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ABSTRACT

The Systems Analysis Programs for Hands-on Integrated Reliability Evaluations (SAPHIRE) is a
software application developed for performing a complete probabilistic risk assessment (PRA) using a
personal computer. SAPHIRE is funded by the U.S. Nuclear Regulatory Commission (NRC) and
developed by the Idaho National Laboratory (INL). The INL's primary role in this project is that of
software developer. However, the INL also plays an important role in technology transfer by interfacing
and supporting SAPHIRE users comprised of a wide range of PRA practitioners from the NRC, national
‘aboratories, the private sector, and foreign countries. .

SAPHIRE can be used to model a complex system’s response to initiating events, quantify associated
damage outcome frequencies, and identify important contributors to this damage (Level 1 PRA) and to
analyze containment performance during a severe accident and quantify radioactive releases (Level 2
* PRA). It can be used for a PRA evaluating a variety of operating conditions, for example, for a nuclear
reactor at full power, low power, or at shutdown conditions. Furthermore, SAPHIRE can be used to
analyze both internal and external initiating events and has special features for transforming models
built for internal event analysis to models for external event analysis. It can also be used in a limited
~ manner to quantlfy risk in terms of release consequences to both the public and the environment (Level
3 PRA).

SAPHIRE includes a separate module called the Graphical Evaluation Module (GEM). GEM provides a
highly specialized user interface with SAPHIRE that automates SAPHIRE process steps for evaluating

operational events at commercial nuclear power plants. Using GEM, an analyst can estimate the risk

associated with operational events in a very efficient and expeditious manner.

This reference guide will introduce the SAPHIRE Version 7.0 software. A brief discussion of the

purpose and history of the software is included along with general information such as installation

instructions, starting and stopping the program, and some pointers on how to get around inside the
program. Next, database concepts and structure are ‘discussed. Following that discussion are nine

sections, one for each of the menu options on the SAPHIRE main menu, wherein the purpose and

general capabilities for each option are furnished. Next, the capabilities and hmltatlons of the software

are provnded
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FOREWORD

The U.S. Nuclear Regulatory Commission has developed the Systems Analysis Programs for Hands-on
Integrated Reliability Evaluations (SAPHIRE) software used to perform probabilistic risk assessments
(PRASs) on a personal computer. SAPHIRE enables users to supply basic event data, create and solve fault
and event trees, perform uncertainty analyses, and generate reports. In that way, analysts can perform
PRAs for any complex system, facility, or process. - '

SAPHIRE can be used to model a plant's response to initiating events, quantify core damage frequencies,
and identify important contributors to core damage (Level 1 PRA). The program can also be used to -
evaluate containment failure and release models for severe accident conditions, given that core damage
has occurred (Level 2 PRA). In so doing, the analyst could build the PRA model assuming that the reactor
is initially at full power, low power, or shutdown. In addition, SAPHIRE can be used to analyze both
internal and external events, and it includes special features for transforming models built for internal
event analysis to models for external event analysis. It can also be used in a limited manner to quantify
the frequency of release consequences (Level 3 PRA). Because this software is a very detailed technical
tool, users should be familiar with PRA concepts and methods used to perform such analyses.

SAPHIRE has evolved with advances in computer technology. The versions currently in use (6 and 7) run
in the Microsoft Windows® environment. A user-friendly interface, Graphical Evaluation Module
(GEM), streamlines and automates selected SAPHIRE inputs and processes for performing event '
assessments. ‘ .

SAPHIRE has also evolved with users' needs, and Versions 6 and 7 include new features and capabilities
for developing and using larger, more complex models. For example, Version 7 can solve up to 2 million
sequences and includes enhancements for cut set slicing, event tree rule linkage, and reporting options.

This NUREG-series report comprises seven volumes, which address SAPHIRE/GEM Versions 6 and 7.
Volume 1, "Overview/Summary,” gives an overview of the functions available in SAPHIRE and presents
general instructions for using the software. Volume 2, "Technical Reference," discusses the theoretical
background behind the SAPHIRE functions. Volume 3, "SAPHIRE Users' Manual," provides installation
instructions and a step-by-step approach to using the program's features. Volume 4, "SAPHIRE Tutorial
Manual," provides an example of the overall process of constructing a PRA database. Volume 5,
"GEM/GEMDATA Reference Manual," discusses the use of GEM. Volume 6, "SAPHIRE Quality
Assurance (QA) Manual,” discusses QA methods and tests. Lastly, Volume 7, "SAPHIRE Data Loading
Manual," assists the user in entering PRA data into SAPHIRE using the built-in MAR-D ASCII-text file
data transfer process. '

Christiana H. Lwi, Director
Division of Risk Analysis -
Office of Nuclear Regulatory Research
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EXECUTIVE SUMMARY

The U.S. Nuclear Regulatory Commission (NRC) has developed a powerful personal computer (PC)
software application for performing probabilistic risk assessments (PRAs), called Systems Analysis
Programs for Hands-on Integrated Reliability Evaluations (SAPHIRE). SAPHIRE capabilities for
performing a PRA are summarized in this volume, and a more detailed description can be found in the
individual sections of the documentation. : o

With the release of SAPHIRE versions 5 and 6, INL included a separate module called the Graphical
Evaluation Module (GEM). GEM provides a highly specialized user interface with SAPHIRE, ‘
automating SAPHIRE process steps for evaluating operational events at commercial nuclear power plants.
In particular, GEM implements many of the accident sequence precursor (ASP) program analysis
methods. Using GEM, an analyst can estimate the risk associated with operational events very efficiently
and expeditiously. ‘

This SAPHIRE manual is designed to be an on-line reference guide to the program. Divided into two
parts (A and B), this manual is a step-by-step approach to using the features of SAPHIRE. Introductions
and installation instructions for the SAPHIRE are first presented, along with some information about the
basic features of SAPHIRE. The next sections contain information about SAPHIRE data base concepts
so that you can begin learning how SAPHIRE works. The sections following present a step-by-step
approach to using the features of SAPHIRE. Later sections provide information about the capabilities
and limitations of SAPHIRE, including some of the advanced features of SAPHIRE.

For readers who are familiar with previous versions of SAPHIRE, following are a list of some of the
features that have been enhanced or are new to SAPHIRE version 7.

. _Improved Graphical Editing

. Improved Fault Tree Logic Editing
*  Event Tree Linking Rules

. * Sequence Recovery Rules

. Fault Tree Recovery Rules

. Partition Rules

SAPHIRE automatically detects when the database schema for a project is different from the current:
version of the code. When SAPHIRE attempts to open a project created with an older version of the
database schema, the Version Conflict dialog will appear. Once the data has been converted to version 7,
this data cannot be used with older versions of SAPHIRE (IRRAS, SARA, GEM, or FEP).

Users will find that SAPHIRE has evolved with advances in computers. Previously, it was run in the
DOS operating system. It consisted of a suite of modules as described in the NUREG/CR-6116, "System
Analysis Programs for Hands-on Integrated Reliability Evaluations (SAPHIRE) Version 5.0," series of
volumes 1 - 8. The current versions in use, 6 and 7, run under the Windows environment. Certain
modules have been integrated in the SAPHIRE environment; however, the Graphical Evaluation Module
(GEM) remains a separate interface with the SAPHIRE code. GEM is a user-friendly interface that
streamlines and automates select SAPHIRE inputs and processes for performing events assessments.

SAPHIRE has also evolved with users' needs. New features and capabilities have been added in Versions
6 and 7 for developing and using larger, more complex models. For example, Version 7 can solve up to 2
million sequences. In addition, enhancements have also been made in Version 7 for cut set slicing, event
tree rule linkage rules, and reporting options.
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To help assure the quality of new releases, SAPHIRE Versions 6 and 7 were used extensively with
models created in earlier versions of SAPHIRE. The models were loaded into the current version of the
software and results of the analyses were compared against SAPHIRE Version 5.0. Any discrepancies

found were corrected in subsequent minor versions of the code. SAPHIRE has been validated in several
ways. ‘
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Systems AnalyS|s Programs for Hands-on Integrated
Reliability Evaluations (SAPHIRE)
Vol. 3 Code Reference Manual — Part B
| 11. UTILITY OPTIONS |

11.1 Utility Options -
PURPOSE | | |

This option allows you to perform routine functnons that are required by SAPHIRE such as defining
constants, recovering the database, and MAR D data exchange. :

STEPS 4 . -
1. ~ From the SAPHIRE menu select Utility.

2.  The drop-down menu wifh available options will be displayéd.

11.2 Defining Consfants
i1.2.1 General Tab

'11.2.1.1  Defining Constants

PURPOSE

This option provides the means to specify general information, cut set option defaults, and graphical. _
editor defaults. The define constants dialog consists of four property sheets or “pages,” each COntaining_

information pertaining to program defaults, grouped by related properties. Select the desxred page by
~ clicking on the tab.



STEPS : S - - -
1. From the menu select Utility.' '

2. Choose Deﬁhe Conetants from the menu. The'Deﬁne Constants dialog will be disptayed.

Initially, the General constants are available when this option is selected.

Define Constants

After setting the general information you may choose one of the other pages Cut Set, Fault Tree, Event
Tree, or Report to change other default values

Global Save - Save the current values as the SAPHIRE global defaults. Global defaults will be
used as the initial constants each time a new prOJect is created.

Global Load - Load the SAPHIRE global default values.

OK - : Save the changes made and close the Define Constants dialog.

Cancel - Close the Define Constants dialog without saving changes.

11.2.1.2 User Name

This 3’6-character, alphanumeric field identifies the program user. This information is optional.



11.2.1.3 Analysts type

- The default type of analysis to perform Inmally, the RANDOM analy31s type is selected.

11.2.1.4 _Display Method

Toolbar only - " Shows only the toolbar in the main window.
" Menu only - Shows only the menu in the main window.

vToolbar and Menu - Shows both the toolbar andmenu on the main window.
- 11.2.1.5 Toolbar Buttons

These optlons are appllcable if the toolbar is displayed in the main window.

Picture only - Shows only the bitmap (picture) on the toolbar buttons.
String only - - ~ Shows only the text (string) on the toolbar buttons.

Picture and String -~ Shows both the bitmap and text on the toolbar buttons.
11.21.6 - Toolbar Position

These options are applicéble if the toolbar is displayed in themabin'window.

Top- Positions the toolbar horizontally at the top of the main window. -
 Bottom - . . Positions the toolbar horizontally at the bottom of the main window.

Left-  Positions the toolbar vertically on the left side of the main window. .

Right - - Positions the toolbar vertically on the right side of the main window.

Adjustable - Allows the toolbar to be resized.

11.2.1.7 Use alternate names

Choose the primary or - alternate name field to display throughout SAPHIRE. If this check box is selected
~the alternate names will be used throughout the system; otherwise the prlmary names will be used. This is
- useful when a prolect has been developed for dual languages :

11.2.1.8  Random number seed _
The default 5-digit numeric field indicating the first random number in the seed to be used in the

tmcertainty calculation. The initial value, 0, indica_tes that the random number will be the current value of
the real system clock: This value can be temporarily changed when performing uncertainty calculations. -

- 11.2.1.9 Sample size

The default 6-digit numeric field indicating the number of uncertainty samples to be run. " The sample size
may range from 1 to 999999. The initial value is 1000. ThlS value can be temporarlly changed when
performing uncenamty calculations.

11.2. I 10 Uncertamty method

, Choose the default method for uncertamty analysis. The initial selectlon is Monte Carlo This can be |
temporarily changed when performing uncertainty calculations.

11.2.1.11 Importance Measurement type



Choose the default importance measurement type.

Ratio - Fussell-Vessely importance, risk reduction ratio ; and risk increase ratio .

Difference -~ Birnbaum importance, risk reduction interval, and risk increase interval .
Uncertainty -  Quantification of the contrlbutlon of each individual basic event’s uncertamty to

. the total output uncertainty.

11.2.2  Cut Set Tab

11.2.21  Cut Set Constants

PURPOSE |

This éptidn allows you t'ob'speclify defaul.t Qalues for cut set generaﬁon_. _ -
STEPS | B

1. From the menu select Utlllty
2. Choose Defme Constants from the menu. The Defir ihe Constanis dialog w1ll be dlsplayed

v3._‘ Select the Cut Set tab



Define Constants

After setting the cut set defaults, you may choose one of the other pages: General Fault Tree Event
Tree, or Report to change other default values. :

Save - - .Save the char_iges made and close the Define Constants dialog.
Cancel - Close the Define Constants dialog without saving changes.

'11.2.2.2  Fault Tree Probability Cutoff

If the Cutoff by Probablllty checkbox is selected, cut sets w111 be retained or discarded during fault tree
cut set generation based on the cut set probability value. The default value is initially set to 1.0E-8. These
settings can be temporarlly changed when you solve. -

If you s_elect Cu_toff by Probability checkbox_and choose:

Fault Tree -

Global -

Only those cut sets whose product for all of its event probabilities is greater
than or equal to the fault tree’s cutoff value will be kept. This value is entered
in the Modify | Fault Trees option. -

Only those cut sets whose product for all of its event probabilities is- greater .
than or equal to the value in the < Global Cutoff Value ﬁeld will be kept.

‘Al other cut sets will be removed.



If you deselect this check box, then the probability for the cut set will be irrelevant for determining if the
cut set should be retained or discarded.

11.2.2.3  Sequence Probability Cutoff

If the Cutoff by Probability checkbox is selected, cut sets will be retained or discarded during sequence
cut set generation based on the cut set probability value. The default value is initially set to 1.0E- 8 These
settmgs can be temporarily changed when you solve. : '

If you select Cutoff by Probabrhty checkbox and choose

Normal - ~ Only those cut sets whose product for all of its event probablhties 1s greater
- than or equal to the value in the <C’utoff Value field will be kept.
Conditional - Only those cut sets whose product for all of i its event probabilities, excluding

the initiating event probability, is greater than or equal to the value in the
<Cutoff Value field will be kept.

All other cut sets will be removed. :

If you deselect this check box, then the probabillty for the cut set will be irrelevant for determining if the
cut set should be retained or discarded.

11.2.2.4  Cutoff by Event Probability

The default event probability cutoff value. This option will chec_k_ all cut sets that are below the
probability cutoff and remove them only if they contain an event whose probability is below this value.

If you select this check box, then you must also choose the Cutoff by Probabtlzty check box and provide a -
value.

1 11.2.2.5  Size Truncation

The default size truncation method and value. When generating fault tree, sequence, or end state cut sets,
this field is used for determining if cut sets should be retained or discarded based on the number of basic
events in the cut sets. These settings can be changed temporarily when you solve or gather.

Size-  The default maximum number of basic events allowed in cut set generation The default
' value is initially set to six. : '

Zone - Only zone flagged events will be checked.

None - The number of events in a cut set is irrelevant for determining if the cut set will be

retained.
11.2.2.6 Solve Sequences with Fault Trees

The default method for solving sequence cut sets. If checked then by default, the fault tree logic will be
used to solve the sequence cut sets. If unchecked, previously generated fault tree cut sets will be used.
This value can be temporarily changed in when solving sequence cut sets.



11.2.2.7  Mission Time

The default mission time to be used in the calculatlon of bas1c event probablhtles in hours Initially, thls
value is 2.4E+01. , )

11.2. 2.8 . Auto Apply Reco_ve_ty Rules
If checked, automatically apply recovery rules after cut set generation.
'I 1.2.2.9 ' Gather-End States by

The. default method for gathering end state cut sets This can be temporarlly changed when gatherlng end
~ state cut sets .

S‘eq End State - Gather cut sets by the end state assigned to each sequence
Cut Set Partition - " The rule-based (via the partition rules) end state of cach cut set w111 be
' used for gathenng »

I 1.2.2.1 0-‘ Quantif cation Method

" Choose the default quantlf ication method to be used for quantlfymg fault tree, sequence or end state cut
sets. .

Mincut - Use the Minimal Cut SetUpperv Bound VAppreximation method.

Rare Event - Add together the probabilities for the cut sets of a top event. -
Mm/Max - Use the “exact” probablhty quantxﬁcatlon algorithm. '

| 1 1 2.2.11 T ransform Zones
If checked, perforrn zone transformati'on during cut set generation.
11.2.2.12 Include Random

If checked when performmg locatlon transformations, mclude random failures of the event in the
transformations. ’ '

11.2.2.13 Level

An integer 0°-255 which indicates the default level of substitution for the transformations to be
performed. .o

. - 11.2.2.14 ' Use ‘Base Casé

If checked, use base case cut sets for fault tree, sequence and end state update. Otherwise use current case’
cut sets. :

11.23  Fault Tree Tab

| 11231 ' Fault Tree Constants ‘



PURPOSE
. This option'allows you to specify default values for the graphical Fault Tree Editor.

STEPS
1. . From the menu select Utility.
2. Choose Define Constants from the menu. The Def ine Constants dialog will be dlsplayed
3. Select the Fault Tree tab.

Define Constants

After setting the fault tree defaults,vyou may choose one of the other pages: General, Cut Set, or Event
Tree, or Report to change other default values.

Save- Save the changes made and close the Define Constants dialog.
Cancel - Close the Define Constants dialog without saving changes.

11.2.3.2 Gate Name

10-character field for the fault tree default gate name. Each gate created in the fault tree editor will be
given this name followed by a sequential number for each separate gate, e.g., GATEL, GATE2 etc. Both
a default primary name and a default alternate name may be specified.



_11 2.33 Alteiﬁate Gate Name

. 10-character field for the fault tree default alternate gate name. This feature allows names to be dlsplayed

and reported using a different naming scheme or another locale. For this name to be displayed in lists and
on reports instead of the Primary gate name, choose Use alternate names for display in the Define
Constants option. Each gate created in the fault tree editor will be given this alternate name followed by
a sequential number for each separate gate, €. g ALTGATEL, ALTGATE2, etc

11.2.3.4 A - Event Name

10-character field for the fault tree default basic event name. Each event created in the fault tree editor
will be given this name followed by a sequential number for each separate event, e.g., EVENTl _

" EVENT2, etc.-

1 1 2.3.5 Alternate Event Ndme

) lO-c_haraeter field for the fault tree default alternate basic event name. This feature allows names to be
. displayed and reported using a different naming scheme or another locale. For this name to be displayed =
in lists and on reports instead of the Primary event name, choose Use alternate names for display in the

" Define Constants option. Each event created in the fault tree editor will be given thisalternate name

. followed by a sequential number for each separate event, €.g., ALTEVNTI ALTEVNT2 etc.
.11236 NameFont o |
The default font for drsplaymg names. Change the name font attrrbutes by choosmg this button
: SEE ALSO |
Font Selection _
11. 23 7  Font Selection :

' This option allows you to change default attrrbutes for a text object font or shape name font This option
is accessible from either the Fault Tree page or the Event T ree page on the Define Constants dialog.

STEPS

1. From the menu select Utility. -

2. Choose Define Constants from the menu. The Deﬁne Constants dialog will be displayed.
3. Select the Fault Tree or Event Tree tab. ' |
4. Choose the desired Font button. The Font dlalog will be dlsplayed
5. Select the desired font from the list and choose or change the style size, color, etc.



Arial Black
B Arial Narrow
1/ Arial Rounded MT Bol:
B Arrus BT
; % BemhardMod BT

Font- - = Listofavailable typeface names.

Font Style-  Bold, italic, bold italic, or regular styles.

Size- - Point size of the selected typeface.

Effects- = = Underline, strikeout text color.

Sample - Example of the appearance of the highlighted font
Script- Character set.

OK - © . Close the Select Font d1alog and change the font.
Cancel - o Close the Select Font dialog w1thout changmg the font.

- 11.2.3.8 FiIl Color .‘

The default color for ﬁllmg in shapes (i. e. , the 1nter10r color of the shape) Change the fill color by
selecting from the drop- down list.

'11.2.3.9 - Outline Color

The default color for outlining shapes (i.e., the exterior color of the shape) Change the outline color by
selecting from the drop-down list.

11.2.3.10 Line Style
~ Select the default line type. Connecting lines will be drawn using this style.
11.-2.3.11 Line Color

" The default color for drawmg connectmg llnes Change the line color by selecting from the drop- down
hst

11.2.3.12  Text Font

10



The default font for writing text. Change the text font attributes by choosing this button.
11.2.3.13  Horizontal Justification

Select the default horizontal justiﬁcation for text objects:

Left - = The text is aligned along the left margin.
Center - The text is centered on the page. This is the initial value
Right- The text is ahgned along the rlght margin.

11.2.3.14 _Vertical Justiﬁcation

Select the default verti'cal justification for text objécts:

Base - . The text is aligned slightly above the bottom. of the text box. This is the initial value
Bottom - The text is aligned at the bottom of the text box.. :
Top-  The text is aligned at the top of the text box.

11.2.3.15 Show Names . : -
If selected, tumns on the displafy bf event and gate names. By default, this option is selectéd,

11.2.3.16 Show Both

If selected, turns on the display of both prirriary and alternate names for events and gates.

11.2.3.17  Show Text

' .If selected, turns on the display of descriptive texf. By default, this option is selected.

11.2.3.18 Show Grid

If selected, turns the reference grid on. By default, this optibn is not selected.

11.2.3.19. - Show Probabilities |

If sélected,_mms on the display of basic event probabilites. By default, this Opti‘on is not sélected. |
11.2.3.20 Show Page'In_f’ormation | | -

If seleéted turns on the display of page iﬁformation Information displayed includes the name and
description of the fault tree or event tree, the current date, and the page number. By default, this option is
selected. :

11.2.3.21 Print Margins

Set the top, bottom, left, and right margins, in inches, for printing. Enter the values in real numbefs. By

default the margins are set to 0.50 (1/2 inch).

11.2.3.22  Background Color

11



The default background color for the graphical edltor s window. Change the background color by
selectmg from the drop-down list.

11.2.3.23  Primary Page Label

1If selected, turns on the page label display. The label entered is inserted in front of the page number. The
symbol “%” adds a space between the label and the page number. By default, the label “Page%” is
provided. If the label is left blank, then the page number will appear w1thout any label. To omit both the .
label and the page number, use the carat (*) symbol. . :

11.2.3.24 Alternate Page Label

. If selected, turns on the alternate page label display. The label entered is inserted in front of the page
number. This label is used when alternate names are displayed and printed. The alternate name display -
“feature is set in the Define Constants option. : '

| 11..2,4 Event Tree Tab

11.2.41  Event T. ree Constants
o PURPOSE
This optxon allows you to specxfy default values for the event tree graphical editor.

STEPS
1. From the menu select Utility. o .
2. . Choose Deﬁne Constants from the menu. The Def ine Constants dlalog will be dlsplayed
3. Select the Event Tree tab.

12



. Dehne Constanls

. After settmg the event tree defaults you may choose one of the other constants pages General Cut Set,

Fault Tree, or Report to change other default values.

OK- - Save the changes made and close the Define Constants dialog.
Cancel - Close the Define Constants dialog without saving changes.

11.2.4.2  Name Display Width

 The default number of characters in the name which will be displayed.

11.2.4.3 - Name Font : - N
The default font for displaying names. Change the name font attributes by choosing this' button.

11.2.4.4  Description Display Height

- The default number of lines of the description which will be displayed.

11.2.4.5  Description Font

13



The default font for dxsplaymg deSCI'lpUOHS Change the descrlptlon font attrlbutes by choosmg thls
button .

11.2.4.6  Top Background Color

The default background color for the area where the top names are displayed in the graphical edltor s
window., Change the top background color by selecting from the drop-down list.

11247 Text Font

"’Iv‘he default font for writfng text. Change the text font atfributes by ehbqsing this button.
11.2.4.8 Hide fext | ‘ |
If selected, the text will be hidden when displaying fhe tree.

1 1.2.4.9 .Hofizontal Justification |

o Select the default horizontal justification for text objects:

“Left-  The text is aligned along the left margin.
Center - The text is centered on the page. This is the mmal value.
Right - The textis ahgned along the right margm

11.2.4 10 End State Font

The default font for dlsplaymg end state names. Change the end state name font attributes by choosing B
* this button.

11.2.4.11 . Background Color

The default background color for the graphical edxtor ] wmdow Change the background color by
selectmg from the drop -down list.

11.2.4.12 - Line Color

The defanlt colqr of lines. Change the line color by selecting from the drop-down list.

1 1.2.‘4.I3> Tree Leaf Height | |

The spacing, in relative units, between the branches. .

11.2.4.14  Primary Page Label

If selected, turns on the page label display. The label entered is inserted in front of the page number. The
symbol “%” adds a space between the label and the page number. By default, the label “Page%” is

provided. If the label is left blank, then the page number will appear w1thout any label. To omit both the -
label and the page number, use the carat (") symbol.

11.2.4.15 Alternate Page Label

14



If selected, turns on the alternate page label display: The label entered is inserted in front of the page
number. This label is used when alternate names are displayed and printed. The alternate name display
’ feature is set in the Deﬁne Constants option.

11.2.4.1 6 _Print Margins

Set the top, bottom;' left, and i‘ight marginé, in inches, for printing. Enter the values in real numbers. By
default the margins are set to 0.50 (1/2 inch).

I 1.2.4.17 Show Page Information
If seiected ‘turns on the display of page"information Information displayed includes the name and
description of the fault tree or event tree, the current date, and the page number. By default, thlS option is

o sclected

11.2.5 Report Tab

_I 12.5.1  Report Constants

PURPOSE

This option allows you to specify default values for report output, where ba‘lpblicable..‘. :

STEPS ' _

" 1. From the menu select Utility.
2. Choose Define Constants from the menu. The Define Constants dlalog will be dxsplayed
3."  Select the Report tab. |
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Define Constants i ‘

After settmg the event tree defaults, you may choose one of the other constants pages: General, Cut Set,
or Fault Tree to change other default values.

Paper -
Orientation -
Options -
Margins -
Font -

OK -
Cancel -

Set ‘the desired paber size, height, and width.

Select the desired paper orientation.

. Turn the header, footer, page numberlng, page fit, and gnd optlons on (checked)

or off (unchecked).
Set the left, right, top, and bottom margins for the report.
Select the font characteristics for the header, column header detail, and footer

~areas of the report.

Save the changes made and close the Define Constants dialog.

 Close the Define Constants dialog without saving changes.
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11.3 Load ,ahd Extract

11.3.1  Loading and Extracting Data

PURPOSE

This option allows you to load probabilistic risk assessment data from the Models and Results Data Base -
(MAR D) or Set Equation Transformation System (SETS) database into SAPHIRE. Addmonally, you can
output SAPHIRE formatted data to the genenc MAR-D format or SETS format.

STEPS
1. From the SAPHIRE menu select Ut111ty
Choose Load and Extract from the menu. The Load and Extract Data dialog will be displayed.

2
3. Select the desired Data Action, Data Format, Data Type then File Type.
4. Choose the Process button to continue.

Load an xtract Dala B

Data Action : _
Load - Load PRA data into the currently selected SAPHIRE project.

17



" Extract - Output SAPHIRE formatted data of the currently selected prOJect to a file in the
_ current project directory. :
Data Format
MAR-D : Use the Models and Results Data Base format, _
SETS-  Use the Set Equation Transformation System file format.

Data Type - The type of data to be loaded or extracted, e.g., Prolect Basic Event etc.
File Type - * The subset data of the selected Data Type.

 Process-  Proceed with the loading or extracting operation. -
Exit- ~ Close the Load and Extract Data dialog.

1132  Loading MAR-D Data

11.3.2.1  Loading MAR-D Data
PURPOSE

This optron facilitates loading of probablhstrc risk assessment data from the Models and Results Data
Base (MAR D). The process converts information from the generic format found in the MAR D.database
to the SAPHIRE database format. New data loaded mto the database overwrites old data of the same
name. : : :

In general, the dralogs and operatrons are smnlar for each of the Data T ypes therefore, a generrc

» drscussron 18 provrded here

STEPS :
1. Before loading any data, a project must be created through the Modify | Project op'_tion..
2. Copy the files you wish to load into that project's. folder (directory). '

3. Seléct the project and verlfy that the project name drsplayed in the title bar of the SAPHIRE
window is where the data should be loaded. If it is not correct, use the File | Open Prolect option
-again to choose the desired project. :

4. Select the Utility | Load and Extract optron The Load ana’ Extract Data dialog wrll be
displayed. : - .
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adandExlract Data .

As you click the different Data Type radio buttons, correspondmg File T ype optlons will appear :
- tothe rlght hstmg the types of data that can be loaded

After selectmg the data to load, choose the Process button The Load dlalog will appear listing
the- ﬁles that contain the specified data and have the proper file extens10n

5. BChck on the Data Type in the graphic, above, for additional 1nformat10n on 1oad1ng various
types of data . ,

11.3.2.2  Load Dialog |
'PURPOSE

: Converts 1nformat10n from the generlc format found in the MAR D database to the SAPHIRE database
* format.

STEPS

1. | Choose the desired Data Type and File Type radlo buttons along with the Load Data Action radlo
button.

Select the Process button. The Select an mput file dialog will be dlsplayed
3. Select the desired folder, if necessary.

nghhght the desired file and choose the Open button. -
OR
5. Double click the desired file.
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This dialog lists the ex1st1ng files of the approprxate file type (dependmg on the File Type radio button
previously selected) that can be loaded.

Select an input file

Demo.bed

Descriptions F‘.BED}

Open -. Load the data in the selected file into the current project data base. If successful, the
: message, “Load complete,” will be displayed in the status bar of the SAPHIRE window.
Cancel - Close the Select an input file dialog without loading data.

11.3.2.3 General Format Rules

The followmg general rules apply to the PRA Models and Results Data Base (MAR-D) data interchange
format. These rules apply to all ﬁles unless spec1ﬁcally stated otherwise.

All name references (prOJect names, event names, etc.) must be upper case alphanumeric. All lower case
characters will be converted to upper case. Any alpha fields that are longer than the format specified
. will be truncated No spaces are allowed in the middle of names. :

Descriptions ean have both upper-case and lower-case characters. No character checking will be done.
No commas are allowed in the description. :

Commas are used as field delimiters in most formats, and can be used as placeholders for unknown
fields. Any number of leading and trailing field spaces can be inserted. Exceptions to this format are
detailed as needed

Text rules: _ ,

F ile is standard ASCII text, single spaced, upper and lower case.’

Flrst line of paragraph is 1ndented 5 spaces, thh a blank line between paragraphs.

~EOS signals the End of Sectlon so that multlple names in the same project can be collected in one ﬁle
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11324 Load Verification

- PURPOSE

This provides consistency checking for names contained in multiple files. Data files that have no
prerequisite loaded files (*.CTD, *.FTD, *.BED, etc.) are assumed to be correct and are loaded directly
into the database without any field checkmg taking place. Data filés having prerequisite loaded files
contain dependent fields referenced in those data files (e.g., the *.BEI file contains event names also ‘
vcontamed in the *.BED ﬁle) :

' MAR-D files load order dependencles

(,_roup

: I_’roject' :

Attributes

~ Basic Events v

Fault Trees?

Event Trees’

FAD
FAT
FAA
FAY
FAP

© O FTT .
TTD

. .CTD
. FMD
LCD
STD
.BED
BEI
BEA

. FTD
.DLS
JFTL
FTC

FTA
FTT
FTY -
.PID
ETD
.ETA

ETG
.ETL

bPrerequisite Files

BED
BED
.CAD
.CTD

- FMD
- LCD
.STD

BED
FID

~ .BED
. FID
FID

ETD
BEI

ETD
ETD
BEI
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- Dependent Field_s, '

" Event Name

Event Name
Class Attr
Comp Type
Fail Mode

- Location

System Type

Event Name
Fault Tree Name
Event Name

,‘ ‘Fault Tree Name
Fault Tree Name

- Event Tree Name

Init Event

Event Tree Name
Event Tree Name

Init Event: unless Top



o “FID Fault Tree Name for TOPS
ETR ’ :

ETY
. .ETP A .
B - ETT - .ETD - Event Tree Name
" End States . - ESD o ) S ' o
' . .ESI N A VY
_ _ EST - .ESD. ' " End State Name
“ Sequences . .SQD ' ETD ’ Event Tree Name -
- - .SQC .- ETD - Event Tree Namie’
- L SQD " Sequence Name
-SQA BED " Event Name
' SQD Sequence Name
| ESD End State Name
- .SQL ' :
SQY
SQT - ETD = = Event Tree Name

- .SQD . Sequence Name
'NOTES:
ConsiStency checking for prdject names is active for all files. -

.DLS and .FTL files are put into graphic relation instead of system relatlon No cross relatlonal Cross
checkmg avallable for graphics name. : :

ETG is currently loaded as text. .ETL should look exactly like ETG ﬁle

If a dependent field does not exist in the database at load time, that field will be displayed i ina
confirmation/add menu. Thus, if an event name contained in a *.BEI file does not match any event name
previously loaded by the *.BED file, the new name will be dlsplayed with the option to add the event
name or simply abort the load process. Note that the dependent field name cannot be ednted at thlS point.
If the name is not correct then exit, fix the mistake, and reload. :

However, if you suspect your data files have multiple cross reference errors, load the files and allow the
load procedure to find the errors for you. As an error is displayed on the dialog, write down the line -

number and file name and continue with the load. When the load is finished, make the necessary
corrections to the data files, delete the database files for that-project (i.e., the * DAT, *.IDX, and * BLK

files), and restart the load procedure.

11.3.3  Extracting MAR-D Data
11.3.3.1  Extracting MAR-D Data
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PURPOSE

. This option allows you to output data in MAR D file format. The extracted file is created in the current
project folder (directory). The default output file name for description, information, and attribute data is
the project name plus the appropriate extension. For MAR D cut set, logic, graphic, and textual
information, the name of the file is generated based on the selected output option and some internal

- numbers. :

NOTE: If a file w.ith this name already exists it will be'overwritten.

In general, the dlalogs and operations are similar for each of the Data T ypes therefore, a generic .
discussion i is provided here : : _ .
STEPS

1.  From the SAPHIRE menu select Utility.
2., Choose the Load and Extract opiian. The Load and Extract Data dialog will be displayed.

As you click the different Data Type radio buttons, corresponding File T ype options will appear
to the right, listing the types of data that can be loaded. Choose the data type and file type to
output.

Usually, the Extract dialog will appear listing the records available for extraction. On occasion,
when it is not necessary to select records, the Output Destination dialog will be displayed.
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3. 6Cllck on the Data Type in the graphic, above for additional information on various types of
data.

11.3.3.2  Extract Dialog

PURPOSE

'_Outputs mformatmn from the SAPHIRE database format to the generlc format found in the MAR D
database

STEPS

1. Choose the desired Data Type and File Type radio buttons along with the Extract Data Action
-~ radio button S

2. Select the Process button. The Extract dlalog w111 be dlsplayed
3 Highlight the desired record(s) and choose the Extract butt()n.

