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1 INTRODUCTION

The PCSA Tool is under development to provide the U.S. Nuclear Regulatory Commission
(NRC) and the Center for Nuclear Waste Regulatory Analyses (CNWRA) staff a tool to conduct
a systematic independent analysis and review of the DOE preclosure safety analysis for a
proposed repository at Yucca Mountain, Nevada. As part of a license application for
construction authorization and a subsequent license amendment to receive and possess waste
at the proposed repository, the DOE must conduct a preclosure safety analysis for the period
until permanent closure. The PCSA Tool will be used to identify areas of vulnerability in the
DOE safety analysis, to assess the DOE calculation of radiological consequences to workers
and the public, and to evaluate the identification of structures, systems, and components
important to safety. The PCSA Tool will feature a graphical user interface between the
databases, software packages, and utility tools. This Software Requirements Description
document describes the overall PCSA Tool function and outlines the proposed revisions
planned for Version 3.0 of the software. This document revision includes requirements for
worker dose calculations. The software requirement descriptions of PCSA Tool Versions 1.0
and 2.0 (Dasgupta et. al, 2001 a, 2002a) describe the modifications made to the earlier versions
of the PCSA Tool.

2 TECHNICAL BASIS

The PCSA Tool is structured after a safety analysis review methodology based on the
requirements of 10 CFR Part 63 and guidance provided in Yucca Mountain Review Plan
(NRC, 2002) for preclosure safety analysis of the geologic repository operations area. The
steps of review methodology along with the relevant sections in Yucca Mountain Review Plan
are shown in Figure 1. The figure also shows areas of the review addressed using the PCSA
Tool. The PCSA Tool activity is divided into several modules and the tool functions and
operates through these modules. The tool modules are used for: (i) designation of functional
boundaries (based on functional areas or processes) for focused analysis, (ii) compilation of
information required for the analysis (iii) site-specific natural and human-induced hazard
analysis and operational hazard analysis; (iv) event sequence analysis and categorization of
event sequences; (v) consequence analysis; (vi) safety assessment; (vii) designation of
structures, systems, and components commensurate with its importance to safety functions;
(viii) assessment of total risk; and (ix) accessing failure rate database. Assessment of total
system risk is not a regulatory requirement, but is provided in the tool as an additional capability
to gain insight on facility risk.

2.1 Software Function

The PCSA Tool consists of several modules to conduct and review preclosure safety analysis.
An overview of the tool modules is illustrated in Figure 2. The tool's functionality and planned
revisions under each module are provided next. In general, minor modifications based on user
feedback for all modules may be considered in Version 3.0 of the PCSA Tool. In addition,
current report capabilities will be enhanced and new reports will be developed using Crystal
Report. Graphical display of data in selected modules will be also developed using Crystal
Report. Description of each module follows:
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(i) Project Tree Module (PTM):

Background

The facility and operations in the geologic repository operations area can be divided into
functional areas by specific function, physical area of the facility, or by process as indicated in
item (i) in section 2.0. In this module, the functional area defines the boundary of the safety
analysis. The preclosure safety analysis steps (ii) to (v) described in section 2.0 can be
performed at the functional area level. The results from each functional area are collected and
analyzed in steps (vi) and (vii).

Required Modifications

No major revisions are required in PCSA Tool Version 3.0 for this module.

(ii) System Description Module (SDM):

Background

In this module, information required to conduct independent preclosure safety analysis in each
functional area is stored.

Required Modifications

The module will be modified to allow more data entry in an organized manner through
submenus. Separate forms will be developed for description and functions, facility operations
and procedures, human actions, software and remote systems used, characterization of waste
and source terms, lists of combustible materials and fire mitigating features, lists of structures,
systems, and components including information on design bases and design criteria.

(iii) Hazard Analysis Module (HAM):

Background

The tool has the capability to conduct operational hazard analysis using qualitative approaches:
Failure Modes and Effects Analysis technique, What-if analysis, and Energy method. In
addition, the tool has the capability to conduct qualitative human reliability and software
reliability analyses. This module also contains a database that includes a list of generic external
hazards, natural and human-induced. Information on each hazard and review of justification for
inclusion or exclusion of it for preclosure safety analysis are also stored in the database.

Required Modifications

In PCSA Tool Version 3.0, forms and tables to store information on fire hazard analysis will be
added. Any quantitative analysis required to support fire hazard identification will be done
external to the tool and the information will be stored in the database. Addition of this capability
was discussed in the future work section of Dasgupta et. al (2002b).
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(iv) Frequency Analysis Module (FAM):

Background

In this module, the event scenarios are developed based on postulated initiating events and
subsequent event sequences. A frequency of occurrence for an initiating event, and the
probability of failure and associated uncertainty for each event sequence are assigned. This
module is used to develop and store related information on input and output data associated
with event sequence frequency analysis. The event trees and fault trees are modeled and
analyzed using the SAPHIRE software. The information abstracted from SAPHIRE analysis is
stored in the database through this module.

Required Modifications

(1) Per NRC request, the SAPHIRE will be updated from the version 6.7 used at the present
time to currently available version 6.77. (2) In this module each event sequence is
categorized based on its frequency of occurrence. The category process will be modified to be
strictly consistent with the definitions of Category 1 and Category 2 event sequences in
10 CFR Part 63. (3) A submodule consisting of forms and tables to address seismic fragility
analysis will be developed in Version 3.0 of PCSA Tool. Earlier versions of PCSA Tool did not
have the capability to conduct a seismic fragility analysis. DOE plans to use seismic fragility
analysis to address risks associated with the seismic events. The SAPHIRE software has the
capability to conduct seismic fragility analysis which requires seismic hazard curve and fragility
data of the components as input. A database containing information on fragility of components
would be developed from the information available in the literature. The fragility curves for
structures and components unique to the facility, e.g., hot cells, would be reviewed outside the
tool. (4) A capability to allow the user to enter event scenarios for estimated dose to the public
and the worker will be added .

(v) Consequence Analysis Module (CAM):

Background

The consequence analysis module calculates the radiological dose to the members of the public
and workers. This module accepts input data for point estimates (deterministic) and/or
probabilistic dose calculations for the public and displays the results in graphical and tabular
format. The tool also allows point estimate calculations of the worker dose for fuel handling
operations in a pool.

Required Modifications

(1) The reporting and graphics capabilities to display input and output data for consequence
analysis will be developed. Earlier versions of PCSA Tool only reported results on the screen.
(2) NRC's original request was to upgrade RSAC from version 5.2 to version 6.1. However,
RSAC version 6.1 will not run on Windows XP machines. Therefore, the PCSA Tool will be
upgraded to use RSAC version 6.2. NOTE: Incorporation of MACCS2 software, an NRC
consequence analysis code developed by Sandia National Laboratory, is not planned for the
PCSA Tool Version 3.0, but will be considered for inclusion in a future version of the PCSA Tool
after the new version of the MAACS2 code is available. (3) Worker dose calculations will be
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conducted using software and/or hand calculations which are separate from the PCSA Tool.
The results of these calculations will be stored within the Safety Assessment Module.

(vi) Safety Assessment Module (SAM):

Background

The safety assessment module integrates and analyzes the results obtained from event
frequency analysis and consequence analysis. The safety assessment is based on
performance objectives for Category 1 and 2 event sequences stipulated in 10 CFR Part 63.
For Category 1 event sequences, the safety assessments allowed by this module are
frequency-weighted (annualized) dose calculation and screening calculations for combination of
events, which evaluate either point estimate doses or mean doses from the probabilistic
consequence analysis.

Required Modifications

(1) As mentioned in the Future Works section of Dasgupta et al (2002b), a mathematically
rigorous calculation for combinations of events will be added for Version 3.0 of the PCSA Tool.
(2) Reporting and graphics capability for this module will be added for Version 3.0 of the PCSA
Tool. Earlier versions of the PCSA Tool only reported the results on the screen. (3) The
capability will be added to evaluate worker dose compliance for category 1 event sequences.

(vii) Risk Assessment Module (RAM):

Background

The total risk of the system will be evaluated using the approach developed by Benke et al.
(2002). The risk calculation uses the mean frequency for initiating event and event sequences
and either point estimate or probabilistic results from the consequence analysis. The tool
calculates a point estimate or complementary cumulative distribution function of the risk. As
stated before, although not required by 10 CFR Part 63, this module provides an additional
capability to conduct risk assessments for supporting design reviews and safety assessments.

Required Modifications

Reporting and graphics capability for this module will be added for Version 3.0 of the PCSA
Tool. Earlier versions of the PCSA Tool only reported the results on the screen.

(viii) Structures. systems and components important to safety module (SSCISM):

Background

The structures, systems and components will be identified whether they are important to safety
using a performance-based importance analysis. The existing capability to review structures,
systems, and components, as stated in Dasgupta et al. (2002b), is conceptual.
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Required Modifications

In PCSA Tool Version 3.0, the feature will be improved to make the identification process user-
friendly.

(ix) Failure Rate Database Module (FRDM):

Background

This is not a new module. This module exists in the versions 1.0 and 2.0 of the PCSA Tool.
Since modifications were not planned for PCSA Tool Version 2.0, it was not discussed in
Revision 2.0 of the Software Requirements Description.

Required Modifications

If information on repository facility design and operations under revision by DOE is available, the
failure rate data base will be updated with reliability information to include the systems and
components used for the repository operations.

2.2 Mathematical Models

The PCSA Tool uses the Microsoft Access database software and three other existing software
packages for mathematical model analyses: (i) System Analysis Program for Hands-on
Integrated Reliability Evaluation (SAPHIRE), (ii) Radiological Safety Analysis Computer
Program (RSAC), and (iii) MELCOR computer codes. The tool utilizes (i) the SAPHIRE code for
event sequence analyses and quantitative frequency evaluation using event tree and fault tree
models (Idaho National Engineering and Environmental Laboratory, 1998); (ii) the RSAC code
to calculate the radiological dose to a member of the public from atmospheric release of
radioactive material (Wenzel, 1994); and (iii) the MELCOR computer code to estimate building
discharge fractions (NRC, 2000). Incorporation of the new version, of the MACCS2 code (NRC,
1998) currently under development, is not planned for PCSA Tool Version 3.0 but will be
considered after the new version of MACCS2 code is released.

3 COMPUTATIONAL APPROACH

The PCSA Tool serves two primary purposes: store data in a database and perform model
analysis. The structure of the PCSA Tool is schematically illustrated in Figure 3. The figure
shows the Graphical User Interface, developed using Visual Basic, controlling the functions of
the tool by independently linking to databases and software packages. The project database
and fixed database were created using Microsoft Access software. The read-only failure rate
database contains component failure rates obtained from actuarial data and literature citation of
actuarial data sources. In addition, the tool includes failure mode checklist, human error, and
performance shaping factor databases. The fixed database is restrained from user
modifications. The project database is the workbench for the tool and has been designed to
perform specific data management tasks for a systematic preclosure safety analysis. In addition,
the input data for model analyses and display of output data from other software packages are
also managed by the database. Further details on the computational approach can be obtained
from PCSA Tool progress reports (Dasgupta et al., 2001 b and 2002b).
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3.1 Data Flow and User Interface

The data flow in the PCSA Tool Version 3.0 is depicted by a typical flow diagram shown in
Figure 2. The PCSA Tool uses Visual Basic, a Windows application development system, as
the primary programming environment to develop a graphical user interface to connect to
Microsoft Access databases and computer codes, SAPHIRE, RSAC, and MELCOR. The
graphical user interface consists of a main window with a menu bar at the top. The menu bar
lists various functions and categories into which the tool allows the entry of data. By selecting
an item on the menu bar, the user will be given more specific options. Many of these options
will have suboptions, which may have further suboptions. By clicking on the various options, the
user is able to navigate through various programs, forms, tables, and reports. For example, the
user may enter data into a table or form, and recall the data at a later time. As discussed
earlier, the Microsoft Access database consists of project and failure rate databases. The read-
only failure rate database can only be viewed through the graphical user interface. The project
database provides several tables for entering, viewing, sorting and filtering of data. The
graphical user interface generates input data for model analysis, stores output data, displays
graphical results, and generates reports.

The modules in the tool allow the staff to perform and document independent review analyses in
a structured and systematic manner. Results of the review are abstracted, as appropriate, for
use in other modules of this tool. The abstraction of results into the next module is be
automated, while new information is entered manually.

3.2 Hardware and Software Requirements

The PCSA Tool is being developed to operate on an IBM compatible personal computer
installed with Windows NT 4.0 or Windows XP. The estimated disk space required is
250 megabytes maximum. The program is currently developed on a Pentium II - 266
megahertz computer with 256 megabytes of Random Access Memory. The final size and
memory requirements will be determined at the completion of the tool development. Visual
Basic is the chosen programming language for the tool. Visual Basic does not need to be
installed on the computer for the executable to run.

The PCSA Tool Version 3.0 is being developed using the following software: Visual Basic 6.0;
Microsoft Access 97 SR-2; SAPHIRE (Upgraded to Version 6.77); RSAC (Upgraded to Version
6.2); MELCOR Version 1.8.5; InstallShield Professional-Windows Installer Edition 2.0; Crystal
Reports Developer Edition 9; and a suite of utility codes. SAPHIRE is developed, supported and
distributed by Idaho National Environmental Laboratory, Idaho Falls, Idaho, 83415. RSAC code
is distributed by Radiation Safety Information Computational Center, Oak Ridge National
Laboratory, P.O. Box 2008, Oak Ridge, Tennessee, 37381-6362. MELCOR is developed,
supported, and distributed by Sandia National Laboratories, Albuquerque, New Mexico, 87185.
InstallShield Professional-Windows Installer Edition 2.0 is distributed by InstallShield Software
Corporation, Schaumburg, Illinois 60173-5108. Crystal Reports Developer Edition 9 is
distributed by Crystal Decisions, Inc., Palo Alto, California 94301 -2413. The suite of utility
codes, consisting of PCSA-LHS, PCSALHSINP, PCSAPROB, PCSARSACRD,
PCSACOMBAN, PCSAIETCCDF and PCSATOTRISK have been developed at CNWRA
and will be upgraded and rebuilt using the Lahey LF95 FORTRAN Compiler.
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InstallShield Professional-Windows Installer Edition 2.0 will be used to create a PCSA Tool
installation setup for Windows NT and Windows XP for distribution to the staff. The setup
distribution will install SAPHIRE, RSAC, and MELCOR codes and the CNWRA developed
applications. Microsoft Access software will not be required to be installed on the user's
computer.

3.3 Graphics and Reporting Requirements

The tool currently provides graphics and reporting capabilities using the Visual Basic 6.0 chart
and report modules respectively. These features, however, provide limited flexibility for display
and printing. A graphical display module will be developed using Crystal Report software to
display the deterministic and probabilistic dose, and probabilistic risk calculation results.
Additionally, Fault Tree and Event Tree models are graphically displayed using features of the
SAPHIRE code. The Crystal Reports software will be used to develop, save, and print reports
and graphics in a convenient format.

3.4 Pre- and Post- Processor

The pre- and post-processor will be an integral part of the tool to develop input data and display
results from acquired software packages, particularly for conducting consequence analyses
using RSAC and MELCOR codes.

3.5 Software Validation

In compliance with the requirements of CNWRA Technical Operating Procedure TOP-018,
validation tests will be performed on PCSA Tool Version 3.0. The completion of validation
testing of the PCSA Tool is scheduled for May 15, 2004. The stand-alone software SAPHIRE,
RASC and MELCOR will be validated separately; however, their validation test reports would be
a part of the PCSA Tool validation package. The validation test plans and validation reports for
RSAC Version 5.2 and MELCOR Version 1.8.5 have been completed. The validation test plan
for SAPHIRE Version 6.77 is under development.
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1.0 INTRODUCTION

1.1 Purpose

The Preclosure Safety Analysis (PCSA) Tool has been developed for use by Nuclear
Regulatory Commission (NRC) and Center for Nuclear Waste Regulatory Analyses (CNWRA)
staff to conduct a systematic independent analysis and review of the United States Department
of Energy (DOE) preclosure safety analysis for a proposed repository at Yucca Mountain,
Nevada. As part of a license application for construction authorization and a subsequent
license amendment to receive and possess waste at the proposed repository, the DOE must
conduct a preclosure safety analysis for the period until permanent closure. The PCSA Tool
will be used to identify areas of vulnerability in the DOE safety analysis, to assess the DOE
calculation of radiological consequences to workers and the public, and to evaluate the
identification of structures, systems, and components important to safety.

1.2 Background

The PCSA Tool is structured around a preclosure safety analysis review methodology, which is
based on both the requirements and objectives of 10 CFR Part 63 and the guidance provided in
Yucca Mountain Review Plan (NRC, 2003). The NRC plans to conduct a risk-informed,
performance-based review to determine whether the DOE has demonstrated, through its
preclosure safety analysis that the repository will be designed, constructed, and operated to
meet the performance objectives in 10 CFR Part 63. The PCSA Tool structure, modules, and
data flow are discussed in chapter 2 of the PCSA Tool Version 2.0 User Guide.

PCSA Tool Versions 1.0 and 2.0 were delivered to the NRC in 2002 and 2003, respectively.
Consistent with the Technical Operating Procedure (TOP) 018 requirement, Software
Requirement Documents (SRDs) were developed and Acceptance Tests (ATs) were conducted
before each release. ATs were conducted for Versions 1.0 and 2.0 of the PCSA Tool. The ATs
for Version 1.0 of the PCSA Tool are documented in Scientific Notebook 529E, June 27, 2002.
The ATs for Version 2.0 of the PCSA Tool are documented in Scientific Notebook 581 E, April 7,
2003. Prior to the execution of this validation test, acceptance testing for Version 3.0 of the
PCSA Tool will be conducted.

2.0 SCOPE OF THE VALIDATION

The PCSA Tool Version 3.0 is currently envisioned to be used for review of a preclosure safety
analysis in a potential license application for the proposed repository at Yucca Mountain.
Therefore, this software validation test plan is for PCSA Tool Version 3.0.

A significant part of the software's functionality involves user interaction with the tool to i) enter
and retrieve information input by themselves or another user, ii) store data in a database, and
iii) retrieve this data for use as input to standalone code modules or for display in output
reports. Therefore, the tool's manipulation of data to include input of the data by a user,
storage of the data to a database, and output of the data both in report format or output to
standalone code modules will be validated.

In addition to the data transfer and display functionality within the tool, a series of auxiliary
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FORTRAN code modules are included with the tool. These auxiliary code modules will be
tested along with the section of the tool that employs them. Auxiliary code modules are
identified in Section 4.1.

Another aspect of the tool involves its use as a common interface to separately executable
standalone code modules. For example, the PCSA Tool may be used to invoke the
Radiological Safety Analysis Computer (RSAC) program, the MELCOR program, or the
SAPHIRE program. MELCOR Version 1.8.5 has already been validated. The RSAC Version
6.1 and SAPHIRE Version 6.77 standalone code modules will be validated prior to the
execution of this test plan (refer to Section 3.0). The PCSA Tool's ability to create any required
input files for these programs and retrieve results from output files generated by these
programs will also be validated.

During the development of this validation test plan, the PCSA Tool was being upgraded from
Version 2.0 to Version 3.0. Some of the functionality had not been fully developed by the time
this test plan was created. Therefore, the last test case, identified in Section 6.14, indicates the
proposed level of testing required for modules that have not yet been developed and are not
otherwise included in this test plan. A Software Validation Test Report (SVTR) will be
generated in accordance with Appendix A for each of these modules and will be used to
document their validation.
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4.0 SOFTWARE AND HARDWARE ENVIRONMENT

The required software and hardware for this validation are identified in Sections 4.1 and 4.2,
respectively.

4.1 Software

The software to be tested in this validation procedure is the PCSA Tool, Version 3.0. This
includes the PCSA Visual Basic 6 executable as well as the FORTRAN auxiliary codes listed in
Table 4-1. The PCSA Tool executable (PCSATool.exe) is built using Visual Basic 6.0, SP 5.
The FORTRAN auxiliary codes are built using Lahey-Fujitsu FORTRAN 95 Version 5.6. Table
4-1 lists the required executables and their location. The HOME directory is the PCSA tool
installation directory. Other executables are located relative to this HOME directory.

Table 4.1. Software

Executable Type of Code Location

PCSATool.exe Visual Basic 6, Main Code HOME

pcsa-comban.exe FORTRAN, Auxiliary HOME\Tools

pcsajietccdf.exe FORTRAN, Auxiliary HOME\Risk

pcsa lhs.exe FORTRAN, Auxiliary HOME\Tools

pcsajlhsinp.exe FORTRAN, Auxiliary HOME\Tools

pcsa-prob.exe FORTRAN, Auxiliary HOME\Tools

pcsajrsacrd.exe FORTRAN, Auxiliary HOME\Tools

pcsajtotrisk.exe FORTRAN, Auxiliary HOME\Risk

4.2 Hardware

Validation is to be performed on a Windows NT 4.0 / Windows XP machine with the PCSA
Tool, Version 3.0 software installed. For installation instructions, refer to the PCSA Tool
Version 2.0 User Guide.

5.0 PREREQUISITES, ASSUMPTIONS, AND CONSTRAINTS

The PCSA Tool, Version 3.0 software has already been installed on the Windows NT 4.0/
Windows XP machine to be used for testing. This validation test plan may be implemented by
testers with little or no knowledge of the tool; however, some familiarity with Windows operating
systems to include Windows NT or Windows XP, as appropriate, is required.

Standalone code modules RSAC Version 6.1, and SAPHIRE Version 6.77 would be validated
prior to implementing this test plan.
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Acceptance testing would be completed for Version 3.0 of the PCSA Tool before implementing
this plan.

During the development of this validation test plan, the PCSA Tool was being upgraded from
Version 2.0 to Version 3.0. Some screen images were taken from the software under
development to show an area that will be included in the Version 3.0 release. The Version 3.0
tester may find that some of the screens have changed and that some input and output screens
have been added. The tester will note any differences between test results (displayed from the
in-development software) in this test plan and their actual test results in the "Notes" section of
the SVTR in accordance with Appendix A. The tester will also note any additions or
modifications made to the test procedure to accommodate these changes in the "Test
Procedure" section of the SVTR.
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6.0 TEST CASES

These test cases follow the sequence of menus on the PCSA Tool Main Window. It is
important to note that the PCSA Tool uses a working database that is different from the actual
database where information will ultimately be stored. User information is not placed in the
actual database until the user saves the information there. The user may save the information
when prompted upon exiting the tool, or the user may save the information from the "File" menu
by selecting "Save." Note also, if the PCSA Tool aborts during execution, upon restarting the
tool, the user will be prompted to recover their data. Therefore, as indicated in individual test
procedures, it is important as part of this validation for the tester to save changes prior to exiting
the tool and then restart the tool and re-verify the output information. Upon reentering the tool
and re-verifying the information, the user is actually verifying that information was in fact stored
in the database.

In addition, in many of the test cases only a few records are added. Since the records are
stored in a database (in contrast to a file system), it is not necessary to verify that a maximum
number of records can be stored, but rather that information can in fact be added, stored, and
later retrieved.

6.1 Project Tree

The Project Tree is accessed from the Proj. Tree submenu. The Project Tree helps the user to
organize functional areas within a tree structure. This tree structure is intended to help the user
manage data from the facility hazard analysis in a systematic manner.

The Project Tree assigns a functional identification to a functional area specified by the user.
The objective of this test is to verify that the project tree structure is built correctly.

6.1.1 Test Input

The data for each node of the tree can be expanded to three levels, allowing three subsections
for each functional area. This test is conducted with two main levels fully expanded. The test
input is identified in Table 6.1-1.

6.1.2 Test Procedure

In accordance with the PCSA Tool Version 2.0 User Guide, Section 3.3, enter the project tree

Table 6.1-1 Project Tree Test Input

Functional Area ID Level Information Remarks Saphire Project
Location

A.1.2.3 Node A, Al, A2, A3 {for Functional area A Saphire location A
the 1 , 2nd , 3rd , and 4 th

levels, respectively}

B.1.2.3 Node B, B1, B2, B3 {for Functional area B Saphire location B
the 15t, 2 nd 3rd and 4 th

levels, respectively}

6



* 0

structure identified in Table 6.1-1. Exit the tool saving the information entered and then reenter
the tool. Verify the project tree structure previously entered. Also, verify that the level
information and remarks appear correctly on the PCSA Project Tree Report.

