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ABSTRACT

To help integrate activities in the environmental restoration and waste
management mission of the Hanford Site, the Hanford Integrated Planning Proj-
ect (HIPP) was established and funded by the U.S. Department of Energy. The
project is divided into three key program elements, the first focusing on an
explicit, defensible and comprehensive method for evaluating technical
options. Based on the premise that computer technology can be used to support
the decision-making process and facilitate integration among programs and
activities, the Decision Support Tools Task was charged with assessing the
status of computer technology for those purposes at the Site. The task
addressed two types of tools: tools need to provide technical information and
management support tools. Technical tools include performance and risk
assessment models, information management systems, data and the computer
infrastructure to supports models, data, and information managément systems.
Management decision support tools are used to synthesize information at a high
level to assist with making decisions.

The major conclusions resulting from the assessment are that there is
much technical information available, but it is not reaching the decision-
makers in a form to be used. Many existing tools provide components that are
needed to integrate site activities; however, some components are missing and,
more importantly, the "glue" or connections to tie the components together to
answer decision-makers questions is largely absent. Examples that show that
information exists, but is not integrated are that 1) costs of remediation
options cannot be easily coupled to measures of performance or to schedule and
2) historical data are recognized as important, but no plan for their role in
site remediation exists. Top priority should be given to decision support
tools that support activities given in the TPA. Other decision tools are
needed to facilitate and support the environmental restoration and waste
management mission. The prioritization process for their development include
addressing the following items: tools that are needed regardless of remedia-
tion options chosen; tools that have a bias for action and can be used
immediately to help make decisions; tools that apply across multiple program
areas; and tools that help implement the observational approach to
environmental remediation.



EXECUTIVE SUMMARY

The primary mission at the Hanford Site has changed from producing
plutonium for weapons to environmental restoration and waste management.
Since the late 1950s, the Sité has been managed for multiple programs with
separate and unrelated objectives, resulting in limited interactions among the
programs. However, with a shift to the mission of environmental restoration
and waste management, many programs at the Site are focused on cleanup, and
the coordination among programs have become critical to satisfying the Site
mission.

To help integrate activities in environmental restoration and waste
management, the Hanford Integrated Planning Project was established and funded
by the U.S. Department of Energy (DOE). The Hanford Integrated Planning
Project is divided into three key program elements: 1) an explicit, defensi-
ble and comprehensive method for evaluating technical options; 2) a public
involvement process; and 3) a plan that focuses scientific and technology
resources on the needs of the Hanford environmental restoration mission. The
Decision Support Tools Task, which is a component of the first program ele-
ment, was based on the premise that computer technology can be used as
follows:

e to support the decision-making process
o facilitate integration among the programs.

The task addressed two types of tools: tools that are needed to provide
technical information and management decision support tools. Technical tools
include performance and risk assessment models, information management sys-
tems, data, and the computer infrastructure to support models, data, and
information management systems. Management decision support tools are used to
synthesize information at a high level to assist with making decisions. Some
of these tools help in evaluating trade-offs. Others assist with cost esti-
mation and scheduling. The number of management decision support tools that
exist at Hanford are limited. Other computer-based tools, such as models,
information management systems, and data, can support decision-making but are
not decisien support tools in themselves.



In the past, tools at the Hanford Site were developed on a project-by-
project basis, without coordination across technically similar but adminis-
tratively separate activities. As a result of these administrative separa-
tions, and even within administrative units, different tools were used to
address similar problems, resulting in inconsistencies in reported results.
For example, many different ground-water flow and transport models have been
used for applications at Hanford, which has led to confusion among Hanford
contractors, DOE, and the regulators. Most tools should be applicable across
these administratively separate activities at the Hanford Site. The purpose
of this task is to identify tools that are available to assist in making
decisions and to identify associated issues so that the Site can determine
what tools a*e needed.

The tools described in this report support major planning, characteriza-
tion, compliance, and technology assessment and many other efforts underway at
Hanford. They exist in varying states of applicability to the Site’s environ-
mental mission. In preparing this document, we considered tools that were
available or familiar to staff at the Hanford Site.

It is clear, however, that the computer-based tools are not usually
having a large impact on the decision-making process; in fact, their role in
the process is not generally understood. The primary reason for this gap is
that the output of the tools is often not suited for input to the decision-
making process. In addition, the tools are not well integrated. For example,
the results of performance and risk assessment tools should be integrated with
cost, schedule, public opinion, and other input.

It is important that tools be integrated with other tools and that this
integration facilitates easy use. Cases in which this integration is happen-
ing have been identified. For some tools, this integration is working well;
for others, this integration has yet to be initiated. However, most existing
tools were not designed or implemented to be decision support tools. They
were designed to meet specific project/program needs. Although they can
help facilitate the process, they do not feed directly into decision-making.

Although issues related to the tools have been identified and the status
of various aspects of model documentation and testing has been compiled, this
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work has not provided in-depth evaluation. In some cases, it is unclear
exactly how the tools would be used. Additional work would be required to
inventory and evaluate tools available elsewhere, both at other DOE sites and
outside the DOE complex.

The Tri-Party Agreement (TPA) is directing all environmental restoration
work at Hanford and is the consent order that will bring Hanford into com-
pliance with the major state and federal environmental laws. The application
and development of only a few tools is mandated under the TPA. However, other
tools not explicitly mandated by the TPA are needed to effectively support
milestones. Decision-makers need to understand how these tools can be bene-
ficial in meeting TPA milestones. In some cases, the regulators are calling
for resources that require investment and development by Hanford contractors
and DOE, such as computerized mapping data capable of being used in geographic
information systems.

There are tools available that have been developed for the Hanford Site
that are useful in predicting and estimating impact of environmental
contamination. Many of these same tools will also be useful in evaluating
alternative cleanup strategies. Supporting source, release, transport,
conversion, exposure, and health effects models and databases can be used
along with cost and schedule to help evaluate environmental restoration
options.

Currently, it is very difficult to determine the cost of various
remediation options independently of the cost of existing facilities so that
the comparison of cost performances of competing options is also difficult.
Also, the estimation of the costs of planning is not linked to the system for
managing and tracking other costs; thus, obtaining feedback on the accuracy of
cost estimates to improve the planning process is not currently possible.

Although some computer-based tools are available to support the
decision-making process and are currently being used to support the cleanup
process, existing tools must be made more functional, new tools must be
developed where none now exist, and interfaces and a computer infrastructure
must be built where available tools can be integrated to facilitate C]eanup
decisions.

vii



MAJOR CONCLUSIONS

Major conclusions resulting from the assessment include the following:

o Technical information is not reaching decision-makers in a form to
be used effectively.

o Although many existing tools provide components that are needed to
integrate site activities, there are missing components, missing
needed "glue" to tie the components together. The missing items
currently prevent the full use of existing information, i.e.,

information on costs cannot be easily coupled to the
performance of remediation options or to schedule

- historic data is recognized as important but a plan for its
role (both access and use) in site remediation does not exist

- some capabilities still need to be developed, such as assess-
ing the impact of exposure to individual chemicals or mixtures
of chemicals (the impact of exposure to radionuclides is
better understood than the impact of exposure to chemicals).

- a methodology for evaluating decision trade-offs in a
consistent manner is needed

- computer-based tools to support the Hanford Site’s environ- .
mental mission are not always recognized by management as an
essential part of that mission

- more standards and conventions to facilitate communication
among information management systems and models are needed.

e A process for setting priorities for investment in computer-based
tools is also needed. While top priority has to be given to activ-
ities identified in the TPA, the following prioritization process
can be applied to tools not identified in the TPA:

- tools that are needed regardless of which remediation options
are chosen

- tools that have a bias for action and can be used now to help
make decisions

- tools that apply across multiple mission areas

- tools that implement the observational approach to environ-
mental remediation.

In order to facilitate the integration of site activities, priority for
development and implementation should be given to tools that further the basic ‘I'
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information infrastructure for the Hanford Site and provide the technical
information that is needed to evaluate proposed remediation options. The
information infrastructure must be flexible enough to deal with different
remediation options without requiring major changes. Therefore, priority
should be given to using ex}sting decision tools to provide information for
decisions now, rather than investigating in the development of new tools that
require long lead times to implement. This is consistent with providing
information for the observational approach to environmental remediation that
is endorsed by the U.S. Environmental Protection Agency (EPA).

Tools are needed that link or aggregate information from detailed
technical analyses to a level that can be used in decision-making. This is
particularly important for evaluating the impact of proposed remediation
options for the entire Hanford Site.

ISSUES RELATED TO MODELS

o Source-term models that are technically appropriate for estimating
inventories for waste sites at Hanford exist but have not been
applied, and existing Hanford models are inadequate.

+ Whereas adequate codes exist for subsurface flow and transport
modeling, a Site-wide conceptual model that can generate ‘
subregional models is needed to ensure consistency among mission
areas and the contractors involved.

o Atmospheric transport models need to be evaluated for applicabil-
ity, including adequacy of addressing suspension of contamination
and dust from remediation activities.

» Environmental pathway models for radionuclides are well developed;
models for organic chemical transport and exposure are needed.

« Data are inadequate to estimate health risk coefficients for
exposure to mixed wastes, as well as to some chemical agents.

ISSUES RELATED TO DATA

 Planning of data-acquisition activities requires a perspective
beyond immediate data needs to include the data requirements of
other activities, such as risk and performance assessment models,
in order to ensure that data exist for all applicable uses at the
Hanford Site.
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¢ Characterization programs and modeling efforts need to be inte-
grated. For example, when a well is drilled to collect a
ground-water sample for monitoring, the planning should consider
needs to collect data for modeling (e.g., soil hydraulic
properties).

e A means will have to be found to use data obtained before the
development of existing quality control standards and procedures.
Because of the cost of collecting new data, the importance of
historical data will increase, for example, in determining inven-
tories of waste and constructing environmental conceptual models of
the Hanford Site.

* When new data are to be gathered, serious consideration needs to be
given to the data quality objectives that the data must meet in
order to be useful across the Hanford Site.

o Data should be synthesized on a large scale at Hanford. Scientific
visualization, geographic information systems, statistics, and
modeling can be used to synthesize existing and new 1nformat1on and
to synthesize the results of model applications.

ISSUES RELATED TO INFORMATION MANAGEMENT SYSTEMS

e The user community should commit to using integrated systems to
facilitate sharing of data and to using information management
systems to do regular business. This entails sufficient funding
for computer infrastructure, software design and development, user
support, documentation, and maintenance.

e An effective integrated planning process is needed for information
management systems. Consistent with the Hanford Integrated Plan-
ning Process, identification of existing information management
capabilities needs to be a mu1t1 contractor activity and reflect a
Site-wide perspective.

e We need to work with the user community to develop a clear set of
expectations of what information management can do and how it can be an
effective part of the environmental restoration process.

» Hanford should use new cost-effective technology and facilitate timely
access to that technology.

FUTURE DIRECTIONS

To facilitate the development and maintenance of decision tools at
Hanford, the following coordinated activities are recommended:



Coordinate a process by which the needs for tools are matched with
the development, maintenance, and upgrading of the tools
themselves.

Evaluate options for how best to establish an integrated software
environment that meets the needs.

Design, implement, test, and put into production the required
tools.

Provide on-going maintenance and support of decision-making tools.

Ensure the periodic re-evaluation of new and alternative tools to
be included in the integrated software environment.
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1.0 INTRODUCTION

The primary mission at the Hanford Site has changed from producing
plutonium for weapons to environmental restoration and waste management.
Since the late 1950s, the Hanford Site has been managed for multiple programs
with separate and unrelated objectives, resulting in limited interactions
among the programs. However, with a shift to the mission of environmental
restoration and waste management, many programs are focused on cleanup, and
interactions among programs have become increasingly critical to satisfying
the Hanford Site mission. Hanford’s technical missions are divided into
several areas: solid waste, tanks, environmental contamination, facilities
decontamination and decommissioning, and nuclear materials. To help integrate
activities across these areas, the Hanford Integrated Planning Project was
established and funded by the U.S. Department of Energy (DOE). Tihe Hanford
Integrated Planning Project is divided into three key program elements: 1) an
explicit, defensible, and comprehensive method for evaluating technical
options; 2) a public involvement process; and 3) a plan that focuses
scientific and technology resources on the needs of the Hanford environmental
restoration mission. The Decision Support Tools Task, a component of the
first program element, is intended to document the baseline status of
computer-based decision support tools at the Hanford Site that exist, are
currently being used, or are under development; to identify significant gaps;
and to suggest general tool development or adaptation needs. This document is
the product of that effort. Decision tools evaluated include management
decision support tools, databases and information management systems,
performance and risk assessment models, cost models, process and operations
models, input data to support each type of model, and the computer
infrastructure to support these tools. These tools will be used to support
technical decisions in the mission areas identified above to support Hanford’'s
Integrated Planning Process. Information management systems that support the
administration of the Hanford Site, such as the financial system, are not
included in this report.
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1.1 QVERVIEW OF HANFORD INTEGRATED PLANNING

The objective of the multiyear Hanford Integrated Planning effort is to
develop and waintain a technically sound and publicly acceptable plan that
integrates environmental restoration and waste management activities. The
effort is being conducted in three piiases: Phase 1 (FY 1991) established the
reference planning case and initial version of the Hanford Mission Plan
(DOE/RL 1991f); Phase 2 (FY 1992-1993) develops and uses capabilities needed
to support integrated planning and implementation; and Phase 3 (FY 1994 and
beyond) provides reanalysis and long-term support for environmental restora-
tion and waste management.

The Hanford Integrated Planning Project provides integrated, top-level
program planning for all current and future Hanford activities in the DOE
Office of Environmental Restoration and Waste Management (EM). Figure 1.1
shows the current relationships among the EM and Hanford documents related to
integrated planning and management of the Hanford Site. In addition to the
Hanford Mission Plan itself, which will be updated on a regular basis, the
effort will include planning to resolve remediation issues and to make
decisions as problems arise. Each version of the Hanford Mission Plan that
results from this effort will be compatible with, or will supersede, existing
integrated planning initiatives at the Site.

Integrated planning will enhance both interprogram and intercontractor
coordination. It will help to minimize possible conflicts, inconsistencies,
or duplications among programs and between contractors, and will further
assure the consideration of appropriate offsite capabilities in completing
Hanford programs. It will facilitate progress and public acceptance by
assuring that efforts at Hanford are directed toward well-understood goa]s'
and cleanup strategies accepted by both remediators and other stakeholders.

1.2 DECISION SUPPORT TOQLS

In the past, decision support tools at the Hanford Site were developed
on a project-by-project basis, without much coordination across technically
similar but administratively separate activities. As a result, different
tools were used to address similar problems including the evaluation of
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DOE-HQ Dirsciives Systam DOE-HQ
Orders/Notices Planning Documaentation
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FIGURE 1.1. Hanford Integrated Management System Document Hierarchy
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mission options. This resulted in inconsistencies in reported resuits. A
specific example is the use of different models for performance assessment
analyses and environmental impact statements (EIS) at the Hanford Site.

Most decision support tools are applicable across administratively
separate activities at the Hanford Site. Therefore, coordinated development
and application will eliminate duplication of effort and result in greater
comparability and consistency between results of different but similar
analyses. It is also important to ensure that tools are integrated and
coordinated, so that output of one tool can be used as input to another.

For instance, the links among models have to be convenient so they are cost-
effective and timely, and do not impede the process of applying the tools.

The need for integration of tools applies to both management and tech-
nical tools. Technical tools aid in data management, reporting, and analysis
as well as performance, risk, and technology assessment. Management tools
assist in decision-making by integrating cost, schedule, risk, output from
technical tools, and other considerations.

The integrated and coordinated use of support tools also must involve a
user training component. A high level of intelligence and technical pro-
ficiency does not necessarily imply that a user has the training or experience
adequate to use a particular tool. A standard certification or mandatory
training program for the users of key support tools would increase the prob-
ability that these tools are being used appropriately across the Hanford Site.

Staff on the Decision Support Tools Task of the Hanford Integrated
Planning Project looked primarily at integration needs for technical tools,
although some tools surveyed were management tools also. The next phase of
the tools assessment activity would be to develop the input for and the struc-
ture of tool evaluation and tool selection. This phase identifies technical
tools available at Hanford.

1.3 APPROACH

In order to evaluate the needs for computer-based decision tools to
support the decision-making process, it is necessary to understand the rela-
tionship between the two. As the team discovered, there is no clear or
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generally accepted link and the team had to determine what that relationship
currently is and what it should be to increase ti.e effectiveness of the
overall Hanford Integration Planning Process.

Our approach was to review ava11ab1e tools and to identify general
development and modification needs. This was made more difficult because no
clear technical cbjectives are defined for environmental restoration and waste
management (such as land-use decisions which dictate cleanup levels or base-
line programs against which cleanup options can be compared), and no clear
priorities have been established for actions. Some technologies for remedial
actions at DOE facilities, especially those technologies focusing on permanent
cleanup solutions, do not exist, and not all of the key cross-cutting issues
have been identified. As decisions are made at the DOE Headquarters (HQ)
level and the Hanford level, there will be a need to 1ink the HQ tools and
decisions to the Site-specific tools and decisions.

In addition, products of existing programs and changes in organizations,
staff, and on-site contractors will affect the priorities for tool development
and applications. Of major concern is the impact of the environmental
restoration management contractor (ERMC) planned for the Site. As currently
envisioned by DOE, the ERMC would be an integrating contractor assigning work
to support subcontractors. The ERMC will bring new priorities, plans, and
tools to the table. To date, the major contractors associated with computer-
based tools have been Westinghouse Hanford4Company (WHC), Pacific Northwest
Laboratory (PNL), Kaiser Engineers Hanford (KEH), and Hanford Environmental
Health Foundation (HEHF). The tacit understanding concerning data and sup-
porting software is that the systems should be operated by the contractor
responsible for the data. In most cases, this approach has been straight-
forward. With an ERMC, responsibilities and priorities must be readdressed.
In addition, tools development and initial application is being done by the
integrated demonstrations and integrated programs at HQ. These programs and
changes will affect specific tool development and modification, but it will
be a multi-year process. In the meantime, the tools being used at Hanford
cannot remain fluid. Therefore, there is a need to address the issue of
establishing, in concert with the regulators, a set of tools and approaches
supporting Hanford cleanup activities.
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To collect information for the Decision Support Tools Task, we reviewed
documents, interviewed people about use of tools and needs for modification
and development, and attended the Hanford Integrated Plan mission area
workshops. The Decision Support Tools Task members focused on identifying
existing and planned tools and associated issues. This document synthesizes
that work.

1.4 INTEGRATION WITH OTHER PLANNING AND TECHNOLOGY ASSESSMENT EFFORTS

The Hanford Integrated Planning Decision Support Tools task must be
coordinated with ongoing environmental management planning and coordination
efforts at Hanford and at EM. These activities, which may appear duplicative
at first, tend to operate at different programmatic levels, ranging from more
detailed site-specific technical needs to complex-wide management needs. The
interrelationships among the HQ and Hanford documents relating to integrated
planning and management, as shown in Figure 1.1, are complex in themselves,
but there are additional activities whose impact will affect the planning
process as well. ’

Due to the large number of efforts underway, only those currently most
important to the Decision Support Tools Task are mentioned. The Tri-Party
Agreement (TPA), which is both Hanford-Site specific and a high-level contract
between state and federal agencies, has several milestones that directly
address decision tools (risk assessment, databases, and information manage-
ment). The State of Washington, in addition to its participation in the TPA,
has significant regulations that affect Hanford cleanup activities through the
enforcement of the Model Toxics Control Act (MTCA). At HQ, EM's policies
objectives and directions, in addition to the decision tools that are planned
or are under development, affect the needs for decision tools at Hanford.
There are also environmental management planning activities specific to the
Hanford Site that are taking place locally and at HQ. Additionally, ongoing
Hanford infrastructure planning and technical coordination activities need to
be included in environmental management planning.
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1.5 ORGANIZATION OF THIS REPORT

Section 1.0 provides an introduction to the Hanford Integrated Planning
Project and summarizes the scope and approach for the Decision Support Teols
Task. Section 2.0 contains a description of other planning and technology
assessment activities. Section 3.0 gives a general status and assessment
of decision support tools being used or currently available at the Hanford
Site. Section 4.0 provides a description of the infrastructure requirements
to support the development and application of decision support tools.
Section 5.0 prcsents a set of guidelines for tool evaluation. Section 6.0
presents conclusions. The document also contains references and appendixes.
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2.0 DISCUSSION OF QTHER PLANNING AND TECHNOLOGY ASSESSMENT EFFORTS

As described briefly in Section 1.5, the Hanford Integrated Planning
tools task must be cognizant of and coordinate with ongoing environmental
restoration planning and coordination efforts at Hanford and at EM. These
activities, which may appear duplicative at first, tend to operate at differ-
ent programmatic levels, ranging from more detailed site-specific technical
needs to complex-wide management needs.

This section describes some activities underway to direct or support
environmental restoration at the Hanford Site. Due to the large number of
efforts underway, only those most important to the Decision Support Tools Task
are mentioned. Section 2.1 describes the TPA, which is both Hanford Site-
specific-and a high-level contract between state and federal agencies, and
explains how it affects the definition of decision tool needs. Section 2.2
describes activities underway by the State of Washington. Section 2.3 dis-
cusses major activities of HQ. Section 2.4 discusses environmental
restoration planning activities specific to the Hanford Site. Section 2.5
describes ongoing Hanford infrastructure planning and technical coordination
activities.

2.1 TRI-PARTY AGREEMENT

On May 15, 1989, RL, the Washington State Department of Ecology
(Ecology) and the EPA signed the Tri-Party Agreement to clean up radioactive
and chemical wastes at the Hanford Site over the following 30 years (Ecology,
EPA, and DOE/RL 1990). The TPA is focused on the work needed to bring the
Hanford Site into compliance with three major environmental laws: the federal
Resource Conservation and Recovery Act (RCRA); the Comprehensive Environmental
Response, Compensation, and Liability Act (CERCLA), or "Superfund"; and the
Washington State Hazardous Waste Management Act (HWMA). The TPA is a
blueprint for cleanup, and uses enforceable milestones to keep the program on
schedule.

Milestones for the TPA vary from mission-specific (such as ones specify-
ing that a particular facility must be on-line by a certain date) to detailed
processes. Some of the milestones deal explicitly with decision tools, such
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as the ones pertaining to the Hanford Environmental Information System (HEIS).
Recently, the TPA was amended to include three milestones under the general .
M-29-00 milestone (develop and submit documentation to EPA and Ecology

describing Hanford risk assessment, which were due March 1992) that explicitly

deal with performance and risk assessment:

M-29-01 Identify and submit a description of codes and models to be
used in risk assessment.

M-29-02 Submit a plan for developing area-wide ground-water models
to support risk assessment and to evaluate impacts of
changing ground-water flow fields.

M-29-03  Submit risk assessment methodology document.

Two committees, consisting of EPA, Ecology, and WHC representatives and
DOE contractor staff, were charged with providing the documents to meet these
‘milestones. The planning needed to meet the M-29-00 milestones should be
integrated with the other aspects of the decision tool planning for Hanford.

2.1.1 Expedited Response Actions/Interim Remedial Actions
The high costs and long schedules associated with traditional past prac-
tice investigations have given the TPA parties a new perspective on the need 'I'

to streamline the remedial investigation and feasibility study (RI/FS) and
RCRA Facility Investigation/Corrective Measure Study (RFI/CMS). A new stra-
tegy, the Hanford Site Past-Practice Investigation Strategy (DOE/RL 1991a),
agreed to by EPA, Ecology, and RL, streamlines the past practice corrective
action process. It is a strategy for conducting site investigations and
cleanups to maximize efficiency, maintain project schedules, and achieve
earlier remedial action. This streamlined approach to RI/FS activities;
required under both the National and Hazardous Substances Pollution
Contingency Plan (NCP) and the Washington State Model Toxics Control Act
Cleanup Regulation (MTCACR), resulted in a need to modify the application of
risk assessment to support the strategy (see Section 2.1.2).

This strategy provides for accelerated decision-making by maximizing the
use of existing data consistent with data quality objectives; it also under-
takes expedited response actions (ERAs) and/or interim remedial measures
(IRMs), either to remove threats to human health and the environment or to
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reduce risk by reducing the toxicity, mobility, or volume of contaminants.
This streamlined process is defined as a combination of interim cleanup
actions (involving concurrent characterization), field investigations for
final remedy selection where interim actions are not clearly justified, and
feasibility/treatability studies. Decision support tools are an integral part
of the ERA and IRM process from the establishment of data quality objectives
to the estimation of human and ecological risks to assess the need for and the
potential effectiveness of interim actions. To date, three expedited response
actions have been identified for early action at the Hanford Site.

2.1.2 Hanford Site Baseline Risk Assessment Methodology

TPA Milestone M-29-00 was to develop a risk assessment methodology for
use at the Hanford Site. A Hanford Site Baseline Risk Assessment Methodology
(DCE/RL 1991b) has been developed by a committee of technical representatives
from the RL, Ecology, EPA, WHC, and the U.S. Army Corps of Engineers (COE).
The committee identified two primary objectives for application of the
methodology at the Hanford Site, based on the Hanford Site Past-Practice
Investigation Strategy (see Section 2.1.1):

to use the risk assessment methodology %o assist in determining the

need for IRMs by estimating the risk associated with a waste unit
and the threshold values (i.e., initial cleanup levels) for cleanup

to apply the risk assessment methodology to determine the cumula-

tive, residual risk associated with a waste unit, an operable unit,

or an aggregate area at a point in time after IRMs have been imple-

mented. It is envisioned that waste unit IRMs will be undertaken

well before finalization of -operable unit characterizations.

The proposed methodology for human health evaluation is primarily based
on the MTCACR, as opposed to the federal process set forth in the NCP.
Although the MTCACR provides risk assessment procedures, the resulting cleanup
standards are developed using risk-based calculations that are generic rather
than site-specific. The MTCACR specifies that for multiple hazardous sub-
stances and/or pathways, the carcinogenic risk shall not exceed 1075 and the
hazard index shall not exceed 1. For individual carcinogens, the initial
cleanup level will be based on an incremental cancer risk of 10°%. For

noncarcinogenic substances, the estimated cleanup concentration in a medium
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for individual substances is that which would result in an intake equivalent
to a hazard quotient of 0.3.

Two considerations are important in the methodology used in a qualita-
tive risk assessment:

The qualitative assessment is intended to be only part of the
justification for an IRM.

« The initial cleanup levels are only estimates. Final cleanup
levels would be based on multiple considerations and documented
in the Record of Decision.
Other more quantitative risk assessments will have to be completed throughout

the process as information becemes available.

2.2 STATE OF WASHINGTON PLANNING ACTIVITIES

Until now, risk estimation that has been done for the Hanford Site in
various EIS documents has focused on long-term population exposures. The
primary federal statutes relevant to the risk assessment process are RCRA and
CERCLA. The primary Washington State statutes are the MTCACR and HWMA. While
EPA maintains authority for CERCLA, Ecology has received authorization from
EPA to implement the state’s dangerous waste program in lieu of the federal
RCRA program.

With the Superfund Amendments Title III (SARA III), the requirements of
the National Resource Damage Assessment (NRDA) are beginning to be evident.
EPA, which has not yet defined what constitutes an ecological impact, has
started from their approach for assessing human health risks from exposure to
environmental contamination: first defining environmental pathways, then
determining the contaminants distributed through the food chain that many lead
to health effects, and then estimating the risks associated with these health
effects. Of late, several workshops have dealt with the subject (Ecology
1991), and Ecology is developing guidelines for performing ecological risk
assessments for the State of Washington that will apply to the Hanford Site.

2.4



2.2.1 Model i 1 Act

The MTCA is intended to protect human health and the environment from
current and potential threats posed by hazardous substance releases. The set
of regulations corresponding to the MTC statute is the MTCACR (Ecology 1991).
The MTCA is the Washington State equivalent of the federal CERCLA and SARA
programs. (The federal government cannot authorize states to administer
CERCLA as they can RCRA.)

2.2.2 Human Health Evaluation

Although the MTCACR provides for risk assessment procedures, the result-
ing cleanup standards are developed using risk-based calculations that are
generic rather than site-specific. All sites within the state are regarded
as being either residential or industrial with specific exposure assumptions
defined. Other land uses are recognized, such as for agriculture, but all
cleanup standards must be at least as stringent as cleanup levels applied to
industrial sites. -

2.2.3 Ecological Evaluation

Unlike the human health evaluation, the current MTCACR cleanup standard
development process provides no specific procedures for ecological evaluation
in a baseline risk assessment, other than that cleanup standards must protect
the environment. However, the NCP states that at a National Priority List
site "...the lead agency shall conduct a site-specific baseline risk assess-
ment to characterize the current and potential threats to the environment...
especially sensitive habitats and critical habitats of species protected under
the Endangered Species Act" (40 CFR 300.430).

Ecology has been given the task of writing the regulations to enforce
the MTCA with respect to protecting the environment, and has done so in three
phases: 1) setting definitions and administrative detail; 2) setting cleanup
standards (including interim surface water approach, soil cleanup levels for
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chemical criteria and biological criteria; and 3) developing methods for
ecological risk assessment.(?

The regulations provide three options for establishing site-specific
cleanup levels. Each option uses health risk in setting levels:
Option A defines cleanup levels for 25 of the most common hazardous

substances found at sites using the standards and health-based
concentrations included in other applicable state and federal laws.

Option B levels are set using a site ri§k assessment. The risk
level of individual carcinogens cannot exceed 10™°; total risk

cannot exceed 10 Levels for noncarcinogens cannot cause illness
in humans.

