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INTRODUCTION

Idaho National Laboratory

Section 1 contains an introduction to the SAPHIRE 8 Advanced course material and an

overview of the SAPHIRE software.
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1.1. Overview of the Advanced SAPHIRE Material

The Advanced SAPHIRE course material is intended to both (1) provide guidance for
learning advanced SAPHIRE features during the class and (2) become a stand-alone
reference document after finishing the class. Thus, the format for the class material is a
combination of the traditional “overhead-type” of presentation information with a
structured, reference-type document.

Major topics that are covered in the Advanced SAPHIRE class include:

. Advanced data base concepts such as Model Type (e.g., random, seismic, fire,
flood).
. Definition of house events and how they are used on a sequence-by-sequence

basis to manipulate individual fault tree logic using sequence flag sets or fault
tree flag sets.

. Basic event templates, compound basic event equation editors, and human error
worksheets.
. A rule-based event tree top event substitution feature (called the Link Event Tree

Rule Editor) which allows for top event substitutions.

. A rule-based cut set post-processing feature (called the Recovery Rules) which
allows cut set manipulation.

. Cut set analysis based upon rule-based end state categories (called End State
Analysis).

. Cut set generation options for both fault trees and event tree sequences.

. The large event tree methodology and how SAPHIRE can be used to generate

sequence cut sets for this method.

3 The transfer of data between SAPHIRE data bases and between other PRA
codes (MAR-D).
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SAPHIRE screen displays will be shown as they appear on your video display (as

shown below).
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Model Version 1.1 Saphire 8.1.3

The left side of the screen displays a resizable, customizable series of lists containing
important PRA elements found in the current project. This series of lists is referred to
as the List Panel and can be added to or subtracted from by using View on the main
menu.

When discussing a particular sequence of menu options, the nomenclature
MAIN Menu — Submenu Option
will be used to indicate the main SAPHIRE menu option and any successive

submenu options (only the tool buttons will be discussed as the means for
maneuvering through SAPHIRE). 3
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1.2. SAPHIRE - What Is It and What Can It Do?

. SAPHIRE is an integrated PRA software tool that gives a user the ability to
create and analyze fault trees and event trees using a personal computer.

. Integrated Reliability and Risk Analysis System (IRRAS) was originally released
in 1987 (version 1.0). Other versions of IRRAS include 2.0, 2.5, and 4.0.
Additions and improvements have been added to each version.

. Creation of 32-bit IRRAS, version 5.0, in 1992 resulted in an order of magnitude
decrease in analysis time. New features included: individual codes modules
combined into a single module; end state analysis; fire, flood, and seismic
modules; rule-based cut set processing; and rule-based fault tree to event tree
linking.

3 SAPHIRE for Windows, version 6.0, is released in 1997. Use of a Windows user
interface makes SAPHIRE easier to learn and use.

3 SAPHIRE for Windows, version 7.0, is released in 1999.

. SAPHIRE for Windows, version 8.0, is released in 2010. The user interface has
been completely rewritten. This manual is written for version 8.x of the software.

* SAPHIRE contains several features:

PC-based fault tree and event tree graphical and text editors
Cut set generation and quantification

Importance measures and uncertainty modules

Relational database with cross-referencing features

External events analysis (e.g., seismic, location transformation)

Rule-based recovery and end-state analysis

S OO

Common Cause Failure (CCF) basic event capabilities

. SAPHIRE minimal hardware requirements:

O Windows 2000 or greater
0 Pentium class IBM-PC compatible with 2-button mouse
0 50 MB free disk space (minimum for installation)
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1.3. The Class Workbook

. The workshop problems for the SAPHIRE class are contained in a separate
handout, referred to as the “workbook” or "workshop manual."

. The workbook allows the Advanced SAPHIRE class to be tailored to specific
audiences. This “tailored-problem” format gives the freedom to present specific
topics or problems centered around the expected needs of the students.

. The workbook follows the same format as the course material, and together
provides an integrated reference package for the SAPHIRE code.

1.4. Installation of SAPHIRE
. Perform the following steps to install SAPHIRE:

. Download the current version of Saphire8XXXX.exe from the SAPHIRE website
to your pc. Alternatively, use an installation CD and place it into the CD drive.

. Follow the installation program instructions.

. The installation program will make a subdirectory on your hard drive to store
SAPHIRE.
0 Databases (such as the DEMO database) can be contained in any

subdirectory that is chosen (e.g., C:\DEMO or C:\Saphire8\DEMO).
0 The database subdirectory will contain the relational database files.

e *IDX files contain data indices
e *BLK files contain variable length data (e.g., cut sets)
e * DAT files contain actual data and data pointers.
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| 2 | DATABASE CONCEPTS

Section 2 presents an overview of the SAPHIRE database structure. Included in this
section are discussions of SAPHIRE projects, nominal case versus current case,
nominal case updates, flag sets, and change sets. Advanced data base features that
are discussed include: (1) Model Types and (2) Flag Sets and Change Sets.

Logic Models
and Graphics .

il B |
r; T
(Huminal l‘.‘.Traise.twﬁl I’f{'.:urru‘:t‘l'l n‘lZ.‘r.-'IEn??q
Storage Storage
Results Results
(cut sets) (cut sets)
Event Data Event Data
3 s/ L J

Change Sets and
Flag Sets
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2.1 SAPHIRE Projects

In SAPHIRE, the term “project” represents a single, specific database.

Project (Definition) -
A group of fault tree logic and graphics; event trees and sequences; basic events and
related data; cut sets; analysis results; and descriptions.

i

= SAPHIRE Project

1 i

Opening a Project
(When SAPHIRE is executed, it loads up the last project that was being utilized.)
To select an existing project:

If there is not a current project available or you are opening a second session of
SAPHIRE on your computer, it will start with an option screen to open an existing

project Or create a new one. Select an Option Below
Currer.ll Project| : v|
Open Existing Project Create New Project
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Existing projects can be found through the browsing function or by clicking the Open

Existing Project icon.

Clicking on Open Existing Project will open up a window to select the project. The user
can also use the File - Open existing project option on the main menu bar at the top

left of the screen.

p Open Project @
y | . « SAPHIRE Advanced Man... » demo-adv » - | 4 | | Search demo-adv 2|
Organize » New folder =~ O '@::'
% Favorites Name Date moedified Type
Bl Desktop . IMIs 2/3/2014 3:02 PM File folder
4. Downloads . Mard 1/24/201310:57 AM  File folder
=1 Recent Places 3 . publish 2/3/2014 3:02 PM File folder
. Shared 2/3/2014 3:02 PM File folder
= Libraries . Temp 2/3/2014 3:02 PM File folder
3 Documents . Workspaces 1/24/2013 3:04 PM File folder
J Music || DEMO-MODEL.SRA 1/2/2008 12:01 PM SRA File
=] Pictures || FAM.DAT 2/20/2012 8:10 AM DAT File
B8 videos
"M Computer
&, 0sDisk (C:) S o -

File name: DEMO-MODEL.SRA

~ [ Project Files <*5RA, fam.dat, *. |

[ open | [ cancel |

An “Open Project” window will appear. Use the various Window Explorer options to find

the folder containing the existing project.

To open the latest version of the project, select and open the *.SRA or FAM.DAT file; or,
to open an archived version of the project, select a *.zip file.

SAPHIRE starts with the last project that was opened. With the “Welcome to SAPHIRE”
option shown, SAPHIRE will provide a list of the objects that were recently modified or
tasks performed along with Tasks that is designed to help analyst get started. These
Tasks are quick links to 1) Create a New Project, 2) Open Existing Project, and 3) Save

currently opened project As a new project.
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<% SAPHIRE [project: "DEMO-FULL - Demo Project using Advanced Related Topics” folder: "C:\Work\NRC Training\SAPHIRE Advanced Manual 2015\Dem... | = || & |[==5]

File. View Bookmarks Publish Project Tools Help - 2 >

G R -
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Mew basic event ... - o~
Il 2
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ACP-CRB-CC-1B FAILURE OF OFFSITE .. SEURAY
CCF-ALPHA-R 2 0f 3 MOVs Common .. 3 =
faal=NallsVRalatt P e A0S Train 4 numn di
- = Start a New SDP
. A
Start an Event Assessment
Mew faulttree ... -
ccs Containment Cooling Sys... || £ i
CcCs-L Containment Cooling Sys... View the Plant Information e-Book (PRIB)
CD-EQ1 Core Damage Due to Maj...
CD-EQ3 Core Damage Due to Maj... =
CONTAIN Containmnent System 2 Recently Accessed Objects
[nTel=TEIT] Niasal Zanaratnr Baroua Edit of Basic Event CCF-ALPHA-R
g - A Edit of Fault Tree EPS-A
= A Edit of Basic Event EPS-A
Edit of Basic Event CONTAIN
Mew eventtree .. - Solve of Fault Tree CONTAIN
i i it ~ F Edit of Fault Tree CONTAIN
+- EQ1 Sefsmfc Inftfator (0.05-0... | Edit of Fault Tree FETEST
+- EQ3 Seismic Initiator (= 0.5g) .. |= Cut Sets of (Event Tree/Sequence) Group
+-- FLI-FZROOM1 Flood Rupture in Room 1
+- FRI-ROOMSWG Fire in Switchgear Room ...
+- LOSP Loss of Offsite Power Eve...

x LOSe ILnce nf Sandra \WWatar Fua

Mew change set ...

CCF Increase CCF events by ...
EQUIP Increase Templates by a...
SSIE-ON Turn on SSIE

‘0 Open Windows %

(NN
o
A |
o
o
N
0
4
Q
&
O
S
2

Model Version 1.1 Saphire 8.1.3

To hide this screen, click the Hide Welcome button in the upper right corner.
To create a new project:

. Select the New icon on the startup screen or the New Project option on the
Welcome screen or use the main menu File - New — Project option.

10
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. A “New Project” window will appear. Type the new project name and (optional)
description.
<8 New Project =1 =l
Name |
Description
Full Name
Storage Info | General Info | Additional | SPAR | Motes
Parent ——————
Dire ctory CASaphire 84 Browse
Folder
MName
[ \/ oK ] | x Cancel |

. Verify that the Parent Directory is acceptable. If a different parent directory is
desired, type in the new parent directory.

. Verify that the Folder Name is acceptable. By default, the Folder Name matches
the project Name. (If the Folder Name appears blank, move the cursor out of the
project Name field so that the Folder Name can update.)

. Click OK. The main SAPHIRE menu will be displayed and the project name and
the project location will be shown in the title bar above the menu.

<2 SAPHIRE [project: "DEMO-FULL - Demo Project using Advanced Related Topics” folder: "C:\Saphire 8\Demo-adv-all\"] EI@

File View Bookmarks Publish Project Tools Help

Modifications to a database (e.g., a new fault tree is developed) are always made
to the currently selected project.

For a given project, only one list is kept for all types of information. Thus, within

a project, only a single copy of a particular fault tree, event tree, or basic event is
ever stored in the database.

11
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2.1. Nominal Case versus Analysis Case Data

. Nominal case and analysis cases (prior and current case) are two separate parts
of a project database.

Logic Models
and Graphics .

-I__E T

{Huminal Base\‘ Ffxt'.':urn!n’l case"‘
Storage Storage
Results Results
(cut sets) (cut sets)
Event Data Event Data
. S L S

Change Sets and
Flag Sets

¢ Nominal case data is stored in the data base files as a “permanent” record.

¢ Current Case data is used to perform an analysis (e.g., cut set generation and
guantification).

The Current Case is:

. Created through a Workspace (General Analysis, Significance Determination
Process, Event Assessment) or a Change Set

. Used for sensitivity or event analysis

. All SAPHIRE calculations use the data stored in the current case.

. When creating or modifying the base model, the current case is the nominal
case.

12
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2.2. Model Types

. Versions previous to IRRAS 5.0 only had the capability to handle random
analysis (i.e., Level 1, internal events PRA).

. SAPHIRE 8 can set up any number of model type analyses with the default being
Random (Level 1, internal events PRA).

. Examples of such analyses include:
0 SEISMIC (external events related to earthquakes or other ground

disturbances).
0 FIRE (external events related to fires).
0 FLOOD (external events related to flooding).
0 USER (User Defined).

To add or modify an existing model type select Project = Model Types to open the

form below.
Q Project Model Types EI@
Model Type
Project Model Types Madify Mods! Type -] | Go |
M arne IO Caolor Drezcription
EQ-REAL SEIl Full Powser - Seizmic Hazard Curve
FULL_POwER FFI Full Powser Intemal Events
INT-FIRE FRI Full Pawwer - Internal Fire Events
IMT-FLOOD FLI Full Powser - Internal Flood Events
SEISMIC-BIM-1 EQ Full Pawer - Seizmic Events - Bin 1
SEISMIC-BIMN-3 EQ3 Full Powser - Seismic Events - Bin 3
ISER-DEFIMED 1151 dzer Defined kodel Tepe
[ o OF ” XEanceI|

The default Model Type is set to RANDOM and it will be the only model type present
when starting a new project. The project must always have at least one model type. To
add a model type, select Add Model Type and click Go.
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, 2 Model Type Edit
Model Type

M arme D

MODELTPE1

[] &llows Transformations

D escription

= e =)
Model Type Edit

Prirary Color - Stacked Caolar

Type
MHaone

Mew kModel Type

| Ok || X Cancel |

Enter a name, ID and description for the model type then select a unique
primary/stacked color combination by using the slider arrow over the color bar and click

OK.

The newly created model type will now be available when editing basic events and in
analysis options discussed later in this manual. Events can be assigned to multiple
model types or just one. If an event uses a model type, the event is prevented from

deletion.

Nominal
Case Storage

Results
(cut sets)
Random Case

Event Data

Logic Models
and Graphics .
= = = iy
i
Current Case
Storage
Results
{cut sets)

| S —

Random Case

vvvvvvvvvvvvvvvvvvvvv

Event Data
| —

Change Sets
and Flag Sets

Model Types are discussed further in Section 14.
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2.3. Change Sets

¢

Change Sets are a user-defined set of changes (think data filter) that will be
applied (on the nominal case data) when data is transferred to the current case.
Multiple change sets can be defined and applied singly or in combination.

Change Sets are created, modified, stored, activated or de-activated by using the
Change Set list pane (main menu View = Change Sets) or created, modified,
and stored through Project = Change Sets option.

il

Logic Models
and Graphics .
—
=

Nominal Current Case
Case Storage Storage
Results Results
{cut sets) (cut sets)
Event Data Event Data
Example Change Set

DG-A = TRUE
Change Sets
and Flag Sets

2.3.1. Rules for Creating and Using Change Sets

No limit to the number of change sets that can be added to the data base.

Change set name is limited to 24 characters; the description is limited to 120
characters.

A change set can contain one class change and unlimited individual probability
changes.

Multiple change sets can be used in combination to create different sensitivity
studies.
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FlE FEX

*- Change Set Editor,

s Edr_
s

=

Deserigtion; | NEVW CHANGE SET

DESCRIPTION

Singles | Chass | Notes

Available Masks Match Value Ttem

= Usze Class Change Set = Mew Walue Options
Mask Combination or Uses Template
[] Mame Mask [] Process Flag
[ 1s & Template: [] Failure Mace!
[] Event Type
[] Developed Evert
[ Phases

[ Madel Types

[ Template Mask

[] Pracess Flags

[ carrelstion Class

[ categories

= [ Failure Model

[] Prob. Uncert. Type
[ TauUncer. Type
[ Lambda Uncert. Type
[ ™T Unecert. Type
[ Freguency Units

Value

Mot Azsigned
Mat Assigned
Mat Assigned

to which the defined change applies
The search criteria are defined first

The change to be applied is then defined

2.3.3. Singles Changes

Class changes use a basic event’s attribute to search for a class of basic events

&g Change Set Editor
. —

Specaos
-~ ”

- Name:  NEW_CHANGE_SET

=5 e

Calculated Probability Calculated Probability

Eie;émmr]- g
Singles | Class | Notes
Singles Values to be Applied
Ewvent Property Value Event Property MNew Value
[=Ea- - Train 14 pump discharge check valve] =}~ CCS-CKW-CC-14
= ype FULL_P = Model Type FULL_POWER
=}- Phase El- Phase CD
Uses Template Uses Template
Description Description

Correlation Class

Remove Selected

Auto Adjust Nodes

Pro Flag = System Logic | Succe... |:| Process Flag
=} Failure Model Failure Probability (1 = Failure Model
= Probability = Probability
= Uncertainty .. =]} Uncertaint...
95% Error... 5% E

Correlation Cla

Find Event

tem Logic | Success

Failure Probability (1)
Log Normal
3.000E+00

1

SaveAs b

16



SAPHIRE 8 Advanced Idaho National Laboratory

. Singles changes only modify individual, user-identified basic events

. The desired basic event is selected

. The changes to the basic event are then defined

. The order of “marking” a change set is important. (Change sets are marked by

checking the check box in front of the change set of interest.)

. The first selected change set will be the first one that is applied.
. Later changes will overwrite earlier ones if there is any overlap.
. A particular change set may include both a Class change and Single changes.

The Class change is applied first and then the Single changes are applied
second. Thus, the individual probability changes will overwrite a class change if
both types are in a particular change set.

2.4. Flag Sets

Flag Sets are a special type of Change Set. Flag Sets are created, modified, and
stored in SAPHIRE under the Project =» Flag Sets option.

. Flag Sets can only contain individually specified types of changes. No "Class
Changes" are allowed in a Flag Set.

. Flag Sets are used to indicate modifications to particular events on a sequence-
by-sequence basis (or fault tree logic).

This example shows that the LOP house event is turned on (TRUE) for sequences 3
and 4. For sequences 1 and 2, the LOP house event is turned off (FALSE). The setting
of the house event is dependent upon the success or failure of recovering offsite ac
power.
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[E-Loop [o0P-REC e I

1
I i
° ]

®o——

3
o [ e |
C / e

ARV
| |
DIESEL GENERATORS LOP HOUSE EVENT
EDG [Ext| |LOP [Fal

Flag Sets can only contain either house flag changes to the calculation type or process

type changes. Consequently, the allowable changes that can be made in a Flag Set
are:

Type of change Allowable values
Calculation type T (TRUE)
F (FALSE)
I (IGNORE)
Process Flag X
Y
w
I

You cannot make changes to the probability of failure (e.g., change the probability from
2E-3to 1E-1) for events in a Flag Set.

2.4.1. Making a Flag Set

Enter the Project = Flag Sets option to open the Flag Set List window.
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QFrag.sa List _ =R
Flag Sets
Flag Sets Add Flag Set -
Mame Description

To create a Flag Set, highlight Add Flag Set in the pull down menu, click Go and enter
the Flag Set name and description. Once Flag Sets are created, they can be modified
or deleted through the Flag Set List window in the same manner.

With the Flag Set Editor now active, drag and drop the desired Basic Events into the

Flag Set and change the desired Set Values.

5% Flag Set Editor

Name:  NEW

Singles | Notes

-

Descﬁp‘t‘inn: | NEW FLAG SET DESCRIPTION

oo s

Singles

o
I3

= CCS-CRV-CC-1A

Ewvent Property Value
&~ CCS-CKV-CC-1A [CCS Train 1A pump d
2 Model Type FULL_POWER

o Phase E —

|:| Process Flag Failure== System Logic | Success== Delet...