6.1.3 Test Results

Test results will be documented on an SVTR in accordance with Appendix A.

The test input functional area ID and level information entered is expected to agree with the
information displayed within the Project Tree and the Project Tree Report.

7



*0g

6.2 External Events

The External Events module contains a submenu, Generic List, which leads to a database with
tables containing a generic list of naturally occurring and human-induced external events. The
External Events module is required to accept user input into existing events, create new events,
and place the input into the project database. The objective of this test is to verify that the user
input is correctly stored in the database.

6.2.1 Test Input

Table 6.2-1 identifies the input that will be entered into the External Events input window. Note
that certain fields such as the Additional Discussion field may contain significantly more text
than shown in Table 6.2-1. The tester is encouraged to enter text in addition to that depicted in
the table.

Table 6.2-1 Test Input for External Events Test Procedure

Definition External Event 1.1

Ext. Hazard ID Exl

Required Condition External Event 1.2

Potential exist for the event to be applicable to the site (YES), External Event 1.3

Rate of process high enough to affect the facility during (NO), External Event 1.4
preclosure period

Consequence of process significantly high to affect the facility (YES), External Event 1.5
during preclosure period

Justification for frequency External Event 1.6

Event Frequency 0.001

Additional Discussion External Event 1.7

DOE References External Event 1.8

NRC Review Report File Name External Event 1.txt

6.2.2 Test Procedure

Testing is performed on the Naturally Occurring and Human-Induced Events Form opened from
the main menu (Ext. Events ==> Generic List).

In accordance with the PCSA Tool Version 2.0 User Guide, Section 3.4, enter as a minimum,
the external event information contained in Table 6.2-1 for a new external event, "External
Event 1." Exit the tool saving the information entered and then reenter the tool. Verify the
external event information entered.
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6.2.3 Test Results

Test results will be documented on an SVTR in accordance with Appendix A.

The test input entered for External Event 1 is expected to agree with the information displayed
within the Generic List of Events on the Naturally Occurring and Human-induced Events Form
and the PCSA Tool External Events Report.
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6.3 System Description

The System Description module contains two submenus, Detailed Operations Sequence, and
SSCs, which are used to describe structures, systems, and components in the functional area.
The Detailed Operations Sequence Form and the SSC Data Form were being developed at the
time this test plan was created. Both forms are used to store information in the database.

6.3.1 Detailed Operations Sequence

The Detailed Operations Sequence Form is used to store information on operation sequences,
human actions, software systems, etc. It is used to store information in the database and
therefore, the objective of this test is to verify that the user input is correctly stored in the
database and can be retrieved from the database and displayed.

6.3.1.1 Test Input

The Detailed Operations Sequence Form was being developed at the time this test plan was
created; therefore, detailed input information is not available. Information is entered at level 3-
A3 of the Project Tree. Test input will be developed to add records and verify that this
information is stored in the database. The test input used will be documented within the Test
Environment Setup, Input Data section of the SVTR.

6.3.1.2 Test Procedure

Testing is performed on the Detailed Operations Sequence Form opened from the main menu
(System ==> Detailed Operations Sequence).

The PCSA Tool Version 2.0 User Guide, Section 3.5, displays a System Description Form that
has been replaced by the Detailed Operations Sequence Form in Version 3.0 of the PCSA
Tool. Enter information into the Detailed Operations Sequence Form and subforms. Exit the
tool saving the information entered and then reenter the tool. Verify the detailed operations
sequence information entered and verify it can be displayed on the appropriate output forms or
tables. The test procedure used will be documented within the Test Environment Setup, Test
Procedure section of the SVTR.

6.3.1.3 Test Results

Test results will be documented on an SVTR in accordance with Appendix A.

The test input entered is expected to agree with the information displayed within the Detailed
Operations Sequence Form and associated report.
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6.3.2 Structures, Systems, and Components (SSCs)

The SSC Data Form is used to store information on structures, systems, and components. It is
used to store information in the database and therefore, the objective of this test is to verify that
the user input is correctly stored in the database and can be retrieved from the database and
displayed.

6.3.2.1 Test Input

The SSC Data Form was being developed at the time this test plan was created; therefore,
detailed input information is not available. Information is entered at level 3-A3 of the Project
Tree. Test input will be developed to add records and verify that this information is stored in the
database. The test input used will be documented within the Test Environment Setup, Input
Data section of the SVTR.

6.3.2.2 Test Procedure

Testing is performed on the SSC Data Form opened from the main menu (System ==> SSCs).

Enter information into the SSC Data Form and subforms. Exit the tool saving the information
entered and then reenter the tool. Verify the SSC information entered and verify it can be
displayed on the appropriate forms or tables. The test procedure used will be documented
within the Test Environment Setup, Test Procedure section of the SVTR.

6.3.2.3 Test Results

Test results will be documented on an SVTR in accordance with Appendix A.

The test input entered is expected to agree with the information displayed within the SSC Data
Form and associated report.
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6.4 Internal Events

The Internal Events module includes the Failure Mode and Effects Analysis (FMEA), What
IF, Human Reliability Analysis (HRA), and Energy Method submenus. Analyses of the
hazards resulting from the operations of the facility are performed using FMEA, What If
analysis, HRA, and Energy Method analysis methods. In the Internal Events module, it is
required that all the hazard analysis methods enable the user to enter data into a database
using a data entry form. The objectives for the tests in this section are to verify that the user
input is correctly stored in the database and along with this objective, to verify that severe
events are correctly distinguished from non-severe events.

6.4.1 FMEA Test

This test verifies that FMEA information is correctly entered into the database and that severe
and non-severe events are correctly distinguished.

6.4.1.1 Test Input

Table 6.4.1-1 shows the input that will be entered into the FMEA Form for two records. Record
1 contains information for a severe event while Record 2 contains non-severe event
information. Note that certain fields such as Additional Information may contain significantly
more text than shown in Table 6.4.1-1. The tester is encouraged to enter text in addition to that
depicted in the table.

Table 6.4.1-1. Test Input for FMEA Internal Event

Data Entry Field Record 1 Record 2

Component Description FMEA_1.1 FMEA_2.1

Failure Mode FMEA_1.2 FMEA_2.2

Cause of Failure FMEA_1.3 FMEA_2.3

Effect of Failure FMEA_1.4 FMEA_2.4

DOE Safeguards and Controls FMEA_1.5 FMEA_2.5

Additional Information FMEA_1.6 FMEA_2.6

Severe Events (YES), FMEA 1.7 (NO), FMEA_2.7

6.4.1.2 Test Procedure

Testing is performed on the FMEA Form opened from the main menu (Int. Events ==> FMEA
==> Form).

In accordance with the PCSA Tool Version 2.0 User Guide, Section 3.6.1, enter as a minimum
the FMEA information contained in Table 6.4.1-1. Exit the tool saving the information entered
and then reenter the tool. Verify the FMEA information entered. Also verify that severe and
non-severe events are correctly distinguished.
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6.4.1.3 Test Results

Test results will be documented on an SVTR in accordance with Appendix A.

The test input entered is expected to agree with the information displayed within the FMEA
Form, FMEA Table, and associated report.
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6.4.2 What If Test

This test verifies that What If information is correctly entered into the database and that severe
and non-severe events are correctly distinguished.

6.4.2.1 Test Input

Table 6.4.2-1 shows the input that will be entered into the What If Form for two records.
Record 1 contains information for a non-severe event while Record 2 contains severe event
information. Note that certain fields such as Additional Information may contain significantly
more text than that shown in Table 6.4.2-1. The tester is encouraged to enter text in addition to
that depicted in the table.

Table 6.4.2-1. Test Input for What If Internal Event

Data Entry Field Record 1 Record 2

What If Whatlf_1.1 Whatlf_2.1

Causes Whatlf_1 .2 Whatlf_2.2

Consequences Whatlf_1 .3 Whatif_2.3

DOE Safeguards Whatif_1.4 Whatlf_2.4

Additional Information Whatlf_1.5 Whatif_2.5

Severe Events (NO), WhatIf_1.6 (YES), Whatif-2.6

6.4.2.2 Test Procedure

Testing is performed on the What If Form opened from the main menu (Int. Events ==> What If
==> Form).

In accordance with the PCSA Tool Version 2.0 User Guide, Section 3.6.2, enter as a minimum
the What If information contained in Table 6.4.2-1. Exit the tool saving the information entered
and then reenter the tool. Verify the What If information entered. Also verify that severe and
non-severe events are correctly distinguished.

6.4.2.3 Test Results

Test results will be documented on an SVTR in accordance with Appendix A.

The test input entered is expected to agree with the information displayed within the What If
Form, What If Table, and associated report.
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6.4.3 Energy Method Test

This test verifies that Energy Method information is correctly entered in the database and that
severe and non-severe events are correctly distinguished.

6.4.3.1 Test Input

Table 6.4.3-1 shows the input that will be entered into the Energy Method Form for two records.
Record 1 contains information for a severe event while Record 2 contains non-severe event
information. Note that certain fields such as Additional Information may contain significantly
more text than shown in Table 6.4.3-1. The tester is encouraged to enter text in addition to that
depicted in the table.

Table 6.4.3-1. Test Input for Energy Method Internal Event

Data Entry Field Record 1 Record 2

Event Category Collision/Crushing Explosion/implosion

Event Name EnergyAnal- .1 EnergyAnal_2.1

Cause of Event EnergyAnal-1.2 EnergyAnal-2.2

Severe Events (YES), EnergyAnal-1.3 (NO), EnergyAnal 2.3

Additional Information EnergyAnal-1.4 EnergyAnal 2.4

6.4.3.2 Test Procedure

Testing is performed on the Energy Method Form opened from the main menu (Int. Events ==>

Energy Method ==> Form).

In accordance with the PCSA Tool Version 2.0 User Guide, Section 3.6.3, enter the Energy
Method information contained in Table 6.4.3-1. Exit the tool saving the information entered and
then reenter the tool. Verify the Energy Method information entered. Also verify that severe
and non-severe events are correctly distinguished.

6.4.3.3 Test Results

Test results will be documented on an SVTR in accordance with Appendix A.

The test input entered is expected to agree with the information displayed within the Energy
Method Form, Energy Method Table, and associated report.
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6.4.4 HRA Test

This test verifies that HRA information is correctly entered in the database and that severe and
non-severe events are correctly distinguished.

6.4.4.1 Test Input

Table 6.4.4-1 shows the input that will be entered into the Human Reliability Analysis Form for
two records. Record 1 contains information for a non-severe event while Record 2 contains
severe event information. Note that certain fields such as Additional Information may contain
significantly more text than shown in Table 6.4.4-1. The tester is encouraged to enter text in
addition to that depicted in the table.

Table 6.4.4-1. Test Input for HRA Internal Event

Data Entry Field Record 1 Record 2

Category A C2

Human Action HRA_1.1 HRA_2.1

Human Failure Event HRA 1.2 HRA_2.2

Performance Shaping Factors HRA_1.3 HRA_2.3

Recovery Action HRA_1.4 HRA_2.4

Effect of Failure HRA 1.5 HRA_2.5

DOE Safeguards and Controls HRA 1.6 HRA_2.6

Additional Information HRA 1.7 HRA_2.7

Severe Events (NO) HRA_1.8 (YES) HRA-2.8

6.4.4.2 Test Procedure

Testing is performed on the Human Reliability Analysis Form opened from the main menu (Int.
Events ==> HRA ==> Form).

In accordance with the PCSA Tool Version 2.0 User Guide, Section 3.6.4, enter the Human
Reliability Analysis information contained in Table 6.4.4-1. Exit the tool saving the information
entered and then reenter the tool. Verify the Human Reliability Analysis information entered.
Also verify that severe and non-severe events are correctly distinguished.
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6.4.4.3 Test Results

Test results will be documented on an SVTR in accordance with Appendix A.

The test input entered is expected to agree with the information displayed within the Human
Reliability Analysis Form, Human Reliability Analysis Table, and associated report.
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6.4.5 Severe Events (All)

This test verifies that Severe Events can be correctly retrieved from all the events entered.

6.4.5.1 Test Input

The input for this test has already been entered. The severe events input is identified in
Sections 6.4.1, 6.4.2, 6.4.3, and 6.4.4.

6.4.5.2 Test Procedure

Testing is performed on the Severe Events List opened from the main menu (Int. Events ==>
Severe Events (All)).

In accordance with the PCSA Tool Version 2.0 User Guide, Section 3.6.1.1, 3.6.2.1, 3.6.3.1,
and 3.6.4.1 verify the severe events previously entered are displayed.

6.4.5.3 Test Results

Test results will be documented on an SVTR in accordance with Appendix A.

The severe events previously entered in Sections 6.4.1, 6.4.2, 6.4.3, and 6.4.4 are expected to
be displayed in the Severe Events List and associated report.
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6.5 Frequency Analysis

The frequency for event sequences from an initiating event is determined using event tree and
fault tree analyses. An event tree models an event scenario which consists of sequences of
events that result from a single initiating event. The starting point of this analysis is the
identification of an initiating event and the quantification of its frequency of occurrence. The
probabilities for events that appear in the event tree are quantified using actuarial data, fault
tree analysis, or other methods. Fault trees are used to find failure probabilities for
multicomponent or complex subsystems. The net result of defining fault trees, initiating events,
event trees, and event sequences is to develop the frequency of occurrence for individual event
sequences which are later used in performance analyses. Initiating events, event trees, fault
trees, and event sequences are discussed in the following sections.

6.5.1 Initiating Event

This test verifies that initiating events can be correctly entered into the database.

An initiating event could result from (i) a naturally occurring, human-induced event external to
the facility identified through site-specific hazard analysis; or (ii) a failure of a component or
equipment in a system or human actions during facility operations identified through operational
hazard analysis. The initiating events identified based on PCSA Tool hazard analysis or DOE
analysis are entered into the database from the Initiating Event submenu.
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6.5.1.1 Test Input

Table 6.5.1-1 shows the input that will be entered into the Initiating Event Form for three
records. Record 1 is a 'Likely' event, Record 2 is an 'Unlikely' event, and Record 3 is a 'Not
Included' event. What distinguishes these three categories is that given the same operational
period of 100 years, a likely event will occur with a frequency of 1 .00e-2 or greater, an unlikely
event will occur with a frequency less than 1 .00e-2 but at least 1.01 e-6, and a 'not included'
event will occur with a frequency less than 1.01 e-6. The values chosen for frequency in Table
6.5.1-1 were arbitrarily selected in each of the three frequency ranges and the tester is
encouraged to test other values in the frequency ranges for the three categories. Note also,
that certain fields such as the Description field may contain significantly more text than shown in
Table 6.5.1-1. The tester is encouraged to enter text in addition to that depicted in the table.

Table 6.5.1-1. Test Input for Initiating Event

Data Entry Field Record 1 Record 2 Record 3

Event ID InitEvent 1.1 InitEvent_2.1 InitEvent_3.1

Hazard ID InitEvent 1.2 InitEvent 2.2 InitEvent 3.2

DOE Event Checked Unchecked Unchecked

Description InitEvent_1.3 InitEvent_2.3 InitEvent_3.3

Frequency 1.1e-2 1.1e-6 1.Oe-6

Preclosure Period 100 100 100

Operational Period 100 100 100

Uncertainty (Yes), (No) (Yes),
InitEvent_1 .4 InitEvent 3.4

Frequency Calculation Details InitEvent 1 .5 InitEvent_2.5 InitEvent_3.5

Event Included for Sequence (Yes), (No), (No),
Analysis InitEvent 1.6 InitEvent 2.6 InitEvent_3.6

Additional Information InitEvent 1.7 InitEvent 2.7 InitEvent 3.7

6.5.1.2 Test Procedure

Testing is performed on the Initiating Event Form opened from the main menu (Freq. Analysis
==> Initiating Event ==> Form).

In accordance with the PCSA Tool Version 2.0 User Guide, Section 3.7.1, enter as a minimum,
the Initiating Event information contained in Table 6.5.1-1. Note that the Operational Period (yr)
field was added in Version 3.0 of the PCSA Tool and the Categories were modified to 'Likely,
'Unlikely,' and 'Not Included.' Exit the tool saving the information entered and then reenter the
tool. Verify the Initiating Event information entered.

20



6.5.1.3 Test Results

Test results will be documented on an SVTR in accordance with Appendix A.

The information entered into the Initiating Event Form is expected to agree with the information
displayed in the Initiating Event Table and associated report. In addition, record 1, 2, and 3 are
expected to be category 'Likely', 'Unlikely,' and 'Not included' initiating events, respectively.
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6.5.2 Event Tree

This test verifies that event scenarios can be correctly entered into the database.

The Event Tree portion of the PCSA Tool allows the user to enter event scenarios into the
database. Event scenarios are composed of an initiating event and zero or more subsequent
events. The user generates event scenarios by first selecting an initiating event and then
postulating a series of subsequent events.

6.5.2.1 Test Input

Table 6.5.2-1 shows the input that will be entered into the Event Tree Form for two records.
The major difference between the two records is that Record 1 does not provide input for the
Subsequent System/Operation Failures section; whereas, Record 2 does provide this input.
Note that at the time this test plan was being created, the Event Tree Form was being updated
for Version 3.0 of the PCSA Tool. Therefore, the structure of the form may be different and
some fields may have been modified, added, or deleted. Note also, that certain fields such as
the Event Scenario Description field may contain significantly more text than shown in Table
6.5.2-1. The tester is encouraged to enter text in addition to that depicted in the table.

Table 6.5.2-1. Test Input for Event Tree

Data Entry Field Record 1 Record 2

Scenario ID Event Tree_1.1 Event Tree_2.1

Include for Perform. Analysis No Yes

Event Scenario Description Event Tree_1.2 Event Tree_2.2

Additional Information Event Tree_1.3 Event Tree_2.3

Saphire Data Path Event Tree_1.4 Event Tree_2.4

Initiating Event {Select InitEvent-1.1} {Select InitEventL2.1}

Event ID _ Sub_2.5

Probability 0.01

Subsequent Event Description _ Subsequent 2.6

Uncertainty __(YES), Subsequent_2.7

Linking __ (Fault Tree), Subsequent-2.8
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6.5.2.2 Test Procedure

Testing is performed on the Event Tree Form opened from the main menu (Freq. Analysis ==>
Event Tree).

In accordance with the PCSA Tool Version 2.0 User Guide, Section 3.7.2, enter as a minimum,
the Event Tree information contained in Table 6.5.2-1. Note that at the time this test plan was
being created, the Event Tree From was being updated for Version 3.0 of the PCSA Tool.
Therefore, the structure of the form may be different and some fields may have been modified,
added, or deleted. Exit the tool saving the information entered and then reenter the tool. Verify
the Event Tree information entered.

6.5.2.3 Test Results

Test results will be documented on an SVTR in accordance with Appendix A.

The information entered into the Event Tree Form is expected to agree with the information
displayed by the Event Tree Form and associated report.
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6.5.3 Fault Tree

This test verifies that fault tree events can be correctly entered into the database.

The fault tree analysis is used to find the probability of failure for a multicomponent system.
The fault tree analysis is performed using SAPHIRE code with the results from this analysis
manually stored in the database using the Fault Tree Form.

6.5.3.1 Test Input

Table 6.5.3-1 shows the input that will be entered into the Fault Tree Form for two records. The
major difference between the two records is that in Record 1, the probability is selected;
whereas in Record 2, frequency is selected. The data for the mean, median, and 5th and 95th
percentiles were chosen arbitrarily. Note also, that certain fields such as the Top Event
Description field may contain significantly more text than shown in Table 6.5.3-1. The tester is
encouraged to enter text in addition to that depicted in the table. In addition, the entry of
information in the event table is not included in the input described in Table 6.5.3-1. The tester
is encouraged to enter information in the event table as well.

Table 6.5.3-1. Test Input for Fault Tree

Data Entry Field Record 1 Record 2

Top Event Name Fault Tree_1.1 Fault Tree_2.1

Point Estimate (Probability), 0.002 (Frequency), 0.0002

Mean 0.003 0.0003

Median 0.004 0.0004

5% 0.005 0.0005

95% 0.006 0.0006

Top Event Description Fault Tree_1.2 Fault Tree_2.2

Additional Information Fault Tree_1.3 Fault Tree_2.3

Saphire Data Location Fault Tree_1.4 Fault Tree_2.4

6.5.3.2 Test Procedure

Testing is performed on the Fault Tree Form opened from the main menu (Freq. Analysis ==>
Fault Tree).

In accordance with the PCSA Tool Version 2.0 User Guide, Section 3.7.3, enter as a minimum,
the Fault Tree information contained in Table 6.5.3-1. Exit the tool saving the information
entered and then reenter the tool. Verify the Fault Tree information entered.
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6.5.3.3 Test Results

Test results will be documented on an SVTR in accordance with Appendix A.

The information entered into the Fault Tree Form is expected to agree with the information
displayed by the Fault Tree Form and associated report.
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6.5.4 Event Sequence

This test verifies that event sequences can be correctly entered into the database.

The Event Sequence Form stores results from an event tree analysis (i.e. event sequences and
their frequencies) for each postulated scenario in the database.

6.5.4.1 Test Input

Table 6.5.4-1 shows the input that will be entered into the Event Sequence Form for two
records. The major difference between these records is that Record 1 is a DOE event;
whereas, Record 2 is not a DOE event. Within the Event Sequence Form, the "Event Scenario
and Initiating Event Information" section contains the information previously entered for the
event tree selected in Table 6.5.4-1 under 'Scenario ID.' This information includes, for
example, whether or not the associated initiating event was marked as a DOE Event. Note that
at the time this test plan was being created, the Event Sequence Form was being updated for
Version 3.0 of the PCSA Tool. Therefore, the structure of the form may be different and some
fields may have been modified, added, or deleted. Note also, that certain fields such as the
Description field may contain significantly more text than shown in Table 6.5.4-1. The tester is
encouraged to enter text in addition to that depicted in the table.

Table 6.5.4-1. Test Input for Event Sequence

Data Entry Field Record 1 Record 2

Scenario ID (DOE Event) {Select Event (Not a DOE Event) {Select Event
Tree_1.1) Tree-2.1}

Event Seq. Frequency 0.01 0.001

Event Sequence ID EventSeq-1.1 EventSeq-2.1

Description EventSeq-1.2 EventSeq-2.2

End State EventSeq-1.3 EventSeq-2.3

Additional Information EventSeq-1.4 EventSeq-2.4

6.5.4.2 Test Procedure

Testing is performed on the Event Sequence Form opened from the main menu (Freq. Analysis
==> Event Sequence ==> Form).

In accordance with the PCSA Tool Version 2.0 User Guide, Section 3.7.4, enter as a minimum,
the Event Sequence information contained in Table 6.5.4-1. Note that at the time this test plan
was being created, the Event Tree From was being updated for Version 3.0 of the PCSA Tool.
Therefore, the structure of the form may be different and some fields may have been modified,
added, or deleted. Exit the tool saving the information entered and then reenter the tool. Verify
the Event Sequence information entered.
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6.5.4.3 Test Results

Test results will be documented on an SVTR in accordance with Appendix A.

Within the Event Sequence Form, the 'Event Scenario and Initiating Event Information' is
expected to contain the information previously entered for the event tree selected in Table
6.5.4-1. This information includes, for example, whether or not the associated initiating event is
a DOE Event. In addition, the information entered into the Event Sequence Form is expected to
agree with the information displayed by the Event Sequence Form, Event Sequence Table, and
associated report.

27



* 0

6.6 SAPHIRE

SAPHIRE is used to conduct fault tree and event tree analyses. SAPHIRE is a stand-alone
code module and is validated separately from the PCSA Tool. The PCSA Tool invokes the
SAPHIRE module but does not supply data to the module nor retrieve information from it. It is
up to the user to retrieve this information and enter it manually into the PCSA Tool. Therefore,
this test only verifies that the PCSA Tool can invoke the SAPHIRE module.

