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1.0 INTRODUCTION

1.1 PURPOSE

This functional design requirements document describes the design of the preliminary Decision
Management Tool©' (DMT) application under development to support the CH2M HILL
Hanford Group, Inc. (CH2M HILL) Tank Closure Project. This document and associated
documents were completed in compliance with procedures TFC-BSM-IRM_HS-C-01, “Software
Development, Implementation, and Management,” and TFC-BSM-IRM_HS-C-03, *Custom
Software Development, Implementation, and Management.” The DMT is being designed as a
graphical user interface that will calculate numerical risk values and groundwater concentrations
from uscr created tank farm closure scenarios. The purposcs of this document arc: 1) to define
the functional requirements of the application, 2) identify desired program attributes, 3) discuss
how the DMT will contribute to the Tank Closure Project, and 4) provide guidance to analysts
and programmcrs developing and maintaining the system throughout its lifetime.

2.0 CONCEPT DEFINITION

The DMT is a project specific software application designed to perform risk asscssment
calculations supporting the Tank Closure Project. Through a graphical interface, the user will be
able to evaluate complex tank farm closure scenarios in terms of risk to human health and the
environment. Results of the evaluations will support closure decisions and preparation of
required closure project documents.

2.1 STATEMENT OF NEED

The single-shell tank farm closure project needs a tool to effectively and rapidly manage and
manipulate large amounts of numerical data from various sources to optimize risk assessment
calculations. The tool must allow for assessment of complex user defined closure scenarnios,
repeatedly perform calculations with varying input assumptions to assess sensitivity of risk to
various parameters, be able to rapidly respond to input data changes, and provide a means for
documenting the source of input data supporting spccific risk assessment results.

2.1.1 Overview of Tank Farm Risk Assessment Calculations

CH2M HILL has been tasked with initiating closure activities at the Hanford Site single-shell
tank farms. A critical clement in the closure process is to perform risk assessments cstimating
the potential future impacts to human health, groundwater beneath the tank farms and the

! Copyright pending.
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cnvironment. The following analysis componcats are included in the current risk assessment
modeling effort for the tank farms:

¢ Identification of contaminant sources
s Contaminant source inventorics

e Creation of physical conceptual models of the vadosc zone and aquifer beneath individual
tank farms

o Source and inventory specific fate and transport simulations

e Decvelopment of multiple groundwater and direct contaminant exposure scenario models.

2.1.2 Identification of Contaminant Sources

Source terms considered in the evaluation of risk include residual waste remaining in individual
tanks and ancillary equipment, past known unintentional releases of contaminants to the
environment, and potential releases to the vadosc zone resulting from planned waste retricval
activitics. Contaminant sources are identified bascd on tank farm infrastructure design and
process knowledge, along with historical, past sampling, and survey data. Physical dimensions
and location within the vadose zone of each source are cstimated from the best available
information.

2.1.3 Contaminant Source Inventories

For cach sourcc identified, the inventorics of wastc constituents are developed by subject matter
experts bascd on process and historical knowledge, existing sample results, inventory modeling,
or other available data.

2.1.4 Conceptual Model Creation

A physical conceptual model of the vadose zone and aquifer underlying the specific tank fanm is
created as the basis for the fate and transport simulations. Geologic information gathered from
existing borcholcs is uscd to identify the prominent material units. Hydraulic propertics of each
unit are estimated from textural analysis of collected samples (i.c., grain size) and other existing
information.
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2.1.5 Contaminant Fate and Transport Modeling

Potential impact to groundwater from identificd comammanl sources is simulated using
Subsurface Transport Over Multiple Phases (STOM P)’ modcling softwarc developed by Pacific
Northwest National Laboratory. The STOMP program solves complex saturated and unsaturated
flow equations to predict contaminant movement through the vadose zone over time.

2.1.6 Exposure Scenarios for Calculating Estimated Risk

Complex exposure scenarios over multiple pathways are developed to assess potential impacts to
human health and the environment. Exposure scenarios make assumptions of how future
residents may usc the land and groundwater potentially impacted and estimate the risk to human
health based on predicted contaminant concentrations. Conversion factors are developed for
each exposure scenario 1o calculate risk and or dose values from predicted groundwater or solid
waste concentrations. '

2.1.7 Summary of Risk Asscessment Calculations

In general, groundwater risk calculations include dividing the STOMP simulation contaminant
mass flux by the water volume flux across a specificd plane, correcting for radioactive or organic
decay of cach constitucnt, selecting a simulated distribution cocfficient surrogate value for cach
constituent, multiplying by the constituent inventory to derive the resulting groundwater
concentration, and finally multiplying the groundwater concentration by the appropriate risk
conversion factor. This serics of computations must be performed for each constituent for each
type of sourcc sclected in the closure scenario and for each time step in the simulation. In
addition, multiplec STOMP simulations may be gencerated for the same source differing in
assumed infiltration rates or waste release mechanisms. Complex closure scenarios involve
scveral sources of different types, unique inventory estimates for each source, and multiple
STOMP simulations to be compiled into a cumulative sum for cvaluation.