This dlalog hsts the ex1st1ng records i in the current prOJect database of the appropriate data type .
(depending on the File T ype radio button prewously selected) that can be extracted.

Basic Events - [DEMO) B B3

<FALSE> System Generated Success Event
- <INIT> System Generated Initiating Event
<PASS> - o ~ System Generated Ignore Event
© <TRUE> - System Generated Failure Event
A-C-CV-A-SEISMIC CCS Train A pump discharge check valve
C-CvA . CCS Train A pump discharge check valve
C-CvB o : CCS Train B pump discharge check valve
{  C-MOV-1 . CCS suction isolation valve
1 CMOvaA . CCS Train A pump discharge isolation valve
] CMove o . CCS Train B pump discharge isolation valve
i C-PUMP-A CCS Train A motor-driven pump
i CPUMP-B i * CCS Train B motor-driven pump

} Developed Event '

Extract - Output the data of the selected record(s) to a file in the current project
‘ - subdirectory. After choosing this button, the Output Destination d1alog will be
displayed.
Exit - ~ Close the Extract dialog without extracting data.

11.3.3.3  Output Destination Dialog
- PURPOSE |

_. Specify the output destination (file name) for extracted SAPHIRE data.
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STEPS

1. Once the Get Output Destmatzon dlalog is dxsplayed enter the name of the file to Wthh the data
will be output.

2, Choose the Ok button.

Output File Name -  The name of the file that will contain the extracted data. Each .-
- L combination of data type and file type has a unique file extension. A
default file name will be suggested. The file name can be changed;
“however, the default file extension should be used if the data is to be
reloaded by SAPHIRE. If the output file name does not include a .
. directory path, the output dlrectory will be the same as the current project

. folder.
Browse— = . Select a folder and file name for the output

Ok- ‘Extract the data to the specified file. The file will be created in the

: ' current project directory. If successful, the message “Output complete
_ . will be displayed in the status bar of the SAPHIRE window.

Cancel - . , - Close the Get Output Destination dialog without extractmg data.

Hint 1: By default files will be extracted to the current prOJect folder. However it is recommended to

extract files to a folder dedicated to load/extract files (a different dedicated folder for each project). In the

Browse option, you can create a new folder by right clicking the file list and choosing New | Folder.
-Hint 2: Once you have selected a load/extract folder that is different than the current prbject that folder

" will be the initial directory selected each time you choose the Browse button. The most recently chosen
folder will be remembered until SAPHIRE is closed.-

11.3.4  Al/Group Information

11.3.4.1  AlV/Group Data Type

11.3.4.1.1  Extract All Data Type
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PURPOSE

This optlon allows you to output all of the data contamed in the current project into MAR D file format. -

" This option is equlvalent to selecting each combination of Data Type and File Type. The desired folder
(directory) may be selected. The default output file names will be used. In addition, a master file will be
created. This file will contain the names of all the files created. You may select the name of this file, but
the default extension (. MARD) is expected if the data is to be reloaded into SAPHIRE.

NOTE 1: If the selected master file or any other ﬁles with default names already exist, they will be
“overwritten.

NOTE 2: Do not confuse this option with the Pro;ect Data Type optlon The All option extracts every
‘piece of data contained in the current project, whereas the Project option extracts only data dlrectly
related to the Project record, such as name, descrlptlon and project-wide rules.
STEPS

1. From the SAPHIRE menu select Utility.
Choose the Load and Extract option. The Loaa' and Extract Data dlalog will be. dlsplayed
Select the Extract Data Actzon
Select the MAR-D Data Format.
Select the All Data Type.

wos W

[ Load and Extract
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Process — Extract the current project data. The Output Destination d1alog wxll be dlsplayed
Exit — Close the Load and Extract Data dialog.

1134.1.2  Extract All File Type
PURPOSE

This option allows you to output all of the data for a particular Data Type into.MAR D file format. This
option is equivalent to selecting each File Type option for the chesen Data Type. The desired folder
(directory) may be selected. The default output file.names will be used. In addition, a master file will be
created. This file will contain the names of all the files created. You may choose the name of this file, but
 the default extension is expected if the data is to be reloaded into SAPHIRE.

NOTE: If the. selected master file or any. other files with default names already exist, they w1ll be
overwrltten

STEPS
1. From the SAPHIRE menu- select Utlllty ,
Choose the Load and Extract option. The Load and Extract Data dlalog will be d1splayed
Select the Extract Data Action.
Select the MAR-D Data Fi ormat.
Select the desired Data Type.
Select the All File T ype.

AL AW
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y

Process — Extract the data. The Output Destination dlalog will be dlsplayed
Exit — Close the Load and Extract Data dialog.

11.3.4.13  Load Al/Group

PURPOSE

This option facilitates loading of probabilistic risk assessment data.from the Models and Results Data
Base (MAR D). The process converts information from the generic format found in the MAR D database
to the SAPHIRE database format. Use this option to load data that has been extracting using the
corresponding Extract All Data Type option. You may also use this option to load data that was extracted
. using the Extract All File Type option, as well as for data extracted using the Related Informatlon '

“check box available in the Fault Tree Logic option.

NOTE: New data loaded into the database overwrites old data of the same name.
STEPS | | - |
1. From: the SAPHIRE menu select Utility.
2. - Choose the Load and Extract’ optlon The Load and Extract Data dialog w111 be dlsplayed
3. Select the Load Data Action.
4. Select the MAR-D Data Format.
5. | Selecf the All/Gro_up Data Type.

i Load and Extiact Data - -
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E Process — Load data into the current project. The Load_dialog will be displayed.
Exit — Close the Load and Extract Data dialog. ' :

11.3.4.1.4  Load Al/Group Dialog
PURPOSE
Converts mfonnatlon from the generic format found in the MAR D database to the SAPHIRE database
format. The All/Group option allows you to select a “master” file that contains a list of other MAR-D file

formatted files to be loaded. SAPHIRE will load each of these files into the current project. If a file in the
master lxst is not found, it w111 be 1gnored

STEPS

1. ‘Choose the AlVGroup Data Type and File T} ype radio buttons along w1th the Load Data Actzon :
' radio button. :

OR
Choose the desired Data Type radio button and the All File Type radio button.

Select the Process button The Select an input file dlalog w1ll be dlsplayed
Select the desired folder, if necessary.

~ Select the desired file type from the Files of Type drop down list, if necessary.

I

Highlight the desired file and choose the Open button.
OR :
7. Double chck the desired file..

If you chose the All/Group Data Type option the Files of Type drop down list will allow you to select

any of the “master” list files. If you chose the All File Type option, only “master” list files for the selected
Data Type will be available. . : v : : :
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' Select an mpul hle : ' B3

I DEMU.Mard :

£

a2t

R G

LT

i

MARD [whole

Project (*.Proj)
-Events -[*Event)
Fault Trees (*FTree] -
Event Trees [*EvTiee}
End States [(*EndSt)
- Sequences {*.Seq)
Qates (*Gate]

~ Change Sets {* Hist)

‘Open - Load the data from the selected ‘’master” file into the current project database. If
successful, the message, “Load complete will be dlsplayed in the status bar of the
SAPHIRE window.

Cancel Close the Select an mput file dlalog w1thout loadmg data.

11.3.5  Project Information

11.3.5.1  Project Information

PURPOSE

Project descriptions, attributes, and text can be loaded into the database or output from it. This
information is currently stored in only the MAR D format. Note that each file contains data for only one
project; and that a change in the data file project name will not.change the database project name. When
extracting, each file will contain information for the current pro_]ect

- STEPS : ‘
- 1. From the SAPHIRE menu select Utility..
2. Choose Load and- Extraét from the menu. The Load dnd Extract Data dialog will be displayed.

3. Select the deSIred Data Action, MAR-D Data Format, Pro;ect Data Type then the desired File
Type.
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Process -

Contlnue the load or extract operation for the selected Data Type and F ile Type
‘Close the Load and Extract Data dlalog

Pro_]ect name (first 8 characters must be unique).
Project description
If included indicates alternate description

name, mlsswn newSum co,loc,type, demgn,vendor AE ,OpDate, QualDate

Cancel -
11.3.5.2 Project Names and Descrtptmns
File Name:
- Xxxxxx.FAD .
File Format:
name,description[,A]
where o A _ _
‘ name . - 24 character
description .60 character
A I 1 character
11.3.5.3  Project Attribute File
File Name:
' XXXXXX. FAA
File Format:
prolect-
where o ‘
name ' 24 character
mission’ v Floating point .
newSum  Floating point
co 10 character
loc 16 character
type = . .~ 3character

Project name

Default mission time in hours
New sequence frequency sum
Company name

Location name

Facility type
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desi gn‘ ) 10 character.

vendor 5 character
AE - 10 character
OpDate (yyyy/mmv/dd)
QualDate - (yyyy/mm/dd)

11.3.5.4 ~ Project Recovery Rules
File Name:
- xxxxxxxx.FAY

File Format:
project =

- -~ recovery rule text --
. where
project .24 character
11.3.5.5  System Recovery Rules
File Name:
xxxxxxxx.FAS

File Format:
project=_ .

-- recovery rule text -

where :
project . 24 character

11.3.5.6  Project Partition Rules
File Name: .
- xxxxxxxx.FAP

File Format:
© project=

- -- partition rule text --
- where : .
project : 24 character
11.3.5.7  Project Textual Informationv
File Name: ,

xxxxxx.FAT

File Format:
Project [,A] =

-- text --

where

Facility design

Vendor name
‘Architectural Engineer »
Operational date
Qualification date

Project name

Project name

" Project name
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project 24 character Project name
A 1 character - ° If included 1nd1cates altemate description

11.3.6  Attributes Information

11.3.6.1 EventAttri.bAutesv
,PURPOSE .

' Basic event attributes descnptlons (locations, failure modes, class attrlbutes system types and component
types) can be loaded or extracted using the MAR D Attributes option. Event attnbutes will be output for
the entire project. : -

STEPS
1. From the SAPHIRE menu select Utility.

2. Choose Load and Extract from the menu. The Load and Extract Data dlalog will be displayed.
3. Select the desired Data Action, MAR-D Data Format, Attnbutes Data Type then the desired

File T} ype
Process - Continue the load or extract operation for the selected Attnbutes File Type
Cancel - Close the Load and Extract Data dtalog

11.3.6.2 (i Iass Attribute Descnptwns

File Name:
xxxxxx. TTD

-File Format:
- project =
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‘attr,aliAttr,descriptiOn[,A]

where
project 24 character
attr o 5 character
altAttr - -5 charactér
description 60 character

A o - 1 character

11.3.6.3  Component Type Desc}'iptions -

FilevNamev:
- xxxxxx.CTD
File Format:
project = :
comp, altComp, description [,A]

ey e e

 where ,
' project 24 character
comp . 5 character
altComp 5 character
. description - 60 character
A : - 1 character

'11.3.6.4 - Failure Mode Descriptions
File-Name:
xxxxxx.FMD

File Format:
project =

fail,altFail,description[,A]

c e g e

where _
project 24 character
fail © 5 character
altFail 5 character
description 60 character -

A : I character
11.3.6.5 ' Location Descriptions

File Name:
xxxxxx.LCD

Project name

" Class attribute primary name
. Class attribute alternate name
. Class attribute description

If included indicates alternate description

Project name

Component type primary identifier
Component type alternate identifier
Component type description

If included indicates alternate description

~Project name

Failure mode primary identifier

Failure mode alternate identifier

Failure mode description

If included indicates alternate description
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File Format:
project =

loc,altLoc,description[,A]

“ g

where . o
’ project 24 character Project name
loc - ~ Scharacter . Location primary identifier
altLoc . 5 character Location alternate identifier
description ~ 60 character Location description . '
A 1 character - If included indicates alternate descr_iptjbn »

11.3.6.6  System Type Descriptions
File Name:
xxxxxx.STD

File Format:
project =

sys,altSys,description[,A]

R

where
project 24 character ‘Project name
sys ' v 5 character - System primary identifier”
altSys 5 character . System alternate identifier
description 60 character System description _
A .1 character If included indicates alternate descnptlon

1137 Basic Event Information

11.3.7.1 - Basic Event Information
PURPOSE

Event descriptions, failure rates, attributes, and transformations can be loaded into the database or
extracted from it. When loading, the alternate name of the event defauits to the value of the primary name
if an alternate name is not specified.

When extracting, if the Use Alternate Basic Event Names box is checked in the Utility | Define
. Constants | Analysis option, then the alternate name will be used instead of the primary name for
descriptions and failure rates. Primary names will be output.

STEPS
- 1. From the SAPHIRE menu select Utility.
2. Choose Load and Extract from the menu. The Loaa’ and Extract Data dialog will be dlsplayed
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3.  Select the desired Data Action, MAR-D Data Format, Basic Events Data T ype, then the File

s ype.
Process - ... Continue the load or extract operation for the selected Ba51c Events F11e Type
Cancel - " Close the Load and Extract Data dialog. :

11.3.7.2 Basic Event Namies and Descriptions
File Name:
xxxxxx.BED

File Format:
project =

name,description[,A]

where _
project : _ 24 character Project name
name 24 character Event primary name
description - - 60 character ‘Alphanumeric description
A ' 1 character - If included indicates alternate descriptidr_l

11.3.7.3  Basic Event Failure Rate Information
The basic event failure rates are stored in the Event relation.

-File Name:
' xxxxxx.BEI

File Format:
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project =

name, calc udC, udT udV prob, lambda tau, mxssxon 1n1t Flag, udV2

where

Project -

Name -
.Calc -

ZOV— TS0 09U A LN -

udCc -

- udT

- Udv
Prob

Lambda’

Tau
Mission
init
Flag

grmcmaowze=

e s e g e e e g n g e ety g

© 24 character
~ 24 character
1 character

‘4 characters

v 1 character-

. Floating point
Floating point

Floating point

Floating point
‘Floating point
Boolean
1-character

“ g v

Project name
Basic event name
Calculation type

" Probability
‘Lambda * MiSsiQn.Timé o
1 Exp(Lambda * Mission Time)
‘Lambda * Min(Mission Time, Tau) _
Operating component with full repair B
Lambda * Tau /2.0 .
1+(EXP( Lambda*Tau) 1.0)/(Lambda*Tau)
Base Probability * Probability
Base Probability * Probability
- Set'to House Event (Failed, Prob=1.0)
Set to House Event (Successful,Prob=0.0)
‘Set to ignore :
‘Use fault tree mincut upperbound
* Seismic event - Enter g level for screening - :
Scismj¢ event - Use medium site hazard curve for screening

- Uncertainty correlation class - _
Events in same class are 100% correlated.
Uncertainty distribution type .

Log normal, error factor

Normal, standard deviation
‘Beta, b of Beta(a,b)

Gamma, a Gamma(a)
"Chi-squared, degrees of freedom -
Exponential, none

Uniform, Upper end pt
Histogram

Maximum entropy

Uncertainty distribution value
Probability value '
Basic event failure rate per hr.
Time to repair in hours
Mission time

Imtlatlng event ﬂag (YN )
process flag
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udv2 _ Floating point - Unceriainty distribution value #2
‘General Rl'liles_:

T_he name field is mandatory.

11.3.7.4  Basic Event Attribute Codes
_BaSic event attributes are stored in the Event relation.
File Name: -

xxxxxx.BEA

File Format:
project =

name,Anéme,type,sys,fail,loc,CompID,Gname,train,att1 ,..,att16

-',...,...,v-_-.,....,...,...,...,.4..,...

- where * v

proj'ect , 24 character =~ Project name
narme o 24 character ©  Event name -
Aname 24 character Alternate event name

~ type : - 3character . Event component type

"Sys ' - 3character Event component system
fail 3 character - Failure mode
loc = 3 character Component location
complD : 7 character ComponentID
Gname : ' .24 character Event group identifier
train - ' -3 character Train identifier o

~ attl.attlé - - - Class attribute 16 values of Y or N (yes or no) indicate whether

: : ' flags . - the attribute described in the class attribute file is

applicable.
General Rules:

The name field is mandatory.

11.3.7.5  Basic Event Transformations

Basic event attributes are stored in the Event relation.
Site Name:
- xxxxxx.BET

File Format:
project =

namel,level,type

benamel, bename2, . . .,
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.., benameN .
- "EOS
name?2,level,type

béenamel, bename?2, . . .,

., benameN -

~EOS

'v'_vhei'e' N

project ' 24 character
name . - 24 character
Type _— 4 character

- level. . 3character
benamel..N o 24 character

- 11.3.8 FaultTree Information

11.3.8.1  Fault T ree Information

PURPOSE

" Project name

Event name -

. Transformation type

Transformation level

Event name

" Fault tree descnpnons graphics, logic, cut sets attributes, text and plplng and mstrumentatlon dlagrams
(P&IDs) can be loaded into the database or output to files.

Fault tree cut sets and attributes data can be loaded into either the base case (permanent) or current
(temporary) field areas. MAR-D database applications will normally use the base case load option
because only permanent data should be loaded into the database. Analysis software such as SAPHIRE

~ will use current case fields for comparisons of changed value results. Any basic event found within the’
fault tree loglc or cut sets will be added to the Event relatlon : '

For some of the File Types, if more than one of the fault trees are selected for extraction, the File Output
dlalog is displayed, allowing you to choose the manner in Wthh ﬁles are created for output.

STEPS

- L From the SAPHIRE menu select Utility.

2. Choose Load and Ektract from the menu. The Load and Extract Data dialog will be disp‘layed.‘

3. Select the desired Data Action, MAR-D Data Format, Fault Tree Data Type then the des1red

File Type.
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' Prqéess - Continue the load or extract operation for the selected Fault Tree File Type.
Cancel - . Close the Load land Extract Data dialog.
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'11.38.2  File Output Dialog | .
PURPOSE : o | ’

‘This option prov1des you w1th the opportumty to choose the method for extracting multlple fault trees,
event trees or end states. ,

File Output ixf|

Yes-  The output for all selected list items w1ll be saved in one file, with the items separated by
~EOS. The Get Output Destination dialog will be dlsplayed
No -

Cancel - Close the File Output dialog without extracting data.
11.3.83  Fault Tree Logic Options
'PURPOSE | IR

' This option provides you with the opportunity to choose the way the logic will be extracted. -
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R

ST

L Containment Cooling System fault tree
L Emergency Cooling System fault tree

When yoil_choose a Fault Tree Logic extractidr_l method, either the Get Qutput Destination or the
Select Directory dialog will be displayed. The File Output dialog may also be displayed.

Extract related information — When this is checked, related basic event and gate information
' for the selected fault trees are also extracted into their respective -
MAR-D file formats. A .Group master file is created, which
contains a list of all files created. This .Group file can be used to
load all of the related information back into SAPHIRE at once.

Logic — , - Extract the logic “as is” for all selected items. Transfer gates will -
: o not be expanded. L ’ o ;
Expanded — Extract the expanded logic for all selected items. All transfer

gates will be replaced with the complete transfer information.
: g Paging information will be lost. _
Transfers — : Extract the logic for all selected items, preserving transfer gates,
' but automatically extracting the transfer fault trees, whethef they
were explicitly marked or not: This option is a hybrid of the -
Logic and Expanded options. It both preserves paging
information, and includes the transfer information.
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Exit- - : _ “Close the Extract Fault Trees dialog without extracting
data. ' o "
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© 11.3.8.4  Fault Tree Names and Descriptions
File Name: . |
xxxxxx.FTD

File Format:
project =

name,description{,s][,A]

~ where

project - 24 character - Project name

- name 24 character Fault tree primary name

“description. : 60 character Fault tree description _
s 1 character If included indicates fault tree is a sub-tree
A - lcharacter ~ Ifincluded indicates alternate description

" 11.3.8.5  Fault Tree Logic

Fault tree logic is St_ored in the block data file of the Sy_stem relation.
© FileName:

xxxxxx.FTL. -

File Format: S
. project, fault tree = .

* gatenamel;descripfion ,
gatename!l gatetype inputl input2 . . . inputn
~ * gatenamen,description

gétenamen gatetype inputlt input2 . . . inputn

where .

project 24 character  Project name

fault tree 24 character - Fault tree name

gatename .~ 24character - Gate name

- gatetype o . 4 character Gate type
- - AND E ' logical AND -

OR ' logical OR
TBL S table of events
TRAN " transfer followed by a 24-character fault tree name
'NAND - logical NOT AND -
NOR ~ logic NOT OR

N/M ' N out of M logic gate
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CONT . - continuation of inputs to the prévious gate
. input 24 character " inputs to the gate (event or gate names)
* description I '60 character gate name descrlptlons mcluded as comment

General Rules:
A gate definition cannot exceed 255 characters.
A line beginning with an asterisk (*) is a comment.

For each gate néme a comment should be included giving the gate description.

11.3.8.6  Fault Tree Graphics

Fault tree graphlcs are stored in the block data file of the System relatlon The MAR D file (. DLS) isa
display list sequence for the graphncs in a binary format. It is loaded and ‘output as 1s with no conversion '

performed
- - File Name: | : :
xxxxxx.DLS
File Format o )
" IRRAS 2.5/4.0/5. O SAPHIRE 6.0 and 7.0 Fault Tree Graphrcs file (DLS format)

. 11.3.8.7 Fqult Tr’ee Cut Sets

The fault tree cut sets are stored in the System relation in the block data file.
File Name: =
xxxxx.FTC

" File Format:
project, fault tree, analysis =

eventname * eventname +

-eventname * eventname * eventname *
eventname + -

eventname * eventname.

~EOS

project, fault tree2 =

where _

' project .24 character Project name
fault tree - 24 character Fault tree name
analysis 1 character ~ Analysis type
1 . " Random
2 : - : ' : Fire
3 S .+ Flood -
4 ) Seismic -
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- Sthrough8 = § . Reserved
9 through 16 - user-defined
eventname . 24 character Event names in the cut set ’

“General Rules:
An asterisk (*) separates cut set évents. _Spacés are ignofed.
'A.plus sign.(+) separéteé cut sets. |
A period (.) denqtes tﬁé gnd of a' seqﬁence. '
A slash (/) precedés 'cémplemen_ted events.. .
Event names are“a m’ax_imumof 4 ch_aracters including the "/".

A line beginning with an asterisk (*) is a comment.

11.3.8.8 . Fault Tree Attributes

File Name:
xxxxx.FTA

File Format: - .
project, analysis = »
name,leycl,missio.n,mincut,proCut,sample,seed,sizCu},sys,éuts, eyeﬁts,_value 1,. .,valué9

9 v e e gs e s g e e e g e e g e ge g sigaeageoey

where | ' _ - ‘
project - 24 character Project name
analysis- 1 character - Analysis type
1 S S "Random
2 S o S ' Fire
3 R | " Flood
4 ‘ S - Seismic
5 through 8 - Reserved -
9 through 16 . - S ' ~ user-defined
name ' 24 character Fault tree name - :
level "~ Integer2 0 = top level tree
‘mission - Floating Mission time
. point. .
mincut Floating Mincut upper bound
: point _ ‘ :
proCut Floating  Probability cut off value
point . :
sample Integer 4 Sample size .
seed - Integer 8 Random number seed
sizecut Integer 2 Size cut off value -
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sys - . 3character System identifier

cuts - Integer 5 Base number of cut sets -
events Integer 5  Base number of events
value . ~ Floating  Base uncertainty values
point

1 1.3.8.9 - Fault Tree Recovery Rules
File Namé: o
©oxxxxxxxx FTY
File Format: =
project =
_ -- recovery rule text --

-where. o :
. project . 24 character

11.3.8.10  Fault Tree Textual Information
File Nébime:‘
' xxxxxx.FTT

. File Format: ‘ -
project, fault.tree [,Al=

-- text -
AEOS -

v v project, fault tree2 =

Where .
project - 24 character
. fault tree . I v.24 character

A : ' 1 character
11.3.8.11° Fault Tree Graphical P&ID

File Name:
xxxxxxxx.PID

File Format: :

Project name

Project name v
Fault tree name _
If included indicates alternate text

- IRRAS 4.0/5.0, SAPHIRE 6.0 P&ID Graphics file (PID Format)

" 11.3.9 Event Tree Information

11.3.9.1 o Event Tree Information
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PURPOSE

Event tree descriptions, graphlcs loglc attnbutes rules and text can be loaded into the database or output
* from it. :

“For some of the F zle Types, ' if more than one of the event trees are selected for extraction, the File Output
dialog is displayed, allowmg you to choose the manner in whlch files are created for output.

~ STEPS

. From the SAPHIRE menu select Utlllty

2. Choose Load and Extract from the menu The Load and Extract Data dialog will be dlsplayed

3. Select the desired Data Actzon MAR-D Data Format, Event Tree Data T, ype, then the desired
- File Type.

AR DL

SO RN UR TR 6

!
3
%

Process - Continue the load or extract.operatiou for the selected Event Tree File Type.
Cancel - Close the Load and Extract Data dialog. :

11.3.9.2  File Output Dialog
PURPOSE

This option provides you w1th the opportunity to choose the method for extracting multlple fault trees,
event trees, or end states
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“Yes - The output for all selected list 1tems w111 be saved in one file, with the items separated by
_ ~EOS. The Get Output Destination dialog w111 be dxsplayed :

‘No - ’
‘Cancel - Close the F: ile»Output dialog without extracting data.

11.3.9.3 ' Event Tree Names and Descriptions
File Name:
xxxxxx.ETD

File Format:
project ="

narr'xe,description[,S][,A]

where

"Project -~ 24character Project name
Name ' -~ 24character = Event tree name
Description : 60 character - Event tree description
S ’ _ 1 character - If included indicates event tree is a fault tree

A - . lcharacter.' . Ifincluded indicates alternate descnptlon
11. 3.94 Event Tree Graphtcs .A

The SAPHIRE Event Tree Graphlcs file (*. ETG) isa dxsplay list sequence for the graphlcs Its format and
contents are the same as. the Event Tree Logic File.

File 'Name: _
o XXXXXX. ETG
File Format '
‘ See file format for the Event Tree Logic

11.3.95 E vent Tree Logic
File Name: _
xxxxxx.ETL

-+ File Format:
' - project, event tree, init event {,T] =

~TOPS
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*1]2]3]4|5] this is a comment -

ABCDE BCDEF CDEFG DEFGH EFGHI*

ALOGIC
F1423 4445
5
45
2+345 ,
34445
5
45
142345
2+3+45
45
45
45
345

~SEQUENCES

~ Y/N, header#1,;

~ Y/N, sequence#l,

. Y/N, sequen'ce#2,
Y/N, sequence#3,

Y/N, sequence#4, - - ,
Y/N, sequence#5,

Y/N, sequence#6,

" Y/N, sequence#7,
Y/N, sequence#8,
Y/N, sequence#9,
Y/N, sequence#10,
Y/N, sequence#1 ‘1,

" Y/N, sequence#lZ, '

Y/N, sequencc#13,

_ATEXT
| SIZE's -
JUST j
COLOR j

XY xvalug,yvélue

"60 character line of text"

Y/N, header#2,
Y/N, end state#1,

~ Y/N, end state#2,

Y/N, end state#3,
Y/N, end state#4,
Y/N, end state#5,
Y/N, end state#6,

' - Y/N, end state#7,

Y/N, end state#8,

. Y/N, tran file#9, _
Y/N, end state#lO, _

Y/N, end state#11,
Y/N, end state#12,

- Y/N, end state#13,
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Y/N, header#3,

Y/N, xdatal#l1,
Y/N, xdatal#2,

Y/N, xdatal#3,

"Y/N, xdatal#4,

Y/N, xdatal#5,
Y/N, xdatal#6,

Y/N, xdatal#7,
CY/N, xdatal#8,

Y/N, xdatal#9,

Y/N, xdatal#10,
" Y/N, xdatal#11,
"~ Y/N, xdatal#12, .
Y/N, xdatal#13,

Y/N,header#4
Y/N,xdata2#1
Y/N, xdata2#2
Y/N,xdata2#3
Y/N xdata2#4
Y/N,xdata2#5

~ Y/N,xdata2#6 .

Y/N,xdata2#7
Y/N,xdata2#8
Y/N,xdata2#9, T
Y/N,xdata2#10
Y/N,xdata2#11
Y/N,xdata2#12
Y/N,xdata2#13



XY xyélue; yvalue

60 character line of text" .
"60 character line of text"
"PARMS

START yvalue
WINDOW x1,y1,x2,y2
HEADER x1,x2,x3,x4
~EOS

project, event tree2 = .

- (additional event trees)

where .

project - 24 character Project name
name 24 character Event tree name .
init event 24 character - Initiating Event
LT 1 character 'Optional ﬂag indicating init event name is a Top
_ A event fault tree
TOPS 24 character "Top event/fault tree names
Y/N Boolean End state text displayed?
header 24 character ‘Sequence header '
sequence 24 character Sequence name

- endstate 24 character 'End state name
tran file 24 character Name of transfer file
xdatal 24 character Information (optional)
xdata2 24 character ‘

Information (optional)
General Rules:
A line beginning with an asterisk (*) is-a comment.
_ Literal "~*TOPS", "~LOGIC", ""SEQUENCES" labels must be present.
‘Logic» is built aecording to the position of the top event in the definition.
Plus sign (+)---the specified top event succeeded.
Minus sign ( )---the specified top event failed.
Blank ( )---the response of the indicated top event did not matter. :
Header, Sequence name, End State name, Xdatal, Xdata fields associated with each sequence. "Y/N "
indicates whether the specxﬁed field is v1srble A "T" at the end indicates the sequence transfers to

another tree

User text is input following the “"TEXT command. Parameters mclude the size, Justrﬁcatlon color, and
location of the text block. :

The APARMS command allows input of program control parameters.
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11.3.9.6 ~ Sample Graphical Event Tree

vSG‘jémmﬂmmhm'md

TRANSFER

11.3.9.7  Event Tree Attributes
File Name: -
xxxxxx.ETA

File Format:
- project =

name,init

where
project ‘ 24 character
name 24 character
init event _ " 24 character

1 1398 E vent Tree Rules
File Name:

xxxxxxxx.ETR

File Format: .
project, event tree =

-- event tree rule text

Project name
Event tree name
. Initiating Event
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AEOS

project, event tree2

where: .
project , 24 character
name . 24 character
tops - 24 character

1 1;3._9.9 | Event Tree Recovery Rules
File Name: |
v xxxxxxxx.ETY

'File Format:
project, event tree =

“=- recovery rule text --

EOS
- project, event tree2 =
where _ |
’ project. ~ 24 character
event tree 24 character

11.3.9.10 -Event Tree Partition Rules
File Name:
- xxxxxxxx.ETP

File Format: .
' project, event tree =
-- partition rule text --
' AEOS '
project, event tree2 =
‘where ' '
project
- eventtree

_24 character
24 character

11.3.9.11 Event Tree T extudi Informdtion
File Name:
File Format: -

project, event tree [,A]=

-- text -- '

~EOS

.prdjé;ct, event tree2 =

Project name
Event tree name . .
Top event/fault tree names

Project name
Event tree name

Project name
Event tree name
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. - text --

where .
project . - 24 character Project name
event tree . 24 character Event tree name

A _ 1 character | If included indicates alternate description

11.3.10 End State Information

11.3.10.1 End State
PURPOSE
End state names, descriptions, cut sets, and text can be loaded into the database or output from it. Each

‘sequence can be tied to a single plant damage state. The cut sets for a sequence can be partitioned to map
to separate end state The name and descrxptlon data are loaded with the * PDS file.

For some of the F ile Types if more than one of the end states aré selected for extraction, the F zle Output
dialog is displayed, allowing you to choose the manner in which files are created for output.
STEPS

1. From the SAPHIRE menu select Utility.

2. Choose Load and Extract from the menu. The Load and Extract Data dialog will be dlsplayed

3. - Select the desired Data Action, MAR-D Data Format, End State Data Type then the desired
F 1le Type.

Process Continue the load or extract operation for the selected End State File Type.
Cancel - Close the Load and Extract Data dialog.
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'_'1 1.3.10.2 End State Némes_ and Descriptions
) Flle Name:
XXXXXX. ESD

File Format:
' project ="
name,description[,A]
. _wheré _ . . ‘ o o »
' project.” . 24 character - Project primary name
name S 24 character -  End state primary name

description 60 character = End state description
A _ 1 character If included mdlcates alternate descrxptlon o

11.3.10.3 End State Cut Sets -

" The end state cut sets are the mlmmal cut sets for end state logic as derlved from the fault tree loglc The
cut sets are stored in the block data ﬁle of the Endstate relatlon :

- The MAR D end state cut sets are in a format similar t(_) that of the faﬁlt_ treé cut sets.’
File Narﬂé: }
xxxxxx.ENC

| File Format: -

project, event tree, end state =
| eventname * eventname +

eventname * eventname * ev.entname' *
eventnafné + | '

eventname * eventname.

EOS o

project, event tree2, end state =

“where .

project a - 24 character ~ . Project name

event tree , - 24 character - Event trec name

end state _ 24 character End state name’ ,
eventname S 24 character - Event names in the cut set

General Rules:
An asterisk (*) separates events in a cut set. Spaces are ignored.
A plus sign (+) separates cut sets.

A period (.) dendtgs the end of the sequence.
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A slash (/) precedes complemented events.
Event names have a maximum of 16 characters including the "/" character for complemented events.

A line beginning with an asterisk (*) is a comment.

11.3.10.4  End State Information

File Na_mé:

_ xxxxxx.ESI

File Format:
project =
projecti o E _
Name, E-QMethod, E-QPasses, R-QMethod, R-QPasses,

where : :
' project : 24 character “Project name -
name 24 character - - End state name .
e-Qmethod 1 character “End state default quantification method
e-Qpasses ‘ Integer 3 .. End state default min/max quantification passes
r-QMethod = . 1 character Quantification method used for current results-
r-Qpasses Integer 3  Min/max quantification passes used for current
: results

11.3.10.5 End State Textual Information
A s'eparate file is created for each end state selected.

File Name:
en_d-state.EST

where. 7 .
end-state . 24 character End state name

File Format:
_project, end statef, A]=

- text --
where
project : ' 24 character Project name
end state 24 character End state name
A : 1 character - If included indicates alternate description

11.3.11 Sequence Inforﬁmtion

11.3.11.1 Sequence
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PURPOSE
: Sequence cut sets, descriptions, attributes, text, and logic for MAR D file formats can.'be loaded or output.

With cut sets and attributes, data can be loaded into either the base case or current field areas. The event
tree initiating event must have been entered into the database prior to loading sequence cut sets and,
therefore, does not need to be included; any found will be 'removed from the cut set data.

‘When extractlng, if more than one of the sequences are selected the Qutput dlalog is dlsplayed allowmg
you to choose the manner in which files are created for output.

ST_ EPS
‘1. From the SAPHIRE menu select Utility.