6.6.1 Test Input

No input is required.

6.6.2 Test Procedure

Testing is performed from the PCSA Tool by invoking SAPHIRE. To invoke SAPHIRE, from the
PCSA Tool main menu, select Saphire ==> Run Saphire. Verify the SAPHIRE module is
invoked and the SAPHIRE window is displayed. With the SAPHIRE window open, verify that
the PCSA Tool menu and forms are still available for user access. Exit the PCSA Tool and
verify that SAPHIRE is available without the PCSA Tool.

6.6.3 Test Results

The SAPHIRE program is invoked and displays the SAPHIRE main window. Once invoked, the
PCSA Tool runs independently of SAPHIRE and SAPHIRE runs independently of the PCSA
Tool.
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6.7 Consequence Analysis

Consequence analysis includes public dose and worker dose. The worker dose is tested in
section 6.7.1 and the public dose is tested in section 6.7.2.

6.7.1 Consequence Worker Dose

The Worker Dose Form is used to generate point estimate calculations of the worker dose for
fuel handling operations in a pool. This test will verify the dose is calculated correctly for the
default input parameters and that the dose changes as expected for changes in the input
parameters.

6.7.1.1 Test Input

The input data sets are shown in Table 6.7.1-1.

Table 6.7.1-1. Test Input - Worker Dose

Fuel Type Parameter Modified New Value

PWR none (default values) N/A

BWR none (default values) N/A

PWR Fuel Assemblies Breached 16

BWR Gaseous Release Fraction 0.20

PWR Inhalation Rate (mA3/s) 3.33E-03

BWR Air Mixing Volume (mA3) 528.05

PWR Time spent in Mixing Volume after Release (min) 4

BWR Kr85 Radionuclide Concentration (Ci / Assembly) 3.83E+01

6.7.1.2 Test Procedure

Testing is performed on the Worker Dose Form opened from the main
Worker Dose).

menu (Conseq. ==>

In accordance with the PCSA Tool Version 2.0 User Guide, Section 3.9.2, calculate the worker
dose for the test input data sets identified in Table 6.7.1-1. Using a spreadsheet or hand
calculations, verify the Inhalation, Submersion, and Skin doses generated by the Worker Dose
Form for each of the test input data sets. Verify the dose changes as expected for changes in
the input parameters.

6.7.1.3 Test Results

Calculated doses (spreadsheet or hand calculations) for Inhalation, Submersion, and Skin
should agree to within 5% of the values generated on the Worker Dose Form.

29



Test results will be documented on an SVTR in accordance with Appendix A.

30



6.7.2 Public Dose

This module is separated into testing for RSAC runs and MELCOR runs. The RSAC and
MELCOR code modules are used to calculate the dose to the public. Testing involving RSAC
execution is performed first and testing that involves MELCOR execution is performed
afterwards. Since the RSAC and MELCOR standalone codes will be validated prior to the
execution of this test plan, this testing will involve an analysis of the input information passed to
the RSAC and MELCOR code modules and an analysis of the return information retrieved from
these stand-alone modules.

6.7.2.1 RSAC Public Dose

This module is required to generate point estimate (deterministic) calculations as well as
probabilistic calculations for dose to the public and is required to display the results in graphical
and tabular format. This test will verify the input to RSAC contains the parameters identified as
input within the PCSA Tool. In addition, this test will verify that the output extracted from the
RSAC output file by the PCSA Tool and displayed in graphical and tabular format is the actual
data from the RSAC output file. Since RSAC is validated separately, no validation of the RSAC
module itself will be performed (only the input to the module and the output from the module will
be validated).
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6.7.2.1.1 RSAC Execution Standard Input - Deterministic

In this test, dose is calculated using RSAC Standard Input from deterministic runs. Two of the
tests verify the information generated using default Boiling Water Reactor (BWR) and default
Pressurized Water Reactor (PWR) values. In addition, two of the tests verify the information
generated when modified from the default values.

6.7.2.1.1.1 Test Input

RSAC Input for four deterministic tests is identified in Table 6.7.2-1.
Table 6.7.2-1. Test Input - RSAC Deterministic

Test Case Fuel Type Parameter Modified

A BWR Use default values for the BWR fuel type.

B PWR Use default values for the PWR fuel type.

C BWR Use default values except select Release in "Pool" under the
"Release Fraction by Group" tab on the Standard RSAC Input
Form.

D PWR Use default values except under the "Meteorological Data" tab
set the "Average Wind Velocity" to 6.0 m/sec, the "Number of
Assemblies Breached" to 8 under the "Fuel Selection /
Assemblies Breached" tab, and HEPA Filtration to
"Inoperative" under the "Hepa, Bldg. Discharge, Others" tab.

6.7.2.1.1.2 Test Procedure

Testing is performed on the Standard RSAC Input Form opened from the main menu (Conseq.
==> Public Dose ==> RSAC ==>Standard RSAC Input).

In accordance with the PCSA Tool Version 2.0 User Guide, Section 3.9.1.1, calculate the dose
to the public from deterministic runs using the input data identified in Table 6.7.2-1. After RSAC
execution completes, verify the output doses displayed by the PCSA Tool with those generated
by the RSAC code module. In addition, verify the input to the RSAC code module with the input
supplied by the PCSA Tool.

6.7.2.1.1.3 Test Results

Test results will be documented on an SVTR in accordance with Appendix A.

RSAC input is generated by the RSAC module for display in the first section of file rsac6.out.
RSAC input should agree with the information contained on the PCSA Tool input form. The
output doses displayed by the PCSA Tool should agree with the output generated by the
standalone RSAC module. Appendix B includes an example comparison of RSAC input and
output to PCSA Tool input and output.
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6.7.2.1.2 RSAC Execution Standard Input - Deterministic - User Specified

In this test, dose is calculated from RSAC User Specified Input tests.

6.7.2.1.2.1 Test Input

RSAC Input for User Specified Fuel Type is identified in Table 6.7.2-2.

Table 6.7.2-2. RSAC Test Input - User Specified Fuel Type

Test Case Subform Parameter Value

A Fuel Fuel Type User Specified
Selection/Assem
blies Breached Number of Assemblies 16

Breached

View Source For U234: Inventory (Ci /1
Term Assembly)

For Pu239: Inventory (Ci / 2
Assembly)

B Fuel Fuel Type User Specified
Selection/Assem
blies Breached Co-60 Crud Activity (Ci / 11.5

Assembly)

Number of Assemblies 8
Breached

View Source For U234: Inventory (Ci / 1
Term Assembly)

Hepa, Bldg. HEPA Filtration Inoperative
Discharge,

Others

6.7.2.1.2.2 Test Procedure

Testing is performed on the Standard RSAC Input Form opened from the main menu (Conseq.
==> Public Dose ==> RSAC ==>Standard RSAC Input).

In accordance with the PCSA Tool Version 2.0 User Guide, Section 3.9.1.1, calculate the dose
to the public from a deterministic run using the User Specified input values specified in Table
6.7.2-2. After RSAC execution completes, verify the output doses generated.

6.7.2.1.2.3 Test Results

Test results will be documented on an SVTR in accordance with Appendix A.

RSAC input is generated by the RSAC module for display in the first section of file rsac6.out.
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This information should agree with that contained on the input form. The output doses
displayed by the PCSA Tool should agree with the output generated by the standalone RSAC
module. Appendix B includes an example comparison of RSAC input and output to PCSA Tool
input and output.
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6.7.2.1.3 RSAC Execution Advanced Input

In this test, the user directly edits the input file for RSAC execution. This test verifies that the
information generated by the RSAC standalone module and placed in the rsac6.out file (input
section) is the information the user entered as input in rsac6.in.

6.7.2.1.3.1 Test Inpu t

Setup the RSAC6.1 input file rsac6.in in accordance with Tables 6.7.2-3(A) and 6.7.2-3(B).
(Note: the file was crEated using default values for a deterministic run with User Specified Fuel
Type and Inventory values for Th231 set to 1 Ci / Assembly, U234 set to 2 Ci / Assembly, and
U235 set to 1.5 Ci / Assembly.)

Table 6.7.2-3(A). RSAC Input - Advanced RSAC Input

Input

* Dose Calcs for inhalation, ingestion, ground surface, & submersion
# Released Activities (Ci) for PWR, BWR, or User Specified SNF
2000, 1
TH231, 1.20E-12
U234, 2.40E- 12
U235, 1.80E-12
2999
# Meteorological data
5000, 0
5001, 3.0, 40.0, 1420.0, 1.29'e+03, 0.0, 1
5002, 0.001, 0.01, 0.0, 0.00., 0.001
5101, 11000.0
5201, 1.0, 0.0
5400, 2, 0.0, 0.0
5410, 1,6,0
5999
# INHALATION Dose Calculation
7000, 1, 1, 1, 0, 1
7001, 3.33e-04, 0.0, 0, 0
7003, 1.0, 3
7999
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6.7.2.1.3.2 Test Procedure

Testing is performed on the Advanced RSAC Input Form opened from the main menu (Conseq.

Table 6.7.2-3(B). RSAC Input - Advanced RSAC Input (Continued)

Input Continued

# INGESTION Dose Calculat] on
7000, 3,1, 1,0, 1
7001,0,0.0,1.0,0
7004, 0, 2, 7.0,7.0
7051, 23.8, 15.0, 3.7, 4.1, 0.7 , 1.0
7052, 0.57, 0.2, 1.0, 0.0021,2,.0, 7.0, 1.0
7053, 225.0, 14.0, 1.0, 16.0, .0, 20.0
7054, 0.4, 0.43, 14.0, 3.0, 1.23, 4.9
7055, 0.5, 0.33, 0.5, 0.33
7999
# GROUND SURFACE Dose Calculation
7000, 4, 1, 1, 0, 1
7001,0, 0.0, 1.0,0.7
7999
# Submersion Dose Calc for a FINITE plume
9000, 0, 0.0
10000

==> Public Dose ==> RSAC ==>Advanced RSAC Input).

In accordance with the PCSA Tool Version 2.0 User Guide, Section 3.9.1.1, invoke the RSAC
6.1 standalone using :he following procedure:
1. Press the button, "E dit existing Advanced RSAC input file."
2. Verify the rsac6.in lile opens for editing and enter the test input identified in Section
6.7.2.1.3.1.
3. Press the button, "Run Advanced."
4. After RSAC execut on completes, verify the input information displayed in Table 6.7.2-3(A)
and (B) appears at the beginning of the RSAC6.out file.
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6.7.2.1.3.3 Test ResLIlts

Test results will be documented on an SVTR in accordance with Appendix A.

The input informatior generated to the RSAC6.1 output file RSAC6.out should agree with that
displayed in Table 6.7.2-3(A) and (B). A portion of the RSAC6.1 output file, "rsac6.out" was
extracted showing this input information was repeated in the sample output displayed in Tables
6.7.2-4(A) and 6.7.2-4(B).

Table E6.7.2-4(A). RSAC Sample Output - Advanced RSAC Input

Output

RSAC-6 INPUT 03/25/03 19:06
0 1 2 3 4 5 6 7
12345678901234567890123z.5678901234567890123456789012345678901234567890123456789

* Dose Calcs for inhalation, ingestion, ground surface, & submersion
# Released Activities (Ci) for PWR, BWR, or User Specified SNF
2000, 1
TH231, 1.20E-12
U234, 2.40E-12
U235, 1.80E-12
2999
# Meteorological data
5000, 0
5001, 3.0,40.0, 1420.0, 1.29:+03, 0.0, 1
5002, 0.001, 0.01, 0.0, 0.001, 0.001
5101, 11000.0
5201, 1.0, 0.0
5400, 2, 0.0, 0.0
5410, 1,6,0
5999
# INHALATION Dose Calculation
7000, 1, 1, 1, 0, 1
7001, 3.33e-04, 0.0, 0, 0
7003, 1.0, 3
7999
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Table 6.7.2-4(B). RSAC Sample Output - Advanced RSAC Input

Output

# INGESTION Dose Calculatimn
7000,3,1,1,0,1
7001,0,0.0, 1.0,0
7004,0,2,7.0, 7.0
7051, 23.8, 15.0, 3.7, 4.1, 0.76, 1.0
7052, 0.57, 0.2, 1.0, 0.0021, 7.0, 7.0, 1.0
7053, 225.0, 14.0, 1.0, 16.0, 2.0, 20.0
7054, 0.4, 0.43, 14.0, 3.0, 1.2:, 4.9
7055, 0.5, 0.33, 0.5, 0.33
7999
# GROUND SURFACE Dose Calculation
7000,4, 1, 1,0, 1
7001, 0, 0.0, 1.0, 0.7
7999
# Submersion Dose Calc for a FINITE plume
9000, 0, 0.0
10000

0 1 2 3 4 5 6 7
1234567890123456789012345678901234567890123456789012345678901234567890123456789

RADIOLOGICAL SAIETY ANALYSIS COMPUTER PROGRAM (RSAC-6)
(RSAC-6, REV 6.1, 03/07/01; SERIAL 1000 DATE 08/25/2003 TIME 19:06 PAGE I

: Dose Calcs for inhalation, ingestion, ground surface, & submersion
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6.7.2.1.4 RSAC Execution Standard Input - Probabilistic - Four Realizations

This test verifies the cutput dose generated by probabilistic runs. The user executes a four-
realization probabilistic test and compares the output to that generated from four separate
deterministic runs.

6.7.2.1.4.1 Test Inpul:

Input data is specified in Table 6.7.2-5 for the User Specified Fuel Type, probabilistic mode over
four realizations.

Table 6.7.2-5. RSAC Test Input - Probabilistic - Four Realizations

Subform Parameter Value

Fuel Selection/Assemblies Fuel Type User Specified
Breached

Number of Assemblies 16
Breached

View Source Term For U234: Inventory (Ci / 1
Assembly)

For Pu239: Inventory (Ci / 2
Assembly)

Average Wind Velocity (m/s) logtriangular, 0.978, 2.13, 13.2
Meteorological Data

Mixing layer height (m) Constant, 1420.0

Deposition Velocities (m/s) Constant, 0.02
Solids

Deposition Velocities (m/s) Constant, 0.01
Halogens

Deposition Velocities (m/s) Constant, 0.006
Cesium

Deposition Velocities (m/s) Constant, 0.023
Ruthenium

Weather Class Constant, 6

Release Fraction by Group Release fraction for other logtriangular, 2.0e-6, 2.0e-6,
particulates and fuel fines 2.4e-4

In addition, four deterministic runs are used to show that the same dose generated by the
probabilistic test can be manually computed over the four test runs. Sample input values are
specified in Table 6.7.2-6 that show input changes made for each of the four deterministic runs
based on the sample values for each of the parameters listed. These values were extracted
from file Ihs.out (displayed below), which is generated during program execution. The tester
should as well retrieve the corresponding test values from the Ihs.out file generated during the
test.
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File Ihs.out follows. Parameter 7 and parameter 8 in each of 4 blocks (4 realizations) of
sampled input parameters is extracted for the four deterministic tests. These extracted values
are displayed in Table 6.7.2-6.

1
0.3206632E-01
0.8400376E+00
O.1000000E-01
0.3330000E-03
0.7000000E+01
0.4100000E+01
O.1000000E+01
0.2250000E+03
0.2000000E+02
0.1230000E+01
0.3300000E+00

2
0.1920021E+00
0.3205238E+00
O.lOOOOOOE-Ol
0.3330000E-03
0.7000000E+01
0.4100000E+01
0.1000000E+01
0.2250000E+03
0.2000000E+02
0.1230000E+01
0.3300000E+00

3
0.9302124E-01
0.6196144E+00
O.1000000E-01
0.3330000E-03
0.7000000E+01
0.4100000E+01
0.1000000E+01
0.2250000E+03
0.2000000E+02
0.1230000E+01
0.3300000E+00

4
0.2625739E+00
0.1823056E+00
O.1000000E-01
0.3330000E-03
0.7000000E+01
0.4100000E+01
O.1000000E+01
0.2250000E+03
0 .2000000E+02
0.1230000E+01
0.3300000E+00

54
0.2656992E-04
01980040000E
O.0000000E+00
O .OOOOOOOE+OO
0.70D0000E+01
o .7600000E+00
0.21DOOOOE-02
0.14DOOOOE+02
0.40DOOOOE+00
0.49D0000E+01
0.O000000E+00

54
0.1074229E-03
O.00 O04
0.0030000E+00
0.O0DOOOOE+0O
0. 70DOOOOE+Ol
0.76DOOOOE+00
0.21DOOOOE-02
0.14DOOOOE+02
0.4030000E+00
0.49DOOOOE+01
O.OODOOOOE+00

54
0.1814237E-03

1l8 Q4
O.OODOOOOE+00
O.OODOOOOE+00
0.70DOOOOE+01
0.76DOOOOE+00
0.21DOOOOE-02
0.14DOOOOE+02
0.40DOOOOE+00
0.49DOOOOE+01
0.00DOOOOE+00

54
0.40 5961E-04
0 1327291E-2!403
O.OODOOOOE+00
0.00 OOOOE+00
0.70OOOOE+01
0.76)OOOOE+00
0.21 OOOOE-02
0.14)OOOOE+02
0.40OOOOE+00
0.49)OOOOE+01
O.OODOOOOE+00

0.2747211E-01
0i260.52BE+OQl
0.6000000E-02
0.1000000E+01
0.2380000E+02
0.1000000E+01
0.7000000E+01
0.1000000E+01
0.4300000E+00
0.5000000E+00
0.1000000E+01

0.9415991E-Ol

0.6000000OE-02
0.1000000E+01
0.2380000E+02
0.1000000E+01
0.7000000E+01
0.1000000E+01
0.4300000E+00
0.5000000E+00
0.1000000E+01

0.4639252E-01

0.6000000E-02
0.1000000E+01
0.2380000E+02
0.1000000E+01
0.7000000E+01
0.1000000E+01
0.4300000E+00
0.5000000E+00
0.1000000E+01

0.2399483E+00

0.6000000E-02
0.1000000E+0l
0.2380000E+02
0.1000000E+01
0.7000000E+01
0.1000000E+01
0.4300000E+00
0.5000000E+00
0.1000000E+01

0.1543625E-03
0.1420000E+04
0.2300000E-01
O.OOOOOOOE+00
0.1500000E+02
0.5700000E+00
0.7000000E+01
0. 1600000E+02
0.1400000E+02
0.3300000E+00
0.7000000E+00

0.2718450E-04
0.1420000E+04
0.2300000E-01
O.OOOOOOOE+00
0.1500000E+02
0.5700000E+00
0.7000000E+01
0.1600000E+02
0.1400000E+02
0.3300000E+00
0.7000000E+00

0.7114028E-04
0.1420000E+04
0.2300000E-01
O.OOOOOOOE+00
0.1500000E+02
0.5700000E+00
0.7000000E+01
0.1600000E+02
0.1400000E+02
0.3300000E+00
0.7000000E+00

0.9570158E-04
0.1420000E+04
0.2300000E-01
O.OOOOOOOE+00
0.1500000E+02
0.5700000E+00
0.7000000E+01
0.1600000E+02
0.1400000E+02
0.3300000E+00
0.7000000E+00

0.9211296E-01
0.2000000E-01
0.6000000E+01
0.1000000E+01
0.3700000E+01
0.2000000E+00
0.1000000E+01
0.2000000E+01
0.3000000E+00
0.5000000E+00

0.3756828E+00
0.2000000E-01
0.6000000E+01
0.1000000E+01
0.3700000E+01
0.2000000E+00
0.1000000E+01
0.2000000E+01
0.3000000E+00
0.5000000E+00

0.2697423E+00
0.2000000E-01
0.6000000E+01
0.1000000E+01
0.3700000E+01
0.2000000E+00
0.1000000E+01
0.2000000E+01
0.3000000E+00
0.5000000E+00

0.3214524E+00
0 . 2000000E -01
0.66COOOOOE+01
O.lOCOOOOOE+01
0.3700000E+01
0.2COOOOOE+00
O.lCOOOOOE+01
0.2COOOOOE+01
0. 3COOOOOE+00
0.5COOOOOE+00

Table 6.7.2-6. Sample Test Input - Four Deterministic Runs

Subform Parameter Test Sample Value

Release Fraction by Group Release fraction for other 1 0.1198414E-03
particulates and fuel fines
(parameter 7) 2 0.5730461 E-04

3 0.1151883E-04

4 0.1327291 E-03

40



Subform Parameter Test Sample Value

Meteorological Data Average Wind Velocity (m/s) 1 0.2601528E+01

(parameter 8) 2 0.431 8532E+01

3 0.1444177E+01

4 0.7055155E+01

6.7.2.1.4.2 Test Procedure

Testing is performed on the Standard RSAC Input Form opened from the main menu (Conseq.
==> Public Dose ==> RSAC ==>Standard RSAC Input).

In accordance with the PCSA Tool Version 2.0 User Guide, Section 3.9.1.1, generate the dose
to the public from a pIrobabilistic run using the User Specified input values specified in Table
6.7.2-5. After RSAC Execution completes, verify that the dose generated from the probabilistic
run can be computed from four deterministic runs. The tester must extract input values for
these deterministic ru is for "Release fraction for other particulates and fuel fines" as well as
"Average Wind Velocity (m/s)" from file Ihs.out.

41



6.7.2.1.4.3 Test ResLIlts

Test results will be dccumented on an SVTR in accordance with Appendix A.

The output doses displayed by the PCSA Tool should agree with the dose computed from four
deterministic runs. Sample output doses are displayed in Table 6.7.2-7(A) and (B). Because
the PCSA Tool round3 the values entered from Table 6.7.2-6, deterministic results will be
slightly different than probabilistic results; however, averages from the four deterministic runs
should agree with values from the probabilistic run to within 5%. Hand calculations for the
sample results are shown in Table 6.7.2-8. Appendix B includes an example comparison of
RSAC input and output to PCSA Tool input and output.

Table 6.7.2-'7(A). RSAC Sample Output - Probabilistic - Four Realizations

Output

Probabilistic

HINBALATION 9.03E-10 2.97E-10 2.97E-10 5.75E-10 1.90E-09 1.90E-09 0
INGESTION 1.22E-10 4.01E-11 4.01E-11 7.77E-11 2.56E-10 2.56E-10 0
GRDUND SURFACE 6.18E-15 2.03E-15 2.03E-15 3.93E-15 1.30E-14 1.30E-14 0
SU13MERSION 1.50E-19 4.94E-20 4.94E-20 9.57E-20 3.16E-19 3.16E-19 O
COMBINED 1.02E-09 3.37E-10 3.37E-10 6.53E-10 2.16E-09 2.16E-09 0

Deterministic 1 RW- .I W g 50th 85th 71ZM Z61-mljtD

INFALATION .1.90E.09 1.90E 09 1.90E-09 1.90E-09 1.90E-09 1.90E-09 0
INGESTION 2.56E-10 2.56E-10 2.56E 10 2.56E-10 2.56E-10 2.56E-10 0

GRJUND SURFACE 1.30E-14 1.30E-14 1.30E-14 1.30E-14 1.30E-14 1.30E-14 0
SU13MERSION 3.16E-19 3.16E-19 3.16E-19 3.16E-19 3.16E-19 3.16E-19 0
COMBINED 2.16E-09 2.16E-09 2.16E-09 2.16E-09 2.16E-09 2.16E-09 0

Deterministic 2
PItIWj t ..... ---- 1| ̂ IVt I 5L. . |95th f 3m3g
INHALATION 5.75E 1 0 5.75E-1 0 5.75E-1 0 5.75E-1 0 5.75E-1 0 5.75E-1 0 0
ING ESTION 7.77E-11 7.i7E-11 7.77E-11 '7.77E-11 7.77E-11 7.77E-11 0
GROUND SURFACE 3.93E-15 3.93E 15 3.93E-15 3.93E-15 3.93E 15 3.93E-15 0
SUBMERSION 9.57E-20 9.57E-20 9.57E-20 9.57E-20 9.57E-20 9.57E-20 0
COMBINED 6.53E-10 6.53E-10: 6.53E-10 6.53E-10 6.53E-10 6.53E-10 0
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Table 6.7.2-7(B). RSAC Sample Output - Probabilistic - Four Realizations

Output

Deterministic 3 - | iY 5OZh < [ L O

INHALATION 2.96E-10 2.96E-10 2.96E-10 2.96E-10 2.96E-10 2.96E-10 0
.,.................

