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SARA is # program that allov. s the user to review the results of & PRA und
to perform limited sensitivity analysis on these results. 1t is limited primarily to
the extent that changes in the plant model can be accommodated by using the cut
set editor. If other than simple changes are being simulated, then IRRAS should
be used 5o that new cut sets can be accurately generated  This tool is intended
10 be used by a less technical oriented user and does not require the level of
understanding of PRA concepts required by IRRAS. With this program & user
can review the information generated by « PRA analyst and compare the results
to those generated by making limiied modifications to the data in the PRA  Also
included in this program is the ability to graphical display the information stored
in the MAR-D database. This information includes event trees, fault trees,
PETD- and uncertainty distributions. The user of this program can gain a better
understanding of the results of a PRA without getting into the details of the
construction and analysis work behind the PRA. The SARA reference manual
and tutorial are available as NUREG/CR-5303, Volumes | and 2, respectively

FEP is a program developed to provide a common access 1o the suite of
graphical tools developed for performing risk assessment.  These tools include
the graphical event tree, fault tree, and P&ID editors. The event tree and fault
tree editors are available through IRRAS, however, the P&ID editor is only
accessible through FEP. The event tree editor allows the analyst to construct and
modify graphical event trees. The fault vee editor allows the user to construct
and modify graphical fault trees. The P&ID editor allows the user to construct
and modify plant drawings. These drawings can then be used 10 document the
modeling used in a PRA. These editors are an integral part of a PRA. With the
FEP 100l, the user need not be concerned with the complexity of the IRRAS
program if the need is only to generale one of these graphical displays.
Documentation for FEP, Version 4 0 is in draft form and will be finalized
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SYSTEM ANALYSIS AND RISK
ASSESSMENT SYSTEM (SARA)
VERSION 4.0
VOLUME 2 - TUTORIALI

EXECUTIVE SUMMARY




1. INTRODUCTION

This volume of the user's manual provides a series of tutorials that walk the user through some
basic steps common 10 most analyses performed with the System Analysis and Risk Assessment (SARA)
system.  Specific instructions for individual commands and options in SARA are provided in Volume |
(SARA Version 4.0, Volume | - Reference Manual).

SARA provides (e capubiliy to examine and use the results of a probabilistic risk assessment
(PRA) in a variety of situations. The ability to manipulate initiating event frequencies and basic event
probabilities gives the user the ability to explore plant changes (actual or proposed) that impact component
roliability. SARA also has the capability of modeling minor configuration changes such as adding new
components 10 existing systems or adding recovery or common-cause failures to the models. These
capabilities make SARA a versatile tool for risk-based management and day 4o-day decision making.

The strength of SARA is the ability to perform these sensitivity analyses and display the results
in a side-by-side comparison with the original models.  Anothor strength is the ability to conduct
uncertainty analyses, thereby giving a more realistic picture of the results.

This manual provides basic lessons on the use of SARA through example problems  These
probiems build on one another and, in combination, lead the user through all aspects of SARA sensitivity
analyses. The lessons cover the following:

Lesson 1. Joading the SARA 4.0 Software and Data.

This lesson shows the user how to get the SARA program and data loaded into the
computer and setup for use,

Lesson 2. Exploring SARA 4.0,

Tais lesson familiarizes the user with the various features of SARA 4 0 and explains the
mechanics of using the software.

Lesson 3. Using Change Sets,

This lesson shows the user how to create Change Sets and apply them to the base case
model to establish a sensitivity model. SARA allows the user to define sets of changes
that may be applied separately or in combination to model changes in component
reliabilities or initiating event frequencies.

Lesson 4. Creating Change Sets Using the Graphics Interface.
This lesson shows the user how to create Change Sets using interactive graphics. Basic

events can be automatically searched and called out of the database by moving a cursor
around on Piping & Instrumentation Drawings (P&IDs)
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Lesson 8. Applying Changes to the Models,

This lesson shows the user how to apply the model changes created in Lessons 3 and 4
10 create a sensitivity analysis

Lesson 6. Using the Cut Set Editor,

This lesson shows the user how 10 model changes to the logic of 4 system or accident
sequence by direct manipuiation of the cut sets co. tained in SARA

Lesson 7. Dicplaying Results and Calculating Importance Measures,

This lesson shows the user how to display the results of a sensitivity analysis and
calculate importance measures based on those results. The importunce measures
calculated include the Fussell-Vesely importance, the risk reduction ratio, and the risk
increase ratio.

Lesson 8. Conducting Uncertainty Analysis.
This lessou shows the user how to assign uncertainty distribution data to basic events and

initiating events and how to perform Monte Carlo/Latin Hypercube uncertainty analysis
on the sensitivity models

1-2 January 1992
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Teble 2-1. Event tree top event information '
R 8 3 13 A0 A A A A S bt

Transient initiatin Frequency of transient events fiom greater than 25% event
frequency power

(75% wrbine
25% nondar o B

Reactor Trip Sywe Probability of failure of the reactor trip function. Maodel
includes the analog instrumentation input, the SSPS logic, the
reactor trip breakers, and the operator action

Unfavorahle " il s Percentage of the time that the moderator temperature
Temperature (Coe Homt coefficient is unfavorable (not negative enough) and cannot
turn power fast enough to prevent an excessive
pressure transient

Auxiliary Ve iwaen Failure of the AFW system to operate on demand (1
pump injecting to 2 steam generators, automatic
actuation).

High Pressure injection Failure of HPI 10 operate on demand (1 pump injecting

into the core)

The semsitivity anal, es presented in the lessors are centered around the reactor trip function.
A detailed fauit troe was constructed for this top event (see Figure 2-3). The other top events were
modeled by peneric data from an ATWS rulemaking analysis’ and NUREG-75/014°
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2.2 After the Lessons

When vou ¢ mpiete these ¢ "" Essins .y find that v r SARA know edgc NS increased
greatiy However, If you still want to know more (and there s more 1o be knows refer 10 the Svstem
dnalvsis and Risk Assessment Svitem (SARA) s n4 volume | - Kelerence Manual 1 { handl¢

n SARA's additional features




TRAINING LESSONS

3.1 Lesson 1 - Loading the SARA 4.0 Software and Data

L1 Install the SARA 4.0 Soltware




AGINSTALL x

\ }

LUnable to create directory

! )
\ -

Installation of SARA4.0 s complete

SARA4.0 sample data s installed separately I

Batch file mussis

Configure the System and SARKA 4.0




M }
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} ’ SAL | ype SARA < Fater
A KA i \ }
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| \ }
| \ | \
¥ ) {
3 ’ \ W 3
' - type in t w. DO NOT PRESS < ENTER > UNTII

ALL FIELDS ON THE FORM ARE PROPERLY FILLEDIN, |







Table 3-1. (continued)

FIELD

Cutot! by size?

Size cutoft

Cuteff by probability?

Probabil ity cutoff

Migsion tise C(hours)

Scratch drive and
directory

Halo drive and directory
path

DESCRIPTION

Y © Do not generste fault tree or sequence
cut sets containing more basic events
then indicated in the Size cuteff
fleld (DEFAULY).

N - Generate all cut sets for the fault
tree or sequence that meset the
probability cuteff coiteria (if in
effect),

The defeult maximam number of basic events
allowed ‘n cut set generation when size
cutof! is in effect., DEFAULT = &

Y * Do not generate fault tree or sequence
tut sets that have a probability less
than the cutc” indicated in the
probabl | ity cutoff field (DEFAULY)

N - Generste all oo sets that meet the
size cutoff criteria (1f in effect)
regardiess of the cut set probability,

The default minimum cut set probability
ollowed in cut set generation when
probability cutoff is in effect.
(DEFAULT = 000E-D15)

Yhe default mission time to be used in the
calvuiation of basic event probabilities
(ehen appropriste). OETAULY = 2. GO0OE+00N

36 character field indicating the drive
and path to the scrateh directory where

files will be stored (DEFAULT set to blanks)

36 character field indicating the drive
and path to the halo graph. cs that SARA
4.0 should use (/NALOBS/)
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Several notes are worth mentioning here, While SARA 4 0 is compatible with the
standard color graphics monitor and board. the low resolution graphics are really
inadequate for PRA applications.

