process flow to perform cost-benefit analyses of
remedial aternatives, including land use decisions.

The GroundwaterFX methodol ogy may be employed for uses other than those associated with
delineating the nature and extent of contamination and optimizing a monitor well network. For
instance, the user may beinterested in evaluating alternative groundwater remediation strategiesand
thelr likelihood of success, which could be done explicitly by GroundwaterFX. Corrective actions
such as natural attenuation (a very popular option for both inorganics and biodegradable organics),
ACL potential, aswell as pump and treat evaluations have been evaluated with the GroundwaterFX
tool. Such additional applications are desirable because the visual and statistical information
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regarding the nature and extent of contamination provided by the code is very important to decision
makers, especially when the decision making group(s) are not from a technical background (e.g.,
stakeholders). The tool can also be used for verification purposes, when a site has been modeled
through conventional methods, the GroundwaterFX methodology could be employed as an
independent check on the model evaluation.

A good illustration of the use of this methodology comes from work done for the DOE’s
Uranium Mill Tailings Remedia Action (UMTRA) project. One of the UMTRA siteswas basdlined
for a pump and treat cleanup operation due to the elevated concentrations of uranium and
molybdenum. DecisionFX utilized GroundwaterFX to evaluate the likelihood of success of anatura
attenuation option. Theanaysisshowed that the sitewould meet the groundwater standardsthrough
natural attenuation mechanisms within a 100-year time frame, which is alowable under the Nuclear
Regulatory Commission and EPA rules. GroundwaterFX was also used to develop the acceptable
range of groundwater quality resultsto demonstrate that the site wasin compliance over the 100-year
long-term surveillanceand monitoring period. Thealternate correctiveaction, pump andtreat, would
have cost the DOE about $4.5M over a 20-year period to comply with drinking water standards.
Another UMTRA example consists of the use of GroundwaterFX for an Alternate Concentration
Limit (ACL) analysis. The codewas used to assessthe likelihood of success of an ACL strategy and
to define performance monitoring specifications. In this case about $1M was saved compared with
aconventiona pump and treat analysis. At SandiaNational Laboratories, the methodol ogy was used
to convince regulators to retract arequest to install 7 additional deep monitor wells at alandfill site
whichwould have cost about $750K. In still another example of itsuse, GroundwaterFX was applied
to a solvent contamination problem where the responsible party was doing little to clean up alarge
solvent plume. The analysis provided information on the lack of performance of the existing system,
as well as the likelihood of success of implementing a more aggressive cleanup strategy. A cost-
benefit analysis was also utilized to justify the recommended action.

3.1.33 Advantages of GroundwaterFX

The GroundwaterFX tool provides decision makers with the ability to explicitly estimate
uncertainties in the nature and extent of groundwater contamination, to evaluate corrective action
aternatives, to design amonitor well network utilizing state-of-the-art operations research methods,
and to provide statistical information on the volume of contamination for use in optimizing cleanup
options. It improves upon conventional groundwater modeling methods, because it: 1) explicitly
accounts for the uncertainty associated with contaminant fate and transport under complex
hydrogeol ogic conditions; 2) honorsexisting characterization and water quality data; and 3) provides
guidance on monitor well network design. The GroundwaterFX methodology is more objective than
professional judgment approaches for monitor well network design. In comparison to graphical
display and mapping software, GroundwaterFX honors hydraulic conductivity and water quality data
explicitly, honors the physics of fate and transport, and directly quantifies uncertainties, allowing
probability information to be utilized in the monitor well network design and in visua display options.
Overdl, the GroundwaterFX methodology should provide most users and decision makers with a
more defensiblemeansof evaluating the nature and extent of groundwater contamination and monitor
well network design than would conventiona approaches. The explicit treatment of uncertainty is
often indispensable in the decision making process.
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3.134 Operating Parameters of GroundwaterFX

GroundwaterFX relies on afairly large suite of datainputs to assess the fate and transport of
contaminantsin asubsurface hydrologic system. Information regarding sourceterm parameters(e.g.,
initia concentrations of the contaminant), flow parameters (e.g., hydraulic conductivity), and solute
transport parameters (e.g., sorption coefficient, radioactive decay constant) are important inputs to
the GroundwaterFX models. However, given that thetool hasthe capability to quantify uncertainty,
theinput parameters may be estimated from avariety of sourcesand till provide reasonabl e estimates
of plume behavior. Data may come from site information (e.g., sample analysis, aquifer tests),
literature sources, or professional judgment. The fact that the methodology honors observed water
quality datain the conditioning process meansthat reasonable simulation resultsarelikely, evenif the
siteis not characterized extensively. The complexity of aflow and transport system will likely have
adirect bearing on the degree to which the site needs to be characterized. The systemisnot intended
for use on fractured porous media flow or on sites where multi-phase contaminant interactions are
important. Usersof the system should have some fundamental training in groundwater modeling and
uncertainty analysis techniques prior to deploying the system.

3.1.4 Spatiad Analysis Decision Assistance (SADA)

Spatial Analysis and Decision Assistance (SADA) isaWindows 95 environmental software
package that incorporates tools from various fields including visualization, geospatial analyses,
statistical analysis, human health risk assessment, cost/benefit analysis, sampling design, and decision
analysis into a dynamic and interactive environment. Each of these modules can be used
independently or in an integrated fashion to address site-specific concernsin the characterization and
remedial action design. SADA was designed to smplify and streamline severa of the processesin
environmental characterization and to bring the information together in away that can help the user
make decisions about their particular Sitein aquick and cost-effective manner. SADA may be found
useful by anyone who needs to look at data within a spatial context. Thisincludes:

Statisticians

Human Hedth Risk Assessors
GlS/Visualization Users
Project Managers
Stakeholders

SADA has been devel oped by the University of Tennessee and will be available commercially
by the end of 1998. For the latest changes in cost, training, and licensing requirements visit the
SADA home page at http://risk.Isd.ornl.gov/.

At aminimum, the user should have a Pentium computer with 32MB RAM, a clock speed of
120 MHz , a disk drive with 15MB of free space and an SVGA monitor. To access the toxicity
database updates (optional), the computer should be setup with access to the world wide web.
3.14.1 SADA Applications

31411 Visualization
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Thevisualization techniquesin SADA were designed to be smpleto use, easy to understand,
and to facilitate the data exploration, modeling, and decision analysis components.

SADA provides two- and three-dimensional visualization. Two-dimensional information is
presented as simple xy plots. Three-dimensiona information is presented in 2D dices (layers) inthe
third dimension. The user can easily set the depth of each of these layers. The layer approach while
not atrue three-dimensional visualization provides away to quickly seeresultsin daily application.
In addition, environmental data are often categorized by depth during remedia investigations
(surface, subsurface, 0-1ft, O-2ft, etc.) and SADA was designed to fit into this type of framework.

SADA can accept any map layer from a Geographic Information System (GIS) if saved in a
DataeXchange Format (DXF). Multiplelayerscan beimported into SADA and the user can control
the layer order and coloring scheme.

In addition, the user can select a subregion of the site to direct the analysis. Thisregion is
defined by a user-defined polygon with only the interior region considered in the analysis.

3.14.12 Data Exploration

SADA provides methods for quick and easy data exploration. Available tools include
statistical analysi's, visual database queries, and basic data screening exercises. All thesetools can be
applied to the entire Site or any subset of the site. Similarly, they may be applied to al or some of the
contaminants. In addition, the user may select any region of the site and immediately view the human
health risk results for that region.

31413 Human Hesalth Risk

SADA provides the user with a full human health risk assessment module and associated
databases. Therisk modelsfollow the EPA's Risk Assessment Guidance for Superfund (RAGS) and
can be customized to fit site-specific exposure conditions. Updated toxicological databases and
default scenario parameters can be downloaded over the web directly from SADA. The following
landuse scenarios and exposure pathways are available for both radioactive and non-radioactive
contaminants for calculating risk as well as data screening levels.

Landuse Scenarios

. Residential

. Industrial

. Agricultural

. Recreational

. Excavation
Exposure Pathways

. Ingestion

. Inhalation
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Dermal contact
External (radioactive)
Food consumption
Combined Exposure

3.14.14 Geogpatial Analysis

Several toolsare provided in SADA for performing ageospatial analysis. Thesetoolsinclude
methods for measuring spatial correlation among data, modeling spatial correlation, and producing
concentration, risk, probability, variance, and cleanup maps. Among these tools are four geospatia
interpolators: ordinary kriging, indicator kriging, inverse distance, and nearest neighbor. Using these
tools the user has access to concentration contour maps, probability maps, risk maps, and remedial
design maps.
3.14.15 Decison Andyss

SADA'’ s decision support tools include the following applications:

Cost/Benefit

SADA produces cost benefit curves that demonstrate the relationship between the cleanup
goal (concentration or risk based) and the cost of remediation.

Area of Concern

Based on the decision rule, SADA estimates the location of areas of concern. The decision
rule includes components such as the cleanup goal, the level of confidence, and whether the goal
appliesto the entire site or any part of the site. These areas of concern can then serve as abasis for
remedial action design.

Sampling Designs

SADA alowsthe user to choose from avariety of strategiesfor determining whereto collect
datain the next round of sampling. Depending on the geospatial interpolator chosen, the following
strategies are available.

Adaptive Fill

Thisapproach isdesigned to spatialy fill the gaps among existing data with new data points.
This approach identifies the locations, which are yet unsampled and are the farthest from any other
datapoint. These become the suggested locationsfor new samples. Thismethod isthe easiest to use
and is independent of the geospatial interpolator chosen.

Estimate Rank
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Thisapproach selectsnew samplelocationsthat are model ed to have high concentration levels
relative to the existing data. The approach is available for any of the interpolation schemes. This
approach can be useful for verifying the extent of hotspot regions.

Variance Rank

Variance rank selects new sample locations that have high estimation variances. This
approach will suggest data collection in regions that may not be well characterized from a modeling
perspective. This approach is available only with ordinary kriging.

Percentile Rank

Thisapproachisin asense amerger of the two previous approaches. It givesweight to both
magnitude and variability and reduces the tendency to place datain well characterized hot spots as
well as sparse areas with very low (or zero) measured concentration values.

Uncertainty Rank

Thisapproach isthe only onethat is connected to the decision rule. This scheme places new
sample locations in areas where there is the greatest uncertainty about exceeding the cleanup goal
(block scale). This approach is useful for delineating the boundaries of an area of concern.

3.14.2 Advantages of the SADA Technology

The advantages of SADA are that it is easy to use and incorporates a large number of the
modelsrequired in basic characterization and risk assessment into asingle, stand-alone package. The
program streamlines many of the steps required in the modeling process and automatically linksthem
for the user. Most of the toolsin SADA arelaid out in a control panel format so that the user can
seewhat isavailable at al times, and how changesin the model input affect the modeling or decision
results. Theonline help system is comprehensive and contains help movies that show onscreen how
to achieve a series of steps.

SADA comes with atoxicity profile database and a module that automatically attempts to
match site contaminants to the database for the user. This reduces the task of determining CAS
numbers, adjusting for varying changes in the contaminants spelling, and so forth. In addition, the
customization of the scenario parametersisintuitive and visual.

The use of external GIS mapsthrough the DXF format makes SADA independent of the GIS
system in use and allows the user to continue modeling with the benefits of underlying maps.

In applications to date, SADA has been found to significantly reduce the amount of startup
time and modeling efforts associated with site characterization and risk assessment. In addition, the
results have been found to be self explanatory and easy to communicate to stakeholders.

3.14.3 SADA Operating Parameters
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SADA is dtructured to handle any type of contaminant (radiological or hazardous) in
subsurface systems. Currently, SADA does not consider transient conditions and performs the
analysis based on the available data. There are no time-dependent fate and transport models for
groundwater or surface water included in the SADA code package.

3.1.5 SamplingFX
SamplingFX is a decision support system intended to provide decision makers and analysts

ameans of evaluating environmenta information relative to the nature and extent of contamination
in surface and subsurface soils. Key attributes of the tool include the ability to:

. guantify uncertainties in the nature and extent of soil contamination.

. provide objective recommendations on the number and location of sampling points
to delineate the contamination.

. provide visual feedback to a user on the nature and extent of the contamination (e.g.,
concentration distribution, probability distribution of exceeding a soil guideline).

. provide statistical information about the plume (eg., average volume of

contamination, standard deviation, etc.).

SamplingFX relies mainly on geostatistical algorithms (from the GSLIB code set) to analyze
gpatia aspects of soil contamination data and operations research methods to provide guidance on
key decision analysisneeds (e.g., recommended | ocation of samples). SamplingFXisanimprovement
over conventional sampling and analysis approaches because it provides information on spatia
variability (something that traditional statistical approachesignore) and provides objective guidance
on sampling placement (rather than using expert judgment).

