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DISCLAIMER NOTICE

This report was prepared as an account of work sponsored by an agency of the United States Government.
Neither the United States Government nor any agency thereof, or any of their employees, makes any
warranty, expressed or implied, or assumes any legal liability of responsibility for any third party’s use, or
the results of such use, or any information, apparatus, product or process disclosed in this report, or
represents that its use by such third party would not infringe privately owned rights.
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INTRODUCTION

The Systems Analysis Programs for Hands-on Integrated Reliability Evaluations (SAPHIRE) software
performs probabilistic risk assessment (PRA) calculations. SAPHIRE is used in support of NRC’s risk-
informed programs such as the Accident Sequence Precursor (ASP) program, Management Directive 8.3,
“NRC Incident Investigation Program,” or the Significance Determination Process (SDP). It is also used
to develop and run the Standardized Plant Analysis Risk (SPAR) models. SAPHIRE Version 8 is a new
version of the software with an improved interface and capabilities to support risk-informed programs.

SAPHIRE Version 8 is designed to easily handle larger and more complex models. Applications of
previous SAPHIRE versions indicated the need to build and solve models with a large number of
sequences. Risk assessments that include endstate evaluations for core damage frequency and large, early
release frequency evaluations have greatly increased the number of sequences required. In addition, the
complexity of the models has increased since risk assessments evaluate both potential internal and
external events, as well as different plant operational states. Special features of SAPHIRE 8 help create
and run integrated models which may be composed of different model types.

SAPHIRE 8 includes features and capabilities that are new or improved over the current Version 7 to
address the new requirements for risk-informed programs and SPAR models. These include:

Improved User Interfaces
Model development
Methods

General Support Features

The user interfaces are re-designed to utilize the main screen with flexible use of window sizing. Models
loaded into SAPHIRE 8 are displayed on the main screen. The risk analyst can view and edit the model
logic and perform standard analyses (e.g., sequence solving, uncertainty analysis, etc.) all from the main
screen with use of pop-up forms and the available windows.

On the main screen, different user interfaces can be selected for performing analysis on the loaded model
database. An interface was developed for: (1) Significance Determination Process (SDP) phase 2
analyses with the SPAR models; (2) event assessments; and, (3) other types of analyses. The user
interfaces are designed to be used at different levels of complexity. The SDP interface is simplified when
compared to the current Graphical Evaluation Module (GEM) in SAPHIRE 7. The Events Assessment
(EA) interface retains all the capabilities of the GEM interface. It supports streamlined analyses for the
ASP program, as well as other risk-informed programs. A third interface, General Analysis, provides an
additional level of capability by allowing changes to the model’s underlying logic for a risk assessment.
The reports for each interface have been tailored for their intended applications.

Features and capabilities have also been improved for SPAR model development and use. External
events models can be built more expeditiously. External event modeling involves repetitive uses of some
modeling features, and a capability was developed to make this easier for the model developer. In
addition, the capability was added to build large, early release frequency (LERF) models beyond the



bridge event tree/containment event tree approach. Also, as previously mentioned, SAPHIRE Version 8
has been designed to support integrated models which combine different model types (e.g., internal and
external events models). These integrated models can be constructed all within SAPHIRE, or,
alternatively, different parts of the model can be built on different computers and then pieced together.
Any combination of model types can be solved, and powerful graphical editors allow examination of the
underlying logic.

New modeling and calculation methods have also been implemented. The capability to perform phase
mission time analysis has been incorporated in support of Level 1 and LERF SPAR models. This
capability will also be useful for low power and shutdown models. The common cause failure
methodology for the Risk Assessment Standardization Project (RASP) has also been incorporated.
Common cause failure probabilities will be automatically adjusted for sequence flag sets. In addition, the
sequence solving routine has been improved.

Finally, the functionality, in general, that was available in Version 7 is available in Version 8, but in an
improved manner. One of the strengths of SAPHIRE lies in its computation capabilities. Version 8 not
only taps into these capabilities, but also is better positioned to leverage these capabilities for non-expert
users.

SUMMARY OF NEW FEATURES AND CAPABILITIES

Features new to SAPHIRE 8 include:
e flexible window interface with multiple open dialogs and resizable windows
e the capability of model manipulation from the main screen
o the concept of workspace files which save analyses and can be built upon without affecting the
base model
e more powerful and easy to use graphical editor

Capabilities new to SAPHIRE 8 include:
e workspaces that are independent of the basic model, each other, and can compare cases within
their own environment
e powerful search function
e multiple objects (trees, searches, etc...) open and accessible at the same time
e simplified SDP interface for SPAR models from main screen
e streamlined ASP analysis
e reports tailored to the applications with increased graphical presentation
e improved graphical representation of uncertainty
e RASP Common Cause Failure modification module
e improved ability to piece models together from parts created on multiple computers
e improved external event modeling



SOLVING PROJECT — STANDARD ANALYSIS

Solving a SAPHIRE 8 project can be performed directly in the project or by setting up a new general
analysis in a user selectable workspace. The differences between these two analysis options will be
discussed below.

The starting point in analyzing an existing model is to load the project into SAPHIRE 8 as shown in the
entry menu (Figure 1). The project specified in the Current Project field is opened or a new project can
be selected by selecting the Browse option and scrolling through the folders until the project is located.