SARA 4.0 can use a mouse in the graphical displays. Any two-, three-, or four-button
mouse may be used. SARA 4.0 uses the mouse driver that was supplied with your
mouse, therefore, the mouse driver should be loaded before entering SARA 4.0

The last three fields in the User Information section wil, be addressed in other lessons
and need not be of concern here.

When the first five fields are properly set, press < Enter > . This will bring up the fault
tree graphics constants form. This form will be discussed in Lesson 4. Press <Enter>

again. This brings up the event tree graphics constants form. This form will alse be
discussed in Lesson 4. Press <Enter> one more time. | is brings up the SARA 4.0
Main Menu. SARA 4.0 is now configured properly for usw with your hardware setup

The Exit option should be highlighted. If not, use the <Up Arrow> key to place the
highlight on Exit and press <Eater> . You should now be back o DOS

3.1.3 Install PRA Databases

Now that SARA 4.0 is installed and seiun, it's time to load data that SARA 4.0 can use. These
data are the results of probabilistic risk assessment work: fault trees, event trees, accident sequences,
basic events, and the associated probabilistic failure and uncertainty data. This data can come from
IRRAS databases through the MAR-D interface or it can come as part of your SARA 4.0 package. This
latter source contains databases developed for the NRC through a research project at the ldaho National
Engineering Laboratory. This project uses the MAR-D software to convert PR As available to the NRC
for uce with IRRAS and SARA. The following steps explain how to load these databases .nto your

computer.

Insert the first Databese diskette into your floppy drive. The data installation procedure
requires that this drive be designated A:. If the Database diskettes are incompatible with
your A: drive, use the DOS command ASSIGN to designate the appropriate drive as A:.
If you do not have the ability to change the drive designation, contact your SARA
supplier to obtain a compatible data package.

Type A:INSTALL x: <Enter >, where x is the designation of the destination hard drive
(usually the drive containing the SARA 4.0 software). The database installation will
create the appropriate data subdirectories to \PRADATA Bl and copy the database files
into them.

The database files on the installation diskettes are archived. The installation procedure
copies the archive files to the hard drive and begins the unarchiving pr.2ss. During this
time, the archive files and the unarchived files both exist, taking up more hard drive
memory than after the installation is completed. The amount of hard drive memory
required for the loading of databases varies from database to database and dep=nds on the
extent of the original PRA models.
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The unarchiving process is indicated by the listing of files being "exploded,” or
"unshrunk “ These terms are used by the archiving software to indicate the process used
when the files were archived.

3 Insert the remaining database diskettes in the proper order when prompted. After the last
diskette is read, the database files will be unarchived, the archive files will be deleted,
and the installation batch file will be removed from the subdirectory. The database
installation procedure will display the message, "Installation of data is complete.” Then
DOS will display the message, "Batch file missing.” This is the normal response and
indicates that the loading procedure is completed. The current directory will be the last
\PRADATA B! subdirectory loaded

This completes Lesson 1. You should have SARA 4.0 loaded on your computer and configured
for operation. You should also have databases loaded for use with the software. The SARA 4.0 loading
procedure should not be required again unless you off-load it and need to reinstall or you receive an
update. The database loading procedure should only be needed if additional databases are received

o January 1992



3.2 Lesson 2. Exploring SARA 4.0




2 After a short period the SARA 4.0 Main Menu shown in Figure 33 will appear. This
menu provides access to each of the major functions of SARA 4 0. The user can select
an option from this menu in two ways. First, the user can move the green highligut from
option to option using the <Up Arrow >, <Down Arrow >, <Space Bar> or
<Tab> key. When the desired option is highlighted, it 15 executed by pressing
< Enter > . Secondly, the user can press the letter designator for the desired option
(usually the first letter of the option name, but always the Light green capital letter) and
then pressing < Enter >

fxit

Select Family
Systems Analys
Event Trees Analys
Graphics Analys

Reporty
Modity Database

Jrility Options

Option |k

LEARN - SARA
Besnnsnmnnes Family

Figure 3-3. SARA 4.1 main menu

3 Execute the "Select Family” option by pressing the <Down Arrow > key to highlight
"Select Family" and pressing <Enter>. This will bring up the Select Family menu
shown in Figure 3-4. This menu provides several options and a list of items on which
you can perform those options. The procedure for using this type of menu is to first
select the function to be performed and then select the item on which the function will
be performed. This is done by pressing the letter for the option at the top of the screen
(uppercase light green letter), moving the highlight to the desired item on the ' st, and
pressing < Eater >

Whenever a SARA 4.0 menu requires that an entity be selected to be the object of

a function, select the function first and then highlight the object on which the
function is to be performed.

3.9 lanuary 1992
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A family of data is defined as the system models, event tree models, basic

and all associated information pertaining to a single PRA study . |

2 Major Functions
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Figure 3-5
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- Select the Analyze Systems option using the <Down Arrow > key and pressing
< Enter >

This brings up the Analyze Systems menu shown in Figure 3-7. The options on this

menu are

s Family

LEARK - SARA

Option |E Exit / Cut Set Update / Quantification
Monte Carlo Uncertainty Latin Hypeicube Uncertainty

prosmmmee ¥ 8 M ® Descript
AUXFW Auxiliary Feedwater System Fallure

WP High Pressure Injection System Failure
RPS Peactor Protection System Failure
UMTCOPY Unfavorable Moderator Temperature Coefficient Overpress
UMTCOP? Unfavorable Moderstor Temperature Coetficient Overpress

<F2> <F% <Fé> <F5»
Mark L ne Mark AlLL Mark Range Locate

Figure 3-7. Analyze Systems menu

i Cut Set Update - performs Booiean reduction and applies the probability and size
cutoff criteria to the cut sets for the selected system(s). Boolean reduction may
be required due to the creation of non-minimal cut sets with the cut set editor or
conversion of an event to a house event. Probability and sic. truncation may
need to be applied due to new basic event probabilities heing assigned through
the Change Sets

b Quantification - calculates the system faillure probability based on the cut sets
from the last update using the minimal cut set upper bound technique

¢ Monte Carlo Uncertainty - performs an uncertainty analysis on the cut sets for
the selected system(s) using the Monte Carlo sampling technique

d Latin Hypercube Uncertainty - performs an uncertainty analysis on the cut sets
for the selected system(s) using the Latin Hypercube sampling technique

5 Escape out of the Analyze Systems menu and return back to the Systems Analysis menu
by pressing <Esc> . Highlight the Display Results option and press < Enter >

3.13 lanuary 1992



Q

ure 3-2
Figu




Importance Measures - displays the importance of every basic event in the
selected system cut sets to the system failure probability. Importance measures
calculated include: Fussell-Vesely, Risk Reduction Ratio, Risk Reduction
Interval, Kisk Achievement Ratio, Risk Achievement Interval, and the Birnbaum
importance

6 Escape out of the System Display menu and return to the Systems Analysis menu by
pressing <Esc> . Highlight the Cut Set Editor option and press < Emter >

This brings up the Cut Set Editor menu shown in Figure 3-9. This menu displays the list
of systems in the family and indicates the existence of base case and current case cut set
lists available for editing. The options are

pe——— Fami Ly
LEARN - SARA

System Cutsets

Option |A Exit / Base Case Cutsets / Alternate Cutsets

AUXFW
WPl

RPS

UMt COR
UMTCOR2

priehmm N 8 m e Description

Auxiliary Feedwater System Failure

High Pressure Injection System Fallure

Reactor Protection System Fa!llure

unfavorable Moderator Temperature Coefficient Overpress
Unfavorable Moderator Temperature Coefficient Overpress

¢Escr <f1>» <F5»
Exit Help Locate

Note: B=Base case cutsets exist, AsAlternate cutsets exist

Figure 3-9. Cut Set Editor menu

a

Base Case Cutsets - allows the analyst to create a sensitivity case cut set list from
the base case cut sets to model simple system modifications without redrawing
the fault tree logic models. This does NOT destroy the base case cut sets
stored in the system

Alternate Cut Sets - allows the analyst to create a sensitivity case cut set list from
the previous sensitivity case cut sets. Because SARA contains only the base
case and one sensitivity case cut set list, saving the output of the cut set
editor will destroy the previous sensitivity case cut set list,

Because this is the last area under Systems Analysis, we will return to the SARA 4.0

Main menu by pressing <Esc> <Esc>

3-15 January 1992
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d.

