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| 1 I INTRODUCTION

Section 1 contains an introduction to the SAPHIRE Basics course material, an overview
of PRA, and important definitions and concepts.
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1.1. Overview of SAPHIRE Basics Course Material

The SAPHIRE Basics course material is intended to both (1) provide guidance for
learning SAPHIRE during the Basics 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.

SAPHIRE screen displays will be shown as they appear on your video display (as
shown below).

= SAPHIRE for Windows - (DEMO project - C:\Saphire?7'demo) ==l x|

Eile Generate Fau\tlree|EyentTree|59quence End State  Modify Report Utility Help

~a B — 1 —]
X | &F| & & T OO # iy | ?
MNew Open Generate | Fault Tree | Event Tree | Sequence | End State Modify Reports Utilities Help

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.
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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.

. 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 of the code.

. 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.

* SAPHIRE for Windows, version 7.0, is released in 1999. This is latest version of
the SAPHIRE code. This manual is written for version 7.x of the software.

. SAPHIRE contains several features:
0 PC-based fault tree and event tree graphical and text editors
¢ Cut set generation and quantification
0 Importance measures and uncertainty modules
0 Relational database with cross-referencing features
0 External events analysis (e.g., seismic, location transformation)
0 Rule-based recovery and end-state analysis
0 Common Cause Failure (CCF) basic event capabilities
. SAPHIRE minimal hardware requirements:
0 Windows 98 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 SAPHIRE Basics 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 they
provide an integrated reference package for the SAPHIRE code.

1.4. Overview of PRA

. Probabilistic risk assessment (PRA) is a method to:

Identify, characterize, quantify probabilistically, and evaluate hazards

. The process of measuring risk (i.e., PRA) asks:
O What can go wrong?
0 How likely is it?
0 What are the consequences?
. Hazards could include
0 lonizing radiation (e.g., a nuclear power plant radiation release)
0 Electrical hazard (e.qg., electrical shock)
0 Thermal hazard (e.g., thermal blast effects from an explosion)
0 Chemical hazard (e.g., a release of toxic chemicals)

10
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1.5. Definitions

. Risk
The potential of loss or damage resulting from exposure to a hazard.
. Safety

Represents an acceptable level of risk relative to the benefits derived from the hazards-
causing activity.

. Probability
The two common interpretations of probability are:

Frequentist (the relative frequency or empirical approach) — The probability of event A
is given by:

P(4) = lim (% )

n—o

where X is the number of times event A occurred out of n number of repeated trials. For
a fixed n, the value of P(A) is the relative frequency of occurrence of event A.
Consequently, increasing n will improve the estimate of P(A).

Subjective (the “degree of belief” approach) — The probability P(A) is the measure of
uncertainty or degree of belief one has of event A. For example, the knowledge of
symmetry for a particular coin may lead an analyst to postulate that the probability of
tossing a head on a toss is 0.5. The subjective method requires that probability be
assigned in a consistent manner.

. Reliability

The probability that a system will perform satisfactorily (i.e., does not fail) for a
designated period of time (or number of cycles) and under specified operating
conditions. The Unreliability is the complement of the reliability, that is, the probability
that the system does fail within a designated period of time and under specified
operating conditions.

11
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. Avalilability

The instantaneous availability is the probability that a system will perform satisfactorily
at a designated point in time when used under specified operating conditions. The
evaluation of system availability includes operating time, time to test, active repair time,
administrative time, and logistics time. The Unavailability is the complement of the
availability.

. Accident Sequence

The combination of an initiating event with system failures and successes (defined by
an event tree) which results in a definable outcome. For a nuclear power plant PRA,
the outcome is generally core damage.

3 Dominant Contributors

Failures which are quantitatively the largest contributors (i.e., “dominant”) to the
likelihood of the defined event (e.g., accident sequence, system failure).

* Minimal Cut Set

A minimum combination of failures needed to result in the occurrence of the event of
interest (e.g., accident sequence, system failure).

. Consequence

A measure of the degree of damage or loss experienced given a particular accident
sequence. For a nuclear power plant PRA, an accident sequence consequence is
generally the anticipated offsite radiation dose to the population surrounding the plant.
. Fault Tree Linking

A technique whereby the fault tree logic is combined with the event tree logic (i.e.,

successes and failures) resulting in a logic expression for each sequence in the event
tree.

12
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1.6. Major Steps "NUREG-1150 Type" PRA Process

Level 1 Accident Frequencies

Plant Damage State

Accident Progression, Containment
Loadings, and Structure Response

Level 2

Accident Progression Bins

Transport of Radioactive Material

Source Term Groups

Offsite Consequences

Consequence Measures

Risk Integration

. The output of the Level 1 PRA is the core damage frequency and includes:.
¢ Identification of accident sequences and their frequencies.
¢ Identification of dominant contributors to core damage.
¢ Classification of accident sequences into Plant Damage States.

. Event tree and fault tree analysis are most commonly used in Level 1 PRA.

13
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Event Trees

Loss of Emergency Containment
Offsite Cocling Cooling
Power System System

1 OK
2 SMALL_RELEASE
3 LARGE_RELEASE
. Event trees are logical representations of significant plant responses to initiating
events.
0 Each sequence results in either a safe condition (e.g., safe shutdown) or
an accident condition (e.g., core damage).
O Event trees relate systems/functions to a sequence progression.
0 Event trees provide an end-to-end traceability of accident sequences.
. Event trees provide a traceable way to perform the following functions:
0 Identify accident sequences.
¢ Identify essential safety system functions.
0 Quantify sequence frequencies.

14
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Fault Trees

|

ECS Fails to Inject
Water into the
Reactor Vessel

A

Idaho National Laboratory

ECS
[ 1
No Water to the Bo_th Pump
Pump Trains Trallnn?chETHI o
ECS-SLPPLY ECS-TBAINS
[ 1
E-MOV-1FAILS RWST supply to ECS Train A ECSTrain B
TO OPEN the injection and Fails to Inject Fails to Inject
cooling systems
[ O A AN
E-MOV-1-FAILS TANK ECS-TI‘RAIN-A ECS-TRAIN-B
g et pupdscire e
check valve isolation valve pump
DG-A E-MOV-1 DGA ECV-A E-MOV-A E-PUMP-A
. Fault trees are logical representations of the credible failures that can cause an
undesired event to occur.
0 The undesired event is stated at the top of the fault tree.
0 The fault tree gates specify the logical combinations of basic events that
lead to the top event.
0 Fault trees can be used to identify system “weaknesses.”
0 Fault trees can help to recognize interrelationships between fault events.
0 SAPHIRE evaluates the fault tree to find system minimal cut sets and the

system failure probability.

15
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. Fault trees consist of logic gates and basic events as inputs into the logic gates.

Logic Gates
Represent the Boolean operation (e.g., union, intersection) of the input events.

Basic Events
Represent a fault such as a hardware failure, human error, or an adverse condition.

1.7. Accident Sequence Quantification Steps

1. Link fault models to the event tree sequences.

2. Evaluate each accident sequence for minimal cut sets.

3. Quantify the accident sequence minimal cut sets with event data.

4, Add operator recovery actions and common-cause failures (if not already in the
fault tree and event tree logic models).

5. Determine the dominant accident sequences.

6. Partition the accident sequences into appropriate plant damage state bins.

7. Perform sensitivity, importance, and uncertainty analysis on the accident

sequences.

1.8. Installation of SAPHIRE

To install:
0 Input the media containing the SAPHIRE executable (i.e., memory stick).
0 Double click on the SAPHIRE executable (SAPHIRE-7-27.exe).
0 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:\Saphire7\DEMO).

0 The database subdirectory will contain the relational database files.

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

16
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1.9. SAPHIRE Constants

The SAPHIRE Constants dialogs are used to customize the SAPHIRE code.

. Four constant dialogs are available.
0 “General” information default values
0 “Cut Set” information default values
0 “Fault Tree” graphics default values
0 “Event Tree” graphics default values
0 “Report” output default values
. The constants can be modified by:
0 The constants are available by selecting Utility = Constants.
2| x|

General ||:ut Setl FaultTleeI EventTleeI Heportl

Lser Mame | S4PHIRE USER

Analysis type IRANDOM LI

Display method —Toolbar buttons — Toalbar position

" Toolbsr only ™ Picture only @ Top Left
" Me ™ String only (" Bottom { Right
+ Picture and String  Adiustable

Global Save
[~ Use atternate names for display —

Global Load

—Uncertairty values ————— Uncettainty method
Random number seed ID " Latin Hybhercube

Sample size I 5000 f+ Monte Carlo

—Impartance Measurement type

{* Ratios (" Difference " Uncertairty

ak. I Cancel

. The constants can be modified by:

1. Using the mouse or TAB key to move to a particular field.
2. Change the constant(s) and select the next Define Constants dialog.

17



SAPHIRE Basics Idaho National Laboratory

Click OK to save all your “constant” choices for the project that is currently selected.
Each project may have a different set of constants.

Choose Global Save to save your “constant” choices to a central storage file.
Choose Global Load to load the constants stored in the central storage file.

TIP Once the constants are changed to the desired settings, click the Global
Save button. Then you can retrieve the settings when you Open an existing
project and click the Global Load button. For any New projects you create, the
constants stored by the “Global Save” option will automatically be used as the
initial default constants when the new project is created.

The following constant screens should be accessed and the appropriate settings made
prior to creating a new Project or before clicking the Global Save button.

“General” constants screen

Define Constants 2 x|

General |EutSet| FauItTreel EventTreel Hepurtl

User Mame | SAPHIRE USER

Analysis type IR.&NDOM ﬂ

Display methodd

— Toalbar buttons — Toolbar position

" Toolbar only " Picture only * Top { Left

" Menu only " String anlby " Baottom { Right
' nu | % Picture and String " 2djustable

Global Save
[~ Use atternste names for display

Global Load

—Uncerainty values ————— Uncertainty method

Fandom number seed ID " Latin Hybercube

Sample size 5000 * Morte Carlo

—Importance Measurement type

{+ Ratios {" Difference " Uncerainty

Ok, I Cancel

18
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The general constant screen allows for general use information to be added.

The “Uncertainty Values” option sets the default uncertainty analysis type by selecting
either Latin Hypercube or Monte Carlo radio button. Also, the random seed and number

of samples can be specified.

The Importance Measurement Type defines the set of importance measures to output
for the reports option.

"Cut Set” constants screen

General Cut Set IFauItTreeI EventTreeI Hepnrtl
—Cut Set Generation
{” Fault Tree (& Mormal = Walue: Im

{+ Global = Yalue: | 1 000E-005 {~ Condtional = Value:l 1.000E-003

[~ Cutofi by Event Prokbabilty wWalle: I 1.000E-013

Size Truncation: ¢ Zone § Size (% hone Value:IE

[+ Solve Sequence with Fault Trees Miz=ion time: I 2 400E+001
[ Auto 2pply Recovery Rules Auto Cut Set Update [

—Gather End States By:
{* Seguence End State { Cut Set Partition

—uantification Method
f* Mincut RareEvent  { Mintdax Ml Ml Passesl ]

= Transformations
[~ Transform zones [ Include randam Level ID

Use Baze cut sets for Update [

(1]8 I Cancel |

The Cut Set Generation options are used when generating both fault tree and sequence
cut sets. The options marked by a check in the box and the value specified will be used
when generating either fault tree or event tree cut sets.

TIP Make sure the “solve sequences with fault trees” option is checked in order to tell
SAPHIRE to use the fault tree logic when generating accident sequence cut sets. Also,
make sure that the “auto apply recovery rules” option is checked in order to tell SAPHIRE
to automatically apply recovery rules (if they are defined) to the cut sets after generation.

19
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The “Mission time” field specifies the default mission time. This default is used only for
those basic events that have a calculation type using the mission time and that event’s
mission time field is set to zero.

The “Quantification Method” option specifies which analysis method to use when
guantifying the cut sets.

"Fault Tree" graphics constants screen

Define Constants 2 x|

Generall CutSet  Fault Tree I EventTreel Hepurtl

— Shape Mames

Primary ——— — Alternate
Gate GATE Gate
Ewvent EVENT Event

— Shape Attributes

Cutline -
Marme Fort |FIII Caolar IEIIue v| color IWhrte vl

—Line Attributes

{" Dashed mm e e ( Dotted  soesiesn

Line Color Iwmte - I Snap Line to Shape [

- Text Attributes

Horizontal — { Left {+ Certer  Rigkt
Text Fort |
ertical " Top {* Base { Baottom
— Cther

T S s Print Marginz (Inches)

[ lseaee Tap 050 Backaround INaW - I
v Show Text Bottom | 050 | Primary Page
Leit nso  Lakel [Page2:

[ Show Grid

: Alternate
[ Show Prasabilties ot [050 | pIEERE - [Page:

[~ Show Page Info

Ok, I Cancel |

The fault tree graphic constant screen should be verified prior to creating any fault tree
graphics. Check to make sure that the graphical colors that are selected will result in a
readable fault tree (e.g., do not select black lines on a black background).

The constants shown above are for illustration purposes and you can change the color
and font schemes to suit your tastes. The “Snap Line to Shape” option is used to
simplify the graphical drawing functions of SAPHIRE. If checked, lines drawn from any
part of one shape to any part of another shape will be adjusted to connect the two
shapes. If this option is not checked, lines will be placed exactly where dropped.

20
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"Event Tree" graphics constants screen

Define Constants 2] x|

Generall EutSetI Fault Tree Ewent Tree |Hepu:urt|

—Top Attributes

MAME display wicth I 10 characters Marme Fort
DESCRIPTION dizplay height I 3 lines Deszc Fart

Tap Background Calor INa\"‘:-" - I

—Text Attributes

Harizortal Justification

Test Fart | + Left End State Fort |

" Certer
[ Hice Text " Right
—Cther

Prirt Marginz (Inches)

Background Colar INaW - I
Taop I 050

Line Colar i

Vikite r Bottom | 01.50

Tree Leaf Height I 12 Left I 0.50
Primary Page Lakel I Paoew Right I 050
Atternste Page I Page v Show Page Info

0. Cancel
| |

The event tree graphic constant screen should be verified prior to creating any event

tree graphics. Check to make sure that the graphical colors that are selected will result

in a readable fault tree (e.g., do not select black lines on a black background).

The constants shown above are for illustration purposes and you can change the color

and font schemes to suit your tastes.

21
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“Report"” output constants screen

Define Constants 2 x|

Generall EutSetl FauItTleel Event Tree Feport I

—Paper —Crientation

Size I Letter - l
Wicth I 5.5000 {" Landscape
Heighit I 11.0000

—Margins —Dptions
[¥ Show Hesder
Left IIZI.SIZIEID Rigkit ID.SDDD
¥ Showe Footer
Top ||:|.?su|:| Bottom |
0.7500 [# Page Fit

¥ Mumber Pages

¥ Show Grid

Header Calumn Header |
Dretail Foaoter |

Ok, | Cancel

Faornt

il

The report output constant screen should be verified prior to creating any reports.

The constants shown above are for illustration purposes and you can change any of the
parameters to meet your reporting needs.

22
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1.10. Lists and Masks

. List Boxes —
Many dialogs in SAPHIRE contain list boxes. In some list boxes, multiple
items can be selected for processing. An item in a list is selected if it is
highlighted. There are various ways to select items from a list.

¢ To select a single item, click with the left mouse button on the desired item
and let go of the mouse button.

¢ To select multiple continuous list items, you can click with the left mouse
button the on first desired item and drag up or down the list to the last desired
item and then let go of the mouse button. Alternately, click the first desired
item then, holding down the Shift key, click the last desired item.

¢ To select multiple non-continuous items in the list, click several items while
holding down the Control key.

. Masks —
Some dialogs with list boxes provide a “Mask” capability which allows the user
to select items from the list based on matched criteria. Generally, the mask is
applied to the name of the item (e.g. Fault Tree name or Event Tree name).
To use the mask capability,

1. In the mask entry field type the common characters of the names you wish to
match. The wildcard characters, asterisk (*) and question mark (?), can be used
in the mask. The asterisk represents one or more characters that a group has in
common. The question mark represents a single character in that position of the
string that a group has in common.

2. Click either the Include or Exclude radio button, depending on whether you want
these items included in the selection or excluded from it.

23
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3. Choose the Apply Mask button. All list items with names matching your mask will
be selected/deselected.

Fault Tree Mask -Mask Action ;
I- (¢ Include & Exclude | Apply Mask Exit
Event Tree Mame Mask Sequence Name hask Sequence Logic Fault Tree
[* BRI NE [ero <] [+ =l
Mask Action ————
’75‘ [l e ) Exclude Lpply Masks Exit

24
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| 2 I DATABASE CONCEPTS

Section 2 presents an overview of the SAPHIRE database structure. Included in this
section are discussions of SAPHIRE projects, base case versus current case, base
case updates, and change sets.

Logic Models
and Graphics
Il =] &
4 Base Case h ’/Current Case\
Storage Storage
Results Results
(cut sets) {cut sets)
Event Data Event Data
! J - J

Change Sets
and Flag Sets

25
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2.1. SAPHIRE Projects

. In SAPHIRE, the term “project” represents a single, specific database.
To select an existing project:
1. Use the Open icon or use the File - Open Project option.

2. An “Open Project” window will appear. Use the various Window
Explorer options to find the folder containing the existing project.

Open Project 2| x|
Laok jr: IE} dermno ;I - e
&= DEMO. SR.A,
(G FAM.DAT
File name: || d DOpen I
Files of type: | Project Files <" SRk ~| Cancel |
[ Open as read-only
&

3. Select and open either the *.SRA or FAM.DAT file in the opened folder.
To create a new project:

1. Select the New icon or use the File - New Project option.
2. A “New Project” window will appear. Click Yes

New Project 2] x|

Do pou want ko create a new project?

an

26
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3. A “New Project — Name Project” window will open. Type the new
project name and click OK.

New Project - Name Prc 2 x|

Praject Mame ||

(]8 I Cancel |

4. A “New Project Directory — Info” window will open. If the location is as
desired, Click OK. If a different location is desired, click Browse.

New Project - Directory Info x|

Itis suggested, but not necessary that you keep all Saphire projects in the same
directory. Select the directary that you would like this project to be created in.
Or click OK, to accept the default pioject destination directory:

Directary
’7 C:\Saphirefnewt, ‘

ok | Cancel |

5. A “Select Directory” window will open. Use the New Folder button or
browse to find the desired folder for the new project. Click OK.

Select Directory x|

Please select a folder below. Then click Ok

E=s (C) -

Lotus_image
My Documents:
Mew Folder
Old Drv ©
_ | Pragram Files
| safs0
-y Saphire?
" Jdemo
] demo-new
] Morth Arna SPAR 3-01 =

Selected Path [CASaphie™
Hew Feidei| ok | cencel |

6. Final step will be to confirm the desired folder entered. Click OK. The
main SAPHIRE menu will be displayed and the project name and the
project location will be shown at the top of the main SAPHIRE menu.

“*SAPHIRE for Windows - (DEMO-NEW project - C:\Saphire /' demo-new) -0 x]
Eile Generate Fault Iree Event Tree Sequence End State  Modify Report Utility Help

: IEEREIRK
X | | = | | B I
MNew Open Generate | Fault Tree |Event Tree| Sequence | End State Modify Reports Utilities Help
= ——— T e =

= =

v
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. 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.

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.

= _L—E = SAPHIRE Project

28



SAPHIRE Basics Idaho National Laboratory

2.2. Base Case Versus Current Case Data

. Base case and current case are two separate parts of a project database.

Logic Models
and Graphics

e =1 =
_L_E e
( Base Case ) fCurrent Case\‘
Storage Storage
Results Results
(cut sets) (cut sets)
Event Data Event Data
A y © 4

Change Sets
and Flag Sets

¢ Base 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 quantification)

The Current Case Is

¢ Created (via the Generate option) by applying change sets to base case data
¢ Used for sensitivity or event analysis

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

. Current case can equal the base case in order to reproduce the original study
stored in the base case.
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2.3. Generating Event Data

The Generate option transfers base case data to the current case (after making
changes specified in any marked change sets). SAPHIRE always uses current case
data for analysis.

If the base case data is changed and the Generate option is not performed, the data
that is used for the analysis may not reflect the changes. After changing basic event
data (in the Base Case, Change Set, or Flag Set), performing the Generate option
ensures the current case data reflects these changes.

Logic Models
and Graphics
I_I_ .:. -._=
( Base Case ) (Current Case)
Storage Storage
Results Results

(cut sets) (cut sets)
Event Data Event Data

J

S/ -
1 Change Sets 2
and Flag Sets

"GENERATE Event Data”

Change Sets (Definition)

Change Sets are a user-defined set of changes (think data filter) that will be applied (on
the base case data) when data is transferred to the current case via the Generate
option. Multiple change sets can be defined and applied singly or in combination.
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4 Base Case h
Storage

Results
{cut sets)

hssssssssssssnansnsns

Event Data

. e

DG-A = 2E-2

Logic Models
and Graphics -

1 o )

Example Change Set

Idaho National Laboratory

/Current Case\‘

Storage

hssssssssssssnssnssss

Results
(cut sets)

Event Data

A 7,

Change Sets
and Flag Sets

DG-A = TRUE

2.4. 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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EXAMPLE: Two change sets are developed. The first is named “A” and sets all valves
to failed. The second is named “B” and sets all pumps to failed. The possible scenarios
are

Change set(s) that are marked Sensitivity case

None Original base case data

A Valves failed

B Pumps failed

A and B Both valves and pumps failed

The order of “marking” a change set is important. (Change sets are marked by double-
clicking the line containing the change set.)

0 The first selected change set will be the first one that is applied.
0 Later changes will overwrite earlier ones if there is any overlap.
0 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.

. Base case data and changes made to the current case can be viewed by using
the Generate — Report option.
0 Unaffected events (those events not modified by a change set)
0 Affected events (those events which are modified by a change set)
0 All events (all events)

Class Changes

Class changes use a basic event attribute to search for a class of basic events to which
the defined change applies

- The search criteria are defined first

- The change to be applied is then defined Class single

Single Changes
Single changes only modify individual, user-identified basic events

- The desired basic event is selected
- The changes to the basic event are then defined
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2.5. Base Case Update

L

Idaho National Laboratory

Base case data and results are changed by updating the base case. Updating

the base case transfers the current case data or results into the base case.