INIGESTION 4.00E-11 4.00E-11 4.00E-11 4.00E-11 400E-11 4.00E -11 0
C-ROUND SURFACE 2.02E-15 2.02E-15 2.02E 15 2.02E-15 2.02E-15 2.02E-15 0
SUBMERSION 4.92E-20 4.92E-20 4.92E-20 4.92E-20 4.92E-20 4.92E-20 0
COMBINED 3.36E-1 0 3.36E-10 3.36E -10 3.36E-10 3.36E-1 O 3.36E-10 0

Deterministic 4

INHALATION 8.41E-10 8.41E-10 8.41E-10 8.41E-1O0 8.41E-10 8.41E-1 00.. ......................................;. ...,

INGESTION 1.14E10 11.14E-10 114E-10 1.14E-10 1.14E-10 1.14E-10 O 0
CROUND SURFACE 5.75E-15 5.75E-15 5.75E-15 5.75E-15 5.75E-15 5.75E-15 0

SUBMERSION 1.40E-19 ' 1.40E-19 1.40E-19 1.40E-19,1.40E-19 1.40E-19 0
COMBINED 9.55E-10 9.55E-10.9.55E-10 9.55E-10 9.55E-10 9.55E-10 0

Hand calculations for the means follows:

Table 6.7.2-8. Iland Calculations For RSAC Probabilistic Case (4 Realizations)

Pathway Percentage Probabilistic Deterministic Det. 1 Det. 2 Det. 3 Det. 4
Difference Average

Inhalation 0.00% 9.03e-10 9.03e- 10 1.90e-9 5.75e-10 2.96e-10 8.41 e-10

Ingestion -0.06% 1.22e-10 1.219e-10 2.56e-10 7.77e-11 4.00e-11 1.14e-10

Ground -0.08% 6.18e-15 6.175e-15 1.30e-14 3.93e-15 2.02e-15 5.75e-15

Surface

Submersion 0.15% 1.50e-19 1.502e-19 3.16e-19 9.57e-20 4.92e-20 1.40e-19

Combined 0.59% 1.02e-09 1.026e-9 2.16e-9 6.53e-10 3.36e-10 9.55e-10
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6.7.2.1.5 RSAC Execution Standard Input - Probabilistic - Ten Realizations

This test verifies the sample parameter values are within range. The user executes a ten-
realization probabilistic test and compares the output sample values to the expected range of
values for the sampled parameters.

6.7.2.1.5.1 Test Inpu t

Input data is specifiec in Table 6.7.2-9 for the User Specified Fuel Type, probabilistic mode over
ten realizations. The distributions for all of the parameters except Release Fraction by Group,
Release fraction for other particulates and fuel fines (parameter 7) and Meteorological Data,
Average Wind Velocity (m/s) (parameter 8) are set to constants.

Table 6.7.2-9. RSAC Test Input - Probabilistic - Ten Realizations

Subform Parameter Value

Fuel Selection/Assemblies Fuel Type User Specified
Breached

Number of Assemblies Breached 16

View Source Term For U234: Inventory (Ci I 1
Assembly)

For Pu239: Inventory (Ci I 2
Assembly)

Average Wind Velocity (m/s) logtriangular, 0.978, 2.13, 13.2
Meteorological Data

Mixing layer height (m) Constant, 1420.0

Deposition Velocities (m/s) Solids Constant, 0.02

Deposition Velocities (m/s) Constant, 0.01
Halogens

Deposition Velocities (m/s) Cesium Constant, 0.006

Deposition Velocities (m/s) Constant, 0.023
Ruthenium

Weather Class Constant, 6

Release Fraction by Gioup Group 1 Constant, 0

Group 2 Constant, 0

Group 3 Constant, 0

Group 4 Constant, 0

Group 5 Constant, 0

Group 8 Constant, 0

Group 9, Other particulates and fuel logtriangular, 2.0e-6, 2.0e-6,
fines 2.4e-4
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6.7.2.1.5.2 Test Procedure

Testing is performed on the Standard RSAC Input Form opened from the main menu (Conseq.
==> Public Dose ==> RSAC ==>Standard RSAC Input).

In accordance with the PCSA Tool Version 2.0 User Guide, Section 3.9.1.1, generate the dose
to the public from a piobabilistic run (10 realizations) using the User Specified input values
specified in Table 6.7 2-9. After RSAC execution completes, verify that the Release Fraction by
Group, Release fraction for other particulates and fuel fines (parameter 7) and Meteorological
Data, Average Wind Velocity (m/s) (parameter 8) sampled values contained in file Ihs.out all fall
within the sample range specified for these parameters.

6.7.2.1.5.3 Test ResLIlts

Test results will be documented on an SVTR in accordance with Appendix A.

The output sample values should all fall within the range specified for the input sample
distributions: Release Fraction by Group, Release fraction for other particulates and fuel fines
(parameter 7) and Meteorological Data, Average Wind Velocity (m/s) (parameter 8). Sample
distributions for these parameters are shown in Table 6.7.2-10, and the tester must verify that
the values in file Ihs.ojt fall within the range of values specified for these parameter
distributions.

Table 6.7.2-10. Sample Distributions
Subform Parameter Distribution

Release Fraction by Group Release fraction for other logtriangular 2.0e-6, 2.0e-6, 2.4e-4
particulates and fuel fines
(parameter 7)

Meteorological Data Average Wind Velocity logtriangular 0.978, 2.13, 13.2
(m/s) (parameter 8)

As shown in the samp le Ihs.out file which follows, the parameters identified
fall within the bounds Df the distributions over all ten realizations.

in Table 6.7.2-10

1
O.OOOOOOOE+00
O.OOOOOOOE+00
o.1000000E-01
0.3330000E-03
0.7000000E+01
0.4100000E+01
o.1000000E+01
0.2250000E+03
0.2000000E+02
0.1230000E+01
0.3300000E+00

2
O.OOOOOOOE+00
O.OOOOOOOE+00
0.1000000E-01
0.3330000E-03

54
O.OODOOOOE+00
0^.11l 51201E:-03
O.OODOOOOE+Ob
O.OODOOOOE+00
0.70DOOOOE+01
0.76)OOOOE+00
0.21OOOOE-02
0.14)OOOOE+02
0.40)OOOOE+00
0.49DOOOOE+01
0.00 OOOOE+00

54
0.00OOOOE+00
0.76)7660E-04
O.OODOOOOE+00
O.OODOOOOE+00

O.OOOOOOOE+00
,d0>.232W'S2E..O1
0.6000000E-02
0.1000000E+01
0.2380000E+02
0.1000000E+01
0.7000000E+01
0.1000000E+01
0.4300000E+00
0.5000000E+00
0.1000000E+01

0.OOOOOOOE+00
0.5063296E+01
0.6000000E-02
0.1000000E+01

O.OOOOOOOE+00
0.1420000E+04
0.2300000E-01
O.OOOOOOOE+00
0.1500000E+02
0.5700000E+00
0.7000000E+01
0.1600000E+02
0.1400000E+02
0.3300000E+00
0.7000000E+00

O.OOOOOOOE+00
0.1420000E+04
0.2300000E-01
O.OOOOOOOE+00

O.OOOOOOOE+00
0.20000OOE-01
0.6000000E+01
0.1OOOOOOE+01
0.3700000E+01
0.2000000E+00
0.1000000E+01
0.2000000E+01
0.3000000E+01
0.5000000E+00

O.OCOOOOOOE+00
0.2000000E-01
0.6000000E+01
O.lCOOOOOE+01
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.

0.7000000E+01
0.4100000E+Ol
O.lOOOOOOE+Ol
0.2250000E+03
0.2000000E+02
0.1230000E+Ol
0.3300000E+OO

3
O.OOOOOOOE+OO
O.OOOOOOOE+OO
O.lOOOOOOE-Ol
0.3330000E-03
0.7000000E+Ol
0.4100000E+01
O.lOOOOOOE+Ol
0.2250000E+03
0.2000000E+02
0.1230000E+Ol
0.3300000E+OO

4
O.OOOOOOOE+OO
O.OOOOOOOE+OO
O.lOOOOOOE-Ol
0.3330000E-03
0.7000000E+Ol
0.4100000E+Ol
0.1000000E+01
0.2250000E+03
0.2000000E+02
0.1230000E+Ol
0.3300000E+OO

5
O.OOOOOOOE+OO
O.OOOOOOOE+OO
O.lOOOOOOE-Ol
0.3330000E-03
0.7000000E+Ol
0.4100000E+Ol
O.lOOOOOOE+Ol
0.2250000E+03
0.2000000E+02
0.1230000E+Ol
0.3300000E+OO

6
O.OOOOOOOE+OO
O.OOOOOOOE+OO
0.1000000E-01
0.3330000E-03
0.7000000E+Ol
0.4100000E+Ol
O.lOOOOOOE+Ol
0.2250000E+03
0.2000000E+02
0.1230000E+Ol
0.3300000E+00

7
O.OOOOOOOE+OO
O.OOOOOOOE+OO
O.lOOOOOOE-Ol
0.3330000E-03
0.7000000E+Ol
0.4100000E+Ol
O.lOOOOOOE+Ol
0.2250000E+03
0.2000000E+02
0.1230000E+Ol
0.3300000E+OO

8
O.OOOOOOOE+OO
O.OOOOOOOE+00
O.lOOOOOOE-01
0.3330000E-03
0.7000000E+Ol
0.4100000E+Ol

0.70)OOOOE+Ol
0.76)OOOOE+00
0.21DOOOOE-02
0.14DOOOOE+02
0.40)OOOOE+00
0.49DOOOOE+01
O.OODOOOOE+00

54
O.OODOOOOE+00

0O.60DOOOOE+00O
0.00)OOOOE+00
0.70DOOOOE+01
0.76)OOOOE+00
0.21DOOOOE-02
0.14)OOOOE+02
0.40)OOOOE+00
0.49DOOOOE+01
O.OODOOOOE+00

54
0.00)OOOOE+00

0.00)OOOOE+00
0.00)OOOOE+00
0.70)OOOOE+01
0.76)OOOOE+00
0.21)DOOOOE-02
0.14DOOOOE+02
0.40)OOOOE+00
0.49)OOOOE+01
0.00)OOOOE+00

54
0.00)OOOOE+00

0.00)OOOOE+00
0.00)OOOOE+00
0.70)OOOOE+01
0.76)OOOOE+00
0.21)OOOOE-02
0.14)OOOOE+02
0.40)OOOOE+00
0.49)OOOOE+01
O.OODOOOOE+00

54
0.00)OOOOE+00
0.45 26045t~w04:Z
0.00)OOOOE+00
0.00)OOOOE+00
0.70)OOOOE+01
0.76)OOOOE+00
0.21DOOOOE-02
0.14)OOOOF+02
0.40)OOOOE+OO
0.49)OOOOE+01
0.00)OOOOE+00

54
O.OO)OOOOE+OO

O.455 , S4
O.OO)OOOOE+OO
O.OO)OOOOE+OO
0.70)OOOOE+Ol
0.76)OOOOE+OO
0.21)OOOOE 02
0.14)OOOOE+02
0.40)OOOOE+OO
0.49)OOOOE+01
O.OO)OOOOE+OO

54
0.00)OOOOE+00
0.10)3088E-03
O.OO)OOOOE+OO
0.00)OOOOE+00
0.70)OOOOE+Ol
0.76)OOOOE+OO

0.2380000E+02
O.lOOOOOOE+Ol
0.7000000E+Ol
O.lOOOOOOE+Ol
0.4300000E+OO
0.5000000E+OO
O.lOOOOOOE+Ol

O.OOOOOOOE+OO

0.6000000E-02
O.lOOOOOOE+Ol
0.2380000E+02
0.1000000E+01
0.7000000E+Ol
O.lOOOOOOE+Ol
0.4300000E+00
0.5000000E+OO
O.lOOOOOOE+Ol

O.OOOOOOOE+OO

0.6000000E-02
O.lOOOOOOE+Ol
0.2380000E+02
O.lOOOOOOE+Ol
0.7000000E+01
O.lOOOOOOE+Ol
0.4300000E+OO
0.5000000E+OO
O.lOOOOOOE+Ol

O.OOOOOOOE+OO

0.6000000E-02
O.lOOOOOOE+Ol
0.2380000E+02
O.lOOOOOOE+Ol
0.7000000E+Ol
O.lOOOOOOE+Ol
0.4300000E+OO
0.5000000E+OO
O.lOOOOOOE+Ol

O.OOOOOOOE+OO

0.6000000E-02
O.lOOOOOOE+Ol
0.2380000E+02
O.lOOOOOOE+Ol
0.7000000E+Ol
0.1O00000E+01
0.4300000E+OO
0.5000000E+OO
0.l000000E+0l

O.OOOOOOOE+OO

0.6000000E-02
O.lOOOOOOE+Ol
0.2380000E+02
O.lOOOOOOE+Ol
0.7000000E+01
O.lOOOOOOE+Ol
0.4300000E+OO
0.5000000E+OO
O.lOOOOOOE+Ol

O.OOOOOOOE+OO
O .29655173E+Ol

0.6000000E-02
0.1000000E+01
0.2380000E+02
O.lOOOOOOE+Ol

0.1500000E+02
0.5700000E+OO
0.7000000E+Ol
0.1600000E+02
0.1400000E+02
0.3300000E+OO
0.7000000E+OO

O.OOOOOOOE+OO
0.1420000E+04
0.2300000E-Ol
O.OOOOOOOE+OO
0.1500000E+02
0.5700000E+OO
0.7000000E+Ol
0.1600000E+02
0.1400000E+02
0.3300000E+OO
0.7000000E+00

O.OOOOOOOE+OO
0.1420000E+04
0.23000OOE-01
O.OOOOOOOE+OO
0.1500000E+02
0.5700000E+OO
0.7000000E+Ol
0.1600000E+02
0.1400000E+02
0.3300000E+OO
0.7000000E+OO

O.OOOOOOOE+OO
0.1420000E+04
0.2300000E-Ol
O.OOOOOOOE+OO
0.1500000E+02
0.5700000E+OO
0.7000000E+Ol
0.1600000E+02
0.1400000E+02
0.3300000E+OO
0.7000000E+OO

O.OOOOOOOE+OO
0.1420000E+04
0.23000OOE-01
O.OOOOOOOE+OO
0.1500000E+02
0.5700000E+OO
0.7000000E+Ol
0.1600000E+02
0.1400000E+02
0.3300000E+OO
0.7000000E+00

O.OOOOOOOE+OO
0.1420000E+04
0.2300000E-Ol
O.OOOOOOOE+OO
0.1500000E+02
0.5700000E+OO
0.7000000E+Ol
0.1600000E+02
0.1400000E+02
0.3300000E+00
0.7000000E+OO

O.OOOOOOOE+00
0.1420000E+04
0.2300000E-Ol
O.OOOOOOOE+OO
0.1500000E+02
0.5700000E+OO

0.3700000E+Ol
O.2000000OE+OO

O .10C0OOOOE+01

O.2000000OE+Ol

O.3000000OE+Ol

0.5000000OE+00

O.OOOOOOOE+OO
0.2000000E-01
0.6000000E+Ol
O.lOOOOOOE+Ol
0.3700000E+Ol
0.2000000E+OO
0.1000000E+01
0.2000000E+Ol
0.3000000E+Ol
0.5000000E+OO

O.OOOOOOOE+OO
0.2000000E-Ol
0.6000000E+01
O.lOOOOOOE+Ol
0.3700000E+01
0.2000000E+OO
O.lOOOOOOE+Ol
0.2000000E+Ol
0.3000000E+Ol
O.5000000E+OO

O.OOOOOOOE+OO
0.2000000E-01
0.6000000E+Ol
O.lOOOOOOE+Ol
0.3700000E+Ol
0.2000000E+OO
O.lOOOOOOE+Ol
0.2000000E+Ol
0.3000000E+Ol
0.5000000E+OO

O.OCOOOOOE+00
0.2COOOOOE-Ol
0.6COOOOOE+01
O.lCOOOOOE+Ol
0.3700000E+Ol
0.2COOOOOE+OO
O.lCOOOOOE+Ol
0.2000000E+01
0.3COOOOOE+Ol
0.5COOOOOE+OO

O.OCOOOOOE+OO
0.2000000E-01
0.6000000E+Ol
O.lOOOOOOE+Ol
0.3700000E+Ol
0.2COOOOOE+OO
O.lCOOOOOE+Ol
0.2000000E+Ol
0.3COOOOOE+Ol
0.5000000E+00

O.OCOOOOOE+00
0.2000000E-Ol
0.6000000E+Ol
0.1000000E+01
0.3700000E+Ol
0.2000000E+00
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0

0. 1000000E+01
0.2250000E+03
0.2000000E+02
0.1230000E+01
0.3300000E+00

9
0. OOOOOOOE+00
o. OOOOOOOE+00
0. lOOOOOOE-01
0.3330000E-03
0.7000000E+01
0.4100000E+01
0. 1000000E+01
0.2250000E+03
0.2000000E+02
0.1230000E+01
0.3300000E+00

10
0. OOOOOOOE+00
0. OOOOOOOE+00
0. 1000000E-01
0.3330000E-03
0.7000000E+01
0.4100000E+01
0. 1000000E+01
0.2250000E+03
0.2000000E+02
0.1230000E+01
0.3300000E+00

0.2100000E-02
0.1400000E+02
0.4000000E+00
0.4900000E+01
0. OOOOOOOE+00

54
0. OOOOOOOE+00
o. 84 89OOa0s
0. OOOOOOOE+00
0. OOOOOOOE+00
0.7000000E+01
0.7600000E+00
0.2100000E-02
0.1400000E+02
0.4000000E+00
0. 4900000E+01
0. OOOOOOOE+00

54
0. OOOOOOOE+00
O51842IE gO3
0. OOOOOOOE+00
0. OOOOOOOE+00
0.7000000E+01
0.7600000E+00
0.2100000E-02
0.1400000E+02
0.4000000E+00
0.4900000E+01
0. OOOOOOOE+00

0.7000000E+01
0. 1000000E+01
0.4300000E+00
0.5000000E+00
0. 1000000E+01

0. OOOOOOOE+00

0.60000OOE-02
0. 1000000E+01
0.2380000E+02
0. 1000000E+01
0.7000000E+01
0. 1000000E+01
0.4300000E+00
0.5000000E+00
0. 1000000E+01

0. OOOOOOOE+00

0.600000OE-02
0. 1000000E+01
0.2380000E+02
0. 1000000E+01
0.7000000E+01
0. 1000000E+01
0.4300000E+00
0.5000000E+00
0. 1000000E+01

0.7000000E+01
0.1600000E+02
0.1400000E+02
0.3300000E+00
0.7000000E+00

0. OOOOOOOE+00
0.1420000E+04
0.2300000E-01
0. OOOOOOOE+00
0.1500000E+02
0.5700000E+00
0.7000000E+01
0.1600000E+02
0.1400000E+02
0.3300000E+00
0.7000000E+00

0. OOOOOOOE+00
0.1420000E+04
0.2300000E-01
0. OOOOOOOE+00
0.1500000E+02
0.5700000E+00
0.7000000E+01
0.1600000E+02
0.1400000E+02
0.3300000E+00
0.7000000E+00

0.1000000E+01
0.22000000E+01
0.3000000E+01
0.5()00000E+00

0.0000000E+00
0.2000000E-01
0.6000000E+01
0.1000000E+01
0.3700000E+01
0.2000000E+00
0. 1000000E+01
0.2000000E+01
0.3000000E+01
0.5000000E+00

0. OOOOOOOE+00
0.2000000E-01
0.6000000E+01
0. 1000000E+01
0.3700000E+01
0.2000000E+00
0. 1000000E+01
0.2000000E+01
0.3000000E+01
0.5000000E+00
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6.7.2.2 MELCOR Public Dose

This module is required to generate building discharge fractions for Vapors and Noble Gases,
Co-60 Crud, and Particulates as input to calculations for dose to the public. After executing the
MELCOR code, building discharge fractions must be manually entered on the "Bldg. Discharge,
HEPA, Probabilistic" cubform under "Fraction Discharged from Building Ventilation." This test
will verify the input files to the MELCOR modules contain the parameters identified as input
within the PCSA Tool. In addition, this test will verify that the output extracted from the
MELCOR output file ty the PCSA Tool is the actual data from the MELCOR output file. Since
MELCOR is validated separately, no validation of the MELCOR module itself will be performed
(only the input to the module and the output from the module).

6.7.2.2.1 MELCOR Execution - PWR

In this test, building discharge fractions are calculated using the default MELCOR input for the
PWR fuel type with parameter modifications for ventilation flowrate, room dimensions,
temperature, number of fuel assemblies breached, and particle sizes.

6.7.2.2.1.1 Test Inpu t

MELCOR Input DefaL Its for the PWR Fuel Type are used with the modifications identified in
Table 6.7.2-1 1.

Table 6.7.2-11. Test Input

Parameter Name Value

Ventilation volumetric flow rate (mA3/s) 7.08

Room length (m) 20

Indoor temperature (K) 305

Fuel Assemblies Breached 6

Released spent nuclear fuel, 2.1 e-2
Mean Mass Diameter (m)

6.7.2.2.1.2 Test Procedure

Testing is performed Dn the MELCOR Input Form opened from the main menu (Conseq. ==>
Public Dose ==> MELCOR).

In accordance with tha PCSA Tool Version 2.0 User Guide, Section 3.9.1.2, calculate the
building discharge fractions using default values for the PWR fuel type and the modifications
identified in Table 6.7.2-11. After MELCOR execution completes, verify the building discharge
fractions generated.

6.7.2.2.1.3 Test Results

Test results will be dc cumented on an SVTR in accordance with Appendix A.
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The building discharge fractions displayed by the PCSA Tool should agree with the output
generated by the stardalone MELCOR module. Sample building discharge fractions are
displayed in Table 6.7.2-12 along with the portion of the MELCOR output file from which these
discharge fractions were obtained. Verification includes a comparison of the MELCOR output
file (8mel.out) against the screen output. Specifically, the Building Discharge Fraction for
Vapors and Noble Gases should match the Class 1, Type 09 value; that for Co-60 Crud should
match the Class 7, Type 09 value; and that for Particulates should match the Class 10, Type 09
value.

Appendix C includes an example comparison of MELCOR input to the input information
contained on the PCS;A Tool input screens. The input information supplied by the PCSA Tool
should agree with inp it information used by MELCOR and displayed in file 8mel.inp.

Table 6.7.2-12. Sample MELCOR Output PWR Fuel Type

Output

Screen Output Resulls

Radionuclide Type Building Discharge Fraction (unitIes*)

Vapors and Noble Gases 12.090E-02

Co-60 Crud |1 .660E -02

Particulates 18.907E.04

Output from 8mel.out RADIOACTIVE RADIONUCLIDE FRACTIONAL r)ISTRIBUTION

CLASS TYPEO1 TYPE09
1 9.791E-01 2.090E-02
2 9.991E-01 8.908E-04
3 9.991E-01 8.930E-04
4 9.791E-01 2.094E-02
5 9.991E-01 8.942E 04
6 9.991E-O1 8.907E-04
7 9.834E-01 1.660E-02
8 9.991E-01 8.906E-04
9 9.991E-01 8.942E-04

10 9.991E-01 8.907E-04
11 9.991E-01 8.908E-04
12 9.991E-01 8.907E-04
13 0.OOOE+00 0.OOOE+00
14 0.000E+00 0.OOOE+00
15 0.OOOE+00 0.OOOE+00
16 0.OOOE+00 0.OOCE+00
17 9.999E-01 6.327E-05
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6.7.2.2.2 MELCOR Esecution - BWR

In this test, building discharge fractions are calculated using the default MELCOR input for the
BWR fuel type with parameter modifications for ventilation flowrate, room dimensions,
temperature, number of fuel assemblies breached, and particle sizes.