Auto Adjust Nodes

Values to be Applied
MNew Value

Save As Nev [ " OK ] ’xCanceI]

The figure below shows a Flag Set being created. In this example C-CKV-CC-A has its
Set Value changed to House =1 (T). Values are changed simply by clicking on the
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New Value and choosing from a drop down menu. In this illustration, C-CKV-CC-A is
currently being dragged to the Flag Set Editor. Note the cursor shape changes from an
arrow to a page with arrow when a drag and drop operation is being performed. To
remove an event from the Flag Set, highlight the event and click on the button Remove

&® SAPHIRE [project: "DEMO-FULL - Demo Project using Advanced Related Topics” folder: "C:\Saphire 8\Demo-adv-all\"] = =[=]
File" View Bookmarks Publish Project Tools Help -
Ll < Show Welcome
MNew basic event - [ —
ACP-BAG-LP-1A Division 14 ac power * Flag—Set Lo — LS -
ACP-BAC-LP-1B Division 1B ac power F{ag Sets - SAFH|RE|NL‘GEV
ACP-CRB-CC-14 FAILURE OF OFFSIT.. —
ACP-CRB-CC-1B FAILURE OF OFFSIT. Flag Sets Add Flag Set
CCS-CKV-CC-1A CCS Train 1Apump ...
CCS-CKV-CC-1B CCS Train 18 pump .. | fiame Description
CCS-CKV-CC-2A CC8 Train 24 pump . ~|! &8 Flag Set Editar ==
= - = — - —
* il o
MNew faulttree - ~ -
DeSergpi NEW FLAG SET DESCRIFTION
CCs Containment Cooling Sy.. |= SLL - 3
cesL Contalment Cooling Y. | | Singles | otes |
CD-EQ1 Core Damage Due to M. singles Values 1o be Applied
CD-EQ3 Core Damage Due fo M. Ewent Property Value Ewent Property New Value
CONTAIN Containmnent System O CCS-CKV-CC1A [CCS Train 1A pump discharge check vaive] B CCS-CKWCC1A
DGR-01H Diesel Generator Recov = Model Type FULL_POWE £} Phase cD
DGR-04H Diesel Generator Recov.. | C Phase _ [ Process Flag Failure=> Systsm Logic | Success=> Delet...
o : UsesTerpsts  Notassined Fakr ool -
New eventtree .. -
+- EQ1 Seismic Initiator (0.05 - .
- EQ3 Seismic Initiator (= 0.5g).

#- FLI-FZROOM1 Flood Rupture in Room 1
+ FRI-ROOMSWG  Fire in Switchgear Roo,

m

+- LOSP Loss of Offsite Power Ev
# LOSWS Loss of Senvice Water E.. . !
SEIS-REAL Seismic Event Tree -

Mew change set

CCF Increase CCF

EQUIP Increase Tem...

33IE-ON Turn on SSIE
‘0 Open Windows 2

4-NEW FLAG SET (ChgSet)
i . NEW FLAG SET (ChgSet Edit)
. Flag Sets

Remove Selected [¥] Auto Adjust Nodes Find Event il

Model Version 1.7 oaphire 0.7.2

2.4.2. Using the Flag Set

Once the Flag Set has been created, it needs to be assigned to a sequence or fault
tree.

¢ To add the Flag set to the sequences, highlight the sequence, right mouse
click and select Edit Properties. (Not recommended, since every time the
event tree is saved the sequences are regenerated and the prior sequence
information is over-written with the new sequence information.)
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¢ Click the drop down box “Default Flag Set:” and select the Flag Set

% Sequence Properties
Ewvent Tree: LOSP
Sequence: 2

=g Een )

Default Flag Set: lFr-FLAG-D-

Default Quantifica ECS PUMP-FLAG

Min-Cut FLAG-SET-S5B0O1

FLAG-SET-5B0O2
Notes

information may be lost.

Warning : When Event Trees are linked, existing seguence

An alternative way to assign a Flag Set to sequences would be to specify the Flag Set
name when generating sequence cut sets. This approach is only a temporary change,

and such, is not recommended.

¢ Check the Solve using Flag Set check box

¢ The drop down box will now allow the selection of specifying a Flag Set

¢ If the “Flag Set” field is left
blank, SAPIHRE will use
the assigned sequence
Flag Sets.

¢ The “Item Defined” option
is the same as above (use
assigned Flag Set)

¢ The “NONE” option will
ignore all assigned Flag
Sets.

¢  The “Flag Set Name
(FLAG-SET-SBO1)” option
will use this manually
assigned Flag Set with
SAPHIRE generates
sequence cut sets.

4§ Solve Cut Sets for LOSP (ET)

Seftings | Results

oo

Cut Set Truncation Options.

By Probabilty | Normal | 1.000E-11

By Size

Solve For Model Types

Model Types
[[] eqQREAL
=] FULL_POWER

Solve using Flag Set [ETF—LOSP

'I o

NONE -
ETF-EQ1

ETF-EQ3 E
ETF-LOSWS

ETF-LOSWS-S

Threads to use on solve

CQuantification Method

* Win Cut Upper Bound ETF-TRANS
FLFROOM1 &

[] INT-FIRE

[[] mT-FLOOD
[] se1sMIC-BIN-1
[[] sE1sMIC-BIN-3

Solution Steps
Solve for Cut Sets

Apply Post-processing Rules
Update / Quantify Cut Sets
Cuantify Cut Sets

[] Clear Cut Set Partitions

[T] Apply Partition Rules

|:| Copy Cut Sets to Nominal Case
[] Clear Current Case
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Alternatively, Flag Sets can be assigned to sequences via event tree linking rules (a.k.a.
Dynamic Flag Set). The latter is more common and an overview is discussed below.

¢ To add Flag set to Fault Tree:

¢ Highlight the fault tree, right mouse click and select Edit Properties.
%% Edit Fault Tree Properties [ o[ =) | |

Name: Tree Hierarchy
CCS-L '@ Main Tree

Subtree
Description:

Containment Cooling System (LOSP)

Default Truncation Value: Default Flag Set:
0.0000E+00 FTF-LOSP -

Default Quantification Method HFS-ETF-EQ1-ETF-LOSP

: HFS-ETF-EQ1-ETF-TRANS
Project Defaut ¥ HFS-ETF-EQ1-ETF-TRANS-ET
HFS-ETF-EQ3-ETF-LOSP
HFS-ETF-EQ3-ETF-TRANS
HFS-ETF-EQ3-ETF-TRANS-ET
HF=FTF-TRANS-FTF-l OI=P .

m

¢ Click the drop down box “Default Flag Set:” and select the Flag Set

2.5. Dynamic Flag Sets

“Dynamic” Flag Sets are a special type of Flag Set that is assigned to sequences by
the use of event tree rules. In other words, they are rule-based flag sets.

A Dynamic Flag Set is assigned to a sequence if the sequence meets the search criteria
contained in the rule.

Advantages of “Dynamic” Flag Sets are:

. Given a change in the event tree logic, the Dynamic Flag Set will automatically
assign itself to the sequence that meets the search criteria contained in the rule.

. For example, if the rule assigns a Flag Set to sequence LOOP 05 and the event
tree logic changes to make this sequence LOOP 08, then the Flag Set will
automatically be assigned to LOOP 08 once the event tree sequences are
regenerated.

. Dynamic Flag Sets are created and assigned to the sequences every time the
event tree sequence logic is generated.
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Dynamic Flag Sets are the same as Flag Sets, since only basic event calculation types
can be changed and the change can only be specified to individual basic events (i.e., no
class changes).

The Dynamic Flag Set name will appear in the Flag Set field under Project = Flag
Sets after the flag set is created during the event tree linking process. The Dynamic
Flag Set name is assigned by SAPHIRE and is based upon the event tree, sequence
name, and number of Flag Sets used. The user does not have control over the naming
process.

Dynamic Flag Sets will be discussed in greater detail in Section 9. This section will
demonstrate the how to use the Dynamic Flag Sets and the different features of the
Dynamic Flag Set rules.

2.6. Hierarchical Flag Sets

“Hierarchical” Flag Sets are created when SAPHIRE links multiple event trees together
to create accident sequences and these event trees contain event tree specific flag
sets.

A Hierarchical Flag Set is assigned to a sequence based on the event tree logic and
event tree linking rules (Section 4). The hierarchical flag set is created by layering one
flag set upon another to create a super flag set (i.e., single flag set that contains all of
the information). The hierarchical flag set orders the inputs of each flag set as they
appear,; therefore, the inputs in the first flag set is loaded first and then the subsequent
inputs from the next flag set is loaded, etc.

Advantages of “Hierarchical’ Flag Sets are:

. Flag sets get appended together instead of having to create a single flag
manually by looking through all potential sequences and transfers.

. They are automatically created based on the event tree linking rules (Section 4).

Hierarchical Flag Sets are the same as regular Flag Sets, since only basic event
calculation types can be changed (T, F, or 1) and the change can only be specified to
individual basic events (i.e., no class changes).
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The Hierarchical Flag Set name will appear in the Flag Set field under Project = Flag
Sets after the flag set is created during the event tree linking process. The Hierarchical
Flag Set name is assigned by SAPHIRE and is based upon the naming of the flag sets
that get grouped together. The user does not have control over the naming process.

Hierarchical Flag Sets will be discussed in greater detail in Section 9. This section will

demonstrate the how to use the Hierarchical Flag Sets and the different features of the
Hierarchical Flag Set rules.
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| 3 | BASIC EVENT INFORMATION

Section 3 introduces the compound event features, common cause event calculation
calculators, and human error worksheets found in SAPHIRE. The compound event
allows SAPHIRE to use built-in numerical library to determine a basic event’'s
probability. The common cause event calculations are used to automatically calculate
the common cause failure probabilities. The human error worksheets are used to
calculate human error probabilities.

3.1. Modify Basic Events

*
Events window you want to
select Edit Basic Event.

To modify data for an existing event, double-click on the basic event in the Basic

edit or right-click to invoke the pop-up menu and

% Edit Basic Event - CCS-CKV-CC-1A
= E .

_* Name' CCS-CKV-CC-1A

-

oo
Probability = 1.000E-04

F
Description CCS Train 14 pump discharge check valve

0 Temblale Event ; Default Template [NutAssigned v]

Failure Model |Attribt-.|tes | Ap_plicabilityl Nntesl Summary|

Item
= Wodellype
[=}- Phase
Uses Template
Description
Calculated Probability
[T Process Flag
=[] Failure Model
=}~ Probability
=} Uncertainty Distribution
95% Error Factor
Correlation Class

Value
FULL_POWER

Not Assigned

Failure== System Logic | Success== Delete Term
Failure Probability (1)

1.000E-04

Log Normal

3.000E+00

1

[ save As New

o | [Noawey | [ X cancel|
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3.2. Compound Events

Compound events are basic events that use an external calculation to determine the
event probability. Simple examples of compound events include the arithmetic addition
of multiple basic events or the product of multiple basic events. More complex
compound events include calculations for offsite power recovery, common-cause
failure, flow accelerated corrosion, etc.

A compound event is generally expressed as a function of other basic events (within the
same project). For example, in a “supercomponent” case, one would identify the
components (up to 20) that make up the supercomponent (i.e., components that are in
series or parallel).

To create a compound event, in the Basic Events list panel, double-click on “New basic
event”. This opens the Add Basic Event form:

¥ Add Basic Event - NEW = =R
i ¥ % - T
. Name MNEW Probability = 1.000E+00

r -
Description | BLANK BASIC EVENT FOR NEW ENTRY

P J,__ITen'lpIéte Ev-ént_- ~ Default Template |HotAssigned =

Failure Model | Attributes | Applicability | Notes|

Item Value
= Modellype FULL_POWER
5 Phese 2.
Uzes Template Not Assigned

Description
Calculated Probability 1.000E+00

Process Flag Failure== System Logic | Success== Delete Term
=} Failure Model Compound event (C)

Library PLUGUTIL

Procedure ADD =

Input Parameters i

Correlation Class MULTIPLY
SUBTRACT -
DIVIDE 3
NATURAL_LOG

EXPONENT
POWER
SINE A

[¥] Save As New [ ' 0K ] [ %, Apply ] [ X Cancel]

. Click on the text (Value column) to the right of Failure Model to activate the drop-
down list.
. Choose “Compound event ( C)".
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0 The “Library” drop down option lists the different modules available to the

analyst. To create a supercomponent type event, the PLUGUTIL.DLL
library is selected.

0 Click the “Procedure” option text field, select the MIN_CUT equation.

0 The MIN_CUT joins several basic events together (as if they were in an
OR gate) using the minimal cut set upper bound approximation to
determine the probability.

0 Click on the “Add Event” button to the right of “Input Parameters” to add
the number of Sub Events desired.

0 Click on the event field to the right of each Sub Event to activate the drop-
down menu of all events in the project. Select an event by clicking on it.

%82 Add Basic Event - NEW
- r =

= =

Probability = 3.399E-04

> -
-

“Name MNEW

f F s
Description’ BLANK BASIC EVENT FOR NEW ENTRY

rd J,—_ITEIﬁplite Event o Default Template |notAssigned -

Failure Model | Attributes | Applicability | Notes |

Item Value
- ModelType FULL_POWER
B hase o
Uszes Template Mot Aszigned
Description

Calculated Probability

Process Flag
= Failure Model
Library
Procedure
=} Input Parameters
Ewvent 0
Ewvent 1
Event 2
Correlation Class

Failure=+ System Logic
Compound event (C)
PLUGUTIL

MIN_CUT

Success=» Delete Term

Add Event |

CCS-CRV-CC-1A
CC3-MDP-FR-A

ot Assigned

CCS-CRV-CR-ALL
CCS-L
CCS-MDP-CF-FR
CCS-MDP-CF-FS
CCS-MDP-FR-A
CCS-MODP-FR-B

CCS-MDP-FS-A

CCS-MDP-FS-B

Save As New

[ oK H &énw] ’xCancell

As events are added, SAPHIRE 8 calculates the probability that will be used for the
compound event and displays it to the right of the Name of the event.
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3.3. Common-Cause Failure Compound Events

Common cause failure basic events are used to represent simultaneous failures of
multiple components due to a single cause or mechanism. The common-cause basic
event represents a model that calculates the probability of a shared cause failing
multiple trains of similar components.

Within SAPHIRE, there are three basic types of common-cause models. The first is
known as the Beta factor model. The second is known as the Multiple Greek Letter
(MGL) model. The third is the Alpha Factor model. The alpha factor model is
calculated based on testing schemes. The testing scheme calculation types are 1)
staggered testing and 2) non-staggered testing. Both methods can also be calculated
using the Risk Assessment Standardization Project (RASP) type calculation [R-calc].
The [R-calc] uses the first two approaches and uses a conditional probability calculation
approach to automatically adjust for changes such as sequence flag sets and event
assessments.

3.3.1. Beta Factor Model

The beta factor model can be implemented into SAPHIRE using the compound CCF
event calculation. The following will discuss the development of the CCF event using
the beta model as a Compound Event (C).

To use the Compound event (C) beta factor model in SAPHIRE, under the Basic Events
list panel, double-click on New basic event .... Using the drop down menus:

0 In the dropdown list to the right of Failure Model, select Compound
event (C).

& Add Basic Event - NEW EI@

» P
‘Name CCF-EXAMPLE-BETA Probability = 1.000E-05
-

Description ' Common Cause Failure Beta (compound)

| Templéte Event Default Template [NDtA.ssignen -]

Failure Model | Attributes | Applicability | Notes|

Item Value
= Modelype FULL_POWER

=} Phase —
Uses Template Mot Assigned
Description
Calculated Probability Automatically calculated probability
Process Flag Failure==System Logic Success=> Delete Term

[=}- Failure Model Compound event (C)
Library PLUGCCFBETA
Procedure ThreeEventGroupX

=} Input Parameters
Failure Count 3

CCFEvent1 CCS-CKV-CC-1A
CCFEvent2 CCS-CHV-CC-1B
CCFEvent3 CCS-CKVW-CC-24A
Beta BETA

Correlation Class

[7] Save As New [ " OK ] [ i, APPlyY ] [ x Cancel]
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0 Click the text in the Value column next to “Library” and select
PLUGCCFBETA operation.

0 Enter the proper number event group for the common cause failure (i.e.
ThreeEventGroup for a group of three components failing due to
common cause).

0 Enter a failure count equal to the number of component failures that
would cause a group failure.

0 Select the basic event from the drop down list to the right of each
CCFEvent.
0 Select the Beta Factor basic event for the Beta Factor Model Calculation.

This will have to be created as a basic event (value event) to be available
for selection.

Use the New basic event... as needed to create the Beta Factor basic event needed.

3.3.2. Multiple Greek Letter (MGL) Model

The MGL model can be implemented into SAPHIRE using either the compound CCF

event calculation or the full Boolean expression using the R-calculation. The following
will discuss the development of the CCF event using the MGL model as a Compound
Event (C) and R-calculation (Rolled-Up).

To use the Compound event (C) MGL method in SAPHIRE, under the Basic Events list
panel, double-click on New basic event .... Using the drop down menus:

0 In the dropdown list to the right of Failure Model, select Compound
event (C).
0 Click the text in the Value column next to “Library” and select

PLUGCCFMGL operation.

0 Enter the proper number event group for the common cause failure (i.e.
ThreeEventGroup for a group of three components failing due to
common cause).

0 Enter a failure count equal to the number of component failures that
would cause a group failure.
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Select the basic event from the drop down list to the right of each

CCFEvent.
9% Add Basic Event - NEW ===
r = -
Name CCF-EXAMPLE-MGL-COMP Probability = 8.001E-06
Description Ccmmen Cau;e Failure MGL (Compound} ll
- Templlate Event Default Template [Nut Assigned || v]

Failure Model | Attributes | Applicability | Notes | \

Item value
= ModeMype FULL_POWER
£ Phase
Uses Template Not Assigned
Description _I_J;___j__ft Automatically calculated
Calculated Probability probability
Process Flag Failure—> System Logic | Success=> Delete Term
= Failure Model Compound event (C)
Library PLUGCCFMGL
Procedure ThreeEventGroup
i Input Parameters
Failure Count 3
CCFEventi CCS5-CKV-CC-1A
CCFEvent2 CCS-CKV-CC-1B
CCFEventa CCS5-CKV-CC-2A
Beta BETA
Gamma [GAM A - ]
Correlation Class
[#] Save As New [ o 0K ] [ ®y, Apply ] [ 3 cancel ]

Select the Beta Factor for the MGL Calculation (and others depending
upon number of components in group). This may have to be created as
a basic event (value event) to be available for selection.

Use the New basic event... as needed to create basic events needed such as the Beta
Factor event without having to close the CCF event.

To use the R-calculation (R) MGL method in SAPHIRE, under the Basic Events list
panel, double-click on New basic event .... Using the drop down menus:

30

0 In the dropdown list to the right of Failure Model, select Common

Cause Failure (R).

0 Click the edit bar and SAPHIRE will open up a new window for the

analyst to input the components and the MGL parameters (use a drag
and drop of the components into the Independent Failure Events
column and MGL parameters into the MGL Factors column.
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< Add Basic Event - NEW =R
& 7 T = >
. Name CCF-EXAMPLE-MGL-R Probability = 1.000E+00
r s - F -
Description common Cause Faiure MGL (R-calculation)
o Syl Telﬁﬁlaté Event - Default Template [NDtAssigned v] : NN
- ¥ A - .
Failure Model | Attributes | Applicability | Notes | Model Data|
Item Value
=t ModeMype FULL_POWER
Uses Template Mot Assigned
Description
“. Calculated Probability 1.000E+00
i~ Process Flag Failure== System Logic | Success== Delete Term
E} Failure Model Common Cauge Failure (R}

. Edit Properties

Edit |
‘. Correlation Class

[¥] Save As New [ W OK ] [ S, Apply ] [ x Cancel]

¢ Select the CCF model type (MGL Multiple Greek Letter) from the drop
down option. Based on the number of components, SAPHIRE will

automatically default to all components must fail in the Failure Criteria
drop down option.