Currently, SamplingFX has versions that run on Windows95, WindowsNT, and Macintosh
platforms. The softwareiswritten mainly in two languages: Fortran for the mathematical operations
and C++ for the graphical user interface (GUI) functions. Devel opment software was chosen for ease
of use in transferring between different platforms. The recommended computer configuration for
running the SamplingFX software on the PC platforms is approximately 15 Mb of hard-disk space
for the program, about 10 Mb+ of storage space for model runs, about 32 Mb of RAM, and a
reasonabl e speed Pentium processor (> 100 Mhz).

The SamplingFX codeisintended for usein providing decision anaysisinformation on single
analytes associated with contamination in surface or subsurface soils. The methodology is based on
geostatistics, and therefore is applicable to other parameters exhibiting spatial correlation (e.g.,
hydraulic conductivity distributions). For multiple analytes of concern, multiple model runs must be
performed.

DecisonFX is currently utilizing SamplingFX in consulting venues. The tool is undergoing
enhancements and will likely be ready for commercial salesin early 1999. DecisionFX hopes to
market the software for about $500 per copy. Training and user support are also desired, but the cost
of such programs has not been established yet. At thistimeit is believed that a single license with
DecisionFX will be all that is necessary to purchase and use the software, and that no sublicensing
of other packages will be necessary.
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3.151 History of SamplingFX

SamplingFX isan exclusive product of DecisionFX, Inc. SamplingFX isan outgrowth of the
code called the Optimization Program To Minimize Analytical Sampling, or OPTMAS, developed
at Sandia National Laboratories with funding from the Department of Energy (DOE). DecisionFX
has the license to commercialize the OPTMAS technology. The OPTMAS code was devel oped for
use in the Environmental Restoration arena to save time and money compared to conventional
approaches to sampling for determining contamination extent. DecisionFX is planning to utilize
SamplingFX for conventional environmental complianceinitiativesunder RCRA and Superfund. The
tool has been used to demonstrate the potential for significant cost savings at DOE siteswhere large
acres of contamination are present. Recently, DecisonFX has begun using SamplingFX on a
Brownfields investigation that should lead to the eventua cleanup and reuse of a contaminated
property in Milwaukee, WI.
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3.15.2

SamplingFX Applications

SamplingFX isintended to provide decision makers with defensible information on sampling
network design and extent of soil contamination. In an ideal situation the following process flow
would be recommended to address key needs for an investigation of soil contamination extent:

Assemble and analyze any existing data pertaining to the site.

Collect and analyze aninitial set of soil samples(e.g., 20 samples) at the site based on
historical information, professional judgment, statistical sampling methods (e.g., grid
sampling), or random sampling (an option that exists in SamplingFX to get the user
started).

Utilize SamplingFX to analyze the soil sample data and identify any potentia
correlations in the spatia distribution of the data. Provide the decision maker with
maps of the average concentration distribution for the contaminants of concern, its
standard deviation, variance, and coefficient of variation, and the probability
distribution of exceeding a user specified concentration threshold (e.g., a soil
screening guideline). Also, use SamplingFX to provide statistics on the uncertainty
associated with the volume of contamination.

If risk analysisis part of the process, utilize SamplingFX estimatesto determine arisk-
based cleanup level. SamplingFX accountsfor uncertainty inrisk by virtue of thefact
that it directly addresses soil contamination variability and uncertainty. If futureland
use is unclear, risk-based concentration thresholds can take into account land use
decisions and be used to balance costs. The difference in soil cleanup guidelines can
be substantial for different land use exposures and therefore may have a marked
impact on the extent of sampling and the degree of cleanup. An iterative sampling,
analysis, and risk assessment approach with the code serves to reduce uncertainties
to a manageable level while optimizing risk-based cleanup criteria

Use SamplingFX information to determine if additional sampling locations are
warranted. If so, use operations research methods in the code to provide guidance
on sampling network enhancements (i.e., numbersand locations of additional samples
to collect). Thisoptimization process utilizesinformation on probabilistic resultsand
risk-based guidelines to reduce uncertainties in the knowledge of the extent of
contamination. The process may or may not include cost metrics (note that, under
RCRA, cost is not allowed as a decision driver during characterization).

Collect additional samples and analyze. Utilize the concentration data to update the
risk-based cleanup guidelines to determine when enough data have been collected to
make decisions regarding future cleanup.

Utilize the information from the process flow to perform cost-benefit analyses of
remedial aternatives, including land use decisions.

Other siteinvestigation approaches may be enhanced with the SamplingFX methodology. For
instance, the user and/or regulator may be most comfortable with a traditional sampling approach
(e.g., grid sampling), but would benefit from the spatial analysisof the data provided by SamplingFX.
In this case, the decision maker would still be provided with the various mapping options mentioned
above (e.g., the average concentration distribution for the contaminants of concern, the probability
distribution of exceeding auser specified concentration threshold). Visual and statistical information
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regarding the nature and extent of contamination is very important to decision makers, especialy
when the decision making group(s) is not from atechnical background (e.g., stakeholders).

A good illustration of the use of thismethodology comesfrom an analysis performed on alead
contaminated firing siteat SandiaNational Laboratories. A conventional grid sampling approachwas
taken to sample soils at the site. Approximately 350 samples were collected to define the nature and
extent of lead contamination. An independent analysis of the data with SamplingFX with only 60
samples was able to provide the same uncertainty information in the nature and extent of
contamination as was achieved with the grid approach. The relative costs of the two sampling
strategies were quite different, with the grid sampling scheme being six times more expensive. The
SamplingFX methodology also provided decision makers with maps for delineating cleanup zones
under different land use criteria. Cost estimates for cleanup alternatives can incorporate the
uncertainty information provided by SamplingFX. In the case of the lead firing Site, regulators
accepted aless stringent industrial cleanup scenarioin lieu of aresidential land use scenario, wherein
cost differences between the two cleanup options were $90K + $10K versus $2.5M + $500K,
respectively.

3.1.5.3 Advantages of SamplingFX

The SamplingFX tool provides decision makers with the ability to explicitly estimate
uncertainties in the nature and extent of soil contamination, to design a sampling network utilizing
state-of-the-art operations research methods, and to provide statistical information on the volume of
contamination for use in optimizing cleanup options. Compared to conventional statistical sampling
design methods, this approach explicitly accounts for the spatial aspects of the contamination
distribution. Thistypicaly resultsin fewer samples collected, at least on larger sites of interest. The
SamplingFX methodology is more objective than conventional sampling schemes based on expert
judgment. SamplingFX honors the observed concentration data explicitly and is based on
geostatistical techniquesfor quantifying uncertainties, allowing probability information to be utilized
in the sampling network design and in visual displays. Estimates of contaminant magnitudes and
volumes from this geostatistical simulator are more useful and defensible, as the explicit treatment
of uncertainty is often indispensable in the decision making process.

3154 Operating Parameters of SamplingFX

SamplingFX relies mainly on soil concentration data as input to the system. Coordinates of
sampling locations and the analytical results from the laboratory or field screening methods are the
primary datarequirements. A variography packageisused to evaluate statistical trendsin the spatial
data. A geostatistical model is used to perform simulations on the observed data to predict arange
of outcomes for spatial variability in the desired parameter (e.g., lead concentrations). The
geostatistical model honors the observed data in making predictions of the spatia variability of the
analyte of interest. Risk-based soil concentration guidelines are important input for visua display
purposes and for optimizing sampling network design. The system is not intended for use on sites
where less than 20 data points are expected, or where the contamination is confined to a very small
area(e.g., dong anarrow pipeline). Users of the system should have some fundamental training in
statistics and geostatistics prior to employing the system.
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3.1.6 SitePro

SitePro is a software application that helps environmenta professionals more quickly and
comprehensively characterize and manage environmental sites. SitePro integrates database, GIS,
CAD, mapping, contouring, boring logs, cross-sections, graphing, imaging, and reporting in one
application. Thisintegration providessupport for decisionspertai ning to monitoring and remediation.
Environmental professionalsuse SitePro to manage various environmental issuesand mediaincluding
contaminated soil and water, air emissions, wastewater, and health and safety parameters. SitePro
allows environmental professionals to manage and share their site data using asinglefile.

SitePro’ s open, flexible, and scalable architecture includes data exchange tools that make it
easy to import and export more than 25 industry standard map and data formats. In addition,
SitePro’ s fully customizable lookup tables alow users to easily modify the database. For instance,
userscan easlly customize SitePro with their own chemicals, soil types, monitoring parameters, object
types, etc. SitePro integrates with Microsoft Office™, and Microsoft Exchange™.

Additional tools and services help SitePro users quickly achieve the productivity benefits of
SitePro. For example, SitePro includesademonstration sitefile (“* ChemPlant™) with acorresponding
3-hour tutorial that shows users how to import data, analyze it, and create reports and maps.
SitePro’'s extensive on-line Help and User's Guide make it fast and easy for users to find the
information they need. Environmental Software' s web support (www.envsoft.com) provides quick
tips, in-depth application notes for power users, and up to date information about current releases.
Environmental Software’s customer service department assists users via e-mail, fax, and phone.
Environmental Software offersasuite of training options, including their most popular 1-day SitePro
Certification training class. Environmental Software also offers consulting services at competitive
rates for data management, site data loading, customization, and software integration.

SitePro supports the Microsoft Windows 95, 98, and NT operating systems. System
requirements include a 90-MHz Pentium Processor with a minimum of 32 MB of RAM (48 MB
RAM for NT Workstations), 50 MB of available hard disk space, and a 1.44 MB floppy disk drive
(CD-ROM preferred). SitePro will be available as a client/server application in the fourth quarter of
1998.

SitePro is part of amodular and integrated Environmental Management Information System
(EMIS) product line developed by Environmental Software. SitePro sellsfor $2,295% (U.S.) andis
available directly from Environmental Software. The company aso offers an upgrade, maintenance,
and service package for $275 per year which is required for new users.

3.16.1 History of SitePro
Environmental Software began developing the fundamenta technology behind SitePro in

1996. The application was built utilizing Microsoft’s 32-bit Windows Open System Architecture.
SitePro seamlesdy integratesthefundamental tool sthat environmental professionalsneed: GIS, CAD,

a Pricelisted isfor the desktop version. Volume discounts are available and server products are priced
separately.
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database, mapping, analysis, and reporting. Since theinitial release of SitePro 1.0, the product has
continuously evolved through version and maintenance upgrades. Environmental Software works
very closaly with customers to improve existing features and develop new ones.

3.1.6.2 SitePro Applications

SitePro manages al phases of site management —from initial assessment through monitoring
and restoration. SitePro is successfully being used for a variety of projectsincluding site mapping,
rapid site assessments and characterizations, monitoring and operations management, cost-effective
data analysis, and reporting.

SiteProiscurrently inuseat many sitesincluding federal Superfund cleanups, stateand federal
government site restorations, and in Global 2000 companies worldwide. SitePro users include
manufacturers, consultants, government agencies, educators, and public interest groups.

Ste Mapping

SiteProisused to quickly and professionally map site and facility features. SitePro’seasy-to-
use GIS and CAD tools allow users to add or enhance an existing site map or generate a new map
from scratch. Site features can quickly be mapped with SitePro’ s map drawing and generation tools
and/or entering GPS or survey data.

Rapid Ste Assessment and Characterization

SitePro is successfully being used in the field and office to support rapid site assessment and
characterization projects. SitePro supports field data entry and analysis to make faster and better-
informed field decisions. Users may quickly generate contour maps during soil and groundwater
investigations and soil-gas surveys. Hydrographs and chemical concentration curves are easily
generated with SitePro’ sgraphing tool. Report-ready boring logs, well construction logs, and cross-
sections can easily be generated during site characterization activities to save time and money and
improve site understanding. Also, SitePro’s database and report queries allow users to quickly
display and compare field data with historic data and maps.

Oper ations Management

SitePro includes operations data management tools to manage equipment information and
runtime data. Users can log operation on/off periods and document operation status information.
Operation reportscan be quickly generated to view historical operationsinformation and help devel op
trends for improved future operations.

Cost-Effective Data Presentation and Reporting

SitePro isan effective tool for conducting site presentations. Map layers, objects, and labels
can easily be turned on and off to focus presentation information. Map contours can be generated
on the fly and displayed on the map. Double clicking on a map object (e.g., amonitoring well) hot-
links the user to all the site data for the selected object.
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SiteProincludesnumerousfeaturesthat automate dataoutput material such astabular reports,
graphs, maps, boring and well construction logs, and cross-sections. SitePro’ sreport-quality output
may be printed or saved as an external file format.