2. Choosé Load and Extract from the menu. The Load and Extract Data dialog will be dlsplayed
3. Select the desued Data Action, MAR-D Data Format, Sequence Data Type, then the de51red File

Type
|
g
!
%
g
Process - Continue the load or extract operation for the selected Sequence File Type

Cancel - Close the Load and Extract Data dlalog

11.3.11.2  Output Dialog
PURPOSE

This option provides you with the opportunity to choose the method for extracting multiple sequences
When extracting descnptlons attributes, or text, the Multiple Files by Sequence option is not available,
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Single File - The output for the selected sequences will be saved in one file. The file name will

be the first eight letters of the project name with the appropriate file extension.
Event Tree-  The selected sequences will be grouped by event tree and output to individual

event tree files. The names of the event tree files will be- based on the event tree

o names and the appropriate file extension.

OK- Extract the data to the specified file(s). The file will be created in the current
project directory. If successful, the message, “Output complete,” will be
displayed in the menu of the SAPHIRE window. '

Cancel - Close the Output dialog without extractlng data.

11.3. 11. 3 Sequence Names and Descrtptmns

File Name
xxxxxx SQD.

File Format:
- project,eventree =

name,description[,A]’

S veg e

~EOS
where v :
project - ‘ _ 24 character Project name
event tree 24 character - Event tree name
name ' 24 character Sequence name
description 60 character Sequence description
A ' 1 character If included indicates alternate description

11.3.11.4 Sequence Logic

~ File Name:
XXXXXXXX. SQL

File Format: .
" project, event tree, sequence=
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where -

sYsl sys2 /sys3 sys4

rBOS

project, event tree2, sequence2=‘

project

. event tree
sequence
sys

G_e'neralv 'Ru_.les: '

Project name

Event tree name
* Sequence name
- Fault tree name

24 character

24 character

24 character
. 24 character -

' Cefnplemented fault trees are prefixed with "/".

B 11.3.11.5 Sequénce CutSets

' The sequence cut sets are the minimal cut sets for sequence loglc as derived from the fault tree lognc The

cut sets are stored in the block data file of the Sequence relatlon

The MAR D sequence cut sets (.SQC) are in a format similar to that of the fault tree cut sets.. -

File Name:

xxxxxx.SQC

F 11e Format:
" project, event tree, sequence, analysxs =

eventname * eventname +

eventname * eventname * eventname *

.eventname +

where

eventname-* eventname.

- AEOS

project
‘event tree
sequence
analysis
1
2
3
-4
5 through 8

-9 through 16

eventname

. 24 character

project, event tree2, sequence2 =

Project name
Event tree name
Sequence name '
Analysis type

24 character

24 character
1 character

Random

_ Fire

24 character Eventnames in the cut set
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Reserved
user-defined



‘General R}ules:
| An asferisk (*) ”separates events in a cui set. Spﬁces are ignored. »
A plus sign (+) separates cut sets.
A period (.) denotes _ch6 end‘ of the séqﬁencé,
Aslash 0] précedes corﬁplemented events.
 Event names hiave a maximum of 24 chafacters' incl_uding:the "/" character for complemented events. -

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

113116 Sequence Attributes
File Name: - _ |
xxxxxx.SQA

File Format: .
project, event tree, analysis =.

name,endstate,mincut,mission,procut,sample,seed,size,cuts,
events,valuel, . . . ,value9,default flags, used flags

c g s s s gt ety et ey aiaag ey ey

~EOS
project, event tree2 =
where : ‘ ' :
- project : - 24 character Project name
‘event tree 24 character =~ Event tree name -
analysis "1 character ~ Analysis type
| Random
2 Fire
3 _ Flood
4 ‘ " Seismic
5 through 8 - Reserved
9 through 16 ' user-defined _

' name 24 character Secjuerice name
endstate 24 character End State name
mincut : Floating point . Mincut upper bound
mission ' Floating point Mission time in hours
procut- Floating point - Probability cut off value
sample ' Integer 4 ‘Sample size
seed . - Integer 8 Random number seed

size Integer 2 Size cut off value
cuts ‘ Integer 5 . Base number of cut sets
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events - ' Integer 5

value Floating point

valuel
value2
value3
valued
-~ value5
value6
" value7
- value8
~ value9 . :
‘Default flags 24 character
"Used ﬂags , . 24 character

. 11.3.11.7 - Sequence Recovery Rules
File Name:
- xxxxxxxx.5QY -

" File Format:
. project, event tree, sequence =

-- recovery rule tek_t --
"EOS =~

pfoject, event tree, sequence2 =

‘where .
‘project 24 character
event tree - 24 character
' sequence - . 24 character

11.3.11.8 Sequence Partition Rules
‘File Name: ‘
xxxxxxxx.SQP
File Fofmat: . -
' project, event tree, sequence = .
- partition rule text --
- ~“EOS
pr_oject, event tree, Sequence2 =

where

project : 24 character
_event tree 24 character
- sequence : 24 character

11.3.11.9 Sequence T exfual Information.

~ Base number of events
- Base uncertainty values

5th percentile
Median
Mean

~ 95th pe_:rcenﬁle

- Minimum sample

Maximum sample
Standard deviation
" Skewness '
- Kurtosis
Default flag set for this sequence

" Flag set used to generate these cut sets

Project name
Event tree name

" Sequence name

Project name
Event tree name
Sequence name
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- File Name:
XXXXXX. SQT

' Flle Format; ‘
_ project, event tree, sequence[ A=

..-" text .= .
~EOS ,
‘ prOJect event tree2, sequenceZ—
text
where .

project . 24 character
sequence 24 character
event tree _ 24 character
A ' - - 1 character

: 1_1.3.1_2 Gate In.for_mati('m

‘11.3.12.1 Gate

" PURPOSE

Project name -

Sequence name
Event tree name

If included indicates alternate description' :

Gate names and descrxptlons and types can be loaded for use in graphics conversion or output from the

’ database

STEPS

1.  From the SAPHIRE ménu select Utility.

2. Choose Load and Extract from the menu. Thé Load and Extract Data dialog will be displayed. -
3. Select the desired Data Action, MAR-D Data F ormat Gate Data T ype then the desired File _

: Type
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Process - Continue. the load or extract operation for the selected Gate Fxle Type
Cancel - - Close the Load and Extract Data dialog.

113122 Gate Description

File Name:
xxxxxx.GTD

File Format:
project=

name,description[,A]

where
project
‘name
description
A

11.3.12.3 Gate Attributes

Fﬂe Name:
- xxxxxx.GTA
File Format
project=
name,attribute

where
project .
name
attribute

24 character ~ Project name

24 character _ Gate name _

60 character Gate description _

1 character If included indicates alternate descriptioh
24 character Project name

24 character Gate name

4 character Gate type
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11.3.13 “ Change Set Information

11.3.13.1 Change Sets
. PURPOSE
All ehange set_in_formatiod us.ed' in_.- the ‘Generate optidn cen be loaded vie' this file.
STEPS |
1. From the SAPHIRE menu select Utlllty

2. Choose Load and Extract from the menu. The ‘Load and Extract Data dialog will be displayed.

3. | Select the desired Data Actzon MAR-D Data Format, Change Set Data Type then the desired
~ File Type.

Process - Contmue the load or extract operation for the selected Change Set File Type
Cancel - Close the Load and Extract Data dlalog '

11.3. 13 2 Change Set Descrtptum

File Name: _ . ) : '
xxxxxx.CSD. '

File Format:
project=

name,description{,A]
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24 character

project
' pame 24 character
description 60 character

A 1 character
11.3.13.3  Change Set Information
" File Name:

xxxxxx.CSI

File Format: ,
- project change— '

"PROBABILITY '

‘Project name .
- Change set name
Change set description

If included indicates alternate déscriptibn

- eventname calc udT,prob lambda tau udV udC mlssmn init .

"CLASS

eventname group,compType compId system locatlon failMode, train, 1n1t -attl,. att16 |

calcType udT prob lambda tau,udV udC mission, init

- ~"EOS
project,change2=
where .
: change 24 character
~ eventname 24 character
group 24 characters
~ compType 7 characters
.compld 3 characters
system 3 characters
location 3 characters
_’__fa_ilMode 2 characters
train o ' A 2 characters
init o 1 character
attl..attl6 Class attribute
flags
Ccale 1 character
~ Probability

— O 00 W B W RN

change set name

‘name mask

event group mask
component type mask
component ID mask

© system mask

location mask

failure mode mask
train mask

initiating event (Y/N).
16 values of Y or N (yes or no) indicate whether

_ the attribute described in the class attribute file is

applicable.
Calculation type

Lambda * Mission Time

1 Exp(-Lambda * Mission Time)

Lambda * Min(Mission Time, Tau)
Operating component with full repair
Lambda * Tau /2.0

1+(EXP( Lambda*Tau) 1 0)/(Lambda*Tau)
Base Probability * Probability

Base Probability * Probab_lhty

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

udT 1 character

2IncmaoQwzZ-

prob
~ lambda
" tau
udV
udC

¢

Floating point
Floating point

4 characters

‘Floating poinf
Boolean (T/F)

mission
nit

1 131 3.4 Change Set Attributes
File Name: |
xxxxxx.CSA

File Format:
project=

name,altName

24 character
24 character
24 character

project
name
altName

Floating point

Floating point

Set to House Eveht (Successful,Prob=0.0)

Set to ignore

Use fault tree mincut upperbound

Seismic event - Enter g level for screemng
-Use low site hazard curve

Seismic event - Use medium site hazard curve for screening
Use high site hazard curve

Uncer_taihty distribution type

Log normal, error factor :
Normal, standard deviation
Beta, b of Beta(a,b)
Gamma, a Gamma(a)
Chi;squared,'degrees of freedom
Exponential, none

* Uniform, Upper end pt.
Histogram
Maximum entropy

" Probability value

- Basic event failure rate per hr.
Time to repair in hours
Uncertainty distribution value

Uncertamty correlation class. Events in same class
are 100% correlated.

Mission time
Initiating event

* Project name
Change set primary name
-Change set alternate name
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11.3.14 Histogram Information

| 113141 Histograms
PURPOSE
His_togram des_criptiqns "an(.i information can be loededv into or extracted from the databaee.
STEPS
1. - From the SAPHIRE menu select Utlhty

2. .Choose Load and Extract from the menu. The Load and Extract Data dialog will be dxsplayed

3. Select the desired Data Actton MAR-D Data F ormat, Histogram Data Type, then the desnred
File T ype

Process - Continue the load or extract operatlon for the selected Histogram File Type.
" Cancel - Close the Load and Extract Data dialog.

Vs

11.3.14.2 Histogram Description
File Name
xxxxxxxx.HID

File Format:
pl’O_)eCt =

name, type subtype, descrlptlon[ A] ‘ _ P | -
- where ' ‘ ‘

project T4 character-Project name
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name = 24 character Histogram primary name
© type . .1 character Histogram type :
L : ‘ Hazard
U S S ' Uncertainty -
S " Fragility
* subtype 1 character  Histogram subtype ‘ -
- T : o Percent
A S - . Area
R : S . Range
H o - o I - Hazard -
“Description 60 character Histogram description =~
A , 1 character If included indicates
' ' alternate description

11.3.14.3  Histogram Information

Fil_é Name:
_ xxxxxxxx.HII
" File Format:
. project, namel=
type, subtype-
- binl valuel, binl value2 -

bin2 valuel, bin2 value2

bin20 valuel, bin20 value2
- “EOS
' ‘project, name2 =
where ' 4 _ L
" Project 24 character - Project name
NameN 24 character  Histogram primary name
Type . 1 character . Histogram type
H : ' B . Hazard
‘U , , - * Uncertainty
' K | - Fragility -
Subtype 1 character ~ Histogram subtype
P ‘ _ . . Percent
A _ o : ~Area
R o - Range
H : ‘ - Hazard
bin valuel Exponential  first value for bin _ '
" binvalue2 Exponential second value for bin

11.3.14.4 -Histogra‘m Attributes
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File Name:
xxxxxxxx.HII

File Format:
project =

name, type, subtype, altName

where

project - 24 character Project name ‘

name 24 character Histogrém primary name

type - 1character Histogram type -

H L : o ‘ ~ Hazard

U ' , . : L _Uncertainty
'F S o o ' Fragility
- subtyp ~ 1character Histogram subtype

P ' o , _ - Percent

A o S . Area

R ' S _ S Range

H B ' S Hazard
‘altName 24 character Histogram alternate name ‘ '

11.3.15 Slice Information

113151 Slice
- PURPOSE
- Slice descriptions and basic event information can be loaded into or g:xtractéd from th%: database.

STEPS .
1. - From the SAPHIRE menu select Utility. ' o
2. ' Choose Load and Extract from the menu. The Load and Extract Data dial(?g will be _disblayed.

3. Select the desired Data Action, MAR-D Data Format, Slice Data Type, then the desired File
- Type. - A - . _ ' : . -
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Process -
Cancel -

11.3.15.2 - Slice Description
File Name:
XXXXXXXX. SLD

File Format
projgct =

name, description[, A]

where

project 24 character

name 24 character

description 60 character
A ' 1 character

11.3. 15.3 Slice Basic E vehts
-File Name: ‘
xxxxxxxx.SLB

File Format:
project, slice =

" eventname + eventname + eventname + .
’\EOS

project, slice2 = '
where
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Continue the load or extract operation for the selected Slice Flle Type
A Close the Load and Extract Data dlalog

Project name
Slice name
Slice description

- If included indicates alternate descrlptlon -



project . - 24 character
~ slice ’ 24 character
eventname . - 24 character

+or* : .1 character

Genera’l Rules:

‘Project name

~ Slice name

Event names in the slice
Slice logic: +~—or *= and

A plus symbol (+) or asterisk (*) between event: names represent the loglc ina sllce Spaces are 1gnored.

All loglc must be the same in a shce
A penod ) denotes the end of the shce

: A slash @] precedes complemented events ,

Event names have a maximum of 24 characters mcludmg the "/ character for complemented events

A line begmmng with an asterxsk (Misa comment.

11.3.15.4  Slice Information
File Name: ‘
‘ Xxxxxxxx.SLI
File Format: _
project, slice =

‘eventname , delta, factor

~EOS
‘ project, slice2 =
‘where - . _ -

project o . 24 character
slice -~ 24 character
eventname ' 24 cha_racter

- delta R Floating point.
factor - -1 character

11.3.15.5  Slice Attributes
File Name:
Xxxxxx.SLA

File Format:
' project=

name,altName

. Project name
~ . Slice name
Event names in the slice
Delta value that is factored
Factor flag: F=multiply, Blank=add -
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project _ 24 character - Project name
. name . 24 character Slice primary name
altName : 24 character - Slice alternate name

11.3.16 Extravcting SETS Data

11.3.16.1 Basic E vehts Data Format

11.3.16.1.1 SETS Basic Event Descriptions
"File Name: - -

XXXXXXX. DES

_ File Format: . A
" name $ description §

name $ description $ :

- where. _ _ .
narhe B " eventname
name list - description of event

11.3.16. 12 SETS Bésic Event Failure Rates
File Name:
xxxxxxx.VBK.

- File Format: A '
VALUE BLOCKS value-block-name
prob $ name-list$
prob $ name-list$
where a L
- prob o o point value probability estimate -

name list ‘ - list of event names separated by commas

. 11.3.16.1.3 SETS Basic EventS Data Format_ |

PURPOSE
Event descr1pt1ons and failure rates for the Set Equatlon Transformatxon System (SETS) data format can
be loaded into the database or extracted from it.
STEPS . :
1. From the SAPHIRE menu select Utility. _
2. Choose Load and Extract from the menu. The Load and Extract Data dlalog will be dlsplayed ‘

3. Select the desired Data Actton SETS Data F ormat, Basic Events Data Type, then the de51red
File Type.
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Process - Continue the load or extract operation for the selected Basic Events Flle ‘Type.
Ex1t Close the Load and Extract Data dialog.

113162 _Fault Tree Data. Form'at
11 3 16 2. 1 SETS Fault Tree Data Format
PURPOSE

- Fault tree cut sets and logic for the Set Equation Transformatlon System (SETS) data format can be
loaded into the database or output to files.
STEPS
1. From the SAPHIRE menu select Utility.
2. Choose Load and Extract from the menu. The Load and Extract Data dialog will be dlsplayed

3. Select the deSIred Data Action, SETS Data F ormat, F ault Tree Data T ype, then the de51red File

Type.
Process - Continue the load or extract operation for the selected Fault Tree File Type.-

Cancel - Close the Load and Extract Data dialog.
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11.3.16.2.2 SETS Fault Tree Cut Sets

The fault tree cut sets are stored in the System relatlon in the block data file. The format of the cut set file -
@ DNF) is given in the SETS Sequence Cut Sets. » :

1131623 SETSFault TreeLogzc
File Name: ,
xxxxxx.SET. -

' F ile Format:
FAULT TREES fault tree name.

COMMENTS descriptive material $ | _ _

gate type $ gate name. IN$ input 1,input2, ..., input n.
QUT$ output 1, output 2, . . ., outpht n. |

‘event typ'e_' $eyent name. IOUT$ output 1, ..., outputn. -

where . :
fault tree name + The name of the fault tree.
gate type. _ “The type of gate being deﬁned
AG ' - = AND gate
0G : _ =OR gate
EOR . , = Exclusive OR gate (converted to SG) -
EAG - - = Exclusive AND gate (converted to SG)
SG . = Special Gate
gate name = ' The name of the gate being defined (16 characters) input n

"The names of the gates or primary events that are the immediate
inputs to the gate being defined (16 characters)

‘outpvut n The names of the gates that are the immediate outputs of the gate .
' ' or primary event being defined (16 characters).
event type : ‘The type of primary event bemg defined.
BE ’ = Basic Event
CE ‘ . = Conditional Event
UE ' = Undeveloped Event
DE o = Developed Event
" EE . S .= External Event A
COMMENTS - - Defines a comment. Must follow a"." delimiter.

11.3.16.3 Sequence Data Format

74



11.3.16.3.1 SETS Sequence Cut Sets’
. File Name:

The format of the SETS output cut sets file (DNF) is dependent upon the command 1ssued within SETS.
The factored form is : :

A*(B+C)
The disjunctive normal form is

A*B+A*C.
. ONLY the disjuncti\)e normal form is accepted by the MAR D at this time.

File Format: ,
sequence-name =

eventName * eventName +
eventName * eventName.

where

" General Rules:
An asterisk (*) sebarates event names. Spaces are ig'_nored. '
A' plus sign (+) separates cut sets.
A period (.) denotes tlte en_d ofa seqtlence. .
An aetetisk (*) in the first column denotes a comtnent.
11.3.16.3.2 SE TS Sequence Data Format
PURPOSE | |

Sequence cut sets, and list cut sets for the Set Equation Transformatlon System (SETS) data format can be
loaded or output. . :

The event_ tree initiating event will be included in each cut set term for SETS *.DNF format output. -

STEPS . :
1. From the SAPHIRE menu select Utility.
2. Choose Load and Extract from the menu. The Load and Extraet Data dialog will Be displayed.

75



3. Select the desired Data Action, SETS Data F ormat, Sequence Data Type then the desired File

- Type.

!
g
§
g
%

_Process - . Continue the load or extract operatlon for the selected Sequence File Type.

Cancel- - Close the Load and Extract Data dialog.

11.4 Recovering the Data Base
PURPOSE

Thls optlon allows you to restructure the database and re 1ndex the data
NOTE : :

. Before recovering the database, it is suggested that you backup the *.DFL fii_es and correspohding
data files (*.IDX, *.DAT, and *.BLK) in the directory of the project to be rebuilt.

STEPS
1. From the menu select Utlllty
2, Choose Recover Data Base from the menu. The Recover Everythmg waming dialog will be .
dxsplayed

Recover Everything
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Yes - Continue with the recovery Status messages will appear in the message bar of the SAPHIRE
window as the recover process proceeds “Successful Completlon will be the last message

displayed in the message bar.
- No - Close the Recover Everythzng dlalog without recoverlng the database

So_me indicatrons that a database rebuild is necessary include:

. | Data element‘s such as eVentstfault treesrhave ‘be‘en deleted a_nd's’eem to .re_appear
. Durmg cut set_-.generation or update, the min cut upper'bound_seems surprisingly high
. : _Cross Reference reports show/donft_show eve‘nts‘ being used properly ”
o Events/fautt trees that d_on't'appear to be referenced cannot he deleted‘,' and
. After a software version update |
. : h SAPHIRE drsplays a message statmg a database recovery is requlred

* You may rebuild the database anytime because the rebuild process compacts the data and generally helps
~ the software run faster. This option will recover all key indexes and then recover the cross-references.
This process may take several minutes to complete. If your database has not been damaged, this option
will just restructure and optimize your. database.

11 5 Update and Allgn

11.5.1 Align Primary and A_lternate Descriptions ’
. PURPOSE

This option allows you to synchronize the primary and alternate descriptions for all data items (fault trees,
gates, events, etc) in'the current project. When an alternate naming scheme is not desired, this utrhty can
be used to ensure that all i prrmary and alternate descriptions match :

SAPHIRE supports a dual naming scheme. Each record in a project has two names and two descriptions,
referred to as primary and alternate. The purpose of the alternate name and description is to allow an
alternate view of the project. The alternate name and description could be expressed in another language -
(see International SAPHIRE), or in layman's terms, or whatever the project developer wishes. The
primary name and descriptions are displayed by default through SAPHIRE, in lists, graphics, and reports
The default display can be changed to show altemate names and descriptions (see Defining Constants)

Not all projects need to use this feature particularly in the model development phase of the project.
However SAPHIRE still requires that the alternate names be specified. As new items are added to the
project, SAPHIRE defaults the alternate name and description to match the primary name and description,
unless otherwise specified. When these items are later modified by the user, SAPHIRE does not
automatically update the alternate name and description information; it assumes the name-and description
are different by design. This can cause confusion, since the item can now be referred to in the project by
either name. When an alternate naming scheme is not desired, this utility can be used to ensure that all
prlmary and alternate descriptions match. ‘
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- From the menu select Utility

Choose Update Descrlptlons from the menu. The Alzgn Prtmary and Alternate Descrtptzons

warning dialog will be displayed.

Select Primary, Alternate, or as the narne field to retain.

Choose OK to perfonn the alignment.

Primafy -

Alternate -

Overwrite Only Blank Descripﬁons -

OK -

Cancel -

Overwrite the alternate descrlptlon with the pnmary

‘description.

Overwrite the primary descrlptlon thh the altemate
description.

Overwrite the alternate descrlptlon with the primary
description only when the alternate description is blank.
Align all project item descriptions to match the selected
option. '

Close the dlalog without performmg the alignment,
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| 11.5.2  Align Primary and Alternate Names
PURPOSE

This option allows you to synchronize the primary and alternate names for all data items (fault trees,
gates, events, etc) in the current project. When an alternate naming scheme is not desired; this utility can
be used to ensure that all prlmary and altemate names match each other.

SAPHIRE supports a dual naming scheme. Each record in a project has two names and two descriptions,
referred to as primary and alternate. The purpose of the alternate name and description is to allow an
alternate view of the project. The alternate name and description could be expressed in another language
" (see International SAPHIRE), or in layman's terms, or whatever the project developer wishes.  The
primary name and descriptions are displayed by default through SAPHIRE, in lists, graphics, and reports.
The default display can be changed to show alternate names and descriptions (see Defining Constants)

‘Not all projects need to use this feature, particularly in the model development phase of the project. -
"However SAPHIRE still requires that the alternate names be specified. As new items are added to the -
project, SAPHIRE defaults the alternate name and description to match the primary name and description,
unless otherwise specified. ‘When these items are later modified by the user, SAPHIRE does not
automatically update the alternate name and description information; it assumes the name and description

~ are different by design. This can cause confusion, since the item can now. be referred to in the project by -
. either name.  When an alternate naming scheme is not desired, this utility can be used to ensure that all

~ primary and altemate names match :

STEPS _
L .,From the menu select Utility. _
2. . Choose Align Names from the menu. The Align Przmary and Alternate Names wammg dialog
- will be displayed. :

Select Primary or Alternate as the name field to retam

4, Choose OK to perform the ahgnment. |
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Align Primary and Alternate Names

Primary - Overwrite the alternate name with the primary name.

Alternate - Overwrite the primary name with the alternate name.

OK- . -~ Align all project item hames to match the selected option.

Cancel - ~ Close the dialog without performing the alignment.
SEE ALSO

Align Primary and Alternate Descriptions
11.6 - Fault Tree Utility Options

11.6.1  Fault Tree Utility Options
PURPOSE

This option provides you with the ability to manage fault treé graphics files. You can convert fault tree.
logic from alphanumeric format to graphical format, and load or extract fault tree graphics.

'STEPS | |
1. From the SAPHIRE menu select Utility.

2. Choose Fault Tree from the menu. Select a sub-menu option.
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Alpha to Gréphics - Convert fault tree or sub-tree alphanumerlc loglc to a graphical

, format.
. Check Duplicate Gates — Finds and reports duplicate gates.
- Extract Graphics- = Extract fault trees from the database.
Load Graphics- ~ . -~ Load fault tree graphic files into the database.
Fix Color - " Quickly map unique fault tree diagram display attributes

(including color and font) to individual or groups of gates and .
~ events. The selected attributes will be automatlcally applied to
Call fault tree dlagrams in the. project.

‘ 11.6.2  Check Duplicate G—at,es
'PURPOS_E

This option searches the logic of all project fault trees for duplicate gates. A duplicate gate is.a gate that
appears in more than one fault tree. Although it is acceptable practice to have a gate in more than one
fault tree, the gate with the same name in different fault trees should be of the same type (e. g AND, OR,
N/M, etc.) and should have the same inputs.

STEPS .
1. From the SAPHIRE menu select Utility. -
2. . Ch.oose Fault Tree from the menu.

3. Select the Check Duplicate Gates sub-menu optioh.

The software will search for duphcate gates. If no duplicate gates are found, a message on the status bar
- such as, “No Duplicate Gates were found” will be displayed. If duplicate gates were found the message,
“Duphcate Gates were found. Check error. log file.”

Sample error.log file:
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Duplicate Gate Error->LPI-RCS-LPl, Fault Tree->LPR
Duplicate Gate Error->LPI-RCS-LP1, Fault Tree->RHR
Duplicate Gate Error-»LPI-RCS-LPl, Fault Tree->LPI
-*DUPLICATE GATE ERROR->LPI-RCS-LP2, Fault Tree->LPR
*DUPLICATE GATE ERROR->LPI-RCS-LP2, Fault Tree->RHR -
*DUPLICATE GATE- ERROR->LPI-RCS-LP2, Fault Tree->LPI

The example above shows part of the error log file that is generated after checking for duplicate gates.

The first thre_e'lines indicate that the gate, LPI-RCS-LP1 is duplicated in three fault trees: LPR, RHR, and .

LPL The next three lines indicate that the gate, LPI-RCS-LP2 is also duplicated in three fault trees, but -

because those lines begin with an asterisk, there is an error in the fault tree logic. There could be an error

" because the gate, LPI-RCS-LP2, is defined as a different type in one of the trees.or because it has

- different inputs in one of the trees. Duplicate gates with an asterisk indicate conflicts that will need to be
resolved before sequence cut set generatlon is performed. : :

11.6_.3 " Color Fault Trees
PURPOSE
This option allows you to quickly assign distinctive display attributes to one or more gates or'év’er.nts

across all fault tree dlagrams You can change the name and descrlptwn fonts, and the shape and outline
~ colors. :

STEPS
1.  From the SAPHIRE menu select Utility. v
2. Choose Fault Tree from the menu. Select the Fix Colors sub -menu optlon

3. The Color Fault Tree dlalog will be displayed llstmg either all of the events or all of the gates in
the current pro_]ect o
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Color Fault Tree

CCS-SUPPLY
CCS-TRAIN-A

Set the desired shape display attributes. Use the Add and Remove buttons to create a list of selected gates
or events from the current project. When the list and the attributes are satlsfactory, press the Apply button
to update the fault tree graphics.

Shape Attributes _ . - »
- Name Font- - Select a font name, size, and color to apply to the selected
event(s)/gate(s) names.
Descnptlon Font - Select a font name, size, and color to apply to the selected -
event(s)/gate(s) descriptions.
Fill Color - Select a color to apply to the selected event(s)/gate(s) shapes _
Outline Color-  Select a color to apply to the selected event(s)/gate(s) shape outline:

List Type o .
Basic Event - When this option is selected, all of the basic events in the current project
' will be listed on the left. :
Gate - When this option is selected, all of the gates in the current prOJect will be .
' hsted on the left.
-Add - ' Add the selected event(s)/ gate(s) from the hst on the left, and add them t
o the list on the right. .
Remove - * Remove the selected event(s)/gate(s) from the list on the rlght
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~ Apply - For each fault tree in the database, apply the currently selected shape attributes to each
occurrence of the events/gates listed in the list on the right. If any fault trees have logic

. . but no graphics, you will be prompted to optionally create the graphics. ‘

Exit- Close the Color Fault Tree dialog.

Note: Choose your colors with care. For example a white description font color will not showup
on a white shape color, nor will blue name color show up on a blue background color. .

_. ll._6.4 Fault Tree Page Numbering -

"11.6. 4. 1‘, Fault Tree Page Numbering
PURPOSE |

" This option allows you to select a page numbering scheme to use for all fault trees in'the current project.
Three optrons are currently available: By Hlerarchy, By Name, and By Level The startrng page
number can also be set. '

The By Name option orders fault trees strictly alphabetically. The By Level option orders top level fault - -
trees first, followed by sub-trees. Within that order, fault trees are numbered alphabetically The By
Hierarchy option groups fault trees with their sub trees Top level trees appear in relative alphabetrc _
order , : '

The dialog lists the name, description, number of transfers eontained in the fault tree, top/sub tree status,
and proposed page number assignment. Click any of the columns (except descrrptlon) to view the list in
order of that column Click the column agaln to reverse the sort order. : :

Note: When a new fault tree is added to the prOJect, an unused page number will be assigned to it. The ~ -
page numbering utility must be run before the new fault tree's page number will fit into the selected page
numbering scheme. Likewise, when a fault tree is deleted, there will be a hole i in the page numbering
scheme until the fault trees are renumbered using this utility.

STEPS_.
1. From the SAPHIRE menu select Utility. ‘ _ ‘
2. - Choose Fault Tree from the menu. Select the Number Pages sub-menu option.

3. The Fault Tree Page Numberzng dialog will be displayed lrstlng all of the fault trees in the :
current project.

4. Enter the desired Start Page nuinber.
Choose the desired Re-Number button. The page numbers will be updated.

6. (()ptlonal) Click on the Page Number column heading to view the list in the updated page number
order. : , :

7. Choose Save to upvdate the page numbers, or Cancel to revert to the original numbers.
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: AC POWER RECOVERY (BEFORE COR...
AC-30MIN AC POWER RECOVERY (IN 30 M) FALLS
AC-4HR o AC POWER RECOVERY (N 4 H) FALLS
AC-90MIN R AC POWER RECOVERY (IN1.5H) FalL... -

- AC POWER RECOVERY (BEFORE BD) F ...
AC POWER RECOVERY (BEFORE CU)F...
CONDENSATE SYSTEM FAILS
CONDENSATE SYSTEM FAILS

- CONDENSATE HOTWELL MAKEUP FAI...
CONDENSATE PUMPS FAIL

- CONTROL ROD DRIVE SYSTEM FAILS
PEACH POTTOM CONTROL ROD DRIV ...

. CRD PUMP TRAIN A FAILS
CRD PUMP TRAIN B FAILLS
CONTAINMENT SPRAY COOLING SYST...

OB~NDOEWN

CONTAINMENT. SPRAY COOLING SYST...
CSSLOOQP AFALLS

CSSLOOPBFALS .
CONTAINMENT VENT SYSTEM FALS
DIVISION | 250 ¥DC POWER FAILS

. DIVISION It 250 YDC POWER FAILS
MANUAL DEPRESSURIZATION (1 SOR...
MANUAL DEPRESSURIZATION (2 SOR...
MANUAL DEPRESSURIZATION DURIN...
MANUAL DEPRESSURIZATION FAILS
ADS SUPPORT SYSTEMS FAIL '
ISLOCA DETECTIONFALS
DIESEL GENERATOR A FAILS
DIESEL GENERATOR B FALLS -
DIESEL GENERATOR C FAILLS

Click on Ithe column headings to view the list in that cqlumn's order.

- Re-Number o . R o
. By Hierarchy -  When this option is selected, fault trees and their referenced sub-trees
: will be grouped together. Top level fault trees appear in relative
alphabetical order.

ByName- = When thrs optron is selected fault trees w111 be numbered in alphabetlcal
, order.
By Level - * . When this option is selected, all top level trees will be numbered ﬁrst

followed by all sub-trees. Within each level, the fault trees will be’
ordered alphabetlcally

Start Page # - Enter the desired page number of the ﬁrst fault tree.
Save - Permanently assign the fault tree page numbers as currently shown in the fault tree list,
~and close the Page Numbering dialog. -

, Cancel - Close the Page Numbermg dlalog without changmg the previously assrgned page
numbers
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11.6.4.2  Fault Tree Page Numbering Example

Given a project containing the following fault trees, . -

) _ - : L o

A-TOP : M-TOP K-SUB
| o . - — } 4 . - } & l
X-SUD L-SUB - y1suB " K-SUB Z.SUB

the table below shows the ‘page numbers that would result from each ordering scheme.

Page Order By Order By | Order By

Number Hierarchy Name - | Level

| A-TOP | A-TOP A-TOP
2 | K-SUB | J-SUB M-TOP
3 Z-SUB | K-SUB J-SUB
4 L-SUB - | L-SUB K-TOP -
5 M-TOP M-TOP. -L-SUB
6 J-TOP Z-SUB- Z-SUB

11.6.5 Alphato Gi'aphics Conversion

11.6.5.1  Alpha to Graphics
'PURPOSE

This option allows you to convert the alphanumeric logic for a fault tree or sub-tree to a graphical format.
Use this option when you define the fault tree logic with an ASCII file or use the logic editor to change
the logic for a fault tree. The graphics and logic information for a fault tree are two separate entities,
therefore, a conversion must be made if any changes are made to the alphanumeric logic. However, if
changes are made the to the graphical representation, the changes are automatically reflected in the

~ alphanumeric logic. : : -
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STEPS
1.  From the SAPHIRE menu select Utlhty
2. Choose F. ault Tree from the menu. Select the Alphé to Gfaphics sub-menu option.

3.  The Alpha to Graphics dialog will be displayed listing all of the fault trees in the current project.

Alpha to Graphics - {(DEMO])

Containment Cooling System fault tree
Emergency Cooling System fault tree

Convert - ~ Continue with the conversion process. - :
Exit - S Close the Alpha to Graphics dialog without performmg conversions.