2.2 SCOPE OF NEED

Traditionally, tank closure risk assessment calculatlons have been completed using a standard
spreadsheet application (i.e., Microsoft Excel®), a time-consuming, error prone process that is
difficult to control from a configuration management standpoint. Evaluation of complex closure
scenarios and performing input sensitivity analysis is difficult using spreadshect calculations duc
to the sheer volume of data to be processed. Difficulties in effectively completing the required
analyses using spreadshect based systems prompted the Tank Closure Project to initiate design of

? Subsurface Transport Over Multiple Phascs (STOMP) is copyrighted by Battelle Memorial Institute, 1996.
* Microsoft and Excel are either registered trademarks or trademarks of Microsoft Corporation in the United States
and/or other countrics.
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the DMT: a comprchensive problem-specific, softwarc-based system focused on the specific
analysis nceds of tank closure.

DMT development requires qualified software programmers to work with Tank Closure Project
personnel to ensure the final application performs as desired. Until the DMT is functional, risk
assessment calculations with be performed using the traditional spreadshect methods to support
discussion of risk asscssment results in project documents.

2.3 SOLUTION OBJECTIVES

The DMT will perform the defined risk assessment calculations more efficiently and will allow
for greater sensitivity analyses to be performed than previously possible using spreadsheet
calculations. The DMT will provide critical data management capabilities, will be able to
respond quickly to changes in input data, and the correctness of calculated results will be ensured
through verification testing performed under an approved quality assurance program
accompanying the development of this software. The development of the DMT will provide a
consistent structure to the calculation method used to generate risk assessment results and will be
cxpandable to accommodate risk asscssments of any contaminated site for which the appropriate
input data is available (i.c., fate and transport modeling results).

The DMT is required to have the following functions:

e Data import and management: Input data files for source inventorics and STOMP
simulation results must be read and imported into the DMT from their native formats.

e Uscr Defined Closure Scenarios: The software must allow for user defined closure
scenarios. Users will be able to select individual contaminant sources, inventorics, and
STOMP simulations. Additionally, users will be able to manually tnput individual
contaminant inventories and distribution coefTicients.

e Perform groundwater concentration and risk calculations as currently required by tank
closure risk assessment methodology.

+ Display defined risk assessment results and groundwater concentration results both
numerically and graphically over the entire simulation modcling period
(c.g., 10,000 ycears).

s Calculate individual and cumulative results.

¢ Include documentation and configuration management information for each DMT or data
revision.

To anticipate future functional and design changes, the software will be designed to be as
modular as possible with formal interfaces established allowing changes to one module without
affecting others. Several design principles guide the development in order to implement these
objectives. These design principles include:
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1. System Configuration External to Exccutable Code to the Extent Possible

The computer program implementing the DMT will be a single exccutable, “DMT.cxc”,
and will be designed to run in an arbitrary dircctory on a hard drive, compact disc, or
flash memory card. The data required for DMT operation shall be organized into a
standardized dircctory structure.

2. Crcation of an Object Oriented Engine to Organize Data and Requircments

The DMT shall provide a configuration screen at startup allowing the user to determine
which data to load. The configuration screcn shall consist of trees that mirror the data
directory structure. After the data to be used in the scssion are selected, the program shall
load the data into an object data structure containing all of the information required for
the DMT to perform all of its functions.

3. Usc of Object Oriented Components to Establish Interfaces

The object data structure containing loaded data shall be a single object with a specified
interface containing all of the information nccessary for the DMT to function.
Programmers will be able to modify the methods of the object without changing the
interface, facilitating system enhancement and maintenance. This modular technique will
be used throughout the DMT program.

4. Full Display and Traccability of All Input Data

The DMT shall provide pages to numerically display all data imported from the data
dircctory structure. Displayed data can then be compared to configuration-managed
sourcc data to ensure that the source data has been properly imported. Each numecrical
display can be copicd to the operating system’s clipboard for insertion into a spreadsheet
or othcr off-the-shelf software to facilitate comparison of the imported data with the
original source data,

5. Calculation Functions Separate from the Data Engine

The object data structure will be accessible from all calculation modules in the DMT and
will not depend on any calculation module. This will allow developers to add new
calculation modules as required without impacting previously existing modules.

6. Full Export of All Input Data, Intermediate Results, and Final Results in a Format
Suitable for Use in Other Software

Where numeric data are displayed in the DMT, a range of the data can be sclected and
copicd to the operating system’s clipboard. This makes the data range available for any
other analyscs that the user might need. Further, many data displays provide direct
cxport to Microsoft Excel or to a format suitable for import into Tecplot®, Additionally, a
configuration pagc is provided to batch export graphical results to Tecplot.

* Tecplot is a registered trademark or trademark of Tecplot, Inc.
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7. Operation on Standard Computer Platforms

The DMT will run on Microsofl Windows 2000 and Windows XP’ platforms.

3.0 PROGRAMMATIC SUMMARY

3.1 SPONSORING ORGANIZATIONS

CH2M HILL is sponsoring the development of the DMT as a tool to support the Tank Closure
Project risk assessment activities.