0 Base Case results are stored in the data base files as a “permanent”
record
Logic Models
and Graphics -
4 B 4 )\
Base Case System, Event Tree, or Current Case
Storage End State Base Case Storage
Update (transfers
Results cut sets) Results
(cut sets) (cut sets)
Event Data Event Data
. ./ . J
ch ot B Change Sets All Base Case
"Change Set" Base Update menu
Case Update and Flag Sets options are
(transfers change located under
set data) the main

"Modify" option
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Notes
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I 3 I BUILDING EVENT TREES

Section 3 introduces event tree terminology and SAPHIRE event tree modeling
conventions. You will learn how to enter an event tree into SAPHIRE using the
graphical event tree editor and also how to edit an existing event tree.

Loss of Emergency Containment
Offsite Cooling Cooling
Power System System

1 OK
2 SMALL_RELEASE
3 LARGE_RELEASE
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3.1. Event Tree Development

Event trees are developed by starting with an initiating event and branching to the right
as various safety functions are questioned for success (up branch) or failure (down
branch).

Event trees provide a traceable way to perform the following functions:

¢ Identify accident sequences
¢ ldentify essential safety system functions

0 Quantify sequence frequencies

Plant

Event Tree Development e
familiarization

Process
A\ 4
Define safety functions Select applicable Determine plant
and success criteria initiating events to model response
\ 4
Define accident seq. and Identify system Develop fault trees...
plant damage states failure criteria link to event trees

Event Tree Definition

Event trees are logical representations of significant plant responses to initiating events
with each sequence resulting in either a safe condition (such as safe shutdown) or an
accident condition (such as core damage).
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3.2. Event Tree Terminology

Initiating Event
An initiating event is an operational occurrence (such as a LOCA or transient) which
threatens fuel safety and may require safety system response to avoid core damage.

Top Event
Safety systems (or human actions) which are intended to respond to the initiating
event.

Branching
The branching underneath a top event which indicates success with an up branch and
failure with a down branch.

Pass
When there is no branching beneath a top event, then the top event is not relevant to
the particular sequence.

Sequence
The branching path, from initiating event to end state, which is a unique combination of
system failures and/or successes.

End State

Groups of accident sequences which share certain characteristics that the analyst
delineates. These may be related to ability to perform a safety function or timing of
functional failures.

3.3. SAPHIRE Event Tree Conventions

Event Tree Names — Event tree names may be up to 24 characters. The
event tree name does not have to be the same as
the initiating event name.

Top Event Names — 24 characters allowed.
Initiating Event — Only one initiating event allowed per event tree.
OK, @, Success — If the end state column entry is OK, begins with @,

or Success, then logic for that sequence will not be
developed, and the sequence will not be analyzed.
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Branch — SAPHIRE always uses success for the up branch
and failure for the down branch.
Transfer Trees — An event tree can branch to another event tree by

using transfers. You must indicate that a transfer is
to be invoked and specify the transfer event tree file
name. The first top event in the transfer tree is
ignored by the calling tree.

NOTE: Do notuse *, ?,\, @, /, or space in naming SAPHIRE event trees or top
events.

Example Event Tree

Loss of Emergency Containment
Offsite Cooling Cooling
Power System System

1 oK
2 SMALL_RELEASE
3 LARGE_RELEASE

3.4. Event Tree Graphics Features Guide

This section provides an overview of a variety of activities one may wish to perform
when creating and editing event trees. Included in this section is information on the
following:

Beginning the event tree editing session, see page 39.

To edit an existing event tree, see page 40.

Editing event tree branches, see page 40.

Editing top events, see page 41.

Editing or adding end states, see page 42.

Adjust the visual display of the event tree, see page 44.

Place descriptive text on the event tree graphic, see page 45.

Ending the event tree editing session, see page 46.
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Beginning the event tree editing session

To add a new event tree
Select Event Tree from the menu bar or click the Event Tree icon.

Event Tree List window will open. Select the Add icon or right mouse click and
select Add Event Tree.

Event Tree 2 x|
— Primary

Mame

Description
— Alternate

Mame

Description

Initiatar |

Ok Cancel

Enter the event tree name, description, and initiator. Press Ok.

The event tree will be added to the Event Tree List window. Now highlight the
desired event tree and click the Graphics icon or left mouse click and select
Edit Graphics. Another option would to be double to left mouse click over the
desired event tree.

Note — Another method to add and begin an editing session is to open
the Event Tree List window. Then select the Graphics icon to or right
click and select Edit Graphics. Next, from the menu bar select File =

New.

Now edit the event tree...

Event Tree List dialog pop-up menu: Edit Graphics

Enter Initiating Event or Top Na x|

Primary Namz _— » Enter the initiating event name

Lo ¥ g Bt and check the Initiating Event box.

—Primary Description Ahternate Description Lone (If creating a transfer tree, you may
[ [- deselect the check box when the

first event is not an initiating event.)

[ [
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Enter Event Name # 1 x|
—Primary Name Continue by specifying top event
MM I Inttiating Event Add .
names (from left to right on your
—Primary Description Aternate Description Dane event tree). When you have
[- [~ entered all the top events, choose
“Done.”
= =

To edit an existing event tree
SAPHIRE menu bar: Event Tree

Event Tree List dialog: Highlight the desired event tree name.
Event Tree List dialog pop-up menu: Edit Graphics

Event Tree List - {DEMO}

[2]
LP ™ Show Sub-Trees Tatal # 1

arked # 1

Loss of Offsite Power Event Tree add Evert Tres. .,

Edit Graphics

Edit Rules >
Edit Partition Rules...

Link Tress. ..

Edit End States...

Event Tree hask

Mask Action
I* % nciude. € Exclude ml LI

Editing event tree branches
To add branches to event trees
Select the branch point then add a branch by either

Event Tree Editor menu bar: Edit = Add Branch Above,
OR Choose the Add Branch Above button on the tool bar.

A new branch will appear in the tree above the selected branch.
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To delete an unwanted branch
Use the mouse to select the unwanted branch
Event Tree Editor menu bar: Edit = Delete

Editing top events
To add a top event, choose the Top object button from the button bar. The

TOF cursor will change to the Top cursor tap

Move the cursor to the top in the header that will follow the top you are
adding. To add a top after the rightmost top, move the cursor to the right
of the last top. Click the mouse. The Edit Event dialog will be displayed

To delete a top event
@ Select the top using the Pick cursor.

Choose Delete from the Edit menu or press the Delete key

To modify top event
Select the top using the Pick cursor.

Right-click. The Edit Event dialog will be displayed.

The Edit Event Dialog
This dialog is displayed any time a top is added or modified.

Edit Event 21l
Mame

|7E IT Inticting Evert

 Primary Description Alternate Description

| d | d

|

El
 Top Aftributes
NAME display wicth I 10 characters Mame Forit
I 3

DESCRIPTION display height

lines Desc Font

Top Background Color m Wirap Text
—Page Attributes

Background Color lm St Fault
Line Golar lﬁTe;l Tree Graphics
Highliohted Sequence Calar lm Graphics |
Leat Height [ |

_lcanCEI

Name - The name of the top. Maximum of 24 alphanumeric characters.
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Initiating Event - Select this check box if the top is an initiating event. (Only enabled
on the first or leftmost top.)

Primary Description - Brief description of the top. Maximum of 120 alphanumeric
upper and lowercase characters.

Alternate Description — Alternate brief description of the top. Maximum of 120
alphanumeric upper and lowercase characters.

Top Attributes
NAME display width - The number of characters of every top name to display.
DESCRIPTION display height - The number of lines of every description to
display.
Name Font - The font size of every top event name.
Desc Font - The font size of every top event description in points (1/72 in.).
Wrap Text — Automatically wrap description text if text is wider than the name
display width.
Top Background Color — The background color for the top header.

Page Attributes
Background Color - The background color for the event tree screen.
Line Color — The branch line color.
Leaf Height — The vertical spacing of branches, approximately in points.
Graphics — Open the fault tree graphic editor for the selected top.
OK - Apply the modifications to the top and close the Edit Event dialog.

Editing or adding end states

To modify sequence columns (or turn on end state and sequence headers)
@ Choose the Pick button.
Position the Pick cursor over the sequence header field.
Right-click. The Edit Sequence Header dialog will be displayed (see
figure below).

To enter either end state names or sequence names
Select the desired sequence branch using the Pick cursor left-click.

Right-click. The Edit Sequence dialog will be displayed (see next page)
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To move a header on the graphic (for example, to shift the end state column to
the left)

Choose the Pick button.
Position the Pick cursor over line to the left of the desired column.
The cursor will change to the Header cursor.

Drag the mouse to the desired location. The cursor will change to the
Move Column cursor. Release the mouse and the column will be moved.

Edit Sequence Header Dialog
Change the sequence information column header in the diagram.

Edit Sequence Header 2] x|
[~ First | SEQUENCE-NAMES] [~ Third | Frequency
v Second I EMD-STATE-MAMES [~ Fourth I EWTR A-#1
—Page Attributes
Background Color I- My j
Line Calar ||_| White j
Highlighted Sequence Calor I- hlany j
Leat Height I 25
(8], Cancel

First - The sequence name. Maximum 24 alphanumeric characters. This column
stores a sequence “name” and is optional. Select the check box to display this
column.

Second - The sequence end state. Maximum 24 alphanumeric characters. This
column will contain the end state or transfer tree names and is required. Select the
check box to the left of this field to display this column.

Third -The header for the third sequence column. Maximum 24 alphanumeric
characters. This can be used for whatever information you wish, however, options
exist elsewhere in the program that will put the sequence frequency of this sequence in
this column. Select the check box to the left of this field to display this column.

Fourth -Extra information for the sequence. Maximum 24 alphanumeric characters.
This can be used for whatever information you wish. Select the check box to the left of
this field to display this column.

OK - Close the Edit Sequence Header dialog and apply the changes the diagram.
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Edit Sequence Dialog

Each sequence path has some additional information that can help define it. This
information includes the name of the sequence, the end state of this sequence, its
frequency, and a user defined field. If the sequence continues through another event
tree then the end state field is the name of the transfer tree. You have an option to
display this additional information and change its location.

Edit Sequence 21 x|
v Sequence I pFrequency I |
[V End State | SMALL-RELEASE [V Extra #2 ]
Forit
[~ Transfer o
—Page Atributes
Background Calar I- Marey - I
Line Colar ||_| Wihite - I
Highlighted Seguence Caolar I- Teharey - I
Leatf Height I 25
o |

Sequence - The name of the sequence (optional). Maximum of 24 alphanumeric
characters.

End State - The name of the sequence end state. Maximum of 24 alphanumeric
characters.

Frequency - Extra information column #3 for the sequence (optional). Can contain the
frequency for the sequence. Maximum 24 alphanumeric characters.

Extra #2 - Extra information column #4 for the sequence (optional). Maximum 24
alphanumeric characters.

Transfer - Check this box if the sequence continues in another event tree. The end
state field contains the name of the transfer event tree.

Font - The font of the information text.
OK - Close the Edit Sequence dialog and apply the changes the diagram.

Adjust the visual display of the event tree

To change the view of the event tree
From the Event Tree Editor menu bar select View = Zoom.

44



SAPHIRE Basics Idaho National Laboratory

OR
E Select the Zoom button from the button bar.
OR
Press the Ctrl+Z key combination.

The cursor is changed to the Zoom cursor . C%E:I_
Move the cursor to the desired location.
To zoom in or magnify the diagram by 40%:
Click the mouse. The diagram will magnified by 40%.
To zoom out or reduce the diagram by 40%:
Right-click the mouse. The diagram will be reduced by 40%.

Use the scroll bars to change the portion of the diagram displayed in the
window.

To redraw the diagram

Event Tree Editor menu bar select View = Refresh or click the “fit to
page” button to re-center the fault tree.

Place descriptive text on a specific event tree branch

To enter text on a specific branch (text will stay with the branch when event tree
is “fit to page.” Select the desired branch, right click and select edit text. Enter
the desired text and click OK.

Place descriptive text on the event tree graphic
To enter text (for a title or other description)

T Choose the Text object from the tool bar. The cursor will change to the
Text cursor +

T

Position the text cursor at the desired location.
Click the mouse. The Edit Text dialog will be displayed.

To move text
Select the desired text using the Text Pick cursor . @

Drag the text to the new location. T
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To modify existing text and attributes dh_TJ
Select the desired text using the Text Pick cursor. oF
Right-click. The Edit Text dialog will be displayed.

Ending the event tree editing session

To save the event tree
Event Tree Editor menu bar: File = Save,
OR Choose the Save Diagram button on the tool bar

Name the event tree file as directed.

21|
Savein: | () DEMO-MODEL =] « & ek E-

LOOPLLETG

LOSPETG

Deskiop

L

fp Documents

™

by Camputer

Save

[ see |
Cancel /L

File name: ||

Ll L

Save az lwpe: IEvent Tree Files<* ETG>

To exit without saving
Event Tree Editor menu bar: File = Exit
Choose No to quit without saving.

x|

@ Save changes to current drawing?

, .............. E ES ............... HD | Cance | |
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| 4 I BUILDING FAULT TREES

Section 4 introduces fault tree development, SAPHIRE fault tree symbols, and
SAPHIRE fault tree modeling conventions. You will learn how to enter and edit fault
trees by using the fault tree graphical editor and the graphical fault tree logic (i.e.,
textual) editor.

CCS Faiz 0 Spray
Water inio the
Conizinment

Mo Watst 10 the Bofh Pump Traine Fai
Pump Traine o Inject

CCE-TRAING

C-MOV-1 Faile 1o RWST suply 10 e CCS Train A Faile 1o CCS Trein B Faile o
Open myechion and coding Supply Flow Supply Flow
Sysens

C-MOV1-FALS ANK CCS-TRAIN-A CCS-TRAIN-B

CCS sucson isalzson Emergancy dissl CCS Train A pump CCS Train A pume CCS Train A Emergancy disssl

valve generaior B dischange check valve duschargel isolaton molor-drven pump generaior A
valve

C-MOv-1 C-CV-A C-MOV-A C-PUMP-A
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4.1. Fault Tree Development

Definition: Fault tree analysis is a deductive failure analysis method which focuses
on identifying all of the credible ways that can cause an undesired event
to occur. The undesired event is stated at the top of the fault tree. The
fault tree gates specify the logical combinations of basic events that lead

to the top event.

Fault Tree Development Plant
Process familiarization
From event tree top Define the fault tree Delineate systems and
event definitions top event system boundaries
Specify model assumptions Construct fault Analyze model and
and conditions tree model perform check
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4.2. Basic Event Symbols

Graphical toolbar symbols for different basic event types

Basic Event Boxed Basic Event
Undeveloped Event House Event

Fault Tree Graphic Symbols for Basic Events

Basic Event

Boxed Basic Event

trees.

Table of Basic Events

graphic.

Idaho National Laboratory

Table of Basic Events

|

Undeveloped Transfer

52

A basic event represents a fault such as a hardware failure, human
error, or an adverse condition. The circle signifies that the fault
event does not require further development.

An alternate symbol for a basic event is a boxed basic event that
provides a box to contain the description of the basic event. This
shape is the standard basic event one normally finds on PRA fault

The table of basic events symbol allows up to 8 basic events to be
entered in a space-saving layout. The logic used by the table is
dictated by the gate it is connected to in the fault tree. The name
for the table must be specified but does not appear on the fault tree
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Undeveloped Event

The undeveloped event denotes a basic event that is actually a
more complex event that has not been further developed by fault
tree logic. SAPHIRE treats this event no differently than a basic
event.

House Event

The house event denotes a failure that is guaranteed to occur
(TRUE) or never to occur (FALSE). However, the calculation type
assigned to a basic event establishes whether or not an event is a
house event. Consequently, any basic event in SAPHIRE can be
a house event, but the calculation type dictates the analysis
behavior (see Section 5).

Undeveloped Transfer

The undeveloped transfer indicates that the event is complex
enough to have its own fault tree logic developed elsewhere;
however, the event has been treated as a basic event in the
present fault tree.

Graphical toolbar symbols for different graphic objects

Right and Left Transfer Vertical and Horizontal Boxes Connecting Lines
~|= e B

These shapes may be drawn on the fault tree, but are neither a basic event nor a gate.
Instead, they are just graphical symbols. For example, a vertical box allows further
descriptive information to be placed in the diagram, but SAPHIRE ignores this box
when processing the fault tree.
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4.3. Logic Gate Symbols

Graphical toolbar symbols for different gate types

AND Gate OR Gate N/M Gate Transfer Gate
Ly Ly = £
NOT AND NOT OR (NOR) Inhibit Gate
(NAND) Gate Gate

%)

Fault Tree Graphic Symbols for Gates

All inputs to the AND gate must occur for failure to occur. Text
symbols used to represent an AND gate include n and *.

OR Gate

Any one input to the OR gate will cause failure to occur. Text
symbols used to represent an OR gate include U and +.

N/M Gate

This gate states that N of the M input events must occur for failure
to occur. For a 2-of-3 gate, any combination of 2 of the 3 input
events must occur.
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Transfer Gate

This gate is used to link logic structures together without
introducing any new logic of its own. The transfer gate indicates
that logic is continued on a new page (or on the same page). The
transfer gate name is the same as the gate name where the logic
continues. When transferring to another page (a separate fault tree file), the gate
being transferred to must be the top gate on the page. (Note that a top gate name
must be the same as the fault tree name. Thus, the transfer gate name must be the
same as the fault tree name.)

Inhibit Gate

The output occurs if the input occurs in the presence of an
enabling condition (indicated by INHIBIT-EVENT). Thus, the
inhibit gate is a special type of AND gate. The enabling
condition (or conditioning event) is simply a basic event.

NOT AND (NAND) Gate

The output occurs if any one of the inputs does not occur (see
example below). A NAND gate is converted into regular (non-
complemented) logic by first complementing each input (A --> /A)
and then changing the gate to an OR gate. Note in SAPHIRE that
the “/” indicates a complemented event.
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NOT OR (NOR) Gate

The output occurs if none of the inputs occur (see example below).
A NOR gate is converted into regular (non-complemented) logic by
first complementing each input (A --> /A) and then changing the
gate to an AND gate. Note in SAPHIRE that the “/” indicates a
complemented event.

Equals (]

7
609 o0

Connecting Lines

Connecting lines can be solid or dashed, or a dotted/dashed line, but the standard is
solid lines. Connecting lines can be drawn at any angle, but the lines must touch the
symbols input or output stem to physically link the symbol.

Connection
Points

o

UJQGB
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4.4. SAPHIRE Fault Tree Conventions

Fault Tree File Name
The fault tree name must be the same as the top gate name. The fault tree name can
be 24 characters long.

Fault Tree Gates

24 character names allowed. Gates may be duplicated in the tree or among different
fault trees as long as the gates are identical. Identical gates are two gates with (1) the
same name and (2) the same inputs.

Basic Event Names
24 characters allowed.

Top Gates
A fault tree "page" or file can have only one top gate.

SAPHIRE Default Naming

SAPHIRE will automatically assign basic event names (EVENT-page#-event#) and
gate names (GATE-page#-event#); however, the user may replace the default name.
These defaults may be modified on the Preferences dialog (View =» Preferences).

Transfer Fault Trees

A fault tree can transfer to another fault tree by using transfer gates. The transfer gate
name and the “transfer to” gate name must be the same. The gate being transferred
to must either (1) be on the same page or (2) be the top gate of a separate fault tree
file.

Complemented Events
Complemented events can be input into fault trees by entering the basic event name
beginning with the "/" symbol, e.g., /DG-A.

- Do notuse *, ?,\, @, /, or space in the naming SAPHIRE fault trees or
basic events. Note that the “/” symbol is reserved to denote a
complemented event.
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Example Fault Trees

Containment Cooling System fault tree

CCS Fas fo Spray
Waler inio e

Top Gate

No Waier o e Bos Pump Trains Fal
Pumg Trains o Inject

RWST supply fo e
injeciion and cooling
sysiems

Transfer
Gate

Emergency diesel
gencrator B

Basic Events

Transfer Gate (note name)

CCS-TRAINS

CCS Tram A Fale o CC8 Tran B Fads o
Supply Flow Supply Flow

COS-TRAIN-A CCS-TRAIN-B

CCS Tran A Emergency diecel
motor-dRven pump genaraior A
DG-A

C-CV-A C-MOV-A C-PUMP-A
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4.5. Fault Tree Logic Editor

The SAPHIRE fault tree logic editor allows you to construct the logic of a SAPHIRE
fault tree (system or subsystem). Fault tree gate descriptions can be entered from this
editor as well as basic event descriptions and data. The fault tree logic editor is a tool
for editing fault tree logic, including gate and basic event data, in a textual, hierarchical
manner.

Shown below is the logical representation of the CCS-TRAINS subtree shown on the

previous page, but in the logic format.

56

Logic editor format

AND Gate Basic Event
—\ CCS-TRAINS D  Both Pump Trains Fail to Inject
-y CCSRAIN-A OR CCS Train A Fails to Supply Flow

c-cv-a BE CCS Train A pump discharge chedk valve
() c-mov-a BE  CCS Train A pump discharge isolation valve
OR O cpump-a BE  CCS Train A motor-driven pump
Gate () dg-a BE Emergency diesel generator A
A CCSTRAIN-E TRAM CCS Train B Fails to Supply Flow

Transfer Gate

Line Format: Symbol, Name, Type, Description

Idaho National Laboratory
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The Fault Tree Logic Editor
¢ Select the Fault Tree menu.
¢ When you select this menu, the Fault Tree List dialog is displayed.

The fault trees are shown in the list box. To display both systems and subsystems,
select the Sub-systems check box. (Deselecting the Sub-systems check box will
toggle the list so that only systems are displayed.)

Fault Trees List - {(DEMO) i |
Total # 2 Marked # 1] [~ Show Sub-Trees Analysis Type IRANDOM VI
CGo CCE Containment Cooling System
CE ECE Emergency Cooling System

Fault Tree Mask Mask Action

Ia ’V = nciuds ) Exclude Apply Mask Exit

To edit a fault tree, highlight the fault tree and select Edit Logic from the pop-up menu.
(Right-click to invoke the pop-up menu.)