11.6.5.2°  Convert
PURPOSE
Convert the selected alphanumeric format file(s) to a graphical fonnat;
STEPS o | |
1. From the SAPHIRE m'enu'select Utility.
Choose Fault Tree from the menu.
Select the Alpha to Graphics sub-menu option. The Alpha to Graphzcs dlalog will be dlsplayed
Highli ghted the desired fault tree(s) and choose the Convert button.

TS

A dialog, as shown below will be displayed. Make the selectlons as desued and choose the OK
button.
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If neither check box is selected, normal basic events are used in the model.

Use Tables - For each logic gate with many basic events as inputs, create a table of
' basic events, using the Primary name field. SAPHIRE processes the table
: .. of basic events as if they were separate symbols. '
Us_e: Boxed Events -  Create each basic events with a box for descriptive text. The text from
‘ the description field of the associated event will be placed in the box.
" This does not influence the logic of the fault tree, but adds clanty to the
_ " model for those using and rev1ewmg it. ' :
OK- = Complete the conversion process.

11.6.6  Extract Fau_lt Tree Graphics

11.6. 61 ‘Extract Fault Tree Graphics
: PURPOSE

This option allows you to extract fault trees from the database When you create a fault tree diagram and
save it, the DLS file is saved in the database as well as in a temporary .DLS file in the current project
directory. When you delete the .DLS file, the file still exists m the database Wlth this option, you can

~ extract the stored .DLS file from the database. :

STEPS o '
1. - From the SAPHIRE menu select Utility. -
2. Choose Fault Tree from the menu.

3. Select the Extract Graphics sub-menu optlon The Extract Graphzc Fault Trees dlalog will be
. displayed listing all of the fault trees in the current project.
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Cohtainmént Cooling System fault tree
Emergency Cooling System fault tree

Extract Trees - . Copy the spéciﬁed trees out-of the database.

- Clear Extracted Trees - . Delete all extracted trees from the project directory.
Display Extracted Trees - - Display all available extracted trees.

Exit- " Close the Extract Graphic Fault Trees dialog.
1 I 6.6. 2 Extract Trees
This optlon allows you to copy the hlghhghted trees from the database to a file in the directory of your
choice. When complete, a message indicating that the tree was successfully extracted will be displayed in

the message bar of the SAPHIRE window. The .DLS or .ETG file name of the extracted tree will be
included in the message.

- The extraction process does not delete the tfee from the database. -
1 1.6.63  Clear Extfacted T rées

“This option allows you to clear all extracted tree ﬁles from the current pro;ect dlrectory When you
choose this button, a warning dialog, as shown below, will be dlsplayed

Yes - Delete all existing extracted tree files (DLS or .ETG) from the cu'rrent‘projec.t directory.
: When complete the message, “All extracted files cleared ” will be displayed in the message
bar of the SAPHIRE window. S
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No - Terminate the delete process.r ,
11.6.6.4  Display Extracted T rees

“This option lists all the extracted trees, by file namc, residing in the-current prqject directory. When 'you '
‘choose this button, the Extracted Fault Trees or Extracted Event Trees dialog will be displayed.

~ The exgmple hc_:fe shows the dialog for faﬁlt trees.

Extracted Fault Trees
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Close - Close the Extracted Fault Trees or 'Extracted Eveﬁt T}ees dialog.

11.6.7  Load Fault Tree Graphics

1L6.7.1  Load Fault Tree Graphics

PURPOSE

ThlS optlon allows you to load graphlc files into the database. When you perform this operatlon the
selected file will be converted and loaded into the existing fault tree record whose name matches that of
the file. If no record exists, SAPHIRE will create a new fault tree record using the file name for the name -

. of the fault tree in the database.

 STEPS
1. From the SAPHIRE menu select Utlllty
2 Choose Fault Tree from the menu.
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3. Select the Load Graphics sub-menu optidn. The Load Graphic Fault Trees Vdi'alog will be
displayed listing all of the .DLS files in the current project directory.

Load Graphic Fault Trees - (DEMO]

Load - Perform the load operation.
Close Close the Load Graphic Fault Trees dialog.

11 7 Event Tree Utlllty Optlons ;

1171 Event Tree Utlllty Optlons

'PURPOSE

This Qpﬁon allows you to load or éxﬁract event tree graphics files.

STEPS |
1. From the SAPHIRE menu select Utility. -
. 2. Choose Event Tree from the menu. Select a sub-menu option.
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Extract Craphics - - Extract event trees from the database.
Load Graphics -  ~  Load event tree graphic files into the database.

11.7.2 Event Tree Page Numbering
- PURPOSE

This option allows you to select a page numbering scheme to use for all event trees in the current project.
 Three options are currently avallable By Hierarchy, By Name, and By Level. The starting page
number can also be set.

The By N ame option orders event trees strictly alphabetically. The By Level option orders top level

. event trees first, followed by sub-trees (or transfer trees). Within that order, event trees are numbered
alphabetlcally The By Hierarchy optlon groups event trees with thelr sub-trees. Top level trees appear
in relative alphabetic order. :

The dialog lists the name, description, number of transfers contained in the event tree, top/sub tree status,
and proposed page number assignment. Click any of the columns (except description) to view the list in
order of that column. Click the column again to reverse the sort order. :

Note: When a new event tree is added to the project an unused page number will be assigned to it. The
page numbermg utility must be run before the new event tree's page number will fit into the selected page
numbering scheme. Likewise, when an event tree is deleted, there will be a hole in the page numbering

- scheme until the event trees are renumbered using this utility, .

STEPS
1. From the SAPHIRE menu select Utlhty
2. Choose Event Tree from the menu. Select the Number Pages sub-meriu option.

3. The Event Tree Page Numbering dialog will be dlsplayed hstmg all of the fault trees in the
current project.

Enter the desired Start Page number. ,
Choose the desired Re-Number button. The page numbers will be updated.

(Optional) Click on the Page Number column headlng to view the list in the updated page number
order. . _

7. Choose Save to update the page numbers, or Cancel to revert to the original numbers.
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ree Page N

ISLOCA-RCI
ISLOCA-RHR-A
ISLOCA-RHR-B
ISLOCA-RHR-S

" RCIC INTERFACING SYSTEM LOSS-OF-...

" LOSS OF OFFSITE POWER ‘
" . TRANSFER-1 SORY .
" TRANSFER - 2 SORYS

. SMALL LOSS-OF-COOLANT ACCIDENT .

HPCI INTERFACING SYSTEM LOSS OF-...

CS LOOP A INTERFACING SYSTEMLO... -
CS LOOP B INTERFACING SYSTEMLO... -

RHR LOOP A INTERFACING SYSTEML...
RHR LOOP B INTERFACING SYSTEML...
SDC LINE INTERFACING SYSTEM LOS...

‘LARGE LOSS-OF-COOLANT ACCIDENT

LOSS OF DC BUS :

TRANSFER - 1 SORV

TRANSFER - 2 SORVS

TRANSFER - 3 SORVS

TRANSFER - 3 SORYS. :
TRANSFER - STATION BLACKOUT

* LOSS OF SERVICE WATER
MEDIUM LOSS-OF -COOLANT ACCIDEN....

TRANSIENTS '
"TRANSFER - ANTICIPATED TRANSIEN...
TRANSFER - ATWS CONTINUED

Click on the column headings to view the list in that column's order. ,

Re—Number
~ By Hrerarchy -

By Name -

By Level -

Start Page # -
: Save -

Cancel -

When this option is selected, event trees and their referenced transfer -
trees will be grouped together Top level event trees appear in relatrve
alphabetlcal order. .

When this option is selected event trees will be numbered in alphabetical
order.

* When this option is selected all top level trees w1ll be numbered ﬁrst
.. followed by all transfer trees. Within each level, the event trees will be
. ordered alphabetlcally : .

Enter the desired page number of the ﬁrst event tree.

Permanently assign the event tree page numbers as currently shown in

the event tree list, and close the Page Numbering dialog.
Close the Page Numbering dralog wrthout changrng the prevrously
assigned page numbers.
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1173 Extract Event Tree Graphics

11.7.3.1 Extfact Event Tree Graphics
PURPOSE

This option allows you to extract event trees from the database. When you create an event tree diagram
“and save it, the .ETG file is saved in the database as well as.in a témporary .ETG file in the current project
- directory. When you delete the .ETG file, the file still exists in the database With this’ OpthIl you can
_extract the stored ETG file from the database. -

STEPS .
1. From the SAPHIRE menu select Utility.
2. - Choose Event Tree from the menu

Select the Extract Graphlcs sub-menu option. The Extract Graphic Event Trees dialog will be
displayed listing all of the event trees in the current project.

Sae '
LOSP Loss of offsite power event tiee »

TR P T T TR R T AP

X

IR
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Extract Trees - . Remove the specified trees from the database.

Clear Extracted Trees - Delete all extracted trees from the project directory.
Display Extracted Trees-Display all extracted trees to date.

Exit- - Close the Extract Graphic Event Trees dxalog
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11 7.3;2 ~ Extract Trees
This -option allows YOu to copy the highl.i'ghted trees from the database to a file in the dire'ctory‘ of your
choice. When complete, a message indicating that the tree was successfully extracted will be displayed in -

the message bar of the SAPHIRE w1ndow The DLS or .ETG file name of the extracted tree will be
included in the message. :

: Theextraet‘ion pr’ocesS does not delete the tree from th‘e: database.
11. 7.3.3  Clear chtfacted Trees

- This optlon allows you to clear all extracted tree files from the current pI‘O_]eCt directory. When you
'choose this button a warning dlalog, as shown below w111 be displayed, ' :

Yes - Delete all exnstmg extracted tree ﬁles (.DLS or .ETG) from the current project dlrectory
When complete the message, “All extracted ﬂles cleared...” will be displayed in the message
. bar of the SAPHIRE window. ' o —

No - Terminate the delete process.

11.7.3.4 Display Extracted Trees

 This optlon hsts all the extracted trees, by file name, residing in the current project dlrectory When you
choose this button, the Extracted Fault Trees or Extracted Event Trees dlalog will be dlsplayed

The example here shows the dlalog for fault trees.
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Extlacted Fault Trees
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Clese - Close the Extractea’ F ault 7 rees or Extracted E vent T rees dlalog

_ 11.7..4 Load Event Tree Graphlcs

11 7.4..‘1 Load Event Tree Graphics

PURPOSE

Thls optlon allows you to load event tree graphic files into the database. When you perform thxs
operation, the selected file will be converted and loaded into the existing event tree record whose name

matches that of the file. If no record exists, SAPHIRE will create a new event tree record using the file -
name for the name of the event tree in the database. :

STEPS
1. From the SAPHIRE menu select Utility.
2. Choose Event Tree from the menu.

3. Select the Load Graphlcs sub-menu option. The Load Graphic Event Trees dialog will be
displayed listing all of the .ETG files in the current project dlrectory ' o
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Load - ~ Perform the load operation. ‘
Close -  Close the Load Graphic Event Trees dialog.

11.8 View Error Log

11.8.1 View Error Log
PURPOSE

This option allows you to view the results of the SAPHIRE errorlog. An error log is produced each time
basic event data is generated. The log reports errors, warnings, and inconsistencies detected in the current
event data. The error log can remain open while other SAPHIRE dialogs are accessed, allowing youto
see the error list while making any desired corrections. The error log is automatically cleared upon exiting
SAPHIRE, ; ‘ ' ’ ' ' ’ '

- STEPS
L. From the SAPHIRE menu select Utility. :
2. Choose View Error Log from the menu. The View Error Log dialog will be displayed.
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HUnc Var: (Type L=2.44E-003} > {Constr Noninfo=8.01E-004)->DG-A

QUne Var: (Type L=2.44E-G03) > (Constr Noninfo=8.01E-004)->DG-A

. Une Var: {Type L=2.44E-003) > (Constr Noninfo=8.01E-004)-3DG-B
YUnc Var: (Type L=2.44E-003) > {Constr Noninfo=8.01E-004)->DG-B

Unc Var: {Type L=3.22E +001) > {Constr Noninfo=1.06E+001)->LOSP

Unc Var: (Type L=3.22E+001} > {Constr Noninfo=1.06E+001)->LOSP

Print - Print the error log.
Clear — Clear the error log.
Exit~  Close the View Error Log dxalog

11.9‘ Version Date

©11.9.1  Version Date
PURPOSE _
This option allows you to set the version date of the current project (i.e., model).

STEPS
1. From the SAPHIRE menu select Utlllty »
2. Choose Version Date.from the menu. The Set . Verszon Dates dlalog will be displayed.
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- Version Date — Enter the new version date in YYYY/MM/DD format The version date 1nd1cates
: - the date the model development was complete
Update Date — Displays the last date that the model was updated in h YYYY/MM/DD format The
’ update date is changed by SAPHIRE whenever any of the following are changed:
fault tree logic, fault tree graphics, event tree logic, or event tree graphics.
The update date will also be changed if a basecase update is performed.

Modify — Close the Set-Version Dates dialog and change the version date for the project.
o When you choose this button, the Warning dialog, below, will be displayed.
Cancel - Close the Set Version Dates without changing the project’s version date.

Modify -~ Close the Warning dialog and change the version date for the project.
Cancel -  Close the Warning dialog without changing the project’s version date.

11.10 Importance Measures Wizard

11.10.1 Importance Measures Wizard

PURPOSE

The Importance Measures Wizard is an extensmn of the basi¢ Importance Measurescalculatlons originally
provided in earlier versions of SAPHIRE. It provides a convenient interface for extending importance
concepts for single events into groups of events (components). It also provides the option to readily
recalculate rather than just requantify cut sets. This may result in more accurate answers since event
interactions will be more fully accounted for. ' - '

~ STEPS A ,
1. From the SAPHIRE menu select Utilities | Importance Measures Wizard.
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2. The Importance Measure Wizard dialog will be displayed.

- From this dlalog, you can select the type of cut sets to analyze Fault tree, Event tree sequence or End
state. :

Navtgatwn Opttons
Next- - Proceed to the next step in the Importance Measures Wizard process.
Cancel - Close the Importance Measures Wizard dialog. :

- 11.10.2 Component Group Defimtlon
PURPOSE

The Component Groups dxalog allows you to select and/or group basic events into component groups
- These groups will be analyzed as smgle entities later in the Imponance Measures wizard.

‘The Mask feature allows you to quickly group basic events together based On the schema of their names.
- Then, the Component and Event features can be used to refine the groupings as needed. Finally, the Study
options allow you to save the component group definitions for later access.

STEPS
S From the SAPHIRE menu select Utilities | Importance Measures Wizard.

2. - The Importance Measures Wizard dialog will be displayed. Select the type of cut sets to analyze
and choose the Next button. The Component Groups dlalog will appear.

».»100.



B Component Groups

CCNIT> o w7 = ‘ o AFW-MDPFR-1A
CPASS> - fe e : . " AFW-MDPFS-1A’
<TRUE» e - S APW-MDP-TM-1A .
ACC. . : : "AFW-MDP-1B '

ACC-CKV-CC-03A01 APWMDPFR-1B

ACCTKV-CC-03402 e © APWMDPFS1B .
ACCOKV-CC03403 : : - |  APW-MDP-TM-1B

ACC-CKV-CC83623 -
ACC-CKV-CC-63-624

~ ACC-CKV-CC63-625

" ACC-CKV-CC-LP2
ACC-CKV-CC-LP3
ACC-CKV-CC-LP4
ACC-CKV-CF-LPS
ACCM
ACC-MOV-0C-63-67
ACC-MOV-0C-63-80

 ACC-MOV-DC-63-98
ACP-BAC-LP-1A"
ACPBAC-LP-1B

Study - . The name and description of the currently selected study. If there are no studies
. . defined in the project, the study name will read “New”, until a study definition is
‘ saved. - . '

Mask Options S o : _ L
Mask - - Define a wild card mask to collectively assign basic events from the project to

component groups based on the naming scheme of the basic events.
Apply Mask - Apply the Mask to create component groups. Warning: all existing
- : - component groups will be replaced when this option is selected.

View Events - When this option is selected, basic events appear in the Component list beneath
' the component group to which they are assigned. When this option is not
selected, the Component list contains only component names.

Component Options ' _ S
New - Create a component group name to include in the Component list.

Edit - Rename the selected component group. .
Delete - Remove the component group and its events from the study.

Event Options
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Add - - Add the selected event(s) from the All Events list to the selected component
' " _group in the Component list. A check mark will appear beside each selected

. event in the All Events list, indicating it belongs to a component group.
Remove - Remove the selected event from the component group in the Component list.

Study Options
Open- Load a previously saved study : or component groups defmmon.
Save - Save the current study.

o Save As - Save the currently deﬁned component groups deﬁnrtron as a study.
Navigation Optums o
Back - Retumn to-the prevrous step in the Importance Measures Wizard process _

Next-  Proceed to the next step in the Importance Measures Wizard process.
Exit-- Close the Importance Measures leard dialog. ‘

11, 10 3 Component Group Masks

* (a'ste'risk) - Designates a group of one or more characters to be used to define a
- group. Each unique comblnatlon of characters mdrcates a dlstmct
_ : component. : : :
~(twiddle) - . Demgnates a group of one or more characters rot to be used to deﬁne a

group. That is, this part of a basic event name does not contribute to the -
- distinctness of a componerit.
separator character(s) Desrgnates boundary marker(s) within the naming scheme.

_ Example 1
- PRA models typically use a naming scheme for basic events. that includes the system, component failure .

mode, and possrbly train, drvrded by a separator character such as “-“or“ ”.

" To combine events into groups of distinet tram, system, and components, a mask will use a * (asterisk) in
the character positions for train, system, and component, and a ~ (twiddle) in the failure mode and train -
positions, The * (asterisk) and ~ (twiddle) characters will be split up by a separator character(s), which.
indicate the boundaries. So, if the naming scheme follows the format SYS_COMP_FM_T, the desired -
mask would be *_* ~ *

Example 2 -
Consider the following events:

M-CHILD-JOHN M-CHILD-JAKE

M-CHILD-BOB M-ADULT-JOHN

M-ADULT-JACK F-CHILD-SUSAN

F-CHILD-JANE F- ADULT-SHIRLEY
. GEORGE

The mask **_~ would produce the following groups:

M-CHILD-
M-CHILD-JOHN M- CHILD-JAKE M- CHILD BOB

M-ADULT- :
M-ADULT-JOHN M- ADULT—JACK .
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F- CHILD- : -
F-CHILD- SUSAN F CHILD- JANE '

. F-ADULT-
F-ADULT-SHIRLEY

GEORGE
.~ GEORGE
~ Note: George starts out as'a possrble match to the mask specrﬁcatrons but does not conform

to the entire mask $0 1t is placed into a smgle member group, “as.is”.
: Altematively, the mask ~- *_~ would produce the followmg groups: '
* .CHILD-
"~ M-CHILD-JOHN M-CHILD-JAKE M-CHILD- BOB
F CHILD-SUSAN F- CHILD JANE

-ADULT-
M-ADULT- JOHN M-ADULT- JACK F-ADULT-SHIRLEY

Note: GEORGE does not appear in any groups, because it never even begms to match the mask
specification. . -
11104 Study List

» PURPOSE

The Study List dialog allows you select and manage studles created through the  Importance Measures
 Wizard. Each study consists of a collection of events grouped into components
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‘ Study Llst

Select - Load the selected study into the Component Group dlalog

'Rename - Rename the selected study.

Delete - " Delete the selected study.

Exit - Retum to the Component Group dlalog without selectmg a study
11.10.5  Select Calculation Method: o o o ;
PURPOSE

From this dialog, you can choose to either requantlfy the existing cut sets, or generate new cut sets for .
each component group. The requantify option is generally much faster, but the regenerate option may be
more accurate, since any interactions between events w1ll be more fully taken 1nto account. :
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' mportance Measures leald

Navtgatwn Optmns _
' Back - Return to the prev1ous step in Importance Measures Wizard process.
Next-  Proceed to the next step in the Jmportance Measures Wizard.
- Cancel - Cancel the Importance Measures Wizard calculatlons

11 10. 6 Evaluate Importance:

) PURPOSE

The Importance Measures szard will perform the 1mportance evaluations accordlng to the inputs glven
in earlier steps of the wizard. If the option to regenerate the cut sets was selected from an earlier stepin
the Importance Measures Wizard, you will be prompted to enter the cut set probability. This value should
match the one used to generate the nommal cut sets. :

Depending upon the size of the cut sets and the number of component groups th1s process could take
some time to complete. : .

Importance Measures W:zard
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Navtgatzon Optwns ' :
OK - - Perform the 1mportance evaluation .
Cancel - Cancel the Importance Measures Wizard calculatlon
>11.10.7_ Component Impoi‘ténce Results
PURPOSE

The Component Importance dialog displays the results of the ifnportance' measures evaluation.

Component Importance

1.012E-002 1.007E+000

AFW-MDP-FR-1A- -~ 8.694E-003 - - 1.009E+000 .  7.888E-003
APW-MDP-FS-1A . 5.759E-004 T - o 1.001€+000 . - - 2000E-003

- AFW-MDP-TM-1A . B853IE004 e - 1.001E+000 ~ 1:100E-003

o * 2.620E-062 -8.25 1.018E+000- - - .

APW-MDP-FR-1B - 2.192E-002 "~ 1.022E+000 7.889E-003
APW-MDPFS-1B - - 1481E003 - 1.001E+000 . 2.000E-003
APW-MDP-TM-1B° 2.798E-003 ) - ~ 1.003E+000 1.100E-003 . -

'View Events -  When this option is selected, basic events appear in the list beneath the
component group to which they are assigned. When this option is not selected,
.the Component list contains only 'component names

- Report - Report the results to a comma delimited file. The Choose f le dialog (smular to
: : the Save As dialog) will be dlsplayed :
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Nav:gatwn Opnons -
Back - Return to the previous step in the Importance Measures szard process.

_Exit - Close the Importance Measures Wizard. The wizard will restore the database to the
state it was in when the wizard was invoked, which may take a few moments.

- 11.11 Sensitivity Wizard

11111  Sensitivity Wizard
' PURPOSE

The Sensitivity Wizard provides a convenient mterface for evaluatmg changes in overall risk and

- reliability resulting from changes in basic event probabilities. The wizard gives you the option of
recalculating cut sets, rather than just requantifying them. This may result in more accurate answers smce
any event mteract10ns will be accounted for. : .

STEPS ' '

1. | From the SAPHIRE menu select Utilities | Sens1t1v1ty leard
2 The Sensztzvzty Wizard dlalog w111 be dlsplayed '

From this dlalog, you can select the type of cut sets to analyze Fault tree, Event tree sequence or End-
state. - : o .

Navtgatton Options

Next - Continue to the next step in the Sensztzvzty Wtzard process..
Cancel Close the Sensztlwty Wizard dialog.
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11.11.2  Select Sensitivity Events

PURPOSE

This option allows you to choose the basic events to study.

_ 2 000E-002 | : . Emergency dlesel generator A

- 1.000E-004 ECS Train A pump discharge check valve
1.000E-004  ECS Train B pump discharge check vaive
1 0G0CE-003 ECS suction isolstion valve
5.000E-003. ECS Train A pump discharge isoletion valve

2.000E-002 . : ‘ Emeraen

The top of this dialog lists all the basic events in the project. From this list you choose the events to study-
by selecting one or more events, invoking the pop-up menu and choosing the Add option. The chosen
events will appear in the bottom list, where you mdlcate the changes to make to those events.

Popup Menu Options
Add-
Delete -

Event Change Columns
Event - -
Start Value -

Step Type -

Sfep Change -

| Copy the selected event(s) in the top list to the bottom list.

Remove the selected events from the bott_om list.

The name of the event chosen from the top hst

Type in the desired starting probability/frequency for the event. The
successive columns indicate how to modify th1s value for sensitivity
analysis.

Click the cell to toggle the mcrement type between +(add) and

* *(multiply). A + will add the specified Step Change value to the Start

Value. A * will multiply the Step Change to the Start-Value.
Type in the desired increment value. This value will be initially added or
multiplied to the Start Value, depending on the chosen Step Type.
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T/F -

Description -

Number of Steps -

Na_vigdtion Options

Back - .
Next -
Cancel -

Click the cell to tcggle between TRUE, FALSE, and BLANK values. A
blank setting will not make the event a house event - it will use the Start

-and Step values from the other columns: A TRUE or FALSE setting will -
ignore the Start and Step values, and will perform the analysis as if the

basic event were a house event.
The description of the basic event (for i mformatnon purposes only)

Select the number of times to increment the selected events’

probablhtles and recalculate the min cuts. The chosen Srep Value will be
used at step 1. Each additional step will add or multxply the Step Value to
the previous step value, according to the chosen Step Type. Events
designated as house events will remain house events for each step.

Return to the previous step in the Sensitivity leard process
Proceed to the next step in the Sensitivity Wizard.
Cancel Sensitivity Wizard calculation.

11.11.3 Select Items to Recalculate

PURPOSE

~ This optlon allows you to choose the sequences, fault trees, sequences or end states (dependmg on the
- type of analysxs selected in an earlier step) to recalculate
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The top of this dralog lists all the fault trees/sequences/end states in the prolect Each item that has a *
(asterisk) in the first column has been detected as possibly affected by the events selected in the prevrous
step. From this list you choose the fault trees/sequences/end states to study by selecting one or more,

' invoking the pop-up menu, and choosmg the Add optron The chosen 1tems w111 appear in the bottom hst

Popup Menu Opttons ’
' CAdd- Copy the selected fault tree(s)/sequence(s)/end state(s) from the top llSt to the
. bottom list. ’

. Delete - Remove the selected fault tree(s)/sequence(s)/end state(s) from the bottom list.

Navtgatwn Opttons .
Back - Return to the prevrous step in the. Sensrtzvujy szard process. -
‘Next-_  Proceed to the next step in the Sensitivity Wizard.
- Cancel - Can(:el Sensitivity Wizard calculation.

‘ 11 11.4 Select Sens1t1v1ty Calculation Method

PURPOSE

This option allows you to choose whether to recalculate new cut sets or requantify exxstmg cut sets.
Requantrﬁcatron is generally faster, but recalculatton is generally more accurate.

Navtgatton Optwns
Back-  Returnto the previous step in the Sensztzvzty szard process.

Next-  Proceed to the next step in the Sensitivity leard
Cancel - Cancel Sensitivity Wizard calculation.

11.11.5 Evaluate Sensitivity
PURPOSE

The Sensitivity Wizard will perform the sensitivity evaluatiorrs according to the inputs given in earlier
- steps of the wizard. If the option to regenerate the cut sets was selected in the Sensztzvzty Wizard, you will
be prompted to enter the cut set generatlon optlons
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Depending upon the size of the cut sets and the number of chosen steps, this process could take some time
to complete. ' ‘ ' o K

f Sensitivity Wi
ey

zard

- Navigation Options
"OK -  Perform the sensitivity analysis .
Cancel - = Cancel Sensitivity Wizard calculation.
11116 Sensitivity Results
PURPOSE

The Se’nSitivity Wizard Results dialog presents the calculated results.

Pl
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'2.000E-002 2 UL'IOE 001 -
2000E-002  2.000E-001

4 840E-002 . 4.620E-001
1.77SE-003 1.001E-001
5.018E-002 - * 5.621E-001

The top of this dlalog lists the basic events selected for sensmvnty analysis. The bottom list contains the
selected fault trees/sequences/end states. Additional columns correspond to the number of steps selected
in an earlier step. The step values for the basic events represent the probablllty/frequency used in each
step. The step values for the fault trees/sequences/end states represents the min cut upper bound for each
* step calculated usmg the basic event values listed for the corresponding step. -

~ Step Column Click - . - Create a change set containing the event probabilities used in
' that step. (Each calculation type will be set to 1). The Add
v , , _ Change Set dialog will appear. _
" Step Value Double Click - . Double click on a min cut upper bound result to view the cut sets
' associated with it. A View Step Detail dialog will appear asking
o ‘ - you to choose Wthh step results to view.
Navigation Options o : :
. OK- : ‘ o Close the Sensitivity Wizard. You may be prompted to regenerate
. the basic event data. This is recommended in order to return the
‘database to the state it was in prlor to mvokmg the Sensmvzty
Wizard.
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12. ACCESSING HELP

12-1‘ Accessing Help

Included W1th the SAPHIRE installation i is an on-lme hypertext help system contammg a complete
reference to SAPHIRE: -

- The SAPHIRE help system was demgned usmg the Wmdows 95 and NT 4.0 help features, based on’
. “Help tabs”. The Contents Tab is arranged like a table of contents containing a list of topics available in
the help system. It is organized with books and pages. The pages are the link to the specified topic. The
* Index Tab provides access to the help system 1ndex of toplc keywords The Find Tab provxdes the
functionality of a full-text search.

In general, the tOplC pages in the SAPHIRE system contain a “PURPOSE” section whlch prov1des a _
description of the selected topic and its primary function. This is followed by a “STEPS” section which
_provides step-by-step instructions for performing the function. Often, a picture of a dxalog is mcluded on
the topic page. Brief explanations of the options on the dialog are provxded below the graphic image and
- ‘'when necessary, links for additional details are presented. On occasion, the graphic image on the topic

page will contain hot-spots which provide links to other topic pages or invoke a pop-up window
contalnmg a deﬁmtlon When appllcable a “SEE ALSO” section is included for links to related toplcs

Some of the toplc pages ‘are general and text- oriented. They provide background mformatlon or in- depth -
~ discussion about a specific concept and step by step dlrectxons are not appllcable o

. The help sy_stem is accessed via the Help option on the SAPHIRE menu or through the cont_ext-sensitiye |
help on each dialog. The Help menu offers access to the on-line hypertext help system through the

Contents Tab or Index Tab Context sensitive help offers a bnef descrlptxon of the selected feature on
_.the current dtalog '

12.2 Help Menu
PURPOSE

This option provides access to the SAPHIRE hyp‘e'xtexthelp system through a variety of options.

STEPS _ . :
I. F mm the SAPHIRE menu selec_t H_elp.
2. The drop-down menu with available items will be displayed.-
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‘About - _ .- Provides product 1nformat1on about the version of SAPHIRE currently
o ‘ running.
Help Contents - Invokes the SAPHIRE help table of contents. From the table of contents,
' any “book” or chapter can be opened and the topic “page’ of interest
A ~-can be selected.
Search for help on... - Invokes the SAPHIRE detalled help mdex Any keyword in this mdex
_ o -~ can be selected to access information about the associated topic.
-Help on help - - Invokes the Windows help system table of contents. Informatlon on how
: - touse a hypertext help. system is provrded

12.3 Context-Sehsitive Help o
PURPOSE |
»Context-sensmve help usually prov1des definition-style information about the selected control ona dlalog -

. box in a pop-up window. An entire toplc page from the SAPHIRE help system may be invoked when the-
functlon of the selected control requ1res a detailed explanation. _ :

STEPS

1. 0n the active dialog box, choose the Help button (Q) located in the upper right-hand comer of -
- the dlalog The cursor will now be the Help cursor (arrow with a question mark) ‘

2. Cllck on the des1red control (1 e., field, button, etc. ) on the dralog

When you are done viewing help topics:

A If a pop-up wmdow was mvoked 51mply chck on the dlalog to close the pop-up wmdow and proceed
- with SAPHIRE operations. :

If the SAPHIRE help system was invoked, you can closethe help system or leave it open. In either case,

because the help system runs mdependently of the SAPHIRE program, you can chck on the dialog and
proceed with SAPHIRE operations. :
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. .CAPABILI’TIES-AND LIMITATIONS

13 1 Capabllltles and leltatlons

SAPHIRE Database Limits:

(hmlts are per project unless otherw1se mdlcated)

Number of projects lirmted by user’s available disk space.
Number of cut sets limited by user’s available disk space.
Number of basic events 64,000 :
- Number of event trees 64,000
Number of sequences 2,000,000 -
Number of end states 64,000
Number of fault trees 64,000 - # of basw events
Number of gates 64,000 :
. Numberof change sets 10,000 , o S _
- Number of analysis types 16 ‘ o -
Size of block text fields limited by user’s avallable disk space. ' o
Lines of rules limited by user’s available disk space.

Inputs per OR gate 5,000
Inputs per AND gate 256 '
Inputs. per N/M gate N/ 99, where N =2 to 98. -
Gates/events per fault tree 10,000 (Limit when 1oad1ng a fault tree through MAR-D)..
" . Number of events per cut set 256
Number of uncertainty samples 99, 999
~ Alpha to Graphics conversion 50 levels deep

Logic display 255 characters wide (dialog display and reporting only) ,
‘Path search display 255 characters wide (dialog display and reporting only)

General Field Limits:

Name references - Unless specified otherwise, limited to 24 uppercase characters. If lowercase
characters are entered, they will be converted by SAPHIRE to uppercase Embedded spaces
_ (or blanks) are not allowed.
Descrxptlons - 120-character upper- or lowercase alphanumerlc characters Embedded spaces (or :
- blanks) are allowed. -
File names - Long file names are supported.
* Floating point fields - Use scientific notation (e.g., 1.0E-15).

Information on specific fields can be found in the Utilities | Load and Extract section.
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' 14. RECOVERY RULES

14.1 Recovery Rules Usage And Examples

_PURP()SE _ :
The Recovery Rule editor allows you to create rules that affect existing cut sets in a post-processmg
fashlon The rule-based editor is avallable for both fault tree and sequence cut sets

The recovery rules are “free-fonn 10g1c rules that allow for the alteration or deletlon of fault tree or
“sequence cut sets. They follow a format similar to the structure that is found in traditional programming
: languages (e.g., BASIC or PASCAL). As such, the ab111ty exists to define “macros” and “if...then” types
of structures. The rules are entered in a free-form text editor within SAPHIRE. They can also be exported
and xmported through the SAPHIRE Utlllty | Load and Extract optlon S :

The rules can be used for probablhstlc risk assessment techmques such as the automated mclusxon of
sequence recovery events or common-cause failure cut sets, or elimination of mutually exclusive events
(e.g., impossible combinations of events). They may be developed for a particular fault tree, all fault trees

. (project fault tree rules), a particular sequences, a single event tree, or all sequences (project sequence '
rules). Initiating events, basic events, and recovery events can all be. added into the relational database

‘ dxrectly from w1th1n the rule editor. -

When the- rules are applied, ex1st1ng fault tree or sequence cut sets are scanned for cut sets matching the
~ search criteria defined in the rule. The rule is used to modlfy the cut sets matchmg the search criteria. This
-searchmg .process is a muln-step procedure : '

If the ﬁrst cut set in the list matches the search criteria in the first rule, the apphcable modlﬁcatlons ;
- defined in the first rule are made to the cut set. Once a cut set quahﬁes for a search crxterxon it is
N ‘not affected by any of the remaining rules : ' :

If the first cut set in the list doés not match the search criteria in the first rule, the second rule - .b
: (SAPHIRE processes the rules from top to bottom) 1s evaluated. : :

. After all the rules are evaluateéd for the ﬁrst cut set, the second cut set in the list is evaluated
starting again with the first rule. This process is repeated until all cut sets are evaluated.