Cut Set Editor - allows modification of sequence cut sets to model recovery or
plant changes, using the same editor used for system cut sets

9 Once again escape back to the SARA 4.0 Main menu by pressing < Esc>

10, We will now explore the Graphics Analysis module by using the <Down Arrow > key
to highlight the Graphics Analysis option and pressing < Enter >

This brings up the Graphical Analysis menu shown in Figure 3-11. The options on this
menu are described below

Family
LEARN - SAKA

Graphicael

1 Analysis r

Exix

PEID Interface
Fault Tree Display
Event Tree Display
Basic Event Plots
SYstem Plots
SeQuence Plots
ENd Stete Plots
FAmily Plots

Option |E

Figure 3-11. Graphical Analysis menu

P&ID Interface - allows for the creation of Change Sets through the interactive
use of piping and instrumentation drawings (P&IDs). The analyst can pick
components off a P&ID and SARA will display the basic events associated with
that component and allow access to make changes to the probability and
uncertainty data. Lesson 4 is dedicated to this function

Fault Tree Dir. 7 - presents a list of fault trees that can be viewed on the
screen.

EVent Tree Display - presents a list of event trees that can be viewed on the
screen

Basic Event Plots - provides access to probability density function and cumulative
density function curve plots of the sensitivity cases basic event failure
probabilities. Latin Hypercube, Monte Carlo, or an overlay of the two results
may be plotted on the screen, sent to the printer, or sent to a plotter file

3.17 January 1992
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e SYstem Plots - provides access to bar chart and disiribution curve plots of base
case and sensitivity case system failure probabilities. The plots can be sorted by
system name, base case values, sensitivity case values, or the difference between
the two.

f. SeQuence Piots - provides access to bar chart and distribution curve plots of base
case and sensitivity case accident sequence frequeacies. The plots can be sorted
by sequence name, base case values, sensitivity case values, or the difference
between the two.

g ENd State Plots - provides access to bar chart plots of base case and sensitivity
case end state {plant damage state) frequencies. The plots can be sorted by
sequence name, base case values, sensitivity case values, or the difference
between the two.

h. FAmily Plots - provides access to probability density function and cumulative
density function curve plots of the sensitivity case family results (sum of all
accident sequences). Latin Hypercube, Monte Carlo, or an overlay of the two
results may be plotted on the screen, sent to the printer, or sent to a plotter file.

Return to the SARA 4.0 Main Menu by pressing < Es¢>

The next major function on th: main menu is Reports. Select this option by pressing
<R> <Enter>

This brings up the Reports menu shown in Figure 3-12. This menu provides access to
reports that can be generated on all aspects of the database. These reports can be viewed
on the screen, sent directly to a printer, or sent to & file on the hard drive for later use.
The menu options show the areas for which reports have been developed:

a. Families - provides summary and detailed reports on the families of data residing
in the database. The summary report shows only the family names and
descriptions. The detailed report contains information about the facility in the
analysis (name, location, operator, A-E, constructor, key dates, etc.) and some
very high level results from the base case PRA.

b. EVent Trees - provides summary, detailed, and sequence reports for the event
trees in the selected family. The summary report shows only event tree names
and descriptions. The detailed report also supplies the event tree initiating event
name and any event tree text that is contained in the database to explain the event
trees. The sequence reports contain every piece of data for the base case and
sensitivity case that resides in the database

¢ Sequences - provides summary and detailed reports for the sequences in the

selected family. The summary report contains the sequence names, descriptions,
and frequencies. The detailed report contains all the sequence analysis
parameters and results for the quantification of the base and sensitivity cases.

3-18 January 1992




Figure 3-12
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Figure 3-13

The Modify Database module gives the analyst direct access 10 the base case

PRA di.a. DELETIONS AND MODIFICATIONS IN THI: AREA WILI

DESTROY THE BASE CASE PRA AS ORIGINALLY LOADED INTO
THE DATABASI




‘

Flg_‘l_lff'




hardware, and preferences for anelysis defaults such as cut set generation cutoft
criteria, mission time, uncertainty random seed and number of samples. Display
set-ups for the graphics can also be made in this area

b Mar-D Interface - allows the analyst to load any portion of @ PRA into the
database from MAR-D formatted ASCII files and extrac. any portion of the
SARA database 1o ASCII files in MAR-D or SETS formats

¢ Recover Database - allows the analyst to restore a corrupted database. This re
establishes the relational database indices and pointers that can be lost due to
memory errors, interrupted calculational processes, hardware failures, and power
fluctuations or losses. For large databases, this can take a long time (o
complete.

16 Escape back to the SARA 4.0 Main menu by pressing < Esc>

This concludes Lesson 2. You may leave SARA now or continue with Lesson 3
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3.3 Lesson 3. Using Change Sets
This lesson shows you how to peform the following:
A Create a change set to define a sensitivity database.

B Define modifications to the probabilities and uncertainty distributions for the basic events
and initiating events in the database.

Before getting into we creation and use of change sets, some background information on the
structure and philosophy of the use of SARA 4.0 is required

The key feature of SARA (and one of its primary reasons for existence) is the ability 1o take the
results of PRA models and conduct sensitivity studies. These studies answer the “What if. " questions
that come up when investigating the risk impacts of proposed plant changes or new knowledge about
phenomena or reliability .

Sensitivity studies can impact the PRA model in three ways. First, the "What if" question may
change the logic of the model, resulting in different accident sequences or different cut sets for existing
sequences or systems. Second, the sensitivity issue may involve only a change in the failure probability
of a component or operator action or an initiating event frequency. If so, the logic of the models remain
the same, but the numbers used in the quantification change. Third, the sensitivity i1ssue may reguire a
combination of logic and rel’ability changes. While SARA can accommodate all three types of changes,
it is the latter two cases that use change sets

The SARA database contains two sets of information for the key elements of the PRA (basic event
probability and uncertainty data, system cut sets, and sequence cut sets) In a new database, the hase case
and the sensitivity case (usually called the current case) are the same.  All calculations performed in
SARA are conducted using the current case database only. The base cace database is used only for
comparison and as a starting point for creating a sensitivity analysis

A change set is the definition of how the base case is to be altered to create a sensitivity analysis.
There is no practical limit to the number of change sets that can be created and used in SARA. Change
sets can be invoked separately or in combination. For example, one change set may be created 1o model
an improvement in the operation of motr r-driven pumps.  Another change set may be used to model new
information about the failure rate of check valves. From these two change sets, three sensitivity analyses
can be pesformed: 1) naproved motor-driven pump operation, 2) different check valve failure rate, and
3) the combined impact of the motor-driven pumps and check valves

330 Creating a Change Set

Change sets can be created through the Modify Event Data menu in either the Systems Analysis
module or the Event Trees Analysis module. The two paths are equivalent and change sets created in
one arca will be available in the other area for use and modification. If you are interested in system
impacts, then it is most likely more convenient 1o create change sets in the Systems Analysis module
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This lesson will create a change set called "UV-DRIVER-CARD, " simulating a change in the type
of undervoltage driver card being used in a Westinghouse solid state protection system (SSPS)  The new
card is expected to have a failure rate which is 20% of the old card failure rate

This lesson begins with the analyst at the SARA 4.0 Main Menu with the LEARN-SARA family
showing as the current family. From the Main Menu

2%

Enter the SYstems Analysis module by highlighting that option and pressing < Enter >

Select the Modify Event Data option (<M> <Enter>). This brings up the Change
Sets menu, Note that there are no Change Sets listed

Add a change set name and description by pressing <A> <Eater> . This brings up
the Add Change Set menu shown in Figure 3-15

Option (A Exit / Aad

Name
Description

Figure 3-15.

wn

Add Change Set menu

On this menu type in the name of our change set, UV-DRIVER-CARD

Do NOT press <Enter> when a blank field exists, as this tells the software that the
entire form is properly completed and sends the data to the database

Note that a change set name can be a maximum of 16 characters long

Press <Tab> to move the cursor to the date field. Enter the correct date if the date
shown is not correct. SARA 4.0 uses the system clock date as the default for this field

Press <Tab> again to move the cursor to the description field. Type in the following
description. Improved undervoltage driver card installation.