The next step to opening the project is to determine what type of analysis is going to be performed. To
perform a standard analysis (similar to SAPHIRE 7) an analysis option is specified in the drop down box
and then the green arrow below this option is clicked. Otherwise, the “Modify a Reliability or Risk
Analysis Project” option is selected. The “modify” option allows for project creation and manipulation
along with all types of analyses. Discussions of the analyses available are found in the sections on
Solving Projects — Significance Determination Project, Event Assessment, and General Analysis.

Current Project IC:\Saphire g\Demo-EE j Browse. .. |

Wadify a Reliahility or Ferform an Analysis
Risk Analysis Project Mew-General Analysis

Figure 1. Starting dialog for SAPHIRE 8.

MODEL EDITING

SAPHIRE 8 has provided an improved interface to modify a reliability or risk analysis project’s database.
The windows in the left panel of the main screen are expandable and collapsible. The whole left panel
can be resized as well by clicking and dragging the edge. Figure 2 shows the model windows that can be
used in the left panel for model manipulation and for creating and running analyses.
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Figure 2. SAPHIRE 8 screen showing all left panel views

Basic Event Editing

The basic event editor is segregated into five tabs (see Figure 3) for the different types of basic event
information.

Failure Model
Attributes
Applicability
Notes
Summary



<8 Edit Basic Event - DG-B Ha! =le =
| Name
F

¥

Deér.:ription Emergency diesel generator B

F

Failure Model |Attributes Applicabilityl Nntesl Summary

Item Value
Event Default Template MOME SPECIFIED
=+ Model Type RANDOM
Description Emergency diesel generator B
Calculated Probability 2.000E-02
Process Flag Failure== System Logic | Success== Delete Term
Uzes Template NOME SPECIFIED
=} Failurg Model Failure Probability - (1)
=} Probability 2.000E-02
= Uncertainty Distribution Log Nermal
95% Error Factor 1.000E+01
Correlation Class 1]

Figure 3. Basic event editor screen.

The “failure model” option allows the user to edit the failure model(s) for basic events. The Failure
Model page consists of a tree-view control listing all of the applicable options required to specify the
event’s failure model. In SAPHIRE 8, a failure model is assigned to each event’s Model Type (if more
than one, as assigned in the Applicability tab). Each failure model can have a description. The
Calculated Probability is not editable, it will be determined from the settings below it.

The Failure Model controls how the event’s probability is calculated. A new failure model in SAPHIRE
8 is the “R” type, or RASP CCF. This model is described later in this report.

Fault Tree Editing

The capability to modify the model and the functionality of the graphical editor has improved. The list of
Fault Trees is shown in the fault tree window in the left panel. Open a Fault Tree by double clicking on
the name. As shown in Figure 4 for the Demo CCS Fault Tree, the basic events can be stacked. Transfers
can also be stacked. The transfer icon is double clicked to follow the transfer by opening up the transfer
tree graphics. SAPHIRE 8 keeps all of the trees open in the right panel. Multiple objects are kept
accessible as all open trees and other windows in the right panel are listed in the Open Windows window
at the bottom of the left panel. Basic Events can be modified through choosing them in the Basic Events



window or within the graphical editor as shown in Figure 5. The same Basic Event form pops up as
would if the BIE was chosen in the Basic Event window.

Fault Trees are also collapsible by clicking on the “-” icon underneath a gate. A “+” icon indicates there
are unexpanded gates and/or events, which then are clicked to expand the model.
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Figure 4. Fault Tree graphical editor in SAPHIRE 8.
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Figure 5. Basic Event editing form in the Fault Tree graphical environment

Adding a gate to a Fault Tree is accomplished by clicking on the button with the desired gate icon at the
top of the editing screen. The cursor will show an arrow with a null symbol until it is placed over a gate
that can accept the insertion. The cursor will then show a gate symbol and a left click of the mouse
inserts the gate (Figure 6).
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Figure 6. AND Gate cursor in Fault Tree editing screen

Event Tree Editing

Event Tree editing is accomplished in much the same manner as Fault Tree editing. All of the increased
functionality of multiple object accessibility is available as described in the Fault Tree Editing section.
Event Trees and Fault Trees can be open at the same time. The branch and top event insertions are made
by clicking on the icon for the chosen insertion and placing the resulting cursor (branch up, branch down,
top event insert left, top event insert right) over the branch point or top event as applicable, then click to
insert. Information and editing of a top event can be accessed by double clicking on the top event box as
in SAPHIRE 7. When end-states are double clicked, the frequency and sequence name is also viewable.
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Figure 7. Event Tree editing screen

General Support Functions

SAPHIRE 8 has a search function that will return any object in the project that matches the search such as
tree names, gates and basic events names, and including the matched text in the descriptions. It is not
case sensitive. The results can be examined from the search for cross-references in the project,
frequencies, quantification methods, and other information including a graphical view if viewing a tree
with a movable magnified area. As with any window opened, the search remains open and accessible in

the main panel (Figure 8).
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Figure 8. Sample search results

SAPHIRE 8 also has a bookmark option that provides a way to save a group of objects for later retrieval.
To have all of the CCS basic events at the click of a bookmark, the CCS are highlighted in the Basic
Events window and a right click will bring up the option to bookmark the selection (Figure 9). Name and
save the bookmark (Figure 10) and it will be available for retrieval under Bookmarks. When the
bookmark is retrieved, the previously highlighted basic events are selected.
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FAULT TREES

Generate Cut Sets

To solve fault tree cut sets from an existing model, the fault tree(s) need to be highlighted and then right
click the mouse. A pop-up menu will appear (Figure 11) and then select Solve.