3.1.6.3 Advantages of SitePro

A key advantagewith SitePro’ stechnology isthat it integratesfunctionscommonly performed
by environmental professionals that would otherwise require severa databases and applications to
perform. Another key advantage is that SitePro provides templates and other tools to automate
repetitive or tedious tasks resulting in productivity gains of 30% and higher. In many cases, SitePro
has allowed users to perform data analyses that would previously have been cost-prohibitive.

As summarized in the following table, SitePro utilizes state of the art technology that offer
numerous benefits to SitePro users.

Technology Advantages
Open architecture Allows easy import and export of data and
map formats. SitePro supports more than 25
industry standard formats.

Scalable database (scales from Microsoft Jet SitePro’ s database technology is designed to
to SQL Server) scale from individual desktop computers to
multiple-server and web networks.

32-Bit COM-compliant technology Provides arobust platform that maximizes
performance with Microsoft’ s operating
systems (95, 98, and NT).

Distributed Internet Applications architecture | By using the DNA framework, SitePro

(Windows DNA) includes modern, scalable, multi-tier EMIS
applications that can be delivered over any
network.

Universal Data Accessing technologies By using UDA technologies (ODBC,

OLE/dB, ADO/RDS, €t. a.) SitePro
customers can access al types of information
(including relational and non-relational data)
from their desktop or across their enterprise.

Desktop and Client/Server Environments SitePro is scalable from the desktop to the
enterprise. SitePro utilizes both WIN32
clients and Internet clients which can access
information hosted on Microsoft BackOffice
platforms as well as workgroups and local
clients.




Environmental Software has earned the prestigious status of Microsoft Certified Solution
Provider (MCSP). Asan MCSP, Environmental Software receives unequaled accessto Microsoft’s
state of the art technologies which, for our customers, means price/performance leadership and a
steady growth path to the future.
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3.164 SitePro Operating Parameters

SiteProisdesigned for environmental professional swith varying backgroundsand experience.
SitePro does not require GIS, database, or CAD knowledge or experience. It is not designed to
replace specialized GIS or CAD experts or systems but rather to allow environmental professionals
to work with those experts and systems more effectively and more meaningfully. SitePro’ s security
features alow administrative users to specify access privileges for users.

3.1.7 Summary

The preceding sections are the Developer descriptions of their software and its capabilities.
The list includes six different software programs, (ESRI’'s ArcView, Environmenta Visualization
System, GroundwaterFX, SADA, SamplingFX,, and SitePro). Each section discussesthe capabilities
of the software, their development and application’s history, advantages of the software, and range
of applicability. Two software packages, ESRI’sArcView and SitePro, will addressthe visualization
and cost/benefit endpoints. These software packages integrate data from a number of sources and
present the datain visual form to assist in understanding the problem. The other software packages
will be used to address visualization, sample optimization, and cost/benefit analysis problems. These
DSSoftenincorporate geostatistical dataanalysis software, optimization theory software, or flow and
transport software in the system to assist in the data analysis process.

3.2 Demonstration Performance Goals

One important objective of Decision Support Software is to integrate data and models to
produceinformation that supportsan environmental decision. Therefore, the overriding performance
goal inthisdemonstration isto provide acredible analysis. Credibility of acomputer analysisis built
on four components (Van der Heijde, 1996), as follows:

. good data.

. adequate and reliable software.

. adequate conceptualization of the site.
. well-executed problem analysis.

In this demonstration, it will be assumed that the data are of good quality. This removes
several issueswhich are beyond control of the DSS from the analysis. Problems associated with site
conceptualization will be minimized by the description of the site and data supplied to the Devel opers.
Thus, thisdemonstration will primarily test the adequacy of the software and the skills of the analyst.
In this demonstration, the DSS will be operated by the Developers. Therefore, the limiting factor in
the analysis should be the adequacy of the software.

Evenif the software is found to be adequate in this demonstration, a credible analysis of any
environmental problem will requireall four components being present. If any of the other factorsare
missing, erroneous results may be obtained from the software.

The fact that we are attempting to define and measure credibility makes this demonstration
far different from most demonstrationsin this program in which measurements devices are eval uated.
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In the typical programs, quality can be measured in a quantitative and statistical manner. Thisis not
quitetruefor DSS. Whiletherewill be some quantitative measurestherewill al'so be many qualitative
measures.

Section 3.2.1 describes the metrics for evaluation of the DSS's ability to support a credible
anayss. In addition, anumber of secondary objectives will be used to evaluate the software. This
will include documentation of software, training and technical support, ease of use of the software,
efficiency and representativeness, and flexibility to interface with other computer codes. These are
discussed in sections 3.2.2 through 3.2.5.

3.2.1 Decision Support

The Developers will be asked to use their software to answer environmental questions. For
visualization tools, integration of geologic data, contaminant data, and site maps to define the
contamination region at specified concentrations will be requested. For software tools that address
other endpoints, an example of the type of question that will be asked is. define the areain which the
contamination is above 100, 50 and 10 ppb at the 90% confidence limit (90% confidence that the
concentration exceeds the threshold value).

The criterion for evaluation is how credible is the analysis that supports the decision. The
evaluation will be based on severa pointsincluding:

documentation of the use of the models, input parameters, and assumptions.
presentation of the resultsin a clear and consistent manner.

comparison of model results with the data and baseline analyses.

evaluation of the use of the models.

use of multiple lines of reasoning to support the decision.

The following sectionsin 3.2.1 provide more detail on each of these topics.
3211 Documentation of the Analysis

The Developers must supply a concise description of the models used in the analysis, key
input parameters, and modeling assumptions. Documentation requirements are provided in Section
9.
3.21.2 Presentation of Results

The results of the analysis should be provided in a manner that supports the decision.
Presentation of the results should include a narrative description of the problem, objectives of the
analys's, procedures used in the analysis, conclusions of the analysiswith technical justification of the
conclusions, and graphical display of the analysis. Information should be supplied in electronic and
printed form. Documentation requirements for the results are presented in Section 9.

3.2.13 Comparison of Projected Results with the Data
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Developers will be given a limited data set on the site. Data points not provided to the
Developers will provide a method of checking the consistency of the analysis. While quantitative
comparisons between predictions and the data or baseline analyses may be evaluated (root mean
square deviation, negative difference, positive difference, mean error, etc.), due to the inherent
variability in the system, they will not be the only measure of goodness of fit. Qualitative evaluations
of how well the model projections reproduce the trends in the data will also be performed.

Estimates of the mass and volume of contamination will be compared to the baseline analyses
to evaluate the ability of the software to determine the extent of contamination.

3.214 Evaluation of the Use of the Models

Based on observations obtai ned during the demonstration and the documentation supplied by
the Developers, the use of the models will be evaluated and compared to standard practices. 1ssues
in proper use of the models include spatial and temporal discretization, solution techniques, and
parameter selection.

For sample optimization studies the evauation will include an examination of the amount of
datarequired for the analysis.

Thisanaysiswill be performed asaquality assurance check to determineif standard practices
arefollowed. Thiswill help further define any discrepancies between model projections and the data
arise due to operator actions or the moddl itself.

3.2.15 Multiple Lines of Reasoning

Environmental decisionsareoften madewith uncertaintiesdueto anincompl ete understanding
of the problem and lack of information, time, and/or resources. Therefore, decisions based on
multiple lines of reasoning will be noted in contrast to those based on asingleanaysis. Multiplelines
of reasoning may incorporate statistical analyses which, in addition to providing an answer, provide
an estimate of the probability that the answer is correct. Multiple lines of reasoning may also
incorporate aternative conceptual models or in the absence of a statistical analysis, multiple
simulationswith different parameter sets. The softwarewill be evaluated on its capabilitiesto support
multiple lines of reasoning.
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3.2.2 Documentation of Software

The software will be evaluated in terms of its documentation. The documentation should
include detailed instructions on how to use the code, examples of verification tests performed with
the code, adiscussion of al output files generated by the code and how the output files may be used
by other programs (for example, it can be directly imported into the Surfer graphics program), and
areview of the theory behind the technical approach used in the code.

3.2.3 Traning and Technical Support

The Developers will be asked to list the necessary background knowledge base necessary to
successfully operate the code (i.e., basic understanding of hydrology, geology, geostatics, etc. along
with proficiency in auxiliary software used by the code and in use of operating systems (e.g. Unix,
Windows NT, etc.). A discussion of training and technical support provided by the Developers will
also be required. Much of this information has been presented in Section 3.1.

3.24 Easeof Use

Ease of useisone of the most important factors to users of computer software. Ease of use
will be evaluated based on examination of the codes operation, the presence of adequate on-line help,
the availability for obtaining technical support, the flexibility to change input parameters and data
bases used by the code, and time required for an experienced user to setup the model and preparethe
analysis (that is, input preparation time, time required to run the simulation, and time required to
prepare graphical output).

Inafurther attempt to understand the operation of the software packages, the Devel operswill
be requested to provide a brief (maximum of four hours) training course to afew individuals. These
individuaswill then be asked to attempt to use the code to perform afew simpletasks. These tasks
will be performed without further guidancefromthe Devel opers, however, documentationand on-line
help will be permitted. Thisevaluation will be focused on how easy it isto use the code, not on how
well the code evauates environmental problems.

It isrecognized that there isawide range in the level of sophistication and modeling in these
codes, and in many cases four hourswill be insufficient training to use the full range of options of the
software. The purpose of the training is not to become a proficient user of the software but rather
to understand the required training level and ease of use of the software. The Developerswill focus
on afew key points which they feel can be adequately taught within the limited time frame.

3.2.5 Efficiency and Representativeness
Efficiency will be evaluated through the resource requirements used to eval uate the problems.

This will be assessed through the number of problems completed as a function of time required for
the analysis and machine capabilities.
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Representativeness is a measure of the software’s ability to represent a wide range of
environmental conditions and will be evaluated through the range of conditions over which the
software is tested and the number of problems analyzed.

3.2.6 FHexibility to Interface with other Software

Data may be stored in many formats. The software should be able to read standard ASCI|
text files and common graphic and database file formats. The ability to import and export data in
multiple formats will be evaluated.

In addition, for software that is only demonstrating the Visualization aspects of this program,
the ability to interface with other software packages that perform the other endpoints of the
demonstration will be examined. For example, if the program prepares a subsurface visualization of
geologic and hydrologic structures and the zone of contamination, trandating this information into
aform that can be used directly by aflow and transport code or a sample optimization code will be
noted. The evauation will examine the capability to perform the task with existing software on a
demand basis without further software modifications. The ability to devel op software interfaces to
trandate the data into the proper form will be noted, however, since this would require additional
development work, it will not be evaluated.
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40 DEMONSTRATION SITE DESCRIPTIONS

This section discusses the history and characteristics of the demonstration sites. In this
demonstration data have been collected from several demonstration sites. The intent is to provide
a suite of problems for each endpoint (visualization, sample optimization, and cost/benefit) to test
various aspects of the software’ s capabilities. Developers will not be required to analyze all of the
sites. A minimum of three test problems is required for the demonstration. For the most part, the
dataisfrom actual sites and the data has been obtained through measurement inthefield. To protect
the confidentiality of the data, the sites will not be referred to by name. Instead, they will be given
a letter and number designation (i.e., Site A-1, Site B-1, etc.). The letter defines the site, and the
number refers to the specific problem on the site. The following sections contain a genera
description of the site history, type of environmental problem being addressed, and sSite
characteristics. Detailed data sets will be supplied with the test problems at the demonstration.

4.1  Site Descriptions and Hydrogeologic Characteristics

The following descriptions provide baseline data on the operating history, contaminants, and
hydrogeol ogic characteristics of the sites. All sites can be represented as a porous media, however,
there are differing levels of complexity at the sites which will test different aspects of the DSS's
capabilities. The wide range of contaminants and siteswill help to test the DSS' s performance over
arange of environmental conditions.

411 SiteA

Site A hasbeenin operation sincethelate 1950's. Itisanindustrial machine plant which uses
solvents and degreasing agents. 1t overliesan important aquifer which supplies more than 2.7 million
galonsof water per day for industrial, commercial, and residential use. A large region of the aquifer
has been contaminated dueto releases of V OCsfrom the machine plant. Source control isconsidered
an important remediation objective to prevent further contamination.

Site A islocated inthe northeastern U.S. 1n 1983 it was discovered that soil and groundwater
was contaminated with VVOCs (tetrachol orethylene, tricholoethylene and vinyl chloride) and some
heavy metals (chromium, nickel, and lead). Site characterization and monitoring activities were
initiated and it was determined that agricultural and industrial activities from nearby industries were
identified as sources of contamination. The primary concernisVOC contamination intheaquifer and
the potential migration to public water supplies.