6.7.2.2.2.1 Test Inpu t

MELCOR Input DefaL Its for the BWR Fuel Type are used with the modifications identified in
Table 6.7.2-1 3.

Table 6.7.2-1 3. Test Input

Parameter Name Value I

Ventilation volumetric flow rate (mA3/s) 21.16

Room width (m) 26.8

Indoor temperature (K) 297

Fuel Assemblies Breached 10

Released crud, 7.3e-6
Mean Mass Diameter (m)

6.7.2.2.2.2 Test Procedure

Testing is performed on the MELCOR Input Form opened from the main menu (Conseq. ==>
Public Dose ==> MELCOR).

In accordance with the PCSA Tool Version 2.0 User Guide, Section 3.9.1.2, calculate the
building discharge fra-tions using default values for the BWR fuel type and the modifications
identified in Table 6.7.2-13. After MELCOR execution completes, verify the building discharge
fractions generated.
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6.7.2.2.1.3 Test Results

Test results will be documented on an SVTR in accordance with Appendix A.

The building discharge fractions displayed by the PCSA Tool should agree with the output
generated by the standalone MELCOR module. Sample building discharge fractions are
displayed in Table 6.7.2-14 along with the portion of the MELCOR output file from which these
discharge fractions were obtained. Verification includes a comparison of the MELCOR output
file (8mel.out) against the screen output. Specifically, the Building Discharge Fraction for
Vapors and Noble Gases should match the Class 1, Type 09 value; that for Co-60 Crud should
match the Class 7, Type 09 value; and that for Particulates should match the Class 10, Type 09
value.

Appendix C includes an example comparison of MELCOR input to the input information
contained on the PCEA Tool input screens. The input information supplied by the PCSA Tool
should agree with input information used by MELCOR and displayed in file 8mel.inp.

Table 6.7.2-14. Sample MELCOR Output BWR Fuel Type

Output

Screen Output _ _ _ _ _ _ _ _ _ _ _ __
Results

Radionuclide Type Building Discharge Fraction (unitless)

Vapors and Noble Gases 13.057E-02

Co-60 Crud 12.052E-02

Particulates 17.708E-04 ... . i

Output from 8mel.out RADIOACTIVE RADIONUCLIDE FRACTIONAL DISTRIBUTION

CLASS TYPE01 TYPE09
1 9.694E-01 3.057E-02
2 9.992E-01 7.753E-04
3 9.992E-01 7.750E-04
4 9.694E-01 3.057E-02
5 9.992E-01 7.707E-04
6 9.992E-01 7.750E-04
7 9.795E-01 2.052E-02
8 9.992E-01 7.733E-04
9 9.992E-01 7.708E-04

10 9.992E-01 7.708E-04
11 9.992E-01 7.707E-04
12 9.992E-01 7.743E-04
13 0.OOOE+00 0.OOOE+00
14 0.OOOE+00 0.OOOE+00
15 0.OOOE+00 0.OOGE+00
16 0.OOOE+00 0.OOOE+00
17 9.999E-01 9.695E-05
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6.8 Performance Analysis

Performance analysis includes safety assessment and risk assessment. The safety
assessment is tested in section 6.8.1 and the risk assessment is tested in section 6.8.2.

6.8.1 Safety Assessment

This module integrates event frequency analysis results and consequence analysis results.
This test will verify the safety analysis aspects of event sequences in terms of dose and
frequency.

A core set of data is L sed in all of the tests associated with this module. The input data set
consists of a set of 11 sequences for the same scenario identifier. The sequences have the
frequencies identified in Table 6.8.1-1. The first nine frequencies were taken from Benke, R.
"Analytical and Nume ical Solutions of the Expected Number of Occurrences for Combinations
of Event Sequences clue to Variability," November, 2003 (projected date). Default BWR and
PWR deterministic and probabilistic doses are also used in this test.

Table 6.8.1-1. Safety Assessment Test Input

Event Sequence ID) Frequency Dose

1 0.05 BWR Deterministic Default

2 0.1 PWR Deterministic Default

3 0.25 BWR Probabilistic Default

4 0.05 PWR Probabilistic Default

5 0.1 BWR Deterministic Default

6 0.25 PWR Deterministic Default

7 0.05 BWR Probabilistic Default

8 0.1 PWR Probabilistic Default

9 0.25 BWR Deterministic Default

10 0.001 PWR Deterministic Default

11 0.0000001 BWR Probabilistic Default
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6.8.1.1 Safety Assessment - Current Level Results

This test is designed :o verify that the separate categories are correctly identified and filtered
within the tool.

6.8.1.1.1 Test Input

The input data set shown in Table 6.8.1-1.

6.8.1.1.2 Test Procedure

Testing is performed on the Results Table opened from the main menu (Perform. ==> Current
Level Results).

In accordance with thi PCSA Tool Version 2.0 User Guide, Section 3.10.1, perform the
category searches identified below: Note that at the time this test plan was being created,
Performance Analysis was being updated for Version 3.0 of the PCSA Tool. Therefore, the
structure of the Results Table may be different and some fields may have been modified,
added, or deleted.

1. Verify all the event sequences identified in Table 6.8.1-1 are included in the results table.
2. Select "Category SEarch" and enter "1" for the category.
3. Verify the event sequences identified in Table 6.8.1-1 are filtered and only category 1 event
sequences are displayed.
4. Select "Refresh" th 3n "Category Search" and enter "2" for the category.
5. Verify the event sequences identified in Table 6.8.1-1 are filtered and only category 2 event
sequences are displayed.
6. Select "Refresh" th an "Category Search" and enter "BCFL" for the category.
7. Verify the event sequences identified in Table 6.8.1-1 are filtered and only BCFL event
sequences are displayed.

6.8.1.1.3 Test Results

Test results will be documented on an SVTR in accordance with Appendix A.

The selected category event sequences from Table 6.8.1-1 are expected to be displayed in the
Results Table after each search.
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6.8.1.2 Safety Assessment - Compliance Assessment

This test is designed lo verify that the composite frequency and doses calculated from the
category 1 event sequences agree with hand calculations.

6.8.1.2.1 Test Input

The input data set shown in Table 6.8.1-1.

6.8.1.2.2 Test Procedure

Testing is performed n the Results Table opened from the main menu (Perform. ==> Project
Results ==> Safety As3sessment).

In accordance with tha PCSA Tool Version 2.0 User Guide, Section 3.10.2, perform the
category 1 search and calculations identified below: Note that at the time this test plan was
being created, Performance Analysis was being updated for Version 3.0 of the PCSA Tool.
Therefore, the structure of the Results Table and the Safety Assessment - Category 1 Event
Sequences window rr ay be different or may be removed and some fields may have been
modified, added, or d3leted.

1. Select "Compliance Assessment."
2. On the "Category Search" window enter "1 " for the category.
3. On the "Safety Assessment - Category 1 Event Sequences" window, perform calculations for
"Frequency-Weightec Annualized Dose" and "Combination of Events." The value for "Normal
Release" may be set :o 0.0.
4. Using hand calculations or a spreadsheet, verify the composite frequencies and doses
generated.

6.8.1.2.3 Test Results

Test results will be documented on an SVTR in accordance with Appendix A.

Composite frequency and doses should agree with hand calculations to within 5%.
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6.8.1.3 Safety Assessment - Structures, Systems, and Components Important to Safety
(SSCIS)

This test is designed to verify that the dose calculated from the SSCIS event sequences agrees
with hand calculatioms.

6.8.1.3.1 Test Input

The input data set is shown in Table 6.8.1-1. In addition to the base case setup, the following
changes are made or the "Results Table - Project View SSCIS" window to the event sequences
displayed in Table 6.8.1-2 (no changes are made to event sequences 3, and 5-1 1).:

Table 6.8.1-2. Test Input Modifications

Event Sequence l.vent Sequence Dose, Point Dose, Mean Include in
ID Frequency Estimate Calculations

1 0.015 1.5e-4 3.7e-3 yes

2 0.051 1.7e-2 3.5e-5 yes

4 | 0.015 no change no change no

6.8.1.3.2 Test Procedure

Testing is performed :n the "Results Table - SSCIS Case" opened from the main menu
(Perform. ==> Projec: Results ==> Safety Assessment ==> Then select "SSCIS" button).

In accordance with the PCSA Tool Version 2.0 User Guide, Section 3.10.2, perform the SSCIS
category search and calculations identified below: Note that at the time this test plan was being
created, PerformancE Analysis was being updated for Version 3.0 of the PCSA Tool.
Therefore, the structL re of the Results Table and the Safety Assessment - Category 1 Event
Sequences window may be different or may be removed and some fields may have been
modified, added, or deleted.

1. With the "Results Table - Project View SSCIS" Case window open, select "Category Search."
2. On the "Category Search" window enter "1" for the category.
3. On the "Safety Assessment - Category 1 Event Sequences" window, perform calculations for
"Annualized Dose Ba!3e Case" and "Annual Dose due to SSC Failure."
4. Using hand calculations or a spreadsheet, verify the frequency weighted sum and total dose
calculated under "Annual Dose due to SSC Failure."

6.8.1.3.3 Test Resulls

Test results will be documented on an SVTR in accordance with Appendix A.

The frequency weighted sum and total dose displayed on the "Annual Dose due to SSC Failure"
window should agree with hand calculations to within 5%.
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6.8.2 Risk Assessment

This module calculates the total risk for the system using the mean frequency for initiating event
and event sequences and either point dose estimates or probabilistic dose estimates. This test
will verify risk calculations are performed correctly for both deterministic point dose estimates
and probabilistic dose estimates.

A core set of data is used in all of the tests associated with this module. The input data set
consists of a set of 4 Sequences for three different scenario identifiers. The sequences have
the frequencies identified in Table 6.8.2-1.

Table 6.8.2-1. Risk Assessment Test Input

Functional ID Event Initiating Event Event
Scenario ID Event Sequence ID Sequence

Frequency Frequency

A 1 0.01 1 0.025

2 0.3

B 2 0.02 3 0.01

B 3 0.02 4 0.03

6.8.2.1 Risk Assessment - Event Scenario Risk

This test is designed to verify that the event scenario risk is calculated correctly for the event
scenarios identified ir Table 6.8.2-1.

6.8.2.1.1 Test Input

The input data set shown in Table 6.8.2-1.

6.8.2.1.2 Test Procedure

Testing is performed :n the Event Scenario Risk Form opened from the main menu (Perform.
==> Project Results ==> Risk Assessment).

In accordance with tha PCSA Tool Version 2.0 User Guide, Section 3.10.2.2, calculate the
event scenario risk ax; follows:

1. From the "Risk Analysis" table, double click on the "Dose, PtEst" and "Dose, Mean" cells.
This action opens the "Event Scenario Risk" form.
2. On the "Event Scenario Risk" form, perform event dose calculations and using a spreadsheet
or hand calculations, verify the event dose displayed on this form is calculated correctly for
each of the event scenarios. After all event doses for all three scenarios have been calculated
for both deterministic and probabilistic cases, calculate the total Deterministic Risk and total
Probabilistic Risk by pressing the "Deterministic Risk" and "Probabilistic Risk" buttons on the
"Risk Analysis" form. Using a spreadsheet or hand calculations, verify the deterministic and
probabilistic risks generated.
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6.8.2.1.3 Test Results

Test results will be documented on an SVTR in accordance with Appendix A.

The event doses disp ayed by the PCSA Tool should agree with spreadsheet or hand
calculations to within 5%. Source dose locations are taken from Default BWR Fuel Type RSAC
runs (both Deterministic and Probabilistic for 10 realizations). Deterministic and probabilistic
risk values should agree with spreadsheet or hand calculations to within 5%.
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6.9 Software Reliabi ity

Information required fDr the analysis of software reliability is compiled using the software
reliability form. The purpose of this test is to verify that software reliability information can be
entered and stored in the database.

6.9.1 Test Input

Table 6.9-1 shows the input that will be entered in the Software Systems Form. Note also, that
the form will accept considerably more information than supplied in the table. The tester is
encouraged to enter text in addition to that depicted in the table.

Table 6.9-1. Test Input for Software Systems

Form/Tab Parameter Value

Add new Software System ID Software-1

Description Software 1

Company Software 2

Characterization, Items 1-4 1. Any extent failure data on the software Software_3
system

2. Characteristics of the software development Software_4
process

3. Characteristics (especially Maturity Level) of Software_5
the software development organization

4. Analysis of the requirements specification for Software_6
the software

Characterization, Items 5-7 5. Identification and evaluation of the software Software_7
standards used in developing and applying the
software, if any

6. Determination of the degree to which the Software_8
software has been previously used and
corrected or the degree to which software
components (subsystems and reused software)
might be employed

7. Other Software 9

Use in Repository, Items 1-5 1. Functions Performed by this System Software 10

2. Hardware Components Controlled Software 11

3. Sensors and other Input Devices (including Software_12
keyboard etc.)
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Form/Tab Parameter Value

4. Description of how humans interact with the Software_13
software system under routine operations and
how humans can decide to take action through
the software system

5. Is the Software System involved in actively Software_14
controlling the process, in providing standby
interaction and/or notification during an upset
condition, or both?

Use in Repository, Items 6-8 6. Is the Software System applied to specific Software_15
types of hardware individually or multiple times,
or does it control several types of hardware
simultaneously (local vs. global system)?

7. Identification of whether and to what degree Software_16
fail-safe design approaches have been used in
developing the software or specifying its
requirements

8. Determination of the degree to which Software_17
software failures will be mitigated by other
safety systems

Potential Failures 1. What previously identified initiating events Software_18
produced by hardware malfunctions (identified
by FMEA or What-if analysis) could be
produced by software failures, because the
identified equipment malfunctions could be
generated by software failures?

2. What previously unidentified equipment Software_19
malfunctions could be produced by software
failures and lead to an initiating event?

3. What synergestic interactions between Software_20
hardware, human interactions, and software
failures could lead to additional initiating events?

6.9.2 Test Procedure

Testing is performed on the Software Systems Form opened from the main menu (Sw
Reliability).

In accordance with th 3 PCSA Tool Version 2.0 User Guide, Section 3.1 1, enter as a minimum,
the Software Reliabilily information contained in Table 6.9-1. Exit the tool saving the information
entered and then reenter the tool. Verify the Software Reliability information entered.

6.9.3 Test Results

Test results will be documented on an SVTR in accordance with Appendix A.
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The test input entered is expected to agree with the information displayed within the Software
Systems Form.
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6.10 Failure Rate

The purpose of the Failure Rate menu is to allow the user to retrieve tabulated failure rate
information for various components. The tests in this section will verify the failure rate
information available or the various components.

6.10.1 View Taxonomy

The View Taxonomy submenu allows the user to select various components and identify failure
rate information for those components along with the source of this failure rate information. This
test will verify that fail ire rate information can be retrieved for a component and that the failure
rate information retrieved corresponds to that in the associated reference.

6.10.1.1 Test Input

This test is initiated by retrieving information for one of the components in the View Taxonomy
submenu. The component identified is Drillstring/Heave compensator; however, the tester is
encouraged to select additional components and retrieve failure rate information for these other
components as well.

6.10.1.2 Test Procedure

Testing is performed rom the Taxonomy Form opened from the main menu (Failure Rate ==>
View Taxonomy). In accordance with the PCSA Tool Version 2.0 User Guide, Section 3.12,
select as a minimum l he Drillstring/Heave compensator component (Drilling Equipment ==>
Drillstring/Heave Compensator), display the data associated with this component and search for
corresponding reference information under Letter ID 'C.' Verify both the failure rate information
and the source of this information.

6.10.1.3 Test Results,

Test results will be documented on an SVTR in accordance with Appendix A.

The Drillstring/Heave Compensator data was retrieved and the failure rate information
corresponds to that listed in the references.
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6.10.2 Search Datatase

The Search DatabasD submenu allows the user to select various components and identify
failure rate information for those components along with the source of this failure rate
information. This test will verify that failure rate information can be retrieved from a component
search and that the f ilure rate information retrieved corresponds to that in the associated
reference.

6.10.2.1 Test Input

This test is initiated bit searching for components. A search is done for crane components. The
tester is encouraged lo search for additional components and retrieve failure rate information for
these other components as well.

6.10.2.2 Test Procedure

Testing is performed rom the Search Database Form opened from the main menu (Failure Rate
==> Search Database). In accordance with the PCSA Tool Version 2.0 User Guide, Section
3.12, search for crane components, display the data associated with crane components, and
search for corresponding reference information under Letter ID 'E' and Number ID '3.'

6.10.2.3 Test Results

Test results will be documented on an SVTR in accordance with Appendix A.

The crane data was retrieved and the failure rate information corresponds to that listed in the
references.
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6.10.3 Failure Calculator

The Failure Calculato, allows the user to calculate the frequency of component failure per year.

6.10.3.1 Test Input

Information is entered on the Frequency Calculation screen in accordance with Table 6.10.3-1.
The tester is encouraged to enter values in addition to those depicted in the table.

Table 6.10.3-1. Failure Calculation Test Input

Input Name Input Value

Enter the failure rate ( er hour or demand) of 0.002
the desired componert:

Enter the number of h Durs or demands to be 75
placed on the component per year:

6.10.3.2 Test Procedure

Testing is performed on the Frequency Calculation Form opened from the main menu (Failure
Rate => Failure Calculator).

Enter as a minimum the Frequency Calculation information contained in Table 6.10.3-1. Verify
the generated frequency of component failure.

6.10.3.3 Test Results

Test results will be documented on an SVTR in accordance with Appendix A.

The "Frequency of fai ure per year" displayed on the Frequency Calculation Form is expected to
be the product of the failure rate and the number of hours or demands placed on the component.
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6.10.4 Human Error Probability (HEP) Generator

The HEP Generator allows the user to calculate the probability associated with human errors
and use this probability or apply Performance Shaping Factors (PSF).

The module operates through a series of steps in which the tester answers questions regarding
operational activities. This test will verify the module is capable of guiding the tester through a
series of options and producing an output based on the testers selections.

6.10.4.1 Test Input

The test input for HEP Generation will use the options already provided in the Human Error
Probability Generator sequence of windows. The tester is encouraged to examine more options
than those required by the test procedure.

6.10.4.2 Test Procedure

Testing is performed on the Human Error Probability Generator Form opened from the main
menu (Failure Rate ==> HEP Generation). In accordance with the PCSA Tool Version 2.0 User
Guide, Section 3.13, select an HEP as follows:

Click 'Next' after each command sequence item listed below has been input.

Command Sequence:

1. Select 'No' for Abnormal Event and input 'HEP_Al' in the Reasons dialog box.
2. Select 'Yes' for Primary Operational Actions and input 'HEPA2' in the Reasons
dialog box.
3. Select 'Omissions' for Type of Error and input 'HEP_A3' in the Reasons dialog box.
4. Select 'No' for written materials and input 'HEPA4' in the Reasons dialog box.
5. Select 'Administrative' for Administrative or Recall Error and input 'HEPA5' in the

Reasons dialog box.
6. Select 'a general standard procedure' and input 'HEPA6' in the Reasons dialog box.
7. Select 'implement scheduled shiftly checking or inspection' and input 'HEPA7 in the

Reasons dialog box.
8. Select 'Accept'.
9. Select 'No' for 'Apply Performance Shaping Factor' and input 'HEPA8' in the

Reasons dialog box.
10. Select 'Accept' and choose a desire file destination and click 'Save.'

Verify the HEP selected.

6.10.4.3 Test Results

Test results will be documented on an SVTR in accordance with Appendix A.

The "Record of User Actions for HEP Generation" output is expected to agree with the
information entered by the tester.

64



6.11 Checklists

The Component Failure Mode Checklist may be used during failure modes and effects analysis
to identify components and their associated failure modes. The purpose of this test is to verify
that the user can retrieve the Component Failure Mode Checklist and search for a specific
component on the checklist.

6.11.1 Test Input

The string "board" will be entered as a search string on the Component Failure Mode Checklist
Form under "component." The tester is encouraged to search for more components than that
required by the test procedure. Possible component search names are identified below:

Possible Component Search Names

vessel drum pot reactor

column crane demister heater

cooler pump compressor blower

fan centrifuge grinder shredder

crusher agitator mixer conveyor

transmission cylinder piston valve

damper pipe duct hose

filter strainer nozzle fitting

coupling relief arrester sensor

transmitter controller annunciator gauge

indicator recorder transducer pIc

relay breaker fuse switch

motor generator conductor bus

board transformer ups system

human operator

6.11.2 Test Procedure

Testing is performed on the Component Failure Mode Checklist Form opened from the main
menu (Checklists ==> Component Failure Mode Checklist).

In accordance with the PCSA Tool Version 2.0 User Guide, Section 3.13, enter as a minimum
the search string identified in Section 6.11 .1. Verify the components and their associated failure
modes can be retrieved from the database.
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6.11.3 Test Results

Test results will be documented on an SVTR in accordance with Appendix A.

Components containing the word "board" are expected to be retrieved from the database.
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6.12 Regulations

The Regulations function allows the user to display the regulations important to preclosure
safety analysis. Two regulations may be reviewed: 1) 10 CFR Part 63 and 2) 10 CFR Part 20.
The purpose of this test is to verify that the two regulations may be viewed.

6.12.1 Test Input

No test input is required.

6.12.2 Test Procedure

Testing is performed by selecting the two regulations from the main menu (Regs. ==> 1 OCFR63
and Regs. ==> 1 OCFR20).

In accordance with the PCSA Tool Version 2.0 User Guide, Section 3.14, display the 10 CFR
Part 63 regulations and the 10 CFR Part 20 regulations. Verify that these regulations can be
viewed and navigation links can be selected.

6.12.3 Test Results

Test results will be documented on an SVTR in accordance with Appendix A.

The tester should be able to view the regulations and select the navigation links displayed within
the regulations.
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6.13 Help

The Help function contains an About display and a Disclaimer display. Menu help is not yet
implemented. The purpose of this test is to verify the information contained on the About and
Disclaimer windows.

6.13.1 Test Input

No test input is required.

6.13.2 Test Procedure

Testing is performed by selecting the About and Disclaimer windows from the main menu (Help
==> About and Help ==> Disclaimer).

In accordance with the PCSA Tool Version 2.0 User Guide, Section 3.15, display the About
window and the Disclaimer window. Verify the information contained on these windows.

6.13.3 Test Results

Test results will be documented on an SVTR in accordance with Appendix A.

The About window and the Disclaimer window are expected to contain information appropriate to
the development of the PCSA Tool software and in accordance with Center for Nuclear Waste
Regulator Analyses (CNWRA) requirements for software development.
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6.14 Additional Functionality

During the development of this validation test plan, the PCSA Tool was being upgraded from
Version 2.0 to Version 3.0. Some of the functionality had not been fully developed by the time
this test plan was created. Therefore, the purpose of this last test case is to indicate the level of
testing required for modules that have not yet been developed and are not otherwise included in
this test plan. A Software Validation Test Report (SVTR) will be generated in accordance with
Appendix A for each of these modules and will be used to document their validation.

6.14.1 Test Input

Test input will be developed to add records to forms and verify that this information is stored in
the database. The test input used will be documented within the Test Environment Setup, Input
Data section of the SVTR.

6.14.2 Test Procedure

Testing is performed on the appropriate data input form. After information is entered on the
form, exit the tool saving the information entered and then reenter the tool. Verify the
information entered and verify it can be displayed on the appropriate output forms or tables. The
test procedure used will be documented within the Test Environment Setup, Test Procedure
section of the SVTR.