Fault trees are added to the database by adding tops to an event tree, by using
Modify = Fault Tree = Add, or by Fault Tree = Add Fault Tree.
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The Logic Editor Display Screen

Idaho National Laboratory

Edit Fault Tree Logic - (DEMQO, ECS) x|
i Everit -
ecs-supply OR Mo Water to the Purnp Trains FALSE-
D TAMK (1O00E-007)  RWST supply to the injection and cooling systems SIMIT=
- #y e-mov-1-fails OR E-MOV-1 FAILS TO OPEM <PASS= B
O DGA (2.000E-002) Ernergency diesel ganerator & =TRLE=
D) EAMCN-1 (1.000E-003) ECS suction isolation valve -
=l ecs-trains AMD Both Purmp Trains Fail to Inject C-Cv-B
temp-12 OR C-hiOY-1
(O DEB  (2.000E-002) Emergency diesel generator B | | » LI
(D E-CY-B (1.000E-004) ECS Train B pump discharge chedk vale
O E-MOV-B (5.000E-003) ECS Train B purmp discharge isolation valve ke "
“(D E-PUMP-B (3.000E-003) ECS Train B motor-driven pump MOV FALE
ecs-rain-a OR ECS Train & Fails to Inject ors
O DG4 (2000E-002) Emergency diesel generator & CCS-SURPLY
(D) E-Ch-4 (1.000E-004) ECS Train & pump discharge check valve CCSTRAIN-A
() E-MOV-2 (5.000E-003)  ECS Train A purnp discharge isolation valve CCE-TRAINE [
“D E-PUMP-  (3.000E-003) ECS Train & maotor-driven pump CCS-TRAINS
E-MOY-1-FAILS
4| | v~
Fault Tree
s
ECS
4| | 3
ok | Cancel I Report |
. The logic editor uses a hierarchical approach to editing the fault tree.
. The logic can be expanded by pressing + or collapsed by pressing -.
. To modify a basic event (or gate), highlight the item, click the right mouse
button, and select Modify
For a basic event:
Modify Event x|

Ewent |Attmbutes| Process Flagl Templalel Transfolmat\onsl Compaound Evanll Notes | Uncartaintyl

-~ Primary
Mame

Description I Emergency diesel generator 4

[~ Alternate
Mame

——

Description I Emergency diesel generator &

Random Faiure Data

Uncertainty Data

Type |1  Probability
Mean Failure Probabilty
Lambda

Tau

Missian Time:

Calculated Probahility

2.000E-002
+0.000E+000
+0.000E+000

+0.000E+000

I 2.000E-002

Type IL: Log Mormal

Errar Factar

Correlation class

El

1 DD0E+001
[z
6

Cancel
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For a gate:
21
Mame  [EcsTRANA e o <]

Description [ ECS Train A Fails to Inject

Inputs

DiG-2 2,000E-002 Emergency diesel generator
E-CW-A 1.000E-004 ECS Trai
E-MOV-A 5 000E-003 ECS Trai
E-PLIMP-2 3 000E-003 ECS Train

4| »
Adld Evert | Edit | Complement |

Acid Gate: | Delete | Toogle Type | Cancel

. Highlight the basic event (or gate) and select Edit. Then modify
its name, description, or probability.

. To add a gate (or basic event), highlight the gate it inputs to (click
the right mouse) and select modify.

. Select the Add Gate option and type in the name of the new gate
along with its type and description.

. To add a basic event (or gate), highlight the item where it will be input, highlight
the item from the list to the right of the window (or add item to list by right click
and Add), and then right click and Select or just double click the item.

Logic Editor Modify Options

The following provides a list of the options available for adding or modifying both basic

events or gates (from the Edit window).
Add Event Edit Complement

Add Event — Add event is used to add a Add Gate Delete Toggle Type

new basic event as an input to the gate.
This option allows for the basic event’s name and description to be added.

Add Gate — Add gate is used to add a new gate as an input to the gate
highlighted. This option also allows for the gate’s description to be added.

Edit — The edit option allows you to change a basic events name, description,
and probability and change a gate’s name, type, or description depending on
which type of event is highlighted.
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Delete — The delete option will delete the highlighted basic event or gate.

Complement — The complement option will complement any basic event that is
highlighted.

Toggle Type — Toggle type will toggle the highlighted object between a basic
event or a gate.

Ok — Close the Modify (Edit) fault tree dialog and apply the changes.
Cancel — Close the Modify (Edit) fault tree dialog without applying the changes.

Other Features of the Logic Editor (via the right mouse click)

Find Option

. The find option searches the fault tree logic to find the specified basic event or
gate.

. To find a basic event or gate (right click the mouse) and select Find. Type in

the name of the gate or basic event and check the box if the search is for a gate
and uncheck the box if the search is for a basic event. Press Find.

Move Option

. The move option will move a gate and its logic from its original input gate to
another selected gate.

. To move a gate, highlight the gate (right click the mouse), select move and
place cursor by the new gate and click the left mouse button. The gate and its
associated logic will now be placed as an input to the new gate.

Transfer Option

. The transfer option transfers from the fault tree currently being edited to the
fault tree specified by the transfer gate.

. To transfer from one fault tree to another highlight the transfer gate (right click
the mouse) then select Follow Transfer.

. To transfer back, highlight the transfer gate (right click the mouse) then select

Transfer Back.
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4.6. Updating the Graphical Fault Tree (.DLS) File

After changes are made to fault tree logic using the Logic Editor, when you press Ok a
dialog box will ask if you what to save the fault tree logic as a graphic file.

At this point you can check the “Create Graphics” box and a fault tree graphics
file will automatically be created.

Alternatively, at any time, one can use the Utility = Fault Tree = Alpha-to-
Graphics conversion to make an updated fault tree graphical file. (You do not
have to update the graphical file in order to perform analyses with the updated
logic; however, to keep the fault tree logic and the fault tree graphic identical,
you must perform the Alpha-to-Graphics conversion if you change the logic but
not the graphic.)

Save Graphics x|

...................................... . [T Use Tables
...................................... [V Bosed Basic Events

Ok LCancel |

4.7. Fault Tree Graphics Features Guide

This section provides an overview of a variety of activities one may wish to perform
when creating and editing fault trees using the graphical editor. Included in this section
is information on the following:

Begin a fault tree graphic editing session, see page 62

Select or arrange logic symbols and basic events, see page 62
Name gates and basic events, see page 63

Connect symbols together with lines, see page 64

Change a symbol type, see page 64

Modify the screen view, see page 64

Make a text box on the graphic, see page 65

View the graphical editor preferences, see page 66
End the fault tree editing session, see page 68
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Begin a fault tree graphic editing session

To develop a new fault tree
SAPHIRE menu bar: Fault Tree
Fault Tree List dialog pop-up menu: Edit Graphics
Fault Tree Editor menu bar: File = New
or
SAPHIRE menu bar: Fault Tree
Fault Tree List dialog pop-up menu: Add Fault Trees

If you wish to edit an existing file while in the graphic editor
Fault Tree Editor menu bar: File = Open
OR Choose the Open File button on the tool bar.

Double-click on the fault tree filename you wish to edit.

Select or arrange logic symbols and basic events

To begin building a fault tree
Select the desired object button from the tool bar (left click).

Then move the shape cursor to the desired location with the mouse and
click the left mouse button to “drop”: the shape. This process can be
repeated until the right mouse button is clicked.

Use the right mouse button to end the selection.

To select objects
&J Choose the Pick button to select a single object

Choose the Text Pick button to select a text object. &J

Then click on the desired object.
A dashed line will appear surrounding the selected object(s).

To delete unwanted objects
Select the object to be deleted (click on the shape with the left mouse
button)
Fault Tree Editor menu bar: Edit = Delete

OR press the Delete key.
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To move symbols (and their associated text, if any)

Select the object to be moved (individually or by drawing a select “region”
around several objects).

Drag the object to the desired location.

Name gates and basic events
To rename logic or basic event symbols

Select the desired shape
Fault Tree Editor menu bar: Edit =» Attributes
OR right-click and choose Edit,

Then make desired changes.

Shape Definition 2%
Mame IE List Forit
—Description

Auta Wrap ficnt | Text Justification

ECS Fails fo ~]  Horizontal Vertical
Inject Vister  Left C To
inta the Reactor 7
Vessel

ea3el " Center % Micile

-]

7 b " Right ) Blcttom

—&ttributes

v .
or M

Shape I- Blue -l
Lz ||:| Wihite -l

Ok, I Cancel

To view the current name of a gate or basic event

o Choose the Pick button to select a single object. On the bottom of the

&J fault tree graphic the basic event name or gate name along with their
description will be shown.

63



SAPHIRE Basics Idaho National Laboratory

Connect symbols together with lines

To link gates and basic events together

Select the Line button from the tool bar. Drag from the starting location
Line to the ending location.

(Note: if you move symbols after connecting with lines, you may need to
redraw the lines unless the lines were moved with the symbols.)

Change a symbol type

To change a symbol (e.g., to change a basic event to an undeveloped transfer)
Select the shape

Fault Tree Editor menu bar: Edit = Attributes

Shape Definition 2] x|

Hame [ Tank List Fart
[ Description

R UED Fort | Text Justification

RST supply ] Horizontal ertical

o the injection  Left o

and cooling systems 2 U7

i+ Center & Middle
=
q _,l_l  Right € Bottom

- Attributes

v [
Baxed Ever T

|E| Right Trans

Shape
Left Trans

Line Und. Trams

Har. Bax b

Choose the Type button.
Select the new shape type from the list.

Modify the screen view

To change the view of the fault tree
Fault Tree Editor menu bar: View
Page Up - allows you to move up one page.
Page Down - allows you to move down one page.
Page Left - allows you to move left one page.
Page Right - allows you to move right one page.
Zoom - allows you to zoom in or out. Or select the button @

64



SAPHIRE Basics Idaho National Laboratory

View = Normal resets the screen.

View = Fit zooms the fault tree in to fit the screen. Or select the
“fit to page” button

Or
Highlight an area right mouse click and select zoom selected.

To redraw the window
Fault Tree Editor menu bar: View =» Refresh or press the F5 key.

Make a text box on the graphic
To enter text (for a title or other description)

T Choose the Text Object button from the tool bar. The cursor will change
to the Text cursor. +T

Position the text cursor at the desired location.
Click the mouse. The Text Attributes dialog will be displayed.

To move the associated symbol only
&J Choose the Pick button from the tool bar. The cursor will change to the

Pick cursor. @
To move text only
Choose the Text Pick button from the tool bar. The cursor will change to
&J the Text Pick cursor.

Select the desired text.
Drag the selected text to the new location.

To change existing text and attributes
Select the desired text using the Text Pick cursor. @
T

Right-click and choose Edit. The Text Attributes dialog will be displayed.
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Text Attributes |

— Test

e 2=

Ok

" o

— Horizontal Justification
i Left ¥ Center " Right

Cancel

—Wertical Justification

= Etiom " Middle £ Top

Text - Descriptive text for a shape or explanatory text for the entire fault tree.
Maximum of 600 alphanumeric upper- and lowercase characters.

Justification

Horizontal - The horizontal alignment of the text.

Vertical - The vertical alignment of the text.

Text Font - The font size or type for the text and the color of the text.

OK - Close the Text Attributes dialog and add the input text to the diagram.

View the graphical editor preferences

Fault Tree Editor menu bar: View=>» Preferences
OR right-click and choose Preferences

Note the Snap Line to Shape option - If checked, lines drawn from any part of
one shape to any part of another will be adjusted to connect the two shapes. If
not checked, lines will be placed exactly where dropped.

66



SAPHIRE Basics Idaho National Laboratory

Check boxes under Other to do the following:
Show Names: This places the event Primary name under the symbol.

Show Both: This places the event Primary and Alternate name under the
symbol.

Show Text: This will show the event or fault tree text.
Show Grid: This will show grid lines to help in placing symbols.

Show Probabilities: This will put the basic event’s probability to the side of the
event.

Show Page Info: This will place the fault tree title and the date the fault tree
was last modified along with the page number for the fault tree on the bottom of
the graphic.

/x|

—=hape Mames

Pritmary ———— Afternate

Gate Im Gate I
Event IE\-"ENT Event I

—Shape Attributes

NamEFDI‘dl Fill Calar I- Blue j Cwtline Color ||:| White j

—Line Attributes

Style
FF‘ Solic| me— (= Dizhec = e e { Dotted messo| Line Color ||:| Vhite j

[T Snap Line to Shape

— Text Attributes

Harizartal Wertical
Text Font | " Left {* Center { Right  Top A Midde  Boftom

—Other
Prirt Margins (Inches)
¥ Showe Mames
Top I 0.50 Background I- My j
[T Show Both
[¥ Show Text Botiom [ 0.50 (Note: trailing blank = %)

Lett I 050 Primary Page Label | Page®

[ Showe Grid
Right I .20 Alternste Page Lakel J Page%

[T Showe Probahbilties
[~ Show Page Info

Ok Cancel |
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End the fault tree editing session

To save the fault tree graphic
Fault Tree Editor menu bar: File = Save,

f
OR Choose the Save Diagram button on the tool bar

Name the fault tree file as directed.

Savein |9 DEMO-MODEL x| £k Ef-
£C5.0L5
EC5.0LS
by Docurments
File name: || j Save I
Saveastype:  |Fault Tree Files<*DLS> =l Cancel |
g

To exit without saving
Fault Tree Editor menu bar: File = Exit
Choose No to quit without saving.

x|

@ Sawe changes to current drawing?

[} | Cancel |
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I 5 I BASIC EVENT INFORMATION

Section 5 introduces SAPHIRE basic event data entry and basic event probability
calculation types.

Information

CCS Tram A
moinr-drven pump
Uncertainty

CCS Tram A
moioe-drven pump

Attributes
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5.1. Modify Basic Events

¢

70

To enter basic event data, select Modify from the menu

Events.

Edit Events - (DEMO)

Idaho National Laboratory

. Then select Basic

x|

Mame Description

=FALSE= Systemn Generated Success Event

=IMIT= System Genersted Inftisting Event

=PASS= System Generated lgnore Event

=TRUE= System Generated Failure Event

[sSlatEr Y CCE Train & pump discharge check valve

C-CW-B CCS Train B pump dizcharge check valee

C-MON-1 CCS suction izolation valve

C-MON -8 CCS Train A pump discharge isolation valve

C-MCN-B CCE Train B pump discharge isolstion valve

C-PUMP-& CCS Train A motor-driven pump

C-PUMP-B CCS Train B mator-driven pump

[y Containment Cooling System

Di-4, Emergency dissel generator L

DB Emergency diesel generator B

E-CWw-& ECS Train & pump discharge check valve

E-Cvw-B ECS Train B pump discharge check valee

E-MON-1 ECS suction izolation valve

E-MiTh -2 ECS Train & pump discharge isolation valve

E-MOv-B ECS Train B punp discharge isolation valve

E-PLIMP-2, ECS Train & motor-driven pump

E-PUMP-B ECS Train B maotor-driven pumgp

EC= Emergency Coaling System

ECZ-TRAIN-B ECS Train B Failz to Inject

LOSP Loss of Offsite Power

TAMK RWST supply to the injection and cooling systems
«| | »

Tahle Wiew

| Cross-Reference |

Right Click for Menu Options.

RBemove Unused | Shove Unused |

To modify data for an existing event, double-click on the event you want to edit
or right-click to invoke the pop-up menu and select Modify.

To add a new event, right-click to invoke the pop-up menu and select the Add

option.

The “Cross-Reference” option allows one to view the places in the project where
a basic event might be used. For example, if a basic event is used in a fault
tree, the cross-reference will indicate which tree by name.

Event Cross-Reference

=] TAMK

CCS

- Referenced
—- Fault Tree Logic - 1 Reference

Report
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5.2. Basic Event Data Fields

Modifying a basic event displays the “Modify Event” dialog.

Modify Event 2%

Event IAttributesI Frocess FIagI Templatel Transfurmationsl Compotind Eventl Haotes | Llncertaintyl

— Primary

Name Ec-

Description I CCS Train & pump discharge check valve

— Afternste
Matme

Description CCE Train A pump discharge check valve

Fandom Failure Data Uncertainty Data
Type |1 Probabity | |Tyne |L  Log Mormal =
Mean Failure Probakbility 1 000E-004
Lamkbda +0.000E+000 Error Factor 3 000E+000
Tau +0000E+0C000 | E----
Mis=ion Time +0.000E+000 Correlation class 1
Calculated Probability I 1 O00E-O04

(1] 4 I Cancel

Primary Name

The Primary name is the fundamental name used in the fault trees and event trees. A
unique Primary name must be specified for every basic event in the logic models. A
maximum of 24 uppercase, alphanumeric characters may be entered. Embedded
spaces are not allowed.

Alternate Name

The Alternate name, which can be different than the Primary name, can be used to
report cut set results by selecting Alternate name in the Define Constants option.
This feature allows cut sets to be reported using a different naming scheme. A
maximum of 24 uppercase, alphanumeric characters may be entered in this field.
Embedded spaces are not allowed.
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Primary Description

This is a 120-character, uppercase or lowercase, alphanumeric field that provides brief,
descriptive information.

Alternate Description
This is a 120-character, uppercase or lowercase, alphanumeric field that provides
brief, descriptive information.

Type — Calculation Type

In the Failure Data section the calculation type is a numerical reference to the
calculation method to be used. There are 14 unique calculation types identified as 1,
3,5,7,V, T,F, I,C, X, S, G, E, and H. Choose the desired calculation type from the
drop-down list.

The “basic” calculation types are:

Calc Type Equation Comments

1 P=p Simply a probability (or, possibly, a frequency in
the case of an initiating event). Could represent
a failure upon demand.

p = probability, in the “mean probability” field

3 P=1-EXP(-ATp) Failure probability of an operating component
without repair (non-demand failure mode)

A = mean failure rate, in the “lambda” field
Tm = mission time, in “mission time” field

S P=(r=]/[2+{A1}])* Failure probability of an operating component
(1-EXP [-(L + 1/1) * T]) with the possibility of repair following a failure.

A = mean failure rate, in the “lambda” field
T = mean repair time, in the “tau” field
Tm = mission time, in “mission time” field

7 P =1+ (EXP[-At]-1)/(A 1) Failure probability of a standby component in a
non-demand failure mode that is tested
periodically.

A = mean failure rate, in the “lambda” field
T = test interval, in the “tau” field
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Calc Type Equation Comments
T P= House event TRUE, represents a failure.
F P= House event FALSE, represents a success.

The “advanced” calculation types are:

Calc Type

Equation

Comments

P=0

P = calculated
probability

P = calculated
probability

P = calculated
probability

P= (D[ln(gspecified/a)/Br]'

The basic event is to be treated as if it did not exist
in the logic for the fault tree. Before the tree is
solved, all references to the specified event are
removed from the fault tree.

The basic event is to be treated as a value event.
This calculation type is used in order to include
events that take on values instead of probabilities.
Therefore, the value can be greater than 1.0.

The basic event’s probability is calculated based
on different equations within SAPHIRE (i.e.,
summation of two different basic events or
common cause failure calculation performed within
SAPHIRE).

This basic event is a human action and SAPHIRE
has worksheets built in to calculate the human
error probability based on performance shaping
factors.

Finds a fault tree with the same name and uses its
current cut set min cut upperbound probability as
the basic event’s probability.

The basic event is to be treated as a seismic
event. The probability value for screening will be
calculated using the “screening G-level” (ground
acceleration) and median failure acceleration
(fragility) specified by the user. Strictly for use only
in seismic analyses.
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Calc Type Equation Comments

H P = ®[In(gnhazara/a)/B:]. The basic event is to be treated as a seismic
event. The probability value for screening will be
calculated using the highest G-level (ground
acceleration) from the project’s “seismic hazard
curve” and median failure acceleration (fragility)
specified by the user. Strictly for use only in
seismic analyses.

E P = calculated Finds an end state with the same name and uses
probability its cut set min cut upperbound probability as the
basic event’s probability

Notes: @ = standard normal cumulative distribution function

a

median failure acceleration (the approximate ground acceleration sufficient to
cause the component to fail)

B, = amount the failure acceleration "a" can vary

g = ground acceleration for screening

Mission Time

The mission time is the period of time that a component is required to operate in order
to characterize the component operation as being successful. An example would be
for a pump that must run for 24 hours after an initiating event, the mission time would
be 24 hours.

Distribution Types

For the Uncertainty Data section, there are thirteen predefined distribution types
available. The predefined distribution types are:

Normal, lognormal, beta, dirichlet, gamma, chi-squared, exponential, uniform,
maximum entrophy, constrained non-informative, histogram, triangular, and
seismic.

In addition to these predefined distribution types, user-defined histograms may be
used.

The default distribution type is no distribution (i.e., it is a point estimate). Choose the
desired distribution type from the drop-down list.
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Value 1
Enter the first parameter of the distribution, if one is required.

Value 2
Enter the second parameter of the distribution, if one is required.

Correlation Class

Use to account for data dependencies among like events in the database. Enter up to
four uppercase, alphanumeric values. A blank correlation class indicates that there are
no data dependencies. When running the uncertainty analyses, the same sample value
will be used for all basic events with the same correlation class.

Calculated Probability
The calculated probability that will be used for the basic event is listed in this field.

SAPHIRE Failure Data Entry Requirements

Calculation Mean Failure Lambda* Tau Mission Time
Type Probability (per hour) (hours) (hours)
1 X
3 X**
5 X**
7

Notes: * The time units of lambda, tau, and mission time must be the same so that
they cancel (e.g., in time units of either hour or per hour).
** 1f no mission time is specified (i.e., the mission time is zero), the default
mission time specified in SAPHIRE Utilities = Define Constants will be
used.
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5.3. Basic Event Attributes
Each basic event has special attributes that delineate the type of event.

Modify Event 2] x|

Event Attnbutes | Procezs Flagl Templatel Transformationsl Compound E\.-'E.-ntl Motes I Uncertaint_l,ll

Event | C-CW-A
Comp ld. | o-ov-a Type o
System CCs Fail Mode | A1 —Susceptibilties
Train Location | FZ1 Random ¥ User I
Fire [ Userz [
Flood [T Users l_
T late Evernt
I Templste Eve Seizmic [~ Userd I
Initisting Event U=sera
Category IGeneral purpose event ;I Cn |d|r|:g e F UserE F
andition zer
Frequency Units IND‘t Specified ;I Reservedd [~ User? I
Graphical Shape IEI : Boxed hasic event ;I Ressrvedd e =

OE. I Cancel

Comp Id

Component Identifier. Enter up to seven (7) alphanumeric characters to identify a
component by a unique designator. This is usually part of the component label (e.g.,
DGO01). No embedded blanks are allowed.

