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 SOFTWARE REQUIREMENTS DESCRIPTION AND SOFTWARE
DEVELOPMENT PLAN FOR A BIOSPHERE MODEL TO ESTIMATE

RADIOLOGICAL DOSE IN THE GOLDSIM ENVIRONMENT

1  SOFTWARE FUNCTION

A biosphere exposure model is being developed in the GoldSim (registered trademark of Golder
Associates Inc.) probabilistic simulation environment to be used as a tool for the U.S. Nuclear
Regulatory Commission (NRC) and Center for Nuclear Waste Regulatory Analyses (CNWRA) in
the review of non-high-level waste and waste incidental to reprocessing (WIR) determinations
for compliance with the appropriate performance objectives.  The function of the biosphere
model is to convert concentrations or fluxes of radionuclides that enter the receptor location by
various transport pathways to human dose.  The biosphere model must be designed so it can
be integrated with existing, NRC-developed GoldSim release and transport models for use in
total system performance assessment calculations.

2  TECHNICAL BASIS:  PHYSICAL AND MATHEMATICAL MODEL

Given radionuclide concentrations in the groundwater or an underground tank, the model will
predict the probabilistic dose to adult receptors for different scenarios for a period of
10,000 years.  The following scenarios will be considered:  (i) resident farmer, (ii) resident
gardener, (iii) recreationist, (iv) chronic intruder, and (v) acute intruder.  The source term used
for the first three scenarios will be the groundwater or surface water concentration; for
discussion purposes, these will be referred to as water-dependent scenarios.  For the chronic
and acute intruder, the source term will be the inventory of the underground disposal area and
hence will be referred to as intruder scenarios.

Table 1 shows the biosphere exposure pathways that will be considered for each scenario. 
Table 2 shows a list of radionuclides that will be used for the analysis.  This radionuclide list was
developed considering the highly radioactive radionuclides identified in previous non-high-level
waste and WIR determinations from the following sites: Hanford, West Valley, Savannah River
Site, and Idaho National Laboratory.  Some radionuclide decay chain members are not included
in this list due to a short half-life that merely serves as a conduit for a longer lived daughter in
the chain that needs to be tracked due to its ability to provide a dose to a receptor.  

For the water-dependent scenarios, soil can become contaminated via irrigation with
contaminated water.  Contaminated soil and air can interchange contaminants.  Direct exposure
from and incidental ingestion of the contaminated soil can be a pathway for the receptor. 
Inhalation and submersion doses result from the receptor being within the contaminated air. 
Various plants grown on contaminated soil can be contaminated through irrigation, deposition,
and soil uptake.  Ingestion of plants, as well as contaminated water, can provide a means of
exposure to the receptor.  Milk cows, beef cows, and game can also ingest contaminated plant
products and transfer contaminants to humans who consume resulting food products (e.g., milk,
beef, venison).

Groundwater- and surface-water-dependent scenarios also include recreation exposures from
boating, swimming, or ingesting fish.  Water can become diluted in a pond or stream and serve 
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Table 1.  Receptors and Pathways Used for Model Development

Pathways
Resident
Farmer

Resident
Gardener
(subset of
Farmer) Recreationist

Intruder
Acute

Intruder
Chronic

Ingestion
Ingestion of Drinking Water X X X
Ingestion of Vegetation X X X
Ingestion of Milk X X
Ingestion of Beef X X
Ingestion of Game X
Ingestion of Poultry X X
Ingestion of Eggs X X
Ingestion of Fish X X X X
Ingestion of Soil X X X X X

Inhalation X X X X X

External
Surface X X X X X
Submersion in Air X X X X X
Submersion in Water X

Table 2.  Radionuclides to be Used as Input to the Model
Species

ID* Half-Life Daughter 1 INL† SRS‡ Hanford WVDP§
H3 12.32 yr X X
C14 5715 yr X X X
Co60 5.271 yr X X X
Ni59 7.6e4 yr X X
Ni63 101 yr X X X
Se79 2.9e5 yr X
Sr90 28.78 yr Y90 X X X X
Y90 2.67 d X X X