.‘ IMain Trees ;I _ I
Mew fault tree ..

Containment Coaling... Edit Logic
ECS EmergencyCoolings... Edit Properties
DETRUE TRUE house event fo... Edit Cuk Set Rules

R IMain Trees ;I

>
E = = Yiew Summary Resulks
0 Open Windows #

Wiew Cut Sets
View Imporbance Measures
Viemy Uncertainky

Hide | Shaow »
Set Bookmark,
Goka Bookmark,

Celete

Figure 11. Selecting a fault tree to solve.

The Solve option is different compared to SAPHIRE 7 primarily in that SAPHIRE 8 has all of the solve
options located on this one option screen. Within this screen (Figure 12) the following applications are
performed: cut set generation, apply recovery rules, cut set update, and base case update. Also, the
different model types can be analyzed together or separately.

Note that in SAPHIRE 8, the different model types (e.g., random, seismic, fire, flood) can be solved at the
same time (as opposed to SAPHIRE 7). Whenever more than one model type is solved, the cut sets for
that particular group of model types is stored uniquely from other groups. For example, if the random and
flood model types are selected and solved, cut sets applicable to those two model types will be solved and
stored internally in SAPHIRE 8 as a random+flood group. If random and fire model types are selected
and solved, these new cut sets will be stored in a random+fire group, leaving the random-+flood cut sets
untouched for later retrieval.
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Figure 12. The fault tree solve settings.

Solve Options:

Cut Set Generation:
SAPHIRE solves the selected fault tree(s) based on its logic to obtain the minimal cut sets. These
resultant cut sets are then quantified or truncated based on the truncation options.

Cut Set Truncation:

The truncation options are the same as those from SAPHIRE 7. The cut sets can be solved at a Global
truncation or a fault tree specific truncation. The Global truncation will solve all fault trees at the
specified truncation. The System truncation will solve the fault trees at the fault tree specific truncation.
This option requires that a specific truncation be specified for all fault trees. The last truncation option is
NONE, which means no truncation will be used in the cut set generation.

The next set of truncation options deal with the number of basic events per cut set. This truncation option
is Size (direct number of basic events from logic model) and Zone (based on basic events attributes being
specified to zone [i.e., for fire, flood analysis]).

Solution Steps:
This set of check boxes lets SAPHIRE 8 know what type of solution is requested. Whichever, box(es) is
checked, that particular operation will be performed. Multiple boxes can be selected or just one box

depending upon the final result. Each box performs the following process:

Solve for Cut Sets — Solve the fault tree for minimal cut sets based on the fault tree logic model.
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Apply Recovery Rules — This check box applies all applicable recovery rules to the fault tree cut
sets (Fault Tree specific rule first then Project rule).

Update/Quantify Cut Sets — This option re-evaluates the existing cuts to remove any potential
non-minimal cut sets and then quantifies these cut sets using the default calculation.

Update Base Case — This option stores the resultant cut sets into the base case.

Model Types:

The last option within this screen is what Model Types are to be solved. Each basic event/fault tree can
be susceptible to one or more of the Model Types available within SAPHIRE. The default is Random,
but multiple Model Types can be selected and SAPHIRE will solve the fault tree based on the Model
Type(s) selected. The results will all be grouped together based on the Model Type(s) selected.

Quantification

The same quantification options are available in SAPHIRE 8 as in SAPHIRE 7. These quantification
options are MinCut, Rare Event, and Min/Max. One way to change these options is by right clicking the
mouse on the selected fault tree (only one may be selected) and selecting ‘Edit Logic’. Inside the Fault
Tree Editor, select ‘Edit’ from the menu bar, and then ‘Properties’. The default quantification method
may be changed in the lower left corner of the model information editor.

% SAPHIRE Fault Tree Editor AFW-CST4 (FT Edit)

| File | Edit | Insert wiew Help
Edit Logic J Undo Ale+BkSp qﬁ (G Edit Model Information 21z =101 x|
g ﬁ I / I

Edit Propetties | cur Cheles ) _ Mame: Tree Hierarchy
Edit Cut Set Rules Copy  CHrl+C Jprn-csTa % Main Tree
- " Subtree
Chrly Description:

Paste
Solve =
IUNIT 4 C5T FAILS

=

Clone  Chrl+Dr

Wigw Surmmary Results

Wiew Cuk Sets Camplement Defautt Cutoff “Walue: Defautt Flag Set:
Wiew Importance Measures Select Al — |U-UUUUE+DD | j
Yiew Lncerkainty Bd  IresEdi...

.-:.—I B ies efault Quartification Method
Hide [ Shiow 3 —p—ne;nel_ i Defautt " Rare Event
Set Bookmark. C Mncut  C Minhax
Goka Bookmatk

- \/ OK I x Cancel |
Delete et
Report:

There are multiple Report options, View Summary Results and View Cut Sets.
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Once the fault tree(s) have been solved then the cut sets can be viewed. From Figure 13 (View Cut Sets),
the fault tree cut sets can be reported by selecting the Report button. This option will display the
resultant cut sets for preview and then to the selected printer.
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Figure 13. Fault tree cut set viewer.