6.14.3 Test Results

The information entered as test input is expected to be displayed on output forms or tables.
Calculations used to generate the output are expected to be verified by hand calculations or
spreadsheet calculations. In general, hand calculations should agree to within 5% of output. In
addition, any input information (files) to standalone code modules should agree with information
generated by the PCSA Tool input form. Any output information placed in output files by
standalone code modules and retrieved by the PCSA Tool should agree. The test results, hand
calculations, spreadsheet calculations, and/or file input/output verification will be documented
within the Test Results section of the SVTR.
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7.0 Notes

None.
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Software Validation Test Report (SVTR)

SVTR#: Project#:

Software Name: PCSA Tool IVersion:3.0

Test ID: |Test Series Name:

Test Method

o code inspection
o output inspection
a hand calculation
o spreadsheet
o graphical
o comparison with external code

Test Environment Setup

Hardware (platform, peripherals):

Software (OS, compiler, libraries, auxiliary codes or scripts):

Input Data (files, database, mode settings):

Assumptions, constraints, and/or scope of test:

Test Procedure:

Test Results

Test Evaluation (Pass/Fail):

Notes:

Tester: Date:
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An example SVTR is shown below:

Software Validation Test Report (SVTR)
SVTR#: (assigned separately) |Project#: 20.060002.01.103

Software Name: IPCSA Tool |Version:3.0

Test ID: 6.7.1 |Test Series Name: Consequence Analysis

Test Method
o code inspection
o output inspection
o hand calculation
• spreadsheet
a graphical
a comparison with external code

Test Environment Setup

Hardware (platform, peripherals): Machine PITOR, Windows NT Workstation Version 4.0

Software (OS. compiler, libraries, auxiliary codes or scripts): PCSA Tool Version 3.0 installed

Input Data (files, database, mode settings): Default PCSA Tool database created at the start
of the test

Assumptions, constraints, and/or scope of test:
Assumptions or constraints: none
Scope of the test: This test verifies the dose is calculated correctly for the default input
parameters and that the dose changes as expected for changes in the input parameters in
accordance with Section 6.7.1 of the SVTP for PCSA Tool Version 3.0.

Test Procedure: Tested in accordance with section 6.7.1.2 of the SVTP for PCSA Tool
Version 3.0

Test Results

Test results are located on the attached CD labeled, "SVTR 6.7.1."

Doses calculated in spreadsheet svtr6_7_1.xls compare to screen generated values to within
5%.
Test Evaluation (Pass/Fail): PASS

Notes: none

Tester: J. Harris Date: 8-15-03
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Appendix B (RSAC Supporting Information)

B.1 RSAC Execution Standard Input - Deterministic

The tester is referred to the Radiological Safety Analysis Computer Program User's Manual for a description of the information
contained in file rsac6.out.

B.1.1 Test Case A

* Supporting file information for Test Case A of Section 6.7.2.1.1 of the Software Validation Test Plan for PCSA Tool Version 3.0
follows. The first section contains input verification information and the second section contains output verification information. This
information is presented to the tester as a guide. This appendix is intended to provide the tester with a summary of the information
required in the test to verify that the PCSA Tool is functioning properly. The tester should verify the appropriateness of the data
supplied to RSAC through the input file parameters contained in file rsac6.out.

B.1.1.1 Input Verification Information

A comparison is made between the information contained in the PCSA Tool reports retrieved from the PCSA Tool Standard RSAC
Input form with the information contained in file rsac6.out generated by the standalone RSAC 6.1 code. In order to present the PCSA
Tool results in this section, the report information was exported to Microsoft Excel format and then copied into this section of the
appendix.
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B.1.1.1.1 View Source Term

The released activities from the PCSA Tool View Source Term screen should agree with the released activities in file rsac6.out.

The report generation utility for the View Source Term input is shown below:

Source
Term

Radionuclid

e

Inventory

(Ci/Assembly)

Release

Fraction

LHS Bldg Discharge

Fraction

HEPA

Mitigation

Released

Activity

(Ci)

Default

Value

Asm.

NP239 8.27E+00 2.00e-06 No 2.OOe-03 3.00e-04 1 9.92e-12 8.27E+00

0

PU240

PU241

AM241

PU242

H 3

C 14

CL 36

AR 39

FE 55

NI 59

CO 60

NI 63

SE 79

KR 85

Y 90

SR 90

ZR 93

MO 93

NB 94

TC 99

RU106

RH106

1. 14E+02

9.31E+03

7. 40E+02

5.07E-01

4. 25E+01

3.32E-01

2.34E-03

1.44E-05

5.42E-01

3. 76E-01

5. 39E+01

4. 94E+01

9.51E-02

3.83E+02

8 .61E+03
8. 60E+03

5.74E-01

1.70E-04

2 .39E-02

2. 95E+00

3 .38E-03

3 .38E-03

2.00e

2.00e-

2.00e

2.00e

3 .00e
2.00ee

2.00e-

4. 00e

2.00e

2. 00e

2.00e

2.00e

2.00e

4.00e

2. Oe

2.30e

2.00e

2. 00e

2. 00e

2. 00e

1. 50e

2.00e

-06

-06

06

06

-01

-06

-06

-01

-06

-06

06

-06

06

01

-06

-05

06

-06

-06

-06

-05

06

No 2.OOe-03

No 2.OOe-03

No 2.OOe-03

No 2.OOe-03

No l.OOe+00

No 2.OOe-03

No 2.OOe-03

No l.OOe+00

No 2.OOe-03

No 2.OOe-03

No 2.OOe-03

No 2.OOe-03

No 2.OOe-03

No l.OOe+00

No 2.OOe-03

No 2.OOe-03

No 2.OOe-03

No 2.OOe-03

No 2.OOe-03

No 2.OOe-03

No 2.OOe-03

No 2.OOe-03

3. OOe-04

3 .OOe-04
3. OOe-04

3. OOe-04

.OOe+00

3. OOe-04

3.00e-04

1. OOe+00

3. OOe-04

3. OOe-04

3 .OOe-04

3 .OOe-04
3.00e-04

1.OOe+00

3.00e-04

3. OOe-04

3. OOe-04

3. OOe-04

3 .OOe-04

3. OOe-04

3. OOe-04

3. OOe-04

1.37e-10

1. 12e-08

8.88e-10

6.08e-13

1.28e+01

3 .98e-13

2.81e-15

5.76e-06

6.50e-13

4.51e-13

6.47e-11

5.93e-11

1.14e-13

1.53e+02

1.03e-08

1.19e-07

6.89e-13

2 .04e-16

2.87e-14

3 .54e-12

3 .04e-14

1.14E+02

9.31E+03

7.40E+02

5. 07E-01

4.25E+01

3 .32E-01
2.34E-03

1.44E-05

5.42E-01

3. 76E-01

5.39E+01

4. 94E+01

9. 51E-02

3 .83E+02

8.61E+03

8.60E+03

5.74E-01

1.70E-04

2. 39E-02

2.95E+00

3 .38E-03

1 4.06e-15 3.38E-03

B-3



PD107 3.06E-02 2.00e-06 No 2.OOe-03 3.OOe-04 1 3.67e-14 3.06E-02

SB125 7.10E+00 2.00e-06 No 2.OOe-03 3.OOe-04 1 8.52e-12 7.10E+00

SN126 1.94E-01 2.00e-06 No 2.OOe-03 3.OOe-04 1 2.33e-13 1.94E-01

SB126 2.71E-02 2.00e-06 No 2.OOe-03 3.OOe-04 1 3.25e-14 2.71E-02

I129 7.61E-03 l.O0e-01 No 1.OOe+00 1.OOe+00 1 7.61e-04 7.61E-03

CS134 1.05E+01 2.30e-05 No 2.00e-03 3.OOe-04 1 1.45e-10 1.05E+01

CS135 1.37E-01 2.30e-05 No 2.OOe-03 3.OOe-04 1 1.89e-12 1.37E-01

CS137 1.34E+04 2.30e-05 No 2.OOe-03 3.OOe-04 1 1.85e-07 1.34E+04

PM147 2.63E+01 2.00e-06 No 2.00e-03 3.OOe-04 1 3.16e-11 2.63E+01

SM147 8.70E-07 2.OOe-06 No 2.OOe-03 3.OOe-04 1 1.04e-18 8.70E-07

SM151 8.02E+01 2.OOe-06 No 2.00e-03 3.OOe-04 1 9.62e-11 8.02E+01

EU152 6.38E-01 2.00e-06 No 2.OOe-03 3.OOe-04 1 7.66e-13 6.38E-01

EU154 3.86E+02 2.00e-06 No 2.OOe-03 3.OOe-04 1 4.63e-10 3.86E+02

AM2 243 8.27E+00 2.OOe-06 No 2.OOe-03 3.OOe-04 1 9.92e-12 8.27E+00

CM245 2.15E-01 2.00e-06 No 2.OOe-03 3.OOe-04 1 2.58e-13 2.15E-01

CM246 2.15E-01 2.00e-06 No 2.OOe-03 3.OOe-04 1 2.58e-13 2.15E-01

SN121M 2.73E-01 2.00e-06 No 2.OOe-03 3.OOe-04 1 3.28e-13 2.73E-01

TE125M 1.73E+00 2.OOe-06 No 2.OOe-03 3.OOe-04 1 2.08e-12 1.73E+00

EU155 6.22E+01 2.OOe-06 No 2.OOe-03 3.OOe-04 1 7.46e-11 6.22E+01

TL208 4.16E- 03 2.OOe-06 No 2.OOe-03 3.OOe-04 1 4.99e-15 4.16E-03

PB212 1.16E-02 2.OOe-06 No 2.OOe-03 3.OOe-04 1 1.39e-14 1.16E-02

BI212 1.16E-02 2.OOe-06 No 2.OOe-03 3.OOe-04 1 1.39e-14 1.16E-02

P0216 1.16E-02 2.OOe-06 No 2.OOe-03 3.OOe-04 1 1.39e-14 1.16E-02

RN219 3.83E-06 4.OOe-01 No 1.OOe+00 1.OOe+00 1 1.53e-06 3.83E-06

RN220 1.16E-02 4.OOe-01 No 1.OOe+00 1.OOe+00 1 4.64e-03 1.16E-02

RN222 3.22E-07 4.OOe-01 No 1.OOe+00 1.OOe+00 1 1.29e-07 3.22E-07

RA224 1.16E-02 2.OOe-06 No 2.OOe-03 3.OOe-04 1 1.39e-14 1.16E-02

TH228 1.16E-02 2.OOe-06 No 2.OOe-03 3.OOe-04 1 1.39e-14 1.16E-02

TH231 2.43E-03 2.OOe-06 No 2.OOe-03 3.OOe-04 1 2.92e-15 2.43E-03

U232 1.13E-02 2.OOe-06 No 2.00e-03 3.OOe-04 1 1.36e-14 1.13E-02

PA233 1.03E-01 2.OOe-06 No 2.OOe-03 3.OOe-04 1 1.24e-13 1.03E-01

U234 2.47E-01 2.OOe-06 No 2.OOe-03 3.OOe-04 1 2.96e-13 2.47E-01

TH234 5.55E-02 2.OOe-06 No 2.00e-03 3.OOe-04 1 6.66e-14 5.55E-02

U235 2.43E-03 2.00e-06 No 2.OOe-03 3.OOe-04 1 2.92e-15 2.43E-03

U236 5.30E-02 2.00e-06 No 2.OOe-03 3.OOe-04 1 6.36e-14 5.30E-02

PU236 5.OOE-04 2.00e-06 No 2.OOe-03 3.OOe-04 1 6.00e-16 5.OOE-04

U237 2.28E-01 2.00e-06 No 2.OOe-03 3.OOe-04 1 2.74e-13 2.28E-01

NP237 1.03E-01 2.OOe-06 No 2.OOe-03 3.OOe-04 1 1.24e-13 1.03E-01

PU238 1.03E+03 2.OOe-06 No 2.OOe-03 3.OOe-04 1 1.24e-09 1.03E+03

U238 5.55E-02 2.OOe-06 No 2.OOe-03 3.OOe-04 1 6.66e-14 5.55E-02

PU1239 6.86E+01 2.OOe-06 No 2.00e-03 3.OOe-04 1 8.23e-11 6.86E+01

CO 60 Crud 1.84e+01 1.50e-01 No 1.OOe-02 3.00e-04 1 8.28e-06 0.OOe+00
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SB126M 1.94E-01 2.00e-06 No 2.00e-03 3.00e-04 1 2.33e-13 1.94E-01

BA137M 1.27E+04 2.00e-06 No 2.00e-03 3.00e-04 1 1.52e-08 1.27E+04

PA234M 5.55E-02 2.00e-06 No 2.00e-03 3.00e-04 1 6.66e-14 5.55E-02

NB 93M 4.07E-01 2.00e-06 No 2.00e-03 3.00e-04 1 4.88e-13 4.07E-01

The RSAC 6.1 input information contained in file rsac6.out is shown below:

* Dose Calcs for inhalation, ingestion, ground surface, & submersion

# Released Activities (Ci) for PWR, BWR, or User Specified SNF

2000, 1

NP239, 9.92E-12

PU240, 1.37E-10

PU241, 1.12E-08

AM241, 8.88E-10

PU242, 6.08E-13

H 3, 1.28E+01

C 14, 3.98E-13

CL 36, 2.81E-15

AR 39, 5.76E-06

FE 55, 6.50E-13

NI 59, 4.51E-13

CO 60, 8.28E-06

NI 63, 5.93E-11

SE 79, 1.14E-13

KR 85, 1.53E+02

Y 90, 1.03E-08

SR 90, l.19E-07

ZR 93, 6.89E-13

MO 93, 2.04E 16

NB 94, 2.87E-14

TC 99, 3.54E-12

RU106, 3.04E-14

RHl06, 4.06E-15

PD107, 3.67E-14

SB125, 8.52E-12

SN126, 2.33E-13

SB126, 3.25E-14

I129, 7.61E-04

CS134, 1.45E-10

CS135, 1.89E-12
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CS137, 1.85E-07

PM147, 3.16E-11

SM147, 1.04E-18

SM151, 9.62E-11

EU152, 7.66E-13

EU154, 4.63E-10

AM243, 9.92E-12

CM245, 2.58E-13

CM246, 2.58E-13

SN121M, 3.28E-13

TE125M, 2.08E-12

EU155, 7.46E-11

TL208, 4.99E-15
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B.1.1.1.2 Meteorological Data

Data from the PCSA Tool Meteorological Data screen should agree with the data in file rsac6.out.

The report generation utility for meteorological data input is shown below:

Meteorological
Data
Input Parameter Input Value Remarks Default Value

Aveayge wind velocity
(m/s)

Stack release height (m)

Mixing layer height (m)

J .0 float - Most-probable velocity
(site-specific estimate)

3.0

40.0 40.0

1420.0 float - Average mixing height
based data from Desert Rock, NV

1420.0

Air density (g/m-3)

Wet deposition scavenging
coefficient (l/s)

Plume depletion by dry
deposition

Deposition velocities to

be entered

1. 29e+03

0.0

float - Site-specific mean value
(Mohanty et al., 2000)

float - No plume depletion by wet

deposition

1.29e+03

0.0

1

Yes Yes

Deposition velocities
(m/s) Solids

Deposition velocities
(m/s) Halogens

Deposition velocities
(m/s) Noble gases

0 .001 0.001

0.01 0.01

0.0 0.0
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Deposition velocities

(m/s) Cesium

Deposition velocities

(m/s) Ruthenium

0 .001 0 .001

0 .001 0.001

Downwind distance (m)

Linear constant in decay
function (1/s)

Exponential constant in
decay function (1/s)

Crosswind distances to be

entered

Diffusion definition

Type of Sigma (Standard
Deviation) Set

Building width (m)

Building height (m)

Weather class

11000.

0
float - Site-specific

approximation (U.S. Department of
Energy, 1998c)

11000.0

1.0 float - RSAC default value for
instantaneous release

1.0

0 .0 float - RSAC default value for

instantaneous release

No

2

text - Assuming critical group is
directly downwind

integer - Program calculates
standard deviations

0.0

No

2

1 integer - Hilsmeier-Gifford for <

15 min releases at desert sites

0 .0

0 .0

6

0 .0

0 .0

integer - 6 relates to class F,
the most-probable class (site-

specific estimate)

6

Plume rise indicator 0

The RSAC 6.1 input information contained in file rsac6.out is shown below:
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# Meteorological data
5000, 0

5001, 3.0, 40.0, 1420.0, 1.29e+03, 0.0, 1
5002, 0.001, 0.01, 0.0, 0.001, 0.001
5101, 11000.0

5201, 1.0, 0.0
5400, 2, 0.0, 0.0
5410, 1, 6, 0
5999

B.1.1.1.3 Inhalation Dose

Data from the PCSA Tool Inhalation Dose screen should agree with the data in file rsac6.out.

The report generation utility for the inhalation dose input is shown below:

Inhalation Dose
Input Parameter
Type of dose calculation

Input Value
1

Remarks
integer - International Commission

on Radiological Protection-30
inhalation with user-specified

parameters

Default Value
1

Output control for dose
Dose unit
Elements for calculation
Organ choice
For inhalation, Breathing
Rate (m^3/s)

-2

1
0

1

-2

1

0
1

3 .33e-043 .33e-04

Decay time
exponential
function (s)

f or 0.
decay 0

float - RSAC default value for
instantaneous release

0 .0

Activity mean aerodynamic
diameter (micrometer)

Clearance classes

1.

0
1.0

3 3
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The RSAC 6.1 input information contained in file rsac6.out is shown below:

# INHALATION Dose Calculation

7000, 1, -2, 1, 0, 1

7001, 3.33e-04, 0.0, 0, 0

7003, 1.0, 3

7999

B.1.1.1.4 Ingestion Dose

Data from the PCSA Tool Ingestion Dose screen should agree with the data in file rsac6.out.

The report generation utility for the ingestion dose input is shown below:

Ingestion Dose
Input Parameter Input Value Remarks Default Value

Fraction of
vegetables
contaminated

release

Fraction of
vegetables
contaminated
release

Fraction of
f o r a g e
contaminated
release

annual stored 0.5
that are
by acute

float - RSAC default
value for crops exposed

to contamination between
1 h and < 30 d

0.5

0.33annual

that
by

annual

tha t

by

fresh 0.33
are

acute

float - RSAC default
value for crops exposed

to contamination between
1 h and < 30 d

stored 0.5
i s

acute

float - RSAC default
value for crops exposed

to contamination between
1 h and < 30 d

0.5
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Fraction of annual fresh
forage that is
contaminated by acute
release

Type of dose calculation

Output control for dose

Dose unit
Elements for calculation
Organ choice
Decay time for
exponential decay
function (s)

0.33 float - RSAC default
value for crops exposed

to contamination between
1 h and < 30 d

0.33

3 integer - Ingestion with
user-specified

parameters

3

-2 integer - Only dose
summaries

-2

1

0

1

0 .0

1
0

1
0. 0float - RSAC default

value for instantaneous
release

TB - Plant mid point of
operating life (y)

Ingestion transfer
parameter control

1.0 float - Dose during the
year of intake for acute

releases

1.0

0 integer - RSAC default
transfer parameters used

0

Ingestion
control

parameter 2 integer - User-specified
ingestion parameters

2

Time crops are exposed to
contamination during the
growing season (d)

7.0 float - Times < 60 d are

interpreted as acute
releases

7.0

Harvest
following
(d)

duration
acute release

7.0 7.0
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Stored (other) vegetable 23.8
consumption rate (wet
kg/yr) includes fruits

and grains

Fresh (leafy) vegetable 15.0
consumption rate (wet
kg/yr)

Meat consumption rate 3.7

(kg/yr) includes beef and
poultry

float - Mean consumption
of locally produced food
from survey of Amargosa
Valley residents (TPA

Version 4.0 Code: Module

Description and User's
Guide, Mohanty et al.,

2000)

float - Mean consumption

of locally produced food
from survey of Amargosa
Valley residents (TPA

Version 4.0 Code: Module
Description and User's
Guide, Mohanty et al.,

2000)

float - Mean consumption
of locally produced food
from survey of Amargosa
Valley residents (TPA

Version 4.0 Code: Module
Description and User's

Guide, Mohanty et al.,

2000)

23.8

15.0

3.7
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Milk consumption rate

(L/yr)

Fraction of stored
vegetables from garden

4.1 float - Mean consumption

of locally produced food
from survey of Amargosa

Valley residents (TPA

Version 4.0 Code: Module
Description and User's

Guide, Mohanty et al.,

2000) assuming a milk

density of 1 kg/L

4.1

0.76 0.76

Fraction of fresh 1.0
vegetables from garden

1.0

Retention factor

activity on forage

Retention factor
activity on vegetables

Retention factor
iodines on forage

for 0.57

for 0.2

for 1.0

0.57

0.2

1.0

Removal rate constant for 0.002

crops (1/h) 1
0.0021

Vegetable exposure time 7.0

for chronic releases (d)

Forage exposure time for 7.0

float - Set equal to the

time crops are exposed
to contamination during

the growing season

float - Set equal to the

7.0
7 .0
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chronic releases (d)

HTO removal half-time
(d)
Effective surface densit-
for soil (kg/m3)

time crops are exposed
to contamination during

the growing season

1.0 1.0

y 225.0 225.0

Stored vegetable holdup
time after harvest (d)

14.0 float - Consistent with
value used in the TPA

Version 4.0 Code: Module
Description and User's
Guide (Mohanty et al.,

2000)

14.0

Fresh vegetable holdup
time after harvest (d)

1.0 float - Consistent with
value used in the TPA

Version 4.0 Code: Module
Description and User's
Guide (Mohanty et al.,

2000)

1.0

0 Animals daily forage feed
(dry kg/d)

16.0 16.0

Feed-milk receptor
transfer time (d)

2.0 2.0

Slaughter to consumption
time (d)

20.0 float - Consistent with
value used in the TPA

Version 4.0 Code: Module
Description and User's
Guide (Mohanty et al.,

20.0
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2000)

Fraction of year that
animals graze

Fraction of feed that is
pasture when grazing

0.4 0.4

0.43 0.43

Stored feed holdup time

(d)

Vegetable vegetation
yield (wet kg/m2)

14.0 float - Set equal to
stored vegetable holdup

time (d)

14.0

3.0 float - Average of leafy
vegetable (2.0), other

vegetable (4.0), and
fruit (3.0) yields used
in the TPA Version 4.0

Code: Module Description

and User's Guide
(Mohanty et al., 2000)

3.0

Forage vegetation

(dry kg/m2)
yield 1.23 float - Consistent with

vegetation value used in
the TPA Version 4.0

Code: Module Description
and User's Guide

(Mohanty et al., 2000)

1.23

Absolute humidity (g/m3) 4.9 4.9
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The RSAC 6.1 input information contained in file rsac6.out is shown below:

# INGESTION Dose Calculation

7000, 3, -2, 1, 0, 1

7001, 0, 0.0, 1.0, 0

7004, 0, 2, 7.0, 7.0

7051, 23.8, 15.0, 3.7, 4.1, 0.76, 1.0

0 1 2 3 4 5 6 7

1234567890123456789012345678901234567890123456789012345678901234567890123456789

RSAC-6 INPUT 08/25/03 18:13

0 1 2 3 4 5 6 7

1234567890123456789012345678901234567890123456789012345678901234567890123456789

7052, 0.57, 0.2, 1.0, 0.0021, 7.0, 7.0, 1.0

7053, 225.0, 14.0, 1.0, 16.0, 2.0, 20.0

7054, 0.4, 0.43, 14.0, 3.0, 1.23, 4.9

7055, 0.5, 0.33, 0.5, 0.33

7999
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B.1.1.1.5 Ground Surface Dose

Data from the PCSA Too] Ground Surface Dose screen should agree with the data in file rsac6.out.

The report generation utility for the ground surface dose input is shown below:

Ground Surface
Dose
Input Parameter

Type of dose calculation

Input Value

4

Remarks

integer - Ground surface

dose calculation

Default Value

4

Output control for dose

Dose unit
Elements for calculation
Organ choice
Decay time for
exponential calculation
(s)

-2 integer - Only dose

summaries
-2

1

0

1

0 .0

0

1

0 .0float - RSAC default

value for instantaneous

release

TB Ground surface

exposure time (y)

Building shielding factor

(dimensionless)

1.0 float - Annual dose is

calculated

1.0

0.7 float - Assigns RSAC

default value of 0.7

0.7

0
The RSAC 6.1 input information contained in file rsac6.out is shown below:

# GROUND SURFACE Dose Calculation

7000, 4, -2, 1, 0, 1

7001, 0, 0.0, 1.0, 0.7

7qqq
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B.1.1.1.6 Submersion Dose

Data from the PCSA Tool Submersion Dose screen should agree with the data in file rsac6.out.