Nb94 2.0e4 yr X X
Tc99 2.13e5 yr X X X X
I129 1.57e7 yr X X X

Cs137 30.07 yr Ba137m X X X X
Ba137m 2.552 min X X X
Eu152 13.54 yr X
Eu154 8.593 yr X
Eu155 4.75 yr X
Pb210 22.3 yr X
Ra226 1599 yr Pb210 X
Ra228 5.76 yr Th228 X
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Table 2.  Radionuclides to be Used as Input to the
Model (continued)

Species
ID* Half-Life Daughter1 INL† SRS‡ Hanford WVDP§

Ac227 21.772 yr decay chain member

Th228 1.912 yr X
Th229 7.3e3 yr decay chain member
Th230 7.54e4 yr Ra226 X
Th232 1.40e10 yr Ra228 X
Pa231 3.28e4 yr Ac227 decay chain member
U232 69.8 yr Th228 X
U233 1.592e5 yr Th229 X X
U234 2.46e5 yr Th230 X X
U235 7.04e8 yr Pa231 X
U236 2.342e7 yr Th232 X
U238 4.47e9 yr U234 X X
Np237 2.14e6 yr U233 X X X X
Pu238 87.7 yr U234 X X X X
Pu239 2.410e4 yr U235 X X X X
Pu240 6.56e3 yr U236 X X X X
Pu241 14.4 yr Am241 X X X X
Pu242 3.75e5 yr U238 X X X
Pu244 8.0e7 yr Pu240 X X
Am241 432.7 yr Np237 X X X X

Am242m 141 yr Pu238 X
Am243 7.37e3 yr Pu239 X
Cm242 162.8 d Pu238 X X
Cm243 29.1 yr Pu239 X
Cm244 18.1 yr Pu240 X X
Cm245 8.5e3 yr Pu241 X
Cm246 4.76e3 yr Pu242 X
Cm247 1.56e7 yr Am243 X
Cm248 3.48e5 yr Pu244 X
Cf249 351 yr Cm245 X

*ID = identification
†INL = Idaho National Laboratory
‡SRS = Savannah River site
§WVDP = West Valley Decommissioning Project

as a submersion exposure scenario for boating and swimming.  Fish accumulate radionuclides
within their tissue and, once ingested, can expose individuals.

For the intruder scenarios, the source term is assumed to be inventory within the waste.  The
intruder is assumed to drill directly into the waste, and the drill cuttings are brought to the
surface.  As a result, the waste is distributed over the surface soil.  The acute intruder is
exposed to the waste during the actual drilling of the waste.  The chronic intruder is similar to
the resident farmer except the drill cuttings have been evenly distributed over the soil. 
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Input parameters will be stochastically sampled as appropriate.  Note that the model will be
supplied with generally applicable and documented input values from available compilations as
agreed to by the NRC technical manager and project manager.  Once the time dependent
concentrations in various exposure media have been estimated, pathway-specific human
intakes doses will be estimated using Federal Guidance Report 11 and 12 dose coefficients
(EPA, 1988,1993).  Users will have the ability to modify the internal dose coefficients to
International Council on Radiological Protection Publication 72 (1996) values or hand enter
other selected coefficients.

The user can define the time range over which calculations are made as well as enter the size
of the timesteps.  The model will compute annual receptor doses at the user-specified
incremental years for the entire time period.  Data files will be included for radionuclide-specific
inputs such as dose coefficient and food transfer factors.

3  COMPUTATIONAL APPROACH

3.1 Data Flow and User Interface

The data flow will be similar to the methods prescribed in GENII 1.485 (Napier, et. al, 1988). 
User inputs of groundwater concentrations or waste concentrations are entered.  Associated
inputs for various media (e.g., soil, plants, animals) are located within the GoldSim containers
that calculate the concentrations.  Media concentrations feed into GoldSim containers that
estimate pathway-specific doses.

The user interface will be designed with GoldSim elements and dashboards.  Thus, GoldSim or
GoldSim Player (available via free download from the GoldSim website) must be installed on the
running computer.

3.2 Hardware and Software Requirements

CNWRA will develop the exposure model using GoldSim Version 9.5 or a later version.  The
model may be saved in player mode to run using GoldSim Player.  GoldSim is a personal
computer-based program that runs in the Microsoft® Windows™ operating system.  A Pentium
or higher CPU with at least 128 Mb RAM is recommended.

