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ABSTRACT

This NUREG is the reference manual for the System Analysic and Risk
Assessment (SARA) System Version 4 0, a microcomputer-based system used to
unalyze the safety issues of a family [i.e., & power plant, & manufacturing
facility, any facility on which a probabilistic risk assessment (PRA) might be
performed)

The SARA data base contains PRA data for the dominamt accident
sequences of a family and descriptive information about the family including
event trees, fault trees, and system model diagrams. The number of facility data
bases that can be accessed is limited only by the amount of disk storage
#available. To simulate changes to family systems, SARA users change the failure
rates of initiating and basic events and/or modify the structure of the cut sets that
make up the event trees, fault trees, and systems. The user then evaluates the
effects of these changes through the recalcl, ‘on of the resultant accident
sequence probabilities and importance measures. The results are displayed in
tables and graphs.

FIN No. 1.1429 - SARA, IRRAS and MAR-D Maintenance and User Support
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EXECUTIVE SUMMARY

The System Analysis and Risk Assessment (SARA) system provides the
capability to examine the risk impact of a “family" [i.e, a power plant, a
manufacturing facility, any facility on which a probabilistic risk assessment
(PRA) might be performed] dealing with such items as regulatory lssues, plant
design, and operational changes. It is a flexible PRA too] that can be used in the
evaluation and prioritization of physical and operational changes

SARA is a computer program that is designed 10 access data generated
by other programs. It contains no data, but can automatically access PRAs
stored in the Models and Results Database (MAR-D). These PRAs could have
been generated using the Integrated Reliability and Risk Analysis System
(IRRAS) or loaded using the MAR-D program. MAR-D serves as a repository
of models and results from completed PRAs, and has no analysis capabilities
SARA can select for analysis, any family database loaded in MAR-D. This data
includes, event failure data, dominant accident sequences, descriptive information
about the facility, event trees, fault trees, and plant system model diagrams,

Family modifications and accideat scenarios are simulated by changing
basic event probabilities, initiating event frequencies, and/or cut set structures,
Accident sequences, total sequence frequencies, sequence uncertainty values,
event importance measures, and facility end states are recalculated and the results
of the calculations are displayed numerically and graphically. All data displays
may be saved in disk files and/or sent to an attached hard copy device.

Each major function provided by SARA is discussed in the following
paragraphs

Select Family

The Select Family function allows the user to select for analysis a
specific family from a library of families stored on disk. 12 addition it provides
the means of copying SARA data base files between families.

Systems Analysis

The Systems Analysis function aiiows the user to modify basic event
probabilities, cut set structures, uncertainty calculation parameters; and then
recalculate system unavailabilities and importance measures. The results of the
calculations are displayed in tables and graphs and may be compared to the base
line data contained in the SARA data base.

xiii February 1992



Event Trees Analysis

The Event Tree Analysis function allows the user to modify basic event
probabilities and sequence initiator frequencies, cut set structures, and uncertainty
calculation parameters; and then ,scalculate core damage frequencies and
importance measures. The results of \he calculations are displayed in tables and
graphs and may be compared to the b.se line data contained in the SARA data
base

Graphics Analysis

The Graphics Analysis function allows the user to view piping and
instrumentatiun diagrams (P&IDs), fault tree and event tree diagrams, plus line
and bar graphs of system, sequence, and end state plots. The diagrams may be
sent to an attached Epson compatible printer, an HP LaserJet printer, or to an
HPP file

Reports

The Reports function allows the user to print reports of the data
contained in the SARA data base. Since user-generated data are also stored in
the database, reports of this data may also be created. The reports may be sent
to the screen, 1o an attached printer, or to a disk file for later editing and/or
printing

Modify Database

The Modify Databace function allows the user to review and edit the base
case or original data records contained in the SARA data base.

Utility Options

The Utility Options functicn allows the user to set system parameters,
load and output data base records, and recover the data base index files if they
have become corrupted.

Xiv February 1992 .




FOREWORD

The U S Nuclear Regulatory Commission has developed a powerful
sulte of computer programs for the performance of Probabilistic Risk
Assessments (PRAs). This suite of programs allows an analyst to perform many
of the functions necessary to create, quantify, and evaluate tho risk associsted
with a facility or process being analyzed. These programs include software to
define the data base structure, to create, analyze, and quantify the data, and to
display results and perform sensitivity analyses. The programs included in this
suite are as follows:  Models And Results Database (MAR-D) software,
Integrated Reliability and Risk Analysis System (IRRAS) software, System
Analysis and Risk Assessment (SARA) software, and Fault tree, Event tree, and
F&ID (FEP) graphical editor software. Each of these programs performs a
specific function in taking a PRA from the conceptual state all the way to
publication.

MAR-D is o program that is used primarily for PRA data loading. This
program defines a common relational database structure that is used by the entire
suite of programs.  This structure allows all of the software to sccess and
manipulate data crected by other software in the system without performing a
lengthy conversion. Hence, data created by IRRAS is immediately available to
SARA for sensitivity analysis. The MAR-D program also provides the facilities
fo. loading and unloading of PRA data from the relational database structure used
to store the data. A simple ASCII data format is used for interchange with other
PRA software not included in NRC's suite of programs. This feature allows for
compatibility with previously developed software systems and allows for
maximum data interchange.  Elements of this software are included with both
IRRAS and SARA 10 allow these programs to ioad and unload data in the MAR-
D format.  Normally, the entire MAR-D software is used only by those
performing a data loading function and is not required by the end user.
Documentation for MAR-D, Version 4.0 is in draft form and will be finalized.

IRRAS is a program developed for the purpose of performing those
functions necessary to create and analyze a complete PRA. This program
includes functions to allow the user to create event trees and fault trees, ‘o define
accident sequences and basic event failure data, 1o solve system and accident
sequence fault trees, to quantify cut sets, and to perform uncertainty analysis on
the results.  Also included in this program are features 1o allow the analyst 10
generate reports and displays that can be used to document the results of an
analysis.  Since this software is a very detailed technical tool, the user of this
program should be familiar with PRA concepts and the methods used to perform
these analyses.  Although IRRAS has been designed to be user friendly and
makes the process of performing a PRA easier, the complexity of this type of
analysis requires a user with a more detailed understanding of PRA concepts than
i5 requ’ ed by other tools in this suite. The IRRAS 4.0 reference manual is
available as NUREG/CR-5813, Volume 1. The IRRAS 4.0 tutorial, Volume 2,
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SYSTEM ANALYSIS AND RISK ASSESSMENT (SARA)
SYSTEM VERSION 4.0
VOLUME 1 - REFERENCE MANUAL

1. INTRODUCTION

The System Analysis and Risk Assessment (SARA) system provides the capability to examine the
safety impact of nu'rar power plant regulatory issues and plant design and operational changes. It s
& flexible probabilistic risk assessment (PRA) tool that the nuclear power plant analyst can use in the
evaluation and prioritization of generic issues, and other applications using PRA core damage results.

Nuclear power plant modifications and accident scenarios are simulated by changing system cut
sets  basic event probabilities or accident sequence initistor frequencies, and recalculating accident
sequences, plant end states, and core damage frequencies. Results of the caloulations are displayed
numerically and grag hically.  Analysis can be done at several levels: a single event, a group of events,
A system, a group of systems, & sequence, and a group of sequences. Only one family (plant) can be
analyzed at a time,

This reference manual provides detailed information about SARA operations and gencral
information about commands com:nonly used in each operation. To simulate changes to plant systems,
you may change the failure rates of basic and initiating events in the plant systems models or change the
cut sets to reflect a logic change in the systems. You may then evaluate the results of these changes
through the calculation of the resultant core damage and accident sequence frequencies. Results are
displayed in reports and graphs

SARA conains two databases: the permanent or base case database and a parallel database that
can be temporarily changed by the user. The modification of basic events and cut sets generate "change
sets” and “alternate” cut ss that are saved in the data base. A change set consists of probability and/or
class changes for a group of basic events. This allows the user to reproduce a particular scenario without
repeating all of the data modifications. The base case data may be updated with the modified (current)
data at any time.

Each operation is examined separately, and required actions and expected resu!ts are outlined.
Appendices cover hardware and software requirements and data interchange formats

1.1 SARA Internal Functions

The functions provided in SARA are described in the following paragraphs.

LL1 Select Family

A family is a group of models, such as those for a single plant, unit, or facility, SARA creates
a directory for each family as it is added via the Modify Database option. A family model (data) is
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. the data base records into files that conform to the MAR-D data formats (see Appendix B)
The third option, Recover Database, will rebuild the data and index files for ench relation in the
data base  This may be necessary If the data base has been corrupted in some way
1.2 Invoking SARA
lo activate SARA, change to the PRADATA B directory, and type

SARA

Figure | will appear. This disclaimer message will appear on the screen for a few seconds, followed by
the SARA Main Menu shown in Figure 2

Systen Arlysis and Risk Assesament

I IR R H)
i RV

SARA 4.0 '8 the result of research work conducted st the l1daho Netiohal
Engineering Laboratory (INEL) through funding provided by the U, §
Nut lear Regulatory Commission,

WARBANTY DISCLAIMER

Heither the United States, nor the U, §. Departmerit of Energy, nor the
U, B, Nuclear Regulatory Commission, nor EGAG ldaho, Ine., nor any of
their smployees, makes any warranty, express of (mplied, or assumer any
legal lability or responsibility for the accuracy, completencss, of
usefulness of any information, apparatus, product, or process disclosed,
or represents that its use would not infringe privetely owned righte,

Figure 1. SARA 4 0 copyright screen

NOTE: This document assumes the reader is tamilinr with PRA methods and
terminology. This manual serves as a reference guide for the SARA
user
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2. SELECT FAMILY

This option allows you 1o select the family data set you wish to work with and provides the
capability of copying raw (MAR-D) data files or SARA data base files into a specific family A family
Is & group of models, such as those for a single plant, unit, or facility. When the family is successfully
selcted the name is shown in the upper left corner of the screen

The curreni directory is the current family unless you select another family. SARA retains the
last family you selected when you exitee the program so when you enter SARA again the last family
selected is the current family. The Selec: Family screen (Figure 4) lists all families in the SARA data
buse. The select family function provides four options: Exit, Select, Family Copy, and Copy. In
addition, three function keys are available

< Esc>» Exits the Select Family module and returns you to the SARA main menu
<Fl> Displays on-line help messages
<FS§>» Allows you to locate & specified family. When you press <FS5> a

blank line will appear on the screen. Enter all or part of the family
name you wish to locate and press < Enter » . This feature will place
the highlight on the located name. If the requested name is not found,
then the next name in alphabetical order will be highlighted. This
feature is especially useful when there are several screens of families to
display

r——-'”ﬂlv—-—‘
SURRY rsolcct Family

Option (8| Exit / Select / family Copy / Copy

r Family Name s Director, Description
PRADATA PRADATA
SURRY SURRY SURRY UNIT 1

Figure 4. Select family menu

Lo
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2.2 Select

) f } b '
s §

Position the cursor over the family to sele

Lnable to select desired family

i niahle to sedeet desired 'u”n.\

2.3 Family Copy




screen.  If this message appears, highlight a family and press < Enter > . The message Position the
cursor over the family to copy to will then sppear.  Again, highlight a family and press < Enter >
All family data base files will be copled from the first family highlighted to the second family highlighted
When the files are copled, the message Family successfully copied appears

2.4 Copy

This option provides the means of copying any file (raw data and/or a MAR-D file) into any
family  If the user has a need for data that was generated using another application. this option provices
the mechanism to copy such data into a family. To invoke this option, type < C> in the option field,
highlight the family to copy to, and press < Enter > . If no family is highlighted, the message Position
the cursor over the family to copy to is displayed at the bottom of the screen. If this message appears,
highlight a family and press < Enter > . A new screen, File Copy (shown in Figure 6), requesting the
path and file name of the source data being copied into the selected family is displayed. Specify the
entire path of the data to be copied and press < Enter> (e.g., A\*.* or D\RAWDATA\DEMO\* *)
A confirmation message File(s) successfully copied is displayed when the files have been copied

Entering an invalid path, a nonexistent file name, or pressing < Enter > without specifying a path
results in the data not being located, and displays an error message Unable to locate requested file(s).
To return to the Select Family screen without copying a file, press < Esc > . The message Copy attempt
terminated at wiers's request appears and the Select Family screen is redisplayed.

If you want to copy to & family that does not et exist, you must first add the family. To add
a family, see the Modify Data Base option.  After you have added the family, you may return to the
Select Family option and copy your data base into the new family.

Enter Source For File Copy

Enter complete source path, including file specificotion,

Source file specification,

Pestination Directory.
CIAPRADATA . BY\SURRY

Figure 6. Enter source for file copy
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3. 'YSTEMS ANALYSIS

To irvoke the Systems Analysis option from the main menu, highlight SYstem Analysis or type
<Y > in the option field and press <Enter>. The Systems Analysis option consists of the following

four functions:

1.

L=

4

Modify Event Data includes adding, deleting, and modifying change sets. Change sets
contain information about tne probability/class changes that are to be applied to basic
events during system analysis. Within a change set you may modify selected event
probabilities, and reset those event probabilities to the base case values. In addition, you
may perform a base case updete that takes all current system data and makes it the new
base case data. The original base case data are overwritten in this process. You may
alsu add, modify, or delete user-defined histograms.

Analyze Systems includes updating the cut suts, quantifying the ~ut sets, running
uncertainty analyses, and updating the base case.

Display Results presents the analyses in various report forms.

The Cui Set Editor provides the means to modify the system cut sets.

Keys you will frequently use include the following:

< Es¢c >
. <Fl>»

<F2>
<F3i>

<F4>

<F§>

Escape cancels youi last choice and returns you to the previous screen.

Help briefly explains the function of a field and may show you examples of data
entered.

Mark/Unmark tags items for use in the selected option.

Clear All Marked items removes the marks (*) from the listed items. If no nems
are marked, this option will mark all of the items,

Mark/Unmark rangc of items tags a large numbers of items more easily for
processing.

Locate an item displays a blank field in the center of the screen, and a message
Please enter name to locate will appear. The user should enter all or part of
the name to be located and then press < Enter>. This feature will place the
highlight on the located name. If the requested name is not found, then the next
name in alphabetical order will be highlighted.

The System Analysis main menu is shown in Figure 7. The Systems Analysis options and their functions
will be discussed in the following pages.

3.1 Exit

The System Analysis screen appears with Exit <E> as the default choice in the command line

(see Figure 7).

\
1

Press < Enter> or the < Esc> key to return to the SARA main menu.
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System Analysis

Enit

Modify Event Data

Ana'yze Systems

Display Results

Cut Set Editor

Option |E

Figure 7. §, m analysis main menu

3.2 Modify Event Data

The event data can be manipulated to examine the changes in the probabilities of plant accidents
and accident sequence failures based on basic events. Events can be added, modified, and deleted. The
probability of events occurring can be recalculated.  You may generate change sets to be applied to the
basic events for later propagation through the sequence cut sets. You may update the base case that will
replace the present base case data with current data

From the Modify Event Data option, the following operations may be performed: add, modify,
or delete change sets, create and reset individual event probability changes; add a class probability chaige
to a group of events; add, modify, or delete user-defined histograms; update the base case event data with
the current case e+ 2nt data, generate new current case event data using the temporary modifications made
to the marked change sets; and create reports that reflect the event modifications that currently exist
within the data base

Highlight Modify Event Data on the main menu or type a <M > to select this option and press
< Enter > The Change Sets screen shown in Figure 8 will be displayed. A change set is a set of
sensitivity data modifications to be applied to the basic events. Change sets modify the current case basic
event data. A change set consists of probability and/or class changes for a group of basic events. As
shown in Figure 8, ten options are available. Each of these options is discussed in the following
paragraphs
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Add Chanpge Set

A Exit / Ad

Nt He Dete 1991/07/1¢
Description

Figure 9. Add a change set

— famv\y
SUKRY Change Sets

Option |A| Exit / Add / Mxiify / Delete / Probability / Class
Histograms / Generate Changes / Report Changes / Base (Case Update

B oo KB e Pescription
AAR
OEP
HP-1
PID

<Fd» <F%>
Mark/Urmark Clear ALl
Change

Figure 10. Change set screen after an Add
3.2.3 Modify

This option allows you to modify the name, description, and/or date for an existing change set.
To invoke this function, type an <M > in the option field, highlight the change set you want to modify,
and press < Enter>. The Modify Change Set screen (shown in Figure 11) appears. If you did not
highlight the change set to modify before pressing < Enter > | the message Record must be highlighted
first appears.

Edit the name, description, and/or date and press < Enter > to execute the change. Use the
< Tab> key to move the cursor from field to field. Upon pressing < Enier > | a confirmation message,
Record modified, is displayed. To return to the Change Sets screen without modifying the change set,
press << Esc> or move the cursor to the option field by pressing < Home> , typing an <E>, and
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125 Probability

This function allows you the flexibility to experiment with setting different basic event failure and
uncertainty data. These data values may be set for a single event or for a specified group of events. The
function also provides a reset option to set data values back to the base case values. To invoke the
Probabitity function, type & < P> in the option field, highlight a change set, and press < Enter > [f
you press < Enter > without highlighting & change set, the message A line must be highlighted wiil be
displayed. If you receive this message, highlight an event and press < Enter > . The Select Event scresn
(see Figure 13) appears with < P> (Probability) as the default option. The change set name is shown
in the upper right corner in the Change Set box. Three options are available: Exit, Probability, and
Reset probability 1o base.

- Uhange Set wes
elect fvent raw ]

Option (P| Exit / Probablility / Reset probability to base

Name Description

CEV-FT-CVI07 CHECK VALVE V107 FAILS TO OPEN
C-CRV-F T CVI09 CHECK VALVE CVI0R FAILS TO (WEN
~CKY-FT-CVI28 UMECK VALVE CVI2B FAILS TO OPEN
~CEV-Fi-CVI30 CHECK VALVE CVYZ0 FAILS TD OFEN
“CEV-FT-CV1&S5 CHECK VALVE CVI45 FALLS TO OPEN
“CKV-FT-CVILT CHRECK VALVE CVIAT FALILS TO OPEN
“MOV-PG-1865A ACC MOTOR OPERATED VALVE 1B65A PLUGGED
“MOV-BG- 18658 ACC MOTOR OPERATEL VALVE BES5B PLUGGED
MOV-PG-1865C ACC MOTOR OPERATED VALVE 1865C PLUGGED
“DAC-ST-1H1  4BOV AC BUS THY BUUWORK FAILURE

<Fi» D <3 whds <F5»
Help Mark Ev nt Clear ALl Mark Range Lucate

HER . marked event, "V - unusea event, "BV - unused, marked event,
P . prob, change, “C" - cleas change, "¢¥ - prob. and class change

Figure 13. Select an event for probibility change.

3.2.5.1 Exit. This optior terminates the probability function and returns you to the Change Sets
screen (Figure 8). To invoke this option, type an <E > in the option field ¢1d press < Enter >, or press
the <Esc> key.

3.2.5.2 Probability. Tais funition allows - ou to modify the current uncertainty and failure data
values. This current data can then be pplied to the specified events for use during event tree analysis,
The changes applied to basic evvnt data may be fcr a single event cr a group of marked events.

To invoke this function, type a <P > 'n the option field, highligh' an event or mark a group of
events (using the <F2> and/or < 4> function keys) an press < E: - > (cee Figure 14). If only a
single event has been selected, then the Event Probability Changes screen (for a single event) will be
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displayed (Figure 15). The display is divided into four data areas: Event Attributes, Unvertainty Data,
Failure Data, Process Flag. The Event Artributes data display is for information oaly, no chenges may
be made to the data fields in this display. The Uncertainty Data/Failure Data areas display both the base
case and current data values. You may change only the current data values. The Process Flag area is
a one-character field that specifies if certuin processes should take specinl note of the selected event. One
of the following upper-case values can be input: 'S’ (sensitivity analysis), ‘X" (do not expand transfers),
'Y’ (never expand transfers), and 'I" (always expand transfers).

Change Se®
elect Event |o€9 I

aption |P| Exit 7 Prebebility ! Reset grobability to base

Nawme Pescription
SCKV-FT-CVIN CHECK VALVE CVINT FAILS TO OREN
~CKM-FT-CVIDG CHEUK VALVE CVID9 FAILS TO JPEN
“CKV-FT-CVIZB CHECK VALVE CVIZ2B PALLS YO OPEN
CKV-FT-Cv130 CHECK VALVE CVI30 FAILS TO OPEN
~CKV-FT-CV14S CHECK VALVE CVI4S FAILS TO OPEN
CEV-FT-CYI4T CHELK VALVE CVIAT FAILS TO OPEN
COMOY PG YBESA ACC MOTOR OPERATED VALVE 186% FLUGGED
“MOV-PG- 18458 ACS MOT00 OPERATED VALVE 18658 PLUGGED
“MOV-PG-IRESC ACC MOTOR TPERATED VALVE 1865C PLUGGED
“BAC-ST-1HT  AB0V AU BUS 18T BUSWORK FALURE

Ksc> <Fi» $ir «F3x» <Fih» <i%
Exit Nelp Mark ®yvani Clear ALY Merk Range Locate

Rote: ¥ . me bad event, "M - ungsed event, "W' - unused, marked event,
"pr - wrob, change, "C" - cluss change, e - prob. end clase change

Figure 14. Events marke ! for modification.