0 Click on the CCF Results tab and SAPHIRE will display the full
calculation used to determine the CCF probability.

.
=g} Edit Basic Event - CCF-EXAMPLE-MGL-R [ | >
4 = Tl = - -
) n

£

. Name CCF-EXANMPLE-MGL-R

Probability = B8.001E-06
oo ", - &
_.»Deﬁpnptlou‘ Common Cause Failure MGL (R-calculation}

¥ A - - -
i) i : »
| | Template Event - Default Template [NotAssigned ~| "
- ¥ o« v a .
| Failure Model IAttribules I Applicabilil}tl Motes I Summary| Model Data |
Model Type [FuLL_power ~| Phase [cp -]
CCF Data | CCF Resutts | CCF Calculator |
Model (MGL) Multiple Greek Lette Results Detail Level -
Testing Scheme |ot Applicable Separator - - Failure Criteria = —
Independent Failure Events MGL Factors
| (] | Hame | Parameierl Hame
1 A CCS-CRW-CC-14A Alpha BETA
2z B CCS-CKWV-CC-1B Beta GAMNMS,
i C COS-CRW-CO-24

9

Remove Remowve

Save As New [ W 0K J [ S, Apply ] [ x Cancel]
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r

iy S 'i'elhpilaté Event

4§% Edit Basic Event - CCF-EXAMPLE-MGL-R

-

" Name CCF-EXAMPLE-MGL-R

1 F
Description Common Cause Failure MGL (R-calculation)

Default Template |notAssigned -|

E=Een

Probability = 8.001E-06

| Failure Model | Attril_)utes | J_\pplicability | Notes | Summaryl Model Data |

Model Type [FuLL_power ~| Phase [cp

=)

CCF Data | CCF Results | cCF Calculator

Probability:

4 permutations.

Nominal Q
Values

Factors

CCF
Terms

1403+
3401402

CCF Sub-
elements
Element #
=1
=2
=3
=4

CCF Event Report

8.0014E-06 total failure value.

3 inputs out of 3 possible must fail - All independent only groups are not counted.

[11 - 3.0000E-01, [2] - 2.0000E-01, [3] - 4. 0000E-01

Events CCS-CEV-CC-14, CCS-CEV-CC-1B, CCS-CENV-CC-24
Ot = 1.0000E-04, 1.0000E-04, 1.0000E-04

Q1 = 3.0000E-03, 5.0000E-05, 8.0000E-03

Q2 = §.0000E-06, 6.0000E-06, 6. 0000E-06

Q3 = 53.0000E-06, 3.0000E-06, 8.0000E-06

Terms

CCS-CEWV-CC-2A, CCF-EXAMPLE-MGL-E-AR
CCS-CEWV-CC-1B, CCF-EXAMPLE-MCL-R-AC
CCS-CEWV-CC-1A, CCF-EXAMFPLE-MGL-E-BC
CCF-EXAMPLE-MCL-R-ABC

Nominal Valne
4 000E-10
4 8000E-10
4 3000E-10
8.0000E-06

Save As New

[ " OK l[ &&l:mhf] [xCancell

The advantages of using the MGL equation built into SAPHIRE are:

O Automatic calculation of the nominal common-cause failure probability
0 Utilization of the uncertainty defined for the independent events.
0 SAPHIRE automatically adjusts the common-cause probability if an

independent event is set to a failed state.
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3.3.3. Alpha Factor Model

The Alpha Factor model as discussed in this section will use the Compound Event (C)
Failure Model option. The Alpha Factor model is incorporated within the R-calculation
type (i.e., full Boolean expansion) and will be discussed in next section.

In SAPHIRE, this model uses one of two different equations, depending on the type of
testing for the components in question (how data is gathered and quantified).

0 The first module (PLUGCCFSTAG.DLL) is based upon a staggered
testing scheme.

0 The second module (PLUGCCFALPHA.DLL) is based upon a non-
staggered testing scheme.

Information pertaining to the Alpha Factor model can be found in NUREG/CR-5485.

. To use the Alpha Factor model in SAPHIRE, under the Basic Events list panel,
double-click on New basic event .... Using the drop down menus:

0 In the Value column of Failure Model, select Compound event (C).

0 Select PLUGCCFALPHA (or PLUGCCFSTAG if staggered testing) from
the drop down list in the Value column of Library.

0 Enter the proper number event group for the common cause failure for
Procedure (i.e. ThreeEventGroup for a group of three components failing
due to common cause).

0 Enter a Failure Count equal to the number of failed components that
would cause the system to fail (i.e. 2 if 2 of 3 components must fail due
to common cause to cause the system to fail).

0 Select the basic event from the drop down list in the Value column of
each CCFEvent#.
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%% Edit Basic Event - CCF-EXAMPLE-ALPHA-COMP [ =i B (R T ™
- F % &
" Name CCF-EXAMPLE-ALPHA-COMP Probability = 3.190E-06

¥ FJ
Description Common Cause Failure Alpha Factor Method (C-calculation)

~ [ Template Event Default Template [Nums.signen \.]
Failure Model ‘Attributes Applicabilityl Nu-tesl 5ummary| \
[tem Value
= ModelType FULL_POWER
= Phase
Uzes Template Mot Azsigned

- Automatically calculates
Description

Calculated Probability probability

Process Flag Legic | Success=> Delete Term

Compound event (C)

=} Failure Model
Calculation type and equation

Library PLUGCCFALPHA
Procedure ThreeEventGroup used to calculate probability
=}~ Input Parameters

Failure Count 3
CCFEventi CCS-CEW-CC-1A
CCFEvent2 CCS-CKW-CC-1B
CCFEwent3 CCS-CRW-CC-24
Alphat ZA-CEN-CC-03A0
AlphaZ A CKNV-CC-03402
Alpha3 ZA-CKV-CC-03A03 v]

Correlation Class

Save As New OK Apphy

0 Select the Alpha Factors for the calculation. These are usually pre-
loaded as basic events and correspond to the component number within
the group size selected (i.e. Alpha factor 2 in group size 2 for a particular
component type).

3.3.4. R-calc Common-Cause Failure Module

This CCF module uses Boolean expansion (Basic Parameter Model) to calculate the
CCF event probability. The primary difference between this calculation and using the
compound event calculation is the ability to have the full detail set of cut sets
incorporated into the final result and how the conditional probability is calculated when
performing event assessments as a result of setting components’ failure modesto 1, T,

0, or F.
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3 Add Basic Event - NEW [ | =[]
4 T
Name CCF-ALPHAR Probability = 1.000E+00

P F
Description 2 of 3 MOVs Commen Cause Failure Alpha Factor Method (R-calculation)

+ || Template Event . - Default Template lNDtAs-signed -

Failure Model |Attributés | Applicability | Notes | Model Data |

Item Value
= ModelType FULL_POWER
5 Phese 2.
Uzes Template Not Assigned

Deszcription
Calculated Probability 1.000E+00

Process Flag Failure=> System Logic | Success=+ Delete Term
[z} Failure Model Common Cause Failure (R) v]
Edit Properties Edit |

Correlation Class

[¥] Save As New [ " OK ] l &gpphf ] l x Cancel]

This common cause method is a new calculation type to SAPHIRE 8. The common
cause failure type “R” can be found in the basic events under the “Failure Model” option.

To demonstrate this CCF module, a simple fault tree will be created with three
redundant motor operated valves (MOVSs) and a new basic event representing the CCF
of all three components. The three MOVs are represented by basic events MOV-CC-A,
MOV-CC-B, and MOV-CC-C, and the CCF basic event is represented by CCF-ALPHA-
R. The success criterion for this system is that two components have to work for the
system to work. Consequently, if two (of three) components fail, the system is failed.
The fault tree representing the system is shown.
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<8¢ SAPHIRE Fault Tree Editor NEW (FT Edit) =n E=m=<=|

File Edit Insert View Help

BmRIR) =" 2 [(#)e

b (|8

oT

Model Type | Phase —
FULLFOW - /ED - (A, search|

R-Calc CCF example

FFTEST

2 of 3 MOVs Common Cause
Failure Alpha Factor Method (R-
calculation)

FFTESTO COF-ALPHAR [6.500E-05
2H3
=

Motar operated valve A Motar operated valve B Motor operated valve C
Independent Independent Independent

MOY-CC-A |1 O00E-03| [MOV-CC-B |1 O00E-03| |MOV-CC-C |1 O00E-03

3.34.1. Entering CCF Data into R-calc

The basic event CCF-ALPHA-R is a part of the fault tree graphic as shown. This basic
event needs to be edited.

The following discusses the process to set up the R-calc CCF event:

36

0

Select the Common Cause Failure (R) option in the Failure Model text
field.

Click the Edit bar to open the R-calc CCF form for editing.

Choose Alpha factors or MGL as the Model type from the pull-down
menu.

Click and drag the desired Basic Events into the Independent Failure
Events window

Click and drag the MGL or Alpha factors, which are located in the Basic
Events list into the Factors window. The MGL or Alpha factors need to
be entered based on the number of components in the group (3-train, 4-
train, and so on) and placed into the correct parameter field (i.e., Alpha 1
must be alpha factor 1).

Choose the number of failures that would cause a system failure. In this
case it would be 2.
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0 The testing scheme can be chosen as Staggered or Non-Staggered
%3 Edit Basic Event - CCF-ALPHA-R L7 = [ a0 ==
4 ; P
Name CCF-ALPHA-R Probability = 8.500E-06
F
Description 2 of 3 MOV's Common Cause Failure Alpha Factor Method (R-calculation)
| Templaté Event Default Template [NutAssignad -
| Failure Model | Attributes | Applicabilityl Nntesl Summar‘y| Model Data
Model TYD'E‘.‘ ’FULL_POWER vl Phase Full Detail Events are referenced. Changes made here have ramifications
CCF Data | CCF Resutts | CCF Calculator |
Model Alpha Factors - Results Detail Level Rollzd-Up -
Testing Scheme Staggered - Separator - « Failure Criteria
Independent Failure Events Factors
D Name Parameter | Name
1 A MON-CC-A Alpha 1 ALPHA-CC-03A0
Z B MOoW-CC-B Alpha 2 ALPHA-CC-03A02
3 C MON-CC-C Alpha 3 ALPHA-CC-03A03 .
Save As New OK Apply

0 The Separator character is used by SAPHIRE to determine the “auto
generated” event names, as we will see when describing the results of
the CCF calculation.

O Choose the Results Detail Level

e Rolled Up will create one cut set (basic event) with the probability
posted.

e Full Detail will create all possible cut sets for the components based
on the inputs and success criteria (e.g., 2 of 3 failures). These cut sets
will be included in the overall fault tree cut sets.

The probability displayed is the overall probability that will be used for this
CCF basic event. In this example, the overall CCF probability is 8.500E-5.
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3.3.4.2. Viewing RASP Result Details

To view the results for this example, click on the “CCF Results” tab. The detailed
results appear as:

%§¢ Edit Basic Event - CCF-ALPHA-R o[ =[]
- F = ; - T
= T MACCF-ALPHA-R Probability = 8.500E-05

-

| '
DESGI’ipI_:iOIl 2 0f3 MOWs Commen Cause Failure Alpha Factor Method (R-calculation )

| Template Iévent_ ~~ Default Template | Not Assigned -

| Failure Model |Attribu-tes | App;licabilityl Nl:rtesl 5ummary| Model Data
Model Type |FuLL_power ~| Phase [cp -

CCF Data | CCF Results | CCF Calculator

Probability: 2.500E-5

@ CCF Event Report

8.5000E-05 total failure value.
4 permutations.
2 inputs out of 3 possible must fail - All independent only groups are not counted.

Nominal
Q Values

Factors

[1]- 9.4000E-01, [2] - 5.0000E-02, [3] - 1.0000E-02
Events MOV-CC-4, MOWV-CC-B, MOV-CC-C

Ot = 1.0DO0E-03, 1.0000E-03, 1.0000E-03

01 = 9. 4000E-04, 9.4000E-04, 9. 4000E-04

Q2 = 2.5000E-05, 2.5000E-05, 2.5000E-05

Q3 = 1.0000E-05, 1.0000E-05, 1.0000E-05

CCF
Terms

3 ® Qz +
1+03
CCF Sub-
elements
Element # Terms Nominal Value
=1 CCF-AIFHA-R-AR 2.3000E-03
z2 CCF-AILPHA-R-AC 2 5000E-03
£3 CCF-AIPHA-R-BC 2 3000E-053
4 CCF-AIPHA-R-ABC 1.0000E-03

Save As New 8] LApplhy

-
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Evaluating the results in more detail:

8.5000E-05 total failure value.
4 permutations.
2 inputs out of 3 possible must fail - All independent only groups are hot counted.

The Summary block lists the overall calculated CCF failure probability; number of
permutations obtained based on the input information, and lastly lists the success
criteria. The statement about “ALL independent ...” is presented to let the analyst know
that the overall probability does not include the independent failure cut sets.

Nominal Q
Values

Factors

[1]- 9.4000E-01, [2] - 5.0000E-02, [3] - 1.ODOOE-Q2
Events MOV-CC-A MOV-CC-B, MOV-CC-C

it = 1.0000E-03, 1.0000E-03, 1.0000E-03

Q1 =9 4000E-04, 9. 4000E-04, 9. 4000E-04

Q2 = 2 5000E-05, 2 5000E-05, 2. 5000E-05

Q3 = 1.0000E-05, 1.0000E-05, 1.0000E-05

The nominal Q value block provides the calculated terms based on the Basic Parameter
Model (Q1, Q2, and Q3 terms) along with the input values.

CCF
Terms

3402 =
1403

The CCF Terms block lists the different permutations obtained. For this example, there

are three combinations of Q, terms, and only one Q3 term. Consequently, the full
expression to determine the CCF probability is given by:

P(CCF) =3*Q2+ Q3 =3 *2.50E-05 + 1.00E-05 = 8.50E-05.
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CCF Sub-
elements

Element#  Terms Nominal Value
#1 CCF-ALPFHA-R-AR 2 5000E-05
2 CCF-ALPHA-R-AC 2 5000E-05
F3 CCF-ALFHA-RE-BC 2.3000E-03
F4 CCF-AILPHA-R-ABC 1.0000E-05

The CCF Sub-elements box represents the “cut sets” included in the CCF calculation.
The first three cut sets represent a CCF of two components, specifically AB or AC or
BC. The last line represents CCF of all three components. Their respective
probabilities are also listed, for example the probability of seeing A and B fail due to
CCF is 2.50E-5. Also note the name of the CCF “events” listed here. For components
A and B failing due to CCF, SAPHIRE automatically creates the name “CCF-ALPHA-R-
AB” by appending the CCF basic event name with the separator character (“-“) and then
the identifier for the A and B components (A and B, respectively).

Note that if CCF-ALPHA-R is set to have results “Rolled up” then only a basic event
with probability of 8.500E-5 will appear in the fault tree cut sets:

%% Cut Sets for FFTEST (FT Cut Sets) 7 (==L Ry I | v | o

Project: ; DEMO-FULL - Demo Project using Advanced Related Topics Current Case -
Froject Folder:  C\Saphire 8\Demo-adv-all\
Model Type._' FULL. POWER

[ ShowMT || Show Phase |
Original
i Cases | Prob/Freq | Total % Cut Sets
3.800E-5 100 Displaying 4 Cut Sets_ (4 Original)

+- 1 C 8.500E-5 96.59 CCF-ALPHA-R

- 2 C 1.000E-6 1.14 MOV-CC-A MOV-CC-C

+- 3 C 1.000E-6 1.14 MOV-CC-B,MOV-CC-C

+- 4 C 1.000E-6 1.14 MOV-CC-A MOV-CC-B

Slice Invert ‘ Publish HSauetoEnd State| | x Close ‘
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However, if “Full Detail” results are selected, the results will show all of the
combinations of the CCF terms:

%8 Cut Sets for FFTEST (FT Cut Sets)

Project:. g -DEMGFUJ.:L’ - Démb Project using Advanced Related Topics

Project Folder: (C:\Saphire 8\Demo-adv-ally

Model fype:ﬂ'ﬂ FULL_POWER
-

== [Fer >

Current Case -

[ Show MT ][ Show Phase ]
Original

i Cases | Prob/Freq | Total % Cut Sets

8.800E-5 100 Displaying 7 Cut Sets. (7 Original)

+- 1 C 2.500E5 2841 CCF-ALPHA-R-AB
+- 2 C 2500E5 2841 CCF-ALPHA-R-AC
+- 3 C 2500E-5 2841 CCF-ALPHA-R-BC
+ 4 C 1.000E-5 11.36 CCF-ALPHA-R-ABC
+ & C 1.000E-8 1.14 MOV-CC-A.MOV-CC-C
+ b C 1.000E-6 1.14 MOV-CC-B.MOV-CC-C
T C 1.000E-8 1.14 MOV-CC-AMOV-CC-B

[ Publish HSavetoEndSEbel [ X dose ]
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3.3.4.3. RASP CCF Calculator Tool

The “CCF Calculator” tab allows one to change the make-up of the CCF calculation
without saving. The analyst can change the components probability and see the
results.

g% Edit Basic Event - CCF-ALPHA-R
-~ > i N T =
- Name CCF-ALPHA-R
f e

] - 3
Description 2 of 3 0Vs Common Cause Failure Alpha Factor Method (R-calculation)
o v e

==

Probability = B8.500E-05

T = - >
o« D_Templéte Event JDgfath'-I'emplate ’NDtAssigned - “ %
’ L = L

| Failure Model |Atlributes | Applicability | Notes | Summary| Model Data
Model Type [FuLL_power

CCF Data | CCF Results | CCF Calculator

This is for testing only!! Any modifications are not saved or uzed in other areas!

v] Phase ’C.D V] Full Detail Events are referenced. Changes made here have ramifications

Independent Failure Events

3402+

1403
CCF Sub-
elements

Element#  Terms Nominal Value

Probability: 850083
ID | Hame | Failure Type | Value
A MOW-CC-A Nominal 1.000E-3 -
B MOW-CC-B Nominal 1.000E-3 CCF Event Report B
C  MowCe-C ominal 1.000E-3
Dependent
Nominal
New Prob 8.5000E-05 total failure value.
Test & Maint 4 permutations.
Not Failed 2 inputs out of 3 possible must fail - All independent only groups are not counted.
Ignore
Nominal
Factors Q Values E
Parameter | Hame Value
Factors
Alphat  ALPHA-CC-D3A01 9.400E-1 [1]- 9.4000E-01, [2] - 5.0000E-02, [3] - 1.0DDOE-02
Alpha 2 ALPHA-CC-02A02 5.000E-2 Events MOV-CC-A MOV-CC-B, MOV-CC-C
Alpha 3 ALPHA-CC-03A03 1.000E-2 Qt = 1.0000E-03, 1.0000E-03, 1.0000E-03
Q1 = 9.4000E-04, 9.4000E-04, 9.4000E-04
Q2 = 2.5000E-05, 2.5000E-05, 2.5000E-05
Q3 = 1.0000E-05, 1.0000E-05, 1.0000E-05
CCF
Terms

[ save As New

o 0K

2, Apply
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3.3.4.4. RASP CCF Equivalent Fault Tree Logic
g SAPHIRE Fault Tree Editor FFTEST (FT Edit) ==
File Edit Insert View Help
BRJRS =" 2 (]9804 o - % seare
R-Calc CCF example
FFTEST
2
1 1
CCF for 2 of 3 components fault
tree
FFTESTO FFTEST-CCF Ext

2@3 A

Motar operated valve A
Independent

Motor operated valve B
Independent

Motar operated valve C
Independent

MOY-CC-A

[1.000E-03

MOW-CC-B

[1.000E-03

MOW-CC-C

[1.000E-03

By having all of the detail from the CCF, the fault tree calculation is equivalent to having
the fault tree logic as shown in the fault trees below:

%3} SAPHIRE Fault Tree Editor FFTEST-CCF (FT Edit)
File Edit Insert View Help

AR

== e

Model Type / Phase
FULL_POW - /COI -

G, Search

CCF for 2 of 3 components fautt tree

FFTEST-CCF

| 1
All of the G2 term=s All of the @13 terms

FETEST-CCFO FFTEST-CCF1

Bl

G2 term for CCF of & &

Q2term for CCF ot 4 & B G2term for CCFofB & C

CCF-ALPHA-R-G2-48 [2.000E-05| [CCF-ALPHA R-Q2-AC [2.000E-05] |CCF-ALPHA-R-G2-BC [2.000E-05

3.3.5. IE Common Cause Failure (Q)

This failure model is used to model common cause failure of multiple trains that are
used to calculate an initiating event frequency. This failure model is created the same
as the R-calc failure model with the exception that there is no cross-products that get
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calculated; the independent failure “ANDed” with a CCF event (i.e., Q1 * Q2, since this
becomes /yr?).