The other option is to select Publish from the project’s main menu bar. This report function allows the

user to specify from a default listing of report outputs and select the document structure for printing.
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Uncertainty Analysis:
The Uncertainty analysis is primarily the same as that performed in SAPHIRE 7. The only differences

are the menu options and an improved plot. In SAPHIRE 8§, the Uncertainty analysis is performed in the
View Uncertainty option after the cut sets have been generated.
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The different types of sampling are available within SAPHIRE 8§, Latin Hypercube and Monte Carlo. To
use either one of these sampling methods, its radio button must be selected along with the number of
samples. The uncertainty option is shown in Figure 14.
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Figure 14. Fault tree uncertainty analysis dialog.

Once the Uncertainty Method is selected then the Calculate button is pressed. SAPHIRE 8 will perform
the sampling technique specified for the number of samples. Once SAPHIRE performs the uncertainty
analysis it updates the Current Uncertainty Results field and plots the results.
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Importance Measures

The importance measures in SAPHIRE 8 are the same as in SAPHIRE 7. The only difference is the menu
option and the type of outputs. To view the importance measures, highlight the fault tree, right click the
mouse and select View Importance Measures (Figure 15).
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Figure 15. Importance measures path

The Fussell-Vesely (FV) measure is an indication of the percentage of the minimal cut set upper bound
contributed by the cut sets containing the basic event. The equation for FV importance now being used (in
version 8) is

FV =F(@)/F(x)

where
F(i) is the minimal cut set upper bound for the group of cut sets containing the event
F(x) is the original minimal cut set upper bound

In older versions of SAPHIRE (prior to SAPHIRE version 7.27), the FV equation used an approximate
expression

FV=1-F(0)/F(x)
where
F(0) is the minimal cut set upper bound with the event probability set equal to 0.0.

F(x) is the original minimal cut set upper bound.
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When basic event probabilities are low, the risk reduction ratio (RRR) and FV measures provide the same
ranked list of events. However, when event probabilities become large, the behavior of RRR and FV
differ. For example, consider:

System = A “or” B
P(System) = P(A) + P(B) — P(A and B)

When we plot RRR, and FV, as a function of their respective P( ), where P(A) = P(B), we see the
behavior shown in Figure 16. For example, when P(A) = P(B) = 0.5, then:

FVA=0.5/0.75 = 0.66
Note that had we used the approximate FV found in older versions of SAPHIRE, then:
FVA=1-0.5/0.75=0.33
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Figure 16. Behavior of FV and RRR as basic event probabilities are varied.

The importance measures are all loaded into one screen for reporting. The importance measures can be
reported as point estimates or the component variability can be incorporated into the results. The point
estimate is calculated using the formal importance measure equations using just the input probabilities for
the individual components and the overall point estimate for the fault tree. However, if the importance of
the components based on their variability is required, SAPHIRE 8 will perform the same calculation as
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stated for the point estimate except now it samples from the component’s uncertainty and feeds this into
the importance measure equation. For example, the standard importance measures are calculated as

Fussell-Vesely: FV =F()/F(x)
Risk Increase Ratio: RIR =F(1) / F(x)
Risk Reduction Ratio: RRR = F(x) / F(0)
Birnbaum: B=F(1)-F(0)

where: F(x) = value of all the minimal cut sets evaluated with the basic event probabilities at
their mean value.

FG@) = value of the minimal cut sets that contain the i’th basic event.

F(0)

value of all the minimal cut sets evaluated with the i’th basic event probability
set to zero.

F(1) value of all the minimal cut sets evaluated with the i’th basic event probability

set to one.

For the point estimate, the equation is solved only once for each component using their input probability.
Now to take into consideration the component’s variability, the importance measure equation is calculated
for each sample. From the results of the samples, the importance measure mean, and other parameters are
obtained for each basic event.

The report for the importance measure based on the point estimate is shown in Figure 17.
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Figure 17. Point estimate importance measure dialog.

The report for the importance measures allowing the component’s variability to be propagated through is

shown in Figure 18, where the report provides the results of the FV sampling. For each iteration (up to
the number of samples specified) SAPHIRE determines the F(1), F(i), F(0), and F(x) terms previously
defined, wherein each of the basic events in the cut sets are sampled using their individual epistemic
distributions (e.g., lognormal, beta, gamma). Then, for each iteration, the importance measures are

quantified using these “F()” terms. Each value for the various importance measures is stored in an array
that is later used to determine the moments (such as mean and standard deviation) and percentiles (such as
5™ 50" and 95™).

The calculation arrays are temporarily (due to the potentially large storage space) stored in memory —
consequently, once the user closes the importance measure screen, the uncertainty results are discarded

and must be rerun if needed again.