Note that if the date was correct, that field could have been skipped by using the <Down
Arrow > key to go directly to the description field
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The description field can accept any description up to 60 characters in length including
spaces

The date and description are optional information fields. However, a change set cannot
be created without being assigned a name

;4 Now that the form is properly filled out, press < Enter > to send the data (o the database
and return you to the Change Sets menu

The message "Mew change record added” should appear at the bottom center of the
screen. The Change Sets menu should now look like Figure 3-16

e T ami Ly
LEARN-SARA Chanpge Sets

Option (A Exit / A / Modify /7 ODelete / Probability / Class
Histograms / Generate Changes / Report Changes Base Case Upciate

# oo VN "o Descriptien
UV -hé - CARD Improved undervoltage driver card instal

«f2>
Mark/Unmark
Change

Fiyure 3-16. UV-DRIVER-CARD Change Set added

The newly added change set name and description gppear on the list on the Change Sets
menu. Any errors in the change set name, date, or description can be corrected by using
the Modify option on the Change Sets menu

The change set has been created, but it is void of any inforwation concerning our new
undervoltage driver card. The next section teaches how this information is added
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3.3.2 Defining Event Changes Within a Change Set

SARA 4.0 provides three methods of defining event changes within a sensitivity analysis. The
determination of which method(s) is appropriate depends cn the nature of the issue being addressed by
the sensitivity analysis. Each method will be discussed here and demonstrated later in the lesson

The first method of defining event changes is the direct assignment of new prabability and
uncertainty data on an event-by-event basis (called the individual probability method). This requires that
the analyst move through the entire list of basic and initiating events in the family, individually select the
events that need to be changed, and apply the appropriate change definitions one at a time

The second method is the manual designation of a group of events that need the same change
definition (called the tagging meth J). This requires that the analyst move through the list of basic and
initiating events, tag like events that need changes defined, and enter that change definition only once.
This saves time and reduces the r.ossibility of input errors because the desired change definition is input
once and automatically applied to ail tagged events.

The third method of defining event changes (called the class method) is accomplished by
establishing search criteria for a class of events, inputting the desired change definition, and allowing the
software to search the database for all the events that meet the search criteria and automatically applying
the change definition.

The individual probability method is most appropriate when one-of-a-kind events must have
changes defined. The tagging method is used when the search criteria for a group of events is difficult
to establish or when more than one group of events must reside in a change set. The class method is used
when a large number of like events must have changes defined.

A change set may be defined using any combination of these methods. There is no limit to the
number of events that can have changes defined. The change set can contain as many individual
probability event change definitions as needed by the sensitivity analysis. The tagging method is
considered by the database to be another way of making individual probability change definitions;
therefore, there is no limit on the number of times this method is used in a change set. The class method
has ne linit on the number of even's in the defined class, but only one class is allowed per change set.
This restriction is moot because change sets can be used in combinations and there is no limit to the
number of change sets that can be defined. This will be demonstrated in Lesson §

3.3.2.1 Creating Individual Probability Change Definitions.  In this portion of the lesson,
we will define changes for the undervoltage driver card basic events in the LEARN-SARA family.

1. From the Change Sets menu, select the Probability option by pressing <P > | highlight
the UV-DRIVER-CARD Change Set by using the <Down Arrow > key, and pressing
< Enter >

This brings up the Select Event menu shown in Figure 3-17. This menu lists every basic
event and initiating event in the family in alphabetical order.

o

Select the Probability option by pressing <P> .
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Event Probability Changes

Event Attributes
Names fomp 1d  Sys Train Type F /Hode Location Init?

<F>UVA KPS | 1] c- N

<A*UVA

<f>UVA !

Class Attributes [

Description Undervoltage

2 $ 8 910 71 12 13 16 15 18
u N N N N N N K N N ¥

6 7
N N

3 4
N N
Driver A

Base wemee Uncerti:: 'ty Deta o= QU w1 LASE e Failure Data === Current

| G D161, TYNE swmema fpee— 2 7 e CBLC, TYDE s

2.060E+000 come Value s=> «-vocsferns 1. 00082000 <omm Prob s>
0 Commmmenee COPE ., DS 5w 1.700E-006 <o Lambda s> -
pmmmmemsenes PrOCESS FlBY sememmmmesmnt +() (004000 o TaU mmemes>
< Flag wew——e——— | +0,000E+000 <= Migsion we> -

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

Figure 3-18. Event Probability Changes menu

6. To obtain help as to what the available calculation types are, press <F1>

This brings up the help screen shown in Figure 3-19. This screen displays the 13
different ways in which a failure probability change can be defined in SARA 4.0. More
information on any given calculation type can be obtained through additional help
screens. Calculation Type 9 looks like the one desired to defire 2 change based on a
percentage of the base case

7 Using the <Down Arrow > key, highlight calculation type 9 and press <F1> to bring
up more information about this calculation type

The help screen shown in Figure 3-20 appears on the screen. The discussion on this
screen confirms that calculation type 9 is the one needed

8 Press <Enter> to remove the last help screen. Press <9> <Eater> to enter
alculation Type 9 into the Current Failure Data Calculation Type field and remove the
he'p screen from the display.

9 To reduce the probability of basic event UVA to 20% of the base case value, fill in the
Prob field under the current case with 0.2 and press <Enter> The Select Event menu
returrs to the screen and a P appears in front of evemt UVA, designating that a
probability change has been defined for basic event UVA
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Class change screen

undervoltage driver cards. These events have the designation UVD (for undervoltage
driver card) in the Type field in the Event Attributes section. To have the database
searched for these events

Move the cursor 1o the Type field by using the <Tub> and < Arrow > keys. Type
UVD in this field. This will cause the changes defined in the Uncertainty and Failure
Data sections to be applicd 10 all basic events with the UVD type designation

Move the cursor to the Failure Data Caleulation Type field and press <9>  This tells
the database Ciat the change 1o be applied is a percentage change to the base case values
(See the SARA 4.0, Volume | - Reference Manual for more information on caleulation
types or press <F1> for help.)

Move the cursor to the Prob field and enter < 2E-1> or <0.2> in this field. This
defines the desired changes to the failure probability data. Press < Enter > 10 send the
change 10 the database and return you to the Change Set menu., The message, "Class
change added” will appear at the bottom of the screen.

This action has caused the database 1o be searched for all bas'c events having the UVD designator
in the Type field and tagging them for the defined change. In this way, many like events (in this case
only three) can have changes defined with only a single entry. To see which events have been tagged
for the class change, select option P on the Change Sets menu, highlight UV-DRIVER-CARD-2, &
press <Enter> . The letter C will appear in front of the basic events th=t were found to meet the search
criterion. Press < ¥sc> 10 return to the Change Sets menu,

K

Press < Esc> <Esc> to get back 10 the SARA 4.0 main menu. This completes Lesson
3. If you are not going on to the next lesson at this time, you may now exit SARA. If
you want to continue, pliase proceed on 10 Lesson 4
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3.4 Lesson 4. Creating Change Sats Using the Graphics Interface

In Lesson 3, we created vwo equivalent change sets by working with Lists of basic events in the
PRA models. In this lesson, we will learn how (o create a third equivalent change set. However, we
will use graphics 10 lead us 10 the proper basic events to include in the change set

SARA has the ability 1o relate elements (basic events) of the PRA models (o system drawings
This allows an analyst that is familiar with the facility 1o pick components from drawings (o create o
change set without knowing the specific nomenclature used in the PRA . This method always creates a
change set called "P&ID ¢