The aquifer inthe area consists primarily of stratified sand and gravel with some basal till and
isoverlainin placesby aluvium. Hydraulic conductivitiesin the aquifer range from 5 to 500 feet per
day, but throughout most of its extent range from 50 to 250 feet per day. The zones of highest
hydraulic conductivity coincide with sediments deposited by glacial meltwaters originating from
drainage channels to the north and northwest near ariver. The maximum saturated thickness of the
aquifer exceeds 100 feet near its eastern extent but generally ranges from O to 60 feet. Laterally, the
aquifer is bounded by till-covered bedrock uplands. Theriver located to the north and northwest is
gently doping and the aquifer is drained by the river and its tributaries.
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412 SiteB

Site B islocated in asparsely popul ated area of the southern United Stateson a547-ha (1,350
acre) site about 4.8 km (3 mi) south of alargeriver. Site B istypical of many metal fabrication or
industria facilitiesbecauseit has numerous potential sourcesof contamination (e.g., material storage
areas, process activity areas, service facilities, and waste management areas). As with any
manufacturing facility, laboratory activities and cleaning operations can introduce solvents and other
organic chemicalsinto theenvironment. Industrial operationsincludefeed and withdrawal of materia
fromthe primary process, treatment of water for both potable and cooling purposes, steam generation
for heating purposes, decontamination of equipment removed from the plant for maintenance or
replacement, recovery of heavy metals from various waste materials, and treatment of industrial
wastes. Asaresult of these activities, soil, groundwater, and surface waters are contaminated. Of
primary concern is off-site migration of groundwater contaminated with organic compounds and
radionuclides.

Site B isabout 4.8 km (3 mi) south of alarge river and approximately 16 km (10 mi) west of
acity of more than 25,000 people. Approximately 90% of the area within an 8 km (5 mi) radius of
the siteis agricultural or forested land.

Site B covers about 540 hectares (ha). The main plant area covers 300 ha. The remaining
240 ha are maintained as a buffer zone surrounding the site. Active waste-management areas within
the buffer zone include a raw-water treatment plant, aresidential landfill, an inert landfill, and two
industria treatment lagoons. In addition, various inactive units, including aformer sanitary landfill
and several concrete rubble piles, are located outside the main plant area. Approximately 850 ha
(2,100 acres) of land beyond the buffer zone area are leased by the state.

Site B is situated in an area characterized by arelatively flat terrain. Elevations vary from
about 300 to 450 ft above mean sealevel (mdl) on the site property, with the ground surface sloping
at arate of approximately 5.1 m/km (27 ft/mi) toward the river north of the site. Two main
topographic features dominate the landscape in the surrounding area: (1) the loess-covered plains,
at an average elevation of 118.9 m (390 ft), and (2) the floodplain zone of theriver (north of the site),
dominated by aluvia sediments, at an average elevation of 96.1 m (315 ft) above mean sea level.
Theterrain of the siteis dightly modified by the dendritic drainage systems associated with the two
principal streamsin the area. These northerly flowing streams have eroded small valleys that are
approximately 6.1 m (20 ft) below the adjacent plain.

The geologic framework in the region consists of Mississippian carbonate bedrock overlain
by unconsolidated Cretaceous, Tertiary, and Quartenary sediments. The oldest unconsolidated
sediments beneath the site are the weathered Mississippian rubble zone and the Upper Cretaceous
Tuscaloosa Formation, which together are approximately 6.1 m (20 ft) thick. Unconformably
overlying these formations are the Upper Cretaceous McNairy Formation and Paleocene Clayton
Formation, which consist of interbedded and interlensing sands, silts, and clays. Totaling 68.6 m (225
ft) thick, these two formations have been grouped together and termed the McNairy Formation. In
the southern portion of the site, the Paleocene Porters Creek Clay and the Eocene deposits of sand
and silt overlie the McNairy.
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The continental deposits can be subdivided into two components: a lower gravel or sandy
gravel unit that variesin thickness form 0 to 105 ft and an upper clay-sand unit with a comparable
range of thickness. The top of the gravel facies unit occurs at a depth of approximately 40 to 65 ft
in the vicinity of Site B. The clay facies of the continental deposits are believed to consist of
discontinuous, fine sand lenses enclosed by the dominant clay.

The surficial deposit at the site is a 1.5-7.6-m (5-25 ft) thick clayey silt of aeolian origin
known as loess. The youngest sediments consist of recent aluvial floodplain materia or fill. The
soils that formed in the loess and aluvia floodplain are mainly silt loams and clay loams. Loess,
which consists of clayey, sandy silt, and silty clay, outcrops at the surface over amgjority of the area
encompassed by Site B. Thickness of the unit varies from 0 min the small creek valeysto 10.6 m
(35 ft) immediately northeast of the site.

The Upper Late Deposits occur at adepth of up to 10.6 m (35 ft) below ground surface (bgs)
and outcrop along the banks of a small stream northeast of the site. The thickness ranges from 6.1
m (20 ft) south of the Creek Terrace to 18.3 m (60 ft) north of it. Sand, silt, and clay with some
gravel compose the Upper Late Deposits immediately northwest of the Creek Terrace.

41.3 SiteD

Site D is located in the western United States. It consists of about 3,000 acres of land
bounded by municipa areas on the west and southwest and unincorporated areas on northwest and
east. Site D hasbeen an active industrid facility sinceitsinitial operationsin 1936. Operations have
included maintenance and repair of arcraft and recently the maintenance and repair of
communications equipment and el ectronics.

Site D has engaged in awide variety of operations involving the use, storage, and disposal
of hazardous materials. These operationsincluded aircraft storage, aircraft maintenance using racks,
hangars, machine shops and washracks, aircraft painting, wastewater treatment, fuel/oil storage,
electronics testing and repair, generator dismantling, aircraft painting, firing range, ammunition
storage and fire training. Materials used include industrial solvents, caustic cleaners, electroplating
chemicals, heavy metals, polychlorinated biphenyls (PCB), low-level radioactivewastes, and avariety
of fuel oils and lubricants. Accidental spills and releases of these materials have resulted in
contaminated soil, groundwater, and surface water. Of primary concern are VOC contaminated soil
and groundwater as well as soils contaminated with metals.

Surface features at Site D include open grassland, creeks, drainage, and verna pools, aswell
asindustrial and residential areas. The land surfaceisarelatively flat plain that dopes gently to the
west. Surface elevations range from about 75 feet above mean sealevel (md) on the eastern side to
about 50 feet msl on the western side.

Sail in the vadose zone, or the unsaturated zone between the surface and the groundwater
table, is composed of interbedded layers of sands, silts, and clays. This zone is currently
approximately 90 to 105 feet thick. Clays and hardpan layers slow, but do not halt, infiltration of
liquids.
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Groundwater is encountered at about 90 to 105 feet bgs, and flows generaly
south-southwest. However, the water table was at one time much higher; water levels have declined
continuougly for about 50 years because of overdrafting by irrigation, supply, and extraction wells.
In areas of groundwater contamination, changesin flow direction and the declining water table have
produced a contaminant "smear zone." As groundwater levels declined, some of the groundwater
contaminants remained in the newly exposed portion of the vadose zone. These contaminants have
remained as gases in soil pore spaces or as liquid films.

The groundwater beneath Site D behaves as one hydrogeologic unit. That is, only one
interconnected aquifer, or water-bearing zone, is present. To help analyze groundwater and
contaminant movement, this one aquifer has been divided into five groundwater monitoring zones.
The zones are called A, B, C, D, and E, from shallowest to deepest. Although the zones are
connected, water within each zone moves more readily horizontally than it moves vertically between
zones. By measuring changes in groundwater flow and contaminant migration within each zone, a
better understanding of the system is obtained alowing improved monitoring and remediation
strategies to be devel oped.

414 SiteN

Site N islocated in a sparsely populated area of the southern United States. Site N istypical
of many metal fabrication or industria facilities because it has numerous potential sources of
contamination (e.g., material storage areas, process activity areas, service facilities, and waste
management areas). Aswith any manufacturing facility, laboratory activities and cleaning operations
can introduce solvents and other organic chemicals into the environment. Industrial operations
include feed and withdrawal of material from the primary process, recovery of heavy metals from
various waste materials, and treatment of industrial wastes. Of primary concern is contamination of
the surface soils by heavy metds.

415 SiteS

Site Shasbeen in operation since 1966. Itisanindustrial fertilizer plant producing pesticides,
fertilizer, and using industrial solvents such as carbon tetrachloride and trichlorethene (TCE).
Recently, a small leak was discovered in a sedl |eading to an exterior storage tank which contained
chlordane. The tank has been in use since 1978. However, it is not known when the seal failed.
M easurements of the chlordane concentration in groundwater have been ashigh as several ppm afew
hundred feet downgradient from the well. The site boundary is approximately 5000 feet from the
storage tank. In addition, there are severa regions on the site with soil contamination by heavy
metals.

The leaking seal islocated about thirty feet above the water table and five feet below grade.
The unsaturated zone is composed of a coarse sandy soil with minimal presence of silt or clay.
Unsaturated zone hydraulic characteristics have not been measured for the site.

The regiona groundwater system is characterized by alayered sequence of Pleistocene and
Cretaceous gravel, sand, silt, and clay deposits. The aquifer system has been designated by EPA as



a sole source aquifer system. The stratigraphic sequence contains three magjor aguifers and two
confining units, in ascending order:

Lawrence aquifer.

Jones clay confining unit.
Monahan aquifer.

Smiths clay confining unit.

Near the site, the groundwater divide is north of the site and flow is generally toward the
south. Contamination originating from the siteisin the Glacial aquifer which isbetween 150 and 200
feet thick. Thisisan unconfined water table aquifer and is an important source of water for public
and private wells in the area. The outwash deposits of sand and gravel are highly permeable and
hydraulic conductivities generally range from 100 - 300 ft/day. The genera flow direction isto the
south at about 1 ft/day in the horizontal direction and 10 ft/yr (0.036 ft/d) in the vertical direction.
Vertical flow changesin the vicinity of the Jones and Smiths confining layer.

416 SteT

Site T was developed in the 1950's as an area to store agricultural equipment as well as
fertilizers, pesticides, herbicides, and insecticides. Mixing operations (fertilizers and pesticides or
herbicides and insecticides) were discontinued or replaced in the 1980's when level s of pesticidesand
herbicides in soil and wastewater were determined to be of concern. Site T consists of 18 acres
located in an undeveloped area of the western United States with the nearest residence being
approximately 0.5 miles north of the site.

The siteis Situated in avalley which has avery minor relief. Surface elevations vary on the
order of 5 feet over a distance of several thousand feet. Creeks and drainage are cut into the land
surface by severa feet with relatively steep banks. Regional topography shows surface drainage
flows from west to east, but most overland flow is focused to creek beds and ditches.

Site T is underlain by alluvia deposits of silt, clay, sand and gravel. The sand and gravel
occur asthin, discontinuous lensesin the vadose zone and upper saturated zone. The hydrogeology
isa 3-dimensional flow system with two discontinuous silty-sand water bearing zones. Zone T-1is
the shallower of the two and lies at a depth of approximately 35 feet bgs. The T-2 zone lies at a
depth of approximately 60 feet bgs and is separated from the T-1 zone by aclay aquitard. A laterally
continuous regional aquifer underlies the T-2 zone at approximately 105 feet bgs.

The source of soil and groundwater contamination is primarily an earthen, unlined disposa
basin which was used during the pesticide handling and mixing operations for disposal of rinsates,
residual chemicals, and various storage containers. 1,2-dibromoethane (Ethylene dibromide, EDB),
1,2-dicholoropropane (DCP) and 1,2-dibromo-3-chloropropance (DBCP) are the contaminants of
concern in soil and groundwater.

4.2 Problem Descriptions
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A general description of the problemsthat will be used for each site follows. The description
includes the site designator, media (soil or groundwater), dimensionality of the problem (2 or 3
dimensions), types of contaminants, and the endpoints that may be evaluated with the data set. In
many test problems multiple contaminants will be present. The objective of the following discussion
isto provide a genera description of the range and types of problems that will be evaluated. More
detailed discussions of the types of problems are provided in Section 6 and in table 6.1

Site A-1

Site A-2

SiteB-1

Site D-1

Site N-1

Site N-2

SiteS-1

SiteS-2

Site T-1

Site T-2

Sample optimization problem for a 3-dimensional groundwater contamination
problem with VOCs.

Cost/benefit problem for a 3-dimensional groundwater contamination problem with
VOCs.

Sample optimization combined with a cost/benefit problem for a 2-dimensional
ground water problemwith radionuclidesand industrial solvents(VOCs). Theaquifer
isthick and contains clay lenses which influence flow.

Sample optimization combined with a cost/benefit problem for a 3-dimensional
groundwater VOC contamination problem. Groundwater flow at this site occursin
one thick hydrogeologic unit.