System
Enter up to three alphanumeric characters to identify the system containing the

component.

Train
Enter up to two alphanumeric characters to identify the train containing the component.
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Type
Enter the event type attribute.

Failure Mode
Enter up to two alphanumeric characters to identify the failure mode for the component.

Location

Enter up to three alphanumeric characters to identify the physical location for the
component.

Susceptibilities
The susceptibility flags indicate whether or not the event is susceptible to a specific
kind of failure. There are 16 susceptibilities. Several are defined below:

1 = Random (default) 2 = Fire
= Flood 4 = Seismic
5 = Initiating Event Assessment 6 = Condition Assessment

Susceptibility flags must be checked to be considered susceptible to a specific type of
failure. Note that all events are susceptible to random failure regardless of the random
flag's value.

Category
Select from the drop-down list to specify the category or use of the event.

General purpose event - This is the default and is appropriate for must basic events.

‘I - Initiating event - Any initiating events should be identified with this category
designation. The event tree editor will automatically enter an 'I' when the user specifies
that the first event is an initiating event.

‘H’ - Hazard event - A special type assigned to histogram bins for seismic analysis.

‘R’ - Recovery event - Events with this category designation will be listed in a list of
recovery events used in the Recovery Rules editor.

‘S’ - Support System State — Reserved for future use.

77



SAPHIRE Basics Idaho National Laboratory

‘V’ - Value event - Allows for values greater than one or less than zero to be used for
the basic event. Represents a general “value” for an event.

Frequency Units

The frequency units can be specified for initiating events (e.g. per year). The default
frequency units specified in Modify = Project will override the frequency units
specified if they are different. This is to ensure all sequences will be using the same
frequency unit for summation.

Modify Event [ Z]
Ewent  Attributes | Process Flagl Templatel Transfnrmatlnnsl Compound Eventl MNotes I Uncertalntyl
Event I =IPIT=
Comp ld Type
System Fail Mocle Susceptibilii
Train Location Random v Usert r
Fire I uUser2 ml
Flood I~ User3 r
T late Event
B Tz E Seismic I~ Userd m
Initisting Evert Users
Category II Initizting event 'I i I_ng e al == l
Condition I Users -
Freguency Units INot Specified - Reservedd T User? r
- Reservedsd I Users -
Per Vear =
Per Month
Perhizek p—
Per Dary
Per Hour bl
Ok I Cancel I

Frequency units available are: Per Year, Per Month, Per Week, Per Day, Per Hour, Per
Minute, Per Demand.

Graphical Shape

The graphical shape drop down list specifies the type of basic event symbol to use
when an alpha-to-graphics is performed.

Template Event

‘Template Event Check Box’ — If checked, then the event’s probability, attributes, and
other information can be used by other basic events.

5.4. Basic Event Process Flags

Process flags are primarily used to tell SAPHIRE how to solve event tree
accident sequences and fault tree logic.
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Modify Event 2]

Ewent I Atftributes  Process Flag I Templatel Tlansfolmationsl Compound Eventl Motes I Uncertaint_l,.ll

Event |C-ov-s

Sequence Top Sequence and Fault Tree Logic

aurt i+ BLARNK or Default
ault Tree Logic

Uze Fault Tree Logic
Success - Uze Delete Term

| - Failure -Jse Fautt Tree Logic 7 X Always Use Developed Evert
Success - Use Fault Tree Logic
= Wi -Failure -Use Fault Tree Logic
Success - Use Developed Event
i~ ¥ -Failure - Use Developed Evert " Sensitivity Analysis
Success - Use Delete Term i~ Thiz iz & Zone "Flagged" Everit

General:

= % Failure - Use Developed Event
Success - Use Developed Event

ak I Cancel

Sequence Top Flags

BLANK or Default

When the Process Flag field is blank, the transfer associated with this event is
expanded for failure references. For success branches in an event tree, the transfer is
also expanded; however, the impossible cut sets are removed from the resulting cut
sets using cut set matching (i.e., the delete term).

Process Flag ="'I'

Use system logic (if top event fails), use the complement of the system logic (if top
event succeeds). That is, if the top event is a failure, SAPHIRE will expand the fault
tree and solve, just as one expects. If the top event succeeds, SAPHIRE will
complement the fault tree logic and solve it, thereby resulting in a non-coherent logic
solution.

Process Flag ‘W'

Use system logic (if top event fails), use complement of the developed event (if top
event succeeds). That is, if the event fails SAPHIRE will expand the fault tree and
solve. If the event succeeds, SAPHIRE will treat the top as a basic event (i.e.,
developed event) and use the complement of the event for the system probability.

Process Flag 'X'

Use developed event (if event fails), use cut set matching to eliminate cut sets (if event
succeeds). Thatis, an "X" tells SAPHIRE that a basic event is to be used for failure
probability, but a success top is to be treated the same as if the flag was blank.
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Process Flag 'Y"

Use developed event (if event fails), use complement of developed event (if event
succeeds). Thatis, a "Y" indicates that a transfer is to be replaced with its basic event
for failed references and the complement of the event is to be used for success tops. If
the top event is to be treated as a basic event (both for the up and down branch), then
use a “Y” flag for the event.

Sequence and Fault Tree Logic Flags

BLANK or Default
When the Process Flag field is blank, SAPHIRE uses fault tree logic in the event tree top

events during sequence cut set generation.

Process Flag ‘X’
When the Process Flag field is “X”, SAPHIRE uses a developed event instead of fault tree

logic in the event tree top events during sequence cut set generation (used in conjunction with
the calculation type “1” or “S” random failure data setting).

General Flags

Sensitivity Analysis

If an event is marked for sensitivity analysis, SAPHIRE will map a core damage
frequency plot. A sensitivity analysis allows you to see how sensitive the core damage
frequency is in relation to an event.

Zoned Flagged Event

A zone flagged event is an event that has been marked as representing a zone (i.e.,
location or area). An example of a zone is a fire zone or a flood zone. When SAPHIRE
encounters a zone flagged event, it performs a transformation. A transformation is an
event or set of events that replace a zone flagged event.
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5.5. Basic Event Template

If one or more events have been identified as being “template” events (via the attributes
tab), then the event may use the template information by selecting the template event.

Event I .-’-'-.ttril:uutesl Process Flag  Template | Transfnrmatinnsl Compaound Eventl M otes I Llncertaint_l,ll

Evert | T,

Template I j

—&ftribtes ———— —Random Failure —— — ncettainty
v Component ld. [ CalculationType [+ DigtributionType
¥ Process Flag [ Probakility v Uncersinty alus 1
v Categaory [v Lambda v Uncerainty Yalue 2
v Graphical Shape [+ Tau [ Correlation Class
v System [+ Miz=ion Time
I~ Trair; .
.T : — iJther — Transformations
IV Type [ Description v Ewerts
IV Failure Mode ¥ Susceptibilties ¥ Level
Location
I [V hates ¥ Type
¥ Fred. Unitz

k. I Cancel

Template
If you wish to use another event’s information as a template for this basic event,
select the name of the event from the drop-down list. Then check the box next to the
desired characteristics to be used by this basic event. By default, all of the template
event characteristics are selected.
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5.6. Basic Event Transformations

Select basic event(s) from the All Events list and the desired Type and Level.

Modify Event 7] x|

Ewent I Attributesl Process FIagI Template  Transformations | Compotind Eventl Haotes I Uncertaint_l,ll

Ewent |c-cv.A
&l Everts Zelected Event
=FALSE= - Type
=MIT= —
<PASS- — " AND
=TRLE= T OR
C-Ch- " I0R
C-cv-B
M- {* MONE
C-hOh -4
C-mOY-B Level
C-PUMP-2,
C-PUMP-B I'“
CCs
OG-, _
DG-B M
E-ZW-A,
w

== Remove

1| | >| —I 1| | 3
Mewe Event |

Transformation - Type
This field indicates the required behavior of the collective events. Enter one of the

following:

AND = All included events must fail. Event is replaced with an AND gate, with
all marked events as inputs.

OR = Any included events must fail. Event is replaced with an OR gate with all
marked events as inputs.

ZOR = Events make up the zone. If any events in the list fail, all events fail.

Transformation - Level
Enter an integer between 0 and 255 indicating the level of substitution for the
transformation.
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5.7. Basic Event Uncertainty

Summarizes the basic event uncertainty (if uncertainty parameters have been
specified).

ModifyEvent 2 x|
Ewvent I .ﬁ.ttributesl Process Flagl Templatel Transfnrmaticunsl Caompaund Eventl Motez  Uncertainty |
| -T2, (Probability Distribution)) | Titie | Data
[Randu:um Seed 0
Samples 1000
EHETE Mean 1.012E-004
5TH 2.B00E-005
Median 5.156E-005
95TH 2.322E-004
hinimum 4 459E-006
Mac<imum 5.1558E-004
Std. Deviation 7.143E-005
Skewness 1.981E+000
FDF Kurtosiz 5 633E+000
0.00E+00
2 00E-05 Frobability 2. 40E-04
1| | 3
— Distribution Types Sampling Methods ——— Axig ———————
{+ PDF {* Monte Carlo " Buath [~ Log Reeampie |
{ Cumulative " Latin Hypercube Sampling [ Log¥
(] I Cancel

Terms You Should Know

Developed Event
A developed event in SAPHIRE is either an event tree top or the fault tree top gate.
Regular fault tree basic event are not considered developed events.

Delete Term

In SAPHIRE, the process known as “delete term” refers to the removal of sequence
success cut sets from the list of failure cut sets when generating sequence cut sets.
As an example of the “delete term”, consider a sequence where top event A is
successful and top event B is failed. Any cut sets that would fail A should not be
allowed in the cut sets for B, so those cut sets are removed from the sequence.
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5.8. Using “Generate” to Process Event Data

¢

84

Use the Modify = Basic Events menu to enter basic event data.
Return to the main SAPHIRE menu.

Select Generate from the menu bar, and select the Generate button. To simply
copy the base case data (the data just entered under the “Modify” option above)
into the current case, do not mark any change sets.

Logic Models
and Graphics
L1 s
4 Base Case h f/('.:urrent Case\
Storage Storage
Results Results
(cut sets) (cut sets)
Event Data Event Data
\ ~. - A J

Change Sets
and Flag Sets

"GENERATE Event Data"
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| 6 IGRAPHICALOUTPUT

Section 6 describes the Alpha to Graphics conversion and Page Tree features for fault
tree graphics, and how to print fault tree and event tree graphics.

6.1. The Fault Tree Alpha to Graphics Feature

Function — The “Alpha to Graphics” feature uses internally stored fault tree logic to
create a graphical fault tree file that can be viewed or edited in Fault Tree menu and
printed from the Report = Fault Tree = Graphic menus.

When to Use Alpha to Graphics
To replace the fault tree graphic that you created in Fault Tree = Edit

Graphics with a SAPHIRE-generated graphic that is evenly spaced and
aligned or to use different basic event symbols.

To update the existing fault tree graphic because you used the fault tree logic
editor to modify fault tree logic.

To create a fault tree graphic after loading the fault tree logic into the database
via the MAR-D interface.

Using the Fault Tree Alpha-to-Graphics Feature

To use the Alpha to Graphics feature, select Utility =» Fault Tree = Alpha to
Graphics or Utility = A to G button.

ﬁ * DRE |
Litilities A tod
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| Utiliey Help
Define Constants. ..
Load and Extract. ..
Recover Data Base...

|pdate Descriptions

align Mames

Fault Tree Alpha ko Graphics
Event Tree b Check Duplicate Gaktes
Cuality Checks k Extract Graphics

" ] Load Graphics
|ew. rrar Log Fix Colar
Version Date

Mumber pages

Sensitivity Wizard Check Logic)Graphic
Imporkance Measures Wizard |

. Choose the Alpha to Graphics sub-menu option.
*  Mame Description
CCE Containment Cooling System faul tree
ECS Emergency Cooling System Fault Tree
Edit Logic Canwvert Exit
. Highlight the desired system(s) and choose the Convert button.
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Specifying Alpha to Graphics Conversion Options

. To place basic events in the Table of Basic Events symbol, select the "Use

Tables" check box.

[ Use Tables
¥ Use Boxed Events

. You may also choose from the two basic event symbols, the round Basic Event
symbol or the Boxed Basic Event symbol. To use the Boxed Basic Event
symbol, select the "Use Boxed Events" check box.

Note: Special basic event symbols such as the Undeveloped Event symbol are
not distinguished from ordinary basic events in the fault tree logic;
therefore, the Alpha to Graphics conversion will only use the boxed,
unboxed, or table basic event symbols.
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Example of Alpha to Graphics Conversion

Idaho National Laboratory

ccs DR CCS Fails to Spray Water inko the Containment
#y ccs-supply OR Mo YWater to the Pump Trains
2 TAMNE {1.000E-007) RWST supply to the injection and cooling systems
#By c-mov-1-fails OR C-MOY-1 Fails to Open
{1.000E-003) CCS suction isolation walve
{2, 000E-00Z) Emergency diesel generator B
ath Purnp Trains Fail to Inject
ccs-krain-a OR CCS Train & Fails to Supply Flow
O C-CV-A {1.000E-004) CCS Train & pump discharge check valve
(T C-MOY-A (S.000E-003) <S5 Train & pump discharge isolation walve
O C-PUMP-& {3.000E-003) CCS Train & motor-driven pump
: (0 Dn3-A {Z.000E-00Z2) Emergency diesel generator &
= Py cos-train-b OR CCS Train B Fails to Supply Flaw
(T C-CV-B ¢1.000E-004) CCS Train B pump discharge check valve
(O C-MOV-B (S.000E-003) CCS Train B pump discharge isolation valve
(T C-PUMP-B {3.000E-003) CCS Train B mokor-driven pump
() DG-B {2,000E-002) Emergency diesel generator B

Ewerit
=FALSE=
=IMIT=
“PASSE
=TRUE=

C-bADN -1 -FAILS
CCE
CCE-SUPPLY
CCE-TRAINM-2
CCE-TRAINM-B
CCE-TRAINES
E-MON-1-FAILS |
EC=
ECS-SUPPLY
4| | i~

Fault Tree

CCS
EC=

4| | »

Report

Cancel I

Alpha to Graphics Conversion

cCs Failsto
Spray W ater into
the Containment

CCS Train B
Fails To Supply
Flow

CCS-TFI?AIN-E

V-
“MOV-
C-PUMP-B
DG-B

CCs
The Pump Trains Fail To Inject
CCS-SUPPLY CCS-TRAINS
C-MOV-1 Fails RWST supply
To Open to the in jection
and cooling systems
10E-7 A
C-MOV-1-FAILS TANK CCS-TRAIN-A
1
CC S suction Emergency diesel CCI-\/(I:(;/\-/AA
[ | B - -
isolation valve generator St A
DG-A
1.0E-3 O 2.0E-2
C-MOV-1 DG-B

CCS - Containment Cooling System fault tree

1998/07/21

. After performing the Alpha to Graphics conversion, the fault tree logic is
converted to a graphical fault tree. The conversion was performed using Tables

and Boxed Basic Events.

Gate and basic event descriptions will automatically be placed on the fault tree.
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6.2. The Page Tree Feature

Function — The Page Tree option is used to permanently divide one fault tree "page”
or file into several "pages" or files. This allows you to divide the contents
of a fault tree file so that it fits onto a printed page. Dividing the fault tree
is accomplished by picking gates to be changed into transfers.

Additionally, you can break out a subtree at a user-specified gate, output
gates with multiple references to a separate subtree, or output multiple
top gates into separate fault trees.

When Using the Page Tree Feature

Always backup the database prior to using the Page Tree feature, because changes
cannot be undone easily. You are making changes to the fault tree logic just as if
you went into the graphical editor and cut/paste new gates and transfers.

Using the Page Tree Feature

. To use the Page Tree feature, select the Fault Tree option from the menu bar.
. Highlight the fault tree to be paged and right-click to invoke the pop-up menu.
. Select the Page Tree option.

&dd Faule Tree. ..

Edit Graphics
Edit P+ID
Edit Logic

FPage Tree

Saolve...

Cuankify 3
Uncerkainky. ..

Uk Seks k
Display 3
Wiew Results

Time Dependent

. The Page Fault Tree Logic dialog is displayed.
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Page Fault Tree Logic - {DEMO, CCS) x|

cos-supply R c-mow-1-Fails, TAMNE

- By c-mov-1-fails OR C-MOV-1, DG-B

cos-trains AMD cos-train-a, cos-train-b

My cos-train-a OR C-CY-p, C-MOY-A, C-PUMP-A, DiG-A

—Paging Pages
Auto Page fLttiple Back o To
Tops Gate Firncd Prirt
herge Expand Exit
Double Click to zelect & page

|CCS Failz to Zpray YWater into the Containment

Page Options
Multiple - Break out gates with multiple references (i.e., gates that appear in more
than one location within the fault tree) and output the logic into separate subtrees.
Enabled only when multiply-referenced gates are detected.

Tops - Automatically separate the logic file into different fault trees by the top events.
Enabled only when multiple tops in the logic are detected.

Gate - Create a separate fault tree logic file with the specified gate as the top event.
Find - Locate a specified gate.
Go To - Follow a transfer to another fault tree file.

Merge - Merge the logic represented by a transfer gate into the current fault tree file.
This will occur only if the gate is not referenced more than once within the fault tree.

Auto Page - Automatically break the fault tree into easily viewable segments.
Expand - Expand all gates in the current fault tree file.
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Back - Reload the previous fault tree file. This option is enabled only after executing
the Go To option.

Pages - List of existing pages. Double-click on a page in the list to make it the current
page.

Exit - Close the Page System Logic dialog. If changes were made to the system logic, you will
be prompted to save the changes before exiting.

6.3. Printing Fault Tree Graphics

. To print fault tree graphics, select Report = Fault Tree = Graphic.

—Data Type ———— —Report Type —=ub Type

{" Project " Summary

" Aftributes " Logic

Coeruns || G

¥ Fault Trees i Cut Sets

{~ Event Trees i Importance

" End States i~ ¥ Reference Fault Tree

(" Sequences i~ ¥ Reference Sub-tree

" Change Sets i~ Recovery Rules

" Flag Sets i Tewxt

" Gates £ Custom

" Hizstograms

¥ el Process | Exit |

£ User Info
. Select the files to be prepared for plotting, and choose the Print button.
. Select the files to be prepared for plotting, and choose the Export button to

create metafiles that can be loaded directly into a word processing program.

Note: the size and alignment of the graphic as it appears in the graphical editor prior
to using the print option dictates the appearance of the printed graphic.
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6.4. Printing Event Tree Graphics

. To print event tree graphics, select Report = Event Tree = Graphic.

20
—Data Type ————  —Repart Type —Sub Type
{~ Project
0 Attributes
{~ Basic Everts (" Initiating Everts
" Fault Trees {~ Cross Reference
= Evert Trees {~ Linkage Rules
" End States {~ Recovery Rules
" Seguences " Partition Rules
" Change Sets ™ Tewxt
" Flag Sets " Custom
{ Gates
" Histograms
® clizce Frocess Exit
" User Infa
. Select the files to be prepared for plotting, and choose the Print button.
. Select the files to be prepared for plotting, and choose the Export button to

create metafiles that can be loaded directly into a word processing program.

Event Tree Graphics - [DEMO) EE

G Ewvent Trees
ATWE Evert Tree
Losz of offsite power event tree
G TRAMZ Tranzient Evert Tree
Export Print Exit
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I ; I GENERATING FAULT TREE CUT SETS

Section 7 describes how to generate fault tree cut sets. Model preparation prior to
generating cut sets is discussed, and the various analysis and truncation options are
described. Cut set display features are also presented.

CONTAINMENT
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7.1. Prerequisites for Generating Fault Tree Cut Sets

1. Fault tree logic was created by using the fault tree graphics editor, fault tree
logic editor, or loaded into the database via the MAR-D interface.

2. Basic event data were added through the Modify = Basic Events menu.

3. Basic event data was prepared for by using the Generate option.

4. Fault tree transfers are properly modeled so that there are no logic loops in the

fault trees, there is only one top gate in each fault tree, and the naming of
transfer gates and fault tree filenames is consistent.

Logic Loop Example

OFF Of Service
water system

L=z of eledricy |
poner
TTEP
Hailure of diess)
generators
PN FlRiTure of chese]
DIESEL generators
DIESEL
Lo=s of cooling watpr to
dlesel generatols
Crfz-1
ozs of serioe |
ater system

LOSWy

The correct way to "break the loop" will depend on which system is being analyzed.
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7.2. Menus and options for fault tree cut set

tion
. Select the Fault Tree option from the menu.
2]
Total # 3 Marked # ] ¥ Show Sub-Trees Analysis Type  |RANDOM =l
oG CCE Containment Cooling System fault tree
g o CCS-TRAINS
b ECS Emergency Cooling System Fault Tree
Fault Tree hMask Mazk Action
I * |7 = nciude € Exclude Apply Mask | Exit

Mark the Fault Trees using the mask feature, or using the mouse.
Right-click to invoke the pop-up menu.
Select the Solve option.

This option uses the fault tree logic from all fault trees that link to the top gate in the
system. The fault tree probability is quantified using the minimal cut set upper bound.

b — flag indicates fault tree has base case cut sets

c — flag indicates fault tree has current case cut sets

C —flag indicates fault tree has both current and base case cut sets

s — flag indicates that the fault tree is a subtree (subtrees can be solved for cut
sets)

G - flag indicates that graphics exist for the fault tree.
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Truncation Parameters

Cut Set Generation ed 4
Cutoff by Cut Set Probshility [ Fault Tree % Global = Global Cutoff Walue | 1 O00E-005
Cutaff by Event Probakility r Min = Cutoff Yalue | ------ E----
Cutoff by £ Size  Zone (% Mone = Cutoff YWalue I E
Starting Gate Mame I Flag Set Mame j

Suto Apply Recovery Rules W 8 Basic " Advanced
Auto Cut Set Update -

MOTE: To perform Event Probakility truncation you must also specify
CutSet Probakility truncation and the azsociated cutoff value.

o] Cancel

Select the desired truncation parameters on the dialog, and choose OK to begin
generating cut sets.