When the Process Flag field is blank, the transfer associated with this event is expanded for
tailure reverences. For success references, the transfer is also expanded; however, the cut sets generated
are removed from the failure cut sets using cut set matching An "X" tells SARA that the basic event
is to be used for failure references, but success references are to be treated the sume as if the flag was
blank. A "Y" indicates that & transfer is 10 be replaced with its basic event for failed references and the
complement of the event is to be used for success references. An "I1" causes SARA to treat the transter
as independent. Logic below this transfer is expanded for failure references, and for success references
the complement of the logic is used.

If & group of events were marked (see Figure 14) using the <F2> and <F4> function keys,
and the cursor was in the option field, then upon pressing < Enter > the Everts Probability Changes
screen (for a group of events) will be displayed (see Figure 16). This display is divided into three areas:
Uncertainty Dara, Failure Data, aud Process Flag. As before, both the base case and current data values
are shown, You may only change the current values. The changes entered on this screen will be applied
to all marked events
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Event Probability Cheoanges

fvent Attributes
Name s Comp 10 Sys Train Type /Made  Location Init?
SOACC-CEV-FT-CVI09  CVIOD ACC Cry F1 .
CAPACC-CXV-FT-CV109
WrACCOKVOVIDD 1 2 3 4 5§
Claas Artributes N N W K K
Doscription CWECK VALVE CVID9 FalL

S 9101112 1314 1% 1
N N KN N N N 3

6 ¢
W N
$

7
~
0

O OFEN

[ Bose swm Uncertainty Data = Current 4 Bane seaess Foilure Dats s Curient

L e (1181, TYPR sommmmmmmensn [ 1 Commemmee Calc. Type 3
5.000E+000 <am Volue wws -- csBreven 1.000E-004 Comen Prob s>

3 o LOCT . (L 8S Sy (40 000E+000 <wme L ambiia s> - -

purmmmr e PrOCess FLOp semwmecmmmmmd 40, D0DE 4000 Comme THU oamaed <« <o

“ Flag » +0. 000E+000 <o MiSSion wad «cves

- — o

Note : Leave Current values blank 1f no changes are desired.

Figure 16. Changes  an event probability

Changes

——— Urgertaginty Dats

.| Fatlure Data e
Bistribution !‘Vp(g ——— 1 < — Calculation Iype s wr— b

I Value neww N erwews ¢ . Probabi{ {1y seseses -
Larrelation Classy secusemmm> I R —
v PFOCESE FLOY smmmmme aname YAl

' Fiag > MISSION TI0 e

Enter change volues required

Note © ALl marked gvent change probabilities will be affected.
Press <Esc> to return without changing.

Figure 18. Event change screen for marked events

The probabiliiy changes made are reflected on the Select Event display by showing a "P" to the
left of the effecied events, Probability changes have a higher priority than class changes. When both
are applied to an event, the probability change will be used during fault tree/sequence analysis. This is
indicated by fiagging the affacted events with a "P* and "¢ as shown in Figure 17
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elect Event

Option (P| Exit / Probability / Reset probability to base

Name Pescription
“CKV-FT-CVIOT CHECK VALVE CVI07 FAILS TO OPEN
~CKV-FT-CVI0® CHECK VALVE CV109 FAILS TO OPEN
-CKV-FT-CVIZB CNECK VALVE CVI2B FAILS TO OPEN
‘CKY-FT-CVIZ0 CHECK VALVE CV130 FAILS TO OPEN
“CKV-FT-CVI4S CHECK VALVE CV145 FAILS TO OPEN
“CEV-FT-CVI&T CHECK VALVE LVIAY FAILS TO OPEN
“MOV-PG-1B65A ACC MOTOR OPERATED VALVE 1865A PLUGGED
“MOV-PG- 18658 ACC MOTOR OPERATED VALVE 18650 PLUGGLED
“MOV-PG- 18o5C ACC MOTOR OPERATED VALVE 1B65C PLUGGED
“BAC- " 480V AC BUS 1HY BUSWORK FAILURE

<Esc> <F1» «F2> <F3» <Fé> <FS»
Exit Nelp Mark Event Clear ALl Mark Range Locate

Note: "% - marked event, "-V - unused event, "#" - unused, merked evert,
Ypt - prob, change, “CV - class change, "“c¢" - prob, and class change

Figure 17. Event probability and class changes flagged.

On the Event Probability Changes display, help screens are supplied for all data entry fields.
Pressing < F1> when the cursor is in any data entry field will cause a help screen to be displayed. Most
of the help forms contain a data entry field at the bottom of the dispiay. This field may be used to enter
the desired data value, which will then be transferred into the proper data field upon exiting the help
screen. Highlighting an item in the help form list will set the correct value in the data entry field.

Currently, there are seven predefined distribution types available. The predefined distribution
types are normal, lognormal, beta, gamma, chi-squared, exponential, and uniform. In addition to these
predefined distribution types, user-defined histograms may be used. The default distribution type is the
lognormal.  Figure 18 shows the help form associated with the distribution type field on the Event
Probability Changes screen. From this help screen, help forms associated with each of the seven
predefined distribution types are available. To view these distribution help forms, press the <F1 > key
while the cursor is positioned on the desired distribution type.

Correlation classes are used to account for data dependencies among like events in the data base.
Correlation classes con:i=* of four character upper-case values. A blank correlation class indicates that
there are no data dependencies. When running the uncertainty analyses, the same sample value will be
used for all basic events with the same correlation class.

In the Failure Data box the calculation type is a numerical reference to the calculation method
to be used. There are 13 calculation types numbered 1 through 9, T, F, I, and S. When the cursor is
positioned in the Calculation Type field, press <F1> for an explanation of these calculations. The help
screen is shown in Figure 19,

3.9 February 1992



e ———
Event

s . i = R I ————

Probability Changes ,

Distri

Value
Correl
|
Flag =
e e

Note

Figure 78,

Type

mOooowEr-

uncertainty Distribution Types

'

Distribution Values

Log Normel, Error Factor
Normal, Standard Dev,
Beta, b of Betala,b)

Gamma, & of Gamma(a)
Cni-Sguared, Degrees of Freedom
Exponential, none

Uniform, Upper End Pt.
Histogram, Histogram Number

Distribution Typesesss»N

Uncertainty distribution types (probability change)

Figure 19.

Uncer

Distribution

Value weeseme
Lorrelation

| A
FlOG sees—

SR ——

Failure Data Calculation Types
Calcula!wr nelhod

Probability

Lambda * Mission Time

1 Exp(-Lambcda * Mission Time
Lambida * Min(Mission Time, Teu
Operating Componert with Repair
Lambxie * Tau /7 2.0

1+ (EXP(-Lambde*Tau)-1.0)/ (Lambda * Tau)
Base Probability + Probability

Base Probability * Probability

Set to Mouse Event (Failed, Prob=1.0)
Set to House Event (Successful, Prob=0.0)
lgnore this Event (Remove it from logic)
Set to System Min Cut Upper and

(Fuul EqQ)

Press <F1» !or help with any h'ghhghted tvpe

Calculation Typo ——

4

SR —

Failure data calculation types (probability changes)
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To reset the probability changes for a group of events, mark the desired events using the F2
and/or F4 keys, type an <R> in the option field and press < Enter>. The message "Reset ALL
marked probability changes? (Y/N)" is displayed at the bottom of the screen. Press < Y » to complete
the reset operation, or < N> to terminate the reset operation.

To reset all event probabilities to the base case values, clear all existing marks with the F3 key,
type an < R > in the option field and press < Enter > . The message "Reset ALL probability changes?
(Y/N)" is displayed at the bottom of the screen. Press <Y > (o perform the reset operation, or <’{>
to terminate the reset operation

3.2.6 Class

This option allows you to change event data parameters for a specified grouping of events, To
invoke this option, enter a < C> in the option field, highlight the desired change set, and press
< Enter> . If you do not highlight a change set before pressing < Enter >, the message An event
change must be highlighted will be displayed at the bottom of the screen.  The screen display for this
option is shown in Figure 20, All data fields in the four data areas are data entry fields, The event class
is defined by entering data in the Event Attributes data fields. The more of these fields that are filled in
the finer the class definition becomes

« Change Set
Class Change Fﬁr l

Event Attributes

Names Comp Id Sys rain  Type F/Mode Location Init?
<POEP* N
<G>

Class Attributes

premenme NCErtainty Data " Fallure Date s,
DIStribution Type s> COlEULATION TYpe swmemes—se>

(press <F1>» for list of types) (press <Fi1» for list of types)
VBlUue smmermmmermeny <« oo Eocos | Probability sessesss =soses IS
Correlation Class=» LAMDCIR s>« ¢ 5o s o feses
e Process Flag I g T (e - PO
Flag > 5 | MigBTON Time wwsmsmd «cvssafases

Figure 20. Class change for event data.

The class changes that you request are reflected on the Select Event display by showing a "C"
to the left of the affected events (Figure 21) Probability changes have a higher priority than class
changes. When both are applied to an event, the probability change will be used during event tree
analysis. This is indicated by flagging the affected events with a "P" and "c" as shown in Figure 21.
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' Change Set
3 viect Evente IOEP |

Dption [Pl Exit / Probability / Reset probability to base

" e bPesvcription
FY«CVIO7 CHECK VALVE CVI07 FAILS 70 OPEN
“FT-CVI09 CHECK VALVE CVI0% FAILS TO OPEN
“FT-CVIZB CHECK VALVE CYI2R FAILS TU OPEN
FY-CVIZ0 CHECK VALVE CVI30 FAILS 1D NPEN
“FT-CVIAS CHECK VALVE CVIAS FAILS TO OPEN
(FY-CVILT CHECK VALVE CVI&T FAILS YO OPEN
~18658 ACLC MOTOR OPERATLU VALVE 1865A PLUGGED
- 16658 ACC MOTOR OFERAYED VALVE '1B&5S PLUGGED
~1B65C ALC MOTOR OPERATED VALVE 1865C PLUBGED
“THT 4BOV AC GUS INT BUSWORK FATLURE

<F1» <52 <F x> “Fé>» «FS»
Help Mark Event Clear ALL Mark Renge .ocate

UL - marked wvent, " - unused event, “#" - unused, merked event,
"W - prob. change, "C*  cless change, "¢V - prob. and clags change

Figure 2. Class and probabifity changes applied to select events.

On the Class Chaage display, help screens are supplied for all data entry fields. Pressing < F1 >
when the cursor is in ay data entry field will cause a help screen o be displayed. Figure 22 and
Figure 23 show the help screens for Listribution Type and Calcalation Type, respectively. Most of the
help forms in chis siation contain & data entry field at the bottom of the display. This field may be used
to enter the desired data value which will then be transferred into the proper data field upon exiting the
help screen. Highlighting an item in ‘he help form list will set the correct value in the data entry field.

3.2.7 Histograms

This option allows you to create, modify, and delete user-defined histograms. This is a useful
option for allowing you to input your own uncertainty distribution for a variable that can not be expressed
with oue of the predefined distribution types. The Edit Histograms screen: (Figure 24) displays the names
of all currently existing histograms. A unique number is associated with each histograrn and is listed on
the Edit Histograms screen to the left of the histogram name. The format type is aiso provided. There
are two format types: percentage format and range format. If the histogram was entered in a percent
format, a "P" will be displayed in the type field. If the histogram was entered in a range format, an “R"
will appear in the type field. To activate this option, type an <H> (Histograms) in the option field of
the Change Sets screen and press < Enter>. Figure 24 wili be displayed.
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Figure 22. Uncertainty distribution types (class changes)

Failure Dats Calculation rypes

Ca\cuanon Method

onbabinry

Lamicda * Mission Time

1 - Exp(-Lambda * Mission Time)

Lambda * Min(Mission Time, Tau)
Operating Compunent with Repair (Full Eq)
Lambda * Teu / 2.0

1+ (EXP{-Lambde*Tau)-1.0)/ (.ambde * Tauw)
Base Probability + Probability

Class Attribute

o UNCHT

Figurc 23.

Distribution
{press «<F1>
value «

Correlation

e — e ST

Flag e

Base Probability * Probability

§et to House Event (Failed, Prob=1.0)
Set 0 House Event (Successful, Prob=0.0)
Igrore this Event (Remove it from logic)
Set to System Min Cut Upper Bound

N v OB YOV NN -

S——— e —————

Press <fF1» f(v' help with any h!gh‘ igh!ed type
. . kB

Calculation va» > §

Failure data calculation types (class changes)
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Percentage Format / Range Format

Desc

<F» <F3» <Fé>
Mark/Clear Mark/Clear Mark/Clear
Item ALl Range
Histogram Type P » Percentage Format R = Range Format

Option |A Exit / Add Percent Sum $7.00
Percert Left 3.00

Percentage fForuet

Name PERCENTHIST
Description percentage histogram example

Ares Probability Percent Area Probability Percent
&.000€-002 15.00 1" vovsofeansa “easse
1.200€-001 46,00 12
2.000€ - 002 36.00 13
b [ . ey V.

15
16
17
18
19
20

Mmoo

Figure 26. Adding a percentage histogram
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Add Kisteoegram

Option Al Exit / Add Percent Sum §7.00
Percent Left 3.00

Percentage Format

Name PERCENTHIST
Description percentage histogrom example

Aree Probability Percent Area Probability Percent

4 ,000€ -002 15.00
1.200€-001 46.00
2.000€ -002 36.00
8.000€ - 001

OO YD P NN -

-

e R e

Figure 27. Add the remaining percent to create a valid histogram

Another way to input a histogram is 10 use the range format. To add a range histogram to the
data base, enter an <R > (Range) in the option field of the Add Histograms screen. This will bring up
a Range Format Histogram screen (Figure 28). On this screen, type in a name and a description for the
range histogram. Then, enter the starting probability point, the ending probability point, and the height
associated with the first bin of the histogram. Next, for each successive bin of the histogram, an ending
probability point and a height should be entered. There is a maximum of 20 bins allowed for each range
histogram. Figure 28 is an example of inputting a range histogram whose data points lie on the closed
interval of 0.0 and 1.0, The "izht associated with the data points on the sub-interval of 0.0 to 0.2 1s
10.9 (Bin 1), the height fo: the sub-interval of 0.2 to 0.6 is 70.0 (Bin 2), the height for the sub-interval
of 0.6 to 0.8 is 20.0 (Bin 3), and th: height for the last sub-interval of 0.8 to 1.0 is 5.0 (Bin 4).

The code calculates the midpoint of each bin, finds the area of each bin, and normalizes each area
so the sum of the areas equals 1.0. The midpoint is the probability for each bin and the normalized area
corresponds to the percent in the Percent Histogram format. The basic event mean probability should
correspond to the mean of the histogram.

Once you have typed in the histogram data, enter an <A > in the option fieid and press
< Enter > 10 save the newly created histogram. However, if you wish to exit the Add process without
saving the new histogram, enter an < E > in the option fieid and press < Enter >, or press the <Esc>
key.
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Add Histogram

Option |A| Feit / Add

Range Format

N anw RANGEMIST
Description exanple of & range histogram
Starting Prob +0,0008+000

-
>

DO NV, N - -

End Prob Height Bin

2.000¢- 001 1. 000E+001 L I L grwes
6. 000€ - 001 7.0006+001 2 srsscsferes wessasfasas
8, 000€ - 001 2.000E+001 R e e SEED
1.000€+000 5.000E+000 sobepafacesr wvsesaffecen
- ..E.. ¢ cGsensslBevar 000 M8 sessssBess chne seen

—

Figure 28. Add a range histogram

3.2.7.3 Modify Histograms. To modify a currently existing histogram, type an <M >
(Modify) in the option field of the Edit Histograms screen, highlight the desired histogram, and press
< Enter >

If you selected to modify a percentage histogram, then the histogram data will be displayed in
percentage format. You may make modifications to the histogram's name, description, or any of the
probabilities or percentages. Remember, the percentages must total 100% before it will be accepted as
a valid percentage histogram. Figure 29 demonstrates the screen for modifying histograms in percentage
format

If you selected to modify a range histogram, then the histogram data will be displayed in range
format. You may change the histogram’s name, description, and any of the bin's starting points, ending
points, or probabilities. Figure 30 demonstrates the screen for modifying histograms in range format.

If you wish to save the modifications made to the selected histogram, type an <M > (Modify)
in the option field of the Modify Histograms screen and press < Enter > . If you wish to exit this screen
without modifying the histogram, enter an <E> in the option field and press < Enter >, or press the
< Esc> key.
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Modify Histogranm

Option M Exit / Madify Percent Sum 100,00
Percent Left 00

Percer tage Format e

HISTPERCENTTES?
ription this is an example of a percentage histogran

rea Probabllity Percent Area Probability
1 . 00GE - 002 15.00 R .
{ , 200 - 001 &6.00 12
? . 000K - 002 36.00 13

000€ - 001 3.0 14

Eee ¢ 15

= 16

1‘1

18

9

20

I TV PR TV PV IR PR ML T omy

Figure 29. Modify a percentage histogram

Range Format

Name RANGEN] ST
{.9».;‘(\;-( on cxw e of & rgngﬁ "‘\.‘?C'Qram
Starting Prob +0.0008+000

B

Ernvd Prob Height Bin Height
000E - 001 1.000€+001 , sxveselfa
5. 000E - 001 7. 0006+001 ! o
000€ - 001 2. 000€+001
000€+000 5.000€+000
F .- Q’ .

-

B S s e

wm -~

O

o>

o

Figure 30. Modify a range histogram
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3.2.7.4 Delete Histograms. To delete an existing histogram from the data base, type a <D >
(Delete) in the option field of the Edit Histograms screen, highlight the histogram to be deleted, and press
< Enter >

This action will result in displaying .he selected histogram in the appropriate format on the Delete
Histograms screen. To delete the histogran, type a <D> (Delete) in the option field and press
< Enter > . To exit the Delete Histograms screcn without deleting the histogram, press the < Esc > key
or enter an <k > (Exit) in the option field and press <Enter>. Figure 31 and Figure 32 show
examples of the Delete Histograms screen for percentage histograms and range histograms, respectively

Delete Mlutour.ml

Option |E| Exit / Delete

"ercentage Format

Name PERCEY . KI8T
Description per entage histog: am axample

Area Preotability Percent Area Probability Percent
1 & .000€ - 002 15.00 1" .
: 1.200¢ - 001 46.00 IR s
2.0006-002 @ 36,00 @ 13 cesess
£.000€- 001 B0 T R seeeas

Bl

- '
mmMmMmMmMmmmmm

Figure 31. Delete a percentage histogram
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belete Histogranm

Option (€| Exit /7 Delete

Range Format

Name RANGEMIST
Description example of a range histogram
Starting Prob +0.000€+000

n End Prow Height Bin
2.000, 201 1. 000 +001 1" wrrseffescs aewnee
6.000€ -D01 7.000€+001 12 sevsasfasee  csesne | EEEE
8. 000E - 001 2. 000E+001 13 enenulfene duwa .
1.000E+000 5. DGOE +000 164
............... foves ‘5
......... cssnssBones 16

DOV YO WP N -
e T

—

Figure 32, Delete a range histogram

3.2.8 Generate Changes

This ption applies the event data modifications specified by the selected change sets to the basic
event data file. This option must be executed prior to any data analysis if you wish the change set
modifications to be reflected in %ic aralysis results, The Generate Changes option creates new current
event data, which is used wien a user vishes to run an uncertainty analysis on a selected sequence.

To activate this function, type <G> (Generate Changes) in the option field, use the function key
<F2> to mark the change sets to be used during the generation process, and then press < Enter>
Upon pressing < Enter >, the default mission time and propagate event failure flag are displayed at the
bottom of the screen (Figure 33). If you do not wish to change the mission time, press < Enter > . New
event data has been generated with changes is displayed when the changes are successfully generated.
If no changes were made, the message New event data has been generated (no changes) is displayed
at the bottom of the Change Sets screen.

If the propagate event failure flag is set to "Y' and if an event is failed (i.e, set to house event
“T"), then any event with the same “system" and train attribute is set to "T" also. Any event with the
same group name is also set to "T." This is a repetitive process. That is, if an event is set to house
event “T" because it mat-hes the system and train, any event in the same group will be set to house eveut
o

This option transfers the temporary values for the basic events marked with either a probability
change or a class change in the marked change set to the current event data values. If an event in the
change set has both a class change and a probability change associated with it, the probability change
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SURRY lChlh.O fets

Option (G| Exit / Add / Modify / Delety / Probability / Class
Histograms / Generate Changes / Report Changes / Base Cese Update

Hooome K BM O Description
1 AAA
2 OEp
wp-1
PRID

A

————

Enter Mission Time far Seauration
2.400E«019

Propagete Event failure (Y/n) N

Figure 33. Set mission time for generate ¢l ¥ .

takes precedence over the class che == when ge . iing new current case event data values. If the event
does not have an associated probe™ 1y =t & - or class change, then the current case event data values
will be set equal to the base case aata - ' event

If you select the Generate Changes opuon without marking any of the change sets, then the
current case data will be initialized to the base case data.

If more than one change set is marked when you enter the Generate Changes option, then the
probability and class changes in the change sets marked with the highest number will take precedence
over any changes from lower numbered change sets

For example, three change sets (CS) are marked and Event A has both a probability change and
a class change associated with it in CS 2. Event B has a probability change in CS 1, and a class change
in CS 3. Event C has only & class change in CS 1. Eveni D has no probability changes or class changes
associated with it in any of the three marked change sets. The outcome of the Generate Changes option
on these three marked change sets would be as follows.