3.2 STRATEGIC DIRECTION

The DMT is a key component of the strategic plan of the Tank Closure Project. It is envisioned
that future risk analyscs supporting tank closure decisions will be performed using the DMT.

Decvelopment of the DMT will streamline the risk assessment calculation process, provide
greater technical analysis by allowing for rapid, complex closure scenario comparisons, create a
standard interface and database that can be distributed to multiple users, respond rapidly to
changes in input data, and create a visualization tool that can be used 1o present risk assessment
results to regulators and other stakeholders. The DMT is a graphical and numerical summary of
the entirc risk assessment process. As stand alone software, configuration management is
simplificd and correct calculation of results can be verified as part of a quality assurance plan.

The DMT contributes to the strategic direction of the Tank Closure Project, and CH2M HILL as
whole, by increasing calculation efficiency, enhancing the quality of risk assessment discussion
by providing a means to quickly perform detailed sensitivity analyses (limited only by the input
STOMP simulations), creating an clegant visualization tool to present complex closure scenarios
to regulators and stakcholders, responding rapidly to changes in data, creating a platform that
provides complete traceability of input data and assumptions, and providing a means to distribute
the risk assessment data and results to multiple end users with better confidence in the accuracy
of the results. The ability to rapidly respond to new or altered input data will significantly aid in
the preparation of closure documents, and will support the accelerated schedule of the closure
activitics.

3.3 RISK ANALYSIS

Decvelopment of the planned DMT software does provide some programmatic risk. The
identificd risks include:

$ Microsoft, Windows 2000, and Windows XP are either registered trademarks or trademarks of Microsoft
Corporation in the United States and’or other countries.
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e The software might not be completed in time to support project nceds.

Resources have been provided to develop the software in a timely manner. Further,
development of the DMT is based on similar carlicr projects successfully completed by
CH2M HILL, Inc. companics. Many of the same personnel who worked on the earlicr
projects arc members of the DMT development tecam.

¢ Incorrect input data might be uscd.

Data to be used by the DMT are supplied from external sources and validation will be
performed by these supplicrs. The DMT will provide complete traceability to the
validated data.

» The required calculations might not be performed accurately.

Verification and validation of calculations will be performed prior to relcase of the DMT.
Standard verification input files will be utilized by DMT users during installation of the
soflwarc to verify correct installation of the DMT. A test plan will be developed for the
DMT in accordance with the procedure, “Custom Software Development,
Implementation, and Management™ (TFC-BSM-IRM_HS-C-03).

4.0 PROBLEM DEFINITION

Risk asscssment methodology supporting the Tank Closure Project requires manipulation of
large amounts of numerical data. Traditionally, tank closurc risk assessment calculations have
been completed using a standard spreadsheet application (i.¢., Microsoft Excel), a time-
consuming, crror prone process that is difficult to control from a configuration management
standpoint. Spreadsheet calculations become even more unwieldy as the complexity of closure
scenarios increascs. Limitations of spreadsheet calculations curtail the degree of sensilivity
analysis pcrformed on the defined closure scenarios. The DMT is designed to cfficiently manage
large amounts of data required to cvaluate complex closure scenarios. The modular nature of the
DMT allows multiple tank farms to be evaluated from a single application.

4.1 CONSTRAINTS

4.1.1 Risk Assessment Methodology and Simulations

Design and flexibility of the DMT is limited by the defined risk assessment methodology,
defined contaminant sources, and source fate and transport modeling results. The DMT structure
is intended to be flexible and accommodate future upgrades. The total number of closure
scenarios that can be evaluated with the DMT is limited by the number of STOMP fate and
transport simulations run for each defined source type. The validity of the numerical results is
dependent upon the assumptions supporting the fate and transport modeling and source
inventorics. The DMT is strictly a post-processing data management tool. The weight of
validity rests solely on the assumptions supporting the simulations and inventory input data.
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4.1.2 Document Schedule

The DMT is envisioned to provide sclected numerical risk values to be included in Tank Closure
Projcct documents and to support reccommended closure decisions. Therefore, the DMT must be
complcted, tested, and verified for correctness of calculations, and approved before it can be
used to support final project documents.

4.1.3 Input Data Structure

The DMT is designed to import currently identified input files according to their unique file
formats. Input data in different formats may require the import routine to be modified to accept
the new format.

4.1.4 Regulations, Procedures, and Policies

The DMT is envisioned as tool expanding upon existing tank farm closure risk assessment
technique. Regulatory requirements, procedures, and policics applicable to single-shell tank
closurc have been incorporated in the risk assessment methodology to the extent they arc known
or defined. The DMT is intended to be upgraded to mecet evolving risk assessment necds
whether these are from regulatory requirements or are technical modifications. In short,
regulatory drivers affecting the needs of the uscr will be addressed at the project level, the risk
assessment methodology will be modified accordingly, and then the DMT will revised to
perform the desired calculations.

4.1.5 Acceptance Criteria

Data must be imported into the DMT correctly and all calculations must be performed
accuratcly. A test plan will be developed for the DMT in accordance with
TFC-BSM-IRM_HS-C-03.

5.0 REFERENCES
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