Cutoff by Cut Set Probability - If you select this check box, then cut sets below the
cutoff value will not be retained. Choose one of the radio buttons:

Global — uses the cutoff value in the “< Global Cutoff Value” field.

Fault Tree — uses the cutoff value stored in the fault tree record (via the
Modify =» Fault Tree option).

Cutoff by Event Probability - If you select this check box, then you must also select
the Cutoff by Cut Set Probability check box. This option will retain cut sets
comprised of basic events that are above the Min < Cutoff Value even if the cut set
is below the Global Cutoff Value. This option is generally not used.

Cut Set Size - If you select this check box, then cut sets having more events than
specified in the > Cutoff Value field will not be retained. If you select the Zone
check box, then cut sets having more Zone Flagged Events than specified in the >
Cutoff Value field will not be retained. If neither check box is selected, then the
number of events in a cut set will not affect whether the cut set is retained or
discarded. This option is generally not used.

Starting Gate Name - If you leave the field blank, the top gate in the system will be

used. If you specify a gate, that gate will be used as though it were the top gate.
This option is generally not used.
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Flag Set Name - If you leave the field blank, the system-specific flag set, if any, will
be used. If you specify a flag set, that flag set will be used during processing. This
option is generally not used.

Auto Apply Recovery Rules — If you check box, any recovery rules associated with
this fault tree will automatically be applied after the fault tree cut sets have been
generated.

Auto Cut Set Update — If this box is checked, then the existing current case cut sets
are reevaluated to remove all non-minimal cut sets and the fault tree probability is
requantified.

Quantify

Add Fault Tree. ..

Edit Graphics
Edit P+ID
Edit Logic
Page Tree

Salve. ..

Quantify Cuantify (Defaulk)
ncertainky. .. Min Cuk

Zut Sets L3 Rare Event
Display * MinfMax

Wiew Results

Time Dependent

This submenu provides options for requantifying existing current case fault tree cut
sets. These options are designed to quickly requantify the cut sets when data
changes have been made.

Minimal Cut Set Upper Bound Approximation

This calculation approximates the probability of the union of the minimal cut sets for
the fault trees. The equation for the minimal cut set upper bound is

s =1-[]@-cy)
i=1
where
S = minimal cut set upper bound for the system unavailability,
Ci = probability of the I'th cut set, and
m = the number of cut sets.

Example: If the cut sets for a system are A, B, C, the system unavailability computed
from the minimal cut set upper bound approximationis X=1-(1-A)(1-B)(1-C).
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Rare Event Approximation

This calculation simply sums each cut set as an approximation to the exact fault tree
probability. This calculation is generally not used.

Min Max Quantification

The Min-Max quantification option quantifies the current case cut sets using the exact
probability quantification algorithm. From the example above, the exact system
unavailability is

X=(A+B+C)-(A*B+A*C+B*C)+(A*B*C),

with the number of passes in this example being 3, corresponding to the number of
pairs of parentheses.

Uncertainty

Performs Monte Carlo or Latin Hypercube uncertainty analysis for the selected fault
tree. Fault tree uncertainty analysis is discussed further in Section 8.

Cut Sets

. . Add Fault Tree. ..
Performs manipulations on the fault tree cut sets. =

Edit Graphics
Edit P+ID
Edit Logic

Cut Set Update Page Tree
This option uses the existing current case cut sets (unless the solve.
. . Quantify 4
user specifies that base case cut sets are to be used instead). Uncertainty...
Non-minimal cut sets are eliminated and the fault tree probability Update. .

Display 4 Recover  #

is requantified. View Results Edit 3

Time Dependent |
Recover Option

This option allows for post-processing rules to be created and applied to the fault tree
cut sets. The rules can be directed at either a single fault tree or all fault trees.

Edit Option
This option provides a mechanism to manually edit the fault tree cut sets.
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Displaying Fault Tree Cut Set Results

To display fault tree cut sets, select Fault Tree from the
menu bar.

Highlight the fault tree that you want to view; right-click to
invoke the pop-up menu.

Select the Display = Cut Sets option.

Selecting Fault Tree Cut Sets to View

Idaho National Laboratory

Add Fault Tree. .,

Edit Graphics
Edit P+ID
Edit Logic
Page Tree

Salve...
Quankify
Uncertainky.. .
Cuk Sets

Cuk Sets

Display

Yiew Results

Time Dependent

Comparisan
Impartance:
Uncertainky

3 The fault tree cut sets and minimal cut set upper bound approximation of the
fault tree failure probability are now displayed.
. To view the basic events in a cut set, highlight the cut set and click the View
button.
Selected Cut Sets S

Full List I |hciuded In Slice I Excluded Fram Slice I

lin Gt 2120E-002 Mum 15 10000 %%
cut Set %

Mo, Freguency Total Everts

1 2 000E-002 94 33 DG-B

2 1 .000E-003 472 b 1

3 1 .000E-004 047 C-hC B, DiE-A,

4 G.O00E-00S 023 C-PUMP-B, DiG-A

5 2 S00E-005 a12 C-mC -4 CopO-B

5] 1 S00E-005 .07 C-ho o C-PUMP-B

T 1.500E-005 0oy C-MOY B, C-PUMP-A,

a 9 000E-006 0.04 C-PUMP-£&  C-PUMP-B

9 2 000E-006 0.0 C-CW-B, DG-A,

10 5.000E-007 0.00 CoChW-A CoOY-B

11 S.000E-007 000 C-CW-E, C-MON A,

12 3.000E-007 0.0 C-CW oA C-PUMP-B

13 3.000E-007 0.00 C-CW-B, C-PUMP-&

14 1.000E-007 000 TAME

15 1.000E-002 000 C-CW oA oY -B

Slice By
’7 Ewvent Cutoff Rule Sy Report | Save
Cloze I Canczel I
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. To find out where the events in the cut set came from, right-click on a cut set
and select the Path option.

Selected Cut Set Events - (DEMO, CCS) 2] x|

e 1 <DG-B

Eﬁ ccs-supply OR c-miov-1-fails, TAMK
.y c-mov-1-fails OR  C-MOW-1, <DGB>

Expand Al | Eeport | Back | Exit

The Path option traces through the fault tree logic to indicate exactly where in
the fault tree the cut set came from.

In the example above, the cut set is shown between brackets < >, DG-B comes
from the CCS fault tree. CCS is an OR gate with inputs CCS-SUPPLY and
CCS-TRAINS. From CCS-SUPPLY, we see a subgate called C-MOV-1-FAILS,
which contains DG-B. Note that gates are lowercase while basic events are
uppercase.

¢ The Save button from the cut set screen allows you to store the list of cut sets in a
user-defined end state.

¢ The Report button from the cut set screen allows you to print a cut set report.
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¢ The Slice By buttons from the cut set screen allows you to subdivide the list of cut
sets into two lists based upon user-specified sort criteria. For example, if you
wanted to show only cut sets that contained DG-A, enter the Slice By Event option
and indicate that DG-A is the “selected event.”

The Slice by Cutoff button allows you to see the list of cut sets resorted by a
different probability level (e.g., top X%, top 10 cut sets).

The Slice by Rule button allows you to create a rule that will slice the cut sets up
into specific groups.

¢ If the Slice option is used, the Included in Slice tab lists the cut sets that
were part of the slicing option and the Excluded From Slice tab lists the cut
sets that were not part of the slice option.
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Notes
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I 8 I FAULT TREE UNCERTAINTY ANALYSIS

Section 8 describes uncertainty analysis for fault trees. The concept of performing
uncertainty analysis via Monte Carlo or Latin Hypercube sampling is discussed.

Uncertainty

Distributions Sampling

Results
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8.1. Fault Tree Uncertainty Analysis

Uncertainty analysis calculates the variability of a fault tree top event probability
resulting from uncertainties in the basic event probabilities.

SAPHIRE provides two uncertainty analysis techniques:
Simple Monte Carlo sampling

Latin Hypercube sampling

Simple Monte Carlo Sampling

¢ A fundamental approach.

¢ Makes repeated quantifications of the system cut sets using each random variable
sampled from the basic event uncertainty distributions.

¢ Requires more samples than Latin Hypercube sampling for the same degree of
accuracy.

Latin Hypercube Sampling

¢ A stratified sampling technique, with the random variable distributions divided into
equal probability intervals.

¢ Probability randomly selected from within each interval.

¢ May require fewer samples than simple Monte Carlo for similar accuracy; however,
it may take longer to generate a random value than for a simple Monte Carlo
sample.
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8.2. Uncertainty Distributions for Basic Events

Basic event distribution types supported by SAPHIRE include:

Distribution Code Parameter
Blank (Use point estimate value only)
Lognormal L Error factor
Normal N Standard deviation
Beta B B in Beta(a, b)
Dirichlet D Beta value of success branch
Gamma G rinT°(r)
Chi-squared C Degrees of freedom
Exponential E (none)
Uniform U Upper end point
Histograms H Histogram number
Maximum Entropy M Lower and upper end point
Seismic S Betar, Betau
Constrained O (none)
Noninformative
Triangular T Mode, Upper end point

Correlation classes may be specified by the user to identify data (or other)
dependencies for basic events using data derived from the same data source. Events
in the same correlation class are 100% correlated.

8.3. Menus and Options for Performing Fault Tree

Uncertainty Analysis

* Select Fault Tree from the menu bar.

. Mark the fault tree(s) for uncertainty analysis, right-click
to invoke the pop-up menu.

. Select the Uncertainty option. The fault tree uncertainty
will be calculated for each fault tree marked.

Solve...

Cuankify 3
ncertainky. ..

Cuk Sets g
Display 3
Wigww Results

Time Dependent
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Uncertainty Calculation Values

Uncertainty Calculatior 2 x|

Mumbet of samples (=99993) hEIEIEI
Seed for random number generator 8507
Uncertainty method Ground Acceleration Level

™ Latin Hypercube LI
= tarte Carlo

Irtermediate Yalues

f* Mone & Saphire formeat oSy format
File Marme Browwse |
Ok Cancel |
. Enter the uncertainty calculation options:

¢ Select one of the uncertainty method radio buttons, Monte Carlo or Latin
Hypercube.

¢ Input the number of samples. (A larger number of samples will provide more
accurate results but will require more computation time.)

¢ Enter a value for the random number generator seed or accept the default.
Enter zero to obtain a random seed from the system clock.

¢ Enter a Ground Acceleration Level if seismic uncertainty is selected.

OPTIONAL: To save intermediate sample results to a disk file for review, select the
Output Values check box and provide the Output file name
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Uncertainty Results

Uncertainty Results
Uncertainty results will be displayed briefly on the Name s
screen following the uncertainty calculation. Random Seed 41877 Events 10
Sample Size 1000  Cut Sets 15
i Puaint estirmate 2120E-002
Uncertainty results for each fault tree can also be Mean Value 2 047 002
displayed from the Fault Tree = Display = th Percentlle Value 1524003
Uncertainty menu. kedian Yalue 8.788E-003
95tk Percentile Y alue £.852E-002
Minimum Sample Yalue 2.150E-004
b amimum 5 ample W alue B.531E-0M
Standard Deviation 4.7138E-002
Skewness F.AN2E+000
Furtosis 2.155E+001
Elapzed Time 00:00:00.650
System Uncertainty - [DEMO, CCS) EHE
Baze
tear 2111E-002 tedian 8.737E-003 bliricLi 2.120E-002
Std. Dew 4 420E-002 Skewness  8.129E+000 F.urtosis +0.000E+000
Ath 2 1.452E-003 Fimirnuirn 3.483E-004 Seec ¥ha0
SAth & F.723E-002 Mawimum  7.52EE-001 Samples 1000
Size Cutaff Frobability Cukaff 1.000E-015
Current
tear 2.272E-002 tedian 2.659E-003 b 2.120E-002
Std. Dew 4 932E-002 Skewness  7.833E+000 Kurtosis 1.000E+002
Ath % 1.540E-003 bimirnuirn 3.206E-004 Seec 23697
A5th X 2.6E6E-002 Mazimum  8.621E-001 Samples 1000
Size Cutaff Frobability Cutoff 1.000E-015

i Current Quantile Y alues | Baze Quantile Yalues

Exit
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| 9 I FAULT TREE IMPORTANCE ANALYSIS

Section 9 describes the various fault tree importance measures available in SAPHIRE.
Also, the calculations behind the importance measures are discussed.

9.1. Fault Tree Importance Measures

Importance measures provide “reliability-worth” information about basic events
appearing in the cut sets for a fault tree.

Components showing high relative importance may be candidates for either (1) close
monitoring to ensure that the component does not degrade over time or (2) design
changes to increase the component reliability.

Ratio, Interval and Uncertainty importances are calculated for the highlighted fault tree
cut sets.

¢ Ratio Importance — Fussell-Vesely Importance, Risk Reduction Ratio, and
Risk Increase Ratio.

¢ Interval Importance — Birnbaum Importance, Risk Reduction Interval, Risk
Increase Interval.

¢ Uncertainty Importance — This importance measure provides information
about the uncertainty of the component (i.e., those components that will
contribute the largest uncertainty to an uncertainty analysis of the selected
fault tree cut sets).
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9.2. Definitions of the Importance Measures

Fussell-Vesely Importance (FV)

An indication of the fractional contribution of the basic event to the minimal cut set
upper bound. The equation for FV importance (of the i'th basic event) is

FVi = Fi(X)/F(X)

where F(X) is the original minimal cut set upper bound

Fi(x) is the minimal cut set upper bound with only the basic event of
interest.

Risk Reduction Ratio (RRR) or Risk Reduction Interval (RRI)

An indication of how much the minimal cut set upper bound would decrease if the
basic event probability were reduced (to a probability of 0.0. [i.e. never failed])

RRR = F(x)/F(0)
RRI = F(x) - F(0)

(Note the similarity between RRI and FV; the relative importance ranking of basic
events will be the same for the two importance measures.)

Risk Increase Ratio (RIR) or Risk Increase Interval (RIl)

An indication of how much the minimal cut set upper bound would increase if the basic
event probability were increased (to a probability of 1.0).

RIR = F(1)/F(x)
RIl = F(1) - F(x)
where F(X) is the original minimal cut set upper bound
F(1) is the minimal cut set upper bound with the event probability set
equal to 1.0.
Birnbaum Importance (B)

Indicates the sensitivity of the minimal cut set upper bound with respect to a change in
the basic event probability.

B = F(1) - F(0)
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F(1) is the minimal cut set upper bound with the event probability set
equal to 1.0.
F(0) is the minimal cut set upper bound with the event probability set
equal to 0.0.

Uncertainty Importance

The uncertainty in each input parameter, as expressed through its probability
distribution, contributes to the uncertainty in the output parameter of interest (e.g., core
damage frequency, loss of mission). The uncertainty importance measure in
SAPHIRE quantifies the contribution of each individual basic event’s uncertainty to this
total output uncertainty.

Some useful importance measures relationships:

9.3.

¢

Birnbaum importance is equal to the sum of the RIl and RRI importances.
B = RIl + RRI

Fussell-Vesely (FV) importance is equal to the product of the Birnbaum
importance and the event probability, divided by the minimal cut set
upper bound.

FV = (B * x)/F(X)

RRI importance is equal to the product of the Birnbaum importance and the
nominal basic event probability (RRI importance is sometimes referred to
as the inspection importance).

RRI =B * X

RIl importance is equal to the product of the Birnbaum importance and the
complement of the basic event probability.

RII =B * (1 -x)

Add Fault Tree. ..

Edit Graphics
Edit P+IC
Edit Logic
Page Tres

Importance Menus and Options

Solve...

Quankify »
ncertainkye. ..

Cuk Sets 3

Select Fault Tree from the menu bar.

Cuk Sets

Zomparison
Importance
Uncertainky

Wiew Results

Time Dependent
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. Highlight the fault tree, right-click to invoke the pop-up menu.
. Select Importance.
Viewing Importance Measures

. The importance measures are now displayed.

Importance Measures (Fault tree: CCS - Units: Per Year) il |

PointEst. |Fv  |Rir |RrRR | B8 | RII | RRI | Unc(Std. Dews |
Ewvert Mame | Count | Probabilty | Fw | RIR | RRR | Birnbaum | RiI | rRI | Uncertainty |
CoCoA E] 1000E-004  3.820E-005 1 373E+000  1.000E+000 7 913E-003 7.812E-003  7.028E.007  5.932E-007
c.CwoB a 1000E-004  1.325E-004 2 289E+000  1.000E+000  2733E-002 2 733E-002 2 7S0E-006  2.049E-006
MO 1 1000E-00F 4.716E-002 4 716E+001  1.045E+000 9798001 9 7SSE001  9F9SE-004 1 .241E-003
CMOH -2 3 SO00E-D0F  1.910E-003 1. 371E+000  1.002E+000 7 913E-008 7 .873E-003  3.964E-005  5.012E-005
C-MON-B 4 SO00E-00F  B.E26E-003  2283E+000  1.007E+000  2733E-002 2 720E-002  1.375E-004  1.731E-004
C-PLIMP_& B 3000E-003  1146E-003 1 372E+000 1 00ME+000 7 913E-003  7.889E-003 2 379E-005  3.007E-005
C-PLIMP_B a Z000E-003  3.976E-005 2 28SE+000  1004E+000 2 733E-002 2 725E-002  &252E-005 1 039E-004
DG-A 3 2000E-002  7.640E-003 1 36BE+000 1.008E+000 7.914E-003 7.755E-003  1.586E-004  3.907E-004
0GB 1 2000E-002 94336001 4 716E+001 1 727E+001  9.988E-001  478SE.001  1.995E-002  4.931E-002
TANK 1 1000E-007  4.71BED0E 4 716E+001  1.000E+000 978SE-001 97SSE001 9 7SSEO0S  7.335E-008

Ewert Slice I Beport I

Ok I Cancel I

Use the Report button on this dialog to write the importance measure results to a file or
printer.

0 Alternately, the Report = Fault Tree = Importance option can be used to
report fault tree importances.

To sort by a column heading, click on the desired column heading. SAPHIRE then
sorts the results for the selected importance measure in a descending order.

To return to the Fault Tree List, click OK or Cancel.
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| 10 I REPORTING INFORMATION

Section 10 describes how to generate reports for a variety of information including

basic event data and fault tree results stored in SAPHIRE.

10.1. Basic Event Report Information

. To report basic event information, select Report from the menu bar.
—Data Type —Report Type —3ub Type
 Project o Overview
 attributes = Prokakility
¢ BmEEAE | | O tncenanty
" Fault Trees ™ Seismic
" Ewent Trees i Transformation
{~ End States {~ Compound Event
{~ Sequences i~ Cross Reference
{" Change Sets {" Developed Event
i~ Flag Sets i~ HR& Event
" Gates i~ Template Events
{~ Histograms i Text
i Slices i Custom S | =0 |
" User Info
. Select Basic Events and then you can choose from several different report
options.

Idaho National Laboratory
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Basic Events Overview Report

Standard Repork [=<]]
BASIC EVEMNTS OYWERYIEWY REPORT -~
Project: DERMO Case . Current
THame | Atk Mame | Description | Comp.... | Imit. Ev. | Flag | Type | Systesn | Locati]
L L COS Train A pump discharas check valve L i o= FZ1
[aflaa =) TN -8 CCS Train B pump discharge check valve CaCh B [y [alas=1 FZ=
< 1 >
2005M 2M9 Padge & 16:32:42
rModel Rew -
Page Setup I Print I Exit (=] ErElines
Basic Events Probability Report
Standard Report [ =<1
BAasSc EVERTS PROBABILITY REPORT -
Froject: DEMO Case: Currert
THame [ Calc. Type | Calc. Pxob. | Fail. Pxoh_ [ Lambaa [ Tau | MYis=. Time | Freq. Unis |
ST 1 1 .000E-004 1 .000E-004 0.000E+000 0.000E+000Q 0.000E+000
L =] 1 1 000E-0O0<4 1 000E-00<4 0O.000E+000 O.000E+000 0. 000E+000
[=g Sl V] 1 1 0O0E-0O035 1 000E-003 O.O00E+000 O .O00E+OO0 O OO0E+O00
[SRRTS I, 1 s.000E-005 S.000E-003 0.000E+000 0.000E+00D ©_.000E+00D
200s5M 2520 Pags # o91s1E
rodel Rew L
Pogs Sctur | Prirt | (] SR

Basic Events Uncertainty Values Report

Standard Reporkt

BASIC EVERNTS UMNCERTAIMNTY WALLES REPORT -
Project: DERC Case . Current
Name | Disi. Type | Mean | Unc. value [ Unc. value 2 |_Coxx. Class |
- - (I 1 000E-004 3 .000E+000 O_000E+000 1
c-CV-B L A1 O00E-004 S .000E+000 O.000E+O00 1
L L | L 1 .000E-003 S.000E+000 D.000E+000 k=l
PO - L S 000E-003 S . 000E+000 O_000E+000 2
2005/ 2520 Page # o9:2717
rodel Rew -
Page Sstup I Prirt I Exit [~ Grictines
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Event Transformation Reference Report

standard Report [ <]

EYEMT TRAMSFORMATIOMN REFEREMNCE REPORT -
Project: DEMO
et | Tvpe | Level | Tramsformation Events
[y Mo References Located
c-Cv-B Mo Refearaencess Locatesd
- | | >
2005 2/20 Page # 08:30.45
Model Rew — -
Fage Setup I Print I Excit I¥ cridines

Event Cross-Reference Report
Several Cross Reference reports are available. Choose from sequence, fault tree, or
end state cut set cross reference reports, or the fault tree logic cross reference report.

