PCSA TOOL VERSION 3.0
USER GUIDE

Prepared for

U.S. Nuclear Regulatory Commission
Contract NRC-02-02-012

Prepared by

T. Maxwell
B. Dasgupta
G. Adams
R. Benke
N. Eisenberg

Center for Nuclear Waste Regulatory Analyses
San Antonio, Texas

January 2005



PREVIOUS REPORT IN SERIES

Name Date
Development of a Tool and Review Methodology for Assessment September 2000
of Preclosure Safety Analysis—Progress Report

PCSA Tool Development—Progress Report September 2001
PCSA Tool Development—Progress Report Il September 2002
PCSA Tool Version 2.0 User Guide June 2003



CONTENTS

Section Page
PREVIOUS REPORT IN SERIES . ... ... e ii
ACKNOWLEDGMENTS . .. e e e e Xi
1 INTRODUCTION ..o e e e e e 1-1
1.1 PUMPOSE . . . e 1-1
1.2 Background . . ... 1-1
1.3 Scopeand Content . ... ... 1-2
1.4 System Requirements . . ... ... ... 1-4
1.5 Software and Graphics Devices .. .......... i 1-4
1.6 Installation Guidelines .. ........... ... .. ... .. . .. . . . 1-4
1.7 Installation Test . . .. ... ... . . . 1-4
1.8 Software Validation .. ...... ... .. .. . . . 1-5
1.9 Assistance for PCSA Tool Users .............. . ... 1-5
2 OVERVIEW OF PCSA TOOL DESIGN AND OPERATIONS ................... 2-1
2.1 Computational Approach . ...... ... .. .. . 2-1
2.2 PCSA Tool Modules . ... . .. e 2-1
2.2.1 Review of Site and Facility Description . .. ..................... 2-5
2.2.2 InputDataforSafety Analysis ............................... 2-5
2.2.3 Naturally Occurring and Human-Induced Hazards
and InitiatingEvents . ....... ... .. . . 2-6
2.24 EventSequence Analysis . ........... .. 2-7
2.25 Analysisof Consequence .................. ... 2-8
226 Safety Assessment ... ... .. 2-10
227 Risk Assessment . ... ... 2-10
2.2.8 Structures, Systems, and Components Important to Safety ....... 2-10
2.3 PCSA Tool Menu Structure . . ... . 2-10
3 REFERENCE FOR MENU FUNCTIONS . ... ... . . . e 3-1
3.1 Getting Started . . ... 3-1
3.2 File . . 3-3
3.3 Proj. Tree . . ..o 3-5
3.3.1 Creating a Project Tree (Proj. Tre€) . ..........c.iiiiiiininnnn. 3-5
3.3.2 Functional Area Descriptions . ............ ..., 3-7
3.3.3 Modifying a Project Tree . ... ..., 3-8
3.3.4 Selecting a Functional Area . .......... . . ... . . . . . i 3-8
3.4 EXt. EVENES . . .o 3-11
3.4.1 GenericList . ... ... ... . . . . . e 3-11
3.4.2 Editing and Creating Event . ......... ... ... .. . . . . ..., 3-12
3.5 SYSlemM o 3-15
3.5.1 System Description . ........... .. .. .. 3-15
3.5.2 Structures, Systems, and Components . ...................... 3-23
3.6 INt. EVENES . . . o 3-27
3.6.1 FEMEA . 3-27
3.6.2 Whatlf ... . . e 3-31



CONTENTS (continued)

Section Page
3.6.3 Energy Method . ......... .. . . . . . . . e 3-33

3.6.4 HRA ... 3-36

3.7 Freg. Analysis . ... i e 3-41
3.7.1 Initiating Event . . . . . ... 3-41

3.7.2 EventTree . ......... ... e 3-44

3.7.3 FaultTree ...... ... . . . . . . . e e 3-48

3.7.4 EventSequence ............ ... 3-50

3.8 SAPHIRE . . . . 3-55
3.8.1 Run SAPHIRE . . . . . . . . e 3-55

3.9 COoNSEq. . . .. 3-57
3.9.1 PublicDose . ... ... ... . e 3-57

3.9.2 Worker Dose . ... e 3-78

3.9.3 Advanced RSAC Input . ... ... . . . .. ..t 3-85

3.10  Perform. . ... ... . . . e 3-91
3.10.1 Current Level Results . ... ....... ... .. . ... 3-91
3.10.2 Project Results .. ... ... ... . e 3-97

311 SWReliability . . ... ... . . 3-109
3.12  Failure Rate . ... .. ... . . . . . . .. e 3-117
3.12.1 View Taxonomy . . ... et 3-117

3.12.2 Search Database ........... .. ... . . i 3-118

3.12.3 Failure Calculator . .......... ... . . . .. ... 3-118

3.12.4 Human Error Probability Generator . ... ..................... 3-119

313 Checklist . . . ... 3-125
3.13.1 Component Failure Mode Checklist ........................ 3-125

314 REGS. . o o 3-127
3.14.1 10CFR63 . . . .. 3-127
3.14.2 10CFR20 . . . ... e 3-127

315 ImMages . ... 3-129
316 Help . . 3-131
4 REFERENCES . . ... . . e 3-133

Vi



FIGURES

Page
Preclosure Review Methodology Using Yucca Mountain Review Plan and PCSA
Tool ACtiVities . . ... e 1-3
PCSA Tool Structure . . ... . 2-2
PCSA Tool Modules and Data Flow Diagram . ........................... 2-3
Tree Diagram Showing Layout of Menus and Submenus . ................ 2-11
Example of Typical Action ButtonsforEachMenu . ...................... 2-12
Display of Startup Screen Window PCSA Tool ........................... 3-1
Open Project Dialog Box to Open an Existing Project . .................... 3-2
PCSA Tool ShowingMenuBar ................. ... ... ... ... ....... 3-3
System Log Showing Database Changes ............. ... ... .. ........ 3-4
System Log ENntry . ... 3-4
Create Levels for Functional AreaWindow . . . ........... ... ... ... ....... 3-6
Functional Area Descriptions Menu .. ......... ... ... . ... 3-7
Project Tree Functional Areas Expanded to Third Level Under Node E ... ... .. 3-9
Edits Levels for Functional Areas Window .. .......... ... .. ... ... ...... 3-9
A Site-Specific Hazard Analysis Database . ............................ 3-11
Form to Store Staff Review Results for a Site-Specific Hazard ............. 3-13
Function Input Folder . .. .. ... . . . 3-15
Operation Sequence InputFolder . .. ........... ... ... ... ... .......... 3-17
Waste Characterization Input Folder . ....... ... ... ... .. ... .. ... ...... 3-18
Human Actions Input Folder . . ... ... ... . . . . . . .. 3-19
Shielding Input Folder . . .. ... . 3-20
Software System InputFolder . . .. ... ... ... . L 3-20
Fire Hazards Input Folder . ... ... .. . . i 3-21
General Input Folder . ... ... . . . 3-22
Assumptions Input Folder . . ... .. . . . 3-23
Structures, Systems, and Components General Input Folder Tab ........... 3-24
Example of Failure Modes and Effects Analysis (FMEA) Form ............. 3-28
Example of Failure Modes and Effects Analysis Table . ................... 3-28
Severe Events ListWindow ............ ... ... ... ... ... ... L 3-30
Example of a What-If Analysis Form Window . ................ .. ........ 3-32
Example of a What-If Analysis Table Window .......................... 3-32
Example of an Energy Method Form Window .......................... 3-35
Example of an Energy Method Table Window . ......................... 3-35
Example of a Human Reliability Analysis Form Window . ................. 3-38
Example of a Human Reliability Analysis Table Window .................. 3-39
Initiating Event Form . . .. ... .. 3-42
Initiating Event Table . ... .. .. . . 3-43
Event Scenario Input . ... ... .. 3-45
Subsequent Events Input Tab .............. ... ... .. .. ... ... ... 3-47
Fault Tree Form . .. 3-48
Fault Tree Event Table ... ... ... .. . . i 3-49
Event Sequence Form . ... ... .. . e 3-51



Figure

3.7.4-2
3.8.1-1
3.9.1-1
3.9.1-2

3.9.1-3
3.9.1-4
3.9.1-5
3.9.1-6
3.9.1-7
3.9.1-8
3.9.1-9
3.9.1-10
3.9.1-11
3.9.1-12
3.9.1-13
3.9.1-14
3.9.1-15

3.9.1-16
3.9.1-17
3.9.1-18
3.9.2-1A
3.9.2-1B
3.9.2-2
3.9.2-3
3.9.2-4
3.9.2-5
3.9.2-6
3.9.3-1
3.9.3-2
3.9.3-3

_— ) e A L L L A

FIGURES (continued)

EventSequence Table . ....... ... .. e
SAPHIRE for Windows Screen . .. ........... ... ... .. ... ... . .
Conseq. Menu ... ...
RSAC LHS Input Window for Specifying Input Distributions and Values for a
Probabilistic Dose Calculation ........... ... ... .. .. ... .. . . ... ..
Fuel Selection/Assemblies Breach RSAC InputTab .....................
Bldg. Discharge, HEPA, Probabilistic RSAC InputTab ...................
Release Fraction by Group RSAC InputTab .............. ... .. ... .....
Meteorological Data RSAC Input Tab . .. ..............................
Inhalation Dose RSAC Input Tab . ... ... .. i,
Ingestion Dose RSAC Input Tab . . ... ... i
Ground Surface Dose InputTab . ............ ... ... ... ... .. ... ... ...,
Submersion Dose RSAC InputTab .............. ... ... ... ..........
View Source Term RSAC InputTab . ... ... ... .. i,
MELCOR Input Window, General ................. ... ... ... ... ......
MELCOR Input Window, Particle Size/Decay Heat ......................
MELCOR Input Window, Radionuclide Inventory .. ......................
Room Geometries for the MELCOR Calculation (a) Side View Looking

Along Room Width and (b) Side View Looking Along Room Length .........
MELCOR Running Window . . .. ... e
MELCOR OutputWindow ............. ... ... .. ... . . . . . . . . ...
Public Normal Operation Dose Window . ............ ... ... .. .. .........
RSAC Worker Dose Options Window . . . ... ... i
RSAC Controlled Area Worker . . ... . i
Worker Dose Input Window for Release fromthe Pool ...................
Worker Dose Window for Dry Release—Internal Worker Dose Tab . ........
Worker Dose Window for Dry Release—Source TermTab ................
Worker Dose Window for Dry Release—Release Fraction by Group Tab . .. ..
Public Normal Operation Dose Window ...............................
Advanced Input for RSAC . . ... .
Advanced RSAC Input File . ... ... e
RSAC Output for (a) Deterministic Calculation and (b) Probabilistic

Calculation . ... ...
Results Table Window . ... ...
Directory Window . ... ... . e
Dose Input Window . . . ..o
Involved Worker Window . . .. ...
Noninvolved Worker Window . ............. ... ... ... ... ... ... .......
Safety Assessment Results Table—Public . . ...........................
Category 1 Event Sequences . ... ... ... . . .
Output for the Calculations of Combination of Events . ...................
Safety Assessment Results Table—Involved Worker . ..................
Safety Assessment Results Table—Noninvolved Worker . ...............
Output Screen Showing Risk Analysis Form . .............. ... ........
Output Screen Showing Event Scenario Risk Form . ....................



Figure

Lob

IR T

N N N P NG N L O QU G I L N
PRNRRNRRRIZIZIIRNoo0
A OWON_2A_2N_OO

FIGURES (continued)

Output Showing Deterministic Results Form . .........................
Output Screen Showing Probabilistic Results Form .. ...................
View Selected Structures, Systems, and Components Window . ...........
Software Systems Window and Characterization, Items 14 . .............
Software Systems Window and Characterization, ltems 5-7 . .............
Software Systems Window and Use in Repository, Items1-5 . ............
Software Systems Window and Use in Repository, Items6-8 .. ...........
Software Systems Window and Potential Failures ... ...................
Software System Input Form ... ... . .
Taxonomy WIiNdOW . .. ...
Search Results Window .. ....... ... .. . . . . ..
Failure Calculator .. ...... .. .. . .
Human Error Probability Generator, Step1 ............. ... ... ........
Human Error Probability Generator, Step2 ...........................
Human Error Probability Generator, Step3 ...........................
Part A: Selection of Primary Human Error Probability Tables Using
NUREG/CR-1278 Methodology . ......... ...,
Part B: Selection of Primary Human Error Probability Tables and

Application of Performance ShapingFactors . .........................
Component Failure Mode Checklist Default Setting .. ...................
Component Failure Mode ChecklistExample . .. ......... ... .. ........
Images Window . .. ...



ACKNOWLEDGMENTS

This report was prepared to document work performed by the Center for Nuclear Waste
Regulatory Analyses (CNWRA) for the U.S. Nuclear Regulatory Commission (NRC) under
Contract No. NRC-02-02-012. The activities reported here were performed on behalf of the
NRC Office of Nuclear Material Safety and Safeguards, Division of High-Level Waste
Repository Safety. The views expressed in this manual are those of the authors and do not
necessarily reflect the views or regulatory position of NRC.

The authors thank A. Lozano for technical reviews and B. Sagar for programmatic review.

The authors are also thankful to A. Ramos for typing the user guide and A. Woods and C. Cudd
for providing editorial services in the preparation of the final document.

QUALITY OF DATA, ANALYSES, AND COMPUTER CODES

DATA: No CNWRA-generated original data are contained in the PCSA Tool. Data used in the
PCSA Tool are primarily equipment failure rate actuarial data from several sources. Each data
source is cited in the PCSA Tool database.

ANALYSES AND CODES: The PCSA Tool Version 3.0 has been developed following
CNWRA Technical Operating Procedure (TOP)-018, which implements the requirements of the
CNWRA Quality Assurance Manual. The PCSA Tool uses Microsoft® products and was
developed to run on a personal computer using the Windows® NT operating system. Hereafter,
the terms Microsoft and Windows will be used without the registered trademark symbol. The
PCSA Tool Version 3.0 was developed using Visual Basic 6.0, Microsoft Access 97 SR-2,
SAPHIRE Version 6.80 (Idaho National Engineering and Environmental Laboratory, 1998),
RSAC Version 6.2 (Wenzel, 1994), MELCOR Version 1.8.5 (Gauntt, et al., 2000), InstallShield
DevStudio Version 9.0, and a suite of utility codes. No other versions of the listed previous
codes were used in this document. SAPHIRE is developed, supported, and distributed by ldaho
National Engineering and Environmental Laboratory. RSAC is distributed by Radiation Safety
Information Computational Center, Oak Ridge National Laboratory. MELCOR is developed,
supported, and distributed by Sandia National Laboratories. InstallShield DevStudio

Version 9.0 is distributed by InstallShield Software Corporation. The suite of utility codes
consists of PCSA_LHS, PCSA_LHSINP, PCSA_PROB, PCSA_RSACRD, PCSA_IETCCDF,
and PCSA_ToTRISK. These utility codes were developed at CNWRA using the Lahey LF95
FORTRAN Compiler. Visual Basic 6.0, Microsoft Access 97, and InstallShield packages are
commercial “off-the-shelf’” products and, hence, do not need to be put under CNWRA
Configuration Control. The acquired computer codes SAPHIRE, RSAC, and MELCOR, which
will not be modified, are under CNWRA Configuration Control.

InstallShield DevStudio Version 9.0 is used to create a PCSA Tool installation setup for
Windows 2000 for distribution to the NRC and CNWRA 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.

Xi



REFERENCES

Benke, R. “Analytical and Numerical Solutions of the Expected Number of Occurrences for
Combinations of Event Sequences due to Variability.” San Antonio, Texas: CNWRA. 2003.

Dasgupta, B., R. Benke, T. Maxwell, and N. Eisenberg. “PCSA Tool Version 2.0 User Guide.”
San Antonio, Texas: CNWRA. 2003.

Gauntt, R.O., R.K. Cole, C.M. Erickson, R.G. Gido, R.D. Gasser, S.B. Rodriguez, M.F. Young,
S. Ashbaugh, M. Leonard, and A. Hill. NUREG/CR-6119, “MELCOR Computer Code Manuals.”
Rev. 2. Washington, DC: NRC. October 2000.

Idaho National Engineering and Environmental Laboratory. “Systems Analysis Programs for
Hands-On Integrated Reliability Evaluations (SAPHIRE) Version 6.0, Saphire Reference
Manual.” Idaho Falls, Idaho: Idaho National Engineering and Environmental Laboratory. 1998.

Wenzel, D.R. “The Radiological Safety Analysis Computer Program (RSAC-5) User's Manual.”

WINCO-1123. Rev. 1. Idaho Falls, Idaho: Westinghouse Idaho Nuclear Company, Inc.
Idaho National Engineering Laboratory. 1994.

Xii



1 INTRODUCTION

1.1 Purpose

The preclosure safety analysis (PCSA) Tool was developed to enable the U.S. Nuclear
Regulatory Commission (NRC) and the Center for Nuclear Waste Regulatory Analyses
(CNWRA) staffs to conduct an independent analysis and review of the U.S. Department of
Energy (DOE) preclosure safety analysis for a proposed repository at Yucca Mountain, Nevada.
As part of any license application for construction authorization and a subsequent license
update to receive and possess waste at the proposed repository, 10 CFR Part 63 (Code of
Federal Regulations, 2001) requires DOE to demonstrate, through a preclosure safety analysis,
the facility would comply with the preclosure performance objectives for the period until
permanent closure. The PCSA Tool, through confirmatory analyses, will be used to identify
potential gaps in the DOE safety analysis; assess the DOE compliance with regulatory
performance objectives; evaluate the safety significance of structures, systems,

and components, and gain risk insight. In addition, the PCSA Tool can be used to support staff
in inspection activities and assess regulatory safety during operations. The PCSA Tool is a
Windows-based software package that features a graphical user interface (forms and tables)
that presents data from the databases, software packages, and utility tools. This user guide
contains information about operations of PCSA Tool Version 3.0 for conducting independent
preclosure safety analyses.

1.2 Background

The proposed geologic repository at Yucca Mountain will be designed for the permanent
disposal of approximately 70,000 metric tons of spent nuclear fuel and high-level waste. During
the preclosure period, the proposed facility will receive and handle casks containing the waste
in sealed disposal canisters or in the form of spent nuclear fuel assemblies. Using a
combination of manual and remote operations, the waste will be transferred into disposal waste
packages and transported underground for emplacement into drifts. The risk-informed,
performance-based regulation 10 CFR Part 63 provides the general scope, requirements, and
objectives of the preclosure safety analysis. To ensure safety of the public and workers during
the operational phase of the repository until permanent closure, 10 CFR Part 63 requires
demonstration of compliance with the regulatory dose limits through a preclosure safety
analysis. The requirements for preclosure safety analysis are specified in 10 CFR 63.112 and
performance objectives in 10 CFR 63.111(a,b). An important purpose of the preclosure safety
analysis is to identify structures, systems, and components important to safety.

The Yucca Mountain Review Plan (NRC, 2003) will be used by the staff to review any license
application for construction authorization and, if a construction authorization is granted, any
license to receive and possess nuclear waste. The NRC (2003) implements the requirements of
10 CFR Part 63 and outlines a risk-informed, performance-based review philosophy

that requires DOE to demonstrate, through its preclosure safety analysis, the repository will be
designed, constructed, and operated to meet the specified performance objectives throughout
the preclosure period. Review of the preclosure safety analysis is addressed in Section 2.1.1
(NRC, 2003), which has eight subsections. Each subsection provides guidance (review
methods and acceptance criteria) on what information staff is to review, the review basis, how
the review is to be accomplished, what demonstrates compliance with regulations and examples
of potential conclusions regarding the applicable sections in 10 CFR Part 63. For reviewing the

1-1
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Introduction

preclosure safety analysis, NRC (2003) follows a sequence of evaluations that involves
assessment of the (i) site description; (ii) description and design of structures, systems, and
components, equipment, and operational process activities; (iii) identification of hazards and
initiating events; (iv) identification of event sequences; and (v) consequence analysis for
evaluation of

. Compliance demonstration for Category 1 and 2 event sequences
. Identification of structures, systems, and components important to safety
. Design of structures, systems, and components important to safety
. Satisfaction of the as low as is reasonably achievable requirements

The PCSA Tool, which implements the review methodology of NRC (2003), provides
risk-informed review capabilities to facilitate staff identification of safety-related structures,
systems, and components for detailed review, and staff determination of whether the DOE
preclosure safety analysis demonstrates compliance with the performance objectives in 10 CFR
Part 63. The sequence of evaluation is depicted in Figure 1.2-1 where associated preclosure
safety analysis (NRC, 2003) sections and areas of the PCSA Tool activities in the overall
review process are indicated. The preclosure review methodology and function of the

PCSA Tool are discussed in detail in Dasgupta, et al. (2000, 2001a,b, 2002, 2003) and in
Benke, et al. (2002, 2004). This user guide steps through the preclosure safety analysis
process and describes the functions of the tool to enable the user to operate PCSA Tool
Version 3.0.

1.3 Scope and Content

This PCSA Tool Version 3.0 User Guide provides procedures for input, operation, and reporting
of output. This guide also provides a general description of how to use the PCSA Tool to review
and conduct confirmatory analyses for determining compliance with the regulatory requirements
for preclosure safety analysis outlined in NRC (2003).

This user guide is intended to provide both first-time and experienced users immediate access
to the tool while providing brief explanations of the options inherent in the PCSA Tool. The
broad spectrum of the analytical capabilities of the tool is described in Dasgupta, et al. (2002,
2003). This user guide consists of the following sections:

Chapter 1: Introduction—states the purpose and background of the PCSA Tool development
including necessary information on system requirements, software used,
installation, and user assistance.

Chapter 2: Overview of the PCSA Tool Design and Operations—contains a general
description of the computational approach and the tool menu structure and
modules. This chapter also describes the data flow and operations in the
PCSA Tool.

Chapter 3: Reference for Menu Functions—describes the functions of each menu, submenu,
and buttons to store and retrieve data from the database and to conduct
analyses. The subsections in this chapter are organized by the menus in the
main menu bar.

Chapter 4: References—provides a list of the references used in preparing this user guide.

1-2
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1.4 System Requirements

The PCSA Tool has been developed to operate on an IBM-compatible personal computer

with a Pentium 11-266 MHz. The operating system must be Windows NT 4.0/Windows 2000/
Windows XP. The estimated disk space requirement is 250 MB maximum. The program is
currently developed on a Pentium [1-266 MHz computer with 256 MB of random access
memory. The memory size of the PCSA Tool Version 3.0 executable is 3.76 MB. Visual Basic,
the programming language for the tool, does not need to be installed on the computer for the
executable to run.

1.5 Software and Graphics Devices

PCSA Tool Version 3.0 has been developed using the following software: Visual Basic 6.0,
Microsoft Access 97 SR-2, SAPHIRE Version 6.80, RSAC Version 6.2, MELCOR Version 1.8.5,
InstallShield DevStudio Version 9.0, Crystal Reports Developer Edition 9, and a suite of utility
codes. SAPHIRE is developed, supported, and distributed by Idaho National Engineering and
Environmental Laboratory, and RSAC is distributed by Radiation Safety Information
Computational Center, Oak Ridge National Laboratory. MELCOR is developed, supported, and
distributed by Sandia National Laboratories. InstallShield DevStudio 9.0 is distributed by
InstallShield Software Corporation. 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, PCSA_LHSINP, PCSA_PROB, PCSA_RSACRD, PCSA_IETCCDF, and
PCSA_TOTRISK have been developed at CNWRA using the Lahey LF95 FORTRAN Compiler.

The tool currently provides graphics and reporting capabilities using the Crystal Reports.
Additionally, fault tree and event tree models are graphically displayed using features in the
SAPHIRE code.

1.6 Installation Guidelines

A setup package, InstallShield DevStudio 9.0, was used to create a PCSA Tool installation
setup for Windows NT/Windows 2000/Windows XP on a compact disk for distribution to
prospective users. The setup distribution will also install the application packages SAPHIRE,
RSAC, and MELCOR codes and the CNWRA-developed applications. The Microsoft Access
database software is not required to be resident in the user's computer. The user may read
through the detailed instructions for installation in Readme.txt provided on the installation disk.

1.7 Installation Test

After the installation is completed, the user can run the PCSA Tool from the desktop by clicking
the PCSA Tool icon. The tool installation can be tested by opening the project file
PCSAdemo.mdb.

1-4
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1.8 Software Validation

To comply with the requirements of CNWRA Technical Operating Procedure—018, PCSA Tool
Version 3.0 has been validated." The analyses software, SAPHIRE, RSAC, and MELCOR,
were validated independently.

1.9 Assistance for PCSA Tool Users

Typographical Conventions
The following typographical conventions have been adopted in this user guide:

Menu: Bold, Italic, “hot-key” Underlined
Submenu: ltalic, “hot-key” Underlined
Action Commands: Bold

Data Entry Fields: Underlined

Window Title: Bold MS Sans Serif
Notes: Denoted by Arrow, Italic

Training: Periodic training for new NRC and CNWRA staff and retraining for additional NRC
and CNWRA staff can be provided on request.

Assistance: Telephone assistance and email response can be obtained from

B. Dasgupta bdasgupta@swri.org 210.522.6815
R. Benke rbenke@swri.org 210.522.5250
G. Adams gadams@swri.org 210.522.4957

1Adams, G. and T. Maxwell. “Software Validation Test Report. Summary for PCSA Tool Version 3.0.0.”
San Antonio, Texas: CNWRA. 2004.
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2 OVERVIEW OF PCSA TOOL DESIGN AND OPERATIONS

2.1 Computational Approach

The PCSA Tool computer code combines the useful components of the integrated safety
analysis methodologies used in the chemical industry and the probabilistic risk assessment
capabilities and tools used in the safety assessment of nuclear power reactors. The PCSA Tool
has been designed to (i) enter and retrieve information in a database, (ii) perform calculations
using off-the-shelf and specially designed software, and (iii)) document the review results. The
executive module of the PCSA Tool interfaces with the databases and analytical tools.

The structure of the PCSA Tool is schematically illustrated in Figure 2.1-1. The figure shows
that the graphical user interface, developed using Visual Basic 6.0, controls the functions of the
tool by independently linking to databases and other software packages. The project database
and fixed database were created using Microsoft Access database software. The equipment
failure rate, human error, and equipment failure mode checklist databases are considered fixed
because these databases can only be viewed through the graphical user interface and cannot
be modified by the user. The project database, the workbench for the tool, has been designed
to perform specific data management tasks that allow safety analyses to be conducted in a
systematic manner. The input data and output data to and from other software packages are
also managed by this database. As seen in Figure 2.1-1, the project data are handled through
several tables in the Microsoft Access database for (i) entering or gaining access to data,

(i) sorting and filtering data, and (iii) creating reports.

The model analysis in the PCSA Tool is conducted using the SAPHIRE, RSAC, and MELCOR
codes, which are based on mathematical models described in Russel, et al. (1993), Wenzel
(1994), and Gauntt, et al. (2000), respectively. The SAPHIRE software conducts fault tree and
event tree analyses, and the RSAC software performs dose calculations from the atmospheric
release of radiological material. The Worker Dose evaluation is built into the RSAC code, and
the PCSA Tool offers three types of Worker Dose calculations: Worker Indoors, Worker in the
remediation pool area, Worker Outdoors. MELCOR is used to estimate the building discharge
fraction (i.e., the fraction of radionuclides released into the building air that is transported
through the building ventilation and discharged into the atmosphere).

2.2 PCSA Tool Modules

The PCSA Tool structure is modeled after the preclosure safety analysis review methodology
as shown in Figure 1.2-1. Activity for each section is divided into several modules, and the
PCSA Tool functions through these modules. The main modules parallel the review
methodology, and each module has submodules, as shown in Figure 2.2-1(a,b). The modules
in the PCSA Tool allow the staff to perform independent review analyses and to store data and
results of the review in a structured and systematic manner. Results of the review are
abstracted, as appropriate, for use in other modules of the PCSA Tool. The PCSA Tool
modules and data flow processes are described below. Further details about each of the
modules can be obtained from Dasgupta, et al. (2002).

2-1

PCSA Tool Version 3.0 User Guide



ISI9A |]OOL VSOd

OIS.19,

apIng 49sM 0°'c U

¢<¢

Graphical User Interface
Developed in Visual Basic
Independently Links to

[
| MS Access Database|

Project

Project Tree System External Hazard Failure Mode
4 Description Analysis and Effects
Analysis
. Human Software
| Energy Method | | What-If Analysis | Reliability | | Reliability |
Event Scenarios Input/Output
Initiating Events Input/Output Data InputiOutput Data Data for Fault
for Event Tree Tree

|
[ [

Fixed Worker | SAPHIRE | | RSAC | | MELCOR |
Dose
Failure Rate Equipment Event Tree Fault Tree C i
and Failure Mode Analysis Analysis Analysis Discharge
References Checklist from Building

Input Data for

Estimate Dose

for Worker Dose

Input Data for Output Data from
RSAC Input/Output Data e
Point Estimate RSAC from MELCOR RSAC Probabilistic
Dose Probabilistic Dose Dose
[ [
Output Data from
RpsAc Point Input/Output Data

| | Safety | | Risk |

Human Error

Probability
Generation

Figure 2.1-1. PCSA Tool Structure

SU0I}2UN NUBJ 104 BOUBIBJOY



Overview of PCSA Tool Design and Operations

REVIEW OF SITE - Description of Surface and Subsurface Facility
AND FACILITY ) o - Desctiption and Design Details of
DESCRIPTIONS Site-Specific Data Structures, Systems, and Components

- Description of Operations and Processess
- Characterization of Waste

Y
Functional E Repository Facility| E
Area ! | E
INPUT DATA FOR (Example) | [ I ] ;
SAFETY ANALYSIS i 2::::;2 and Surface Waste Subsurface :
E Transportation Handln? Facility Facility i
[ I I 1
H Cask Canister Assembly Waste Package | !
b Handing Transfer Transfer Handing !
1 | Operations | | Operations Operations Operations ]
‘|; .................................... J
System Facility Function
Description Operation Sequgnce
Human Interactions
Remote Controls
Site-Specific
NATURALLY OGCURRING |y 22 Opedlcnalfard
i i Analysis
AND HUMANNDUCED  [ral¥sisReviewy . Anayss |
HAZARDS AND ' H 0 i ! e 1
I A perational Mechanical/ | H
INITIATING EVENTS E P Electrical ' . Software |!
: b i '| Reliability | :
:| Potential Initiating Events|* ! Whatdf | HRA |l EMEA < y :
i|  andProbabilities: |: | | ——— [ fiman | Hardware/ [ @ | :
i| Naturally Occurring [+ : [Procedures > > Equipment [ ! ! '
i|  (Example: Seismic, [! ! Error Failure T
i| Wind, Tornado, Flood) |! ! :
: Human Induced E i Y Y Y E ¢ Failure Mode
1| (Example: Aircraft Crash, [* ! ! Library
H Fire) 1 !
: P Select Hazards Potential to '
- - CauseRadiological Consequence : What-If
b < check List

Define Initiating Events
for Event Sequence
Analysis

HRA: Human Reliability Analysis
FMEA: Failure Modes and Effects Analysis

Figure 2.2-1(a). PCSA Tool Modules and Data Flow Diagram

PCSA Tool Version 3.0 User Guide



Overview of PCSA Tool Design and Operations

Using RSAC

Point Estimate
Public Dose Analysis

Probabilistic Analysis
CCDF or Mean Public
Dose(Latin Hypercube
Sampling Using RSAC)

Point Estimate
Occupational
Worker Dose

Point Estimate
Dose to Outside
Workers

Point Estimate
Worker Dose
in Pool Area

EVENT SEQUENCE z
ANALYSIS Input Data for Failure Rate
Development of Event Event Tree Database
Scenarios FaultTree [¢ |
HR Tree Human Error
* Probabilities
E Fault Trees :
Event . < ' HR= Human
Frequency (SAPHIRE) i Reliability
Analysis : | EventTrees * f
(SAPHIRE) :
E ‘ HR Trees :
: - (SAPHIRE)
Event Sequences|
Mean Frequency
Categorization of Event | *BCFL = Below Category 2
Sequences Frequency Limit
Categories 1, 2, or BCFL*
CONSEQUENCE
ANALYSIS
Input Data for Input Data for E
- Public Dose Calculation Work Dose :
Discharge !
Fractions Y H
using MELCOR d :
¢ N v N :

CCDF =
Complementary
Cumulatative

Distribution
Function ¢
SAFETY ASSESSMENT | | Sategory 2 Category 1
Point Annualized
Estimate and| |Point Estimate
Mean Dose and Mean Dose

Category 1 Point Probabilistic
Combination Estimate Approach
of Events Approach CCDF
Point Estimate|
Dose

Y

Objective Goals

Evaluate Against Performancg

Total System Risk

STRUCTURES, SYSTEMS,
AND COMPONENTS
IMPORTANT TO SAFETY

v

Analysis

Performance-Based Importance

Y

Risk-Based Importance Analysis

Figure 2.2-1(b). PCSA Tool Modules and Data Flow Diagram

PCSA Tool Version 3.0 User Guide

RISK ASSESSMENT
¢ (additional option)




Overview of PCSA Tool Design and Operations
221 Review of Site and Facility Description

This section, which addresses the first three boxes in Figure 1.2-1, does not have a
corresponding module in the tool. Staff will identify and verify sufficient information is available
to review and perform independent preclosure safety analysis. Site-specific data refer primarily
to meteorology, geology, and human activities. The facility data include description and design
details of structures, systems, and components; characterization of waste and source terms;
and description of geologic repository operations area operational processes and procedures
with an adequate understanding of the component and facility functions and sequence of
operations.

2.2.2 Input Data for Safety Analysis
2221 Functional Area

The facility and operations in the geologic repository operations area can be divided into areas
by specific function or by physical layout of the facility or by nature of process. In this module,
the functional area is identified to define the physical boundary of the safety analysis. The tool
has been designed to develop a project tree by dividing the facility into major functional areas,
then dividing the functional areas into several subareas, if required. For example, as shown in
Figure 2.2-1(a), the canister transfer operation is a subfunctional area to a top level functional
area Surface Waste Handling Facility. The canister transfer can be further subdivided into three
subfunctional areas [not shown in Figure 2.2-1 (a)]. Functional areas must be identified before
using the tool. The tool allows dividing a facility into 26 (A—Z) top level functional areas. Each
functional area can be divided into three further sublevels, and each sublevel can be divided
into nine functional areas. The tool has the potential to create 18,954 functional areas. The tool
assigns an identification number to a functional area to help in systematizing the data entry and
data retrieval in the project database.

2222 System

Information required for safety analysis in a functional area is compiled in the System
Description and structures, systems, and components submodules.

2.2.2.2.1 System Description

The system description of each functional area is input into this submodule. The PCSA Tool
allows for extensive description and systematic analysis of operational hazards, systems, and
repository operations for both surface and subsurface, and nuclear material (e.g., inventories of
casks and canisters) handled in the functional area of the operations is also identified and
documented.