Since the recovery rules have the capability to remove basic events from individual cut sets, application
of the rules could result in non-minimal cut sets. Consequently, it is recommended practice to re-minimize

- the cut sets after applying recovery rules. Thus, the typical steps you would take in performmg an

analysxs using recovery rules are:

Finalize logic models and data changes .and then Generate changes
Generate fault tree or sequence cut sets ‘ V
Apply recovery rules to applicable fault trees or sequences
Perform a cut set update to fault tree or sequence cut sets

Perform uncertainty analysis '

Dispiay_ or report results.
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1 4.2 Search Criteria. Examples Basnc Recovery
These examples are used based on ba51c events X Y, and Z.

Search Criteria ' Meaning of Search Criteria

X Basxc event X appears in the cut set .
/X~ . Success of event X appears in the cut set .
_ ~X ° Basic event X never occurs in the cut set
- X+Y Either event X or Y appear in the cut set
- X*Y Both events X and Y appear in the cut set.
~X*Y. - Y does appear and X does not appear in the cut set .
X*(Y+Z)  EitherX and'Y or X and Z appear in the cut set :
always This pre-deﬁued macro name means the criteria is always met

14.3 General Recovery Rule Structure
Shown below are two examples of the actual basic ru'l_e structure ahdvsynt'ax.‘ '

- The following example shows how the “if...then” rule structure can be used to check if a failure of an
electric power bus event appears in a cut set. If the event does occur, the rule will muliply the cut set
* containing the event by an operator non-recovery probabxhty named “BUSREC” via the “recovery”
keyword.

: | The “1f then” Rule Structure '

| This rule adds a recovery action BUSREC
_ | when electric bus B or C is failed

:if EL-BUS-B + EL-BUS-C then

recovery = BUSREC;

endif -

The following.example demonstrates the use of the “elsif” keyword. For this second example, the rule
first checks to see if two diesel generators (DG) maintenance events appear in the same cut set. If the do,
. the cut set is deleted since plant technical specifications do not permit two diesel generators to be out of
- service simultaneously for routine maintenance. Or, if the cut set does not qualify under the first search
criteria, the rule checks to see if the random failure events, DG-1-RAND and DG-2-RAND appear in the
~same cut. set If they do, the rule will first copy the ongmal cut set, then remove, them and add the
common-cause event, “DG- CCF 1AND2.” '

| The “if-then-elsif” Structure:

| This rule deletes the cut set if both diesel
| generators are out for maintenance.

| If the two DGs fail randomly, add a

| common-cause event.

if (DG-MAINT * DG-2-MAINT) then
DeleteRoot;

~ elsif (DG-1-RAND * DG-Z-RAND) then
" .| Copy the original cut set, remove the
| two failure events, then add CC.

s



CopyRoot; _
. DeleteEvent = DG-1-RAND;
' DeleteEvent = DG-2-RAND;
~ ‘AddEvent = DG CCF—IANDZ
. Endif -

14 4 Recovery Rules - Add Recovery Actlons

- Ina PRA cut sets for accident sequences are generated using fault tree and event tree logic.- Srnce most

PRAs are analyzed in a failure space, each cut sets represents the minimal set of components or fault trees -

- that have to fail (given a particular initiating event) in order to result in an undesired condition (e.g., core
'damage) As such, operator actions that could prevent the accident sequence from progressing to the point
‘of an accident may not be specifically included in the logic models. to modef the PRA accident sequences
as accurately as practrcal the analyst will typlcally want to apply recovery events (such as appropriate) to
the accrdent sequence cut sets. :

“The recovery events represent the probability that the operator of operators fail to suCcesSﬁllly prevent the
accident by restoring one or more of the failed components in the sequence cut sets. Consequently, the _
Tecovery events are frequently called the non- recovery probablhty events ' :

To demonstrate the potentlal uses of the recovery rules, the example here shows how the rules could be -
used to include recovery actions on specific cut sets in a particular sequence. As shown, the rule willadd
_ the NRAC-12HR operator recovery event (recovery of DGs within 12 hours) to those cut sets that contain _
- LOSP as the sequence initiating event and failure of either DG A or DG B. This rule would probably be
typed into the event tree sequence rule editor for the sequence of interest. - .

'(Bas1c Rule syntax)

| Search on LOSP initiator and failure of
| diesel generators A or B.

-if init(LOSP) * (DG-A + DG-B) then
recovery = NRAC-12HR;

~endif .
Once this rule is saved in the project database, SAPHIRE will evaluate all the sequence cut sets and then

automatically include the recovery actions as specrﬁed in the recovery rule.. The “if...then” line can be as
"~ complex as needed : : . : :

14 5 Recovery Rules - Mutually Echusuve Event Removal

To demonstrate the potentlal uses of the recovery rules the example here shows how the rules could be-
used to remove a part1cular cut set from the cut set list.

: NOTE There may be instances where a cut set should be removed because of mutually exclusive events-
_ (1 €., the combination of basrc events should not occur). C
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 (Basic Rule syntax) -

" | This rule could be placed in either (or both) the
| fault tree project rules or the event tree project rules.
| Define a macro to get those cut sets that have
|'combinations of two motor’ driven pumps out
| for maintenance.
PUPMS- IN-MAIN T MDP—A-MAINT MDP-B-MAINT

" | Search for the maintenance vents and then
| delete the cut set. '
if PUMPS-IN-MAINT then
| Delete the cut set
DeleteRoot;

‘endif

14,6 Recov'ery,.R‘ules - Common-Cause Failure.MvodeIing

. To demonstrate the potential uses of the recovery rules the example here shows how the rules could be ,
" usedto 1ncorporate common cause modeling into the PRA.

Common cause failure modehng, one part of dependent failure analy51s, 1sa standard PRA modehng

- technique. It attempts to model simultaneous failures of multrple components due to a single cause (i.c.,

~ common mode failure). Recovery rules can be created to search for cut sets  containing specific groups of
rndependent random failure- events and replace them with a single common-cause basic event in the cut
sets: :

" Note these two 1mportant issues when using recovery rules for common-cause fallure modehng

The usefulness of the recovery rules for common-cause failure modehng is limited by the fact that
groups of independent failures must be present in the cut sets in order for a rule to replace the
independent failures with a single common cause failure event.

If a probability or size truncation is specified when generating fault tree or sequence cut sets, the
independent failure cut sets may be omitted that would be above the truncatron limit after being

modified by the rule
 (Basic Rule syntax)

.| The search criteria identifies the failure
| combination of two auxiliary feedwater pumps.
| If these two basic events are found in a cut set
| then a new cut set will be created that replaces
| the independent failures of the two pumps with
| a single common-cause basic event. This rule
| could be placed in either (or both) the fault tree
| project rules or the event tree project rules. . -

|>Deﬁne a'macro to only pick up those cut sets -
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l that have combinations of AFW-PUMP A
" | and AFW-PUMP-B. '
CCF-AFW-PUMPS = AFW-PUMP-A * AFW-PUMP-B

| Search for the AFW pump basic events and
| make a new cut set with the CCF event.
- if CCF-AFW-PUMPS then

- | First make a copy of the original cut set

CopyRoot;"

| Now remove the two independent failure events
DeleteEvent = AFW-PUMP-A;
DeleteEvent = AF W-PUMP_-B;

| Now add the CCF event
- . AddEvent = AFW-_PUMP-C_CF;

~ endif

| -14;7 Keywords and Symbole

14.7.1 Keywords and Symbols Basic Recovery Rules

- Below is a list of keywords and symbols used in the SAPHIRE slice rules Note the spellmg of each

- keyword.’

if-then -
endif -
. else -

elsif -
-always -

init()-

~ (never) -

* Indicates a search criteria is being speciﬁed.

Indicates the end of a particular rule. ‘ '
Specifies some action to be taken if all the search criteria are not met. The ‘else”
should be the last condition in the recovery rule.

Specifies an alternative search criteria. '

- Indicates that every cut set that is being evaluated satlsﬁes the search cnterla
" Used in the search criteria to indicate that a sequence cut set has a pamcular
initiating event.

Used in the search criteria to indicate thata partlcular event will not be in the cut
set that is being evaluated.

/ (complement) -Represents a complemented event (i.€., the success of a fallure ba31c event)

| (comment) -
; (end macro) -

* (AND) -
+ (OR) -

O- |
recovery = -
AddEvent =
DeleteEvent = -
NewCutset; -
DeleteRoot; -

Represents a comment contained in the rules.

.Indicates the end of a macro line or a llne that modifies the cut set being

evaluated.

Indicates the logical AND command.
Indicates the logical OR command.
Indicate a specific grouping of items.

Indicates that a recovery event is going to be added to the cut set being evaluated. o

Indicates that an event will be added to the cut set being evaluated
Indicates that an event will be deleted from the cut set being evaluated. -
Indicates that a new, empty cut set will be added to the list of cut sets.
Indicates that the “found” cut will be deleted
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CopyCutset; - Indicates that the cut set bemg evaluated W111 be copled and added to the list of

N , cut sets.
CopyRoot; -  Indicates that the orrgmal cut set will be copled o
MACRO- A user-deﬁnable keyword that specrﬁes a search criteria.

1_.4.7.2 if-then

(Basic Rule syntzrx) -

 This 'ke.y\‘vord- indicatee that.a search criteria is Beilrg sr)ecrﬁed,
‘ if “search "criteria? trlen |

- perform some action on each cut set...;

endif

1473 endif |
‘ (Basie Rule syntex)
. This keyword indicates that the end of a particular rule.

if “search criteria” then - _
perform some action on each cut set..;

- endif

14.7.4  else
: (Basic Rule syntax)

This keyword specifies that some action to be taken if all the search cr1ter1a are not met. The “else”
should be the Iast condition in the recovery rule. '

if “search cr_1ter1a” then
perform some action on each cut set.. .;

else S : _
perform some other action on each cut set if “search criteria” not met...;’

endif
1475  elsif

(Basic Rule syntax)

This keyword specrﬁes an altematrve search crrterra Any number of ‘elsifs” can be used within a
recovery rule. :

if “search criteria” then
perform some action on each cut set...;
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elsif “2" search criteria” then v
perform some other action on each cut set ...;

elsif “3" search criteria” then _ _
perform some other action on each cut set ...;

endif

1476 always
(Basic Rule syntax)
 This keyword indicates that every cut set that is being evaluated satisfies the search criteria.

if always then
perform some action on each cut set.:

,endlf
14.7.7 - init()
(Basic Rule syntax)

This keyword is used in the search crltena to mdlcate that a sequence cut set has a partlcular 1n1t1at1ng
event, :

: if init(IN ITIATOR-NAME) “and optlonal other search cntena then
perform some action on each cut set.. :

endif

1478  ~(never)
(Basic Rule syntax)

This symbol is used in the search criteria to indicate that a partlcular event w:ll not be in the cut set that is -
being evaluated :

Af (~SEARCH-CR1TERIA) “and optional other search criteria” then.
The search criteria will be satisfied for cut sets that do not contain SEARCH- CRITERIA'(and also N
- contains the optional (“other search criteria”). SEARCH-CRITERIA may be either an initiating event,
basic event, macro, or logic expression. A
1479 / (complement)
(Basic Rule syn_tax)

This symbol is used to represent a cbrnple’mented event (i.e., the success of a failure basic event),
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if (/BASIC EVENT) “and optional other search crrterra” then

o The search cnterla will be satisfied for all cut sets that contain the complement of BASIC EVENT (and -

' also contains the optional ¢ other search criteria”). -
14.7.10 | (corn'ment)_

(Basic Rhlé syntax) |
_ This symbol is used to represent a comment contalned in the rules Everythmg on a line to the rrght of this
~'symbol will be 1gnored by the rule compiler. Blank lines are encouraged in the editor to xmprove
readability and comments can be entered following the “[" character
| ‘ | Place your co_mments here! |

| Note that blank lines are also permiss_ible.

14.7.11 -;(end macro) |
- (Basic Rule syntax)
Th‘is symbol is used to indicate th_e end of a macro line or a line that modiﬂes the cut set being eva_luated. '

i

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

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

14.7.12 ? (AND) .
(Basic Rule synta)t)
This ‘sym‘bol is used to indrcate the logical AND command.
if SEARCH CRITERIAL * SEARCH CRIT ERIA2 then
The search criteria will be satisfied for all cut sets that match SEARCH-CRITERIA1 and SEARCH-
CRITERIA2. The SEARCH-CRITERIA# may. be either an 1nrt1at1ng event, macro, or logic expressron.
14.7.13 -+ (OR)
(Basic Rule syntax)
- This symbol is used to indicate the logical OR comm.andt'
if SEARCH-CRITERIAI + SEARCH-CRITERIAZ then
The search criteria will be satisﬁeti for all cut sets that match either SEARCH-CRITERIAL orv SEARCH-

CRITERIA2. The SEARCH-CRITERIA# may be either an initiating event, macro, or logic expression.
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14714 () (group)

(Basie Rule syntax) B

These sy.mbols.tog.ethe_.r_ indicate a specit're gr_oupirlg ot" iterns.
o if(A+B’)*(C+D")the»n o

_ The search crrterra above would return all cut sets that contam
,b[A*C] A*D] [B*C],or[B*D] ' :

14715 NewCutset
(Basw Rule syntax)

This keyword indicates that a new, empty cut set will be added to the list of cut sets The new cut set then
becomes the cut set that 1S bemg evaluated. Note the particular capitalization of the keyword.

' if “search cntena” then
‘NewCutset,

now make additions to the empty cut set...
-‘endif o

14.7.16 'DeleteRoot;_

(Basic Rule syhtax)

This keyword indicates that the original cut set (i.e., that cut set which satlsﬁes the search crlterla) w111 be
deleted Note the pamcular capitalization of the keyword

~ if “search criteria” then
~ DeleteRoot;

endif
14.7.17 : CopyCutset;
(Basic Rule syntax)

~ This keyword indicates that the cut set bemg evaluated will be copxed and added to the hst of cut sets.
This copied cut set then becomes the cut set that is being evaluated.

if “search criteria” then
CopyCutset,
now make modifications to a copy of the cut set...

. endif
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14.7.18 CopyRoot;”
(Basic Rule syntax)

~This. keyword indicates that the original cut set (1 e. that cut set whrch satxsﬁed the search crlterla) w1ll be T
"copled The copred cut set. will then become the cut set that is bemg evaluated :

-'1f “search criteria” then
CopyRoot ' B
. now make modlﬁcatlons toa copy of the orlgmal cut set..

endif

14.7. 19 Recovery Rules Keyword Examples

: The example here 1llustrates how cut sets.can be changed by the use of some of the recovery rule
keywords occurrmg in the basic rule syntax. - :

For this example, ‘assume that only a smgle cut set matches the search criteria. Thrs cut set starts witha
smgle basic event, A, and is called the Root cut set. :

Step Keyword'that is Resulting ,- - Comment
‘applied . ~ ~ cutset(s) ‘ o o :
1 AddEvent=B; - (1)A *B Event B is 'attache,d to the “Currently evaluated” cut -
T set. :
2 . NewCutset; (1)A*B  Anew blank cut set is included in the list of cut sets.
: e .- (2) blank " This new cut set now becomes the © currently
. . v evaluated” cut set. o
3 AddEvent= C; . (HA*B Event C 1S attached to the “currently evaluated” cut -
‘ ' 2)C ~ set. : '
4 ; DeleteRoot; . ~(HC ' The Root cut set is removed. P
5 - CopyCutset;" e ~ A new cut set is included in the list of cut sets that is
o o @Cc  a dupllcate of the old “currently evaluated” cut set.
6 AddEvent=D; e Event D is attached to the “currently evaluated” cut

(2)C*D  set
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15. PARTITION RULES

15.1 Partition Rules Usage and Examples
PURPOSE |
The partitlon rules test the existing‘sequence cut sets for the .pres.ence or absence of specific combmat1ons

-of basic events or initiating events, and assigns characters in the end state name when the criteria are met.
- ThlS allows end state names to be built as the rules are apphed :

TOPICS
Symbols . . o
Search Criteria Examples , S o S o

Keywords and Rule Structures
" Partitioning Rule Example

'15.2 Rule Editor Symbols.

| (comment) Denotes a comment line

* (AND) ~ Logical AND operator

+(OR) .~ Logical OR operator ‘
~ (never) Logical operator for 'never" or "not present"
/ (complement) Complement R
; (end macro) Indicates the end of a macro line or a line that
modifies the criteria be_lng,evaluated.
O - Parentheses for grouping terms

153 Search Criteria Examples

- (Basic Rule syntax)

Search Criteria Meaning of the Search Criteria
DG-A ' Basic event DG-A (failure) _
/DG-A Complemented basic event DG-A (success)
~DG-A - Failure of DG-A is not in the cut set
init(LOSP) Initiating event with the name LOSP

SYSTEM(ECS)  Fault tree with the name ECS

15.4 Keywords- and Rule Structures

154.1 Keywords and Rule Structures

Below is a list of keywords used in the SAPHIRE partition rules (Ba51c Rule syntax). Note the spelling of
each keyword The General Rule Structures describe how the keywords can be used
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if-then- . Indicates that a search eriteria is being specified.

always - - Indicates that the search criteria is always satisfied.

elsif - Specifies an alternative search criteria.

else - © . Specifies that some action to be taken if all the search criteria are not met.

Cast Operators - Define substitutions for -maCros,_fault trees, end states, events, and initiating
events. : :

CurrentPart() - * Creates a different end state. -
GlobalPartition - Partitions-all cut sets in a sequence to an end state.

. Macro - " A user-definable keyword that specifies a search criteria.

1542

- General Rule Structure

: (Basie‘ Rule syntax)

_The information between the "if-then " and the "endif" clause defines-the end state- for the cut set. The
- user can either specify an entire end state name as in the example or substltute only certain character
- positions in the name. : -

if always then
partition = "NO- FLOW-" ‘

' endlf

The following rules demonstrate the substitution process. .

if NO FLOW then

o Velse
partltlon = "????????NONE"

endif

This rule will result in one of thrée end states being assigned toa cnt set. Either, "NO-FLOW-END",
"NO-FLOW-START", or "NO-F LOW-NONE" A rule can contain some addltronal clauses as indicated

) above

15.4.3

if-then

(Basic Rule syntax)

This keyword indicates that a search criteria is being specified. The information between the "if" and the

"endif" clause defines the tops to be replaced There is no llrmt on the number of replacements that can be -

defined between these clauses:

This is an example of the if-then rule structnre along with the use of wildcard characters.
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| This rule adds -SBO as characters 4 through 7 -
- | of the end state name when both DG-A and
| DG-B are present in the cut sets. The 77?7
| are wildcards (or placeholders) in the end state
| name. (The end state name is initially blank.)
- if DG-A * DG-B then
partition = “2???-SBO”;

© . endif

The partrtron statement must end with a semicolon. The end state name must be less than or equal to 24
characters in total length The end state characters are enclosed m quotatron marks.

- 154.4 always
_-(Basrc Rule syntax)

ThlS keyword mdlcates that the search criteria is always satlsﬁed The substrtutrons followrng thls
condition are always made. . : , S o

A ThlS rule adds END as the ﬁrst 3 characters
| in every cut set.
if always then ,

- partition = “END”;

endif

The partition statement must end wrth a semicolon. The end state name must be less than or equal to 24
characters in total length. The end state characters are enclosed in'quotation marks

1545  elsif
(Basic Rule syntax)

This keyword specifies an alternat_ive search criteria. Any nu_mber of “elsifs” can be used within a rule.
© The first condition that is'met is used and the others are ignored. : '

| This rule adds.characters 4 through 7 to

| the end state name. When both DG-A

| and DG-B are failed, -SBO is added.

| When DG-A is failed (but not DG-B),

| characters -DGA are added. When DG-B

| is failed (but not DG-A), characters -DBG

| are added. '
if DG-A * DG-B then

partmon S?- SBO”

elsrf. DG-A then
partition = “???2-DGA”;

elsif DG-B then
partition = “?22-DGB”;

endif
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Note that the cut sets that do not contain DG-A or DG- B are not asmgned to any end state in the rule
- above. See the “else” statement to resolve this. :

_154.6 'els_e
.(Basic Rule syntax)

This keyword specifies that some action to be taken if all the search cntena are not met. The “else
should be the last condition in the rule

l Thrs rule adds characters 4 through 7to .
| the end state name. When both DG-A
| and DG-B are failed, -SBO is added.
| When DG-A is failed (but not DG-B),

| characters -DGA are added. When DG-B
| is failed (but not DG-A), characters -DBG
| are added. For all others, characters -

- | -FLW are added. ' '

. if DG-A * DG-B then
. _partmon “297. SBO”

~ elsif DG-A then ' o
_ partition = “??7?2-DGA”;

elsif DG-B then -
‘ partition =,“???-DGB”;

else -
partrtlon = “"""-FLW”

endif

Note that the cut sets that do not contain DG A or DG- B are ass1gned to the ???-F LW end state by the
“else” statement. ,

1547 Cast Operators ‘
(Basrc Rule syntax)

SAPHIRE provrdes type cast functions for macros, fault trees end states events and 1n1t1at1ng events If o
you want to change the default assumptions, then you can "cast" the names to something else by
enclosing the name in parenthesrs with a cast name precedmg it. :

For instance, 1f the name "EVENTS5" was really the name of a fault tree then you could change its default
type with the following syntax; "SYSTEM(EVENTS)". The editor will then treat this name as a fault tree.
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15.4.8 CurrentPart()
~ (Basic Rule syntax)

The “current partition”'rule structure uses the end state created by a partition to append on other
information and create a different end state. This rule can use wildcards as part of its search criteria.

| This rule creates an end state containing all

| cut sets with the initiating event LOSP. The

| rule then creates a new end state using the,

| current end state and cut sets containing both
| DG-A and DG-B. v

| .

if init(LOSP) then

partition = “LOSP-17;

endif

if CurrentPart(L.2??-?) * DG-A * DG-B then -
- ‘partition =“SBO-SEQ”; -

endif | ‘

| » 1549 GlobalPartition Keyword Usage

15.4.9.1  GlobalPartition - T ransfer to Level 2 Ti ree
* (Basic Rule syntax) - - R

Global partition rules are geared more for Level 2 studies since the end state that is created is also an

event tree with the same name. The event tree that is created uses the end state frequency as its initiating -

_event frequency and then transfers to a Level 2 event tree. The end state event tree can be looked at as an
event tree which transfers Level 1 information to Level 2 trees.

This rule creates an end state event tree to be-used by a Level 2 event tree already created.

LEVEL2TREENAME can be viewed as -
| the name for a Level 2 event tree that
| will use the end state frequency gathered
| in the end state CD-SEQ3 for its analysis.
if init(LOSP) * SYSTEM(ECS) * SYSTEM(CCS) then
- GlobalPartition = “CD-SEQ3”; ' '
transfer = LEVEL2TREENAME;

endif

NOTE:-_Global partitioning is designed for partitibning cut sets into end states based upon sequence logic.‘
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' 15.4.9.2 ' GIbbalPartition - Wildcards
. (Basic Rule syutax)

The use of wildcards can also be used by the global partmon rules ThlS adds the ablllty of partmon rules ,
to test on the 1n1t1at1ng event name. . ‘ . : :

| This rule will search on the LOSP-
| initiating event and gather cut sets
| into an end state. ’
|- :
- if“L???” then
- GlobalPartition = “CD”;
- endif

'NOTE: Global partitioning is designed for partitioning cut sets into end states based"upou sequence logic:
15,4.10 Macro Structures

 15.4.10.1 Macro Stfuctufcs'
v(Basxc Rule syntax)

Macros can be used to streamlme complex rules. A macro is 51mply a statement to define a search criteria
(or variable) and assign a name to the search criteria. The macro name must be all uppercase must be 24
characters or less, and must.not include any of the restricted characters (e.g., a space, , 1 \ /) The macro
line can wrap around to more than one line, but must end with a semicolon.

- The macro defined by the following syntax,
NO-FLOW = (EVENTI + EVENT2) * (EVENT3 +/EVENT4); |

indicates that the macro "NO-FLOW" is tovvbe. true if the following conditions are true. ) EVENT!I or
EVENT2 appear in the cut set and EVENT3 appears or EVENT4 appears as a complemented event. Once
a macro is defined, it can be used in an "1f" test. The following rule is an example of an "1f' test usrng a
macro. :

if NO-FLOW then
partitton = "NO-FLOW- END";

end1f

The_followmg is.an cxample using the "?" wildcard character for string substitution. This character is a
place holder character and has no effect on the resulting string substitution.
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| Define a macro nanaed ALL-DGS
" ALL-DGS =DG-A * DG-B;
| o

~ | Use the macro in a rule

if ALL-DGS then
partltlon = «772-SBO”;
. endrf

"You can also use the ~ (never) character to 1ndlcate that the item followmg the character is not in the '
. current cut set. '

15.4. 10 2 Usmg (never) With-a Macm
(Basic Rule syntax) o

When creatlng a rule that apphes when the events in the macro do not occur, use the ~ (never) symbol Do
. not complement a macro. ~

| The rule apphes when failure of
| both DG-A and DG- B is not in’

| the cut set.

if ~(ALL-DGS) then

partition = “???-TRS”;

" endif

15.5 Partition Rule Example

~ '15.5.1 ° Partition Rules —'Example.
_PURPOSE

' Provnde an example along with the steps for using partmonmg rules.

STEPS

1. Create project rules
2. Create individual sequence rules -
3. Apply the rules

- 4 Gather the end states

End state results can be drsplayed and/or reported from either the End State | View or Report | End
State options. ; :

1552  Project Rules
- PURPOSE
Create partition rules for the DEMO project.
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STEPS , _ : .
‘ 1. - Select Sequence from the. SAPHIRE menu. The Sequences dialog will be displayed.
2. Right’-"click to invoke the pop-up menu and select Cut Sets | Partition | Edit Rules.

3. " The Edit Partition Rules dialog wrll be drsplayed Select Rule Level Prolect Rule Type Basic,
and choose the OK button.

4. . The Partition Rules Editor window will be displayed. Because these are project rules only the
project name appears in the title bar : .

| End State Partitioning Rules: Project
dEl . '
HEif init(LOSP) then
_partition = "LOSP-";
jielse _
partition = “OTHER";
endif )
iyl
BJif DG-a * DG-B then
8 partition = "222222222222- SBO"
Hielsif DG-A then :
partition = "????????????-DGA"'
elsif DG-B then -
; partition = "222222222222-DGB";
Stendif '
Ji<<ent>>

5. Enter the partition rules as displayed. Select File | Exit when complete.
The ﬁrst prO_]eCt rule shown adds characters 1 through 5 as “LOSP- when LOSP is the initiating event,

and “OTHER” if. LOSP is not the 1n1t1atmg event.

The next rule adds characters 13 through 16 as “-SBO” when both DG-A and DG-B are faile& When
DG-A is failed, “DGA” is added, and when DG-B is failed, “DGB” is added (as characters in the end

_ state name).
15.5.3 Sequence Rules
PURPOSE
Create sequenee partition rule's for each of the sequences in the DEMO project LOSP event tree.

STEPS .
L. Select Sequence from the SAPHIRE menu. The Sequences dialog will be displayed.
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2. nghllght the LOSP 2 sequence. _ )
: nght chck to invoke the pop-up menu and: select Cut Sets | Partition | Edlt Rules.

4. The Edit Partmon Rules dialog will be dlsplayed Select Rule Level Sequence Rule T ype Basnc '
and choose the OK button. _ '

| The Edit Partition Rules dialog w111 be dlsplayed

6. . The Partition Rules Editor window will be dlsplayed The event tree and sequence name, along
‘with the current project name will appear in the title bar when an 1nd1v1dual sequence is selected.

I & Partition Rules ditor ; [DEMU, 0sP. 2)

"'HULES TMP
| End State Partitioning Rules: Sequence 2
if always. then B
partition = "22222ECSONLY";
endif - : :
<Leof>>

7. -. Enter the partitioh rules as displayed. Select'F ile'l Exit when complete.

* The rule in sequence 2 adds characters 2 through 12 as “ECSONLY”. -

Repeat the proceSs above for the LOSP 3 sequence, beginnin_g with step 2.
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endif
<EOf>>

P T2 e - s oo e ey :
Wwa&mmmmm:mwﬁm r

T

The rule in sequencé 3 adds characters 6 thrdugh 12 as “ECS&CCS”.
15.5.4  Applying Partitioning Rules
PURPOSE
Apply the partition rules after entermg them via the Partmon Rules Editor. After creatlng the partmon .
rules, they must now be apphed : : :
STEPS v _ R

1. From the Sequences dialog',,hig'hlight the LOSP sequences. _

2. Right-click to invoke the pop-up menu and select Cut Sets | Partition | Apply Batch.
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Sequences - (DEMO)

15.5.5 Gathering the End States

PURPOSE

Gather the cut sets for the end states created by the pamtlon rules. After applymg the partltlon rules the
end states must now be ¢ gathered”
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STEPS‘

1.~ From the SAPHIRE menu select End State The End State List dialog will be dlsplayed
2. nghhght the end states created by the partmon rules.

-3 ' Right- click to invoke the pop-up menu and choose Gather. The Cut Set Generatzon dialog will
" be dxsplayed

B

LAHGE RELEASE

aYou may change any of the data on this dlalog For more 1nformat10n about the ﬁelds in the graphlc
above, click on the desired field. -

~In order to gather the partmoned cut sets, from the Gather Cut Sets section you must select the By Cut
Set Partition radio button '
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16. LARGE EVENT TREE METHODOLOGY |
16 1 Appllcatlon of the Large Event Tree Methodology

PURPOSE

Descrrbe the “large event tree” methodology and how SAPHIRE can be used to evaluate sequences using '
this approach. The options that allow truncation of sequences during the process of linking event tree
: ’sequences and other options related to analyzrng large event trees are presented

 TOPICS

Large Event Tree Methodology - :

- Connecting Support System to Plant Response Trees
Example Event Trees '

Using Link Event Tree Rules to Ass1gn Split- fracnons
Using the “S”Calculation Type :
Truncating Sequences During Linking -

‘Using Process Flags -

Obtaining Cut Sets in Terms of Basrc Events '

16 2 Large Event Tree Methodology
There are two basic-approaches fo_r accident _sequence quantification: -
1. Fault tree linking. ‘ - v
2. Large event tree rnethodology (also called “event trees with boundary conditions”) ’
'Characteristics of the large event tree methodology include:

1. Important support systems are modeled as top events in the event trees rather than being
contained in the “front line system” or “plant response system” fault trees. .

This type of modeling removes shared dependeneies ﬁ'bm the' plant resp'onse sj)srem Jfault trees.

2. The paths through the event tree (i.e., sequences) can be quantlﬁed by multiplying the spllt- '
franctlons along the path because the top events are 1ndependent

This multtplzcatlon is in contrast to the fault tree llnkzng approach, where szmply multiplying the

branch probabilities together would probably yield incorrect results because of the potential for
double-counting component failures unless Boolean processes are applzed : :

3. _' The split-fraction for each branch point.in the model is derived from a fault tree that applies to the
branch point. The successes and failures on the path leading to that branch point (which define the.
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“boundary conditions” for the fault tree) must be recogmzed when the fault tree is developed and
solved. The resulting * spht fractlon is conditional upon the path through the event tree.

This is in contrast to the fault tree lmkmg approach whlch usually has only one fault tree that
corresponds to a particular top event.

The split-fractions underneath the top event are assrgned by using the “Link Event Tree” rules to
Specrfy the particular fault tree that corresponds to the branch pornt

4 Each path through the event tree (i.e. sequence) is charactenzed by the 1n1t1at1ng event and by the
-.combination of failed and successful fault trees in the path. Success branch probablhtles are
retained along with the failed branch probabllltles for the sequence. = :

" In SAPHIRE, the sequence is stored as a “cut set " even though the term ‘cut set” implies retaining .
“only the fatled branch probabzlztzes : S Ty

" There are 1mportant differences that arise between the fault tree linking approach and the large event tree
~ approach. How the user must construct the model and choose analysrs optlons for the large event tree
approach in SAPHIRE are summanzed below: :

e - The sharing of support system event trees w1th drfferent plant response event trees dependmg on
the 1mt1at1ng event. :
o The use of the Lrnk Event Tree rules to assign split- fractions
e The use of rnultrple split branchmg in the event tree, such as 3- spht or 4- spht branchmg 4
‘ . The need to use truncation when generatmg sequences because of the large number of sequences

 that could be generated (Currently, a SAPHIRE database cannot retain more than 100 000
sequences.) .

e  The analys1s options and use of Proc‘ess Flags used to retain suceess-even_ts mn the 'cut_ sets,

-16. 3 Connectmg Support System Event Trees to Plant Response
Event Trees

~ A “support system event tree” (that represents power systems, instrument air, etc.) may be used by ’
several mmatmg events. . o

The “support system event tree” needs to transfer to the appropriate plant response event tree, dependmg ,
on the 1n1t1atmg event. . . o .

To connect the event trees (and avoid havmg to duphcate event trees), the followmg approach is
preferred : :

1. Create an event tree that will contain the initiating event and will transfer to the appropriate
support systemevent tree. (Note: SAPHIRE requires that at least two tops be present in each
event tree; however, there does not need to be any branchmg )
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2. The path through the support system event trees (which may contain many transfers to include all
of the support system event trees) will ultimately result in the need to transfer to the approprlate
plant response event tree.

3. Rules can be written in the “Link Event Tree” rule editor to enact this transfer.

Notrce that more. than one initiating event could call the same support system tree. And the support
system tree could transfer to dlfferent plant Tesponse trees. ' o :

"Initiating Event' Trees "Plant Response® Trees

The "Suppon System” Tree

11099 ECB[CCB | SEQ N ENDBT,

1108 ef{Pase] sean ENDSTATE .
- - ‘ . : . ’ N
-SOFP[TAN ENDSTATE X —{Ez . BMALL-RELEADE
e AR LsuPP ] - LT . : o . 3 | veoeReess
TN . . 2 T : ’
) 3 T
- 4 T I
. 5
N ' " Thetransfer tree Hame
. . 48N : . (inthe END STATE| wll.lt:n:\)
. . an b Mtrolled n|
TRAT[nss SEO W ENDSTATE] gvmtetrc:e’:mes. Y

LARDE ABLEA
UAROE RELEABE

' ANJO PATO P ) ENDETATE
+ 1 |isuer . o . ) ] .
. - . . . oK L

;

16 4 Using "Link Event Tree" Rules to Assugn Spht Fractlons
In the large event tree approach the particular path through the event tree determines the status of support
systems and therefore, determines the appropriate fault tree for plant response systems that have
dependencies on the support systems. There may be several variations of the basic fault tree used
underneath each event tree top event. : :

In contrast, with the fault tree hnklng approach, each top event usually corresponds to a single fault tree
or smgle top event probablhty for the failed branch.