As in previous lessons, this lesson begins with the analyst at the SARA 4 0 Maia Menu with the
LEARN-SARA family showing as the current family. From the Ma'n Menu

| Highlight the Graphics Analysis option and press < Emter > Ihis brings up the
Graphical Analysis menu shown in Figure 323

provenseenns | G | seseniny
LEARN SARA Graphices
1 Ana y 8 1 %

Exit

PRID Interface
Fault Tree Display
Event Tree Display

Basic Event Flots
SYstem Ploty
SeQuente Plots
ENg Stat~ Plots
FAmi ly PFlots

Figure 3-23. Graphical analysis menu

2 On the CGiraphical Analysis menu, select the P&ID Interface option. This brings up the
Display a Graphic File menu shown in Figure 3-24. This menu lists all the piping and
instrumentation drawings (P&IDs) in the data base for the facility analyzed in the PRA
In this example, there is only one P&ID available, RPS

3 Ensure that the Display option (<D >) is selected in the option field and that the

highlight is on the RPS system. If this is not the case, press <D> and move the
highlight to the RPS drawing. Press <Enter > 10 select the RPS drawing
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LEARN SARA Display s Graphic File

File Type oo PIPING & INSTRUMENTATION

Option [0 Exit /7 Displey

L

Use <Pgup> and <Pghre for more

Figure 3-24. Display a graphic file menu

This will cause the Block Diagram of the Reactor Protection System for Normal
Operation 10 be displayed. This diagram is shown in Figure 3-25. A small blue menu
appears on the left side of the screen and an arrow cursor conirolled by the mouse or
keyboard is available. See the SARA Version 4.0, Voiume | - Reference Manua! for
operation of the mouse.

This drawing is a simplified block schematic of the Reactor Protection System. It shows
the relationship of the major system components one to another. To better se¢ the
portion of the drawing concerning the undervoltage driver cards, we can zoom in on the
eqiipment in the logic cabinets. (Notc ais is not required to create the change set.)

4 To zoom in, select the View option on the pop-up menu by moving the arrow cursor with
the mouse or the arrow keys on the keyboard. If you are using the mouse to control
cursor movement, move the arrow over the word VIEW. When a box appears around
the word VIEW, press the left mouse button. This will bring up a submenu with a
number of options that control the scale and view of the drawing. From the submenu,
select the Zin (Zoom-in) option by placing the arrow cursor over the word “Zin" and
pressing the left button on 1 mouse. The computer will next want to know what
portion of the drawing you want to zoom in on. This is indicated by draviing a box
around the components you want 1o see up close. In this example we want to see the
components in the Logic Cabinet. Move the cursor to the upper left-hand corner of the
Logic Cabinet section and press the left button on the mouse. This anchors one corner
of a box. Moving the mouse will cause the box 10 expand and contract about the fixed
corner. Move the mouse until the box encompasses all the blocks in the Logic Cabinet
and press the left button on the mouse. The drawing will zoom in on the area within the
box. Note the boxes on the right side of the screen labeled UVA and UVB. These are
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Figure 3-28. Block diagram of the RPS for normal operation
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the blocks comaining the undervoltage driver cards

b Place the cursor on the block labeled UVA and press the left button on the mouse, The
basic events associated with block UVA will appear on a menu as shown in Figure 3-26
In this example, block UVA represents only basic event UVA. Now that we have
located one of the basic events that we want to change for the sensitivity analysis, we can
make the desired change

pomnennn. F il Ly v i1 O Change 9t
LEARK - SARA Uyh | PRID I

Fvent s o

Option K Exit / Probabl ity /7 Reset probabl i1ty to bese / Cleat change set

Pbal v N 8 0 & Descriptior
Uva Undervoltege Driver A

N TR «F1» «ii» 4> tbr
Exit Help Mark/Urmark everit Clear ALl marked Mark/Urmark range

Note: *smarked event, Peprobability change applied, Cscloss chahge app!ied

Figure 3-26. Block UVA basic events

e Press <P> 1o select the Probability option highlight basic event UVA and press
< Enter>  This brings up the Event Probability Changes form

7 Use the < Tab > key to move the highlight 1o the Current Cale Type field in the Failure
Data Section of the form. We want to change the failure probability to 20% of its
original value. This is & calculation type 9 action (NOTE: use the F1 function key to
bring up a help screen if you need help remembering the calculation types), so enter a
9 in this field

8 Using the <Down Arrow > key, move the highlight to the Current Prob field and enter
0.2 <Enter> . This defines the change for basic event UVA and returns you to the list
of basic events. Notice that a P is in front of event UVA signifying that a probability
change has been defined for that basic event

9 Exit this form by pressing <E> <Emter> or <Esc>  This returns you to the RPS
P&ID
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10

Using the mouse, move the cursor 10 the UVB block and press the left button on the
mouse. This gives you the fist of basic events pertaining 1o block UVB as shown in
Figure 327 The message at the bottom,

"Note - Changes already exist in change set. Any new ones will be added .
is displayed to indicate that other events have already been included in the change set
being created through the graphics interface

Family

LEARN  SAkA

Grow

Change St
I Falb

UvE

1

fx\' fon

r'-J'-(

el % AL T — |

f Exit / Probebility /7 Reset probability to base / Clesr thange set

w— N ame
UVh

Descr | 1

Undervoltage Driver B

P

heg»
Exit

Not

Figure 3-27.

A
Help

AL
I 3

i
Mark/ummar b

kP>

Mark/Urmark event Clear marked range

e: “emarbed event, Peprobabil ity change applied, C=olass change app! fed

Block UVEB basic events

Repeat steps 6 through 9 for event UVB. At the complation of this step, changes will
have been defined for basic events UVA and UVRE

On the RPS P&ID move the cursor to the black in the lower right comner of the draw ing
labeled CCF. Press the left button on the mouse to show the list of basic events
associated with common cause failures of the RPS (Figure 3-2%)

In this list is the basic event representing the common cause failure of all undervoltage
driver cards, UVCCF. This event must also be included in the change set being cremed
Press <P> highlight UVCCF, and press © Enter >

-
J

Repeat steps 7 through 9 for event UVCCF, This makes the desired change 10 basic
event UVCCF and returns you to the RPS P&ID
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Exit Help Mark/Urmark event Clear ALl marked Matk/urmers 1ange

Note: *smarked event, Peprobsbility change applied, Ceclass change applied

Figure 3-28. Block CCF basic events

Since this identifies all the basic events that need 10 be changed for this analysis, we can
exit the graphics interface

15 On the RPS P&ID, use the mouse to move the arrow cursor to the Exit option, When
the Exit optior is highlighied press the left button on the mouse. This will exit the P&ID
and return you to the list of available P&IDs

16 Press < Ese> < Esc> 10 return to the main menu
You have just created & change set called P&ID that contains changes 1o basic events UVA

UVB. and UVCCF. If you desire to verify this, continue on with this lesson, Otherwise,
proceed to the next Jesson or exit the SARA program by pressing < Esc >

7 To see the change set just created, select the SYstems Analysis option from the main
menu
18 Select the Modify Evend Data option on the Systems Analysis menu This brings up the

Change Sets menu shown in Figure 3-29. Notice that the three change sts created in
these lessons are listed in alphabetical order

| 19 To see what the P&ID change set contains, press <P> highlight P&ID, and press
< Enter > This brings up the list of all basic events in the family
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3.5 Lesson 5. Applying Changes to the Models

Enter

Figure 3-30. (l




-

Mark the change set to b modified. Press the < down arrow > key twice 10 highlight
UV-DRIVER-CARD and press <F2>. A '1" appears in the first column under the #
symbol. This indicates that this change set is marked for further processing

4 Fype a G <Emter>. A window will appear at the bovtom of the screen (See Figure 3
11). On this screen, you must enter the mission time and indicate whether or ot you
wish to propagate event failures, The default values of & 24-hour mission time and a Y
o propagate event fullure are correct for this lesson. Press <Emter>. Several
messages will be displayed at the bottom of the screen.  When complete, the message
"New event data has been generated with changes” will be displayed at the bottom of the
screen. Press < Esc> 10 return 1o the Systems Analysis menu

il LARE ——
LEARN SARA

Exit And Mogdity

Histograms / Lenerptes Change

F oo N 4N ¢ emcemE———
PRI
UV DRIVER - CARD Improved undervoltage ari
V-DRIVER-CAKD-2 Alternste change set

Enter Mission Time for Generatior

4D0E <00

Propagate Event Failure (Y/m) ¥

Finure 3-31. Enter mission time

3.52 Apply Changes to the System Data

! Select the Analyze Systems option by highlighting that option and pressing < Enter >
The Analyze Systems screen (see Figure 3-32) will appear