3.3.5.1. Entering CCF Data into the Q-failure model

A basic event, IE-SWS-MDPS-CF, which would be part of the fault tree logic model
used to calculate an initiating event frequency will be developed. This basic event
needs to be edited.

Item

%§% Edit Basic Event - IE-SWS-MDP-CF-FR | | <
] 3 et
" Name |E-SWS-MDP-CF-FR Probability = 3.337TE-04

-
Description CCF OF SWS MOPs TO RUN (INTIATING EVENT)

Failure Model |Attribu-t|=.-s I App;licabilityl Notes | Summary I Model Datal

=} Modelype FULL_POWER
o Prase e
Uses Template Mot As=signed
Description
Freguency 3.337VE-04
Process Flag Failure== System Logic Success=> Delete Term
(= Failure Model [IE Common Cause Failure (Q) v]
Freguency Units Per rear
Edit Properties Edit |

~ [ | Template Event - Default Template [NntAssigneu v]

Value

Correlation Class

[[] Save As New [ " 0K ] [ &&ppt}r ] [ x Cancel]

The following discusses the process to set up the Q-type CCF event:

¢

44

Select the IE Common Cause Failure (Q) option in the Failure Model
text field.

Click the Edit bar to open the Q-calc CCF form for editing.
Choose Alpha factors as the Model type from the pull-down menu.

Click and drag the desired Basic Events into the Independent Failure
Events window

Click and drag the Alpha factors, which are located in the Basic Events
list into the Factors window. The Alpha factors need to be entered
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based on the number of components in the group (3-train, 4-train, and so
on) and placed into the correct parameter field (i.e., Alpha 1 must be
alpha factor 1).

0 Choose the number of failures that would cause a system failure.
0 The testing scheme can be chosen as Staggered or Non-Staggered
% Edit Basic Event - IE-SWS-MDP-CF-FR fere =]

-
Description CCF OF SWS MDPs TO RUN (INITIATING EWENT)

» -

Name |E-SWS-MDP-CF-FR Probability = 3.337E-04

|| Template Event Default Template [Nm Assigned ..I

Failure Model IAttributes | Applicabilityl Notes | Summaryl Model Data

Model Type |FuLL_Power ~| Phase [co -
[ ECF Data }| cCF Results | CCF Calculator |
Model Alpha Factors - Results Detail Level Full Detail -
Testing Scheme Staggered - Separator - « Failure Criteria E
Independent Failure Events Factors
([n] Hame Parameter | Name

1 A [E-SWS-MDP-FR-14 Alpha 1 ZA-MDP-FR-03401

2 B [E-SWS-MDP-FR-1B Alpha 2 ZA-MDP-FR-03402

3 C [E-SWS-MDP-FR-1C Alpha 3 ZA-MDP-FR-03403 -
.R

[7] save As New [ " 0K ] I %y, Apply I I x CanceIJ

The Separator character is used by SAPHIRE to determine the “auto
generated” event names, as we will see when describing the results of
the CCF calculation.

When using the Q-calc option, only choose the Full Detail Level

e Full Detail will create a basic event representing each of the CCF
terms (Q-terms) depending upon the number of trains. These system
generated basic events (i.e., IE-SWS-MDP-CF-FR-ABC) will have to
be used in the fault tree logic. The reason that the system generated
basic event is required to be used in the fault tree logic is due to the
conditional calculation that may be required given an event
assessment.
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The probability displayed is the overall probability (for a three train system
it will be the summation of the Q2 terms and the Q3 term). This is the
frequency that will be used for this initiating event CCF basic event.

3.3.5.2. Viewing IE CCF Result Details

To view the results for this example, click on the “CCF Results” tab. The detailed
results appear as:

<& Edit Basic Event - IE-SWS-MDP-CF-FR o a2 [=E
w -
" Name |[E-SWS-MDP-CF-FR Probability = 3.337E-04

¥
Des‘:rip‘liol‘l CCF OF SWS MDPs TO RUN (INITIATING EVENT)

2T Temblate Event . Default Template [NDtAssigned v]

| Failure Model | Attrib.utes | Ap;plicability | Notesl Summary| Model Data
Model Type |FuLL_powerR ~| Phase [co -

-CCF Data | CCF Results | CCF Calculator

Probability: 3.337E-4

e;.( CCF Event Report
3.3373E-04 total failure value.

4 permutations.
3 inputs out of 3 possible must fail - All independent only groups are not counted.

Nominal Q
Values

Factors

[11 - 9.B000E-01, [2] - 1.5000E-02, [3] - 1.5000E-02

Events [E-SW5-MDP-FR-14, [E-5W5-MDP-FR-1E, [E-SWS-MDP-FR-1C
Or = 3.9000E-03, 8.9000E-03, 8.9000E-03

Q1 = 8.7220E-03, 8.7220E-03, 8.7220E-03

Q2 = 6.6750E-05, 6.6750E-05, 6.6750E-05

3 = 1.3350E-04, 1.3350E-04, 1.3350E-04

CCF
Terms

3402+
1403
CCF Sub-
elements
Element 2 Terms Nominal Value
#1 IE-SWS-MDP-CF-FR-AE 6.6730E-05
2 IE-SWS-MDP-CF-FR-AC 6.6730E-05
#3 IE-5WS-MDP-CF-FR-EC 6.6730E-05
F4 IE-5WS-MDP-CF-FR-ABC 1.3350E-04

[] save As New [ " OK l ’ 5, Apply l [ x Cancel]

(Notice the CCF sub-elements only lists the Q2 and Q3 terms and no cross-products
since the frequency cannot be squared.)
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3.4. Human Error Event

Human error events are basic events that use an external calculation (via worksheets)
to determine their probability. The human error probability (HEP) calculation is based
on the Standardized Plant Analysis Risk (SPAR) Human Reliability (HRA) methodology
(reference 3-1). A simple walkthrough of the worksheets will be presented to show the
process that SAPHIRE uses to calculate the HEP using this module.

The HEP is calculated based on whether the operator action requires diagnosis or just
an action. Reference 3-1 provides definitions and information about both operator
diagnosis and operator action. This section is not designed to discuss the HRA
methodology nor differences between an operator diagnosis or operator action but to
present the worksheet that SAPHIRE uses to calculate the HEP. For more information
about this HRA, refer to reference 3-1.

. To access the SPAR-H worksheet, highlight the basic event in the Basic Event
list panel, double click the basic event (or right click and select Edit)

. Select the SPAR-H human reliability model (X) in the Value column for the
Failure Model in the Basic Event editing window
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<% Add Basic Event - NEW || (3]
r ! - >
- Name HUMAN-ERROR Probability = 1.000E+00

s >
Description Human Reliability Model Event

# [l Template Event Default Template |notAssigned |

Failure Model | Attributes | Applicability | Notes|

Item Value
=+ WodelType FULL_POWER
& Phase o
Uszes Template Mot Azsigned
Description
Calculated Probability 1.000E+00
Process Flag Failure== System Logic Success== Delete Term

= Failure Model
Uncertainty Distribution
Diagnosis Mo
Action Mo
Dependency
Correlation Class

SF‘AR—H human reliability model () i
oint Value

[7] Save As New [ " OK ] [ %, Apply ] [ x Cancel]

Note:

The X Calculation Type (Human Factor Event) is only required if using

the SPAR HRA methodology. Human error events can also be entered
into SAPHIRE using Calculation Type 1 and providing the mean failure
probability for the HEP.

After selection of the SPAR-H failure model, the entries for Diagnosis, Action,
and Dependency will become available
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. Diagnosis
0 If the operator is required to perform some type of diagnosis prior to
performing an action, select Yes in the drop down menu next to
Diagnosis.
0 Each of the shaping factors can be modified individually. These shaping

factors are used to modify the nominal probability for diagnosis, which is
1.0E-2. Within each of the different shaping factors, a percentage can be
specified in order to determine the shaping factor value that will be
multiplied to the nominal probability. A default of 100% is specified for
the Nominal time field. If 100% is specified in the nominal field for all of

the shaping factors then the nominal probability will be calculated since
all shaping factors will be 1.0.

0 If a percentage greater than zero is entered into a time field other than
the Nominal time field, the form updates Nominal time field to sum the

totals to 100%. A Notes field is available for support of entries, if so
desired.

0 The probability is continually updated and shown on the top of the

screen in order to show the analyst how the shaping factors are affecting
the HEP.

8 Add Basic Event - NEW [ = B e e e
»” % -

Name HUMAMN-ERROR Probability = 1.000E-02

Description Human Rel;bllity Model Event

< | Template Event Default Template |Hotassigned v]

Failure Model |Attributes I Applicability I Notesl

Item

= ModelType
= Phase

value
FULL_POWER

Uses Template Not Assigned
Description

Calculated Probability 1.000E-0

Process Flag Failure=> Swstem Logic Success=> Delete Term
=} Failure Model SPAR-H human reliability model (X)
Uncertainty Distribution Point Walue
=} Diagnosis
= Auwailable Time

Inadequate Time 0%

Barely Adeguate Time 0%

Mominal Time 100%

Extra Tims e
Expansive Time 0%

- - B

Insufficient Information 0%
Stress/Stressors

Complexity

Experience/Training

Procedures

Ergonomics/HMI

Fitness for Duty

E-8-8-E-8-8-E

Work Processes

Action Mo
Dependency

Correlation Class

[#] Save As New [ " 0K ] [ S, Apply ] [ > Cancel]
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* Action

0 If the operator is required to perform some type of action, select Yes in
the drop down menu next to Action.

0 As with Diagnosis above, each of the shaping factors can be modified
individually. These shaping factors are used to modify the nominal
probability for diagnosis (1.0E-3 for action).

. Dependency

0 Model Dependency

e Select Yes in Model Dependency to model the situation when a
dependent operator action follows a previous operator action (i.e.,
more than one operator action failing to perform the function within a
sequence).

0 Different Crew

e |Is the crew performing the action different from the one performing the
prior action?

0 Not Close in Time
e |Is the current action not close in time compared to the prior action?
0 Different Location

e Is the current action being performed in a different location from the
prior action?

O Additional Cues

e Are additional cues related to the current task available?
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3.5. Convolution Basic Events

Convolution basic events are special type of basic events that are used to more
accurately represent “time related” events within a cut set. These basic events are
more of an adjustment factor for accident sequence cut sets when time related basic
events fail. All PRAs assume that failure of an operating component occurs at time
equal to zero. This special basic event is designed to convolve multiple time related
basic events into an adjustment factor to account for when these time related basic

events can fail and recovery should be applied (see Convolution Event User Manual for
more information).

. To create a convolution basic event, in the Basic Events list panel, double-click
on “New basic event”. This opens the Add Basic Event form.

%8 Add Basic Event - NEW =] | EeE 5
» = - "
‘Name OEP-XHE-NN-MRO1H1 Probability = 1.000E+00

f # - a
Des«l:;ription | CONWOLUTION FACTOR FOR 1FTR-0OPR (1HR AMAIL) (SAPHIRE Generated)

| Templéte Event ~ Default Template |NotAssigned -

Failure Model | Attributes | Applicability | Notes |

Item Value
= ModeType FULL_POWER
5 Phese o
Uses Template Mot Assigned
De=scription

Calculated Probability 1.000E+00

Process Flag Failure=> System Logic Success=> Delete Term

Bl Failure Model [chvulutiun(O}
=~ Mission Time

Use mincut upper bound of fault tree with same name (S)
Uncertainty Distribution “alue event (a general numeric value, may be < 0 or = 1) (W)

= Convolution Type SPAR-H human reliability model ()

Ignere this event (House Event) (1}

Input Parameters < Common Cause Failure (R)

N of M inputs for a match Train Lewel Common Cause Failure (A) |_E |
Recovery Event IE Common Cause Failure (Q) |
Convolution Value
[¥] Save As New [ W OK ] [ %, Apply ] [ X cancel ]
. Click on the text (Value column) to the right of Failure Model to activate the drop-
down list.
. Choose “Convolution (O )".
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52

0 Select the mission time that the cut set will require to define failure (i.e.,
recovery time based on core uncover or battery depletion time)

O Click the AddEvent tab to specify the time related basic events that need
to be convolved together (fill in the number of Standby Events that will be
found in a single cut set) (i.e., EPS-DGN-FR-A, EPS-DGN-FR-B).

O Select how the inputs should be found in the cut sets (N of M) (e.g., if only
one of the basic events are to be convolved per cut set use 1; EPS-DGN-
FR-A only in a cut set or EPS-DGN-FR-B).

0 Select the recovery event that will be part of the convolution (i.e., the
recovery basic event based on the sequence cut set). This is the basic
event related to the sequence time to core uncovery (i.e., 1 hour, 2 hours)

0 SAPHIRE will calculate what the cut set frequency should be and it what
the cut set frequency is based on t=0 and the mission time of the diesel
generators to run of 24 hours and divides the two together to calculate the
convolution factor. This is how much the sequence should be reduced.

& Edit Basic Event - OEP-XHE-ZZ-NRO1H1 || 3]

) -

‘Name OEP-XHE-NN-NRO1H1

-
DESGI’iptiDI"I CONVOLUTION FACTOR FOR 1FTR-0OPR (1HR AVAIL) (SAPHIRE Generated)

Probability = 5.078E-01

+ . [| Template Event - Default Template [NutAssigned 1 v]

Failure Model |Attributes Applicability | Notesl Summaryl ‘l

Item Value
=~ ModelType FULL_POWER
[=}- Phase
Uses Template Mot Assigned
Description How much the standard cut set frequency over-
Calculated Probability = 073E-01 estime_ltes tht_e sequence cut setfrequen_cy and this
factoris applied to the cut setto reduce it.
Process Flag Failure== System Logic | Success== Delete Term
=}~ Failure Model Convolution (O}
=~ Mission Time 2. 400E+01
Uncertainty Distribution Point Walue
=~ Conwolution Type Active Parallel
=} Input Paramesters Add Event
Standby Event 0 EPS-DMGHN-FR-A
Standby Event 1 EPS-DGN-FR-B
N of M inputs for a match 1

HE-XL-NRO1H

Convolution Value

Calculated frequency based on
convolving the three events failure rates

[ save As New [ & 0K ] [ %, Apply ] [ x Cancel]
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0 Post-Processing rules are then used to apply this basic event

3.6. Base Units used in Data

SAPHIRE 8 is designed to handle different frequency units and make proper
conversions when necessary. The default frequency units for Initiating Events is set up

in the New Project form and can be changed for an existing project by accessing the
Project = Modify option.

4% Edit Project = ECh ="
; Hﬂl‘l’?e . I:;-EMD—AD".;
Description DEMO Project for Advanced SAPHIRE training
Full Name
Storage Info | Generalinfo | Agditional | SPAR | Notes |

Created By Creation Date | 01/02/2008
Version 0 0
Default IE Frequency Units !Yaar v]
Site Hazard Curve Read Only? [
User Defined Field User Month
AF Week

Day
Company Hour

Winute
Dezign
Location
Type
Wendor
Contain
Charactr

[ \/DK H xtancell

In the Basic Event Failure Model tab, when an Initiating Event is selected, a Frequency

Units textbox becomes available. If nothing is entered in the textbox, the default value
is used.
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8 Edit Basic Event - IE-TRAN =5 ol ==
' : i o " 4 - .
“Name IE-TRAN Probability = 7.000E-01 -

_;Deﬁpnp;ioi Tran5|ent Inmatlng Event
» =
i m Template Event - Default Template | notAssigned - \: N
L r r L
Failure Model |Atlr|butes | Applicability | Notes | Summarﬂ
Item Value
= Modelype FULL_POWER
& Phase ot
Uses Template Not Assigned
Description
- Freguency 7.000E-01
‘. Process Flag Failure=> System Logic | Success=:» Delete Term
E} Failure Model Initiating Event Frequency (N}
E} Frequency 7.000E-01
© L. Frequency Units Per Year -
: - Uncertainty Distribution
‘. Correlation Class Per Month
Per Week
Per Day
Per Hour
Per Minute
Per Demand

[[] save As New o 0K ", Apply

. The different frequency units that can be defined in SAPHIRE are:

Unknown
per year
per month
per week
per day
per hour

per minute

S T O

per demand

. In fact, the units specified in Project = Modify will be used no matter what the
specified frequency units are for all initiating event. This conversion is performed
automatically from the entered values in order to ensure the final sequence
results are in the same units.
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SAPHIRE will look at the units, if specified for the initiating event, prior to
converting the frequency to the units specified in the Project = Modify.
This check is performed to guarantee correct conversion.

If the “Unknown” frequency units are specified in the Project = Modify, then the
units specified for the initiating events will be used. (One must be careful, since
different units can be specified and the overall summation of the sequences

won't be correct).

0

3.7. Reference

3-1. The SPAR Human Reliability Analysis Method, INEEL/EXT-02-01307.
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| 4 | EVENT TREE LINKAGE
RULES EDITOR

Section 4 introduces the rule editor for the Edit Linkage Rules editor used to link event
tree sequences. This rule editor allows you to create rules that affect sequence
generation. Typically, these rules are used to replace the default fault trees with either
a substituted fault tree or a "split-fraction” event based on logical conditions that are
specified in the rules.

*. SAPHIRE Event Tree Editor LOSP (ET Edit) i =
File Edt Insert View Help

@ ¢
@ e ecy!
-J_
.,-—l
— e
if ECS then
ICCE=0CC51;
CCE5=CCE1;
endif
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4.1. Linking Event Trees

This section introduces the edit linkage rules editor used to link event tree sequences.
This rule editor allows you to create rules that affect sequence generation. Typically,
these rules are used to replace the default fault trees with either a substituted fault tree
or a "split-fraction" event based on logical conditions that are specified in the rules.

4.1.1. Linking

"Linking" event trees is the process of generating sequence logic using the event tree
graphical files.

| LOSP | ECS | cos | SEQ.# |
1 Tree Seq# Logic

— 5 LOSP 2 ECS ICCS

S 10% 8 BoS 0CS
3

4.1.2. Menus and Options for Linking Event Tree
Sequences

. Linking is performed automatically when the event tree is saved

. Or, it can be initiated by highlighting the event tree, right clicking the mouse and
selecting “Link”.

If there are no “link rules” defined for the event tree, SAPHIRE simply constructs the
sequence logic based upon the top events identified on the event tree graphic (as
shown above). But, event tree linking rules allow us to control the logic for each
sequence based upon predefined rules.
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4.2. Introduction to the "Edit Linkage Rules" Rule
Editor

The link event tree rule editor provided in SAPHIRE allows rules to be written that are
used when sequence logic is generated. To access the rule editor, highlight the event
tree in the Event Tree list panel, right click the mouse and select Edit Linkage Rules to
open the linkage rules editor.

. These rules allow the user to replace one or more top events with a substituted
top event based on the logical conditions dictated by the rule.

. These rules also allow the user to assign flag sets to sequences based on the
logical conditions dictated by the rule.

Note that other rule editors in SAPHIRE have different functions.

. Section 5 describes the cut set rules editor which sets up post-processing rules
that are used to modify existing cut sets.

. Section 6 describes the partitioning rules that are used to bin cut sets into end
states on a "cut set by cut set" basis.

Although there are common features to all of these rule editors, they each have distinct
functions and characteristics. As a convenient reference, we have listed all rule
keywords (and usage) for linking rules, recovery rules, and partition rules in Appendix A.
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4.2.1. “Link Event Trees" Rules Nomenclature and
Structure

This rule editor is used when the “Link Trees” operation is performed when the event
tree is saved from the event tree editor and the sequence logic is being created. If
linking rules exist, the rule searches the event tree logic for the search criteria specified
in the rule and replaces the default top event (just in the sequence logic, not on the
graphic) by a new top event.