Sample optimization problem for a 2-dimensional soil contamination problem with
heavy metals.

Cost/benefit problem for a 2-dimensiona soil contamination problem with heavy
metals.

Sample optimization problem for a 3-dimensional groundwater VOC (Carbon
Tetrachloride) contamination problem.

Cost/benefit problem for a 3-dimensional groundwater pesticide (chlordane)
contamination problem.

Sample optimization problem for a 3-dimensiona groundwater soil contamination
problem with pesticides (EDB) and VOCs (carbon tetrachloride). Visualization
analysis will be required for the problem.

Cost/benefit problem for a 3-dimensional groundwater contamination problem with
pesticides (EDB) and VOCs (carbon tetrachloride). Visualization analysis will be
required for the problem.

Visudlization analysis will be required as part of al problems.

In the preceding descriptions it is stated, in many cases, that both sample optimization and
cost/benefit problems will be developed. These problems will involve different data sets which do
not overlap. For example, the cost/benefit problem can be defined for one set of contaminants and
the sample optimization for another. In addition, after thorough examination of the data, the five or
Six best sample optimization and cost/benefit problems will be selected for the demonstration.
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5.0 CONFIRMATORY PROCESS

The verification processisfounded on comparison of the DSS predictions based on alimited
data set to three measures:

. the data.
. baseline analysis on the complete data set.
. baseline analysis on the identical data set supplied to the Developers.

The DSSoutputs (documentation and figures) will be eval uated against the performancegoal's
of thisdemonstration (Section 3.2). Inall cases, the Developerswill be provided with a subset of the
data and asked to produce an analysis of the environmental problem. Data not supplied to the
Developers will be used to check the analysis. In this demonstration, most baseline data sets will
originate from field data, and it is assumed that the data are accurate and adequately represent the
environmental conditions. Even so, thereis adegree of uncertainty associated with using field data.
This uncertainty arises from the variability inherent in natural systems and lack of control or poor
understanding of the sources of contamination. For thisreason, in afew cases, synthetic problems
with known solutions will be used as the baseline for comparison. These tests will permit a higher
degree of confidence in the evaluation of technical accuracy. In addition, existing data sets may be
modified on an as needed basis to permit testing of the software’'s capabilities.

For each test problem, the data will be reviewed and analyzed by staff from Oak Ridge
National Laboratory (ORNL) to determine its usefulness as abaseline. 1n the event the data cannot
be easlly and accurately modeled (for example, highly localized zones of contamination along
fractures in the host rock), the data set will be removed from consideration for this demonstration.
The Developers, verification organizations (BNL and ORNL ), and EPA will work closely to develop
the baselines to be used for comparison.

51 Problem Sdlection

The primary objective of the DSS demonstration program is to test the capability of the
selected DSS to address the three endpoints defined in section 1.0, which are visualization, sample
optimization and cost/benefit analysis. To accomplish this test cases have been developed. These
test cases were, to the extent possible, taken from existing environmental contamination problems.
The test cases offer differing levels of complexity and test different aspects of the capabilities of the
software. Sections 4.3 and 6.2 discuss the test problems in more detail.

Most of the data used for testing will originate from actual sites. Asabenchmark for testing
decision support tools, the data set must be complete enough to accurately define the location and
extent of the contamination zone. Thislimitsthe choicesto siteswhich are extensively characterized.
The data should accurately delineate the three-dimensional boundary of the contaminated zone.
Detailed characterization of the contamination is the most important criterion for selection of adata
set. In some cases, data measurements over a period of timewill be used in the test problems. Other
Site characterization data will be necessary to solve the problem, including:

. soil structure data (bore hole data).
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. hydrology data for each soil layer (flow rates, conductivity, porosity).
. transport data for each soil layer (sorption, dispersion, biodegradation rates,
radioactive decay rates).

Although preference will be given to using field data as supplied, it may be necessary to make
alterations to the data to test different aspects of the DSS. These alterations will be primarily to
sample locations and/or contaminant concentration data. Any alterations to the actual data will be
documented and the justification for the alteration will be provided.

Thisdatawill be supplied a alevel of detail consistent with the field data. Thisimplies that
many data will be given with arange of values (e.g., conductivity is 10 - 50 ft/day).

Test problemswill be selected on arange of analytes and environmental conditionsto test the
DSS'srange of capabilities. All agueous contaminants considered for the test problemswill exist as
adissolved component in the groundwater (i.e., single phase flow and transport). All sites selected
for the demonstration are free from fractures or have limited fractures which will allow modeling the
subsurface flow and contaminant transport using an equivalent porous medium. Thefollowing types
of problems will be prepared.

. atwo-dimensional surface soil contamination problem.

. athree-dimensional surface/subsurface soil contamination problem.

. a groundwater contamination problem - flow adequately represented in two-
dimensions.

. agroundwater contamination problem - multiple flow paths, layered geologic media
with afully three-dimensiona flow field.

. a soil and groundwater contamination problem - ssimple flow field, one- or two-
dimensional.

These problems are described in more detail in Section 4 which provides descriptions of the
sites and their operating history and Section 6 where the experimental test plan is described.

5.2 Basdine Analyss

One measure of the performance of the DSS technologies will be a comparison of model
predictions with the full data set. To assist in the comparison, a baseline analysis will be performed
for theentire dataset by ORNL. Inaddition, ORNL will perform an analysis on the data set supplied
to the Developers. Thesetwo analyseswill form the basis of comparison for eval uating the technical
performance of the Decision Support Software. The comparison will contain both qualitative and
guantitative measures as discussed in Section 3.2 and 5.4.

For sample optimization studies in which the Developers will be permitted to request
additional data, an analysiswill be performed with the final data set provided to each Devel oper after
the demonstration is complete. This will permit an examination of the effectiveness of the
optimization through an eval uation of whether collecting more datawoul d have changed thedecision.

5.3  Contingency Anaysis
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Anaysisof actual environmenta problemswill have uncertainties. To build confidenceinthe
analyses used as a baseline for comparison, selected test problems will be supplied on an as needed
basis to others to provide independent results for comparison.

54  Anayssof Results

The major objective of this demonstration is to evaluate the capabilities of the software to
support environmental decisions. Thisis a complex, subjective task. To analyze the results, the
verification organization will base the evaluation on the following criteria:

documentation of the use of the models, input parameters, and assumptions.
presentation of the resultsin a clear and consistent manner.

comparison of model results with the data and baseline analysis.

evaluation of the use of the models.

use of multiple lines of reasoning to support the decision.

These criteria have been discussed in detail in Section 3.2. Guidance on the methods of
evaluation for the qualitative criteria is provided in Section 6.2.1. Guidance on the level of
documentation and presentation of resultsisprovided in Section 9. Comparison of model resultswith
the data will contain a qualitative evaluation between the baseline analysis and the Developer’s
prediction. In addition, a quantitative comparison between the data and the model projections will
be performed. The quantitative comparison will be examined for trends in the data, such as
consistently under-predicting the field data. The methods used for quantitative analysis are in the
following sections.

5.4.1 Methods of DSS Output Anaysis

The quantitative evaluation of the analysiswill be acomparison of the output with the actual
data. In addition, comparisons will be made with the baseline analysis using the entire data set and
another analysis using the same data set as supplied to the Developers. The following sections
describe the evaluation procedure for DSS output comparisons to be made for the Visualization,
Sample Optimization, and Cost/Benefit problems.
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5.4.2 Evauation of Interpolated Data

Regardless of the endpoint, it will be necessary for all modelsto take the existing data set and
interpolate or extrapolate datato translate a series of discrete pointsinto a continuous representation
of the system. For example, subsurface structures (i.e., geologic strata, and contaminant data) will
be supplied asadiscrete number of datapoints. The DSSwill haveto interpolate between this sparse
set of data points to estimate the location of these features. In this case, quantitative comparisons
will be performed between:

. the data supplied to the Developer and the Developer’s projections.  Absolute
agreement between the two may not necessarily be achieved, depending upon the
methods sel ected to obtain a continuous representation of the data. However, clear
documentation of the sequence of stepsto trand ate the discrete datainto acontinuous
representation is required.

. the data not supplied to the Developer and the Developer’ s projections.
. baseline analysis performed with the entire data set and the Developer’ s projections
. baseline analysis performed with the data set provided to the Developer and the

Developer’ s projections.

The last two comparisons will provide information on whether differences between the data
and the DSS results are caused by variations in the actual data or due to the approaches used to
model the data.

Emphasisin the comparisonswill focus on the regions of the problem domain which are most
sendgitive to the decision. For example, consider a problem in which the decision is specified as
identifying the region in which the concentration is above 5 ppb with 90% confidence. Inregionsin
which the concentration is two or three orders of magnitude below the threshold, it is not important
to accurately predict concentrationsand littleweight will be placed on how well themodel predictions
match the data. In regions where the concentration is near or above the threshold, it is more
important to accurately estimate concentrations and this region is where the most stringent
quantitative evaluations of accuracy will occur. Additional comparisons will be performed with the
basdline analysis performed on the data set supplied to the Developers and the complete data set.

In addition, the Developers will be asked to supply an estimate of the volume (area) and
contaminant mass contained in contamination regions above some specified threshold concentration.
Both the predicted volume and mass provide an integrated average for the problem and provide
another method for obtaining a quantitative comparison between the baseline and Developer’s
analysis.

Quantitative comparisonswill involve cal culation of root mean squaredeviation, and positive
and negative differences between the data and the model predictions (bias). Whilethese quantitative
comparisonswill provide ameasure of the technical accuracy inthe solution, it isstill not an absolute
measure of the accuracy of the models. Natural variability in the system will produce variability in
the data which cannot be reproduced by the DSS in al cases. However, the ability of the DSS to
reproduce the data exactly is not necessary for making a decison on sample optimization or
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cost/benefit analysis. The DSS must be able to reproduce the trends in the data to provide a
technically defensible rationale for making the decision.

To overcome the concern that the natural system cannot be modeled exactly, test problems
will be supplied to the Developers for which an exact solution is known (e.g., synthetic data sets).
These test problems will assist in evaluating the technical accuracy of the solution.

The DSS Developers' predictions will aso be examined for regionsin which thereisalarge
discrepancy between the dataand the DSS predictions. Theseregionswill indicate domainsin which
the DSS may have problems in reproducing the data. This may be a result of having insufficient
characterization data (i.e., the data may indicate a hot spot or outlier in one region which is
inconsistent with the other data) or a result of the DSS having difficulty in the anaysis. The
comparison between the baseline analysis and the Developer’ s analysis will be essentia in this case
to resolve the cause of the discrepancy.

5.4.3 Visualization Endpoint

In some cases, the data will be known with a high degree of accuracy, for example, the
location of surface structures. In thiscase, the evaluation will determineif the surface structures are
in the correct location. This involves comparison of the known locations with the locations as
represented in the model. In cases when the data do not support an exact representation of the
system, for example, contaminant concentration data or subsurface stratigraphy data, predictions
based on the analysis will be compared with the data directly.

5.4.4 Sample Optimization Endpoint

In a sample optimization problem, Developers will be given a limited amount of data and
asked to define the minimum region in which the contamination is above a threshold value with a
specified level of confidence. Initialy, the datawill beinsufficient to draw conclusions and more data
will be required. The Developers will then request more data from the verification organization.
They will then repeat the process with the additional data until they can support the decision with a
specified level of confidence. It isexpected that concentration contour maps at specified probability
levels will be provided as output as part of the analysis. These maps will be used as a basis for
comparison as discussed in the previous section on interpolated data.

The DSS technologies will be evaluated to determine if the solution for the sample
optimization problem was answered with the specified level of accuracy and the minimum amount
of data (i.e., themost cost effective sampling scheme). A comparison will be made between the DSS
results and the results of the baseline analysis performed on the entire data set. In addition, a
comparison will be made between the DSS results and a baseline analysis performed using only the
data supplied to the Developer. These two baselines will provide the foundation for evaluating
whether enough samples were taken to support the decision.

5.4.5 Cost/Benefit Endpoint
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The Developerswill be provided with three options for performing cost/benefit calcul ations.
The options will al include calculation of the location and volume (mass) of contamination as a
function of i) confidence level for specified concentration levels, ii) clean-up level for specified
confidence levels, or iii) human health risk as afunction of concentration level. The Developerswill
select which optionsthey will address. The Developersmay address morethan one option onasingle

problem. These benefitswill be compared against the baseline analyses performed with the complete
data set and the Developer’ s data set.

52



6.0 DEMONSTRATION DESIGN

This section discusses the objectives of the demonstration, factors that must be considered
to meet the performance objectives, and the information that BNL and ORNL will use to evaluate
the results of the demonstration.