The report generation utility for the submersion dose input is shown below:

Submersion Dose
Input Parameter Input Value Remarks Default

Gamma cloud model 0 i n t e g e r - A 1 1

selection calculations are made

Value

0

Decay time

exponential

function (s)

f o r
decay

0 .0

using a finite model

float - RSAC default

value for instantaneous

release

0 .0

The RSAC 6.1 input information contained in file rsac6.out is shown below:

# Submersion Dose Calc for a FINITE plume

9000, 0, 0 .0

10000
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B.1.1.2 Output Verification Information

A comparison is made between the information contained in the PCSA Tool reports retrieved from the PCSA Tool RSAC Output
form with the information contained in file rsac6.out generated by the standalone RSAC 6.1 code. In order to present the PCSA Tool
results in this section, the report information was screen captured and then copied into this section of the appendix.

0
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B.1.1.2.1 Inhalation

PCSA Tool output for inhalation dose should agree with the data in file rsac6.out.

The screen capture from the PCSA Tool is shown below:

Organs hMean Dose per Event Sequence frem] | Minimum | 5th Percenti| 50th Percen| 95th Percenl M5a1int&> IfligNui
CEDE 2.12E-07 2.12E-07 2.12E-07 2.12E-07 2.12E-07 2.12E-07 0
LUNGS 2.92E-08 2.92E-08 2.92E-08 2.92E-08 2.92E-08 2.92E-08 1
S WALL 1.95E-09 1.95E-09 1.95E-09 1.95E-09 1.95E-09 1.95E-09 2
SI WALL 9.08E-10 9.08E-10 9.08E-1i0 9.OE-10 9.08E-10 9.08E-10 3
ULI V/ALL 11iE-09 1.11E-09 1.11E-09 1.11E-09 1.11E-09 111E-09 4
LLI'vWALL 1.04E-09 1.04E-09 1.04E-09 1.04E-09 1.04E-09 1.04E-09 5
TESTES 1.05E-09 1.05E-09 1.05E-09 1.05E-09 1.05E-09 1.05E-09 6
BREASTS 1.97E-09 1.97E-09 1.97E-09 1.97E-09 1.97E-09 1.97E-09 7
BONE SUR 4.71E-08 4.71E-08 4.71E-08 4.71E-08 4.71E-08 4.71 E-08 8
R MIAl.RROW 5.31 E-09 5.31 E-09 5.31 E-09 5.31 E-09 5.31 E-09 5.31 E-09 9
THYROID 6.82E-06 6.82E-06 6.82E-06 6.82E-06 6.82E-06 6.82E-06 10
KIDNEYS 2.22E-09 2.22E-09 2.22E-09 2.22E-09 2.22E-09 -2.22E-09 11
LIVER S.63E-09 9.63E-09 9.63E-09 9.63E-09 9.63E-09 9.63E-09 1 2
SPLEEN 1.88E-09 1.88E-09 1.88E-09 1.88E-09 1.88E-09 1.88E-09 13
PANCREAS 2.11E-09 2.11E-09 2.11E-09 2.11E-09 2.11E-09 2.11E-09 14
MUSCLE 1.97E-09 1.97E-09 1.97E-09 1.97E-09 1.97E-09 1.97E-09 15
SKI N 1.23E-09 1.23E-09 1.23E-09 1.23E-09 1.23E-09 1.23E-09 16
BRAIN 6.24E-l 4 6.24E-1 4 6.24E-1 4 6.24E-1 4 6.24E-1 4 6.24E-1 4 17
THYMJUS 3.98E-09 3.98E-09 3.98E-09 3.98E-09 3.98E-09 3.98E-09 18
BLW.%ALL 6.62E-10 6.62E-10 6.62E -10 6.62E-10 6.62E-10 6.62E i0 19
ADRENALS 2.01E-09 2.01E-09 2.01E-09 2.01E-09 2.01E-09 2.01E-09 20
ESOPHAOU 3.98E-09 3.98E-09 3.98E-09 3.98E-09 3.98E-09 3.98E-09 21
OVARIES 1.23E-09 1.23E-09 l1.23E-09 1.23E-09 1.23E-09 1 23E-OS 22
UTERUS 7.54E-10 7.54E-10 7.54E -10 7.54E-10 7.54E-1O0 7.54E-10 23

The RSAC 6.1 output information contained in file rsac6.out follows:

B-20



RADIOLOGICAL SAFETY ANALYSIS COMPUTER PROGRAM (RSAC-6)

(RSAC-6, REV 6.1, 03/07/01) SERIAL 1000 DATE 08/25/2003 TIME 18:13 PAGE 4

: Dose Calcs for inhalation, ingestion, ground surface, & submersion

DOWNWIND DISTANCE = 1.100E+04 (m) PLUME TRAVEL TIME = 3.667E+03 (s)

CHI/Q = 4.925E-06 (s/cu m)

&& INHALATION COMMITTED DOSE EQUIVALENTS ORDERED BY ORGAN (rem)

DOWNWIND DISTANCES (m)

ORGAN NO. 1.10E+04

LUNGS 1 2.92E-08

S WALL 2 1.95E-09

SI WALL 3 9.08E-10

ULI WALL 4 1.11E-09

LLI WALL 5 1.04E-09

TESTES 6 1.05E-09

BREASTS 7 1.97E-09

BONE SUR 8 4.71E-08

R MARROW 9 5.31E-09

THYROID 10 6.82E-06

KIDNEYS 11 2.22E-09

LIVER 12 9.63E-09

SPLEEN 13 1.88E-09

PANCREAS 14 2.11E-09

MUSCLE 15 1.97E-09

SKIN 16 1.23E-09

BRAIN 17 6.24E-14

THYMUS 18 3.98E-09

BL WALL 19 6.62E-10

ADRENALS 20 2.01E-09

ESOPHAGU 21 3.98E-09

OVARIES 22 1.23E-09

UTERUS 23 7.54E-10

RADIOLOGICAL SAFETY ANALYSIS COMPUTER PROGRAM (RSAC-6)

(RSAC-6, REV 6.1, 03/07/01) SERIAL 1000 DATE 08/25/2003 TIME 18:13 PAGE 5

: Dose Calcs for inhalation, ingestion, ground surface, & submersion

0

&& INHALATION COMMITTED DOSE EQUIVALENCES ORDERED BYDOSE (rem)

DOWNWIND DISTANCES (m)
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ORGAN NO. 1.10E+04

THYROID 10 6.82E-06

BONE SUR 8 4.71E-08

LUNGS 1 2.92E-08

LIVER 12 9.63E-09

R MARROW 9 5.31E-09

THYMUS 18 3.98E-09

ESOPHAGU 21 3.98E-09

KIDNEYS 11 2.22E-09

PANCREAS 14 2.11E-09

ADRENALS 20 2.01E-09

BREASTS 7 1.97E-09

MUSCLE 15 1.97E-09

S WALL 2 1.95E-09

SPLEEN 13 1.88E-09

OVARIES 22 1.23E-09

SKIN 16 1.23E-09

ULI WALL 4 1.11E-09

TESTES 6 1.05E-09

LLI WALL 5 1.04E-09

SI WALL 3 9.08E-10

UTERUS 23 7.54E-10

BL WALL 19 6.62E-10

BRAIN 17 6.24E-14

RADIOLOGICAL SAFETY ANALYSIS COMPUTER PROGRAM (RSAC-6)

(RSAC-6, REV 6.1, 03/07/01) SERIAL 1000 DATE 08/25/2003 TIME 18:13 PAGE 6

Dose Calcs for inhalation, ingestion, ground surface, & submersion

&& INHALATION WEIGHTED COMMITTED DOSE EQUIVALENTS (rem)

DOWNWIND DISTANCES (m)

ORGAN NO. 1.10E+04

LUNGS 1 3.51E-09

S WALL 2 1.17E-10

SI WALL 3 5.45E-11

ULI WALL 4 6.65E-11

LLI WALL 5 6.25E-11

TESTES 6 2.64E-10

BREASTS 7 2.96E-10

BONE SUR 8 1.41E-09
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R MARROW 9 6.37E-10

THYROID 10 2.05E-07

KIDNEYS 11 1.33E-10

LIVER 12 5.78E-10

SPLEEN 13 1.13E-10

PANCREAS 14 1.27E-10

MUSCLE 15 1.18E-10

SKIN 16 1.23E-11

BRAIN 17 3.74E-15

THYMUS 18 2.39E-10

BL WALL 19 3.97E-11

ADRENALS 20 1.20E-10

ESOPHAGU 21 2.39E-10

OVARIES 22 3.09E-10

UTERUS 23 4.53E-11

CEDE 24 2.12E-07
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B.1.1.2.2 Ingestion

PCSA Tool output for ingestion dose should agree with the data in file rsac6.out.

The screen capture from the PCSA Tool is shown below:

Organs Mean Dose per Event S equence [rem] I Minimum i 5th Percenti | 50th PercWenl 5th Percenl Maximum I t
CEDE 2.66E-05 2.66E-05 2.66E-05 2.66E-05 2.66E-05 2.66E-05 ,0
LU NGS 7.19E-06 7.19E-06 7.1 9E-06 7.19E-06 7.19E-06 7.1SE-06 1
S WALL 7.20E-06 7.20E-06 7.20E-06 7.20E-06 7.20E-06 7.20E-06 2
SI W/ALL 7.18E-06 7.1BE-OB BE-06 TiRE-0S 7.18E-06 7.18E-06 3
ULI WALL 7.13E-06 7.1BE-06 7.18E-06 7.18E-06 7.18E-06 7.18E-06 4
LLI WIALL 7.18E-06 7.1iE-06 7.18E-06 7.18E-06 7.1iE-06 7.18E-06 5
TESTES 7.1 OE-06 7.18E-06 Ti1E-OS 7.i BE E-O 7.1 BE -06 7.18E-06 6
BREASTS 7.23E-06 7.23E-06 7.23E-OS 7.23E-06 7.23E-06 7.23E-06 7
BONE SUR 7.20E-S 7.20E-06 7.20E-06 7.20E-06 7.20E-06 7.20E-06 8
R tMlARROW 7.20E-06 7.20E-06 7.20E-06 7.20E-06 7.20E-06 7.20E-06 9
THYROID 6.55E-04 6.55E-04 6.55E-04 6.55E-04 6.55E-04 6.55E-04 10
KIDNEYS 7.18E-06 7.18E-06 TiRE-OS 7.18E-O- 7.i8E-06 7.i8E-06 11
LIVER 7.18E-06 7.18E-06 7.18E-06 7.18E-06 7.1iE-06 7.18E-06 12
SPLEEN 7.18E-06 7.18E-06 7.1 iE-06 7.18E-06 7.1i8E-06 7.1 BE-06 13
PANCREAS 7.18E-06 7.18E-06 7.18E-06 7.1iE-06 7.1iE-06 7.18E-06 14
MUSCLE 7.23E-06 7.23E-06 7.23E-06 7.23E-06 7.23E-06 7.23E-06 15
SKIN 7.20E-06 7.20E-06 7.20E-06 7.20E-06 7.20E-06 7.20E-06 16
B RAI N 7.15E-06 7.15E-06 7.15E-06 7.15E-06 7.15E-06 7.15E-06 17
THYMUS 7.24E-06 7.24E-06 7.24E-06 7.24E-06 7.24E-06 7.24E-06 1 8
B L WALL 7.18E-06 7.18E-06 7.1 E -06 7.1 8E -06 7.1 iE -06 7.1 iE -06 19
ADRENALS 7.18E-06 7.18E-06 7.18E-06 7.18E-06 7.1 iE -06 7.18E-06 20
ESOPHAGU 7.24E-06 7.24E-06 7.24E-06 7.24E-06 7.24E-06 7.24E-06 21
OVARIES 7.1 8E-06 7.1 BE-06 7.18E-06 7.18E-06 7.18E-06 7.18E-06 22
UTERUS 7.1 iE-06 7.18E-06 7.18E-06 7.18E-06 7.18E-06 7.18E-06 23

The RSAC 6.1 output information contained in file rsac6.out follows:
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RADIOLOGICAL SAFETY ANALYSIS COMPUTER PROGRAM (RSAC-6)

(RSAC-6, REV 6.1, 03/07/01) SERIAL 1000 DATE 08/25/2003 TIME 18:13 PAGE 8

Dose Calcs for inhalation, ingestion, ground surface, & submersion

&& INGESTION COMMITTED DOSE EQUIVALENTS ORDERED BY ORGAN (rem)

DOWNWIND DISTANCES (m)

ORGAN NO. 1.10E+04

LUNGS 1 7.19E-06

S WALL 2 7.20E-06

SI WALL 3 7.18E-06

ULI WALL 4 7.18E-06

LLI WALL 5 7.18E-06

TESTES 6 7.18E-06

BREASTS 7 7.23E-06

BONE SUR 8 7.20E-06

R MARROW 9 7.20E-06

THYROID 10 6.55E-04

KIDNEYS 11 7.18E-06

LIVER 12 7.18E-06

SPLEEN 13 7.18E-06

PANCREAS 14 7.18E-06

MUSCLE 15 7.23E-06

SKIN 16 7.20E-06

BRAIN 17 7.15E-06

THYMUS 18 7.24E-06

BL WALL 19 7.18E-06

ADRENALS 20 7.18E-06

ESOPHAGU 21 7.24E-06

OVARIES 22 7.18E-06

UTERUS 23 7.18E-06

RADIOLOGICAL SAFETY ANALYSIS COMPUTER PROGRAM (RSAC-6)

(RSAC-6, REV 6.1, 03/07/01) SERIAL 1000 DATE 08/25/2003 TIME 18:13 PAGE 9

Dose Calcs for inhalation, ingestion, ground surface, & submersion

&& INGESTION COMMITTED DOSE EQUIVALENCES ORDERED BYDOSE (rem)

DOWNWIND DISTANCES (m)

ORGAN NO. 1.10E+04

THYROID 10 6.55E-04
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THYMUS 18 7.24E-06

ESOPHAGU 21 7.24E-06

BREASTS 7 7.23E-06

MUSCLE 15 7.23E-06

R MARROW 9 7.20E-06

S WALL 2 7.20E-06

BONE SUR 8 7.20E-06

SKIN 16 7.20E-06

LUNGS 1 7.19E-06

ULI WALL 4 7.18E-06

LLI WALL 5 7.18E-06

SI WALL 3 7.18E-06

LIVER 12 7.18E-06

PANCREAS 14 7.18E-06

SPLEEN 13 7.18E-06

OVARIES 22 7.18E-06

UTERUS 23 7.18E-06

BL WALL 19 7.18E-06

KIDNEYS 11 7.18E-06

ADRENALS 20 7.18E-06

TESTES 6 7.18E-06

BRAIN 17 7.15E-06

RADIOLOGICAL SAFETY ANALYSIS COMPUTER PROGRAM (RSAC-6)

(RSAC-6, REV 6.1, 03/07/01) SERIAL 1000 DATE 08/25/2003 TIME 18:13 PAGE 10

Dose Calcs for inhalation, ingestion, ground surface, & submersion

&& INGESTION WEIGHTED COMMITTED DOSE EQUIVALENTS (rem)

DOWNWIND DISTANCES (m)

ORGAN NO. 1.10E+04

LUNGS 1 8.63E-07

S WALL 2 4.32E-07

SI WALL 3 4.31E-07

ULI WALL 4 4.31E-07

LLI WALL 5 4.31E-07

TESTES 6 1.80E-06

BREASTS 7 1.08E-06

BONE SUR 8 2.16E-07

R MARROW 9 8.65E-07

THYROID 10 1.97E-05

KIDNEYS 11 4.31E-07
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LIVER

SPLEEN

PANCREAS

MUSCLE

SKIN

BRAIN

THYMUS

BL WALL

ADRENALS

ESOPHAGU

OVARIES

UTERUS

CEDE

12

13

14

15

16

17

18

19

20

21

22

23

24

4.31E-

4.31E-

4.31E-

4.34E-

7.20E-

4.29E-

4.34E-

4.3 1E-

4.3 1E-

4.34E-

1.80E-

4.31E-

2.66E-

07

07

-07

07

08

07

07

07

07

07

06

07

05
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B.1.1.2.3 Ground Surface

PCSA Tool output for ground surface dose should agree with the data in file rsac6.out.

The screen capture from the PCSA Tool is shown below:

Organs I Mean Dose per Event Sequence (rem] M Minimum | 5th Percenti I 50th Percen| 95th Percent Maximun It Qrg| N
EXTEDE .7.64E-OS..... .....................

Lungs 4.65E-OB
S \ValI 3.95E-08
SI V/all 2.35F-08
ULI WVall 2.83E-OB
LLI WVall 2.42E-03
Testes 1.03E-07
Breast 1.1OE-07
BSurface 2.22E-07
P Marrow 3.56E-08
Thyroid 6.80E-08
Kidney 5.28E-08
Liver 3.93E-08
Spleen 3.82E-08
Pancreas 2.95E-08
Muscle 1.86E-08
Skin 1.65E-07
Brain 2.58E-OB
Thymus 4.SOE-OS
U Bladd 4.1 OE -08
,Adrenal 7.86E-08
Esophagu 1.44E-08
Ovaries 1.89E-08
Uterus 2.16E-08

7.64E-08 7.64E-08 7.64E-08 7.64E-08 7.64E-08
4.65E-08 4.65E-08 4.65E-OS 4.65E-OS 4.65E-08
3.95E-08 3.95E-08 3.95E-08 3.95E-OS 3.95E-08
2.35E-08 2.35E-08 2.35E-08 2.35E-08 2.35E -08
2.83E-08 2.B3E -0 2.83E-05 2.B3E-05 2.B3E-08
2.42E-08 2.42E -OB 2.42E-OB 2.42E-OB 2.42E-08
1.03E-07 1.03E-07 1.03E-07 1.03E-07 1.03E-07
1.1OE-07 1.1OE-07 1.1OE-07 1.1OE-07 1.1OE-07
2.22E-07 2.22E-07 2.22E -07 2.22E-07 2.22E-07
3.56E-08 3.56E-OS 3.56E-OS 3.56E-OS 3.56E-08
6.80E -08 6.80E -08 6. 80E -08 6.80E -08 6.80E -08
5.28E-08 5.28E-08 5.28E -08 5.28E-08 5.28E-08
3.93E-08 3.93E-08 3.93E-08 3.93E-OB 3.93E-OB
3.82E-08 3.82E-OB 3.B2E-OB 3.B2E-OB 3.82E-OB
2.95E-08 2.95E-OS 2.95E -OS 2.95E-OS 2.95E-OS
1.8SE-08 1.8SE-OS 1.B6E -08 1.86E-08 1.86E-08
1.65E-07 1.65E-07 1.65E-07 1.65E-07 1.65E-07
2.58E-OS 2.5SE-OS 2.5SE-OS 2.5SE-OS 2.5SE-08
4.90E-08 4.90E-08 4.90E-08 4.90E-OB 4.90E-08
4.1 OE-08 4.1 OE-O8 4.1 OE -O 4.1 OE-OB 4.1 OE-08
7.86E -08 7.86E-OB 7.96E-08 7.8SE-08 7.86E-08
1.44E-08 1.44E-08 1.44E-08 1.44E-08 1.44E-08
1.89E-08 1.89E-08 1.99E-OS 1.89E -OS 1.9E-08
2.1 SE-08 2.1 SE-OB 2.16E-OR 2.1 SE-OS 2.16E-08
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The RSAC 6.1 output information contained in file rsac6.out follows:

RADIOLOGICAL SAFETY ANALYSIS COMPUTER PROGRAM (RSAC-6)

(RSAC-6, REV 6.1, 03/07/01) SERIAL 1000 DATE 08/25/2003 TIME 18:13 PAGE 11

: Dose Calcs for inhalation, ingestion, ground surface, & submersion

&& GROUND SURFACE DOSE EQUIVALENTS ORDERED BY ORGAN (rem)

DOWNWIND DISTANCES (m)

ORGAN NO. 1.10E+04

Lungs 1 4.65E-08

S Wall 2 3.95E-08

'I Wall 3 2.35E-08

ULI Wall 4 2.83E-08

LLI Wall 5 2.42E-08

Testes 6 1.03E-07

Breast 7 1.10E-07

BSurface 8 2.22E-07

R Marrow 9 3.56E-08

Thyroid 10 6.80E-08

Kidney 11 5.28E-08

Liver 12 3.93E-08

Spleen 13 3.82E-08

Pancreas 14 2.95E-08

Muscle 15 1.86E-08

Skin 16 1.65E-07

Brain 17 2.58E-08

Thymus 18 4.90E-08

U Bladd 19 4.10E-08

Adrenal 20 7.86E-08

Esophagu 21 1.44E-08

Ovaries 22 1.89E-08

Uterus 23 2.16E-08

RADIOLOGICAL SAFETY ANALYSIS COMPUTER PROGRAM (RSAC-6)

(RSAC-6, REV 6.1, 03/07/01) SERIAL 1000 DATE 08/25/2003 TIME 18:13 PAGE 12

: Dose Calcs for inhalation, ingestion, ground surface, & submersion

&& GROUND SURFACE DOSE EQUIVALENCES ORDERED BY DOSE (rem)

DOWNWIND DISTANCES (m)
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ORGAN NO. 1.10E+04

BSurface 8 2.22E-07

Skin 16 1.65E-07

Breast 7 1.10E-07

Testes 6 1.03E-07

Adrenal 20 7.86E-08

Thyroid 10 6.80E-08

Kidney 11 5.28E-08

Thymus 18 4.90E-08

Lungs 1 4.65E-08

U Bladd 19 4.10E-08

S Wall 2 3.95E-08

Liver 12 3.93E-08

Spleen 13 3.82E-08

R Marrow 9 3.56E-08

Pancreas 14 2.95E-08

ULI Wall 4 2.83E-08

Brain 17 2.58E-08

LLI Wall 5 2.42E-08

SI Wall 3 2.35E-08

Uterus 23 2.16E-08

Ovaries 22 1.89E-08

Muscle 15 1.86E-08

Esophagu 21 1.44E-08

RADIOLOGICAL SAFETY ANALYSIS COMPUTER PROGRAM (RSAC-6)

(RSAC-6, REV 6.1, 03/07/01) SERIAL 1000 DATE 08/25/2003 TIME 18:13 PAGE 13

: Dose Calcs for inhalation, ingestion, ground surface, & submersion

&& GROUND SURFACE WEIGHTED DOSE EQUIVALENTS (rem)

DOWNWIND DISTANCES (m)

ORGAN NO. 1.10E+04

Lungs 1 5.58E-09

S Wall 2 2.37E-09

SI Wall 3 1.41E-09

ULI Wall 4 1.70E-09

LLI Wall 5 1.45E-09

Testes 6 2.57E-08

Breast 7 1.66E-08

BSurface 8 6.67E-09
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R Marrow

Thyroid

Kidney

Liver

Spleen

Pancreas

Muscle

Skin

Brain

Thymus

U Bladd

Adrenal

Esophagu

Ovaries

Uterus

EXT EDE

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

4.28E-09

2.04E-09

3.17E-09

2.36E-09

2 .29E-09

1.77E-09

1.llE-09

1.65E 09

1. 55E--09

2.94E-09

2. 46E-09

4.72E-09

8.62E-10

4.72E-09

1.30E-09

7.64E-08
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B.1.1.2.4 Organ Totals

A comparison of the organ totals from the screen output against hand calculations should indicate that output information is correctly
calculated by the PCSA Tool.