Symbols
| Denotes a comment line ~ Operator for "not present”
* Logical AND operator + Logical OR operator
/ Complement () For grouping terms
; End of replacement line ?? Wildcard of length in string of “?”,

(in this case 2)
Search Criteria

Examples are for an event tree with initiating event IE and top events A, B, and C.

init(IE) Initiating event with the name IE

A Failure of top event or fault tree A

/A Success of top event or fault tree A (/ indicates complement)
~A Failure of A not present (~ indicates something is not present)

~(IA + A) Success of A and failure of A not present (can be used to test for a
"pass" condition)

A*B Failure of A and of B occurs
(A+B)*C Failure of A or B occurs and failure of C occurs
always. This pre-defined macro name means the criteria is always met.
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4.2.2. Link Event Trees Rules Examples

Linking Rule Structure (Example 1 — If -Then)

| The “if-then” Rule Structure: IE ‘ A ‘ B ‘ C ‘
| This rule replaces C with C-SYS
| when A and B are both failed. 1
| (Only sequences 6 and 7 are affected 5
| by this rule)
— 3
If A* B then —
/C = C-SYS; — 4
C =C-SYS; 5
endif
|c-svs 6
C-SYS 7
Linking Rule Structure (Example 2 — if-then-elsif)
| The "if-then-elsif" Structure: IE ‘ A ‘ B ‘ C ‘
| This rule replaces C with C-AB if
| A and B are failed, and replaces C 1
| with C-B if only B is failed.
2
c-B
if A*B then
/C = C-AB; B 9
C = C-AB; 4
elsif B then
IC = C-B; ——— 5
C=C-B; cAB ©
endif
C-AB 7
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Linking Rule Structure (Example 3 — if-then-elsif-else)

| The "if-then-elsif-else" Structure:

elajslc] |

| This rule:
| Replaces C with C-NA when A is 1
| successful
| Replaces C with C-NB if B is 2
| successful C-NA
| Replaces C with C-XX in any other NA 3
| case
| C-NB 4
if /A then 5
/C = C-NA; 6
C = C-NA; )
elsif /B then XX 7
IC = C-NB; )
C =C-NB;
else
/C = C-XX;
C =C-XX;
endif
Linking Rule Structure (Example 4 — always)
| The "if-always" Rule Structure: IE ‘ A ‘ B ‘ C ‘ ‘
| This rule replaces every occurrence
| of C with C-SYS. 1
I
| (Sequences 2 through 7 are Ve 2
| affected)
 — C-SYS 3
if always then 4
IC = C-SYS; C-sYs
C=C-SYS; Tsvs
endif T
C-SYS 7
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Linking Rule Structure (Example 5 — If =Then with wildcards)

| The "if-then" Rule Structure using

| wildcards:

| This rule replaces C with C-SYS

| when the initiating event occurs.

| (Sequences 3, 5 and 7 are affected)

if “??" then
C =C-SYS;
endif

| The “??” finds the initiating event,
| but will key on any top of exactly
| two characters in length.

IMPORTANT NOTES AND REMINDERS:

62

Each replacement line must end with a semicolon.

There is no limit to the number of replacement lines that can be used in a rule.

In the ELSIF rule structure, only the first substitution that applies for every
applicable branch is made. Subsequent possible substitutions are ignored.

In fact, the "Event Tree Linking" rules as a whole works this way because only
the first substitution for a branch is made. In other words, after a substitution has
been assigned, no other rule will overwrite the substitution (this is by design).
Consequently, the rules are set up such that the most restrictive (or, perhaps,
most descriptive) rules will be evaluated first.
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"Macro" Structures

Macros can streamline the development of complex rules. A macro is simply a
statement to define a search criterion and assign a name to that search criterion.
Examples are provided below.

Linking Rule Structure (Example 6 — macros)

| Define a macro named AB-FAIL |E ‘ A ‘ B ‘ C ‘
AB-FAIL = A* B;
I 1
| Use the macro in a rule
if AB-FAIL then — 2
/IC = C-SYS;
C=C-SYS; S — 3
endif — 4
If you are creating a rule where the events o
in the macro do not occur, use the ~ (i.e., sevs O
not present) symbol. 7

If looking for success events, do not

"complement” the macro. Instead, complement the events of interest. For example, if
looking for success of A, use A-MACRO =/A;. Do not try A-MACRO = A; if /A-MACRO
then...

Linking Rule Structure (Example 7 — not found ~)

| Using ~macro as the search criteria: IE ‘ A ‘ B ‘ C ‘
| The rule applies when both A and B 1
| have not failed.
| Define a macro named AB-FAIL csvs 2
AB-FAIL = A* B;
| Use the macro in a rule — Tsvs 3
if ~AB-FAIL then csvs 4
/IC = C-SYS; 5
C=C-SYS; CSYS o
endif
— 7
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Linking Rule Structure (Example 8 —ignoring sequences via the “Skip” keyword)

| The "Skip" Structure:

| This rule provides the ability to IE ‘ A ‘ B ‘ C ‘

| “skip” sequences in the event

| tree logic. 1
| o,
| This rule “skips” C given the L :

| failure of B. (The sequences that \ -3
| meet the rule logic are 4
| not generated when the rule is

| applied, however, the sequence 5
| names (numbers) are left - -6
| unchanged. Therefore, no sequence ) ’ 7

| cut sets can be generated for skipped
|sequences.)

I
if B then

/C = Skip(C);
C = Skip(C);
endif

For this rule only sequences 1, 4, and 5 will be generated, since all sequences where B
fails have been skipped.

A new key word was added to the same thing but more straightforward. This key word
is SkipSequence and performs the same function as above using the rule shown below:

if Bthen
SkipSequence;
endif

After applying the rule only sequences 1, 4, and 5 get generated.
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Linking Rule Structure (Example 9 — changing end states)

| The "End state" keyword:
| This keyword provides the ability to change the end state names
| created on the event tree logic to a different end state (or add an already

| created end state for the sequence cut sets that meet the specified search criteria).
| The new end state must exist in the project.

Loss of Offsite Power Emergency Cooling Containment Cooling
System System
LOEP ECS CCE
@ @
@— @
@
@
if /ICCS then
eventree(LOSP) = Endstate(S-R);
endif

This rule will change the end state for sequence 2 from SMALL-RELEASE to S-R when
the sequence logic is created.
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4.3. Changing Transfers Trees using Link Rules
4.3.1. Using Eventree() option

The Link Rules may also be used to control the transfer process from one event tree to
a sub tree. This ability brings in the use of a new keyword, eventree(). See the
example below.

Linking Rule Structure (Example 10 — changing the transfer tree via EVENTREE)
I
| This rule is for a transfer tree named SHARED.
| The SHARED event tree is transferred to by two different event trees,
| each having a unique initiating event. The first event tree has initiating
| event IE-A, and after it transfers to SHARED, it should transfer to an event
| tree named A-PRT.
| The second event tree has initiating event IE-B, and after it transfers
| to SHARED, it should transfer to an event tree named B-PRT.
I
| The transfer name on the SHARED event tree graphic is A-PRT. This rule
| changes the specified transfer event tree to B-PRT when the initiator is IE-B.
I
if init(IE-B) then
eventree(A-PRT) = eventree(B-PRT);

endif
IE-A‘ A ‘ B ‘
— 1 SHARED.ETG
_— IE I A I
— 2
— 1
— SHARED
IE-B‘ C ‘ D ‘ —— A-PRT

A-PRT is changed
to B-PRT when arriving
from the "B" event tree
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4.3.2. Using SeqTransfer() option

The following discusses another option to control the transfer process from one event
tree to a sub tree. This ability brings in the use of a new keyword, SeqTransfer(). See
the example below.

Linking Rule Structure (Example 11 — changing the transfer tree via SeqTransfer)
I

| This rule is for a transfer tree named SHARED.

| The SHARED event tree contains specific logic that may not be required under certain
| conditions; therefore, the event tree IE-B can change the transfer from SHARED to

| IE-A under that condition. This option will change the transfer sub-event tree from

| SHARED to IE-A and that is the sequence logic that will be generated.

if C* D then

SeqTransfer(SHARED) = eventree(IE-A);

endif

SHARED.ETG
IE-B‘G‘D| IE‘A‘ IE—A‘A|B‘
1

— 2
L END

The resultant sequence logic would be: [IE-B* C *D * A * B]
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4.4. Rules for Binary and Multiple-Split Branches

. Event tree branches are normally binary (one up, indicating success, and one
down, indicating failure). But, in general, there may be more than two “splits”
underneath a single top event.

. SAPHIRE addresses multiple branches by way of the event tree link rules.
Several important modeling conventions are provided in the following example.
The nomenclature for specifying a specific event tree branch under a top event is

demonstrated.

. For binary branching, the success branch for a top is denoted with the
complement symbol "/". SAPHIRE computes the probability for /A as P(/A) =1 -
P(A).

. For multiple-split branching, the failed branches are designated with the top

event name and the branch number in brackets.

The success branch (the uppermost one) is assigned index [0], but is indicated by using
the “/” nomenclature (see above). Then, the next branch (below the success branch) is
assigned index [1], the next branch index [2], etc.

| RULES FOR EVENT TREE IE-1
|
| A rule for a 2-split branch IE-1 | A | B |
| Note: DO NOT specify “/ATOP”
if always then

/A = ATOP; /ATOP 1
A = ATOP;
endif /B-ET
| A rule for multiple-split branch — 2
I
if always then BTOP1 3
/B = B-FT; ATOP
B[1] = BTOP1; BTOP2 4
B[2] = BTOP2;
B[3] = BTOP3; BTOP3 5
endif

68



SAPHIRE 8 Advanced Idaho National Laboratory

If you print a logic report to the screen during the link process (Right Click on Event
Tree IE-1 in list window select Link, and then check the “ Create Report” box before
clicking on OK) it will look like:

Q Event Tree Linking Results EI@
Meszage Event Tree Seguence Action Top Top Top Top End State Flag Set Phase Description
Event Tree Name: IE-1 5 A B[3] PHASE_1

substitutes  ATOP BTOP3

4 A B[Z] PHASE_1
substitutes  ATOP BTOPZ

3 A B PHASE_1
substitutes  ATOP BTOP1

2 A /B PHASE_1
substitutes ~ ATOP {B-FT

1 JA PHASE_1

substitutes  JATOP

Saved Sequences:

TOTALS = Saved Sequen...

2015/02i02 Page # 10:31:45%
Model Rew. 0....

Elapsed Time:  00:00:00.156 Publish

For multiple-split branches, you may want to construct a fault tree with the name that
corresponds to the substituted success branch name (in our case, B-FT).

. The “success branch” fault tree would consist of the failed systems, BTOP1,
BTOP2, and BTOP3 "ORed" together.

. Remember that SAPHIRE will automatically complement the fault tree when it
solves the success branch (i.e., the uppermost branch).

To include a complemented event in event tree cut sets, you must specify the Y
Process Flag (in the Modify =» Basic Events option) for the applicable top event. In
this example, you would set the Y Process Flag for ATOP and B-FT.

Then, to use the correct probability for this “success branch” fault tree, you will need to

. Set the B-FT event to a calculation type of “S” in order to tell SAPHIRE to use the
fault tree cut sets for the event probability.

. Solve the fault tree (B-FT) prior to the sequence analysis.
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4.5. Event Tree Linking Rule Keywords and
Nomenclature

Each of the “rules” in SAPHIRE (linking, recovery, and partition) has their own
nomenclature. The table below lists the keywords available for linking rules.

Keyword or
symbol Definition Example Usage

Keyword that indicates a if "search criteria” then

if then search criterion is being perform some action on the sequence;
specified. endif
Keyword that indicates the end | if "search criteria" then

endif of a particular rule. perform some action on the sequence;

endif

Keyword that specifies some if "search criteria" then

else action to be taken if all the PERFORM SOME ACTION ON THE SEQUENCE;
search criteria are not met. else
The else should be the last perform some other action on the sequence if
condition in the event tree search criteria not met;
linking rule. endif
Keyword that specifies an if "search criteria" then

elsif alternative search criteria. Any perform some action on the sequence;
number of elsifs can be used elsif "2nd search criteria” then
within an event tree linking perform some other action on the sequence;
rule. elsif "3rd search criteria" then

perform some other action on the sequence;
endif

Keyword that indicates every if always then

always fault tree top event satisfies the perform some action on the sequence;
search criteria. endif
Keyword used in the search if init(INITIATOR-NAME) * "other search criteria

init() criteria to indicate that the if needed" then

sequence logic has a particular
initiating event.

perform some action on the sequence;
endif

Symbol used to represent a
comment contained in the
rules. Everything on a line to
the right of this symbol will be
ignored by the rule compiler.

| Place your comments here!

| Note that blank lines are also permissible!
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Keyword or
symbol

Definition
Symbol used in the search
criteria to indicate that a
particular top event will not be
in the sequence logic that is
being tested.

Idaho National Laboratory

Example Usage
if (~SEARCH-CRITERIA) * "other search criteria
if needed" then

The search criteria will be satisfied for all
sequences that do not contain SEARCH-
CRITERIA (and also contains the optional "other
search criteria”). SEARCH-CRITERIA may be
an initiating event, top event, or macro.

Symbol used to represent a
complemented event (i.e., the
success of a fault tree).

if /TOP EVENT) * "other search criteria" then

The search criteria will be satisfied for all
sequences that contain the complement of TOP
EVENT (and also contains the optional "other
search criteria”).

Symbol to indicate the end of a
macro line or a line that
modifies the sequence logic
being evaluated.

| usage for a macro command

MACRO-NAME = "search criteria" ;

| usage for a sequence modification line
FT=FT-1;

Symbol to indicate the logical
AND command.

if SEARCH-CRITERIAL * SEARCH-CRITERIA2
then

The search criteria will be satisfied for all top
events that match SEARCH-CRITERIAL and
SEARCH-CRITERIA2. The SEARCH-
CRITERIA# may be an initiating event, macro,
or top event.

Symbol to indicate the logical
OR command.

if SEARCH-CRITERIA1 + SEARCH-CRITERIA2
then

The search criteria will be satisfied for all top
events that match either SEARCH-CRITERIA1
or SEARCH-CRITERIA2. The SEARCH-
CRITERIA# may be an initiating event, macro,
or top event.

0

Symbols to indicate a specific
grouping of items.

if (A +B) * (C + D) then

The search criteria above would return all top
events that contain:
[A*C],[A*D], [B*C],or[B*D].

Keyword to indicate the
substitution of one event tree
top (i.e., fault tree) for another
event.

if "search criteria" then
ET-FT = ET-FT1,
endif
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Keyword or
symbol
endstate

Definition
Keyword to assign an end
state to a sequence (based
upon sequence logic). [This
can also change the existing
end state to a new one.]

Idaho National Laboratory

Example Usage
If “search criteria” then
eventree(ET-NAME) = endstate(ES-NAME);
endif

eventree()

Keyword to indicate a change
in the sequence transfer name.

if "search criteria" then
eventree(ORIG-TRAN) = eventree(NEW-

TRAN);

endif

Keyword to indicate a change

if "search criteria" then

between sequence and system
with the use of categories.

SeqTransfer() in the sequence transfer name. | SeqTransfer(ORIG-TRAN) = eventree(NEW-
TRAN);
endif
Keyword to indicate that a if "search criteria" then
Skip() sequence meeting the search ET-FT = Skip(ET-FT);
criteria will be “skipped” (i.e., endif
not generated and will not
show up in the database).
SkipSequence Keywords with the same if “search criteria” then
SkipSystem function as Skip( ), however it SkipSequence;
provides further delineation endif

End_Rule_Section

Provides a break from one rule
group to the next rule group in
layered rules.

First set of rules
End_Rule_Section
Second set of rules.

LerfFactor

Keyword to assign LERF
factors to sequences that meet
the search criteria. These
factors are used for SPAR
models when performing SDP
analyses.

if init(event tree) then

lerffactor = 1.0; |[numerical value between 0 < 1
elsif RPS then

endif

[]

Keyword to indicate the
number of the event tree
branch for multiple-split branch
points. The first branch under
the top branch is designated as
1. The second is designated
as 2, etc.

if "search criteria" then

/ET-FT = NEW-TREE-NAMEL1;
ET-FT[1] = NEW-TREE-NAMEZ2;
ET-FT[2] = NEW-TREE-NAMES;

endif
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Keyword or
symbol

MACRO

Definition
A macro is a user-definable
keyword that specifies search
criteria. The macro name must
be all upper-case, must be 24
characters or less, and must
not include any of the restricted
characters (e.g., a space, *, ?,
\, /). The macro line can wrap
around to more than one line,
but must end with a semicolon.

Idaho National Laboratory

Example Usage

MACRO-NAME = SEARCH-CRITERIA,

if MACRO-NAME then

perform some action on each sequence;

endif

[Macros are only applicable in the particular
[rule set where they appear. In other words,

|[you cannot define a macro in event tree
[’A” and expect to use it in event tree “B.”

4.6. “Edit Linkage Rules” Event Tree Editor

. To use the event tree linkage rule editor, highlight the event tree, right click the
mouse and select the “Edit Linkage Rules” editor.

%3¢ Edit ET Linkage Rules - LOSP

File Edit Search View Options
B |« o | R o4
1| The “if-then”™ Rule Structures:
2 | This rule replacss O with C-5F¥S
2 | when A 2nd B ars both failesd.
4 | (Only sequences & and 7 are affected
5 | by this rule)
-]
vIf A * E then
g fC = C-5¥5;
9 C = C-5¥5:
18 endif

11
1z
iz
14
15
16
17
iz

L Ll

==

Always
End_Rule_Section
Endsztate
Ewvent
Eventres
Falze

Flag

|grore

it
LertFactor
Wode

Phaze
SeqTransfer
Sequence
Skip
SkipSequence
SkipSystem
System

True
Warkum
Warstr

m

Rules Editor Toolbar:

-
B
P
RoR

Save

Compile
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Ko Undo or Redo action

& Find, Find Next, and Find Previous

g Replace

i35 Tos Comment highlighted block, Un-Comment highlighted block

Rules Editor Menu Bar:

File — The file drop down menu allows the user to compile, import or export text,
and save or both save and exit the rule editor. A check of the script status is
performed on an exit of the rule editor. If there is a problem found (i.e. script is
not compiled or has errors in the compile) the user is prompted to optionally fix
the problem without exiting the editor.

Edit — The edit drop down menu allows the user to undo, redo, cut, copy, paste
insert indents or spaces, comment or uncomment any portions of the existing
rules,

Search — The search drop down menu allows the user the ability to search the
rules, find the next or previous, or replaces character strings.

View — The view drop down menu is used in concurrence with Options = Show
Item Lists and will show or hide items in the list pane opened to the left of the
editing pane.

Options — The options drop down menu controls what panes are visible (Show

Function List and Show Item List), what is displayed in the list pane (Header and
Description), and can save the current configuration as the default configuration
for the rules editors in the project.

The following image shows the rules editor including the list pane.
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File—_View Bookmarks Publish Project Tools« Help

o Standard ~

SWS-MDP-FR-A
SWS-MDP-FR-B
SWS-MDP-FS-A
SWS-MDP-FS-B
BWS-XHE-XL-MOREC
TRANS-EQ1-FA

SWS motor driven pump tr.
SWS motor driven pump tr.
SWS motor driven pump A.
SWS motor driven pump ...
OPERATOR FAILS TO RE
TRAMSIEMT OCCURS D...

L] Main Trees -

MNew faulttree

CCS Containment Cooling System
cCs-L Containment Cooling System
CD-EQ1 Core Damage Due to Major St...
CD-EQ3 Core Damage Due to Major St
COMNTAIN

Containmnent System

« Main Trees -

Mew event tree
EQ1
EQ3

4 Seismic Initiator (0.05 - 0.3g) §
5

+ FLI-FZROOM1

v

-

Seismic Initiator (= 0.50) Soli’s ...
Flood Rupture in Room 1

FRI-ROOMSWG Fire in Switchgear Room causi..