Plant Response Tree Rules’

To assign the proper split- fractrons the rules shown here must be apphed during sequence generatlon
- (Additionally, the sample support system rules must also be applied. ) :

141



| Plant response system rules
i THE ECS RULE WAS WRITTEN IN TERMS OF
I BRANCH IDENTIFIERS ‘
"if /DG then
/ECS = ECS-0;
- ECS. = ECS-0;
elzif DG[1l] then
/ECS = ECS-B;
‘ ECS = ECS-B;
' elsif DGI2] then
" fECS = ECS-A;
ECS = ECS-A;

" _eise X
/ECS = ECS—AB;
"ECS = ECS—AB;

" endif

i THE CCS RULE was URITTEN IN TERHS OF

b SUBSTITUTED NAHES

if /DGO then
/CCS = CCS-0;
CCS = CCs-0;

elszf DG1 then
/CCS = CCS-B;
CCS = CCS-B; -

elsif DGZ then
/CCS = CCS-A;
CCS = CCS—-4;

else
fCCS = CCS-AB;
CCS = CCS—AB;
endif '

Notice that the rules can be written in terms of the branch 1dennf er (e.g., DG[I]) or in terms of the fault
tree name (e.g., DG1).

The fault tree name mﬁst‘ have been _asSignedby earlier rules, usually, the suppvort system rules.
SEE ALSO

Link Event Tree rule language and rule editor.
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16 5 Usmg the “S" Calculatton Type

The “S” calculatron type is specrﬁed in the Modlfy | Basic Events option.

7 T+ ERPLam T aul T 0/ (Lam T+
1T :House Event (Failed, Prob=1.0)
F House Event (Success, Prob_-l]

The “S” calculstion type allows the split- fraction to be set to the previously calculated minimal cut set
upper bound for the fault tree. Usmg thls feature saves the user from havmg to manually type in the splxt-
fraction probabrlrty

When the “S” calculatron type is used, the proper steps must be taken to load the mrnlmal cut set upper
bound value into the current ‘database. The steps are as follows :

1. Enter the fault tree'logic and basic event data assoc‘iated with the fault tree

2. Specify the S calculation type for the fault tree or spht-fractlon name which corresponds to the
fault tree top gate name. : :

3. - Perform the Generate function from the Generate menu option. This’ must be performed prior to

generatmg the fault tree cut sets so that the new basic event data is in the “current” data base..

4. Analyze the fault tree using the Fault Tree option: from the SAPHIRE menu. (For a new fault
tree, you would begln with the Solve option.)

5. Repeat the Generate option, as in Step 3. This step must be performed prior to gcnerating
sequences with truncation. You can use the Report | Basrc Event optlon to report current fault
tree probabrlmes
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16.6 Truncatlng Sequences Durlng Event Tree Lmkmg
_'Prerequlsltes for Generatmg Sequences with Truncatlon

The fault trees that do not have logic should have a failure probablhty specxﬁed prior to generatmg (and
truncatmg) sequences. ThlS is entered via the Modify | Basnc Events option. -

The fault trees that’ have logic’ should also have a failure probability specified prior to generating (and
- truncating) sequences. This is also entered in the Modify | Basic Events option either by directly
. specrfymg a probabxhty or by usmg the “S” calculation type

Entering Fault tree Split-Fractions

Fault trees, whether they have legie or not, are listed both as Fault Trees and as Basic Events in the
SAPHIRE database. When a Fault Tree is entered into the database itis automatlcally added to the Basic

" Event list.

The fault tree faxlure probablhty prov1des the spht fractlon for the failed branches and its complement
provides the spht-fractlon for the success branches. - : :

In this example, the L-LOSPIE event tree will transfer to the L SUPP tree, whlch transfers to the L LOSP
tree. To generate all of the desned sequences:

1. Select Event Tree from the SAPHIRE menu. |

2. The Event Tree List dialog will be dlsplayed

3. Highlight only the L-LOSPIE tree. Selecting the L SUPP orL- LOSP trees would generate
unwanted sequences in this example case.
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4. Right- chck to 1nvoke the pop-up menu and select the Link Trees optlon.
5. - The Generate Optzons dlalog will be drsplayed

When usmg the large event tree approach perform truncation when generating sequences by selectmg the
followmg options:

1. Select the Use Probablllty Cut Off? check box and enter the cutoff value 1.0E-08 was used
here.

2. Select the Generate Cut Set? check box.,
Using these 6ptions will eliminate any sequences that are below the specified truncation value. The
calculated sequence frequencies are based on the fault tree failure probabilities entered in the Modify |

Basic Events option or entered via a change set.

 NOTE: During the sequence truncation process fault trees are not evaluated to obtam the sequence
frequency

The sequences generated by this tree are shown in the table.
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Systen

Systen

Sequence Name | Systen .|
‘Eveﬁthree Name: L-LOSPIE . ’
Transferring to event tree : L-SUPP . :
1-5 » o TAHK ' ‘ d '| “
. Transferrlng to event tree : L-LOSP - o o )
1-4-3 | /TANK | DG[3] | ECS - |
substitutes |- | DG3 | ECS-4AB |
. _ | ccs S | g
substitutes | CCS-AB | 1 [
Transferr1ng to event ‘tree 'LQLOSP : : . :
1-3-3 | /TANK | DG[2] -] ECS o
substitutes | | DG2 | ECS-A N
: . p CCs. | | |
substitutes’ | CCS-a | i 1
1-3-2 | | /TANK " | Dpe[2] | ECS |
substitutes: ‘| = - |- DG2 | ECS-A ]
, - | sccs | | |
substitutes | /CCS-4 | | |
TranSferring,tonevent tree : L-LOSP ' , g
1-2-3 - | /TANK | DG | ECS |
substitutes | : . | D&1 | . ECS-B. | |
7 Jccs al | 1
substitutes .| CCs-B , _ | . | i
Transferrlng to event tree : L-LOSP | S ,
1-1-3 : | ~TANK ' ] /DG -| ECS- |
substltutes y .1 -DGO0. | ECS-0 1
© | ccs | : I e
substitutes | CCs-0 | | |
1-1-2 | /TANK | /DG | ECS O
substitutes | | ~DGO | ECS-0 "
. | ~CCS [ ' | I
substitutes - | /CCS—U | | I
Saved Sequences:e 7 Valld Sequences C7 Processed:ﬁ 7

The file that the generated sequences are listed in can be named from the “File Name” field of the

. Generate Options dialog. If many sequences are generated, this file can become large — slowing down the
sequence generation process and taking up disk space. It may be de51rable to prevent this file from. bemg
created by selecting the Do Not Create a Report radio button.

3. After linking the event trees, you will need to quantify the sequences prlor to reporting sequence
results. Select Sequence from the SAPHIRE ment.

. 4. nghhght the L- LOSPIE sequences and rlght -click to mvoke the pop—up menu.
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Sequences [DEMO])

Choose Quantify | Default. .

The séquence results can be viewed by highlighting the desired sequ'ence(s) and the dght-clicking
and choosing Display | Cut Sets from the pop-up menu. The success and failure spht-fractlons
are dxsplayed in the Selected Cut Sets dialog. : :
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Selected Cut Sets - [DEMO, L-LOSPIE, 1-1-2)
e i

2.349E-003 . ~ 100.00 /TANK. /DGI_J, ECSU /CCSO

Notice that each sequence will contaln only one cut set Wthh represents the spht fraction along the event
tree path.

16.7 Using Proces_s Flags to Retain Success Events
Process Flags are needed to spec1fy the proper treatment of success events if cut sets are to be generated

in terms of basic events following sequence generation. They are specified in the Modify | Basic Events
option..Choose the down arrow adjacent to the Process Flag field to invoke the Process Flag dialog.
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The Y Process Flag is used when the top event does not have fault tree logrc (or you chose to lgnore the
fault tree logrc) ' :

The W Process Flag is used when the top event has fault tree logrc that is to be used for the farled branch
~but the spht-fractlon 15 to be used for the success branch. :

" The Process Flags and 'Calculation Types specified in this-example are shown below:

\

- Name Calc  Process ' " Comment
Type = Flag - _ ' o '
CCS-0 S W - System calls a fault tree
CCS-A S W System calls a fault tree
- CCS-AB 1 Y System uses a probability -
CCS-B 1 Y System uses a probability
DGO S Y System calls a fault tree, but only the success spht fraction is-
_ . .. needed .
DGl S o System calls a fault tree that is only used for failed branches
' not for success branches
DG2 S .. - System calls a fault tree that is only used for failed branches,
: not for success branches
‘DG3. . S - System calls a fault tree that is only used for falled branches
o : ‘ not for success branches -
ECS-0 s . W System calls a fault tree
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System uses a probabvility-

- ECS-A 1 Y

- ECS-AB 1 .Y  System uses a probability . .-
"ECS-B S W System calls a fault tree
TANK - 1 Y  Top event uses a probablnty

16 8 Obtalmng Cut Sets in Terms of Ba5|c Events

To obtain cut sets in terms of basic events from the fault tree rather than in terms of fault tree spht-

fractions, use the Sequence | Solve option. You need to have generated the sequences before you use this
optlon : :

The cut sets can be vnewed from the Sequence | Dlsplay | Cut Sets optlon In thxs example the success
and faxlures in terms of basic events are displayed.

elected Cut Sets - [DEMO. L-LOSPIE, 1-1-2}
S,

2206E-003 9385 E-MOV-1, /TANK, /DGO, /CCS-0 ’ o . |
5.514E-005 235 E-MOV-A, E-MOVB, /TANK, /DGO, /CCS0 -
3.308E-005 1.41 E-MOV-A, EPUMPB, /TANK, /DGO, /CCS-0
3308E-005 - -1.41 E-MOVB, E-PUMP-A, /TANK. /DGO, /CCS-0
1.985E-005 - 0.84 E-PUMP-A, E-PUMP-B, /TANK, /DGO, /CCS-0
 4.795E-007 - 005 E-Cv-A E-MOV-B, /TANK, /DGO, /CCS-0
4795£-007 . 005 E-CV-B, EMOV-A, /TANK, /DGO, /CCS-0
2.877E-007 - '0.03 E-CVA, E-PUMPB. /TANK, /DGO, /CCS-0
- . 2.877E-007 003 E-CvB. E-PUMP-A, /TANK, /DGO. /CCS-0
] 9590E-009 - 000 E-Lv-A, ELVB. /TANK, /DGO. /CCS-0

=00~ &= N~

NOTE: To obtain cut sets interms of basic events, the fauit trees for every split- fractlon that is affected
by a basic event ina fault tree must be in the database

150



16.9 Event Trees Used in Examples

- 16.9.1 Example Event Trees

These three event trees will be used as exarhples iﬁ this secﬁoni
The “Initiating Event” Tree o : B
L-LOSPIE|PASS |[SEQ# - | ENDSTATE |

1T |Lsuee

The “Support System” Tree .
L-SUPP|TANK| DG | SEQ#  |ENDSTATE.

T | LioSP

2 1 | LLospP

| 13 1T | L-Losp

— 4 T L-LOSP
5

LARGE-RELEAS

The “Plant Response” Tree 3 :
L-LOSP| ECS|CCS | SEQ# ENDSTATE -

11| oK
— 2 | SMALLRELEASE

—'—‘r____a LARGE-RELE ABE
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16.9.2 The Support System Tree

L- SUPP’TANK] DG | SEQ# |ENDSTATE

1 T | L4iOSP
: 2 1 | LLose
S 3 T |Ltosp
— 4 1 | LLlosp
5 LARGE- RELEAS|

' In this example, top event TANK questlons the status of the tank and if the tank is failed, both ECS and ’
. CCS fail: : . : e .

The probability of failure is specified directly, without using a fault tree. The probability of failure is
_entered via the Modlfy | Basic Events menu. SAPHIRE determines the success probabxllty as the
complement of the fallure probabxhty :

/TANK = - TANK
Top event DG questions the status of two diesel génerators' that provide suppoi't to ECS and CCS.

The fault tree for each diesel generator is assumed to consist of a single basic event. Therefore, failure of
diesel generator A is modeled by a fault tree consisting of the basic event DG-A, and fallure of dlCSCl
generator B is modeled by a basic event DG-B. : :

" The top branch (/DG) represents success of both diesel generators. The next branch down represents
success of diesel generator A and failure of diesel generator B. Thus, DG1 is-a fault tree containing DG-
B. The third branch represents success of diesel generator B and failure of diesel generator A. Thus, DG2

is a fault tree containing DG-A. The bottom branch represents both diesel generators being failed.

: DG | ,SEQ-A #
/DG = DGO { T
DG[1] = DG}l '

— 2 T
DG[2] = DGR |
DG[3)'= DGR .

(3] 4T
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.

The spht-fractlons for each branch are determined from the correspondmg fault tree The split--
fraction for /DG is taken as the complement of the DGO fault tree.

|DG1| ]DGQ]

8 8

The “hnk event tree” rule edltor is used to assxgn the approprlate “system” to each branch. The
rules for the support system event tree are as shown: : '

| Support: system ‘rule’s
I . ' '
if always then

/DG = DGO;
DG[1] = DG1l;
DG[2] = DG2;:
DG[3] = DG3;.

|endif
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1693 - The Plant Response Tree

L-LOSPI ECISTCCS l SEQ # ENDSTATE

1 oK
- — 2 SMALL-RELE ASE

__':3 | LARGE-RELEABE

The ECS and CCS top events are sxmllar to the fault tree linking example in the DEMO pro;ect w1th the

L followmg exceptlons

e 'The TANK failure event is no longer contained in the fault trees for ECS.and CCS.AV

. The status of the DGs depends on the path through the support system event treé.

~ When the top branch of the support system tree transfers to the plant response tree (PRT), both DGs are
successful. When the second branch of the support system tree transfers to the PRT, DG A is successful
but DG B is failed, and so on. As you can see, the probability of ECS (and CCS) failing depends on the -
path through the system support event tree. A special version of the ECS (and CCS) fault tree is created
for each situation. The “Link Event Tree” rules are used to assign the fault tree name which corresponds
to the proper fault tree based on the status of the DGs. The success or failure probability for each fault

.~ tree (the split-fractions) can be derived from each fault tree prior to generating sequences (via the “S”
- -calculation type) or can be directly specified by the user as a probability. :

’ WOTX PULIF
. { manara !
MIECT
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‘DG Sfatu‘s. ECS Fault Tree Name Split—Fractiqn, .

NoDGs failed = ECS-0 . L06SE-3
© Only DG-A failed ~ ECS-A (FAILED) - - 10
Only DG-B failed - ECS-B- 9.076E-3

Both DGs failed ~  ECS-AB (FAILED) . . 1.0

DG Status ~ CCS Fault Tree Name Split-Fraction
No DGs failed - CCS-0 o 1.065E-3
- Only DG-A failed ~ CCS-A 9.076E-3
‘Only DG-B failed ~ CCS-B (FAILED) 1.0

Both DGs failed ©  CCS-AB (FAILED) 1.0
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17. LINKAGE RULES

17.1 Linkage Rules Usage and Examples
. PURPOSE | o |

.The linkage rule editor allows you to create rules that affect sequence generation. Typically, these rules
- are used to replace default fault trees with substltuted fault trees (or ‘split-fractions™) based on logical
conditions that are specified in the rules. : ’

These rules are apphed when sequence logic is generated. Without using rules, the sequence logic
consists of the logical combinations of failed and successful top events (and the initiating event for the

* event tree). These rules allow the user to replace the top event (which is called a “fault tree” in SAPHIRE)
- with a substituted fault tree based on the logical conditions dictated by the rule. '

TOPICS
Search Criteria Examples
Symbols

Keywords and Structures
Binary and Multiple-Split Branches

| 17 2 Search Crlterla Examples

These examples are based upon an event tree w1th 1nmat1ng event 1E-1 and top events A, B and C.

Search _ Meaning of_ the Search Search .Meaning'of the Search Criteria
Criteria .. Criteria Criteria L
. init(IE-1) - Initiating event w1th the name ~A Failure of A never occurs
: . -1E-1 -
A Failure of top event or fault ~(/A+A)  -Success of A and failure of A -
- tree A . ' - never occurs (can be used to test
_ ‘ B ' for a "pass" condition)
/A - . Success of top event or fault A*B Failure of A and of B oceur -
tree A B _ .
(A+B)*C Failure of A or B occurs and always: - This pre-defined macro name
~ failure of C occurs o . means the critéria is always met.
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173 Rule Edltor Symbols a

| (comment) . - Denotes a comment line

* (AND) Logical AND operator -
- +(OR) Logical OR operator ,
~ (never) Logical operator for 'never" dr "not present" :
/ (complement)  : Complement ' :
f;'_(end macro)  Indicates the end of a macro hne or a line that modifies the criteria bemg o
, "~ evaluated. _ S
) - Parenthéses for groupmg terms

17 4 Keywords and Structures _' _

174.1 Linka‘ge Rules Keywords and Structure -

1f-then Indicates that a search cr1ter1a is being specified.-
if-then using wildcards - A search criteria can be specified using w11dcards
always - Indicates that the search criteria is always satisfied.
elsif - Specifies an alternative search criteria.
else - Specifies some action to be taken if all the search criteria are not met.
Cast Operators - Define substitutions for the end state or flag set of a sequence, or deﬁne anew .
transfer event tree :
. Skip - Indicates that the specified item should be ignored.
Macro - A user-definable keyword that specifies a search criteria.

17.4.2  if-then

This keyword indicates that a search criteria‘ is being specified. The information between the "if" and the -
"endif" clause defines the tops to be replaced. There is no hmlt on the number of replacements that can be -
“defined between these clauses. : : : -

| The “if-then” rule structure:

| This rule replaces C with C-SYS when

| A and B are both failed.

| Only sequences 6 and 7 are affected by this rule
if A * B then

/C = C-SYS;

C =C-SYS;
endif
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Important Remihders:

" Bach repIacerhent line must end with a semicolon.
You can add as many replacement lines in the rule as you want.
The rules are sensitive to UPPER and lower case - the cOrReCtcASe mUSt bE uSeD!

- 17.4.3 1f-then Usmg Wildcards

Wildcard characters can be used with the if-then structure to indicate a search for a group of criteria .
whose names have somethmg in common. A wildcard is a character that can represent one or more
characters in.a search criteria. You can use one or more wildcards to specify groups of search criteria. The
wildcard characters must be enclosed in quotatlon marks. : : :

‘] The “if then” rule structure using wildcards:
| This rule replaces C with C-SYS when

| the initiating event occurs.

1

| (Sequence 3,5and 7 are affected)

if %22 then

C=C-8YS;

endif
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o The “ refers to the initiating event, but will
| key onany top of only two characters.

1744 talways |

This keyword indicates that the search criteria is always satxsﬁed The substrtutrons followmg this
- condition are always made. . »

| The “if-always” rule structure: = . -
‘| This rule replaces every oceurrence
| of C with C-SYS. -

f (Sequences 2 through 7 are affected)
-if always then :

/C =C-8YS;

C=C-SYS;
endif _ . ‘
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1745 elsif
~ *-This keyword specifies an alternative search criteria. Any nut“.nber',of “elsifs” éan_ be used within a rule.

. The first condition that is met is used and the others are ignored.

| The “if-then-elsif” structure:
| This rule replaces C with C-AB if
| A and B are failed, and replaces -
| C with C-B if only B is failed.
~ if A* B then :
. IC=C-AB;
C=C-AB;
elsif B then
/IC= C-B;
- C=C-B;
endif
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Only One Substitution Per Branch:

In the “elsif “rule structure for every apphcable branch, only the ﬁrst substitution that applles is made
Subsequent substitutions are 1gnored : : :

In fact the hnkage rules as'a whole work thls way because only the ﬁrst substltutlon for a branch is made
In other words, after a substrtutlon has been assigned, no other rule w111 overwrlte the. substntutron L

" 174.6 else :

. This keyword specifies that some action to be taken if all the search crltena are not met. The “else”
. should be the last condition in the rule. '

| The “if-then-elsif-else” structure:
" | This rule replaces C with-

| C-NA when A is successful
| C-NB if B is successful-
| C-XX if any other case
if /A then
/C = C-NA;

C=C-NA;
elsif /B then -
/C=C-NB;
C=C-NB;
else
/C = C-XX;

- C=C-XX;
" endif-
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1747 _Cé_st Operators’

SAPHIRE provides type cast functiens for the following:

. ~ event trees )
e _' initiators _
e fault trees ‘ |
. _ ﬂag eets
¢ end .st‘a'tes
. macros

. With these functions you can define substitutions for the end state or ﬂag setofa sequence or definea
new transfer event tree for the sequence. :

. For mstance if the name "SYSS" was really the name of an m1t1at1ng .event then the user could change its
* default type with the following syntax; 1mt(SYSS)" The edltor will then treat this name as an initiating
event. R :

OTHER_‘CAST OPERATORS
True ()- Cast operator that sets basic events to house event TRUE.

- False - Cast operator that sets basic events to house event FALSE.
Ignore - Cast operator that sets basic events to house event IGNORE.
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1748  init()

" This keyword is used to indicate a particular initiating event.

“if mlt(INITIATOR-NAME) then
perform some action . ,

endif
See Changing.ihe.Trans.fer Tréé N‘ame' fér.'a spec.iﬁc‘ exarﬁple of how to u§e ’;his keWord. -
1749  eventree() - | |
This bkeyY\.'o.rvd is ﬁsed to indica'teva panicuiaf event tree. Maké note of_ the ép‘f;lli'ng of 'this keyword.

if “search crxtena” then
eventree(EVENTREEl) = eventree(EVENTREEZ)

: endlf
| See Ch_anging the Transfer Tree Name fdr a specific g:xafnple of how to use this keyword.

17.4.10 Skip()

39

This keywofd indicates that the specified item should be ignored. Usually, this keyword is used to “skip
" sequences in the event tree logic. No data will be generated for any “skipped” sequences. The sequences:
- are not generated when the rule is applied, however, the sequence names (numbers) are left unchanged.

| This rule “skips™ C given the failure of B.
if B then ' P
IC = Skip(C);

C = Skip(C); -
‘endif
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For this rule only sequences 1,4, and 5 will be generated since all sequences where B fails have been .
sklpped :

'17.4.11 True() '

- This rule structure is used to set the basic event(s) in parenthesrs to house event TRUE. : _
In this example; the rule could alternatively set the basic events in parenthesis to house events FALSE or.

IGNORE by replacing the keyword “True” with either “False” or “Ignore

| This rule sets E-MOV-A and E-PUMP- A .
- | to TRUE given ECS farls in the LOSP event tree,
if ECS then
eventree(LOSP) True(E-MOV-A, E- PUMP-A), :

endif
17.4.12 flag()

" This rule structure can be used to add an existing flag setto a sequence The ﬂag set néeds to be created
using the Modlfy | Flag Set option for the information to be applied to the sequence - :

| This rule adds the ﬂag set “FLAG-SET-1” to
| the sequence that meets the crlterra specified.
if ECS then

eventree(LOSP) flag(FLAG SET-1);

, endlf
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17.4.13 endstate)

~ This rule stﬁlct_ure can be used to add or create an end state for the sequence cut sets.

| This rule adds the end state “ECS-END”

| to the sequence meetlng the criteria specified.
if ECS then . '
eventree(LOSP) = endstate(ECS-END),

_endlf
17414 Macro Structures Sy

Macros can streamline complex rules. A macro is simply a statement to define a search criteria (or-
variable).and assign a name to the search criteria. The macro name must be all uppercase must be 24

_ characters or less, and must not include any of the restricted characters (e. g.; aspace, *,?,\, /). The macro_
* line can wrap around to more than one line, but must end with a semicolon. :

Once a macro is defined, it can be used inan "1f7' test.

| Define a macro named AB-FAIL -
AB-FAIL =A * B;
| o

-] Use the macro in a rule
if AB-FAIL then -
/C = C-SYS;

C=C-SYS;
~ endif
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SEEALSO
~ Using ~ (never) with a Macro
17.4.15 Using ~ (never) With a  Macro.

When creanng arule where the events in the macro do not. occur, use e the ~ (ie., never) symbol Do not
complement a macro. .

N Usmg the ~macro as the search crltena
.| The rule applies when A and B
o have not both failed.
.
] Deﬁne a macro named AB-FAIL
AB-FAIL A *B;
[
" | Use the macro in a nile
. if ~AB-FAIL then -
IC = C-SYS;

C = C-SYS;
endif
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: _17;5_ Trans_.fe'r Tree Namtlai

17.5.1.  Changing the Transfer Tree Name
‘This is an example of how lthe transfer tree can be changed by using the init() and eventree() rules.

| This rule is for a transfer tree named SHARED.
| Two different event trees, each having a unique
| initiating event, transfer to the SHARED event
- | tree. The first event tree has initiating event IE-A,
| and after it transfers to SHARED, it should transfer
[ to an event tree named A- PRT. The second event
~ | tree has initiating event IE-B, and after it transfers -
'| to SHARED, it should transfer to an event tree - ‘
| named B- PRT : »
| The transfer name on the SHARED event tree
* | graphic is A-PRT. This rule changes the o
o specrﬁed transfer tree to B-PRT when the _
| initiator is IE-B: '
if mlt(IE-B) then
' eventree(A-PRT) = eventree(B-PRT),

_ endlf

17.6 Binary and MUItiple-Split_ Branches

17.6.1  Rules for Bmary and Multlple-Spllt Branches

Several 1mportant modehng conventrons are provrded in the followmg example. The language for '
- specifying a particular event tree branch is exemphﬁed The event tree in the figure here will be used for

~all rules in this discussion.
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Evant Tree' IE-1

For bmary branchlng, the success branch for a top is denoted w1th the complement symbol “m. SAPHIRE
computes the probablhty for /A as ( I-ATOP) ' ;

For multlple-spht branchmg, the failed branches are desrgnated w1th the top event name and the branch
‘ number in brackets :

| A rule fora blnary branch
| Note DO NOT specify “/ATOP”'

Aaf always then
/A = ATOP;
A = ATOP;
endif
|

| A rule for a multiple-split branch

A o
if always then
-/B=B-FT

- B[1] =BTOP;

B[2] = BTOPz;

- B[3] = BTOP3;
, endif

When you generate sequences using the event tree rules (from the Event Tree | Link Trees optron) the
sequences are reported as shown below. : : .
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| -RULES FOR EVENT TREE IE-1
Cif elusys then -

© /A = ATOP;
A = ATOP; ,
endif - IE-1|‘ A l ) |
-{ if alwvays then ATOP . 1

/B = B-FT;
_B[1] = BTOP1;
B[2] = BTOPZ;

B(3] = BTOP3.; - . .
. o Smguenes Noms | Systmm ] Syatem ] Syztam 1
endif -~ :
: Event Towe Nomm: IE~13afs c .
s : (S [ 1 '
. subabatuces | AFO@ | mrees i '
Evert Tree: IE-1 * PR 1. ! !
xubxtatubes | AZOF | mxoea t t
s Sra E O] 1
aubatatutes | ADOW | mroes ' |
2 . 1 & ) /B ] t
suhzwatuees | Axoe | /m-¥r 1 '
L . 1 /A ] A4 1
FuBTLaCuCEs i /AZOR T ot 1
Soved Segiences: S Valad Seguances: % Procaxued: s

To include complerhented events in sequence cut sets, yoﬁ m(ist'sp‘ecify thé Y Process Flag (in the -
Modify | Basic Events option) for the applicable fault tree. In this example you would set the Y Process
Flag for ATOP and B-FT. .

' For multiple-split branches-, you may want to construct a fault tree with the name that corresponds to the

» substituted success branch name. The fault tree would consist of the failed branch fault trees, BTOP1,
BTOP2, and BTOP3 “ORed” together. SAPHIRE will automatically complement the fault tree result.
You will need to solve the fault tree and use the S Calculatlon Type (m the Modify | Basnc Events

~ option).
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18 SLICE OPTION
18 1 Sllce By Event Optlon

18.1.1 Dispiaying Cut Sets Using The Slice By Event bpti(ni
- PURPOSE |

ThlS sectron descrrbes the "Shce By Event" cut set dlsplay feature that allows you to divide cut sets for _
viewing and reportmg The “Slice By Event” option is available for. fault tree, sequence ‘and end state cut -

sets.

With this option, the user can qurckly subdlvrde a hst of cut sets into two lists based upon user—deﬁned '
-qualification criteria. The first list contains cut sets matching the current qualification criteria. Initially,
this list contains all the generated cut sets. The second list, called the unqualified cut sets, contams all the

cut sets not matchlng the quallﬁcatlon crlterra

" The Slice' By Event button is avallable from the Selected Cut Sets dlalog (V1a the Dlsplay | Cut Sets _
pop-up menu from fault trees, sequences or end states lists.) Once the slice by event option is selected, the -
Event List dlalog is dlsplayed This is the dralog used to define the criteria upon which cut sets will be
‘qualified. N : ,

STEPS
| ..'lfo det'me q'ual‘ifrcvation criteria'
1. ) Choose the slice type (Event Cutoff or Rule)
2. If Event then

) SpCley the loglc option. Choose either “AND” or “OR” from the Logic drop-down list.

Choosing AND tells SAPHIRE that all of the selected events must appear in the cut set to meet
- the qualification criteria. - : . :

Choosmg OR tells SAPHIRE that any of the selected events can appear in a cut set for the cut set
to meet the qualification criteria.

« Specrfy the events on which the qualrﬁcatton crrterra are based Three ways of specrfymg basw
events are provided: : : :

Choose the Wild Card Mark optton

Highlight the desired event(s) in the Cut Set Events list and right-click to invoke the pop-up
menu. Then choose from one of the four types: (N ormal) Event, Failure Event Success Event, or
NOT Event. '

Highlight the desired event(s) in the Cut Set Events list and choose the =2 hutton This method
. adds (Normal) Event(s) to the Selected Events list. ‘Conversely, choosing the < button removes
the highlighted event(s) from the Selected Events list.
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" 2.000£-002 . .
- 1.000€-003 o 72 cMOV-1
1.000€-004 -0 C-MOV-B, DG-A
6.000E-005 - ) C-PUMP-B, DG-A .
2.500E-005° . . . C-MOV-A, C-MOV-B
1.500E-005. . C-MOV-A, C-PUMP-B
1.500€-005 . - C-MOV-B, C-PUMP-A
9.000E-0068 - 04 C-PUMP-A, C-PUMP-B
2.000E-006 " 001 C-CV-B, DG-A '
£.000E-007 . . C-CV-A, C-MOV-B

. £.000E-007 B ] C-CV-B, C-MOV-A
3.000E-007 - .0.08, C-CV-A, C-PUMP-B
3.000E-007 S0 C-CV-B, C-PUMPA
1.000E-007 . 00 TANK

1.000£-008 B C-CV-A, C-CV-B

WO ~NDM & WN -

Asan example the qualification criteria events are the four events in the Selected Events list and the
Logic to be performed is the “OR” operation. This tells SAPHIRE that any cut set; :

containing the failure of event “C-CV—A” (+C-CV-A_) or _
containing the success of event “C-MOV-1” (/C-MOV-1) or
not containing the event “C-PUMP-A” (~C-PUMP-A) or
containing the event “DG-A” (DG-A)

will meet the qualiﬁcation criteria.

Thus, the evaluatlon can be defined in terms of successes, fallures exclusion (not contained m) or
inclusion (contained in) for any of the basic events in the model.
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4 S_TEPS‘

Choose the Apply button. SAPHIRE searches the cut sets for the qualified events (i.e., those matehing the .
- criteria). The Event List dialog will be closed and only the qualified cut sets (i.e., those contalnmg events
matchmg the criteria) will be dlsplayed in the Selected Cut Sets dlalog

: 18.1.2 Slice By Event Examples

18.1:2.1 . Viewing Cut Sets Containing DG-A
PURPOSE |
-~ This example demonstrates a 51mp1e use of the cut set slice optxon A single event will be. selected w1th

the qualification criteria defined in terms of either failure or success for the event (i.c., the state of the
event is irrelevant). _ :

1. Select Sequence from the SAPHIRE menu.

2 The Sequences dialog will be displayed. nghhght LOSP 3 A
3. N nght chck to invoke the pop-up menu and choose Display | Cut Sets.
4

The Selected Cut Sets dialog will be displayed with all of the cut sets generated for the LOSP 3
- sequence. Choose the Slice By Event button. .

The Event List dialog will be dlsplayed Highlight DG A in the Cut Set Events llSt
6. nght-chck to mvoke the pop-up menu and choose Add Event.

Qn .

7. Choose the Apply button The Event List dlalog will be closed and the quahﬁcatlon criteria will
be evaluated. - :

8. The Included In Slice tab will be dlsplayed in the Selected Cut Sets dialog, showmg only those
: cut sets meeting the qualification criteria. The Excluded From Slzce tab will show the unquahﬁed
cut sets. :
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Selected Cut Sets

9.200E-004 - . . 52. - DG-A, DG-B

. 2.300E-004 ) o7 [ C-MOV-B, DG-A
1.380E-004 o 784 C-PUMP-B, DG-A
4 60CE-005 - ) 61 C-MOV-1, DG-A -
4 BOOE-006 . CCV-B, DG-A.

Notice that in this example, only five cut sets have been included that cortain the basic event DG-A. The
number of cut sets, their percent contrlbutlon and subtotal are shown on the bottom nght hand side of the
dialog. : :

- If you select the Excluded From List tab; the cut sets that do not contain DG-A will be displayed.

| 18.1.2.2 Using the Slice Option to Select DG-A or_bG-B'

PURPOSE o |

This example demodstrates how to use the Wild Card Mdr_k feature to seiect_rhultiple basic events.
thic_e vwh.en using this dption that thé evedts .matching thé 'even't. class mask a}e highlightdd in thd Cut Set
Events list, but are not automatically added to the Selected Events list. This provides the analyst with the

opportunity to choose the state of the highlighted events (e.g., falled success, not 1n) via the pop- up
.menu, before they are added to the Selected Events list.
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STEPS

To start a fresh slice session for LOSP 3, choose the Slzce By Event button (from the Selected Cut
Sets dlalog) »

On the Event List dialog, choose the Restart button The or1gmal cut set list for LOSP 3 w1ll be

~ restored in the Selected Cut Sets dlalog

= RV I SV

10.