« Option C levels are set when options A or B are technically

impossible to achieve, or cleanup may cause more environmental harm

than good. |

The five ecological assessment tools to be used for a complete risk
ecological assessment are soil and water analyses, tissue analysis, toxicity
testing, community analysis, and food-chain modeling. Currently, Ecology is
working with individual sites to tailor these tools to the appropriate condi-
tions at the site. Five sites in Washington will be test sites for developing
and applying specific tools. The specific details of the application of MTCA
-and MTCACR requirements to a site of the size and chemical complexity of
Hanford have yet to be fully addressed. Decision tools, such as site-specific
models of chemical fate, transport, and exposure, and the input for them, will
play a large part in estimating the human health and ecological risks, which
are the basis of the regulations. The determination of the feasibility of
proposed remediation technologies will likely involve the application of
performance assessment models. The results of modeling efforts will then have
to be compared to compliance monitoring data as part of a partial model vali-
dation effort.

(a) See Project-Level Guidance Document for Addressi v
Protection under the Model Toxics Control Act Cleanup Requlation,
working draft, October 1991, Washington State Department of Ecology,
Olympia, Washington.
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2.3 DOE HEADQUARTER'S ACTIVITIES

This section describes the major HQ activities and the associated
documents which impact the Hanford Site environmental management planning
process as it relates to decision support tools.

2.3.1 DOE Five-Year Plan for Environmental Restoration and Waste Management

In the Hanford Site Five-Year Plan, Fiscal Years 1993-1997 (DOE/RL
1991c), the EM identifies the technical and operational issues in environ-
mental management of the weapons complex and sets out a high-level strategy.
The Five-Year Plan prioritizes the major activities supporting environmental
management across the complex for the years 1992 to 1996; although it does not
specifically deal with future years, it is assumed that the cleanup will take
at least.30 years.

2.3.2 ﬂg;ig_ﬂg;égrch for Environmental Restoration

The Office of Health and Environmental Research (OHER) within the DOE
Office of Energy Research (ER) has prepared a document (DOE 1990a) that
presents the basic research required in the years 1992 to 1996 to provide a
foundation for applied programs to correct and remediate past waste disposal
practices. The report is coordinated with the EM Five-Year Plan and lists
specific research needs in five areas of environmental restoration: environ-
mental transport and transformation; advanced sampling, characterization, and
monitoring methods; new remediation techn61ogy; performance assessment; and
health and environmental effects. The report is not intended to serve as a
research implementation plan, so no milestones or schedule were developed.

Since EM has set no priorities for site restoration after 1996, ER has
set no priorities for research for those years. Although ER assumes that
limited, fortuitous breakthroughs in basic research can be translated immedi-
ately into user applications, most basic research requires at least a 3- to
10-year timeframe for transfer to users, and this time excludes technology-
permitting requirements, which normally add additional years. Thus, prior-
ities for research will be set when mid- to long-term environmental restora-
tion activities are identified so that a basic research plan can complement
the future needs of EM programs.
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2.3.3 The Inteqrated Technology Development Needs Assessment

A committee of DOE contractor personnel was assembled by the DOE Office
of Technology Development (OTD) in EM to provide a basis for the FY 1991 and
FY 1992 research, development, demonstration, testing, and evaluation pro-
posals for funding. The needs assessment from this effort will also be used
as input to the Industrial Integration Program, the National Robotics Tech-
nology Development Program, and other naticnal laboratories providing tech-
nology development support for the national Environmental Restoration and
Waste Management (ER/WM) program.‘®)

2.3.4 DOE Environmental Restoration Priority System

The DOE priority system (DOE 1991) is being developed for use by EM’'s
environmental restoration programs. The primary purpose of the priority
system is to help DOE decide which sites within the DOE complex to evaluate
and clean up first and to provide a technical basis for budget planning. The
DOE developed this system to ensure that this purpose is achieved in a process
that is formal, systematic, and analytical, is open to review, and considers
and quantifies the importance of many factors, including health and safety
risks, regulatory requirements and agreements, social and economic values and
policies, and technical issues.

The conceptual design of the priority system was used in two ways during
1990. Parts of the system were used as an interim system to provide infor-
mation for the FY 1992 budget process. Concepts were also used to focus
discussions with outside parties regarding the development of the priority
system. The priority system is being used and will continue to be used in
the FY 1993 budget process.

The priority system process is conducted in four phases; the first two
concern local and field office issues and decisions, and the others concern
national and HQ issues and decisions:

(a) Lien, S. C., and K. E. Hain. 1992. Interoffice memo to EM Technical
Program Officers, dated January 31, 1992. Copy available form U.S.
Department of Energy, Office of Research and Development, Washington,
D.C.
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Identify, classify, and rank activities. Environmental program
managers at the field offices group activities described in the
Activity Data Sheets (ADSs) into three priority classes. There are
currently 323 ADS in the Hanford Five-Year Plan.

Propose alternative budget cases. Sets of activities that could be
conducted at varying funding levels are grouped into budget cases.

« Evaluate budget cases. The priority system is used to evaluate and
compare all budget cases from all DOE sites. The field offices use
quantitative performance scales to score each budget case on the
basis of how well it meets each of six ER funding objectives:

reduce health risk
reduce environmental risk
reduce socioeconomic impacts
comply with regulatory requirements
reduce uncertainties
- achieve DOE policy milestones.

A score is assigned to each proposed budget case. Because health
risk is the single most important consideration in the priority
system, HQ reviews (and possibly revises) the health risk scores.
HQ also reviews (and possibly revises) the cost estimates used in
the budget cases to ensure consistency with cost estimates used in
the Five-Year Plan.

Analyze and allocate the budget. HQ managers examine and compare

the utility or benefit of the budget cases proposed by all the

installations and choose the budget cases that best meet DOE’s

objectives and produce the greatest benefits for the costs

incurred. :

The analysis tools used by the priority system tend to be of a broader
scope and higher level than the tools likely to be used for determining a
specific cleanup criterion, such as those required by the MTCACR. However,
the results of the models - at local site-specific and national planning
levels ~ should not be contradictory; it is important for Hanford planning
activities to understand how HQ uses site-specific Hanford information to make
decisions. Decision tools that provide the flow of information to HQ and then
are able to transmit decisions on priorities back to Hanford and track the
implementation at the mission level will help use environmental management

resources in an effective and consistent manner.
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2.3.5 Environmental and Molecular Sciences Laboratory

DOE has initiated significant programs to address Hanford Site cleanup
issues. Two programs, the Molecular Science Research Center (MSRC) and the
Environmental Science Research Center (ESRC), will use facilities of the
Environmental and Molecular Sciences Laboratory (EMSL), which provides scien-
tists developing solutions to environmental restoration and waste management
problems the opportunity to collaborate with researchers investigating basic
chemical and physical processes. Research will provide technology in the
areas of

« fundamental knowledge of natural systems to better predict con-
taminant movement through complex environments

« advanced sampling, characterization, and monitoring methods

« new remediation technologies for inactive facilities, concentrated
wastes, and contaminated environments (including in situ treatment,
isolation, and containment methods)

« environmental and health effects of innovative technology

applications.

It is crucial for EMSL capabilities to be strongly linked to other
Hanford environmental remediation activities to ensure efficient transfer of
information and technology. EMSL resources include an initial complement of
research equipment, computers, and information architecture, theoretical and
experimental programs, and general laboratory infrastructure supporting
research across a broad spectrum of environmental and molecular phenomena.
Proposed research equipment includes one-of-a-kind research instruments
designed and developed for specific EMSL applications and a wide variety of
other leading-edge instrumentation. Major capabilities will include

« environmental simulation and modeling
environmental materials and interfaces
materials synthesis and characterization
molecular science computing

« molecular structure and dynamics

theory and modeling



. biomolecular structure and dynamics.

The EMSL (with ESRC and MSRC) will influence the decision tools used at
Hanford in several ways. These tools include new and improved models for use
in performance or risk assessments (as physical processes become better
understood). New decision tools will be developed out of the information
gained from the research, and more precise data will be obtained for the
existing models. The research will develop new data quality objectives, which
could then be incorporated into required monitoring programs.

2.4 HANFORD SITE ENVIRONMENTAL MANAGEMENT ACTIVITIES

The planning activities described here deal specifically with the
Hanford Site, although they may have been initiated in response to a directive
by HQ.

2.4.1 Technology Logic Diagrams

EM asked the field offices to develop site-specific plans that flow
logically from the Five-Year Plan by using the "technology logic diagram"
methodology (Keller et al. 1991), which is an application of the formal logic
diagrams described in Section 3.2.4.

Within each major EM mission area, linkages flow from the national
problem identified in the Five-Year Plan to the comparable Hanford problem,
and then through the options for solving the problem to activities needed to
implement the options. These activities, in addition to routine operations of
existing facilities, may include the development of new technology, decision
tools, and data collection efforts. The Five-Year Plan is in the form of
mission area technology logic diagrams representing a second-tier (level-1)
planning activity (see Figure 1.1) that identifies remediation options and the
activities needed to implement those options. Where there are existing
EM-funded activities that address an issue, they are identified by ADS
numbers.

The technology logic diagrams have several purposes. First, at HQ, the
technology logic diagram allows EM to determine if (and how) the field offices
are addressing their environmental management problems. (In the future, any
request for funding from EM must identify where the activity fits into the
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technology logic diagrams.) Second, the technology logic diagrams developed
by the OTD will be used by HQ to determine common science and technology
development needs across the DOE complex that could be addressed by activities
funded and coordinated by OTD (instead of having each site perform the same
activity). Such programs would include the Integrated Demonstrations and
Programs. Third, at the site level, technology logic diagrams are used to
identify operational activities and science and technology development needs
that are specific to accomplishing the site environmental restoration and
waste management mission.

At Hanford, detailed logic diagrams have been prepared for contaminated
soils and ground water, waste stabilization, waste retrieval, waste process-
ing, decontamination and decommissioning, and waste minimization mission areas
(see Keller et al. 1991).

Technology development needs identified in the technology logic diagrams
are being synthesized for OTD in the Hanford Site-Specific Technology Plan
(DOE/RL 1991e) to provide information on the needs and bases for technology
development and science support required to complete the Hanford environmental
restoration and waste management mission. The science and technology program
needs are also translated into top-level infrastructure and facility func-
tional requirements. '

The logic diagrams identify issues, needs, and activities, but they do
not automatically develop linkages among common needs in different parts of
the logic diagram. They also do not provide time phasing of the activities,
so prioritization of activities is not a direct by-product of the technology
logic diagrams. A major role for the Hanford Integrated Planning Project will
be to help develop program priorities and time-phasing information needed to
implement the technology logic diagrams.

2.4.2 Hanford Strateqic Analysis

I The purpose of the Strategic Analysis, begun by WHC in FY 1991, is to
take a global view, rather than separately by mission area, of the disposal of
the entire inventory of Hanford wastes, including decommissioned facilities
and contained inventories of nuclear materials. Three scenarios of possible
future post-remediation land use (exclusive, unrestricted, 200-Area disposal)
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were defined to determine the range of endpoint criteria for cleanup that
would need to be met. Given these land-use scenarios, three options for each
were defined for dealing with the waste through decontamination, separations,
and disposal. Combinations of treatment options for each land-use scenario
were then described on flowsheets. WHC now intends to develop software to
analyze the flowsheet options for comparative cost and schedule.

A major application of decision tools in the Strategic Analysis is the
development of a site-wide baseline risk assessment to describe the current
human health risks associated with various mission areas. This risk baseline
will provide a basis for comparing the human health impacts of various
remediation options. The coupling of human health, and eventually an
ecological risk and performance assessment capabilities, to the cost and
schedule assessments currently being developed will provide the Hanford
Integrated Planning Process with the decision tools to systematically analyze
the trade-offs among proposed remedial options across the Hanford Site.

There are several committees looking at land-use issues. A team of
facilitators has been selected by Ecology, EPA, and RL to bring interested
parties together to envision alternative future uses at the Hanford Site.
After meeting with interested parties, the facilitators will make recom-
mendations to an informal "organizing committee" made up of representatives of
the TPA parties, two affected Indian Tribes, three counties, and the National
Park Service. The facilitators will recommend thc makeup of a larger "working
group" and make suggestion about structuring the process.

The initial objective for the future site use planning process is the
development of alternative future visions that can be used to scope the
Hanford Remedial Action EIS. Scoping for this EIS is expected in mid-1992.

2.4.3 Hanford Macroengineering Study

The macroengineering approach to environmental restoration of contami-
nated soils and buried waste at the Hanford Site is being investigated as a
more expedient alternative to the currently used operable-unit approach. The
current approach is to plan and implement separate RI/FS at each operable unit
at the Hanford Site. Hoﬁever, since many of the operable units are located
close together, or are often overlapping, so that even the RI activities
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pertaining to one affect another, a larger perspective seems reasonable and
efficient. A macroengineering study was undertaken by WHC during FY 1991 to
evaluate the potential for and impacts of using a larger-scale remediation
approach based on aggregate areas. Under the macroengineering approach,
co-located operable units will be combined into aggregate areas for remedia-
tion. Some of the environmental restoration issues, such as ground-water
contamination, which by their nature cross many operable unit boundaries, are
better addressed on a Hanford Site-wide basis.

The current macroengineering scenario, which is based on an extensive
reliance on existing technology to meet cleanup needs, is to excavate the
operable unit sites in the 1100, 300, and 100 Areas, separate and reduce
volumes at those locations, and transport the contaminated portions to the
200-Area plateau for permanent disposal. The clean portion would be returned
to the sites. Ground water beneath the 200 Areas would be isolated and wastes
already in the ground in these areas would be disposed of in situ. Ground
water within the 1100, 300, and 100 Areas would be restored to the degree that
would be cost-beneficial, and the 200 Areas would be devoted to waste disposal
and management in perpetuity. At this time, the macroengineering concept has
not been discussed in detail with EPA and Ecology.

A major key to the acceptance of a macroengineering approach would be
the assessment of the human health risk aspects of this option for Hanford
Site remediation. That assessment requirés the use of risk assessment models.
If the methodelogy for assessing site-wide risks, which is being developed for
the Hanford Strategic Analysis described in the previous section, were applied
to the macroengineering approach, then it could be compared directly to other
remedial options.

2.4.4 Science and Technology Assessments

Over the past several years, WHC and PNL have done several assessments
of science and technology needs for environmental management, some specific-
ally as they relate to decision tools. The science and technology assessments
that have been done so far tend to have a narrow, rather than a site-wide,
perspective. These assessments have usually not been focused on answering
questions oriented toward Site-level decisions. They have tended either to
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focus on the technologies associated with a single mission area or a single
environmental medium at a time, or on very specific data needs related to
these two aspects of the environmental management mission at Hanford.
Usually, they have not focused on the relative impact of activities in one
mission area (or environmental medium) on other mission areas (or environ-
mental media). They have tended to focus on what is not known rather than
what is known, and usually have not taken the view of how existing decision
tools or data can be used more effectively to answer cross-cutting environ-
mental management questions.

The Hanford Integrated Planning Process is taking a site-wide, rather
than a narrow, approach to dealing with environmental management issues.
The needs for science and technology developments in one mission area will be
evaluated against the needs in another area based on an assessment of baseline
risk, expected technical performance, risk reduction, cost, and ability to
meet schedules. Decision support tools will be required in order to assess
science and technology needs and evaluate the trade-offs among performance,
risk reduction, cost, and schedule. Therefore, the same types of decision
tools that are needed to evaluate environmental management options are also
needed to evaluate the science and technologies needed for these options.

Some of the past science and technology needs assessments are described
below for an historical perspective.

Performance Assessment Technology Development for Cleanup
and Disposal of Hanford Defense Wastes

This report (WHC 1988) presents a strategy for identifying, adapting,
improving, and using the technology needed to evaluate the long-term environ-
mental consequences of actions proposed for Hanford cleanup. The objective of
this strategy is to advance the technology sufficiently to do the analyses
identified by the final EIS for disposal of Hanford Site defense wastes (DOE
1987). This report recommends developing computer-based mathematical models
and a database suitable for simulating performance of the proposed waste
remediation and disposal systems with adequate confidence. Also included is
the description of work needed to address each performance assessment issue.
Plans are included for assigning waste form and barrier functions and
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allocating associated performance goals and required confidences. By this
means, in conjunction with marginal utility cost-benefit analyses specific to
each waste-form remediation and disposal program, the comparative merits of
alternative designs can be evaluated. Site characterization or materials test
data that may be needed can also be identified.

Hanford Site Environmental Restoration and Waste
Management Technology Plan for the Calendar Year 1990

Descriptions of individual technical issues presented in this report
(Anantatmula 1990) underscore the need for performance assessments (PAs) and
risk assessments (RAs) in resolving technical issues. A credible evaluation
of the effects on the environment of actions proposed for disposal of Hanford
defense wastes is required to ensure that the incidence of adverse health
effects does not exceed the limits defined in the regulations and complies
with applicable regulations. Additional impetus is derived from CERCLA and
RCRA requirements to perform RAs on each operable unit during the RI/FS or
RFI/CMS.

Assessments will be made on the basis of models; they will include the
overall site-wide performance of the disposal of wastes. The technology
required to perform these assessments in an integrated fashion is discussed.

Hanford Science and Technology Progqram

This document was prepared in response to an October 4, 1990, request
from RL to PNL to develop a proposal for a Science and Technology Program
supporting the Hanford Site’s environmental mission.® The document
describes the purpose, need, and approach for involving national laboratories
in Hanford’s planning, science, and technology development activities. The
Hanford Integrated Planning Project is an outgrowth of this document. The
scope of the tools development task, which is the antecedent of the Hanford
Integrated Planning Project Decision Support Tools Task, had the following
scope:

(a) Pacific Northwest Laboratory. 1990. Hanford Science and Technology
Program. Hanford Site distribution.
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. Performance assessment — A variety of performance and exposure
assessment analyses have been conducted for various purposes at the
Hanford Site (e.g., DOE Site Survey, PUREX Restart EIS, Hanford
Defense Waste EIS, Surplus Production Reactors EIS, Grout
Performance Assessment). From these specific analyses and from a
review of regulatory and institutional requirements (i.e., under
RCRA, CERCLA, SARA, and TPA), a comprehensive picture of Hanford
Site performance assessment needs will be developed. This subtask
will determine the Tevels of modeling sophistication and detail
required to obtain a baseline (no-action) analysis of the Hanford
Site and analyses of specific operable units, aggregate area
management units, or remediation technologies. Based on these
analyses, a comprehensive plan for performance and exposure
assessment technology tools would be produced.

Risk/safety assessment — Although Hanford waste operations con-
tractors are preparing Preliminary Safety Analysis reports and
Final Safety Analysis reports for waste processing and retrieval
coerations, safety analyses are not well developed for the non-
operations ER/WM functions. The possible accident scenarios and
their probability of occurrence for developing and applying various
ER/WM technologies have not been developed. However, once such
scenarios have been developed, the risk and safety analysis tech-
niques for probabilistic risk assessment can be used to assess the
significance of accident scenarios. The performance assessment
estimate near-term affects workers and the public associated with
alternative options or strategies being considered within the
integration and priority-setting process.

« Cost/analysis - Assessments of costs and benefits are important
inputs to integration and priority-setting activitias., A need
exists to develop generic cost analysis tools, approaches, and
data. Generic tools and controlled data would be desirable to
permit benchmarking and site-to-site comparisons, and to enhance
the credibility of the integration and priority-setting activities.

Preliminary Performance Assessment Strate

Tank Waste Disposal

Recently, Sonnichsen (1991) published a performance assessment strétegy
for disposal alternatives for wastes from single-shell tanks at the Hanford
Site. A comprehensive program to dispose of single-shell tank wastes in
compliance with applicable laws and regulations has been initiated. Different
disposal alternatives will be considered; the performance of each disposal
alternative will be evaluated with numerical models. A set of 16 waste-
disposal alternatives has been defined and is currently under review as part
of a systems engineering evaluation. This list will be reduced by a screening
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analysis, and the performance of the reduced list will be evaluated and
documented in a supplemental EIS to the Hanford Defense Waste Environmental
Impact Statement. Sonnichsen (1991) presents a strategy for conducting these
analyses, including the computer codes, conceptual models, and scenarios.

A brief evaluation of the proposed codes, including description, opera-
tional status on Hanford Site computer systems, testing and documentation, and
data needs are summarized in an appendix of the report. Specifically, the
UNSAT-H code (Fayer and Gee 1985) is planned for evaluation of the air-soil-
water balance at the land surface to predict recharge. Characterization of
releases from the single-shell tank wastes will be determined by laboratbny
studies. MINTEQ (Felmy, Girvin, and Jenne 1984) and EQ3/EG6 (Wolery and
Davler 1989) are planned for evaluation of the e.fects of varying chemistry on
transport of contaminants in the unsaturated zone. Laboratory studies will
also be used to determine transport properties of the different ccr.tam*nants.
The VAM2DH (Huyakorn et al. 1988) and PORFLO-3 (Sagar and Runchal 199G} codes
are planned for modeling flow and transport of coataninants from the single-
shell tanks in the unsaturated zone. The VTT (Reiserauer 1979) and CFEST
(Gupta et al. 1982) codes are planned for analysis of flow and transport in
the saturated zone (ground water).

2.5 HANFORD SITE INFRASTRUCTURE AND COORDINATION ACTIVITIES

In parallel with the environmental restoration programmatic planning,
there are planning activities that relate to the long-term functioning of the
Hanford Site. These activities provide the infrastructure platform upon which
the programmatic efforts must be performed. Also, in 2 few cross-cutting
areas, committees exist at Hanford that attempt to coordinate technical
approaches. The planning activities that affect the Decision Support Tools
Task are listed below:

Hanford Information Resource Management: An Ar

1990s -~ This document (DOE/RL 1989) provides a direction for

infcrmation management development and the framework within which

it will be implemented between now and the year 2000. Update of
this document will begin soon.
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This plan (DOE/RL 19919) constitutes a strategy for Hanford S1te
computing and telecommunications. It is updated annually and
includes infrastructure needs. The team responsible for the
maintenance of the plan must be kept informed of current and future
definition of tool requirements and developments, as typified by
the Hanford Integrated Planning Decision Support Tools Task.

Hanford Environmental Dose Overview Panel - The Hanford Environ-

mental Dose Overview Panel (HEDOP) is the technical representative
for RL for matters related to environmental and health dose assess-
ments of operations and facilities on the Hanford Site. Environ-
mental and health dose assessments may include 1) the use of
various types of models to project the environmental transport of
potentialiy harmful materials, 2) the development of exposure
and/or dose est.mates, and 3) application of health risk conversion
factors. The purposes of the Panel are to ensure that appropriate
radiological and nonradiological environmental and health dose
assessment methods are used at Hanford, that all Hanford-related
environmental and health dose assessments are technically
consistent, and that Hanford contractors communicate among
themselves regarding environmental and health dose assessments.
Bosides ensuring that all applicable environmental and health dose
¢ssessments are reviewed for technical consistency, HEDOP also
reviews and approves methods (e.g., computer codes and the associ-
ated input parameters) that may used routinely to conduct
environmental and health dose assessments, establishes an ad hoc
warking group to address specific issues, and approves individuals
to serve as Panel-Approved Reviewers.

Exposure Information Steering Committee — The Exposure Information
Steering Committee (EISC) is established, by the agreement of RL
and the Hanfard vontractors, to provide guidance, direction,
development, and information for multi-contractor cooperation in
implementing an occupational health and exposure information man-
agement system. The purpose is to develop an integrated occupa-
tional health and exposure information management system that will
provide assistance to the Hanford Contractors, with the capability

- to detect and minimize health risk occurrences at the
Hanford Site

- to promote the health and safety of employees

- to improve compliance with applicable laws, regulations,
and directives

- to reduce cost by developing common systems for the

Hanford Site, thus reducing redundance of data, hardware,
software, and processing.
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EISC will define the strategic approach and direction for a compre-
hensive and uniform program for occupational health and exposure information ‘
development and management for DOE activities at Hanford. The program will
address integration and development of appropriate employee exposure records,
employee medical records, and interaction of appropriate information sources
and exposure controls and data.
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3.0 GENERAL ASSESSMENT OF DECISION SUPPORT TOOLS

This section contains descriptions of decision support tools ranging
from general and higher-level management decision tools to more technically
oriented media-specific toois and data. Section 3.1 describes how the
decision support tools fit together; Section 3.2 describes management decision
support tools, performance and risk assessment models, information management
systems, and data.

The Decision Support Tools Task was concentrated on identifying decision
support tools available at the Hanford Site, as well as gaps or issues. These
are discussed throughout and are summarized in Section 5.0 of this report.
Later, decision support tools from elsewhere (e.g., other DOE sites, private
industry) will be evaluated for applications at the Hanford Site, and more
specific deficiencies in decision support tools will be identified.

3.1 HOW DECISION SUPPORT TOOLS FIT TOGETHER

Figure 3.1 shows in a general way how different decision support tools
may be used together to aid decision-making in environmental management at the
Hanford Site. The tools needed include management decision support tools and

- performance and risk assessment models and tools.

A major issue that has to be addressed in evaluating options, i.e., the
risk to human health or the environment, can reval how the decision support
tools can be used together. The physical characteristics of the problem
include material balances, environmental data, and technology performance;
the physical pathways include air, water (surface and ground), and direct
contact; the exposure pathways include breathing, eating, drinking, and dermal
contact. Dose and dose response refer to the contaminant, intake, amount or
concentration, length of exposure, and biological effects.

‘However, not all of these decision support tools will be applied
together in all cases, as some of the following applications of the tools
show; they can be applied singly or together:

« Management decision support tools often require input derived

from other models or input accessed using information management
systems.
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EIGURE 3.1. Tools that Support Hanford Site Decisions

+ When no direct measurements are available, or when direct
measurements are not applicable due to temporal or spatial
discrepancies, source-term release models provide contaminant
release rates for environmental transport models.

Environmental transport models are often applied to predict con- ‘I’
centrations in the environment to locations of human or ecological
uptake and travel times to predict human health or ecological risk.

Performance assessment models provide input to decisions without
predicting risk.

Information management systems can be used to access databases and

provide summary information or specific data used to calibrate

and/or validate environmental transport models.

A number of issues are associated with how decision support tools can
be combined for specific applications. Although most issues are specific to
the individual tools being combined, some common issues have been identified:
transferring information between tools, modifying tools to obtain intermedi-
ate results useful for decisions, and managing results from multiple model
applications.

Transfer of results or information from one decision support tool (model
or database) to another is generally difficult and labor-intensive. The
difficulties are typically caused by decision support tools from different
computer systems or tools not being designed to be used with other tools. ‘I’
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This issue can be resolved by providing a coupling function to overlay exist-
ing codes and by developing new codes that can be easily coupled with other
tools.

Producing intermediate results may require modifying an existing code.
Codes and models are generally designed for specific applications. In some
cases, intermediate results from a model are as useful as the final output
from a code. In a code designed for conducting a risk assessment, such as
MEPAS, the final output is expressed as a risk indicator. However, the
predicted environmental concentrations may be of interest for model calibra-
tion or for comparison with regulatory limits. Modifying codes to produce
intermediate results can be cumbersome. This issue can be resolved by
modifying the model itself, coupling the model to another model, or capturing
the output that needs to be transferred.

Some applications of models require multiple simulations of a computer
model. Results from multiple applications of performance and risk assessment
models can be cumbersome to manage. Information management systems can be
designed to assist with managing large volumes of output from computer models
and rapidly accessing the results for further processing and visualization.

3.2 GENERAL APPROACHES

There are several general approaches that are useful in making decis-
ions, but are less specific in their purpose than most tools reported in this
document. These can be used in combination with specific tools.

3.2.1 The Observational Approach

The observational approach was first investigated by DOE in 1989 as a
method to help streamline the RI/FS efforts. The DOE has endorsed the use of
the method in the 1990 Five-Year Plan (DOE 1990c). EPA has similarly endorsed
streamlining concepts equivalent to the observation approach in OSWER Direc-
tive 9355.3-06 (EPA 1989). Presentations, implementation guidance, and site-
specific applications were conducted at a majority of installations. The
potential benefits of conducting remediation efforts using the observational
approach framework include:
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I

+ inherent "bias for action"

integration of the characterization and remediation phases of the
project

a proactive, responsive technical product
- enhanced protection of human health and the environment
« reduced time to begin remediation
- use of decision tools for maximum effectiveness.

EM and EH are currently pursuing the integration DQOs (Section 3.5.2) into the
observational approach framework.

The tools discussed in this document can be used in conjunction with the
observational approach to better implement waste site characterization and
remediation. Logic diagrams can be used to identify critical decisions and
tasks. Models can help design a conceptual model, identify probable condi -
tions, and assess impacts of deviation occurrences. DQOs can help identify
data needs and develop a sample plan that can meet these needs to obtain data
sufficiency.

The observational approach can help site managers plan characterization
and remediation activities under RCRA Corrective Action or CERCLA. Applica-
tion of the method has occurred at two National Priorities List sites: the
Whittier Narrows ground-water opérab]e unit in Southern California and the
Weldon Spring Site Remedial Action Project which is a quarry excavation.

Both have completed the FS phase of the process. Los Alamos National Labora-
tory is using the observation approach framework to streamline corrective
actions. Oak Ridge National Laboratory is using the approach to help plan
remedial activities at their waste area groups. Several other DOE installa-
tions are beginning to use the approach or the principles to plan remediation
effectively. '

3.2.2 Decision Analysis

Decision analysis tools assist the decision-maker in taking output from
technical tools and using this output to make selections among alternatives.
Decision analysis is reqdired for risk management: selecting an acceptable
level of human health risk, considering all other aspects of the problem such
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as cost, schedule, ecological risk, and technological risk. Decision analysis
can also help make risk trade-offs, answering questions such as: "Is it worth
it to increase remediation worker exposure now, for a lower level of popula-
tion exposure in the future?"