LOSP Loss of Offsite Power Event Tree

k= All -

Mew end state ...

cD Added through Event Tree Add

CD-JIM

EQ1-ES Seismic Bin 1

EQ3-ES Seismic Bin 3

EXTERMNAL-EVEMNTS
© Al -

MNew change set

CCF Increase CCF events by a factor of 10
EQUIP Increase Templates by a factor of 10
SSIE-ON Turn on SSIE
™
4 .SDP (Significance Determination Process)
“..New SDP..
4 ECA(Events and Conditions Assessment)
L-New ECA.

a General Analysis
i..Mew Analysis

‘O Open Windows

Il

<y, Search

<2 SAPHIRE [project: "DEMO-FULL - Demo Project using Advanced Related Topics” folder: "EAINL415325 Backup\Training\MRC training\saphire manuals\SAPHIRE Advanced...| = || = |[ 52

Show Welcome

4. LOSP (ET)
L. LOSP (ET Rules) Linkage

< Edit ET Linkage Rules - LOSP

File Edit Search View Options
B o o da 2| sz 52

1 en-elsif-else" Structure:

2/l

N C with C-NA when A is

4 ssful

s Replaces € with C-NBE if B is

5 successful

7 Replaces © with C-XX in any cther

g | case

2

18 if /& then

11 /T = C-NA:

1z C = C-Na;:

12 elsif /B then

14 /C = C-NB;

15 C = C-NB:

16 else

17 JfC o= C-Xx:

12 C = C-XX;

19 endif

20

21

=

22

24

25

26

27

=]

29

=

a1

22

=

34

ES]

26

a7

=

=9

an

41

az

43

as

45

as

a7

43

a3

=]

51

=]

53

m

[ = B | =

Ahways
End_Rule_Section
Endstate

Event

Eventres

False

Flag

Ignore

LertFactor

Phase
SeqTransfer
Sequence
Skip
SkipSequencs
SkipSystem
System

True

W artummn
WarStre

Model Version 1.1 _Saphire 8.1.3

. Editing Pane

O Items can be dragged and dropped to the editing pane from the main list
panes outside of the editor, the list pane within the editor, and the
function pane within the editor.

0 Items can be inserted where the cursor is in the editing pane by double-

clicking on a list item or function within the editor.

e Double-clicking on a main list item outside the editor opens that list

item for editing.

Note:

than DG-a).

Functions are not case sensitive, (i.e. AddEvent is the same as
addevent) but variables are case sensitive (DG-A is different
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4.7. “Project Linkage Rules” Editor

A new rule editor was added to give the analyst the ability to create linkage rules that
will be applied to all event trees. These rules get applied when the event tree accident
sequences are generated via “link” or saving the event tree(s).

¢

76

To use the “Project” linkage rule editor, under the Project - Edit Rules option,
select “Linkage Rules” editor.

) Modify

Project| Tools: Help

L ~]3

Edit Rules

|

&y Documentation
Categories
Phases

Model Types

End State Partition
ET (Post-processing)
ET (Post-processing)

Flag Sets
Change Sets

Histograms

¢ User Settings

=5 D

Linkage Rules

The rules are created the same as the Link Event Tree rule.

0 Items can be dragged and dropped to the editing pane from the main list
panes outside of the editor, the list pane within the editor, and the
function pane within the editor.

0 Items can be inserted where the cursor is in the editing pane by double-
clicking on a list item or function within the editor.

Double-clicking on a main list item outside the editor opens that list

item for editing.
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%% Edit Project Linkage Rules -
File Edit View
B | e o | dh

Search

if always then
eventree (EQL)
eventree (EQ3)

endif

1

z2

=

4 eventree (FLI-FZRCCM1) =
£ ewventree (FRI-ROCOHMEWGE) =
&
T
=

Opticns

aa [T
SEE | lee dee

= Endstate (CD-JIM) ;
= Endstate (CD-JIM) ;

End=state (CD-JIM) ;
Endstate (CD-JIM) ;

(2 (oo )

Alwayz
End_Fule_Section
Endstate
Event
Eventres
Falze

Flag

|gnore

| ik
LerfFactor
Mode
Phaze
Seqlransfer
Sequence
Skip
SkipSeguence
SkipSystem
Syztem
Tiue
Warum
WarStr

4.8.

“Top Event Substitution” Event Tree Graphic

Default top events can be replaced directly from the event tree graphics. This new
option creates the linking rules discussed above behind the scenes based on the
substitution specified.

. To use this option, open up the event tree of interest via double-clicking or
highlight event tree, right-mouse click and select Edit Logic.

* Select the node

@

a new top event based on success criteria, etc.

0 Right-click the mouse and select Edit

Substitute Model Name:
-USE-TOP-EVENT-AS-IS-

Branch Annotation:

4 Edit Event Node (Top Event = CCS) | = || & s3]

Phaze:

[ JDK ]| xt‘.ﬂncel|

beneath the default top event that needs to be changed to
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¢ Click the drop down option under “Substitute Model Name:” and then
select the new top event from the list of top events (fault trees) that is
going to be used for this specific sequence.

9% Edit Event Node (Top Event = CCS) | = || & |[wE3w]

Substitute Model Name:

CCS-A -

Branch Annotation:

Phaze:
PHASELT
[ v OK ][ xCanDeI]
0 If the same fault tree is going to be used for both the success and failure,

which in most cases will be true, then both success and failure branch
nodes need to specify the same top event (fault tree).

Loss of Offsite Power Emergency Cooling Containment Cooling
System System
LOSP ECS CCS
. CCS-A
CCS-A
0 Now save the event tree and the new sequence logic based on the top
event substitution will be used when solving the sequences for minimal cut
sets.

& Event Tree Linking Results e[ (]
Mes=age Event Tree Sequence Action  Top Top Top Top End State Flag Set Phase Description
Event Tree Name: LOSP 3 ECS CC5-A LARGE-RELEASE PHASE_1

2 ECS ICCS-A SMALL-RELEASE PHASE_1

Saved Seguences: 2.

TOTALS = Saved Sequen...

201502102 Page # 10:55:08
Model Rev. ...

Elapzed Time:  00:00:00.060
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| 5 | POST PROCESSING RULES

Section 5 presents the “Post Processing Rules” editors. These editors allow you to
create rules that affect existing cut sets in a “post-processing” fashion. The rule-based
editors are available for both fault tree and sequence cut sets.

5.1. Post Processing Rules Editor Introduction

The SAPHIRE Post Processing Rules are "free-form" logic rules that allow for the
alteration or deletion of fault tree or sequence cut sets. These post-processing rules
can be applied to all event trees and fault trees via ( Project = Edit Rules =» ET(Post
Processing) or FT(Post Processing) or applied to individual event trees and fault
trees via highlighting the event tree or fault tree, right mouse click and selecting Edit
Post-processing Rules.

Note:
Formerly called "recovery rules,” post processing rules have evolved from the
simple inclusion of recovery events into a powerful rule-based system for cut
set manipulation.

The Post Processing Rules can be used for probabilistic risk assessment techniques
such as:

. The automated inclusion of sequence recovery events

. The inclusion of dependent operator actions

. The elimination of mutually-exclusive events (e.g., impossible combinations of
events).

The rules follow a format similar to the structure that is found in traditional programming
languages (e.g., BASIC or PASCAL). As such, the ability exists to define "macros" and
"if...then" type of structures.

The rules may be developed for a particular fault tree; all fault trees, a single event tree,
or all sequences.
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Item Menu Path Name of rule(s)
Specific fault tree | Fault Tree = Edit Post-processing Rules |“Fault Tree” Rule Level
All fault trees Project = Edit Rules =& FT “Project” Rule Level
Single event tree |Event Tree =» Edit Post-processing Rules |“Event Tree” Rule Level
All sequences Project = Edit Rules = ET “Project” Rule Level

The rules are entered in a free-form text editor within SAPHIRE. Note: The rules can
be exported and loaded through MAR-D.

Use of the Post Processing Rules could result in non-minimal cut sets. Thus, the typical
steps in performing an analysis using the Post Processing Rules are:

. Finalize logic models and data changes by saving any modified trees
. Solve fault tree or sequence cut sets

. Apply Post processing Rules to applicable fault trees or sequences

. Perform a Cut Set Update to fault tree or sequence cut sets

. Perform Uncertainty analysis

. Display or report results

5.2. Post Processing Rules Nomenclature and
Structure

These examples apply to all the Post Processing rules editors. This rule editor
searches existing fault tree or sequence cut sets for cut sets matching the search
criteria defined in the rule. The rule is used to modify the cut sets matching the search
criteria.

Symbols

| Denotes a comment line ~ Operator for "not present”
* Logical AND operator + Logical OR operator

/ Complement () Parentheses
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Search Criteria Examples (for basic events X, Y, and 2)

Search Criteria Meaning of the Search Criteria

X Basic event X appears in the cut set

~X Basic event X does not occur in the cut set

IX Success of basic event X appears in the cut set

X*Y Both basic events X and Y appear in the cut set

X+Y Either basic event X or Y appear in the cut set

X*(Y + 2) Either X and Y or X and Z appear in cut set in the cut set

~X*Y Basic event Y does appear and basic event X does not appear
always This pre-defined macro-name means the criteria is always met.
system(ECS) Fault tree top event with name ECS

5.2.1. Post Processing Rules Examples

Post Processing Rule Structure (Example 1 —if-then)

| The "if-then" Rule Structure:
| This rule adds a recovery action BUSREC when electric bus B or C is failed
if EL-BUS-B + EL-BUS-C then

AddEvent = BUSREC,; | This keyword line must end with a semicolon.
endif
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Post Processing Rule Structure (Example 2 — if-then-elsif)

| The "if-then-elsif" Structure:
| This rule deletes the cut set if both diesel generators are out for maintenance.
| If the two DGs fail randomly, add a common cause event.

if (DG-1-MAINT * DG-2-MAINT) then
DeleteRoot;
elsif (DG-1-RAND * DG-2-RAND) then

| Copy the original cut set, remove the two failure events, then add CC
CopyRoot;

DeleteEvent = DG-1-RAND;

DeleteEvent = DG-2-RAND;

AddEvent = DG-CCF-1ANDZ2;
endif

Post Processing Rule Structure (Example 3 — appending recovery actions)

The example below shows how the post-processing rules could be used to include
recovery actions on specific cut sets via the Post Processing Rules Option.

| The rule attaches the recovery action NRAC-RMCOOL to every cut set for a

| particular sequence (or all sequences).

| This rule would probably be typed as a project rule to be applied to all event trees;
| however, it can be typed into the event tree sequence rule editor for the sequence
| of interest.

| A rule to apply NRAC-RMCOOL recovery event to all cut sets in the sequence.

if RM-A-FAN * RM-B-FAN then
recovery = NRAC-RMCOOL;
endif

Post Processing Rule Structure (Example 4 — mutually exclusive event removal)

The example below shows how the rules could be used to completely remove a
particular cut set from the cut set list via the Post Processing Rules Option.
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. There may be instances where a cut set should be removed because the
combination of basic events should not occur (e.g., two diesel generators out for
maintenance at the same time).

| This rule could be placed in either (or both) the fault tree project rules or the
| event tree project rules.

| Define a macro to get those cut sets that have combinations of two motor

| driven pumps out for maintenance.

PUMPS-IN-MAINT = MDP-A-MAINT * MDP-B-MAINT;

| Search for the maintenance events and then delete cut set.
if PUMPS-IN-MAINT then
| Delete the cut set
DeleteRoot;
endif

Post Processing Rule Structure (Example 5 —including dependent operator
action events)

The example below shows how the rules could be used to add dependent operator
action events to the cut sets via the Post Processing Rules Option.

. The usefulness of the Post Processing Rules for dependent operator action
modeling is limited by the fact that the cut sets containing the independent
operator actions must exist for the search criteria to work.

. If a probability truncation is specified when generating fault tree or sequence cut
sets, the independent operator action cut sets may be truncated.

| The search criterion identifies the failure combination of two operator actions in
|series. If these two basic events are found in a cut set then one of the operator
|actions will be removed and replaced with a new dependent operator action
|performing the same operation.

| This rule could be placed in either (or both) the fault tree project rules or the event
| tree project rules.
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| Define a macro to only pick up those cut sets that have combinations of
| RCI-XHE-XM-ERROR and HCS-XHE-XM-ERROR.

XHE-DEP = RCI-XHE-XM-ERROR * HCS-XHE-XM-ERROR;

| Search for the operator actions
if XHE-DEP then
| Now remove the independent operator action that is dependent upon the failure
| of the previous operator action.
DeleteEvent = HCS-XHE-XM-ERROR,;
| Now add the dependent operator action
AddEvent = HCS-XHE-XM-ERROR1,
endif

The new cut set would be RCI-XHE-XM-ERROR * HCS-XHE-XM-ERRORL1.

Post Processing Rule Structure (Example 6 — use of top events)

The example below shows how the rules could be used to search top events and apply
recovery basic events via the Post Processing Rules Option.

| The search criterion identifies the failure of top event CCS and applies a
| recovery event to all cut sets in the sequence(s).

if system(CCS) then
recovery = recover-CCS;
endif

5.3. End Section Post Processing Rule Keyword

End section rule keyword was developed to break a post-processing rule into separate
rules that are applied to cut sets. The keyword allows one rule to manipulate the cut
sets and stops at that point and then these manipulated cut sets are processed by the
next rule. This continues until all rules have been applied.

. The following will provide an example of the structure and application of this
keyword to post-processing rules.
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0 Assume the following cut sets are generated via the logic model

EPS-DGN-FR-A5HR * OEP-XHE-XL-1HR +
EPS-DGN-FR-B5HR * OEP-XHE-XL-1HR;

0 Now based on the structure or some other determining factor the 1 hour
recovery event (OEP-XHE-XL-1HR needs to be replaced by a 5 hour
recovery event). The following rule can be developed.

if OEP-XHE-XL-1HR * (EPS-DGN-FR-A5HR + EPS-DGN-FR-B5HR) then
DeleteEvent = OEP-XHE-XL-1HR;
AddEvent = OEP-XHE-XL-5HR;

endif

0 The new cut sets after the post processing rule is applied is:

EPS-DGN-FR-A5HR * OEP-XHE-XL-5HR +
EPS-DGN-FR-B5HR * OEP-XHE-XL-5HR,;

0 Now if there is a subsequent rule that has the following search criteria:

if OEP-XHE-XL-1HR * (EPS-DGN-FR-A5HR + EPS-DGN-FR-B5HR) then
AddEvent = OEP-XHE-XX-1HR;
endif

if OEP-XHE-XL-5HR * (EPS-DGN-FR-A5HR + EPS-DGN-FR-B5HR) then
AddEvent = OEP-XHE-XX-5HR;
endif
this rule will be applied to the original cut sets (generated via logic)
[EPS-DGN-FR-A5HR * OEP-XHE-XL-1HR +
EPS-DGN-FR-B5HR * OEP-XHE-XL-1HR]

0 The new cut sets would look like (given the substitution from earlier rule):

EPS-DGN-FR-A5HR * OEP-XHE-XL-5HR * OEP-XHE-XX-1HR +
EPS-DGN-FR-B5HR * OEP-XHE-XL-5HR * OEP-XHE-XX-1HR;
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The final outcome is not the correct resultant cut sets. This is due to how
SAPHIRE handles the cut sets and rules. SAPHIRE loads the cut sets up and
looks for all rules that need to be applied to this group of cut sets and then
applies these rules separately.

0 There are two ways to get the correct cut sets:
1. Use the elsif option as discussed above, or
2. Use the End_Rule_Section keyword

0 The End_Rule_Section rule option will be illustrated below and would use
the following rule structure. The resultant cut sets are also provided.

| Post-processing rules applied in the first pass through the cut sets.
if OEP-XHE-XL-1HR * (EPS-DGN-FR-A5HR + EPS-DGN-FR-B5HR) then
DeleteEvent = OEP-XHE-XL-1HR,;
AddEvent = OEP-XHE-XL-5HR;
endif

| Use the key word End_Rule_Section to separate the first set of post-processing rules
| with the new set of post-processing rules.

End_Rule_Section

| These rules will be applied to the resultant cut sets that are created (modified) from the
| first set of rules (look at this as the second pass).

if OEP-XHE-XL-1HR * (EPS-DGN-FR-A5HR + EPS-DGN-FR-B5HR) then
AddEvent = OEP-XHE-XX-1HR;
endif

if OEP-XHE-XL-5HR * (EPS-DGN-FR-A5HR + EPS-DGN-FR-B5HR) then
AddEvent = OEP-XHE-XX-5HR;
endif

The resultant cut sets after rules applied:

EPS-DGN-FR-A5HR * OEP-XHE-XL-5HR * OEP-XHE-XX-5HR +
EPS-DGN-FR-B5HR * OEP-XHE-XL-5HR * OEP-XHE-XX-5HR;

86



SAPHIRE 8 Advanced Idaho National Laboratory

The End_Rule_Section takes the group of cut sets that have been manipulated by the
first set of post processing rules and then applies the next set of post processing rules,
and continues if more section breaks are developed.

5.4. Convolution Post Processing Rule Keyword

Convolution keyword was developed to append the specially created basic event to
adjust sequence cut set frequencies based on time related basic events failing within a
cut set. This rule will search through the cut sets and when the cut set has been found
the special basic will be appended to the cut set in order to reduce its frequency based
on what the convolved sequence frequency should be.

. The following will provide an example of the structure and application of this
keyword to post-processing rules.

0 Assume the following sequence cut set is generated via the logic model

IE-LOOP * EPS-DGN-FR-A * EPS-DGN-FS-B * OEP-XHE-XL-NRO1H;
The frequency (assume) is 1.09E-5/yr

0 Since, the failure of this cut set is assumed to start at time = 0.0 and the
mission time is 24 hours for the diesel generator; this cut set frequency
over-estimates the fact that the failure actually occurred sooner and the
operators only have 1 hour to recover offsite power.

0 The correction factor needs to be applied. The rule structure is simple,
since the keyword knows exactly what combinations to search for
(developed when the basic event was created).

if Convolve_Cut_Sets then

AddConvolEvent;
endif

0 The above rule will search through the cut sets and where the cut set
combinations occur the convolution basic event is applied. For the simple
Demo project created the cut set of interest is:

IE-LOOP * EPS-DGN-FR-A * EPS-DGN-FS-B * OEP-XHE-XL-NRO1H,;
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Since EPS-DGN-FR-A * OEP-XHE-XL-NRO1H shows up together is a cut
set; the convolved basic event created in Section 3 will be appended to
this cut set to reduce the sequence cut set frequency

IE-LOOP * EPS-DGN-FR-A * EPS-DGN-FS-B * OEP-XHE-XL-NRO1H * OEP-
XHE-NN-NRO1H1;
The new frequency (correct) is 1.53E-6/yr (a factor of 0.139)

5.5. Post Processing Rule Keywords and
Nomenclature

Each of the “rules” in SAPHIRE (linking, post processing, and partition) has their own
nomenclature. The table below lists the keywords available for post processing rules.

Keyword or
symbol Definition Usage
Keyword that indicates search if "search criteria" then
if then criteria is being specified. perform some action on each cut set;
endif
Keyword that indicates the end of a | if "search criteria" then
endif particular rule. perform some action on each cut set;

endif

Keyword that specifies some action | if "search criteria" then

else to be taken if all the search criteria perform some action on each cut set;

are not met. The else should be the |else

last condition in the Post Processing perform some other action on each cut set

rule. not meeting the search criteria
endif
Keyword that specifies an alternative | if "search criteria" then
elsif search criteria. Any number of elsifs | perform some action on each cut set;
can be used within a Post elsif "2nd search criteria" then
Processing rule. perform some other action on each cut
set;

elsif "3rd search criteria" then
perform some other action on each cut

set;
endif
Keyword that indicates that every cut | if always then
always set that is being evaluated satisfies perform some action on each cut set;
the search criteria. endif
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Keyword or
symbol

init( )

Definition
Keyword used in the search criteria

to indicate that a sequence cut set
has a particular initiating event.