The screen capture from the PCSA Tool is shown below:

Organs Mean Dose per Event Sequence (rem) | Minimum 5th Percenti 50th Percenl 95th Percen[lMaemin ir' OrgaNumber
LUNGS I 7.42E-06 7.42E-06 7.42E-06 7.42E-06 7.42E-06 7.42E-06 1
STOMACH 7.40E-06 7.40E-06 7.40E-06 7.40E-06 7.40E-06 7.40E-06 2
SMALL IN 7.36E-06 7.36E-06 7.36E-06 7.36E-06 7.36E-06 7.36E-06 3
UPPER LI 7.37E-06 7.37E-06 7.37E-06 7.37E-06 7.37E-06 7.37E-06 4
LOWER LI 7.36E-06 7.36E-06 7.36E-06 7.36E-06 7.36E-O6 7.36E-06 5
GONADS 7.44E-06 7.44E-O6 7.44E-06 7.44E-06 7.44E-06 7.44E-06 6
BREAST 7.50E-06 7.50E-06 7.50E-06 7.50E-06 7.50E-06 7.50E-06 7
BONE SUR 7.63E-06 7.63E-06 7.63E-06 7.63E-06 7.63E-06 7.63E-06 8
RED MARR 7.40E-06 7.40E-06 7.40E-06 7.40E-06 7.40E-06 7.40E-06 9
THYROID 6.62E-04 6.62E-04 6.62E-04 6.62E-04 6.62E-04 6.62E-04 10
KIDNEYS 7.39E-06 7.39E-06 7.39E-06 7.39E-06 7.39E -06 7.39E-06 11
LIVER 7.38E-06 7.38E-06 7.38E-06 7.38E-06 7.38E-06 7.38E-06 1 2
SPLEEN 7.38E-06 7.38E-06 7.38E-06 7.38E-06 7.38E-06 7.38E-06 13
PANCREAS 7.37E-06 7.37E-06 7.37E-06 7.37E-06 7.37E-06 7.37E-06 14
MUSCLE 7.41 E-06 7.41 E-06 7.41 E-06 7.41 E-06 7.41 E-06 7.41 E 06 15
SKIN 7.52E-06 7.52E-06 7.52E-06 7.52E-06 7.52E-06 7.52E-06 16
BRAIN 7.33E-06 7.33E-06 7.33E-06 7.33E-06 7.33E-06 7.33E-06 17
THYMUS 7.45E-06 7.45E-06 7.45E-06 7.45E-06 7.45E-06 7.45E-06 18
BLADDER 7.33E-06 7.38E-06 7.38E-06 7.38E-06 7.38E-06 7.38E-06 19
ADRENALS 7.42E-06 7.42E-06 7.42E-06 7.42E-06 7.42E-06 7.42E-06 20_
ESOPH 7.41 E-06 7.41 E-06 7.41 E-06 7.41 E-06 7.41 E-06 7.41 E-06 21
OVARIES 7.36E-06 7.36E-0G 7.36E-06 7.36E-06 7.36E-06 7.36E-06 22
UTERUS 7.36E-06 7.36E-06 7.36E-06 7.36E-06 7.36E-06 7.36E-06 23
TOTAL 2.70E-05 2.70E-05 2.70E-05 2.70E-05 2.70E-05 2.70E-05 0
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The RSAC 6.1 output information contained in file rsac6.out follows:

The value for submersion extede (rem) is extracted from the "External EDE" information contained in file rsac6.out and shown below:

***GAMMA DOSE CALCULATION WITH EXPOSURE TIME = 1.0000E+00 (s)

CALCULATIONS MADE USING THE FINITE MODEL

EXTERNAL EDE

DOWNWIND DISTANCE = 1.100E+04 (m) DOSE = 1.56E-07 (rem)
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Hand calculations for the total dose by organ follow:

Organ Organ Total Dose Inhalation (rem) Ingestion (rem) Ground Surface Submersion
Number (rem) {Sum the (rem) Extede (rem)

following four
columns}

Lungs 1 7.42e-6 2.92e-8 7.19e-6 4.65e-8 1.56e-7

S Wall 2 7.40e-6 1.95e-9 7.20e-6 3.95e-8

SI Wall 3 7.36e-6 9.08e-10 7.18e-6 2.35e-8

ULI Wall 4 7.37e-6 1.11 e-9 7.18e-6 2.83e-8

LLI Wall 5 7.36e-6 1.04e-9 7.18e-6 2.42e-8

Testes 6 7.44e-6 1.05e-9 7.18e-6 1.03e-7

Breasts 7 7.50e-6 1.97e-9 7.23e-6 1.1 Oe-7

BSurface 8 7.63e-6 4.71 e-8 7.20e-6 2.22e-7

R Marrow 9 7.40e-6 5.31 e-9 7.20e-6 3.56e-8

Thyroid 10 6.62e-4 6.82e-6 6.55e-4 6.80e-8

Kidneys 11 7.39e-6 2.22e-9 7.18e-6 5.28e-8

Liver 12 7.38e-6 9.63e-9 7.18e-6 3.93e-8

Spleen 13 7.38e-6 1.88e-9 7.18e-6 3.82e-8

Pancreas 14 7.37e-6 2.11e-9 7.18e-6 2.95e-8

Muscle 15 7.41 e-6 1.97e-9 7.23e-6 1.86e-8
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Skin 16 7.52e-6 1.23e-9 7.20e-6 1.65e-7

Brain 17 7.33e-6 6.24e-14 7.15e-6 2.58e-8

Thymus 18 7.45e-6 3.98e-9 7.24e-6 4.90e-8

BI Wall 19 7.38e-6 6.62e-10 7.18e-6 4.1Oe-8

Adrenals 20 7.42e-6 2.01 e-9 7.18e-6 7.86e-8

Esophagus 21 7.41 e-6 3.98e-9 7.24e-6 1.44e-8

Ovaries 22 7.36e-6 1.23e-9 7.18e-6 1.89e-8

Uterus 23 7.36e-6 7.54e-10 7.18e-6 2.16e-8

CEDE/EXTEDE 0 2.70e-5 2.12e-7 2.66e-5 7.64e-8
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Appendix C (MELCOR Supporting Information)

C.1 MELCOR

The tester is referred to the MELCOR Computer Code Manuals for a description of the information contained in file 8mel.inp. This
appendix contains a sample comparison of MELCOR input information. The PCSA Tool MELCOR Input form General tab is
compared to that displayed in MELCOR input file 8mel.inp.

C.1.1 MELCOR Execution - PWR

* Supporting file information for Section 6.7.2.2.1 of the Software Validation Test Plan for PCSA Tool Version 3.0 follows. A
comparison of input file information to that supplied by the PCSA Tool is contained in this appendix for the General tab of the
MELCOR Input form. This information is presented to the tester as a guide. This appendix is intended to provide the tester with a
summary of the information required in the test to verify that the PCSA Tool is functioning properly. The tester should also verify
input information for the Particle Size / Decay Heat tab and the Radionuclide Inventory tab of the MELCOR Input form. These two
tabs are not shown in this appendix. In addition, the tester should verify the appropriateness of the data supplied to MELCOR
through the input file parameters contained in file 8mel.inp.
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C.1.1.1 General Tab

The input information was taken from a screen print of the MELCOR input form General tab:

Parameter Name Deauts Value Default
I- ....

Room length (m)

Room width (m)

Room heigth (m)
Indoor atmospheric pressure (Pal

Indoor relative humidity
Indoor temperature (K)

Height of lower/middle layer interface (ml)

Height of middle/upper layer interface (m)

Outdoor atmospheric pressure (Pal

Outdoor temperature (K)
Outdoor dew point temperature [K)

Height of ventilation inlet (m)

Stack height, ventilation outlet Im)
Ventilation inlet area (m-2j
Ventilation volumetric flow rate [m'3/s)

Ventilation maximum pressure head (Pal
Volumetric flow rate at zero pressure head [m-3/sj

Volumetric flow rate at maximum pressure head (m'3/s)
Minimum particle size (m)

Maximum particle size (m)
Nominal particle density (kg/m^3)

Initial time step (s)
Run time (s)

120

15.24

101300

10.5
1305
10.5 11:U

115 -:
1101300 .

1300 .

1280 7:

140

11

17.08

1312.7

114.16 '

15
|11E 08
10.o0 1

11000:X

10.1
_90

110

113.4

115.24

1101300

10.5

13°°
10.5 ; ;

-|101300 7 :

1 4

J4°

11 T: T

'.110006

19000
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The initial time step information in file 8mel.inp is shown below with data from the General Tab annotated.

* initial time step

DTTIME 0.1 * default initial dt=l

DTTIME = Initial time step (s) = 0.1 s

The control volume input section of file 8mel.inp is shown below with data from the General Tab annotated.

* CONTROL VOLUME INPUT *
0

CV10100 'ASSEMBLY CELL#l' 2

CV10101 2 0

CV10103 268.0

1 1 * NON-EQL, HORZ, CV id

* POOL ALLOWED, NO FOG

* FLOW AREA (LxW)

Flow Area = Room Length (20m) *Room Width (13.4m) = 268 mA2

CVlOlAO 3 * POOL/ATM INPUT

CVlOlAl PVOL 1.0130E05 RHUM 0.5 TATM 305.0 * P = 1 ATM, HUMID, T(K)

CVlOlA3 MLFR.4 0.8 MLFR.5 0.2 * 0.8 N2, 0.2 02

CVlOlBO 0.0 0.0 * bottom (m); vol (mA3)

CVlOlBl 0.5 134.0 * CEILING m; VOL m^3

Ceilingforcell is theHeightoflower/middlelayerinterface= 0.5m. Volume =268mA2 *0.$5m= 134m rn3
PVOL = Indoor atmospheric pressure (Pa) = 101300 Pa
RHUM = Indoor relative humidity = 0. 5
TATM = Indoor temperature (K) = 305 K

CV10200 'ASSEMBLY CELL#2' 2

CV10201 2 0

CV10203 268.0

CV102AO 3

CVl02Al PVOL 1.013OE05 RHUM

CVl02A3 MLFR.4 0.8 ML]

1 1 * NON-EQL, HORZ, CV id

* POOL ALLOWED, NO FOG

* FLOW AREA (LxW)

* POOL/ATM INPUT

TATM 305.0 * P = 1 ATM, HUMID, T(K)

0.2 * 0.8 N2, 0.2 02

0.5

,R. 5
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CV102B0 0.5

CV102B1 15.0

0.0

3886.0

* bottom (m); vol (m^3)

* CEILING m; VOL m^3

Ceiling for cell 2 is the Height of middle/upper layer interface = 15.0 m
Bottom is the Height of lower/middle layer intefface.
Volume = 268 mA2 * (15 m - 0.5 m) = 3,886 mA3
PVOL = Indoor atmospheric pressure (Pa) = 101300 Pa
RHUM = Indoor relative humidity = 0.5
TATM = Indoor temperature (K) = 305 K

CV10300 'ASSEMBLY CELL#3' 2 1 1

CV10301 2 0

CV10303 268.0

CV103AO 3

CV103A1 PVOL 1.0130E05 RHUM 0.5 TATM

CV103A3 MLFR.4 0.8 MLFR.5 0.2

CV103BO 15.0 0.0

CV103B1 15.24 64.3200000000001

* NON-EQL, HORZ, CV id

* POOL ALLOWED, NO FOG

* FLOW AREA (LxW)

* POOL/ATM INPUT

305.0 * P = 1 ATM, HUMID, T(K)

* 0.8 N2, 0.2 02

* bottom (m); vol (m^3)

* CEILING m; VOL m^3

Ceiling for cell 3 is the Room height = 15.24 m
Bottom is the Height of middle/upper layer interface = 15.0 m
Volume = 268 mA2 * (15.24 m = 15.0 m) = 64.32 mA3.
PVOL = Indoor atmospheric pressure (Pa) = 101300 Pa
RHUM = Indoor relative humidity = 0.5
TATM = Indoor temperature K) = 305 K

CV90000 ENVIRONMENT

CV90001 0 -1

CV90OA1

CV900A3

CV900BO

CV90OB1

PVOL 1.0130E05 T1

MLFR.4 0.8 1i

-5.0 0.0

45.0 1.0E5

2 1 9 * ENVIRONMENT

* NORM POOL/FOG,T-INDEP

* NO POOL

ATM 300.0 TDEW 280.0 * ATM PRESS,T(K),DEW PT(K)

4LFR.5 0.2 * 0.8 N2, 0.2 02

* Ground Surface at -5 m

* Height m; atm vol m^3

PVOL = Outdoor atmospheric pressure (Pa) = 101300 Pa
TATM = Outdoor temperature (K) = 300 K
TDEW = Outdoor dewpoint temperature (K) = 280 K
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The flow path section of file 8mel.inp is shown below with data from the General Tab annotated.

* FLOW PATHS

VOLUMES JUNCT.ELEV

FROM TO FROM TO

FL20100 LOW_H_FLOW 101 102 0.5 0.5

FL20101 268.0 0.5 1.0 * FLOW A, L, OPEN FRACT

FL20102 0 0 * NORMAL VERTICAL FLOW

FL20103 1.0 1.0 * DEFAULT FOR&REV LOSS COEF

FL201S1 268.0 0.5 16.0479041916168 * SEGMENT A, L, HYD.DIAM.

LOW HFLOW (JUNCT.ELEV) From = Height of lower/middl layerintrface r(n) = 05 m
LOWH_FLOW (JUNCT.ELEV) To = Height of lower/middle layer interface (m) = 0.5 m
FLOWA = Room Length (20 m) * Room IWkdth (13.4 m) = 268 m
SEGMENTA = Room Length (20 m) *R t AW (14 mi = M88m
HYD. DIAM. =2 *Room Length *Room Width/f(Room Length +Room Width) =2 *268 /(20+13.4)= 16.0479m

FL20200 HIGH_H_FLOW 102 103 15.0 15.0
FL20201 268.0 0.5 1.0 * FLOW A, L, OPEN FRACT
FL20202 0 0 * NORMAL VERTICAL FLOW
FL20203 1.0 1.0 * DEFAULT FOR&REV LOSS COEF
FL202S1 268.0 0.5 16.0479041916168 * SEGMENT A, L, HYD.DIAM.

HIGHJHLFLOW(JUNCT.ELEV) From = Heightofmiddle/upperlayerinterface (m) = 15.0 m
HIGH H FLOW(JUNCT.ELEV) To = Heightofmiddilaupperlayerinterface (m) = 15.Om
Flow A = Room Length (20m) * Room Width (13.4 m) = 268 m
SEGMENT A = Room Length (20 m) * Room Width (134 m) = 268 m
HYD. DIAM. = 2 * Room Length * Room Width /(Room Length + Room Width) = 2 *268 /(20 + 13.4) = 16.0479 m

* VOLUMES JUNCT.ELEV
* FROM TO FROM TO
FL12500 VENTOUT 102 900 4.0 40.0

If height of ventilation inlet> height of middle/upperlayer interface then VENTOUT VOLUMES From = 103
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otherwise VENTOUT VOLUMES From = 102

VENTOUT (JUNCT.ELEV) From = Height of ventilation inlet (m) - 4 m
VENTOUT (JUNCTELEV) To = Stack height, venbtation outet (m) = 40 m

FL12501 1.0 36.
FL12502 0 0
FL12503 1.0 1
FL12504 7.08 0.
FL125S1 1.0 4.C
FL125P1 FANA

0 1.0

.0
0
) 1.0
312.7

> FLOW A, L, OPEN FRACT
* NORMAL VERTICAL FLOW
* DEFAULT FOR&REV LOSS COEF
* FLOW VEL 30000cfm AIRPOOL
* SEGMENT A, L, HYD.DIAM.

14.16 5.0 0 * (x5)MAX PHEAD; RATE-MAX,@MAXP

FLOWA = Ventilation inlet area (mA2) = 1
L (@12501) = Stack height, ventilation outlet (m) - Height of ventilation inlet (m) = 40 - 4 = 36 m
FLOW VELOCITY = Ventilation volumetric flow rate (MA3/s) / Ventilation inlet area (mA2) = 7.08 /1 5 7.08 rn/s
SEGMENTA = Ventilation inlet area (mA2) =1 mA2
L (@125S1) = Height of ventilation inlt (m)=4 m
HYD. DIAM. = Square root (Ventilation inlet area (in')) = 1 m"2

PHEAD = Ventilation maximum pressure head (Pa) = 312.7 Pa
RATE-MAX = Volumetric Flow rate at zero pressure head (PWA"I) 14.16 mA3/s
@MAXP = Volumetric flow rate at maximum pressure head (m3/s)0 - 5 mi3/s

The heat structure section of file 8mel.inp is shown below with data from the General Tab annotated.

HEAT STRUCTURE INPUT *

0 HS10001000 5 1 0

HS10001001 'ROOM FLOOR'

HS10001002 0. 0.

HS10001100 -1 1 0.

HS10001101 0.25 5

HS10001200 -1

HS10001201 'NEW CONCRETE'

HS10001300 0

HS10001400 0

HS10001600 1 101 EXT

HS10001700 268.0 13.4 15.24 *

4

0.5 0.5 * see HSCCCCC400 + 500

floor area; boundary L; flow perp L
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floor area = Room Length (20m) * Room Width (13.4 m) = 268 m
boundary L = Room width (m) = 13.4 m
flow perp L = Room height (m) = 15.24 m

0

HS90001000

HS90001001

HS90001002

HS90001100

HS90001101

HS90001200

HS90001201

HS90001300

HS90001400

HS90001600

HS90001700

5 1

'PARKING LOT'

0. 0.

-1 1 0.

2. 5

0

'NEW CONCRETE'

0

0

4

1

50 00 .

900 EXT 0.5 0.5

50. 100. * floor area; boundry L; flow perp L

The radionuclide input section of file 8mel.inp is shown below with data from the General Tab annotated.

* RADIONUCLIDE INPUT *

ACTIVATE RN1 PACKAGE

RN1000 0

* NJUMSEC NUMCOMP NUMCLS H20# B203# #AERO-S #VAP-S CSI# CHEM#

RN1001 20 17 17 14 13 12 2 16 6

RNCCO01 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

* AEROSOL MIN AND MAX DIAMETERS; AEROSOL NOMINAL DENSITY

* DMIN DMAX NOM.DENSITY(kg/m^3)

RN1100 1.OOOOE-08 1.OOOOE-02 1000.0

DMIN = Minimum particle size (m) = 1E-08 m
DMAX = Maximum particle size (m) = 0. O m
NOM. DENSITY(kg/mA3) = Nominal particle density flk/mA3) = 1000 kg/tn^3
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* PARTICLE SIZE DISTRIBUTION

* See p. 57-58 of "Commerical SNF Accident Release Fractions" (1999)

* ANL-WHS-SE-000002 REV 00

* MMD = Mass Median Diameter

* GSD = Geometric Standard Deviation

* Burst Rupture> MMD=150 mircometers, GSD=3.8 (Lorenz et al. 1980)

*Impact Rupture> MMD= 18 mm, GSD=8.18 (Mecham et al. 1981)

*Crud Distrib => MMD= 9.7E-6 m, GSD=1.87 (Sandoval et al. 1991)

2=ga!

RNVS010

RNAS020

RNAS021

RNAS030

RNAS031

RNVS040

RNAS050

RNAS051

RNAS060

RNAS061

RNAS070

RNAS071

RNAS080

RNAS081

RNAS090

RNAS091

RNAS100

RNAS101

RNAS110

RNAS111

RNAS120

RNAS121

RNAS130

RNAS131

RNAS140

RNAS141

CV PHS

102 2

102 2

102 2

102 2

102 2

102 2

102 2

102 2

102 2

CI

s,vapor 2=LOGNORMAL

LS RFRAC MRATE TAB DIST

1 1.0 1.4100E00 555 * Noble Gas, Xe

2 1.0 3.5500E-05 555 2 * Alkali Metals, Cs

2.1000E-02 8.18 * MMD(m) GSD

3 1.0 3.9000E-05 555 2 * Alkaline Earths, Ba

2.10OOE-02 8.18 * MMD(m) GSD

4 1.0 1.6400E-02 555 * Halogens, I

5 1.0 5.8100E00 555 2 * Chalcogens

2.10OOE-02 8.18 * MMD(m) GSD

6 1.0 1.0900E-04 555 2 * Planitoids

2.1000E-02 8.18 * MMD(m) GSD

7 1.0 2.3500E-04 555 2 * Early Trans Metals

9.7000E-06 1.87 * Co CRUD values, MMD(m) GSD

8 1.0 2.3400E-04 555 2 * Tetravalents

2.10OOE-02 8.18 * MMD(m) GSD

9 1.0 1.1100E-05 555 2 * Trivalents

2.10OOE-02 8.18 * MMD(m) GSD

LO 1.0 8.0400E-04 555 2 * Uranium

2.1000E-02 8.18 * MMD(m) GSD

LI 1.0 2.4600E-07 555 2 * More Volatile

2.1000E-02 8.18 * MMD(m) GSD

L2 1.0 3.7300E-06 555 2 * Less Volatile

2.1000E-02 8.18 * MMD(m) GSD

L 1.0 4.8400E-07 555 2 * B, Si, P

2.1000E-02 8.18 * MMD(m) GSD

L7 1.0 6.1800E02 555 2 * Large SNF particles of U

5.OOOOE-02 0.1 * Forced large sizes, MMD(m) GSD

102 2 ]

102 2 ]

102 2 ]

102 2 ]

101 2 ]

* aerosol TF linearly decreasing from 2.0 kg/s to zero in 1 s

* \/ Enter # of Assemblies BELOW

* TFNAME NTFPAR TFSCAL TFADCN
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TF55500

TF55510

TF55511

AERO- S

0 .0

1.0

2

2.0

0 .0

6.0 0.0

* TIME(s) RATE(kg/s)

* TIME(s) RATE(kg/s)

* AEROSOL COEFFICIENTS

RNACOEF 1 *CALCULATE THE COEFFICIENTS

* ADD AEROSOL DEPOSITION SURFACES

RNDS001 10001 RHS FLOOR

RNDS002 90001 RHS FLOOR

*ROOM FLOOR

*PARKING LOT

CV101

CV900

* FLOW THROUGH AREAS

CV out CV-in

RNSET001 102 101

RNSET002 103 102

FOR DEPOSITION

Elev Area

0.5 268.0

15.0 268.0

Elev (@RNSET001) = Height of lower/middle layer inteifa (m) -= 0.5 m
Elev (@RNSET0y2) = Height of middle/upper layer itb r (in) - 15.0 m
Area = Room Length (20m) * Room Width (13.4 m) = 268 m
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Appendix D (Requirements Traceability Matrix)
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0 T

Requirements Traceability Matrix

Software Requirements Description for the Test Case
PCSA Tool Version 3.0 Section

Section 2.1(i) Project Tree Module (PTM) 6.1 Project Tree

Section 2.1 (ii) System Description Module (SDM) 6.3 System Description

Section 2.1(iii) Hazard Analysis Module (HAM) 6.4 Internal Events

Section 2.1(iv) Frequency Analysis Module (FAM) 6.5 Frequency Analysis

Section 2.1 (v) Consequence Analysis Module (CAM) 6.7 Consequence Analysis

Section 2.1(vi) Safety Assessment Module (SAM) 6.8.1 Safety Assessment

Section 2.1 (vii) Risk Assessment Module (RAM) 6.8.2 Risk Assessment

Section 2.1 (viii) Structures, Systems, and 6.8.1 Safety Assessment
Components Important to Safety Module (SSCISM)

Section 2.1(ix) Failure Rate Database Module 6.10 Failure Rate
(FRDM)
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0 0

Acronyms

Acronym Meaning

AT Acceptance Test

BWR Boiling Water Reactor

CFR Code of Federal Regulations

CNWRA Center for Nuclear Waste Regulatory Analyses

DOE Department of Energy

FMEA Failure Mode and Effects Analysis

FRDM Failure Rate Database Module

HEP Human Error Probability

HRA Human Reliability Analysis

LHS Latin Hypercube Sampling

NRC Nuclear Regulatory Commission

PCSA Preclosure Safety Analysis

PWR Pressurized Water Reactor

RSAC Radiological Safety Analysis Computer Program

SDM System Description Module

SRD Software Requirements Document

SSCIS Structure, Systems, and Components Important to Safety

SVTR Software Validation Test Report

TOP Technical Operating Procedure
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