3.3 Graphics Requirements

There are no special graphics requirements.  GoldSim, however, offers the capability for graphic
display of output and intermediate outputs as functions of time.  GoldSim gives a user the
capability to generate data for graphic display or export the data in text format to be used in
graphical software such as Microsoft Excel®.

3.4 Pre- and Postprocessors

There are no pre- or postprocessor requirements to run the model.
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3.5 Software Validation

The model will be developed in accordance with CNWRA Technical Operating Procedure
(TOP)–018, Development and Control of Scientific and Engineering Software.  The
GoldSim-based models developed under this software requirements description will be created
in a generic manner, not for a particular site-specific regulatory review.  However, validation
(testing and benchmarking) will be conducted to allow the anticipated use in site-specific
licensing reviews.  Output from the GoldSim exposure model will be compared with output
created using GENII Version 1.485 code (Napier, 1988) for similar scenarios and hand
calculations, as needed to verify correct implementation of calculations.

4  SOFTWARE DEVELOPMENT

4.1 Baseline Items

This project will involve development of a biosphere model using GoldSim elements and
dashboards.  Data files will be produced as necessary (e.g., dose coefficients, transfer
factors, etc.). 

4.2 Project Management

This project consists of four subtasks to be documented in six milestones:  06004.01.006.200,
06004.01.006.205, 06004.01.006.210, 06004.01.006.215, 06004.01.006.220, and
06004.01.006.225.  Milestone 06004.01.006.200 will be a completed software requirements
document conducted by Ali Simpkins and James Mancillas.  Milestone 06004.006.205 will
develop a draft copy for the model/code and documentation and will be completed by Ali
Simpkins, James Mancillas, Pat LaPlante, Lane Howard, and Osvaldo Pensado.  Milestone
06004.01.006.210 will generate a letter report on resolution of NRC comments and will be
completed by Ali Simpkins.  Milestone 06004.01.006.215 will issue a final copy of
documentation of the biosphere model/code and will be completed by Ali Simpkins,
James Mancillas, Pat LaPlante, Lane Howard, and Osvaldo Pensado.  Milestone
06004.01.006.220 will issue a final copy of documentation of the biosphere model/code with
revisions to address NRC comments and will be completed by Ali Simpkins and
James Mancillas.   Milestone 06004.01.006.225 will train cognizant NRC and CNWRA staff on
the use of the developed biosphere model and will be completed by Ali Simpkins and James
Mancillas.  Milestones and due dates identified in the fiscal year 2007 Operations Plan for
Technical Assistance in Evaluating Non-High-Level Waste Determinations for the
U.S. Department of Energy in South Carolina and Idaho are shown in Table 3.  Other items that
do not have deliverable numbers but that will be completed include the software development
plan, software validation plan, and software validation test report.

4.3 Development Procedures

Coding will be done within the GoldSim software and software development will be conducted in
accordance with Technical Operating Procedure (TOP)–018.  Methods and equations will be
documented in Scientific Notebook 833E.  The working version of the model will be maintained
by James Mancillas on his computer with placement on the shared drive to facilitate reviews
as necessary. 
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Table 3.  Deliverables for Biosphere Model Project
Deliverable

Number Deliverable Description Delivery Date
06004.01.006.200 Subtask A:  Software requirements

documents
January 12, 2007

06004.01.006.205 Subtask B:  Draft copy of the model/code
and documentation 

February 23, 2007

06004.01.006.210 Subtask B:  Letter Report on resolution of
NRC comments on 06004.01.006.205

April 13, 2007

06004.01.006.215 Subtask C:  Final copy of the
documentation of the biosphere
model/code

June 8, 2007

06004.01.006.220 Subtask C:  Final copy of the
documentation of the biosphere
model/code with revisions to address
NRC comments

July 13, 2007

06004.01.006.225 Subtask D:  Training to cognizant NRC
and CNWRA staff on the use of the
developed biosphere model

August 2007 (after
completion of

Subtasks A–C)

4.4 Configuration Management

The first version will be released as 1.0 Beta and, upon approval by the NRC technical manager
and project manager, the version will be released as 1.0.  Upon official release of the model,
subsequent minor changes will be documented using a Software Change Request Form per
TOP–018, and the version number will be updated to 1.0.1, 1.0.2, and so on.  If significant
changes are to be made, a new Version 2.0 could be released, which would have to undergo
another complete validation per TOP–018.
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