21

Case
i+ Current { Base Analysis Type [ganoom LI

Mame Cescription

=F A SE= Systermn Generated Success Event
=IMIT= Systemn Generated Inttisting Evernt
=PASSS Syzstemn Generated lgnore Event

Systemn Generated Failure Evert
&, purmgy di
in B pump di

CCS suction izolation valve
S-S -4, CCE Train A pump discharge isolation valve
CCE Train B pump dizcharge isolation valve

C-MO-B
C-PLIMP-2, in A m M PLImE
C-FLIMP-B i M P
Containment Cooling System
Emergency diesel generator &
Emergency diesel generator B
EX Fain A pump che e
ECS Train B pump dizcharge check valve
ECS suction izolation valve

ECS Train & pump dizcharge isolation valve

E-hi-B ECE Train B pump dizcharge izolation valve
E-PLIMP-2, i rain & motar- SET LM
E-PUNMP-B ECS Train B motor-driven pump
ECS Emergency Cooling System
LOsP Lo=ss of Offsite Povwer
TAMK FvWET supply to the injection and cooling systems
Cut Set
’7 Sequence Fault Tree End State Fault Tree Logic Exit
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Event-Fault Tree Logic Reference Report

Standard Reporkt
EWEMT-FALLT TREE CUT SET REFEREMTCE REFORT ‘!
Project: DEMO Case : Current
Frent I FT Cut Sets Using this Frent
TN, CCs
C-CN-B CCs
C-PLUMP-2 CCs
C-PLIMP-B CCs
E-CW-& EC=
E-PLIRAP -2, ECS
4] | 3
2005M 2520 Fage # 09:51:43
fodel Rew -
Face Setup | Frirt | Exit [V Griclines

10.2. REPORTING FAULT TREE RESULTS

Fault Tree Report Menus and Examples

2lxI
—Data Type —————  —Repart Type —Sub Type

{~ Project {* Summary {* Summary

 attributes ™ Logic " Combinstion

{~ Basic Events " Graphic " Uncertainty

) FaurtTrees " Cut Sets i Baze W=, Current

{~ Evert Trees " Importance {7 Overview

{~ End States {~ ¥ Reference Fault Tree {~ Flag Set

{ Sequences (" ¥ Reference Sub-tree

" Change Sets {~ Recovery Rules

"~ Flag Sets ™ Tewxt

T Gates " Custom

" Histograms

# e Process Exit

™ User Info
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. To report fault tree information, select REPORTS from the main menu.
. Select Fault Tree and then you can choose from several different report
options.

Fault Tree Summary Reports

Reports Menu el e
—Data Type ————————  —Report Type —Sub Type
i Project " Summary = Summary
i Attributes = Logic " Combkination
i~ Basic Everts {~ Graphic " Uncertainty
[ FaurtTrees  Cut Sets {~ Base s, Current
i Event Trees " Importance = Owverviewy
i End States {~ ¥ Reference Fault Tree " Flag Set
i Sequences {~ ¥ Reference Sub-tree
" Change Sets = Recovery Rules
i Flag Set= { Text
i Gates { Custom
i~ Histograms
¢ Slices Process Exit
i User Info
Fault Tree Brief Summary Report
Standard Report
FALULT TREE BRIEF SUMMARY REPORT i’
Froject: DERC Case Current
=1
Name | Descripiion | Min. Cut Tpper Bound |
CCS Containment Cooling System 2.1 20E-002
ECS Emergency Cooling System 2 120E-002
20051 2020 Page # 095410
Model Rew. s e
Page Setup I Prirt | Exxit I Gridines
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Fault Tree Combination Report

Standard Report
FALULT TREE COMBINATION REPORT et
Project: DERC Case  Current
TMame | M. Cut Uppes Bound | Mean | Cut Set Count 1
cCsS 2.1 20E-002 2.1 25E-002 15
BEC=s 2120E-002 21 25E-002 15
20051 2020 FPage # o9:55:19
Model Rew — s
Fage Sstup I Print I Exit el Sl

Fault Tree Uncertainty Values Report

Standard Report
FA2ALULT TREE UMCERTAINTY WALLES REPORT -
Project: DEMO Case . Current
Name | NMean | MIin. Cut Upper Bound | Nediarn | Sta. Dev. | Sih 0w | o51h oo | Minimum | Maximum | Seed | Size
[alet—y 2 AZSE-0OO2 ZAZ0E-O02 S .51 3E-003 4 31 FTE-OOZ 1 SOSE-003 7 .60ZE-0O02 Z 11 9E-00O4 F S40E-O0O1 S4321 S0O00
EC= 2.125SE-002 2.120E-002 .51 3E-003 4.317E-002 1. S0SE-00F 7.802E-002 Z2.119E-004 F.E40E-001 S4321 Sooo
EN | 1 >
20051 2420 Page & 100013
roddsl Rew — g
Page Setup I Prirt I Exit | el

Fault Tree Base Case versus Current Case Report

Standard Report
FALLT TREE BASEAURRERT REPORT -~
FProject: DERC LAy sis: RARDO R
IName | Base MWiin. Cux | Current MIin. Cut | Difference | Base Cut Seis | Current Cux Sews |
CCs 21 Z0E-00Z2 2 S8TE-0OZ2 -2 GT0E-0035 15 15
EC= 2 Z0E-O0Z ZAZ0E-002 +0 000E+O00 15 15

NOTE: Current Case has the probability for basic event C-PUMP-B set to 1.0E-1

2005 2520 FPoge # 10:09:1 5
Fodel Rew Py
FPoge Setup | Prirt I Exit [ Sricllines
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Fault Tree Logic Reports

Fault Tree Logic Reports - {(DEMO)

[ =]
Sort By
i Page # = pame ‘
= Er Po Parme Description
1 CCS Containment Cooling System
= 3 CCS-TRAIMNS Both Pump Trains Fail to Inject
2 EC= Emergency Cooling System
I Print Detail Lowggic: Expanded hodified Exit
I Hierarchical Mote © A0 'S indicates a subtres

Logic Report (transfers not expanded)

FALLT TREE LOGIC REPORT i’
Project: DEMO
kd|
Fault Tree | cate Gate Type | Bipuis
ccs ccs oR CCS-SUPPLY, CCS-TRAINS
CCS-SUPPLY oR TANK, C-MOY-1-FAILS
C-MOV-1-FAILS oR C-MOY-1, DG-B
CCS-TRAINS TRAN
4] | >
20051 2/20 Faoe # 1004017
Model Rev. i f-
Page Setup Print | Exit I’ Gridlines
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Expanded Logic Report (transfers expanded)

FAULT TREE EXFPAMNDED LOGIC REFORT i’

Project: DEMO J
Fault Tree | cate | Gate Type | Dmputs
CCs CCs OR CCS-SUPPLY, CCS-TRAINS

CCS-SUPPLY OR TAMK, C-MOW-1-FAILS

C-hO - -FaILS OR C-hON -1 DG-B

CCS-TRAIMNS A CCS-TRAIM-2& CCS-TRAIN-B

CCS-TRAIN-& OR C-CW A CopdDy -8 CoPUMP-2, DG-2

CCS-TRAIM-B OR

C-CW-B, C-MOY-B, C-PUMP-B, DG-B

<

2005M 2520

Page #
Model Rew. & 4o

104545
Page Setup I

Print |

[+ Gridlines

Fault Tree Cut Set Reports

Fault Tree Cut Sets - (DEMO)
—Caze——————————————————

=zl =
& Current (" Base Analysis Type |RANDOM =
Marme Description
CCE Containment Cooling System fault tree
ECS Emergency Cooling System Fault Tres
Cut Set Ciantifiecd Detaile Exit
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Project: DEMO

FAULT TREE CUT SETS REPORT

=
Case  Current
kd|

Fault Tree

I Cut Set # I Fvenits Count I Inpuis

CCs

C-hAO -1

Ds-B

TARK

C-Ch - C-CW B
C-Ch - A C-MON -8
C-Ch-A C-PLMP-B
C-ChW-B, C-hADh -
C-Ch-B, C-PURP-2,
C-Ch B, DG,
TR A, RO -B
CohAC A, C-PUMP-B
C-MON B, C-PURP-2,
TN -B, DG-A,
C-PUMP-2,, C-PUMP-B

0o~ moth B LK

o
BIORI ORI R ORI RY BRI RD ORI R ORI B = = =

C-FUMP-B, DG-A

4|

200:5M 2020 FPage #
hModel Rew ot

105209

Page Setup I Primt |

[+ GCridlines

Fault Tree Quantified Cut Set Report

Standard Report

FALLT TREE CUT SETS (QUANTIFICATION) REPORT i’
Project: DEMO Casze : Current
=

Fault Tree | %o Total | Cut Set %% | ProbFreq. | Bputs
ccs 9433 9433 2 NO0E-002 DG-B

9905 472 1 DO0E-003 C-MO-1

9952 047 1 DO0E-004 C-MOW-B, DG-A&

99,80 028 £ 000E-005 C-PUMP-B, DG-A

99492 01z 2 S00E-005 C-MOW_2, CMOY-B

9999 na7 1 S00E-005 C-MOW -4, C-PLMP-B

100.00 0oy 1 S00E-005 C-MOW-B, C-PUMP-2,

100.00 0.04 9 000E-008 C-PUMP-A, C-PLIMP-B

100.00 001 2 DO0E-008 C-Cv-B, DG-A

100.00 0.00 5 000E-007 C-C'-&, C-MOV-B

100.00 0.00 5 000E-007 C-Cv-B, C-MOV-A

100.00 0.00 3 000E-007 C-C-&, C-PUMP-B

100.00 0.00 3 000E-007 C-C-B, C-PUMP-5,

100.00 0.00 1 DO0E-007 TN

100.00 0.00 1 DO0E-008 C-C-, C-CY-B

2 120E-002 = Total
4| | »
2005/ 2/20 Page # 10:5541
Model Rewv.  f- /-
Page Setup Prirt | Exit ¥ Gridlines
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Fault Tree Importance Reports

Fault Tree Importance - {(DEMO) A |
" Base Analysis Type |RANDOM |
Mame Description
CCE Containment Cooling System fault tree
ECS Emergency Cooling System Fault Tree
Importance Special Importance Sort Criteria Exit

Fault Tree Importance Sort (obtained by selecting “Sort Criteria”)

Select the Sort Crite i |

—=ort Options
" hame

" Probakilty of Failure

" Dccurrence Court

" Risk Reduction

" Rizk Increasze

ik | Cancel |
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FALLT TREE IMPORTAMCE MEASURES REPORT ﬂ
Project: DEMO Case  Current
Ad|
Fauli Tree | Basic Bvent | Occurrences | Probability | Fussell Vesely | Risk Reduction Ratio | Risk Increase Ratio
CCs DG-B 1 2 000E-002 9 421 E-001 1. 727E+001 4 7T16E+001
Z-RACN -1 1 1 .000E-003 4 521E-002 1.045E+000 4. 716E+001
D2 3 2.000E-002 7T A4T9E-003 1.008E+000 1 .366E+000
Z-MON-B 4 5 .000E-003 6. 437E-003 1.007E+000 2. 283E+000
Z-PUMP-B 4 3.000E-003 3.892E-003 1.004E+000 2. 285E+000
2R, 3 5 .000E-003 1 .870E-003 1.002E+000 1.371 E+000
C-PLMP-o 3 3.000E-003 1 .122E-003 1.001E+000 1. 372E+000
C-CWV-B 4 1 _000E-004 1 297E-004 1 000E+000 2 289E+000
2o 3 1 .000E-004 3.739E-005 1.000E+000 1. 373E+000
TARNH 1 1 .Q00E-007 4 516E-006 1.000E+000 4. 71 6E+001
4] | »
20051 2520 Paoe # 11:05:24
mlodel Rewv. ot
Page Setup Prirt | Exit | Eritlimes

Special Importance Report

Standard Report

FALLT TREE IMPORTAMCE MEASURES REPORT ﬂ
Project: DEMO Casze : Current
hd|
Fault Tree | Basic Event | Occurrences | Probability | Fussell Vesely | Risk Redu... | Risk Inc... | Birnbaum | Description
cos DG-B 1 2000E-002  9.421E-001 1727E+001  4T1BE+001  9.988E-001  Emergency dissel gener
LoB " Lo v | 1 1 .000E-003 4.621E-002 1 .048E+000 4. 716E+001 9.7938E-001 ZCE suction isolation wal
OG- 3 2 .000E-002 7 .479E-003 1 00SE+000 1 . 366E+000 T.914E-003 Emergency diesel gener
CMOVE 1 5000E-003  6.487E-003 1007E+000  2.283E+000 2733E-002  CCS Train B pump disch
C-PUMP-B 4 3000E-003  3.892E-003 1.004E+000  2.28SE+000 27336002  CCS Train B motor-driver
bl a, 3 S 000E-003 1 870E-003 1 002E+000 1 37 E+000 7 913E-003 CCS Train A pump disch
C-PLRMP- A2, 3 3 .000E-003 1.122E-003 1.001 E+000 1 . 372E+000 TO13E-003  CCS Train A motor-drive
C-CW-B 4 1 .000E-004 1.297E-004 1 000E+000 2. 289E+000 2.733E-002 CCS Train B pump disch
CCV-A 3 1000E-004  3.739E-005 1.000E+000  1.373E+000 7.913E-003 CCS Train & pump disch
TANK 1 1.000E-007  4.616E-006 1.000E+000  4716E+001 9788E-001  RWST supply to the inied
<| | >
20051 2520 Page # 11:04:49
Model Rewv, i i--
Page Setup Prirt | Exit ¥ Gridlines
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Fault Tree X-Reference Reports

Reports Menu d A
—Data Type —Repatt Type —=ub Type

i Project { Summary {* Sub-tree

{ attributes " Logic {~ Basic Everts

{~ Basic Everts " Graphic " Gates

{* Fault Trees  Cut Sets " Fault Tree

{~ Ewvert Trees  Importance " Ewert Tree

{~ End States {+ i Reference Fault Tree! " Sequence

{ Seguences {~ ¥ Reference Sub-tree

i Change Sets {~ Recovery Rules

i Flag Set= " Text

" Gates " Custam

i Histograms

Sl

=S Process Exit
" User Info
Fault Tree - Sequence X-Reference Report
FAULT TREE 7 SEQIUERMCE REFEREMCZE REFPORT i’
Project: DEMO
Ad|
Fauli Tree | <Fvenmi Trees> Sequences Logic
CCs =LO=P=2,3
ECS =LOSP=2,3
4| | >
20051 2020 Page # 11:08: 27
Model Rewv oo e
Page Setup Prirt | Exit || @xitlim=es
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| 1 1 I Linking Event Tree Sequences

Section 11 describes SAPHIRE event tree linking and process required to link event
tree sequences.

11.1. Linking Event Trees

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

| LOSP | ECS | cos | SEC.# |
i Tree Seq# Logic

| 5 LOSP 2 ECS JCCS
LOSP 3 EC3 CC3

3

Menus and Options for Linking Event Tree Sequences

. Select Event Tree from the menu bar.
. The event trees are now displayed.
. Mark the event trees using the mask feature, or individually, using the mouse.
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Event Tree List - [DEMO)

LP ™ Show Sub-Trees Marked # 1

f o OV E
TRAMS Transient Evert Tree

Add Event Tree

Edit Graphics
Edit Bules
Edit Partition Rules

Edit End States

.| | »

Event Tree Mazk hask Action———
’7 & helude. ) Exclude Apply Mask | Eit |

I *

Right-click to invoke the pop-up menu and select the Link Trees option.

Sequence Generation Information

Event Tree - Sequence 7| x|

—Repart Options
% Do Mot Creste a Report:
{~ Creste Report

—=eqguence Probahility Cut Off

% Mone
{~ maormal (Use Split Fractions) Walue | 1.000E-005

{~ Conditional (Split Fraction / |IE Freq: Yalue | 1 000E-00&

—Process Qptions

Create Logic Cut Sets? [

{¥ Basic Rules { Advanced Rules

Mumber of Transfer Levels to Process I j=t=}

hutually Exclusive Top I
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. Enter the desired parameters on the dialog and choose the OK button to link
event tree sequences.

NOTE: Generally, the “sequence probability cut off” should be set to none.

Report Options

Do Not Create a Report

By selecting this radio button, the no report will be generated when SAPHIRE links the
event tree.

Create Report

By selecting this radio button, SAPHIRE automatically creates a report of the
sequence logic and the report is displayed, on screen. The report can now be printed
to the default printer or sent to a file after choosing the file format.

Sequence Probability Cut Off

None
Generate sequence logic. This option is used for traditional event tree linking.

Normal (Use Split Fraction)
Generate sequence cut sets using the top events as split fractions. The sequence cut

sets will be truncated based upon the cut off value specified. This truncation value will
be used to truncate sequences where the value, including initiating event, are smaller
than the specified value.

Conditional (Split Fraction/IE Frequency)
Generate sequence cut sets using the top events as split fractions. The sequence cut

sets will be truncated based upon the cut off value specified. This truncation value will
be used to truncate sequences where the value, based solely on the split fraction
values, are smaller than the specified value.

Process Options

Create Logic Cut Sets
Will create a single cut set for the sequences if check box is checked. This cut set

contains basic events representing each top event in the sequence. If not checked,
then SAPHIRE will use the fault trees to generate cut sets (the traditional approach).
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Number of Transfer Levels to Process
A level is a transfer to another event tree (subtree). The default (99) will generate

sequences for all subtrees. If the level is specified as less than 99, only that number of
subtrees will be processed.

Mutually Exclusive Top Name

Generally left blank. This allows you to specify a top event (associated with a fault
tree) that will be added to each sequence as a success event. The top will appear in
the logic as a complemented system and will be treated accordingly when the
sequence is solved. This method has been superseded by the link rules option.

11.2. Reporting Event Tree Sequence Logic

You can view the event tree sequence logic in several ways:

¢ By selecting the Create Report radio button on the Sequence Logic
Generate Options dialog, the logic is sent to the screen, from which the logic
can be printed to the default printer or sent to a text file. The text file can be
viewed after you exit SAPHIRE and use a text editor to open the file.

¢ Select Report from the menu bar, then select the Sequences = Logic
radio buttons to preview, print or create a file containing a report of the
sequence logic.

SAPHIRE automatic sequence naming will add a "-" to the sequence identifier each
time an event tree transfer is encountered.
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| 1 2 I Generating Event Tree Cut Sets

Section 12 describes how to generate event tree cut sets. Model preparation prior to
generating cut sets is discussed, and the various analysis and truncation options are
described. Cut set display features are also presented.

12.1. Prerequisites for Generating Event Tree Cut Sets

1. Event tree logic was created by using the event tree graphical editor.
2. Event tree logic was "linked" using Event Tree =» Link Trees.
3. Basic event data was added through the Modify = Basic Events option.

4. Basic event data was prepared for model processing by using the Generate
option.

Note: Fault tree cut sets do not need to be generated prior to generating
sequence cut sets.

12.2. Menus and Options for Event Tree Cut Set

Generation
. Select Sequence from the menu bar.
. Mark the sequences using the mask feature, or mark sequences individually

using the mouse.
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Sequences - (DEMO) ﬂll
Total # 2 Wlarked # 1 Analysis Type  [RanDoM j
Evert Tree SequEnce End State

ShiALL-RELEASE

bhc  LOSP 3 LARGE-RELEAZE

Cuuankify k
Uncertainky...

Cuk Sets k
Display K
Yiew Results

Time Dependent

Evert Tree Mame Mask Sequence MName Mask Sequence Logic Fault Tree

[ Jano =] ano =] |* |
Maszk Action———————

’75 Irclude ) Exclude Lpply Masks | Exit

. Right-click to invoke the pop-up menu and select the Solve option.

b - flags sequences with existing base case cut sets
c - flags sequences with existing current case cut sets

Analysis Type
Select the RANDOM analysis type for normal PRA analysis.

Solve
This option uses the event tree logic and fault trees associated with event tree top
events.
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Cut Set Generation Cutoff Values

Cut Set Generation Cutoff Yalues ed |
:!:L.I‘tljff Cut Set Probahility: [ f* Mormal = Cutoff Yalue I 1.000E-002

{~ Conditional = Cutoff Yalue |1_I:|IIIIZIE-IIIIIIB

Cutaft by Evert Probability [~ Min < Cutoff value | 1 O00E-005
Cutoff by © Size { Zone { Mone = Cutoff Yalue IE_
Salve Sequence WiFault Trees v Flag Set Mame j
Auto Apply Recovery Rules [ % Bazic " Advanced

Auto Cut Set Update r

MOTE: To perform Event Probakility truncation you must also specify
Cut Set Probakility truncation and the azsocisted cutoff value.

o] Cancel

Enter the desired truncation parameters, and choose the OK button to begin
generating cut sets.

Cutoff by Cut Set Probability — If you check this box, then those cut sets below the
value in the < Cutoff Value field will not be retained.

Note: There are two different types of cutoff cut set probability.

“Normal” uses the initiating event frequency in determining the cut off truncation
value. This is the standard truncation option.

“Conditional” ignores the initiating event value (i.e., assumes it is 1.0) thereby
providing a conditional cutoff value (conditional upon the initiating event
occurring).

Cutoff by Event Probability — Typically not used.

Cut Set Size Truncation — Typically not used.

Solve Sequence with Fault Trees —If you check this box, then fault tree logic will be
used. If the box is unchecked, previously generated fault tree cut sets will be used.
Generally, this box will be checked.
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Flag Set Name — A Flag Set containing House event settings may be specified in this
field. If blank, the Flag Set specified in Modify = Event Trees = Sequences =
Flags Name will be used if a Flag Set was specified. Generally, this box is left blank.

Auto Apply Recovery Rules — If you check box, any recovery rules associated with
the sequence(s) will automatically be applied after the sequence(s) cut sets have been
generated. Generally, this box will be checked.

Auto Cut Set Update — If this box is checked, then the existing current case cut sets
are reevaluated to remove all non-minimal cut sets and the fault tree probability is
requantified.

Quantify

Salve. ..

Couantify Cyuantify (Default)

ncertainky, .. fin Cuk

Zuk Seks 4 Rare Event
Display k ringMax
Wigw Resulks Split Fraction

Time Dependent

This sub-menu provides options for requantifying the sequence frequencies for existing
current case cut sets. These options are designed to quickly requantify the cut sets
when data changes have been made.

Split Fraction

Provides a minimal cut set upper bound estimation using the previously calculated
system results for the failed or successful systems in the sequence. This option does
not generate cut sets, and is only appropriate for event trees with independent top
events. This option is generally not used.

Min Max Quantification
The Min-Max quantification option quantifies the current case cut sets using an exact
probability quantification algorithm.

see Section 7, Fault Tree Cut Set Generation
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Uncertainty

Performs Monte Carlo or Latin Hypercube uncertainty analysis for the selected
sequence individually or combined. Sequence uncertainty analysis is discussed
further in Section 14.