21



23 _loix
Poirt Est. F-V | RR|RRR |88 | R |RR | uncoste.Dev |
| Data | Pict | Repart |
| Mame |PointEst..| Mean | st | sotn | agth | Mimimum | Meximum | Descrigtion |

COV-A 382E-05  149E-04  254E08 | 37ZE-05 | 332E-04  STIEOF | SEFED3 | CCS Train A pump discharg...
C-Cy-B 133E-04  227E-04 28205  118E-04 | 456E-04  SA9E-06 | 390E0F | CCS Train B pump discharg...
CMO-1 472€-02  150E01 | 284E-03  485E-02 | 400E-01 | 245E-04 | 94EED1 | CCS suction isokation valve
CAMOV-A 191E-03  118E-02  382E05  116E-03 | 234E-02  339E-06 | AE0E01 | CCS Train A pump discharg...
CMOV-B EE3E-03  157E-02  49E-04  IEGE-03 | 3M4E-02 13304 4TSEDT | CCS Train B pump discharg...
C-PUMP-8, 115E-03 | 58903 | 220E05 | TAGE-04 | 119E-02  104E-06 | 289E-01 | CCS Train A motor-driven p..
C-PUMP-B 393E-03 842603 35504 235E-03 | 1 7IE-02  GEFE-0S | 3OZEO1 | CCS Train B mator-driven p..
DG-4, TE4E-03 | BSIE03 | OD3SE04  413E-03 | 130E-02  143E-04 | 613E02  Emerency diessl genersto..
DG-B 943E-01 | B27E01 | 287EAM  BSTE-M | GE3E-01  BFOE-02 | O88E-01 | Emergency diesel genersto..
TANK 472E-06 19105 53507 B33E-06 | 4EEE-05  144E-07 | 4E0E-O4  RWST supplyto the iniectio..

Check All I UnCheck Al

Sample |

x Cloze |

Figure 18. Uncertainty on importance measures.

The other report option for the importance measures is a plot of each component based on the sampling
process. This option is displayed by selecting the plot tab as shown in Figure 19.

22



2 ol
Point Est. F-¥ |RIR |rer |88 |R1 | R | uncoste.Dew |

Data ||P||;|t | Repart |

Importance Graph

F-0Y S R— e e e oemonoecec e A oocene- E'_'l ---------
NOEA f oo AR — S R S
10E-24-4-----amm-n- e ECErT N CEEPEPE B I EEEPEEE Bl EEPPEPE ey FEEEEEE I PEEEEEE s EEPEEEPE P i--
L poscsssssseg e (SRRl [EESEEE | (EEEEEE [EEEEEE oo e cooos cyoossesaassaios
- 1 T = 1 | |
1064 Wi H ---------

i H H H : | 1 |
10E-54  |---------- L TR EE e LR EE O T L LR P LT T deeeeees
1
TOE-B-d---mmmmmmm o m e e - L I LR L e EE R
1 1
T T T T T T T T T T
=L fir] = =T m <L m < m =
> > = > = o o ] ]
=] [ o (=]} o = = [ (=] %
5 8] = = = = =]
Q (&) [ |:'r B
(8] (5]

W Lagrithmic &xis X Close |

Figure 19. Plotting of importance measure uncertainty.

EVENT TREES

The analysis process for event trees is designed to solve the accident sequences for minimal cut sets. The
cut set generation and other processes are similar to the fault tree option with exception that event tree

sequences are used as the logic model. The different aspects of analyzing the event tree accident
sequences will be covered

Solve Options

Cut Set Generation:
The cut set generation is based on the linked fault tree methodology (i.e. fault tree logic linked to the
event tree logic). The solve option (Figure 20) will generate the minimal cut sets for the accident

sequence logic, which is then quantified. Depending if the event tree is highlighted or an individual
sequence will determine which sequences are analyzed.
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Figure 20. Event Tree Cut Set solve option path

Once the Solve option has been selected, SAPHIRE will pop up a screen that allows for sequence analysis
settings. Each of the options will be discussed.

Cut Set Truncation:
None — This truncation option solves for all possible cut sets.
Normal — This truncation option generates all cut sets above the truncation value specified
divided by the initiating event frequency (i.e., truncation value specified/initiating event
frequency).

Conditional — This truncation option generates all cut sets above the truncation value specified
regardless of the initiating event frequency.

Solution Steps:

The solution steps check boxes are designed to specify how to solve the accident sequences. These check
boxes can be checked individually and the Solve button clicked or multiple boxes can be checked and
SAPHIRE will apply all operations that are checked starting at top and working down.

Solve for Cut Sets — This check box will solve all event tree accident sequences that are
highlighted for their minimal cut sets based on the sequence logic.

Apply Recovery Rules — This check box will apply all post-processing rules to the newly
generated cut sets (Sequence specific rule, Event Tree specific rule, then Project rule).
Update/Quantify Cut Sets — This option re-evaluates the existing cuts to remove any potential
non-minimal cut sets and then quantifies these cut sets using the default calculation.

Clear Cut Set Partitions — This option resets the partition rules (i.e., removes the end states from
the cut sets that was created using partition rules).
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Apply Partition Rules — This option applies the partition rules to create user specific end states
for the cut sets based on rules (Sequence specific rule, Event Tree specific rule, then Project rule).

Update Base Case — This option stores the resultant cut sets into the base case.

Model Types:

The last option within this screen is what Model Types are to be solved. Each basic event/fault tree/event
tree can be susceptible to one or more of the Model Types available within SAPHIRE. The default is

Random, but multiple Model Types can be selected and SAPHIRE will solve the fault tree based on the
Model Type(s) selected (Figure 21). The results will all be grouped together based on the Model Type(s)

selected.