Decision analysis tools are currently being applied to the Hanford Site
to look at the tank waste disposal program redefinition (Gryrel et al. 1991).
The decision being analyzed is which process/facility option is best for
disposing of single- and double-shell tank wastes. The decision process
included

« stakeholder involvement to ensure consideration of relevant
viewpoints

technical analysis of options to provide a common and complete
basis for comparison of options

use of multi-attribute utility analysis to link stakeholder input

and technical analysis of options and to weight all relevant

information.
Deriving weights that assign relative importance to the relevant information
is the most controversial and confrontational step. Often, as with the tank
waste application, one outcome of the decision analysis process is that strong
value differences among stakeholder groups indicate the need for strategies
that improve consensus.

Some of the most advanced applications of decision analysis tools have
been those developed by the Department of Defense (DoD). The DoD has devel-
oped a set of tools for managing high-risk projects (DoD 1986). The risk
management method focuses on identifying and controiling areas or events that
have the potential of causing unwanted change. Large programs are broken down
into activities, and each activity is quantified as to uncertainty of cost,
time, and probability of success. Individual activities are assigned an
integrated ranking. The program can thus be assigned an overall risk.

There are several commercial decision analysis software packages avail-
able for solving decision analysis problems. A comparison of these software
packages has recently been completed (Call and Miller 1990).
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3.2.3 Decision Simulation

Decision simulation, one step beyond decision analysis, combines tradi-
tional decision analysis with simulation to provide a tool that can be used to
test the quality of a decision when a limited amount of relevant sampling data
is available. The specific application to the Hanford Site was a "leave
versus retrieve" decision associated with single-shell tanks (Chamberlain
1991).

The problem addressed by this decision simulation application was
whether to leave or retrieve tank contents or to defer the decision until more
information became available. The decisions depended on the validity of the
probability distributions of contaminant mix and concentration in the tanks.
There were insufficient samples to estimate these probability distributions
with the level of certainty required by regulatory requiremints. Thus, a
simulation was used to repeatedly generate core sample sets "similar" to
samples obtained from the tanks to understand the spatial variability using
data from existing risers. Decision rules were then applied using the
simulated data. By simulating all possible conditions and exceptions that
represented the full range of costs, schedules, and technical considerations,
decision rules were developed that were robust under a wide range of tank
contents and concentrations. This information was used to direct future
sampling efforts and identify clearly dominant decision rules.

3.2.4 Formal i i m

To reliably determine the needs associated with remediating the Hanford
Site, a structured approach has been taken to identify questions that need
answers and that require applying tools to obtain the answers. This approach
could also be used to set priorities for each of the tasks defined in a logic
diagram. The formal logic diagram requires input and team work from a variety
of disciplines; it yields what has been called a structured logic diagram.

This approach has been used in the nuclear industry and is the subject
of a book (Henley and Kumamoto 1981). The formal logic diagram is developed
by asking high-level questions, the answers to which define logical pathways
toward basic needs. In the logic network, a series of "gates" or connections
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is used to define success. An illustration of using the approach to define
the alternatives to “"ensure safe site remediation" is given in Figure 3.2.

3.3 MANAGEMENT DECISION SUPPORT TOOLS

Management decision support tools are used to synthesize information at
a high level to assist with making decisions. The key tasks in decision-
making (after clearly stating the problem) are identifying alternatives, char-
acterizing the alternatives with respect to a set of attributes, providing a
preference function (e.g., priority ranking system, value system) for assign-
ing value to the attributes, and finally ranking alternatives according to
their assigned value to select the alternative with the highest value. Attri-
butes such as health risk, ecological risk, cost, and schedule are often
considered in environmental restoration problems. Technical considerations
(Is the remedy suggested technically feasible? Is there a sound scientific
basis for the remedy?) play a part in that it is usually assumed that the
suggested alternatives have passed the science and technology review. This is
often not the case. Additionally, there is often a trade-off between tech-
nical considerations versus cost and schedule - the idea that if enough money
is targeted for a problem, any technical problem can be solved. This often is
not the case, either. Section 3.3.1 discusses tools that help in evaluating
the trade-offs that must be made. Also discussed in this section are generic
decision tools that many Hanford contractors have embodied in specific
analyses. Section 3.3.2 discusses cost estimation tools, and Section 3.3.3
discusses scheduling tools.

3.3.1 Tools That Can Be Used to Integrate Technical Considerations.
Cost, and Schedule

Tools developer at Hanford or commercial decision software that is being
used at Hanford can both be used concurrently to examine technical trade-offs,
costs, and schedules.

R ial jon Assessment System

The Remedial Action Assessment System (RAAS) is currently under develop-
ment by PNL for ER. The RAAS methodology is intended to support feasibility
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study activities that are conducted in parallel with site characterization and
treatability study activities. It is anticipated that the RAAS methodology
will be employed iteratively throughout the development of the RI/FS. Initi-
ally, preliminary or engineering judgement data will be used before actual
site data is available to allow preliminary consideration of potential general
response actions and technologies that might be used for cleanup. These pre-
liminary evaluations will help identify key site or technology information
that is required from site characterization and treatability study activities.
As the RAAS methodology is successively applied when site characterization and
treatability study information becomes available, the identification and
evaluation of the general response actions to be included in the record-of-
decision can be continuously refined.

The primary RAAS application is a computational tool used to derive and
evaluate complete remedial alternatives, and to access and document the
reasoning behind the software’s construction of these alternatives. The RAAS
methodology selects, screens, links, and evaluates remedial alternatives in
support of the feasibility studies required for every DOE operable unit. Some
of the methodology’s features include

. screening and linking of technology unit processes into remedial
alternatives

. comparatively evaluating remedial alternatives in terms of
established EPA criteria (e.g., risk, cost)

documenting assumptions and decisions made by the user
making recommendations for treatability tests and site characteri-
zation requirements for streamlining the remedial investigation
portion of the RI/FS process

. providing internal consistency checks for input data
applying an internal risk assessment model to back-calculate
cleanup objectives from health-based risk criteria and a data gate
for accessing user-selected technology risk assessment model.

The RAAS methodology produces its results using a hybrid system (com-
bination of quantitative models with qualitative reasoning) designed and
constructed using object-oriented tools and techniques.
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RAAS’s development is ongoing, and the initial prototype has been
completed that will allow potential users to preview how the full methodology
will operate. The current prototype allows the user to describe a location,
describe a contaminated site (contaminated medium parameters and contamin-
ants), choose potential responses {containment, removal/treatment/disposal,
etc.), determine cicanup objectives, identify potential technologies, and
determine the effects of applying those technologies in a remedial action
treatment train (complete remedial alternative). Features such as attribute
comparisons (i.e., cost, risk, etc.), annotation of user input, and generation
of RI/FS documentation have not yet been implemented. Plans for FY 1992
include work to determine how MEPAS can be incorporated into RAAS.

v val i hni

‘ Venture Evaluation Review Technique (VERT 2000) is a commercial product
(copyrighted by MSW and Associates, 1991) currently used by WHC for
programmatic risk management at Hanford. Beginning with a problem,
alternative action plans are identified. Activities in each action plan are
identified and assigned three values: probability of success, time
distribution, and cost distribution. These activities, called ARCs, are
linked by nodes. Nodes are decision points and contain the logic structure
for the decision (AND, OR, ALL, etc.). The key advantages of VERT over the
earlier generation of program planning tools, such as PERT or CPM, is that
VERT is stochastic, has enhanced node logic (the user can put in filters or
sorts), incorporates inter/intra-arc mathematical relationships (relates the
past to the future), and integrates performance, time, and cost. The output
of VERT is a list of activities, ranked according to an integrated scale that
combines time, cost, and success. VERT provides variability estimates for the
individual time, cost, and success rankings, all of which are input to a
multi-attribute utility function to get an integrated ranking.

Solid Waste P ion Mod

The Solid Waste Projection Model (SWPM), Version 1.0 (DOE 1990d), a tool
developed at Hanford, integrates technical considerations with other factors,
that can be translated into cost and schedule requirements, such as waste
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storage, treatment, and disposal capacity, thus providing a tool that can be
used for waste management decision-making. SWPM provides the ability to

develop detailed projections of the volumes of wastes to be managed
and the characteristics of these wastes

« characterize and evaluate the impact of alternative treatment,
storage, and disposal (TSD) technologies on facilities and
operations

- assess the impact upon TSD cost and capacity requirements when
waste volumes or waste characteristics vary

« track actual versus projected quantities of wastes, for evaluating
waste volume-reduction activities.

Yersion 2.0 will be available during FY 1993.
3.3.2 Cost Estimation Tools

A variety of groups at WHC are doing cost estimation for the Hanford
Site remediation activities. The methods used have been based on previous
work using a unit cost approach that can be dealt w th using a spreadsheet.

What would help most immediately is a database of standard component
costs that everyone could use for estimating the cost of remediation alter-
natives. The standard will provide comparability to the basis for cost
estimates.

Hanf ite C

Costing packages currently used at the Hanford Site consist of various
spreadsheets and databases that contain unit costs (e.g., cost to drill a
ground-water monitoring well, cost to move 1 ft® of soil) which get extended
by the units of work required to accomplish a job (e.g., number of wells
required, number of cubic feet of soil) to arrive at a total cost.

A more standard costing system is currently being implemented by RL. @
A11 Hanford Site contractors have been told to implement a management control
system (MCS) for TPA activities by October 1991. The TPA milestones are to be

(a) Letter dated May 16, 1991. J. Wagoner to C. Gregoire and D. A.
Rasmussen. "Hanford Federal Facility Agreement and Consent Order Change
Packages." U.S. Department of Energy, Richland Operations, Richland,
Washington.
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planned, controlled, and managed within the MCS. Specific work-scope elements
for 2ach milestone are to be identified and maintained in the work breakdown
structure for MCS. Cost is to be collected and reported by major milestone
based on the identification of TPA milestones within the work breakdown struc-
ture. A working group of EPA, Ecology, RL, and WHC staff will be established
to review milestone cost and schedule status, ensure that any changes to mile-
stone designation in the ADS are incorporated in the TPA-MCS baseline, and
establish a DOE certification of progress for meeting milestones. The MCS is
currently being implemented and should be operational by late 1992.

Cost of Remedial Action Model

The need to accurately estimate hazardous waste cleanup costs has led to
the development of several computerized cost-estimating tools and models. The
development of these tools has been sponsored by EPA or DOE, and increasingly
by private industry. A good catalog of computerized environmental restoration
cost-estimating tools has been published (DOE 1990b). The report categorizes
the tools that have been developed:

estimation stage — order-of-magnitude, intermediate (budget), and
definitive

. environmental restoration stage — xI/FS, remedial design/remedial
action

» underlying methodology — detailed method“’, parametric approach(”
. contaminants addressed - hazardous chemical, mixed chemical.

Developed by EPA and routinely used by EPA at Superfund sites, the Cost
of Remedial Action (CORA) Model is the most widely used cost-estimating tool
in the field. CORA serves as the industry benchmark against which other cost-
estimating tools are judged. CORA contains both a technology system and a
cost estimation system.

(a) Knowledge is captured in a unit cost database with procedural methods
for aggregating the component costs. The report gives references for
commonly used and commercially available unit cost databases.

(b) Expertise is embedded in the models and the relationships established
with historical data.
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Micro-Computer-Aided Cost Engineering Support Systems

The COE developed Micro-Computer-Aided Cost Engineering Support Systems
(M-CACES) and the mainframe version as a detailed bottoms-up construction-cost
estimating tool, typically applied to heavy civil engineering projects. The
COE is in the process of building an environmental restoration unit cost
library so that both codes can be used for hazardous waste clean-up projects.

Future Development

The DOE needs to invest resources to validate current and future tools.
So far, of all the costing models reviewed in the report referenced above,
only CORA has been validated (12 out of 12 sites fell within the acceptable
range of -30% to +50% when CORA estimates were compared to actual costs). The
DOE also needs to build unit cost databases for both the mixed and radioactive
waste areas.

3.3.3 Scheduling Tools

A variety of scheduling tools are used at the Hanford Site by the var-
ious contractors. Tools currently in use include commercial scheduling
programs (such as VERT), user-generated spreadsheets, and time-1ine charts.
Efforts are being made to standardize the scheduling of environmental restora-
tion projects at Hanford and incorporate costs into the progress.

RL is establishing the Site Management System (SMS) as the central
system for planning and executing programs (DOE/RL 1991d). The management
approach embodied by the SMS is characterized by the control of approved
program baselines that provide a standard against which accomplishments,
progress, and expenditures are measured and programs are controlled. All RL
program/project participants have been instructed to use the SMS management
approach for program/project formulation, execution, and evaluation.

Figure 3.3 is a schematic of the RL Site Management System Architecture.

3.4 PERFORMANCE AND RISK ASSESSMENT MODELS

Risk and performance assessment models include capibi]ities for evaluat-
ing release from sources and transport through different environmental media
and exposure pathways to reach humans (Figure 3.4). The air, surface-water,
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FIGURE 3.4. Environmental Exposure Pathways for the Hanford Site

ground-water, and unsaturated zone pathways may be important for evaluating
risks from contamination and remedial actions planned at the Hanford Site.
The release models are combined with the environmental pathway models and
exposure pathway models to assess the risks from existing contamination or
remedial actions. Any of the individual models can be used separately to
address aspects of the different components of the problem.

It will be necessary to demonstrate to regulatory agencies, the general
public, and other stakeholders the effectiveness of waste management and
environmental restoration options proposed for each major activity at ihe
Site. In most cases, options can be demonstrated by applying source-term
release environmental transport, exposure assessment, and risk assessment
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models either by themselves or in sequence. Models must rely on information
derived from measured data.

Combination of source-term release, transport, and environmental pathway
models is termed "pathway modeling" and is required in the CERCLA regulations
as part of a baseline risk assessment for hazardous waste sites. Figure 3.5
illustrates the required activities and how these activities are interrelated.
Data is input to models, and higher-level information is produced in the form
of model results. The areas where models are used include process and opera-
tions, environmental and biosphere transport, and exposure.

Source-term release models may include source-term inventory models used
to estimate inventories in waste sites or storage facilities, such as the
single- and double-shell tanks, and geochemical models used to predict release
from different waste forms. Source-term release models are also used to esti-
mate quantities of contaminants released from a waste site so that transport
through the environment can occur. Environmental transport models include
capabilities to predict transport in the atmosphere, surface water,
unsaturated zone between the ground-surface and water table, and ground water.
Often, in conductiry exposure and risk assessments, these different pathways
must be linked. Environmental pathway models include models for predicting
transport through the biosphere (plants and animals) by different exposure
pathways to humans by routes of ingestion, inhalation, and absorption. Health
risk assessment models are generally combined with exposure assessment models
and other information to estimate the risk of exposure to chemicals and radio-
nuclides. Models to predict ecological effects or ecological risks may be
derived, in part, from the human exposure models because they provide con-
stituent concentrations in various ecosystem components as intermediate steps
in predicting human health impacts. However, different end-points may be
needed.

Existing codes for environmental transport and environmental pathways
vary in complexity from models appropriate for screening different sites or
remedial alternatives to models of detailed physical and chemical processes.
The complexity of the model used must be consistent with the technical
requirements of its intended application to support a decision and the amount
of data available. Simple models can be based on analytical solutions or
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simple numerical codes that can be implemented on personal computers. More
complex models require specialized solution methods and larger computers for
implementation. The following categories of models are used:

« source-term inventory
« source-term release

- subsurface flow and transport - unsaturated-zone, ground-water, and
surface-water pathways

- surface water

+ airborne transport

« environmental pathways

« health risk assessment — worker and general population.

Quality assurance characteristics of codes described in the following sections
are summarized in Appendix C, which includes information on the codes’ design
documentation, users’ manuals, verification/benchmarking, and validation.

3.4.1 Source-Term Inventory Models

Source-term inventory models are used to simulate material flow and
the physical processes in production facilities. In general, no process
codes exist for design of and use in chemical processing plants at Hanford.
Although several commercial codes are available, most, if not all, are
designed for use with organics and do not work well when applied to inorganic
chemical processes. These codes are summarized in Table 3.1.

Three codes have been used and are receiving attention during this
fiscal year. Of these, ASPEN is a commercially available code for performing
mass balance calculation. The code SEPHIS has been used for calculation mass
balances for processing plants in which solvent extraction is carried out.
The code PREDICT was developed to calculate the effect on solutions by use of
the crystal evaporators.

ASPEN

ASPEN (ASPEN PLUS, Aspen Technology, Cambridge, MA) is a commercially
available code that was developed with sufficient flexibility that it might be
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TABLE 3.1. Summary of Capabilities for Source-Term Inventory Models

tion
Material Radioisotope Radioisotope
Code Balance Decay _Generation _Purpose
ASPEN X calculates material
balances in process
plants
SEPHIS X calculates material

balances in solvent
extraction processes

PREDICT X calculates the
concentration of
solutions processed
through Hanford
evaporators

applicable to the chemical processes at Hanford. This process-oriented, mass-
balance code has been applied to single-shell tank system studies and may in
the future find a role in material balance calculations for Hanford process
plants.

SEPHIS

Mass balance calculations for the processing plants at Hanford are
usually done by "hand," or a code specific to that plant is used, e.g.,
PUREXNEW (Allen 1991). At the Plutonium-Uranium Extraction (PUREX) Plant, a
code developed in-house is used, and a portion of this code incorporates the
SEPHIS code (Richardson and Swanson 1975). The SEPHIS code was developed at
Oak Ridge National Laboratory for calculating mass balances through ion
exchange columns. This code has been adapted for use on the solvent extrac-
tion columns at PUREX. '

PREDICT

The PREDICT code (Allison 1984) was developed for use at crystallizer-
evaporators. This code can be used to determine the effect on a solution that
enters the evaporator and has been processed there. Howaver, only six of the
main solution constituents are currently in the database and, hence, PREDICT
has Timited utility.
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3.4.2 Source-Term Release Models

Source-term release models are used to estimate inventories and predict
releases of contaminants from waste forms. Several codes exist for use in
calculating the chemistry of the waste streams at Hanford. These are
summarized in Table 3.2.

Three codes, PROCHEM, EQ3/6, and MINTEQ, are used for essentially the
same purpose, i.e., to calculate the chemical speciation of aqueous solutions
and determine the saturation state of that solution with respect to solid
phases. One of the release models is embodied in the TRAC code to determine
the pathway of chemicals through the Hanford waste tank system. The ORIGEN
code was used to calculate the decay and growth of radioisotopes in a radio-
decay schame.

Of these, the best known is the TRAC code (Jungfleisch 1984), written to
follow the waste from each chemical processing plant at Hanford through the
waste tanks to the uribs and other discharges. Developers planned for this
code to be used to calculate the contents of the Hanford waste tanks. How-
ever, several computational conveniences gave rise to inaccuracies in the
calculated contents of the waste tanks. For example, because the organic
complexants represented a chemical of unknown behavior in the Hanford waste
system, the organic fraction in a waste being pumped from a tank was allowed
to be transferred and also to remain behind. This inaccuracy has caused
unresolved questions concerning the content of tanks such as BY-104, which
has been calculated to contain ferrocyanide, while at the same time doubling
the calculated organic inventory according to results from the TRAC code.
Analyses of tank BY-104 samples need to be performed to determine the actual
organic and ferrocyanide inventories.

TRAC

The TRAC code (Jungfleisch 1984) has not been used since 1985. Since the
code was written for use on a CYBER computer, TRAC needs to be updated and
modified to correct shortcomings, including the use of an old version of the
ORIGEN code (Croff 1980), and the chemistry of organics. To make TRAC yield
more accurate waste compositions, more accuracy must be included in the chem-
ical database and the chemical mass balance equations in TRAC.
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ORIGEN

The ORIGEN code (Croff 1980) has been used for a number of years to
calculate the radionuclide composition of the waste resulting from the fission
of nuclear fuel and the time evolution of that fission product mix or of an
input isotope mix. This code continues to be the reference code for such
calculations.

PROCHEM, E03/6, and MINTEQ

Other codes used (or with potential to be used) to calculate the chemical
species from the gross chemical composition are the PROCHEM (ULI Systems,
Morris Plaines, NJ), EQ3/6 (Wolery and Davler 1989; Wolery 1983), and MINTEQ
(Peterson et al. 1987) codes. These codes are speciation and equilibrium
codes. Given the gross composition of a solution, the individual chemical
species, including aqueous soluble organics, can be calculated. For instance,
if a solution contains calcium, the codes can be used to calculate the concen-
trations of Ca%, CaCO;, and CaOH™ in solution, subject to constraints of the
solution composition. These codes have associated databases containing
information on more than 500 chemical species. However, these databases may
not contain all the information needed to perform an accurate calculation on
Hanford wastes. Because of the limited associated thermodynamic database
internal to the code for highly saline solutions, these codes have limited
applicability to the wastes at Hanford.

lytical i r rce-Ter e

The Analytical Respiratory Source-Term comjuter code, AREST, implements a
model of the near-field performance (up to 10 meters) of waste packages in a
deep geological repository for high-level radioactive wastes (e.g., spent
nuclear fuel from commercial reactors). The code models corvesion of the
waste package containers and, if the container fails, simulates the release of
radionuclides to the environment. Release estimates for individual waste
packages are integrated with respect to a sequence of waste package failure
times to produce a time-dependent estimate of total repository release
(Liebetrau et al. 1987).
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AREST uses detailed support codes such as ORIGEN to calculate release
inventories, EQ3/6 to determine chemical and radionuclide transport, and
TEMPEST to calculate temperature profiles for each simulated waste package.

3.4.3 face F1 Trans M

A variety of different models for simulating flow and transport in both
the unsaturated zone and ground water exist at the Hanford Site. In this
section, a historical perspective of these models is presented, followed by a
discussion of issues associated with the different models. A summary is
presented in Table 3.3.

UNSAT-H

Codes for simulating flow and transport in the unsaturated zone have been
applied at the Hanford Site for a number of years. The UNSAT-H code was
developed to simulate water flow in the unsaturated zone in one dimension
(Fayer and Gee 1985). It has been applied to evaluate water balance near the
land surface within the root zone of vegetation and to evaluate the effects of
barriers over waste sites. The water-balance simulations provide estimates of
water drainage below the root zone of vegetation, which becomes recharge to
the unsaturated zone. The UNSAT-H code is operational on computers at the
Hanford Site and is under active configuration management.

TRANSS

Transport calculations for radionuclides evaluated for the Hanford
Defense Waste EIS and other waste-site evaluations were based on the TRANSS
code (Simmons, Kincaid, and Reisenauer 1986). TRANSS is a simplified code
that describes radionuclide transport along streamlines based on analytical
solutions of the advection-dispersion equation. The analytical solutions
along each streamline are combined in a streamtube. Thus, transverse
dispersion associated with contaminant movement is not included in the
solutions, although defining a streamtube of finite width accounts for
transverse spreading of a contaminant plume. Longitudinal dispersion is
accounted for explicitly in the code. The code is capable of simulating the
release of contaminants from sources in the unsaturated zone and either pre-
dicting contaminant mass transfer to the river or to a well downgradient of
the waste site. The flow component for the TRANSS code in the Hanford Defense
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Waste EIS was derived from calculating unsaturated zone flow based on the
assumption of gravity drainage. TRANSS is under configuration management but
currently is not supported by any Hanford program.

TRACR3D and S30

The TRACR3D and S301 codes were applied to performance assessment
analyses of the grout disposal system. TRACR3D is a finite-difference code
(Travis and Birdsell 1990) used in the grout performance assessment because it
is capable of being applied in two dimensions to simulate drastic contrasts in
hydraulic properties in the unsaturated zone, such as that expected between
clay, sand, and gravel layers. The $301 code, developed at Winfrith, England
(Wikramaratna and Farmer 1987), was used in conjunction with TRACR3D to
simulate contaminant transport in the unsaturated zone. Both TRACR3D and S301
are active on Hanford Site computer systems and are under active configuration
management.

PORFLO-3

PORFLO-3 is an integrated finite-difference code developed to describe
fluid flow, heat, and mass transport in variably saturated (saturated and
unsaturated) geologic media (Runchal and Sagar 1989; Sagar and Runchal 1990).
The code has capabilities for simulating flow through both porous media and
fractured rock under both saturated and unsaturated conditions. Westinghouse
. Hanford Company funded the development of PORFLO-3 by Analytic and Compu-
tational Research, Inc., and testing at PNL. The code has been verified by
comparison with analytical solutions and tested for its ability to simulate
actual conditions of infiltration and contaminant transport by comparison with
a field experiment conducted near Las Cruces, New Mexico. Simulating the Las
Cruces trench experiment, Rockhold and Wurstner (1991) produced water content
changes that matched the observed data reasonably well, but resulted in only
fair agreement between simulated and observed solute concentrations. In
addition to testing, the PORFLO-3 code was applied to evaluate the 241-T-106
siagle-shell tank leak (Smoot and Sagar 1990). The evaluation included
simulating both liquid and contaminants (®®Ru and '¥Cs) in three dimensions.
* The: ~onclusions reached from the simulation were that the PORFLO-3 code is
ca. "la of simulating the three-dimensicnal behavior of a contamination plume
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in the unsaturated zone, but additional characterization data are needed to
support the site-specific model. In addition, the code is currently being
applied to several other field investigations at the Hanford Site. The
PORFLO-3 computer code is operational on computer systems at the Hanford Site
and is under active configuration management.

Variable Thickness Transient Code

Codes for simulating flow and transport in the ground water have been
applied at the Hanford Site Tonger than the codes used to simulate flow and
transport in the unsaturated zone. The Variable Thickness Transient (VTT)
flow code (Kipp et al. 1972) was developed to simulate transient water-table
changes in the unconfined aquifer resulting from changes in waste-management
operations and river-stage tluctuations. The two-dimensional flow model of
the unconfined aquifer, calibrated with an iterative trial-and-error procedure
based on flow in streamtubes (Cearlock, Kipp, and Friedrichs 1972), was
applied to a number of different evaluations. These evaluations are
documented in Cearlock and Mudd (1979), Arnett (1975), Gephart et al. (1979),
Arnett et al. (1977), Murthy et al. (1983), and DOE (1987). The VTT code is
operational on one computer at PNL and was previously under configuration
management. No program is currently funding maintenance of the VTT code, but
it is being configured for future use at the Hanford Site to support
environmental restoration.

Coupled Fluid, Energy, and Soluble Transport Code

The Coupled Fluid, Energy, and Solute Transport (CFEST) code (Gupta
et al. 1982) was developed for non-Hanford applications. Its predecessor, the
Finite Element 3D Ground-Water (FE3DGW) Flow code, was modified to simulate
simultaneous heat and contaminant transport as part of an Aquifer Thermal
Energy Storage project conducted by staff at PNL. Further development of
CFEST was f' .ded by the high-level nuclear waste program investigating the
potential repository in salt deposits in Texas. The code can be applied to
simulate water table (unconfined conditions), even though CFEST was formulated
for confined aquifer simulations. In addition, the code has capabilities for
generating submodels from larger regional models. For example, boundary
conditions for an operable unit at Hanford could be generated from a Hanford
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Site-wide model. This capability will be important for generating models of
specific waste sites while maintaining consistency with site-wide conditions.
CFEST has been applied to the unconfined aquifer at the Hanford Site and
calibrated to describe ground-water flow in two dimensions, based both on the
transmissivity data in VIT and a modification of this transmissivity data with
an inverse calibration technique (Jacobson and Freshley 1990). CFEST has been
applied to describe the movement of tritium between the sources in the 200-
East Area and the Columbia River. A preliminary model of ground-water flow in
three dimensions was developed for the unconfined aquifer based on CFEST.
CFEST is operational on computer systems at the Hanford Site and is under
configuration management (not active) but is not currently supported by any
Hanford program.

. YAMZDH

The VAM2DH code (Huyakorn et al. 1988) is capable of simulating water
flow and solute transpert in unsaturated and saturated porous media (sedi- -
ments). The code is applied in two dimensions for both heterogeneous and
anisotropic media and can be used to simulate single-specie transport,
including decay. VAM2DH is proprietary and WHC has a license agreement with
the developer, HydroGeologic, Inc., to use a version of the code. Documenta-
tion of the theory and a user’s manual are provided by Huyakorn et al. (1988)
and aspects of quality assurance (configuration control) are being pursued by
WHC with the developer.

SLAEM

The SLAEM (Strack 1989) code was applied to simulate ground-water flow
and contaminant transport in the unconfined aquifer for the grout performance
assessment analysis. SLAEM is an analytical element code for predicting
ground-water flow and advective transport. In the grout performance assess-
ment, SLAEM was applied to predict ground-water flow and contaminant transport
in the unconfined aquifer.

Discussion
Some of the issues associated with unsaturated-zone and ground-water flow

and transport codes at the Hanford Site are as follows (each is discussed in
the remainder of the discussion section):
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« the need for a regional model of three-dimensional ground-water flow
and contaminant transport in the unconfined aquifer at the Hanford
Site

the need for a three-dimensional model of flow and transport in the
unsaturated zone with the capabilities to simulate nonisothermal
effects and multiphase contaminants

« the need for verification and validation of Hanford Site flow and
transport models

+ consistency of codes to facilitate transfer of information

« the need for computer systems for performing calculations and

effectively visualizing results.