2 From the Analyze Systems scree. . select the quantification option by pressing <Q>,
highlight the RPS system using the <down arrow> key, and pressing < Enter>
When complete, the quantification screen shown in Figure 3-33 will be displayed. Press
< Esc> three times to return to the SARA 4.0 Main Menu
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Figure 3-35. Analyze sequence screen
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l LEARN SARA Sequence Displ ey

Optior E| Exit Report / Cutsets Uncertainty

r—— Event Tree eewese SeQUENT E o wemmsmmm—"—
ATVS i

ATwWS 1-9

ATWS 1

KTATWS NT-(

HIATWS NY-D

121

ear A

<ER>

Base Cose Value

Figure 3-36. Sequence display screen

1.44 lanuary 1992



———— “Hy e
LEARN SARA Sequence Display

Option (E| Exit / Report /7 Cutsets Uncertainty / lmportance ENd stete / Sort

preee EVEAT 1100 s SPQUENCE smme BESE Frog e CUrt Freq e BOSE CUFT swm——
ATwS | &.2276-007 &, V04K - 007 1.1706 - 008
ATWS 1-0 3.517¢-008 3.4208 - 008 9. 7008 -010
ATWS T . V2&E-007 4. TBBE D07 1. 360F - 008
NTATWS K18 1.353¢-007 1.316E - 007 3.700£ - 009
NTATWS NT<D 1.128¢ - 008 1.097¢ - 008 3.700¢-0%¢
KIATWS NY-E 1.579¢ - 006 1.536¢ - 006 «.3500¢ -008
Totels (00006 ) 2.675¢ 006 2. 602€ - 008 ?7.328¢ - 008

<fsc» «F1» <k <%
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Yyiews
<F%» T <7 8»
{Description Base vs. Current Cutrent Values Base Lase Values

Figure 3-37. Base case versus current frequencies

. 1.5.4 Generate Roports

l Next, invoke the Report option by typing <R> < Enter > . The Report Options screen
shown in Figure 3-38 will be displayed. From this screen you can send the report to the
screen, the printer, or to 4 file on the disk. Yor this lesson we will send the report 1o the
screen and to a file. CON (screen) is the default output file, and the report title is correct
for our purposes, so press <Emter>. The report shows the sequence name, base
frequency, currert frequency, and the difference between the base and current
frequencies. When finished viewing, press <any key> 1o terminate the reporting
option and return to the Sequence Display screen

rJ

Invoke the Report option again, by typing <R> < Emter> . Press <Tab> once to
position the cursor . the Output File Name prompt.  Type OPTIONLRPT and press
< Enter > . The report will be displayed on the screen, but will also be written to a file
called OPTION] RPT in the PRADATA BI\LEARN-SA directory (the current
directory)

3 Press < Esc> three times to return to the SARA 4.0 Main Menu
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Figure K 38 “4 report opuons screen




3.6 Lesson 6. Using the Cut Set Editor

1.6.1 Maxe Changes to the Cut Sets




‘amily

LEAKE - SARA Cvutset Editer System Cutnets

Option [A] Exit 7 Base Cose Cutsets /7 Alternate Cutsets

Pescription
Auniiiary Festimster System fpllure
High Pressure Injection System feilure
Reactor Protection System Fallure
Unfavorable Moderstor Temperature Coefficient Qverpress
Unfevorable Moderstor Temperature Coetficiant Overpress

Figure 3-40.

¢ T «fi» S
Exit Help Locete

Note: Belisse case outsets exist, Ashiternpte cutsets erist

Base case o alternate cut set selection

Type ihe letter <B>, use the <down arrow > ke, to highlight RPS, and press
<Enter> . The mossage "Loading the Cut Sets” wili be displayed at the bottom of the
screen and the Cut Set Editor shown in Figure 341 ill ap;ear

invoke the Find and Delete Cutset option to remove all cut sets containing the basic
events UVA, UVB, or UVCCF.

Type the letter <F> 1o display the Find and Delete window (see Figure 3-42) This
window provides the user with an "AND-ing" ¢/ pability  If we wanted to delete all cut
sets containing the basic events UVA, UVB, and uVCCF, we could type all three events
in this window and press < Enter>. Howe ar, acre we are performing an "OR"
operation. We wish to delete cut sets that contain UV A, UVB, or UVCCF. Therefore,
we must invoke the Find and Delete command, three separate times

A Type UVA, and press <Enter> The me:zage "13 cut set(s) deleted” will be
digplayed at the bottom of the screen

B Type s <¥> UVB, and press < Enter > - he message "12 cut set(s) deleted "
will be displayed at the bottom of the screen

Type <F> UVCCF, and press <Enter> The messace " cut set(s) deleted”
will be displayed at the bottom of the screen
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Figure

Figure 342, Find m ele W




Press <Esc> 16 exit. A window will be displayed asking if you wish (o save the
changes made 10 the cut sets. Enter <Y > und press <Enter > . The message "Saving
Cut Set Data to the Alternate Cut Sets” is displaved &t the bottom of the screen. You
will be returned to the Cutset Editor screen (Figure 3-40)

4 Now, we will go into the Alternate cut sets to show you that the changes were applied
Type an €A >, use the <down arrow > key 10 highlight RPS, and press < Enter »
Use the <PgUp>, <Pgbn>, and <urrow kevs> 10 scroll through the list of cut
sets. Note that no cut sets exists th=t contain UVA, UVB., or UVCC(CY

162 Perform Cut Set Generation for a System
l Press <Esc> twice 10 return to the System Analysis menu.  From this menu, invoke

the Analyze Systems module by typing an <A> <Enter> . The Analyze Systems
screen shown in Figure 3-43 will be displayed

poenns Fami |y
LEARK - SARA ) | vy 16 S ystems

Option | Exit 7 Gyt Set Updete / Quantificetion
Morite Carie Uncertainty LETIN Hyperodbe Uncertainty

pramneannes N 8 M & DPescription
LA Auxtilrary Teedwater System Fallure
Wi High Pressure Injection Sy tem Failure

kPs Reactor Protection System Failuse
UMTLCOR Unfevorable Moderator Temperature Cocfficient Overpress
L Wi Unfavorable Moderator Temperature Coefficient Overpress

¥ b
Mark Al Mark Range

Figure 3-43. Analyze systems screen

This display shows the list of systems in the data base for which cut set updating,
quantification, and uncertainty analysis can be performed. The ¢, g, and u flags in front
of a system name reflect the current status of the system analysis

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

q - flags the system(s) as having cut sets that must be requantified
u - flags the system as needing uncertainty distributions recalculated
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Type <N>

Cutoff Value - Enter the value to use as the probability cutoff value for cut set
generation

Type 1.OE-8 <Tab>

Siee Cutoff - Enter the value to use as the cul set size cutoff value for cut set generation
Enter a 6

When all fields have been input, press < Enter> (0 perform the cut set generation
During processing, the screen shown in Figure 3-45 is displayed and updated as the

calculations proceed. Upon completion of the cut set update, the results are displayed
as shown in Figure 3-46. Review the results. When complete, press < Emter >

prnne family
LEARN - SARA

Exit 7 Cut Set Upclate /7 Quant (fication
Monte Carle Uncertainty / Letin Hypercube Uncerteinty
Base Cane Update

Currgntly Process ing sesseserees

Neme RPS

Totil Number of Cut Sets
Current Cut Se* Number

Figure 3-45. Status screen for cut set update

Note, when you return to Figure 3-43, the cut set update flag "¢” will be removed

Press < Esc> twice 1o return to the Main Menu

3-52 January 1992 .