2.2.2.2.2 Structures, Systems, and Components

The structures, systems, and components submodule stores the design information on

structures, systems, and components and their functions, human actions, remote system and
controls, and software systems used pertaining to a specific functional area.
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223 Naturally Occurring and Human-Induced Hazards and Initiating Events

This section addresses two code submodules: (i) site-specific, naturally occurring, and
human-induced hazard analysis; and (ii) operational hazard analysis, as shown in

Figure 2.2-1(a). The end result of the module is to identify the initiating events that may lead to
a potential radiological dose to the public or workers.

2.2.31 Site-Specific Hazard Analysis Review

The naturally occurring events and human-induced events common to all functional areas in the
facility are identified in this submodule. The naturally occurring events consist of seismic,
tornado, wind, flood, and others. Site-specific, human-induced events include aircraft crash,
fire, and others. The U.S. Department of Energy (DOE) justification and analyses to include or
exclude hazards from a generic list of hazards will be reviewed, and, if required, independent
analyses will be made outside the PCSA Tool. The module in the PCSA Tool will record the
outcome of the staff review and identify the site-specific events, including frequency of
occurrence, that may initiate event sequences in the facility.

2232 Operational Hazard Analysis

Events resulting from the facility operations are analyzed for each functional area in this
submodule. In addition, the failure checklist database is a submodule that provides input to
this module.

The PCSA Tool offers four qualitative hazard analysis methods to identify operational hazards
that may result in radiological dose to the public and workers: what-if analysis, failure modes
and effects analysis, energy method, and human reliability analysis. The what-if analysis can
be used for identifying process hazards, the failure modes and effects analysis addresses
hardware and equipment failures, the energy method seeks to find possible release of energy
(e.g., kinetic, chemical, or thermal) from the system that may result in

radiological consequences, and the human reliability analysis determines the possible human
errors from human activities and human interaction with other systems. Details for each of
these methodologies can be found in Dasgupta, et al. (2002).

2233 Initiating Events

In this submodule, initiating events that have the potential for radiological consequences are
identified. The initiating events are selected from naturally occurring or human-induced hazard
analysis or operational hazard analysis. The PCSA Tool further allows documentation of
estimation of frequencies for the initiating events and consideration of uncertainties associated
with the estimated frequencies. The database on failure rate from actuarial data can be used to
evaluate frequencies associated with the failure of components. In addition, fault tree analysis
and human reliability analysis using the SAPHIRE software can be used to evaluate frequencies
for events initiated from failure of a system or human action. To consider events identified by
DOE, the PCSA Tool allows such events to carry forward (flag) the information for subsequent
analyses in the PCSA Tool. All initiating events are assigned a unique identification number to
track the event in subsequent modules.
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224 Event Sequence Analysis

This section addresses code submodules development of an event scenario and event
frequency analysis as shown in Figure 2.2-1(b).

2.2.41 Event Scenarios

In this submodule, the event scenarios are developed by first identifying an initiating event from
the site-specific and operational hazards analyses, then propagating the consequences of the
initiating event through a series of safety-related systems or operations failures. Each event
scenario is analyzed using the event tree method (NRC, 1994) to estimate the event sequence
frequencies. The success of the event tree analysis technique is based on three basic
presumptions: (i) all system events have been anticipated, (ii) all consequences of these events
have been explored, and (iii) the probabilities of failure for all events have been correctly
estimated, including consideration of uncertainties. The tool allows the user to systematically
record each event scenario and the associated data.

If the system represents a single component or piece of equipment whose failure is modeled in
the event tree, the component failure rate can be estimated directly from actuarial data if
available. For multicomponent or complex systems, fault trees are used to find failure
probabilities for each node in the event tree. A fault tree is a graphical tool used to depict
possible ways that an undesired system state (top event) could occur. Depending on the nature
of the subsystem, the fault tree may model failure of electrical systems, mechanical systems,
human actions, or combinations of these events. Basic data for each fault tree top event can be
recorded in the PCSA Tool database.

Every event scenario is given a unique identification. There is no limit to the number of event
scenarios that can be developed in a functional area. The user may postulate alternate event
scenarios for a given initiating event, however, the user may flag an event scenario to be used
for subsequent analyses (e.g., safety assessment/risk assessment). The flag can be changed
at any time to provide the user with the capability to study the effects on safety assessment
using alternate event scenarios.

Information generated from this module would be used to model event trees and fault trees in
SAPHIRE software; however, that data cannot be directly used as SAPHIRE input.

2.24.2 Failure Rate Database and Human Error Probability Generator

The PCSA Tool contains a comprehensive library of failure rates of equipment from actuarial
data. The data are organized and categorized in an industry standard taxonomical structure.
The data on a particular component can be searched with the help of a taxonomic tree structure
or a built-in search capability. Each failure rate datum lists the unit associated with it (e.g., per
demand or per hour). The primary and secondary references for the data source and any
statistical information available on the data are also provided. The PCSA Tool provides a
generator to estimate human error probability by traversing a logic tree to select the appropriate
human error probability and performance-shaping factor. The technique for human error rate
prediction methodology developed by Swain and Guttman (1983) for evaluating human error
probability was implemented in the PCSA Tool.
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2243 Event Frequency Analysis

Event trees and fault trees are analyzed using the stand-alone software, SAPHIRE Version 6.80
(Idaho National Engineering and Environmental Laboratory, 1998). The SAPHIRE software is a
collection of programs that allows the user to model event trees and fault trees; define event
sequences and basic event failure data; solve system fault trees and event sequences; quantify
cutsets; and perform uncertainty, sensitivity, and importance analyses. The system failure
response is analyzed by a fault tree-linking technique, whereby the fault tree logic is combined
with the event tree logic resulting in a logic expression for each sequence in the event tree. The
event tree and fault trees are modeled using a graphic editor. The code requires failure
probabilities of the basic events as input to the model. The user can specify a point estimate or
distribution of basic event probabilities as input. The SAPHIRE program generates reports and
graphics. Relevant information can be abstracted and stored in the PCSA Tool project
database. The user must be familiar with the operations of the SAPHIRE software package to
model and analyze event trees and fault trees.

2244 Event Sequences and Categorization

Results from the event tree analysis from the SAPHIRE runs are stored in this submodule. All
event sequences are given unique identification numbers. The frequency and end
state (i.e., qualitative assessment of consequence) for each event sequence are entered.

Based on the frequency of occurrences, event sequences are categorized as Category 1 or
Category 2. Based on the definitions from 10 CFR 63.2, Category 1 event sequences are those
natural and human-induced event sequences expected to occur one or more times before
permanent closure. Category 2 event sequences are other natural and human-induced event
sequences that have at least 1 chance in 10,000 of occurring before permanent closure. In this
submodule, the event sequence frequencies are automatically categorized as Category 1,
Category 2, or below category frequency limit (BCFL) based on the preclosure period assigned
to the initiating events. BCFL are those with frequencies of occurrence less than the Category 2
frequency limit.

2.2.5 Analysis of Consequence

The consequence analysis module calculates the radiological dose to the members of the public
and workers. This section addresses the two main code submodules: public dose and worker
dose. These modules are supplied information through an input data module. Point estimate or
probabilistic calculations can be performed for the public dose determination. Point estimate
calculations of the worker dose are also available.

2.2.51 Input Data
This module prepares data required for public dose calculations by deterministic and
probabilistic approaches. Dose calculation requires the inventory of radionuclides,

meteorological data, and other parameters. For probabilistic analysis, the distributions of
sampled parameters are provided in this module.
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2252 Public Dose

The point estimate calculations of public dose are performed using RSAC software. The
probabilistic calculations are based on Latin Hypercube Sampling of RSAC input parameters.
RSAC is executed once for each sampled set of input parameters to determine the dose from
that realization. The results from the simulations and dose calculations are processed and
displayed in this module. The tool provides a separate module for generating input data to
calculate building discharge fractions using the MELCOR software. The building discharge
fraction serves as input data in the public dose calculation using RSAC.

2.2.5.3 Worker Dose

The worker dose option provides the capability to incorporate three types of worker dose:
(1) normal operation dose, (2) accident dose to workers outside buildings, and (3) accident
dose to workers inside buildings.

2.2.5.3.1 Normal Operation Dose

The normal operation dose option performs a spreadsheet calculation to estimate dose to the
facility workers. This calculation is limited to underwater-handling events, with workers present
above the pool. A single screen provides the user interface for the input and output of the
worker dose calculations.

2.2.5.3.2 Accident Dose Outside

The accident dose outside option performs an analysis for workers exposed to a contaminated
plume of air released from the ventilation system of a building. The source of released
radionuclides may be damaged PWR spent nuclear fuel, BWR spent nuclear fuel, or a user-
specified source. The HEPA filtration system integrated in the building’s ventilation system may
be assumed to operate properly or fail. The exposed workers may be on the building releasing
the plume or not on the building, but downwind. Wind flow around the building sets up three
aerodynamic zones: (1) cavity zone, (2) wake zone, and (3) displacement zone. The dose to
downwind workers depends on which aerodynamic zone they are in, which depends on a
number of physical factors including the horizontal distance of the worker from the source, the
height of the release, and the building dimensions. The usual air dispersion models are
modified to account for the highly modified aerodynamic conditions downwind of the building.

2.2.5.3.3 Accident Dose Inside

The accident dose inside option performs an analysis for workers exposed to accidental
releases of radionuclides inside buildings. For accidents resulting in releases under dry
conditions, worker dose is modeled as resulting from the leakage of contaminated air from a hot
cell into an adjoining room. The source of released radionuclides may be damaged PWR spent
nuclear fuel, BWR spent nuclear fuel, or a user-specified source. Several physical parameters,
such as the room volume, ventilation rate in the worker’s room, leakage rate, and time spent by
worker in the adjacent room, determine the dose. For accidents resulting in releases under wet
conditions, worker dose is modeled as resulting from the release of gases from a spent nuclear
fuel pool directly to the room where the worker is located. The pool option performs a
spreadsheet calculation to estimate dose to the facility workers. This calculation is limited to
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underwater-handling events, with workers present above the pool. A single screen provides the
user interface for the input and output of the worker dose calculations.

2.2.6 Safety Assessment

The safety assessment module integrates and analyzes the results obtained in the various
tasks for safety assessment. This integration includes, among other things, tabulation of
frequencies for event sequences and consequences. The results are analyzed to assess safety
by comparing the dose with performance objectives for the Categories 1 and 2 event sequences
stipulated in 10 CFR 63.111. For Category 1 event sequences, the two approaches for safety
assessment used in this module are annualized dose and combination of events. For

Category 2 event sequences, each event sequence is compared with Category 2 dose limits.

2.2.7 Risk Assessment

The risk assessment module evaluates aggregate risk from a potential repository during the
preclosure period. Estimation of aggregate risk is not required by the U.S. Nuclear Regulatory
Commission (NRC) regulation in 10 CFR Part 63 and will not be used directly in compliance
determination. However, estimation of aggregate risk is incorporated in the PCSA Tool for
gaining risk insights. Additionally, the risk assessment can be used also to evaluate the
reliance on structures, systems, and components important to safety.

2.2.8 Structures, Systems, and Components Important to Safety

The structures, systems, and components important to safety will be identified using a
performance-based importance analysis. This module is not yet fully developed. The approach
and current state of development are discussed in Dasgupta, et al. (2002, Chapter 9).

2.3 PCSA Tool Menu Structure

The structure of the menus in the context of the PCSA Tool functions is described in this
section. When the program is first executed, a startup title form is displayed to the user with an
artistic rendering of the proposed Yucca Mountain repository (CRWMS M&O, 1996). The user
can open or create projects from the startup page. The tool creates and opens project
database files with the extension .mdb. Project files must be stored in an already established
directory Project. In the PCSA Tool, the term project represents a single specific database.
The project files for SAPHIRE analysis are managed by the SAPHIRE software. It is, however,
recommended that these files be saved in an established directory, Saphire Projects.

After selecting a file or creating a new file, the PCSA Tool opens the main tool window with a
menu bar at the top of the window. The menu bar lists various functions and categories into
which the tool allows entry of data or further actions. The overall menu and submenu structure
is shown in Figure 2.3-1. By clicking on the various options, the user is able to navigate through
various programs, forms, tables, and reports. The user can then enter data into the selected
table or form and recall the data at a later time. The forms and tables provide further actions
through button controls. A typical example of the structure of action buttons is shown in

Figure 2.3-2.
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3 REFERENCE FOR MENU FUNCTIONS
3.1 Getting Started

When the PCSA Tool Version 3.0 software is first executed from the desktop, a startup title
page is displayed to the user (Figure 3.1-1). The startup page displays five buttons: About
PCSA, Disclaimer, Open Project, Create Project, and Exit. The About PCSA button
describes the tool and the project. The Open Project button will open an existing project, and
the Create Project button will enable the user to create a new project. Selecting either

Open Project or Create Project will open a dialog box as shown in Figure 3.1-2. The dialog
box has features similar to other standard Windows application packages (e.g., searching a
project file, or saving a project file in the directory structure). The PCSA Tool will create and
open database files with the extension .mdb.

PCS5A Tool. Yersion 3.0.0, CNWRA

PCSA Tool

A Tool for Preclosure Satety Analysis

Digclaimer

Open Praoject

- |, y
Create Project 8 jf { ] L
(] ;_‘ A }

Developed by

C N W R A At Southwest Research Institute, San A_r_]t-ulniu, :I'e);as o

-

For U.5. Nuclear Regulatory Commission

Figure 3.1-1. Display of Startup Screen Window PCSA Tool
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Reference For Menu Functions
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Figure 3.1-2. Open Project Dialog Box to Open an Existing Project

Action Commands

About PCSA: Displays pertinent information about PCSA Tool.
Disclaimer: Displays PCSA Tool disclaimer statement.
Open Project: Opens a dialog box showing existing database files in the

Project directory. The user can select and open a database.
Create Project: Opens a dialog box showing existing database files in the

Projects directory. The user can create a new database file with the

extension .mdb.

Exit: Allows the user to exit the PCSA Tool.

= Note: Create Project also creates a directory under the same name as the database file.
The newly created directory will have a RASCRuns subdirectory. Users sharing the
project database must have a corresponding subdirectory structure and the
associated file in their computers.

3-2

PCSA Tool Version 3.0 User Guide



File
3.2 File

Once the database has been selected, the PCSA Tool displays the main form as shown in
Figure 3.2-1 with the main menu bar at the top of the screen. The first menu is the File menu.
The submenus under the File menu are described below.

Open Project. The program will default back to the opening title screen as illustrated in

Figure 3.1-1. The Open Project button will allow the user to select an existing file. When
opening a new project, the System Log window, shown in Figure 3.2-2, may appear displaying
the Tool User, Date and Time, and Description of changes made since the Tool was last
accessed. It will only be displayed if log entries had been made in previous sessions;
otherwise, the main form shown in Figure 3.2-1 will be displayed.

New Project: The program will default back to the opening title screen as illustrated in
Figure 3.1-1. The Create Project button will allow the user to type in the name of a new file.

Save: Saves the information in the current project database. The user must be aware that any
entered information resides in a temporary database until saved.

Save As: Saves the information as a new project database. The user must be aware that the
current database does not default to the newly saved file. To access the newly saved file, the
user must exit the current database and open the newly saved database.

Exit: The tool will prompt the user to save any information entered in the current session before
quitting the program. If any changes have been made and the user chooses to save the file, the
System Log Entry window will appear as shown in Figure 3.2-3. If log entries had been made in
previous sessions, the user must make a log entry; otherwise the log entry is optional.
Afterward, the user selects Close to close the System Log Entry window and the tool.

Figure 3.2-1. PCSA Tool Showing Menu Bar
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Date and Time Drescription
841872004 2:56:56 PM | Added functional area B.2.1.2

88/2004 2:54:27 PM | Input 2 new records for the FMEA functional area E.1.2 with correzponding references.

Figure 3.2-2. System Log Showing Database Changes

Tool User | Date and Time | Description
| trnasell /1872004 2:56:56 PM | Added funchional area B.2.1.2
tnasell 882004 2:54:27 PM | Input 2 new records for the FMEA functional area E.1.2 with corresponding references.

System Log Entry

Tool User Itma:-cwell

Date and Time IB.”'I 842004 2:55:05 P

D escription [Required]
&dded spstem description information for functinal (D B.2.1.1] ;I

Figure 3.2-3. System Log Entry
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3.3 Proj. Tree

There are two Project Tree (Proj. Tree) phases. The first is creating a project tree, while the
second is modifying a project tree, which will be discussed in Section 3.3.3.

3.31 Creating a Project Tree (Proj. Tree)

When starting a new project, the Create Levels for Functional Area window illustrated in

Figure 3.3.1-1, will be displayed with four columns to select the level that will identify a
functional area with a Functional ID. The Project Tree assigns an alpha-numeric identification
to a functional area that helps systematize data entry and data retrieval in the project database.

The levels are constructed by clicking on the appropriate letter and the sublevel numbers. The
tree structure may be viewed using the View Tree button. The first column provides options A
through Z, and each of the remaining three columns provide options 1 through 9. The
Functional ID selection is oriented so the alpha-numeric combination is selected in a set order.
With the selection of a level, the user builds a Functional ID, which is displayed in the current
selection window. The user can either add the Functional ID to the table on the right using
Apply or clear the selection with Reset. To delete a Functional ID, the user must highlight the
Functional ID in the table and select Delete. The Functional IDs will be placed in order
automatically even if an ID is not entered in the correct sequence. For example, if A.1is
inserted after A.2, A.1 will still be placed before A.2. When the desired number of Functional
IDs have been created, select Done to advance to the main project screen.

The following list includes basic Project Tree steps:

(1) Plan: Know how many levels the functional area requires and how many sublevels are
needed for each level. It is important to plan the project tree structure in advance,
because the tool allows limited capability to delete a Functional ID. See the following
note.

(2) Input the Levels: Input the alpha-numeric Functional ID using the columns provided, as
shown in Figure 3.3.1-1, and select Apply.

(3) Generate the Project Tree: When the entries are complete, select Done to advance to
the main project screen. An entry may be deleted after Apply has been selected using
the Delete command.

(4) Describe the Functional Areas: Provide a description of each functional area at each
level and sublevel, by selecting Proj. Tree from the top tool bar (see Section 3.3.2).
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Creale Levels for Funcllonal Alea

Drganlze wour tree on paper first.
If you have a one-level entry, just select a letter.
If you have sublevels, select them also.
Wwhen you have specified the entry, click Apply’.
If you have not applied, you can restart an entry by clicking 'Reset’ A TO OI
—Select Levels -
S 1 C.3.2 81213
B 2 2 B.21
3 3 Selected Level
8] 4 4 4 S f 1
E 5 s |5 re Sa et}’ Ana YSIS
F g E g e
G 7 7 7 o T
H g g g
| 9 9 9
J
E Aszzigned Levels .
R;l ;I Apply | Reset | Delete | View Tree |

Done | Cancel |

Developed by

For U.5. Nuclear Regulathry Commission

Figure 3.3.1-1. Create Levels for Functional Area Window

Action Commands

Apply: Adds the chosen Functional ID into the Functional Area ID tables.

Reset: Clears the Functional ID in the current selection window (Note, Reset
does not erase the Functional ID in the Functional ID table).

Delete: Erases a Functional ID entry selected from the Assigned Levels table.

View Tree: Allows the user to see the project tree as it would appear in the project.

Done: Allows the user to proceed into project with a created project tree.

Cancel: Sends the user back to the opening screen without saving the project
tree. The user will be warned with the message “This action will destroy
your tree. Do you wish to continue?” before canceling.

=» Note: Delete is allowed in the Project Tree as long as no data have been entered in

another form or table.
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Proj. Tree

=» Note: The user is advised to use caution while creating the Project Tree because the tool
offers limited flexibility in deleting a Functional ID that has been incorrectly or
inadvertently applied. The user must note that a Functional ID already selected
(using Apply button) cannot be further subdivided. To subdivide the functional area,
the user must delete the Functional ID and recreate with the desired sublevels.
Another note of caution, the Functional ID can only be deleted if there are no data
entered in the database under this Functional ID. It is recommended that the user
make several trials to become familiar with building a project tree and understand the
limitations before embarking on developing a bigger tree for a project.

3.3.2 Functional Area Descriptions

After the Project Tree has been created, click on the Proj. Tree menu from the top menu bar to
display the Project Tree window. Selecting a base level will display the Functional Area
Descriptions window shown in Figure 3.3.2-1, which allows the user to input descriptions of
each area. At the bottom of the window, the Remarks field allows the user to enter information
without any character limitations.

Enter Level Information

Functional 1D IE_3_3

1st Level Description [40 characters Max.)
IFunl:iiunal IWaste Handling Building
2nd Level Description [40 characters Max_ )

I ICﬁnister Transfer System

3id Level Description [40 characters Max_]

I ICﬁnister Transfer Cell

4th Level Deszcription [40 characters Max.]

Remarks [Optional]

ak. | Cancel |

Figure 3.3.2-1. Functional Area Descriptions Menu
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Action Commands

OK: Accepts any additions or changes made by the user and closes the Functional Area
Descriptions window.

Cancel: Closes the Functional Area Descriptions window without retaining any input made by
the user.

3.3.3 Modifying a Project Tree

The project tree can be modified at any time. The Proj. Tree menu can be selected from the
top menu bar to display the Project Tree window. The Project Tree window opens with the first
level shown, while the sublevels are displayed by expanding on each node, as shown in

Figure 3.3.3-1.

To add a functional area, the Add Level button can be used. The Add Level button displays
the Edit Levels for Functional Area window, shown in Figure 3.3.3-2, and the functions of the
buttons in that dialog box are shown on page 3-5.

The user can delete the functional area at the end of a branch if there are no data associated
with the functional area.

3.34 Selecting a Functional Area

The Proj. Tree menu prompts a Project Tree window that displays an expandable and
collapsible tree view of the functional area, as shown in Figure 3.3.3-1. The Project Tree is
used to show and develop the organization of functional areas as a tree structure. This window
helps to manage data from the facility hazard analysis in a systematic manner. The data for
each node of the tree can be expanded to three levels, allowing three levels of subsections for
each functional area. When the lowest level of a functional area is selected and the Done
button is clicked, a graphical user interface activates the System, Int. Event, and

Freq. Analysis menus (see Figure 3.2-1), and the Current Level Results submenu under

the Perform. menu.
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- Functional Area

Bl - Facilty Gate

L1 - Off-site Transportation
- B - Cask Carier Parking
1 - Off-site Transportation System
2 - On-gite Transportation System
[=J--C - Carrier Preparation Building
- On-gite Transportation Systern
2 - Material Handling System
- - Between CPE and WHE
- On-gite Transportaiton Systern
- E - Waste Handling Building

El--1 - Carrier Bay

- Oresite Trangportation System —
- Cazk Unloading System
-3 - Cask Transfer System
[ 2 - Azzembly Transfer System
[=-1 - Cask Unloading Area
- tiir Lock
2 - Cask Prep & Decon Room1
Cask Prep &Decon Room2

s

- DC Loading Area: ) LI
Expand Tree | Collapze Tree |
Selected Level Description
|E_2_1 4 |Cask Unloading and Staging Poal Delete Selection
Define Levels | Show Repart | Aedd Leve | Edit Selection | Done |

Figure 3.3.3-1. Project Tree Functional Areas
Expanded to Third Level under Node E

Project Tree

[=)-- Functional Area -
&4 - Facility Gate

- Off-site Transpartation

[+~ B - Cask Carrier Parking

- Off-site Transportation Systemn

2 - Oresite Trangportation System

[=]-+ C - Carrier Preparation Building

- On-site Transportation System

2 B Mal =l L mam Al n S bmren

E
—Select Level

- 1 |A.'I.2

Levels for Functional Area

B T G
WD 00 = O O e DO
WD 00 = O 0N e D0 D

e

T e [

L«

Apply | Reset |
LI Only new entries can be deleted &I

Done | Cancel | J

ted Level D — |

|N0ne Selected |Functiona| Area Delete Selection
Define Levels | Show Report | Add Level I E dit Selection | Done |

ZrmAS-TImTmmoOm

e
Sel |

Figure 3.3.3-2. Edit Levels for Functional Area
Window

Proj. Tree
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Proj. Tree

Action Commands

Expand Tree:

Collapse Tree:

Delete Selection:

Define Levels:

Show Report:
Add Level:

Edit Selection:

Done:

Displays the Project Tree fully expanded to all nodes and subsections.

Displays the Project Tree with all nodes collapsed except the node
containing the last level selected. In this cases, the last node selected is
collapsed to its selected level.

Allows the user to delete a base level of Functional Area ID. Deletion is
allowed only if no data exist in the database corresponding to the
Functional ID.

Allows the user to define levels to each functional area. The drop-down
list can be used to define the label. The user can type in the desired
label.

Displays the Project Tree in report format.

Allows the user to add a level to the Project Tree. Selecting Add Level
will display a dialog box similar to that shown in Figure 3.3.3-2.

Allows the user to modify a functional area.

Exits the Project Tree window retaining any changes made by Add Level
and Edit Selection. If a functional area is selected, the Done button
activates System, Int. Event, and Freq. Analysis menus and Current
Level Results submenu under the Perform. menu.

= Note: If a Functional ID has not been selected, some project options will not be available.
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Ext. Events

3.4 Ext. Events

The Ext. Events menu contains a submenu, Generic List, that leads to a database with tables
containing a generic list of naturally occurring and human-induced external events. The event
screening process is based on an in-depth review of U.S. Department of Energy (DOE) reports
or an independent analysis. The outcome of the review for each category can be stored in

the database.

3.41 Generic List

The Naturally Occurring and Human-Induced Events window as shown in Figure 3.4.1-1 is
accessed by selecting Ext. Events from the main menu and opening the Generic List submenu.
The table shows the four screening criteria: Potential exists for event to be applicable, Rate of
process high enough to affect facility, Consequence of an event significantly high to affect
facility, and Event Frequency (per year). To consider an event applicable to the repository site,
the outcome for the first three screening categories should be Y (yes), and the frequency of
occurrence of the event should be greater than the Category 2 frequency limit. A potential
initiating event is indicated by Y in the Applicability of the Event to the Site column, while N
indicates a negative outcome. Applicability of the Event to the Site is automatically determined
by the program for an event being evaluated based on the user input.

Maturally Occurmring and Human-Induced Events

IRtz ol . E?Q::ﬂtlence Ewent Applicability of
Generic List of Events Ext Hazard ID ELDDC:Q? tholgh Frequency | the E_vent to
affect facility [per ) the site
Fire range) ExXHZ_FIRE_R&MNGE s Y e 10008 Y
| Floading [starm, river diversion) ExHZ_FLOOD N W N 1.00E-06 N
i Fungusz, bacteria, and algae EXHZ_FUNGUS N W M Mdd M _I
i Glacial erosion ExXHZ_GLAC_EROS M M M MA& M
i Glaciation ExXHZ_GLACIATION M M M M4 M
i High lake level ExXHZ_HIGH_LAKE M M M M M
i High river stage ExXHZ_HIGH_RIVER M M M M4 M
i High tide ExXHZ_HIGH_TIDE M M M M M
i Hurricane ExXHZ_HURRICAME M M M M M
| Inadvertent future intruzions [man-made] ExXHZ_IMADVERT N b N 1.00E-06 N
i Industrial activity induced accident ExHZ_IMDUSTRIAL N b N 1.00E-06 N
i Intentional future intruzions [man-made] ExHZ_IMTEMTION N b N 1.00E-06 N LI
Double click on a heading to edit i Only &pplicable § Add Event | Delete Event | Show Feport | Cloge |

Figure 3.4.1-1. A Site-Specific Hazard Analysis Database
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Ext. Events

Action Commands

Only Applicable: Displays the list of potential initiating events. To return to the main list,
select Show All.

Add Event: Adds another event to the Generic List of Events. The Tool will prompt
the user with a text box titled Add Event.

Delete Event: Erases the event selected by the user.
Show Report: Displays the information in report format.
Close: Closes the menu and returns the user to the main project screen.

3.4.2 Editing and Creating Event

The event screening process will be based on an in-depth review of DOE reports. The outcome
of the review for each screening criterion can be stored in the database by double-clicking on an
event in the Generic List of Events column, which will launch an Events window similar to that in
Figure 3.4.2-1. The fields provided in the form allow the reviewer to provide comments about
the DOE Definition of events, Required Condition for the events, and brief discussions about
corresponding screening criteria. In general, decisions about screening criteria will be made
based on DOE document reviews, and the review finding may be provided in the corresponding
text fields to support the decision made. The tool provides text fields to record the review
outcome of DOE documents for four screening criteria: Potential exists for event to be
applicable to the site, Rate of process high enough to affect the facility during preclosure period,
Consequence of significantly high to affect the facility during preclosure period, and Event
Frequency (per yr). Accept a screening criterion by selecting the Yes button, which
automatically updates the corresponding criterion in the Generic List of Events field in

Figure 3.4.1-1. Furthermore, the events form has Additional Discussion and DOE References
text fields for storing more information. If there is an independent report generated from the
review, the report file can also be linked to the database by providing the name and path of the
directory structure.
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Action Commands

Ext. Events

r~ Defiition:

The combustion of natual vegetation extemal to the repositary that propagates to combustible ;'

matenials within the MGH operations area. ;I
 Ext. Hazard ID Required Condition:

E¥HZ_|FIRE_RANGE ’7 Combustible materisls must exist on the site ﬂ
- Ewvaluation

Patential exists for the event to be applicable to the site

Potential exists and is applicable to the Yucca Mountain site. Since vegetation is |~
@ Yes C Mo present and at least one source of range fires then range fires are possible. J
¥
Rate of process high enough to affect the facility during preclosurs period
The rate of the process is sufficient to affect the 100-pear operational period. -
@ Yes O Mo =
[
Consequence of process significantly high to affect the facility during preclosure period
The consequence of the process iz significnat enough to affect the 100-pear d
@ Yes O Mo operational period. Since this statement iz indeteminant then the statement is
treated as equivalant bo tue. ﬂ
Justification for Frequency
[ED\::t[]FrEquency The event friequency is greater than o equal to 1076 ;I
1.00E -6 =

~&dditional Discussion
[Identify anp 55C Design Bases or Design Ciiteria which preclude its inclusion. ]

Thiz event will be included in the Fire Hazards Analysis. This event includes fires that acecur
extemally to the repositony system, such as a range fire. Fires can be man-made or initiated by other
external events such as lightning. For the purpose of this evaluation, if fire-initiating events occur

~ DOE Referenc:

[EINE

15

"NHC Review Repart File Mame:

View Report File |

0K | Applp I Cancel | Stiow Fegoart |

Figure 3.4.2-1. Form to Store Staff Review
Results for a Site-Specific Hazard

OK:

Apply:

Cancel:

Show Report:

View Report File:

Accepts the information input by the user and returns the user to the
Generic List submenu.

Accepts the information input by the user without returning to the main
project screen.

Does not accept the information input by the user and returns the user to
the main project screen.

Displays the information in report format.

Displays the referenced report in NRC Review Report File Name text
field, provided it exists in the specified location in the /Documents
subdirectory and the computer has an appropriate viewer compatible with
the report file format.

= Note: The report file’s extension (.wpd, .doc, and such) must be registered on the computer
for the View Report File feature to work.
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System

3.5 System
3.5.1 System Description

The System Description window is opened in the PCSA Tool by clicking on the System
Description submenu item under the System menu. The System Description window, shown in
Figures 3.5.1-1 through 3.5.1-9, can be used only when a functional area is selected from the
Proj. Tree menu. The System Description window provides the following nine input folders:
Function, Operation Sequence, Waste Characterization, Human Actions, Shielding, Software
System, Fire Hazards, General, and Assumptions.

The following Action Commands, as shown in Figures 3.5.1-1 through 3.5.1-9, are used within
separate tabs of the System Description window.

System Description

Functional ID Functional Area: Waste Handling Building
Canizter Transfer System
IE 33 Canister Transfer Cell
[ Fire Hazards T General T Azzumptionz
( Hurman Actions T Shielding T Software System
Function T Operation Sequence T Waste Characterization
The CTS receives transportaton casks, withaut impact limiters, containing large and small dispozable ;I
canisters, unloads canisters from the cask and loads them into Dispozal Containers (DC). Large
canisters are stored directly from transportation canisters into DC. Small canisters are loaded.
Function
[
Mo Additional information at this time. ;I
Additional
Information
[
Mo References at this time. ;I
References
[
Update St Feport: | [Haze | -

Figure 3.5.1-1. Function Input Folder

Action Commands

Add Record: Activates a dialog box and allows the user to add information in the
current window.

Edit Record: Activates a dialog box and allows the user to change information in the
current window.

Delete Record: Allows the user to delete information in the current window.

3-15

PCSA Tool Version 3.0 User Guide



System

Edit: Allows the user to change information within the window.

Update: Activated after Add Record, Edit Record, or Edit is selected.
Accepts the user’s changes.

Cancel: Disregards the current record. This command is only provided when the
dialog box is active.

Show Report: Displays the information in the current window in report format.

Close: Closes the System Description window. This command is not provided
when the dialog box is active.

A description of each folder tab is provided next.
3.511 Function

Function: Provide a brief description of the functions of the system or process being analyzed
in the current functional area.

Additional Information: Enter any additional information.

References: Enter reference information in which the function is discussed.
3.51.2 Operation Sequence
Item No.: An item or serial number is automatically assigned to each operation sequence.

Detailed Operations Sequence: Enter a step-by-step sequence of operations in the functional
area.

Duration of Operation: Enter time of system operation.

Additional Information: Enter any additional information pertinent to the operation.

DOE Reports and References: Enter DOE reports and references from which the data
were obtained.

Lift Height: Enter lift height data. Activated if “Lift Height Data Available” is checked.

Distance Traveled: Enter distance traveled data. Activated if “Distance Traveled Data
Available” is checked.

Speed of Travel: Enter speed of travel data. Activated if “Speed of Travel Data Available”
is checked.
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Syztem Description

Functional ID Functional Area: “Wwaste Handling Building
£33 Canigter Transfer Sustem

- Canister Transfer Cell

[ Fire Hazards T General T Agsumptions
[ Human Actions T Shielding T Software Syztem

Function T Operation Sequence T “waste Charactenization

Item No. 000100
Detailed Ensure Ailock exit door i closed ;I
Operations Open Airlock entrance door
Sequence Transport Cask and Cart to ailock ;I
Duration of — - n —
Operation 45 hours Thiz iz sample information and data. _I
—Lift Height

[¥  Lift Height D ata &vailable

Additional
Ink b

|3 meters

—Distance Travelled
Distance Travelled Data
Available

—Speed of Travel
Speed of Travel Data
Available

mn Record: 1 » .

[
M, =
DOE Reports
and References
-]
Update | Cancel | Delete Fiacnrdl Sty Feport | [Elase | -

Figure 3.5.1-2. Operation Sequence Input Folder Tab

3.5.1.3 Waste Characterization

Iltem No: An item number is automatically assigned to the current record.

Description of Waste: Describe the nuclear waste characteristics associated with the current

system.

Heat Generation Rate: Enter the heat generation rate in Watts.

External Dose Rate: Enter the external dose rate.

References: Enter references for the data entered in the current record.

Material Type: Enter the type of waste.

Material Container: Enter waste container information.

Material Amount: Enter the amount of waste.