- Choose the Slice By Event button again. _
- On the‘Event List dialog, select the “OR” Logic optidn. _ ,
‘Right-.click tovinvoke the pop-up menu and choose the Wild Card Mark option.
~ The Event Class Mask dialog will be displayed. Enter “DG” in the T} ype field. |

Choose the Ok button. The Event Class Mask dlalog will be closed and the DG- A and DG B
events will be hlghhghted in the Cut Set Events list.

Choose the Add Event option from the pop up menu. Both events will be 1ncluded in the
Selected Events list.

Choose the Apply button The Event List dlalog will be closed and the quahﬁcatlon crlterla will
be evaluated. . S

' The Included In Slice tab w111 be dlsplayed in the Selected Cut Sets dlalog, showing only those

cut sets meeting the qualification cnterla The Excluded From Slice tab will show the unquahﬁed

‘cut sets.
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9.200E-004 ) R , DG-B
2.300E-004 | DG-B; E-MOV-A
2.300E-004 13 C-MOV-B, DG-A
1.380E-004 R 5 C-PUMP-B, DG-A
1.380E-004 J | DG-B, E-PUMP-A
4 500E-005 .2 - DG-B, E-MOV-1

4 BO0E-005. 261 C-MOV-1, DG-A
4 500E-006 A ) C-CV-B, DG-A

4 600E-006 ’ . - 'DG-B, E-CV-A

1
5
3
4
5
6
7
8
g

| Now there. aré nine-cut sets displayed. Each cut set contains either DG-A or DG-B (or both),

If you select the Excluded From Lzst tab the cut sets that do not contain elther DG A or DG B w111 be
' dlsplayed

If you leave the Logic optlon set to “AND” (the default), only one cut set w111 meet the qualification
criteria, This cut set mcludes both DG A and DG-

Alternate .ways to select both DGs: )

. nghllght the basic events in the Cut Set Events llst on the Event List d1alog
e . Enter “DG-?” in the Primary Name field on the Event Class Mask dlal_og. _
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18.2 Slice By Rule' Option

182.1 Displaying Cut Sets Using The Slice By Rule Option
PURPOSE -

This section descrlbes the "Slice By Rule" cut set dlsplay feature that allows you to dmde cut sets for
viewing and reporting. Thls “Slice By Rule” option is avallable for fault tree, sequence -and end state cut o

sets

- With this optlon the user can qulckly subdivide a hst of cut sets into two lists based upon user—deﬁned
qualification criteria. The first list contains cut sets matching the current qualification criteria. Initially,
this list contains, all the generated cut sets. The second llst called the unquahﬁed cut sets contams all the

cut sets not matchmg the quahﬁcatlon cr1ter1a

. The Slice By Rule' butto'n i‘s available from the Selected Cut Sets dialog (via the Display | Cut Sets pop-.

'up menu from fault trees, sequences or end states lists). Once the slice option is selected, the Slice Rules
- .dialog is displayed. This is the dialog used to manage the list of slice rules upon which cut sets willbe =
qualified. Right clicking in this dialog displays a menu to Add, Copy, Modify, and Delete slice rule name
and descriptions. Once a slice name has been defined and highlighted, the Edit Rule button is'used to -
display the Slice Rule Editor, where search criteria for the rule is specified.

- The slice rules are “free-form” logic rules that allow for the inclusion or exclusion of cut sets from a |
"keep" list. They follow a format similar to the structure that is found in traditional programming

. - languages (e.g., BASIC or PASCAL). As such, the ability exists to define “macros” and “if...then” types

of structures. The rules are entered in a free-form text editor within SAPHIRE They can also be exported '
" and 1mported through the SAPHIRE Utility | Load and Extract optlon ‘

Upon saving and exiting the_rule logic, SAPHIRE compiles the rules to check their val_idity." Errors will
- be reported to the user if found; otherwise the editor will exit normally. To apply a slice rule to the full

list of displayed cut sets, highlight the desired rule and press the Apply Button. Cut sets will be d1v1ded
1nto the Included in List tab and Excluded From List tab according to the rule loglc

To clear the Included and Excluded lists, choose the Reset opt1on from the Slice By Event opt10n or,
apply a dlfferent slice optlon to overrlde the current opt1on .

EXAMPLES

V1ew1ng Cut Sets Contammg DG-A.
~ Using the Slice Optxon to Select DG-A and DG-B:
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- 18.2.2 S'enrc_h Criteria Examples - Slice Rules

These examples are used based on basic events X, Y, and Z.

- Search Criteria " Meaning of Search Criteria
X ' Basic event X appears in the cut set
X Success of event X appears in the cut set
- ~X Basic event X never occurs in the cut set. -
X+Y = Eitherevent X or Y appear in the cut set
X*Y  Bothevents X and Y appear in the cut set .
C~X*Y Y does appear and X does not appear in the cut set
X*(Y+Z)  Either Xand Y or X and Z appear in the cut set
aiways' This pre deﬁned Macro name means the criteria is always met

'18.2.3  Rule Editor Symbols -

| (comment) ‘Denotes a comment line

* (AND) . Logical AND operator . -
+ (OR) E Logical OR opérator R
~ (never). - Logical operator for"'neVer" or "not present"
/ (complement) - - Complement - '
'; (end macrb)' " Indicates the end of a macro line or a llne that
modifies the criteria being evaluated.

0.  Parentheses for grouping terms

18.2.4 Siice R'nlé Actions

The sllce unllty provrdes the abrhty to d1v1de a hst of cut sets into two groups, or shces the Included in
Slice group, and the Excluded From-Slice group. This '

~ feature allows the analyst to locate and separate out cut sets contammg a spec1ﬁed combmatron of events. .

As such, there are two actions a rule can perform. The "keep™ action will include qualified cut set in the
Included in Slice group, and the "discard" action will include unqualified cut sets in the Excluded From

- Slice group.

Note that when a cut set is evaluated, and does not meet the specified search criteria, the default action is -
to "discard". Therefore, if the slice action is "discard"” (whrch may sometimes be a desirable way to '
frame the search logic), you must include a "keep" action in order to separate unquahﬁed cut sets from
those the qualification is discarding. :

To demionstrate the potential uses of the slicé rules, the example here shows how the rules could be used
to remove cut sets relating to loss of off-site power and diesel generator failures. As shown, the rule will .
place any cut sets having the initiating event LOSP and either diesel generator A or B into the Excluded
from Slice List. Those cut sets that do not meet this criteria will be placed into the Included In Slice list.
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S Search on LOSP 1n1t1ator and failure of

| diesel generators A or B and remove them from drsplay
if init(LOSP) * (DG-A + DG-B) t_hen : :
discard; ‘
else. -
keep;

g endlf

When thlS rule is apphed to the displayed cut sets SAPHIRE will evaluate each’ cut set and then
automatically separate each one 1nto the approprrate ltst The “1f then” line can be as complex as

. ‘needed.

As wrltten the above rule’ would only drscard cut sets for sequence cut sets since fault tree cut sets. do not .
contain 1n1t1atmg events. : ‘ :

- -18.25 Ke_yWords and Symbols

18.2.51  Keywords and Symbols - Slice Rules

'Below is a list of keywords and symbols used in the SAPHIRE slice rules. The search criteria and rule
structure of the slice rules is parallel to that of recovery rules; only the 1 recovery and slice actions differ.

Note the spellmg of each keyword

C lf-then Indicates a search criteria is bemg specrﬁed
" . ‘endif - Indicates the end of a particular rule.
else - Specifies some action to be taken if all the search criteria are not met The “else” should be
the last condition in the slice rule. :
elsif - Specifies an alternative search criteria.
always - Indicates that every cut set that is being evaluated satisfies the search criteria. '
init()- Used in the search criteria to indicate that a sequence cut set has a particular initiating event.
~ (never) - Used in the search criteria to indicate that a particular event will not be in the cut set
that is being evaluated.
/ (complement) - Represents a complemented event (i.e., the success of a fallure ba51c event)
| (tomment) - Represents a comment contained in the rules :
; (end macro) - Indicates the end of a macro line or a lme that dlrects the destrnatlon of the cut set
being evaluated..
* (AND) - Indicates the logical AND command.
+ (OR) - Indicates the logical OR command.
() - Indicate a specific grouping of items. -
~ keep; - Indicates that the cut set being evaluated will be placed in the Included In Slzce llSt
discard; - Indicates that the cut set being evaluated will be placed in the Excluded From Slice list.
MACRO - A user-definable keyword that specifies a search criteria.

18.25.2  if-then
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(Basic Rule syntax)
This keyword indicates that a search criteria is bei_ng specified. -
" if “search criteria” then -
perform some action on each cut set...;
endif o
18.2.5.3  endif
(Basic Rnle syntax)
 This keyword indicates that the end of a particular rule. |

if “search criteria” then ‘
perform some action on each cut set..

endrf

18.2.5.4 ' else
| (Basic Rule syntax)

This keyword spec1ﬁes that some action to be taken if all the search cnterra are not met. The ‘else”
should be the last condmon in the recovery rule. :

if “search _criteria” then '
' perfor'm some action on each cut set...;

else
perform some other action on each cut set 1f “search crrterla not met..

" endif
18255 elsif
(Basic Rule syntax) |

. This keyword specrﬁes an alternative search crrterra Any number of “elsifs” can be used within'a.
* recovery rule. : o L

if “search criteria” then A
perform some action on each cut set

elsif “2" search criteria” then ‘
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perform some other action on each cut set ...;

elsif “3" search criteria” then
perform some other action on each cut set ...;

| endif

18256 always
| (Basic Rule:syntax)
This keyword indicates th_ét every cut'se_t'that is 'being evaluated s_atisﬁes the search criteria.

. if always then
- perform some action on ‘each ciit set..

endif -
18.2.57 inii()_ |
(Basw Rule syntax)

'-ThlS keyword is used in the search crltena to 1nd1cate that a sequence cut set has a partlcular 1n1t1at1ng
event. :

f_ if mlt(INITIATOR-NAME) “and opnonal other search cntena” then
: perform some action on each cut set..

endif

18.2.5.8  ~(never)
(Basic R'ule‘ Syntax)'

This symbol is used in the search crltena to mdlcate that a partlcular event w:ll not be in the cut set that is-
being evaluated. :

if (~SEARCH—CRITERIA) “and optional other search criteria” then

The search criteria will be satisfied for cut sets that do not contain SEARCH-CRITERIA (and also”
contains the optional (“other search cnterla”) SEARCH CRITERIA may be either an mmatmg event,
basic event macro, or logic expression. :

 18.2.5.9 | (commeny)

(Basic Rule syntax)
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This symbol is used to tepresent a comment contatned in the 'mlee Everything ona hne to the right of this
symbol will be ignored by the rule compiler. Blank lines are encouraged in the edltor to improve '
readablhty and comments can be entered followmg the "|" character.
| Place your coMents here'
| Note that blank lmes are also permxssxble
- 18.2.5. 10 / (complement)
"(_Basm Rnle syntax)‘ :
This symbol is ueed to repre'sent a _complemented et(ent (i.e., the success of a failure basic event). |
if (/BASIC-EVENT) “and optional other search ‘criteria”’ then'

The search criteria will be satlsﬁed for all cut sets that contaln the complement of BASIC-EVENT (and "
also contains the opt10na1 other search crltena”)

-18.2.5.11 ;(end macro)
(Basic Rule syntax) -
This symbol is used to indicate the end of a macro'line or a line that modifies the cut set being evaluated.

_ | usage for a macro command
MACRO-NAME = “search criteria”;

3 usage for a cut set modification lme
recovery = RECOVERY-EVENT;

18.25.12 *(AND)
‘ (Basie Rule syntax) :
This symbol is usedvto indicate the logical AND command.
| if SEARCH CRITERIAI * SEARCH CRITERIAZ then

- The search criteria will be satlsﬁed for all cut sets that match SEARCH-CRITERIA1 and SEARCH- .
CRITERIA2. The SEARCH- CRITERIA# may be. elther an m1t1at1ng event, macro, or loglc expression.

18.2.5.13 +(OR)

(Basic Rule syntax)
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.ThlS syrnbol is used to. 1nd1eate the logical OR command

if SEARCH CRITERIAI + SEARCH CRITERIA2 then
_ The search c_riteria will be satisfied for all cut sets that match either SEARCH-CRITERIAI or SEARCH-
CRITERIA2. The SEARCH-CRITERIA# may be either an initiating event, 'macro; or logic expression.
18.2.5.14. () V(gro:ulir)_
(Basic Rule '_syntax_) "
“ Th‘ese symbols together indic_ate a speeiﬁc group_ing of'.items.

_'ﬁm+m¥m+mmm

‘The search criteria above would return all cut sets that contam: '
[A*C], [A*D],[B*C] or[B*D] : :

'18.2.6 Slice By Rule'Examples, :

18.2.6.1 - Slice Rule Example: View MOV pairs '

PURPOSE |

.ThlS example demonstrates how to write a slice rule containing mlxed logic to view only cut sets which ‘
have one or more groups of events in them. The ability to specify one or more groups of events.is a

feature available only through the Slice by Rule option.

The example also makes use of the "discard" keyword. Whenever the "discard" keyword is used, the
- "keep" keyword must also be used, because the default action for unqualiﬁed cut sets is to discard.

- STEPS

1. . From the Selected Cut Sets dialog, choose the Slzce By Rule button The Slice Rules dialog will
appear. ‘

2 o Right click to »invoke'the'pop-up menu and choose the Add menu option.
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3.  Givetherulea name such as "MOV- RULE" and optlonally, a descrlptlon such:as "ﬁnd MOV
. groups

4. Choose the OK button to close the Add Rule dlalog and save the new rule .

5. ~ With-the new rule still hlghhghted choose the Edit Rules button “The Rules Editor wmdow will
appear. :

6. Type the followmg rule: - : : ‘
' if (C-MOV-A * C MOV- B) + (E- MOV A * E-MOV B) then
- discard,; .
else .
keep;
_ endif _ :
7. From the Edit Rules menu, choose Flle | Exit to close the Rules Editor. When prompted to save
“the ﬁle choose Yes. - :

8. From the Slice Rules dialog (w1th the new rule still hlghllghted) choose the Apply button The
Slzce Rules dialog will be closed and the cut sets will be evaluated against the rule.

9. The Included In Slice ta'b will be displayed in the Selected Cut Sets dialog, showing only those
* cut sets which did not meet the qualification criteria. Because the "discard" keyword was used, it
is the Excluded F rom Slzce tab that shows the quahﬁed cut sets.

; Selecled Cut Sets v - B

57506008 -~ OO C-MOV-1, E-MOV-A, E-MOV-B
57506008 . 'C-MOV-A, C-MOV-B, E-MOV-1
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The alternate form of the shce rule that wrll reverse the contents of the Included In Slice and Excluded
From Slzce tabs i isas follows: - - )

_if(C- MOVA*C MOV- B)+(E MOVA*EMOV B)then
keep;
e_ndrf ;

18.2.6.2 Slice Rule Example: View DG-A or DG-B cut sets
PURPOSE - |

v Thrs example demonstrates how to write a slice rule to view only cut sets which have one or more -
specrﬁed events in them.

In this example, the cut sets in the DEMO project will be "sliced" according to whether or not.they
contain DG-A or DG B See the Slice By Event example for an alternate method of performmg the same
task : : A

STEPS

1. From the Selected Cut Sets dlalog, choose the Slzce By Rule button The Sltce Rules dialog will
‘appear.

2. _ Rjght click to invoke the pop-up menu and choose the Add menu optton

3.7 Give the rule a name, such as "DG-RULE", and, optronally, a descrlptlon such as "find any
diesel generators : .

4. Choose the OK button to close the- Add Rule dialog and save the new rule .

5. With the new rule still hlghhghted choose the Edit Rules button. The Rules Edztor window will . -
appear. . : _ :

6.  Type the following rule:
' if DG-A + DG-B then _ o
keep; . o -
endif " E

7. From the Edit Rules menu, choose File | Exit to close the Rules Editor. When prompted to save -
the file, choose Yes.

8.~ From the Slice Rules dialog (with the new rule still highlighted);choose the Apnly button. The
. Slice Rules dialog will be closed and the cut sets will be evaluated against the rule.

9. The Included In Slice tab will be displayed in the Selected Cut Sets dialog, shbwrng only those -
cut sets meeting the quallﬁcatron criteria. The Excluded From Slice tab will show the unquahﬁed :
cut sets. '
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Selecled Cut Sets |

9 200€-004 . DG-A, DG-B
2.300E-004 - or DG-B, E-MOV-A
2.300E-004 3. C-MOV-B, DG-A
1.380E-004 . . 784 C-PUMP-B, DG-A
~1.380E-004 .. 784 . DG-B, E-PUMP-A
-4 BO0E-0D5 . -2l . DG-B, E-MOV-1
" 4 600E-005 . 281 C-MOVY-1, DG-A
. 4 600E-008 : . C-CV-B, DG-A
- 4 BO0E-006 . - DG-B, E-CV-A

Now there are nine cut sets dlsplayed Each cut set contains elther DG-A or DG-B (or both)

Ifyou select the Excluded From Lzst tab the cut sets that do not contain either DG-A or DG B w1ll be
d1sp1ayed : '

. The following variation of the above rule would reverse.the results; The Excluded From List tab would

- contain the cut sets having either DG-A or DG-B (or both). - The Included In List tab would contain the
‘cut sets that do not contain either DG event. The "else keep" portion of the rule is necessary, because by
default, any cut sets not meeting the rule criteria are placed in the Exclua_’ed From List, (i.e., discarded). -

: 1fDG A+DG Bthen
discard,;
else
keep;
endif
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~19. DYNAMIC FLAG SETS -

19.1 Dynamic Flag Sets -

Dynamic flag sets-are a special type of flag set that are assigned to sequences by the use of event tree
rules. The dynarmc flag set is assigned to a sequence or sequences if they meet the criteria contained in
the rule. :

" The advantage of using dynamic flag sets is evident: when event trée logic changes are made which causes
changes to the number of sequences. Since dynamic flag sets are assigned to sequences defined in the '
_event tfee rule, the dynamic flag set will automatically reassign itself to the correct sequence. Conversely,
if regular flag sets were used, the analyst would have to modify each sequence individually to make sure
the correct flag set name is assigned to the correct sequence. This makes the use of dynamic flag sets
‘more efficient than regular ﬂag sets if ﬂag sets are assrgned to specrﬁc sequences

Dynamrc ﬂag sets can contarn only mdrvrdual basrc event changes No “Class Changes are al]owed

Dynamic flag sets can contain only house event settings (calculatlon type T, F, or I changes) ortop
event process ﬂag changes No probabllrty changes can be made. :

' Dynamrc ﬂag sets will appear in the same list as regular Flag Sets, hc'wever the nanre giventoa
dynamic flag set (e.g., ET-000001 000001) is based upon the event tree, sequence name, and number of
dynamlc ﬂag sets already created. :

TOPICS

Search Criteria Examples

" Symbols '
Keywords and Structures. _
. Making a Dynamic Flag Set.

Example Dynamic Flag Set
Flag Sets and Sub_trees

19.2 Rule Structures
19.2.1 Rule Editor Symbols

' | (comment) Denotes-a comment line

" * (AND) ". Logical AND operator
+(OR) Logical OR operator :
~ (never) Logical operator for "never" or "not present"'
/ (complement) Complement
; (end macro) Indicates the end of a macro lme ora line that
' - modifies the criteria being evaluated.

() Parentheses for grouping terms °

187



19.2.2 Linkage Rules Keywords and Structure

,_1f-then -
"if-then usmg w1ldcards -
" always -

elsif - .

else -

Cast Operators -

" Skip -
'Macro -

19.23  Flag Sets and Sub-trees

~

Indicates that a search criteria is being specified.

A search criteria can be specified using wildcards:

Indicates that the search criteria is always satlsﬁed
Specrﬁes an alternative search criteria. ’
Specifies some actlon to be taken if all the search crlterra are not

. met.

Define substrtutlons for the end state or flag set of a sequence, or
define a new transfer event tree

Indicates that the specified item should be ignored.

A user-deﬁnable keyword that spemﬁes a search crrterla

- SAPHIRE has an enhanced feature that will append a flag set to the sequence meeting the search criteria
even if the event tree stated in parenthesm transfers to a subtree. Therefore either rule stated below will -

"append a ﬂag set to the same sequence

eventree(mam-event-tree) True(eventl),

endlf
.or

eventree(subtree) = True(eventl); -

A endif

19.3 Making a Dynamic Flag Set

19.3.1° Making a Dynamic Flag Set

PURPOSE

Describe the steps for creating a dynamic flag set.

STEPS

Select Event Tree from the SAPHIRE menu.

In the Event Tree List, highlight the qesired event tree.v _

1
2
3. Right-click to invoke the pop-up menu and select Edit Rules.
4

Using the rule structures discussed, construct a rule that will modrfy a basic event’s calculatron

type and exit the editor.

Generate the event tree sequences by selecting Link Trees from the pep -up menu.

.S,
The flag set will automatlcally be assxgned to the sequence without manually modrfymg the
sequence. . o
7. The event tree sequences are ready to be analyzed from the Sequence menu option.
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'19.3.2 Example Dynamlc F lag Set
_'-To 111ustrate the use of dynamic ﬂag sets, the DEMO pI‘O_]eCt will be used

A rule was wrltten to set DG-A and C- PUMP B to a house event FALSE glven CCS fails in the LOSP -
event tree.

if CCS then .
eventree(LOSP) False(DG A, C-PUMP B)

’ endlf

The dynaniic flag set will append itself to the sequences meeting the criteria speCiﬁed in the rule. For this
-particularrule, Sequence 3 will have a ﬂag set assomated w1th it that will set DG-A and C—PUMP-B toa
house event F ALSE : L : _

2.300E-004 . 8. VA
1.380E-004 3275 DG-B, E-PUMPA
4600E-005  '10.92 E-MOV-1, DG-B
4G00E-008 . 1.03 -DG-B, E-CVA
2.300E-006 55  E-MOV-1, C-MOV-1
2300E-007 ~ 0.05 TANK -
© B750E.008 001 EMOV-1, CMOVA, CMOV-B
. 5750E-008  0.01 ‘E-MOV-A, E-MOVB, C-MOV-1
3 450E-008 01 E-MOVB, E-PUMPA, C-MOV-1
3.450E-008 .01. E-MOV-A, E-PUMPB, C-MOV-1
'3450E-008 . 0.01 ' E-MOV-1, CMOV-B, C-PUMP-A
" 2.070E-008 00 E-PUMPA, E-PUMPB, CMOV-1
1.437E-009 00 EMOV-A, EMOVB, CMOVA, CMOVS
1.150E-008 - 0.00 E-MOV-1, C-CV-A, C-MOVB-
1.150E-009 00 E-MOV-1, C-CV-B, C-MOV-A
1.150E-009 00 E-CV-A, E-MOVB, C-MOV-T
1150E-009 . 000 E-CV-B, E-MOV-A, C-MOV-1
8,625E-010 00 E-MOVA, E-PUMPB, C-MOV-A, CMOVE
8625E-010 - 000 E-MOV-A, E-MOVB, CMOV-B, CPUMPA
8.625E-010 00 E-MOV-B. E-PUMPA, C-MOV-A. C-MOVB

The resultxng cut sets for Sequence 3 are shown above Notice that DG-A and C-PUMP-B do not show up
in the hst of cut sets. - :

189






20. MUTUALLY EX:CLUS'IVE EVENTS

20.1 Mutually Exclusive Events |
'PURPOSE
This section presents the topic of mutually eXclu'siv:e e_Vents. The term is defined here, a fault tree logic

example ‘is provided, 'and the methods to remove these events from SAPHIRE PRA results are discussed.

The term * mutually exclusive events” refers to two or more basm events that appear in a single cut set
(either for fault trees or sequences) which logically should not appear together. Generally, mutually
_ exclusive events should not appear together in the list of cut sets for one of two reasons:

. Plant technical spemﬁcatrons or other operating restrictions may prevent two components from being
out of service (e.g., tested or maintained) at the same time. An example is not allowrng two AFW pumps_
to be SImultaneously out of service for testing and maintenance. .

_Other general logical modeling concerns may_lead the analyst to remove specific combinations of
events. An example of this involves the practice of including multiple initiating events in the fault tree -
logic. Given this case, sequence cut sets can e generated that include multiple initiating events.

- Most mutually exclusive groups include only two or three components.
During the logic modeling phase, the analyst may recognize that certain combinations of r'nutually '

- exclusive ¢vents will appear just by knowing how the fault tree and event tree logic modeling was
performed. However, some unrecognized mutually exclusive events may not be evident until the analyst
generates and evaluates the fault tree or sequence cut sets.

- TOPICS

. Mutually Exclusive Event Example
Removmg Mutually Exclusrve Events

20. 2 Mutually Excluswe Event Example

‘Asan example of how fault tree logxc modelmg can produce mutually exclusrve events, the fault tree -
shown below will be used. ' : ‘
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' Generating cut ‘sets for this fault _tree will produce a cut set containing the two mainténance events:
'DG-A-MAINTENANCE * DG-B-MAINTENANCE

. Assuming that the plant technical specifications restrict both diesel generators from being in maintenance
simultaneously while at power, this cut set is an example of mutually exclusive events. These mutually
exclusive events would be handled by removing any cut sets that contain the mutually exclusive events
(even if the cut set includes additional events) '

. Generally, mutually exclusive events fall under the “restriction case” (e.g., two AFW pumps out for
- testing at the same time) or under the modelmg concerns case’ (e.g., initiating events in the fault trees
lead to multiple initiating events in sequence cut sets). ' - '

20.3 Removing Mutually Exclusive Events

"Mutually exclusive events are treated'by rerhbving any cut sets that contain the mutually exclusive events
(even if the cut set includes additional events) In SAPHIRE, several methods exist that could perform
this removal operation. :

: Edltlng the cut sets manually using the‘cut set editor to “weed-out’ the mutually'exclusive events.

Using the “mutually exclusive top event” feature when generatlng sequence logic so that impossible
events can be deﬁned at the sequence level. :

Modify logic models (via NOT gates ore complemented events) to effectlvely remove 1mp0381b1e
combinations of events. : '

Pruning cut sets to remove 1mp0551b1e events that are deﬁned by a simple 10glC structure (i.e., fault tree).

Using recovery rules to define 1mposs1ble combmatlons of events so that cut sets containing these
events would be deleted. '
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20.4 Manual Cut Set Editor Method

PURPOSE
Remove mutually exclusnve events from acut set using the cut set. editor. This method can also be apphed
to fault tree cut sets ina smnlar manner. :

STEPS

I : Aﬁer sequences cut sets have been solved, select Sequence from SAPHIRE menu.

2. . From the Sequences dlalog, hlghhght the desired sequence. LOSP 3 was: hlghhghted in thlS R
~ example, :

Right- ~click to invoke the pop-up menu and select Cut Sets | Edit | Current.

4. - Place the cursor in the Cut Set No. column of the desired cut set and choose the Delete button

ut ditor

This process is not recommended since it is both error proné and time consuming.

20.5 Mutually Exclusive Top Method
PURPOSE : : _
Remove mutually exclusive events from sequence cut sets using the “mutually exclusive top event”

feature when generating sequence logic. Impossible events can be defined at the sequence level using thlS
: method Using the “mutually exclusive top” method is only applicable to sequence cut sets.
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STEPS

1. Define fault tree loglc that represents the combmatxon of events that are mutually excluswe

: Usmg the example, the analyst would make a fault tree that had the two maintenance events
“ANDed” together. :

ME-TOP AND DG-A-MAINTENANCE,DG-B—MAINT_ENANCE '
2. “The fault tree name for the fault tree containihg the niutually-exclusi?e combinations would then

- be typed in the space labeled “Mutually Exclusive Top Name when generating sequence loglc
(v1a the Event Tree | Link Trees option).

1.000E-008

20.6 Logic Modification Method
PURPOSE
Remove mutually exclusive- events by modifying logic mddels (via NOT gates or complerhented events).

The illustration here demonstrates how the example problem could be modified so that combmatxons of
diesel generator maintenance events will not appear in the list of cut sets. :
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: |
Both DGs Fail

) CCS-FAIL .
[ ) |
DG-AFails |- o ’ DG-B Fails
A | | [
DG-A i : DG-B
- — ] T [ |
Only DG-Ain DG-AFails -DG-AFails. Only DG-Bin DG-B fails DG-B fails
maintenance forun - to start maintenance forun tostart. - |
. DG-AFTR DG-AFTS | _ DG-B-FTR DG-B-FTS

DG-Ain

DG-B notin
maintenance

maintenance

DG-Bin-
maintenance

| DG-Anotin

maintenance

DG-B-MNT .~

DG-AMNT . /DG-BMNT DG-AMNT

- Usrng this method requires that the analyst modify the fault tree loglc in order to dlrectly remove
1mpossrble combmatlons of events, :

_Drawbacks to this method include the time needed to modlfy the fault tree logic and the reahzatron that
_ Acomplemented basrc events w111 not appear in the list of cut sets. - :

20.7 Prumng Method
PURPOSE . "
Remove' mutaally echusive events by 'pruning cut sets nsing the Pruning feature.

To use this method the analyst. must first define fault tree logic that 1nd1cates (via exlstmg cut sets)
_combinations of events that you want to keep Thus, the tree

ME- PRUNE OR DG-A MAINTENANCE DG B- MAINTENANCE

- would delete cut sets contalnmg DG- A- MAINTENANCE * DG-B- MAINTENANCE but would keep h
any smgle occurrence of the events DG-A- MAINTENANCE or DG-B MAINTENANCE.

. 20.8 Recovery Rules Method

o 'PURPOSE

Use Recovery Rules to define groups of events that, if appearmg together, result in the deletion of the cut
‘set. For most cases, this is the preferred method of removrng cut sets for the following reasons:

The rules are automatically 1mplemented on the cut sets when recovery rules are applied.
- No changes to logic models are needed.

No manual manipulations to cut sets are requlred
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The recovery rules for removing mutually excluswe events may be developed for a partlcular fault tree,
all fault trees, a particular sequence a smgle event tree, or all sequences

‘Mutually exclusive,event rules are generally 'typed .‘.into the fault tree project and sequence project rules.
SEE ALSO |

Recovery Rules Method Example

20.9 Recovery Rules Method Example

. To demonstrate the potential use of the recovery rules, the example here shows how the rules could be
: used to remove the cut set’ contarnmg both dresel generators fallrng from the demo database

| This rule searches for both diesel generators failing -

| in a single cut set and the deletes that cut set.’

{ e » ' : ’

il Define a macro called DGS

ilipGs = (DG-A * DG-B):

iif DGS then’ ’ :
] Delete the cut set matching the search crlterla
DeleteRoot;

Hiendif
Hik<eof>> .

The rule shown above was entered in the sequence project rules.
The recovery rules were then apphed to both sequences 2 and 3 (usmg no truncatron)
Sequence 3 changed from an original value of 1 8E-3 to a value of 8.4E-4.

-Only one cut set was removed from Sequence 3 but it happened to be the dominant cut set.
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S X B INTERNATIONAL SAPHIRE
21 1 Setup of lnternatlonal SAPHIRE

This section apphes to the Enghsh versions of the Windows operating systems Itis mtended to guide you
through the steps of enabling foreign language support while operating the SAPHIRE for Windows
program. If your Windows operating system is the native version. for the foreign language of your choxce,
it is not necessary for you to fol]ow these 1nstruct10ns : :

" The followmg mstructlons are apphcable only for the spemﬁed versions Wmdows 95 and Wlndows NT
operatmg systems ' .

Because you will be requlred to restart your system, it is recommended that you close all other "
applications before beginning installation of the foreign language(s) You will also need to have your
Windows operatmg system CD-ROM or ﬂoppy disks available. »

| 21 2 Wmdows NT Versmn 4.0
PURPOSE

ThlS section guldes you through the steps of enablmg forelgn language support for the Wmdows NT,
Version 4.0 operatmg system ' _

: SAPHIRE Intematnonal Support is not available for: earher versions of Wmdows NT (e g, Versmn 3 51
- or earlier). SAPHIRE has been: tested only with NT 4.0, Service Pack 3, but should run with prior
versions of NT 4. 0 It is strongly recommended that you run SAPHIRE with the most cuirent NT Service
Pack. y :

STEPS

1. ._Double-click on the My Computer &&2#icon on your desktop. In the My Computer wihdow

double-chck on the Control Panel folder In the Control Panel window double-chck on the

Dzsplay |;glcon The Dtsplay Propertzes dlalog will be dlsplayed
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Blue Lace 16
Blue Monday.
Blue Monday 16 .
Coffee Bean ~

2. - Select the Plus! tab. =
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My Computer Network Recycle Bin -Recycle Bin
N Neighborhood - (full) - [émpty] -

Ensure that the Smooth edges of screen fonts option is NOT checked. Choose the Apply button
Choose the OK button The Dtsplay Properues dialog will be closed.

In the Control Panel window double chck on the Regzonal Settmgs gicb_n. The Regional
Settmgs Propertzes dialog will be dlsplayed : : ' '

199



‘Choose the Input Locales téb The currently installed input locales will be displayed in th-e list. If |

the language you wish to use is already in the list, skip to Step 7. If the language you wish to) use’
is not in the list, choose the Add button. .
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German (S tandérd]

' Greek

321 French S tandard)

6. The Add Input Locale dxalog will be displayed. Select the desnred locale from the drop down hst
' and choose the OK button.

. The Add Input Locale dialog will be closed and the seleeted locale will be displayed in the list of
input locale choices on the Regzonal Settings Properties dlalog, Input Locales tab. -

7. To allow switching on-the-fly between installed input locales, choose either the Left Alt+Sh1ft or
_ Ctfl+Shift radio buttons. Ensure that the Enable indicator on taskbar check box is checked.
Choose the Apply button. You may be instructed to install some requnred files on 1 your computer.
It necessary, follow the directions for copymg the quUISlte ﬁles
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8. . 4On the Regional Settings Propertzes dralog choose the Reglonal Settmgs tab. Select the desired
' * language from the drop-down list. Choose the Set as system default locale check box. Choose

the OK button

9. . K you have not prevrously installed the required ﬁles the Insert Disk dralog will be dlsplayed
‘ F ollow the drrectrons and choose the OK button -

W nsercDisk T | . S X

10. If you have prevrously installed the required language ﬁles the Regtonal Settmgs dralog wilt be
dlsplayed Choose the Yes button. '

11. The Change Regional Settings dlalog will be drsplayed In order for the change to take place you
. must restart your computer

After your computer has restarted, you will need to change your system’s “icon font.” Open the
Display Properties dialog. Select the Appearance tab. :
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12.

13.