-—-'a'lr
LEAERN SARR Ansliyre Systenms

provses mae 5y 41 M e — !lm.ﬂ Time
Ll 00:00:00,390

Cut Set Bize Uppe r 8 oursd
1 1. 2438 - 008
3.353¢-007

0

(4]

10 0
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S Proess <fstr to Exit

Totel 8 1.277¢ 005

Figure 3-46. Result of cut set generation

1.6.3 Perform Cut Set Generation for Sequences

|

o

Select the EVent Trees Analysis option by highlighting that option and pressing
<Enter>. From the Event Tree Analvsis screen, invoke the Analyze Event Trees
option by typing < A> < Enter >

Nert, you need to mark all sequences for updating. To mark all sequences, press
<F3> . An asterisk (*) appears in the first column of all sequences

“ielect the cut set update option by typing the letter < C > and pressing < Enter >  The
Cut Set Generation Cutoff Values screen discussed in Paragraph 3.6.2, Step 2 appuars
However, for this process you must turn off the size cutoff and use alternate cut sets

To select the proper probability cutoff value, place the cursor in the “Perform Probability
Cutoff?” field and type a <Y >, press <Tab>, type 1E-8 and press < Tab>

Enter an <N> <Tab> at the Perform Cut Set Size Cutoff prompt. Because you have
turned off size cutoff, the size cutoff value is meaningless

Finally, enter an <N > at the last prompt to use alternate values and press < Enter >
Screens similar (o the ones shown in Figure 3-47 and Figure 3-48 will be displayed for
each sequence When the analysis is completed, you will be returned to the Anal' ve
Sequence screen
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Figure 3-48. Results of the cut set update
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‘igure 3-49. Sequence display

LEARN - GARA

For each sequence processed. & number of status messages appear &t the hottom of the
screen. These messages tell when the cut sets are being generated, when the cut sets are
being pruned based on house events, when minimal cut sets are being created by
elitina ing super sets, when the minimal cut sets are being saved, and when the cut set
analysis 2ot a given sequence is completed. Depending on the speed of your computer
and the size ana complexity of the sequence models, these messages may flash by too fast
to read. If & fatal error or a need for further operator input Is encountered, the system
will display a permanent message or prompt for & response

Press <Esc> to return to the Event Tree Analysis menu

Select Display Results by highlighting that option and pressing < Enter > e
Sequence Display shown in Figure 3-49 will be dispiayed

Fami Ly s

Seguence Diasplay

Option |E] Exit /7 Report / Cutsets / Uncertsinty / Importance ENd state / Sort
prenne EvONt Tree wwesees SOOUBNEE wemmmmmmmmss £ 8 £ 7 1T P U 1 0 1 s

ATWS 14

ATWE v

ATNS 1-¢

NTATWE NY-C

NTATWS N1

NTATWE LA
e

Totel (00006 )

sEucr «Fi» cF 2> <frs ché>

Entt Help Mare/Unmark Clear ALl Eange
[ — — Viewus \
| <«f4%» <F&» «F7» <« B» ‘
|Description Base vs, Current Current vValues Buse Case vVelues

Pess <F6> to display the base case and current frequencies. Invoke the reports option
by typing <R> <Enter>

< Tab> 10 the Output File Name, and type OPTION2.RPT. The report showing the
sequence name, base frequency, current frequency, and differen.e between the base and
current frequency will be displayed on the screen.  This report will also be writien to &
file called OPTION2 RPT on disk located in the PRADATA BI\LEARN-SA directory

Press < Esc> three times to reéturn to the Main Menu
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3.7 Lesson 7. Displaying Results and Calculating !mpurtance Measu es

This lesson shows the user how to display the results of a sensitivity analysis and calculate
importance measures based on those results. The importance measires calculated include the Fussell
Vesely importance, the risk reduction ratio, and he risk increase ratio

| From the Main Menu, select the SYstem Analysis mogule.  Mighlight that option and
press <Enter>  The System Analysis aenu will be displayed

P, From the System Analysis menu, invoke the Dispiay Res. tion by typing a <D>
<Emter> Figure 3-50 will be displayed

pr—— ’mvly e gy [ — e cp— e
LEARN-SARA System Disply ;j]

Option f Exit / Report / Cutsets / Uncertainty / 1mportence moasur e

puencse N & W ¢ Pescript
AW Aurilipry lteoduater System fallwe
LI High Pressure Injection System Poilure
Kby Reactor Protection System Fallure
UNICoPY unfavorasble Moderater Temperature Coefficient Overpressure
UMTCORZ Unfavorable Moderator Tempersture Coefficient Dverpressul e

ckpor <« 1» k2> AT ckir
Exit Help Mark /U b Clear ALl kange
¥ LN A
<FS» kb <F7» <P B»
Descrintion Base ve, Cu remt Current Values Base Case vValue

Figure 3-BC. System display screen

3 Type <C> use the <down arrow > key 1o highlight RPS, and press <Enter > The
message "sorting cut sets” will be displa, od at the bottom of the screen. Then, the Cuat
Sets screen shown in Figure 3-5! will be displayed

This Cut Sets screen shows the system cut sets, their corresponding percent of
contribution to the system, frequency, and the event names that make up the cut sets
Ihe system minimum ~ut set upper bound, the number of cut sets that make up the
system, the current par ilion upper bound, the percentage that the partition contribues
10 the system, and the wmber of cut sets in the partition are displayed at the bottom of
the screen
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"~ w~
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| Min CQut 1, 277E-00%

& Parteex 1. 2776-005 00.00% Num

Figure 3-51. Cut sets display

The minimal cut sets are displayed in ranked order based on frequency or probability of
occurrence, with the most likely minimal cut set at the top, The basic events making up
each cut set are listed on the right side of the screen. The order of a cut set tells the
number of basic events making up the cut set. The display shows first, second, third
order cut sets each on a single line. Fourth and higher order cut sets require multiple
lines to be displayed. In Figure 3-51, the first four cut sets are all single-order and the
rest are second order

The frequency of vach cut set is calculated by multiplying the failure probabilities for the
basic evo s in the cat set. The percent contribution is determined by dividing the cut
set frequency by the sum of all cut sets. Because the minimal cut set upper bound
calculation used to determine the system failure probability is not the same as summing
all cut sets, the total of the percentages will not be 100.00%

) Press <B -, highlight a cut set with two events in it (i.e., a second order cut set) and
press < Enter> . The screen shown in Figure 3-52 will be displayed

This displa: provides a more detailed look at the basic events making up the cut set. In
Figure 3-52, a second order cut set in the RPS system is shown. For each basic event
in the cut set, the following information is shown: event description, failure probability,
component ider.ification, system identification, component type, component failure mode,
and component location. If any of this information has not been entered into the data
base, the correnonding data fieldis) will be emrty

Press <Enter> to return to the Cut Sets display (Figure 3-51)
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Option (P| Exit /7 Partition / Report / Basic Events / Complemen’

v 1
| Frequency Event Names

——hee ——

29 1.0006-005 RYBMCCH
.38 1.0706-006 IRCCFALL
&5 6.960E-007 uLCCF

26  6.T206-007 CHANNELCCF
A2 1.578E-008 UVCOILCCF

¥ S ——————————————

| Min Cut 1.277E-005 Num

8 Parts=> 1 2456-005 97,

Figure 3-85. Partitioned cut sets listing

8 Next, we will invoke the complement option. The complement option causes all
currently gualified events 1o be disquaiified, and all unqualified events to become the ¢t
of qualified events. The screen will change accordingly

Type a <C> <Enter>. The system cut set list contains only those cut sets that are
made up of events that do not contain any "CCF" events (see Figure 3-56)

Next, we will investigate the Importance measures. Type un < E> < Enter> to return
to Figure 3-50

3.7.1 lmportance Measures

The Importance option calculates and displays the following three importance measures for each
event in the system:

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

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

Risk Increase Ratio - an indication of how much the minimal cut set upper bound would increase

if the basic event was always failed
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LEARN-SARA Cut Sets

Option |C Exit / Partition / Report / Basic Events ; Complement

v "

% [lveqwmy Event Names

1.96 2.5006-007 RYBMA RTBMB
0.27 3.4b0E-008 ULB RYBMA
0,27 3.480€ 008 uLA RTEME

| Min Cut 1.277€-005 Num 8 Partex> 3 196E-007 2.50%  Num

Figure 3-56. Cut set display after invoking complement option

NOTE: If the Intervais tlag is set in the Constants menu, the Birnbaury importance (the partial