6.1  Objectives

The primary objectives of this demonstration are to evaluate Decision Support Software in
the following areas: (1) the effectiveness in integrating data and models to produce information that
supportsthe decision, and (2) theinformation and approach used to support the analysis. Secondary
objectives for this demonstration are to evaluate DSS for its reliability, resource requirements,
representativeness, and ease of operation. The evaluation process will compare the performance of
the technology against the performance goals as stated in Section 3.2.

6.2  Experimental Design

The objective of this demonstration is to conduct an independent evaluation of Decision
Support Software’s capability to evaluate three common endpoints of environmental remediation
problems: Visualization, Sample Optimization, and Cost/Benefit Analysis. For the purposes of this
demonstration, these endpoints will be evaluated as follows:

Visualization: Visualization softwarewill be evaluated intermsof the ability to integrate site
and contamination data in a coherent and accurate fashion which aids in understanding the
contamination problem. Tools used in visualization can range from data display in graphical or
contour form to integrating site maps and aerial photos into the results.

Sample Optimization: Sample optimization will be evaluated for soil and groundwater
contamination problemsin terms of predicting the minimum number and location of samples needed
to define a contaminated region with a specified level of confidence.

Cost/Benefit Analysis. Cost/Benefit analysis software will be evaluated on soil and
groundwater contamination problems. In genera, cost/benefit analysis is defined as the cost
optimization relative to a benefit.

It is important to emphasize that the software tested in the development does not need to
address al three endpoints to participate. Software will be evaluated only on the portions of the
problem to which it is applied.

The demonstration will rely on the Developers analyses of multiple test problems with
different levels of complexity. The maority of the test problems are based on measured
environmental conditions at actual sites. The use of actual data makes quantitative evaluation of the
software challenging because of variability in natura systems. To address this issue, a few test
problemswith known solutionswill be prepared. These problemswill provideabasisfor quantitative
evaluation of the accuracy of the DSS systems. As a minimum, all developers will be asked to
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analyze three problems for each endpoint. It isanticipated that time will permit evaluation of more
than three problems.

For each test problem the Devel oper choosesto analyze, the Devel oper will be supplied adata
set containing information on geologic structure, hydrologic flow parameters, contaminant data (in
some problems at multiple points in time) and surface structure. In addition, a brief narrative
description of the site history in terms of the contaminants under study will be provided. Each
Developer will be given the same identical data set to begin the problem. Which data to use will
depend on the software’s capabilities and not all data will be relevant for each participant. For
example, if the software cannot take borehol e data to devel op the geologic structure, the Devel oper
can choose to not use the data.

For sample optimization test problems the Developers will be supplied with alimited set of
contamination data. The software should define the region where the contamination is above a
specified concentration. Initially, due to the sparseness of the data, this will be an extremely large
volume (area). The Developerswill then be asked to suggest sample locationsto reduce the estimate
of the volume (area) of the contaminated area. The process will proceed iteratively until the
Developer feels collection of additional data will not substantialy change the estimate of
contaminated volume.

In cost/benefit analysis problems the Devel opers will be given the data and asked to answer
one of the three following questions.

. Where and how large is the region in which the contamination concentration exceeds
athreshold value? Based on the analysis, the Developer will recommend collecting
more data or clean-up of aregion. The Developers will be asked to assess the
uncertainty in their predictions. This cost/benefit analysis is defined as a Type 1
analysisin Table 6.1. Thisanalysis can be accomplished by interpolation, statistical,
or geostatistical approaches.

. Where and how large is the region in which the contamination concentration exceeds
a set of threshold values with one or more confidence levels? Based on the analysis,
the Developer will recommend collecting more data or clean-up of a region.
Guidance will be given on the criteriafor selecting a cleanup level and a confidence
level which will be used to support the cleanup decision. Thisisdefined asaType 2
cost/benefit anaysis in Table 6.1. This problem is generdly analyzed using
geostatistical techniques.

. What is the estimate of human health risk as a function of contamination levelsfor a
specified confidence? On-site and off-site exposure pathwayswill be specified as part
of the problem definition. Based on the analysis, the Developer will be asked to
estimate the human health risk for specified exposure pathways. Thisisdefined asa
Type 3 cost/benefit andlysisin Table 6.1.

The choice of which question(s) to answer is left to the Developers. However, the

Developers must identify which of these questions will be evaluated by their respective software.



Table 6.1 summarizes the potential test problems by site, media, contaminant, and
computational endpoint. Thetableindicatesthat sample optimization and cost/benefit problemswill
be developed for each site. Thisindicates that there is sufficient data to develop atest problem.

Table 6.2 provides alist of the types of data that will be supplied for the pre-demonstration
and demonstration test problems. The information in table 6.2 referring to the dimensionality of the
problem refersto thedata. It ispossible to analyze systemslisted as 3-D with a2-D model. Inthese
cases, it will be the analysts obligation to explain the rationale for the modeling approach used.
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Table6.1

Site and Problem Descriptions

Site Problem Contaminant(s) Visualization Sample Cost/Benefit
Designator Description Optimization

A-1 3-D VOCs X X
groundwater

A-2 3-D VOCs X Type1,2,3
groundwater

B-1 2-D VOCs, Rads X X Type1,2,3
groundwater

D-1 3-D soil and VOCs X X Type 1,2
groundwater

N-1 2-D soils Metals X X

N-2 2-D soils Metals Type1,2,3

S1 3-D Carbon Tetrachloride X
groundwater

S2 3-D Chlordane Type 1,2,3
groundwater

T-1 3-D soils VOCs, pesticides X

T-2 3-D VOCs, pesticides X Type 1,2
groundwater
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Table 6.2 List of Datato be Supplied as Part of the Test Problems

Site History

Surface Structure

Sample Locations

Contaminants

Geology

Hydrogeol ogy

Transport Parameters

Human Hedth Risk

industrial operations, environmental settings, site
descriptions (Sections 4.1 and 4.2)

road and building locations, topography, aerial photos

X,y,z coordinates for:
soil surface samples
soil borings
groundwater wells

concentration data as a function of x, y, and z for metals,
inorganics, organics, radioactive contaminants

soil boring profiles, bedrock stratigraphy

all problems: hydraulic conductivities in each stratigraphic
unit, head measurements, and locations

simplified hydrogeology problems:. flow rates as a
function of x, y, and z

Kd, degradation rates, dispersion coefficients, porosity,

bulk density

exposure pathways and parameters, exposed populations
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6.2.1 Quadlitative Factors

The evaluation of the DSSwill rely heavily on examination of qualitative factors. Thisarises
naturally from the major objective of this program which isto evaluate how well the software can be
used to support the decision. Thisis a qualitative objective. Section 3.2 discussed the evauation
criteriain detail. Qualitative evaluation criteriainclude:

documentation of the theory and models implemented in the software.
documentation of the parameters and assumptions used in the analysis.
documentation of the results of the analysis and the rationale to support the decision.
use of multiple lines of reasoning (alternate parameter sets, conceptual models, etc.)
to support the decision.

. evauation of ease of use.

Information will be collected on each of the above items and used for evaluation. Section 9
provides a more detailed discussion of information requirements for this demonstration.

Evaluation of model documentation will be performed through comparison with standard
software quality assurance guidelines (e.g., ANSI Standards for documentation of computer codes)
and standard documentation practices. Itemsto belooked at in the evaluation include anarrative of
the program’ s capabilities, input requirements, external data base requirements, description of all
output files generated by the code, use of default values, operating system requirements, verification
problems, any software QA procedures applied to the code, and code maintenance and control.

Evaluation of the documentation of assumptions and data used in the code will be performed.
The evaluation will focus on two aspects: reproducibility and following standard modeling practices.
Reproducibility is defined for this demonstration as the ability to reproduce the results of the analysis
from the information supplied. Thiswill require clear description of all assumptions and data used
in the analysis. Standard modeling practices will be evaluated in terms of the justification for
parameter selection and modeling assumptions, (for example, grid size, interpolation parameters,
etc.).

Evaluation of the resultswill emphasi ze the evidence used to support the final conclusions of
the analysis. The rationale must be presented in a clear manner which is easily followed and
supported by the results of the analysis. Use of multiple lines of reasoning to support the conclusion
will be examined.

Ease of usewill be evaluated during the demonstration using two approaches. Thefirstisthat
asmall group of people will undergo minimal training on the software and then attempt to use the
software without further training. Second, during the demonstration members of the verification
organization will interact with the Developersto gain insight on ease of use. Thisinteractionwill take
the form of observation and discussion with the operators. It isrequested that to the extent possible,
the Developers explain each step of the analysis process asiit is being performed.

Effect of operator experience on results
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Thisisan important issue for use of any software product. In thisdemonstration, the impact
of having a poor operator will be minimized by having the software Devel opers operate their own
software. Thiswill enhance the ability to evaluate software’ s capability. Further, the test data and
description of the site will be provided. This should help minimize data selection errors and
conceptual model development errors. At the demonstration, members of the verification
organization will be available to address questions and clarify areas of uncertainty about the problem.

Effect of natural variability on results.

Natural systemsinherently exhibit variability. Using actual dataleads to the problem that in
supplying a partial data set to the Developers, it may be possible that the results will be skewed by
the choice of data. This potentia will be minimized by performing baseline analysis on the complete
data set and on the partial data set supplied to the Developers. The baseline analyses will be
compared and the data set provided to the Devel opers will be selected with an understanding of the
effects of data selection on model predictions.

6.2.2 Quantitative Factors

Evaluations of quantitative factors related to accuracy of the solution have been discussed in
detail in Section 5.4.1 and in Section 8.6. In addition, quantitative factors such as computational
hardware and resource requirements used in the demonstration, will be examined. Resource
requirements include manpower for the analysis, time to complete and document the anaysis,
computing time, and internet access.

It is recognized that in most applications of Decision Support Software, analysistimeis a
smdl fraction of the total time invested into the problem. Data collection, quality assurance on the
data and other factors generally consume the major part of the effort and costs in environmental
problems. However, the evaluation of these resource requirement factors will be conducted during
this demonstration.

6.3  DataPreparation

ORNL isresponsible for the collection of multiple data setsto be used as pre-demonstration
and demonstration test problems. Data collection will occur by contacting the partiesresponsiblefor
maintaining data at the various sites. Datawill be supplied primarily in electronic format. Narrative
descriptions of site history and other information will be supplied with the data.

In addition to data collection, the verification organization will perform baseline analysis of
each data set. From each analysis, they will select a partial data set to supply to the Developers as
test problems. The verification organization will re-analyzethe problem based on the partial data sets
to be supplied to the Developers. Analysisof the data performed by the verification organization will
be used as a baseline for evaluation.

Datasetswill be prepared in standard formats (e.g., ASCI| text files, JPG graphicsfiles, etc.)

to be used in the demonstration. These datasetswill bereviewed by ORNL and BNL for consistency
with the original data sets and the objectives of the demonstration.
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6.3.1 Pre-demonstration Test Problem

ORNL will provide the pre-demonstration test problem to the Developers. Thetest problem
will address either all three endpoints, or multiple test problems will be provided. The objectives of
the pre-demonstration are:

. To provide the Developers with a sample problem with the level of complexity
envisioned for the demonstration.
. To alow the Developers to process data from atypical problem in advance of the

demonstration, and, if necessary, refine their technologies to provide alternative
formats for accepting data or to suggest other formats for receiving data.

. To alow an evauation of any unanticipated problems that may occur due to data
transfer or problem definition.

The Developers are requested to provide a brief (one or two-page) report on the pre-
demonstration. This report should discuss:

. the objectivesof theproblem (i.e., 2-D soil contamination sample optimization study).

. any problems with the data and problem specification.

. provide a few figures that demonstrate that the data was successfully incorporated
into the DSS system.

. provide an estimate of the time required for the pre-demonstration analysis and the

time required for a complete analysis of a similar problem with documentation as
specified in Section 9.

Results of the pre-demonstration study performed by the Developers must be made available
to the ORNL by August 24 or two weeks after the receipt of the test problem. Thiswill allow time
for analysis of the data and notification if problems exist. The results from the pre-demonstration
study will be used to refine the final set of test problems.

6.4  Demondration Analysis

The technology will be operated by the Devel oper, who will provide the results to the EPA,
BNL, or ORNL. The Developer will be responsible for reducing the raw datainto a presentation
format consistent with the evaluation requirements discussed in section 9. All problem evauations
are to be completed at the demonstration site (New Mexico Engineering Research Institute).
Documentation requested in Chapter 9 must be supplied within ten days of completing the
demonstration. No further computational analysiswill be permitted after leaving the demonstration
site without extensive justification.