The need for a regional model of three-dimensional ground-water flow and
contaminant transport in the unconfined aquifer has been identified by staff
‘with the United States Geological Survey (USGS) and EPA Region 10. Because of
the large volumes of process cooling water that have been discharged to the
unconfined aquifer, three-dimensional gradients exist that must be accounted
for in design of remediation systems for ground-water contamination at the
Hanford Site.

Models of the unsaturated zone used to assist with design of remedial
actions must be able to describe flow and transport in three dimensions. The
three-dimensional capability is needed to describe contaminant plumes which
have been demonstrated to be affected by subsurface geology (Smoot and Sagar
1990). Multiphase contaminants are present in the unsaturated zone. The Arid
Site Integrated Demonstration Project is addressing carbon tetrachloride in
the unsaturated zone beneath the 200-West Area. In addition, some of the
waste forms, such as grout, and potential remedial actions, such as in-situ
vitrification, require that the unsaturated flow and transport code also be
capable of addressing nonisothermal conditions.

Environmental transport models must be consistent and be interfaced with
appropriate source-term release and exposure pathway codes. Consistency
between the environmental transport and exposure pathway codes is a measure of
whether the important exposure pathways can be linked with each appropriate
transport pathway (i.e., inhalation from showering with river water or ground
water). Because transfer of data files manually between codes is cumbersome,

3.29



interfacing the codes means that interface coding must be developed to easily
pass information between the codes. '

Computers and programs for visualizing model results and complex data
sets reflecting current technology will be needed. Visualization is a means
of summarizing large volumes of model output or site characterization for
effective use by technical staff and managers in decisions about different
remedial actions. Visualization may be the only way to understand some three-
dimensional data sets. In addition, solution of highly complex environmental
transport problems will require application of high-performance computing,
possibly including technologies such as massively parallel processing, which
is currently under development. An example of such a complex problem is
bioremediation of voiatile organics in the unsaturated zone beneath the
100-West Area. Simulation of this problem will require description of highly
complex coupled phyéical, chemical, and microbiological processes.

3.4.4 surface-Water Models

A number of codes are available for modeling flow and transport in
surface water. Two codes, DWOPER and SERATRA, have been applied to simulate
flow and transport in the Hanford Reach of the Columbia River between Priest
Rapids and McNary dams. Most of the available codes are summarized in Onisht
et al. (1981). The codes that are available vary from one-dimensional flow to
three-dimensional flow and transport with interactions between the sediment
and contaminants in the river. A1l of the codes are available for applica-
tions to Hanford Site problems; some development of data for their applica-
tions may be necessary.

DWOPER, which provides one-dimensional solutions of unsteady flow in

open channels or rivers, has been applied to the Hanford Reach to
estimate flows in the Columbia River.

- TODAM (Onishi et al. 1981) is a one-dimensional code with capabil-
ities for contaminant transport and contaminant-sediment inter-
actions in the river.

FETRA (Onishi 1981) is a two-dimensional (depth-averaged) contami-
nant transport code with capabilities for interactions between
contaminants. o

+  SERATRA (Onishi 1977) is a two-dimensional (laterally averaged)
contaminant transport code with capabilities for simulating
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sediment-contaminant interactions in the river. Onishi, Yabusaki,
and Kincaid (1982) summarize the performance testing of SERATRA.

TEMPEST (Trent and Eyler 1989) provides three-dimensional solutions
to the Navier-Stokes flow equation with salinity- and temperature-
dependent densities. Onishi, Trent, and Koontz (1985) summarize
application of TEMPEST to simulating flow and sewage effluent
migration in the Strait of Juan De Fuca, Washington.

»  FLESCOT (Onishi and Trent 1985) is a modification of TEMPEST with
added capabilities for sediment-contaminant interactions and
contaminant transport.

3.4.5 Airborne Transport Models

A wide variety of models are used to estimate pollutant transport,
diffusion, chemistry, deposition, and other atmospheric processes. This broad
spectrum of airborne transport models covers the range from simple algorithms
to complex numerical codes. Many airborne transport models are designed to
run on personal computers and require limited user experience in the fields of
meteorology and atmospheric dispersion; other models require mainframe or
supercomputers and highly trained and experienced users. Some models are
designed to examine a large variety of atmospheric conditions, pollutants, and
release scenarios; others focus on a very narrow set of atmospheric and pollu-
tant release conditions.

The airborne transport models used at Hanford include both EPA-approved
codes and those that have not been submitted for EPA approval. This latter
category includes many models that were developed for other federal agencies
(e.g., the Nuclear Regulatory Commission [NRC] or DOE) for applications that
EPA-approved models do not adequately address. It is important to note that'
the process of receiving EPA approval for a model is expensive and time-
consuming and is, therefore, generally not pursued if the model is not
intended for applications that require formal EPA approval. Because of the
difficult and lengthy approval process, many EPA-approved models are often
less sophisticated and less accurate than their newer, more sophisticated,
non-approved counterparts.

In the following subsections, we review some of the airborne transport
models that are available for use at Hanford. This group includes models that
are used to generate estimates of three-dimensional wind fields, simple
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pollutant dispersion, detailed pollutant dispersion and deposition, atmos-
pheric chemical processes, and visibility attenuation. Table 3.4 summarizes
these models.

M t Model

MESOscale Interactive (MESOI) is a mesoscale Lagrangian puff model that
simulates the release, transport, diffusion, deposition, and radioactive decay
of pollutants emitted to the atmosphere (Ramsdell et al. 1983). The model was
developed by PNL researchers for the NRC and DOE. The MESOI model computes
ground-level poliutant concentrations, time-integrated pollutant concentra-
tions (exposures), and deposition values. The model can accommodate four
point sources with time-varying emission rates. Atmospheric transport is
modeled using a horizontal wind field that is defined in three dimensions.

The spatially and temporally varying wind field is computed using data from
surface and upper-level wind observations. A Gaussian puff approach is used
to model atmospheric diffusion. The model treats both wet (precipitation) and
dry deposition processes and allows for the exponential decay of reactive
pollutants. Model results can be printed to formatted data files or plotted.
Versions of MESOI are available for mainframe and personal computers (PC).

The PC is used operationally for emergency response applications at the
Hanford Site. This version of the model uses user-friendly forms, menus, and
output display programs.

Pacific n ric M i

The Pacific Gas and Electric Modeling System (PGEMS) (Allwine and Athey
1986; Allwine et al. 1989) is designed for studying atmospheric dispersion in
complex terrain. The micro-computer-based modeling system was created for the
Pacific Gas and Electric Company for use in environmental impact analyses,
licensing activities, and emergency response planning. PGEMS uses a three-
dimensional, diagnostic wind model to determine the temporally and spatially
varying winds over the modeling domain. The model uses shifted Chebyshev
polynomials and a Froude number modification to represent the wind field on up
to nine terrain-following surfaces. A Lagrangian puff model is used to
compute diffusion.

3.32



splat} puim Buphuea
K| |eq0dwa) pue A||ejjeds sasn ¢sajdads
jueinijod aAtj o3 dn jo Suojileajuaducd
‘3|eds |euoibaa ‘wud}-Aoys sajeindied

splatj putm bBuihkuea £||esodwal
pue A||eLjeds sasn ‘uoljlsodap pue
‘uoisaadsLp ‘osea|ad ajedsosau sajnduwod

saut}

buibeadae uUoLIeAIUIIUOD Y $2 0} [ pue
SA913WO[ Y JO SpaJpuny 0} U3} jO sulLeuop
A0j paubisep ¢SIUSWUOALAUD ULRAUD]
x3(dwod u} uopjedyjdde a0y paubisap |apow
33nd ueibueabe] ajedsosau e HuLsn Moy
JU3]1SLSUOD-SSRW |RUOLSUBWIP-E © S|apow

: sapouw

wu3}-buo| pue -juoys y3joq ut ajesado
Ued ¢S324N0S 23e}S-Apea}s JO A13LUABA BPLM
® W04} SUOLIRUIU3OUOD juelnijod sajewr}s?

Lspouw
3ui| ybepajs ajdwis uo paseq 3w} 3yl Jo
%I pPue ‘G ‘gl ‘0§ Papa3IX3d SUO}ILAIUIIUOD

juejnjod pue saansodxa aAlje|nwnd
wu3}-6uo| Ijeuwr)sa o} prab aejod e sasn

SUO0L]eAJUAIU0D jueln||od
224n0s juiod 3je)s-Apea}s sajewL)sd

KAewmns

[e310Y)

aAL}oedYy

X

PLaLJputp 3md
[eJL43WNN  ueissney

sun | d
uetssney

L9POW JO a9dA]

S|9poN 140dsued} 2uaoqaiy 404 3jqe]l Aseuuns "¢ J19VI

I 1indOS3NH

10S3H

VSN

JSI

THINVH

431S4)

WAUOIDY
apo)

3.33



sajejans

Buimo| |0j-ujeasd] aulu 03 dGn uo Splatj
pulm butAaea-£||etjeds pue £||esodwsrl
djewt}sa 03 |apow jjnd ueibueabey puim
J1)soubeLp |euoisudwip-334y] © Sasn

sJdjau
J0 spaspuny 03 Sua} jJO SI|BIS UO ULRU4I)
L2A3| 43A0 sadunos adA3-ueqsn jo joeduy
A3Lienb Jute wud}-340yS 3y} SIsSSAsSe

Splat} puim Bupkuea -jeaodwd} pue [erjeds
sajndwod ¢juodsued} abueua-bHuo| sajejnuts

sapow wud}-6uo| pue -juaous uir djedado
ued ¢sadunos juiod ajdiynu ajels-Apeals
Wo4J) SUOLIBAIUBIUOD juejnj|od sajewL}sd

suoijenyts buihuaaeds pnoyd

-M0[3q jJO A}3LJeA 3pLM B U} sjuejnijod
ALe Apn3s 01 paubisap ¢suotrjoead
|eJLwayd pue ‘uorjisodap Aup pue 1a9m
‘uoisuaadsip ybnouayy awnjd jusauodwodty|nu
40 3|buis e Jo 40iARY3Q S3je|NWLS

Lapowt JOSIW 343
uo paseq st uoLsJadsip suoiL}eajuaduod
juejniiod pue sasop |edibojoiped sajndwod

KJeuming

[e5109Y) Pratgpur
aAL}ORdY  [BILJduNpN

ueissney

Tounid

uetssney

(panutjuod) “P°€

[9PON JO 9dA]

Vi

SW32d

Sa-1vd

SIQQIW

Y3ldW

QavdW

GVY0S3IK

WAUOJIY
apo)

3.34



ybiay

)¥oe3s UOLSSLWA 3Y) pa3dxa Aew uLeaudd)}
buruoqybiau jo uorjeAd@ 3y} BUAYM

sSead? U]l Ssuoljedaljuaduod u:ua:——oa jenuue
pue Y-z J0 sajewi1sd BuLUIUDS SapiAoad
jey) |apow aun|d ueissney aup| ySiess

SUOLSS WA 3JD4N0S RIJUR 4D

jurod wouy bBurjnsaa sjuein|jod Auepuolas
pue Aaewiad JO SUOLIRATUIIUOD WARL-}JA0YS
s3jewi}sa eyl [opow auwn|d aALjoedU

euauwouayd jed1b60|0409)3uw

9|eJdsosau pue [ed0| JO A}3LJeA JpLm ©
saje|nwis jey} [apow uciienbs aAtjiwiad
‘bsautssnog-Lsenb ‘31323S04pAY-uou

swa|qoad wudj-buo|

40 -3jJ0ys 03 paLjdde aq ued ¢sjuejn|jed
?je)s-Apeals ‘a|qe}s A|aALje|aa

30 suoljeajuaduod juejnpiod sajewtlsa

3duanes
9|buis © Ag sapixo anjns pue ‘sapixo
uabouajiu ‘sagorjaed ;0 SUOLSSLWD WOUS
bugj|nsaus juawutedw) A3L|LQESIA sajewils?

sSwu0}s Aq pabudaeds aae pue ‘yiim

3oeaa ‘ybnouayy mojj Aayj se sjuejnijod
AL® JO 40LARY3Q 3Y} SIZLJ43)}IBJRYD pue
SW33SAS WU01S JO UOLIRWUOJ 3Y] SI}B|NULS

Kaeumng

X X

TeOTRY)  PIaLJpulp
9ALJOR3Y  |[eILaBuUNN

ueissney

Sun 4

uegssney

[3POW 30 90AL

(penuijuod) ¥°€

V1

AITIVA

I1-WdY

SWVY

IT 3nANd

SNIANTd

WAUOLIY
apoj

3.35



MELSAR

MELSAR (Allwine and Whiteman 1985) is a mesoscale Lagrangian puff model
designed for application in complex terrain. The model was developed by PNL
for EPA. MELSAR is designed to be applied at long source-to-receptor
distances (tens to hundreds of kilometers) and short concentration averaging
times (1 to 24 h). The model uses a three-dimensional mass-consistent flow
model to determine the spatial and temporal variation in winds over the model
domain. Puffs diffuse in a standard Gaussian fashion with the vertical
distribution of pollutants modified by reflection from the ground and an upper
mixing 1id.

Hanf hi M

Hanford Chi (HANCHI) is a simple straight-1ine model developed for DOE
(Glantz and Ramsdell 1986). The model is designed to provide estimates of
long-term cumulative exposures at receptors positioned on circular arcs at
user-specified distances downwind from the pollutant source. The model also
computes for each receptor location the pollutant concentrations that are
exceeded 50%, 10%, 5%, and 1% of the time.

PLUVIUS

PLUVIUS (Easter and Hales 1984) is a reactive-storm model that simulates
the formation of storm systems and characterizes the behavior of air pollu-
tants as they flow through, react with, and are scavenged by the storms
(Easter and Hales 1984). The model allows for variable diffusion in height
and time, generalized boundary conditions at both the top and bottom of the
computational grid (allowing a versatile characterization of the deposition/
resuspension process), flexible vertical grid spacing, the capability to
describe cloud and precipitation phenomena, the versatile incorporation of
aqueous-phase and gaseous-phase chemical conversion for multiple-component
systems, and the capability to describe wet removal processes. One-, two-,
and three-dimensional versions of the model are available for different
applications.
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MPADD

MPADD simulates the behavior of a single or multicomponent plume of
airborne material as the material undergoes atmospheric transport, diffusion,
wet and dry deposition, and chemical reactions (Hales et al. 1983). The
model was designed to study the behavior of hazardous air pollutants, par-
ticularly in a wide variety of below-cloud scavenging situations. The model
is modularized to allow the ease in modifying various algorithms and upgrading
the code.

Mesoscale Model

The Colorade State University (CSU) Mesoscale Model (Mahrer and Piekle
1977, 1978; McNider and Pielke 1984) is a three-dimensional, hydrostatic,
incompressible, primitive equation model that includes terrain and detailed
boundary-layer parameterizations. The model’s winds are driven by surface
heating and a large-scale geostrophic pressure gradient. The model was
originally developed by Dr. R. Pielke while at the University of Virginia, and
has been upgraded by Dr. Pielke and his students at CSU. Researchers at PNL
have further modified this model (e.g., the model now computes turbulent
fluxes using the turbulent kinetic energy budget) and are using it to study a
variety of terrain and surface-forced flows.

Regional Atmospheric Modeling System

The Regional Atmospheric Modeling System (RAMS) is a nonhydrostatic,
quasi-Boussinesq, primitive equation model designed to simulate a wide variety
of local and mesoscale meteorological phenomena. The model was originally
developed by Dr. W. Cotton (Tremback et al. 1985) and his research group at
CSU to simulate the detailed structure of convective storms. PNL researchers
have been involved in expanding the capability of the model to simulate local
and mesoscale boundary layer processes over both flat and mountainous terrain.

Nested Grid M

Clark’s Nested Grid Model (Clark 1977) is a three-dimensional, nonhydro-
static, finite difference model, which uses the anelastic approximation to
filter out sound waves. ' The model uses a terrain-following coordinate trans-
formation to allow the Nested Grid Model to be applied in regions of irregular
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terrain. The model includes two-way nesting so that regions of interest can
be studied with a higher resolution grid than is applied to the bulk of the
model. Up to three levels of nesting are possible in the current code
configuration. The model can also be used to generate additional models from
an initial condition, enabling the user to examine a variety of regions,
parameterization schemes, surface flux conditions, etc., without repeating the
sometimes costly initialization steps.

Gayssian-Plume Multiple Source Air Quality Algorithm

The Gaussian-Plume Multiple Source Air Quality Algorithm (RAM) is a
steady-state Gaussian plume model (Turner and Novak 1978; EPA 1986b) designed
to estimate pollutant concentrations of relatively stable pollutants. The
model can be applied to short- or long-term problems. The RAM model is
appropriate for simple terrain, modeling domains with a radius of less than
50 km and urban or rural environments. Input requirements include a variety
of information that defines the source configuration and pollutant emission
parameters. The user may define both point and area sources. Plume rise and
stack-tip downwash can be computed for point sources. Building wake processes
are not treated. The model uses hourly meteorological data to compute
straight-line plume transport. The model does not treat deposition processes,
but allows the exponential decay of pollutants: The model output consists
of 1- to 24-h average pollutant concentrations and annual average pollutant
concentrations at user-specified grid points or on a gridded receptor array.
The RAM model is EPA-approved for specific regulatory applications.

Industrial Source Complex Model

The Industrial Source Complex (ISC) model is a steady-state Gaussian
plume model designed to estimate pollutant concentrations from a wide variety
of sources associated with industrial complexes (EPA 1986a). The model can
operate in both short- and long-term modes. The ISC model is appropriate for
flat or rolling terrain, modeling domains with a radius of less than 50 km and
urban or rural environments. A PC version of the model is available. Input
. requirements include a variety of information that defines the source configu-
ration and pollutant emission parameters. The user may define a variety of
point, line, area, and volume sources. Plume rise, stack-tip downwash, and
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building wake can be computed. In the short-term mode, the model uses hourly
meteorological data to compute straight-1ine plume transport. In the long-
term mode, the model uses joint frequency distribution data to compute
straight-line plume transport. The model computes a variety of short- and
long-term averaged products at user-specified receptor locations and receptor
rings. The model treats deposition processes and allows the exponential decay
of pollutants. The ISC model is EPA-approved for specific regulatory
applications.

M i i i

A Mo

The Multiple Point Gaussian Dispersion Algorithm with Terrain Adjustment
(MPTER) model (Pierce and Turner 1980; Chico and Catalano 1986) is a steady-
‘state Gaussian plume model designed to estimate pollutant concentrations from
multiple point sources. The model can operate in both short- and long-term
modes. MPTER is appropriate for flat or rolling terrain, modeling domains
with a radius of less than 50 km and urban or rural environments. A PC
version of the model is available. Input requirements include a variety of
information that defines the source configuration and pollutant emission
parameters. Plume rise and stack-tip downwash can be computed. The model
uses hourly meteorological uita to compute étraight-line plume transport. The
model does not treat deposition processes, but allows the exponential decay of
pollutants. MPTER output consists of a variety of short- and long-term
averaged products at user-specified receptor locations. This model is EPA-
approved for specific regulatory applications.

CRSTER

The Single Source (CRSTER) model (EPA 1977; Catalano 1986) is a steady-
state Gaussian plume model designed to estimate pollutant concentrations from
point sources. The model cun operate in both short- and long-term modes. The
CRSTER model is appropriate for flat or rolling terrain, modeling domains with
a radius of less than 50 km and urban or rural environments. Input require-
ments include a variety of information that defines the source configuration
and pollutant emission parameters. Plume rise and stack-tip downwash can be
computed. The model uses hourly meteorological data to compute straight-line
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plume transport. CRSTER assumes no vertical variation in wind direction or
speed. The model output consists of a variety of short- and long-term
averaged products at up to five user-specified receptor rings. The model does
not treat deposition processes, but allows for the expc: ential decay of
pollutants. The CRSTER model is EPA-approved for specific regulatory
applications.

MESOPUFF 11

The MESOPUFF II model (Scire et al. 1984) is a short-term, regional
scale, Gaussian puff model designed to calculate concentrations of up to five
pollutant species. The model ailows spatial and temporal variations in winds,
but does not explicitly treat complex terrain. Input requirements include a
variety of information that defines the source configuration and pollutant
emission parameters. The model uses hourly meteorological data from up to 25
surface stations and 10 upper air stations. Plume rise can be computed.
MESOPUFF II can simultaneously examine up to five pollutant species in a
single simulation. Up to 25 point sources and 5 area sources can be modeled.
The model uses a gridded'field of receptors and allows the user to specify
additional receptor locations. MESOPUFF II model treats both wet (precipita-
tion) and dry deposition processes. Hourly chemical rate constants are com-
puted from empirical expressions derived from photochemical model simulations.
Thie EPA has determined that the use of this model may be considered on a case-
by-case basis for particular regulatory applications.

The Mesoscale Transport Diffusion and Deposition Model for Industrial
Sources (MTDDIS) (Wang and Waldron 1980) is a Gaussian puff model designéd
to simulate long-range transport. The modei allows spatial and temporal
variations in winds, but does not explicitly treat complex terrain. The model
can be used for releases in simple or roiling terrain. MTDDIS can be used to
determine 3-h maximum and 24-h average pollutant concentrations. Input
requirements include a variety of information that defines the source
configuration and pollutant emission parameters. Plume rise can be computed.
The model can treat up to 10 point sources. The MTDDIS model uses hourly '
meteorological data fro. up to 10 surface stations and a single upper air
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station. Up to three rectangular receptor grids may be specified by the user.
The model treats both wet (precipitation) and dry deposition processes.
Chemical transformations are treated using the exponential decay of pollu-
tants. The EPA has determined that the use of this model may be considered on
a case-by-case basis for particular regulatory applications.

PLUVUE 11

The PLUVUE II model (Seigneur et al. 1984) is a Gaussian plume model
designed to estimate visibility impairment resulting from emissions of
particles, nitrogen oxides, and sulfur oxides from a single source. Input
requirements include a variety of information that defines the source con-
figuration, pollutant emission parameters, and background pollutant concen-
trations. Plume rise can be computed. The model assumes a constant wind
direction and wind speed during a simulation. The PLUVUE II model treats dry
deposition and the chemistry of key pollutant compounds. The model output
consists of plume concentrations and visual effects at specified downwind
distances for calculated or specified lines of sight. The EPA has determined
that the use of this model may be considered on a case-by-case basis for
particular regulatory applications.

Point, Area, Line Source Algorithm Model

The Point, Area, Line Source Algorithm (PAL-DS) model (Petersen 1978;
Rao and Snodgress 1982) is a short-term Gaussian plume model. The model is
intended to assess the air quality impact of particular urban-type sources
(e.g., airports, shopping centers, parking lots) over level terrain on scales
of tens to hundreds of meters. A PC version of the model is available. Input
requirements include a variety of information that defines the source configu-
ration and pollutant emission parameters. Up to 99 sources are allowed.
Sources may be of six types: point, area, and four types of line sources.
The PAL-DS model can compute plume rise, but not downwash. The model reyuires
data on wind direction and speed, wind profile exponents, stability class,
mixing height, and air temperature. The model output includes hourly con-
centration, hourly deposition flux, and average concentrations (for up to
24 h) for each source type at each receptor. The model can compute dry
depcsition but does not handle chemical transformations. The EPA has deter-

3.41



mined that the use of this model may be considered on a case-by-case basis for
particular regulatory applications.

Reactive Plume Model I

The Reactive Plume Model (RPM-II) (Stewart et al. 1983) is a designed to
estimate short-term concentrations of primary and secondary pollutants result-
ing from point or area source emissions. The model offers a realistic treat-
ment of the entrainment process (by which ambient air mixes with the plume)
through enhanced horizontal resolution within the plume. The model also
offers the user the option of choosing various chemical kinetic mechanisms
(including the Carbon-Bond II Mechanism). A PC version of the model is avail-
able. Model input requirements include a variety of information that defines
the source configuration and pollutant emission parameters. The RPM-II model
requires data on wind speeds as a function of time and other meteorological
parameters. Wind direction data are not used. The model also requires that
the user specify the initial concentration of pollutant species. The user can
specify a single point, area, or volume source. The model can compute plume
rise. The RPM-II model can compute short-term concentrations of primary and
secondary pollutants at either user-specified times or downwind distances.

The EPA has determined that the use of this model may be considered on a case-
by-case basis for particular regulatory applications.

Estimate Toxic Transport Model

The Estimate Toxic Transport model (EXTRAN) is used to assess the effects
of accidental releases of radioactive or toxic substances on the habitability
of nuclear facility control rooms (Ramsdell 1991). The model simulates a
storage tank failure and the resultant environmental release of a hazardous
gas, liquified gas, volatile liquid, or airborne particulates. Both a direct
release to che atmosphere and the evaporation of a liquid pool can be treated
in one simulation. A Gaussian puff model is used to model the straightline
transport and diffusion of pollutant material as the material moves toward a
control room air intake. The model uses building-wake diffusion algorithas to
estimate wake-enhanced dispersion. As a final product, the model outputs
estimates of time-dependent pollutant concentrations at the user-specified air
intake location.
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Qiscussion

Airborne transport models are used to address a variety of technical
questions including those related to wind patterns, pollution concentration
estimates, atmospheric chemical processes, pollutant deposition, and
visibility impairment. Airborne transport models are aiso used to provide
pollutant concentration and deposition input to dose assessment models,

‘environmental impact models, health risk models, and other operational models.

In some cases, airborne transport models are incorporated into multi-media and
related modeling systems.

Airborne transport models are used at Hanford to plan and schedule site
activities, monitor environmental impacts during operational activities, and
assess impacts after activities have been completed. The model used for a
particular application can range from a simple code that may run on a personal
computer (or field-based laptop) and require limited operator training or
experience, to a complex series of numerical codes that may require extensive
computer resources and an expert user. The tendency in many newer models is
to provide more sophisticated computational techniques in packages that
require less extensive computer resources and minimize the need for extensive
operator training or experience. This tendency is increasing the ability of
researchers and operational personnel to produce more timely and r2alistic
estimates of atmospheric dispersion and related processes than were formerly
achievable for many applications. |

Most airborne transport models, particularly those designed for regula-
tory applications, are designed for sites that have limited meteorological
data. As a result, gross assumptions must often be made about the spatial
(both horizontal and vertical) and temporal variation in winds. These
assumptions can often lead to the generation of poor estimates of atmospheric
dispersion. On the other side of the scale, models that are designed for
research applications generally require detailed characterizations of atmos-
pheric parameters. Few sites have sufficient meteorological monitoring
capabilities and trained personnel to allow the routine use of such models.

The Hanford Site has a much more extensive meteorology monitoring program
than that found at most sites for which airborne transport models need to be
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applied. The Hanford program allows for a detailed assessment of near-surface
meteorological conditions (more than can be used by most airborne transport
models); however, the program does not provide a comparable assessment of the
meteorological conditions above the near-surface level. This lack of an
extensive monitoring capability for meteorological conditions aloft and the
need for airborne transport modeling by researchers in a variety of
disciplines, makes it difficult to use many of the more advanced research
models for Hanford-related applications.

At the Hanford Site, there is a need for airborne transport models that
have regulatory approval, can make full use of the available meteorological
data to produce reasonable estimates of atmospheric transport, and are
relatively easy to use for routine applications. Unfortunately, most of the
airborne transport models currently used at the site may meet one or more of
these criteria; few, if any, achieve all three.

3.4.6 Epvironmental Pathway Models

Environmental pathway models are applied to predict doses to individuals
or critical population groups from release of radioactive materials or
hazardous chemicals. These models are typically coupled with the output from
environmental transport and the results are input to health risk models to
perform a complete risk assessment. For several environmental pathway models
described in this section, there is also an environmental transport component;
for these models, the environmental transport is based on simple assumptions
and algorithms. More complicated coupled models with both nonsimplistic
environmental transport and environmental pathway models are discussed in
Section 3.4.8.

Exposure pathways are the environmental routes through which people may
be exposed to radiation, radionuclides, chemicals, or other hazards. For
purposes of radionuclide or chemical dose assessment, primary environmental
exposure pathways are shown in Figure 3.4. These pathways include external
exposure to penetrating radiation from contaminated soil or immersion in
contaminated air or water; dermal absorption; inhalation; and ingestion of
water, and terrestrial or aquatic foods. In a risk assessment, a collection
of exposure pathways with specific modeling assumptions and data is used to
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construct exposure scenarios. - Exposure scenarios are designed to be con-
ceptual models of potential human activity (actions, events, lifestyles, and
other processes) that result in exposures.

Environmental pathway models are applied to estimate potential doses
associated with routine facility operation, accident situations, environmental
cleanup, decommissioning of facilities, or disposal of wastes. Analyses can
be retrospective (historical) or prospective (future). Environmental pathway
models are also applied to set environmental standards or regulations, show
compliance with existing standards or regulations, and conduct basic research.
The primary differences among these applications are the types of data sets
required (i.e., generic data or detailed site-specific data) and the com-
plexity of the mathematical formulations used.

To facilitate environmental risk assessments, environmental pathway
models have been developed. Some of these are summarized in Table 3.5.

AP-

For determining comp11ance with the regulations promulgated by the EPA
under the Clean Air Act, the EPA has mandated the use of the CAP-88 code
(Beres 1990). This code is available and maintained for application at

_Hanford to evaluate doses resulting from airborne releases of radioactive
materials. CAP-88 was originally called AIRDOS-EPA, and is a steady-state
Gaussian plume model. The code is also one of those approved by the Hanford
Environmental Dose Overview Panel for use at Hanford. CAP-88 evaluates doses
from atmospheric releases through a wide variety of pathways, including plume
immersion, inhalation, and ingestion of food or water after deposition of
airborne materials.