PCSA Tool Version 3.0 User Guide
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System

Functional 1D Functional &rea: “ aste Handling Building

£33 Canister Transter System
= Canister Trangfer Cell

[ Fire Hazards T General T Agsumptions
f Human Actions T Shielding T Software System
Function T Operation Sequence T W aste Characterization
Item No. 000100 Description of Waste [e.g. enrichment, burnup, decay time)
Defense High-Level W aste [DHLW) vitified glass requires bwo lifts per canister. ;I
—Material Type
Not available.
— Matenal Container d
Not available. Heat Generation |—32
Rate [Watts]
External Dose Rate (e.g.. 0.002
mrem/hr at some distance :
~Material Amount from the unshielded waste]
Not available. References
Thiz iz zample data and information d
mn Record: 1 » m Update | Cancel | Delete Hecordl Shim BEper: | [Cinze | |

Figure 3.5.1-3. Waste Characterization Input
Folder Tab

3.51.4 Human Actions

Maintenance and Standby: Enter the maintenance and standby actions. Several records may

be added.
Operational: Enter the operational actions. Several records may be added.
References: Enter references pertaining to the data entered for the current record.

Additional Information: Enter any additional information.
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System

Functional ID Functional &rea: " aste Handing Building

£33 Canister Transfer System
I - Canister Transfer Cell

( Function T Operation Sequence T ‘W aste Characterization
[ Fire Hazards T General T Assumphions
Human Actions T Shielding T Software Spstem

A) Maintenance and Standby

| ‘ Itern Mo | Maintenance and Standby Actions
0001.00 :Mo data available at this time.

B) Operational Add Recaord Edit Record Copy Record Delete Record

| ‘ Itern No |Dparational Actions
0001.00 No data available at i time:

Add Recard Edit Record Copy Record Delete Record |
€] References Mo data available at this time. jl Update |
¥
Show Hepart |
D] Additional Thiz iz zample data and information, :I =
Information LI s | ||

Figure 3.5.1-4. Human Actions Input Folder Tab

3.5.1.5  Shielding
Iltem No: An item number is automatically assigned to the current record.

Source Geometry: Enter the geometry of the source.

Additional Information: Enter any additional information.

Worker Location Relative to Sources: Enter the location of the worker relative to the sources.

Shield Locations Relative to Sources: Enter shield locations relative to the sources.

References: Enter references for the data entered in the current record.

Shield Material: Enter the material type of the shield.

Shield Composition: Enter the composition of the shield material.

Shield Density: Enter the density of the shield.

Shield Thickness: Enter the thickness of the shield.

Images: User may view various images by double-clicking on a record.
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Functional ID Functional &rea: ‘waste Handling Building

£33 Canister Transfer System
I . Canister Transter Cell

[ Function T Operation Sequence T Waste Characterization
[ Fire Hazards T General T Agsumptions
Hurmnan Actiors T Shieldi T Software System
Item No. IDDm.UU Additional Information
Source Geometty | |Thiz is sample data and information. ;I
INot ko at this time.

Mo data available at this time. ~| References

;I Mo data available at this time. ;I
=l

[ -]

Worker Location
Relative to Sources

L2

Shield Locations Mo data available at this time.

Relative to Sources

Bl

S e Mo data available at this time. Images
Image Mame | Image Type =
;I || Site Plan DOE
Mo data available at this time. = | || Morth Partal Plan DOE

Shield Composition

Transportation Cask Buffer Area
General Arangement Flan DOE
Shield Dengity INot available. Ground Floor

Shield Thickness  [Not avaistl. i =]
Double-click on image name abowve to open image.

mn Fecord: 1 }- Update | Cancel | Delete Flecordl Sty Heparh | [lase: | -

=

Figure 3.5.1-5. Shielding Input Folder

3.5.1.6 Software System

Software System Used: Enter multiple software systems used, if applicable.

References: Enter references for the software systems listed.

Additional Information: Enter any additional information.

Functional ID Functional Area: Waste Handling Building

£33 Canister Transfer System
- Canister Trarsfer Cel

[ Function T Operation Sequence T wiagte Characterization
[ Fire Hazards T General T Azzumptions
Hurnan Actions T Shielding T Software Syztem

Add Record Edit Record Copy Record Delete Record |

C) References [ references at this time.

LI Update |

D) Additional = Stiav Hemer |

Information Al —I -
LI [lose | -

Figure 3.5.1-6. Software System Input Folder Tab

PCSA Tool Version 3.0 User Guide
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3.51.7 Fire Hazards

Item No: An item number is automatically assigned to the current record.

Presence of Combustible Material: Select “Yes” or “No.” If “Yes” is selected, the user will be
prompted to identify the combustible materials that are present.

Location and Description of the Combustible Material: Enter the location and description of the
combustible material.

Additional Information: Enter any additional information.

DOE Reports and References: Enter DOE reports and references from which the data
were obtained.

Function: Enter the function of the combustible material for the identified hazard.

Syztem Description

Functional ID Functional Area: Waste Handling Building

£33 Canister Transfer Spstem
- Canister Transfer Cell

[ Human Actions T Shielding T Software System
[ Function T Operation Sequence T “Waste Characterization
Fire Hazards T General T Azsumplions

Item No. 0001.00

~ Presence of Combustible Material
Mo - —‘

Iﬁz[;?:llii:?i::‘:f Mo data avallable at this time. =]
the Combustible
Material =
Additional Mo data available at this time. d
Information
DOE Reparts Mo data available at this time: d
and Relerences

No data available at this time. ;I
Function

mn Record: 1 ). Update | Cancel | Delete Hecmdl Shiov Fepart | [Elaze | -

Figure 3.5.1-7. Fire Hazards Input Folder Tab
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3.5.1.8 General

There is presence of neutron moderators for criticality: Select the checkbox if there is presence
of neutron moderators for criticality for the current functional area.

Radiation Area Designation: Enter a radiation area designation or select from the three
possible radiation area designations provided.

Ventilation Flow Rate: Enter the ventilation flow rate in the functional area.

Functional ID Functional Area: Waste Handling Building
£33 Canister Transfer System
. Canister Transfer Cell
f Human Actions T Shielding T Software System
[ Function T Operation Sequence T Waste Charactenization
Fire Hazards T General T Aszsumplions

There is presence of o Veptilatinn flow rate ls—
neutron moderators For [m”3/sec)

criticality

Radiation Area Designation
’7|H|gh R adiation Anea j

Update | S, Hepurll [Eluse | -

Figure 3.5.1-8. General Input Folder Tab

3.5.1.9 Assumptions

Assumptions: Enter multiple assumptions if appropriate. Assumptions are characterized by an
item number, which is automatically generated. Additional information pertaining to an
assumption may also be entered.
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System Description

Functional ID Functional Airea: Waste Handling Building
£33 Canister Transfer Spstem
I Canister Transfer Cell
( Human Actions T Shielding T Software System
[ Function T Operation Sequence T Waste Characterization
Fire Hazards T General T Assumplions!

| ‘ Ikem Mo

|Assumpt|ons

|Add|t|ona| Information

0001.00

AddRecad |

There are no azsumptions at this time.

Edit Recod | Copy Record | Delete Record | Show Report | Cloze | -

Sample input line.

Figure 3.5.1-9. Assumptions Input Folder Tab

3.5.2 Structures, Systems, and Components

The Structures, Systems, and Components Data window, is opened in the PCSA Tool by
clicking on the Structures Systems and Components submenu item under the System menu.

The Structures, Systems, and Components Data window, shown in Figures 3.5.2-1 and 3.5.2-2,
can be used only when a functional area is selected from the Proj. Tree menu. The Structures,
Systems, and Components Data window provides two input folder tabs.

The following Action Commands correspond to Figures 3.5.2-1 and 3.5.2-2.

PCSA Tool Version 3.0 User Guide
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SSC Data, Project: PCSADemo

Functional ID  |Functional Area: ‘W aste Handling Building ;I SS5CID HLw-23HE
Carizter Transfer System
|E-3-3 Canister Transfer Cell S5C Thad5h
LI Description I :
General r Dresign Bases and Design Criteria ]
—55C o]
ode ol
Item No. [ooo o0 Oneration [Manual =
Mo data available at this time: ;I Mo data available at this time: ;I
Sypstem Subspstem
[ [
| |Functinn Add Important to Safety
Confinement DOE Determination
Edit | " Yes i« Mo
Delste | Staff Determination
 Yes & No
Additional Inf
Sample input line. ;I
gggg:s ﬂl 4] 4 |Fecord 1 Llﬂl gt;"o“” | Clnse

Figure 3.5.2-1. Structures, Systems, and Components General

Action Commands

Input Folder Tab

Add Record:

Edit Record:

Delete Record:
Copy Record:
Add:

Edit:

Delete:

Update:

Apply:

Allows the user to add information in the current window. May also
activate a dialog box to allow the user to add information.

Allows the user to change information in the current window. May also
activate a dialog box to allow the user to change information.

Allows the user to delete the current record.

Allows the user to make a new record by copying an existing record.
Activates a specific dialog box and allows the user to add information.
Activates a specific dialog box and allows the user to change information.
Allows the user to delete information.

Accepts the user’'s changes. Activated after Add Record or Edit Record
is selected.

Applies the user’s changes to the current record.
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Cancel: Disregards changes made to the current record.
Show Report: Displays the information in the current window in report format.
Close: Closes the Structures, Systems, and Components Data window.

3.5.2.1 General

Structures, Systems, and Components_ID: Enter an identification for the current Structure,
System, or Component.

Structures, Systems, and Components_Description: Enter a description for the current
structures, systems, and components.

Item No: An item number is automatically assigned to the current record.
System: Enter a description for the system.

Mode of Operation: Enter a mode of operation or select one from the drop-down menu.

Subsystem: Enter subsystem information pertaining to the structures, systems, and
components.

Functions: An structures, systems, and components ID must be entered before “Functions” can
be selected from the drop-down menu. The user may add a function or select from those
provided in the drop-down menu.

DOE Determination: Select “Yes” or “No” to denote whether or not DOE identified the
structures, systems, and components as important to safety.

Staff Determination: Select “Yes” or “No” to denote whether or not the staff identified the
structures, systems, and components as important to safety.

Additional Information: Enter any additional information.

3.5.2.2 Design Bases and Design Criteria

Design Bases and Design Criteria: Enter multiple design bases and design criteria. An item
number is automatically assigned. In addition, a design review comment and additional
information may be entered to characterize the design bases or design criteria.

Functions: Add a function description to the current design basis or design criteria if applicable.
Hazards: Associate hazards with the current design basis or design criteria if applicable.

Initiating Events: Associate an initiating event with the current design basis or design criteria
if applicable.
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Event Tree: Associate an event tree (event scenario) with the current design basis or design
criteria if applicable.

3-26

PCSA Tool Version 3.0 User Guide



Int. Events

3.6 Int. Events

The Internal Events (Int. Events) menu is located in the main menu bar of the PCSA Tool
(see Figure 3.2-1). FMEA, What If, Energy Method, HRA, and Severe Events (All) are
submenus of the Int. Events menu.

3.6.1 FMEA

Under the Int. Events menu, the Failure Modes and Effects Analysis (FMEA) is a submenu
that leads to the Form and Severe Events submenus. When the Form submenu is selected, the
tool launches an FMEA Form window. Text fields for data entry and action commands in the
FMEA Form are shown in Figure 3.6.1-1. At the top, the form also displays information related
to the functional area being analyzed. The FMEA Form fills only one row of a record in an
FMEA Table window. There is no restriction for the amount of information that can be stored in
each text field. The FMEA Table is accessed from the FMEA Form by selecting the

FMEA Table button. The FMEA Table displays data in tabular format. Rows can be inserted
between records by incrementing item numbers in decimals. For example, to insert a row
between row 3 and 4, the item number may be specified as 3.6. Additional edit features

(Copy, Edit, Paste) can be accessed by right clicking on the mouse. The FMEA Table is
displayed in Figure 3.6.1-2. The data can be entered in the FMEA Form or FMEA Table, and
the user can use both forms interchangeably. The descriptions of individual data entry fields
shown in Figure 3.6.1-1 are presented next.

Functional ID: Displays the identification number of the functional area along with the
description of the functional area selected from the Project Tree.

Iltem No: An item number is automatically assigned to the current record.

Component Description: Enter the components of the system or process being analyzed.

Failure Mode: Describe briefly the type of failure associated with the component. A list of
failure modes for limited number of components can be obtained from the Checklist menu.

Cause of Failure: Describe the reason for failure.

Effect of Failure: Describe the effect of the failure.

Preventative and Mitigative Features: Describe safeguards and controls, if any, against the type
of failure.

Additional Information: Enter additional information.

Severe Events: Select “Yes” or “No” and enter justification for selection. Each potential failure
that may result in a radioactive dose to the public or workers is judged according to severity on
a qualitative basis, and entered as “Yes” or “No” in the Severe Event field.

Justification: Enter the rationale for selecting the “Yes” or the “No” button. If the decision is
based on certain calculations, the user can record this in the Justification box.
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Effect on Other Functional Areas: Select “Yes” or “No” and enter an explanation for the

selection.

Explanation: Enter an explanation for selecting the “Yes” or the “No” button.

Functional ID  |Functional Area: Waste Handling Euilding

Canister Transfer System
|E-3-3 Canister Transfer Cell
Item No. IDDD1.DD Component

Description

L

Shield Doar

Failure Mode el g

Cause of Paower Failure, Mechanical Failure, Hurnan Error ;l
Failure |
Effect of Possible spread of contamination ;I
Failure =
Preventive and |®dequate design to prevent failure of the door ;I
Mitigative
Features LI
Additional =
Information ;I

5 Events Effect on other Functional Areas

0 es = || = es m

@& Mo [ & Mo

Justification E xplanation
Dielete : Show FMEA

Add Record Recard Edit Record| | |4| 4 |Record: 1 » I Nl B | Tabie | Cloze

Figure 3.6.1-1. Example of Failure Modes and Effects
Analysis (FMEA) Form

FMEA Table, Project: PC5ADemo

Functional 1D Functional Area: W aste Handling Building ;I
IT Canister Transter System
- Canister Transfer Cell
=
femlo [Soreeiet [Fabeeode [ Catmae [t [Weeb [ooree]vuieton [ [Efmre [
0001.00 | Shield Doar | Fail Open Paower Possible Adequate design W
i 0002.00 | Shigld Door  Fail Cloze Power failure, | Disruption of | Administrative N
B 0003.00 | Shield Door  Fail Diop on - Pawer Damage to | Administrative N Shield doar
B 0004.00 | Trolley Inconect Senzorfal. | Lid handling | Design of M
0005.00 | Trolley No Braking. | Brake Callision with | Administrative | N
i 0006.00 | Bridge crane  Crane Yoke | Stuctural Pozsible drop | Administrative '
| voor.oo EBridge Crane LidFailsto  Lid jammed | Possible Proper visibilty | N Energy nat
B 0008.00  Bridge Crane  Crane Falure Mo Power Canister Drop| Equipment N
B 0009.00  Endge Crane Crane Failure Mo Power Canister drop | Crane designed |
0010.00 | Bridge Crane  Crane Failure | Mo power Canister drop | Crane designed | Marrnal
] 0011.00 | Bridge Crane  Crane Voke | Stuctural Possible drop | Proper visibilty | N Mo damage
] 0012.00 | Bridge Crane  Lid fails to Lid jammed  Possible tip | Proper visibilty | N Energy not
| 0013.00  Bridge Crang Crane Failure Failure of Canister Drop! hs Possible Mumber of
| [0014.00  Bridge Crane Crane Failure  Stuctural DC tipover | Crane designed | Possible
0015.00 | Bridge Crane  Crane Failure | Stuctural Canigter drop | Crane designed Moimal dvg,

Add Record | Edit Record | Copy Record | Dslelsﬂecmdl Show Report | Close |

Figure 3.6.1-2. Example of Failure Modes and Effects
Analysis Table

PCSA Tool Version 3.0 User Guide
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Action Commands (Figures 3.6.1-1 and 3.6.1-2)

Add Record: Activates the text boxes and allows the user to add a record (Form).
Activates a new record by inputting a row (Table).

Delete Record: Deletes the record currently displayed in the FMEA Form and the row that
is currently selected in the FMEA Table. The user will be prompted “Are
you sure you want to delete record?” after Delete Record is selected
(Form/Table).

Edit Record: Allows the user to modify any data entry fields (Form). Allows the user to
modify a selected cell (Table).

Show Report: Displays the information in a report format (Form/Table).

FMEA Form/ Allows the user to toggle between FMEA Form and

FMEA Table: FMEA Table windows.

Close: Returns to the main project screen after saving changes made. However,

Close does not save changes to the project database. To save changes
to the database, the user must save the information through the File
menu —~ Save submenu (Form/Table).

Cancel: Returns the user to the default form display screen without saving the
information (FMEA Form/Table). The Cancel option is displayed only
after Add Record or Edit Record is selected.

Update Record: Applies and saves any new information or changes made with the
Add Record and Edit Record commands (FMEA Form). The Update
Record option appears only after Add Record or Edit Record is
selected.

Copy Record: Copies the information of the entire row into another row (Table).

3.6.1.1 Severe Events

When the Severe Events option is selected from the FMEA submenu, the Severe Events List
for ‘FMEA’ window is displayed containing the events filtered by “Yes” in the Severe Events field
in the FMEA Table window. As shown in Figure 3.6.1-3, the table also displays Failure Mode,
Cause of Failure, Effect of Failure, Mitigative Features, and Justification from the FMEA Table
window, and Remarks. The user can enter any additional information in the Remarks column.

It is recommended that the user note whether this hazard was included or excluded based on
further action taken in this analysis. The tool also generates a report from the severe events
list.
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Severe Events List for 'FMEA', Project: PCSADemo

0015.00

Bridge Crane

Action Commands

Crane Failure

Structural Failure

{Edit Record |

Functional ID Functional Area: Waste Handling Building d
E33 Canister Transfer Spstem
I -~ Canister Transfer Cell
ltem No | Component | Failure Mode Cause of Failure | Effect of Faiue | Mtigative Justification Remarks
Description Features
_| 0006.00 Bridge crane Crane Yoke Structural failure, | Possible drop of | Administrative
_[0008.00 Bridge Crane Crane Failure Mo Power Canister Drop on | Equipment
_{0003.00 Eridge Crane Crane Failure Mo Power Canister diop on | Crane designed to
_|0010.00 Bridge Crane Crane Failure Mo power Canister diop on | Crane designed ta | Mormal Height 22
_|0013.00 | Bridge Crane Crane Failure Failure of Canister Drop on Possble Breach | FME& test remark,
0014.00 | Bridge Crane Crane Failure Structural Failure | DC tipover and Crane designed to FREA test remark,

Canizter diop on

Show Repart |

Crane designed to FMEA test remark.,

Close |

Figure 3.6.1-3. Severe Events List Window

Edit Record:

Show Report:

Close:

Allows the user to edit only the Remarks field.

Generates a report on Severe Events for display and printing.

Closes the window, accepting any changes made to the Remarks field.

PCSA Tool Version 3.0 User Guide
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3.6.2 What If

The tool functions for a What-If analysis are similar to the FMEA. The analysis is performed by
entering data into the database through a What If Form or What If Table. A What-If analysis
would identify potential initiating events from human interactions. A similar process, What-If, is
used to filter the severe events. An example of a What-If analysis applied to the offsite
transportation system in Functional Area B.1 is presented in Figure 3.6.2-1. The descriptions of
individual data entry fields shown in Figure 3.6.2-1 are presented next.

Functional ID: Displays identification number of the functional area along with the description of
the functional area selected from the Project Tree.

Item No.: An item or serial number is automatically assigned to that current record.

What If: Identify possible event by posing questions with regard to each operation sequence
(e.g., What if a specific component failure or process upset or human error occurs?).

Causes: Identify the cause(s) of such an event.

Consequences: Speculate on potential consequences to the event.

Preventative and Mitigative Features: ldentify any safeguard(s) to mitigate the event.

Additional Information: Store additional information.

Severe Events: Select “Yes” or “No” with justification for selection. Each potential failure that
may result in a radioactive dose to the public or workers is judged according to severity on a
qualitative basis and entered as “Yes” or “No” in the Severe Events field.

Justification: Enter the rationale for selecting the “Yes” or the “No” button. If the decision is
based on certain calculations, the user can record this in the Justification box.

Effect on Other Functional Areas: Select “Yes” or “No” and enter an explanation for
the selection.

Explanation: Enter an explanation for selecting the “Yes” or the “No” button.
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Wwhat If Form. Project: PCSADemo

Functional ID  [Functional Area; Cask Carrier Parking

IB--Ii Off-zite Tranzportation System
item Ho. IDEID‘I .0n

What If [1) Drriver forgot to chock the trailer
[2] Improper chocking

L

1

Causes Humat Eror

1. Damage to caszk due to truck roll and crash into CPE gate
Consequences |2 Trck ralls back and crashes into other vehicle

Preventive and (3] Level parking area

B RS S

Mitigative [b] Uze af quard posts to prevent damage to gate
Ferin e [z] Proper training of operators
Additional If recommended safeguards are in place then further action is not necessary
Information
Severe Events Effect on other Functional Areas
% ‘es ;I T ‘es :|
= Mo ;I & No LI
Justification Explanation
Delete . Show ‘wihat [f
Add Record Fecord Edit Record| | |4]| 4 |Fecard: 1 » | )|| Bl Tabls | Cloze

Figure 3.6.2-1. Example of a What-If Analysis Form Window

What If Table, Project: PCSADemo

Functional ID Functional &rea: Cask Carrier Parking ;I
Off-site Tranzportation System
B.1
Item Mo |What_if | Causes Conzequences Mitigative e Justification Intgr- Effect an other Additional Info
Features Ewvents action | Fés
| 0001.00 | (1] Driver fargat | Humar Ermor 1. Damageto | [a) Level ¥ If recommended
| 0002.00 | Improper Human Eror | Cask damage | Mot known v Thiz could lead Nate:
_|0002.00 | Prime mever Huran Errar Cask damage | [a) Siteplanto | N If recommended
| 0004.00 | Onsite prime Human Error | Cask damage | (a) Design cask M
| 0005.00 | Improper Hurnan Ermar Cask drop fram Y Administrative
_| 000E.00 Excessive Human Error Mechanical Caszk drop from | N Administrative
0007.00 | Diesel fuel fire | Human Eror Fire damage to | [a] Prime mover v

‘wihat If Form Add Record | Edit Record | Copy Record | Delete Record | Show Repaort | Cloze

Figure 3.6.2-2. Example of a What-If Analysis Table Window
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Action Commands (Figures 3.6.2-1 and 3.6.2-2)

Add Record: Activates the text boxes and allows the user to add a record (Form).
Activates a new record by inputting a row (Table).

Delete Record: Deletes the record currently displayed in the What If Form and the row
that is currently selected in the What If Table. The user will be prompted
“Are you sure you want to delete record?” after Delete Record is selected
(Form or Table).

Edit Record: Allows the user to modify any data entry fields (Form). Allows the user to
modify a selected cell (Table).

Show Report: Displays the information in a report format (Form and Table).

What If Form/ Allows the user to toggle between What If Form and

What If Table: What If Table windows.

Close: Returns to the main project screen after saving changes made. However,

Close does not save changes to the project database. To save changes
in the database, the user must save the information through the File

menu —_Save submenu (Form or Table).

Cancel: Returns the user to the default form display screen without saving the
information (Form or Table). The Cancel option is displayed only after
Add Record or Edit Record is selected.

Update Record: Applies and saves any new information or changes made with the Add
Record and Edit Record commands (Form). The Update Record option
appears only after Add Record or Edit Record is selected.

Copy Record: Copies the information of the entire row into another row (Table).

3.6.2.1 Severe Events

When the Severe Events option is selected from the What-If submenu, a table screen
is displayed that contains the events filtered by “Yes” in the Severe Events field in the
What-If Table.

3.6.3 Energy Method

Located under the Int. Events menu in the main menu bar, the Energy Method (Figure 3.6.3-1)
is initiated by selecting the Form option. The Energy Method Form allows the user to employ
checklists to identify the hazards in the system. The Energy Method Table is accessed within

the Energy Analysis Form. Adopting the DOE approach (CRWMS M&O, 1999), the events
have been categorized as collision/crushing, chemical contamination/flooding,

3-33

PCSA Tool Version 3.0 User Guide



Int. Events

explosion/implosion, fire, radiation/magnetic/electrical/fissile, and thermal. When a category is
selected from the drop-down list in the form, the checklist and the applicability guidelines
appear. The checklist helps identify the energy in the system that can potentially interact with
the waste form. The checklists, developed by DOE, contain a series of questions for each
generic hazard. The descriptions of individual data entry fields shown in Figure 3.6.3-1 are
presented next.

Functional ID: Displays the identification number of the functional area along with the
description of the functional area selected from the Project Tree.

Event Category: Choose an event category from the drop-down list.

Generic Event and Applicability Guidelines: Displays the checklist to identify potential hazards
applicable to the event category. This text field cannot be edited.

Iltem No.: An item number is automatically assigned to the current record.
Event Name: Provide a brief description of the event.

Cause of Event: Describe the cause of the event.

Preventative and Mitigative Features: Describe safeguards and controls, if any, against the type
of failure.

Additional Information: Enter additional information.

Severe Events: Select “Yes” or “No” with justification for selection. Each potential failure that
may result in a radioactive dose to the public or workers is judged according to severity on a
qualitative basis and entered as “Yes” or “No” in the Severe Events field.

Justification: Enter the rationale for selecting the “Yes” or the “No” button. If the decision is
based on certain calculations, the user can record this in the Justification box.

Effect on Other Functional Areas: Select “Yes” or “No” and enter an explanation for the
selection.

Explanation: Enter an explanation for selecting the “Yes” or the “No” button.
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Energy Method Form, Project: PCSADemo

Functional ID  |Functional Area: Waste Handling Building

Canister Transfer System
|E'3'3 Canister Transfer Cell

— Event Category

1. Uncontrolled M aze/Force - Examples include:

< Bresiaus ICoIIisionJ’Clushing j Ll
G Event and Applicability Guideli Item No. IEIEIEIB.UEI
CATEGORIES: | | Event Name

Excessive velocity aor acceleration of mass, inadvertent
operation of appendage, failure of primary/secondary
structure, tumbling [or tipped-over] mass, uncontrolled

ICanister Dirop onta Anather Cansister

Cause of Event

robot or uncontrolled fixed olating equipment falls,
diops.

2. Protiusions into pathways - Examples include:
Extended appendages, pratruding structural elements.,
or improperly placed equipment.

Overhead crang failure.

L 1]

Pieventive and Mitigative Features

APPLICABILITY TO FUNCTIONAL AREA OF DESIGN:
1. | kinetic or potential energy present?

2. Can the kinetic or potential energy be released in an
unplanned way?

Mot knawvn at this fime.

L (T

Additional Information

3. Can the release of kinetic or potential energy interact
with the waste form?

[]

—Severe Events

This event has been identified by DOE in
CRWMS M&D. "Monitored Geologic Flepasitary Intemal
Hazard Analysis”, ANL-MGR-SE-000002 REY 00

— Effect on other Functional Areas

=

5 Yes Mot analyzed. ﬂ O Ves Mot analyzed.

= Ho & No

Justification LI E xplanation LI
Delete " - Shiow Energy
Record | EdltHecordl 4] 4|Record: 8 AL} Report teth. Table Close

Figure 3.6.3-1. Example of an Energy Method
Form Window

Energy Method Table, Project: PCSADemo

Functional Area: ‘W aste Handling Building
Canister Transter System
Canister Transfer Cell

Functional ID

IE.3.3

=
|

— Event Category

ECEE Collision/Crushing 2 LI

Energy heth Furml

Add Record | Edit Record |

Copy Record | Delete Record |

Itern Mo | Event Name | Cauze of Event it Ssuae Justification itz | Eliz=iam |Addilinna\ Info
Features Everts sction | other FAs

| 0001.00 | Transportation Cask Mat Knawn N Mot analyzed This event haz
| 0002.00 | DE Slapdown Mot krow, M Mat analyzed. Thiz event has
[ 0003.00 | Canister Drop Mot krow, M Mat analyzed. Thiz event has
[ 0004.00 | Canister Slap Down Mot krow, M Mat analyzed. Thiz event has
| 0005.00 | Canister Collision Mot krow, M Mat analyzed. Thiz event has

0006.00 | Carister Drops onto OC Mot krow, H Mot analyzed. Thiz event has
| 0007.00 | Carister Drop on Sharp Mot knavn, N Mot analyzed. Thiz event has
i 0002.00 | Carister Drop onto @nother | Overhead crane | Mot known at N Mat analyzed. Mat This event has
: 0009.00 | Shield Door Cloges on Mt ko, N Mot analyzed. This event has

0010.00 | Shield Door Cloges on DC Mot known, M Mol analyzed. This event has

Show Report | Close |

Figure 3.6.3-2. Example of an Energy Method Table Window

PCSA Tool Version 3.0 User Guide

3-35



Int. Events

Action Commands (Figures 3.6.3-1 and 3.6.3-2)

Add Record:

Delete Record:

Edit Record:

Show Report:

Energy Meth. Form/
Energy Meth. Table:

Close:

Cancel:

Update Record:

Copy Record:

Activates the text boxes and allows the user to add a record
(Form). Activates a new record by inputting a row (Table).

Deletes the record currently displayed in the Energy Method Form
and the row currently selected in the Energy Method Table. The
user will be prompted “Are you sure you want to delete record?”
after Delete Record is selected (Form or Table).

Allows the user to modify any data entry fields (Form). Allows the
user to modify a selected cell (Table).

Displays the information in a report format (Form/Table).

Allows the user to toggle between Energy Meth. Form and
Energy Meth. Table windows.

Returns to the main project screen after saving the changes.
However, Close does not save changes to the project database.
To save changes in the database, the user must save the

information through the File menu — Save submenu (Form/Table).

Returns the user to the default form display screen without saving
the information (Form/Table). The Cancel option is displayed only
after Add Record or Edit Record is selected.

Applies and saves any new information or changes made with the
Add Record and Edit Record commands (Form). The Update
Record option appears only after Add Record or Edit Record is
selected.

Copies the information of the entire row into another row (Table).

3.6.3.1 Severe Events

When the Severe Events option is selected from the Energy Method submenu, a window is
displayed containing the events filtered by “Yes” in the Severe Events field in the Energy

Method Table.

3.6.4 HRA

The Human Reliability Analysis (HRA) feature can only be used when a functional area is
selected from the Proj. Tree menu. The HRA submenu is selected from the Int. Events menu
in the main menu bar of the PCSA Tool. Form and Severe Events are options of the

HRA submenu.
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The Form option launches the Human Reliability Analysis Form window (Figure 3.6.4-1). The
Human Reliability Analysis Table, which shows the same information arranged in a tabular
fashion, is accessed within the Human Reliability Analysis Form. The data can be entered
using Form or Table, and the user can use both forms interchangeably. The descriptions of
individual data entry fields shown in Figure 3.6.4-1 are presented next. More information about
the data entry fields can be obtained from Dasgupta, et al. (2002).

Functional ID: Displays the identification number of the functional area along with the
description of the functional area selected from the Project Tree.

Item No.: An item number is automatically assigned to the current record.

Category: Indicate the appropriate human action category. The main categories are:
Type A—Maintenance and Standby Human Events, Type B—Operational Human Events
(two subcategories), Type C—Responsive Human Events (three subcategories).

Human Action: Enter one of the Human Actions now listed in the System Description template.
It is a description of the human action that may lead to error.

Human Failure Event: Enter the types of errors possible for a single human action. For
example, a task might be omitted, a valve might be turned in the wrong direction, or a valve
might be turned too far in the correct direction.

Performance Shaping Factors: Indicate any performance shaping factors that would influence
the human error probability (e.g., training, stress level, use/no use of checklist, repetitiveness of
action).

Recovery Action: Indicate what actions could be taken to recover from the error. For example,
a supervisor checking after maintenance might discover and correct an inappropriately closed
valve.

Effect of Failure: Enter the effect of the failure for Type A Human Actions, the effect of failures
is always enabling of another initiating event; for Type B Human Actions, the effect of failures
could be enabling, but is more likely to produce an initiating event itself. For example, actions
during maintenance could close a valve that permits makeup water to be pumped into the
assembly storage pool; a leak from the pool develops because of a mechanical failure, makeup
water would not be available and the assemblies could become uncovered in time.

Preventative and Mitigative Features: Enter features that could prevent or irritigate an event.
Features could be either human-action oriented (e.g., use a checklist or provide written
instructions) or hardware oriented (e.g., use interlocks or stops to prevent incorrect assembly or
excessive travel).

Additional Information: Enter additional information.

Severe Events: Indicate if the event is severe by selecting the “Yes” or “No” radio button.

Justification: Provide a justification for either choice.
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Effect on Other Functional Areas: Select “Yes” or “No.”

Explanation: Enter an explanation for selecting the “Yes” or the “No” button.

Human Reliability Analygiz Form. Project: PC5ADemo

Functional ID  |Functional Area: '\ aste Handling Building

Canister Transfer System
IE-3-3 Canister Transfer Cell

L

Item No. IDDD1 .00 Human |Ferform maintenance operations on crane

Category IA - l Action

e f /=

Human Failure |1. Crane control system dizabled during maintenance iz not reactivated.

Event 2. Critical maintenance operations are not performed, so control system has higher probability of Failure ;I
gﬁ:poi':lgance |‘I. Is a checklist used? B
: . et

Factors 2. Have maintenance personnel received braining? ;I
Recovery 1. Iz maintenance activity checked? |z any checking perfarmed by the same personnel perfarming the ;I
Action maintenance, by another crew, or by a supervizor? ;I
Effect OFf The crane control spstem may be or is dizabled: therefore, a backup system has been removed. ;I
Failure =1

=

Preventive and |Mone specified [test entry).

Mitigative
Features _I
Additional Mone [the crane is clearly the hardware in use]. ;I
Information ;l
Severe Events Effect on other Functional Areas
@ ves This could lead to an initiating event;l ) es -
& Mo that crushes the spent fuel - drop of & Mo
Justihcation ;I Explanation ;I

Delste

Add Record
ecord

Edit Record

HR& Table

Close

- Show
4] 4 |Recard: 1 Llﬂl Feport

Figure 3.6.4-1. Example of a Human Reliability Analysis
Form Window
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Human Reliability Analysiz Table. Project: PC5ADemo

Functional ID Functional Area: 'Waste Handling Building ;I
Canister Transfer System
|E-3-3 Canister Transfer Cell
[
Human |Human | Perf Shaping| Recovery | Effect of | Mitigative Severe| w o |Inter- | Effect on [ Additional
1Emi |Category Action Failure | Factors Action Faiure Features Events dustlfeian action| other Fés | Info

00071.00 A

i HRAFom

Perform 1. Crane | 1. 1za 1.1z The Mone specified |y This could Mone [the

Cloze

Add Record | Edit Record | Copy Record | Delete Record | Show Feport |

Figu

re 3.6.4-2. Example of a Human Reliability Analysis
Table Window

Action Commands (Figures 3.6.4-1 and 3.6.4-2)

Add Record:

Delete Record:

Edit Record:

Show Report:

HRA Form/
HRA Table:

Activates the text boxes and allows the user to add a record
(Form). Activates a new record by inputting a row (Table).