Cut Sets STl iEtor

Cuankify 3
Uncertainky. ..
pdate. ..
Display 3 Recover F
Wigw Results Partition ¥
Edit 3

Time Dependent

This sub-menu provides options for cut set manipulation.

Cut Set Update

This option uses the existing current case cut sets (unless the user specifies that base
case cut sets are to be used instead). Non-minimal cut sets are eliminated and the
sequence frequency is quantified using the minimal cut set upper bound.

Recover Option
This option allows for post-processing rules to be created and applied to the accident

sequence cut sets. The rules can be created and applied to individual sequences,
event trees, or all sequences.

Partition Option
This option provides a mechanism to group sequence cut sets into user specified end
states based upon partition rules.

Edit Option
This option provides the analyst a mechanism to edit the current case sequence cut
sets.

12.3. Displaying Event Tree Cut Set Results

. To display sequence cut sets, select Sequence from the menu bar.
¢ Highlight the sequence that you want to view. o
Uncertainty.. .
. . . Cuk Sets 4
. Right-click to invoke the pop-up menu and select Display Cut Sets

the Dlsplay =>» Cut Sets Option. View Results Comparison
Merged Cut Sets
Imnportance

Uncertainky

Time Dependent
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Display Sequence Cut Sets

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

. To view the basic events in a cut set, highlight the cut set, and click the View
button.
Selected Cut Sets 2 x|
Full List | Inciuded [n Slice I Excluded From Slice I
Min Cut  2.104E-002 Mum 11 10000 %
Cut Set %
M. Freguency Total Events
1l 2 000E-002 95.04 Diz-2
2 4 .000E-003 475 E-Mi4-1
3 2 S00E-005 01z E-RCh-24, E-MOY-B
4 1 S00E-005 0.7 E-MCN-4  E-PLMP-B
3 1 S00E-005 o.av E-rC%-B, E-PUMP-A&
E 9.000E-006 0.04 E-PUMP-A E-PLUMP-B
7 5.000E-007 0.00 E-CY-A, E-MOY-B
g 5 .000E-007 0.00 E-CW-B, E-MON-4
k] 3.000E-007 0.00 E-CY-A, E-PUMP-B
10 3.000E-007 0.00 E-C%-B, E-PUMP-2
ikl 4 .000E-00S 0.00 E-CY-A, E-CV-B
Slice By
’V Ewent Cutoff Eule Wiemy | Report | Save |
Close I LCancel |

. To find out where the events in the cut set came from, right-click on a cut set
and select the Path option.
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Selected Cut Set Events - [DEMO, LOSP. 2]

1  <dg-ax
=l 2 AMD  ECS, ACCS
EIA ECS OR ECS-TRAINS, ECS-SUPPLY
=My ECS-SUPPLY DR E-MOW-1-FAILS, tank
L. gy E-MOV-T-FAILS OR  <dgear, e-mov-1

Viewing Basic Event Information for an Individual Cut Set

. The basic events, their failure probabilities, and descriptions are now displayed.
Selected Cut Set Events - [DEMO, LOSP, 2]
Event Mame Walue Deszcription
| LOSP 2 300E+000  Loss of Offsite Power Inibiating Event
E-MOV-2, 5,000 -003 ECS Train & pump dizcharge izolation valve
E-tOV-B 5 000E -003 ECS Train B pump discharge izolation valve

E Undefined EndState

] 1|

Frequency 5 750E-005 0.12 % Mumber of Events 3

Exit |

. To view individual basic event information, highlight the event and choose the
View Event button.

3 To return to the list of cut sets, choose the Exit button.
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12.4. Additional Event Tree Analysis Features

In complex PRA models, it may be necessary to use special features prior to cut set
generation and/or after cut set generation. These features are addressed in the
Advanced SAPHIRE course.

Prior to event tree sequence cut set generation:

Flag Sets may be used to set House events or Process Flags on a sequence-
by-sequence basis.

After event tree sequence cut set generation:

Recover Cut Sets can be used as a rule-based automated way to add
“recovery events" to the cut sets. These rules are a mechanism of post-
processing the cut set list.
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| 13 I Sequence Uncertainty Analysis

Section 13 describes uncertainty analysis for event tree sequences. The concept of
performing uncertainty analysis via Monte Carlo or Latin Hypercube sampling is
discussed.

13.1. Sequence Uncertainty Analysis

Uncertainty analysis calculates the variability of the sequence frequency resulting from
uncertainties in the basic event probabilities and the initiating event frequency.

SAPHIRE provides two uncertainty analysis techniques:
¢ Simple Monte Carlo sampling
¢ Latin Hypercube sampling

13.2. Menus and Options for Performing Sequence
Uncertainty Analysis

. Select Sequence from the menu bar.
Solve...
Cuankify r
Uncertainty. ..
Cuk Sets g
Display »
YWiew Results

Time Dependent

. Mark the sequence(s), right-click to invoke the pop-up menu.

. Select the Uncertainty option. The sequence uncertainty may be calculated for
each sequence individually or as a group.
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Uncertainty Calculation Values

. Enter the uncertainty calculation values on the dialog:

Uncertainty Calculation 7 x|

Mumber of zamples to use in simulation (=92339) 1000

Zeed for randam number generator asay7

—Uncertainty type —Uncertainty method — Ground socel Level

f+ Single " Latin Hypercube ;I
 Group -
" Project + honte Carlo
—Irtermediate Yalues Report Type

v Mome 1 Saphire formst {0 CSY format

File Marme Browse |

Ok Cancel |
. Uncertainty results will be displayed briefly on the dialog following the

uncertainty calculation.

Uncertainty Type
Specify whether the marked sequences are to be calculated individually (one at a

time), as a group, or for the project (if all sequences are marked).

Uncertainty Method
Specify Monte Carlo or Latin Hypercube.

Number of Samples
Input the number of samples. (A larger number of samples will provide more

accurate results but will require more time.)

Random Number Seed
Enter a value for the random number generator seed or accept the default. Enter

zero to obtain a random seed from the system clock.
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Uncertainty Results

Mame GROLUP

Random Seed 8307  Events 17
Sample Size 1000 Cut Sets 28
Poirt estimate 2181E-002
hlean Yalue 2. 268E-002
5th Percentile Yalus 1.7B4E-003
hedian alue 8.966E-003
95th Percertile Value 9.060E-002
Minimum Sample Yalue 3.907E-004
Maximum Sample Yalue 1. FE3E+000
Standard Deviation B.712E-002
Skewness 1.888E+001
Kurtozis 4 7T3E+002
Elap=ed Time 00:00:00.140

. Uncertainty results will be displayed briefly on the screen following the
uncertainty calculation.

. Uncertainty results for each sequence when calculated individually can be
displayed:

¢ Select Sequence from menu bar, and highlight the individual sequence

¢ Right-click to invoke the pop-up menu and select the Display =
Uncertainty option.

. Uncertainty results for the project can be displayed:
¢ Select Sequence from the menu bar, mark all the sequences in the family

¢ Right-click to invoke the pop-up menu and select the Display =
Uncertainty option.

. Note: GROUP uncertainty results are displayed only on the screen (shown
above). These results are not available from the Display option.
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Notes
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| 14 I Sequence Importance Analysis

Section 14 describes the various sequence importance measures available in
SAPHIRE.

14.1. Sequence Importance Measures

Importance measures provide “reliability-worth” information about basic events
appearing in the cut sets of an event tree sequence.

. Components showing high relative importance may be candidates for either (1)
close monitoring to ensure that the component does not degrade over time or
(2) design changes to increase the component reliability.

Ratio, Interval and Uncertainty importances can are calculated for the
highlighted event tree sequences.

¢ Ratio Importance — Fussell-Vesely Importance, Risk Reduction Ratio, and
Risk Increase Ratio.

¢ Interval Importance — Birnbaum Importance, Risk Reduction Interval, Risk
Increase Interval.

¢ Uncertainty Importance — This importance measure provides information
about the uncertainty of the component (i.e., those components that will
contribute the largest uncertainty to an uncertainty analysis).

[See Section 9.0 for a detailed equation description for the above importance
measures]
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14.2. Menus and Options for Calculating Sequence
Importance Measures

. Select the Sequence from the menu bar.

Sequences - [(DEMO) I E3
Total # 2 Marked # 1 Analysis Type IRANDOM vI
Ewent Trees Sequence End State

EMALL-RELEASE

= LOSP Salve. .. ] LaRGE-RELEASE
Caankify »
Uncertainky. ..
Zuk Seks >
Cuk Seks
Wiews Resulbs Comparison

N Merged Cuk Sets
Time Dependent

Imporkance

Uncerkainky

. Highlight an individual sequence, right-click to invoke the pop-up menu.
. Select Importance

. The importance measures are now displayed.

View Sequence Importances

Importance Measures (Sequence: LOSP, 2 — Units: Per Hour)
Point Est. |

Event Mame | count [_Propaiity =S [ ri= [ rre [ Birneaum [_~u [ rR [ uncertainty
DG-a A = .DD0E-002 S aoaE-o01 4. 7S2E+001  1.97SE+001 = 2G5E+000 2 252E+000  4.69SE-002 1 1 S4E-001
E-chn = 1.000E-004 3.768E-005  1.S7SE+000  1.000E+000  1.820E-002 1 B20E-002 1.824E-008 1 36SE-008
BB = 1.D00E-O04 5. FESE-005 1 STSE+0O0D  1.000E+000 1. S20E-002 1 .520E-002 1.524E-008 1 .365E-008
E-pT1 A 1.000E-003 4.65TE-D02  4.7S2E+001  1.049E+000  2.254E+000  2.2S2E+000  2.254E-003 2.=55E-003
E-PAC -, E 5.000E-003 1.564E-003  1.374E+000  1.002E+000  1.S20E-002 1 511 E-002 5.119E-005 1.1 53E-004
E-rAC-B E 5.000E-003 1.564E-003  1.5374E+000  1.00ZE+000  1.S20E-002 1511 E-002 5.115E-005 1.153E-004
E-PUIMP -2 E =.000E-003 1A1S50E-003  1.57SE+000  1.001E+000  1.820E-002 1 .51 SE-002 s.471E-005 6.917E-005
E-PUMP-B = =.000E-003 11S0E-003  1.37SE+000  1.001E+000  1.S20E-002 1 81sE-002 s.a71E-00S &.917E-00S
Lose a4 2 300E+000 1.000E+000 4 348E-001  ——moomooeee 2104E-002  -2.736E-002  4.840E-002 1 1 9sE-001

ol | 1=

meport |
ok 1 Cancel |

. To analyze the importance of a group of sequences, highlight the desired
sequences, then select Importance.

. To print the importance measures either to a printer or a file, select the Report
button.

. To sort by a column heading, click on the desired column heading.
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| 15 I Reporting Sequence Results

Section 15 describes how to generate reports of sequence cut set results.

15.1. Sequence Report Menus and Examples

. To report sequence information, select Report from the menu bar.

. Select the Sequence radio button and then you can choose from several
different report options.

Sequence Summary Reports

Reports Menu

—Data Type —Repott Type
{" Project {* Summary
" Aftributes " Logic

" Basic Events
" Fault Trees
i~ Evert Trees
i End States

" Change Sets

" Flag Sets
" Gates
" Hizstograms
" Slices

= User Info

i Cut Sets

{ Importance
i~ Recovery Rules
i~ Parttion Rules
i Text

" Custom

—=ub Type

i Brief
 Summary
i~ Combination
" Uncertainty

™ Cverview

" Flag Set

Process |

Exit |
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Sequence Brief Summary Report

Idaho National Laboratory

Standard Reporkt E3
SEQUEMCE BRIEF SUMMARY REPORT i’
Project: DEMO Analysis: RARNDOM
-
Evrent Tree I Sequence I Base Min. Cut I Current hin. Cux I Difference I Base Cut Seis I Current Cut Seis I

LO=P 2 4.540E-002 4.540E-002 +0.000E+000 11 11

LOSP 3 1. FE0E-003 1. FE0E-003 +0.000E+000 19 19

2005 2024 Page # 11:02:51

hlodel Rew. i -
Page Setup Print | Exit [ Gridines

Sequence Combination Report

Standard Report
SEQUENCE COMBINATION REPORT ﬂ
Project: DEMO Casze : Current
|
Frent Tree I Sequence Min. Cut Upper Bound I Mlean I Cut Set Count I
LOSP 2 4 540E-002 4. 735E-002 11
LOSP 3 1. 7E0E-003 3.332E-003 19
20050 2021 Page # 11:11:22
Model Rev. £ f--
Page Setup Prirt | Exit ¥ Gridlines
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Sequence Uncertainty Values Report

Standard Reporkt B3

Idaho National Laboratory

SEQUEMCE UMCERTAINTY W ALUES REFORT ﬂ
Project: DEMO Case  Current
=
Event Tree | Sequence | Mean | Min. Cut Upper ... | Median | Std.Dev. | 5th %6 | 95th %6 | Minimum | Maximum | Seed
LO=P 2 4. F35E-002 4 .540E-002 T.892E-003 1.602E-001 3.976E-004 1 .934E-001 4. 755E-005 2.243E+000 54321
LOSP 3 3.332E-003 1 .760E-003 1.BAME-004 1.715E-002 3.260E-006 1.132E-002 1.532E-007 2.580E-001 54321
4| | >
2005 2521 Pane # 111605
Model Rewv. r- -
Page Setup Prirt | Exit [V Griclines
.
Sequence Logic Reports
Sequence Logic - {(DEMO) ?l Xl

Ewent Tree

Marme

Continue
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Sequence Logic Report

Idaho National Laboratory

Standard Report
Sequence Logic Report ﬂ
Project: DEMO
Frent Tree I Sequence I Init. Frent I Flag Set I End State I Inputs
LOSP 2 LOSP ShislL-RELEASE ECS, iCCE
3 LOSP LARGE-RELEASE ECS, CCS
4] | 3
20051 2521 Page # 11:21:57
Model Rewv.  f- /-
Page Setup Print | Exit I Gridlines
Sequence Cutsets - {(DEMO) EHE
Case
* Current { Base Analysis Type IRANDC'T\"I ;I
Event Tree Mame End State
Sk LL-REL E
LO=R 3 LARGE-RELEASE
Cut Set Quartified Detailed Exxit
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Sequence Cut Set Report

SEGQUENCE CUT SETS REPORT i’
Project: DEMO Case : Current _I
Event Tree | Cut Sexs# | Frenis Count | Bpuis
LOSP 1 1 Doi-2
=2 il E-hACrs -1
k] z E-CW-i, E-Cv-B
4 2 E-ChW-L E-pOY-8
s -] E-CW-i, E-PUMP-B
=] z E-CWV-B, E-MOV-A
7 2 E-CW-B, E-PLIMP-2
= z E-hAOW-2, E-MOW-B
a z E-tCW -2, E-FUMP-B
10 2 E-miO%-B, E-PLIMP-2,
11 -] E-PUMP-2., E-PUMP-B
| | »
2005 2021 Page # 112742
hodel Rew. redem

Prirt | Exit

[+ Cridlines

Sequence Quantified Cut Set Report

Standard Report

Prirt | E:xit

SEQUEMCE CUT SETS (QUANMTIFICATION) REPORT ﬂ
Praoject: DEMO Case : Current
|~

Eveni Tree | %6 Total | CutSet % | ProbiFreq. | Enpuis
LO=R 9:35.04 9:35.04 4 GO00E-002 DG-A

99.79 475 2.300E-003 E-min -1

9991 01z 5.7S0E-005 E-bAC -2 E-MCN-B

99 .95 0.o07 3.450E-005 E-bAC -2 E-PUMP-B

100.00 0.o7 3.450E-005 E-bAC -8, E-PLIMP-2,

100.00 0.04 2.070E-005 E-PUMP-&, E-PLIMP-B

100.00 0.00 1.150E-006 E-CM-&, E-MCN-B

100.00 0.00 1.150E-006 E-CM-B, E-MiOs -4

100.00 0.00 5.900E-007 E-C-&, E-PLUMP-B

100.00 0.00 E.900E-007 E-C%-B, E-PUMP-A

100.00 0.00 2. 300E-005 E-Cw-&, E-CV-B

4 .G40E-002 = Total
4| | »
20050 2021 Page # 11:353:55
Model Rev. £ f--
v Gridlines
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Sequence Importance Reports

Sequence Importance - {DEMO} 21 =l
Caze
f(-‘ Current ¢ Base Analysis Typs |RANDOM =1
Evert Tree Mame

I Group Importance importance I Abs Yalue Importance I

Exit
Special Importance I Sort Criteria I

In this example the “F-V or Birnbaum” sort option is selected.

Sort Options
" pame

Brobakility of Failure

Socurrence Sount

L

!

o EL ar Birnbaum?
" Risk Reduction
~

Risk Increase

=l | Cancel |

Sequence Importance Measures Report

Standard Reporkt
SEQLUEMCE IMPORTANCE MEASURES REPORT —!
Project: DEMO Case  Current
|
Eveni Tree | Sequence | Basic Fvent | Occurrences | Probability | Fussell Vesely | Risk Reduction... | Risk Increase... |
LOSP 2 Loske 11 2.300E+000 1 O00E+000 1.O00E+038 4. 345E-001
Doiz-2 1 2.000E-002 9. 494E-001 1. 9¥5E+001 4 FS2E+001
E-MCr 1 1 1.000E-003 4 BSTE-D0Z 1.049E+000 4 752E+001
E-tCr-a, 3 5 NONE-003 1 BE4E-003 1.002E+000 1 AT4E+000
E-miONW-B 3 S.000E-003 1 .S84E-003 1 .002E+000 1 _FT4E+000
E-PLIRP-2 3 3.000E-003 1.130E-003 1.001E+000 1 37SE+000
E-PLIMP-E 3 3 OONE-003 1 130E-003 1.001 E+000 1 A7SE+000
E-voa, 3 1.000E-004 3 FESE-D0S 1.000E+000 1.37EE+000
E-Cv-B 3 1.000E-004 3 TESE-005 1.000E+000 1 3TEE+000
2005 2021 Page # 114330
hodel Rew. -
Page Setup I Print | Exit ¥ Griclines
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| 1 6 I BASE CASE UPDATE

Section 16 describes how to perform a base case update on event tree accident
sequence results and fault tree results.

16.1. Base Case Update

All results generated by SAPHIRE are stored in the current case. These results
change each time a new analysis is performed. To save the results (permanently) that
were just generated, a base case update needs to be performed.

Base case update is a means to store data and results in the family files as a
“permanent” record.

Base case data and results are updated by the transferring of current case results to
the base case. Transferring the current case data and results into the base case gives
a “permanent” record that can not be removed until another base case update is
performed.

By performing a base case update, these base case results can be readily compared
to results from other sensitivity analyses.

A base case update option is available for:

Fault Trees

Event Trees (sequences)
End States

Change Sets

* & o o
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The various base case updates are shown graphically below.

Logic Models

and Graphics
I I = =

4 Base Case R

f/Cu rrent Case\\

Change Sets
"Change Set"” Base

Case Update and Flag Sets
(transfers change

set data)

System, Event Tree, or
Storage End State Base Case Storage
Update (transfers
Results cut sets) Results
(cut sets) (cut sets)
Event Data Event Data
N L \ J

All Base Case
Update menu
options are
located under
the main
"Modify"” option

16.2. Base case update for accident sequences

The prerequisites for performing a sequence base case update are:

1.
2.

3.
4.
5.

level.

Review resulting cut sets for correctness.
Perform uncertainty analysis if needed.

We are now ready to perform a base case update.
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Generate appropriate data changes for the analysis.
Analyze (i.e., generate cut sets) the accident sequences at a specified truncation

Apply recovery rules to the accident sequence cut sets if required.
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Select the Modify < Event Trees menu.

Edit Event Trees - (DEMO} x|

=4 Mame Description

Lozzs of Offsite Power Event Tree

Right Click for Menu Options.

Case Update
’7 Base Update | Clear Current |

Idaho National Laboratory

Text | Sequences | Ezxit |

Mark the event trees to be updated, then choose the Base Update button.

(The Clear Current button removes the results stored in the current case.)

Base Case Update Dialog 21|

Choose the OK button to perform the
base case update.

The Analysis Type drop-down list
gives you the opportunity to do a base
case update on any one of the sixteen
different analysis types.

ARG
Thiz aption will tranzfer the current or tempoarary values
stored in the data basze to the base casze for each zequence
azzociated with the highlightedimarked event tree for the

zelected analysis type. The ald base casze will be lost.

Analysis Type  |[RAMDOM j

Are yvou sure you want to do this?

Note: The default analysis type as

Cancel |

shown in the “Define Constants”

(see Section 1) will be the default selection for the base case updated.

To perform a base case update on any of the other analysis types, you must select the

analysis type prior to choosing the OK button.
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16.3. Base case update for fault tree results

The prerequisites for performing a fault tree base case update are:

Generate appropriate data changes for the analysis.

Analyze (i.e., generate cut sets) the fault trees at a specified truncation level.
Apply recovery rules to the fault tree cut sets if required.

Review resulting cut sets for correctness.

akrwbdE

Perform uncertainty analysis if needed.
We are now ready to perform a base case update.

Select the Modify = Fault Trees menu.

Edit Fault Trees - (DEMO} 2|

= Mame Description

CCS

=1 CCS-TRAINS
EC= Emergency Coaling System Fault Trees

Containment Cooling System fault tree

Right Click for Menu Options.
’—Case Updste

Base Updste | Clear Currernt | H-Reference | Shiow Unusedl Delete Unused | Top/Sub Text Exit

Mark the fault trees, then choose the Base Update button.

(The Clear Current button removes the results stored in the current case.)
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| 1 ; I Fault Tree Sensitivity Analysis

Section 17 describes how to perform fault tree (system) sensitivity studies including
basic event data modifications and fault tree logic changes. The use of Change Sets
to make basic event data modifications is described.

17.1. Overview of Steps Involved in Performing a Fault
Tree Sensitivity Analysis

If fault tree logic changes are to be made (e.g., adding a basic event, removing a basic
event, or changing an OR-gate to an AND-gate), make the changes using the
graphical fault tree editor or fault tree logic editor.