Hanf nified Utilit d

The Hanford Unified Dose Utility (HUDU) code was developed to provide
rapid initial assessment of radiological emergency situations (Scherpelz
1991). The HUDU code uses a linear Gaussian atmospheric dispersion model to
estimate the transport of radlonuc1ides released from an accident site. For
points on the center line of the plume, HUDU calculates internal doses due to
inhalation and external doses due to plume immersion. The code uses a number
of features unique to the Hanford Site, including a library of source terms
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TABLE 3.5. Summary of Environmental Pathway Analysis Models

n

Active Release Long-term
from Cleanup Performance

Code Activities =~ _Assessment Purpose

CAP8S X evaluates doses from airborne
releases to determine Clean Air
Act compliance

HUDU X » evaluates doses during radio-
logical emergencies

EMS X evaluate impacts from accidental
radiological or toxic chemical
releases

ONSITE/ X X evaluate doses to intruders

MAXI1 at buried radioactive waste sites

TABLES X evaluates license termination for
residual radioactivity in build-
ings or soil

RESRAD X implements DOE guidelines for
residual radioactivity in FUSRAP
and SFMP

derived from various facilities’ safety analysis reports. The HUDU code is
designed to run on an IBM-PC or compatible personal computer. The code is
operational and maintained for application to emergency situations at the
Hanford Site. '

rqgen r

The Hanford Emergency Management Support (EMS) system provides the
capability of rapid, comprehensive response for both radiological and toxic
chemical releases from the Hanford Site (Probasco and Stephan 1991\. The EMS
system allows for data acquisition from the Hanford Site-wide meteorological
station complex and source-term libraries and also allows access to dose
assessment and dispersion models. This system provides emergency response
personnel with the ability to assess the impacts or potential impacts from
Site releases and to communicate data among the Hanford Site emergency centers
during an accident.
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Some applications available include graphical displays of near real-time
meteorological conditions and a color plot of areas potentially affected by a
given Hanford emergency; a straight-line atmospheric dispersion/radiation dose
model (HUDU) for rapid assessment of potential radiological impacts in the
environment; a puff-trajectory model (MESOI) for comprehensive assessment of
potential transport of material; and a comprehensive dose assessment model
(MESORAD) for evaluating radiological impacts in the environment.

ONSITE/MAX]] Code

The ONSITE/MAXI1 code (Kennedy et al. 1987) was designed to evaluate the
potential dose to human intruders at buried low-level radioactive waste sites.
The code is a modified version of the computer code MAXI, and it has been used
by the NRC when reviewing applications for onsite radioactive waste disposal
under 10 CFR 20.302. The code was developed for three computer systems: CDC
6600-7600, VAX-780, and IBM-PC and compatible systems. Sample problems for
purposes of benchmarking are documented in all three versions. Although not
under a formal QA protocol during development, extensive testing of the
pathway analysis was conducted. The final version of the ONSITE/MAXI1 code
allows the user to select radiation dose conversion factors published by the
International Commission on Radiological Protection (ICRP) in ICRP Publica-
tions 2 or 30 (ICRP 1959; 1980). This code has largely been replaced by the
GENII code package for most applications.

TABLES Code

The TABLES code (Kennedy ef al., in preparation) is currently being
developed for the NRC to translate residual radioactive contamination
levels from decommissioning to annual dose. The final version of this code,
scheduled to be released in early 1992, will include a user-friendly shell to
permit modifications to base scenarios.

RESRAD Code

The RESRAD (RESidual RADioactive Material) code (Gilbert et al. 1989)
was developed by Argonne National Laboratory to provide a tool for imple-
menting DOE guidelines for residual radioactive material at sites identified
by the Formerly Utilized Sites Remedial Action Program and the Surplus
Facilities Management Program. The code uses models to derive site-specific
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guidelines for allowable residual concentrations of radionuclides in soil.
The documentation of RESRAD, "A Manual for‘Imp1ement1ng Residual Radioactive
Material Guidelines," describes the analysis and models used, and describes
procedures for implementing DOE policy for reducing residual radiocactivity to
levels that are as low as reasonably achievable. No information is given on
software quality assurance procedures used in the development of the code.
Documentation indicates that copies can be distribvted to DOE contractors.

Discussion

Environmental pathway models are used to evaluate potential doses both
during and after site cleanup. Modeling estimates can be used instead of or
in addition to actual measurements on individuals, and can be used to estimate
population exposures or exposures of individuals for which no measurements
are available. During site cleanup, results from pathway models are useful
for determining whether workers and the public are protected adequately and
whether environmental protection regulations are being complied with. After
site cleanup, pathway models can be used for conducting performance assess-
ments. Results of applications both during and after site cleanup should be
integrated into a decision-support information system.

Currently, environmental pathway models to assess exposure from
inorganic chemicals, including radionuclides, are well developed for the
Hanford Site. The methodology is appropriately sophisticated to account for
important determinants of dose and risk. The implementations are versatile
and user-friendly, and the validity of the models has often been established.
Similar models to assess exposure or risk from organic chemicals or from mixed
exposures are not generally available at Hanford or at other DOE sites.

Whereas environmental monitoring data are available for both organic and
inorganic chemicals, these data are unlikely to meet current requirements for
environmental pathway modeling or health risk assessment. In addition, actual
exposure measurements relevant to workers or the public are often unavailable.
Finally, the research required to translate such exposures to population or
. individual worker risks is often based on inadequate animal experiments or
other data.
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3.4.7 Health Risk Models

Health risk models are used to convert environmental or occupational
exposures from radiation, chemicals, and other hazards (e.g., dust, noise,
heat, falling objects) to estimates of health risk (probability of disease) or
impact (numbers of cases of disease). Health risk models currently in use are
not Hanford Site-specific, but apply generally to any health risk assessment
situation. Of most interest to the Hanford Integrated Plan are those models
used for evaluating risk from exposures to radiation and chemicals. The
status of health risk models for assessing risk from radiation exposure are
much more advanced than those for chemicals; however, models for both radia-
tion and chemical exposures have been developed using the same basic approach.
The approach relies heavily on the use of appropriate data.

In this approach, results are synthesized from research in molecular and
cellular biology, laboratory studies in animals, and studies of human popula-
tions to develop models that can be used to calculate risk as a function of
exposure. Further, the models developed are tested and calibrated using
information from epidemiological, pathological, bioassay, and/or other studies
in humans. Molecular and cellular studies elucidate mechanisms involved,
~and animal or human studies allow validation of these mechanisms in whole
organisms. Animal studies also allow investigation of the impact of diet,
environment, and other confounding factors. Epidemiological, pathological,
bioassay, and other studies are absolutely essential to ensure that results
found in animals are applicable to humans, but require human populations that
have been exposed to the agent in question or to an agent that acts through a
similar mechanism. Thece studies aid in the fundamental understanding of
mechanisms of development and progression of disease and how disease is
affected by 1ifestyle and environmental factors, and generates information
useful for extrapolating beyond available data. Such information is required
to develop and validate health risk models.

This approach has been applied to a more limited extent in assessing
risks and impacts from chemical exposures than from radiation exposures. Data
are generally unavailable or very limited for assessing risks from chemical
exposures. Further, the application of this approach to assess mixed expo-
sures to chemicals and radionuclides has been extremely limited, again by
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unavailability of appropriate data. Thus, the quality of health risk assess-
ment information varies from comparatively good data based on many scientific
studies for radiation exposures, to nearly missing data based almost entirely
on modeling and assumptions for chemicals and for mixed exposures.

Ionizing Radiation Risk Assessment

The DOE, other federal agencies, and international organizations have
used the above approach for health risk assessment from radiation exposures.
In humans, epidemiologic studies of exposed worker populations and others have
been conducted to verify that the much more precise risks at acute high levels
in populations with a different genetic pool (e.g., atomic bomb survivors) are
consistent with available low-level data from other groups. Information on
external radiation hazards are based on the strongest data, with information
on deposited radionuclides (internal emitters) being much more limited, except
in isolated instances (e.g., radon daughters, radium). '

Studies in larger laboratory animals (e.g., beagle dogs) exposed to
internal emitters are just now being completed and becoming avaiiable for
statistical evaluation. The results from canine studies will be compared with
results from studies in rodents to understand the validity of various
approaches to interspecies extrapolation. These experimental data are used to
fill gaps in knowledge about the risk of exposure to ionizing radiation where
human data are limited or unavailable.

To date, molecular-level studies have produced limited information from
which human health risk can be assessed; the understanding of how molecular-
level changes relate to cancer or other disease risks in animals or in humans
is not generally available. However, both DOE and NIH have programs to
sequence the human genome and produce the molecular-level information that can
be related to animal or human exposures that may provide major breakthroughs
in the health risk assessment arena. Even if this occurs, however, molecular-
level studies in whole organisms will be necessary in a health-effects program
to verify and bridge the gaps between basic research at the molecular or
cellular level and observational studies in laboratory animals and humans.

Internationally, integration of available data on radiation health
effects is done to a large extent by two bodies: the United Nations Scien-
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tific Committee on the Effects of Atomic Radiation (UNSCEAR) and the ICRP
develop risk estimates considering all available information. Nationally, the
National Academy of Sciences has chartered the Biological Effects of Ionizing
Radiation (BEIR) committees to synthesize results. Information used by the
BEIR committees and other information is used by the National Council on
Radiation Protection and Measurements (NCRP) when recommending health risk
parameters. Health risk estimates are based on sophisticated statistical

modeling of available data. The modeling generally has the following
characteristics:

- accurate information is available on temporal characteristics of
exposure, so that age at exposure, time since cessation of
exposure, and patterns of exposure can be investigated

« baseline risks are appropriately taken into account

-+ the shape of the dose-response curve is investigated so that low-

dose extrapolation can be attempted.

Scholarly documents have been produced by UNSCEAR, ICRP, and NCRP,
defining methods, assumptions, limitations, and conclusions. These documents
are considered by government and industry as the definitive documents on
health risk from exposure to radiation, and they are used bylregulatory
authorities to develop protective standards. These results are also used to
assess risk from exposure to ionizing radiation in diverse situations.

Health endpoints considered most extensively in radiation risk assess-
ment are cancer and genetic effects; these are the endpoints of most concern
at lTow exposure levels. Only limited data exist on other health endpoints.

There are numerous tools to assess health risk from exposure to ionizing
radiation. Those available at Hanford that are not coupled to environmental
transport models include CINDY, GENMOD-PC, BIOSC, and MOX. CINDY and GENMOD-
PC calculate radiation doses; BIOSC is a screening tool to identify bioassay
samples that need further investigation. MOX is a tool to assess the dose-
response relationship of occupational exposure and mortality from several
specific causes in a large cohort or follow-up study, without reference to an
external population. These tools are summarized in Table 3.6.
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JABLE 3.6. Summary of Health Risk Assessment Models

—— Application

Interpretation Bioassay Health Risk
_Code _of Bioassays Screening Assessment Purpose
CINDY X calculates organ radiation

dose equivalent and effective
dose equivalent

GENMOD-PC X ~~ evaluates radionuclide intake
and dose
BIOSC X screens routine bioassay

specimens to identify those
that require more detailed
followup

MOX X assesses the dose-response
relationship of occupational
exposure and cause-specific
mortality in a cohort

The Code for Internal DosimetrY (CINDY) (Strenge et al. 1990) addresses
the DOE Order 5480.11 (DOE 1989) by providing capabilities to calculate organ
radiation dose equivalents and effective dose equivalents using the ICRP
Publication 30 (ICRP 1930) approach. Flexible biokinetic models are used to
determine organ doses for chronic or acute intakes. Doses are expressed as
organ dose equivalents, effective dose equivalents or committed dose
equivalents as appropriate to the specific calculation being performed. The
code assists in interpreting bioassay daia, evaluates committed and calendar-
year doses from intake or bioassay measurement data, and provides output
consistent with revised DOE Orders. The code is designed for easy use and
general applicability to DOE sites.

CINDY is documented in a two-part report: a description of dosimetry
concepts and design features, and a user’s guide, including installation
procedures, tutorials, reference section, and sample problems. CINDY was
externally technically peer reviewed before being released and is currently
under software configuration control. CINDY has been extensively tested and
verified. Formalization of the test plan and software verification and
validation report are currently under development.
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GENMOD-PC (Dunford and Johnson 1987) was developed at the Chalk River
Laboratory in Canada; the developer is now at PNL. GENMOD-PC was designed to
assist in carrying out reliable and accurate radionuclide intake and dose
evaluations on an IBM-PC or compatible. GENMOD-PC, which can be used as both
a research and an analytical tool, is based on the ICRP-30 lung model, Eve's
gastrointestinal model, and a compartmental organ model. User documentation
with examples of applications is available.

The B]Oassay Screening System (BIOSC) was developed by PNL (Watson
et al. 1990) to aid the U.S. Air Force’s Armstrong Laboratory in using routine
bioassay specimens to identify personnel with potential for radionuclide
exposure that require more detailed followup. Rather than comparing each
bioassay result with a radionuclide-specific action level, BIOSC combines the
results from all radionuclides detected and determines interesting specimens
rather than interesting results. Specimens determined to be interesting are
further analyzed on a case-by-case basis: additional specimens are acquired,
the individual’s work history is ascertained, the probable exposure route and
date are estimated, and an internal dosimetry code is used to estimate the
dose to the individual. Thus, BIOSC provides a rapid method for pre-screening
specimens before resorting to elaborate codes such as CINDY.

The software was implemented using a structured systems analysis
approach and a fourth generation information management language (PARADOX)
on an IBM PS2/70 microcomputer. BIOSC is fully documented in the User’s
Guide for the Bioassay Screening System, and BIOSC Programmer’s Manual.

The Mortality and Occupational Exposure Code (MOX) (Buchanan and Gilbert
1984; Gilbert and Buchanan 1984) is a tool to assess the dose-response rela-
tionship of occupational exposure and mortality from several specific causes
in a large cohort or followup study, without reference to an external popula-
tion. The ability to use an internal control population is a method for
controlling for the healthy worker effect. Statistical tests allow control
for age, sex, race, calendar year, length of employment, length of followup
and other user-defined variables.

MOX is most useful for analyzing populations with good exposure data ind
considerable variability in exposure, and/or a relatively large subgroup with
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little or no exposure. MOX is the primary analysis tool used in the Hanford
Health and Mortality Study, has been used to study worker populations at other
DOE sites, and has been widely distributed throughout the world. User docu-
mentation is available.

hemjcal Risk A

Dosimetry to assess the exposure to chemicals is in its infancy compared
to radiation dosimetry; risk assessments for chemicals are similarly undeve-
loped. For most new chemicals, acute rather than chronic toxicity studies in
laboratory animals have been emphasized. Since chronic toxicity is generally
of interest in risk assessment, methods to extrapolate these data to the
workplace or environmental situation are probiematic. Suitable human studies
are limited in number and scope. Inadequate documentation of exposure levels
compounded by multifactorial exposures and lack of appropriate control groups
renders many epidemiological studies unsuitable for chemical risk assessment.
Thus, in general, appropriate data are unavailable for the types of health
risk assessments for chemical exposures that wiil be required for Hanford Site
environmental restoration. There are two resources, however, that provide
much of the available data-the National Toxicity Program (NTP), which develops
data on laboratory animals, and the Integrated Risk Information System (IRIS),
which provides available information on chemical risks in a central resource.

The NTP has provided much scientific knowledge about chemical risk to
humans. The NTP was established about 10 years ago to coordinate and
strengthen government activities.in characterization of chemical toxicity.

The program evaluates multiple toxicologic endpoints in laboratory animals
using assay protocols tailored to each chemical. The traditional 2-year
carcinogenesis bioassays have been strengthened into a comprehensive toxico-
logic evaluation that provides information not only on a chemical’s carcino-
genic potential in laboratory animals, but also in its genetic toxicity,
chemical disposition, target-organ toxicity, and adverse reproductive effects.
In specific cases, neurobehavioral, immunologic, hematopoietic, respiratory
physiologic, and endrocrinal effects have been studied. Currently, the NTP is
changing its focus to become more molecular-based. ‘
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The NTP has produced quality data on numerous chemicals of importance to
society. However, gaps still exist in the current understanding of health
risks from chemical exposures. This includes a limited scientific under-
standing of molecular mechanisms and little data on humans with which to
calibrate the interspecies or high- to low-dose extrapolation models.

EPA’s IRIS is a major resource for chemical health risk assessment.
IRIS is an electronic on-line database developed and maintained by EPA to
contain health risk and EPA regulatory information on specific chemicals.
IRIS was developed for EPA staff in response to growing demand for consistent
risk information on chemical substances for use in decision-making and
regulatory activities. At the heart of the IRIS system is a collection of
computer files on individual chemicals containing descriptive and quantitative
information in the following categories:

oral and inhalation references doses (RfDs)
- oral and inhalation slope factors and unit risks for carcinogens

drinking water health advisories from EPA’s Office of Drinking
Water

+ EPA regulatory action summaries

+ supplementary data on acute health hazards and physical/chemical
properties.

Information presented in IRIS undergoes careful review prior to being
entered into the system. A1l quantitative values in the test files have been
developed by EPA staff using their standardized methods and procedures. When
information is insufficient to develop numerical values for RfDs or slope
factors for a specific chemical, no information is provided in IRIS. The
database is not the panacea for the problem of obtaining up-to-date risk
information on chemicals. Many important chemicals are not included in the
database, the information is not always accurate and information is often
missing.

Tools available at Hanford to assess risk from exposure to chemicals are
limited to MOX, applicable to an occupation cohort (described above). How-
ever, chemical exposure data are unavailable and are not being collected in a
manner to support the use of this tool.
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Risk A Mi r

Information on mixed exposures (radiation and chemicals) is extremely
limited. Results from a number of studies are available on the synergism of
radiation (particularly radon) and cigarette smoke. Experimental studies of
heavy metals and radiation in laboratory animals have been conducted to a

limited extent. However, experimental studies on the combination of chemicals
and radiation likely to be encountered in Hanford Site cleanup do not exist.

Since toxicological data on specific waste streams is lacking, numerous
assumptions must be made when predicting risk. Risk coefficients developed
for individual substances can be applied to a mixture, using additive or other
models. Risk coefficients for an individual substance based on acute studies
are applied to estimate risk for a chronic situation. Whether these coeffic-
ients are adequate or accurate is generally unknown.

Tools available at Hanford to assess risk from mixed exposure are
limited to MOX (described above). Radiation data are sufficient to use MOX to
investigate risks from mixed exposure, but chemical exposure data are unavail-
able and are not being collected in a manner to support the use of this tool.

D ,

The state-of-the-art in health risk assessment as it applies to environ-
mental restoration is in its infancy. This is a DOE complex-wide deficiency,
not just at Hanford, and needs to be addressed globally. The lack is not in
models or other tools, but is a 1a;k of methodology and technology to assess
chemical and mixed exposures and a lack of human data or other data to assess
health risk. The data requirements and modeling approaches required to assess
health risk are well developed and proven for assessing radiation risks.

These methods need to be applied, with appropriate modification to account for
several simultaneous exposures, to estimate risk coefficients for chemical and
mixed exposures.

Thus, research is needed to study exposure and response to mixtures and
to develop an approach with scientific credibility for estimating health
risks. Research is needed to develop capabilities in the following areas:
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« quantify acute and chronic toxicity of a substance or mixture from
its structure (e.g., relate structure and function) or from short-
term in vitro or in vivo bioassays

verify that structure/function approaches or short-term assays
produce comparable results to conventional approaches

devise families of radiations, chemicals, and mixtures so that
risks within families are quantified in a known way (e.g.,

additive) and relationships to other fam111es are exp]ored and can
also be quantified

develop approaches to combine risk factors and their uncertainties
from exposures to different substances to get an improved composite
risk factor

+ develop biomarkers of exposure so that prior exposure to a
particular substance can be detected without being quantified

develop quantitative biomarkers of exposure and susceptibility, so
that the relationship of relevant exposure and a particular health
outcome is better estimated

« develop improved methods of individual chemical dosimetry or
exposure estimation

appropriately study workers being exposed as a result of Hanford
Site cleanup to verify research results, and monitor deviations
from predicted health outcomes.

3.4.8 Coupled Model

Up to this point, tools that have been discussed address only one
component of the release or environmental transport for predicting human
health risks or impacts, or address other components using simple assumptions
and algorithms. A few codes exist, or are under development, that directly
couple two or more components of the source to the receptor pathway shown in
Figure 3.4. These are summarized in Table 3.7.

GENII Code

The primary code used for conducting radiological environmental trans-
port and pathway analysis at the Hanford Site is the GENII code (Napier et al.
1988). The GENII acronym stands for GENeration 1], the second generation of
Hanford environmental pathway analysis models. The purpose of the GENII
system is to provide a coupled system of computer codes for prediction of
radiation doses to man from environmental sources of radioactive materials.
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TABLE 3.7. Summary of Coupled Environmental Transport, Health Risk,
and Economic Assessment Models

Application

—_ Code  Epvironmental Health Risk  Economic Purpose
Transport Assessment ~ Assessment

GENII X X predicts environ-
mental pathways and
public radiation
doses

MEPAS X X simulates environ-
mental transport
and exposure
pathways to predict
exposure and
indicators of risk
for radionuclides
and hazardous
chemicals

SUMO X X simulates source
term, hydrologic
transport, and
environmental
exposure and dose
of radionuclides

MACCS X X X assesses the
progression of
reactor accidents
from the initiating
event through the
resulting health
and economic
consequences

The GENII system is designed to operate on an IBM-AT or compatible and is
under active configuration management.

The environmental pathways considered in GENII include the following
exposure pathways: surface water (swimming, boating, and fishing), soil
(surface and buried sources), air immersion (semi-infinite cloud and finite
cloud geometries), inhalation, ingestion of drinking water, and ingestion of
~ both terrestrial and aquatic food products. GENII can be used to calculate
radiation doses from both acute (short-term/accidental) and chronic (routine/
long-term) releases of radioactive materials. The system incorporates the
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internal dosimetry models recommended by the ICRP. The system has options for
calculating annual dose, committed dose, and accumulated dose.

GENII is documented in three volumes. Volume 1 contains a theoretical
description of the system, including the conceptual diagrams, mathematical
representations of the solutions, and descriptions of solution techniques,
where appropriate. Volume 2 is a user’s manual, providing code structure,
user’'s instructions, required system configurations, and topics related to
quality assurance. Volume 3, the code maintenance manual, is designed for the
user who requires knowledge of code details, including code logic diagrams,
global dictionary, worksheets for hand calculations, and listings of the code
and associated data libraries. GENII was given external technical peer review
prior to r:lease and is currently under configuration control.

MEPAS Code

A code for simulating pathways and predicting exposure and indicators of
risk at PNL is the mMultimedia Environmental Pollutant Assessment System
(MEPAS). MEPAS methodology was developed for DOE to assist with assigning a
ranking or priority to environmental problems at DOE sites across the country.
The code describes the release and transport of contaminants from waste sites
- through ground water, surface water, and the. atmosphere. Exposure of
individuals and populations to these contaminants is accounted for through a
wide variety of exposure pathways. Rankings of waste sites and radioactive
and chemical constituents in those waste sites are based on health risk
predictions.

MEPAS has been applied to the DOE Headquarter’s Environmental Survey
(Droppo et al. 1989a; 1989b). It is now being modified to provide the human
health risk portion of the priority system used by ER, which is an outgrowth
of the environmental survey. MEPAS has also been applied at Hanford to rank
constituents in the single-shell tanks for sampling and characterization based
on their relative contribution to risk (Droppo et al. 1991). MEPAS is being
modified to provide input to RAAS (see Section 3.3.1), which will provide
risk-based screening of remedial action alternatives at specific waste sites.
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SUMO Code

The System Unsaturated MQdel (SUMO) (Eslinger et al. 1991) was developed
by PNL for the DOE Office of Civilian Radioactive Waste Management for assess-
ing performance and risk in mined geologic disposal systems in partially
saturated media. It is a coupled system of codes that contains modules for a
“source term, hydrologic transport of radionuclides in partially saturated and
saturated media, and environmental exposure and dose.

SUMO can be used to analyze the performance and predict the human health
risks of sites that release radioactive contaminants to ground water at either
the scoping stage or for more detailed performance assessments. The source
term may be represented by a range of scenarios from a single release profile
over time to the simulation of individual waste container failure or composite
contaminant releases from failure of multiple waste containers. The hydro-
logic system can be represented as one-dimensional with a few hydrologic zones
or as two- or three-dimensional with many hydrologic zones. The exposure and
dose modules are the same as the chronic-release individual and population
modules contained in the GENII suite of codes (Napier et al. 1988). A variety
of model output can be obtained: 1) radionuclide release rates from the waste
site, 2) radionuclide concentrations at a location, and 3) individual or
population doses.

MACCS Code

MELCOR Accident Consequence Code System (MACCS) (Chanin et al. 1987) was
developed for NRC by Sandia National Laboratory. The MELCOR code system
provides a tool for assessing the progression of severe nuclear reactor
accidents from the initiating event through the resulting health and economic
consequences. The MACCS code is a subsystem of separate, stand-alone codes
designed to be used after the source terms have been calculated. The code has
undergone extensive review and testing, and several documents are available
describing the models used and providing user information. An uncertainty and
sensitivity analysis has also been performed on the codes in the MACCS system.

The code has been obtained (from NESC) and installed on the Sigma 5 VAX
cluster and can be used on all three types of reactors for the New Power
Reactor project: heavy water, 1ight water, and high-temperature gas reactors.
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MACCS has a limited list of radionuclides tailored to reactor accidents and
may not include all of the long-lived radionuclides that are found in nuclear
wastes.

Discussion

As can be seen from Table 3.7, relatively few codes for coupled risk
assessment modeling exist. Most of the existing codes were developed for
specific applications (MEPAS was developed for application to the DOE Environ-
mental Survey and SUMO for applications in the DOE high-level nuclear-waste
program). None of the existing codes will be applicable to all aspects of
risk assessments at the Hanford Site.

Coupled models, or a methodology where connections between models are
well established, will be useful for conducting risk assessments at the
Hanford Site. Coupled models will be useful for providing consistency between
analyses and conducting large numbers of the same analysis. Approaches to
risk and performance assessment analyses have been developed as part of the
TPA at the Hanford Site.

3.5 INFORMATION MANAGEMENT SYSTEMS

This section focuses primarily on computer-based information management
systems that are technically related in some way to the support of Hanford
Site envircnmental restoration. Some discussion of systems not specifically
implemented for Hanford but applicable to Hanford are included. However, at
this writing, no attempt is made to completely cover systems not specific to
Hanford or systems implemented at other DOE sites. Plans call for these
systems to be covered in a later version of this document. Administrative
systems are not addressed.

Section 3.5.1 discusses the types of information management systems that
can be implemented and compares the capabilities each provides. Section 3.5.2
discusses existing information management systems related to Hanford environ-
mental restoration. The systems are classified according to the type of data
they manage.
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3.5.1 Components of Information Management Systems

For the purposes of this document, an information management system is
defined as the integration of

a set of data

« a software package that provides management, manipulation, and
retrieval of the data

« a user interface through which the user accesses and manipulates
the data

capabilities to query, report, and use the data.

Typically, a commercially available software package provides management
and retrieval of the data. This package can be a database management system
such as Oracle, Sybase, dBase, or specialized software custom written for the
manipulation of data files. Even when a database management system is used,
the software may need to be adapted or extended to meet user needs.

Each information management system must provide a user interface through
which the user works to access and manipulate the data. In some cases, the
same software package that provides data management provides the user inter-
face. In other cases, other software can be used. The "user friendliness®" of
a system is usually judged by the quality and useability of its user inter-
face. User interfaces are improving dramatically. They are moving away from
styles that can be used only by highly trained users towards interfaces that
use a fill-in-the-blanks, mouse-driven, multi-window environment.

Capabilities to query, report, and use the data can be provided by the
same software package that provides data management, or additional packages
can be used.

Information management systems operate differently from the models
discussed in the previous section. Information management systems are often
tied directly to the operations of an activity such as environmental monitor-
ing or status tracking. The databases are usually updated on a reguiar basis
with some databases receiving data almost continually. These systems become
an integral part or even the major product of the activity. The models tend
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to run on an as-needed basis, may be dependent on the data management process,
and generally come later in the decision-making process.

For the purposes of this document, we have classified information
management systems into three types:

+ information systems
database systems
file-based systems.

The three types differ primarily in the way the data is managed and the number
and the complexity of the components they provide. Figure 3.6 shows the three
types and the components each provides. As ordered above, these systems
represent decreasing levels of sophistication in information management and
decreasing support for automated data sharing. A1l support information
management to one degree or another.

In this document, we assume that effective information management is
achieved through either an information system or a database. File-based
systems tend to be limited to specifically implemented functions that are
provided by special-purpose software. Other methods of managing data, such as
spreadsheets anuy paper-based systems, may be adequate for a few users, but do
not promote the type of multi-user information sharing that are the focus of
this document. ‘

Both information systems and database systems use some type of database
management system. An information system is differentiated from a database
system by the existence of several integrated components in addition to the
multi-user database. While the key component of an information system is a
database, preferably one based on relational database management system, an
information system can include components such as graphics, query support,
report writing, advanced visualization capabilities, geographic information
systems, and document retrieval. Advanced visualization capabilities can be
used to display large volumes of information in ways that can provide visual
insight. Geographic information systems can be used to display information on
Hanford Site maps. Support for effective document retrieval is also required.
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As Hanford moves towards the environmental restoration and waste manage-
ment mission and as computer systems, software, and networking improve, tools
become more and more essential to support integrated information management
and meet user needs.