The current case data for event A would be set to the temporary values associated with the
probability change in CS 2. (Probability changes take precedence over class changes when they
occur for the same event within the same change set.)

The current case data for event B would be set equal to the temporary values associated with the
class change in US 3. (The probability or class change in higher numbered change sets take
precedence over changes in lower numbered change sets,)

The current case data for event C would be set 1o the temporary values aisociated with the class
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change in CS 1.

The current case data for event D would be set 1o the base case values for event D. (There were
no probability changes or class changes made to event D in any of the marked change sets.)

3.2.9 Report Changes

This option allows you to create reports that reflect the event modifications that currentiy exist
within the data base. There are three report types: Unaffected Events, Affu ted Events, and All Events
(see Figure 34). Each of the report types may be sorted by event name, ascending probability, or change
sets. In addition, a report may be routed to the console, an attached printer, or a disk file. When a
report is routed to the printer or a disk file, the data will be echoed on the console

Exit

Unaffected Events (Base)
Affected Events (Current)
ALl Events (Base, Current)

Option |E|

Figure 34. Selecting the event report type.

3.2.9.1 Exit. This option returns you to the Change Sets screen. To invoke the option, type
< E> in the option field and press < Enter >, or press < Es¢>

3.2.9.2 Unaffected Events (Base). This opiion allows you to generate a report of the events
that are not uffected by any of the change sets that currently exist in the data base. To invoke this option,
type < U > in the option field and press < Enter>. The sort selection menu will be displayed, allowing
you to sort the data by event name, ascending probability, or change set (see Figure 35).

After the sorting method has been selected, you are asked to specify the routing of the report
(Figure 36).
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Sort By :

Event Name
Ascending Probabilities
Change Sets

Figure 36. Selecting the sorting order for event reports

REPORY OPTIONS

Report Title
Events Not Affected By Change Sets

Output File Name

“CON" - Output report to the screen,

UPRN" - Output report to the printer.

" " - No repert is produced.

<ESC» - No report is produced,

other - Valid DOS file name. Examples are:
A:LISTING, C:\REPORT\REP1, and RESULTS.

Figure 36. Unaffected events (base) report routing

1.2.9.3 AFfected Events (Current). This option allows you to generate a report of the events
that are affected by the change sets that currently exist in the data base. To invoke the option, type
< F> in the option field and press < Enter>. The sort selection menu will be presented allowing you
to sort the data by event name, ascending probability, or change set (Figure 35).

After the sorting method has been selected, you are asked to specify the routing of the report (see
Figure 36)

1.2.9.4 All Events (Base, Current). This option allows you to generate & report of all of the
events in the data base. The report will indicate the events affected by a change set. To invoke the
option, type <A > in the option field and press <Enter >  The sort selection m=nu will be presented
allowing you 1o sort the data by event name, ascending probability, or change set (Figure 35)
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Chenge $ets

Option (8] Exit / Add / Modify / Delete / Probability / Class
Histograms / Generate Changes / Report Changes / Base Case Update

# o Name Descriptione
1 AAA
¢ OEp
WP
PRID

o s ——

Enter Mission Time for Generation

2.600E+001

Figure 38. Set mission time for base case update.

If an event in a marked change set has both a class change and a probability change associated
with it, the probability change takes precedence and will be used to update the base case values

if more than one change set has been marked and is being used in the base case update, then the
probability and class changes in the highest nuinbered change set take precedence over changes from
lower numbered change sets. For example, if Event A has a probability change associated with it in
Change Set |, and a class change associated with it in Change Set 2, then the class change from Change
Set 2 would override the probability change from Change Set 1.

3.3 Analyze Systems

This option provides the means to recalculate system values after events and/or cut sets have been
modified. To invoke the option, highlight Analyze Systems or type < A> in the option field, and press
<Enter>. Figure 39 shows the main screen for system analysis function and lists the systems defined

for the current family. The letters ¢, g, and u (in any combination) may precede a system name and are
defined as follows:

¢ - flags the system as having cut sets that must be recalculated

q - flags the system as having cut sets that must be requantified
u - flags the system as needing uncertainty distributions recalculated
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Analyre Systems

Option [E| Exit / Cut Set Update / Quantificetion
Monte Carlo Uncertainty / Latin Hypercube Uncertainty

Name Description
CONTAINMENT SPRAY
CONTAINMENT SYSTEMS
CORE VULNERABLE 10 Cp
HIGH PRESSURE INJECTION - AUTOMATI!C
HIGH PRESSURE INJECTION - MANUAL
HIGM PRESSURE INJECTION - RCP SEALS
HICH PRESSURE INJECTION - EMERGENCY BORATION
ACCUMULATORS
LN PRESSURE INJECTION
"NS(DE SPRAY RECIRCULATION

<F1» <F2» <F3> cFé> <F5»
Help Mark Line Mark ALl Mark Range Locate

Figure 39. System analysis main menu,

Once these functions have been executed the corresponding letter is removed from the display
The option. available tfrom the Analyze Systems screen are Exit, Cut Set Update, Quantification, Monte
Carlo Uncertainty and Latin Hypercube Uncertainty.

331 Exit

To return to the System Analysis menu, type an <E> in option field and press < Enter >, or
press the < Esc> key

3.3.2 Cut Set Update

This option will update the alternate ¢« sets for a selected system based on cut set generation
cutoff values. You are given the opportunity « specify several cut set generation cutoff values that will
be used to determine if a cut set is to be retained or discarded from the selected system. You are also
given the choice of using either the base case cut sets or the alternate case cut sets as the starting set of
cut sets to be updated. The updated versicn of the cut sets will be saved as the new alternate cut sets for
the system.

You are given the ability to update the alternate cut sets for a selected system, the alternate cut
sets for a group of systems, or the alternate cut sets for all of the systems within the current family. To
invoke the Cut Set Update process for a single selected system, type < C> in the option field, highlight
the desired system, and press <Enter>. To invoke this process for a group of systems, mark the
desired systems using the function keys (F2, F3, or F4), type a <C> in the option field and press
<Enter>. To invoke this option for all systems in the current family, clear all marked entries with the
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F3 key, type <C > in the option field and press < Enter> . A message Process all records? (Y/N) will
appear at the bottom of the screen. Type a <Y > 1o continue the Cut Set Update for all of the systems,
or type an <N> to discontinue the update for all systems

Whether you are updating aliernate cut sets for a single system, & group of systems, or for all
systems the Cut Set Generation Cutff Values screen shown in Figure 40 will be displayed. You may
change any of the data fields on this screen. The default values that appear on this screen may be reset
to new values by selecting Utility Options on the main menu and then invoking Define Constants option
(Section 8 2)

Analyze Systems

Cut Set Update Cutnff Values

Perform Probability Cuteoff? (Y/N) ¥ Cutoff value 1,000€-015
Perform Cut Set Size Cutoff? (Y/N) Y Size Cutoff é

Use Sase Cese Cut Sets? (Y/N) N

Figure 40. Cut set generation cutoff values.

If you type a <Y > in the Perform Probability Cutoff field, then only the cut sets whose product
for all of its event probabilities is greater than or equal to the value in the Cutoff Value field will be kept.
All other cut sets will be removed from alternate case cut sets for that system. If you type an <N> in
this field, then the probability for the cut set will not be relevant for determining if the cut set should be
retained or discarded.

If you type a <Y > in the Perform Cut Set Size Cutoff field, then only the cut sets whose
number of events is less than or equal to the value in the Size Cutoff field will be kept in the alternate
case cut sets for that system.  All other cut sets will be removed. If you type an < N> in this field, then
the number of events in a cut set is irrelevant for determining if the cut set should be retained or
discarded.

If you enter & <Y > in the Use Base Case Cut Sets field, then the base case cut sets will be used
as the cut sets to be updated and then stored in the alternate case cut sets. However, if an < N> was
entered in this field, the alternate cut sets will be used as the cut sets to be updated and then resaved in
the alternate case cut sets.
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1.4 Display Results

I s ‘ni,.\ System Results




SURRY System Display

o (e =" )

Option [B] Exit / Keport /7 Cutsetls / Uncertainty / Importance messures

e N & 0 @ Fesceriptieon
¢ CONTAINMENT BPRAY

(4] CAVTAINMENT SYSTEME

cv CORE VULNERABLE YO CD

b1 HIGH PRESSURE INJECTION © AUTOMAT L

be HIGH PRESSURE INJECTION - MANUAL

03 HIGN PRESSURE INJECTION - RCP SEALS

Dé WIGH PRESSURE INJECTION - EMERGERDY BORATION
05 ACCUMULATORE

bé LOW PRESSURE INJECTION

" INGIDE GPRAY RECIRCULAY ION

ctaey A s “%
Exit Help Mtk /Ut k Clear AL
Views - e
AT e @’ B
[Pescription  Rese ve, Current Current Values Bave Fane Values

Figure 48. System “nalysis results display

. Some additional functions appear at the bottom of the System Display screen.  These functions
(which correspoid to the < Esc > and function keys) operate in the same manner whenever they appear
at the bottom of a display

< ¥sc> Returns 10 the previous screen

<Fl1>  Displays a general help screen,

F2>  Marks or unmarks a single item in the ¢ isplay list

<F3>  Clears all marked items, or if none are marked then sets all items 10 marked

Fa>  Marks a range of items

<FS>  Displays a list showing name and description (default view as shown in F igure 48)
<¥F6> Displays a list showing name, base case, and current frequency values

<F7> Displays a list showing name and current frequency values.

<F8>  Displays a list showing name and base frequency values

Selecting one of the view options, in this case <F6> . will change the display as shown in

Figure 49

3401 Exit. This option terminates the process and returns you to the previous screen. To
invoke the option, type < E > in the option field and press < Enter >, or press the < Esc > key

3.4.1.2 Report. The Report option allows you to generate report of the dva displayed on the
. screen.  The report may be displayed on the console, sent to an attached printer, or saved in a disk file
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REPORT CPTIONS

Eeport Title

System Sunmary

 ODutput File Name -—-——-—]

YCONY - Dutput report to the screen,

YRR Output report to the printer,

" Y ou Ko report (s produced,

ISl No report \s produced

othet Valid DOS file name. Examples sre;
ALISTING, CI\REPORT\REPY, and RESULTS

Figure BO. Report output type selection

Fimi |y ey
SUkkY Sety m

Gption |B] Exit / Partition / Report / Basic Events / Comp ! ement

Freguency Event Kames

“y
Nt
&2
&l
Wi
“3
: .‘,
¢. 89
1.%
BS

600 - 004 11580
600¢ - 004 867C0
000K - 004 -CVR2s
, DO0E - D04 f cvas
D00 - DO& ) “Cva 10
. TOOE - 0% ~STRAR
0D00E - 005 XV2é
JOT2E-008 CpC “FE-SWI0B  CPC-MDP-FR-SWI0A
&TSE - 005 . . SWI0D  CPC-MOP-FR-SW10A
000 - O > TIISC NP)-MOV-FY- 11158

O o B B oin g

Min Cut 1.061E-003 Num Part=es 1 0616003 400.00% Num 560 |

Figure B1. System analysis cut set results display

Exit: This option terminates the process and returns you to the previous screen. To
invoke this option, type <E> and press < Enter -, of press < Esc>
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Events / Lomplement

56( Partes> 1 000¢ - 004 ¥.41%  Num

Figure 3. Using Include to partition a system

prones Sy S L O e

D1

Exit Partition Report Basic Evente / Compl ement

frequenty

600F - 004 ( 11580
' 600E - 004 1 -B67CD

000€ - 004 Cveds

ID0E - 004 tves

COOE - 004 CVé10

700 - 00% STRAB

Q00E - DOS Xvié

072008 S-SWI0B CPC-MDP-FR-SWI0A
&7SE-008% CP “SWI0B  CPC-MDP-FR-SWI0A
), GOGE - D0b / 1115C WP -MOV-FT-1115¢

» 1,06Y6-003 100,00% Num 560

Figure B4. Using FXclude to partition a system
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Attributes N N N
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Figure 56. Results of marking events to view

Title =

Repart
Partition Cut Set Report
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neoN"
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3.4.1.8 Imporiance. This option calculates and displays the following three important measures
for each event in the selected system

¢ Fussell-Vesely unportance - an indication of the percentage of the minimal cut set upper
bound contributed by the basic event

s Risk Reduction Ratio - an indication of how much the minimal cut set upper bound would
decrease if the basic event was made perfoct (never fail)

4 Risk Increase Ratio - an indication of how much the minimal cut set upper bound would
increase if the basic event was always failed

If the Intervals flag is set in the Constants menu, the Birnbaum measures (the partial derivative), the Risk
Reduction Interval, and the Risk Increase Interval will be displayed

To invoke this option, type < 1> in the option field, highlight a system, and press < Enter »
By default, when the importance measures are first displayed they are sorted, high to low, on Fussell
Vesely (Figure 61)

pooens U1 B oy
Importa b

Option |D] Exit / Desoription / Partition / Repurt / Sort

Event Name # of Probability Fev Risk Reduc, Risk Incre,
— - - - - Roti ot | el

Sk TE- 2664000 9 41BE+DO2
A TE JARGEAD00  9.4V8BE«002
LDVE - JIDGEADO0D 9. 41884002
LG09E - JDGE+000 9, 4VBE+0DDZ
L609F - N06E+000 9. 41BE«002
Babi - LD62E+ 00 1. 608E +001
LLGED00  9.418E4002

P63 - LOSOE000 9. 418E+002
A6VE - O36E+000 5, 298F+000
68YE - OITE000 1, 14964001

g
g
<

+600E - 004
600 - 004
. D00E - 004
« DOOE - 004
. OO0E - 004
.B4OE-003
. TOOE - 005
. 0D00E

. ODOE - 003
600

~CCF-FT-B&7CD
CCF-FT-1158D
Crv-FT-cvazas
CKV-F1-Cv25
Ly FT-CV6AD
MOF-FR-SW10A
LF-STRAR
“PO-XV24
~FS-SWi08
“FA-S1SA

-
e T T

~
L
— WO OO

- L e

Figure 61. Initial display of importance measures.

3.4.1.5.1 Exit—Returns to the System Display.

31.4.1.52 Description—Displays the full description of the highlighted event at the
bottom of the screen.  To invoke this option, enter a <D >, highlight the desired event, and press
< Enter > 1f no event is highlighted, the message An eveat must be selected first is displayed '
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182 Add

This option allows you to add & cut set to & systemn of &n event 1o a cut set. To add & new cut set,
Move the cursor into the sel number column and press <A > . The cut set display is cleared, and the
cursar 16 placed in the event name column (Figure 66). The event names that make up the cut set may
be entered using the < Tab> key to move between fields, and the < Enter > key to end the addition
Phe window is tien updated and the cursor is positioned on the new cut set (Figure 67). The < Insert>
key also invokes the Add option

[-f-u ! $E1 EGITOR BASE CASE CUT SETS

New Cut Set Addition -
Note 1o add more than 20 events use the A" event names command
Use «Tab> to move between flelds, <Enter> when done, ckncr to abort

At # s vonit Names
1848

Figure 66. Adding a new cut set 1o a system

l'o add an event to a cut set place the cursor in the row of the cut set you wish the event to be
i, press <A>, and enter the event name. Figure 68 shows the editor screen ready to add an event
name. Figure 69 shows the results of adding a new event
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pomne K AN @
¢ ( s ) BASE CAGE CUY SETS

Exnit Ao Modity Pelete Lalste / Next Previous / Search / Options
Insert Event / Replace Events Copy Cut Set and Replince Fvents /  LUingl
Findd and Delete Cut Set

S0t § g vent Names
TER7 ACP -CRB-CO- 1548 AP -ChB OFP-DGN-FS-DGO3 OEP -DON bGOoY
1858 (ACP-CRB-CO- 1548 ACP-CRE OEP-CRB-FT-15K3 OEP-DON 0Go3

1839 ACP-CRB-CO- 158 ACP-CRB-CC OEP-CRE-FT-15K8 OEP-DLN pGo3s
1840 ACP-CRE-CO-15H8  (ACP-CRB OEP - CRB-FY- 153 |OFP-CRB 1543
186 ACP-CRB-CO-15HB  ACP-CRB OFP-CRB-FT-15K3 | OEP-DGN pGaIUe
1862 [ACPH-CRE-CO- 1548 ACP-CRE OEP-CRE-FT-15K3 OEP-DGN-FE-DGOS
18643 ACP-CRE-CO- 15K ACP-CRE OEP-DGN-FR-DGOS OFP-DON peen
1844 ACP -CRE-CO-1548 ACH - CRE OEP-DON-F§ DGO OFF DON peo3s
1845 ACP-CRB-CO-15H8  [ACP - CRR OEP-CRB-FT-15)3 [ OFP-DGN a0
IBLE ACP-CRB-CO-15KB  |ACP-CRB OEF-DON-FC-DOBUZ |OEP-DGN peoY
1847 ACP-CRE-CO-YSHE (ALK -CRB-CC OEP-DGN-F§-DGOY OEP-DON pGo3
1B4B ACP-CRE CO- 15HBA

e R BLEE
l ¢ ( ! ) BASE CASE CUT SETS

Add -
Entel the Event riame to be added to this Cut Set
Use <Enter> when done, and <Esc» to abort

Set ¥ weenf vent Names - -y
1801 |ACP-CHB-CO-15J8  [OFP f CRE-FT-15M3 |OEP -FC-DGIUR
Y802 |ACP-CRB-CO- 1548 (v 33 L AR ~CRB-FT-15K3 OFP- pGo3
1BOX [ACP-CRB-CO-154 4 oFp DGN-FR-DGO3 oFp ~paoY
1804 ACP-CRB-CO-15 8  [OFP ) DGN-FS-DGOY [ OEP- “MA-DGOS
1805 |ACP-CRE-CO-15J8  |[OEP . CRB-FT-15)% |OEP- DGO
1806 OEP - BAC DON-FC-DG3UZ |OEP-DGN-F§-DGOY
1807 |ACP-CRE-CO-13J8 (OFP “$1- ‘DGR FS-DGOY | OEP “F§$-DGO3
1BO8 ACP-CRB-CO- 1548 OEP DGN-FR-DGOY oFP 0603
1809 |ACP-CRB-CO- 1548 orp EP-DGN-FR-DGON OEP-DGN- 0603
1810 ACP-CRE-CO-15H8 | OFP . CRB-FT-15J3 |OEP- ~FR-DGOY
1811 [ACP-CRE-CO-15H8  |0EP - DGN-FC-DGIUZ | OEP- “FR-DGOY
1812 |ACP-CRB-CO-15HR OFP “DGN-FR-DGOY QEP - DGo3

Figure 68. Adding an event to a cut set
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Lt Ut BET sz-z'r_v.ul BAGE CASE CUY SETS

Modity Entire Cutaet
The first 20 events of the tut set are being displayved Modi fy the
event names and press enter to seve the changes made to the cutset

Use <Enters when dorve, argd <fecr to short

Set F onmnd vorit Names -
803 ACE CRB 1548 OEP-BAC-ST-FDRY OEP-DGN-FR-DGOS

Figure 70. Modifying a cut set

BASE CASE CUT SETS

Change Event Name
Event names which do not exist will be added to the events List
Use <Enter> when done, and <Esc> to abert

Set ¥ gof vent Names
1 LOKP pe13
¢ RNT TRK-LF RS
SICSS-CLF-FS-CS1AB
GICLS-ACT-FA-CLS28 1014
SACP-CRB-CO-1547 «T1-101A
6 ACP-BAC 87T -&kVY) 101
PICLS-ACT-FA-CLE2A CLEZ8
BICLS-ACT-FA-CLG2A ) TRTHR
QICLE-ACT FA-CLS2A csip
ODICLS-ACT-FA-CLS2A 10086
TVICLES-ACT-FA-CLS2A ) Cs18
12/ACP-CRB-CO- 1440 CLEZA

Figure 71. Modifying an event name
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1.5.52 Locate. This option searches the list of ail existing eveats and the list of all newly added
events for events that meet the desired search criteria. This option allows wild card search characters
for the two name fields on the screen. A guestion mark (?) matches any single character in its specified
position, and an asterisk (%) maiches a character string of any length. This option will use any of the
filled event attribute fields on the screen as search criteria.  Any events that meet the selected search
criteria are considered to be qualified events. The number of currently qualified events will then be
updated on the screen. The first qualified event will be displayed on the screen (see Figure 73)

NOTE: 1t is possible for an event 10 be a qualified event and still not exist in the current set of
Cut sets, because the entire data base is searched in the qualification process

pronse LUt G018 wemey
c

Totel Number of Events B
Nuber of Qual (fied Events 10

Optinn (L] Exit / Locate / Next / Previous

! Event Attributes

Name s Comp ld  Sys  Train  Type I/Mode Locstion Init?
PIDCP BAY-LP bee BAY Lp N
(aDOPRAY

1 2 3 4 8 6 7 8 9101 1213 14 15 1%
Closs Attributes N K N K K N N N N KN N NN NN

Figure 73. Results of a locate request

A 8.83 Next. This option will display the next qualified event from the list of qualified events.