If data changes are to be made, enter data modifications by either

¢ Changing the data "permanently” in the Modify = Basic Events option
¢ Changing the data "temporarily" using Change Sets

Then, use the Generate option to "process" the basic event changes so that they will
be used for subsequently performed SAPHIRE operations such as quantifying cut sets,
displaying cut sets, and generating reports.

Update the fault tree cut sets in the Fault Tree menu using the Solve option.

Modifying Fault Tree Logic

The fault tree logic can be changed by using the fault tree graphical editor by selecting
the Fault Tree = Edit Graphics option.

Alternate ways of modifying fault tree logic include:
¢ Using the Fault Tree = Edit Logic option also discussed in Section 5.
¢ Replacing system logic with MAR-D .FTL files.
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17.2. Making a "Permanent” Data Change in MODIFY
Data Base

. To enter basic event data, select Modify from the menu bar. Then select Basic
Events.

0 To modify data for an existing event, highlight the event you want to edit,
right-click to invoke the pop-up menu, and select the Modify option.

0 The Generate option from the main menu bar must be used before the
data is available for SAPHIRE operations.

It is not recommended that permanent changes be used for sensitivity analyses.

17.3. Making a "Temporary" Data Change by Using
Change Sets

* Select Generate from the menu bar.

. To create a Change Set, right-click to invoke the pop-up menu, select Add, and
enter the Change Set name and description.

. As shown in the figure, two Change Sets (named FAULT-TREE-1 and FAULT-
TREE-2) were created in this example.

Generate - [DEMO) E
Change Set Mame Change Set Description
FALILT-TREE-1 Fault Tree Change Set #1
FAULT-TREE-2 Fault Tree Change Set #2
Default Mizzion Time I 2. 400E +001 Fight Click for ey Dptions
Class | Single | Beport Generate | Exit I
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. To make a data change in the Change Set named FAULT-TREE-1, highlight the
Change Set, choose the Single button.

. Right-click to invoke the pop-up menu and select the Add option. Double-click
on the event to be modified. In this example, event C-CV-A was edited.

The Change Set Data Entry Dialog

Event Probability Changes el
Matmes Attributes Susceptibilties
=P, Comp ld  FMode Location 1 2 3 4 5 E 7 &
AN, CACV- A1 FZ1 FIECIrrrrr
=T= Type System Train 9 10 11 12 13 14 15 16
Categary: o Cos CFErErErErEE e
Fandom Failure Data
Basze Currernt
1 Calculation Type | - =BLANK= Mo Change -l
1.000E-004 Mean Failure Probakility 1 0E-3
+0.000E+000 Lambcls I E-
+0.000E+000 Tawt. I/ E-
+0.000E-+000 Mizsion Time [ E-
Freguency Units I_
Uncertainty Data
L Distribution Type | - =BLANK= No Change j
Log Mormal Matne I
3.000E+000 Error Factor | Eeemm
B [ f..
1 Correlstion Clazs I
Process Flag I_E
Template Mame | SBLARNKS= Mo Change j
Templste Llsel
Leave Current Y alues blank
if no changes are desired. Ok Cancel
. The Event Probability Changes dialog allows you to enter changes on the right

side of the dialog.

. In this example, the probability field was changed from 1.0E-4 to 1.0E-3.
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. To create a Class Change for the FAULT-TREE-2 Change Set, highlight the
Change Set, choose the Class button.

The Class Change Dialog

—Ewvent Attributes Mask Mask Susceptibilties -
Mame
: 1 T 9 T
Cormg Id Location 2 I 1w
System FiMode a [ 11 -
Train Type oy 4 [ 12 [C
cat _ s [ 13 [
egory [ Freq. Units | 5 14
Corr. Clazs 7 I 15
Calculstion Type | _ =Bl AnKs j 8 [ 18
Digtribution Type | _ Bl Ak j
Mote: Leave values hlank if no changes are desired.
—FailureiSeizmic Data Uncerainty Data
Calculation Type | - =BLAMK= Mo Change j Distribution Type | - =BLAMNK= Mo Charj
ProbiFregiedian Fail Accel |2 0e-4 Matne
Lamdarscreening G-Level | - [ Wale1 |- E-em-
Tau |- Er Walue 2 [ Er
Mis=zion Time | - [ Correlstion Class
Fregquency Units I_

— Cther Information

Template Name | =BLAMNK= Mo Chanoe j Template USE| Process Flag I_IZI

Ok Clear | Cancel |
. Enter the attributes that define the events to be changed. In this example, Type
was specified as CV.
. Enter the new data. In this example, the probability was changed to 2.0E-4.
. One class change is allowed for each Change Set.
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Generating Changes for One Change Set

Generate - [DEMO] E2
Change Set Mame Change Set Description
1 FAULT-TREE-1 Fault Tree Change Set #1
FALULT-TREE-2 Fault Tree Change Set #2

Default Migzion Time I 2. 400E +001 Fight Click for Menu Options

Clazs | Single | Beport ﬁeneratel Exit I

. To invoke only the FAULT-TREE-1 Change Set, double-click on the Change

Set.
. The number 1 will appear in the left column.
. Choose the Generate button and proceed as directed.
. To report the changes, choose the Report button, then select the Affected

Events radio button.

Report Changes

Standard Report >=|

Evernts Affected By Change Sets
Project: DEMO

Basic Evert | S=l=. Prob | saic. Tvpe |_Probability | Lambos | Tau |_mis=ian Time | Freo. Units | o
[EEr=Sy 1.000E-03 1 1 oo0E-03 0.000E+00 0.000E+00 0 .000E+00 [

R | 1 >

ZO0SOE2S Page & 144656
Model Rew R

I~ Gridiines

Page Setup I Print I Eaxxit
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Generating Changes for Two Change Sets
Generate - [DEMO] E3

Change Set Hame Change Set Dezscription
1  FAULT-TREE-1 Fault Tree Change Set #1
2 FALLT-THEE-Z Fault Tree Change Set #2

Default Mizzion Time I 2 400E+00M Right Click for Menu Options
Clazs | Single | Report Generate | Exit I

. When invoking more than one Change Set, the order that they are selected
dictates which changes have precedence.

. In this example, the FAULT-TREE-1 Change Set was marked, and then the
FAULT-TREE-2 Change Set was marked.

. Note the numbering in the left column. This will cause the FAULT-TREE-2
changes to override the FAULT-TREE-1 changes where the same basic event
is affected by both Change Sets.

* Choose the Generate button and continue as directed.

. To report the changes, choose the Report button, then select the Affected
Events radio button.
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Generating Changes - Compare Reports

standard Reporkt

=]
Events Affected By Change Sets
Project: DEMC
Basic Event I Calc. Prob. I Calc. Type I Probahility I Lambda I Tau I hiz=ion Time I Freq. Units I Dri
C-CW-A 2 000E-04 1 2 000E-04 0.000E+00 0.000E+00 0.000E+00 L
C-CW-B 2.000E-04 1 2.000E-04 0.000E+00 0.000E+00 0.000E+00 L
E-Thi - 2.000E-04 1 2.000E-04 0.000E+00 0.000E+00 0.000E+00 L
E-Ch-B 2 000E-04 1 2 000E-04 0.000E+00 0.000E+00 0.000E+00 L
<| | »
2005/03/25 Page # 14:45:11
Model Rev. - -
Page Setup I Prirt | Exit [¥ Gridiines

In the example above, the FAULT-TREE-1 had been selected first, and then FAULT-
TREE-2.

Standard Report

=
Events Affected By Change Sets
Project: DEMO
Basic Event I Calc. Prob. I Calc. Type I Probataility I Lambda I Tau I Miz=ion Time I Freq. Units I Di;

CaTh 1 000E-03 1 1 000E-03 0.000E+00 0.000E+00 0.000E+00 L

C-CW-B 2 000E-04 1 2 000E-04 0.000E+00 0.000E+00 0.000E+00 L

E-Cni- 2.000E-04 1 2.000E-04 0.000E+00 0.000E+00 0.000E+00 L

E-Cv-B 2.000E-04 1 2.000E-04 0.000E+00 0.000E+00 0.000E+00 L
4 | >
2005003725 Page # 1449012

hlodel Rew. i -
Page Setup | Frirt | Exit (| e

If the FAULT-TREE-2 had been selected first, and then FAULT-TREE-1, the resulting
affected basic events would be as shown above.
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17.4. Analyzing Fault Tree Cut Sets

Total # 2 Marked # 1 [~ Show Sub-Trees Analysis Type RAMDCM j
Containment Cooling Systemn fault tree
CE ECE Emergency Cooling System Fault Tree
Fault Tree Mask Mask Action
|== ’7 % nclude 0 Exclude Lpply Mask Exit

¢ Select Fault Tree from the menu bar.
. Mark the fault trees using the mask function, or individually using the mouse.
. Right-click to invoke the pop-up menu.
. Select the Solve option from the pop-up menu.
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| 1 8 I Event Tree Sensitivity Analysis

Section 18 describes how to perform event tree sensitivity studies including basic
event data modifications and event tree logic changes. The use of Change Sets to
make basic event data modifications is described.

18.1. Overview of Steps Involved in Performing an
Event Tree Sensitivity Analysis

If event tree logic changes are to be made, make changes to the event tree logic (e.g.,
add or delete a top event, or modify the event tree branches), and then use Event
Tree = Link Trees to link the new event tree logic.

If fault tree logic changes are to be made, make changes to the fault tree logic using
the graphical fault tree or logic editor.

If data changes are to be made, enter data modifications by either

¢ Changing the data "permanently” in the Modify =» Basic Events menu,
¢ Changing the data "temporarily" using Change Sets.

Then, use the Generate option from the menu bar to "process” the basic event
changes so that they will be used for subsequently performed SAPHIRE operations
such as quantifying and displaying cut sets and generating reports.

To update the event tree sequence cut sets select Sequence from the menu bar.
Then right-click to invoke the pop-up menu and select the Solve option.
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18.2. Modifying Event Tree Logic (or Fault Tree Logic
Affecting the Event Tree)

Event tree logic can be changed by using the graphical editor in the Event Tree =
Edit Graphics menu.

Fault tree logic can be changed by using the graphical editor in the Fault Tree = Edit
Graphics.

Alternate ways of modifying event tree logic include:
¢ Using the Event Tree = Edit Logic
¢ Replacing sequence logic with MAR-D .SQL files

18.3. Making a "Permanent" Data Change in MODIFY
Data Base

To enter basic event data, select Modify from the menu bar. Then select Basic
Events.

¢ To modify data for an existing event, highlight the event you want to edit,
right-click to invoke the pop-up menu, and select the Modify option.

¢ The Generate option from the main menu bar must be used before the data
is available for SAPHIRE operations.

Note: Itis not recommended that permanent changes be used for sensitivity
analyses.

18.4. Making a "Temporary" Data Change by Using
Change Sets

Select Generate from the menu bar.

To create a Change Set, right-click to invoke the pop-up menu, select Add, and enter
the Change Set name and description.
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Three Change Sets are shown in the figure (nhamed FAULT-TREE-1, FAULT-TREE-2
and EVENT-TREE-1). EVENT-TREE-1 will be created for this example.

Generate - [DEMO) [ 71 x]

Change Set Mame

Change Set Description

E4ERT-TREE-1 Fvent Tree Change Set #1
FAULT-TREE-1 Fault Tree Change Set #1
FAULT-TREE-2 Fault Tree Chanoe Set #2

Default Mission Time I 2.400E+001 Right Click for Menu Options

Class I Single I Report Generate I Exit I

To make a data change in the Change Set named EVENT-TREE-1, highlight the
Change Set, choose the Single button.

The Change Set Select Event Dialog

Change Set Events - [DEMO. EYENT-TREE-1]

SLF PC Mame Description
ELF Event Usage Flags: S==S=equence cut sets, L=Fault Tree =L=ogic, F=Fault Tree cut set=
- =unu=sed, b =base case, o =current, B = Both
PAC Change Set Flags: P = prob., € = class
Right click for menu options:. Exit
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Right-click to invoke the pop-up menu and select the Add option. Double-click on the
event to be modified. In this example, event E-MOV-1 was edited.

The Change Set Data Entry Dialog

Event Probability Changes 7| x|

MNames Aftributes Susceptibities
=P=E_p0 -1 Comp . Fdode  Location 1 2 3 4 5 B 7 &
a i MOY-1 E-MOWV-1 A2 FZ3 FICrrrrrrr
=T= Type  System  Train 9 10 11 12 13 14 15 16

Categary: B ECS rrrrrrrr
Fandom Failure Data
Baze Currert
1 Calculation Type I - =BLAMK= Mo Change ;I
1.000E-003 Mean Failure Probakilty 1 0E-2
+0.000E+000 Lambda | Ee
+0.000E+000 Tawt. I E__
+0.000E+000 Mizzion Time [ E-me-
Frequency Units |_
Uncertainty Data
L Distribution Type | - =BLANK= No Change Ll
Log Mormal Matmne I
5.000E+000 Error Factor | |-
— e E.
3 Correlation Clazs I
Proceszz Flag I_E
Templste Mame | <ELANKS Mo Change ;|
Templste Llsel
Leave Current %alues blank
if o changes are desired. ok Cancel

The Event Probability Changes dialog allows you to enter changes on the right side of
the dialog.

In this example, the probability field was changed from 1.0E-3 to 1.0E-2.
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Generating Changes for One Change Set

Generate - [DEMO] EHE
Change Set Name Change Set Description
1 EWENT-TREE-1 Event Tree Change Set #1
FALLT-TREE-1 Fault Tree Change Set #1
FALLT-TREE-2 Fault Tree Change Set #2
Default Mission Time I 2.400E+001 Right Click for Menu Cptions
Clazs | Single | Report | Generste | Exit I

To invoke only the EVENT-TREE-1 Change Set, double-click on the Change Set.
The number 1 will appear in the left column.
Choose the Generate button and proceed as directed.

To report the changes, choose the Report button, then select the Affected Events
radio button.
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Report Changes

=

Everts Affected By Change Sets

|F'rcuei:1: DEMO

Basic Event | calc. Prob. | calc. Tvpe |_Prokbability | Lambd= | Tau |_Miszion Time | Freo. Units | oi
E-hhiTrw -1 1 .000E-0O2 1 1 000E-02 0O.000E+00 0O.000E+00 0O.000E+00 L
| | »
20050525 Fages # e
Model Rew. & i
Page Setup I Prirt I Exit I+ Griclines

18.5. Analyzing Event Tree Sequence Cut Sets

Select Sequence from the menu bar.

Sequences - (DEMO) |
Total # 2 Marked # 1 Snalysis Typs  [Rannom |

Evernt Tree Sequence End State

als; 2 ShALL-RELEASE
bo LO=P 3 LARGE-RELEASE

Quantify 3
Uncerkainty...

Cuk Seks >
Display [3

Wiew Results

Time Dependent

Event Tree Mame hask Sequence Mame Mask Sequence Logic Fault Tree

I ECENNED N R Jaro =] " =
Mazk Action
|7(=' Include . Exclude Apply Masks | Exit

Mark the sequences using the mask features, or individually using the mouse.

Right-click to invoke the pop-up menu and select the Solve option. The minimal cut
sets will be generated via this option.
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| 1 9 I USING DATABASE FILES

Section 19 describes ways to transfer event tree, fault tree, or basic event information
from one project database to either a newly created project database or an existing
project database.

19.1. Event Tree MAR-D Files

The event tree files created in SAPHIRE have the suffix of *.ET?, where the ? indicates
the “sub” file type. For example, the file labeled .ETD contains event tree Descriptions.

These MAR-D files store information about the event trees including logic, rules, and
attributes.

The *.ETG file is created when the event tree is built and the logic is saved.
All other *.ET* files are created only by using the MAR-D Extract feature.
SAPHIRE allows information pertaining to the event trees to be extracted from one
project and copied to another SAPHIRE project.

¢ The MAR-D module in SAPHIRE allows the user to extract event tree information to
be edited using a text editor.

¢ MAR-D also allows the user to load extracted files from another project into the
current project.

19.2. MAR-D Load and Extract Menus

LIkilikye
Define Constants., ..
. . - Load and Exkract...
The MAR-D menus are provided in the Utility @ Load and p—————
Extract menu Update Descriptions
) Align Mames
Fault Tree 3
Extract Data Event Tree 3
. . . Quality Checks »
This option allows you to extract MAR-D files from the
. ) Wiews Error Log
database into a text file. Version Date

Sensitivity Wizard
Importance Measures \Wizard
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This option allows you to load MAR-D files that are contained in the project’s

subdirectory.

Load and Extract Event Tree Data

Data Action — Data Format
’7 " Load (% Extract f* mMarRD Sets
—Data Type —File Type
Al Al
" Project {* Primary Description
= Attributes " Graphics
{~ Basic Events  Logic
" Fautt Tree " Aftributes
% Evert Tree! " Rules
" End State " Recovery
" Seguence " Partition
" Gate " Primary Text
" Change Set " Ahternate Description
" Histogram T Atternate Text
" Slice

Process Exit

From the Data Action section, choose either the Load or Extract radio button.

From the Data Format section, choose either the MAR-D or Sets radio button. When

dealing with SAPHIRE, MAR-D is the preferred format.

Then choose the desired data type from the Data Type section.

The event tree information MAR-D format is selected in the figure shown above. Any
one of the listed MAR-D file types can be accessed by selecting the appropriate radio

button.

Choose the Process button.
You can mark individual event trees, a range of event trees, or all of the event

trees.

. Choose the Extract/Load button
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. When extracting, you will be prompted to accept or change the MAR-D file name.
The default name is usually the project name and the MAR-D file 3-character
extension (e.g., DEMO.ETD).

. When loading, the files in the project directory that have the extension *.ET? will
be listed on the dialog. Mark the file (or files) to load.

19.3. Fault Tree MAR-D Files

The fault tree files created in SAPHIRE have the suffix of *.FT? and *.DLS. The .DLS is
a binary file used to store the fault tree graphic.

The files store information about the fault trees, including logic, rules, and attributes.

The *.DLS files are created when the fault tree is built and the logic is saved.
All other *.FT? files are created only using the MAR-D Extract feature.
SAPHIRE allows information pertaining to the fault trees to be extracted from one
project and copied to another SAPHIRE project.

¢ The MAR-D module in SAPHIRE allows the user to extract fault tree information to
be edited using a text editor.

¢ MAR-D also allows the user to load extracted files from another project into the
current project.

Load and Extract Fault Tree Data
From the Data Action section, choose either the Load or Extract radio button.

From the Data Format section, choose either the MAR-D or Sets radio button.
Then choose the desired data type from the Data Type section.

21
Data Action —Data Format
’7 " Load  { Exract i pMAR-D " Sets
— D&t Type —————— — File Type
L | Al
" Project ¥ Pritmaty Description
i Attributes i Logic
i~ Basic Everts ™ Graphics
@ Faul Tree: © Cut Sets
i~ Ewvent Tree  Atftributes
i~ End State T Recovery Rules
" Sequence = Primary Text
i Gate = PID Diagrams
" Change Set " Aternate Description
" Histogram = Atternate Text
i Slice
Frocess Exit
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¢ Choose the Process button.

¢ You can mark individual fault trees, a range of fault trees, or all of the fault
trees.

¢ Choose the Extract/Load button.

¢ When extracting, you will be prompted to accept or change the MAR-D file
name. The default name is usually the project name and the MAR-D file 3-
character extension (e.g., DEMO.FTD).

¢ When loading, the files in the project directory that have the extension *.FT?
and *.DLS will be listed on the dialog. Mark the file (or files) to load.

19.4. Basic Event MAR-D Files

The basic event files created in SAPHIRE have the suffix of *.BE?.

These files store information about the basic events, including probability information,
attributes, and descriptions.

The *.BE* files are created only by using the MAR-D Extract feature.
SAPHIRE allows information pertaining to the basic events to be extracted from one
project and copied to another SAPHIRE project.

¢ The MAR-D module in SAPHIRE allows the user to extract basic event information
to be edited using a text editor.

¢ MAR-D also allows the user to load extracted files from another project to the current
project.

Load and Extract Basic Event Data
From the Data Action section, choose either the Load or Extract radio button.

From the Data Format section, choose either the MAR-D or Sets radio button.
Then choose the desired data type from the Data Type section.
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Drata Action —Data Format
’V " Load % Extract i MAR-D  ( Setz
—Data Type —File Type
Al Al
" Project % Primary Description
" aftributes " Rate Information

i~ Fautt Tree
i~ Ewent Tree
i~ End State
™ Sequence
" Gate

" Change Set
" Histogram
i~ Slice

 attributes

{~ Tranzformations
" Compound Evert
i~ HRA Everit

{ Alternate Description
" Primary Text

" Aternate Test

Process | Exit |

¢ Choose the Process button.
¢ You can mark individual basic events, a range of basic events, or all of the

basic events.

¢ Choose the Extract/Load button.
¢ When extracting, you will be prompted to accept or change the MAR-D file
name. The default name is usually the project name and the MAR-D file 3-

character extension (e.g., DEMO.BED).

Idaho National Laboratory

¢ When loading, the files in the project directory that have the extension *.BE?
will be listed on the dialog. Mark the file (or files) to load.

19.5. Moving database files between projects

Database information from one SAPHIRE project can be moved into another SAPHIRE

project via MAR-D. The steps involved in this transfer are:

1. Perform the MAR-D output from the “primary” project (the one to copy from).
2. Copying (in Windows, see the note below) the extracted MAR-D files to another
SAPHIRE project subdirectory.
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3. Return to SAPHIRE and open the second project (the one that has the copy of
the MAR-D files).

4. Select the Utility = Load and Extract menu.

5. Select the “Load” option and the applicable information to be loaded.

6. Choose the Process button, then indicate the MAR-D file to be loaded.
Following this step, the data will now appear in this second project.

7. Recover the database from the Utility = Recover Data Base menu, just to
ensure that the relational database files are intact.
8. Generate event data from the Generate menu.

Note: To copy files, start Windows explorer or browse “My Computer.” Find the
subdirectory containing the MAR-D files. Highlight all of the files by holding down the
<Ctrl> key and clicking on each file to be copied. Press CTRL-C or “Edit = Copy” from
the menu options in Windows Explorer. Move to the subdirectory of the second project,
and press CTRL-V or “Edit = Paste” to paste the files into the directory.
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