. derivative), the Risk Reduction Inteival, and the Risk Increase Interval will be displayed
1 Type <I> use the <down arrow > key to highlight RPS and press < Enter> . The

message "Calculating importance measures” will be aisplayed, followed by Figure 3-57
and the message "Sorted by F-V.*

o

Next, you will invoke the sort selection to reorder the display. The data can be sorted
by the following: name, occurrence, probability, F-V, reduction, and increase

Type <8>. The sort options (name, occurrence, probability, F-V, reduction, and
increase) will appear. Type an <I>». The display is immediately reordered and
displayed in risk increase ratio order (highest to lowest - see Figure 3-58)

When finished viewing the display, type an <E> <Enter> to return to the System
Display shown in Figure 3-50

3.7.2 Uncertainty Measures

| The Uncertainty option displays the distribution and confidence limits of a system for both base
and current data values

1 Type <U>, use the <down arrow > key to highlight RPS and press < Enter >
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Figure 3-67. Importance measures sorted by F-V
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Figure 3-58. Importance measures sorted by the risk increase racio
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This brings up the Uncertainty Data display screen shown in Figure 3-59. This screen
shows a summary of the base case and current case uncertainty analysis results. These
values were calculated by performing an uncertainty analysis using Monte Carlo or Latin
Hypercube sampling techniques. Lesson 8 will teach how to p~~form these calculations

From this screen (Figure 3-59) you may return to the System Display or view the

quantile values associated with the current case data or the base case data

pronsens F QT |y o— premnsne S5 L O sm—

LEARN - SARA UNCERTAINTY DATA RPS

Option |C| Exit / Current Quantile Velues / Base Quantile Values

Base
Mean 1.8036-005 Median 7.7128-006 Mincut 1.327€- 005
Std, Dev 8.872E-005 Skewness 1.504E+001 Kurtosis 2.337€+002
Sth x 1.796E-006 Minimum 4 . Q0BE-007 Seed «8980
95th X J.BITE-QOS  Maximum 1.394€- 003 Samples 250

Size Cutoff s Probability Cutoff 1.000€-015%

Current
1.803€-005 Median 7.712£-006 Nincut 1.277€-005%
B.8726-005 Skewness 1,5046F+001 Kurtosis 2, 337E«002
1.7966-006 Minimum 4. 008¢ -007 Seed “B980
3.8176-005  Maximum 1.396£-003 Samples 250

Size Cutoff é Probebility Cutoff 1.000E - 008

Figure 3-59. Uncertainty data values

| %]

The <C> option to view current quantile values is the default option. Prass < Enter >
to view thesc values (see Figure 3-60).

This display provides a breakdown of the system failure probability uncertainty
distribution for the current case. The first column shows the various guantile level
percentages. The third column is the failure probability value for the quantile level. For
example, the S% quantile level has a value of 1.7961E-6. This means that there ia a 5%
likelihood that the actual failure probability is less than 1.7961E-6

The second column indicates the unceriainty about the quantile level given the associated
quantile value The last two columns show the uncertainty bounds for the probability at
the stated quantile level. Thus, the 5% quantile value (system failure probability) will
fall between 1.4265E-6 and 2.1S71E-6 95% of the time

Press < Esc> four times to return to the SARA 4.0 Main Menu
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Figure 3-60. Curreni guantile values

3.7.3 Sequence Displays

1

From the Main Menu, select Event Tree Analysis by highlighting that option and pressing
<Enter>. From the Event Tree Analysis menu, select Display Results, by typing a
<D> <Enter>

The screen shown in Figure 3-61 will be displayed. This menu lists all the event tree
sequences retained in the data base. The cut set and uncertainty displays for sequences
are manipulated and perform the same as those for systems. Importance measures can
be calculated for a single sequence (this works as it did for systems). However,
importance measures can also be calculat.d for a group of sequences or for the entire set
of sequences. To calculate importance measures with respect (0 all sequences, perform
the following steps.

Press <1> <Enter>. Because we did not highlight any sequences, the computer asks,
"Show importance to family? (Y/N)*

Press <Y > . The messages, "Calculating importance measures” and "Sorted by F-V_.."

will appear at the bottom of the screen. Then, the screen shown in Figure 3-62 will be

displayed. This shows each basic event that appears in any cut set from any sequence

in the data base. The importances shown are with respect to the entire set of sequences

in the family. Thus, if the data base contains all the core damage sequences for a plant,
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Figure 3-61




these importance measures would indicate the basic events most important 1o core damage

4.

Press <Esc> to return to the sequence display screen of Figure 361

It may be desirable 10 know the importances of basic events to specific groups of
sequences, such as those in & common end state or with a common initiating event
Previously defined end states can be accessed and used for various displays by using the
ENd state option on the menu of Figure 3-61

Special groupings can be created by using the function keys. The following steps
calculate the importance measures with respect to all ATWS sequences

Using the <down arrow >, highlight the first ATWS sequence, T-C
Press the <F22> function key to mark this sequence with an asterisk (*)

Repeat steps 5 and 6 to mark sequences T-D and T-E. These are all the ATWS
sequences in the data base

Press < Esc> twice to return to the SARA 4.0 Main Menu
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3.8 Lesson 8. Conducting Uncertainty Analysis

1.5.1 Perform Uncertainty Analvsis for a Svstem
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for the system

The next line shows the point estimate result for the minimal cut set

upper bound using the mean values for the basic events. The next four lines show the
mean, 5th, median, and 95th percentile values for the resulting system failure probability
distribution. The last six lines show some other statistics for the output distribution

Next, we will look at a more comprehensive display of results
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Figure 3-65. Uncertainty results display

5 Press <Esc> twice to return to the System Analysis menu. Highlight Display Results

and press < Enter >

The screen shown in Figure 3-66 will be displaved

6 From the System Display, type <U> | use the <down arrow > key to highlight RPS,

and press <Enter >

The Uncertainty option displays the distribution and confidence

limits for RPS for both the base and current data values. These values were derived by
using the Latin Hypercube Sampling technique performed in the previous and are
similar to those discussed in Step 4

From Figure 3-67 you may return to the System Display or view the quan ‘alues
associated with the current case data or the base case data

7 The "C" (current quantile values) is the default option, so press < Enter > . Figure 3-68

will be displayed

This display was explained in Lesson 7
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31.8.2 Perform Uncertainty Analysis for Sequences
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Figure 3-70. Selec. type of uncertainty anal ysis
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Group - This option allows you to generate an overall uncertainty analysis for a group
of sequences. This option will be discussed further in Step 3

ENd Sate - This option allows you to generate an overall uncertainty analysis for all
sequences within a selected end state

Family - This option allows ycu to generate an overall uncertainty analysis for all of the
sequences within the current family

3 For this lesson, we will invoke the Group option (o perform an uncertainty analysis on
the group of sequences with ATWS as the nitiating event

Type a <G> 1o initiate the Group option. Figure 3-71 will be displayed. We wish to
include all ATWS sequences in our uncertainty analysis. Type an <L> (Latin
Hypercube Uncertainty), use the <down arrow > key to highlight the first ATWS
sequence and press <F2> . An asterisk (*) will appear in the first column, indicating
that this sequence is marked for further processing. Repeat these steps for the next two
sequences. When complete, press < Fnter >

e Fami Ly

[LEARNSAN Group Uncertainty

Option |E Exit / Monte Carlo Uncertainty / Latin K cube Uncertainty

NTATWS
NTATWS
RTATWS

<F2» <F3» <Fh> <F%»

Mark Line Mark All Mark Range Locate

* = marked Sequence, + = (yut sets exist

Figure 3-71. Mark ATWS sequences for uncertainty analysis

4 Upon pressing < Enter> | Figure 3-72 will be dJdisplayed. On this screen, you must
supply the number of samples 1o be used in the analysis and the seed number. Enter 250
as the sample size, and 3571 as the seed, and press < Enter >

During processing, the current group status screen (Figure 3-73) will be displayed and
updated as the samples are generated, Twenty-five samples will be generated at a time,

before the status screen will be updated with a new calculated mean value
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Seed for random number generator

the

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

Press <Enter> to continue

Figure 3-72. Latin Hypercube uncertainty calculation values
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Name. .... Tk
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Press Esc to terminate

Figure 3-73. Current group status of the Latin Hypercube sampling
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