Deletes the record currently displayed in the HRA Form and the
row that is currently selected in the HRA Table. The user will be
prompted “Are you sure you want to delete record?” after
Delete Record is selected (Form/Table).

Allows the user to modify any data entry fields (Form). Allows the
user to modify a selected cell (Table).

Displays the information in a report format (Form/Table).

Allows the user to toggle between HRA Form and
HRA Table windows.
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Close:

Cancel:

Update Record:

Copy Record:

Returns to the main project screen after saving changes made.
However, Close does not save changes to the project database.
To save changes in the database, the user must save the

information from File menu — Save submenu (Form/Table).

Returns the user to the default form display screen without saving
the information (Form/Table). The Cancel option is displayed only
after Add Record or Edit Record is selected.

Applies and saves any new information or changes made with the
Add Record and Edit Record commands (Form). The Update
Record option appears only after Add Record or Edit Record

is selected.

Copies the information of the entire row into another row (Table).

3.6.4.1 Severe Events

When the Severe Events option is selected from the HRA submenu, a table form window

is displayed containing the events filtered by “Yes” in the Severe Events field in the Human
Reliability Analysis Form or Human Reliability Analysis Table window. The window displays
Category, Human action, Performance Shaping Factors, Recovery Action, Effect of Failure,
DOE Safeguards and Controls, Justification from the Human Reliability Analysis Form or Table,
and Remarks. There is an Edit Record button that allows editing only in the Remark column to
record additional information. The PCSA tool also generates a report on the severe events list
using the Show Report button.
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3.7 Freq. Analysis
This menu has four submenus Initiating Event, Event Tree, Fault Tree, and Event Sequence.
3.71 Initiating Event

The Initiating Event submenu is located in the Freq. Analysis menu in the main menu bar. The
Initiating Event submenu can be used only when a functional area has been selected from the
Proj. Tree menu. The information can be input into the Initiating Event Form or Table using the
Action Commands. The Initiating Event Table is accessed within the Initiating Event Form.

The Initiating Event Form and Initiating Event Table windows are shown in Figures 3.7.1-1 and
3.7.1-2. The description of individual data entry fields shown in Figures 3.7.1-1 and 3.7.1-2 are
presented next.

Functional ID: Displays the identification number of the functional area along with the
description of the functional area selected from the Project Tree.

Iltem No.: An item number automatically assigned to the current record.

Event ID: Enter an identification number for each initiating event. The tool will not allow entry of
additional data in this window without an identification number. The identification number
provides a link to event scenarios and sequences and all other subsequent analyses conducted
in the tool.

Hazard ID: Select the Hazard ID from the Select Hazard ID Form that opens when the user
selects the Edit Hazard ID button. The user has the option to select from External Events or
Severe Internal Events.

Manual Data: Check this box to allow the user to manually enter doses for event sequences
associated with this initiating event.

Description: Provide a short description and nature of initiating event, whether operational or
natural, or human induced.

Frequency: Enter frequency of the initiating event.

Preclosure Period (yr): Assign preclosure period associated with each initiating event. User
can use the drop-down list to select the preclosure period or type it in.

Operation Period (yr): Assign operational period associated with each initiating event. User
can use the drop-down list to select the operational period or type it in.

Category: The tool will automatically input the frequency category of the initiating event based
on the frequency category limits defined in 10 CFR Part 63 once frequency is provided.

Uncertainty: Enter information on uncertainty in estimating the frequency of initiating event if the
“Yes” radio button is selected.
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Frequency Calculation Details: Record detailed information on the frequency estimation,
including all calculations, in this field. When the frequency calculator is used, the numbers used
in calculating frequency are automatically transferred into this field.

Event Included for Sequence Analysis: Enter the decision to exclude or include initiating events
from the hazards list in preclosure safety analysis for determining event sequences using the
“Yes” or “No” radio button.

Justification: Record the reason for inclusion or exclusion of initiating events for further
preclosure safety analysis to include identifying Structures, Systems, and Components Design
Bases or Design Criteria that preclude its inclusion.

Additional Information: Provide comments, remarks, references to reports, and
literature citations.

Initiating Event Form, Project: PCSADemo

Functional ID  |Functional &rea; "W aste Handling Building ;l
Canister Transfer System
E.3.3 Canister Transfer Cell

Item Mo. IDDD1.DD [~ Manual Data Hazard ID  [HazardID1
EventID  [ETSIEDT EdtHazamin)| [Eleabezamin|

Description EBridge crane failure during tranzfer of canisters from branzportation cazk to Dizpozal containers ;I

[~

Frequency IW Preclosure Period [pr] m Category IW
Freg) Ealulator | Operation Period (yr] lﬁ

Uncertainty [Failure Rate; 0.000017] * [Mumber of Hours or =
€ es | | Frequency |Demands: 1602] = [Number of Failures:
& No Calculation |0.027234)

. Details [emand calculations: Mumber of canisters
Information ;I

handled per year is 801. Each canister is LI

- Event Included for Sequence Analysis Frobability of Bridge crane failure per demand ;I

[Idn?ntify any SS_C DESiQU Bases or Design Criteria iz 1.7E-5. The failure probability bridge crane
which preclude it inclusion.] AT systern is analyzed by faulk tree, using
& ez Initiating event frequency >10E6 LI itional  15APHIRE. The fault tres details can be found
& Mo & defective canister can breach Information i event is BDCF the
I upan fall
Justification LI LI
Delete : Show It Ewert
Add Record s Edit Hecordl 14| 4|Fecard 1 » | Nl Blema Table Cloze

Figure 3.7.1-1. Initiating Event Form
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Initiating Event Table, Project: PC5ADemo

Iriit Exvent Form |

Functional 1D Functional Area: Waste Handling Building ;I
E33 Canizter Transfer System
I -~ Canister Transfer Cell
[
Manual P Freq Calc Include PR . Uncertainty |PEI Oper
ltern Mo |IE ID Hazard ID |Data Diescription ||E Freq Dietails (D S Jugtification | Additional Info | Uncert Inio Peiiod | Period
000100 | CTS-E-M HazardID1 M Bridge crane | 2.72E-02 | [Failure Rate: | Initiating event Probabiliy of | W o0 |75

000200 | TEST-E-DOE1 Test Hazard1 Y

Test Event 1

1.23E-02  TestCalcEntry | N Just atest1 | Mothingto add W 100 5O

tddRecord | [

Edit Record

Copy Record | Delete Record | Show Report | Cloge

Figure 3.7.1-2. Initiating Event Table

Action Commands (Figures 3.7.1-1 and 3.7.1-2)

Add Record:

Delete Record:

Edit Record:

Show Report:

Init. Event Form/
Init. Event Table:

Close:

Activates the text box and allows the user to add a record (Form).
Activates a new record by inputting a row (Table).

Deletes the record currently displayed in the Init. Event Form and the row
that is currently selected in the Init. Event Table. The user will be
prompted “Are you sure you want to delete record?” after Delete Record
is selected (Form/Table).

Allows the user to modify any data entry fields (Form). Allows the user to
modify a selected cell (Table).

Displays the information in a report format (Form/Table).

Allows the user to toggle between Init. Event Form and
Init. Event Table windows.

Returns to the main project screen after saving changes made. However,
Close does not save changes to the project database. To save changes

in the database, the user must save the information from File menu -
Save submenu (Form/Table).
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Cancel: Returns the user to the default form display screen without saving the
information (Form/Table). The Cancel option is displayed only after Add
Record or Edit Record is selected.

Update Record: Applies and saves any new information or changes made with the Add
Record and Edit Record commands (Form). The Update Record option
appears only after Add Record or Edit Record is selected.

Copy Record: Copies the information of the entire row into another row (Table).

Freq. Calculator: Displays the Frequency Calculation window to calculate expected
frequency of failure when failure rate and number of operating hours or
demands are entered. The information is automatically recorded in this
Frequency Calculation Details field (Form).

3.7.2 Event Tree

Event scenarios are created in the PCSA Tool to serve as inputs for the event tree diagrams to
be modeled and analyzed using the SAPHIRE Version 6.80 code. To develop an event
scenario, the user selects the Freq. Analysis menu in the main menu bar and the Event Tree
submenu. The event scenarios are developed using the Event Tree Form, which contains the
Event Scenario tab and Subsequent Events tab. The user develops an event scenario based
on the initiating event and postulated sequence of events. The user assigns a unique
alphanumeric identification for the scenario in the Scenario ID field and provides the appropriate
data entry information. In addition, the Event Tree Form includes a “Yes” or “No” radio buttons
for the user to select if the postulated event scenario will be used in performance analysis later.
By default, all event scenarios are included for performance analysis. Those not required for
performance analysis can be deselected. The user, however, can make the choice at any time
and is not required to decide while developing the event scenario.

3.7.21 Event Scenario
This section presents the input parameters for the Event Scenario tab shown in Figure 3.7.2-1.

Functional ID: Displays the identification number for the functional area along with a description
for the functional area selected from the Project Tree.

Event Scenario Section: To access the text fields in the Event Scenario section, the user must
select one of the buttons, Add Scenario, Delete Scenario, or Edit Record, at the bottom of the
form.

Iltem No.: An item number is automatically assigned to the current record.

Scenario ID: Provides alphanumeric identification for the scenario. The tool will not

allow entry of additional data without a scenario identification number. The identification

number provides a link to initiating events and event sequences and all other
subsequent analyses conducted in the tool.
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Include for Perform. Analysis: Select or deselect to choose whether or not the event
scenario will be included for performance analysis (e.g., safety assessment or risk
assessment).

Material at Risk: Enter a description for the waste material that takes part in the
scenario.

Event Scenario Description: Provide a short description and nature of the scenario.

Additional Information: Provide comments, remarks, and references to reports.
Literature citations may be recorded here.

Saphire Data Path: Provide location of the SAPHIRE data for the Event Tree Analysis.

Initiating Event Section: The user must choose an initiating event ID. The remaining fields in

this section are populated based on the user’s selection. The data fields: Frequency,
Uncertainty, Manual Data, and Description in the Initiating Event section of the Event Tree Form
are displayed from previous input (see Section 3.7.1) and may not be changed on the current
screen. To change any data entry fields in the Initiating Event section, the user must exit the
Event Tree Form and make the changes on the Initiating Event Form discussed in

Section 3.7.1.

Ewent Tree Form, Project: PCS5ADemo

Functional ID  |Functional Area: Waste Handling Building ;I
Canister Transfer Spstem
IE'B'3 Canister Transfer Cell

I

Event Scenario T Subsequent Events

— Ewent Scenario
Item Mo IDDEH.IJD Include for Perform. Analpsis & Ye: ¢ Mo

Scenario ID IETS-ES-EH Material at Risk |

E L5 . [Vertical drop of canister from bridae crane on to andather canister in staging rack. Canister with weld ;l
D"e" _DCENano | . may or may not breach and HWALC may or may not be available.
escrption
[
Additional Probability of defective canister iz azsumed az 1.06E-3 and that of HYAL unavailability 4.80E-4, ;I
Information "Preliminary Preclozure Desigh Bagis Event Calculations far the Monitored G eologic Repository.
BCO00000-01717-0210-00007. Rewvigion 00, Las Wegas, Newada: CRWMS ME0. 1938 _|

Saphire Data
Path

— Imitiating Event

Event ID ICTS-IE-D1 VI Frequency |2.?2E-D2 Uncertainty © Ye: & Mo [ Manual Data

|\S aphireProjects\mpl_&TS51

D escription Bridge crane Failure during transfer of canisters;l ;l
from tranzportation cask to Dispozal ;| ;l
4| 4 |Recard: 1 (B I Nl Add Scenario | Delete Scenario | Edit Recaord | Show Report | Close |

Figure 3.7.2-1. Event Tree Input Tab
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Action Commands

Add Scenario: Activates the text boxes in the Event Scenario section and allows
the user to add a scenario.

Delete Scenario: Deletes the scenario currently displayed in the form. The user
will be prompted “Are you sure you want to delete scenario and
all subsequent associated events?” after Delete Scenario

is selected.

Edit Record: Allows the user to modify previous information input into the
Event Scenario section.

Show Report: Displays information in report format.

Close: Returns to the main project screen automatically saving

any changes.

Update Record: Applies and saves any changes made in the Add Scenario and
Edit Record commands. The Update Record command is
displayed only after Add Scenario or Edit Record is selected.

Cancel: Returns the user to the Event Tree Form without saving any new
input information. The Cancel command is displayed only after
Add Scenario or Edit Record is selected.

3.7.2.2 Subsequent Events

This section presents the input parameters for the Subsequent Events tab shown in
Figure 3.7.2-2.

Item No: An item or number of a subsequent event is automatically assigned.

Event ID: Assign an alphanumeric subsequent event identification. The same Event IDs that
are used in the SAPHIRE event tree models should be used here.

Description: Provide a short description for the Subsequent Event.

Safety System or Structures, Systems, and Components: Select one of the previously entered
structures, systems, and components.

Probability: Assign the probability of system/operations failure. The rationale for probability can
be entered in the Additional Information field of the Event Scenario tab.

Uncertainty: Select “Yes” or “No.” If “Yes” is selected, the user can input information
concerning the uncertainty of the event.

Uncertainty Data: Enter the uncertainty information for the subsequent event.

Linking: Indicate if the probability of failure is linked to a fault tree in SAPHIRE.
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Event Tree Form. Project: PC5ADemo

Functional ID

IE.3.3

Functional &rea; W aste Handling Building ;I
Canister Tranzfer Spstem
Canister Transfer Cel

I~

0002.00 | TestDZ

Add Fecord |

Ewent Scenaro T :
Item Mo ‘ Ewvent |D ‘ D ezcription Safety System Probability Uncer- Uncertainty Linking | Link Details
or 55 tainty | Data
0001.00 | TestD1 Breach of 1.08E-03 M

HVAC

Edit Fecard |

4.80E-04 N N

Copy Record | Delete Record | Show Report | Cloge

Figure 3.7.2-2. Subsequent Events Input Tab

Link Details: Enter details for linking the probability of failure to the fault tree.

Action Commands

Add Record:

Prompts the user to enter an ID and inserts a new row into the

subsequent events folder.

Edit Record:

Copy Record:

Allows the user to modify data within a selected cell.

Prompts the user to enter an ID and copies the selected row and inserts

the row into the Subsequent Events folder.

Delete Record:

Deletes the record currently selected in the form. The user will be

prompted “Are you sure you want to delete (Item No.)?” after Delete
Record is selected.

Show Report:

Close:

Displays the information in report format.

Returns to the main project screen, automatically saving any changes.
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3.7.3 Fault Tree

The Fault Tree submenu can be accessed through the Freq. Analysis menu located in the
main menu bar. The Fault Tree submenu opens the Fault Tree Form which allows users to
generate data for fault tree analysis. The Fault Tree Form, as shown in Figure 3.7.3-1, allows
data entry using the Action Commands. Within the Fault Tree Form, the user can view the fault
tree data in tabular format, as shown in Figure 3.7.3-2, by clicking on the Event Table button.
Descriptions for the individual data entry fields shown in Figure 3.7.3-1 are presented next.

Functional ID: Displays the identification number and a description of the functional area
selected from the Project Tree.

Item No.: An item number is automatically assigned to the current record.

Probabilities: Enter the “Probabilities” or “Frequencies” of the top event derived by SAPHIRE
analysis. The mean, median, and 5"- and 95"-percentile values of the top event from the
uncertainty analysis can be entered. In addition, the point estimate value is stored in the
Point Estimate field.

Top Event Name: Provide the Top Event name.

Top Event Description: Provide a brief description of the event.

Additional Information: Provide comments, remarks, references to reports. Literature citations
should be recorded here.

Saphire Data Location: Enter the location of the SAPHIRE data for the fault tree analysis for the
current form.

Fault Tree Form, Project: PCSADemo

Funchtional ID  |Functional Area; 'Waste Handling Building ;I
Canister Transfer System
|E-3-3 Canister Transfer Cell
Probabilities it
Item No. [l oo {ﬁ' Priobetili=s  Eotimate  Mean | 5% |
Top Event I— & Frequencies [1.7E-5 Median 95
gk BOFC | | |
Top Event Eridge Crane Failure ;l
Descnption _|
Additi I F ailure of bridge crane svstem failure i modeled after Duke, &), "Reliability Techniques Used in the ;I
Inf ||nr;:a Azzezzment of Cranes." MCSR/GR/EL. Warngton, United Kingdom: Mational Center of Sustems
e Reliability, United Kingdom Atomic Energy Authority, 1985, B
Saphire Data - -
Location A5 aphireProjectshmpl
Delet f Sh Event
Add Record F!Z;::d Edit Record| | |4 4 |Fecord: 1 [ 3 | Hl Heggrt T;EIT: Cloze

Figure 3.7.3-1. Fault Tree Form
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Fault Tree Event Table. Project: PC5ADemo

Functional 1D Functional Area: “waste Handling Building ;I
Canister Transfer System
E.3.3 Carister Transfer Cell
[ ]

Top Event Name IBDFE— Top Event Description IBridge Crane Failure

Item Mo | Event Mame | Type of Event Dezcription | Probability | Uncertainty Additional Info
_|0001.00 | BMFC Basic Erake Motor Coupling | 8.00E-07 | Point Estimate |Under gate EL-G11
_|0002.00 | BMSF Basic: Brake Motor Shaft 2 00E-07 | Paint E stimate: Under gate EL-G11
[ 0003.00 | HMF Basic Hoist botor Failure E.O0E-05 | Point Estimate Under gate EL-G11
_|0004.00 ESF Basic: Emergency Stop Push | 250E-04 | Paint Estimate Under gate EL-G12
_| 0005.00 | DMHF Basic Dead Man's Handle 254E-04 | Point Estimate Under gate EL-G12
| 0006.00 | HEF Basic Haok Failure 2.00E-03 | Paint Estimate Under gate MECHF
_[0007.00 |RDF B asic Rope Drum Failure 4 00E-08  Point Estimate Under gate MECHF
_{0003.00 | RDPF Basic Rope Drum Pedestal | 4.00E-08 | Paint Estimate Under gate MECHF
| 0009.00 | DGSF Basic Drum/Gearbox Shatt | 2.00E-07 | Paint Estimate Under gate MECHF
_|0010.00 | DECF Basic Drum/Gearbox Coupling 8.00E-07 | Point Estimate |Inder gate MECHF
_[{0011.00 |BKF Basic Brake Failure 1.00E-05  Point E stimate Under gate MECHF
{0200 |RSF Basic Rope System Failure 4 00E-0E8  Point E stimate Under gate MECHF

0300 | GBF B asic Gearbox Failure 1.00E-08  Point E stimate Under gate MECHF
_[0014.00 | GBSF B asic Gearbox Brake Failure | 2.00E-07 | Point E stimate Under gate MECHF

0500 | GBCF Basic Gearbow/Brake Shaft | B.00E-07 | Point Estimate Under gate MECHF

i AddFecord Edit Record | Copy Record | Delete Record | Show Report | Cloze

Figure 3.7.3-2. Fault Tree Event Table

Action Commands (Figures 3.7.3-1 and 3.7.3-2)

Add Record:

Delete Record:

Edit Record:

Show Report:
Event Table:

Close:

Activates the text box and allows the user to add a record (Form).
Activates a new record by inputting a row (Table).

Deletes the record currently displayed in the Fault Tree Form and the row
that is currently selected in the Fault Tree Event Table. The user will be
prompted “Are you sure you want to delete record?” after Delete Record
is selected (Form/Table).

Allows the user to modify any data entry fields (Form). Allows the user to
modify a selected cell (Table).

Displays the information in a report format (Form/Table).
Allows the user to access the Fault Tree Event Table (Form).

Returns to the main project screen after saving the changes. However,
Close does not save changes to the project database. To save changes

in the database, the user must save the information from File menu -
Save submenu (Form). Returns the user to the Fault Tree Form (Table).
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Cancel: Returns the user to the default form display screen without saving the
information (Form/Table). The Cancel option is displayed only after Add
Record or Edit Record is selected.

Update Record: Applies and saves any new information or changes made with the Add
Record and Edit Record commands (Form). The Update Record option
appears only after Add Record or Edit Record is selected.

Copy Record: Copies the information of the entire row into another row (Table).

3.74 Event Sequence

The Event Sequence submenu can be accessed from the Freq. Analysis menu located in the
main toolbar. The Event Sequence Form guides the user when entering information into the
database for event sequences. The user first selects the Scenario ID from the drop-down list,
which shows a list of all the scenario ID, in the functional area. Upon selecting an event
scenario, the details about an associated initiating event are displayed. The user can enter data
in the data entry fields with the Action Commands. A unique event sequence identification
should be provided using any combination of alphanumeric characters. Descriptions of the
individual data entry fields shown in Figure 3.7.4-1 are presented next.

Functional ID: Displays the identification number and description of the functional area selected
from the Project Tree.

Scenario ID: Select a Scenario ID from drop-down list.

Preclosure Period: Displays the preclosure period associated with the initiating event selected.

Event Scenario and Initiating Event Information section: Once the user selects a Scenario ID,
this section displays the event scenario and initiating event information associated with the
Scenario ID. Everything listed in the Event Scenario and Initiating Event Information section of
the Event Sequence Form is displayed from previous input and may not be changed in the
current screen.

Item No.: An item number is automatically assigned to the current record.

Event Sequence ID: Enter the identification number of the current event sequence. Tool will
not allow the user to save information in this window without an Event Sequence ID.

Applicability of Event: Select “Worker Dose,” “Public Dose,” or “Both.”

Event Seq. Frequency: Enter event sequence frequency from the event tree analysis either
based on a point estimate or uncertainty analysis (conducted using the SAPHIRE Version 6.70
code). If the SAPHIRE analysis is based on uncertainty analysis, the mean frequency should
be entered.

Description: Provide a brief description of the current event sequence.
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Category: Displays the

Expected No. of Events:

Freq. Analysis

Category (1, 2, or BCFL) of the event sequence.

Displays the calculated expected number of events.

End State: Define the possible radioactive release scenarios qualitatively, for example, low,

high, and moderate.

Additional Information: Provide comments, remarks, references to reports; literature citations
should be recorded here.

Event Sequence Form. Project: PCSADemo

Functional I
E.3.3

Functional Area: "Waste Handling Building ;l
Canister Tranzfer Spstem
Canizter Transfer Cell

=

Scenario ID

Manual Data

5 aphire Data
Path

— Ewvent Scenario and Initiating Event Inforl

IETS-ES-D‘I VI Preclozure Period |1DD Init. Event ID IET5.|E.D1
r DOperation Period I?E Init. Event Frequency [3 72€.02

I\S aphireProjects\rmpl_ATS1

Item Mo.
Applicability of

Event

Description

End State

Additional

Information

Add Record

IDDD1.DD Event Sequence ID ICTS-1 -01

@& Public Dose & Worker Dose & Both ‘ Event 5eq. Frequency |2_59E-02

Carnister drop, canister intact no breach ;l Category |1
Expected Ho. l—
;I of Events EW7E
MNo-release ;I
Delete : - Show Ewent Seq.
Record Edit Fiecord| | 4] 4 |Record: 1 Llﬂl Report | Table Rliee

Figure 3.7.4-1. Event Sequence Form

PCSA Tool Version 3.0 User Guide
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Functional ID Functional Area: “waste Handling Building d
Canister Tranzfer System
E.3.3 Canister Tranzfer Cell
El
Item Mo |Ev8c:en [} |EvSeq D |F'W' B |EvSeq Freq |Eategory | Drescription End State Additional Infa Expected No | Probability of ﬂ
of Events Occurence
_|0001.00 | ETS-ES-0 CT5-1-01 F 2.B9E-02 1 Canizter drop, canister| No-release 2m7s
_[0002.00 | CTS-ES- CT5-1-02 F 2.86E-05 2 Canister drop, canister | Small release 214E-03
_|0003.00 CTS-E5-0 CT5-1-03 P 1.37E-08 BCFL Canister drop, canister | Large releaze 1.03E-06
_|0004.00 TEST-ESDOE1 | TESTEQ-DOET P 456E-02 1 Test Event 1 TestEnd 1 Mothing to add 1 228
| 0005.00 TEST-ES-DOE1 | gfsdad P 456E-02 1 Test Event 1 TestEnd 1 Mothing to add 1 228
_[0006.00 | TEST-ESDOET | t3nt34 P 456E-02 1 Test Event 1 TestEnd 1 Mothing to add 1 228
_[0007.00 | TEST-ESDOET | bwert F 4 BEE-02 1 Test Event 1 TestEnd 1 Mothing to add 1 228
| 000300 | TEST-ES-DOET | ujudityl F 4 BEE-02 1 Test Event 1 TestEnd1 Mathing to add 1 228
_[0003.00 | TEST-ESDOET | uBeupeyer W 4 BEE-05 2 Test Event 1 TestEnd 1 Mothing to add 1 228803
| 0010.00 | TEST-ES-DOET | uySebuysh P 4 5EE-02 1 Test Event 1 TestEnd 1 Mathing to add 1 2.28
_|0011.00 TEST-ES-DOE1 | 467654645 W 456E-02 1 Test Event 1 TestEnd 1 Mothing to add 1 228
| 001200 TEST-ES-DOET | B5464wS B 4.56E-02 1 Test Event 1 TestEnd1 Mathing to add 1 228
_|0013.00 TEST-ES-DOE1 | tu?u W 456E-02 1 Test Event 1 TestEnd 1 Mothing to add 1 228
_|0014.00 TEST-ES-DOE1 | FuBE7pt B 45EE-0E |2 Test Event 1 TestEnd 1 Mothing to add 1 2.28E-04
_[0015.00 | TEST-ESDOET | 75675675 W 456E-02 1 Test Event 1 TestEnd 1 Mothing to add 1 228
_[0016.00 | CTS-ES- TEA7EAuy F 2B9E-02 1 Canizter drop, canister| No-release 20175
_|0017.00 | CTS-ES-0 tuuSEeuSE B 2B3E-02 1 Canister drop, canister| No-release 2075
_[0018.00 | CTS-ES- FhEULE B 2.69E-02 1 Canister drop, canister | No-release 20175
_|0013.00 | ETS-ES-0 BuBE7i7Er W 2.B9E-04 2 Canigter drop, canister| Mo-release 2.00E-02
_[0020.00 | CTS-ES- IE7BUEEUEE B 2.69E-07 BCFL Canister drop, canister | No-release 202E-05
0021.00 | CTS-ES-01 BubuGTu F 2.B9E-02 1 Canizter drop, canister| No-release 2m7s LI
Edit Record | Copy Fecord | Delete Record | Show Report | Close
Figure 3.7.4-2. Event Sequence Table
Action Commands (Figures 3.7.4-1 and 3.7.4-2)
Add Record: Activates the text box and allows the user to add a record (Form).
Delete Record: Deletes the record currently displayed in the Event Sequence Form and

the row that is currently selected in the Event Sequence Table. The user
will be prompted “Are you sure you want to delete record?” after
Delete Record is selected (Form/Table).

Edit Record: Allows the user to modify any data entry fields (Form). Allows the user to
modify a selected cell (Table).
Show Report: Displays the information in a report format (Form/Table).

Event Seq. Form/  Allows the user to toggle between Event Sequence Form and
Event Seq. Table: Event Sequence Table windows.

Close: Returns to the main project screen after saving the changes. However,
Close does not save changes to the project database. To save changes

in the database, the user must save the information from File menu —
Save submenu (Form/Table).
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Cancel: Returns the user to the default form display screen without saving the
information (Form/Table). The Cancel option is displayed only after Add
Record or Edit Record is selected.

Update Record: Applies and saves any new information or changes made with the
Add Record and Edit Record commands (Form). The Update Record
option appears only after Add Record or Edit Record is selected.

Copy Record: Copies the information of the entire row into another row (Table).
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3.8 SAPHIRE

The SAPHIRE menu in the PCSA Tool is used to run the SAPHIRE Version 6.80 code

(Idaho National Engineering and Environmental Laboratory, 1998). Clicking on the Run
Saphire submenu launches the application for the user. Currently, there is no exchange of data
between the tool and the SAPHIRE Version 6.80 code. Consequently, data required to run
SAPHIRE Version 6.80 code must be separately entered, and the user must be familiar with the
software package. SAPHIRE Version 6.80 code is used for event tree and fault tree analyses.

3.8.1 Run SAPHIRE

Selecting the Run Saphire submenu opens the SAPHIRE for Windows screen illustrated in
Figure 3.8.1-1.

* SAPHIRE for Windows

File Help

-}
X = ?
E it Mew | Open Help

WWelcome to SAPHIRE YWerzion 580 | i

Figure 3.8.1-1. SAPHIRE for Windows Screen
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3.9 Conseq.

The Conseq. menu contains three consequence calculation submenus: Public Dose,
Worker Dose, and Advanced RSAC Input.

3.91 Public Dose

The Public Dose option performs a calculation of the radiological consequences to an offsite
member of the public from an atmospheric release of radioactive material. It uses both
deterministic and probabilistic approaches. The receptor is assumed to be an adult located
directly downwind from the point where the radioactive material is released. Mitigative credit is
taken neither for evacuation of the public nor for remediation of radioactive contamination.

As depicted by the Public Dose submenus in Figure 3.9.1-1, the RSAC Version 6.2 code
(hereafter referred to as RSAC) and MELCOR Version 1.8.5 code (hereafter referred to as
MELCOR) can be used for the Public Dose calculation. RSAC calculates internal and external
doses to the receptor. Internal doses are calculated for the inhalation and ingestion pathways,
and the external doses are computed for the pathways of ground surface exposure and
submersion in the passing airborne plume. The consequence module calculates public doses
for the ingestion pathway based on the consumption of food produced locally at the receptor
location. Thus, caution should be used when calculating doses from the ingestion pathway for a
residential receptor whose location differs significantly from the location where the receptor’s
food is produced (see additional discussion in Section 3.9.1.1). MELCOR is used to estimate
the building discharge fractions, which serve as input parameters for the public dose calculation.
Presented in Section 3.9.1.2, execution of MELCOR is not required for calculation of the public
dose but can be used to determine a realistic source term.

3.9.1.1 RSAC

RSAC is used to calculate radiological consequences to an offsite member of the public from an
atmospheric release of radioactive material using deterministic and probabilistic approaches.
Shown in Figure 3.9.1-1, selecting RSAC from the drop-down list invokes the RSAC Public:
New or Modified Analysis window.

The RSAC submenu allows access to the input data for the dose calculation, organized in nine
RSAC input tabs. Default values are provided for each parameter. Where possible, site-
specific data for the Yucca Mountain site or best-estimate values are assigned as the defaults.
Dasgupta, et al. (2002) provide rationale for the selection of the default values.

All parameters used for creating an RSAC input file and performing a dose calculation are
displayed in the nine input folders. Several parameters, however, are fixed for the RSAC
submenu and are displayed for reference only. The following discussion provides the rationale
for fixing the value of one example parameter. The first parameter listed for the Ingestion Dose
input is the Type of dose calculation. This parameter has been fixed at a value of 3 to
command RSAC to perform an ingestion dose calculation that allows user-supplied data for
ingestion parameters (such as the receptor’s annual consumption of contaminated vegetables,
meat, and milk). RSAC allows one other option for an ingestion dose calculation in which
generic ingestion parameters are used for a chronic (i.e., long-term) release of radioactive
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. PCSA Tool. Yersion 3.0.0. (BetaR] for evaluation only. not for licensing use: Project: PCSADemo, Functional ID: E.3.3 - Canister Transter Cell

File Pioj Tree  Ext Events Spstem Int Events Freq Analysis Saphie | Conseq. Perform.  Sw Reliabiity Faluwe Rate Checklists Regs. Images Help

Ol MELCOR » [T
Dutput

58
d RSAC Input

Figure 3.9.1-1. Conseq. Menu

material and the diet of the generic receptor consisting entirely of contaminated food. This other
ingestion option is so restrictive it only allows the user to enter input data for two
parameters—Decay time for exponential decay function(s) and TB—Plant midpoint of operating
life (y). Other options exist for the Type of dose calculation; however, they correspond to dose
calculations for pathways other than ingestion. The dose calculation inputs for pathways other
than ingestion are addressed separately by the other input folders (Inhalation Dose, Ground
Surface Dose, and Submersion Dose).

At the bottom of each folder, the Restore Point Estimates to Defaults command is displayed.
This command allows the user to reset those input parameters that have not been assigned
distributions for Latin Hypercube Sampling (LHS) to their default values. The Restore Point
Estimates to Defaults option only affects the input in the current folder. To reset all inputs
(point estimates and distributions), the Restore All Defaults should be used (refer to the
discussion in the Action Commands section).

For a probabilistic dose calculation, certain parameters throughout the RSAC Input window
display **LHS** in the Input Value column. Double-clicking the **LHS** will display the

LHS Input window shown in Figure 3.9.1-2. The user may select the desired type of distribution
from the drop-down list provided or select the Set Default button to reset to the default
distribution and values. Near the bottom of the window, the user can input the numerical values
for that distribution. As shown in Figure 3.9.1-2, the constant A corresponds to a 0.33 numerical
value for the parameter, Fraction of annual fresh vegetables that are contaminated by acute
release. For a more in-depth description of the LHS Input window, refer to Dasgupta, et al.
(2002, Section 7.1.3).
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The Type of Run (“Deterministic” or “Probabilistic”) can be selected at the bottom of any of the
nine input folders. The following sections present the nine input folders followed by a section
about the execution of the RSAC dose calculation.

Edit RSAC LHS Input

Fraction af annual frezh vegetables that are contaminated by acute releasze

Select Distribution

COMSTAMT j Set Default |

A
A Iz the walue of the constant

0.33

=

Cancel |

Figure 3.9.1-2. RSAC LHS Input Window for Specifying
Input Distributions and Values for a Probabilistic Dose
Calculation
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3.9.1.1.1 Fuel Selection/Assemblies Breached

This section presents the input parameters for the Fuel Selection/Assemblies Breached tab
shown in Figure 3.9.1-3.

Fuel Type: Choose between BWR, PWR, and User Specified. BWR (Boiling Water Reactor)
and PWR (Pressurized Water Reactor) options have default values, while the User Specified
option enables the user to alter the Inventory (Ci/Assembly) column in the View Source

Term Folder.

Fuel Characteristics: The fuel characteristics for Fuel Types BWR and PWR are displayed for
reference purposes only and may not be changed by the user.

Co-60 Crud Activity (Ci/Assembly): Enter a value greater than or equal to zero.

Number of Assemblies Breached: Input any desired integer or use the drop-down list for
selecting the number of assemblies breached. All of the fuel rods are assumed to be breached
in each breached assembly. If the user wants to specify that some fraction of the rods breach
for each assembly, the release fractions should be multiplied by that fraction in the Release
Fraction by Group input folder.

RSAC Public: New or Modified Analpsis

RSAC Input | FiSAC Dutput
( Ingestion Dose T Submersion Doze T Ground Surface Doze
[ YView Source Term T Meteorclogical Data T Inhalation Dose

Fuel Selection / Assemblies Areached | Release Fraction by Group 1 Building Discharge, Probabilistic

~ Fuel Type

i~ BWR i PWR i~ User Specified
~ Fuel Ch
Type BwhR

Bumup [MwWd/MTU) 40000.0
Enrichment (%] 35
Decay Time [Y] 25.0

~ Co-60 Crud Activity [Cilh

~ Number of A

Restore Paint Estimates to Defaults | -

Type of Run
[t

Restore All Defaults

Load §aved Analysis | Perform Analysis | Cloze |

Figure 3.9.1-3. Fuel Selection/Assemblies Breach RSAC
Input Tab
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The following Action Commands correspond to Figures 3.9.1-3 through 3.9.1-11.