1.5.5.4 Previous. This option will display the previous qualified event from the list of qualified
events

156 Next

This option allows you to go to the next occurrence of the event name that was specified in the
locate option.  To invoke the option, type <N >

LET Previous

This option allows you 10 go back to the previous occurrence of the event name specified in the
locate option. To invoke the option, type < P>
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e e e o

f nd ) Inser

ACP-BAC- §7- 4KV, *ACKE - BAC ST -4kKiM

L

Use <Tabr 1o move betueen fields, Enterr when done angd, «F1- for
Set ¥ pemsf vont Names .

1| L088 OEP-CLF-FS-DGIS
BWTCTHE-LF-RWET

COS -CCF-F8-CE1AB
CLE-ACT-FA-CLS28 (CSS 101A
b IACK CRE-CO-1SJT LS8 1014
L ACP - BAL-§T1-4KV1J |88 1014
LE-ACT - FA-CLSZA [CLS CLS26
CLE-ACT-FA-CLS2A [C88 16 THR
CLS-ACT-FA-CLBZA (S8 Cs1R
CLE-ACT-FA-CLE2A |CSS 1008
CLS-ACT FA-CLS2A |C8S csie
2 |ACP-CRB-CO- 1441 CLs CLE2A

Figure 76. Global insertion of an event

Replace
CLE-ACT-FA-CLS? PRAC-LNY-FA-Y4N2
*ACP-CRE-CO- Y0010
.

Use «<Tab> to move between Tields, <Enter> when done and, <F1> for help
SEL B e vENT N B S vy —p

BASE C2°0 CUY SETS

1 L08P OEP-CCF-FS-DGS
£ORWTTNE LT -ResY
SICSE-COF-FE-CSIAB
&ICLE-ACT-FA-CLSOR 1014
SIACP-CRB-CO-15J7 1014
ACP-BAC-8T-4xVYY 1014
CLS-ACT-FA-CLSZ2A CLSZ28
A CLS-ACT-FA-CLE2A > 1H1HR
CLSACT-FA-CLSZA (5186
CLE-ACT-FA-CLSZA PG 1008
CLS-ACT-FA-CLSZA (8 3] ]
ACP CRB-CO-Ta CLSZA

Figure 77. Find and replace a string

February 1992



5.14 Find and Delete Cut Set
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4.0.2 Cut Set Update

A message Process all entries?




18]

Ervor in Cut Set analysis w

ald A wucaily gud




Sequence

Currently Processing

Name A-Dé

Total Number of Cut Sets
Current Cut Set Number

Figure 83. Statvs screen for cut set update

Family
! SURRY

SEQULNCE wwwee Flapsed Time

A-Dé& 00:00:01.040
Cut Set Size UpperBound

1 1 4 .000€-008
1 6.560€-007
0 - soafes

O NN

o

O

10

Total " 6.960E -007

»10

b Progss “Esc>» to Exit

Figure 84. Results of the cut set update.
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4.3.4 Uncertainty Analvsis




dree yOQUENCesS ark en n

Process all entries? (Y/N) w




S§eg Uncertainty

Monte Carlo Uncertainty Calculation values

Number of samples to use in Monte Carlo simulation 1000
Seed for random rumber generator 0

NOTE: Use "0" as the seed to get a random seed from the clock,

Press <“nter> to comtinue..,.

Figure 88. Monte Carlo calculation values.

When using the Latin Hypercube sampling (LHS) technique, if the number of samples entered
Is less than twice the total number of unique events in the sequence, then the number of samples will be
increased 1o two times the total number of unique events before the analysis will continue. The LHS
technique gives its best results if the number of samples is at least twice the total number of unigue
eventis

Once the number of samples has been accepted and a seed obtained from the system clock if
necessary, checks will be run to ensure the events with the same correlation classes have consistent failure
data, uncertainty data, and distribution types. If any events with inconsistencies exist, an error message
will be displayed and the uncertainty anw.ysis process will be terminated so that the inconsistent values
may be corrected.

If an error of some type occurs during the uncertainty analysis process, the process is terminated
and the message Error in Uncertainty analysis is displayed at the bottom of the Analyze Sequence
screen. If all of the events successfully pass the correlation class checks, then the distribution parameters
for the events will be checked to ensure that they are valid. If any of the parameters are invalid, error
messages will be displayed and the process will be terminated so the distribution parameters may be
corrected by the user.

After both of these che ks have been passed, a point estimate will be calcuiated for the selected
sequence. At this point the samples for each event will be generated using the selected sampling
technique, either Monte Carlo Sampling technique or the Latin Hypercube Sampling technique. The
uncertainty analysis function provides the user with eight different distribution types for both of the two
sampling techniques. The distribution types include Normal, Lognormal, Beta, Gamma, Chi-Squared,
Exponential, Uniform and the user-defined histograms.

During processing the current status screen will be displayed and updated as the samples are
generated. Figure B9 illustrates the current status screen for the Monte Carlo sampling technigue. When
the requested number of samples has been generated or the user has terminated the process of generating
the samples by pressing the < Esc> key, statistical information will be calculated using the generated

4-9 February 1992



SeCd used
the sequence ! processed

the minimut

and maximum generated

and the time involved 1

i ‘
Monte Ario sampling technigque

ertorm the




Figure 90. M

.48 (.1-,1“‘»




Figure 91

Figure 92




4.3 4.4 ENd State







|
|

D ——

Figure 96




¢

.i‘t.'h)“‘\' witt
r the Latin Hvp

‘ ""\\l!'(,
generated

generated or the user has
na
' 1 8 1
intormation wi







4 4 Disnlav Results

4.4.1 Display Event Tree Results

t the Sequence Display screen

Ie same manner whenever they appear

UNMArks a singi¢ m in I
marked items, or if none are marked then sets all items t

Marks a range of items

Displays a list sh WINE sequence names, event trees, and descriptions

NOwing sequence names, base case, and current frequency
Mg sequence names and current frequency values

ng seguence names and base frequency values
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ase b requencies report
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4.4.1.3 Cutsets
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Bas ¢

Events /

prosme S OQUENCE ey
s1-p1

Comp | ement

1" l"‘&
000¢
. 1408
000¢
000E
072¢
260¢
. DD0E
000¢
680¢

reguency

00s
00%
0%
D0é
00
007
007
008
008
008

XV24
Cva1l

WPl -XVM-PG
HPL-CKV-FT
BETA-2M0V
WPl-CKV-FY
WP -CEV-FT
CPL -MOP-FS§
CPC-STR-PG
HP]-MOV-FT
WP -MOV-FT
CPC-MDP - MA

cveas

cvas

Swile CP{-MDP
1Mk BETA-STR
11158 WP1-MOV-FY
1115C WP -MOV-FY
SWIOR CPI-MDE-FR

FR

SWASK

11180
1115¢
SWASH

¢.6138-005

Total
Numbe r

Lude

Partses 2 613E-005

Number of Events
of Qualified Events

EXc | xde Comp | ement

Attributes

100,00%  Num

Reset View Events

Event

Class Attributes

Comp 1d

Trair

Sys fype

10N
~

»

F /Mode

Init?
N

Location

12 13 14 15 1%

N N N N N N

Figure 104, Sequence partitioning menu
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Include: To establish a partition via this option, type < 1> in the option field, then fill
in the entry fields on the screen that are 1o be used 1 qualify the events that may b used
in the new partition and press < Enter > . The application proceeds to qualify the events
and when complete will update the Number of Qualified Events field that appears at the
top of the screen. In this case, qualified events are those events which contain the
included attributes. Returning to the Cut Sets screen via the Exit option you will see that
the sequence cut set list contains only those cut sets that are made up of qualified events.
Figure 105 was the result of specifying the event name "HPI-MOV-FT-1115B" for the
“Include” option. 1f the sequence cut sets do not contain any of the qualified events, then
the message No cutsets qualify is displayed at the bottom of the screen.

p——— s s o 5 S——— s —— smme——-
Cut Sets I $1-01

Option |P| Exit / Partition / Report / Basic Events / Complement

1

X L!roquoncy | Event Names

1 0.3¢  9.0006-DO8 WP1-MOV-FT-11158 NPI-MOV-FT-1115D

| Min Cut 2.613€-005 Num 12 Parts=> 9,000£-008

Figure 106. Using Include to partition a sequence.

EXclude: To establish a partition via this option, type <X > in the option field, then
fill in the entry fields on the screen that are to be used to remove events from a list of
qualified events. The application proceeds to remove the events. When complete, the
Number of Qualified Events field that appears at the top of the screen will be updated
sccordingly. Returning to the Cut Sets screen via the Exit option you will see that the
sequence cut set list contains only those cut sets that are made up of qualified events.
Figure 106 was the result of specifying the event name "HPI-MOV-FT-1115B" for the
"EXclude” option. If the sequence cut sets do not contain any of the qualified events,
then the message No cutsets qualify is displayed at the bottora of the screen.
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proermmnss | QT | |y o s— proerss G EQUENCE  smmnre

SURRY Cut Sets $1-p

Option (P! Exit / Partition / Report / Basic Events / Complement

Freguency Event Names
R R N N T A ——

224005  WP-XVM-PG-XVR24

LO0CE-00S WP1 CKV-FT-CVA10

N40E-006  BETA-2MOV HP1-MOV-FT

O00E-006 WPI-CKV-FT-CVR2S

.DOOE-06 WP -CKV-FT-CV2S

0726-007 CPC-MDP-FS-SWi0R CPC-MDP-FR-SWA3H

260E-007 CPC-STR-PG-IHR BETA-5TR

JODOE-QOB  WPI-MOV-FT 11156 HPI-MOV-FT-11150

LO00E-D08 HP1 MOV-FT-1115C WP1-MOV-FT-1115E

6BOE-00E CPC-MDP-MA-SW10B CRC-MDP-FR-SWASH

4
z7
36
.83
.83
A8
) 48
B
34
29

CDOWYO NN -
O -k s ks

—

| Min Cut Z.613E-005 Num 12 Porte=> 2.6136-005 100.00% Num ‘27|

Figure 106. Using EXclude to partition a sequence.

Complement: To establish a partition via this option, type < C > in the option field, and
press < Enter>. This causes all currently qualified events to be disqualified, and all
unqualified events to become the set of gualified events. The Number of Qualified
Events field at the top of the screen will change accordingly. Returning to the Cut Sets
screen via the Exit option you will see that the sequence cut set list contains only those
cut sets that are made up of qualified events. If the sequence cut sets do not contain any
of the qualified events then the message No cutsets qualify is displayed at the bottom of
the screen

Reset. This option sets all family events to qualified. This, of course, removes all
partitioning from the current sequence cut sets. To activate this option, type <R> in
the option field and press < Enter > . (Assume the partition shown in Figure 105). Type
<R> in the option field and press < Enter > . The original cut set list is the result, as
shown in Figure 103

View Events: This option displays the list of family events and allows you to mark those
events that are to be considered qualified events (Figure 107). To activate this option,
type <V > in the option field, and press <Enter>. Mark the events, using <F2>,
<F3>, or <F4> keys, that are considered qualified and press <Enter>. If the
sequence cut sets do not contain any of the qualified events, then the message No cutsets
qualify is displayed at the bottom of the screen. You will be returned to the Partition
screen.
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SURRY View Eventes §1-m

gt o Exit

Pescription
ACC-CKV-FT-CVIOT CHECK VALVE CVIDT FAILS TD OPEN
ACC-CKV-FY-CVID® CAECK VALVE CVANG FAILS 10 OPEN
ACC-CKV-FT-CVIZB CHECK VALVE CVIBE FALLS 10 OPEN
ACC-CEN-FT-CVIZD CHECK VALVE CVIII0 FAILS TO OPEN
ACC-CXV-FT-CVI4AS CHECK VALVE (V145 FALLS T0 OPEN
ACC-CKV-FT-CVIAT CHECK VALVE LVI47 FALLE 10 DPEN
ACC-MOV-PG-1865A ALC MOTOR OPERATED VALVE 1B65A PLUGGED
ACC-MOV-PG- 18658 ACC MOTOR OPERATED VALVE 1B65B PLUGGED
* ACC-MOV-PG-1B65C ACC MOTOR OMERATED VALVE 1H6SC PLUGGED
&BOV AL BUS THY BUSWORKE FAILURE

- »

<Euc» «F1» <Fp» <3 <Fé>
Help Mark |ine Clear ALl marked Mark/Urmark rang

Note: *=quelifisd event

Figure 107. Mark events to view

saved in a disk file for later processing (Figure 108).

and output file name. You may change these defav (s to meet your needs.
4.4.1.3.4 Basic Events—The Basic Event option provides the following detailed
information ahout the events that make up a cut set: name, description, probability, component ID,

system, component type, failure mode, and location (Figure 109). To invoke this option, type <B>
in the option field, highlight a cut set, and press < Enter >

Figure 105). Type <C> and press < Enter > . The resulting display is shown in Figure 106).
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4.4.1.3.3 Report—The Report option allows you to generate a report of the data
displayed on the screen.  The report may be displayed on the console, sent to an attached printer, or

To invoke this option, type <R> in the option field, and press <Enter>. Upon pressing
< Enter >, the Report Options screen is displayed (Figure 108). This screen shows a default report title

4.4.1.3.5 Complement—The Complement option operates on the current event tree
partitio 1. lIts function is to set all currently qualified cut sets to unqualified. This allows you to split an
event tree into two partitions and then switch between the two partitions to view the results. To invoke
this option, type <C2> in the option field, and press <Enter>, (Assume the partition shown in




REPORY 0P

1 ONS

P

artit

fon Cut Set

Report Title

Report

CON

oo QULPUT FIle NOME swsmmmcnneny

HEONY
WPRNY
" "
<ESC»
other

Output report to
utput report
NO report 18 produced
No report is produced.
Valid DOS file name.

A:LISTING,

Figure 108. Partition report type selection

r-.__ Family e
SURRY

C:\REPORT\REP,

the screen,
to the printer

Examplos are:

ond RESULTS.

vent Name

MOV-FT

1115p

Probabili

PI-MOV-FT-11158 HWP1 MOV 1

3.000¢
WPl WOV 1
3.000¢

003

003

Desc¢

ty Comp 1D System

Type

1158 FAILS TO OPEN ON DEMAND

WPl MOV
1150 FAILS TO OFEN ON DEMAND
WPl MOV

Location

Use <PgUp> or <Pghn> to display more Events

Press <Enter> to Return

Figure 109. Details of cut sets basic events
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4.4.1.6 End State. This option allows you 10 display the end states assigned to tne family
(Figure 114). To invoke this option, type < N> in the option field and press < Enter »
are available under this function: Exit, Sequences, Report, Importance, and Uncertainty

Five options

Exit /7 Sequences / Report / lmportance / Uncerteinty

N
VINYYYN
TIYYYYN
TINYNYN
1LYYYYN
INTYYYR
2LYYYVYN
CRRRECR
JRERRDE
SLyvyew
SNNYNYN

MED UM LOCA -

MEDIUM LOCA

MEDTUM LOCA -

MED UM LOCA
SMALL LOCA
B0

$80 -

- M
STUCK WEN RCS PORVS -
STUCK OPEN RCS PORVS -
VERY SMALL LOCA -
VERY SMALL LOCA -

Description
SUMP PLUG FAILS LPR, CHR
LPR FALLURE

WPl FAILURE -
APl FATLURE
F1 FAILURE -

P FAILUME -
BWST FAILE WP], CHR

RCP SEAL COOLING FALLS
RWST AND LPI SUCCESS

RCP SEAL CODLING FAILS
NON-RECOVERY OF AL PONER
FAULTED §G

RCP SEAL COOLING FAILS

AT
Description

Figure 114, Family end state display and menu

Fbr

fase va, Current

To

Exit: This option terminates the process and returns you to the previous screen
invoke this option, type < E > in the option field and press < Enter > , or press < Es¢>

Sequences: This option allows you to display the sequences associated with a specific
end state (Figure 115). To invoke this option. type <S> in the optior field, highlight
the desired end state, and press < Enter > .

Report: This option allows you to generete a report of the data displayed on the screen

The report may be displayed on the console, sent 1o an attached printer, or saved on a
disk file for later processing (Figure 116). To invoke this option, type <R > and press
< Enter >

Importance: This option calculates and displays the following three important measures
for each event in the sequence

¢ Fussell-Vesely importance - an indication of the percentage of the
minimal cut set upper bound contributed by the basic event.
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upper bound would decrease if the basic event was made perfect (never

. . Risk Reduction Ratio - an indication of how much the minimal cut set
fail).

. Risk Increase Ratio - an indication of how much the minimal cut set
uppet bound would increase if the basic event was always failed

To invoke this option, type <1> in the option field, highlight an end state and press
< Enter > . By default, when the importance data is first displayed it is sorted, high to
low, on Fussell-Vesely (Figure 117)

Importe

Option |D] Exit / Description /7 Fartition /7 Report / Sort

——

Event Name ¥ of Probability v Risk Reduc, Risk Inore,

Ratio— Aptio—
3.979E+000 2. 58464002
NZBE4000 3. T64E+000
JOBGE«DO0 2 .5B84E+002
OTOE+000 1. 34564001
LOADEA000 % BASELODY
LOBVE000  1,0928+ 0010
JOR6E000 2. 5B4E+002
LOI9E4000 4, S46E+000
JOVIEDDD 4.5808+000
LO7E+000 3, 284E+000

Ocour - —
. 900E - 003
. BOOE - 002
. D00E - 004
«200F - 003
«ODUE - 003
. D00 - 003
. DOOE - D04
. 200 - 003
. 000E - 003
. DOOE - 003

LPR-XHE - FO-NDTLG
BETA- 260V

RMT -COF-FA-MECAL
LPR-MOV-FT-1862A
LER-MOV-PT-1860A
LPR-MOV-FT- 18904
LPR-COV-PG- SUMP
LPR MOV FT- 18608
LPR-MOV-FT- 18628
LPL-MDP-FS-S11A

e T .

Ll e s
T e
O AP T WD N -~

Figure 117. Importance measures sorted by Fussell-Vesely.

From this screen, the following options are available:
Exit - Returns to the previous screen.

Description - Displays the full description of the highlighted event name on the
bottom of the screen.

Partition - See Section 4.4.1.3.2.
Report - See Section4.4.1.3.3

Sort - See Section 4.4.1.5.5.
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Uncertainty: The Uncertainty option displays the distribution and confidence limits for
an end state for both base and current dats values. These vilues were calouluted using
either the Latin Hypercube simulation technigue or the Monte Carlo simulation technigue
To invoke this option, type < U > in the option field of the Enu State display screen,
highlight the desired sequences, and press < Enter > Figure 118 thows the base and
current case uncertainty data for the highlighted sequence

pones £ S1BTE wnny
UNCERTAINTY DATA 1LYYYYN

Exit / Current Quantile velues / Base OQuantile values

Mincut
Kurtosis
Seed
Samples

Skewness
Minmam
Max i mm

Figure 118. Uncertainty data display.

From this screen you may either return to the End State screen or view the quantile values
associated with current case data or the base case data. To return to the End State Display screen, type
an < E> in the option field and press < Enter >, or press the < Esc> key. To view the quantile values
for the current case, type a < C > in the option field and press < Enter > . A screen showing the quantile
values will appear. To return to the previous screen, press < Enter > . If you wish to view base case
quantile values, type a < B> in the option field and press < Enter > .

4.4.1.7 Sert. This option allows you to sort the sequence display according to the foliowing
specifications

- Name
- Base case minimum cut set frequen y
- Current minimum cut set frequency
- Delta minimum cut set frequency (base case - current)
- Base case mean frequency
- Current mean frequency
Delta mean frequency (base case - current)
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4.5 Cut Set Editor







6. GRAPHICS ANALYSIS

The graphics analysis module contains eight functions that fall into two operational groups: a
graphics display only (piping and instrumentation diagrams (P&ID), fault trees and evemt trees), and
line/bar plots of data base values (basic events, systems, sequences, end states, and families). The
Craphics Analysis main menu is shown in Figure 120

Craphicael
Anslysis

Exin

PAID Interface
Fault Tree Display
Event Tree Disniay
Basic Event Plots
§Ystem Plots
SeQuence Plots

ENd State Plots
FAmily Plols

Option |k

Figure 120. Graphics Anal,sis main menu

If you have installed a mouse driver, the mouse may be used when accessing the P&ID, fault tree
and event tree graphics screens. The keys < Enter > and < Ins > always correspond to the left (execute)
button on & mouse; the keys < Del >, backspace, and « Esc > | corresponding to the right buttor on the
mouse, cancel your previous selection. The mouse-driven cursor and key pad are synonymous. The key
pad arrows move you around the screen in the foliowing manner:

up Arrow: moves one row up

down arrow: moves one row down

left arrow: moves one column to the left

right arrow: moves one column to the right
PgUp: moves on a diagonal up and 10 the right
PgDn: moves on a diagonal down and to the right
Home: moves on a diagonal up and to the left
End: moves on a diagonal down and to the left

On the graphics display screens, a pop-up menu (i.e., a list of submenus) is shown in the far left
portion of the screen. The cursor pocition is displayed as an arrow and is located in the center of the
screen. The submenus can be moved, or placed, anywhere on the screen. To move the submenu, position
the cursor in the blank option box (normally under the EXIT box) of the submenu and press < Enter >
A white outline of the submenu appears. Move the cursor (outline) to the new location and press
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5.2 P&ID Interface




£.2.1 EXIT

This opticn returns you to the nrevious menu. To invoke this option, position the cursor in the
EXIT box and press < Enter »

£2.2 VIEW

The VIEW option allows you to change the por.tion and size of the drawing on the screen. You
may move to the next page of the drawing, the previous page of the drawing, move the drawing a page
(screen) 1o the right or left, scroll 1o position the drawing on the screen, zoom in, zoom oui Of restore
it 1o its original size and/or position. The VIEW submenu consists of the following options:

. Page t Invoking this option allows you to shift the drawing up one page. In a multiple-
page drawing, this function allows you to move quickly through the pages of the
drawing. If the drawing is only one page (screen), when you invoke this option a blank
screen will appear. Use the Page ¢ to return to the previou, page.