Sophistication in information management has improved significantly in
recent years. Similar gains are expected in the future. Hanford’'s strategy
for information management should be to position Hanford to take advantage of
new technology as the technology arrives and is demonstrated as stable.

Additional work is required to determine the existing systems’ relevance
to the Hanford mission. Some information management systems may be too
limited. Others may not be in a useful form. Several systems cannot be
expected to be directly useable by the general Hanford community in their
current state.

As discussed in the next se:*ion, many new systems are being imple-
mented, and existing systems have tnen or are being replaced. No compre-
hensive integrated planning for these systems is being performed. Any
integrated planning is largely dependent on the support management gives to
integration and informal networking by those doing the work.

Before design and implementation begins, a requirements analysis and/or
work flow analysis should be required. Systems are supposed to be presented
to the Hanford Site Data Administration Council (DAC) at the end of the
requirements analysis phase to determine whether the requirements justify the
costs associated with design and implementation. Design and implementation
should not begin without DAC concurrence. Design should include a formal data
modeling activity so the database design reflects the actual structure of the
data rather than being based on the needs of particular reports, which can
happen when the data modeling phase is skipped. Databases of any significant
size require the use of a Computer-Aided Software Engineering (CASE) package
that supports entity relationship modeling and data dictionaries.

When choosing a computer platform and database management system on
which the system will be implemented, integration with already existing
systems and compatibility with those systems should be considered.
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Some elements that should be considered in the system design and imple-

mentation include

3.5.2

availability to the user community

conformation to evolving data naming and value standards and
conventions security

backup and recovery capabilities
hardware and software delivery platforms
ease of use

the user interfaces documentation

the need for ongoing support.

Existing Databases and Information Systems

Information management systems are needed to organize, manage, and

provide access to several classes of information including

results of sample analysis and monitoring activities
tracking and status

model assumptions, input, and output

decision support systems input and output

spatial data

document and electronic image data

generic data.

Table 3.8 lists technical information management systems that are related to
the Hanford environmental mission. Systems that are being replaced are not
discussed below.

characterization activities have been conducted and are continuing at Hanford.

Results of Sample Analysis and Monitoring Activities

A variety of environmental monitoring, production monitoring, and Site

Much of this data needs to be organized, maintained, and made available to

the Hanford community.
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that contain such data include Hanford Environmental Information System
(HEIS), Hanford Meteorological Station (HMS) files, PDMS (surface environ-
mental monitoring data), Modified Environmental Monitoring (MEM) System,
Liquid Effluent Analytical Data (LEAD), the Tank Characterization Database
(TCD), the Computer Automated Surveillance System (CASS), and the Surveillance
Analysis Computer System (SACS).

DOE Orders form the basis for the requirements for environmental
monitoring at Hanford. Samples of environmental media are collected to
determine radionuclide and chemical concentrations at locations on the Hanford
Site as well as offsite. The results are analyzed and reported in annual
reports (see, e.g., PNL 1990). Monitoring results (e.g., concentration
levels) are reported and compared with state and federal regulatory limits.
Results are reported for ground water, surface water, air, food and farm
products, wildlife, soil, and vegetation. Dose rates of external penetrating
radiation measured in local residential areas are reported and compared with
historical values.

HEIS is a major repository for data related to environmental restoration
and monitoring, RCRA monitoring, and site-wide environmental monitoring. HEIS
is implemented as an information management system that runs in a distributed
environment of a Sequent database computer, Sun workstations for GIS, and
personal computers for access to the HEIS database. HEIS uses Oracle as its
database management system and ARC/INFO as its GIS. Since HEIS will be the
repository for scientific and technical data related to Hanford Site cleanup,

integration of information is a primary goal. HEIS is an example of success-

ful data integration. Ground-water data from Site-wide and RCRA monitoring
efforts from the older Hanford Ground-water Database has been integrated with
the newer restoration data. This permits all user groups to have access to
each others’ data.

The HMS files contain Hanford meteorological data collected hourly
throughout the year. The current files include data for '

wind telemetry stations
doppler acoustic sounders (SODAR)
200-ft towers
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« 410-ft tower at the HMS
surface weather observations at the HMS.

The wind telemetry station data, 410-ft tower data, and surface weather
observation data are permanently archived into yeariy ASCII files, and the
remaining components are permanently archived in binary form on magnetic tape.
In the future, all data is planned to be archived into yearly ASCII files.
Quality assurance programs are planned and new archival programs are planned.
Work is underway to replace the VAX system on which the data were originally
archived. _

The MEM System supports WHC environmental monitoring and protection
responsibilities. The system currently collects and processes effluent and
surface monitoring data and provides information for annual effluent and

‘monitoring reports. Further development to integrate data from multiple

Hanford areas and historic records is planned.

LEAD contains process liquid effluent analytical data, including chem-
icals and radionuclides, and is used to develop treatment systems and support
permitting license applications.

The TCD is being incorporated into HEIS. Activities planned for FY 1992
call for the implementation of a tank subject area in the HEIS database.
Current plans call only for incorporation of results of tank sampling and
cores. While this work represents a significant advance, a single source of
data about Hanford waste tanks is required to

« provide a single source of results of tanks sampling and cores

» facilitate easy user access to these data

- facilitate access for the entire DOE complex to Hanford tank data
via the Tanks Waste Information Network System, which is discussed
in the following section

< maintain data integrity over an extended period of time

« manage complexities of maintaining multiple databases

« improve administrative efficiency.

The Computer Automated Surveillance System (CASS) that captures realtime
monitoring data from the tanks needs to be upgraded. CASS was originally
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implemented in 1976 and many of its components have failed, leaving a limited
set of instrumentation. Data validation is non-existent. Data integrity is
questicnable. The data are available to only a few, who must be extremely
familiar with the data to use them since they are stored in raw form. Minim-
ally, linking the data acquisition system to a data repository is required.
This linking will permit data conversion to a useful form for the general user
community. It was planned that CASS would be replaced by the Supervisory
Control and Data Acquisition (SCADA) system. That activity has been
cancelled. SCADA was to be a distributed system to monitor instrumentation in
the tank farm so operations staff would be able to respond to changing tank
farm conditions. SCADA was to be larger than CASS with more capabilities.
Tank data from CASS are made available to users through SACS, implemented on
Sun workstations.

Some of the issues related to this class of data include the following:

- Scientific and technical data related to cleanup should be inte-
grated into a single system where these data can be universally
available to the user community. HEIS serves as the database for a
major portion of the data. Any additional scientific and technical
data required during the process should be considered for
integration into this already existing framework.

- PDMS data needs to be integrated into HEIS so its current and
historic surface environmental monitoring data can be utilized by
those doing environmental restoration work since the data provide a
broad historic perspective on the status of the environment. There
is currently no funding for the conversion activity although some
funding is available for conversion planning.

« HEIS' focus has been on supporting the Site characterization
process. Support for other parts of the remediation process has
not been scoped, much less implemented.

Although most of the crucial subject areas for the site char-
acterization process (e.g., ground-water, geologic, biota,
atmospheric, etc.) have been implemented in HEIS, other subject
areas for such as surface soil and water, aquifer testing, concrete
corings, and ecology have not yet been addressed. Additional
functionality to support all subject areas is needed.

. Effective access to HMS data needs to be provided. Recent HMS data
are available on a PNL VAX in flat files, which makes use diffi-
cult. The data structures and some software are in place to
incorporate the data into HEIS, but the activity is unfunded. An
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assessment of needs for access to HMS data should be performed and
form the basis for planning integration of HMS data into HEIS.

MEM is being planned. Since MEM contains environmental monitoring
data, such as HEIS and PDMS, the issue of whether MEM should be
incorporated into HEIS needs to be considered.

« How should MEM data be integrated with the other geographic data?

» SCADA was not funded for FY 1992. What will be the impact of
continued use of CASS?

T n m

This section discusses tracking and status systems such as the Waste
Information Data System (WIDS), Solid Waste Information and Tracking System
(SWITS), Hazardous Materials Inventory Database (HMID), Tank Waste Information
Network System (TWINS), a new radiation exposure system named the Radiation
Exposure Database (REX), the Hanford Health and Mortality Study (HHMS) Master
File, the Hanford Internal Dose Accounting and Reporting System (INTERTRAC),
and the Internal Dosimetry Computer Tracking System (ID-CTS).

WIDS contains general information about waste sites, including physical
and environmental characteristics of radioactive and hazardous waste sites at
Hanford and some associated administrative data. WIDS is supplemented by a
library of documentation, which is available at the 450 Hills Building.

SWITS has just become operational and replaces the overlapping require-
ments currently met by Generator Waste Tracking, the Hazardous Waste Tracking
Database, and the Richland Solid Waste Information Management System. Its
purpose includes generator waste tracking, waste shipment documentation
support, and disposition tracking of hazardous, mixed, and solid wastes
through treatment, storage, and disposal. SWITS is implemented as a database
on a Sun workstation using the Oracle database management system. Users will
be able to access SWITS from their PCs via the Hanford local area network
(LAN). Additional functionality for SWITS is being implemented during
FY 1993.

HMID contains chemical release and hazardous material inventory data.
All contractors'provide HMID data, which is collected by approximately 50
staff using a PC-based version of HMID. Once data is collected on the PC, it
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is uploaded to the LSIS, collated, checked, and loaded into the Nomad-based
LSIS version of HMID. The system was implemented to meet the requirements

of the Emergency Planning and Community Right-To-Know Act (EPCRA). The PC
portion of the system is to be re-implemented as HMID2 in order to meet newer
requirements, provide support for more data validation checks at the PC level,
and allow the software to be more compatible with other software supported by
WHC/IRM. The LSIS HMID data is synthesized and made available to users
through soft reporting. Users do not have direct access to the database
itself.

TWINS is being implemented by PNL for HQ as a method of supporting
integrated access to data about DOE waste tanks. Users throughout the DOE
complex will access a network controller implemented on a Sun file server
located at PNL. The controller will know how to communicate with each site’s
tanks database. Sites will be asked to conform to a set of standards and
conventions.

REX is in the requirements analysis phase and is scheduled to replace
the Occupaticnal Radiation Exposure (ORE) system, which runs on the Sperry
computer that is being phased out in early FY 1993. REX is to be implemented
on the LSIS using DB2 so database tables can be shared with People-CORE. REX
requirements are not yet finalized.

The HHMS master file contains information, protected under the Privacy
Act, for operations workers employed at Hanford since 1944. This information
consists of demographic data, occupational summary data, annual radiation
exposure data, and vital status data for each worker. The radiation exposure
histories are provided by PNL; the remainder of the information is provided by
HEHF. The master file is created at PNL by consolidating all of the
information on each worker.

The INTERTRAC system was developed by the Hanford Internal Dosimetry
Program to assist in the complex processes involved in dose assessment and
accounting. The system was designed to maintain calculated internal dose data
in files that could be easily accessed for creating various occupational
radiation exposure reports for individuals, their employer, and RL.
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ID-CTS uses a dBaselll+ menu-driven program maintained on an IBM-PC
workstation to track internal dosimetry activities in four different areas:
special requests, notifications, assessments, and reports. In addition to its
tracking functions, the database is used to generate summary statistics in
each of the defined areas and to monitor and project program workload.

Some of the needs and issues related to this class of data include the
following:

As the RI/FS site characterization process proceeds, locations of
additional contamination are being identified. At this time,
WIDS, which contains the "official” 1ist of waste sites, requires
extensions to identify these newly identified pockets of contami-
nation and track how they were dealt with.

SWITS developers and users are considering the addition of a
geographic information system. How can they take advantage of the
work that has already been done for HEIS?

« Since both HEIS and SWITS run on UNIX platforms using Oracle,
should they reside on the same platform?

An ad hoc query facility for non-programming SWITS users needs to
be identified and procured.

SWITS has a requirement to interface with offsite users and
systems, such as a national database. How can these needs be most
effectively met? How can offsite SWITS users be granted access to
only a portion of the SWITS data? Will the environment be able to
handle many varying interfaces?

SWITS is currently implemented on a Sun Sparc2 platform. Will this
platform be sufficient to support the entire user community?

« Can the requirements for REX be completed in time to allow
sufficient time for design and impiementation before the Sperry
computer is removed or becomes not cost-effective?

How can personal data from systems such as REX be made available to
those who are making field work assignments? Issues include
privacy and restrictive regulations.

TWINS requires access to Hanford Site tank data. How can tank data
be integrated and made available to the TWINS user community?

Many organizations within WHC need to track data about hazardous

material. Should a single integrated database be developed that
meets the needs of all of these organizations?
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« Some systems implemented in Nomad do not support concurrent use of
the data by several users. Should systems using this technology
continue to be developad or should only systems that support
multiple concurrent users be developed?

Model A i

There will be voluminous amounts of data associated with models, includ-
ing assumptions, data input, and model output. Often, the process of assemb-
ling the input for a model and processing the output may involve more costs
than the costs of running the model. Better methods of managing these data
are required. In some cases, the model results should be stored for further
use and analysis. A case in which model results have been extensively used is
the output of the TRAC model, which has been used to project the radionuclide
content of the waste tanks. Results of TRAC have been used at WHC as the best
available projection of total radionuclide content. Consideration is being
given to incorporating TRAC results into HEIS. Since the TRAC model cannot be
run on any of the existing computers at Hanford, no TRAC runs have been
performed in many years.

Methods need to be developed for effectively managing model assumptions,
input, and output. The assumptions used for running a model must be captured
since the model results can only be correctly assessed within the context of
those assumptions. The process of preparing model input and getting that
input into the model at run time needs to become more cost-effective.

Some of the issues related to this class of data include the following:

Using a database as a source of mode] input needs to be
investigated.

« Once a model is run, there needs to be a method by which the output
can be-made available to the user community. Using an information
system as a source of model output also needs to be investigated.

« There needs to be a way of effectively storing data, objectives of
the run, assumptions, and results in a way that minimizes the
stored data and yet assures traceability and accessibility.

Should TRAC data be incorporated into HEIS?
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Decision Support Systems Input and Qutput

As with models, data are required for decision support systems. Some of
these systems may use internal data resources, but in some cases, data may
need to be tapped from other sources. Storage of assumptions may also be
useful. Investigation of information management systems for decision support
needs to be performed.

Spatial i f i

Spatial data in the form of maps and map layers needs to be developed
and maintained for the site. Duplication of effort in this area needs'to be
eliminated. Work is underway to develop a series of maps for general use at
the site. By the end of FY 1991 most of the areas were "flown," the resulting
data digitized into electronic form, and the resulting data were undergoing
further processing. At this writing, data for the 200 Area has been checked,
annotated, and converted by the HEIS team from AutoCAD into the HEIS GIS,

which is being implemented using ARC/INFO, a commercially available GIS
software package.

GIS tools are also being used by the Hanford Environmental Dose Recon-
struction (HEDR) project. HEDR is using a PC-based version of ARC/INFO to

display and analyze estimates of spatially distributed environmental contami-

nation and dose from historical releases of radioactive material from Hanford
operations. These estimates are calculated by large-scale environmental
transport and food-chain models. The GIS will be used to graphically present
the model results in a form that can be easily communicated to and understood
by the general public.

Some of the issues related to spatial data and GIS include the
following:

- How can the development of a Site-wide spatial data resource be
adequately funded when it is not tied to a specific TPA milestone?

« How can spatial data be managed as a site-wide resource?
. There are fundamental philosophical differences among drawing
packages. GIS education is required to help the user community

understand the role of drawing packages 1ike AutoCAD versus a GIS
which supports analysis as well as display functions.
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. How can the spatial data needs for environmental restoration and
other applications, such as facilities planning and tracking, be
reconciled so everyone’s needs are met?

Since GIS software packages are being used at Hanford, should a site-

wide standard GIS be adopted, or should standards and conventions be

adopted for data exchange between packages?

lectronic Im n iev

Computer-based methods of document and electronic image storage and
retrieval are just beginning to be applied to Hanford. This type of data
needs to be integrated into information management systems and made readily
available to users.

Recent advances in computer technology make it possible to store images
of pages of a document so they can be retrieved from an optical disk and
displayed on a high-resolution screen. This includes the ability to view
signatures and figures as well as text. Capabilities for searching for text
strings within documents are also available. While database management
systems can provide some search capabilities, these text retrieval systems are
optimized for finding text within a user-supplied context. Such systems can
save much paper, space, and duplication effort by using the electronic rather
than the paper form of documents. Hardcopy can be routinely generated as
needed.

Paper documents plus microfilm are considered to be the “official"
version of legal documents. The role of the electronic storage of documents
as official documents needs to be explored.

High-resolution, color display monitors coupled with computers with
sufficient storage and processing power make it possible to support the
interactive storage and retrieval of a variety of electronic images. The
types of images that can be stored include maps, satellite imagery, photo-
graphs, and other types of graphics. These types of images should be avail-
able for integration with other types of data. For example, satellite imagery
can be integrated with vector-based maps in a GIS to provide context that is
useful for both data display and data analysis. Another example of using
image data is the ability to simultaneously call up a photograph of a waste
site on the screen while analyzing its data.
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ri m
Most of the systems discussed above contain data that is Hanford-
specific. Other data can be considered generic and cross-cutting regardless
of the application. Examples of generic data not tied specifically to Hanford
are health risk coefficients and ecological risk data which can be used to
evaluate health and ecological risks.

Issues related to this type of data include the following:

Is there a source of data? Are these data of sufficient quality?
Do we know the objectives and assumptions under which the data were
gathered?

« Can the data be procured rather than being developed?

« How will the data be developed if they are not available from
others?
An example of cross-cutting data is the regulatory limits that apply to
various contaminants. They exist in several systems now. Regulatory limits
need to become a common resource for all those concerned with such issues.

Issues related to this type of data include the following:

Who is responsible for compiling regulatory limits and maintaining
them?

- What other types of data should be maintained as a site-wide
resource?

« Should there be a single repository for this data?

There is a need for a user friendly database so those involved with
environmental restoration can ascertain regulatory requirements and
relate them to their work.

3.5.3 Discussion

While recent advances by the computer industry have been substantial,
much research and development work remains to be done by the computer industry
and by those applying the technology to Hanford’s problems. Some of the
issues and problems we face when planning how computer-based tools can be
applied include the following: '

« Communication of complex scientific information is essential.
Computer technology has not been applied effectively in this area.
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3.6

data.

While individual pieces of this technology exist,

- some technology (e.g., GISs) is immature and does not
fully meet needs

- the technologies are not effectively integrated.

Models do not have effective, easy access to data. Models and
their data sources need to be integrated. Where data do not exist,
decisions must be made about whether the data are cost-effective
to obtain.

Customization of computer technology is required for application to
Hanford.

Integration of models with scientific visualization capabilities
is a powerful means of communicating results to the general user
community, but work is required to support this capability.

An effective, computerized method of managing and providing access
to data must be in place before significant amounts of data begin
to arrive. '

GIS technology must be integrated with software that handles
volumes (three-dimensions) and surfaces (two-dimensions).

Work is needed to determine how three-dimensional graphics can
effectively depict geology and contamination.

Work is needed to evaluate what constitutes a legal document. At
this time, only paper constitutes a legal document. This defini-
tion should be expanded to take advantage of media such as optical
disk.

Work is needed to explore how multimedia computer technology can be
applied at Hanford.

More sharing of technological capabilities and technology transfer
can lead to more cost-effective system development.

Investigate advantages and disadvantages of moving towards a

client/server architecture with more integrated databases and
more distributed processing (using workstations).

DATA

A primary product of the early stages of environmental restoration is
Data are the basis on which plans will be developed and decisions made.

The data must be of known quality and be capable of being defended during

3.78



litigation. These data must be made available to the analysts and decision-
makers in a useable form. The data used for analysis must be appropriate to
the analysis (i.e., most historic data were gathered for compliance purposes
and may be inappropriate for some analyses). According to one estimate,
typically more than 50% of the costs of an RI/FS are primarily information- or
analysis-driven (Geffen et al. 1989). The RI/FS characterization requirement,
a major task in every environmental restoration project, is the reason data
synthesis and analysis are being given such high priority at Hanford. Data
from sampling and monitoring, data from experiments, output data from perform-
ance and risk assessment models—and the synthesis of these data-are the basis
for Hanford Site characterization.

Remediation of the Hanford Site also involves the acquisition, report-
ing, analysis, and publication of data and information related to inventories
of hazardous materials, state of the Hanford environment, and progress of
cleanup. Types of data and/or information range from raw data to reports and
public information. Access is required for a wide variety of data and
information users including technicians, analysts, scientists, engineers,
managers, reviewers, and regulators.

Data are currently being generated faster than they are being processed.
The TPA has strict requirements or how data must be processed and made avail-
able to the regulators. After receipt of analytical data from & laboratory,
contractors are allowed 21 calendar days to validate the data and an addi-
tional 15 calendar days to make the data available, which is currently being
accommodated by getting the data into HEIS. Problems with data that was
gathered before formal procedures were in place have caused delays in making
the data available to the user community.

3.6.1 Pr ith Using Hi t

Data at Hanford have been accumulated for a number of years in a variety
of forms. Data for a variety of purposes are being collected today. Using
older, historic data for Hanford’s environmental mission presents a particu-
larly difficult set of challenges. In some cases, using historic data may be
of great benefit and cost.effective. In some cases, historic data may be the
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only source of information. In other cases, problems with the quality of the
data and/or the difficulty in preparing it for use precludes its use.
Nonetheless, access to these historical data is critical.

The first problem in using historic data is associated with obtaining
the data. The data may have to be assembled from a variety of sources or
documents created over many years and distributed throughout the site or even
located offsite. The HEDR project has gone through this process to assemble
data for estimating dose. This proved to be a difficult, time-consuming, and
expensive process.

Since the data are likely to come from multiple sources, consistency in
the data will be the exception rather than the rule. A consensus must be
reached about how to deal with these inconsistencies. Steps in this process
include assessing’

« what standards were used when the data were originally gathered?
+ what are the quality of the data?
+ how well do the data conform to the standards that currently exist?

+ how can gaps between original and current standards be handled? In
some cases, it may simply be best to mark data as not conforming to
standards and make it clear to the users that the data must be used
with caution.

To make data available to the large user community through an informa-
tion management system, dita structures and software to manage the data must
be designed and implemented, and data must be made available from within the
information management system. The costs associated with obtaining and
incorporating the data into the information management system may greatly
exceed the software development costs.

3.6.2 Tools to Facilitate the Data Collection and Synthesis Process

The major reason that most data are collected is to support the
decision-making process. With the high costs of sampling, sample analysis,
data processing and data analysis, the best use should be made of all data.
Figure 3.7 dapicts the role of data in the decision-making process. The plan

to acquire data usually begins with the statement of a problem. The decisions
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FIGURE 3.7. The Role of Data in the Decision-Making Process

on what data are to be gathered need to be based on a set of data quality
objectives (DQOs), which look at the end use of the data and are establishedto
ensure that the data are sufficient and of adequate quality for their intended
use. (Section 3.5.2 discusses DQOs and provides some examples of how they
have been applied.)

Data Quality Objectives

Data quality objectives offer decision-makers a tool to answer two types
of questions: 1) What type of data do we need? and 2) What quality of data do
we need? DQOs provide a qualitative and quantitative framework around which
data collection surveys are designed, and can serve as performance criteria
for assessing ongoing or completed RI/FS studies. DQOs allow remedial project

managers to make decisions based on data with a predetermined and acceptable
Tevel of confidence.

Both DOE and EPA have embraced the DQO concept (Neptune et al. 1990).
Neptune describes several EPA Superfund sites where DQOs have been applied.
In some of the case studies, DQOs have been applied retrospectively and have
suggested that a dramatic redirection of effort might have occurred had DQOs
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been considered early in the planning phases of the project. The DQO planning
process recognizes that decision making at remediation sites such as Hanford
is driven by risks to public health and that the uncertainty in decisions will
be affected by the type and quality of data collection.

iremen 11

Once the DQOs have been established, data requirements and a strategy
for the collection of the data must be developed. The strategy should include
1) Tooking at data that has already been collected to see if the data can
supply insight for the strategy, and 2) considering how the data can be used
by people working on other problems. The perspectives on the data-collection
process at Hanford need to be focused more broadly so that each project
considers how to extend their data acquisition plans so their data supports
parallel data needs of other projects.

Data Collection

Many methods are used to collect data. Monitoring, surveillance, and
direct data acquisition methods are examples of methods used at the Hanford
Site. One subset of collection worth special mention is sampling because it
is a key component of the waste characterization process. Minimal sampling
is desired due to the expense of sampling and analyzing the sample results
in analytical labs. The number of samples collected, the location of sample
collection, the methods used to analyze sample results, the level of
statistical confidence placed on estimates of population parameters based on
sample results, the levels of type I and type II errors (false positives,
false negatives) for decisions based on sample results are all issues involved
in the data collection and characterization process.

More automated support for the data collection process is needed. Some
projects have already automated some of the process. For example, the Ground-
Water Surveillance Program makes use of automated sample scheduling and
tracking software that generates sample labels, generates customized paper
forms for use in the field and for the laboratory, and tracks samples through
collection and analysis. This software is used for both site-wide monitoring
work and RCRA ground-water work. Work is currently underway to determine
requirements for sample tracking for WHC's CERCLA work. Other techniques,
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such as bar coding and use of portable computers in the field, are being
considered and, in some cases, applied.

One example of an automated tool that has been developed at Hanford to
support the data collection process is a quality control software package
called the Dynamic Linear Model (DLM). Developed for data quality control for
meteorological instruments, the DLM software package(” is applicable for a
wide variety of real-time processing of geophysical processes. Whether it is
ground-water monitoring, air sampling, monitoring of ISV melter processes,
tank temperature and pressure monitoring, statistical quality control provides
a method for detecting anomalous behavior.

Standard statistical quality control techniques are used with stationary
processes, where the objective is to establish control of the process within
acceptable limits. Non-stationary processes such as weather conditions,
chemical reactions, and ground-water movement require special techniques for
establishing statistical quality control. Those acquainted with the process
under consideration can specify relevant types of anomalous behavior. These
specifications, tailored to the given process, can then be modeled mathematic-
ally and incorporated into the key component of the monitoring scheme~the
dynamic time series model.

DLM is a software package that can be used for data collection quality
control and data filtering when a non-stationary process is being monitored.
it is a Hanford Integrated Planning tool that can be used in the data pre-
processing step to control the quality of data prior to use.

Data Synthesis

Once data has been received, verified, and validated, synthesis of the
data can begin. The purpose of data synthesis is to prepare the data for use
in the decision-making process. The process of data synthesis may use tools

such as statistical analysis, modeling, scientific visualization, summariza-
tion, use of expert opinion, or interpretation.

(a) Blough, D. K. 1991. “Real- T1me Statistical Quality Control of
Meteorological Instruments.” Submitted to the Journal of American
Statistical Association.
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Some specific data-synthesis tools that can be used to identify the
variables and their interactions that are input to the performance and risk
assessment models discussed in Section 3.4 are

GIS systems that simultaneously Map two or more variables so
associative and correlative relationships are evident

data quality control systems that filter out extraneous trends or
errors so that true patterns become evident

. statistical routines that separate components of variability into
systematic and random error

. data reduction that is capable of compressing multiple attributes
and complex response surfaces into simpler sets and/or principal
components

data summarizations that reduce large data sets to a few key

summary statistics, thus making the problem more manageable and

amenable to analysis.

Data synthesis provides the parameter values and variable relationships
required to run the models. Raw data such as the HEIS sampling data and
monitoring data must be transformed before they can be used directly by the
models. Data synthesis also facilitates model validation and verification.
Comparing model predictions to scaled experimental data and observed data
usually requires preprocessing of the data in order for the comparisons to be
meaningful.

Generally, the automated tools for data analysis that have been devel-
oped for specific Hanford Site applications are limited and more capability is
required. Some of the tools that are actively being applied include reports,
queries, graphics, statistics, models, and trend checking. Tools being used
to a limited extent include GISs, scientific visualization techniques, and
expert systems. Much more application of these tools will be needed in the
near future. Other types of specialized software can also be applied.

One specialized data synthesis tool that is under development at Hanford
is the Integrated Characterization System (ICS). ICS can be used in perform-
ing the Site Characterization phase of the RI/FS required for hazardous waste
sites. ICS can be used to predict critical unknowns (ranging from site hydro-
geology and actual extent of contamination, to performance of treatment and
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engineering controls) and characterize their uncertainties through modeling
and visualization technology. |

ICS is a system that incorporates multiple modules. Raw geophysical
data are screened for outliers and noise in a process filter module. Support-
ing data (chemical data, map information, monitoring data) are brought into
the system using a common platform. Multiple data sets can be displayed
together in the visualization module. The parameter estimation module synthe-
sizes the data, using conversions, summarizations, curve fitting, least
squares regressions, etc., to generate model input parameters from the refined
data. Model output may be combined with the refined data to generate fhe
probabilities used in baseline risk assessments, or to update prior subjective
probabilities to generate posterior probability distributions for use in risk-
based cleanup levels, as defined in the Hanford Site Baseline Risk Assessment
Methodology.

An important characteristic of environmental data’is that they vary as a
function of spatial location. Data that are close together in time or space
are usually more highly correlated than those that are far apart. Geosta-
tistics is a method for analyzing spatially correlated data. A spatial
estimation method known as kriging (a key tool in geostatistics) can be used
to estimate the values of a spatially distributed variable at points between
actual sample locations and to provide an associated estimation error.