Action Commands

Restore All Defaults: Erases any changes made by the user and returns all values to
their default settings.

Type of Run: Allows the user to choose either a “Deterministic” or “Probabilistic”
type of run.
Load Saved Analysis: Allows the user to input a previously saved analysis to the RSAC

Public: New or Modified Analysis window.

Perform Analysis: Executes RSAC run.
Close: Closes the RSAC Public window retaining any user input
or changes.

3.9.1.1.2 Bldg. Discharge, HEPA, Probabilistic

This section presents the input parameters for the Bldg. Discharge, HEPA, Probabilistic tab
shown in Figure 3.9.1-4.

Fraction Discharged from Building Ventilation: Input any value between zero and one
(inclusive) for Vapors and Noble Gases, Crud (Co-60), and Particulates. These values can be
estimated by executing the MELCOR code (see Section 3.9.1.2).

Probabilistic: The feature may only be changed when “Probabilistic” is selected for Type of
Run. As a rule of thumb, the computation speed is approximated at 10 realizations per minute
(6 seconds per realization) for a personal computer with a 500-MHz processor.
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RSAL Public: New or Modified Analysis

RSAC Input 1 RSAC Dutput
r Ingestion Dose T Submersion Doze T Ground Surface Dose
f iew Source Tem T eteorological Data T Inhalation Dose
Fuel Selection / Aszemblies Breached T Release Fraction by Group T
Fraction Discharged from Building Yentilation Probabilistic
|1.D
s e il Baes 100 Number of Realizations
0.01 Crud [Co-60)
ISSSB
[o-o0z Particulates Random Seed
Restore Point Estimates to Defaults | -
Type of Run

Restore &l Defaults | ’7 D inisti i+ Probabilisti Load Saved Analysiz | Perfarm Analpsis | Close |

Figure 3.9.1-4. Bldg. Discharge, HEPA, Probabilistic RSAC
Input Tab

3.9.1.1.3 Release Fraction by Group

This section presents the input parameters for the Release Fraction by Group tab shown in
Figure 3.9.1-5. For each Group ID, the corresponding Group Name, Release Fraction, HEPA
Mitigation Operative/Inoperative, and Radionuclides in Group columns are displayed in
Figure 3.9.1-5. The user may view additional columns by using the horizontal slider. These
columns are: Release Fraction Default, HEPA Factor Default, MinValue, MaxValue,
MinMitiValue, and MaxMitiValue.

The user should select “Air” or “Pool” under the Release In option located near the bottom of the
folder, and then edit the release fractions. The user may also toggle between “Operative” or
“Inoperative” for the HEPA Filtration option.

The Release Fraction column and the HEPA Mitigation Operative columns may both be edited
by the user. The user may select from “Operative” or “Inoperative” HEPA filtration. Any value
between zero and one (inclusive) may be input for the HEPA Mitigation Operative value. A zero
value represents 100-percent mitigation (i.e., filtration). A value of one represents 0-percent
mitigation (i.e., no filtration). If HEPA Mitigation Inoperative is selected, then the HEPA
Mitigation Inoperative value is fixed at 1.0. The Release Fraction Default value displays the
default setting for the Release Fraction value. The HEPA Factor Default value displays the
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RSAC Public: Hew or Modified Analpsis

RSAC Input 1 FISAC Dutput
[ Ingestion Doge T Submersion Doge T Ground Surface Dose
[ Wiew Source Term T eteorological Diata T Inhalation Dose

Fuel Selection / Assemblies Breached T oup r Building Digcharge, Probabilistic
Group ID \ Group Mame | Rielease Fraction | HEP Mitigation Operative | Radionuclides [n Group
Group 1 H-3 | HS= 1.0 H-3
Group 2 Ruthenium *LHE" 0.0003 Ru-108
Group 3 lodine w H5 1.0 1129
Group 4 Cesium s 0.0003 Cg-134, Cs-135, Ce-137
Group 5 Moble gases *LH5* 10 Ar-39, Kr-85, An-219, Rn-220, Rn-222
Group B Strontium s 0.0003 Sr-30
Group 8 Co-B0 Crud *LH5* 0.0003 Co-60 Crud
Group 3 Other particulates and fuel fines | “LHS™ 0.0003 All athers

HEPA Filtration Release in
& Dperative & Air Restare Release Fraction Point Estimates to Defaults |
" Inoperative  Pool Restore HEPA Mitigation to Defaults |

Restone All Point E stimates to Defaults |

Type of Run
Restore All Defaults ||’ D inisti * Prohahilicti Load Saved Analysis | Perform Analysis | Close |

Figure 3.9.1-5. Release Fraction by Group RSAC Input Tab

default setting for the HEPA Mitigation Operative/Inoperative value. The MinValue and
MaxValue columns display the minimum and maximum values for the Release Fractions. The
MinMitiValue and MaxMitiValue columns display the minimum and maximum values for the
HEPA Mitigation Operative/Inoperative values. The minimum and maximum values are used for
checking the data entered by the user.

3.9.1.1.4 Meteorological Data

This section presents the input parameters for the Meteorological Data folder shown in
Figure 3.9.1-6. For each Input Parameter, the corresponding Input Value, Remarks, and
Default Value are displayed in Figure 3.9.1-6. The user may view additional columns by using
the horizontal slider. These columns are: LHS Abbreviations (“Probabilistic” only), MinValue,
MaxValue, and Last Point. The Input Value column is the only column that may be edited by
the user. The Default Value column displays the default values for the inputs. The MinValue
and MaxValue columns display the physical minimum and maximum values and are used to
check the input data. The Last Point column displays the last point estimate value the user
entered prior to choosing a run type of “Probabilistic.” The individual Input Parameter entries
are presented next.
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RSALC Public: Hew or Modified Analysis

RSAC Input 1 RiSAC Output
[ Fuel Selection / Assemblies Breached T Release Fraction by Group T Building Dizcharge, Probabilistic:
( Ingestion Dozse Submersion Doze T Ground Surface Dose

View Source Term T r Inhalation Dose
Input Parameter |Imput Walug ‘ Remarks |Dafau|t Yalug ‘
Awverage wind velocity m/s) LHE flaat - Most-probable velocity [site-specific estimats] 30
Stack release height [r] 400 flaat - Estimation of stack height 400
Mixing layer height [m)] =L H5= float - Average miking height based data from Desert Rock, Ny 1420.0
Air density [g/m™3) 1.29e+03 float - Site-specific mean value [Mohanty et &l., 2000) 1.29e+03
wet deposiion scavenging coefficient | 0.0 float - No plume depletion by wet deposition 0.0
Flume depletion by dry deposition 1 integer 'ex 1
Deposition velacities to be entered Yes YVes
Deposition velocities [ms) 5olids =L H5= float - RSAC-5 default value 0.001
Deposition velocities [md's] Halogens =LH5™ float - ASAC-S default value 0.0
Deposition velocities [mds) Noble gases | =LHS™ float - RSAC-5 default value 0.0
Dieposition velocities [md's] Cesium =LHS™ float - ASAC-G default value 0.001
Deposition velocities [mes) Ruthenium = H5® float - ASAC-5 default value 0.001
Drowrwind distance (m) 11000.0 float - Site-specific apprasimation [U.5. Department of Energy, 1998c) 11000.0
Linear constant in decay function [1/5) 1.0 float - ASAL default value for instantaneous release 10
Exponential constant in decay function | 0.0 float - RSAC default value for instantaneous elease 0.0
Crogswind distances to be entered No tewt - fizzuming critical group iz directly downwind Mo
Ditfugion definition 2 integer - Program calculates standard deviations 2
Tupe of zsigma [standard deviation] sst |1 integer - Hilsmeier-Gifford for < 15 min releazes at desert sites 1
Building width [m] 0.0 float - ASAC-5 default value 0.0
Building height [m) 0.0 float - RSAC-5 default value 0.0
‘wieather class =LH5™ integer - B relates to class F, the most-probable class [site-specific B
Plurne rige indicatar 1] integer - Mo plume rise 0

»
Fiestore Point E stimates to Defaults | -
Type of Run

Restore All Defaults | |V D i Load 5aved Analysis | Perform Analysis | Cloge |

Figure 3.9.1-6. Meteorological Data RSAC Input Tab

Average wind velocity (m/s): Value must be greater than zero. LHS allowed.

Stack release height (m): Value must be greater than or equal to zero.

Mixing layer height (m): Value must be greater than zero. LHS allowed.

Air density (a¢/m”*3): Value must be greater than zero.

Wet deposition scavenging coefficient (1/s): Value must be greater than or equal to zero.

Plume depletion by dry deposition: Input O for No or 1 for Yes.

Deposition velocities to be entered: This parameter has a set value of Yes. The parameter may
not be changed and is displayed for information purposes only.

Deposition velocities (m/s) Solids: Value must be greater than or equal to zero. LHS allowed.

Deposition velocities (m/s) Halogens: Value must be greater than or equal to zero. Halogens
are nonmetallic elements (F, CI, Br, |, and At). LHS allowed.

Deposition velocities (m/s) Noble gases: Value must be greater than or equal to zero. Noble
gases are inert elements (He, Ne, Ar, Kr, Xe, and Rn). LHS allowed.
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Deposition velocities (m/s) Cesium: Value must be greater than or equal to zero. LHS allowed.

Deposition velocities (m/s) Ruthenium: Value must be greater than or equal to zero.
LHS allowed.

Downwind distance (m): Value must be greater than or equal to zero.

Linear constant in decay function (1/s): Value must be greater than or equal to zero. A value of
1 corresponds to an instantaneous release.

Exponential constant in decay function (1/s): Value must be greater than or equal to zero. A
value of zero corresponds to an instantaneous release.

Crosswind distances to be entered: This parameter has a set value of No. The parameter may
not be changed and is listed for information purposes only.

Diffusion definition: This input parameter is fixed to a value of 2 so the RSAC code calculates
atmospheric diffusion. The parameter may not be changed and is listed for information
purposes only.

Type of sigma (standard deviation) set: This input parameter takes a value of 1, 2, or 3.

Value Diffusion Model Comments

1 Hilsmeier-Gifford Should be used for desert terrains for releases of a
few minutes to 15 minutes in duration
(Wenzel, 1994, pp. 4-18)

2 Markee Should be used for desert terrains for releases of
15 to 60 minutes in duration
(Wenzel, 1994, pp. 4-18)

3 Pasquill-Gifford Should be used for prairie grass terrains for
releases of 10 to 60 minutes in duration (Wenzel,
1994, pp. 4-18)

Building width (m): Value must be greater than or equal to zero. Stack release height must
equal zero for building wake effects to be calculated.

Building height (m): Value must be greater than or equal to zero. Stack release height must
equal zero for building wake effects to be calculated.

Weather class: This input parameter must be an integer between 1 and 8 with the following
definitions. LHS allowed.

3-65

PCSA Tool Version 3.0 User Guide



Conseq.

Value Weather Class Comments

1 A Most unstable; implies greatest dispersion

2 B —

3 C —

4 D —

5 E —

6 F Most stable; implies least dispersion

7 Fumigation Special case; requires a stack release height
greater than zero but less than or equal to the
mixing layer height

8 G Only for Pasquill-Gifford model; most stable; implies
least dispersion

Plume rise indicator: This input parameter is assigned a fixed value of zero, which indicates no
plume rise. In general, plume rise corresponds to higher effective stack heights, more diffusion,
lower radionuclide concentrations in the air at the ground surface, less deposition of
radionuclides on the ground, and lower doses.

3.9.1.1.5 Inhalation Dose

This section presents the input parameters for the Inhalation Dose tab shown in Figure 3.9.1-7.
For each Input Parameter, the corresponding Input Value, Remarks, and Default Value are
displayed in Figure 3.9.1-7. The user may view additional columns by using the horizontal
slider. These columns are: LHS Abbreviations (“Probabilistic”’ only), MinValue, MaxValue, and
Last Point. The individual entries are presented next.

Type of dose calculation: Fixed for an inhalation dose calculation and may not be edited.

Output control for dose: Fixed for dose summary output and may not be edited.

Dose unit: Fixed for units of rem and may not be edited.

Elements for calculation: Fixed for a dose calculation for all elements and may not be edited.

Organ choice: Fixed for a dose calculation for all organs and may not be edited.

For inhalation, breathing rate (m”3/s): Value must be greater than zero. LHS allowed.
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RSALC Public: New or Modified Analysis

RSAC Input 1 RSAC Dutput
r Fuel Selection / Assemblies Breached T Release Fraction by Group T Building Discharge, Probabilistic
f Ingestion Doze T Submersion Dose T Ground Surface Doze
Wiew Source Tem T Meteorological Data T in

Input Parameter |Inpul Walug |Hemalks |Defau|t Walue |
Tupe of dose calculation 1 integer - International Commisgion on R adiological Protection-30 inhalstion | 1

Output control for dose -2 integer - Only dose summaries -2

Dioze unit 1 integer - Output in rem 1
Elements for calculation 1] integer - All elements 1]
Organ chaice 1 integer - All organs 1
For inhalation, breathing rate (m™ 3/ = Hg# float - RSALC 24-hour average default 3.33e-04
Diecay time for exponential decap LHg float - RSAC default walue for instantaneaus release oo
Activity mean asrodynamic diameter = Hg# float - RSAL default value 1.0

3 integer - RSAC default classes 3

Clearance classes

Restare Point Estimates to Defaults | -

Type of Run
Restore All Defaults | ’7 D inicti = Probabilisti Load 5aved Analpsiz | Perform Analvsis | Close

Figure 3.9.1-7. Inhalation Dose RSAC Input Tab

Decay time for exponential decay fraction (s): Value must be greater than or equal to zero.
Value of zero corresponds to an instantaneous release. LHS allowed.

Activity mean aerodynamic diameter (micrometer): Value must be greater than zero.
LHS allowed.

Clearance classes: This value is a fixed parameter and may not be edited.

3.9.1.1.6 Ingestion Dose

This section presents the input parameters for the Ingestion Dose tab shown in Figure 3.9.1-8.
For each Input Parameter, the corresponding Input Value, Remarks and Default Value are
shown in Figure 3.9.1-8. The user may view additional columns by using the horizontal slider.
These columns are: LHS Abbreviations (Probabilistic only), MinValue, MaxValue, and Last
Point. The individual entries are presented below.

Currently, the consequence module calculates public doses for the ingestion pathway based on
the consumption of food produced locally at the receptor location. Thus, caution should be
used when calculating doses from the ingestion pathway for a residential receptor whose
location differs significantly from the location where the receptor’s food is produced. To account
for residential receptors who eat significant amounts of the contaminated, locally produced food,
ingestion doses for the residential receptor should be calculated based on the distance from the
source to the farm where the food is produced.
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RSAC Public: New or Modified Analpsis

RSAC Input T RSAL Dutput
( Wiew Source Temm T Meteorological D ata T Inhalation Dose
( Fuel Selection / Assemblies Breached T Release Fraction by Group T Building Discharge, Probabilistic
Ingestion Dose Submersion Dose T Ground Surface Doge
Input Parameter ‘Innut Walue |F|emarks ‘ D efault Walue |L|
Typpe of dose calculation 3 integer - Ingestion with user-specified parameters
Output control for dose -2 integer - Only dose summaries -2
Dioze unit 1 integer - Output in rem 1
Elements for calculation 0 integer - All elements 0
Organ choice 1 integer - &l oigans 1
Decay time for esponential decay 0.0 float - RSAC default value for instantaneous release 0.0
TE - Plant midpoint of operating life [y] 1.0 float - Doze during the year of intake for acute releases 1.0
Ingestion transfer parameter contral 0 integer - RSAC default transfer parameters used 0
Ingestion parameter control 2 integer - Llser-specified ingestion parameters 2
Time crops are exposed to contamination 7.0 float - Times < B0 d are interpreted as acute eleases 7.0
Harvest duration following acute elease 7.0 float - RSAC default value 70
Stored [other] vegetable consumption 238 float - Mean consumption of locally produced food Fram survey of 238
Fiesh [leafy] vegetable consumption rate 15.0 float - Mean consumption of locally produced food from survey of 150
Meat consumption rate (kg includes 3.7 float - Mean consumption of locally produced food fram survey of 37
tilk consumption rate (L) 41 flaat - Mean consumption of lacally praduced foad fram survey of 41
Fraction of stored vegetables fram 0.76 float - RSAC default value 0.76
Fraction of fresh vegetables fram garden 1.0 flaat - RSAC default value 10
Fietention factor for activity on forage 0.57 float - RSAC default value 0.57
Retention factor for activity on 02 flaat - RSAC default value o0z
FRietention factor for iodines an forage 1.0 float - RSAC default value 1.0
Remaval rate constant for crops [1/h) 0.0021 flaat - RSAC default value 0.0021
“Wegetable exposure time for chronic 358 float - Set equal to ane-half the time crops are exposed to 38
Forage exposure time for chronic 35 flaat - Set equal to ane-half the time crops are exposed to 35
ﬂiinmnval half-tirne: [d1 1n fnat - BEAT defailt valise in _}ILI
Restore Paint Estimates to Defaults | -
Type of Run """
Restore All Default: | |V & b i ™ Probabilisti Load Saved Analysis | Perform Analysis | Cloge |

Figure 3.9.1-8. Ingestion Dose RSAC Input Tab

Type of dose calculation: Fixed for an ingestion dose calculation and may not be edited.

Output control for dose: Fixed for dose summary output and may not be edited.

Dose unit: Fixed for units of rem and may not be edited.

Elements for calculation: Fixed for a dose calculation for all elements and may not be edited.

Organ choice: Fixed for a dose calculation for all organs and may not be edited.

Decay time for exponential decay function (s): Value must be greater than or equal to zero.
Value of zero corresponds to an instantaneous release. LHS allowed.

TB—-Plant mid point of operating life (y): Value must be greater than or equal to zero. If a value
of zero is specified, the RSAC code defaults to a value of 1 year. LHS allowed.

Ingestion transfer parameter control: Fixed for default transfer parameters and may not
be edited.

Ingestion parameter control: Fixed to allow user-specified ingestion parameters and may not
be edited.
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Time crops are exposed to contamination during the growing season (d): Value must be
between 0.04167 and 60 days. If values of O days or greater than 60 days are specified, the
RSAC code defaults to a value of 60 days. LHS allowed. The RSAC code will not calculate an
ingestion dose for values less than 0.04167 day.

Harvest duration following acute release (d): Value must be greater than or equal to zero.
LHS allowed.

Stored (other) vegetable consumption rate (wet kag/yr) includes fruits and grains: Value must be
greater than or equal to zero. LHS allowed.

Fresh (leafy) vegetable consumption rate (wet ka/yr): Value must be greater than or equal to
zero. LHS allowed.

Meat consumption rate (kg/yr) includes beef and poultry: Value must be greater than or equal
to zero. LHS allowed.

Milk consumption rate (L/yr): Value must be greater than or equal to zero. LHS allowed.

Fraction of stored vegetables from garden: Unitless value must be between zero and one
(inclusive). LHS allowed.

Fraction of fresh vegetables from garden: Unitless value must be between zero and one
(inclusive). LHS allowed.

Retention factor for activity on forage: Unitless value must be between zero and one (inclusive).
LHS allowed.

Retention factor for activity on vegetables: Unitless value must be between zero and one
(inclusive). LHS allowed.

Retention factor for iodines on forage: Unitless value must be between zero and one
(inclusive). LHS allowed.

Removal rate constant for crops (1/h): Value must be greater than or equal to zero.
LHS allowed.

Vegetable exposure time for chronic releases (d): Value must be greater than or equal to zero.
LHS allowed.

Forage exposure time for chronic releases (d): Value must be greater than or equal to zero.
LHS allowed.

HTO removal half-time (d): HTO refers to tritiated water (where at least one of the hydrogen
atoms in H,O is tritium, *H). Value must be greater than or equal to zero. LHS allowed.

Effective surface density for soil (kg/m”3): Value must be greater than zero. LHS allowed.
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Stored vegetable holdup time after harvest (d): Value must be greater than or equal to zero.
LHS allowed.

Fresh vegetable holdup time after harvest (d): Value must be greater than or equal to zero.
LHS allowed.

Animals daily forage feed (dry kg/d): Value must be greater than or equal to zero. LHS
allowed.

Feed-milk receptor transfer time (d): Value must be greater than or equal to zero. LHS allowed.

Slaughter to consumption time (d): Value must be greater than or equal to zero. LHS allowed.

Fraction of year that animals graze: Unitless value must be between zero and one (inclusive).
LHS allowed.

Fraction of feed that is pasture when grazing: Unitless value must be between zero and one
(inclusive). LHS allowed.

Stored feed holdup time (d): Value must be greater than or equal to zero. LHS allowed.

Vegetable vegetation yield (wet ka/m”2): Value must be greater than or equal to zero.
LHS allowed.

Forage vegetation yield (dry kg/m”2): Value must be greater than zero. LHS allowed.

Absolute humidity (kg/m*3): Value must be greater than zero. LHS allowed.

Fraction of annual stored vegetables that are contaminated by acute release: Unitless value
must be between zero and one (inclusive). LHS allowed.

Fraction of annual fresh vegetables that are contaminated by acute release: Unitless value
must be between zero and one (inclusive). LHS allowed.

Fraction of annual stored forage that is contaminated by acute release: Unitless value must be
between zero and one (inclusive). LHS allowed.

Fraction of annual fresh forage that is contaminated by acute release: Unitless value must be
between zero and one (inclusive). LHS allowed.

3.9.1.1.7 Ground Surface Dose

This section presents the input parameters for the Ground Surface Dose tab shown in

Figure 3.9.1-9. For each Input Parameter, the corresponding Input Value, Remarks, and
Default Value are displayed in Figure 3.9.1-9. The user may view additional columns by using
the horizontal slider. These columns are: LHS Abbreviations (Probabilistic Only), MinValue,
and MaxValue. The individual entries are presented below.

Type of dose calculation: Fixed for a ground surface dose calculation and may not be edited.
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RSAC Public: Hew or Modified Analysis

RSAC Input 1 RISAL Dutput
[ View Source Term T Meteorological Data T Inhalstion Dose
r Fuel Selection / Assemblies Breached T Release Fraction by Group T Building Discharge, Prababilistic
Ingestion Dose T Submersion Dose T {Ground Surface Dose!
Input Parameter |Imput Walue |Hemalks |Delau\t Walug ‘
Type of dose calculation 4 integer - Ground surface dose calculation
Output control for doge -2 integer - Only dose summaries 2
Dose unit 1 integer - Dutput in rem 1
Elements for calculation 1] integer - All elements 1]
Oigan choice 1 integer - All organs 1
Decay time tor exponential decay 0.0 float - ASAL default value for instantansous release 0.0
TE - Ground surface exposure time [w) 1.0 float - Annual dose is calculated 1.0
Building shislding factor [dimensionless] 0.7 float - Agsigns RSAC default value of 0.7 0.7

Restore Point Estimates to Defaults |

Type of Run
Fiestore All Defaults | |V (+ Deterministic = Probabilistic Load Saved Analysis | Perfarm Analysiz | Claze

Figure 3.9.1-9. Ground Surface Dose Input Tab

Output control for dose: Fixed for dose summary output and may not be edited.

Dose unit: Fixed for units of rem and may not be edited.

Elements for calculation: Fixed for a dose calculation for all elements and may not be edited.

Organ choice: Fixed for a dose calculation for all organs and may not be edited.

Decay time for exponential decay function(s): Value must be greater than or equal to zero.
Value of zero corresponds to an instantaneous release. LHS allowed.

TB—Ground surface exposure time (y): Value must be greater than or equal to zero. If a value
of zero is specified, the RSAC code defaults to a value of 1 year. LHS allowed.

Building shielding factor (dimensionless): Value must be between zero and one (inclusive). If a
value of zero is specified, the RSAC code defaults to a value of 0.7.

3.9.1.1.8 Submersion Dose

This section presents the input parameters for the Submersion Dose tab shown in
Figure 3.9.1-10. For each Input Parameter, the corresponding Input Value, Remarks, and
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Default Value are displayed in Figure 3.9.1-10. The user may view additional columns by using
the horizontal slider. These columns are: MinValue, and MaxValue. The individual entries are
presented below.

RSAC Public: New or Modified Analysis

RSAC Input 1 RSAC Dutput
[ “iew Source Term T eteorological D ata T Inhalation Dose
[ Fuel Selection / Assemblies Breached T Release Fraction by Group T Building Discharge. Probabilistic

Ingestion Dose Submersion Dose T Ground Surface Dose

Input Parameter |Input Walue |F|emalks |Delau\t Walue |
Gamma cloud model selection o integer - All calculations are made using a finite model
Decay time for exponential decay 0.0 float - RSAL default value for instantaneous release

0o

EIN g

Restore Paint Estimates to Defaults | -

Type of Run
Fiestore All Defaults | ’7 ~ D inisti  Probabilisti Load Saved Analpsiz | Perfoim Analysiz | Cloge |

Figure 3.9.1-10. Submersion Dose RSAC Input Tab

Gamma cloud model selection: Fixed for a finite plume calculation and may not be edited.

Decay time for exponential decay function (s): Value must be greater than or equal to zero.
Value of zero corresponds to an instantaneous release. LHS allowed.

3.9.1.1.9 View Source Term

This section presents the View Source Term tab shown in Figure 3.9.1-11. This tab displays
the parameter values for the source term calculation. The column Released Activity (Ci),
located on the far right, presents the radionuclide activities released from the stack into the
atmosphere. These activities are calculated by the PCSA Tool (as the product of the other
numerical columns) and are transferred directly to the RSAC input file as the source term for the
atmospheric transport and dose calculations. The user can only edit the Inventory
(Ci/Assembly) column if User Specified was selected for Fuel Type in the Fuel Selection/
Assemblies Breached folder.
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RSALC Public: Mew or Modified Analysis

RSAC Input T RSAC Dulput
[ Fuel Selection # Assemblies Breached T Release Fraction by Group Building Dizcharge. Probabilistic
( ioh Dose T Submersion Dose T Ground Surface Dose
m T Meteoralogical Data T Inhalation Dose
Radioruclide | Inventary [Ciddssembly] | Release Fraction |LHS El\:gtgﬁcharge HEPA Mitigation ASSE"\’|h|iES| Released Activity (Ci) |ﬂ
H3 4.25E+01 3.00e-01 Ho 1.00e-00 1.00e+00 1/1.28e+01
C14 332E-01 2.00e-06 Mo 2.00e-03 3.00e-04 1 39813
CL 36 2.34E-03 2.00e-06 Mo 2.00e03 3.00e-04 1 281e18
AR 33 1.44E-05 4.00e-01 Ho 1.00e+00 1.00e+00 1 5.76e-08
FE 55 5.42E-01 2.00e-06 Mo 2.00e-03 3.00e-04 1 B.50e-13
NI 53 3.7eE-01 2.00e-06 Mo 2.00e03 3.00e-04 1 45113
CO & 5.39E+01 2.00e-05 Ho 2.00e-03 3.00e-04 1 6.47e11
CO B0 Crud | 457e+04 1.50e-0 Mo 1.00e-02 3.00e-04 1 2.06e-02
NI E3 4.94E+01 2.00e-05 Mo 2.00e-03 3.00e-04 1 593711
SE 73 9.51E-02 2.00e-08 Ho 2.00e03 3.00e-04 1 1.14e13
KR 85 383E+02 4.00e-0 Mo 1.00e+00 1.00e+00 1 1.53e+02
SR 90 8.60E+03 2.00e-05 Mo 2.00e-03 3.00e-04 1/ 1.03e-08
90 8E1E+03 2.00e-05 Ho 2.00e-03 3.00e-04 1/1.03e-08
w0 33 1.70E-04 2.00e-06 Mo 2.00e-03 3.00e-04 1 2.04e-16
NE 93M 4.07E-01 2.00e-06 Mo 2.00e03 3.00e-04 1 48813
ZR 93 5.74E-01 2.00e-08 Ho 2.00e03 3.00e-04 1 68313
MNE 94 2.39E-02 2.00e-06 Mo 2.00e-03 3.00e-04 1 28714
TC93 2.95E+00 2.00e-05 Mo 2.00e-03 3.00e-04 1 354e12
RH106 3.38E-03 2.00e-08 Ho 2.00e03 3.00e-04 1 4.06e-15
RU106 3.38E-03 1.50e-05 Mo 2.00e-03 3.00e-04 1 3.04e-14
FD107 3.0BE-02 2.00e-08 Mo 2.00e03 3.00e-04 1 36714
SM121M 273E-01 2.00e-08 Ho 2.00e03 3.00e-04 1/ 3.28e13
5B125 710E+00 2.00e-06 Mo 2.00e-03 3.00e-04 1 B52e12 &
a1 H
Frestare Baimt Estimates fo[efaults |
Type of Run
Restore All Defaults | |7 * Deterministic " Probabilistic Load Saved Analysis | Perform Analysis | Close

Figure 3.9.1-11. View Source Term RSAC Input Tab

3.91.2 MELCOR

The MELCOR code is used to estimate building discharge fractions, which serve as input
parameters for the public dose calculation (see Fraction Discharged from Building Ventilation for
Vapors and Noble Gases, Crud (Co-60), and Particulates in Figure 3.9.1-4), for a cladding
breach (in air) during transfer and handling bare assemblies of spent nuclear fuel.

3.91.21 Input

The MELCOR Input window consists of three folders providing the input data and their default
value as shown in Figures 3.9.1-12 through 3.9.1-14. The parameter names and units for
ventilation and volumetric flow rate are consistent with their presentation in the MELCOR code
manual (NRC, 2000). The user may make any changes to the input data located in the value

column—data in the default column cannot be changed. Note, selecting the Defaults button in

the folder only resets those data in that folder.
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Patticle Size / Decay Heat Radionuclide Irnventary

Parameter Name Defaults Value Default
Room length [m) [10 [10
Room width [m] [13.4 [13.4
Room height (m) [15.24 [15.24
Indoor atmogpheric prezzure [Pa) |1D1 300 |W 01300
Indoor relative humidity |U.5 |U.5
Indoor temperature (K] |SUU |300
Height of lower/middle layer interface [m]) |D.5 |U.5
Height of middle/upper layer interface [m] |15 |T 5
Dutdoor atmospheric pressure [Pa) |1U1 300 |TDT 300
Dutdoor temperature [K] |3DD |3UU
Dutdoor dew point temperature [K] |280 |280
Height of ventilation inlet (m] [ [4
Stack height. ventilation outlet [m) [40 [+0
Ventilation inlet area [m”2) |'I |T
Ventilation volumetric flow rate (m"3/3) [14.16 [14.16
Wentilati i head (Pa) [3127 [3127
VYolumetric flow rate at zero pressure head [m”3/s) |14.1E |'\4.1E
Yolumetric flow rate at maxi head [m"3/s) |5 [5
Minimum particle size [m) [1E-0a [1E-08
Maximum particle size [m] |U.EI1 |EI.EI'I
Nominal particle density (kg/m"3) [000 1000
Initial time step (s) [71 01
Run time [s] 2000 [3000

* PWH ( BWR o L Defaults ‘ Cancel | Fun MELCOR |

Figure 3.9.1-12. MELCOR Input Window, General

MELCOR Input

General Radionuclide Inventary
Particle Size Distribution m
Mean Mass Diameter (m) G tic Standard Deviati
Particle Type Value Default Value Default
Released spent nuclear fuel [1.6000E-02 [1.6000E-02 (EXE] ERE]
Released crud [3.7000E-08 [3.7000E 08 [1.67 [1.67
Remaining assembly debris [5.00008-02 [5.0000€-02 o1 [0
Defaults
Decay Heat Decay Heat. power per
Major Decay Heat contributors unit group mass [Wikg)
Radi lide Group in 25-year aged SNF Yalue Default
Moble gases Kr |4 B300E-0 |4.53UUE-D1
Alkali Metals Cs |2 BEO0EDT [z 5e00Em
Alkaline Earths Sr. Ba |El 4000ED1 [2 4000E 01
Early Trangition Elements Co |1 4400E-0 |1.44EIEIE-EI'I
Tetravalents Pu |B 1000E-01 |8.T 000E-O1
Trivalents Y. Eu, Am, Cm [4.3700EM [4.3700Em
More Yolatile Main Group Sb |4 2700E -1 [4.2700E-M1
Hemaining assembly debris sum of all groups |B 7800E-M |8.TSUUEVD1
* PWR  BWR ] a Defaults | Cancel | Run MELCOR |

Figure 3.9.1-13. MELCOR Input Window, Particle
Size/Decay Heat
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Particle Size / Decay Heat

General

Fuel Assemblies Breached:

—

MELCOR
Radi

Releazed Radionculides [into the room air from the spent nuclear fuel or cladding)

Group Mase Released

Defaults

ide Group

(kg / assembly]

Default

El in Group

Hoble gases
Alkali metals
Alkaline E arths
Halogens
Chalcogens
Plantinoids
Early Trangition Elements
Tetravalents

Trivalents

Uranium
More Volatile Main Group
Leze Yolatile Main Group

Boron group

[1 4100E 00 [1.4100E00
|3.5500€-05 | 55006-05
[3.9000€ 05 [ 300005
[1.6400€-02 [1.6a00E-02
[5.8100E00 [5.8100E00
[1.0900E-04 [1.0900E-04
|2.35006-04 |2.35006-04
|2.3400E 04 | 2.3400E-04
[1.1100E-05 [1.1100E-05
[&.04006-04 |8.0a00E-04
|2.4B00€-07 |2.45006-07
|3.7300€-08 |2.73006-08
|4.8400E-07 | 4.8400E-07

R ining Radi i [not rel
Mass not Released

d into the room air)

Default

H.He. N. Ne. Ar. Kr. Xe. Rn

Li. Na. K. Cu. Rb. Cs. Fr

Be. Mg. Ca. 51. Ba. Ra

FI. CI. Br. I. At

0.5, 5e.Te. Po

Ru. Rh, Pd. Re, Os, li. Pt, Ni

V.Ci. Mn, Fe, Co. Nb, Mo, Tc, Ta, W
C. Ti. Ci. Ze. Hf, Th, Pa, Np. Pu

Al Sc. Y, La, Pr, Nd, Pm, Sm, Eu, Gd, Th, Dy,
Ho. Er, Tm, Yb, Lu, Ac, Am, Cm, Bk, Cf

u

Zn, Az, Cd. Sb. Tl. Pb. Bi
Ga, Ge_ Ag, In, 5n

B. 51 P

Remaining agzembly debriz |E 1800ED2

|6.1800E02

all elements retained in the breached assembly debriz

= PWR  BWR ¢ DHLW & Havy & UserSpec

Defaults | Cancel | HunMELEEIHl

Figure 3.9.1-14. MELCOR Input Window, Radionuclide
Inventory

Action Commands

Conseq.