. Page ¢ Invoking this option allows you to shift the drawing down one page. In a
multiple-page drawing, this furnction allows you to move quickly through the pages of the
drawing . If the drawing is only one page (screen), when you invoke this option a blank
screen will uppear.  Use the Page 1 to return to the previous page.

. Page - Invoking this option allows you to shift the graphics display to the right one
page. If the drawing is only one page (screen), when you invoke this option a blank
screen will appear.  Use the Page = to return to the previous page.

. Page < Invoking this option allows you to shift the graphics display to the left ane page.
If the drawing is only one page (screen), when you invoke this option a blank screen will
appear. Use the Page - to return to the previous page.

. Scroll: Invoking this option allows you to position the drawing anywhere on the screen.
When you invoke this option, a white outline surrounds the drawing and a cross hair is
placed in the center of the outiine. Position the cursor at the desired location and press
the left mouse button. The cross hair serves as a reference point for placing the drawing.
The reference point (+) is used to give you some indicatior of the position of the object
being moved relative to the screen. Move the mouse to position the cutline and press the
left mouse button, The drawing will be repositioned on the screen as it was on the
outline.

. Zoom In (Zin): Invoking this option allows you to fill the screen with a small portion of
the original display. To invoke this symbol, position the cursor in the zoom in box and
press <Enter > . Tae message Pick first corner will be displayed. Move the cursor
(now represented as a single point) to the position that will become one corner of the new
display and press < Enter > . The message Pick next corner will be displayed. Move
the cursor (an expanding outline of a box will be drug with the cursor) to the opposite
corner of the new display and press < Enter>. ihe portion of the onginal display
enclosed by the box will now fill the entire screen. To restore the display to its original
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[ Group Change Set
L:vm I "aID I
e fvents —-—J d

Option [ Exit / Probabiiity / Reset probebility to base / Closr change set

M abulomes K 8 0o Pescription
R1EME Reactor Trip Breaker Mechanical #

wsor AR < k5 Fbr
Exit Help Mark /Urensrk event Clear ALl marked Mark/Urmark range

Wote: *smarked ovent, Pzprobability change applied, C=¢lass change appl ied

Figure 122 Group events display from INFO option

Probability This option allows you to modify uncertainty and fauilure data
values for the current cut set, This option is the same as the
Probability option discussed in Section 3.2.5.2. Refer to that
section for details.

Reset probability Refer to Section 3.2.5.3

to base

Clear change sets This aption clears all previously defined changes for the "P&ID"
change set

5.3 Fault Tree Displuy

This option allows you to display fault tree diagrams. When this option is invoked, a list of all
fault tree diagrams defined for the family will be displayed (Figure 123). To invoke this option, type
< F> in the option field (or highlight Fault Tree Display) and press < Enter >

To display a fault tree diagram, highlight a diagram name in the list and press < Enter > . The
corresponding diagram is displayed and a pop-up menu appears in the far left portion of the screen. The
remainder of the screen is the actual fault tree schematic. The pop-up menu contains the following
options: EXIT, VIEW, PRNT, and TRAN. These options may be invoked by pressing < Enter > when
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I Displey & Graphic File

File Type w= FAULT TREE

Option (D) Exit / Display

LEVIN U AR AW
Alwil AFWISA  ATWIBE
AFWY4 AWIGA  AFWIGE
AFWIS nfuiSA AFWISE
AFWiGA  AFWYY AFWiTA
APWITE  AFWR APWIRA
LU Afu AFNZIA
AFNZ2 APNEZA  AFNS
[ AP We (

o cPee Ci S

Use «Pgupr and <bghre for pore

Figure 123. Fault tree selection list

the cursor 15 positioned in the labeled box. The cursor is in the box when the box border changes to a
bright white

831 EXIT

This option returns you 1o the previous menu.  To invoke this option, position the cursor in the
EXIT box and press < Enter >

£31 VIEW

The VIEW option allows vou to change the position and size of the drawing on the screen. You
may move 1o the next page of the drawing, the previous page of the drawing, move the drawing a page
(screen) to the right or left, scroll to position the drawing on the screen, zoom in, Zoom out or restore
it to its original size and/or position. This VIEW option operates the same as discussed in Section §.2.2
Refer 10 that section for details

§.10.) PRNT

The "PRNT" command displays 4 submenu giving you a choice of sending the drawing to an
Epson compatible printer or in the case of the HP7475, 1o a file. This option operates the same as
described in Section §.2.3
£.3.4 TRAN

The "TRAN" command displays a menu that ailows you to display additional diagrams that are

represented as transfer points on the original or default diagram. This option operates the same as
described in Section 5.2 4
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5.4 Event Tree Display




4.0 PRNI

4.4 TRAN

& 5> Basic Event Plots

Figure 125
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5§22 Monte Carlo Sampliog This option plots an uncertainty
asic event using Monte Carlo sampling. To invoke this option, entes

|

desired event, and press < Enter > Figure 129 will be
enter the moer of san ples to be generalsd ‘.\i.'m;' SHTALION and t

m number generatos ] it seed value for the random seed
I NEwW VA 0 ¢ | hial random seed

{O1 :iu.

168 hay N entere

| 30 will be displayed
IStribution ¢

PDIOT W i be generated

nas been drawn you may u € ¢ drawing to your attached Epson

r HP LaserJut printes press < H > create an . HPG file for the plotter

Overlay Latin Hypercube and Monte Carfo. This option plots an uncertainty

ve using both Latin Hypercube and Monte Carl samplings. The curves will overlay ong

another on the plot, To invoke this option, enter an <O > in the option field highlight the desired
evert, and press < Enter > . Figure 131 will be displayed. This screen promptr you to entei the number
1 sampies 10 be generated during simulgtion and the initial value of the seed for the random number
generator for both the Latin Hypercube and Monte Carlo simulations. A default sced value for the
random seed will be provided. You may use this value or enter & new value for the seed To obtain a
random seed from the system clock, enter a zero in this field. There will also be 4 default value 1o the

number of samples. You may use this value or enter another value. When values have been entered

press < Enter > . The sumples will be calculated and when complete, Figure 132 will be displayed. The

screen shows the plot infu rmation that will be used to plot the uncertainty distribution curves. You can
change any of the values | isplayed. When complete, press < Enter>. The plot will be generated and
displayed on the screen
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5.6 Systems Plots




Eesic Eventys CUMULATIVE DIST, Cunve

Option (€ Exit /7 Laiin Mypercube Sampling / Monte Carlo Sonpl ing
Overisy Letin Hyperoube and Monte Carlo

Name Pescriptiorn
ACC-CEV-FT-CVIDT CMECK 'ALVE CVI07 FAILS 7O OPEN

ACC-CKV-FT-CVIDR CHECK VALVE CVIO® FAILS TO OPEN
ACC-CEV-FT-CVI28 CHECK vALVE CVI28 FAILS 10 OPEN
ACC-CEV-FT-CVIB0 CMECK VALVE CVISD FAILS 10 OPEN
ACC-CKV-FT-OVI4AS CHECK VALVE CVI4S FAILS 1O tWEN
ACC-URV-FT-CVIAT CHECK VALVE CVI4T FALLS TO OPEN
ACC-MOV-FG-1B65A ACC MOTOR OPERATED VALVE YBESA PLUGGED
ACC-MOV-PG- 18658 ACC MOTOR OPERATED VALVE 18658 PLUGGED
ACC-MOV-PG-TRESC ACC MOTOR OPERATED VALVE 1B85C PLUGGED
ACP-BAC-ST-1HT  4BOV AC BUS THY BUSWORK FalLURE

<Esc> <FS»
Exit Locate

Figure 133. Cumulative distribution function s.laction menu

Exit

Systom fred. ber chart (point est.)
System freq. ber chart (mesn velues)
Probability Density Function
Cumulative Distribution Function

Option |0

Figure 134. System plot type selection menu
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£6.1 Exit

Invoking this option returns you to the Graphical Analysis soreen.  To {nvoke this option, type
< E> in the option field and press < Enter > , or press < Esc >

£.0.2 System Frequency Bar Chart (point estimate)

This option allows you to create a bar chart of the system frequency point estimates. To invoke
the option, type & < 1> in the option field or highlight System freq. bar chart (point est ) and press
< Enter > . The resulting dispiay (Figure 135) is & menu allowing you 10 specify the sort order of the
data values to be plotted: nume, base case value, current value, or difference (base- current).

After you have highlighted or selected one of the sort orders and pressed < Emter > | the bar chart
is drawn displaying the first ten sysiems. The bar chart may be manipulated using the following key
strokes:

<Cul> <right ar.ow > display the next ten systems

< Cirl > <left arrow > display the previous ten systems
<right arrow > : shift the display left by one system

< left arrow > . shift the display right by one system

£.6.1 System Frequency Bar Chart (mean values)

This option allows you to create a bar chart of the system frequency mean values. To invoke this
option, type & <2> in the option field or highlight System freq. bar chart (mean values) and press
<Enter > The resulting display (Figure 135) is a menu allowing you to specify the sort order of the
data values to be plotted. name, base case value, current value, or difference (base-current).

Upon pressing < Enter > after you have highlighted or selected one of the sort orders, the bar
chart is drawn displaying the first ten systems. The bar chart may be manipulated using the following
key strokes:

<Cul> <right arrow > . display the next ten systems
<Curl> <left arrow > . display the previous ten systems
<right arrow > . shift the display left by one system
<left arrow > : shift the display right by one system

£.6.4 Probability Density Function

This option allows you to create a line plot of a system's uncertainty distribution. To invoke this
option, type & <3> in the option field or highlight Probability Density Function and press < Enter >
The resulting display (Figure 136) will present you with a list of the systems contained in the data base.
Highlight the desired system and press <Enter>. Figure 137 will be displayed showing the plot
information to be used in the plot. You may change aty of the values on the screen. When complete,
press < Enter > to display the line plot
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Sequence Plots




selection menu

yequence plot type

Figure 138

5.8 End State Plots

s present graphic displays of the base and ¢
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nfunctior

e |
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e plots of the sequence sums are

follow INE CRlegor

sequence sums int sequence

Ative Qistribut

ne sequence sums may be sorted according 1

e vaiue, and difference (hase current
| nvoke thi pion, type N> in the prion fheld
bnter Fhe resulting display (Figure 139) is & plot type selection menu
8\ ¢ Ctrl-P 10 send the draw iNg 1O your At hed (] pson
nmer or p H to Create an _HPG file

i Et 8t
' t s
e ———— ———

¥ L
b

4

e nr

Sequernc e
Seqguent e

Dens ity Funct

SCreen

selection

End state

Figuie 139
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urrent data values for the following data
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e values
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presented in bar graphs
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and press
After & plot has been drawn
or HP Laser)et

ympatible) printer
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SR Exit

Invoking this option returns you to the Graphic Analysis screen. To invoke the option, type
<E> in the option field and press < Enter >, or press < Esc >

S£.5.2 End State Sequence Sums (point estimate)

This option allows you to create a bar chart of the end state sequence sums point estimates. To
invoke the opticn, type a < 1> in the option field or bighlight End State Sequecce Sums and press
< Enter > . The resulting display (Figure 140) is a menu allowing you 1o specify the sort order of the
data values to be plotted: name, base case value, current value, or difference (base-current)

Exit

End State sequence Sunes (point est,)
< Erd Stete Seguence Sums (mesn velues)
« Probabiiity Dersity Funciion
- Cumviative Distribution Function

Option |1|

Sorted Order of Rar Chart

© Name

© Base Case Volues

© Current Case Velues

* Difference (Base Current)

Option |3|

Figure 140. End state sort order selection

Upon pressing < Enter >, after you have highlighted or selected one of the sort orders, the bar
chart is draw displaying the first ten end states. The bar chart may be manipulated using the following
key strokes

<Ctrl> <right arrow > : display the next ten end states
<Curl> <left arrow > display the previous ten end states
<right arrow > . shift the dispiay left by one end state
<left arrow > shift the disziay right by one end state

.- 8
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Dabiity Deasity Function




Ive Density Functhion

5.9 Family Flots

Probability Density Fenction




£.9.3 Cumulative Density Function

[his option allows you to creste » ot based on a family's cumulative distribution. To
this option, type a <2> in the J or highlight Cumulative Distrib..tion Function and

Enter > . A screen wili he disy wing the plotting information that will be usad for the

W may change a data dispiayed. When complete, press < Enter > to display the line

' t‘l.'"".l..i,"»




6. REPORTS

I'he reports option allows vou to obtain information about the selec ted family. Reports are
ivaliable Tor family, system, sequence, event tree, ard basic event data Al reports can be either in
ummary or detaied form. Basic Event reports have added features such as cross reference and unused

event reporting capabilities. The Reports main screen is shown in Figure 143

e ——
L Reports

¥ al pp
!'{"' t ! ees
Sequences
SYstom

{ Bas Events

————————

ure 143

e desired items for wi iIch you want a "~'P"I".
yOu want a report on all the items. ! you answer <N > . then vou must
a group of 1ems

n the following keys are activated

Exit to the previous function
Heip for a specific field or general help for an optior
Mark/Unmark an individual item
Mark/Unmark all items
Mark/Unmark a range of items
Locate an item
A .

\fer seiecting the type (summary or detail) of report for each category, vou will be asked t

the output file to whica the report should be sent. Valid choices tor output are "CON" for the
screen (console), "PRN" for the printer, " " (blank) or «

Esc> to terminate the report option, or any
vaild DOS filename

Figure 144 shows the report output device selection screen. After determining the
aestination, the report will be generated

2810114

]
Wipul
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6.2 Familv Reports

generate either a summary or detated report
report by ewther marki ISing the

A Isted families




[he threo steps liste above, used 1o select an item(s). are used throughout
the Meport option

Family Detail Keport

QUALITICAL

numobers

want
Lthi

ths




heQuerces

t r
4

NCH LOSS OF COOLANT ACCIDEMTY

IREE ANTICIPATED TRANSIENT WITHOUT SCRAM

TREE, ANTICIPATED VRANSIENT
& INCH | 088 OF

WITHOUT SCRAM
ONE HALF

COOLANT ACCIDENY

¢ INCH LOSE OF COOLANT ACLC
LESS THAN ONE HALF INCH LOCA

SITE POMER EVENT TREER
STATION BLACKOUT AT
STATION BLACKOUT &
1SS OF MALN

DENT

ot
UNITS
FEEDMATER

Fé
Mark/Urmark
Range

Figure 146

i tree seleciu

6.3.1 Event Tree Summa: y Report

IOWS you 10 generale ar

ree summary
INVOKE H.,‘,

repon The
Y b e . 4
related description

summary report shows
opuon type <35 option heid and
inciude in the report

6.3.2 Event Tree Detail Report

plion generates an event tree detail report. The
inmtiating event, and aay additional event tree info

sl A
1l

report contains the event tree name
rmation. To invoke this option type
and mark the event tree(s) to include in the report

<D
L’

6.3.3 Event Tree Sequences

{ his option allows vou

t0 generate a st Of the sequences associated with an event
f associated sequences you may mark desired sequences for sunimary

tree. From
ir detailed reports. Tt
the option field and press < Enter>. Figure 147
Summary or Detai

ption type <Q> In

wiil be displayed
ns§ are avaliavle

6.3.3.1 Sequence Summury Report.

his option allows you

this summary provides the sequence name, rels
q

18 option type < § > in the option fieid and

generate a sequence summary
ated descripuion, and sequence frequency. To
P mark the sequence(s) to include in the report
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rFeE/Umnmare

Sequence

Figure 147. Event tree report selection screen

ontains sequence name, associated event tree, description, base case minimum cut
mporary minimum cut set upper bound, base probability cutoff, temporary probability

Unty vacues, temporary uncertainty values, base number of cut sets. temporary number

Dase number of events, temporary number of events, buse number of samples, temporan
base random seed, temporary random seed, base size cutoff. and tenimorary Size

e header titles are abbreviated with the first letter from each word of the desc ription to

t header size. To invoke this option type <D > in the uption field and mark the event(s) to include

in the report

roagt
CSUrKK

6.4 Sequence Reports

I'he sequence report option allows you generate either a summary or detailed report On
sequences. You indicate which sequence vou want to generate a report for by either marking (using the

<Fi> key r nighlighting the soquence. Otherw 15€, YOU Mgy request a report on a range (using the
) 13 t t

F4> key), or all listed sequences (using the <F3> key). Figure 148 displays the sequence reports

Seiection screer

6.4.1 Seguence Summary Report
option allows you to generate a sequence summary report. This summary provides the

related description, and sequence frequencies. To invoke this option type <S> in the

and mark the sequence(s) to include in the repon
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Sequence Detail Report




Figure 149

System Detais Report

6.6 Buasic Event




e e e
VAL VE \ L§ 0 OPEN
VALVE CVI108 ! 0 OPEN
VAL ( g ILS TD OPEN
VAL VE 35 € OPEN
VAL VE 0 OPEN
VALVE VY ILS TO OPEN
OTOR OPERATED VALVE 1865A PLUGGEL
JTOR OPERATED VALVE 1B65E PLUGGEL
TOR DPERATED VALVE 1B&S5C PLUGGE!
BUS (H1 BUSMORK FAILURE

<F%>

selection

W 1O generate a basic event summary report. The summary report includes
Hated descripticr Yo invoke this option type <S> in the ption field and
in the report

Basic Event Detail Report

pLion allows you (0 generate a basic event detail report. The report shows the basic event
-

' namg, group name, component identifier, event system

alternate event train, event type, evemt
mode, location, initiating event flag, uncertainty distribution type

\ calculation type, event failure probability, lambda,

correlation class and value,

and tau values, event mission time, event
ites, and additional event description information. To invoke this option type <D > in the
ard mark the event(s) to include in tl

inciude 1n We repon

6.6.3 Basic Event Probabilities Report

allows you to generate a report containing the probabilities for the selected events
report shows the event name, description, failure

calculation type, event failure
lambda and tau values

mission time, anc the calculated event failure probability, T

ntype <P in the option

field and mark the basic even'= to include in the report

February
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6.6.4 Basic Event Uncertainty Report
1 his "| nAa WS YOu 10 generate a basic event uncertamty rep i ]"ll' repon shows the event
¢ riptior hcertainty distribution type, event failure probability, correlation class. and
ert y riout parameter value. To invoke tt ption type < N> in the option field and mark
ne eve 5 W lude he report
6.6.5 Basic Eveat Cross Reference Report
it pt W§S Y (0 generate a report that cross references events with fault trees. event
4 Sy S§te I sequences !H';'t."f\f ng on the type 0i cross reference chosen. the repon shows the
\ ni el with which each basic event is associated After marking the desired basic events
n¢ en shown in Figure 151 appears to allow vou to choose the type of cross reference report t

r

Figure 151. Selection of basic event cross reference type

A o Mtinge t » N ‘Y Woarg e re » T 4 P nt . 1841 1
Alter selecting the type of cross reference report desired, the report is sent to the specified out

levice. The cross reference report form varies with the type of cross reference chosen but alw
presents the event name and the entities with which the event is associated

6.6.. Unused Basic Events Report

put

avs

T'his option allows you to generate a report listing all of the unused basic events in a family, fault
tree, system, or sequence. Figuce 152 will be displayed sh ywing the cross reference types available

After choosing the type of unused basic event report

& reierence reports, the report

February
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7. MODIFY DATABASE

3 Use

1S have

evenis

sarl 1 )
ar'c marked, u

iems




ne screen, and a message Please enter name 1o locate will appear  The

Hd cnter e name 1o De loCaled and then press Loer > LIS
ill place the highlight on the located name. If the required

found, then the next name in alphabetical order wiil be

delete a tamily or modify the associated text. 1

highlight Family and j < EFntes Figure 154

Figure 154. Family editing

7.2.1 Exit

Modify Database . ke this option

gss the < Esc
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! this
\ 1€ dAta base

A
\dd Familv screen (st

147

th

SCTIec! 5 it

o ——————— e

| erforms u ¥ ft tary
1€ actual a 1 |
¢ asiud i
\ i the famuy

Sl o o
family name and any

Are returned 1 11t |
t Family screes

b J
2.3 Passwords.

invoke this

Enter > !vh.“

and Passwor




e et —————

Figure 156

7.2.3.2 Modify, T}

Ke u pti 4% 40

Ente On comy

Passwords

-

2.4 Delete

NOTE:

A Tamily that contaius sub-families cannot be deleted. The deletion process
must proceed up from the lowest to the highest sub-family

deiete tamily data records from the data base. To inve

Emer > . The Delete Family screen is showt

2.4.2

pLon
the

delete

Deletion completed »