Idaho National Laboratory

Usage

if init(INITIATOR-NAME) * "other search
criteria if needed" then

perform some action on each cut set;
endif

End_Rule_Section

Provides a break from one rule
group to the next rule group in
layered rules.

First set of rules
End_Rule_Section
Second set of rules.

Symbol used in the search criteria to
indicate that a particular event will
not be in the cut set that is being
evaluated.

if (~SEARCH-CRITERIA) * "other search
criteria if needed" then

The search criteria will be satisfied for all cut
sets that do not contain SEARCH-
CRITERIA (and also contains the optional
"other search criteria"). SEARCH-
CRITERIA may be an initiating event, basic
event, macro, or logic expression.

Symbol used to represent a
complemented event (i.e., the
success of a failure basic event).

if /BASIC-EVENT) * "other search criteria"
then

The search criteria will be satisfied for all cut
sets that contain the complement of BASIC-
EVENT (and also contains the optional
"other search criteria").

Symbol used to represent a
comment contained in the rules.
Everything on a line to the right of
this symbol will be ignored by the
rule compiler.

| Place your comments here!

| Note that blank lines are also permissible!

Symbol to indicate the end of a
macro line or a line that modifies the
cut set being evaluated.

| usage for a macro command
MACRO-NAME = "search criteria" ;

| usage for a cut set modification line
recovery = RECOVERY-EVENT ;

Symbol to indicate the logical AND
command.

if SEARCH-CRITERIA1 * SEARCH-
CRITERIA2 then

The search criteria will be satisfied for all cut
sets that match SEARCH-CRITERIAL and
SEARCH-CRITERIA2. The SEARCH-
CRITERIA# may be an initiating event,
basic event, macro, or logic expression.
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Keyword or
symbol Definition Usage
Symbol to indicate the logical OR if SEARCH-CRITERIA1 + SEARCH-
+ command. CRITERIAZ2 then

The search criteria will be satisfied for all cut
sets that match either SEARCH-CRITERIA1
or SEARCH-CRITERIA2. The SEARCH-
CRITERIA# may be an initiating event,
basic event, macro, or logic expression.

Symbols to indicate a specific if (A+ B) *(C + D) then

() grouping of items.
The search criteria above would return all
cut sets that contain:
[A*C],[A*D], [B*C], or[B*D].
system() Keyword used in the search criteria | if system(ECS) then

to indicate that a fault tree perform some action on each cut set

contributes to the existence of the endif

cut set that is being evaluated.

Keyword that indicates that a if "search criteria" then

Recovery = recovery event is going to be added recovery = NAME-OF-RECOVERY;

to the cut set being evaluated endif

(SAPHIRE keeps record of all

recovery events).

Keyword that indicates that an event | if "search criteria" then

AddEvent = will be added to the cut set being AddEvent = EVENT-NAME;

evaluated.

endif

DeleteEvent=

Keyword that indicates that an event
will be deleted from the cut set being
evaluated.

if "search criteria” then
DeleteEvent = EVENT-NAME;
endif

Keyword that indicates that a new,

if "search criteria" then

NewCutset; empty cut set will be added to the list| NewCutset;
of cut sets. This new cut set then now make additions to the empty cut set...
becomes the cut set that is being endif
evaluated.
Keyword that indicates that the if "search criteria" then
DeleteRoot; original cut set (i.e., that cut set that DeleteRoot;
satisfied the search criteria) will be endif
deleted.
Keyword that indicates that the cut if "search criteria" then
CopyCutset; set being evaluated will be copied CopyCutset;

and added to the list of cut sets.
This copied cut set then becomes
the cut set that is being evaluated.

now make modification to a copy of the
cut set...
endif
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Keyword or

symbol Definition Usage

Keyword that indicates that the if "search criteria" then
CopyRoot; original cut set (i.e., that cut set that CopyRoaot;

satisfied the search criteria) will be now make modifications to a copy of the
copied. This copied cut set will then | original cut set...
become the cut set that is being endif
evaluated.
A macro is a user-definable keyword | MACRO-NAME = SEARCH-CRITERIA,;

MACRO that specifies search criteria. The if MACRO-NAME "and other search criteria"

macro name must be all upper-case,
must be 16 characters or less, and
must not include any of the restricted
characters (e.g., a space, *, 2, \, /).
The macro line can wrap around to
more than one line, but must end
with a semicolon.

then
perform some action on each cut set...;
endif

|[Macros are only applicable in the |particular
rule they are entered into

Convolve_Cut_Sets

Keyword that indicates the original
cut set (i.e., that cut set that satisfied
the search criteria) will be adjusted
by a correction factor. The keyword
for the correction factor in the rule is
AddConvolEvent.

If Convolve Cut_Sets then
AddConvolEvent;
endif

InvalidRASP_XProd
uct

Keyword that indicates the original
cut set (i.e., that cut set that satisfied
the search criteria) will be removed
from the cut set. This is used when
fully expanded R-Type CCF events
are used in the PRA model

If InvalidRASP_XProduct then
DeleteRoot;
endif

5.6. Fault Tree Post Processing Rules

. To create or edit Fault Tree Post Processing Rules on an individual fault tree,
highlight the fault tree in the fault tree list, right-click and select Edit Post-

processing

Rules.
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. To create or edit Fault Tree Post Processing Rules that will be used on all fault
trees in the project, from the main SAPHIRE screen, select Project = Edit
Rules = FT(Post Processing).

¢ Edit Project FT Post-processing Rules - DEMO-ADV E@
File Edit Search View Options
i o o | 44 2| s g2 Not Compiled
1 if C-MOV-CC—-A then - E3
2 DeleteRoot: AddConvolEwent
= endif AddE vent
Always
Convolve_Cut_Sets
CopyCutzet
CopyR oot
DreleteEvent
DeleteR oot
Erjd_F!uIe_Sev:tinn
::Lﬁahdl:ompﬁXF'roducl
IrwealidlE_<Praduct
IrvalidRASP_=Product
MewCutzet
Recovery
. Fault Tree Post Processing Rules are applied to fault tree cut sets by checking

92

the Apply Post-processing Rules checkbox. If the project contains post-
processing rules, this option will be available to be checked. If there are no post-
processing rules, this checkbox option will be grayed out. If there are post-
processing rules that need to be applied, this checkbox needs to be checked or
no rules will be applied.
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5.7.

%% Solve Cut Sets for CCS (FT) 7 = I |

Settings | Results

Cut Set Truncation Options

By Probabilty | Global ~ | 1.000E-13

[7] Solve using Flag Set

Solve For Model Types

Model Types

[T EqQREAL

FLLL_POWER
cD

[] NT-FIRE

[ NTFLOOD

[ sEISMIC-BIM-1

[ sEISMIC-BIN-3

m--H

Threads to use on solve 1

E-- -

Quantification Method

* Min Cut Upper Bound -r]

[ Solve starting at gate

Solution Steps
Solve for Cut Sets

Apphy Post-processing Rules
Update / Quantify Cut Sets

[ quantify Cut Sets

|:| Copy Cut Sets to Nominal Case
[Tl clear Current Case

[ ‘/Sur'.re ] [ xgluse]

The post-processing rules are applied in the following order:

1. Fault tree specific post-processing rule
2. Project (Fault Tree) post-processing rule

If there are any over lapping rules, the final cut sets may be incorrect (i.e., fault
tree specific rule adds a recovery event and then the project rule adds a different
recovery event, the final cut set will have multiple recovery events, which may be
incorrect.)

Event Tree Sequence Post Processing Rules

To create or edit Event Tree Post Processing Rules on an individual event tree,
highlight the event tree in the event tree list, right-click and select Edit Post-
processing Rules.
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. To create or edit Event Tree Post Processing Rules on all event trees in the
project, from the main menu, select Project = Edit Rules =» ET(Post
Processing).

g Edit Project ET Post-processing Rules - DEMO-ADV [ | [Es]
File Edit Search View Options
@ §§§§ | = @ | 4 a:B| I:: §§§| Mot Compiled

1 if 5-DGHN-FR-Z then
2 DeleteRoot; AddComvolEvent

3 endif AddE vent

Always
Convolve_Cut_Sets
CopyCutzet

CopyRoat
DeleteEvent

D eleteR oot
End_Rule_Section

It
IrvalidComp_p<Product
IreealidlE_+<Product
IrvalidRASP_<Praduct
MNewCutset

Fecoverny

¥

. Event Tree Post Processing Rules are applied to event tree cut sets by checking
the Apply Post-processing Rules checkbox. If the project contains post-
processing rules, this option will be available to be checked. If there are no post-
processing rules, this checkbox option will be grayed out. If there are post-
processing rules that need to be applied, this checkbox needs to be checked or
no rules will be applied.
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%@ Solve Cut Sets for TRANS (ET) =[]

Settings | Results

Cut Set Truncation Options

By Probability 1.000E-11
) Model Types
By Size 7] EQREAL
=

FULL_POWER

Solve For Model Types

[[] Solve using Flag Set o
] INTFIRE
Threads to use on solve 1 I:l INT-FLOOD

[] sEISMIC-BIMN-1
[ sSEISMIC-BIN-3

B--E--E--F

Quantification Method

* Min Cut Upper Bound v]

Solution Steps
Solve for Cut Sets

Apphy Post-processing Rules
Update / Quantify Cut Sets
Quantify Cut Sets

[T] Clear Cut Set Partitions

[] Apphy Partition Rules

|:| Copy Cut Sets to Mominal Case
[ clear Current Case

| v’ Solve | [ x Close ]

. The post-processing rules are applied in the following order:

1. Event tree specific post-processing rule
2. Project (Event Tree) post-processing rule

. If there are any over lapping rules, the final cut sets may be incorrect (i.e., event
tree specific rule adds a recovery event and then the project rule adds a different
recovery event, the final cut set will have multiple recovery events, which may be
incorrect.)
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Rules Editor Toolbar:

B Save

t4 Compile

o Undo or Redo action

# Find, Find Next, and Find Previous

e Replace

i35 Tos Comment highlighted block, Un-Comment highlighted block

Rules Editor Menu Bar:

File — The file drop down menu allows the user to compile, import or export text,
and save or both save and exit the rule editor. A check of the script status is
performed on an exit of the rule editor. If there is a problem found (i.e. script is
not compiled or has errors in the compile) the user is prompted to optionally fix
the problem without exiting the editor.

Edit — The edit drop down menu allows the user to undo, redo, cut, copy, paste
insert indents or spaces, comment or uncomment any portions of the existing
rules,

Search — The search drop down menu allows the user the ability to search the
rules, find the next or previous, or replaces character strings.

View — The view drop down menu is used in concurrence with Options = Show
Item Lists and will show or hide items in the list pane opened to the left of the
editing pane.

Options — The options drop down menu controls what panes are visible (Show

Function List and Show Item List), what is displayed in the list pane (Header and
Description), and can save the current configuration as the default configuration
for the rules editors in the project.

The following image shows the rules editor including the list pane.
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¢ SAPHIRE [project: "DEMO-ADY - DEMO Project for Advanced SAPHIRE training” folder: "C:\Saphire 8\demo-advi"] = |
File View Bookmarks Publish Project Toels Help
- »
Show Welcome
RDG-A - e I —
S DGN-FRA Diesel Generat. 4 Edit Project ET Post-processing Rules - DEMO-ADV (===
S-DCMN-FR-B Diesel Generat... File Edit Search View Options
S.DGN-FS-A Diesel Generat B @it cu | #A 25 || iR &2
S5-DGM-F5-B Diesel Generat 1 if S—-DGN-FR-Z then K
S-LOCP Developed Event 2 DeleteRoot; AddConvolE vent
S-THK-FC-T1 RWST Supply F. 2 endif AddEvent
Always
SBO - Conwvolve_Cut_Sets
E CopyCutset
- = Copyhoct
DeleteE vent
Mew faulttree DreleteRoot
cCs Containment Cooling Syste Fn';‘ldfF‘“Ie—SEC“D”
ECS Emergency Cooling System IreealidComp_pProduct
| IrvealidlE_»<Praoduct
SEIS-BLD BUILDIMNG STRUCTURALI... I alidFASP SProduct
SEIS-LOCA REACTOR COOLANT SYS... MemCutet
SEIS-LOSP OFFSITE POWER MAIMNTAL.. Fecavery
e B
MNew eventtree ...
+- LOSP Loss of Offsite Power
+- SEISMIC Seismic Example Event Tree
© Al | ¥
‘00 Open Windows S
a - DEMO-ADVY (Proj)
i.. DEMO-ADV (Proj Rules) ET Post Processing
4| 3
il U C Model Version 0.0 Saphire 8.1.2

. Editing Pane

O Items can be dragged and dropped to the editing pane from the main list
panes outside of the editor, the list pane within the editor, and the
function pane within the editor.

O Items can be inserted where the cursor is in the editing pane by double-
clicking on a list item or function within the editor.

e Double-clicking on a main list item outside the editor opens that list
item for editing.

Note:
Functions are not case sensitive, (i.e. AddEvent is the same as
addevent) but variables are case sensitive (DG-A is different
than DG-a).
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5.8. A“Complicated” Post Processing Rule Example

Now, an example is presented that utilizes several of the Post Processing rule
keywords. In this example, it is assumed that only a single cut set matches the search
criteria. This cut set has a single basic event (A) and is called the Root cut set. The
overall rule looks like:

If A then
AddEvent = B;
NewCutset;
AddEvent = C;
DeleteRoot;
CopyCutset;
AddEvent = D;

endif

The outcome of applying this Post Processing rule is shown in the following table.

Step Applied Keyword Resulting cut set(s) Comment
1 | AddEvent = B; (1) A*B Event B is attached to the "currently-
evaluated" cut set.
2 NewCutset; (1) A*B A new blank cut set is included in
(2) blank the list of cut sets. This new cut set
now becomes the "currently-
evaluated" cut set.
3 | AddEvent = C; (1) A*B Event C is attached to the "currently-
(2) C evaluated" cut set.
4 DeleteRoot; (1) C The Root cut set is removed.
5 CopyCutset; (1) C A new cut set is included in the list
(2) C of cut sets that is a duplicate of the
old "currently-evaluated" cut set.
Note that this is different than the
“CopyRoot” command which would
have included a new cut set with
event A in the cut set (i.e., the
starting cut set).
6 | AddEvent = D; (1) C Event D is attached to the "currently-
(2) C*D evaluated" cut set.
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| 6 | END STATE ANALYSIS

Section 6 describes the end state analysis features in SAPHIRE. Cut sets derived by
analyzing event tree sequences can be grouped into end states by specifying the
sequence end state on the event tree or by developing end state partitioning rules.
Both approaches are described in this section.

Losz of Offzite Power Emergency Coaling System | Containment Coaling System 3 End =tate
[Phaze - PH1)

LOSP ECS CCS

O G 1 (8]

S i SMALL-RELEASE ||

C 3 LARGE-RELEASE
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6.1. End State Analysis Approaches

End state analysis is simply the grouping of cut sets generated from event tree
sequences in ways that are useful to the analyst. Cut sets grouped by end state can be
conveniently displayed and reported, and end state uncertainty analysis can be
performed. There are two basic approaches provided in SAPHIRE to group cut sets
into end states:

1. End state analysis by specifying sequence end states — in this approach, the
end state is specified for each event tree sequence in the graphical file.

2. End state analysis using partitioning rules — in this approach, user-defined
rules are used to assign end states. Features include:

e Application of rules to the entire database project, event trees, and/or
sequences.

e Cut sets from the same sequence can be grouped into separate end
states.

e End state names can be creating using a "layering process" that allows
character substitutions.
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6.2. End States by Specifying Sequence End States

Two accident end states (SMALL_RELEASE and LARGE_RELEASE) are specified on
the LOSP event tree. Note that OK end states are ignored.

* - SAPHIRE Event Tree Editor LOSP (ET Edit) Q@@

File Edit Insert Yiew Help

Zoom % > [0 Phaze
Loss ofOffsitePower EmergencyCoolingSystem ContainmentCoalingSystem # Endstate
(Phase - PHT)
LOSP ECS CCS
O o 1 -
: O 2 SMALL-RELEASE
C}: O 3 LARGE-RELEASE

The end states specified in the "End-State” column automatically become end states in
the database.

. The graphical event tree editor discussed in the Basics course on how to develop
an event tree.

. To edit the description of an end state from the main screen, double click on an
end state in the End State list panel. More detailed editing can be accomplished
in the Event Tree editor by right clicking on the sequence end state and selecting
Edit as described in the basics manual.

. Delete end states that are no longer used by right clicking on the end state and
selecting Delete.

. Cross reference an end state by highlighting the end state and using the main

menu Tools = Cross References to list the event tree sequences that are
grouped into the highlighted end state.
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6.2.1. Gather End State Cut Sets

Steps to gather End State Cut Sets:

1. Sequence cut sets must be generated (highlight all Event Trees then right
click on the highlighted list and select the Solve option).

2. Gather end state cut sets by highlighting all the End States of interest in
the End States list panel, right click on the highlighted list and select
Gather (if end states not visible, use the main toolbar View - End States
to see the End States list panel).

< 2
Mew end state ...

LARGE-RELEASE

SMALL-RELEASE Gather
View Summary Results

View Cut Sets
Edit Cut Sets
o View Importance Measures

View Uncertainty
MNew change set ..

Hide / Show »
Set Bookmark
Goto Bookmark

Delete

6.2.2. Options to Gather End States Cut Sets

Performing the steps in 6.2.1 opens the Solve Cut Sets form shown below.

S8 Solve Cut Sets for CD (ES) e ==

Settings | Results

Cut Set Truncation Options

By Probability 1.000E-11

Sohve For Model Types

. KModel Types
By Size ] EQREAL
= FULL_POWER
cD
Quantification Method
[ NT-FIRE
* Min Cut Upper Bound v] [C] mNT-FLOOD
[C] sSEISMIC-BIM-1
[C] SEISMIC-BIM-3
Gather By: @ Seqguence End State ) Cut Set Partition

Solution Steps
Gather Cut Sets

Update / Quantify Cut Sets

Quantify Cut Sets

|:| Copy Cut Sets to Mominal Case

[] Clear Current Case

|:| Clear Current Case (All Models)

|:| Copy Cut Set= to Nominal Case (All Models)

| W Solve | [ XK Close ]
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Cut Set Truncation Options
Cut Set Truncation (Probability)

¢ Choose None (i.e., no truncation) or choose Normal and manually set the
truncation value in the textbox (it automatically defaults to the project
setting). The cut sets below the selected value will not be retained.

Size Truncation — From the dropdown menu,

¢ Size eliminates cut sets having more events than specified value textbox
to the right of Size Truncation.

0 None and the number of events in a cut set will not affect whether the cut
set is kept or discarded.

¢ Zone eliminates cut sets having more events with the Process Flag = Z
than specified in the value textbox.

Quantification Method

¢ Minimal Cut Set Upper Bound — Calculates the end state frequency
using the mincut upperbound equation.

¢ Rare Event — Calculates the end state frequency by summing up the cut
sets.

¢ Min/Max — Calculates the using the “inclusion/exclusion” rule.

Gather By

¢ Seguence End State — Activate this radio button to gather the end
states specified on the event tree sequences (e.g., via the graphics).

¢ By Cut Set Partition — Activate this radio button to gather the end states
created when end state partitioning rules were applied.

Solution Steps
Gather Cut Sets

¢ This option gathers existing cut sets (generated from the event tree
sequences). The end state frequency is quantified using the minimal cut
set upper bound approximation. (Non-minimal cut sets are eliminated
within each end state.)

Update / Quantify Cut Sets

¢ This option uses the existing end state cut sets and performs Boolean
algebra step to remove any non-minimal cut sets and then requantifies
these cut sets minimal cut set upper bound approximation (or rare event)
to obtain the end state frequency.
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Quantify Cut Sets

¢ This option uses the existing end state cut sets and requantifies the end
state frequencies using the minimal cut set upper bound approximation
(or rare event). This option is designed to quickly requantify the cut sets
when data changes have been made.

Copy Cut Sets to Nominal case

¢ Check this box to update the nominal case with end state cut sets and
overall frequency.