MS Serlf _
OnyxBT = ' : s
DzHandicraft BT

Playbilt : -
Ribbon131 Bd BT '

In the Item drop-down list, select the Icon choice. In the Font drop-down list, select the MS San
Serif font. Choose the Apply button. Choose the. OK button The Display Propertzes dlalog will

.be closed.

You may want to chahge the regional setting of ybur operating system’é “current” locale to
English, but leave the “default” locale set to Russian. On the Regional Settings Properties dialog,-
Regional Settings tab select English from the drop-down list. Choose the Apply button, then the

- OK button. By doing this you set the “current ” locale to English which enables SAPHIRE to

display certain controls using the English alphabet. DO NOT select the Set as system default

‘locale check box since by doing this you will change the operatmg system’s “default ” locale
- from Russian back to Enghsh :

You can switch between languages (code pages ) anytime after installing more than one locale by
using the shortcut keys selected in Step 7, above, or by clicking on the language mdlcator on the
system taskbar and selectmg the desired locale from the llst
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14.

15.

-program, allowmg entry usmg different character sets.

To enter data using the English character set, you must choose the English locale, to enter
data using the Cyrillic character set, you must choose the Russian locale, etc. -

This on-the-fly switching of code pages does not- affect the way programs displéy dialog
controls, times, dates, etc. It simply changes the way keyboard 1nput is mterpreted by the

Start SAPHIRE and choose Modlfy ] Prolect from the menu or choose the EA,
buttons on the toolbar The PrOJect dialog will be dlsplayed '

Choose the desired language from the-Default Locale drop-down list. Choose the Ok

button. You can now enter and view foreign language characters on SAPHIRE dialogs

and reports. Switch between locales (described in Step 13) to enter data using the
different character sets on subsequent SAPHIRE dialogs.
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21.3 Windows 95, Version 4.00.950
:PURPOSE o |

SAPHIRE does not run w1th this version of Wlndows 95. You MUST install Serv1ce Pack 1 for thlS
versmn of Windows 95 in order to run SAPHIRE and use any language other than Enghsh

After 1nstalllng Serv1ce Pack 1, you w1ll be running Wmdows 95 version 4. 00 950a (Serv1ce Pack 1)
Follow the mstructlons below for Wmdows 95 versnon 4.00. 950 b. ,

21 4 Wlndows 95 OEM Versmn 4 00 950 b (OSRZ)
iPURPOSE p'

This sectlon gmdes you through the steps of enabhng forelgn language support for the Wmdows 95
OEM Version 4. 00950 b (OSR2 ) operatmg system . ‘

| STEPS

. 1. Double-click on the My Computer &= icon on ybur desktop. In the My Computer window

_ double-click on the Control Panel :E&folder. If you have prevxously mstalled Multllanguage
support, skip to Step 6, otherwxse, continue with Step 2. :

2. In the Control Panel window double-click on the Add/Remove Prograrvns‘
Add/Remove Programs Properties dialog will be displayed.
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3. - Select the Windows Sétup tab. From the Compbnents list check the Multilanguage Sup‘por_t 4
option. Choose the Details button and ensure that a check mark appears next to the language(s) .
you want to use. Choose the Apply button. ' I ' -
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™ (B Accessories

M &p Communications
(] & Disk Tools

[ g5 Microsoft Fax

4. If the requ1red files have not been prevxously mstalled the Insert Dzsk dlalog w1ll be dlsplayed
Follow the dlrectlons and choose the OK button.

S. After the required files have been copied, the System Seitings Change dialog will be diSplayed.’
Choose the Yes button. In order for the change to take place, you must restart your computer
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6. After your computer has restarted you w111 need to change your system ] keyboard propertles In
ay

the Control Panel window double-click on the Keyboard @ICOH The Keyboard Properttes
dialog will be drsplayed

7. Choose the Language tab. The currently installed languages are drsplayed in the list. If the
language you wish to use is already in the hst skip to Step 9. If the desrred language is not in the
list, choose the Add button. '
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Keyboard Properties

The Add Language dlalog w111 be dlsplayed Select the desired language from the drop-down list
and choose the OK button.

The Add Language dialog will be closed and the selected language will be displayed in the list of
language choices on the Keyboard Properties dialog, Language tab (refer to Figure 17). To allow
for switching on-the-fly between installed languages, choose either the Left Alt+Shift or
Ctrl+Shift radio buttons. Ensure that the Enable indicator on taskbar check box is checked.
Choose the Apply button then choose the OK button. You may be instructed to inistall some- -
‘required files on your computer. If necessary, follow the directions for copying the requisite files.
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10.

11.
12.

- 13.

14,

In the Control Panel window double-click on the Regional Settings @icon. The Regional

Settings Properties dialog will be displayed.

Select the de51red language from the drop-down hst Choose the Apply button.

The Change Regional Settings dialog will be dlsplayed In order for the change to take place you :
must restart your computer.

“After your computer has restarted, you can switch between vlanguag'es by using the shortcut.keys

selected in Step 9 above, or by clicking on the language indicator on the system taskbar and
selecting the desired language from the list. '

Go to.Steps' 14 and 15 under the Windewé NT _insfructions.

210



21 5 MAR D Format

i When ed1t1ng MAR-D output files that contain data entered using other languages you must use an edltor _Y
that supports multiple languages (i.e., language scrrpts other than Enghsh) such as Multi-Edit for

Windows and WordPad.

21,6 pefinitions.

21. 61 ] MAR-D Format

"~ When edrtmg MAR-D output files that contam data entered using other languages you must use an editor
‘that supports multiple languages (.e., language scripts other than- Enghsh) such as Mu1t1 Edlt for
Wmdows and WordPad :

21.6.2 OEM B

- ‘Original Equipment Manufacturer.

2163 OSR2 |

Cperating System Revision 2

2164 Code. Page

. An intemal table that the 'operating system uses to relate the Keys on the keyboard to the characters
dlsplayed on the screen. Usually defined to support specific languages or groups of languages which

- share common writing systems. In Wmdows 95 and NT 4.0, code pages can be changed on-the-fly by the
user without changing the default language system in use.’

2165 Font
A set of graphical representations of characters.
21.6.6 Keyboard layout

A standard arrangement of characters o a keyboard that defines which keys produce particular
characters :

21.6.7 Locale '

- The features of the software envrronment that are dependent on language country, and cultural

" conventions (e.g., sort order; keyboard layout; character sets; and time, date, and currency formats) In
Windows, the locale information includes the name of the spoken language the script used to write the
language, and the cultural conventions.

21.6.8. Script

A system of characters used to write one or several languages. The characters of the scr1pt denote sounds,
.syllables, or word elements and are governed by a general set of rules for creatmg text such as default
- writing direction. :
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22. M‘AcRo S_C'RIPTS
22.1 Macro-Scnpts Usage And Examples

SAPHIRE (Version 7) is equlpped with a feature that allows for the usage of Macro-scnpts to run’
specified menu or analysis steps in a manner outside. of SAPHIRE. This feature is useful for repetmve
analysis procedures in databases or several databases. Macro- -scripts in SAPHIRE are different than"
the Macros used in the linking, recovery and partition rule editors. Those Macros are used to definea -
combination of rule based operands systems, or basic event for linking event trees or adding recovery’
' actions or end state partltlons “Macro-scripts” are. Keywords in text file format that SAPHIRE uses to
'automatrcally perform “analysis menu” functions. Though not directly designed to perform model
modifications (i.e. modify basic event data, fault tree logic and event tree logic). Most modify

) functions ¢an be used using macro- scnpts using the MAR-D extract and load feature

Macr0~scr1pts are programmed” using a standard text editor that SAPHIRE interprets to perform ‘
specified functions. The Macro-scripts are coded w1th Keywords that SAPHIRE recogmzes asa
specific menu or analysis ﬁmctrons :

The embedded macro code uses tags, similar to those in'an "HTML"or "XML" type file to run the
~actual associated scripts. The tags are classified as verbs or "actions" which are the main actions or
‘operations performed on a plant model; classes of "objects” which are acted upon by the verbs; and -

"parameters" which are passed to the actions. Each action, class, and parameter has opening and -
_closing tags that mark the series of commands performed during a macro scenario. This code contains
the declarations for all the tags utilized by the macrocode. The module also contains fiinctions and '
procedures that parse the macro script into its actions and verbs, initializes the routines and parameters
~.in the tool from the macro specified inputs, runs the code and outputs results into a text file. The macro
* scripts themselves can be run in normal or debug mode. All the commands executed can be submitted
“into an output ASCII text log file. Results are output into a separate ASCII text file. Time, date, and

user identification information is logged with the test results. Key modules within the API and core:
- functional areas have had macrocode hooks added to support thlS mterface Cornment capability is
o avarlable in the Macro-script | program : o

: TOPICS
Keywords and Structures Making a MACRO-SCRIPT

Example of a MACRO-SCRIPT ~'Runninga MACRO-SCRIPT

Ma'cro-Script Keywords

The following table 1llustrates the Keywords and their usage for creating a macro-script in SAPHIRE.
Each keyword having a opening tag and closing tag (i.e. <tag> being the opening and </tag> being the
closing): The table also contams parameter setting commands that are used by the tags to perform
specific functions. . :
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'Keyword : ~+ Use/lExample VNotes,
D  <add> This keyword will add a new |tern toa IIS{. Using this keyword,
- <add> e ‘a basic event could be added to a MAR-D cut set listing or a
. </add> change set added toa database

<analysis type>4

_<analy$l$. YPE> . <lanalysis type>

N <analysis>rando'rn'
.<anaIySIs>, </analysis>

<base case update>
(analysis type -
specified) </base
case update> .~

'<base case update>

: : <basic event> -
<basic event> _ < -
: _</basic event>

<calc type$ 1</calc
<calc type> type>

- <case> . <case>base</case>

; <change set>
- <change set> e .
' ' </change set>

<class>
<class> R
' </class>

R - <comment>
<comment> " information-
' </comment>

<compare file>
<input 1>FILET
<compare file> </input1>
p N <input 2>FILE2
</input2>

This keyword is used to specnfy analysis type that SAPHIRE is

- to perform calculation in. .Random = 1, Fire = 2, Flood = 3,
. Selsmlc 4, etc. For this example the anaIySIs type would be

selsmlc

This keyword.is used to specify specific analysis type during a

base case update. For this example, during the base case

update, the analysns type would be random

This keyword is used to specrfy the start and end a base case

’ update action.

This keyword is used to specity the start and end of a basic
event action. Generally, basic event actions involves extracting

or loading MAR-D files or addmg/deletlng a basic event from a

MAR-D flle

This keyword is used to specify the calculation type. For this

example, calculation type 1 would be use in the change set. -

This keyword is used to specify the base or current case. For

this example, the base case would be invoked.

This keyword is used to specify the start and end of change set

- operations. For example, a change set can be added, deleted B

marked or unmarked.

This keyword is used to specify the start and end of an event
class operation (i.e., class type basic event change in a change
set). Within this keyword function, the class of the basic events
to be changed and their desnred changes is specified.

> This keyword is used to specrfy the start and end of a macro-

comment block. Any text can be Iocated within the-.comment
block

~ This keyword is used to specnfy the start and end of a fi Ie

comparison. Used with <input 1>, <input-2> tags to specify the
two files to compare (report files). The results of the -

. comparison can be viewed in afile using the

<output>filename</output> keyword.
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Keyword

Use/Example

Notes

<condition> K
”‘<d.elete>'.‘ |
sdeSCrlotiona |
| sdurationa

<end state>
_ <end>

<event name>"

<event tree>
<exclude>

<extract>

</compare file> .

~ <condition>-

</condition>

<delete>

'</delete>_

~ <description> -

text description

: </descrip_tion>

| <duration>72
- </duration> -

 <end state> ;

</end state> _
<end> </end>
<event namé> BE

NAME </event
name> ‘

‘<event tree>

</event tree>

<exclude> FT-1

- </exclude>

- <extract>

</extract>

" This keyword is used to specify the start and end of a selected

GEM condition assessment process. Within the condition
block, a GEM condition assessment can be added, deleted

~marked or unmarked

This keyword is used to spécrfy the start and end of a listitem

- to be deleted. Using this keyword, a basic event could be

deleted to a MAR-D cut set listing and then reloaded ora

_change set deleted from a database.

Th|s keyword is used to specify a text descnptlon to change

 set, flag set, or scenario. - For example if a change set is
" created, <description>Class change - All’ : L
- events</description>, the text between the description block '

- would be added as the change set’s descnptlon ‘

ThIS keyword is used to specrfy a duration trme for a GEM ' _
condition assessment. . For thrs example the duratlon tlme .

'would be 72 hours.

This keyword is used to specify the start and end of an end
state operation.” Within the end state keyword blocks; end

_ states can be marked, gathered solved, and an uncertalnty
‘analysis. performed :

This keyword is used to specify the 'end ofa scenario'.

" This keyword is used to specify an event name to be adjusted
during a change set operation.

For this example, the basic
event BE NAME, could be adjusted within a change set block.

“This keyword is used to specify the start and end of an event

tree operation. Within the event tree keyword block, an event
tree can be marked, unmarked and linked. :

This keywdrd is used to speclfy the name of a.event tree, fault
‘tree, or sequence to be excluded in an operation. For this -

example, fault tree FT-1, would be excluded from any
operatlon

- This keyword is-used to specify the start and end of a MAR-D

extract operation.- Within the extract keyword block, the MAR-D

 file type and file name is speC|ﬁed

- 215



Keyword

Use/Example

Notes

<fault tree>
<file name>

<flag set> _'»

<gather method> -

<generate>
<'group>',
<ie'na'me> -_
<importance> ‘.
<include>

<init event>

<initial prompt>

<fault tree>

</fault tree>

.<f le name>
- TEMP.BE| </ﬁle
name>

o .</ﬂag set>

<flag set> |

<gather method>.by

- sequence</gather

method> '_

<generate> .
</generate>

. This keyWord is used to speC|fy the start and end of a fault tree

operation. Within the fault tree keyword block; cut sets can be .

 solved, flag sets applied, uncertainty analysns and |mportance
_ measures can be performed '

| Thrs keyword is-used to specrfy a t” le name for MAR-D extract

and load functions. For this example, the file name is MAR-D
file with-a name “TEMP.BEI". Thls keyword is also used to

'speC|fy report output t” les names.

- This keyword is used to specrfy the start and end of ﬂag set

operations. For example, a flag set can be added deleted, and-

' -applled to fault trees and sequences

‘Thns keyword is used to specify the specnf ic end state gather

operation. For this example the.cut sets would be gathered

- “by sequence.”

This keyword is used to specify the generate option. The
generate command implements the changes in a change set or -
flag set and moves from the base case to the current case for

- an analysrs

<group>yes</group>

~ <ie name>IE-LOSP

</ie name>

“<importance>

</importance> :

<include>FT-1
<finclude> '

<init event>.

~ </init event> -

<initial prompt> yes
</initial prompt>

This keyword is used to specify the use of group importance
measures or not. For this example, the group |mportance is

on-.

“This keWord is used to specify the initiating event name. For
this example, the initiating event “IE-LOSP” would be selected

during a GEM |n|t|at|ng event assessment.

~ This keyword is used to specify the start and end of an
importanc_e measure operation. . o

'Thrs keyword is used to specify the name of a event tree, fault
- tree, or sequence to be included in an operation. For this

example fault tree FT-1, would be mcluded in the operatlon.

This keyword is used to specrfy the start and end of a GEM
initiating event assessment..

' This keyword is not necessary to run-a macro.:_ However, if |
“yes" is specified (as in this example) in the initial prompt block,

a confirmation box is displayed that ask the analyst do confirm

- the operation of the macro-script.
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<logic show save>
- <loop class>

<mark event tree
mask>

_<mark logic fault
tree>

- <mark mask>

- <mark name>

“<mark sequence
mask> -

‘<loop class> grid
. <floop class>

-mask> LOSP </mark
. event tree mask?

.. <mark logic fault
- tree>*</mark logic
- fault tree> -

- <mark mask> *
.</mark mask>

-+ NAME1</mark
" name>

Keyword Use/Example ‘Notes
- <input 1> - ' '
Al -This keyword is used to deS|gnate the first file in a compare
, <input 1> . ':LLENAMEK/ input. operation For this example, the first file is called FILENAME1
_ %input 25 " This keyword is used to designate the second file in a compare
<input 2> ' : S operation. For this example the second file'i is called
_ FILENAME2</|np_ut2> FILENAME2. - }
- canb d" S <lambda> 1.0E-2  This keyword is used to spec1fy the value For this example
ambda </lambda>  the lambda value would be 1.0E-2. -
<link> | -~ <link> </link> , ThlS keyword is used to link event trees
o " <load> ThlS keyword is used to speCIfy the start and end of a MAR- D
<load> . fe " load operation. This operation can load in additional MAR-D
'- - </load> files or files that have been modiﬁed . :

<logic show save> - L : : U -
</logic show save> This keyword |s.used to showtand save fa_ult tree logic .
This keyword is used to specify the type of loop classification '
~being used during an analysis. For this example the loop
class would be “Grid-related”. -

- This keyword is used to specify the specific event tree mask
and is used during sequence analysis. For this example, all
~ sequences generated W|th the event tree LOSP would be
marked.

<mark event tree

This keyword is used to select a spec:ﬁc sequence havmg a
_ speC|f" C fault tree logic during sequence analysrs

This keyword is used to specify the specif ¢ fault trees or event
trees to mark. For this example, a **” would mark all fault trees
or event’ trees in the list (depending on if you were functioning
under a <fault tree> or <event tree> function block) '

<mark name>. ThlS keyword is used to specnfy the specnfic condition name in
GEM. For this example, the condition assessment NAME1
would be marked.

<mark sequence This keyword'is used to"speCify the specific sequence mask

- mask> ATWS </mark For this example, all ATWS sequences would be selected for-

sequence mask> analyS|s

217



_ ' _Keyword

st.eIExampIe N » _' ~ Notes

<mark sequence
name>

<mask operation> .

_ <mask>

<method>
<mission time>
<name>

" <output> -
1<page>
<paﬂM0n>
fprobability> |
'v<.process> :
_,'aprogram exit>

<project>

. name>

. _</method>

_</output> -

<mark sequence
name> LOSP2 -
</mark sequence

 This keyword is used to mark a'specif ¢ sequence for sequence
analysis. For this example the sequence named LOSP2 would
be marked -

This keyword is used to. specify the spec:fic mask operation for:
masking/marking sequences. The logic mask operator can -
<mask operation>and either be “OR” or “AND”. This function block allows more
</mask operation> .
: flexibility in selecting event tree names, sequence names and
fault tree names for sequence analysns :

<'maSk> </mask> This keyword is. used in conjunction with others

Th|s keyword is used to specnfy the specnf ic uncertainty
method. For this example, the uncertainty method would- be
. Monte Carlo For Latin Hypercube “ihs" 'would be used. |

<method> mcs

“This keyword is used to specify the specif c mrssion time Value. -

- <mission time> 10 Mission.time can be in scientific notation i.e.<mission
- </mission time> - time>1.0E+1</mission time>. For this example the m|SS|on

time would be 10 hours

_ Thi_s keyword is used to specify the nam_e ofa specific't'e_st_
<name> test name ' - passed in by a DOS script file, i.e. <name>%P-11</name>. It

}</name> -~ is also used to specify the name of a change set, flag set, fault

~ tree, eVent tree, etc to be added or deleted_dUring an operation.

This keywo'rd is used to specify the output' toa Spemﬁc file -
name. For example, .<output>compare. rpt</output> would
- output to a text t" Ie called “compare.rmpt™ : _

<output> file name

<page> </page> This ‘keyword is used to turn on the MAR-D paging optio'n.

<partition> . This keyword i IS used to turn on the partition optlon for event
</partition> trees. C

<probability$ 0.02  This keyword is ‘used to speCIfy a specific probablllty For this

</probability> . .example the probability of 0.02 would be used in a change set. .
<process> - This keyword is used to specify the start and end of a conditron -
_</process> assessment timed test

<program exit>

< /program oxit> This keyword is used to specify th_e end of the macro scnpt.‘

<pr01ect> </pr01ect> Th|s keyword is used to spec1fy a “project Ievel uncertainty -
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<scenario>

©  <seismic bin>

- <set units>

<show save>

Keywbrd

Use/Example .

Note's

<report destination>

‘<report format>

<report?

<sample>

<seed>

<sequence>

<setup>

<sample> 5000

~ <scenario>

<report destination>F

_</report destination>

<report format>A
</report format>

<report> -

<Ireport>

</sample>

</scenario>

<seed>1234</seed>

- <seismic bin> 9

</seismic bin>
<sequence>:
</sequence> =

<set units> PPerYear

. </set units>

<setup>

. </setup>

- <show save> </show
save>

‘operation.

This keyword is used to speC|fy the destination of the report
output. There are three options: “F" is a file, “V" is a screen
view, and “P” is a default printer. It the report destination is not
specnfied the defaultis to a fi le.

This keyword is used to specrfy the type of report format that is _
outputted. There are three options: “A” is text file, “R” is RTF

. format, and “H" is HTML format The default i is text format

This keyword is used to specify a report creating operation.

’ This'keyword is used to speC|fy the number of samples inan

uncertainty calculation. For this example, 5000 samples would

' be ran for the uncertamty operation.

’ Thls'keyword is used to.specify a specific. scenario sequence of -

events. This keyword is used to help identify vanous macro-
script functlons in afile. :

This keyword is us_ed to specify the random.number seed in an -
uncertainty measure calculation. If a “0” is used, then the clock
number is implemented. For this example the seed number
would be “1234",

.This keyword is used to specify the histogram bin number for a

seismic analysis.

. rThis keyword is used to specify the start and end of a
- sequence operation.

This‘keyword is used to specify the project units For this -
example “per year” would be used. Other units mclude per
month, per week, and per day.

This keyword is used to specufy the test scenario state of
operation. This keyword is used to during the vaiidation and
verification macro-script tests.

This keyword displays a fault tree graphic and saves- it.-
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<sort order>

' sstart>

: '<sub. type>
sSUScept>

. »<tau>
<truncation>
<type>

<uncertainty>

<unmark>

<update$

<sort order> name
</sort order>

_<start> </start>

<sub type>base only

</sub type>

<suscept>. 4

- </suscept>

. <tau>4</tau>

<truncat|on> 1 OE 12
</truncat|on>

<type>cut set</type>

‘<uncertainty>

- </uncertainty>

<unmark></unmark>

<update></u pdate$

-Keyword 'UselExample Notes
o This‘keyword is used to speCify a Single'event operation in a
<single>. <single> </single>  change set operation. To types of change sets are available, -
' ' ‘smgle and class changes. :
A : <slice save> - This keyword is used to specrfy acut sei slice save operation.
. <slice save> _ e : ‘This feature allow for specific cut sets to be saved in a file (or
: ‘ <[slice save> _end state)
<solve; : ,-<sol.v.e.> Thrs keyword is used to specify a fault tree/sequence solve
< Isolve> operatron (i.e. solve for cut sets).

This keywor_d is used to specify'the type of sorted order of the
output. This is used for sorting using a specified importance
measure. This function sorts the basic events in aIphabetrcaI

order

This keyword is used to specify the start of a new validation

and verification test.

‘This keyword is used to specify a report sub-type. For this
“example, the sub-type report is for base case results only.

This keyword is used to specify an event susceptibility value.
1=rand0m 2=fire, 3=flood, 4=seismic etc. ;

This keyword rs used to speC|fy a specrf c tau value in a change
set.

Thrs keyword is used to specify a probability cut off- level, a
truncation. This functlon block is used within the <solve>
block.

This.keyword is used to specify the report type. For this
example, the report type would be for a cut set output report.

This keyword is used to specnfy an uncertalnty measure

- operation.

| This keyword: is used to clear any marked change sets in a

plant model prior to additional analysis.

This keyword rs used to specrfy an update operatron for acut
set.
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" Notes o

© . ascii

Keyword Use/Example
<verbose> This keyword is used to specify the Verbose option-on for the
< b S o ~‘verification and validation test procedure of SAPHIRE. This
- <verbose>- < /verbose> ' ~ keyword is used to setup the Ievel of detail in the test results
' output files. - : ‘
- o Parameter setting for a' change set report that shows affected
affected - <sub type> affected events adjusted in the change set (r e. shows current case
EETER </sub type> data) ' :
L ' Parameter settrng for a change set report that shows both
-all _t<ysueb>type>.al_l </sub affected and unaffected basic events (i.e. shows both current :
o ype 4 and base case) ‘
: d <mask operatlon>and Parameter settlng for settlng for ﬂlterlng masklng/marklng
and . </mask operatlon> ‘ selectlons for fault trees and sequences.
<report format> ascii Parameter settmg for settlng the report file out format to
. <[report format> dehmlted ascii text.. :
' Parameter settlng for use with GEM rn|t|at|ng event operatlons
o <loop class> average Set the loop class to be a combined average of Grid related,
averag "</loop class> -Plant centered, severe weather and extremely severe weather
classes. : , .
base ' <case>base</case> 'Parameter setting to specify the base case is to be used.
.by pa rtition ;g?tttr:grr\ T/egtgtohij by Parameter setting for selection of an erid state gather-
S ‘ method> te.chmque to be gathercut sets by partltlon .
‘b sequence ;gag;rcr;f/th:tﬁt:y Parameter settmg for selection of an end state gather -
Dy.seq : m:tho d> 9 - technlque to be gather cut sets by sequence”.

<type> comb‘in,ation Parameter settlng to specify a combination report type

combination (summary report) for fault tree, sequences and end states ’
, : </type>
o . reports. A : :

current 7>case _current. fcase Parameter setting to specify the current case is to be used.

current base

current only

’<sub type>current
- base</sub type>

<sub type>current

" only</sub type>

Parameter setting for selection of a report sub type to have

: output for both the current case and the base case.

- Parameter setting for selectlon of a report sub type to be
" current case only.-
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' Use/Example

"~ PPerDemand

-<set units>

Keyword ~"Notes |
' ' Parameter settlng for selectron of a report type to be for “cut
cut set ftyp e>out set</type> sets.” i.e. the output file'will contain cut sets.
' oebu ' Parameter settrng for selectrng the mode of the log file output
[gebug - used for validation and verifi cation testing.
| detail . Parameter setting for selectlng the mode of the Iog file output in
- " a high-detail mode :
esw ' <Ioop class> esw. | '-Parameter setting for use with GEM mrtlatrng event operat|ons
: </loop class> ‘ Sets the loop c!ass to “extreme severe weather
file ' Parameter setting ‘for TBD
ri d <loop class> grid Parameter settlng for use. e with Inl_tlatrng Event operatlons Set. -
9 </loop class> the Ioop class to “grid related.” :
o | ) e | - Parameter setting for selectlon of an |mportance measure | 3
9r°”_p . . <type}group</type> caIcuIatron type ‘group.” ' :
interval : <tYpe>interVaI‘ ' Settlng for selection of an lmportance measure calculation;,
S - </type> mterval " The other optron is “ratio”.
Ihs - <method>lhs Parameter setting for Latin Hypercube Slmulatlon method in an
S </method> uncertainty calculatlon
<method>mcs . Parameter setting for Monte Carlo Simulation method in an
mes </method> - uncertainty calculation.
L ' 'Parameter setting for assigning the name of the database (or
' <name>%P-10 project) that the macro-script is being used on to the test
name </name> scenario. For this example, if the project name was “TEST",
‘ ' then the name of the scenario would be “TEST-10".
o <initial _prompt5no Parameter setting for turning off a feature. For this example,
no. </initial prompt> ‘the conformation prompt would not be implemented.
" none “Parameter setting for TBD .
- <mask operation>or Parameter setting for setting for filtering mask_ing/marking'
or </mask operation>  selections for fault trees and sequences.
‘ ’ <set units> PPerDay . - - o, "
PPerDay </setunits> Parameter s_ettlng for; <set units> to be | per day.
Parameter setting for <set units> to be “per demand.”

222



Keyword

' Use/lExample P ~ Notes

PPe’rHoUr‘b
PP,e'rM‘inute_ '-
PP,erMorjth
PPerV.Veek
PPerYear bl
plant cen'tered '
print

project
'. | random

ratio )

: r_esults_
hl

severe weather

</set units>

- </set units>

~ <report destination> -
- print </report

' <type>project</type>

PPerDemand </set

units>.

sset units> PPerHour Parameter setting for <set units> to be “per hour.'t __

<set units> . s S
PPerMinute </set - Parameter setting for <set units> to be “per minute.” .

units> L

<set units>

PPerMonth'</set .~ Parameter setting‘ for <set units> to be “per month.”
units> . : A

<set units> o o o |
PPerWeek </set Parameter setting for <set units> to be “per week.”
units>. - ' ' S o B

<set un|ts> PPerYear Parameter settlng for <set units> to be pe_r year.”

<loop class>plant ~ Parameter setting for use with an Inltratlng Event operatlon
: centered</loop class>Sets the loop class to plant centered.”

Parameter settrng for selecting a report output optlon tobetoa -
destination> system default printer.

Parameter settmg for selection of an uncertainty calculation
type to “project”. :

> < ’
<ana|ysus randoms</a Parameter settrng for an analysrs type to random

. ‘results.

nalysis>

o . Parameter settmg for selection of an Importance measure
<type>rat|o</type> calculatron to be rat|o The other option is “interval”
<type>results _</type Parameter setting for selectlon of a report type for analysis

<report format> rtf Parameter settmg for settlng the file output format of a report to

</report format> : be RTF format.

<loop class>severe. Parameter setting for use with initiating event operatlons Set
weather</loop class> loop class to severe weather.” :
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- Keyword

Use/Example o Notes

Ve N Parameter settrng for selectron of an rmportance measure

single _ <typeaerng|e_</type> calculation to srngle

S . <sub type> ) -~ Parameter setting for a change set report that shows:

" unaffected ‘unaffected </sub- - unaffected events not adjusted in the change set (r e. shows

S . type> C base case data) :
" uncert aint . <type>uncert'airity , Parameter settmg for selection of an |mportance measure

' o v </type> _ ‘ calculatron tobe by’ uncertarnty

o <report destination>' -'Parameter settin for selectrn are ort out ut option to be to

view. view </report screen for vrewrng g i P p
o destination> - A gv
. yes : <group_>yes</gr0up>.v Parameter Setting for.-turning'bh a featere.

A Macr"o-Script :Example '

The follow is a s1mple Macro-scrlpt example desngned for the DEMO prOJect that accompames the
SAPHIRE program. The Macro-script can be created using any standard text editor. The following = .
Macro-script, when ran, creates a change set called “Example” and adds a description to it. The change ’
set adjusts the probability of basic event C-PUMP-A to 1.0E-1. The macro-script then'marks the change
set and generates the new data. Next, all the sequences are marked and new cut sets are solved. Flnally,

* the new cut set listing is dlsplayed on the screen. : S
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<comment>

The following is an example MACRO-SCRIPT that can be run‘in the -
DEMO project of SAPHIRE. This simple MACRO-SCRIPT performs the
followmg funtions automatically when 1mplemented usmg the "Run .
Macro... command » »

~ Creates a Change Set named "EXAMPLE"
" Adds a description to the change set:
Changes the probability of basic event C- PUMP-A to 1.0E-1.
Generates the new data. . ,
Marks all Sequences.
Solves for cuts sets.
Generates areport of the new cut sets to the screen.

</comment>

<change set>
<add> ' :
<name>EXAMPLE</name> v
‘<description>Changes C- PUMP- A probablllty to 1. OE 1</descr1pt10n>
<single> -
<event name>C- PUI\/[P A</event name>
. <probability>1.0E- 1</probab111ty>
</single> -
" </add> :
- <mark name>EXAMPLE</mark name>
<generate></generate>
</change Set> ‘

<sequence> '

<unmark></unmark> :

<include> : o
<mark event tree mask>*</mark event tree mask>

. <mask operat;on>or</mask operation> '
<mark sequence mask>*</mark sequence mask>
<mask operation>or</mask operation> .
<mark logic fault tree>*</mark logic fault tree> -

</include> ‘

<solve></solve>
<report> :
<type>cut set</type>
- <report destmatlon>v1ew</report destmat10n>
</report>

</sequence> .
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22.2 Creating a Macro-Script
22.2.1 - Making a Macro-Script

PURPOSE
- Descrlbe the steps for creatmg a Macro -Script.

-STEPS

L _"Select any text editor or program that saves files in a standard ASCII file format For this
‘ example Microsoft® NotePad will be used.

2. InNotePad, type in the desrred Macro- Scnpt usmg the Keywords and commands shown in the
’ table above.

Rl &3

E CHSPT.mac Notepad

rhe fu11ow1ng 1s an example MACRO-SCRIPT that can be run 1n the
[DEMO project of SAPHIRE. = This S1wﬁ1e MACRO-SCRIPT performs ‘the
fo110w1n funtions automat1ca11y en implemented using the "Run
Macro. command

Creates a Change set named “EXAMPLE"
Adds a description to the change set.
changes the probability of basic event c-pumP-a to 1.0£-1.
Generates the new data.
- marks all sequences..
solves for cuts sets.
Generates a report of the new cut sets to the screen.

ij</comment>.

‘|<chan e set>
<a ;
<name>EXAMPLE</name> )
4 <?escr1ption>changes C-PUMP-A* probability to 1. OE—1</descr1pt10n>
<single> :
gevent name>C—| PUMP—A(/event name>
<probab111ty>1 OE-1</probability> R
</singie> : . - S
</add> . : T
<mark name>EXAMPLE</mark name> -
generate></generate>
{</change set>

<sequence>
<unmark></unmark>
1 <«include>
' <mark event tree mask>%</mark event tree mask>
<mask operation>or</mask operation>
<mark seguence mask>*</mark seguence mask>
<mask operation>or</mask operation>
<mark.Togic fault tree>%</mark 1091c fault trees
</include> )

<so1ve></so1ve>
<report> -
<typa>cut set</t¥
<report destinat 0n>v1ew</report destination>
</report>

‘|</sequence>

3. Save the file in NotePad by selecting File = Save As... and save the file in a speciﬁed directory
or the Project directory.. SAPHIRE reads the maco-script ﬁles with a “.“MAC” file extentlon For
this example, the file was saved as CHSET.mac :

The macro-script is ready to be accessed and 1mp.lemented. in SAPHIRE.
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22.2.2 . Running a Macro-Script.
To illuSttate the use of a macro-script, the.DEMO project will be used.

1.~ To run a macro-script, select File from the menu bar and use. the drop -down menu to select Run
Maco. ’ - : :

2. A “Select a macro file” pop-up window w1ll be- displayed. Use the “Look in:”drop box to select
the location of the macro-script and select the desired file (macro-script files are read w1th a
- *.mac file extensmn) Click on the Open button to run the macro-script.
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