“PWR/BWR”:
Defaults:
Cancel:

Run MELCOR:

The user may select “PWR” or “BWR” for fuel type.

Resets all MELCOR Input window data to the default values.

Closes the MELCOR Input window erasing any changes.

Executes a MELCOR run with the data in the MELCOR Input window.

Figure 3.9.1-15 displays the room geometry for the MELCOR calculation. The air volume of the
room is divided into three vertical regions (upper, middle, and lower). The heights of the region
interfaces are specified as input parameters in Figure 3.9.1-12. Airborne radionuclide
concentrations are uniformly distributed within a region. The Radionuclide Group Masses
Released are released into the middle region, while the remaining mass (not released) occupies
the lower region as assembly debris and serves as a heat source. The ventilation inlet height is
listed as an input parameter in Figure 3.9.1-12. The ventilation inlet should be located in the
middle or upper region of the room. Figure 3.9.1-15 shows the ventilation inlet located in the
middle region of the room. Air flows into the ventilation inlet and passes through HEPA filters
before being exhausted out a stack into the environment.
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Exhaust air passes through HEPA filters before
1, release from the stack into the atmosphere

(a)
Upper
E region
=) Height of upper/middle interface
o
= Middle
E region
3
m V t?t' inlet
entilation inle . .
Height of lower/middle interface
Lower region
Room length
Exhaust air passes through HEPA filters before
(b) o release from the stack into the atmosphere
— Upper
- region . . .
=) Height of upper/middle interface
2
E Middle
o) region
O
x |
Ventilation inlet . . .
omerreaon | Height of lower/middle interface

Room width

Figure 3.9.1-15. Room Geometries for the MELCOR Calculation (a) Side View Looking
Along Room Width and (b) Side View Looking Along Room Length
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3.9.1.2.2 OQutput

The Qutput option will be displayed only when a MELCOR run has been executed from the
MELCOR Input window. As shown in Figure 3.9.1-16, execution of the MELCOR code is
computationally demanding and time consuming (typically requires more than 1 hour). The
time required to complete a MELCOR simulation is quite sensitive to the values of the last two
input parameters in the General tab in the MELCOR Input window, Initial timestep(s) and

Run time(s). In general, shorter computation times can be achieved for larger initial timesteps
or shorter run times. Figure 3.9.1-17 displays the MELCOR output for the fractions discharged
from building ventilation of Vapors and Noble Gases, Crud (Co-60), and Particulates.

These three MELCOR outputs can serve as input for the public dose calculation

(see Section 3.9.1.1.2).

MELCOR Bunmng...

MELCOR iz running. and may take more than an
hour to finish. Thiz dialog box will dizappear when
the run i1z complete.

Figure 3.9.1-16. MELCOR Running Window

MELCOR Results |
Radionuchde Type Building Discharge Fraction [umtless]
Yaporz and Noble Gaszes IS_EEIZE-EIE
Co-60 Crud IE.EIBEE-EIE
Particulates I'I .BORE-03

Figure 3.9.1-17. MELCOR Output Window

3.9.1.3 Normal Operation Dose
Selecting the Normal Operation Dose option displays the Public Normal Operation Dose

window shown in Figure 3.9.1-18. The Public Normal Operation Dose window allows the user
to enter a normal operational dose to the public and a description or justification for the data.
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Public Hormal Operation Dose

Normal Operation Dose [rem/yr] ID_qu

Description
The above data is sample data) ﬂ

[

Update | Cancel | [Elmse |

Figure 3.9.1-18. Public Normal Operation Dose
Window

Action Commands

Edit: Allows the user to change the Normal Operation Dose and Description.
Cancel: Cancels changes made by the user.
Update: Saves changes made by the user.

Close: Closes the Public Normal Operation Dose window.

3.9.2 Worker Dose

The Worker Dose submenu contains the following three options: Workers QOutside, Worker
Internal, and Normal Operation Dose.

3.9.21 Worker Outside

Selecting the Workers Outside submenu displays the RSAC Worker Dose Options window
shown in Figure 3.9.2-1A. The RSAC Worker Dose Options window will guide the user through
a series of dialogs and will prompt the user for input. Figure 3.9.2-1A illustrates sample input
involving five steps that lead into the RSAC Controlled Area Worker: New or Modified Analysis
window, shown in Figure 3.9.2-1B, which is similar to the Public RSAC: New or Modified
Analysis window discussed in Section 3.9.1.1.
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RSAC Worker Doge Oplions

rInput Stack Height [Hs] and Building Height [Hb]
Stack Height [Hel, m |4U

Building Height [Hb], m |3U

rInput Building W/idth [or Length] [w/b). and Feceptor Distance (]
Building “#fidth ['+fb], m |3U

Receptor Distance (%], m |4U

= the receptor on the same suface of building as the release?

& es & Ho
r Input Flow Rate [V]
Flow Rate (V). m*3s |‘|1 3 Receptor in the Cavity Zane, not on same surface of building as the
Stack.

— Receptor in Cavity Zone, not on same surface of building as stack

Fieceptor in the Cavity Zone, not on same surface of building as the
stack.

Click. 'Next' to run RSAC, using the standard release, and assuming a
ground-level release [He = Hb =10).

<< Previous |

Cancel |

Figure 3.9.2-1A. RSAC Worker Dose Options
Window

Action Commands

Next: Accepts user input and proceeds to the next prompt.

Previous: Disregards user input and returns to the previous prompt. Enables the user to return
to the RSAC Worker Dose Options window from the RSAC Controlled Area Worker:
New or Modified Analysis window.

Cancel: Closes RSAC Worker Dose Options window without saving user input.
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RSAC Controlled Area Worker: New or Modified Analysis

HEAE Tnput 1 RSAC Output
( [hot applicable] T Submersion D oge T Ground Surface Dose
( Wiew Source Term Meteorological Data T Inhalation Diose
Fuel Selection / Assemblies Breached T Release Fraction by Group T Building Discharge
Fuel Type
’7 i+ BWR  PWR " User Specified
Fuel Ch i
Type ]
Burnup [Mwd/MTU] 40000.0
Enrichment (%] 8l
Decay Time [Y) 25.0
Co-60 Crud Activity [Ci/Assembly)
’V 18.4
"Numhel of A d ‘
j'
Fiestore Paint E stimates to Defaults |
Restore All Defaults Load Saved Analysis | Perfarm analysis | Previous

Figure 3.9.2-1B. RSAC Controlled Area Worker

Action Commands

Restore All Defaults:

Load Saved Analysi

Perform Analysis:

Previous:

their default settings.

Erases any changes made by the user and returns all values to

s: Allows the user to input a previously saved analysis to the RSAC
Controlled Area Worker window.

Executes RSAC.

Closes the RSAC Controlled Area Worker window and returns to
the RSAC Worker Dose Options window.

3.9.2.2 Worker Internal

The Worker Internal option contains the following two submenus: Pool and Dry.

3.9.2.2.1 Pool

The form used to calculate the worker dose from the pool is shown in Figure 3.9.2-2. This

stylized worker dose calculation estimates the doses from gaseous radionuclides released into

the air following an underwater breach of fuel cladding. The worker, who is not wearing

respiratory protection, is assumed to be located within the transfer room above an open pool.
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The input parameters and output for the Worker Dose calculation are consolidated on a single
screen. The user may make changes to the white boxes located under Input Data at the top left
of the menu, which includes the option for Fuel Type, and Intermediate Results at the bottom
left of the menu. The gray boxes are for reference and may not be edited. When the desired
input is complete, select Calculate Dose, and the results are displayed in the yellow boxes at
the bottom right of the menu.

7 U et Do Baw o et DCFs from Fedral Guidance Report 11 [EP& 1988]
Fusl Assemblies Breached: [@ Radionucide  Inhalation (S+/Ba)  Submersion (Sw/h per Ba/m”3]  Skin (Svsh per Ba/m”3]
Gazeous Release Fraction: IU.4U H3 I 17TE I 11968 I N/E
Inhalation Rate [m”3/s): |3.33E-E|4 Ar3g I M I 5 R4E-14 I 3 75E-11
it Mising Yolume [m™3): [10531 Kig5 [ mes | 47E13 [ aeeEM
Time spent in Mixing Yolume after |27 1123 I 4 B3E-03 I N2 I NAA
Relzase [min]: Rnz13 [t1/2 = 4z, assumed tao shart for gaseous release from pool]

FuelTope: (5 PwA Readefauls ||| pronz mozan) [roeees [ wa [ ne
C BwWR T CobieeDose | | Pb214(Fn222) [ 217608 [ we [ wa

r Intermediate Fesults  Doze Result
Radionucide Cifdssembly  Air Conc. (Bg/m™3]  Inhalation [Bgds) Inhalation [rem] Submergion [rem]) Skin [rem]

H3 1.10E+02 [ 12«0 | [ 4710E+08 | esED | 488E05
Ar33 3.39E-05 | 373403 | 1.26E+00 | E3%E10 | 47%E07
k.85 [1.08E+03 | 1.19E+11 | 3.9eE+07 | 1.88E-00 | 1.85E+01
1nz3 1 85E-02 2 18E+06 7 2BE+02 [ 4nsE0l
Rn220"  [274E-02 SO7E+DR 1.02E+03 [ 55E0
Rn222  [5Z8E-07 5 26E+01 3.08E-02 [ 7aE07
=LA Totals: | 1.82E+00 | 1.88E-01 | 1.85E+01

* Air cone for decay progeny Pb212 waz set equal to the air conc of Rn220 [deposition of Pb212 was not considered). Close |

= Air cone for decay progeny Pb214 was set equal to the air conc of Rn222 [deposition of PE214 was not considered).

Figure 3.9.2-2. Worker Dose Input Window for Release from the Pool

Action Commands

Allows selection of “PWR” or “BWR” and loads the default radionuclide
inventories (shown with the intermediate results under Ci/Assembly) for
that fuel type.

Fuel Type:

Reload Defaults: Resets input data for the worker dose calculation to the default values.

Calculate Dose: Performs a worker dose calculation with the current input data and

updates the intermediate results and dose results.

Defaults: Becomes active when changes are made to the default radionuclide
inventories. Resets the radionuclide inventories to the default values.
Close: Closes the worker dose calculation interface.
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3.9.22.2 Dry

Selecting the Dry submenu displays the Worker Dry window as shown in Figure 3.9.2-3. The
Worker Dry window contains the following three tabs: Internal Worker Dose, Source Term, and

Release Fraction by Group.

PCSA Tool - Worker Dy

Internal Worker Dose T Source Temm T Release Fraction by Group
~ Rooms — ~ Dose
IU_‘:liat:af?)T Fa‘:::le\;enlllallnn [ikfizs & me3s - %/d Radionuclide |TEDE submerzion [rem) |TEDE inhalation (rem]
LIS £ H 3 3.1936E 08 1.1470E 02
Leakage Rate from the Hot Cell I— c14 1.1212E-15 1.9399€E-08
to the Worker Room 01173865503 CL36 7.0669E-16 1.4376E-09
\I;“enhlallnn Rate of the Worker l—.“11 FR421295 AR 29 39511E13 9.1202E-09
kit FE 55 0.0000E +00 4.0511E-08
Volume of the Hot Cell (m"3) 5037, 03238656 NI 53 ATV 28475608
COED 1.0257E 07 33061E 04
Volume of Worker Room [m™3] I5097.0323885E £ 60 Cnd 2EZ12E03 8 4490E 00
. . MI B3 0.0000E-00 8 7004E 08
Rieathipallatel el [2502-04 sE7a 4.3396E16 26180608
Exposure Duration (h] IED— KR &5 1.3724E04 0.0000E +00
SR 90 A7E27E-10 3127EM
DOccupation Factor |1 a a0 2 3497E-08 1.9377E-03
MO 53 E.4585E-17 1.3526E-10
- Fuel NB 93M 27243614 3,331 0E07
& BWR C PWR " User Specified ZR 93 0.0000E +00 51648 05
[CED 27744E1 277307
T
i Bl TCa T2MTE14 £, 8765 07
Burnup [MWwWd/MTU) |4uuuu i RH106 1.0339E-17 93667E-13
i RLITAG 00000 00 3 3EREE07
Enrichment (%) [ PO107 0.0000E +00 1.0937E-08
. SHIZIM 2ATTEE-1Z 8 7960E-08
i} T 25.0
G U= (i) 58125 2.1619E.09 24271E-06
Co-60 Crud Activity [Ci/Assembly] 18.4 TE125M 1.1789E-11 ARZIEN7
Number of Azsemblies Breached |1 'l Totals [rem) I 2 F591E-03 I 3.3887E+M

Restore Point Estimates to Defaults |

Number of Decimal
Places to Display

4 vl TEDE (rem] 3.3890E+0

Restare All Defaults |

Wiew Motes | Show Report |

Cloze |

Figure 3.9.2-3. Worker Dose Window for Dry Release—Internal Worker
Dose Tab

The following Action Commands correspond to Figures 3.9.2-3 through 3.9.2-5.

Action Commands

Restore All Defaults:
View Notes:
Show Report:

Close:

Calculate Doses:

Restore Point Estimates
to Defaults:

Restores all data within all three folders to their default values.

Displays the Notes for Worker Dose Calculations window.

Displays the information within the folder in report format.

Closes the Worker Dry window retaining any changes made by

the user.

Performs a dose calculation from the Rooms and Fuel values.

(Available only in the Internal Worker Dose folder.)

Restores all data within the currently selected folder to their
default values.
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3.9.2.2.21 Internal Worker Dose

The Internal Worker Dose folder is divided into the following three sections: Rooms, Fuel, and
Dose as shown in Figure 3.9.2-3.

Rooms: The user may utilize the default values or input new values. For all parameters, any
numerical input will be accepted except for “Occupation Factor” which must be equal to or less
than one. The user is provided the option to select the units for leakage and ventilation rates.

Fuel: The user may select one of three fuel types: “BWR,” “PWR,” or “User Specified.” BWR
and PWR have set values for Burnup, Enrichment, and Decay Time. The user may utilize the
default values or input new values for Co-60 Activity and Number of Assemblies Breached. By
selecting User Specified, the user must input numerical data for all four data entry fields.

Dose: This section is not visible until the Calculate Doses command is performed. This
section provides the TEDE submersion and inhalation results for each radionuclide. It also
shows the totals for submersion and inhalation. At the bottom of the screen, the user selects
the number of decimal places to displays in the results.

392222 Source Term

This section presents the Source Term tab shown in Figure 3.9.2-4. This tab displays the
parameter values for the source term calculation. The user can only edit the Inventory
(Ci/Assembly) column if User Specified was selected for Fuel Type in the Internal Worker
Dose tab.

PCS5A Tool - Woirker Dy

Internal Worker Doge T Suulca'lelm T Fielease Fraction by Group
" B Inventar " Releazed q Decay Constant | DCF submersion | DCF submersion | DCF inhalation | DCF inhalation =
Radonucide | piipy) | Felease Fraction | Assemblies | (20000, |HaliLiel) | 3 SuBsm™) | fen/Crem™a) | (Gv/Ba) fremeCil :1
H32 4.25E+M 32.00e-01 1 1.28E+M 38910E+08  1.7814E-09 3.3E14 1.2247E-08 1.73E-11 E.4010E+01
C14 332E-M 2.00e-06 1 6.E4E-07 1.8082E+11  3.8334E-12 2.24E-14 8.2880E-07 B.64E-10 2.0868E+03
CL3E 2.34E-03 2.00e-06 1 4.B8E-09 94986E412  V.2974E-14 223817 2.2510E-05 5.93E-09 2.1941E+04
AR 33 1.44E-05 4.00e-01 1 5.76E-06 8.488BE+09  B.1B54E-11 3.10E-18 3.36F0E-05 3.0BE-11 1.1322E+02
FE 55 5.42E-M 2.00e-06 1 1.08E-08 8E150E+0F  9.0458E-09 0.00E+00 0.0000E +00 7.26E-10 2.BBE2E+03
NI 53 3TEE-M 2.00e-06 1 7.52E-07 23BEBE+12  2.9286E-13 0.00E+00 0.0000E +00 T.3ED 2.7047E+03
CO &0 8.359E+0 2.00e-06 1 1.08E-04 1.BE35E+08  4.1BEBE-09 1.26E13 4.BE20E-01 B.91E-08 2.1867E+05
C0 60 Crud 1.84E+0 1.50e-01 1 2. 7BE+00 1.6635E+08  4.1668E-09 1.26E-13 4 6620E-01 5.91E-08 2.1867E+05
NI 63 4.54E+M 2 00e-06 1 9.88E-05 3158BE+09  2.1343E-10 0.00E+00 0.0000E +00 1.70E-09 E.Z900E+03
SETS 351E-02 2.00e-06 1 1.90E-07 1.0414E412  B.E553E-13 3.03E-14 1.1211E-08 2.BBE-09 9.8420E+03
KR 85 3.83E+02 4.00e-01 1 1.53E+02 3.3829E408  2.0490E-09 1.15E-16 4.4030E-04 0.00E+00 0.0000E+00
SR A0 B.EOE+03 2.00e-06 1 1.72E-02 8.88933E+08  7.8028E-10 7.63E18 2.7861E-05 3E1E-07 1.2987E+06
Y90 B.EIE+03 2 00e-06 1 1.72E-02 230F6E+05  3.0038E-05 1.50E-16 7.0300E-04 2.28E-09 8.4360E+03
MO 53 1.70E-04 2.00e-06 1 3.40E-10 1.1045E+11  B.27E7E-1Z 2.52E17 9.3240E-05 7.BBE-09 2.B41EE+04
ME 93M 4.07E-M 2.00e-06 1 814E-07 BOSME+D8  1.3618E-09 4.44E18 1.6428E-05 7.90E-09 2.9230E+04
ZR 93 B.74E-M 2.00e-06 1 1.15E-06 48282E413  1.4356E-14 0.00E +00 0.0000E +00 8.67E-08 3.2079E+05
NEB 34 2359E-02 2.00e-06 1 4.70E-08 BADGIE+TT  1.0820E-12 7.70E-14 2.8430E-01 1.12E-07 4.1440E+05
TCHas 2 95E-+00 2 00e-06 1 5.90E-06 EEE17E+12  1.0405E-13 1.62E-18 5.9340E -08 2.25E-09 8.3250E+03
RH10& 3.38E-03 2.00e-06 1 £.7EE-09 29800E+01  2.3260E-02 1.04E-14 3.8480E-02 1.29€E-07 4.7730E+05
RU10& 3.38E-03 1.50e-05 1 5.07E-08 32108E+07  2.1530E-08 0.00E+00 0.0000E +00 1.29€E-07 4.7730E+05
FD107 3.06E-02 2.00e-06 1 G.12E-08 20512E+14  3.3792E-15 0.00E+00 0.0000E +00 3.45E-09 1.2765E+04
SH121H 273E-M 2 00e-06 1 5.4BE-07 1.7386E+09  3.9937E-10 B.O2E-17 2.2274E-04 311E-09 1.1507E+04
SE125 7.10E+00 2.00e-06 1 1.42E-05 8E150E+0F  B.0458E-09 2.02E-14 7.4740E-02 3.30E-09 1.2210E+04
TE125M 1.73E+00 2.00e-06 1 3.4EE-06 BO112E+06  1.3832E-07 4.53E-16 1.6761E-03 1.57E-09 7.2830E+03
SE126 271E-02 2.00e-06 1 5.42E-08 1.0714E+06  B.4B55E-07 1.37E13 5.0690E-01 317E-09 1.1729E+04
SEB126M 1.94E-0 2 00e-06 1 3.80E-07 1.1400E+03  6.0802E-04 7.50E-14 2.7750E-01 917E-12 3.3929E+01 ;l
Hestare Baft Estirates ba W Efauts
Fiestare All Defaults Wiew Motes | Show Repart | Cloze |

Figure 3.9.2-4. Worker Dose Window for Dry Release—Source Term Tab
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3.9.2223 Release Fraction by Group

This section presents the input parameters for the Release Fraction by Group tab shown in
Figure 3.9.2-5. For each Group ID, the corresponding Group Name, Release Fraction,
Radionuclides in Group, Default Value, MinValue, and MaxValue are displayed.

The Release Fraction column is the only column that can be edited by the user, and it can only
be edited if the Release Fraction Source is set to “User Specified.” The Release Fraction
Default column displays the default setting for the Release Fraction value. The MinValve and

MaxValve columns display the minimum and maximum values for each respective group and is
used for checking the user input.

PCSA Tool - Worker Dry

IRIEaliv/ork e Dose 1 Souce Tem )| Telgass Fraction by Gioup
Release Fraction Souice Description
ILlsEr Specilied =l IUSE[-SDEcifiEd walues [initially PS4 Tool defaulls)
Group 1D ‘ Group Mame | Release Fraction | Fadiohuclides In Group | Fielease Fraction Default | i alue | I arfalug
Group 1 H-3 3.00e-01 H-3 3.00e-01 oo 1.0
Group 2 Fiuthenium 1.50e-05 Fu-106 1.50e-05 on 1.0
Group 3 lodine 1.00e-01 1129 1.00e-01 0.0 1.0
Group 4 CesiLm 2 30e-05 Cs-134, C=-135, C=137 2 30e-05 oo 10
Group § Moble gases 4.00s-01 Ar-39, Kr-85, Rn-219, An-220, Rne222 - 4.00e-01 oo 1.0
Group B Strontium 2.00e-08 Sr-90 2.00e-08 0.0 1.0
Group 8 Co-60 Crud 1.50e-01 Co-B0 Crud 1.60e-01 oo 10
Group 3 Other particulates and fuel fines | 2.00e-08 Al others 2.00s-06 0o 1.0

Restore Point Estimates to Defaults

Fiestore All Defaults “Wiew Motes | Show Report | Cloze |

Figure 3.9.2-5. Worker Dose Window for Dry Release—Release Fraction
by Group Tab

3.9.2.3 Normal Operation Dose

Selecting the Normal Operation Dose submenu displays the Worker Normal Operation Dose
window shown in Figure 3.9.2-6. The Worker Normal Operation Dose window allows the user
to enter a normal operational dose to the worker and a description or justification for the data.
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Worker Normal Operation Dose

Mormal Dperation Dose (rem/yr) IEI.IJEID1

Description
The above data iz sample data. ﬂ

[
|pdate | Cancel | [Eloge |
Figure 3.9.2-6. Public Normal Operation
Dose Window
Action Commands
Edit: Allows the user to change the Normal Operation Dose and Description.

Cancel: Cancels changes made by the user.
Update: Saves changes made by the user.

Close: Closes the Worker Normal Operation Dose window.

3.9.3 Advanced RSAC Input
3.9.31 Input

The additional menu, Advanced RSAC Input, enables a deterministic dose calculation and is
intended for advanced users familiar with the RSAC code and input file. This menu was added
to provide maximum flexibility to the user. As a result, the advanced RSAC calculations are
isolated from the rest of the PCSA Tool and are not tracked by the PCSA Tool. The results of
the advanced RSAC calculations cannot be retrieved. The most recent advanced RSAC input
file can be restored and rerun.

For those instances when the Standard RSAC Input does not contain the radionuclides desired
for the dose calculation, it is recommended the user select the Advanced RSAC Input menu and
add appropriate radionuclides into the input file from the full list of radionuclides allowed by the
standard RSAC code.
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To perform advanced RSAC calculations, users edit the RSAC input file directly. As shown in
Figure 3.9.3-1, the user has two options for selecting the advanced RSAC input file: (i) the
RSAC input file can be generated from the current consequence input of the PCSA Tool or
(ii) the existing advanced RSAC input file can be retrieved.

For option (a), select Get RSAC input file from PCSA Tool (see Figure 3.9.3-1) and click OK
on the following window stating, RSAC Input File copied to RSAC directory. The Advanced
RSAC input file will open in the Microsoft Windows notepad editor notepad.exe, as shown in
Figure 3.9.3-2.

For option (b), select Edit existing Advanced RSAC Input File (see Figure 3.9.3-1). The
Advanced RSAC input file will open in notepad.exe as shown in Figure 3.9.3-2.

Edit, Save, and Close the Advanced RSAC Input file and then press the Run Advanced button
(see Figure 3.9.3-1).

When the calculation is complete, the RSAC output file will automatically open in notepad.exe.
In the RSAC output files, the results of the dose calculation are listed after the RSAC inputs.
Close the output file when the inspection of the results is completed. Check the Exit Run
Advanced button (see Figure 3.9.3-1) when no further advanced RSAC calculations

are needed.

Deterministic RSAC Run for Advanced Users |

Mote: The Advanced Buns are izolated from the PC5A Tool. IF you
wizh to uze an input file from the PCSA tool, click on "Get RSAC input
hile rom PCS5A Tool”. When ready to run, chck "Bun Advanced™.

. Get RSAL input file from PLSA Tool |

TR ; ; Hun Advanced will launch
Edit exizting &dvanced RSAC input file notepad. exe with the input

file. Edit az desired.

If you do not see the
notepad, check the task
bar and click..

Exit Run Advanced | RBun advanced

Figure 3.9.3-1. Advanced Input for RSAC
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& rsach.in - Notepad M=l E3
File Edit Famnat Help
[ Dose Calcs for inhalation, ingestion, ground surface, & B
submersion
# Released Activities (Ci) for PWR, BWR, or User Specified SNF
2000, 1
EU155 ,9.347E-10
TL208 ,0.265E-14
PE212 ,1.744E-13
BIZ212 ,1.744E-13
P0O216 ,1.744E-13
RNZ219 ,1.577E-06
RN220 ,4.777E-03
RN222 ,1.326E-07
RAZZ4 ,1.744E-13
TH228 ,1.744E-13
TH231 ,3.659E-14
U232 ,1.699E-13
PAZ233 ,1.549E-12
U234 ,3.709E-12
TH234 ,8.345E-13
uz23s ,3.659E-14
U236 , 7.969E-13
PU236 ,7.518BE-15
U237 ,3.433E-12
NP237 ,1.549E-12
PUZ38 ,1.549E-08
U238 ,8.345E-13
PU239 ,1.032E-09
NP239 ,1.243E-10
PU240 ,1.714E-09
PU241 ,1.401E-07
AM241 ,1.113E-08
Pu242 ., 7.61BE-12
=l
Figure 3.9.3-2. Advanced RSAC Input File
Output

Outputs are automatically displayed after a public dose calculation is performed. Selecting
Show Qutput Folder will display the results from the most recent RSAC run in tabular and
graphical format, as shown in Figure 3.9.3-3 (a, b).

The RSAC Output window contains five result tabs:

(1)

Summary Results—This folder lists the effective dose equivalents (i.e., whole body
doses) from the four pathways. The doses from the four pathways are summed, and the
results are displayed in the bottom row labeled TEDE.

Inhalation—This tab lists the organ committed dose equivalents from the inhalation
pathway. The committed effective dose equivalent (CEDE) for inhalation corresponds to
the effective whole-body dose from inhalation shown in the Summary Results folder.
Ingestion—This tab lists the organ committed dose equivalents from the ingestion
pathway. CEDE for ingestion corresponds to the effective whole-body dose from
ingestion shown in the Summary Results folder.

Ground Surface—This tab lists the organ committed dose equivalents from the ground
surface pathway. The external effective dose equivalent (EXTEDE) from the ground
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surface pathway corresponds to the effective whole-body dose from deposition on the
ground surface shown in the Summary Results folder.

(5) Totals—This tab lists the total doses summed for the four pathways for each organ.
The row labeled TEDE lists the effective whole-body doses (i.e., TEDESs) for reference.

The RSAC code does not calculate organ doses for the submersion pathway. The effective
dose equivalent from the submersion pathway is calculated and included in the Summary
Results folder for the whole body and in the Totals folder for individual organs.

For deterministic calculations, a bar chart displays the pathway and radionuclide contributions
corresponding to the tabulated values in the Summary Results folder [see Figure 3.9.3-3(a)].

For probabilistic calculations, the bar chart displays the pathway and radionuclide contributions
to the mean dose to the whole body. In the Summary Results folder, the user can double-click
on any pathway dose to display a plot of the complementary cumulative distribution function of
the whole body dose for that pathway [see Figure 3.9.3-3(b)]. In the other results folders, the
user can double-click on any organ or radionuclide dose to display a plot of the complementary
cumulative distribution function for that organ or radionuclide and pathway.
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RSAC Public: Most Recent Analysis

RISAC Input Il
Summary Results T Inhalation T Ingestion T Ground Surface T Tatalz
For LHS results, double click in the table for the pathway of interest.

Pathway | Mean Dose per Event Sequence [rem) | Miriirnurn | Sth | Sith ‘ 96th | M axirnurn | Murnber
INHALATION 7.BEE-O7 335E-09 | 241E-08 | 4FIE-OF  25BEOE  3E4E-0E D
INGESTION 3.98E-06 433E-08 (1.03E-07 | 225E-06 1.21E05 388E-05 0
GROUND SURFACE 4.29E-08 25411 (1.80E-10 | 1.0BE-0B  1.48E07 FHOE-07 O
SUBMERSION 1.48E-07 1.EOE-08 (1.01E-02 | 97BE-0B  389E07  BERE-D7 O
TEDE 4.94E-06 TI1E-08 | 2.02E-07 | 303E-06  1.35E05 4.23E-05 O

Plot by Pathway Plot by Radk lick

i+ Dose by Pathway with Total  Dose by Pathwap | ¢ Inhalation ¢ Ingestion  Ground Suifface ( Combined

RS&C QOUTPUT - Pathwvay Summary with Total Dose
0.000005 r 0.000005
E 0.000004 r 0.000004
&
2
% 0.000003 r 0.000003
&
g
g 0.000002 r 0.000002
&
B
& 0.000001 + 0.000007
0.000000 j — - 0.000000
INHALATICON INGESTION GROUMD SURFACE SUBMERSION TEDE
Saye Hesulls | Load S aved Analysis | Wiew RSAL Statistics File | Show Report | Close
(a)
RSAC CCDF Plot
Pathway 7 Organ: all Show Report | Dane
CCDF OUTRPUT For TEDE
10
04
08 %“
8 07
=
fi]
ki 0.6
3
i
= 035
=
= 04
: \
2
L 03 \ \l\
02 \ AN
01 \
SO
oo
0.00000 0.00001 0.00002 0.000035 0.00004 0.00005
Dose per Event Seguence (rem)
= all — a3 — il CoB0

(b)
Figure 3.9.3-3. RSAC Output for (a) Deterministic Calculation
and (b) Probabilistic Calculation

PCSA Tool Version 3.0 User Guide

3-89



Conseq.

Action Commands

Load Saved Analysis:

Save Results:

Show Report:

View RSAC Output File:

View RSAC Statistics File:

Close:

Allows the user to view the results from a previously saved
analysis. The saved analysis can be selected as follows:

. Select and open the /Det directory for a deterministic run
or the /Prb directory for a probabilistic run

. Select and open the results folder (folder name was
specified by the user when the results were saved)

. Select and open the file RSAC_Run.mdb

Prompts the user for a subdirectory name to save the current
results. The name can be used for viewing previously stored data
and should be sufficiently descriptive of the dose calculation. A
dose calculation typically corresponds to some event sequence
that can be described by the file name.

Displays the output data in graphical and tabular format.

(for deterministic runs) Opens the pcsastat.txt results file in
notepad.exe. Shows all the results of the five results folders.

(for probabilistic runs) Opens the pcsastat.txt results file in
notepad.exe. Shows all the results of the five results folders.

Closes the RSAC Output window.
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3.10 Perform.

The Perform. menu has two submenus: Current Level Results and Project Results.
3.101 Current Level Results

The Current Level Results submenu contains the Public and Worker options.
3.10.1.1 Public

Selecting the Public submenu opens the Results Table window (see Figure 3.10.1-1) that
shows the integrated results from event frequency analysis and dose consequence analysis in
tabular form. The frequency data for event sequences for the functional area entered in the
Event Sequence Form are automatically brought into this window. The dose consequence
results for point estimate (deterministic) and probabilistic cases for each event sequence are
populated in this window. The individual data entry fields are presented next.

Item No: Displays an item number of event sequences
EvScen ID: Displays event Scenario ID
EvSeq ID: Displays event Sequence ID

EvSeq Freq: Displays Event Sequence Frequency entered in the Event Sequence Form
(Figure 3.8.4-1)

Category: The PSCA Tool assigns a frequency Category 1, 2, or Below Category 2 frequency
to the event sequence based on definitions in 10 CFR Part 63 and the preclosure period.

Description: Corresponds to the Description input in the Event Sequence Form

Manual Data: From the event scenario initiating event form, the user specifies if manual data
may be entered. If so, the user is allowed to enter point estimate (deterministic) dose
information directly.

Det Conseq Path: Displays file name and path for point estimate or deterministic dose
evaluated using the Conseq. menu. Double clicking in any of the Det Conseq Path cells will
display a directory menu (see Figure 3.10.1-2) that allows the user to select a file from any
deterministic runs that have been saved. The user has the option to Accept a selected file,
choose No Release, or Cancel. For DOE-analyzed Events, the Det Conseq Path cell will be
inactive.

Dose PtEst: Displays point estimate (deterministic) dose from the selected consequence
analysis file. If data are allowed to be entered manually, an edit box appears by double clicking
on the cell as shown in Figure 3.10.1-3. The user manually enters the dose.

Prob Conseq Path: Displays file name and path for probabilistic dose evaluated using
Conseq. menu.
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Dose, Mean: Displays value automatically when Prob Conseq Path is selected. Additional
Info_: Displays additional information for the event sequence and is entered manually on this
form.

Results Table - Functional ID: E_3.3 - Public

EvScenlD EvwSeqglD EwSeqFreq | Categony | Description Det Conseq Path | Dose, PtEst | Prob Conzeq Path| Dose. Mean| Additional Info_

CT5-ES-M CT51-0 2B3E-02 1 Canister drop, NONE O00E+00 | WONE 0.00E+00  Wothing to add 1.
CT5-ES-M CT51-02 2B8EE-08 2 Canister drop, DET_PwWR_DEF& 7.0FE-05 | PRE_BWFR_DEFA 4.94E-06  Mothing to add 2.
CTS-ES-M CT51-03 1.37E-08  BCFL Canister drop, DET_BwWR_DEF&4 276E-05 |PRE_PWR_DEFA 1.27E-05  Naothing to add 3.
TEST-ESDOET | TEST-EQ-DOET  456E-02 1 Test Event 1 DET_PwR_DEF& 7.0OFE-05 | PRE_PWR_DEFA 1.27E-05  Mathing to add 4.

Units: Doses: rem
Frequency: 1/yr

Categary Search | Edit Fecord Showe Feport Claze

Figure 3.10.1-1. Results Table Window

Action Commands

Refresh: Displays all categories in the Results Table window.

Category Search:  Prompts the user to enter a Category of 1, 2, or Below Category 2
frequency and displays list of event sequences sorted by
frequency category.

Edit Record: Allows the user to edit the Det Conseq Path, Dose, PtEst (if Manual Data
is “Y”), Prob Conseq Path, and Additional Info_ fields.

Show Report: Displays information in report format.

Close: Return to main project screen retaining any changes made in the window.