Figure 157
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PeDn Presents the next 13 lines of text

gl Prese e i i i

Presents

}

1anges

AUL-A Adds a line after the line at the current cursor positior
Alt-B Adds a line betore the line at the current cursor positior
\It-H f’.a; lays editing keys help screer

Alt-D Deletes a line at the current cursor positio

Restores the previous deleted text

Deietes a character at current cursor position

| Inserts a character at ¢\ ot cursor position

acters from the rrent

Phe arrow keys are used to move the cursor within the block of text

ne editor does not 1€ wWrap, therefore, you must use < Alt-A to establish each new iing
X {1 Wish to save your text changes, press < Ctrl-Z> . After you have pressed < Cirl-Z yOou
ed to the Edit Family screen with the message Text record modified displaved at the hotton
) 4 1 % » |

€ SCres iy pressed 8¢ you will e returnec 10 the family selection screen with th

essage Text record not modified displaved at the bottom of the screen

7.3 EVent Trees

s oplion allows you to modity event tree data records. To invoke this option, type <V > it
¢ option field or higalight EVent Trees and press <Enter>. The Edit Event Trees screen listing all
!\‘ ¢ ¢ Lrees r 1 th snt

elonging to the current family will be displayed (Figure 159). The modificatior
| ]
i !

ext, Sequences, Base Case Update, and Clear Alternate Case




B e P —

REIDGE TREE LAER
BRIDGE MED UM WA
BRIDGE TREE, SMAl LOCA

BRIDGE TREE VERY SMALL LOCA
BRIDGE TRES STATION BLACKD AT UN 1
P TREE TATION BLACKOUT AT BOTH s

BRIDGE TREE, LOSS OF MA'N FEEDWATER

BRIDGE TREE, STEAM GENERATOR TUBE RUPTURE
ARGE LOCA EVEN TREL
MED 1UN A EVENT TREE

Mark (3] ocate
Range

Figure 1689

3.2 Add

When the user creates event trees using the graphical event tree editor or loads a graphical event

v¢ from another data base, an event tree cecord is automatically added to the data base L he user need

y use this option if the graphical event tree format is not used. To invoke this option, type <A > i
the option field and press < Enter >, The Add Event Tree screen will be dispiayed (Figure 160 Ihe

ptons at this point are Exit and Add

Il evenl treg

Figure 160

Editing sc for adding a

the Edit Even Trees screen
field and press Enter > . or press the < Esc> key




AUV

i

g¢ Record added

Modify

Figure




1.4 Delet

Delete

W 1 (e

ecord deleted

1.6 SEQUONCes

3 »
K i PECS

| ) ente 17 an event tree
age An eveat tree must be highlighted first

Enter the Edit Sequence

oyt A { A




ATWS
WE DAMAGE TREE, ANTICIPATEL

WARN
Beleting an Eventree w als
a SeqUeNCes aSSOC iated wit!

fvent ree

roceed? N Y/N

Figure 163. Warning screen for an event tree deletion

Mod

Update

v e

NFAVORABLE MODERATOR TEMPERATURE

Figure 164. Sequence selection screen for editing
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7.3.6.1 Exit. This option returns you 1o the Edit Event Trees screen. To inve ke this option

ption field and press < Ente Or press the F.s¢ key

7.3.6.2 Add. This option allows vou to add a sequence record to the data base. To invoke this
i

type <A> in the option field and press < Enter The Add Sequence screen is shown in
65. The options at this point are Exit and Add

— PO L
| sueey

S —

Figure 165. Editing screen for adding a sequence

7.3.6.2.1 Exit—This option returns vou to the Edit Sequences screen

field and press < Enter >, or press the < Esc> key

7.3.6.2.2 Add—This option performs the actual add of a new sequence record. To
invoke this option, type < A > in the option field, fill in the requested data fislds. and press < Enter >
[he only required information for a sequence add is the name
When you position the cursor in the End State Field, a window will appear listing all end states
or the current family. Press <F1> to position the cursor in the window. Use the arrow tab, or space
ar keys o scroll through the list of end states. When the desired end state is nighlighted, press
<Enter > . The selected end state will be placed in the corresponding field

(he Flag Set Nare is the name of a Change set containing flags 1o be used when generating cut
sets for this sequence. SARA uses this default flag set name to modify or prune the fault trec logic for
this sequence before it is solved (see Analyze Sequences). Enter a flag set name ur leave blank and press
< Enter> . Upon pressing < Enter >, the message Record added will be displayed at the bottom of the
screen

7.3.6.3 Modify. This option allows you to modify a sequence record. To invoke this option
type <M > in the option field, highlight a saquence name, and press < Enter>. The Modify Sequence
screen is shown in Figure 166. The options at this point are Exit and Modify
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Figure 166. |

| S B

\

\

i

g 4 r modifying equence
7.3.6.3.1 Exit—TI ption return the
i the op fneid a pre ente
7.3.6.3.2 Modify--T performs the act
ke U m type -« M thie otion hield. modin
\ ¢ € &nd press Enter > You will be returned
Record Modified displayed at pottom of the screer
7.3.6.4 Delete. This option allows you 1o delete
) th 4 » ’ shit . |
L € O} Clil SHHENL 4 SCQUETNCE ANe, ang press «
show! Figure 16 ['wo options are available: Exit and Delete

|
rdant Seguence reer ! I
ress the s¢ KE
L modification of the seguence
1) | i‘.‘( gata nelds on the
the Edit Sequences screer

1O HIVOKE this oDt

INFAVORABLE MODERATOR

TEMPERATURE

COEFFICIE

Figure 167, Editing

7.3.64.1

screen tor

Exit-—This

deieting a sequence

urns you to the Edit Sequences screen. 1
id and press < Enter or press the < Esc

key
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7.2.6.4.2 Delete ! per t \ ’ . 0
) ¢ ) pre ¢ I ¢ ehsa Record deleted

Al SCQUENCEeS

A message Process all records?

}
I'his will cause th urrent cas¢

a message Base case update

Ve - . . .

3.6.7 Clear Alternate Case. IS Option cle: i alte 'nate case information for the specified
M AT hvne . . # > n r | : \ i 4 v

K€ his PLon, type a « i 1€ Myf\-“l f:(‘l\:‘ fw.)f?wx).‘_:'f the desi 1 sequence and

ning will | plaved (see ur ). To continue enter a « » and press

terminate the process

19

perates the san as des ed \ n 7.3.6.¢ Xeept ail sequence

ndatead
updated




Evert Tree
Edit Sequences FY188 ’

Option |B| Exit / Add / Radify / Delete / Text
Base Case Updete / Clesr Alternate Case

Base Case Update

This option will transfer the alternete or temporary velues
stored in the deta base to the base case. The vld base cese

will be lost,

Are you sure you want to do this? (Y/¥) N

Figure 168. Base case update for sequences.

EVENT Tree sy
[

r———n—ny
SURRY Edit fequences
L

~ption [C| Exit / Add / Modify / Delete / Text
Bese Case Updete / Clear Alternate Case

Clear Alternate Case

WARNING: This option will clear the alternate or temporary velues
stored in the data base.

Are you sure you want to do this? (Y/N) N

Figure 169. Clear alternate case for selected sequence(s).

7.3.8 Clear Alternate Case

This option operates the same as described in Section 7.3 6.7, except the alternate case
information for all sequences for the specified event tree is cleared (see Figure 170).
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Family
‘MRV Edit Event Trees

Optiom |C| Bxit / Add / Modify / Delete / Text / Sequences
Base Case Update / Clesr Alternete Case

Clear Alternate Case

WARWING: This option will clear *he alternate or temporary velues
stored in the date base for all the seguences associated
with the highlighted/manked event tree.

Are you sure you went to de this? (Y/N) N

Figure 170. Clear alternate case for event trees.

7.4 SYstems

This option allows you to modify system data records. To invoke this option, type <Y > in the
option field or highlight SYstems and press <Enter>. The Edit Systems screen lists all of the systems
contained in the current family (Figure 171). The modification options are: Exit, Add, Modify, Delete,
Text, Base Case Update, and Clear Alternate Case

7.4.1 Exit

This option returns you to the Modify Database menu. To invoke this option, type <E> in we
opiion field and press < Enter >, or press the <Esc> key,
742 Add

This option allows you 1 add a system record to the current family. To invoke this option, type

< A> in the option field and press <Enter>. The Add System screen is shown in Figure 172, The
options at this point are Exit and Add.

7.4.2.1 Exit. This option returns you to the Edit Systems screen. To invoke this option, type
<E?> in the option field and press < Enter>, or prees the <Esc> key.

7.4.2.2 Add. This option performs the actual add of a new system record. To invoke this
option, type <A > in the option field, fill in the requested data fields, and press < Enter> . The only
required information for a system add is the name. When complete, you will be returned to the Edit
Systems screen with the message Record Added displayed.
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Figure 171

Figure 172

7.4.3 Modily




Modily

)

Record modified

Figure 174

7.44.2 Delete. T perf

fic sl re '_AI,

| | L
1ge Record deleted




745 Text

This opticn allows you 1o view and edit any descriptive text associated with & specific system
This option operates the same as the Text aption discussed in the F'amily section. Refer to Section 7.2.5
TAS Base Case Uipdate

T ot s operates the same s described for sequences in Section 7.3.6 6. Here. the update
s performe. ou an entire system(s).
TAT Clear AMtornste Case

This wption operates the same as desciibed for sequences in Section 7.3.6 7. Here, the clearing
is performed on an entire system(s).

7.5 ENd States

This option allows you to modify the end state data records. To invoke this option, type <N >
‘0 the option field o: highlight EN States and press < Enter > . The Edit End State screen, which lists
all of the end states belonging to the current family, is shown in Figire 175, The modification options
are: Exit, Add, Modify, Delete, and Text.

Option |E[ Exit / *dd / Modify / Delete / Text

Pescription
LARGE LOCA - LPR FAILURE, CHR FAILS, RCP SEAL CLNG FAILS
LARGE LOCA - LPI FAILS, CHR FAILS, RCP SEAL CLNG FAILS
LARGE LOCA - LPR FATLURE, RCP SEAL COOLING FAILS

LARGE LOCA - WP] FAILURE, CHE FAILS

LARGE LOCA < WP] FAILURE, CHR FAILS

LARGE LOCA - WP! FALLURE

LARGE LOCA - ECCS FAIL®, CHR FAILS, RWST FAY.§, RCP

LARGE LOCA - ECCS FPAILS, CHR FAILS, ®JET 74108

LARGE LOCA - ECCS FAILS, CHR FAILS, RCP SEAL COOLING ¥AILS
LARGE LOCA - ECCS FAILURE, CHR FAILS, «CP SEAL CLNG FAILS

<F 2> <% <«Fé> «FS»
Mark/Clear Mark/Clear Kark/Cleer Locate
Item ALl Rarge

Figure 178. Selection screen for end state editing.

7-18 February 1992




Figure 176

the Edit End State screen
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7.5.2.1 Exit s ption
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2.2 Add. This option performs the
W, fall in the requested data fields

A > in the option fiel and press < Enter
I information o7 an end state add 1s the name
¢ screen with the message Record added displayed
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/.6 Basic Events




screen for adding a basic evemt

returns you 0 the Edit Events screen. To invoke this

ptio

Fnter it press the < Esc> key

rms the actual add of a new basic event record. To invoke this

i in the requested data fields, and press < Enter > . The only

When complete, you will be returned ‘o the Edit
message Record Added displayed at the bottom of the screen

!

add 15 the name

7.6.3 Modify

modiry a basic evemt record O 1nvoke this

option, type <M > in the
event name, and press < Enter > he Modify Basi

Event screen is
it this point are Exit and Modify

7.6.3.1 Exit

Key

mogdificacon of t basic evemt record |

Yy O the A

n the Modify Event

screen with the
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Figure 181, Fditing screen for modifying a basic event

message Record Modified displayed at the bottom of the scres

7.6.4 Delete

pion allows you to delete 4 basic even: record from the current family

) n the option field, h ghiight a basic event and press < Enter

shown in Figure 182. The options at this point are Exit and Delete

L0 S
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DACCCRY
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7.6.4.1 Exit. This cption returns you to the Edit Events screen.  To invoke this option, type
< E> in the option field and press < Enter >, or press the < bEsc > key

7.6.4.2 Delete. This option performs the actual deletion of the basic event record. To invoke
this option, type < D> in the option field and press < Enter >. When complete, you will be returned
to the Edit Events screen with the message Record deleted displayed at the bottom of the screen

7.6.5 Remove Unused Event

This option looks at all references to an event in the current family and deletes any events that
are not referenced by anything. When you invoke this option, .. warning screen will be displayed telling
you that all records that are marked as unused will be deleted. At this prompt, enter a <Y > 1o continue
the deletion progess, or enter an < N > 2 terminate without deleting the unused events (Figure 183).

fdit Events

Option (%] Exit / Add / modify / Delete / Remove Unused Events

‘e bescription
VoBALC VBl VITAL BUS Y1 BUSWORK FAILURE
BAC-ST-VBYIT  VILAL BUS 111 BUSWORK FA)LURE
“BAC-ST-VBYIV  VITAL BUS 11V BUSWORK #AILURE
LRE 16H1  AC CIRCULY BREAKER T4HT TRANSTERS OPEN
“CRB 14K13 .

REB-CO-VAN14 WAEKNING N
~CRB- 14K15 »
“ChE- 1491 ALl records that are marked as
“CRE-CO- YN uwsed will be deleted,

4]
“CRE-CO- 16014 B
Do you wish to procesd? N Y/M

NOTE: A7 fsed event,
<1 <f2» <f¥» Fi»
Help Mark/Clear Mark/Clear Mark/Clear

| ten AL kange

Figure 183. Remove unused events prompt.

7.7 Attributes

This option allows you to edit the six attributes in the current family (Figure 184): Systems,
Locations, Failure Modes, Class Attributes, Basic Event Types, and Trains. The options available within
each of these attributes are. Exi(, Add, Modify, and Delete
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Figure 184




proswe fom| |y f

SURRY Edit Attributes ATTRIBUTE wami

Option § Exit / Acd / Modify / Delete

e N A B W Pescriptieon

The NAME colum will contain the [ist of systoms, failure modes, etc
svailiable for the current family.

The DESCRIPTION column will contain the correspondi w description for
each attribuite displayed

<t «F 5 <Fk>»
Mark/Clear Mark/Clear Kork/Clesr
Item Al Bange

Figure 185. Selection screen for attribute editing

1ype

ATTRIBUTE WAME

Ppriwh A Exit / Al

Attribute Name
Cescription

Figure 186. Editing screen for adding an attribute.

7-26 February 1992



Figure 187. Editing screen for mx lifying an attribute

- "r" —
ATTRIBUTE NAME I

Hgure 188. Ediing screen for leleting an attrib.ate

7.7.2.1 Exit. This option “eturns vou to the Edit Attributes screen. To invoke this option type
in the option field and press < Enter > . or press the < Esc> key

7.7.22 Add. Th:s option performs the actual add of & new attribute record. To invoke this

i, type <A> in the notion field, fill in the requested ¢ fields, and press < Enter > . The only

equired information for an vttribute add is the name. When w aiplete, you will be returned to the Edit
Attributes screen with the me sage Record added displayed at the bottom of the screen

T.7.3 Modify

This option allows you to modify an attribute record. To invoke this option, ty;~ <M > in the
ption held, highlight an attribute name, and press < Enter>. The Modify Attribute screes is shown
1 Figure 187, The aptions at this point are Exit and Modify
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7.7.3.1 Exit. This option returns you to the Edit Attributes screen. To invoke this aption, type
<E> in the option field and press < Enter > or press the < Esc > key

7.7.3.2 Modify. This option performs the actual modification of the attribute record. To invoke
this option, type <M > in the option field, modify any of the data fields or: the Modify Attribute screen,
and press < Enter>. When complete, you will be returned to the Edit Attributes screen with the
message Record modified displayed at the bottom of the screen.

7.7.4 Delete

This option allows you to delete an attribute record from the current family. To invoke this
option, type < D> in the option vield, highlight an attribate and press < Enter >, The Delete Attribute
screen is shown in Figure |88 The options st this point are Exit and Delete.

7.7.4.1 Exit, This option returns you to the Edit Attributes screen. To invoke this option, type
< E> in the option field and presc < Enter >, o1 press the < Esc > key.

7.7.4.2 Delete. This option performs the actual deletion of the attribute record. T, invoke this
option, type <D™ in the option field and press < Enter > . When complete, you will be returned to the
Edit Attributes screen with the message Record deleted displayed at the bottom of the screen.

7.8 GaTes
This opiion allows you to modify gute records. To invoke this option, type <T> in the option
field or highlight GeTes and press < Enter>. The Edit Gates screen, listing all of the gates belonging

to the current family, is displayed (Figure 189). The modification options are: Exit, Add. Modify, and
Delete.

TR Exit

This option returns ; ou to the Modify Database menu. To invoke this option, type < E > in the
option field and press < Enter >, or press the < Esc> key.

782 Add

This option allows you to add a gate record to the current family. To invoke this option, type
<A> in the option field and press <Enter>. The Add Gate screen is shown in Figure 190, The
options at this point are Exit and Add,
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7.8.3 Modify .

This option allows you to modify a gate record. To invoke this option, type < M > in the option
field, highlight a gate name, and press < Enter > . The Modify Gate screen is shown in Figure 191, The
options at this point are Exit and Modify

Family
’MI\ Nodity Gate

Option M| Exit / Modify

¥ v GATEN
Description
Lype R

Figure 191. Editing screen for modifying a gate.

7.8.3.1 Exit. This option returns you to the Edit Gates screen. To invoke this option, type
<E> in the option field and pres < Enter >, or press the < Esc> key

7.8.3.2 Modify. This option performs the actual modification of the gate record. To invoke
this option, type <M > in the option field, modify any of the data fields on the Modify Gate screen, and
press < Enter > . When complete, you will be returned to the Edit Gates screen with the message Record
Modified displayed at the bottom of the screen.

7.8.4 Delete

This option allows you to delete & gate record from the current family. To invoke this option,
type <D > in the option field, highlight the gate to be deleted, and press < Enter > . The Delete Gate
screen is shown in Figure 192. The options at this point are Exit and Delete.

7-30 February 1992



Figure 192
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198

Figure

0.1 Exit

B it 3 B 5 11
! plion al WS YOU 1O Creale & user-denned

distribution tyy 10 add a new histogram to the
1ala Dase, type a A AQd) In the option field and press < Enter At this point, Figure 199
Hsplaved and vy ire given the choice of adding the histogram data in either & percentage format
nee format
it you wish Wd a percentage histogram (o the data base, enter a8 <P (Percentage) in the
ption field. Entering a <P n the opuon Neld will cause a Percentage Format Histogram screen {
ippear. From this screen you should type in a name and 2 descr ption fur the new histogram, Enter the

percentages 1or the histe gram along with the corresponding probabilities, | igure 200 demonstrates how
0 enter a percentage histogram, given that 15% of the data points have & probability of 0.04, 46% of
lata points have a probability of 0.12, 36% of the data points have a probability of 0.02, and the

remaining 3% of the data points have a probability of 0.8, The sum of the percentages entered must total

00 % | order for the histogram to be acoepted as a valid percentage histogram (Figure 2ul). In the
upper right-hand area of the screen is & box that shows the current sum of the percentages that have been

remaimning percentage needed to reach the 100% total




Figure 198
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Add Histogram

Option (Al Exit / Add

Rarge Formet

Nare BANGEWISY
Description expmpie of & range histogram
Starting Prob  +0, 000F+000

=
3

CO 9DV N - -

£nd Prob Height Rin € Prob Height
¢ . 000§ - 00 1. 000E+001 1 ssesnafiores  svnivel
6. 0008 - 001 7. 0DOE+001 12 . '
8, 00OE - 001 2.000¢ +001 13
1. 0008 +000 S . 000E + 000 14
1% . sollssvs snnasillse ‘
17 “ans

<

Figure 202. Add a range histogram

7.10.3 Modify Histograms

To modify a currently existing histogram, type an <M > (Modify) in the option field of the Edit
Histograms screen, highlight the desired histogram, and press < Enter >

If you selected to modify a percentage histogram, then the histogram data will be displayed in
percentage format. You may make modifications to the histogram's name, description, or any of the
probabilities or percentages. The percentages must still total 100% before it will be accepted as a valid
percentage histogram. Figure 203 demonstrates the screen for modifying histograms in percentage
format

If you selected 1o modify a range histogram, then the histogram data will be displayed in range
format. You may change the histogram's name, description, and any of the bins' starting points, ending
points or probabilities. Figure 204 demonstrates the screen for modifying histograms in range format.