Kriging has been used at Hanford to map the water table depth on the
Site (Doctor 1979), and Jacobsen and Freshley (1990) attempted to use a geo-
statistical representation of the water table across the Site to calibrate a
ground-water flow model. Recently, Gaylord et al. (1989) have used geo-
statistics to generate a suite of possible stratigraphic cross-sections from
geologic descriptions at boreholes to help develop a three-dimensional
hydrologic conceptual model at the Hanford town site.

f Data in ision-Makin

Models can be applied in other ways than those described in Section 3.4.
For example, environmental transport models, specifically unsaturated-zone
and ground-water flow and transport models, can be used for evaluation and
summary of site characterization data, designing characterization and monitor-
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ing systems, and designing and evaluating the performance of remedial alter-
natives. Models are efficient means of synthesizing often limited data from a
site and interpreting the data. With numerical models, different conceptual
ideas or conceptual models can be tested for a site during the early stages of
site characterization. In addition, exercising a model iteratively with
collecting site characterization data provides information useful for iden-
tifying locations where additional site characterization data are needed.
Finally, unsaturated-zone and ground-water flow and transport models can be
used in design of remediatioh schemes. A specific example is optimization
models for placing ground-water extraction wells for pump-and-treat remedia-
tion of contaminated ground-water.

Once this entire process is complete, we are finally in the position to
make decisions.

The process is not entirely as serial as shown in Figure 3.5. At any
point in the process, return to a previous part of the process may be
required. For example, early data analysis may show that DQOs need to be
refined so that a more effective data collection can be performed. A more
likely scenario would be that further analysis is required to develop more
refined data predictions that support the decision-making process.
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4.0 INFRASTRUCTURE TO SUPPORT DECISION SUPPORT TOOLS

Infrastructure is the underlying computer base or foundation required to
support Hanford mission areas. Infrastructure includes databases, commerci-
ally available hardware and software, Hanford-specific methods, and applica-
tions of a general nature. For the purposes of the Decision Support Tools
Task, infrastructure does not include specific tools and/or models that focus
on a particular technical problem.

4.1 COMPUT N T P

Computer technology is advancing continuously, providing a challenge to
the suppliers of the computational infrastructure. The evolution must be
planned in a cost-effective way, while providing necessary service.

4.1.1 Computers

Different classes of computers and networks can contribute to a cost-
effective infrastructure. Specific resources acquired to satisfy Hanford
mission and infrastructure needs must be carefully planned to obtain synergis-
tic integration while satisfying specific performance requirements. Classes
of computers and networks currently envisioned are depicted in Figure 4.1.

Supercomputers can be beneficially used to apply some of the modeling
tools. Other smaller, special purpose and general purpose computers will be
required for specific tasks and general technical support. Hanford networks
will be required for workstation access to Site-wide capabilities. Examples
include centralized mainframe and high-performance computers, Hanford informa-
tion, Technical Library services, and electronic mail. The entire Hanford
computational capability must satisfy the demanding needs of all types of
tools and users involved in the mission.

The logical blocks and connections in Figure 4.1 depict the evolution to
specialized computing that satisfies the demanding requirements of diverse use
typified by Hanford Site users. This figure is not meant to be exhaustive.
Rather, it shows that the Hanford Site needs a different computing environment
than its current environment. For example, the advent of client/server
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computing has changed the requirements for computers and networks at the
The term client/server is used to denote the use of a client
computer for user interaction while the computations are taking place on a

Hanford Site.

server computer.
duplication of expensive computational resources.

This architecture is cost-effective because it minimizes the
The client/server model is

flexible, allowing for varying mixes of client and server participation in the

total computational task at hand.

Its performance is dependent on the

performance of the network, client workstation, server computer, operating
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system and network software, and, of course, the applications software. The

future Hanford architecture must be flexible and evolutionary to allow us to

satisfy our needs with limited budgets. The capabilities depicted in

Figure 4.1 are typically scalable in size and numbers, and are modular enough
to replace individual capabilities when the need and the technology demand.

High-performance computer systems will support scientific modeling
tools, while high-performance graphics systems will be required to visualize
the complex output from the tools. These two systems need to be tied closely
together. High-speed computer-to-computer networks, backbone networks, and
subscriber networks represent data communication capabilities designed around
specific requirements of the applications.

The database management system, in conjunction with the archive system,
file servers, and high performance input/output (I/0) server, will be used to
satisfy all aspects of data management. These functional capabilities are
shown separately because the function they provide may independently service
other functions. For example, the high-performance I/0 server may directly
connect the high-performance computer system with the archive system, bypass-
ing some of the other functional capabilities. Many combinations are
possible.

4.1.2 Networks

Laboratory networks are the source of data of interest. A good example
is the Laboratory Information Management System (LIMS), currently being
procured. '

Office networks represent both scientific and administrative use of
mission-related computational resources. Workstations include office com-
puters, desktop PCs, terminals, diskless and dataless workstations. Group
computer centers represent those systems and networks focussed on a particular
technical problem, such as atmospheric or environmental modeling. These user
facilities house specialized computer equipment and peripherals required for
the technical applications at hand, while providing an optimum environment for
staff to perform their functions. For example, geologic characterization may
require h1gh-performance'graphics devices, including displays, plotters, and
digitizers with supporting computers and software. Integration of user
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facilities with other Hanford Site computationa] capabilities places new ’
demands on the network and computers. High volumes of data may have to be

rapidly transported into and out of the user facility for analysis and

visualization.

4.1.3 Training

Training centers are facilities and computational capabilities designed
to facilitate two types of learning: learning to use the systems, and learn-
ing to use the data and results. Tools must be available and well supported.
Users of the tools, data, and results must be properly trained. The inte-
grated and coordinated use of support tools also must involve a user training
component. A common error in the design of decision support systems is the
failure to maintain a balance between the capabilities of the tool and those
of its users. Just as limited tools may restrict the capabilities of a
superior research staff, so may untrained or undertrained users limit the
performance of sophisticated tools.

It is important to keep in mind that a high level of intelligence and
technical knowledge does not necessarily imply that a user has the training ‘
or experience adequate to use a particular tool. The development of user-
friendly interfaces has tended to increase the number of instances in which
inexperienced users misuse support tools. These interfaces may allow users
to operate a tool even though they may have a limited understanding of the way
input data are to be used, the different modes of model operations, and the
conditions under which the model tends to perform most and least reliably.
The inexperienced user also may encounter problems in correctly interpreting
model output.

A standard certification or mandatory training program for the users of
key support tools would increase the probability that these tools are being
used by individuals or groups who have demonstrated a minimum level of tech-
nical proficiency with the tool. Such a program wouid help improve the relia-
bility of model-generated results.

4.1.4 Use of Computers to Manage Data

Data acquisition and control systems include those automated systems
that provide worthwhile data to maintain within the data management system. ‘
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One type might be an interface to the LIMS, while another might include
process and environmental monitoring systems.

With the advent of the contemporary information management system tech-
nology, the way data are managed is changing. The evolution to specialized
data management capabilities provides a unique opportunity to design a better
data management system for the Hanford Site. Better data management can be
accomplished through the distributed hardware/software architecture described
above and shown in the Figure 4.1. Because of client/server technology, the
Hanford Site will be able to realize the benefits of an easily accessible
single repository for data. Data should be generally available, but once
they have been verified, data should be controlled (such as read-only for
most users). Data will need to be well documented because users will not
typically be experts. Standards and conventions for data are required to
provide an understanding for the several types and numbers of data users.

4.2 SOFTWARE

Computer infrastructure software includes operating systems, computer
languages, network/user interface, database management systems, query
languages, report writers, and other software not directed to any particular
cleanup or management operation.

Planners of the computational infrastructure must focus on ways to
realize the benefits of contemporary software applications, systems, and
practices. Current and evolving technology in the areas of database manage-
ment, scientific visualization, GISs, and multimedia technology are of
particular interest in support of Hanford Integrated Project tools.

Existing capabilities for data management and statistical analysis need
to be linked and integrated to facilitate the management and analysis of
environmental restoration or environmental-related data. Data quality objec-
tives and data strategies from data acquisition and management through infor-
mation development and management need to be integrated by coupling tools and
capabilities. Some of the areas in which this coupling is required include

database management - high performance database systems, computer
systems engineering, real-time data acquisition systems
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. visualization - GISs, scientific visualization, animation, and
multimedia technology

statistics - environmental sampling design, statistical analysis,
statistical quality control

- modeling — probabilistic and empirical modeling, spatial and
temporal modeling. '
This integration could encourage and foster collaboration and better communi-
cations among the various members of the cleanup team (planners, samplers,
laboratories, analysts, report preparers, and regulators). Data management
and analysis methods could be designed up front to accomplish DQOs and auto-
mate quality assurance and control functions.

4.2.1 Database Management

Databases can provide an infrastructure capability to facilitate con-
sistent, controlled, reproducible management of data and information. At
this time, conventional relational database management systems are not suit-
able for managing all types of information, but are critical for data and
information that fit well in tables of rows and columns and is deemed to be
important, accessed by many, structured, and maintained over a long period of
time. Research is being performed related to the management of the different
types of information. We can assume that the types of information managed
will grow. The application of advances in multimedia systems to support the
use of data not well handled by relational database management systems is
discussed below.

Database administration is needed to provide data that have defensible
quality, origin, derivation, access, and longevity. To ensure these char-
acteristics, well-defined administration of the database must be maintained.
Required administrative functions include access control, definition of data
structures and tables, database backup and recovery, and upgrade planning.

Database access is different for people who enter data, internal users
of invalidated data, and users who view published data. Access must be:
controlled to 1imit modification of data to authorized users.

User interfaces, query languages, report writers, and graphics are all
important components for supporting the user’s access to databases. Some
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users can also benefit from capabilities that support access from user-written
software, access to databases from statistical analysis packages, and the use
of natural query languages that allow users to query the database in an
English-1ike language.

4.2.2 Scientific Visuglization

Scientific visualization is increasingly being used to present complex
scientific and engineering information to a wide audience. Of all computer-
based methods of data presentation, visualization techniques are often the
best choice. To understand the increasing amount of complex data that char-
acterize the cleanup problems at hand, innovative color, multidimensional, and
animated data displays using engineering workstations are useful for data
synthesis and increased understanding. For example, scientific visualization
cpu]d be used to display the results of a ground-water flow model. The
visualization could be used to support a color, three-dimensional cutaway
showing how contamination is distributed beneath the surface of the earth.
The user could rotate the three-dimensional volume in order to view it from a
number of perspectives.

Recent and continuing advances in hardware and software mean that scien-
tific visualization is becoming an increasingly available tool. Workstations
are affordable. Programmers can use commercially-available visualization
software packages and customize them to their application. Some packages are
even designed for end-user application so a programmer does not have to be
involved. Visualization capabilities should be considered an integral part of
any scientific-oriented information management system.

4.2.3 Geographic Information Systems

Geographic information systems can be viewed as a special type of
scientific visualization technique where the context of the visualization is a
map. A GIS allows users to compose maps onto which spatially oriented data
can be displayed. What differentiates GIS from computer-based drawing
packages, which also support the building and display of maps, is the ability
to perform analysis with the data. For example, GIS packages support the
ability to exclude areas based on criteria, generate contours from point data,
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and support buffering operations that, for example, identify areas within a
certain distance of the Columbia River or some other feature known to the GIS.

Since much of the scientific and technical data related to Hanford Site
cleanup can be identified with a location on a map, GIS will be an extremely
valuable tool in the decision-making process. A GIS is being implemented as
an important component of the HEIS.

4.2.4 Myltimedia Technology

Multimedia technology supports the processing, storage, and transmission
of data types such as images, graphics, text, audio, and video. As with
scientific visualization and GIS, workstation technology with local storage of
the data is an appropriate platform for using multimedia technology. Integra-
tion with other capabilities, such as a GIS and a database, can provide an
valuable environment for conveying many aspects of complex technical issues.
Images can include satellite imagery and phctographs. araghics can inciude
scientific visualization products that are stored for display. Thcse stored
products are useful when recreation oV t'.e product would be difficuit or too
time-consuming to recreate. Storage of nmultimedia text is different from
storing word processing files because what is being stored arz final products
rather than working documents. It is possible to store images of the docu-
ments, including figures and signatures, so the ducuments can be displayed as
they exist in final form. Documents stored electronically can also be cross-
references and searched for casy reference. Storing documents as images on
optical disk should be considered as an alternative to microfiim and can be
used instead of distributing paper copies of documents. Not only does it
reduce storage space requirements, substantial natural resources could be
conserved. It is always possible to print documents when they are needed.

4.2.5 Statistical Software

There are three levels of commercial software packages that can be used
to solve statistical problems. Unlike other general-purpose software toels
with similar conceptual frameworks, each statistical package has a unique
approach and includes its own unique set of statistical algorithms. Several
comparisons of statistical software packages have been pdblished (Raskin
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. 1989); these should be used to find the package that is best suited for a
particular problem. The three levels of software are
+ packages specifically designed for personal computers -~ These are
user-friendly, interactive data analysis packages that use pre-
packaged and pre-programmed algorithms. These packages are for the

beginning user of statistical software packages. They include
Statgraphics, Systat, and Gauss.

packages adapted from mainframe standard packages — These are more

functional and are able to handle large data sets more efficiently.
The algorithms are pre-programmed, but have options that expand the
breadth and scope of problems that can be addressed. Examples are

SAS, SPSS, and BMDP.

hich-level programming packages that contain many standard statist-
ical functions available to the user through "calls" executed
within thz code - These packages are for the seasoned programmer/
statistician who is willing to trade increased key strokes for
control over algorithms. These packages can create data displays
suitable for technical publications. An example is Splus.

4.3 N 1 M T _EN T M

‘iﬂ Many decisions must be made in the process of cleaning up Hanford. A
major motivation for collecting data is to support the decision-making pro-
cess. Once data are available, methods for analyzing th~ data must be
determined and the analyses must be performed. The analysis process for the
compiex problems we face can be facilitated by a computer environment that
supports this analysis. The purpose of this section is to discuss the problem
of computational integration at Hanford as it relates to environmental
restcration and waste management, to describe the characteristics of an
integrated computational environment, and to present requirements for creating
this environment.

To perform the assessment required in decision-making, modeling will be
required using many of the models previously described. In only a few cases
are the various aspects of the source-to-receptor models linked to facilitate
required modeling. To integrate models used in performance assessments with
the decis.on support information system, a system of linkages or "hooks" needs
to be established between the codes and databases. These hooks will allow the
software to be operated to share output, input, or data for conducting
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comprehensive assessments. The Hanford Integrated Plan can help develop an
integrated software environment by exploring ways of establishing hooks or
linkages between computer software.

Some existing codes, such as GENII, already have hooks with the ability

to accept, as input, the output from more sophisticated atmospheric or ground-
water transport codes. However, to create an integrated software environment,
additional or modified hooks need to be established. These hooks or linkages
are needed in the following areas:

to provide linkages with prior processes in an assessment -
Environmental pathway analysis relies on estimates of air, water,
or soil concentrations that are provided as input to the dose
assessment. These concentrations can be entered through the
creation of standardized input files, such as GENII uses to read in
concentrations in air or ground water. The establishment of these
hooks or linkages will assure optimum use of shared data in long-
term performance assessments.

to assure the automatic use of standardized model assumptions and
scenario definitions — The HEDOP Committee is charged with over-
sight of the model and scenario parameter selections used in
Hanford Site dose assessments. For more complex scenarios, these
parameter selections could be maintained in a single Site-wide
database providing standardized scenario parameters and assumptions
to codes. To accomplish this, hooks or linkages in the existing
codes would need to be established.

to provide linkages to standardized health risk evaluation methods
~ As the methodology for assessing health risks from radionuclides,
chemicals, and combinations of both are developed and improved, the
radiological pathway analysis codes need hooks or linkages to pro-
vide standardized input to the health risk models. These hooks
will assure consistency in usage of health risk methods within
overall performance assessments.

to provide linkages with decision support systems -~ Radiation dose
is one factor in the decision support process that must be con-
sidered along with such other factors as cost and schedule. Hooks
or linkages need to be developed with decision support systems so
that the results from dose assessments can be used in an optimum
manner.

There are three possible ways to develop an integrated software environ-

ment for conducting performance assessments at the Hanford Site. They are
1) to develop integrated software from scratch, 2) to modify existing
software, expanding on the hooks concept, and 3) to “"wrap" control or user
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interface software around existing codes. The Hanford Integrated Plan can
help establish the protocols for evaluating how to best establish an inte-
grated software environment.

There are several factors that must be considered in deciding how best
to develop an integrated software environment:
« The capabilities that are needed must be evaluated and compared

with existing software to determine if the development of
additional software is needed.

« The importance of quality assurance needs to be evaluated. For
example, it may be easier to develop new software under strict
quality assurance procedures that to verify the operation of
existing software. In addition, it is difficult to predict the
level of verification/validation that will be necessary in the
future, especially when regulatory decisions are at stake.

To best fit an integrated software environment, codes need to be

constructed in a modular fashion to permit the alternative

selection of component models within an overall performance

assessment. Existing codes need to be evaluated to determine if

they fit into the modular definition, or if they need to be

modified or replaced. One approach might be to 1ift modules from

existing codes and wrap them under a common control/user interface.

This means that only selected functions of existing codes would be

required in the integrated environment.

The standard set of models should be periodically evaluated and compared
with new and alternative methods. When new methods are developed and
approved, they should be incorporated into the standard set of software as
modules or alternatives for specific applications. The role of the Hanford
Integrated Plan can be to ensure that the periodic evaluation occurs and to
identify new and alternative methods to be included in the integrated software

environment.

A computer hardware and software infrastructure must be designed and
implemented to support these needs. This type of environment does not exist
today, but some important steps are being made. The four fundamental
architecture requirements are

. model integration
« documentation and record-keeping
user guidance
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« data access and integration.

Analysis of data from databases and information systems is often the
motivation for the collection of the data in the first place and is often
required before conclusions can be drawn. These conclusions can influence
planning for environmental restoration. The data currently stored in data
collection systems such as HEIS tend to be relatively raw. After the data
have been verified and validated, interpretations must be made to generalize
from a set of relatively sparse samples to the larger geographic areas that
the samples are supposed to represent. Generating interpreted data can be a
time-consuming and difficult task that often requires subject area specialists
and/or experts.

Models that already exist do not always reflect recent advances in
operating systems, computer languages, user interfaces, database access tech-
niques, and visualization. However, re-implementing the models is not cost-
effective and will, in some cases, require recertification of the model.
Rather than re-implementing, a better option is to "wrap" the new technologies
around the models so the new technology can facilitate the modeling process.

As analysis is applied during the decision-making process, the analyst
must document and keep records to record how decisions are made, and support
reanalysis and iterative analysis. In the best situation, the information-
gathering process is facilitated by the user’s environment so that Tess of the
user’s effort is consumed by documentation and record-keeping, and more effort
is available for the creative parts of the analysis. Having a record of what
was done can be valuable to "tweak" the analysis and determine where things
might have gone wrong and what has been tried.

Providing the user with guidance during the analysis process is particu-
larly valuable when the user is first introduced to an architecture or a new
piece of software. Where possible, guidance should not be limited to
mechanics only, but should include guidance about ramifications of various
activities.
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4.4 ARCHITECTURE CAPABILITIES

The type of architecture that addresses the'requirements discussed above
is a continually evolving, adaptable, generic information architecture that

enables incorporation of different software (e.g., models) into an
organized environment without modifying the software

- supports access to diverse data sets regardless of the form in
which they are stored, as long as the form is known and implemented
in the architecture

« provides the ability to structure the tasks a user performs so they
can easily be run repetitively

« records annotations and history as the user performs the tasks.

When this architecture is applied to a model, the model can be run
without modifying the source code; it can access the required data whether
those data are in a database or a standard file; it can be accessed by the
user through a friendly user interface; and it can record information such as
options and parameters as the user runs the model.

The process of preparing a model to run in this environment is not
trivial. However, models and other processes that will be used extensively on
the Hanford Site are candidates for incorporation into this emerging
information architecture.

4.5 STANDARDS AND CONVENTIONS
4.5.1 Data Standards and Conventions

It is crucial that data standards and conventions be developed, imple-
mented, and enforced consistently at the Hanford Site. If data are not’
gathered and maintained using standards and conventions, their usefulness to
the general user community is significantly reduced. When each project and
organization simply does "its own thing," duplication, inconsistency, and
diminished useability result.

A data administration board chartered by RL has been established for the
Hanford Site. The board has a representative from RL and each contractor.
To date, however, most of the board’s focus has been on administrative data
rather than scientific/technical data. Westinghouse Hanford Company has a
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data administration council that complements the RL-chartered data adminis-
tration board. Westinghouse Hanford Company items for submission to the
Hanford Site board are presented to the council and then put out for review
within WHC for 90 days. If no objections are raised, the submission becomes a
standard. This infrastructure appears sufficient to deal with approval of
standards and conventions but does not develop the standards and conventions,
which need to be developed by experienced subject-area experts who understand
the general conventions currently being used at Hanford.

Most standards and conventions currently in place have resulted from
project or organizational needs. A good example is the Hanford Site-wide
well-naming convention, by which WHC and PNL are working effectively together
to make each well-name unique. However, the convention being used is based on
the obsolete Hanford coordinate system, and the convention itself should be
re-examined.

An example of a project-oriented convention that may become a Hanford
Site standard is the use of HEIS sample numbers. Several projects whose data
do not currently go into HEIS are considering using HEIS sample numbers to
ensure unique sample numbers.

4.5.2 Computer Standards

Implementation of the Hanford computational infrastructure based on
well-supported government and industry standards can facilitate the process.
Some standards are well defined and widely supported already; others, no less
important, are still evolving; examples of the first type include programming
language and some network standards. Examples of the second type include
heterogenous database access protocols, user interface standards, and distri-
buted hierarchical file management and storage. At a minimum, we must stay
current with the standards to realize a cost-effective and well-supported
computational architecture.

Implementation of the Hanford computational infrastructure based on
well-supported government and industry standards can facilitate the
implementation process delivering the best computer technology to Hanford
users in a timely manner.



Hanford computer and user staff must actively involve themselves in the
selection of the optimum computétiona] environment. For example, the adoption
of UNIX and UNIX-based software is an issue that should be pursued. Hanford
computer staff must advise on the trade-offs that are involved, and Hanford
users and management must use that information and their own knowledge to set
the direction that ensures success.

4.6 ISSUES RELATED TO THE TOOLS INFRASTRUCTURE

The continuing advancement and evolution of applied computer technology
has changed the way computer-based decision support tools are used at the
Hanford Site. Now, the focus must be on integrating the individual parts of
the decision-making process and viewing the enterprise (Hanford mission) as a
whole. Our resources, including people, information, and facilities, must be
linked in a way that provides Hanford management with maximum flexibility.
Issues related to this integration include the following:

Adoption of an open systems philosophy by adherence to computer
standards can support integration by providing the freedom to
choose where and how information is used, regardless of which
computer platforms are involved.

« Transition toward a UNIX-1ike environment at Hanford is important
for its compatibility with the open systems philosophy, its
portability, and the ability to position Hanford to take advantage
of new technology.

The use of CASE tools, conformance to standards and integration of
heterogeneous systems can all contribute toward the goal of a more
cost-effective implementation of Hanford-specific software systems.

Hanford data managers must force the consistent use of Site-
specific data standards and conventions.

The computer and communications infrastructure for the Hanford site
needs to be the agent for change to a more responsive and effective
operation. The implementation of systems designed for an inte-
grated Hanford mission (for example, HEIS) can be that agent of
change.

- Complex systems consisting of many separate functional subsystems
need to be implemented in a planned and modular architecture so the
evolution of different parts do not impose impossible constraints
on the rest of the overall system.
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 Rather than forcing conformity to a certain hardware platform or
set of software products, Hanford management should force con- ‘
formance to interoperability.
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5.0 GUI NES FOR TOOL EVALUATION

A further step in the process begun by the Decision Support Tools Task
is to critically evaluate existing tools. The criteria can be diverse,
including quality assurance aspects (see Appendix C for four aspects of
quality assurance in the development and application of models). However,
specific quality assurance criteria have been developed by numerous groups
and were not duplicated by the Decision Support Tools Task. Other criteria
involve the technical adequacy and appropriateness of the tools for a specific
application. Tools must accomplish the intended technical functions, evalua-
tions, or predictions using reasonable input and assumptions, and must output
the information of interest in a usable form. These aspects of tool evalua-
tion were not rigorously conducted, although some issues and significant known
strengths and deficiencies of tools are identified in Sections 3 and 4.

A third category of criteria for tool evaluation is captured in the
following general guidelines, which are intended to be applied to set priof—
ities on tool application, modification, or development in the current polit-
ical and programmatic climate. The guidelines are expected to be useful in
selecting the tools to be developed, modified, or applied for estimating
schedule, cost, technical performance, health risk, and ecological risk.
Tools should be selected that

« must be available, no matter what, to meet regulations or to provide
general infrastructure

have a bias for action
- apply across different mission areas to integrate activities
- implement the observational approach.

Note that the guidelines were not applied to the tools discussed in this
document. Application of these guidelines to existing and proposed tools
would require further work.

5.1 TOOLS THAT MUST ALWAYS BE AVAILABLE

These tools will be required regardless of the remediation technologies
or cleanup scenarios that are chosen. Emphasis should be placed on tools

5.1



that are required to meet regulations or provide gener2! infrastructure for
environmental restoration and waste management. ‘

An example of a tool that must always be available is any tool required
by the TPA, e.g., an area-wide ground-water model specified under TPA
Milestones 29-00-00. Various databases also required to assure consistency
in data used by diverse people or activities that will eventually generate
information for cmparison or assimilation. In addition, specific computa-
tional hardware and networking capabilities are required for access by DOE and
effective use of databases at different Hanford Site locations.

5.2 TOOLS THAT HAVE A BIAS FOR ACTION

Emphasis should be placed on tools having a bias for action that can be
applied now, that use existing data or models, or that take advantage of
existing technology. While existing models may not have the resolution or
sophistication of future models, existing models are known by regulators and
have a previous history of Hanford Site applications. Models that cannot be
used to make decisions until extensive data are collected or that depend on
results of long-term studies should have lower priority than models that can .
be applied now, even with some limitations. Similarly, although previously
collected data may not be as precise, accurate, or relevant as data that is
currently being collected, such data should be made available for situations
requiring immediate decisions. Other models or data may allow no alternative
except to embark on long-term studies or projects.

Tools that have a bias for action focus alternatives rather than create
new independent alternatives. For example, a decision tool can be applied to
identify preferred land-use scenarios, which is turn allows cleanup levels to
be determined. Tools that narrow the options and try to reach agreement on
them should be emphasized. Tools that develop or quantify the impacts of
unlikely scenarios should be de-emphasized.

5.3 TOOLS THAT APPLY ACROSS DIFFERENT MISSION AREAS

Decision tools for integrating various mission areas can be used to
assemble and summarize information. A1l models integrate existing knowledge

5.2



about a physical system, but some do so to a greater degree than others.
Emphasis should be placed on models and databases that are based on coordi-
nated data-collection efforts and minimize duplication. In addition, the
number of different models being used should be minimized, but not to the
detriment of technical appropriateness. Maintaining and applying a smaller
set of models will make easier the tasks of achieving quality assurance, code
support, and regulatory acceptance of modeling results.

Visualization tools, such as GIS, help integrate data from diverse
sources. For example, contours of ground-water contaminant concentrations
generated from field sample collection and analysis can be overlaid on a
background map to display information for interpretation. In a like manner,
predictions from a contaminant transport model can also be overlaid on the
same background map to provide information on how well the model agrees with
observations.

HEIS is an example of a tool that is being applied across mission areas
and programs. HEIS has integrated ground-water monitoring data from the
Hanford Site Ground-Water Surveillance Program, the RCRA monitoring activ-
ities, and the newer environmental restoration activities. HEIS is accessible
via the Hanford LAN to support the diverse programs that require such data.

5.4 T00LS THAT CAN MP NT THE

Tools that can be used to implement the observational approach should be
given high priority. The observational approach is gaining increased favor
with regulators facing remediation of monumental contamination problems with
limited resources. Too often, after spending large sums of money, a decision
is reached that could have been made intuitively or using existing models and
data, before detailed study was done. Tools that can be used to identify the
most likely scenario, regardless of technology or the remediation approach
most likely to succeed for any cleanup level, need to be emphasized over those
tools that develop and evaluate a wide range of potential cleanup scenarios
and approaches. Contingency plans can be developed to handle some exceptional
cases, but these should not be the focus of extensive tools development.
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The MEPAS model is an example of a tool that implements the observa-
tional approach. MEPAS is currently being applied to screen radionuclides and .
chemicals in single-shell tanks. Based on present knowledge of the tank
inventories, the results will be used to determine high-priority constituents
for sampling and analysis.
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6.0 CONCLUSIONS

6.1 GENERAL ISSUES

A variety of tools are described in this report that support major
planning and technology assessment efforts underway at Hanford. They can
currently be applied in varying degrees to Hanford’s environmental restoration
mission. In preparing this document, we considered tools that were available
or familiar to staff at Hanford.

It is clear that the computer-based tools discussed in Sections 3 and 4
are not always having a large impact of the decision-making process. In fact,
their role in the decision-making process is not generally understood. The
primary reason for this gap is that the output of the tools is often not at
the right level to serve as input to the decision-making process. In addi-
tion, the tools are not well integrated. For example, the results of perform-
ance and risk assessment tools need to be integrated with cost, stakeholder
values, priorities, and interest along with other input.

It is important that decision support tools be integrated with other
tools and that this integration facilitates easy use. In Section 3, we
identified cases in which this integration is happening. For some tools, this
integration is working well; for others, integration has yet to begin. How-
ever, most existing tools were not designed or implemented to be decision
support tools. They were designed to meet specific project or program needs.
Although they can help facilitate the process, they do not directly support
decision-making.