=» Note: The Results Table window displays only data from the Event Sequence Form that
corresponds to the selected Functional ID from the Project Tree.
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Select Directory

=40
R FCSA
SR PCSAT ooMersion3.0.0B etas
Y PCSAT ool
=3 Projects
EYPCSADemn 7.07E-05 =
Y RSACRUN:

Editing Resultz Table - Functional ID: E_3.3 - Public: Doze. PtEst

[JIDET_EWR_DEFAULT
(1 DET_PWwhR_DEFAULT
CAMOME

Apply | Cancel |

Figure 3.10.1-3. Dose Input Window

Accept | Mo Releaze | Cahicel |

Figure 3.10.1-2. Directory
Window

3.10.1.2 Worker

The Worker submenu contains two options: _Involved and Noninvolved.

3.10.1.2.1 Involved

Selecting the [nvolved option will display the involved worker Results Table

(see Figure 3.10.1-4) that shows the integrated results from event frequency analysis and dose
consequence analysis in tabular form for the involved worker. The frequency data for event
sequences for the functional area entered in the Event Sequence Form designated Worker
Dose or Both are automatically brought into this window. The dose consequence results for
Internal and External dose to the involved worker are entered in this window and then added
together to obtain the TEDE for the involved worker. The individual data fields are presented
next.

Item No: Displays item number of event sequences

EvScen ID: Displays event Scenario ID

EvSeq ID: Displays event Sequence ID
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EvSeq Freq: Displays Event Sequence Frequency entered in the Event Sequence Form
(Figure 3.8.4-1).

Category: The PCSA Tool assigns a frequency Category 1, 2, or BCFL to the event sequence
based on definitions in 10 CFR Part 63 and the preclosure period.

Description: Corresponds to the Description input in the Event Sequence Form
Internal: Displays the internal dose to the involved worker entered manually on this form.
External: Displays the external dose to the involved worker entered manually on this form.

TEDE: Displays the sum of the internal dose and external dose to the involved worker.

Results Table - Functional ID: E_3.3 - Involved Worker

EvScen|D

Iter Mo EvwSeqlD EwSeq Freq | Category | Description Internal E sternal TEDE Additional Info_

0003.00 TEST-ES-DOE1 | uySeuyeyer 4.56E-05 Test Event 1 400E-03 GO0OE-O3  9.00E-O3  Mathing to add 9.
0011.00 TEST-ES-DOE1 | 467654645 456E-02 1 Test Event 1 GODE-03  G.O0E-03 | 1.20E-02 | Mathing to add 11

012,00 TESTESDOE1 | E54E4wh 4.BEE-02 Test Event 1 1.30E-02  100E-02 230E-02 Mothing to add 12,
0013.00 TEST-ES-DOE1 | t7u 4. BEE-02 Test Event 1 EOOE-03 | 7.O0E-03  1.30E-02 | Mothing to add 13
0014.00 TEST-ES-DOET1 | TuGE7ut 4.56E-06 Test Event 1 1.50E-02  900E-03  240E-02  Mothing to add 14,
0M5.00 TESTES-DOE1 | 75675675 4.56E-02 Test Event 1 S00E-03  1.00E-02  1.50E-02 | Mothing to add 15,

0017.00 CTS-ES-O tuBEeubE 2B5E-02
0018.00 CTS-ES-01 TEEuUE 2E5E-02
0019.00 CTS-ES- BUBE7I7EN 263E-04
0020.00  CTS-ES-01 iB78USEUEE 2B3E-07
0022.00 CTS-ES-O1 uBe7Bu5a 265E-02

Canister drop, canister intact no breach | 1.30E-02 1.40E-02 | 270E02  Mothingto add17.
Canister drop, canister intact no breach | 1.00E-02  8.00E-03 | 1.80E02  Mothing to add 18.
Canister drop. canister intact no breach  1.40E-02 1.50E-02 2.90E-02 Mothing to add 19.
CFL Canister drop, canister intact no breach  B.00E-03  5.00E-03  1.10E02  Mothing to add 20.
Canister drop, canister intact no breach | 7.00E-03 | 5.00E-03 1.20E02  Mothing to add 22
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Units: Doses: rem
Frequency: 1/yr

Category Search | Edit Record Show Report Close

Figure 3.10.1-4. Involved Worker Window

Additional Info_: Displays additional information for the event sequence and is entered
manually on this form.

Action Commands

Refresh: Displays all categories in the Results Table window.

Category Search:  Prompts the user to enter a Category of 1, 2, or BCFL and displays a list
of event sequences sorted by frequency category.
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Edit Record: Allows the user to edit the Internal, External, and Additional Info_ fields.
Show Report: Displays the information in report format.
Close: Returns to the main project screen retaining any changes made in

the window.

=> Note: The Results Table window displays only data from the Event Sequence Form that
correspond to the selected Functional ID from the Project Tree.

3.10.1.2.2 Noninvolved

Selecting the Noninvolved option will display the noninvolved worker Results Table (see Figure
3.10.1-5) that shows the integrated results from event frequency analysis and dose
consequence analysis in tabular form for the noninvolved worker. The frequency data for event
sequences for the functional area entered in the Event Sequence Form that are designated
Public or Both are automatically brought into this window. The dose consequence results for
Internal (Facility) and External (Facility) dose to the noninvolved worker are entered in this
window and then added together to obtain the TEDE (Facility) for the noninvolved worker. In
addition, the Dose Rate for the noninvolved worker is entered in this window. The individual
data fields are presented next.

Item No: Displays the item number of event sequences.
EvScen ID: Displays the event Scenario ID.
EvSeq ID: Displays the event Sequence ID.

EvSeq Freq: Displays the Event Sequence Frequency entered in the Event Sequence Form
(Figure 3.8.4-1).

Category: The PCSA Tool assigns a frequency Category 1, 2, or Below Category 2 frequency
(BCFL) to the event sequence based on definitions in 10 CFR Part 63 and the preclosure
period.

Description: Corresponds to the Description input in the Event Sequence Form.

Dose Rate (rem/hr): Displays the dose rate to the noninvolved worker entered manually on this
form.

Internal (Facility): Displays the internal dose to the noninvolved worker entered manually on this
form.

External (Facility): Displays the external dose to the noninvolved worker entered manually on
this form.

TEDE (Facility): Displays the sum of the internal and external dose to the noninvolved worker.
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Results Table - Functional ID: E_3.3 - Noninvolved Worker

Item Mo | EvScen (D EwSeqlD EvSeqFreq | Category | Description Roehi=e ‘[E::CE:?IE!] [EF’:Z:lﬁj: F;:EEENEIUI] Additional Info_
_[0001.00 CTSE5-01 CT5-1-01 2.69E-02 1 Canister drop, canister intact no breach 2 00E-03 2.00E-03 210E-04 22103 Mothing to add 1.
| 0002.00 CTS-ES-0 CT5-1-02 28BE0S 2 Canister drop, canister breach, HEF&, 210E-03  3.00E-05  Z70E-04  3.00E-04  Mothingto add 2.
| 000300 CTS-ES-M CT5-1-03 1.37E-08  |BCFL  Canister drop, canister breach HEPA 110E-03  240E-06 310E-0 BBOE-OE Mothingto add 3.
_|0004.00 TEST-ES-DOET | TEST-EQ-DOET | 456E-02 1 Test Evert 1 280E-03 230E-04  210E-04 4.40E-04 | Mothing to add 4.
_|0005.00  TEST-ES-DOE1 | ghsdod 456E-02 1 Test Evert 1 900E-03  1.20E03  1.10E-02  (1.22E-02 | Mothing to add 5.
| 000600 TEST-ES-DOET | t3nt34 488E-02 1 Test Event 1 340E-02 340E-03  320E-04 | 372E03 Mothing to add B
| 000700 TEST-ES-DOET | bwert 45BE-02 1 Test Event 1 7.O0E-03  410E04  300E-04  F10E04 | Mothingto add 7
_|0005.00 TEST-ES-DOET | ujuditiys 456E-02 1 Test Evernt 1 BS0E-02  350E-03  Z200E-04 | 370E-03 | Mothing to add 8.
| 0010.00 TEST-ES-DOET | wpSebuySe 456E-02 1 Test Event 1 540E-02  1.10E-04  1.70E-03 | 1.81E03 | Mothing to add 8.
_|0012.00 TEST-ES-DOET | EB4B4wE 488E-02 1 Test Event 1 EODE-03  9.00E-03  920E-04 992603 Mothingto add 12
|0074.00 TEST-ES-DOET | FuSEdut 456E-0E 2 Test Evert 1 230E-03  200E05  270E-04  230E-04  Mothing to add 14,
(00600 CTSES-01 TEA7E4uy 2.B9E-02 1 Canister drop, canister intact no breach  410E-03 | 3.00E-04  310E-04  610E-04 | Mothing to add 16.
_[0017.00 CTS-ES-01 tuuSEEUEE 2.B9E-02 1 Canister drop, canister intact no breach  230E-03 | 2.80E-04  210E-04  490E-04 | Mothingto add 17,
001800 CTS-ES-01 756ULS 2 B9E-02 1 Carizter drop, canister intact no breach  7B0E-03 | 310E-04  320E-04  B30E04 | Mothingta add 18
002000 CTSES-01 67 BUGEUEE 2.B9E-07 BCFL Carigter drop, canister intact no breach  830E-03  210E-02  3.20E-04  213E-02  Mothing to add 20.
| 0021.00 CTS-ES-01 BuSUSTu 2.69E-02 1 Canister drop, canister intact no breach  7.20E-03 | 3.40E-03  1.00E-04 | 350E-03 | Mothingto add 21

002200 CTS-ES-01 ube7BusE 2.B9E-02 1 Canigter drop, canister intact no breach  5.30E-03 | 3.20E-03  1.00E-04  3.30E-03 | Mothing to add 22

Units: Doses: rem
Frequency: 1/yr

Category Search | Edit Record Show Repart Cloze

Figure 3.10.1-5. Noninvolved Worker Window

Additional Info_: Displays additional information for the event sequence and is entered
manually on this form.

Action Commands

Refresh: Displays all categories in the Results Table window.

Category Search:  Prompts the user to enter a Category of 1, 2, or Below Category 2
frequency and displays a list of event sequences sorted by
frequency category.

Edit Record: Allows the user to edit the Dose Rate, Internal (Facility), External
(Facility), and Additional Info__fields.

Show Report: Displays information in report format.
Close: Returns to main project screen retaining any changes made in
the window.

=> Note: The Results Table window displays only data from the Event Sequence Form that
corresponds to the selected Functional ID from the Project Tree.
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3.10.2 Project Results

The Project Results submenu has more submenus, Safety Assessment, Risk Assessment,
Public, and Display Structures, Systems, and Components.

3.10.21 Safety Assessment
The Safety Assessment submenu contains two options: Public and Worker.
3.10.2.11 Public

Selecting the Public submenu will display the Result Table—Project View Base Case Public
form (see Figure 3.10.2-1) showing the results (i.e., frequencies and consequences) from all
Functional ID areas. Data cannot be entered or edited in this form. The user selects the type of
information to display—either Deterministic (Point Estimate) or Probabilistic (Mean). Clicking
the Compliance Assessment button prompts the user to enter a Category of 1, 2, or below
Category 2 frequency.

Selecting Category 1 will sort all Category 1 event sequences in the Result Table and display
the Safety Assessment—Category 1 Event Sequences window as shown in Figure 3.10.2-2.
The dose in the Normal Operation Dose field does not correspond to any event sequence and is
estimated outside the tool. The Total Dose is compared in the regulatory dose limit given next.
If the Total Dose value is greater than the Regulatory Limit, the Total Dose box will be
highlighted in red. Clicking the Calculate button in the Combination of Events group (on the
right side of the window) will display Figure 3.10.2-3. The PCSA tool provides the capability to
evaluate combination Category 1 event sequences that could occur in the same year and in
which the expected number of occurrences equals or exceeds the cutoff. The combination
dose should not exceed the regulatory dose limit for Category 1 event sequences. More details
about combining event sequences can be found in Benke, et al. (2003).

Choosing Category 2, in response to Compliance Assessment button, will sort all Category 2
event sequences, and the user must look for Compliance in each event sequence.
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Results Table - Project Yiew Base Case - Public

Unitz: Doses: rem
Frequency: 1/pr

Takeaway

Refresh

Functionalll | EvScen 1D EvSeqlD Ev5Seq Freq | Category [ Description Bﬂ:tl;ual Dose, PEst | Dose, Mean| Additional Info_
_B22 ES-TROWHE-1 ESO-TROVHE-11 1.40E+00 1 Hurnan error [ Jperator initistes | M 0.00E+00
_B22 ES-TROWVHE-1 ESO-TROVHE-1-z D.0OE+00 | BCFL Hurnan error [ Dperator intiates | M 0.00E +00
B2z ES-TROWHE-1 ESO-TROYVHE-1-Z 0.00E+00 | BCFL Hurnan error [ Dperator initistes | M 0.00E+00
_B22 ES-TROWHE-1 ESO-TROVHE-1-4 D.00E+00 | BCFL Hurnan error [ Dperator initiates | N 0.00E+00
_BZ22 ES-TROWHE-1 ESO-TROVHE-1E 210E-07 BCFL Hurman errar [ Operator initistes | M 1.87E-03
B2z ES-TROWHE-1 ESQ-TROVHE-1£€ 250E-12 BCFL Hurnan error [ Operator initistes | M 4 73E-03
_B22 ES-TROWHE-1 ESQ-TROVHE--7 1.70E-10 | BCFL Hurnan errar [ Operator inkistes | M
_B23 ES-ADHP1-1 ESO-ADHP1141 | 0.00E+00 | BCFL Fuel cladding intact M 0.00E+00
_B.23 ES-ADHF11 ESQ-4DHP11-2 (1.00E-02 (2 Fuel cladding breach, HYAC (M 7.07E-05 Height of Stack=34 m
_B.23 ES-ADHP1-1 ESG-4DHP11-3 | 1.20E-0F | BCFL Fuel cladding breach, HWAC (M 1.00E-04
_B23 ES-ATMFL1- ESQ-ATMFL1-1-3 1.40E-05 |2 Fuel cladding breach, HWAC (M 2.00E-04
_B23 ES-ATMFL1-1 ESO-ATMFL1-1-1 | 0.00E+00 | BCFL Fuel cladding intact . Al M 0.00E +00
_B.23 ES-ATMFL1-1 ESG-ATMFLI-1-2 | 1.15E+00 |1 Fuel cladding breach, HWAC (N 1.42E-04 Height of Stack=34 m
_B23 ES-ATMFL24 ESG-ATMFL2-1-1 | 0.00E+00 | BCFL Fuel caldding intact. M 0.00E+00
_B23 ES-ATMFL2A ESO-ATMFL2-1-2 | 1.43E-01 1 Fuel cladding breach, HWAC | M 7.07E-05 Height of Stack=34 m
_B.23 ES-ATMFL21 ESQ-ATMFL21-3 |1.72E-06 | BCFL Cladding breach, HVAC M 1.00E-04
_B.23 ES-ATMFL3 EQS-ATMFL3-1-2 | 5.73E-01 1 Cladding bieach, HYAC and (N 1.42E-04 Height of Stack=34 m
_B23 ES-ATMFL3 ESO-ATMFL3-1-1 | 0.00E+00 | BCFL Cladding intact upon drop M 0.00E+00
_B.23 ES-ATMFL3 ESQ-ATMFL3-1-3 BBSE-DE (2 Cladding breach: HVAC M 2.00E-04
_B.23 ES-ATMFL4-1 ESG-ATHMFL4-1-1 | 0.00E+00 | BCFL Fuel cladding intact M 0.00E+00
_B23 ES-ATMFL4-1 ESQ-ATMFLA-1-2 | 717E-01 1 Fuel cladding breach, HWAC (M 1.42E-04 Height of Stack=34 m
_B23 ES-ATMFL4-1 ESO-ATMFL4-1-3 BEOE-OE |2 Cladding breach, HVAC M 2.00E-D4
_B.23 ES-ATMFLS-1 ESG-ATMFLS-1-1 | 0.00E+00 | BCFL Fuel cladding intact M 0.00E+00
_B.23 ES-ATMFLS1 ESO-ATMFLS-1-2 | 5E0E-02 |1 Fuel cladding breach, HWAC | M 7.07E-05 Height of Stack=34 m
_B23 ES-ATMFLE-1 ESO-ATMFLS-1-3 | BF72E-0F | BCFL Fuel cladding breach, HWAC (M 1.00E-04
_B.23 ES-ATMFLE- ESQ-ATMFLE-1-1 | 0.00E+00 | BCFL Fuel cladding intact M 0.00E+00
_B.23 ES-ATMFLE ESQ-ATMFLE-T-2 | 2.24E-01 1 Fuel cladding breach, HWAC (M 1.42E-04 Height of Stack=34 m
B.2.3 ES-ATMFLE ESO-ATMFLE-1-3 | 2B9E-08 | BCFL Fuel cladding breach, HWAC (M 2.00E-04

| ComplianceAssessmentl EdtBecard | Show Feport |

Figure 3.10.2-1. Safety Assessment Results Table - Public

Safety Azzezzment - Category 1 Event Sequences I

— Frequency-Weighted Annualized Doze ——

Total Dose:

Requlatory Limit:

Frequency Weighted Sum:

Hormal Operation Dose:

[10CFR Part 63.111(a)(2]]

Dose
Rem / Year

EZa
o
EZa
pars

— Combination of Events

Cutoff for Expected
Mumber of Events:

|1 .00E-02

Calculate |

Figure 3.10.2-2. Category 1 Event Sequences
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Combinations of Event Seq) es showing combinations of up to one, two, and Cutolf for Expected T2
three event sequences and their Expected Number of Occurrences. Number per year I : Calculate |
Expected Number
Itemn Combination Type oééccurrences per Bg:ni‘:oa?m (] Combination
1 E[+] 1.15E+00 1.42E-04 B.23ESGU-ATMFLI-1-2
|2 Ef<] 717E-M 1.42E-04 B.2 3ESQ-ATMFLA-1-2
3 E[<] 5.73E-01 1.42E-04 B.23EQS-ATMFLI1-2
: 4 E[x] 2 24E-01 1.42E-04 B.2 3ESQ-ATMFLE-2
5 E[<] 1.43E-01 7.07E-05 B.23ESGU-ATMFLZ1-2
: E E[x] B.60E-02 7.07E-05 B.23ESQ-ATMFLE1-2
|7 E[<] 1.40E+00 0.00E+00 B.22ES0-TROVHE-1-1
|8 E[24] 3.50E-01 2.84E-04 B.23ESQ-ATMFL1-1-2 B.2.3-ESQ-ATMFLTT-2
|9 E[2+] 1.68E-01 2.84E-04 B.23ESQ-ATMFL4-1-2 B.2.3-ESQ-ATMFLY-T-2
|10 E[24] 1.16E-01 2.84E-04 B.23EQS-ATMFL31-2 B.23-EQS-ATMFLI-2
|11 E[2+] 217E-02 2.84E-04 B.23ESQ-ATMFLE-1-2 B.2.3-ESU-ATMFLET-2
|12 E[2+] 4.65E-01 0.00E+00 B.22ESQ-TROVWHE-1-1 B.2Z2ESQ-TROVHE-11
|12 E[<] 381E-M 2.84E-04 B.23ESQ-4TMFL1-1-2 B.23ESQ-ATMFLA1-2
|14 E[<.Y] 3.20E-01 2.04E-04 B.23ESQ-ATMFL1-1-2 B.23-EQS-ATMFLI-2
|15 E[<] 1.42E-0 2.84E-04 B.23ESQ-4TMFL1-1-2 B.2.3ESQ-ATMFLE-2
16 E[<.Y] 9.30E-02 2.13E-04 B.23ESQ-ATMFL1-1-2 B.2.3-ESQ-ATMFLZ-2
: 17 E[:v] 375E-02 213E-04 B.2 3ESO-ATMFL1-1-2 B.2 3-ESO-ATMFLE-2
|18 E[=.7] 5.87E-01 1.42E-04 B.23ESQ-ATMFL1-1-2 B.2.2-ESQ-TROVHE-11
13 E[<.Y] 2.36E-01 2.84E-04 B.23ESQ-ATMFL4-1-2 B.23-EQS-ATMFLIA-2
|20 E[<.] 1.08E-01 2.84E-04 B.23ESQ-ATMFL4-1-2 B.2.3-ESQ-ATMFLE-T-2
|21 E[<.Y] E.93E-02 2.13E-04 B.23ESQ-ATMFL4-1-2 B.2.3-ESQ-ATMFL21-2
HE= EXY] 281E02 21304 B.Z3E50-ATMFLA-T-Z B2 3E50-ATMFLE -2 =
M aximum Combination Dose to Public * Thiz is the maximum annual dose to a member of the public from those combinations of
[from column 4 above] in rem™ |4-ZBE'U4 event sequences expected to ocour at least once before pemanent closure (when the
Normal Operation Dose to Public: (rem]: W cutoff value is zet equal to the reciprocal of the preclosure period).
Aggregate Public TEDE [rem]: |4.2BE-04 Show Freport |

Figure 3.10.2-3. Output for the Calculations of Combination of Events

Action Commands

Takeaway:

Refresh:

Compliance Assessment:

Show Report:

Close:

Allows the user to perform a takeaway analysis involving
structures, systems, and components important to safety. Users
interested in using this feature are advised to consult Dasgupta, et
al. (2002, Chapter 9).

Displays all categories in the Results Table window if Safety
Assessment has been activated.

Prompts the user to enter a Category of 1, 2, or below Category 2
frequency and displays only that Category in the Results Table
window. Selecting Category 1 prompts the user with a Safety
Assessment window, as in Figure 3.10.2-2.

Displays information in report format.

Returns to the main project screen retaining any changes made in
the window.
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3.10.2.1.2 Worker

The Worker option contains two suboptions: Involved and Noninvolved.

3.10.2.1.2.1 Involved

Selecting the Involved suboption will display the Result Table—Project View Base Case
Involved Worker form (see Figure 3.10.2-4) showing results (i.e., frequencies and

consequences) from all Functional ID areas for the involved worker. Data cannot be entered or
edited in this form. This form and the associated Compliance Assessment forms are similar to

those for the public except, in this case, only a deterministic assessment is performed.

Results Table - Project Yiew Basze Case - Involved Worker

External

TEDE

Additional Info_

Unitz: Doses: rem
Frequency: 1/pr

Functionall | EvScen D EwSeqID EwSeq Freq | Category | Description Internal
B33 CTS-ES-01 THEuULG 2 E9E-02 Canister drop, canister intact | 1.00E-02
_E33 CTS-ES-01 BUBETI7Er 2 B9E-04 2 Canister drop, canister intact | 1.40E-02
_E33 CTS-ES-01 iE78uBEUER 2 BSE-07 BCFL Canister drop, canister intact | B O0E-D3
B33 CTS-ES-01 tuubEeust 2B3E-02 1 Canister drop, canister intact | 1.30E-02
B33 CTS-ES-01 ubeTEuSa 2B9E-02 1 Canister drop, canister intact | 7.00E-03
_E32 TEST-ES-DOE1 | 467654645 456E-02 1 Test Event 1 E.00E-03
_E33 TEST-ES-DOET | BR4E4wE 486E-02 1 Test Event 1 1.30E-02
_E33 TEST-ES-DOE1 | 7HE7SE?S 456E-02 1 Test Event 1 5.00E-03
_E22 TEST-ES-DOE1 | FuBEFt 4BBE-0E 2 Test Event 1 1.50E-02
_E33 TEST-ES-DOET | tufu 456E-02 1 Test Event 1 6.00E-03
B33 TEST-ES-DOET | uyBeuveper 4 BEE-05 2 Test Event 1 4 00E-03

E.41 DHS_CL ES 1 DHS_CL_M 200E-03 2 Unsealed DC colision 2.00E-04

8.00E-03
1.60E-02
B.00E-03
1.40E-02
5.00E-03
E.00E-03
1.00E-02
1.00E-02
4.00E-03
7.00E-03
5.00E-03
210E-04

1.80E-02
2 80E-02
1.10E-02
270E-02
1.20E-02
1.20E-02
2.30E-02
1.50E-02
2 40E-02
1.30E-02
9.00E-03
410E-04

Refresh | ComplianceAssessmenll

Nothing to add 20

Nothing to add 17.
Nothing to add 22.
Nothing to add 11.
Mathing to add 12
Nothing to add 15.
Nothing to add 14.
Nothing to add 13.

Nothing to add 3.

EditFecard | Show Report |

Nothing to add 18.
Nothing to add 19.

Close

Figure 3.10.2-4. Safety Assessment Results Table - Involved Worker

3.10.2.1.2.2 Noninvolved

Selecting the Noninvolved suboption will display the Result Table—Project View Base Case

Noninvolved Worker form (see Figure 3.10.2-5) showing results (i.e., frequencies and
consequences) from all Functional ID areas for the noninvolved worker. Data cannot be

entered or edited in this form. This form and the associated Compliance Assessment forms

are similar to those for the public except, in this case, only a deterministic assessment

is performed.
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Results Table - Project Yiew Base Case - Noninvolved Worker

Functionalll | ExSecen 1D EvSeq|D EvSeq Freq | Category | Description E;;?.S]ate :FE:CI:’IEJ] [Eé;rﬁ:;: EFEaEi%ly] Additional Info_
_B22 ES-TROWHE-1 ESO-TROWHE-1-1 1.40E+00 1 Human error [ Dperator initiates
_B22 ES-TROVHE -1 ESO-TROWHE-1-z D.ODE+00  BCFL Human eror [ Operator initiates
_B22 ES-TROVHE-1  ESQ-TROWHE-1-Z 0.00E+00  BCFL | Human enor [ Operator intiates
_B22 ES-TROVHE -1 ESO-TROWHE-1-4 D.ODE+00  BCFL Human eror [ Operator initiates
_B22 ES-TROVHE-1  ESOQ-TROWHE-1-E 2Z10E-07  BCFL | Human emor [ Operator initiates
_B22 ES-TROVHE -1 ESQ-TROWHE-1-E| 2.50E-12 BCFL Human error [ Dperator initiates
_B22 ES-TROVHE-1  ESOQ-TROWHE-1-7 1.70E-10 BCFL | Human emor [ Operator initiates
_B23 ES-ADHP1-1 ESH-ADHFT-1-1 0.00E+00  BCFL | Fuel cladding intact
_B23 ES-4DHP11 ESO-ADHP1-1-2  1.00E-02 2 Fuel cladding breach, HVAC 3EB9E-03  3B3E-03  Height of Stack=34 m
_B23 ES-ADHP11 ESO-ADHP1-1-3  1.20B-0¢  BCFL  Fuel cladding breach, HVAC 211E02  211E-02
_B23 ES-4TMFL1-1 ESO-ATMFL-1-1-3 1.40E-05 2 Fuel cladding breach, HVAC 421E-02  4.21E-02
_B23 ES-ATMFL1-T ESH-ATMFLI1-1 0.00E+00  BCFL | Fuel cladding intact . Al
_B23 ES-4TMFL1-1 ESO-ATMFLTA-2 1.15E+00 1 Fuel cladding breach, HYaC 73903 733E-03 Height of Stack=34 m
_B23 ES-ATMFLZ1 ESH-ATMFL21-1 0.00E+00  BCFL | Fuel caldding intact.
_B23 ES-aTMFLZ1 ESO-ATMFLZA-2 1.43E-01 1 Fuel cladding breach, HVAC 3EB9E-03  3BIE-03  Height of Stack=34 m
_B23 ES-ATMFLZ1 ESQ-ATMFLZ1-3 (1.72E-06 BCFL | Cladding breach, HYAC 211E02  21ME-02
_B23 ES-4TMFL31 EQS-ATMFL3A-2 573E-01 1 Cladding breach, HWVAC and T39E-03  F.33E-03 Height of Stack=34 m
_B23 ES-ATMFL31 ESH-ATMFL31-1 0D.00E+00 | BCFL | Cladding intact upon drop
_B23 ES-4TMFL31 ESO-ATMFL31-3 E.88E-0E 2 Cladding breach; HVAC 421E-02  4.21E-02
_B23 ES-ATMFLA-1 ES-ATMFL41-1 0.00E+00  BCFL | Fuel cladding intact
_B23 ES-4THFL4-1 ESO-ATMFLAA-2 717E-01 1 Fuel cladding breach, HYALC 7.33E-03  733E-03 | Height of Stack=34 m
_B23 ES-ATMFLA-1 ESQ-ATMFL4-1-3 BEOE-0E 2 Cladding breach, HYAC 421E02  4.21E-02
_B23 ES-4TMFLE-1 ESO-ATMFLS1-1 0.00E+00  BCFL | Fuel cladding intact
_B23 ES-ATMFLE-1 ESQ-ATMFLE1-2 BEOE-0Z2 1 Fuel cladding breach, HVAC 3EB9E-03  3B3E-03  Height of Stack=34 m
_B23 ES-4TMFLE-1 ESO-ATMFLS1-3 B72E-07  BCFL | Fuel cladding breach, HVALC 211E-02 211E-02
_B23 ES-ATMFLE-1 ESH-ATMFLE1-1 0.00E+00  BCFL | Fuel cladding intact
_B23 ES-4TMFLE-1 ESO-ATMFLEA-2  2.24E-01 1 Fuel cladding breach, HVALC 7.33E-03  733E-03 | Height of Stack=34 m
B23 ES-ATMFLE-1 ESO-ATMFLED-3 2.68E-06  BCFL  Fuel cladding breach, HVAC 421E02  4.21E-02
i D mm M Takeaway § Refrash | Compliance Assessment | Edithecard | Show Report | Close |
Frequency: 1/

Figure 3.10.2-5. Safety Assessment Results Table - Noninvolved Worker

3.10.2.2 Risk Assessment

The Risk Assessment suboption allows evaluation of the total aggregate risk based on the
frequencies and consequences of event scenarios from all functional areas. Details of the risk
assessment methodology were previously described (Benke, et al., 2002). This calculation is
not required by the regulation; it is an additional option for generating risk insights. The

Risk Analysis (see Figure 3.10.2-6) form displays a table of data for every event scenario from
all functional areas. All event scenarios are selected for risk assessment by default. Scenarios
excluded from this analysis should be deselected from the Event Tree Form. For this analysis,
an event scenario relates a single initiating event to its corresponding event sequences. The
data fields of the Risk Analysis form are described next. Only the first two fields (Time for Risk
Analysis Calculation (Yr.) and “Input Cutoff Limit” for Combination of Probability of Events) allow
the user to input data directly. The other fields display previously entered or calculated data.
The individual data entry fields are presented next.

Time for Risk Analysis Calculation (Yr.): Results of the risk assessment, risk (rem within the
specified time period), and the probability of occurrence for combinations of event scenarios
within the specified time period are based on this time period. The default value for time of
duration for risk evaluation is 1 year. The user may enter a different value by double clicking on
the time.

“Input Cutoff Limit” for Combination of Probability of Events: The user can assign a probability
cutoff limit for combinations of probability in risk calculations. Event scenario combinations with
probabilities of occurrence (within the specified time period) less than the cutoff limit are not
included in the calculation of total aggregate risk.
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Rizk Analpziz, Project: PCSADemo

Time for Rigk Analysis
Calculation 1.1

Double click on Doze
Double click on Mean

- ‘Input Cutoff Limit*
I— Double chick on P SO I—
0 time to change. for Combination of 1.D00E 08
Probability of Events
to perform deterministic scenario calculation.

Dose to perform probabilistic scenario calculation.

FunctionallD‘EchenlD ‘IEID Manual | |p £rog ‘IE Pob  |Event Time (b ce PtEst‘Dose,Mean Num (5 oce Min ‘Dose, 5% El
Data Scenario for Fiealiz
[E212  ATSCPPES ATSLCPPIE- N B.ESE-D3  BE4ZED3 Drop Test | 1.0 2766E-05 | 4.957EU6 100 | 7.141E-08  2.028E-07
TE213 ATSPULES ATSE D1 N 1.23E-04 | 1.230E-04 | Test 1.0 1344603 3484604 100 | 5.019E-0B  1.426E-05
[E214  ATS_PLES ATSEDT (N 7.89E06 | 7.890E-05 | Test 1.0 | 803ZE01 143801 100 | 2.073E-03  5.83%E-03
[E214  ATS_PLES ATSEDT (N 7.89E-06 | 7.B90E-06 | Test 1.0 |0000E+00 244102 100 | 3.516E-04  9.986E-04
[E214 TS PLES ATSHEDT (N 7.09E-06 | 7.890E-06 | Test 1.0 | 3784E-01 2641E02 100 | 3.804E-04  1.081E-03
E221 ATS_DC_ES ATS_DC_IE N 287603 | 38603 | Test 1.0 292304 0.000E+00 100 | 0.000E+00 0.000E+00
TE221 ATS_DC_ES ATS_DC_IE. N 387603 | 3BBIE-03 | Test 1.0 | 7505E-04 523905 100 | 7.546E-07 | 2.144E-0B
[E221 ATS_DC_ES ATS_DC_IE N 367603 | 3EEIE-03 | Test 1.0 | 4284E03 2991E04 100 | 4.308E-06  1.224E-05
[E221 ATS_DC_ES ATS_DC_IE. N 387603 | 38603 | Test 1.0 1B69E-03 767TAED4 100 | 1.017E-05  3.143E-05
TE221 ATS_DC_ES ATS_DC_IE_ N 367603 | 38603 | Test 1.0 | 4284E-03  2991E04 100 | 4.308E-06  1.224E-05
E221 ATS_DC_ES ATS_DC_IE N 287603 | 3.BEIE-03 | Test 1.0 127306 0.000E+00 100 | 0.000E+00 0.000E+00
TE221 ATS_DC_ES ATS_DC_IE. N 387603 | 3BBIE-03 | Test 1.0 | 4358E-05 30426068 100 | 4.382E-08  1.245E-07
E3z CTSESO1 CTSIET (M 272602 | 2ESE2 Verticaldiop 1.0 | 2E82E04 | 4028E05 100 5509E-07 1.E4%E06 v
4| I *

Deterministic: Rizk | Frobabilistic Risk | Done |

Figure 3.10.2-6. Output Screen Showing Risk Analysis Form

Action Commands

Deterministic Risk:

Probabilistic Risk:

Done:

Calculates system risk using point estimates for the scenario doses. The
deterministic risk will be evaluated only when the IE Prob and Dose, PtEst
columns are populated for all event scenarios. The results from the risk
analysis are displayed in Figure 3.10.2-8, which shows Outcome State

(in symbolic notation), Probability (within the specified time period),
Consequence (rem), Risk (rem in time period), Total Risk (rem in time
period), and the Contribution (%) for this combination to the total risk.

The Outcome State field shows results of outcome analysis with each
column representing an event. A + sign indicates the event scenario
occurred at least once within the specified time period, and a - sign
indicates the event scenario did not occur. For example, +-+- denotes at
least one occurrence of the first and third event scenarios and no
occurrences of the second and fourth event scenarios. The probability,
consequence, and risk for each combination of event scenarios
(outcome) are tabulated in Figure 3.10.2-8, followed by a row presenting
the total risk.

Conducts probabilistic risk calculations after the button is clicked.
Probabilistic risk is evaluated only when the IE Prob column and columns
associated with probabilistic dose columns are populated for all event
scenarios. The Probabilistic Results window (Figure 3.10.2-9) displays a
complementary cumulative distribution function plot of total risk; it also
shows the mean, minimum, 5"-, 50™-, 95"-percent, and maximum risk
values at the top of the form.