203 i
Cut Set Truncation Model Types
Mone j |1 D0E-12 1 ASP_CONDITION ASP COMDITION ASSESSME ...
[ ASP_IMIT_EWEMNT ASPIMITIATING EVEMT A55..
il [ FIRE FIRE
Conditional -
I ] FLOOD Added through the accident ma...
[ RAMDOM RAMDOM FAILURE
] SEISMICT Added through the accident ma...
_Solution Steps [ SEISMICZ Added through the accident ma...
[ SEISMIC3 Added through the accident ma...

¥ Solve for Cut Sets

v Apply Recovery Rules

[ Update § Guartify Cut Sets
[T Clear Cut Set Partitions

[T &pply Partition Rules

¥ Updste Base Caze

J Solve

x Cancel

Figure 21. Model type selection for solving sequences

Report:

There are multiple Report options, just like in SAPHIRE 7. The two options from within the event tree

menu field are View Summary Results and View Cut Sets (Figure 22).
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Figure 22. Event Tree View Cut Set path

Once the event tree accident sequence(s) have been solved then the cut sets can be viewed. From the
screen below (Figure 23) the accident sequence cut sets can be reported by selecting the Report button.
This option will print out the resultant cut sets for preview and then to the selected printer.
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-- 5 4.00E6 0.45 LOSP C-MON-B DG-A
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Figure 23. Cut Sets view window

The other option is to select Publish from the project’s main menu bar. This report function allows the
user to specify from a default listing of report outputs and select the document structure for printing.

£ GAPHIRE [project: "PROJECT - " folder: "C:\PROJECT"]

File wiew Bookmarks |Publish| Project Tools Help
ko Projeck Repaort

Mewe basic event ..
IMIT-EY Fault Tree Report

Basic Event Report

Event Tree Report

End State Report

Figure 24. Event Tree Report path

I Main Trees
1

Mesw event tree
ET1

Event Tree 1

Event Tree &
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Figure 25. Event Tree Report
Uncertainty Analysis

The Uncertainty analysis is the same as that performed in SAPHIRE 7. The only difference is the menu
options and improved plotting. In SAPHIRE 8, the Uncertainty analysis is performed in the View

Uncertainty option after the cut sets have been generated. The type of uncertainty needs to be specified
on whether all highlighted sequences are to be analyzed independently or if all highlighted sequences are

to be analyzed as a group.

The different types of sampling available within SAPHIRE 8 are Latin Hypercube and Monte Carlo. To

use either one of these sampling methods, its radio button must be selected along with the number of
samples. The Uncertainty option shown below is for all highlighted sequences to be analyzed

individually to obtain a single result for each sequence.
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Figure 26. Uncertainty Analysis path

Once the Uncertainty Method is selected then the Calculate button is pressed. SAPHIRE 8 will perform
the sampling technique specified for the number of samples. Once SAPHIRE performs the uncertainty

analysis it plots the results (Figure 27). The percentiles and overall mean can be displayed by selecting
the Results Table button.

*+ Multiple sequences 2l =18 x|
Multiple sequences
= F
- Py s
Calculation Parameters
Uncertainty Graph
Mumber of Samples ISEIEIEI ' '
Fandam # Seed II:I
(FIESE] g (R e e e L e L e L e L L Bos
Uncertainty metbod 0 F""77 ;
= Latin Hypercube 10E-a4d e m|
" Monte Carlo ;
Intermediate Yalues Miore j TOES ¢
ADEG A
i i
(| (o)
=N o
7] Ty
i i
— —
Calculate |
W =iz Logarithimic

d

Results Table x Close |

Figure 27. Uncertainty plot example
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Importance Measures

The importance measures in SAPHIRE 8 are the same as in SAPHIRE 7. The only difference is the menu
option and the type of outputs. To view the importance measures, highlight the fault tree, right click the
mouse and select View Importance Measures.

Edit Logic

Edit Linkage Rules
Edit Cuk Set Rules
Edit Partition Fules

Solve
Wiew Surmmaty Results
View Cut Sekbs

Views Imporkance Measures

Views Uncerbainky k
Hide } Shows 3
Sek Bookmark,

Goto Bookmark

Delete

Figure 28. View Importance Measures path

The importance measures are all loaded into one screen for reporting. The importance measures can be
reported as point estimates or the component variability can be incorporated into the results. The point
estimate is calculated using the formal importance measure equations using just the input probabilities for
the individual components and the overall point estimate for the accident sequence(s). However, if the
importance of the components based on their variability is required, SAPHIRE 8 will perform the same
calculation as stated for the point estimate except now it samples from the component’s uncertainty and
feeds this into the importance measure equation. For example, Fussell-Vesely (FV) is calculated as

FV;= FI(X)/F(X)

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

For the point estimate, the equation is solved only once for each component using their input probability.
Now to take into consideration the component’s variability, the FV equation is calculated for each
sample. From the results of the samples, the FV mean, and other parameters are obtained for each

component.

The report for the importance measure based on the point estimate is shown in Figure 29.