Clear Current Cut Sets

¢ Check this box to clear out the current case cut sets (i.e., zero out the cut
set listing).

Clear Current Cut Sets (All Models)

¢ Check this box to clear out the current case cut sets for all model types
within the project (i.e., zero out the cut set listing).

Copy Cut Sets to Nominal case (All Models)

¢ Check this box to update the nominal case with end state cut sets (for all
Model types within the project) and overall frequency.

Solve For Model Types

¢ Check marks should be in the model types of interest.

6.2.3. Description of End States list menu options

The list menu for End States is accessed by right clicking on highlighted end state(s) of
interest:
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e T T iy ey ey
WY SAPHIRE [project: "DEMO-ADY - DEMO Project for Advanced SAPHIRE training” folder: “CASaphire Buderno-ad "] (=2
File View Bookmarks Publish Project Tools Help . = __; - = ol
‘o’ Basic Events [ standara
Hew basic event . -
C-CKV-CC-A CCS Train ADise... |
C-CKV-CC-B CCS Train B Disc.. s Ap H I R E
C-MOV-CC-1 cAir
C-MOV-CC-A
‘& Fault Trees

Mew fault tree .,
cCS Containment Cooling Sys...
ECE Emer oy Cooling Syste... |E
SEIS-BLD BUILDING STRUCTURAL
REACTOR COOLAMT 3Y

T

Loss of Offsite Fower
Selsmic Example Event Troe

‘2 End States [an

Mow end state

LARGE-RELEASE
SMALL-RELEASE Cathar

View Summary Results
: View Cut Sets
C Change Sets Edit Cut Sets

rew change set . View Importance Measures
View Uncertainty

Hide / Show
Set Bookmark

- - Goto Bookmark
L Open Window

Delete

Gather

¢ Discussed above; this option gathers existing cut sets (generated from
the event tree sequences). The end state frequency is quantified using
the specified calculation. (Non-minimal cut sets are eliminated within
each end state.)

View Summary Results

¢ This option opens a results form for the chosen end state(s) which
includes Point estimates and uncertainty.

View Cut Sets

¢ This option displays the chosen end state(s) cut sets as illustrated below:

¢ The minimal cut set upper bound approximation frequency of the end
state and the end state cut sets are now displayed.

¢ The cut sets can be expanded to show basic information and the path by
individually by clicking on the “+” to the left of the numbered cut set or
view all cut sets as expanded by clicking on Expand All. To show the
origin, activate the Show Origin checkbox.

¢ End state cut sets can be reported by clicking the Publish button.

105



SAPHIRE 8 Advanced

106

Idaho National Laboratory

¢ Click on Slice to slice the end state cut sets by Cutoff, Events, and
Attributes using the form and functions described in Section 15, Viewing
Cut Sets (SAPHIRE Basics Manual).

8% Cut Sets for SMALL-RELEASE (ES Cut Sets) =R ==
Project: DEMO-ADV - DEMO Project for Advanced SAPHIRE fraining Current Case hd
Project Folder: (C:\Saphire 8\demo-advi
Modei Type:  RANDOM
[ showMT || Show Phase |
Original
i Cases | Prob/Freq | Total % Cut Sets
5.808E-2 100 Displaying 19 Cut Sets. (19 Original) -
+ 1 Cc 4 861E-2 83.69 LOSP S-DGN-FR-A
+- 2 C 9.200E-3 15.84 LOSP S-DGN-FS-A
+ 3 C 4 G00E4 0.79 LOSP E-MOV-CC1
+- 4 C 3. 312E-6 < 0.01 LOSP E-PMP-FS-A E-PMP-FS-B
+ 5 C 2. T60E-6 < 0.01 LOSPE-MOV-CC-B,E-PMP-FS-A
+- 6 C 2. T60E-6 < 0.01 LOSPE-MOV-CC-A E-PMP-FS-B
* T C 2 300E-6 < 0.01 LOSPE-MOV-CC-A E-MOV-CC-B
+- B C 1.391E-6 < 0.01 LOSP E-PMP-FR-B.E-PMP-FS-A
+ 9 Cc 1.391E-6 < 0.01 LOSP E-PMP-FR-A.E-PMP-F5-B L
+«# 10 C 1.159E-6 <0.01 LOSPE-MOV-CC-B.E-PMP-FR-A I
+ 11 C 1.159E-6 < 0.01 LOSP E-MOV-CC-A E-PMP-FR-B
+#- 12 C 5839E-T <001 LOSP E-PMP-FR-AE-PMP-FR-B
+# 13 C 2760E-T <« 0.01 LOSP,E-CKV-CC-B,E-PMP-FS-A
+# 14 C 2760E-T <« 0.01 LOSP E-CKV-CC-A E-PMP-F5-B
+# 15 C 2 300E-7 <« 0.01 LOSP E-CKV-CC-B.E-MOV-CC-A
+# 16 C 2 300E-7 <« 0.01 LOSP E-CKV-CC-A E-MOV-CC-B
+# 17 C 1.169E-7 <= 0.01 LOSP E-CKV-CC-B.E-PMP-FR-A
+# 18 C 1.1689E-7 <« 0.01 LOSP E-CKV-CC-A E-PMP-FR-B
+# 19 C 2 300E-8 <0.01 LOSP E-CKV-CC-A E-CKV-CC-B -
Show Origin
Slice Invert Publish | |Savem End State | | x Close |

Edit Cut Sets

¢ This option allows the analyst to edit the cut sets (current and nominal)
using the form and functions as described in Section 14, Editing Cut
Sets.

View Importance Measures

¢ This option calculates and lists the basic events importance measures for
a single or group of end states.

View Uncertainty

¢ This option allows Monte Carlo or Latin Hypercube samples calculation
and view of uncertainty analysis for a single or group of end states.
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6.3. End States via Partition Rules

Partition rules are applied either:

. Globally to all event trees by using the End State Partition editor under Project
= Edit Rules = End State Partition, or

. An individual event tree by right clicking on the event tree in the Event Tree list
panel and selecting Edit Partition Rules.

6.3.1. End State Partitioning Rules Nomenclature and
Structure

The rule structure and nomenclature for the partitioning rules are similar to the "Link
Event Tree" rules and “Post Processing Rules” described in Sections 4 and 5.

The patrtitioning rule editor tests the existing sequence cut sets for the presence or
absence of specific combinations of basic events or initiating events, and assigns

characters in the end state name when the criteria are met. This allows end state

names to be built as the rules are applied.

Symbols

| Denotes a comment line ~ Operator for "not present”
* Logical AND operator + Logical OR operator

/ Complement ()  Grouping terms

Search Criteria Examples

Search Criteria Meaning of the Search Criteria

DG-A Basic event DG-A (failure)

~DG-A Failure of DG-A is not present in the cut set
/IDG-A Complemented basic event DG-A (success)
init(LOSP) Initiating event with the name LOSP
system(ECS) Fault tree top event with name ECS
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6.3.2. End State Partitioning Rules Examples

Partition Rule Structure (Example 1 —if-then)

| The "if-then" Rule Structure:

| This rule adds -SBO as characters 4 through 7 of the end state name
| when both DG-A and DG-B are present in the cut sets.

| The ??? are placeholders in the end state name. (The end state

| name is initially blank.)

if DG-A * DG-B then
partition ="??7?-SBO";
endif
| Note that the partition statement must end with a semicolon.

| The end state name must be <= 24 characters.
| The end state characters are enclosed in quotation marks

Partition Rule Structure (Example 2 — if-always)

| The "if-always" Rule Structure:
| This rule adds END as the first 3 characters in every cut set.

if always then
partition = "END";
endif
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Partition Rule Structure (Example 3 — if-then-elsif)

| The "if-then-elsif" Structure:

|  This rule adds characters 4 through 7 to the end state name.

|  When both DG-A and DG-B are failed, -SBO is added.

|  When DG-A is failed (but not DG-B), characters -DGA are added.
|  When DG-B is failed (but not DG-A), characters -DGB are added.

if DG-A * DG-B then
partition ="??7?-SBO";
elsif DG-A then
partition ="???7-DGA";
elsif DG-B then
partition ="???-DGB",
endif

Partition Rule Structure (Example 4 — if-then-elsif-else)
| The "if-then-elsif-else" Structure:

if DG-A * DG-B then

partition ="??7?-SBO";
elsif DG-A then

partition ="???7-DGA";
elsif DG-B then

partition ="???-DGB";
else

partition ="??7?-FLW";
endif

| Note that the cut sets that do not contain DG-A or DG-B are assigned
| to the ???-FLW end state by the else statement, since they do not meet
| the search criteria.
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Partition Rule Structure (Example 5 — Macros)

Macros can be used to streamline complex rules. A macro is simply a user-defined
keyword that specifies a search criterion that can be used in the rule instead of the
individual events (i.e., search criterion). An example is provided below.

| Define a macro named ALL-DGS
ALL-DGS = DG-A * DG-B;
| Use the macro in a rule

if ALL-DGS then
endif

Partition Rule Structure (Example 6 — Macros and ~)
When creating a rule that indicates that events in the macro do not occur, use the ~ (not
present) symbol. (Note, do not "complement” a macro.)

| Using ~macro as the search criteria:
| The rule applies when failure of both DG-A and DG-B is not in the cut set.

if ~(ALL-DGS) then
endif
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Partition Rule Structure (Example 7 — Current Partition)
| The “Current Partition” Rule Structure:

| The “current partition” rule structure uses the end state created by a partition

| rule to create a different end state using only those basic events currently found
| in the current end state. (This rule makes two end states; one end state

| containing all of the basic events that meet the search criteria of the second rule
| and a second end state with those basic events that do not meet the search

| criteria of the second rule. This rule can use wildcards as part of its search

| criteria.

| This rule creates an end state containing all cut sets with the basic event
| C-MOV-CC-1. The rule then creates a new (second) end state using only the
| current end state cut sets, which contains only those cut sets that contains
| either E-MOV-CC-A or E-MOV-CC-B.
I
if C-MOV-CC-1 then
partition = "CMOV1",
endif

if CurrentPart(C????) * (E-MOV-CC-A + E-MOV-CC-B) then

partition = "C-E-MOVS";
endif
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~ Current Case

G TSR T
e 4_'\ - ,\""":‘ _\‘w
[ ShowMT || Show Phase |
Original | Event Slice |
| i | Cases | Prob/Freq | Total % | Cut Sets | .
----- 8.005E-5 100 Displaying 114 Cut Sets. (238 QOriginal) -
1 C 4.861E5  60.72 LOSP.E-MOV-CC-A S-DGN-FR-B, -»_Undefined_ B
312 |C€ | 9721E6 | 1214 | LOSP.C-MOV-CC1,S-DGN-FR-A, -=CMOVA
w3 9.200E-6  11.49 LOSP.E-MOV-CC-A,8-DGN-FS-B, -»_Undefined_
B 4 2.760E-6  3.45 LOSP,E-MOV-CC-B,E-PMP-FS-A, -=_Undefined_
w5 2760E6 345 LOSP.E-MOV-CC-A E-PMP-FS-B, -=_Undefined_
w6 2300E6 287 LOSPE-MOV-CC-A E-MOV-CC-B, -»_Undefined_ E
LOSP,C-MOV-CC-1,5-DGN-FS-A, -
8 1.159E-6 145 LOSP.E-MOV-CC-B E-PMP-FR-A_ =_Undefined_
9 1.159E-6 145 LOSPE-MOV-CC-A E-PMP-FR-B, -=_Undefined_
10 2.300E-7 029 LOSP.E-CKV-CC-B,E-MOV-CC-A, <»_Undefined_
1 2.300E-7 029 LOSP,E-CKV-CC-A, E-MOV-CC-B, —=_Undefined_ L4
1 LOSP,C-MOV-CC-1, E-MOV-CC-1
L LOSP.C-MOV-CC-1,E-PMP-FS-A E-PMP-FS-B, ->CMOV1
= 0. LOSP,C-MOV- -B,E-PMP-FS-A, >C-E-MOVS
E-PMP-FS-B, ->C-E-MOVS
JE-MOV-CC-B, ->C-EMOVS

3.974E12
J.974E12

I 32EA2
I N2EA2
IN2E12
IN2EA2
I N2E12

T ﬁiiiiiiiiiiiiiiiiiﬁ ! ‘“‘,iﬁI il

1.E-PMP-FR-B.E-PMP-FS-A,
1,E-PMP-FR-A.E-PMP-FS-B,

: 1,E-MOV-CC-B,E-PMP-FR-A,
LOSP,C-MONV-CC-1,E-MON-CC-A E-PMP-FR-B,
LOSP,.C-MOV-CC-1,E-PMP-FR-A.E-PMP-FR-B,
LOSP,C-MOV- E-PMP-FS-A,
LOSP,C-MOV-CC-1,E-CKN-CC-A E-PMP-F5-B,
LOSP,C-MOV-CC-1,E-CKV-CC-B,E-MOV-CC-A,

-C-E-MOVS
-E-MOVS
CMOW1

C-E-MOVS

LOSPE,C-MOV:
LOSP,C-MOV-
LOSP,C-MOV-CC-1,E-CKN-C

-AE-MOV-CC-B,
E-PMP-FR-A,
-AE-PMP-FR-B,

CMOWVA1
CMOWVA

LOSP,C-MOV-CC-1,E-CKV-CC-A E-CKV-CC-B, ->CMOV1
LOSP.C-PMP-FS-A,C-PMP-FS-B, E-MOV-CC-A E-PMP-FS-B, ->_Undefined_
LOSP.C-PMP-FS-A,C-PMP-FS-B EMOV-CC-B E-PMP-FS-A, ->_Undefined_

LOSR.C-PMP-FS-A,C-PMP-F3-B.E-MOV-CC-A E-MOV-CC-B.
LOSP,.C-MOV-CC-A C-PMP-FS-B.E-MOV-CC-B.E-PMP-FS-A,
LOSP.C-MOV-CC-A C-PMP-F5-B.E-MOV-CC-A E-PMP-FS3-B.
LOSP,.C-MOV-CC-B,C-PMP-F5-A E-MOV-CC-A E-PMP-FS-B.
LOSP.C-MOV-CC-B.C-PMP-FS-A E-MOV-CC-B.E-PMP-FS-A,

-»_Undefined_
->_Undefined_
-»_Undefined_
-»_Undefined_
->_Undefined_

Show End States : () No

(@) Partition defined () Sequence ‘

e

i

e Origin

[ Publish ][Savema-ds:ate][ X ciose |
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Partition Rule Structure (Example 8 — Global Partition)

| The "GlobalPartition" Rule Structure:

| This rule globally partitions all cut sets in a sequence to an end state.

| This option is activated by using the keyword “GlobalPartition” instead

| of the normal “partition” keyword.

| This partition rule is much faster at gathering cut sets than using the normal
| “partition” rule. This rule is geared more for gathering cut sets based upon
| sequence logic than on individual basic events.

| The “GlobalPartition” rule structure is the same as for “partitioning” rules.
| This example “GlobalPartition” rule will gather all sequence cut sets that
| pertain to specified sequence logic.

| Cut sets will be put into an end state called CD-SEQ?2 if they are found in
| sequences that contain the following sequence logic

| LOSP *ECS */CCS.

| Cut sets will be put into an end state called CD-SEQ3 if they are found in
| sequences that contain the following sequence logic

| LOSP*ECS *CCS.

if INIT(LOSP) * SYSTEM(ECS) * SYSTEM(/CCS) then
GlobalPartition = "CD-SEQ2";

elsif INIT(LOSP) * SYSTEM(ECS) * SYSTEM(CCS) then
GlobalPartition = "CD-SEQ3";

endif

Note:
Global Partitioning is designed to rapidly partition cut sets into end states
based on sequence logic. Since individual cut sets are not searched, Global
Partitioning rules gather cut sets faster than the other partitioning methods.

. The Global Partition rule loads all of the sequence cut sets into the end state in a
single pass instead of evaluating each cut set. Consequently, it is recommended
to “global partition” based upon initiators or system top events.

. If a “global partition” is performed on basic events, all cut sets listed after the
basic event’s cut set will be partitioned into the end state.
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Partition Rule Structure (Example 9 — Global Partition and Transfer)

Global Partition rules should not be mixed with normal “Partitioning” rules. Global
Partition rules are geared more for Level 2 studies since the end state that is created is
also an event tree with the same name. The event tree that is created uses the end
state frequency as its initiating event frequency and then transfers to a Level 2 event
tree. This “end state event tree” can be looked at as an event tree which transfers Level
1 information to Level 2 event trees.

The “Global Partition” rule to transfer the end state frequency to be used
by a Level 2 event tree.

This rule creates an end state event tree to be used by a Level 2 event tree
(which is already created).

LEVEL2TREE can be viewed as a Level 2 event tree name. This tree
will use the end state frequency gathered in the end state CD-SEQ3 as
its initiating event frequency.

if init(LOSP) * SYSTEM(ECS) * SYSTEM(CCS) then
GlobalPartition = "CD-SEQ3";
transfer = LEVEL2TREE;

endif

CD-5EQ3 =PASS=
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6.4. Partition Rule Keywords and Nomenclature

Each of the “rules” in SAPHIRE (linking, post processing, and partition) has their own
nomenclature. The table below lists the keywords available for partition rules.

Keyword or

symbol

Definition

Keyword that indicates search

if "search criteria" then

if then criteria is being specified. perform some action on each cut set;
endif
Keyword that indicates the end of a | if "search criteria" then
endif particular rule. perform some action on each cut set;
endif
Keyword that specifies some action | if "search criteria" then
else to be taken if all the search criteria perform some action on each cut set;
are not met. The else should be the | else
last condition in the post processing perform action on each cut set if
rule. search criteria not met;
endif
Keyword that specifies an alternative | if "search criteria" then
elsif search criteria. Any number of elsifs perform some action on each cut set;
can be used within a post elsif "2nd search criteria" then
processing rule. perform action on each cut set;
elsif "3rd search criteria" then
perform action on each cut set;
endif
Keyword that indicates that every if always then
always cut set that is being evaluated perform some action on each cut set;
satisfies the search criteria. endif
Keyword used in the search criteria | if init(INITIATOR-NAME) * "other search
init() to indicate that a sequence cut set criteria if needed" then
has a particular initiating event. perform some action on each cut set;
endif
Keyword used in the search criteria | if system(TOP EVENT) * “other search
system() to indicate that the sequence logic criteria if needed” then

contains the particular top event.

perform action on each sequence;
endif
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Keyword or Definition Usage
symbol
Symbol used in the search criteria to | if (~<SEARCH-CRITERIA) * "other search
~ indicate that a particular event will criteria if needed" then
not be in the cut set that is being
evaluated. The search criteria will be satisfied for all cut
sets that do not contain SEARCH-CRITERIA
(and also contains the optional "other search
criteria”).
Symbol used to represent a if (/BASIC-EVENT) * "other search criteria"
/ complemented event (i.e., the then
success of a system or basic event).
The search criteria will be satisfied for all cut
sets that contain the complement of BASIC-
EVENT (and also contains the optional
"other search criteria™).
Symbol used to represent a | Place your comments here!
comment contained in the rules.
Everything on a line to the right of | Note that blank lines are also permissible!
this symbol will be ignored.
Symbol to indicate the end of a | usage for a macro command
; macro line or a line that modifies the | MACRO-NAME = "search criteria" ;
cut set being evaluated. | usage for a cut set modification line
partition = ENDSTATE ;
Symbol to indicate the logical AND if SEARCH-CRITERIAL * SEARCH-
* command. CRITERIAZ2 then
The search criteria will be satisfied for all cut
sets that match SEARCH-CRITERIAL and
SEARCH-CRITERIAZ2.
Symbol to indicate the logical OR if SEARCH-CRITERIAL + SEARCH-
+ command. CRITERIAZ2 then
The search criteria will be satisfied for all cut
sets that match either SEARCH-CRITERIAL
or SEARCH-CRITERIA2.
Symbols to indicate a specific if (A+ B) * (C + D