6.4.1 Demonstration Inspection
The EPA, BNL, or ORNL will conduct an inspection of al demonstration activities. This

activity will document any deviations from the demonstration plan, use of QC materials, operationa
details, and other factors associated with an evaluation of the Decision Support Software
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technologies. Thisinspection report will be included as part of the Quality Assurance Project Plan
(Section 8.0).

6.5 Demonstration Schedule

The Developers will be provided with the pre-demonstration test problem by August 10.
There will be one pre-demonstration problem for each endpoint. The pre-demonstration problems
will be distributed to the Developers to test their capabilities to read data files which specify the
problem. The pre-demonstration problem will also be used to verify that the Devel opers have aclear
understanding of the types of problem that will be evaluated at the demonstration.

Around August 29, there will be a conference call among all of the Developers and the
verification organization. This call will provide aforum for discussing the pre-demonstration test
problem and for providing suggestions on how to improve the demonstration. It will also provide
afina opportunity to clarify the objectives of the demonstration and the roles of the participants.

Demonstration activities are scheduled to occur between September 14-25. The schedulefor
this programis provided in Appendix B.
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7.0 DEMONSTRATION

This section describes the logistical requirements associated with DSS technology
demonstration. This phase of the demonstration requires close communication between the
Developers, BNL, ORNL, and the EPA. The implementation of the demonstration must be
consistent with the requirements of the study and routine operation of the technology.

7.1 Communication and Documentation

Staff from BNL or ORNL will communicate regularly with the demonstration participantsto
coordinate all demonstration activities and to resolve any logistical, technical, or QA issuesthat may
arise as the demonstration progresses. The successful implementation of the demonstration will
require detailed coordination and constant communication among all demonstration participants.

If unanticipated or unusual situationsare encountered during the demonstration that may alter
the test design, the situation will be discussed with the EPA project manager. Any deviations from
the approved final demonstration plan will be thoroughly documented.

All Developer/Verification Organization activities will be thoroughly documented. The
verification organization will document the transmittal of al datato the Developers. The Developers
demonstration documentation will includetheequivalent of field logbooks(i.e., documentation of the
assumptions and steps used in the analysis), computer generated output including input files to
perform QA checks on proper use of the data, output files documenting the parameters used in the
analysis, graphic files to display results, and the summary report documenting all assumptions.
Section 9 specifies the documentation requirements for this demonstration.

TheVerification Organization field team leaders, Terry Sullivan and Anthony Armstrong, will
beresponsiblefor recelving and maintaining all demonstration documentation. Demonstration notes
will be kept in a bound logbook which will be supplied to the Developers. Each page will be
sequentially numbered and labeled with the problem name and number. Completed pages will be
signed and dated in the upper right-hand corner of the page by the individual responsible for the
entries. Errors will have one line drawn through them and this line will be initialed and dated.

All computer generated outputswill beloggedinthefieldlogbook. Theseentrieswill include
thetime, date, file name, fileformat (Text, WordPerfect, bitmap, JPG, etc.), contents of thefile (e.g.,
main output file for test problem 1 at Site A, bitmap representation of contaminant concentration
levelsat time 1 at Site A, etc.), and the identity of the analyst. The Developers are asked to be as
specificaspossible. Notesabout each test problem, method of analysis, computational routinesused,
etc. will be written in the field logbook. Any agreed upon deviations from the approved fina
demonstration plan will be thoroughly documented in the field logbook and provided to either Terry
Sullivan or Anthony Armstrong.
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7.2 Data Presentation Procedures

Prior to the demonstration ORNL and BNL will collect and prepare data sets using the
procedures described in Section 6. A master document identifying all datafilesfor the demonstration
and abrief description of their contentswill be maintained. Any changesto the original datafileswill
be documented in the master document. At the demonstration, ORNL will be responsible for
ddlivering the data to the Devel opersin an electronic form useful for analysis. Printed copies of the
data files will aso be made available to the Developers.

In the sample optimization problems, the Developers will be supplied with a limited
contaminant characterization data set. From this they will be asked to optimize sample collection
activities subject to constraints (for example, determine with 90% confidence the minimum region
of contamination in which the concentration is greater than 50 ppb). They will use the software to
specify additional locationsrequiring data. At this point, the verification organization will supply the
data to the users at either the nearest sampled location, or at the requested location using
interpolation of the actual data. All additional data supplied to the users will be documented by the
verification organization and the Developers in their demonstration log book.

The Developers will be required to address a minimum of three problems. One problem will
be specified by the Organization team, while the other problem can be selected from the other data
sets. It isanticipated that time will permit analysis of more than three test problems.

7.3 Traning Requirements

It is expected that all operators of the DSS will be capable of effectively using the software
and will not require special training to conduct this demonstration.

7.4  Technology Logistical Needs

The Developers will provide al computer equipment needed for work associated with this
demonstration. Thiswill include the computer, monitor, input devices (CD, disk drives, etc.), and
interfaces between the computer and periphera equipment (Internet, printers, etc.). Printerswill not
be supplied for each Developer, however, at |east one printer will be available for use. Attemptsto
obtain monitors will be made upon request.

The host organization, New Mexico Engineering Research Institute, will supply access to:

. the Internet and file transfer protocol (FTP) sites for transferring the data prepared
at ORNL to the demonstration site (New Mexico Engineering Research Institute).

. a Xerox machine (color if possible) for reproducing documentation provided by the
Developers.

. aprinter(s) (color if possible) to provide paper copies of electronic files.

. aphone line for communication between the Devel opers and the network server with
the data.

. afax line for communication between the Devel opers and their home office.
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80 QUALITY ASSURANCE PROJECT PLAN (QAPP)

The QAPP for this demonstration specifies procedures that will be used to help ensure the
quality of this demonstration. Careful adherence to these procedures will help guarantee that data
generated from the analyses performed during the demonstration will meet the desired performance
objectives and will provide defensible results.

8.1  Purpose and Scope

The primary purpose of this section is to outline steps that will be taken by operators of the
DSS technol ogies to ensure that analysis resulting from this demonstration is of high quality and that
sufficient support and documentation will be supplied to eval uate the technologies. In environmental
problems, the natural variabilities in the system preclude determination of an absolute standard for
comparison. There will be uncertainty in each analysis. For this reason, the documentation of the
use of the models and assumptions used to generate the analysis is crucial. The documentation
supplied by the Developers will form the cornerstone of the evaluation of their technologies.

8.2  Quality Assurance Responshilities

BNL and ORNL staff are responsible for ensuring that the QAPP is followed in this
demonstration. The Developers will be responsible for implementing the QAPP during all
demonstration activities.

Prior to thedemonstration, aseries of datasetswill be prepared by ORNL to test thedifferent
aspects of the DSS. At the demonstration, a single data set will be provided to the Developers for
anayss. Upon completion of one problem, the Developer may request another problem to
demonstrate other aspects of the software.

QA/QC activities for the DSS technology will include those required by the EPA or the
Verification Organization to assure the demonstration will provide data and documentation of the
necessary quality. The Developers may recommend appropriate QA/QC procedures for their
technology. The mgority of the QA/QC work will be the review and analysis of the documentation
of the process, input, and output from the analysis performed by the DSS.

8.3  DataQuality Indicators

The model predictions obtained during the demonstration must be of sufficient quality for
conclusions to be drawn on the ability of the DSS technologies to support environmental decisions.
Data quality parameters include four indicators: representativeness, comparability, reproducibility,
and accuracy.

Predictions generated by the DSS technologies will be compared to the measured data and
the predictions of the baseline analysis. High-quality, well-documented analysis results are essential
for meeting the purpose and objectives of thisdemonstration. Therefore, the following indicators of
data quality will be evaluated to determine the performance of the technology.



8.3.1 Representativeness

Representativeness, ingeneral, impliesthat the DSSwill function effectively over areasonable
cross-section of the * population” over which they areto be used to make inferences. In order to test
the DSS technology representativeness, care has been taken to select

multiple sites with unique site history and site characteristics.

multiple contaminants.

multiple media (soil and groundwater contamination).

multiple endpoints (visualization, sample optimization, and cost/benefit analysis).

Sections 4 and 6 discuss the range of test problems in detall. Evauation for
representativeness will be completed by review of the range of problems over which each DSS is
applied in this demonstration.

8.3.2 Comparability

Theanaysisfromthe DSS must be comparablein someway to areference or baseline method
for the demonstration to be worthwhile. 1nthisdemonstration, the Devel operswill be provided with
apartia dataset. Three approacheswill be used to examine the DSS predictions. Comparisonswill
be made between the DSS predictionsand i) the data, ii) abaseline analysisformed from the compl ete
data set, and iii) a basdline analysis performed using the partial data set supplied to the Developers.
The comparisonswill involve qualitative and quantitative components. Sections 3.2 and 5.4 provide
the criteria and methods for comparison.

Discrepancies among the three comparisonswill be noted and evaluated. The evaluation will
focus on understanding the cause for the discrepancies and determining the impact of the
discrepancies on the decision. For example, perhaps the differences can be attributed to use of a
different numerical solution procedure. Theimportant point in the evaluation isto determine whether
the discrepancies impact the decision. For example, if the decision is to define the volume and
location of contaminated material and al approaches provide essentially the same answer, then the
method will be viewed as valid. If the discrepancies are large enough such that a substantial
disagreement occurs, a thorough evaluation into the cause of the discrepancy will be initiated.

If there are substantial differencesin the predictions, attempts will be made to reproduce the
assumptions based on the documentation supplied with the analysis. If it is determined that the
differences are due to the assumptions, then the DSS method will bevalid. If the difference between
the dataor baseline predictions and the DSS predictions cannot be resolved, thisis an indication that
the DSS has difficulties with the problem under study.

8.3.3 Reproducihility
Reproducibility is a requirement for a high quality software analysis. This will require
documentation of all assumptions and data used in the analysis and discussion of mgjor findings and

their supporting documentation (i.e., graphical displays, computer output). As discussed above,
reproducibility will play amajor rolein evaluating comparability when differences arise between DSS
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results and the baseline analysis. If the Developer’ s results cannot be reproduced, there will be no
basis for comparison. Reproducibility, or lack thereof, will be noted in the evaluation.

8.3.4 Accuracy

Accuracy isameasure of how close, on average, values predicted by the DSS are to the true
values. The concern in the DSS demonstration is that in the test cases using actual data, the
measured data are the reference “true” data. However, these data are from an uncontrolled
experiment inwhichitisassumed that the measurements are 100% accurate. Thisisclearly incorrect.
Therefore, athough comparisonsof the DSS model predictionsand the datawill be performed, it will
not necessarily be areliable measure of accuracy. Thisanalyss, however, will provide aqualitative
comparison of how well the predictions match the data.

Accuracy can bejudged based on the problems for which aknown solution exists. Thisarises
intwo setsof cases. Thefirst isin the location of surface structures, soil boring, and well locations.
The second is for synthetic test problems in which the exact values of concentration are known at
each spatial location. In these types of problems, accuracy will be evaluated by statistical measures.
If inaccuracies are observed in the DSS prediction, the cause of the inaccuracieswill be investigated.
If it can be traced to an error in trandating data into the format needed by the DSS or in conceptual
model development during the demonstration, guidance will be provided to the Developers to
improve their analysis.

84  Quality Control Checks

It is assumed that for the purposes of this demonstration al data supplied to ORNL for
development of test problems are accurate. Therefore, quality control will only be required on the
trandation of the datafrom the sitesinto test problems, the transfer of the data to the demonstration
site, and eventually the distribution to the Developers. ORNL will perform random checks on the
data selected for the test problems and compare thisto the original data. Documentation of these QC
checks will be prepared. Any deviations will be noted and the cause for the deviation will be
determined.
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8.5  DataReduction, Validation, and Reporting

To performahigh quality analysis, specific procedureswill befollowed during datareduction,
validation, and reporting. These procedures are detailed below.

8.5.1 Data Reduction

Data reduction refers to the process of converting the raw results from the DSS into an
analysisthat supports the conclusion of the study. In thisdemonstration, the data reduction step will
be explained as part of the problem documentation supplied through the logbooks, computer outputs
and analysis summaries as described in Section 9.

8.5.2 DataVadidation

The DSS operator will be expected to verify the compl eteness and correctness of theanalysis.
Documentation requirements for completeness are specified in Section 9.

Once an andysisis submitted to the Verification Organization, they will review the analysis
for completeness. If the analysisisincomplete, the DSS operator will be asked to supply the missing
components. All analysis and documentation work is expected to be completed during the
demonstration.

8.5.3 AnaysisReporting

Documentation is essentia to the evaluation of the DSS. Documentation will include a
summary report for each test problem analyzed, alogbook documenting the stepsin theanalysis, and
atransmittal report listing all files and documentation supplied to the V erification Organization. The
details of the documentation requirements are provided in Section 9.