30



Importance Measures - LOSP

{ Pirt Est |F-v |rR |rRr |BEB | R

|Data | Pict | Repart |

| RRI | une st Dev |

2lg =10l x|

Check All | UnCheck All
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| Mame |court | Prob. | Fw R | RRR | Birmbaum |  RI | RRI | Uncertsinty | Descrigion |
0O ccv-a a0 100E-04 396E08  100E+00  100E+00 338607 | 336607 338611 | 253611 CCS Tran A
0 c-cva 3 100E-04  918E-05  1.90E+00  100E+D0 783604 753604 78308 | SEE-0  OCS TranB..
0O c-mov-1 11 100E-03  9E7E04 | 1.94E+00  1.00E+00  823E-04  G23E04  G24E07 | 104E-06  CCS suction..
O c-Mov-a a0 SO0E-03 193606  100E+00  100E+00 338607 336607  169E-09 214600 CCS Train 4.
0O c-mov- Y SO0E-03  4.59E-03  1.89E+00  1.00E+00  783E04 | 779E-04  3QIE-06 | 49BE-06  COCS TranB..
O c-PUMP-&, a0 I00E-03  119E06  100E+00  100E+00 338607  337E.07  10ME-09  128E-08  CCS Train A
0 c-PumP-B 3 300E-03 275603 190E+00  100E+D0 783604  7&IE-04 235606 | 298E-05  OCS Tran 8.
0 pc-a & 2O0E-02  944E01 | 459E+01 | 175E+01  400E02 | 3S1E-02  82JE04 | 1S7E03  Emergency ..
0 pcE 5 200E-02  2EFE02 | 227E+00 | 103E+00 113803 111E-03 228605 | S59E05  Emergency .
0 e-cv-a 34 100E-04 129604 225E+00  1.00E+00  403E-03  109E-03  110E-07 | GASE-0B | ECS Train 4.
[ Ecv-B 33 100E-04 372605 136E+00  100E+00  347E04  3A7E-04 | 37E08 | 237E08  ECS Train® .
[ E-MOw-1 12 100E-03  4B9E-02  4.59E+01  105E+00 392602  FH1E-02  400E-05 | 489BE-05  ECS suction..
O E-Mov-a, Y SO0E-03  G4SE03  2256+00  1.01E+00 10303  109E-03  SSO0E-06 | GS2E-06  ECS Train 4.
0 E-mov-B 33 SO0E-03 18603  136E+00  100E+00  347E04  315E-04  159E06 | 20ME06  ECS TrainB .
O] E-FUMP-2 34 I00E-03 38703 | 2256+00  1.00E+00  103E03  109E-03 330606 | 445E-06  ECS Train 4.
[ E-FuMP-E 33 I00E-03  112E03  136E+00  100E+00  317E04  3A6E-04  95JE07 | 120E06  ECS Train® .
0 Lose 121 | 400B-02  1O0E+00  2S50E+01 | 1G0E+3@  218E-02 | 209E02  G7ZE-04  O00E+00 | Loss ofOffs..
O Tamk 1 100E-07 459606  459E+01  100E+00  391E-02  341E02  391E-09 | 2893608 RWST suppl..

x Cloze |

Figure 29. Importance Measures based on point estimate

The report for the importance measures allowing the component’s variability to be propagated through is
listed below. The report shown below provides the results of the FV sampling (Figure 30).
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2lg =10l x|

Point Est. F-¥ | RR|RRR |88 | R |RR | uncoste.Dev |
| Data | Pict | Repart |
| Mame |PoirtEst..| Mean | sth | soth | agth | Minimum | Maximum | Descrigtion |

CCV-A 396E-08 | 148607 104E-08 255608 358607 980E11 | 7A3E-06 | CCS Train A pump discha...
C-Cy-B 918E-05 | B.OSE05  124E-05  S3SE-05  158E-04 | 292606 BS9E-04 | CCS Train B pump dischar...
CMOY-1 957E-04 | 9TIE-04  ASME05 | 4TIE04 | 242E-03  259E-05  159E-02  CCS suction isclation valve
CMON-A, 193E-068 | 228E05 194E-08 772E07 238605  SEO0E10  481E-03 | CCS Train A pump discha...
CMOV-B 459E-03 | 382603 325604 195603 848E-03 | S3ME0S | 299E-02 | CCS Train B pump dischar...
CPUMP-&, 119E-06 = 7.24E-06 124E08 485607 147E-05 119608  784E-04 | CCS Train A motor-driven ..
C-PUMP-B 275603 | 237E03 182604 | 11403 S18E-03 | 459E-05  324E-02 | CCS Train B maotor-criven .
DG-& 944E-01 | B28EM  234E-01 | B73E01 9820 | 579E02  9898E-0 | Emergency diessl generat..
DG-B 267E-02 | 243602 197E-03 | 114E-02  S50BE-02 | B2EE-D4  B39E-01 | Emergency diess| generat..
E-CV-4 129E-04 | 224E-04 307FE-05S | 1.09E-04  46GE-04 | 528606 | 448E-03  ECS Train & pump dischar...
E-CV-B 372E-05 | 143604 236606 365605 354E-04 | 3S5IE07 3.94E-03 | ECS Train B pump dischar ..
E-MOY-1 4B9E-02 | 146 322603 477E02  4DME-M | BAOE-D4 | BE6E-M | ECS suction isoletion valve
E-MOV-4, G45E-03 | 1.71E-02  SOFE-04 | 367E-03  343E-02 | 10BE-D4 | BFOE-04 | ECS Train A pump dischar...
E-MOY-B 186E-03 | 13302 432605 122603 25202  186E08  B54E-01 | ECS Train B pump dischar ..
E-PUMP-4 347E-03 | BS0E03  326E-04 | 223603 1.94E-02 | S59E-05  SSIE-M | ECS Train A motor-criver .
E-PUMP-B 112603 | B14E-03 238605 737E-04  148E-02 | 3FTED6 | S49E-01 | ECS Train B motor-criven ..
LOSP 100E+00 | 100E+00  1.00E+00  1.00E+00  1.00E+00  100E+00  1.00E+00  Loss ofOfistePower

TANK 459E-06 | 189BE05 BO4EO7 | STBE06 | 452605  532E08  452E-04 | RWST supply tothe injecti .