If you wish to save the modifications made to the se/acted histogram, type an <M > (Modify)
in the option field of the Modify Histograms screen and press < Enter >. When complete, you will be
returned to the Edit Histograms screen with the message Record modified displaynd at the bottom of the
screen. If you wish to exit this screen without modifying the histogram, enter an <E> in the option
field and press < Enter >, or press the < Esc> key.
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Option N Exit / Redity Parcent W 0.0
Peroent Left 00
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&, M 002 1%5.00 "
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l l 00 1%
"
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Figure 203. Modify a percentage histogram

Nodify Histogranm

Option |M| Exit / Modify

Range Formet

W RANGEH I §7Y
Description exanple of & range histogram
Starting Prob 0, 0008 «000

-
P

DOW NP BN - -

Eri Prob Helight Bin Erd Prob Height

£ GODE - 001 1. 000E+00" 1" sovesafas ' P
6. 000€F - 001 7.000!'00‘ #ee Sl il
8. 000€ - 001 2. 000k +001
1 000('000 5. 000!0000

e I

—

Figure 204 Modify a range histogram
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7.10.4 Delete Histograms

To delete an existing histogram from the data base, type & <D > (Delete) in the option field of
the Edit Histograms screen, highlight the histogram to be deleled, and press < Enter »

This action will result in displaying the selected histogram in the appropriate format on the Delete
Histograms screen.  To delete the histogram, type & <D> (De'ste) in the option field and press
< Enter > When complete, you will be returned (o the Edit Histogri ms screen with the message Record
Deleted displayed at the bottom of the screen. To exit the Delete H' tograms screen without deleting the
histogram being displayed, press the < Esc > key or enter an < E > (Exit) in the option field and press
< Enter > . Figure 205 and Figure 206 show examples of the Delete Histograms screen for percentage
histograms and range histograms, respectively

Delete Histoagram

Option |E| Exit / Delete

Percentage Formet

N ame PERCENTHISY
Pescription percentapge histogram example

Ares Probebility Percent Ares Probability Percent
1 4, O00E - 002 15.00 1 sensesffuess sansan
1. 200¢ - 001 &6.00 12
2.000¢ - 002 500 13
8, 0DOE - 001 3.00 1%

\7
18
9

?
3
.
5
8
B
e 20

Figure 206. Delete a percentage h'stogram.
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Figure 206. Delets
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8. UTILITY PTIONS

Ihe SAKA " “tility options allow you to perform . outine functions that are required by SARA such
o s defining constants, recovering the data base, and MAR-D data :xchange. When you invoke this optiot
e ¢ < | 2 ol 1 ¢ 207 will be 'I\;‘i,t\t‘ﬂ.i .
e A
oM o :
.‘!_
nNstants
Mar-D Interface
Recover Latabase
- . J
:
otion |
SRR, AT
Figure 207. Utility options main menu
8.1 Exit
lype <E> in the command line, or highlight Exit, and pross < Enter > o press the <Esc>
Key 1o refurn to the SARA main menu
8.2 Define Constants
he Define Constants <D > option dliows you to define what hardwa e the system nses as well
as defining uncertainty settings, ¢ it st constants, and defauit values for the graphics editor. After 4
v

choosing this option, the User information Constants screen shown in Figure 208 is displayed. Table |
provides a brief descr'otion of sach of the fields in Figure 208
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Constants

User Informotion

User Name EGEG l1daho, nc, (INEL)

Monitor type (0-CGA, 1-EGA, 2-VGA, ' ~VGA+, «-B514A)

(O-18M, 1-PARADISE, 2-ATI, 3-TECMAR, &-TSENG, 5-VIDEO?, &-PLASMA)

Printer type (0-Other, 1 -Enson, 2-HP Leser)

Printer has complete 18X character font? (Y/N)

Plotter communications port (0-None, 1-Com!, 2-Com2, 3-Com")

Use slternate basic event Names 7 (Ys=eiternate N=primary)

Impertance Measurement Type 7 (Reratios, I=intervals, Usuncert)

Verify when loading MAR-D date 7 (Y=verify, Ne=don't verify)

I | L L8 L L LLL3 o ——

<andom nuber seed 0 Sample nize 1000

e Ot SOt GENBP L O ————

Cutoff by size? (Y/N) Y Size cuc 'Y [

Cutoff by probabiiity? (Y/N) Y Probability cutoff 1.000€-015
Mission time (hours) 2.400E+001

S B L IR T 1 S ——

Screteh drive and directory

Halo drive and directory path \HALOBE\

I E-F TR

Change any of the constant values shown and press the <Enter> key.

Figure 208. User information constants screen
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Table 2. (continued)
s et e———————————

FIELC DESCR

toggle ture
DEFAULT

toggle tuyr
DEFAULY

he ‘mmediate ares
event name «
DEFAL

The gate and event riames w
Written over any nes oraw
Areas Tor the names

Yes/No toggle turning on/off the displey of
event and gate names e the SHOM command
s used DEFAULY = .

Yes /N | vgg I3 '.1" "‘V on
descriptive text when the
sed DEFALULT = Yes

When Duliding trees, mult generate
™itTIple gates Tor esach ¥ 8 gate type
DEFAULT = Yes

An X under the desired
defuaul § . C
DEFAULT

An X wunder
fhn' . oLOf
white

the desired
for drawv
W ¥hite

the desired ¢¢
or for writir
DEFAULT color = white

An X under the desirad
default co for the
DEFAULT color = white

After setling the Fault Tree graphics information constants press < Enter>. The next screen
lisplays Event Tree graphics information (fFigure 210). Make any changes needed and press < Enter >
l'able 3 provides a brief description of each of the fields in Figure 210




Figure 210







8.3 MAR-D Interface

The MAR-D Interface <M option facilitates loading and unloading of Probabilistic Risk
Assessment (PRA) data from the Models and Results Data Base (MAR-D). The process converts
information from the generic format found in the MAR-D data base to the SARA data base format. It
also makes a conversion from SARA format to the MAR-D data base format. When you select tais
option, Figure 211 will be displayed.

Losd/Extract

Load

EXtract

Figure 211. MAR-D interface main menu.

8.3.1 LOAD

Before loading any data, a family must be created through thic MODIFY Databas. Family option.
Copy the files you wish to load into that family’s directory (use the DOS copy command or the Fiie
Copy option under Select Family). Select that €amily and verify that the family namo displayed in the
top left corner of each men is where the data should be loaded. If it is not correct, use the SELECT
Family ozt .. again to choose the desired familv.

L . un entering the LOAD module, Figure 212 will be displayed. As you cursor down through
the data tools, autohelp menus will appear to the right, listing the types of data that can be loaded
(Figare 213). The right arrow or < Enter > will take you to this second menu (Figure 214), Again, as
you cursor dowt: ilirough the data types, menus will appear listing tae specifics of what types of datz can
be loaded (Figure 215). After choosing the data to load (Figure 216), the form in Figure 217 will appear
listing the files which contain that data and have the proper extension.

Each of the subsections bc'ow contains additional information on loading various types of data.

In general, new data loaded into the data base overwrites old data of the same nazae. After Joading data,
you may generate either a Summary Report or a Detailed Data Report 1o verify the data.
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Family
Attributes
Basic Event
SYstem
EVert Tree
ENdstate
Seguence
Gate
Change Sen

Figure 213. Data types that can be loaded

February 1992




.

Optior

Figure 215. Actual data files that can be loaded
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Figure 217. Lisced files of a selected type
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8.3.1.1 Load Verification. Consistency checking for names contained in multiple files can be
done by setting "Verify when lcading MAR-D data?” to "Y" using the Define Constants option (see
Sectior: 8.2). Data files that have no prerequisite loaded files (*.CTD, *.FTD, * BED, etc.) are assumed
to be correct and are loaded direcu.y into the data base without any field checking taking place. Data files
having prerequisite loaded files contain depeundent fields referenced in those data files (e g., the * BEI
file contains event names also containea in the * BED file). See Table 4 for a listing of files nd their
prerequisite files and dependant fieids.

Table 4. MAR-D files load order dependencies

Group File Prereq. files Dependent fields
EngTRISICNES nzars = raEw PR IS E S Y S I AT S ISP ITINTUITETRETCSE
Family: FAD Lt Sl

AT aes e

Mag

NOTE: consisteancy chochn. for family nahes h ochve for all fiies.

.CTe
. FMD
.LCD .
.STD -
In‘ctmu .BED
LBEI .BED Emt Neme
.BEA .BED Event Name
.CAD Class Attr
.CTD Comp Type
. FMD Fail Mode
.LCD Location
.5T0 System Type
Systems: F1D
.DLS vans sews
JTL .BED Event Name
FIC FTD System Nave
.BED Event Name
FTA JFTD System wave
JFTT LFTD System Name

NOTE: .DLS and .FTL files are put into graphic relation
instead of system relation, ko cross relational cross
rhecking available for graphics name.

................................................................................................

fventTrees: .ETD wawe

ETA ETD Event Tree Name
.BEI init Event

ET6 ETD Event Tree Name

LETL ETD Event Tre« Name
.BE] Init Event: unless Top
.FTD System Name for TOPS

LETY ETD Event Tree Nome

NOTE: LETG is currently losded as text, .ETL should look exactly like .ETG file.

....................................................................................................

EndStates: .ESD

81 77? 7?7?
LEST LESD End State Name
Sequences: LS00 ETD Event Treec Name

.8QC .ETD Event Tree Name
.S00 Sequence Kame
.BED Event Name

.SGA ETD Event Tree Name
.SQ0 Serwence Name
.ESD End State Name
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If a dependent field does not exist in the database at load time, that field will be displayed in a
nfirmation/add menu. Thus, if an ever: name contained in a * BEI file does not match any cvent name
viously loaded by the * .BED file, th2 new name will be displayed with the optior to add the event
name or simply abort the load process. Note that the depenaent field name rannot be edited at this point

If the name is not correct then oxit, fix the mistake. and reload

However, if you suspect your data files have multiple cross-reference errors, load the files and

'w the load procedure to find the errors for you. As an error is displayed to the screen, write down

line number and file name and continue with the load. When the load is finished, make the necessary

rrections (o the data files, delete the dacabase files for that family (i.e., the *.DAT, *.IDX. and * BLK
files), and restart the load procedure

8.3.1.2 Family. Family descriptions, attributes, and text can be loaded into the database This
b ¢
information is currently stored in only the MAR-D format (see Appendix B). Note that each file contains

data for only one family, and that a change in the data file family name will not change the database

family name

8.3.1.3 Event Attributes. Basic event attributes descriptions (locations, failure modes, class

attributes, system types and component types) can be loaded using the MAR-D attributes option, The
file forma. is described in Appendix B

8.3.2.4 Basic Events. Event descriptions, failure rates, and attributes can be loaded into the
database. The alternate name of the event defaults to the value of the pri

y name if an alternate name
'* not specified. The file formats are described Appendix B

8§.3.1.5 Systems. System descriptions, graphics, logic, cut sets, attributes, text and piping and
instrumentation diagrams (P&IDs) can be loaded into the database System cut sets and attributcs data
can be loaded 1nto eilher the base case (permanent) or alternate (temporary) field areas. MAR-D database
applications will normally use th» base case load option because only permanent data should be loaded
into the da.sbace.  Analysis software such as IRRAS or SARA will use alternate fields for comparisons
t changed vaiue resuits. ‘The file formats are described in Appendix B

Any basic event found within tne system logic or cut sets will be added to the Event relation

8.3.1.6 Event Trees. Event tree descriptions, graphics, logic, attributes rules, and text can be

loaded into the database. The file format is described in Appendix B
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8.3.1 End States, > names, descriptions, and text can be loaded int

mat 18 described In | | Formats for end state informaaon have

8.3.1.8 Sequences. Sequence cut sets for MAR-D (IRRAS, SARA) file formats can be loaded
» MAR-D format, sequence descriptions, attributes, text, and logic can be loaded a With cut
» .

nd attributes, duta can be loaded into either the base case o aliernate field area he file formats

rbed in ’\'P'["."._E“ B

nave been entered intc the databuse prior to load ng sequence

v lnanng event must
10es not need to be included; any found will be removed from the cut set data

evenl will be included in each cut set term for SETS * DNF format output

8.3.1.9 Gates. Gate names and descriptions and types can de I into database for use in

conversior I'he file format is described in Appendix B

8.3.1.19 Change Sets. All change set information used in the GLNERATE change set ption

b

Ued Vi S e

Extract

Data can be output in MAR-D (IRRAS, SARA) format using the EXTRACT option. The extract

1s created in the current family subdirectory The default vutput file name for description

nformation, an: attribute data is the first eight characters of the family name plus the appropriate

extension. For MAR-D cut set, logic, graphic, and textual information, if all files are selected for

extraction, the file name will be the family name with the extension. Otherwise, the file name will be
the first six charactess of the name plus a 2-character ID number

NOTE: If a file with this name already exists it will be overwritten.

'he EXTRACT menus are identical with the LOAD menus (see Figure 218 through Figare 222)
A data toul type is selected, then a uaa type, and finally the specific daia (0 be output. In output*ing

data, a fourth menu appears. Read the note at the bottom of the screen as well as the appropriate
section on extracting that data type

sOome

8.3.2.1 Family. Family descriptions, attributes, and text can be output from the database. Note
that each file will contain information for the selected family

8.3.2.2 Event Attributes. Event attributes (locations, failure modes. class attributes system

ané component types) can be output from the data base. Event attributes will be output for the

tire family




8.3.2.3 Events, Event descriptions, failure rates, and attributes can be output for all the events
in a family. If alternate basic event names are used, the constant is set to “Y", and the alternate name
will be used instead of the primary name for descriptions and failure rates. Primary names will be
output

8.3.2.4 Systems. Descriptions and attributes can be output for all the systems in a family
System logic, graphics, and cut sets are selected from an output menu. If all logic .+ graphics is selected,
a single file will be created for each of the names; for all cut sets and text, the family name will be used,
with systems separated by “EOS

8.3.2.5 Event Trees. Descriptions and attributes can be output for all the event trees in a
family. Event tree logic, graphics, rules, attributes, and text are selected from an ouiput menu

8.3.2.6 End States. End st... descriptions can be output for the whole family. Text is selected
from an output menu.

DATA to EXTRACY

Exlt

Figure 218. Load/output main menu.
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Extroag 'J
e T Sp——

Bas

Event
ENdstate
Sequence

Figure 219. Data types that can be output

e B v
I SURRY l

Family
Attributes
Basic Event
SYstem
Event Tree
ENdstate
SeQuence

Figure 220. Data type selection screen for extracting
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Event Tree
ENcistate

Sequence

bt s, o e e s <

ot ior }

Figure 221. Actual data files that can be output

| RRY

e Fami |y .———...]

S —

Family

Attt Dutes
Bas Event
SYstem

Event Tres
ENcdstate
Sequence

AT

Figure 222. Selection of the data file type to output

8.3.2.7 Sequences. Sequence descriptions and attributes can be output for an entire family
Sequence cut sets, logic, and text must first have an event tree selected, then that event tree's sequences
are displayed and can be output. If all event trees are selected. the sequences for each event tree will be
output to a file with t}

nt tree s name. I » single event tree is selected, the output sequence menu
containing all

of the seq :..ces associated with that event tree will be displayed. If all of the sequences

are selected, those sequences will be output to a single file with the event tree's name. If a single

sequence 1s selected, it is output to a file with that sequence’s name

February




:x Gate Late name nd de { | nd can be

1 Ooutrnut 1o
Uipu

2.9 Change Sets

'
i ¥

8.4 Recover Database

Before recovering the data base, it is suggosted that you backup the
*.DFL files and corvesponding data files (*.IDX , *.DAT. and
*.BLK) in the directory of the family to be rebwilt

W o restructure the data base and re-index the data

Include

systems have been deleted ard seem t reappear

update, the m. cut upper bound seems surprisingly high

v/idon 't show events being used properly

nNced cannot be deleted

't

mpacts the data and generally helps

ppears when this option is selected AS

ach method is discussed in the tfollowing

8.4.1




Recovery Utilities

Exit
Recover Everything
Data Base Recovery

Cross Reference Recovery
System Logic Events
SYstem Cut Set Events
Sequence Cut Set Events
Fault Tree Sub Trees
SeQuence Logi~ Systems
Sequence ENd States
Event Tree Sub Trees

Option |E|

Figure 223. Recover data base selection screen

Recovery Utilities

. |

Recover fierythir\gl

WARNING. . .
This option will perforn all the recovery options possible., 1t will
first recover the key indexes and then recover . | the cruss references.
This process may take some time to complete, but if your data base has
not been damaged, this option will restiucture and optimize it,

Do you wish to continue? |N|

Figure 224. Recover everything warning screen.
8.4.2 Data Base Recovery

This option rebuilds all the files contained in your data base. If you think your data base has
been damaged, use this option to recover all data files. If your data base has not been damaged, this
option will restructure and optimize your data base.

To invoke this option, enter a <D > in the option field or highlight Data Base Recovery and
press <Enter>. When you invoke this option, a warning screen will be displayed (see Figure 225).
At the prompt, enter 8 <Y > and press < Enter > to continue with the 12covery, or enter an <™ > and
press < Enter > to terminate the process
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WARN I NC
reaty t by

Gata Dase Tiles w De

jJatabase hos Deer

the data files This pr

nas been damaged

tletabase

]

damaged, you
OCesSs may

can use

take
thi

Figure 225. Data base recove rning screen
&

8§.4.3 System Logic Events

I'his option rebuilds the system |

read and each event used is wracked

will be displayed on the screen.

and

not used, 1t will be added

l'o invoke this option, enter an <1
When you invoke this

enter a <Y

in the

Enter ption, a w

ress

t the prompt and press < Enter > u

{0 terminate the proces:

EIC events cross reference list

the recovery process will continue

If an event is referenced

Each system’s logic record is
If no logic exists for a system, the list is cleared, and a message

but

option field or highlight System Logic Events and
¢ displayed (see Figure 226)
> and

arning screen wiil
continue with the recovery

WARNING
rebuild the systew

¢ads each system’'s lug

exists, an

nue.,

g C
and notes
appropriate message w

o——

even

ontinue?

ts cross
used
ard the

sach event
appear

N

reference
therein

recovenry

renter an <N
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8.4.4 SYstem Cut Set Events

1 set events Cross reference list, system s base and carremt
event used. If no cut sets exist a message wi
very process will continue. If an event is referenced but not used

n the option field or hi
HS OpLiONn, a warning screen w»
and press < Enter > to continue with the
the process

Figure 227

warning screen

8.4.5 Sequence Cut Set Events

rebuilds the

are read [he

sequence cut set events cross reference list Eact sequence s base and
tracks each event used. If no cut sets exist for a sequence, a
recovery process wilil continue { an event is referenced
be added

1§ Option, enter an <S> in the option field or highlight Sequence Cut Sets Events
When you invoke this option screen will be displayed (see Figure 228
to continue with the recovery, or enter an <N

a warning
a <Y > and press < Enter
lerminate the process

and

8.4.6 Fault Tree Sub Trees

1 rebullds the fault tree subtree cros
[he program notes any

data pase

§ reference list
transfer in that logic. If a subtre

Each fault tree grapnic reiation s
: o
1§ read is referenced, but does noy exist
that subtree will be added the data base
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Recovery t '¢~]

[
Bl

B Y Y2 N

the seguence cut

SeQuence’'s base and

Figure 228. Sequence cut set even

eid or highlight Fault Tree Sub Trees and
,

n, & warning screen wi layed (see Figure 229)

*» 10 continue with the recovery, or enter an <N > and

S r——————

Each sequu nce

3

lsplayed and the recovery




At the prompt, enter a <Y > and press < Enter > *~ continue with the recovery, or enter an < N> and
press < Enter > to terminate the process.

Recovery uttli(ien]

Sequence Logic Events

wemen WIRNING. ..
This option will rebuild the sequnce logic systers cross referance
List, It reads each sequence’s logic and notes each sysiem used
therein, 1f nu logic exists, an appropriste message »ill sppear snd
the rec wery process will continue,

Do you wish to cuntinue? (N|

Figure 230. Sequence logic systems warning screen.

£.4.8 Sequence ENd States

This option actually checks that the end states for each sequence are contained in the end state
relation. Each sequence is read and each end state is noted. If a referenced end state does not exists,
it will be added to the end state relation and the recovery process will continue

To invoke this option, eater a <Q> in the option field or highlight Sequence LNd States and
press <Enter>. When you invoke this option, a warning screen will be displayed (see Figure 231)
At the prompt, enter a <Y > and press < Enter > to continee with the recovery, or enter an < N> and
press < Enter > to terminate the process.

849 EVent Tree Sub Trees

This option rebuilds the event tree subtree cross veference list. Each event tree graphic relation’s
iogic is read. The prograzn notes any transfer in that logic. If a subtree is referenced, but does not exists
in the data base, Wiat subtree will be added to the daia base.

T¢ invoke this option, enter a < V> in ,the option field or highlight EVent Tree Sub Trees and
press < Enter>. When you invoke this option, a warring screen will be displayed (see Figure 232).
At the prompt, enter a <Y > and press < Enter > to continue with the recovery, or enter an <N > and
press < Enter > to terminate the process.
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[-Iecovory Ut ilities

Segquerce fnd States

WARNING ., .
This option will retwild the sequence end stetes (ross reference
List, It reads each sequence and notes esch end state, [f a referenced
erdl state does not exist, it will be added to the end stete relation
and the recovery process will continue,

Do you wish to contimie? [N/

Figure 231. Sequence end states warning screen

Recovery VU

reae sub Trees

WARK (NG, . .
This option will rebuild the event free sub tree cross reference lists.
It does this by reading each event tree graphic relation's logic and
noting any transfers in that logic. [f 2 sub tree is referencesd, but
does not exist, that sub troe will be acdded to the Zsts base.