8.6  Calculation of Data Quality Indicators

Quantitative comparisons between DSS predictions and data or baseline predictions will be
conducted. These indicators will provide an estimate of how well the predictions match the data.
Techniques that may be used to perform the evaluation are the mean average error (MAE), positive
mean error (PME), negative mean error (NME), and root mean squared error (RM SE).

The mean average error is defined asthe average residua between the measured solution and
the DSS solution and is:

MAE = Ci,S- Ci,m

1

S|
il Qo

Where n isthe number of data points, the subscript m refersto the measured value and the subscript
srefersto the DSS predicted values.
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The Positive Mean error is a quantitative indicator of the overestimation of the DSS analysis
relative to the measured (or baseline) vaue. It is defined as.

1 N
PME =1 4 POS(C - G )
Npos i

Where n, is the number of positive differences, and POS refers only to differences greater than 0.

The Negative Mean Error can aso be used to examine for trends in which under-prediction
regularly occurs and is evaluated as:

1 M
NME =— a NEG(Ci'S - Ci,m)
nneg i
Where n,, is the number of negative differences, and NEG refers only to differences less than 0.

The root mean squared error is a better measure of the overall fit to the data and is defined

_ 17 2
RMSE = EaI_(CI,S'CI,m)

In many cases, it will be better to represent the deviation in relation to the maximum
concentration in the system. Thisisthe relative error and is expressed as the ratio of an error term,
such asthe MAE, PME, or RM SE to the maximum concentration in the system. The percent relative
error is calculated using the expression:

REQ, = Measure. )

m, max
The use of relative error often helpsto clarify the magnitude of the error relative to the problem size.

All of these error measures are more senditive to the regions in which the measure
(concentration) islarge. For example, having afactor of two difference between the measured and
DSS predicted vaues at alocation where the measured valueisrelatively low will only have aminor
impact on the error measure whereas, if this factor of two difference occurs near the peak
concentration then it will have a major impact on the estimated error.
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In general, having the error measure most sensitive in the regions of highest concentration is
acceptable. However, there may be times when this approach is not effective. For example, if the
peak concentration is 10 ppm and the problem is to define the contamination zone near 10 ppb, the
error measures will not be useful. In this case, other approaches will be used to evaluate the error.
These approaches could be normalization of al concentrations by the measured value at that point.
For example, the relative root mean squared error is.

n C
RRMSE = |13 (Z:S. 12
ni i m

This would give the relative error at each point and places more emphasis on matching each data
point. Thus, errors at relatively low concentrations which are unimportant to the decision could be
an important contributor to the total error.

To avoid the problem of relatively low concentration values contributing to the measure of
the error, the error can be defined over abandwidth. For example, if the objective of the problem is
to define all regions above a concentration level of 10 ppb, the error measurement can be eval uated
only at points when the measured concentration falls between 1 and 20 ppb. Thiswill focusthe error
measure to evaluate error in the region of highest concern. Development of a bandwidth approach
to measuring the error will be performed on an as needed basis.

8.7  Status Reports

The Developersand the Verification Organization will periodically report to the EPA project
manager. These reports will discuss project progress and problems in the demonstration or
evaluation. When problemsoccur, the Devel oper and the V erification Organi zation project managers
will discussthem with the EPA project manager, estimate the type and degree of impact, and describe
the corrective actions taken to mitigate the impact and to prevent a recurrence of the problems.
Written reports will be prepared upon request of the EPA project manager.

8.8  Demonstration Inspection Report

The EPA, BNL, or ORNL will conduct an inspection of al demonstration activities. This
activity will document any deviations from the demonstration plan, changes to the software, use of
QC materials, operationa details, and other factors associated with an evaluation of the Decision
Support Software technologies. If problems are identified, action will be taken immediately to
resolve the issues during the demonstration. A formal report will be prepared for the EPA project
manager who will forward the appropriate report to each Developer.
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90 DATA MANAGEMENT AND ASSESSMENT

The Developers, Verification Organizations (BNL and ORNL), and the EPA each have
distinct responsibilities for managing and analyzing demonstration data The Verification
Organization is responsible for managing all the data and information generated during the
demonstration. The Developer is responsible for furnishing those records generated by the
technology operator. The EPA and the Verification Organization are responsible for analysis and
verification of the data

The Developer isresponsible for obtaining, reducing, interpreting, validating, and reporting
the data associated with their technology's performance. These data should be reported in printed
and electronic format (e.g., computer input/output files, graphical output files, spreadsheets, etc.).
To facilitate evaluation, eectronic data must be supplied in the same form as any information
provided in the demonstration. Test reporting is required for each problem addressed by the DSS
technology and is covered by three document types.

. A transmittal report which identifies each piece of information provided to the
Verification Organization.
. A demonstration log which is arecord of al events and processes that occur during

thetest. Thisincludesanomalouseventssuch asa“hung” operating system requiring
arestart of the computer or deviations from the test plan.

. A demonstration test summary report which summarizes the testing activity, results
of the test, and explains the rationale for supporting a decision.

The transmittal report should also contain general information about the DSS system

hardware used inthedemonstration. Thisinformation supplied must includetheinformationinTable
9.1 asaminimum.
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Table 9.1 Example of Information on the DSS System Used in the Analysis

Software Name Product- X

Version Number (date of executable) 3.2 Apiril, 1998

Price of the Software as tested $10,000

Operating System Windows ‘95

Processor and Speed 266 MHz, Pentium |1

Hard Disk Size 3.2Gb

Random Access Memory 64 Mb

Storage Devices (CD, Tape Drives, Floppy Drives) CD drive (Read Only)
3.5inch 1.44 Mb floppy drive

Additiona Software used in the demonstration EXCEL, Verson 5.0

Network Card (if used)

Modem Speed (if used) 56.6 Kb

The demonstration log should include aunique identifier for each test problem attempted, the
name of the person operating the software, abrief description of the problem, the modeling approach
and assumptions used to address the problem, a summary of results of al model runs, list of
input/output files generated during the analysis, and the rationale for changing model parametersin
different simulations. It isexpected that during the course of the analysis, the software will be used
in an iterative process in which the software will be executed and the results analyzed. This
information will provide the basis for altering input parameters to improve the solution and the
processwill berepeated. Thisiterative process must be documented to provide abasisfor evaluating
how the results are used to support a decision.

Upon completion of the analysis, asummary report should be provided for each problem that
isanalyzed. The summary report should include:

the identifier used in the log book for the demonstration problem.

name of the anayst.

reference to ancillary software used in the analysis.

abrief description of the problem and objectives of the analysis.

asummary of the assumptions, analysis techniques, and data used in the ssimulation.
This will include definition of the parameters used in the models for statistical
evaluation, contouring, flow and transport analysis, etc.

asummary of the test results, (for sample optimization thiswill include results which
lead to selecting the sample locations).

maps, plots, and graphs generated by the software to support the data analysis. All
visualization output should be labeled and axis and tick marks (or other suitable
scaling parameters) should be supplied.
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. estimates for the volume and mass of contamination above specified concentrations,
e.g., in the region of the plume which is above 100 ppb, the volume is 10° m® and it
contains 10 kg of the contaminant.

. rationale for supporting the decision, including multiple lines of reasoning used in
the analysis.
. input/output files (including graphicsfiles) from simulationsthat support the decision.

The data used to generate the graphics files should be supplied in ASCII format to
permit a quantitative comparison of model projections and data. If possible, for
interpolated parameters (e.g., contaminant concentration) output should include a
datafilewithlocation (x, y, z co-ordinates), parameter value, and time (if applicable).

. estimate of resources to perform the analysis, (level of effort and computational
simulation time).

The documentation requested is not meant to be an onerous exercise in exposition. Short
declarative sentences and bulleted lists are acceptable. Theintent of the documentationisto provide
amethod to follow the process from taking the data, incorporating it into the software, evaluating
model outputs, and supporting the decision. Developers will be allowed a ten day period after
completion of the demonstration to prepare the summary report for each problem. During thistime,
no further analysis may be performed by the software. All results generated by the Decision Support
Software and ancillary analysis tools must be supplied prior to leaving the demonstration.

Thisinformation supplied by the Devel operswill be used by BNL and ORNL to evaluate the

software against the data and baseline solutions. The criteriafor evaluation are discussed in Section
3.2and 5.4.
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Appendix A: Contact Information for DSS Participants

Anthony Armstrong

Oak Ridge National Laboratory
1060 Commerce Park

Oak Ridge, TN 37830-6480
phone 423 576-1555
fax 423 241-4283

e-mail aag@ornl.gov

Bern Baumgartner
Environmental Software
5882 Bolsa Avenue, Suite 100
Huntington Beach, CA 92649

phone 714 379-7015

fax 714 379-7001
e-mail bbaumgartner @envsoft.com
Reed Copsey

C Tech Development Corporation
16091 Santa Barbara Lane
Huntington Beach, CA 92649
phone 714 840-7444

fax 714 840-2778
e-mail reed@ctech.com
Amy Dindal

Oak Ridge National Laboratory
Bethd Valey Road

P.O. Box 2008

Building 4500S

Oak Ridge, TN 37831-6120
phone 423 574-4863

fax 423 576-7956
e-mail dindalab@ornl.gov

Roger Jenkins

Oak Ridge National Laboratory
Bethd Valey Road

P.O. Box 2008

Building 4500S

Oak Ridge, TN 37831-6120
phone 423 574-4863

fax 423 576-7956
e-mail jenkinsra@ornl.gov
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Bob Knowlton
DecisonFX, Inc.

310 Country Lane
Bosque Farms, NM 87068

phone 505 869-0057

fax 505 869-9097

emall info@decisionfx.com
Eric Koglin

U.S. EPA - LasVegas

P.O. Box 93478

Las Vegas, NV 89193-3478

phone: 702 798-2432

fax: 702 798-2261

e-mall KOGLIN-ERIC@QWPMAIL.LAS.EPA.GOV

Jeffrey Odeeb

Hunter College:

City University of New York

695 Park Ave.

New York, NY 10021

phone 212 772-5413

e-mail |po@everest.hunter.cuny.edu

Robert Stewart

1060 Commerce Park Drive
Oak Ridge, TN 37830
phone 423 241-5741
fax 423 241-4283

emall u74@ornl.gov

Terry Sullivan

Building 830

P.O. Box 5000

Brookhaven National Laboratory
Upton, NY 11973-5000

phone: 516 344-2840
fax: 516 344-4486
e-mail sullival@bnl.gov
Jennifer Zoerkler

ESRI

2070 Chain Bridge Road, Suite 180
Vienna, VA 22182

phone 703 506-9515 extension 55
fax 703 506-9514
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email

JZoerkler @ESRI.com
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Appendix B: DSS Demonstration Schedule

Decision Support Software Demonstration Schedule

Action

Planned Date

Announcementsand call for participants submitted
to various media

December 9, 1997

Generation of potentia Developers list and
information for distribution

December 19, 1997

Complete contacts with potential Developers and
compile a list of participants to invite to
Developers conference

January 20, 1998

Distribution of first draft of demonstration plan,
including proposed demonstration design

February 10, 1998

Developers conference (hosted by EPA Region 9)

February 18, 1998

Review of Developers proposals and issue letters
of clarification

March 2, 1998

Find selection of software packages for pre-
demonstration evauation and notification of
Developers

March 11, 1998

Recelve letters of intent from Developers

March 20, 1998

CONFERENCE CALL WITH DEVELOPERS#1 May 6, 1998
Preliminary selection of contaminated sites and May 22, 1998
data sets

Draft demonstration plan distributed for internal June 5, 1998
review

Completein-house study to evaluate potential data June 5, 1998

sets

Receive Interna Review comments on
demonstration plan.

June, 17, 1998

Draft demonstration plandistributed to Devel opers
for review

June 19, 1998
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Receive dl Developers comments on the July 1, 1998
demonstration plan
CONFERENCE CALL WITHDEVELOPERS#2 July 7, 1998

Conduct Pre-demonstration Study

August 10 - 24, 1998

Recelve data from the pre-demonstration study

August 24 , 1998

Final selection of contaminated sites and data sets,
including completion of in-house evaluations

August 31, 1998

Revise and approve final demonstration plan

Sept 1, 1998

CONFERENCECALL WITH DEVELOPERS#3

September 2, 1998

Conduct demonstration (at NMERI using datasets
from severa contaminated sites)

September 14 - 25

Completedraft Innovative Technology Verification
Reports,; concurrent EPA review

January 7, 1999

Complete Developer review of verification reports

February 5, 1999

CONFERENCECALL WITH DEVELOPERS#4

February 7, 1999

Complete external peer review of verification
reports

March 5, 1999

Issue final reports with verification statements

March 26, 1999
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