Although issues related to the tools have been identified and the status
of various aspects of model documentation and testing has been compiled, this
document does not provide in-depth evaluation of these tools. In some cases,
it is unclear exactly how the tools would be used. Additional work would be
required to inventory and evaluate tools available elsewhere, either at other
DOE sites or outside the DOE complex.

The decision support tools implemented at the Hanford Site should altow
for improvements in modeling and computer technologies and for changes in
restoration technologies. One way to improve the tools available at Hanford
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(and throughout the COE complex) is to engage in technology transfer among DOE
sites. Surveys and investigations of activities in the DOE complex need to be
shared with the people at the working level doing the planning for each DOE
site. For that purpose, a DOE-wide environmental restoration technical
information exchange workshop is being held periodically.

The TPA is directing all environmental restoration work at Hanford and
is the consent order that will bring Hanford into compliance with the major
state and federal environmental laws. Although the application and develop-
ment of only a few tools is mandated under the TPA, other tools not explicitly
mandated are needed to meet other milestones. Decision-makers need to under-
stand how these tools can be beneficial in meeting TPA milestones. In some
cases, the regulaters are calling for resources, such as computerized mapping
data capable of being used in GISs, that require Hanford Site contractors and
DOE to invest in developing capabilities for the site.

Codes, models, and information management systems developed for the
Hanford Site are useful in predicting and estimating environmental contami-
nation. Many of these same codes, models, and systems will also be useful in
evaluating alternative cleanup strategies and in determining costs in terms of
time, money, and risk.

Currently, it is very difficult to determine the cost of various
remediation options apart from the cost of existing site facilities, so that
the comparison to technical performance is difficult. Also, the estimation of
costs for planning purposes is not coupled to the system for managing and
tracking costs; thus, obtaining feedback on the accuracy of cost estimates to
improve the planning process is not currently possible.

The good news is that some computer-based tools that support the
decision-making process are available and are currently being used to support
the cleanup process; the bad news is that more work needs to be done to make
existing tools more functional, to develop new tools where none now exist, and
to build interfaces and a computer infrastructure where the tools that are
available can be integrated to facilitate cleanup decisions. If codes and
models can be linked, they can help reduce the complexity and multiple compon-
ents of environmental problems. Because of the large amount of environmental
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data that must be processed and managed, codes and models must support and be
supported by information management systems.

6.2 DATA [SSUES

Planning data acquisition activities involves looking beyond the
immediate data needs to consider the data requirements of other activities,
such as risk and performance assessment models, in order to ensure that data
exist for all applicable uses at the Hanford Site. To this end, the char-
acterization programs and modeling efforts need to be integrated. For
example, drilling a well to collect a ground-water sample should also include
collecting data that will be needed for modeling, e.g., data on soil hydraulic
properties. ‘

Moreover, existing data at the Hanford Site should be reviewed to deter-
mine how it can be used. Sensitivity and uicertainty analyses will be useful
for determining the importance of different types of data used in performance
and risk assessments. This can be done with existing information; additional
data can be collected as needed for model calibration and validation activ-
ities. In considering how historic (existing) data at the Hanford Site can be
used effectively, data quality and quantity must be considered: identifying
what quality of data are needed and assessing whether the existing data are
adequate.

There has not been a thorough review of existing Hanford Site databases
nor much integrated planning for their future. Various organizations have
reviewed different parts of the databases, but these efforts have not been
coordinated to provide a comprehensive assessment of the data available for
impiementing decision-support tools and identifying gaps. It is unclear how
the current focus on using historic data will impact existing databases.

Tools exist at Hanford for data synthesis, but have not been applied on
a large scale. Scientific visualization, GISs, statistics, and modeling are
methods that can be used to synthesize existing and new information for making
decisions. They can also be used to synthesize results of model applications
for interpretations. However, there is little experience in applying them to
data at Hanford.
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One area where data and methods are inadequate is in health-risk
coefficients for assessing health risk to chemicals, e.g., carbon tetra- ‘
chloride. This is an issue that is not unique to problems at Hanford. Nor is
there knowledge of how to deal with exposures to multiple compounds (mixed
radioactive and hazardous chemicals). In the area of mixed wastes, synergisms
are important. One recommendation is to expand what is already known so a
classification scheme (classes of compounds versus human health effects) can
be developed for risk assessments.

6.3 MODEL ISSUES

Environmental pathway models for radionuclides are relatively well
developed, but are less developed for chemicals. These models include both
environmental transport and exposure pathways. Codes are currently available
at the Hanford Site for use in performance and risk assessment analyses.
Current exceptions where inadequacies may exist are in dealing with the trans-
port and chemistry of mixed wastes and multiphase contaminants. As modeling
technologies improve from development efforts at the Hanford Site and
elsewhere and better codes become available, the improved codes should be .
incorporated.

Consistency, integration, and ease of use are needed in the transfer of
data and results between models. This includes capturing the level of detail
and assumptions for models that will be coupled to conduct performance and
risk assessments. Often, more detailed models for components of a system are
combined with less detailed models of other components.

Most of the models discussed in this document address only one component
of predicting items, such as release, transport, or exposure; some models
attempt to compensate by using simple assumptions or algorithms. A few models
exist or are under development that directly couple two or more components
together. Where models are coupled, they may have components that are not
appropriate or would be better handled by other models. Models should ultim-
ately be developed in a modular fashion, so that they can be coupled easily.
This would also facilitate the replacement of weak components with stronger or
more appropriate components, when they are available. Models should also be
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made easier to use and should include provisions for documenting the model’s
assumptions. '

6.4 INFORMATION MANAGEMENT SYSTEMS ISSUES

Listed below are the issues that must be addressed to establish
successful, integrated computer-based information management systems that
support the Hanford Site’s mission of environmental restoration:

- a commitment by the user community to integrate systems that facilitate

data sharing and to use information management systems as the standard
way of doing business

- an effective integrated planning process for information management
systems that support the Hanford Site mission — This document, with
its identification of existing information management capabilities, is
the first step in this process. As is consistent with the Hanford
Integrated Planning Process, this effort needs to be a multi-contractor
activity and reflect a Site-wide perspective.

« a clear set of expectations among users of what information managemént
can do and how it can be an effective part of the environmental
restoration process:

a commitment by management to computer-based information management
along with sufficient funding for computer infrastructure, software
design and development, user support, documentation, and maintenance

- use of new cost-effective technology and timely access to that
technology.

6.4.1 Data Sharing Through Integrated Systems

The vast amount of data required for the environmental restoration pro-
cess needs to be treated as a valuable Hanford asset. The data needs to be
accessible, protected, and legally defensible. Data will be used not only
to demonstrate compliance, but also will be analyzed and used as a basis
for decision-making. A significant portion of the cost of an RI/FS is data-
and analysis-driven. The data are expensive to generate. Every effort should
be made to make the data useful for a variety of purposes. Planning is needed
to take into account all possible uses of the data and make cost-effective
decisions for data acquisition.

Sharing of historic data is also important. Because of the Hanford
Site’s current focus on an aggregate area-level planning and the high cost of
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acquiring new data, the Site must place more value on historic data. Because
historic data were typically gathered to meet the needs of a specific program,
it use and incorporation into integrated information management systems are
not always simple. Historic data may be of uncertain quality, and it may be
difficult to ascertain whether it should be used for specific analytical or
decision-making purposes. Moreover, historic data will be expensive to
assemble and make available. Difficult decisions will have to be made to
determine how and when historic data can be used.

6.4.2 Integrated Planning for Information Management Systems

Information management is an example of a cross-cutting technology that
can provide support to all mission areas and promote the sharing of common
data among the mission areas. No comprehensive integrated planning for Site-
wide information management systems for environmental restoration has been
performed at the Hanford Site. We need to facilitate more sharing of tech-
nological capabilities and focus on technology transfer. This can lead to
more cost-effective systems development efforts. This document, with its
identification of existing information management capabilities, is a first
step in this process. Consistent with the Hanford Integrated Planning
Process, this effort needs to be a multi-contractor activity and reflect a
Site-wide perspective. The need for integrated information management systems
is becoming better recognized.

There is a great deal of interest in systems like SWITS and HEIS because
they represent sources of integrated data and are oriented towards users,
instead of being systems in which data is largely unavailable to users.
People are beginning to recognize the need for integrated systems and taking
advantage of what others are doing. However, there is no formal, well-
recognized process that facilitates this. Knowledge of the systems and their
capabilities tends to be by word-of-mouth. Although integrated planning is
not normally actively supported by management, it depends largely on manage-
ment support for informal networking among those doing the work. Management
needs to be more involved in facilitating and encouraging integration of
planning and networking.
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DOE Headquarters also needs to access the site-specific data from all
the sites within the DOE complex. The DOE is imposing some information man-
agement system requirements on the DOE sites and more of this can be expected
in the future. Hanford contractors must be aware of DOE’s needs and actively
attempt to anticipate those needs, rather than react and wait for requirements
to be improved. An active approach is being used on the TWINS Project. A
site-specific database for tank sampling results is being implemented within
HEIS. TWINS, which is being implemented by PNL for HQ, will use the HEIS
database as well as other site-specific databases as a method of supporting
integrated access to data about DOE waste tanks.

6.4.3 Setting Information Management Expectations

Although significant hardware and software advances are being made that
support effective information management, most users are unaware of the
current state of the art. In some cases, their expectations are less than can
be delivered. In other cases, their expectations greatly exceed what can be
cost-effectively delivered. The users need to maintain an open mind while the
computer professionals need to be realistic about what they can provide.

6.4.4 Management Support for Information Management Systems

Effective information management systems require management support.
Developing these systems is an expensive and time-consuming process that
requires significant staff resources. On-going support for the systems and
their infrastructure is required once the systems are in place. Management
must value data as an asset rather than as an expendable commodity and set the
expectation that data will be shared for the good of all.

Another management issue related to computer-based systems is the issue
of what constitutes an "official" record. At this time, paper documents and
microfilm are being used. Information management systems as the official
repositories of data and computer-based, electronic storage of document both
need to be considered.

6.4.5 New Technology

Newer computer technology is being applied in some cases at Hanford.
Relational database management systems are generally available. Geographic
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information systems are being applied in some cases and being studied for
other applications. Engineering workstations are being applied in a number of
scientific arenas. However, for systems larger than personal computers, the
current procurement cycle is too long, difficult, and inefficient. The pro-
cess can actually preclude computer-based tools from being applied to appro-
priate problems.

In most cases, the information management systems must be built; the
Hanford contractors cannot buy finished products "off the shelf.* However,
they can buy tools such as database management systems, GISs, and computer-
aided software engineering systems that facilitate the development of the
technology, but much work would still be required to analyze, design, and
impiement needed systems. Although the Hanford contractors have made and are
continuing to make significant progress in developing tools to manage and
report data, they have not adequately addressed requirements for synthesis,
interpretation, and analysis of data. Computer-based tools are needed to
support these activities.

6.5 COMPUTER INFRASTRUCTURE ISSUES

The Hanford Site’s strategy for the incorporation of computer technology
must involve an integrated planning activity with the flexibility to respond
to advances in technology. Since computer technology is changing rapidly,
it is impossible to predict the directions that technologies will take and
what products will become viable. Thus, the strategy must be flexible enough
to investigate new technology as it becomes available and acquire it when
appropriate and cost-effective. An "open systems" philosophy is needed that
remains open to evolving computer standards to integrate separate functional
subsystems into complex interoperable systems.

There are site-based computer infrastructure planning efforts underway,
and any infrastructure planning activity undertaken as part of Hanford Mission
Planning should be coordinated with existing efforts.
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APPENDIX A
GLOSSARY

converted data: data that has had some conversion factors applied---usually
standard conversions not subject to dispute (example: millivolts converted to
degrees Centigrade through appropriate reference tables).

client/server: the client part of a computer system (workstation or terminal)
is utilized primarily to service the user and communicate between the user and
another part of the computer system (another workstation or computer system),
which is providing some centralized service such as storage, cpu cyc]es, or
data (database).

database: a collection of data arranged for ease and speed of retrieval

d it jectives 0s): objectives that specify required data quality
to meet an analytical need. Characteristics used to define data quality are

accuracy, precision, completeness, representativeness, and comparability.
These are defined as follows:

« Accuracy is a measure of the bias in a measurement or predictive system.
Accuracy determines if measurements or predictions are "on target." If
the measurement or prediction devices are biased, they may repeatedly
report values consistently in error by the same amount.

« Precision is a measure of the reproducibility of data for a given set of .
conditions. Specifically, precision is a quantitative measure of the
variability for a group of data compared to their average value.
Precision is generally stated in terms of standard deviation, but other
estimates such as the coefficient of variation and range can be used.

Completeness is a measure of the amodnt of validated data that was
obtained from a particular sampling scheme, calculated by dividing the
number of validated data points by the total number of samples

collected.
- Representativeness is an expression of the degree to which data

accurately and precisely represent a characteristic of a population,
parameter variations at a sampling point, or an engineered or
environmental condition. Data representative of a physical system match
the important characteristics of that system.

Comparability expresses the confidence with which one data set can be
compared with another. Comparable data for repeated experiments under
the same conditions provide confidence that they are correct.

DBMS: database management system, usually a commercially available softwire
package.
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i ion: specific design requirements, mathematics, derivations,
and references used in developing software, including physical bases for the
software (e.g., physical phenomena to be accounted for or known to be
neglected, basic assumptions); performance requirements (e.g., maximum CPU
time, memory, computer systems, interactive operation, etc.); regulatory
requirements; codes and standards; and other documentation requirements (e.g.,
mathematical models, user instructions).

engineering data: data that has been collected, converted, and/or summarized
in a way that enhances the engineering process (example: temperature averaged
to minute averages with uncertainty quantified)

GIS: Geographic Information System: a collection of data that can be
referred to by its geographic coordinates, geographic maps to overlay the
information on, and hardware/software to manage and display the data

image: electronic high-resolution color screens stored on computer discs,
such as maps, satellite imagery, photographs, and documents

infrastructure: (1) an underlying base or foundation especially for an
organization or (2) the basic facilities, equipment, and installations needed
for the functioning of a system or organization.

intermediate results: results that are not the final desired results, but the
results of a single step of a multistep process (example: heat input and
output to system under study to eliminate interferences for heat-balance
contributors not of interest to the final objective)

map layer: a set of map features that pertain to a specific subject. Map
layers can be at various levels of detail and can represent different types of
data; e.g., cartographic, demographic, orphotographic data.

model: a computer program that uses input parameters and a computer program
characterizing the process that operates on the input generating output of
interest to the investigation of the technical issue at hand.

performance assessment: an analysis that (1) identifies the credible nature
and human-caused events and processes (i.e., scenarios) that might adversely
affect a waste remediation or disposal system, (2) predicts the performance of
a system in terms of the containment and isolation of low-level radioactive
and hazardous wastes, and (3) estimates the health risk and environmental
consequences to determine if the system will comply with governmental
regulations. Performance assessment arises from language in the regulations
for licensing land disposal of both Tow-level and high-level radioactive
wastes. The NRC published regulations set forth specific evaluation criteria
contained in 10 CFR 61, "Licensing Requirements for Land Disposal of
Radioactive Waste." A specific requirement in Section 61.5, Subpart D is that
the LLW site "... shall be capable of being characterized, modeled, analyzed,
and monitored..." Implicit in these requirements is that applications for
future LLW sites will include sufficient information and analyses to provide
reasonable assurance that performance objectives stated in the regulations
will be met. These analyses include the use of transport models for
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predicting radionuclide transport along the ground-water pathway for a
prospective facility. To date, no LLW sites have been licensed under 10 CFR
61; the NRC technical staff can only speculate on the degree of complexity
needed to predict the performance of future LLW sites with respect to the
evaluation criteria specified in the regulations. The definition of
performance assessment for high-level waste disposal is similar.

query: a command for use in retrieving data from a database by specifying the
selection criteria

raw data: data that have not been modified from the original form in which
data collection occurred (example: millivolts from thermocouple)

reference information: characteristics and regulatory limits used in some
part of the clean-up process

related information: information that qualifies and explains results
(example: discussion of homogeneity near thermocouples)

reports: a complete presentation of results and related information

results: explicit numbers and/or qualifiers that objectively quantify the
output of a scientific process (example: calculation of amount of heat-
generating material)

risk ment: estimating the likelihood and severity of harm to human
health and the environment occurring from exposure to a risk agent. Risk
assessment consists of four phases:

« Hazar ntification---evaluating the likelihood of exposure and
the quantity of releases of an identified hazard gor the types,
Tocations, and amounts of potentially hazardous releases from a
runoff area, containment structure, or facility or the toxicity of
identified releases.

«  Exposure Assessment---modeling, otherwise estimating, or directly
measuring the quantities or concentrations of risk agents (and
byproducts or transformation products) received by individuals,
populations, or ecosystems. Assessments try to discover 1) risk
agents that organisms or environments are or may be exposed to, 2)
how much exposure, 3) by what mode, 4) for how long, and 5) under
what circumstances.

Dose-Response Assessment---determining the dose (amount reaching a
tissue or organ for potential to inflict damage) of a risk agent
received by an individual or population and estimating the
relationship between different doses and the magnitude of their
adverse effects.

. Risk Characterization---estimating the types and magnitudes of
adverse effects that the risk agent may cause to individuals or
populations and the probabilities that each effect will occur,
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accompanied by a description and discussion of uncertainties and
assumptions.

scientific visualization: 1looking at data and information in ways that

provide insights that could not otherwise be obtained. A geographic
information system is an example. Statistical graphs showing distributions,
and variability are other examples.

uncertainty: a qualifier (usually numeric) that quantifies the accuracy and
precision of data and/or results (example: a 95% confidence limit on an
average that implies that obtaining the average again under the same
conditions will result in a new average in the stated range 95% of the time)

verification: achieving confirmation that the conceptual model of the real
system is adequately represented by the mathematical solution. Verification
can thus be carried out, for example, by comparisons among several similar
codes and by comparison of numerical codes with analytical solutions.

validation: achieving confirmation that the conceptual model and the derived
computer code provide a good representation of the actual processes occurring

in the real system. Validation is thus carried out by comparison of
calculations with field observations and experimental measurements.
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APPENDIX B

ACRONY G AN RMATION SYSTEMS AN TABA
ADS: Activity Data Sheets
AIRDOS-EPA: (model) Dose from Airborne Radionuclides - EPA version
AIRSYSTEM: (information system) Air Sample Data Analysis System
ARC/INFO: Trademark for GIS software
AUTOCAD: Trademark for Automated Computer-Aided Design
BEIR: Biological Effects of Ionizing Radiation
BIOSC: (model) Bioassay Screening System
CACES: (model) Computed-Aided Cost Engineering Support System
CAP-88: (model) Clean Air Act Assessment Package-1988
CASE: Computer-Aided Software Engineering
CASS: (information system) Computed Automated Surveillance System
coC: Computer Data Corporation
CERCLA: Comprehensive Environmental Response, Compensation, and
Liability Act (also known as Superfund)
CFEST: (model) Coupled Fluid, Energy, and Solute Transport
CINDY: (model) Code for Interna] Dosimetry
CMS: Corrective Measure Study
COE: U.S. Arny Corps of Engineers
CORA: (model) Cost of Remedial Action Model
CRSTER: (model) Single Source Model
CuM: * (information system) Crib Waste Management
DAC: Data Administration Council
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DB-2:
DLM:
DoD
DOE:
DQO:

Ecology:

EFFLUENT:

EH:

EIS:
EM:

EMS:
EPA:
EPDS:
ER:
ERMC:
ER/WM:
ERS:
ES&H:
ETS-I:

ETS-TPA:

EXTRAN:

FDS:
FE3DQW:

Trademark for IBM mainframe database management system

(model) Dynamic Linear Model ‘
U.S. Department of Defense

U.S. Department of Energy

Data Quality Objectives

Washington State Department of Ecology
(information system) Effluent Data for 200 Areas

two-letter acronym for the DOE Office of Environment,
Safety and Health

Environmental Impact Statement

two-letter acronym for the DOE Office of Environmental
Restoration and Waste Management

(model) Emergency Management Support

U.S. Environmental Protection Agency

(information system) Environmental Planning Data System ‘
two-letter acronym for the DOE Office of Energy Research
Environmental Restoration Management Contractor

Environmental Restoratioh and Waste Management

(information system) Environmental Release Summary

Environment, Safety, and Health

(information system) Environmental Commitment Tracking
System---Internal WHC Commitments

(information system) Environmental Tracking System---TPA
Milestone Reporting

(model) Estimate Toxic Transport Model

(information system) Financial Data System

(model) Finite Element 3D Ground-water Flow
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FS:
FUSRAP:

GENII:

GENMOD-PC:

GIS:
GWT:

HANCHI :
HDWEIS:
HECR:

HEDR:
HEHF:
HEIS:

HGWDB:
HHMS :

HIH:

HLAN:
HMID:
HMS:

HUDU:
HWMA
HWTD:

I/0:
IBM:

Feasibility Studies
Formerly Utilized Sites Remedial Action

(model) Generation;II
(model) General Model-PC Version
Geographic Information System

(information system) Generator Waste Tracking

(model) Hanford Chi
Hanford Defense Waste Environmental Impact Statement

(information system) Hanford Environmental Compliance
Report

Hanford Environmental Dose Reconstruction project
Hanford Environmental Health Foundation

(information system) Hanford Environmental Information
System

(information system) Hanford Ground-Water Data Base

(information system) Hanford Health and Mortality Study
Master File

(information system) Hanford ;ndustrial Hygiene System
Hanford Local Area Network

(information system) Hazardous Materials Inventory Database
(information system) Hanford Meteorological Station

(model) Hanford Unified Dose Utility

Hazardous Waste Management Act

(information system) Hazardous Waste Tracking Database

Input/Qutput

International Business Machines
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ICRP:
ICS:
ID-CTS:

INTERTRAC:

ISC:
ISCLT:
ISCST:
IRIS:
IRM:

LCSYSTEM:

LEAD:
LIMS:
LOAEL:
LSIS:

M-CACES:

MACCS:
MAXT:
MCS:
MELSAR:
MEM:

MEPAS:

MESOI :

International Commission on Radiological Protection
(model) Integrated Characterization System

(information system) Internal Dosimetry Computer Tracking
System

(information system) Hanford Internal Dose Accounting and
Reporting System

(model) Industrial Source Complex

(model) Industrial Source Complex Long-Term

(mode1) Industrial Source Complex Short-Term

Integrated Risk Information System

Intermediate remedial measures

(information system) Liquid Composite Sample Data Analysis
System .
(information system) Liquid Effluent Analytical Data
Laboratory Information Management System

Lowest Observed Adverse Effects Level

large-scale information system

(model) Micro-Computer-Aided Cost Engineering Support
System

(model) MELCOR Accident Consequence Code System

(model) Maximum Individual Dose

Management Control System

(model) Mesoscale Location-Specific Air Resource Model

(information system) Modified Environmental Monitoring
System

(mode1) Multimedia Environmental Pollutant Assessment
System

(model) MESOscale Interactive
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MESOPUFF I1:

MESORAD:
MINTEQ:
MOX:
MPADD:

MPTER:

MSDS:
MTCA:
MTCACR:
MTDDIS:

MUA:

NCP:
NCRP:

NESC:
NIH:
NOAEL:
NRC:
NRDA:
NTP:

OIL:

OPENMODS :

ORE:
ORIGEN:

(model) Mesoscale Puff Model II

(model) Mesoscale Interactive Radiation Dose Model
(model) Mineral Thermal Equilibrium

(model) Mortality and Occupational exposure

(model) Multicomponent Reactive Plume Atmospheric
Dispersion and Deposition

(model) Multiple Point Gaussian Dispersion Algorithm with
Terrain Adjustment

(information system) Material Safety Data Sheets
Model Toxics Control Act
Model Toxics Control Act Cleanup Regulations

(model) Mesoscale Transport Diffusion and Deposition Model
for Industrial Sources

Multi-attribute Utility Analysis

National Contingency Plan

National Commission on Radiation Protection and
Measurements

National Institutes of Héa]th

No Observed Adverse Effects Level
U.S. Nuclear Regulatory Commission
National Resource Damage Assessment

National Toxicology Program

(information system) Open Item List

(information system) Operational Environmental Monitoring
Data System

(information system) Occupation Radiation Exposure System
(model) Oak Ridge Isotope Generation
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OSWER:

0TD:

PA:
PAL-DS:
PC:

PCB nonR:

PDMS:
PGEMS:
PLUVIUS:

PLUVUE II:

PNL:
PROFLO-3:
PS:
PUREX:

QST:

RAAS:
RAM:

RAMS:
RCRA:
RDDT&E:

RESRAD:

U.S. EPA Office of Solid Wastes and Environmental
Restoration

?OEEogfice of Technology Development (one of the offices
n EM

Performance Assessment

(model) P. nt, Area, Line Deposition System

Personal Computer

(information system) PCB Report---Non Radioactive PCB
Inventory

(information system) Project and Data Management System
(model) Pacific Gas and Electric Modeling System

(model) Atmospheric model named for the Roman god of rain
(model) Plume Visibility Model II

Pacific Northwest Laboratory

(model) Saturated-unsaturated flow and transport code
Priority System

Plutonium Uranium Extraction (Plant)
(information system) Quality Safety Trending System

Risk Assessment
(mode’) Remedial Action Assessment Program

(model) Gaussian-Plume Multiple Source Air Quality
Algorithi (also known as RAM)

(model) Reyional Atmospheric Modeling System
Resource Conservation and Recovery Act

Res :arch, Development, Demonstration, Testing and

. Evaluation

(model) Residual Radioactive Material

B.6



REX:
RfDS:
RFI:
RI:
RI/FS:
RL:

RPM-II1:
RSWIMS:

$301:
SACS:
SARA:
SCADA:

SLAEM:
SUMO:
SWPM:
SFMP:
SIMS:
STP:
SWITS:

TCD:
TPA:

TRAC:

TRANSS:

(information system) Radiation Exposure System
Reference doses

RCRA facility investigation

Remedial Investigations

Remedial Investigations and Feasibility Studies
Richland Operations Office of the U.S. DOE

(model) Reactive Plume Model-II

(information system) Richland Solid Waste Information
Management System

(model) Contamination transport code

(information system) Surveillance Analysis Computer System
Superfund Amendments and Reauthorization Act

(information system) Supervisory Control and Data
Acquisition System

(model) Analytical Element Flow Code

(model) System Unsaturated Model

(model) Solid Waste Projection Model

Surplus Facilities Management Program

(information system) Spatial Information Management System
Science and Technology Program

(information system) Solid Waste Information Tracking
System

(information system) Tank Characterization Database

Tri-Party Agreement between RL, EPA, and the Washington
State Department of Ecology

(model) Track Radioactive Components

(model) Transport Software
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TRACR3D:

TRI:
TSD:
TWINS:

UNSAT-H:

USGS:

VAM2DH:
VERT:
VIT:

WHC:
WSSRAP:
WIDS:

(model) Saturated-unsaturated flow and transport code
(information system) Training Records Information
treatment, storage; and disposal technologies

(information system) Tank Waste Information Network System

(model) unsaturated flow model-Hanford Site Version

U.S. Geological Survey

(model) saturated-unsaturated flow and transport code
(model) Venture Evaluation Review Technique

(model) Variable Thickness Transient flow code

Westinghouse Hanford Company
Waldon Springs Remedial Action Project

(information system) Waste Information Data Systems
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STATUS OF V ASPECTS OF C T TESTIN




Code Acronym  Documentation®®

AIRDOS-EPA
ASPEN
AREST

BIOSC

CACES
CAP-88
CFEST
CINDY
CORA
CRSTER

DWOPER

EMS
£Q3/6
EXTRAN

FE3DQW
FETRA
FLESCOT

GENII
GENMOD-PC

HANCHI
HUDU

ISC
ISCLT
ISCST

M-CACES
MACCS

MAXT
MELSAR
MEPAS
MESOI
MESOPUFF II
MESORAD
MINTEQ

Design

x X

X X X X X X

APPENDIX C

Users’
Manya] ®

x X

X X X X X X

c.1

TAT A

Verification
Benchmarking'®)

X
X
X

X X X X X X

b

x X

X X X X X X

Validation®

X
X

x

X X X X

> X X

>x X

X X X X X X



TATUS OF F_CO CUMENTATION AND TESTING (cont’d)

Desiqgn Users'’ Verification

Code Acronym Qoggmgnt;;ign(a) M 1) Benchmarking ) Validation'®
MOX X X X X
MPADD X

MPTER X X X X
MTDDIS X X X X
ONSITE/MAXI2

ORIGEN X X X X
PAL-DS X X X X
PGEMS X X X X
PLUVIUS X X

PLUVUE 11 X X X X
PREDICT X X

PROCHEM X X X X
PROFLO-3 X X X X
PUREXNEW X X

RAAS X X

RAM X X X X
RAMS

RESRAD X

RPM-11 X X X X ‘
S301 X X

SEPHIS X X

SERETRA X X X

SLAEM X X X
SUMO X X X

TABLES X X

TEMPEST X X X Partial
TODAM X X X

TRAC X

TRANSS X X

TRACR3D X X X X
UNSAT-H X X X
VALLEY X X X X
VAM2DH X X X

VERT X X X X
VTT X X X
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Footnotes:

(a)
(b)
(c)

(d)

Specific design requirements, mathematics, derivations, and references
used in developing software.

Description of how to execute codes and how to use special features,
including examples of applications.

Two types of software testing: benchmarking compares output of two
codes for agreement, and verification confirms that calculations are
correctly implemented.

Confirms that the computer code provides a good representation of the
physical system it is designed to simulate.
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