Do you wish to continue? [N|

Figure 232. Event tree subtrees warning screen.
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APPENDIX A
HARDWARE REQUIREMENTS AND INETALLATION PROCEDURE

The SARA 4.0 system requires the following hardware configurations:

IBM-PC/XT/AT P52 or 100% compatible 640K main memory
DOS 3.3 or later

20M hard disk (minimans)

Math co-processor (optional)

16 color enhanced monitor (EGA or better)

graphics input devices - keyboard or moase.

If an enhanced graphics adapier is used, it must have the memory expansion nption to extend the
standard 4 colors to 16, ‘Thi« option is an upgrade to the IBM EG/ boazd, but is usually standard on
boz:ds manufactured by other vendors. SARA 4.0 does rot support the 4-color mode oa the EGA
adapter.

The recommended configuration contains a VGA ¢olor monitor and adapter, 3 mouse as the
graphics input device, and a math co-processor. The keyboard can serve as the graphics input device but
is not nearly as user-friendly as the mouse. SARA will not run as fast if a math co-procsser is not
present,

NOTE: The SARA 4.0 system requires the above specified amoutt of random
acce”s memory (RAM). This memory must be availcble for the program
and not used by memory resident programs, such as "Side-Kick'. Also
certain memory resident programs may interfere witu the execution of
SARA 4.0. These should be unloaded before using SARA 4.0. The
MS/DOS command “CHKDSK" can be used to display the amount of
mimory aailable on vour machine,

To ins*all the system on yous hard drive C, put the #1 diskette in drive A and typc A "NSTALL
Co <Uater>. For PS/2 users with an e«ternal 5 1/4" drive, use the MS/DOS Command ASSIGN to
assign your external drive as the A drive. You will be prompted when you shouid (uséft the remaining
disks. Be certain 10 insert the disks in the order specified in the installation procedure. The directories
\PRADATA BI\DEMO, und \HALO88 will be created and loaded with the appropriate software.

NOTE: You must have at leas: 1.0 negabytes of disk storage on your destination disk
before installing SARA.

After the installation is completed, you nced to | cate and modify your CONFICL.SYS file. Ths
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1§ ‘n the root directory. If you do not have a file by this name. you must create one. In either case
the following parameters must be included in the file, if not already present

FILES = 30
5 BUFFERS = 15§
DEVICE=ANSI SYS

..
L
o he device driver ANSLSYS must also be copied from the DOS directory to the root directory
T 1118 not aiready there
.2
he instaliation procedure will create a batch procedure, SARA BAT, for executing SARA 4.0
; in the \PRADATA BI directory. This procedure may be used directly or adapiad to meet your specific
needs. If you choose not 1o modify the procedure, the following format is used o execute SARA 4.(
i\"‘l
o COVPRADATA B!
SARA
I'his completes the installation of the SARA 4.0 software. The user must now insure that the preper
VR grapmes input device 1s hooked up and ready for use. When this is done, the SARA 4.0 system is ready
W for use. Refer to Scction 8.2 for a discussion on defining constants for your configuration
Y
g
o
¢
it
-
)
oy
4
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SARA

4 PRA Modals and Resuits Data Base
Data Interchange Formnats. February 12, 1992

o 8.1 MAR-D (IRRAS, SARA)

B.1.1 General Format Rules

All vare references (family names, event names, etc.) must be upper
case alphanumeric. Al lower case characters will be converted to upper
" t 1 3 1 .
i case. A.y wipha fields that are longer than the formai specified will be
" truncated. No spacas are allowed in the middle of names
“>
"

Descriptions can have both upper-case and lowercase characters. No

character checking will be done No commas are allowed in the

\ i) descriptior

»
4 { Commas are used as field delimiters in most formats, and can be used as ‘
placenolders for unk own fields. Any number of leading and trailing '
field spaces can be inserted. Exceptions to this format are detailed as
neecad
‘ lext riles
Fue s standard ASCII rext, single spaced, upper and lower
CANE
. First line of paragraph is indented $ spaces, with a blank line
Sl vetween paragraphs )
¢ 3 "EOS signals the End of Section so that muitiple names

in the same family can be collected in one file

UNJess .\;P{‘\.H]\'.L“s stated otherwise



2 Yamily (Mant) Information

B.L2.1 Family Names and Descriptions

Family Attribute File

n,vendor, AE, OpDate, QualDate
ramily name

Default mission time in hours
New seqrence frequency sum
Lumpany nany

Locauion nams

L
v endor
A rehitectura

Operational

JJualification

B.1.2.3 Family Textua! Information

Araciei




B.1.3 Basic Event Information

B.1.3.1 Rasic Event Names an’ Descriptions.

File Name:

xuxxx BED
File Format:

family =

~ame, description

whete |

family « 16 character Family name
name - 16 character Event pame
descr.ption - 60 character Alphanumeric description

B.1.3.2 Basic Everi Rate Information.

The basic event fallure rates are stored in the Event relation. This information can also be
enterad through the mndify option.

File Name:
wxxxxx. BEI
File Fornut:
tamily =
name, calc, udC, wuT, udV, prob, lumbda, tau, missior, init

LR T T T S R ' I ST CREC O S U

where

family = 16 character Family name

rame - 16 character Basic event name

caic - | character Calculation type
1 - Probability

2 - Lambda * Mission Tinw

3.1 - Exp(-Lambda * Mission ime)

4 - Lambda * Min(Missioa Time, Tau)

§ - Operating component with full repair

6 - Lambda * Tau / 2.0

7~ 1+ EXP(-Lambda*Tau)-1.0)/(L.ambda* Fau)

§ - Base Probability * Probability

9 - Base Probability * Probability

T - Set to House Event (Failed, Prob=1.0)

F - Set to House Event (Successful,Prob=0.0)
udC - 4 characters  Uncertainty correlation class

Events in same class are 100% correlated.
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Uncertainty distribution typs
Log normal, error factos
Normal, standard deviation
Betz, b of Betala.b)
VAINMA, 8 LUammala)
aponeatial, none
|

Uidtorm, | pper end pi

loating point Uncerta.aty distributian

loating point Probability valug

loating noint Basic event fallure
lcating poimt Time to repair in hours
loating point Mission tioe

Boolean Initiatis g event flag (Y/N

8.1.3.3 Basic Event Attribute T odes.

are entered through MODIFY --Basic Event and stored in Event

O¢,compl, Gname train, att |

16 character ramuy fan

LA L8
16 Event name
16 Alternate event name
3 character LEvent component type
3 character Event componant system

character Fallure mode
character Component iocatior

! character Component [D

16 character Evem group identifier
| character I'rain identifier

Class uttribute flags--16 values of §

or N (yes or no) indicate whether

e attribute described in the class

attribute file is applicabl

mandatory

rebruary




B.1.4 Event Attribute Descripilons

B.1.4.1 Failure Moue Descriptions.

File Name:

xxxxxx FMD
File Format:

family =

fall description

whore
family - 16 charactar
fail - 2 character
desciiption - 60 character

Family name
Failute mode identifier
Failure mode description

E.1.42 Compounent Type Descriptions.

File Name:
xoxxx CTD
File Format:
family =
comp, description

famuly « 16 character
conp 3 character
description - 60 chararter

R4 System Type Descriptions.

File Name:

xxxxxx. 5TD
File Format:

family =

sys, description

whete
family - 16 Character
sys = 3 character
description - 60 character

Family name
Component type idenifier
Corn.ponent rype description

Family name
Component system identifier
System description
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B.1L.S Fault Tree Information

B.1.51 Fault Tree Names and Descriptions

Fault tree name
fault tree descri

‘1 AI"");"(" ”.2‘

f )

e Liraphics re

f

rmat. It 18 loaded

Faalt Tree Logic




RAteNnaIe ) Late name

Liate typx
gical AND
\ :U’ L "(

transter
wed t v alb Charavier
logical NOT AND
logi: NOT OR
tof M | K
7.1)?: previog
NpuLs L the gate
Levent or gate names
gate name description

inciuded as comment

L cannot excend 255 characters

Ith an asterisk (*» 1§ 2 comment

5

oo aded giving the gate descri

{ree
eventname +
dame * eventname * eventname *
cveninare -+
gventname * eventname
108

10 character Family name

y
10

character FFault tree name

eventname 16 character Event names in




(eneral Rules

| An auerisk bl SCPAarates cut s¢t events \;'vd\(." are p"k"!{‘l’
A plus sign | separates cut sets
A ;u:i,nnf (* eries thie end of a sequence
\ slash (7/7) precedes complemented events
VIR names are 4 mavimum of 16 characters including the

A line beginning with an asterisk ("*") is a commert

B.1.5.5 Fault Tree Attributes,

ut,sample, seed sizCut.svs cut

family 16 chi vamily name

NaIme Fault tree name
0 = top level tree
Floating point Mission time

Floation poiut Mincut upper boun

Floating poin Probability cut off value
Integer 4 Sample size
Integer § Random number seed
T!‘z‘-f:g(‘! Size cut off value

\ character system identifier
integer 3 Base number of cut sets
Integer 5 Base number of events

Floating point Base uncertainty values

B.1.5.6 Fault Tre Textual Information.

File Name

xxxxxx. FT1
File Format

family, fault tree
exlt

“EOS

tamily, fault trea?

family 16 character Famiiy name

16 character Fault tree name




B.1.6 Eveis Vree Infos. ation

B.1.6.1 Event Tree Names and Descriptions

rFamily namge

vent tree name

I
Event tree description
|

incinded indicates fault tree 1s a sysiem

B.1.6.2 Event Tree Attributes

aracter amiy naine
vent (ree name

naracter i itiating event name

B.1.6.3 Event Tree Grapiscs
The IRRAS Event Tree Graphics file (*.ETG) is a display list sequence for the graphics

format and contents are the same as the Event Tree Logic File

File Name
wxxxxx |
File Format

L

t il1a o
e THe T0MK




SAMPLE GRAPHICAL EVENT TRE]

T L TN
M

B.1.6.4 Event Tree Logic

¢ : :
this 1$ & comment

DEFGH EFGHI

Februwy 1992




“Si (')[ {

N, header#

NCES

sequences

sequences
encer
WUENK o4

seQuences’s

S¢qQ

¢

SCQUeNCC 1
sequences
sequencess
sequencesy
sequences
SeQug

wences |

b1

PARMS

A ™

LA . yvalue
WINDOW x! vl
HEADER x!.x3
EOS

,

amiy, evet

Wdditional event

(/N

header
sequencs
endstate

tran file

U

;\'\ﬁ!‘

SCYQUCNCE ¥

4

A ¥

5 x4

(rees

1O chiaracter
1O character
1

O character

character

O character
Boolean

6 charactor
16 character
16 character

16 character

header# .

Wl states

o] |

end
end

states
State#
state#

state#

tate#o

slates

StALe#

filesYy

states
state#
stated
states

>
a

headei# 3

xdatal#l

2

.

xdatal#2

<

“
|

xdatal #3
xdatal #4
xdatal #S
xdatal #6
xdatal#7
xdatal #8
Xaatal#9
xdatal#10
:. ~. \Jd'd'\”‘.{

14 ! xdatal#ll

4

(‘

8

|3 {, xdatal#13

Family name

Evont tree name
{nitiating Event
Optional flag indicating
imt eveni name is a Top
event system

[op event/system names
End state text displayed”
Sequence
sequence

header
name
End state
Name

name

yf 5 e
Of transter ¢

atl

L xdatalel

Xdatalé s

‘<

e A Al i e s

Jheader#d

xdatal# |

xdataZ#4
xdatal#s
l\‘; .'l'.\‘.-‘ ’f'

Xagtal#!

xdatal #8

xdatal#9,
xdatal#10
xdata2#! |

i\'J'.:l.\"‘,

xdata2# 3

February




Information (optional)

Information (optional)

A line beginning with an asterisk ("*") is 2 comment
“TOPS "LOGIK ""SEQUENCES" lgbels must be presemt
1t according to the position of the top event in the definition
the specified top event succeaded
}-—the specified top event failed
Sequence name, End State name, Xdatal, Xdat fields associated with
sequencs Y/N" indicates whether the specific d field is visible. A "1

the response of the indicated top event did not matter

ndicates the sequence transfers to another tr e
ser text is input following the "TEX'T command. P wameters include the size

justincation, color, and location of the text block

Y‘a‘P\RMngnWmmimwunwymvﬂpnmum:;w Ol parametors

6.5 Event Tree Rules,

ent wree

tamily 16 character Family name

event tree O character Event tree name
tops 16 character lop event/system names

B8.1.6.6 Event Tree Textual Information.

File Name
XXX XX
File Format

tamily

“"EOS
family, event tree’
text




where
family 16 character Family name

event tres 16 characte: Lvent tree name

B.1.7 End State Information

Each sequence can be tied to a single plant damage state. The end state probabilities are curirently

entered by the user. The name and description data are loaded with the SARA * PDS file

B.1.7.1 End State Names and Descriptions

File Name
xxxxx. ESD
File Forinat
milv

name, descriptior

family 16 character Familv name
name 16 character End state name

description O charactes End state description
8.1.7.2 End State Information,

File Name

xxxxxx ES]
File Format

family

RESERR RN LAl will be defined later €Y EERIREskane

E.1.7.3 End State Textual Information

Cile Name
xxxxxx. EST
File Format
famuy, end state
wext
“"EOS

family, end state? =

family 10 Character Family name

end state 16 character End State name

February 1992




B.1.8 Sequence Information

B.1.&.1 Sequence Names and Descriptions

File Naine
xxxxx SQD
File Format
family eventree
name description

"EOS

family 16 character Family name
cventree 16 character Event tree name
name 16 character Sequence name
description 60 character Sequence description

B.1.8.2 Sequence Cut Sets

The segquence cut sets are the minimal cut sets for seguence logic as derived from the fauit tree
logic. The cut seis are stored in the block data file of the Sequence relation

e MAR-D sequence cut sets (. SCO) are in a format similsr to that of the fault tree cut seis
described in Section 5.1 .5
File Name
XAXXXX, SO
File Format
family, event tree, sequence =
eventname * eventname +
eventname * eventname * eventname *
eventname +
eveniname ¥ eventname
“"FOS
family, event tree, sequencel =
where
family 16 character Family name
event tree 16 character Even: tree pame
soquence 16 character Sequencs name
sventname 16 character Event names in the cut set

February 1992




168

Ar

asterisk

IC01es the

PreColes

115S

|6 characte

| €

har
chiad

1O character

16 character

Fi

rioating

ating

Floating
integer
!I.'.l‘;‘?'!
integer
integer

?IHL‘;CY

:
Floating

alueb
alue?
alues
valueY
Defauit flag:

flac

uUsed flags

arales

"
aciel

events in a Cut set. Spaces are ignored

4

CUtl sets

end of the sequence
emented evelts
16 characters

nciuding the

ymment

10N, procut

Sampie,seed, size, cats

value¥ default flags, used flags

Fanily naine
Event tree name
Sequence name
End State name
point

Ot
poin

Mincut upper bound

Mission time in hours

poimt Probability cut off

vaiue
Sample size

Random

Size cut off value

number seed

Hase
Base

number 9f cut sets
Oof events

Base uncertainty values

number
point

Sth percentile
Median

Mean

95th rercentile
Minimum sampie
Maximum sample
Standard deviation
Skewness

Kurtosis

Default fMag set for this sequence

Flag set used to generate these cut

Character

t

Or




. B.1.8.4 Sequence Logic.

File Name:
axxxxxxx SQL

File Format:
family, event tree, sequence =
sysl sys2 /sys3 sysd

“EOS
family, event treel, sequencel =
where
family - 16 character Family nam~
event tree - 16 character Eve~. «ee name
sequence « 16 character Sequence name
sys - 16 character System name
General Rules:

1. Complemented systems are prefixed with "/".

B.1.8.5 Sequence Textual Information.

File Name:

xxxxxx. SQT
. File Format:
family, event tree, sequence=

= (XL =
“EOS
family, event tree2, sequence =
- text -
where
family - 16 character Family name
sequence - 16 character Sequence name
event tree - 16 character Event tree name

B.1.9 Piping and Instrumentation Diagrams

B.1.9.1 #&ID,

The piping and instrumentation diagrams is a graphics file in binary format. It will be loaded
and output as-is: no conversion will be performed.

File Name:
xxnxxx. PID
File Format;
(P&ID Editor format)

I February 1992
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10 Gate

B.1.10.1 Gate Description
» Name

xxxxxx GTDO

racter Family name

16 character (ate name

&0 character (ate description

B.1.10.2 Gate Attributes.

'»J'?u,

16 character tFamily name

1
1¢

character Uate name

4 characters LUate type

il

Change Set Description

1§
{

y character amily name

16 character Change set name

ol character Change set descriptior




B.1.11.2 Change Set Information.

le Name

tainily change
PROBABILITY

eventname.ca

CLASS

eveniname, gt

ual, mission, 1.1t

wp,comp T'ype,compld,system location
calcType,ud T, prob, lambda. tau, ud V. ud(
EOS

"1 s y @
Tar 1Y, CRLARl

MISSION, init

16 character change set name

16 characters name mask

16 characters event group mask
characters component type mask
component 1D mask

System mask

( ila{\' acters
characters
characters

harasita

A

Incation mask

fallure mode mask

haracters train mask

character initiating eveat (Y/N
{ atiribute flats--16 values of Y

i N (ves or no) indicate whether

the attribute described 1

the class

attribute file is applicable

[

vamoda * Mission Time
| - Exp{-Lambda * Mission Time)
Lambda * Min(Mission Time. Tat
ralng component with full
*Tri/ 290
| ‘L'Y’f"\]‘d“, au
v * Pr

i14F.

X

et 10 House Event (Failed. Prot

Set to House Event (Svccessful Pr




Uncertainty distribution type

Log normal, error factor
Normal, staudard ceviatior
Beta, b ~f Beta(a.b)
Camma, a Csammala
Exponential, none
niform, Upper end pt
ng poit Proba' Hity value
loating point Basic event fal

it Time W repair in hours

Uncertainty distzibution value

Uncertainty ¢ relation class

Events in same class are 100% correlated
Mission time

Pn"..nms' event

February 1992




- ‘0 .‘
: 2 SETS
B.2.1 Sequences
B.2.1.1 Seguence Cwn Sets
File “l.\."\k
xxxxxx DN}
g he format of the SETS output cat sets file ((DNF) is dependent upon the coramand issued within
L\
’ SETS. The actored form is
O
A*(B + (
0 I'he disjunctive normal form is
A*B + A*(
! ONLY the disjunctive normal form is accepted by the MAR-D at this time
:
N
" File Format
scquence-name
eventName * eventName +
eventName * eventName
where
1 é
) General Rules
| An asterisk ("*") separates event names. Spaces are ignored
A plus sign ("+ ") separates cut sets
A period (".") denotes the end of a sequence
4. An asterisk ("*") in the firgt column denotes & comment
B.2.2 Fault Trees
B B.2.2.1 Fault Tree Logic.
File Name
. xxxxxx SET
- rile Format
» g e
= FAULT TREES$ fault-tree-name
COMMENTS descriptive material $
gate-type $ gate-name. INS input-i, inpur-2 , input-n
QUTS output-1, output-2, output-n
> event-type $event-name OUTS output-|, , output-n
B-23 Fubruary 1992
'
. . - . .
L




} i

gate heing defined
AND gate
(R gale

Erclus ve DR gate (converted to SG)

Exclusive AND gate (convertsd o SG
Special Cate
' the gate being defined
rs) Input-n
Che names of the gates or primary
events that are the immediae inputs
10 the gate being defined (16 chavacters)
The names of the gutes that are the
immediate outputs of the gate or primary
event being defined (16 characters)
(he type of primary evemt being defined
Hi Basic Evemt
Cl Conditional ¥vent
8 Undeveloped Event
DI Developed Event
El External Even
Defines a comment. Must follos

delimites

2 Fault Tree Cut Sets

' fault troe cut sets are stored in the Sy stem relgion in the block data file

tormal
DNF) is given above

2.3 Basic Events

B.2.3.1 Basic Event Vailure Rates

¢ Name
ERXRxrx. VBE
rormat

VALUE BLINX K$ value-bi WCK-Nname

e 8
W-1151L3

NAN ';«..S‘

value probability estimate

evenl names separated by commas




Outpul Reports

wher fov ! user i-’l{'\ are not stored

w00 1

are stripped fy and stored 1n the Sequence

n the family directory

MAUENCE NAINE, SeqUenae

COMTRMVAL segquence name
DIary ne

OMEGA means empty
cut 56t tably
eager + | Space

'HE MAXIMUM TERM -ends the

ADK 1ing SOORCALeS
SOPArate 1ines

r blank ( separates basic event names
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Lais NUREC is the reference manual for the System Analveis and Risk Assessment (SARA) sysiem Version 4.0, &

1

perocompiiers-based system used 10 anolyze the safety wsues of a farmily (e a power plant, a manufacturing

IRCIILY, any facility on which a probabiligtic risk assessment (PRA) 1 ight b performed )

The SARA data ban: consins PRA data for the dominant accidant soquences of a Tamily and descriptive information

about the family including event trees, fault tre s, and system model diagrums. e number of faculity dats base s that

CAn be accessed s I'mited only by the amount of disk st wage availlsble. To sitnulate chaages 1o fami'v systems, SARA]

users chauge the fuiture rates of initiating and basic events and/or modify the structure of e cut sets that make up the
evem roees, faull trees, and systems, The user then evaluates the effects of these Changes throvgh the recaloulation of
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