Closes the Risk Analysis window.
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Functional ID: Displays identification number of the functional area along with the description of
the functional area selected from the Project Tree.

EvScen ID: Displays event scenario identification.
IE ID: Displays initiating event identification.
Manual Data: Displays Y if event scenario allows manual data to be entered, otherwise, N.

IE Freq: Displays initiating event frequency (in units of 1 year). Data are transferred into this
field automatically for previously specified initiating events.

IE Prob: Displays initiating event probability. This field is populated separately for each event
scenario by calculations performed in the Event Scenario Risk form (see Figure 3.10.2-7).

Event Scenario: Displays descriptions of the event scenarios.

Time for Calculation: Displays time for risk calculation (in units of 1 year).

Dose, PtEst: The point estimate or deterministic dose for each event scenario is evaluated
through a separate set of calculations, initiated by double-clicking on each cell to display the
Event Scenario Risk form, shown in Figure 3.10.2-7. Steps to calculate a point estimate
(deterministic) dose for the event scenarios are discussed for Deterministic Dose at the end of
this section with the other Action Commands.

Dose, Mean: The mean dose for each event scenario is evaluated through a separate set of
probabilistic calculations, initiated by double-clicking on each cell to display the Event Scenario
Risk form, shown in Figure 3.10.2-7. Steps to calculate a probabilistic scenario dose for the
event scenarios are discussed for Probabilistic Dose at the end of this section with the other
Action Commands.

Num Realiz: Shows the number of realizations for probabilistic scenario dose calculation. The
tool requires the same number of realizations for all event sequences used in the scenario dose
calculation. The number of realizations is displayed once the probabilistic dose path has been
selected for an event sequence in the Event Scenario Risk form (see Figure 3.10.2-7).

Dose, Min: Displays minimum dose from the probabilistic scenario dose calculation.

Dose, 5%: Displays 5" percentile dose from the probabilistic scenario dose calculation.

Dose, 50%: Displays 50™ percentile dose from the probabilistic scenario dose calculation.

Dose, 95%: Displays 95" percentile dose from the probabilistic scenario dose calculation.

Dose, Max: Displays maximum dose from the probabilistic scenario dose calculation.

NoneFilesOnly: Indicates if the event scenario dose has been calculated from previously saved
consequence runs as specified by the user in the Event Scenario Risk form. Y denotes
consequence paths have not been specified. N denotes previous consequence paths were
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used to calculate the event dose. The tool uses this column to determine if sufficient
information has been specified by the user to perform the risk analysis.

Calculation of Dose, PtEst and Dose, Mean for Each Event Scenario: Double-clicking in any
cell of the Dose, PtEst or Dose, Mean columns will open the Event Scenario Risk form, shown
in Figure 3.10.2-7, corresponding to that event scenario. The Event Scenario Risk form
displays existing data about the event scenario: Functional ID, Type of Run, Event Scenario ID,
(Ti) Time for [risk] Calculation (yr), and (Fi) Initiating Event Freq (/yr). The field for (Ei) Event
Probability is calculated, and the field for (Ci) Event Deterministic Dose (rem) (Event Mean Dose
for probabilistic calculations) is initially empty. The Event Dose button calculates deterministic
(or probabilistic) event dose and populates the Event Deterministic Dose (or Event Mean Dose)
fields. The window also displays a table of previously specified data associated with the event
sequences of the event scenario: EvSeq ID (Event Sequence ID), EvSeq Freq (Event
Sequence Frequency), Coefficient, and Det Conseq Path (Deterministic Consequence Path) or
Prob Conseq Path (Probabilistic Consequence Path). The Det Conseq Path or Prob Conseq
Path columns display the directory paths for previously saved consequence analysis (either
point estimate or probabilistic) results. The PCSA Tool also creates a file containing data from
deterministic and probabilistic dose calculations and assigns a path for data storage in the (Ci)
Event Dose Path field. The user may not specify the Deterministic Consequence Path or
Probabilistic Consequence Path in the table provided in the Event Scenario Risk form

(Figure 3.10.2-7). Using the Results Table window (see Figure 3.10.1-1), the user must
double-click in the empty cells under the Det Conseq Path (or Prob Conseq Path) columns and
select the directory in which the consequence results are saved to assign a consequence path
to an event sequence.
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Ewent Scenario Rizk, Project: PC5ADemo

Functional ID IT Event Scenario 1D lm
Type of Run Im
[Ti)Time for Calculation [ypr] lm—
[Fi] Initiating Event Freq. [/vr] W
[Ei] Event Probability W
[Ci) Event Deterministic Dose [rem] I—

g:i] Evenl  [PCSADemo\ScRiskFuns\DetATS CPPES-OT
oze Path

EvwSeqID EvSeq Freq | Coefficient Det Conzeq Path

ATS_CPP_0 368E-03 1.004E00 DET_BwR_DEFA

Ewent Doze | Done |

Figure 3.10.2-7. Output Screen Showing
Event Scenario Risk Form

Deterministic Aesults

IEaIcuIatiun Complete

Outcome State ‘ Frobability | Consequence [rem] ‘ Rizk [rem in time period] Contribution [%)

. 9.274E-01 | 0.000E+00 (0.000E+00 0.00E+00
I 8.084E-03  Z7EEE-05 2.236E-07 3.08E-0
R 1.141E-04  1.344E-03 2.218E-07 3.05E-M
B R T.317E-06  B.032E-00 5.877E-06 B.09E+00
O+ 7.317E-06 0.000E+00 [0.000E+00 [0.00E+00
R TAFE-OE 37H4E-M 2. 7EBE-0B 381E+00
N 3596E-03  2923E-D4 1.051E-06 1.45E+00
N 3596E-03 | 7.BOSE-D4 2.699E-06 3.71E+00
M 3R96E-03  4.284E-03 1.541E-05 212+
N 3596E-03  1.BE9E-03 £.002E-06 B8.2EE+00
N 3596E-03  4.284E-03 1.541E-05 212E+01
N 3596E-03  1.273E-0B 4 57EE-09 £.30E-03
N 3B36E-03  4.358E-05 1.567E-07 2. 16E-M
N - 2B57E-02 | Z408E-D4 £.150E-06 B8.46E+00
I + 1.147E-02  1.100E-03 1.262E-05 1.74E+01
B R 313BE-05  3200E-04 1.003E-08 1.38E-02
O+----- LEEETEE 3135E-05 | 7.7H2E-D4 2. 440E-08 3.36E-02
N . 3135605 4.31ZE-03 1.352E-07 1.86E-01
B R oo 313BE-05 1.B97E-03 5.313E-08 7A2E02
B+ LEEEr 3135E-05  4.312E-03 1.352E-07 1.86E-01
TR LEE 3135E-05  ZB94E-05 3.071E-10 1.25E-03
D+ +-- 3135E-05 T124E-05 2.233E-09 3.07E-03
R +- 2229804 ZEEZE-D4 5.978E-08 8.23E-02
B + 1.000E-04  1.128E-03 1.128E-07 1.55E-01 =

. n 21 ARC NC 2 H10FC N2 C 079C Na aACC N2

Figure 3.10.2-8. Output Showing Deterministic Results Form 3-105
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Probabilistic Results

ICaIcuIalion Complete

Total Risk Mean [1070E05 | Min [1480E07 | 5% [43s1E07 | 90% [gsege06  95% [2930E05  Max [9172E-05

CCOF QUTPUT For Tatal Risk

1.0

0g

03

o7
06

0s L\
04 \
03 ™
02 \‘.,

01 \

"""'-..___________

’-"
--""f

Probability of Exceedence

oo
0.00000 0.00001 0.00002 0.00003 0.00004 0.00005 0.00006 0.00007 0.00005 0.00009 0.00010

Risk (rem in time period)

Show Feport | [one |

Figure 3.10.2-9. Output Screen Showing Probabilistic Results Form
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3.10.2.3 Display Structures, Systems, and Components

Selecting the Display submenu will display the View Selected structures, systems, and
components form (see Figure 3.10.3-1). Data cannot be entered or edited on this form—only
viewed. The user has the option of displaying structures, systems, and components for all
functional areas or only the current functional area. In addition, the user has the option of
filtering structures, systems, and components based on mode of operation and based on how
the structures, systems, and components is designated Important to Safety (ITS). The user
selects an structures, systems, and components in the upper portion of the form to display the
associated design bases and design criteria in the lower portion of the form.

Yiew Selected 55Cs. Project: PCS5A_Example

— Filters Functional Area Descripion ——————————
Functional ID Im vl Mode of Dperation IAII j N_o Fun_c:tional Area selected _ ;I
Designated Important to Safety (ITS] [dizplaying S5Cs from all functional areas)
’V DOE IAII vl Staff IAII vl ‘ LI
FunctionallD | Itemn Mo |SSC 1D |Description |System |Subsystem Edsg:at?én ::)TDSE L;TTSAFF|Additional Info
_|B.24 0000 WPl ‘waste Package ‘wiaste Femotely | v N
_|B22 000,00 | TRLESK. | Trolley for Cask Handling Tralley Structural | Femote Y M
_|B.23 000100 | PR-HYAC | Primary Spstem HYAC HWarC M Y
_|B.24 000200 WP _Clasure W aste Pack age closure Wk clozure Remate M M
_|B.22 000200 | CSELID Cask Lid Tranzporatia M M
_|B23 0002.00 | PR-HEPA | Primary Spstem HEPA HEP M M
_|B.24 0003.00 | TRLYWP | Trolley WP Remote M
_|B.23 0o03.00 | ASTh1 Azgembly Transfer Maching | Crane FRemote | M
_|B.22 0003.00 | SHLDR-1 | Shield Door Remote Interlock Remote N M
_|B.24 0oo4.00 | CRMNWP Crane “ aste Package Femote M M
_|B.22 000400 | SCHWAC | Secondary Sestern HYAC  HVAC Secondary M M =
=l OOOFR NN CrulC DA Commmind =i Casnbmes LI DA UC o h ki
Current S5 PR-HVAC Select item above to view associated Design Bases and Design Criteria.

Item Mo Design Bases Design Criteria Design Review Comment | &dditional Information

Close |

Figure 3.10.3-1. View Selected Structures, Systems, and
Components Window
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Action Commands

Filters

Functional ID: View structures, systems, and components for all functional areas
(by default) or only the current functional area.

Mode of Operation: View structures, systems, and components for all modes of operation
(by default) or only those structures, systems, and components with
modes of operation designated: none, manual, remote, or
software driven.

Designated Imported to Safety (ITS)

DOE: View all structures, systems, and components regardless of the DOE
designation as important to safety (by default) or only view those
structures, systems, and components identified yes or no with regard to
the DOE designation.

Staff: View all structures, systems, and components regardless of the staff's
designation as important to safety (by default) or only view those
structures, systems, and components identified yes or no with regard to
the staff’'s designation.

Close: Return to the main project screen.
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3.11 SW Reliability

Information required for the qualitative analysis of software reliability is compiled using this
menu. The feature may be selected from the main menu bar of the PCSA Tool. Because a
software system may have application to a limited part of preclosure repository operations or
may be applied to all operations, the extent of applicability is defined for each software
system described. The SW Reliability menu opens the Software Systems window, shown in
Figure 3.11-1, which allows access to various fields by selecting one of five tabs:
Characterization, Iltems 1-4; Characterization, Iltems 5-7; Use in Repository, ltems 1-5;
Use in Repository, Items 6-8; Potential Failures.

Enter initial information using the Add Software System button. Data entry fields on the tabs in
the Software Systems window can be accessed by selecting the Edit button. The individual
data entry fields shown in Figures 3.11-1 to 3.11-5 are presented below. Some data entry fields
are self explanatory and are not described further.

Select Software System: Display a drop-down menu of the software system included in the
database by using the Add Software System button. Selecting a software system allows the
user to view information already stored or to enter data about the software.

Functional Areas Where this system is used: List all the functional areas, taken from the
system description, in which this software system is used.

Tabs:

. Characterization, Items 1-4 (see Figure 3.11-1)

1. Any extant failure data on the software system: Provide any extant failure data on the
software system recorded during the development phase or operation of the software
system; frequently, failures experienced in developing the software are not reported.

2. Characteristics of the software development process: Describe what methods and
actions were used to manage the process for developing this software.

3. Characteristics (especially Maturity Level) of the software development organization:
This characterization is keyed to the Capability Maturity Model developed by the
Software Engineering Institute of Carnegie-Mellon University (Paulk, et al., 1993).

4. Analysis of the requirements specification for the software: How were the operational

requirements for the software stated and to what depth?
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Software Spstems

Select the Software System

|| j [Ehange HEme | Add Software System |
1D: Ii Functional Areas Where
this system is used :I
Company: I LI
Characterization, Characterization, Uze in Repositony, Use in Repositany, " "
Items 1 - 4 ] ltems 5 - 7 I ltemsz 1 -5 (i & = & Patential Failures
Cat ization of the Soft: System and its development process.
Use a combination of factors to evaluate qualitatively software relisbilty and its impact on preclosure safety,
1. Ay extant failure data on the software spstem
Bl
[-]
2. Characteristics of the software development process
[
[
3. Characteristics (especially M aturity Level] of the software development organization
=
[-]
4. Analysis of the requirements specification for the saftware
[
[-]

Edit: | Close | Repart |

Figure 3.11-1. Software Systems Window and
Characterization, Items 1-4

Characterization, Items 5—7 (see Figure 3.11-2)

Identification and evaluation of the software standards used in developing and applying
the software, if any: Describe standards used, if any, and how applicable they are to the
particular application.

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

Other: Provide any other information characterizing the software or its development.
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Select the Software System
I j [Efange NEme | Add Software System |

B l— Functional Areas Where =
e this system is used —I
Company: I ;I

T Potential Failures

Characterization, Characterization, Use in Repositany, Use in Repaository.
Items 1 - 4 Items 5 - 7 Items 1 -5 Itemz G - 8

Cat ization of the Soft System and its development process.
Use a cambination of factors to evaluate qualitatively software reliabilty and its impact on preclosure safety.

5. |dentification and evaluation of the software standards used in developing and applving the software, if any

[
E
E. Determination of the degree ta which the software has been previously uzed and comected of the degree to which
software components (subsystems and reused software] might be emploped

KI5

7. Other

L e

Edrt: | Close | Repart |

Figure 3.11-2. Software Systems Window and
Characterization, Items 5-7

Use in Repository, ltems 1-5 (see Figure 3.11-3)
Functions Performed by this System.
Hardware Components Controlled.

Sensors and other Input Devices (including keyboard etc.).

SW Reliability

Description of how humans interact with the software system under routine operations

and how humans can decide to take action through the software system.

Is the Software System involved in actively controlling the process, in providing standby

interaction and/or notification during an upset condition, or both?

PCSA Tool Version 3.0 User Guide
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Software Systems

Select the Software System

I j [Ehange i ame | Add Sofbware Spstem |
R I— Functional Areas Where
[ thigs system is used d
Company: I j
Characterization, Characterization, Use in Repository, | Use in Repaositony,
Items 1-4 T ltems 5 - 7 I llems 1-5 Items & - B (Pt relogen
Description of how the software system is integ d into repository op i
1. Functions Performed by this Spstem
=
2. Hardware Components Contralled 3. Sensors and ather Input Devices [including keyboard et ]
B B

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

=

[
5. |z the Software System involved in actively contralling the process, in providing standby interaction and/ar
notification during an upzet condition, or both?

=

[

Edit | Cloze | Feport |

Figure 3.11-3. Software Systems Window and
Use in Repository, Items 1-5

Use in Repository, ltems 6-8 (see Figure 3.11-4)

Is the Software System applied to specific types of hardware individually or multiple
times, or does it control several types of hardware simultaneously (local versus global
system)?: For example, does the software control a single air lock, all the air locks, or all
the air locks and all the radiation sensors at entry ports?

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

Determination of the degree to which software failures will be mitigated by other safety
systems: These devices include automatic devices or human intervention.
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Software Systems

Select the Software System
I j ChangeName | Add Software System |

. l— Functional Areas Where =
v this system is used —I
Company: I LI

Characterization. Characterization. Usz in Repository. | Use in Repository._ q -
Items 1 -4 Itemz 5 - 7 Items 1 -5 otems 6 -8 IFEEnfTEl =S

Description of how the soft spstem is ink ted into itory

E. |2 the Software System applied to specific types of hardware individuallp or multiple times, or does it control several
types of hardware simultanecusly [local vs. global spstem) ?
|

=l

7. Identification of whether and to what degree Fail-zafe design approaches have been uzed in developing the software
or specifying its requirements
|

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

|
=
|

Edit | Cloze | Report |

Figure 3.11-4. Software Systems Window and
Use in Repository, Items 6-8

Potential Failures

What previously identified initiating events 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?

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

What synergistic interactions between hardware, human actions, and software failures
could lead to additional initiating events?
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Software Systems

Select the Software System

j Chiange Hame | Add Software System |
. I— Functional Areas Where
T thiz gpstem i used ;I
Company: I LI
Characterization, Characterization, Use in Repositary, Use in Reposzitory, B
ltemz 1 -4 ltemz & - 7 ltemz1-5 Itemz £ - 8 s
Identification of potential failures of the software spstem and the Failure consequences
1. what previously identified initiating events produced by hardware malfunctions (identified by FMES or what-if
analysiz) could be produced by software failures, because the identified equipment malfunctions could be generated
b saftware Failures?
=
E
2. What previously unidentified equipment malfunctions could be produced by software failures and lead to an
initiating event?
=
[
3. What synergestic interactions between hardware, human interactions, and software failures could lead to
additional initiating events?
=
[

Edit | Cloze | Fepart |

Figure 3.11.1-5. Software Systems Window and

Potential Failures

The following Action Commands correspond to Figures 3.11.1-1 through 3.11.1-6:

Action Commands

Select the Software System:

Add Software System:

Change Name:

Allows selection, by name, of a previously entered
software system.

Permits addition of a new software system name, with all
fields blank; this selection displays a Add New Software
System window (Figure 3.11.1-6) with three fields to be
filled in: |D, Description, and Company (Figure 3.11.1-6).
Every software system is given a unique identification in
the ID text field. Once entered, the ID cannot be edited.
The name of the software system and description is
provided next in the Description text field. The Description
may be edited by selecting Edit then Change Name. The
name of the developer of the software system is provided
in the Company text field. The Company name can be
edited by selecting the Edit button.

Permits revision of the name and description of the
software system, while retaining the entries in all other
fields. This button is activated by Edit button.

3-114

PCSA Tool Version 3.0 User Guide



Report:

Edit/Update:

Close/Cancel:

Tabs to Access Fields:

Tab 1
Tab 2
Tab 3
Tab 4
Tab 5

SW Reliability

Displays the information in report format.

Allows the user to modify all fields in folder (tab) and some
fields in Add New Software System window.

Returns user to the main project window screen,
automatically saving any changes; Cancel returns to the
Software Systems screen, without changing any
edited fields.

Characterization, ltems 1—4
Characterization, ltems 5-7
Use in Repository, Items 1-5
Use in Repository, Items 6-8
Potential Failures

Add Mew Software System
ISW-EE

Description IS ample lnput

1D:

Company: I

ak. | Cancel |

Figure 3.11.1-6. Add New Software System Input Form
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Failure Rate
3.12 Failure Rate

The Failure Rate menu contains View Taxonomy, Search Database, Failure Calculator, and
Human Error Probability Generation submenus. A database was developed that contains
failure rates of several components based on the actuarial data. A user can search for the data
using either the View Taxonomy or Search Database submenus. These data have been
categorized in an industry standard taxonomical structure.

3.121 View Taxonomy

The View Taxonomy submenu opens a Taxonomy window that contains a tree view that shows
a listing of all current components and categories (Figure 3.12.1-1). After expanding the nodes
of the tree, the user can search for the component. Double-clicking on a component or
selecting a component and clicking Display Data will display a dialog box that contains the
failure rate for that component, the references from where the data were acquired, and a brief
description of the available statistical basis. In the Search Results window (Figure 3.12.1-2),
the user can input the Letter ID or the Number ID from the reference column to retrieve and
display the primary and secondary references, and the corresponding data will be displayed in
the bottom part of the Search Results window as shown in Figure 3.12.1-2. To start a new
search, click New Search and enter as many as three keywords. Clicking on Close will close
the Search Results window and return to the Taxonomy window.

- Crane Supztems

o Hoist Brake Suyzter
Transfer Machine
Mobile Gantry

[ Aocidents
- Drilling E quipment
[#- Electrizal Equipment
[ Human Miztakes
[+ [ngtrumentation
- Mizcelaneous
[ Process Equipment
[#]- Protection Systems
[+ Tranzportation

[ tilities

Dizplay Data | Cloze |

Figure 3.12.1-1. Taxonomy Window
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Search results for: Crane yielded 67 results

Equipment Description | Field Reference Failure R ate gg'ttes i

OVERHEAD CRANES E2 0.00005 HR
OVERHEAD BRIDGE
CRANES 10TOM E
H BASE
BRIDGE CRAMES RANGE OF M1 0.000054 AR 0.00015 0o
FAILURE
0l FRACTION | (19305
BRIDGE CRANES LRANE  OFLOAD | gy M1 0.14 N/& 014

FaILURE HANGUP | paTa)

FLrRT e

3.12.2

R FAILURE
KN
Reference Search: Type in the Letter ID or Humber
Wz S | Clesz ID from the Reference Column. >3>3>>>3>
Letter |D| Frimaiy Reference: Data Source Mumber 10| Secondary Reference: Source of Data Cited by Primary R eference
Cwf Ma, R.C. 5it. 5.J. Zavoshy, L. Jardine, Preclosure R adiclogica NRC [US Nuclear Fe L
i ? by i . gulatory Commizzion], 1975, Reactor Safety 51
E ﬁnalyms for 'gc;:c'd??t Eo;dlt;?tnlsﬁf tt_he Fl'oltentlgl Ych:c:a Mounftalnsﬂeg 2 Accident Risks in U.5. Commercial Muclear Power Plants, WaSH-14
h SH:EE%’Q M qag‘ljl]les. echitel National. Inc. 2an Francisco [or aan U.5. Muclear Regulatory Commission, ' ashington, DC [MMA.301132
K| 3| KN b
Letter ID | Additional Information on Primary Reference Notes:
Unit Calumn: /D means per demand
Unit Column: /HR means per calendar hour, unless specified
Unit Column: /OP-HR means per operating hour
Unit Column: * signifies that failure rate iz the recommended rate for
A | specified entry

Figure 3.12.1-2. Search Results Window

Search Database

The Search Database submenu displays a dialog box in which the user can type the component

name and field to perform a search. The result of the search will display the Search Results
window (Figure 3.12.1-2).

3.12.3

Failure Calculator

Selecting the Failure Calculator submenu will display the Frequency Calculation window, which
is shown in Figure 3.12.3-1. The Failure Calculator enables the user to make a quick frequency
of failure calculation after inputting the failure rate and number of hours or demands.

Frequency Calculation

Enter the failure rate (per hour or demand) of the I.DDDDEE
desired component;

Enter the number of hours ar demands ta be |325
placed an the component per year:

Freguency of failure per vear: IU.U132

Reset | Cloge |

Figure 3.12.3-1. Failure Calculator
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Failure Rate
3.12.4 Human Error Probability Generator
The Human Error Probability is estimated using the Human Error Probability Generator.

The Human Error Probability Generator is opened in the PCSA Tool by selecting Human
Error Probability Generator in the Failure Rate menu.

There are three main functions of the Human Error Probability Generator that are
accomplished in three steps:

(1) Selection of the appropriate Table for Human Error Probability by traversing a logic tree
(Figure 3.12.4-1).

(2) Selection of the appropriate entry in a given Table of Human Error Probability
(Figure 3.12.4-2).

(3) Application of the appropriate performance shaping factors, if the analyst chooses to
apply them (Figure 3.12.4-3).

Step 1. The logic tree is that suggested by Swain and Guttman (1983), but simplified
somewhat, as shown in Figure 3.12.4-4, Parts A and B. The initial part of this module steps the
analyst through the logic tree by asking a series of questions (four questions for primary
operational activities, and three questions for maintenance and checking activities). By
selecting the answers appropriate to the human error being analyzed, the code will lead the
analyst to the appropriate Table. For the convenience of the analyst, the previously answered
questions and the analyst’s responses are shown at each step.

Step 2. Once the appropriate Table of Human Error Probability’s is selected, the analyst is led
through a second sequence of questions to select the Table entry appropriate to the human
error being analyzed. The number of questions varies depending on the Table and previous
answers. The end result of this process is the selection of a Human Error Probability from

the Table.

Step 3. Once the Human Error Probability value is selected, the user may use it or apply
performance shaping factors (PSF). If the user chooses to use performance shaping factors,

another sequence of three questions is asked to select the appropriate performance shaping
factor.
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Human Error Probability Generator

Click the appropriate button to answer each question, then enter your reasons at night.

o 1 : g i Reasons for answes to each
When finished entering your reasons, click 'Next' to continue to the next question.

question;

rAbnormal Event?

 Ho {0 Yes

r Primary Operational Actions?

o Mo ¥ Yes

r Type of Emor?

& Ormissions % Commissions

~Wiitten Materials?
" Ho " Yes

<4 Previous |

Losent | Cancel | HEPI EF I_

Figure 3.12.4-1. Human Error Probability Generator, Step 1

Select HEP from Table 20-7: Estii iliti g il i ion when use of written procedures is spec___

Answer the questions and enter the reazons for your choices in the box below each question. Click 'Mext’ to go to the next question.

The suggested choice from the table will be | hted when all i have been d. Click 'Accept' to accept your choice.
— “hich of these conditions apply?
& Wiitten procedures exist and are used Tem |Omission of ltem HEFP ‘EF
Witten procedures are availsble and should be - —
used, but are nat 1 When procedures with checkoff provisions are correctly used; 0001 4
| short listt, <= 10 items
Bl When procedures with che ckoff provisions are correctly used,
=]z : oo 3
i Wwihich of these conditions apply?  ————————— | long listf, > 10 ftems
e wiritten procedures with checkoff provisions are Wherprocediaes w.ﬂmut che.cknﬁ"pmvtsmns. - use.d’ =" s
used corecty Il when checkoff provisions are incorrectly used; short listf, <= 10 0003 3
Whitter procedures do not have checkoff | items
8 provisions ar such provisions are incarrectly When procedures without checkoff provisions are used, or
mplemented 4 when checkoff provisions are incore ctly used; long listf, » 10 001 k]
items
When written procedures are available and should be used, but
5 nns 5
ate ot used{t §

| [l
=l
|z the procedure list:
0 shart, <= 10 items?
B
E
Bl

Tahle 20-7 from A& D Swain, H. E. Guttmann, Handbook of Human Relishility Analysis with =
Eraphasis on Nuclear Power Plant & pplications, Final Report, MUREG/CR-1278, Augnst 1923,

* The estirmates for each itern (or perceptual unit) presume Zero dependence among the iteras {or
units) an raust he rodified by using the dependence rodel when a nonzero level of dependence 15
assurned.

*++ The term "itern” for this coluran is the nsual designator for tabled entries and does NOT refer to
ar itera of mstruction in a procedure.

T Correct use of checkoff provisions is assumed for items in which written entries such as ;I

<4 Previous | Mest »» | Looept | Cancel | Report Info. |

Figure 3.12.4-2. Human Error Probability Generator, Step 2
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Select PSF from Table 20-16: Modifications of estimated HEPs for the effects of stress and experience levels
Answer the questions and enter the reasons for your choices in the box below each question. Click "Mezxt' to go to the next question.

The suggested choice from the table will be highlighted when all i have been d. Click "Accept’ to accept your choice.
i What is the stress level of the task, as reflected by

the task Ioad or threat status? Item |Stress Level Modifier Skilled | M odifier Novice
" Wery low [very low task load)
" Optirurn [optimurn task load) 1 Very Low (very low task load) ® E2
" Moderately high [heavy task load) 2 Optimum Task Load: Step-by-StepT xl xl
" Extremely high [threat stress] 3 Optimum Task Load: Dynamict xl fr)
Moderately High theavy task load):
=l | e P %2 w
=L tep-by-Stept
HE Moderately High cheavy task load): x5 x10
4 Extremely High (threat stress): 3tep-by-Stept x5 x10
7 Ensttemely High ithreat stress): Dynamict or HEP=025, BF=3
Diagnosis}

Tahle 20-16 from &. D. Swain, H. E. Guttmann, Handbook of Human Reliability Analysis with =
Ernphasis on Muclear Power Plant Applications, Final Report, NUREGICE- 1278, fugust 1983,

* The nominal HEPs are those in the data tables in part [IT and in Chapter 20. Error factors (EFs)
are listed in Tahle 20-20.

& skilled person is one with 6 raonths or rore experience in the tasks being assessed. A novice
15 one with less than & months experience. Both lesels have the recired licensing or certificates

T Step-hy-step tasks are routing, procedurally gwded tasks, such as carrying out written
calibration procedures. Dymernic tasks recuire a higher degres of man-machine interaction, such as LI

<& Fieyious | et 5y Aerent | Cancel | Fieport Info. |

Figure 3.12.4-3. Human Error Probability Generator, Step 3

Action Commands

Previous: Deselects the current choice (if made) and returns to the previous choice in the
sequence of questions.

Next: Moves to the next question or to the next screen, using the current selection.

Accept: Confirms numerical choice of Human Error Probability or PSF from Table. Also
confirms numerical choice of Human Error Probability with PSF applied.

Cancel: Allows the user to return to a previous screen, when the Previous command is
not available; if a previous screen is not available, the user is returned to the
main menu.

Report Info.: Displays the bibliographic information on NUREG/CR-1278, the source of the
methodology, Table entries, and evaluations.
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A4 2

Limited rule-
based response
HEPs may be
added, If desired

Ommissions Commissions

TYPE OF ERROR? Locally
\/ Displays

READ, OR CHECK
ERROR

ERROR?

Read/Record Stuck Valve Valve
Quantitative Detection Selection
20-10 20-14 20-13
Procedural Admin Oral Check Read Display Control
items Control Instruction Quantitative Selection Selection/Use
20-7 20-6 20-8 20-11 20-9 20-12

Figure 3.12.4-4. Part A: Selection of Primary Human Error Probability Tables Using NUREG/CR-1278 Methodology
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ANOTHER'S

WORK

Checking

ADMINISTRATI
OR CHECKING

Administrative

Errors by
Checker
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Not Repository
crtf!mpuhrlud; operatns. may not
perform manually include tagging
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Checklist
3.13 Checklist

The Component Failure Mode Checklist submenu in the Checklist menu displays the
Component Failure Mode Checklist window containing a checklist of component failure modes.

3.13.1 Component Failure Mode Checklist

The checklist may be used during failure modes and effects analysis. The user can browse
through the entire database or use the search option for a component. Figure 3.13.1-1
illustrates the default setting for the Component Failure Mode Checklist, while Figure 3.13.1-2 is
an example of a crane component search.

Component Failure Mode Checklist
- Search Close |

Component |Fai|ure Mode i|

Component:

Fails to start

Fails off while running
Starts prematurely

Starts too late
COperates too long
COperates too fast

Operates too slow

Blade damaged or missing

Agitatar/tixer

Fails off
Fails on
Activates at a lower setpoint
Activates ata higher setpaint

Annunciator

External leak
External rupture
Outlet plugged
Fails to start
Centrifuge Fails off while running
Starts prematurely
Operates too long
COperates too fast
Operates too slow

Fails opened
Shorts line to ground
Shorts line to line
Spurious output signal [~

Circuit board

Figure 3.13.1-1. Component Failure Mode Checklist
Default Setting
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Component Failure Mode Checklist

Companant Ic;rane

Close

Companent

| Failure Mode

Cranes

Cormponent Failure

-Hook

-Rope Systemn

Fope drum

-Orum bearing and pedestal
-Drumfgearbox shaft and coupling
-Gearbox

-Gearbox/brake shaft and coupling
-Brake (thruster type)
-Brake/motar shaft and coupling
-tdotar

-Contactor L

-Caontactor MC

-Emergency stop PB

-Diead man's handle

-Contraller Contact 2

Figure 3.13.1-2. Component Failure Mode Checklist Example

Action Commands

Search: Searches the database for the component input by the user. If the user input is not

found in the database, the window will return blank.

Close: Exits the Component Failure Mode Checklist window and returns the user to the

main project screen.

PCSA Tool Version 3.0 User Guide

3-126



Regs.
3.14 Regs.

The Regulation (Regs.) menu displays two submenus, 70 CFR Part 63 and 10 CFR Part 20.
Both regulations have been stored as hypertext markup language (HTML) files, and the
respective menus display the regulations through the default web browser in the user’s
computer. An HTML file allows the user to browse through the document using the hypertext
links. Both 10 CFR Part 20 and 10 CFR Part 63 were downloaded from the NRC website
<WWW.Nrc.gov>.

3.14.1 10CFR63

The 10 CFR Part 63 submenu displays the text in 10 CFR Part 63: Disposal of High-Level
Wastes in a Geologic Repository at Yucca Mountain, Nevada.

3.14.2 10CFR20

The 10 CFR Part 20 submenu displays the text in 10 CFR Part 20: Standards for Protection
Against Radiation.
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3.15 Images

Images

The Image menu contains two submenus: DOE and Review. Selecting the DOE and Review

submenus will display the Images DOE and Images Review windows. The functionality of the
Images DOE and Images Review windows is identical. Using the Action Commands, the user
has the option of either viewing existing images contained within the PCSA Tool/Drawing/DOE
or Review subdirectory or adding new image files. When an image is added to the DOE or

Review subdirectory, the user must select an image name that will represent the file in the

Images Review window. However, the original file name will not change in the DOE or Review

subdirectory. The Images DOE window is illustrated in Figure 3.15-1.
lmages |

DOE

Image Mame

Site Plan

Morth Portal Plan

Tranzportation Cazk Buffer Area General Arangement Plan Ground Floor
Canister Handling Facility General Arangement
Dy Transfer Facility 1 General Arangement

Intake Shaft{Elue] and Exhaust Shaft or Raize (Red)

10 aste Package Configurations
Process Flow Through Surface Facilities
Canizter Handling Facility Process Flow

Canizter Handling Facility 30 Computer Aided Design Maodel
Dy Transfer Facility 1 Process Flow

Dy Transfer Facility 1 30 Computer Aided Desigh Model
Engineering Document Hierarchy

Typical Design Drawing Mechanical Block Flow Diagram

Typical Design Drawing Fiping and Instrument Diagram

Typical Design Drawing Electrical Single Line

Locomotives and ‘W aste Package Transporter Approaching the Morth Portal

‘Waste Package Transportation Equipment Traveling Along Main Drift

-

Ad|
sad | view | Debte | Close |
Figure 3.15-1. Images Window
Action Commands
Add: Allows the user to insert a graphics file into the DOE subdirectory. The
user-selected name will appear in the Images window.
View: Displays the selected image in a separate graphics software.

Delete: Deletes the selected image from the DOE subdirectory.

Close: Exits the Images window and returns the user to the main project screen.
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Help
3.16 Help

The Help menu displays About, Disclaimer, and Menu Help submenus. The Menu Help
submenu is not currently active.
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