Uncheck Al Sample | X Close |

The other report option for the importance measures is a plot of each component based on the sampling

Figure 30. FV Importance Measures report

process and this plot is shown in Figure 31. In this plot, the 5™ and 95" percentiles are shown via the
white box, while the mean is shown as a small red box.
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Figure 31. Plotting importance measure uncertainty.

RASP COMMON-CAUSE FAILURE MODULE

This CCF module uses Boolean reduction to realize combinations of CCF basic events, and removes

approximations made in the conditional CCF probability modeling for events assessment as a result of

setting components’ failure modes to 1, T, 0, or F.

This common cause method is a new calculation type. The common cause failure type “R” can be found

in the basic events under the “Failure Model” option (as seen in Figure 32).
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i Uses Template

i Failure Mogel

- Edit Properties
Correlation Class

<& Edit Basic Event - A-RCCF-3-2 =Jo&d
5 7 = - =
o e
N'alﬁe_ A-RCCF-3-2
f* 4 : 'I ! . - !
Description 2012
W U \
Failure Model |Attributes Applicability | Notes | Summary | Model Data
Item Value
Event Default Template NOME SPECIFIED
= Model Type RANDOM
‘. Description 20f3
Calculated Probakbility 2 .B98E-05

Failure=> System Logic
WONE SPECIFIED
Commen Cause Failure - (R)

Success=> Delete Term

Edit I

W C

Figure 32. A basic event set up as the new CCF type.

To demonstrate the CCF module, a new CCF object will be created. A system will be modeled of three

redundant motor operated valves (MOVs), represented by basic events MOV-CC-A, MOV-CC-B, and
MOV-CC-C. The success criterion for this system is that two components have to work for the system to

work. Consequently, if two (of three) components fail, the system is failed.

The basic event representing CCF will be called MY _CCF. The fault tree representing the system is

shown below.
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Figure 33. Fault tree with CCF representing the example system.

The basic event MY CCF is a part of the fault tree graphic as shown in Figure 33
a basic event and must be edited.

. However, MY_CCF is
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Name |iY_CCF

iy

“ A . T
Description [2o1 3
£ ;

Failure Model |Attributes I Applicabilityl Notesl Summary

Ikem | Walue I

- Bwent Default Template MOKE SPECIFIED
B hodel Type RAMNDOM
- Description Zof3
Calculated Probakility 1.000E+00
i Process Flag Failure== System Logic | Success== Delete Term
Uzes Template MOME SPECIFIED
Et Failure Model Commol Failure (R)

Edlit Propetties [t I
L. Correlation Class

SEvE As Newl s G | S, Ay | X cancel I

Figure 34. Editing the example CCF basic event.

To make a CCF object, its calculation type must be set to “Common Cause Failure — (R).” Once this
calculation type is selected, the user can edit the parameters of the CCF object by clicking the “Edit”
button or the “Model Data” tab. The Model Data for CCF objects appears as shown below. For the
example case, the three Independent Failure Events (MOV-CC-A, MOV-CC-B, and MOV-CC-C) and the
CCF Factors need to be specified. Since the alpha-factor model was selected, the Factors asked by
SAPHIRE are alpha,, alpha,, and alpha; (labeled Alpha 1, Alpha 2, and Alpha 3, respectively). These
Factors are other basic events that must already exist in the database.

For this example, a “staggered” testing scheme is assumed. As already indicated, the Failure Criteria is
set to “2.”

The Separator character is used by SAPHIRE to determine the “auto generated” event names, as we will
see when describing the results of the CCF calculation. Initially, the default results are given as “Rolled-
up,” meaning the overall CCF probability is returned by this object. In this example, the overall CCF
probability is 2.696E-5. However, the details of this calculation can be seen by changing the “Results
Detail Level” to “Full Detail.”
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Y r A
~_ Name MY_CCF
J ' F >
£ oy o' r
Description 2of3
Ll " \

v’ i f ¢

| Failure Model | Attributes | Applicability | Notes | Summary | Model Data

Model Type |RAI'~DOM| M
CCF Data | CCF Results | CCF Calculator |
Model |Alpha Factors M Results Detail Level |Rolled-Up vl
Testing Scheme |Staggered M Separator Failure Criteria 2 '
Independent Failure Events Factors
] | Hame | Parameter | Name

1 A MOW-CC-A Alpha 1 ZA-MOWV-CC-03AM

2 B MOW-CC-B Alpha 2 ZA-NMOWV-CC-02A02

3 C MOW-CC-C Alpha 3 ZA-MOWV-CC-03A03

*

Figure 35. Editing the parameters of the CCF object.

When evaluating the “Full Detail” results for this example, the results can be seen by clicking on the
“CCF Results” tab. The detailed results appear as:

2 inputs out of 3 possible must fail - All independent only groups are not counted.
# 1, 6.4500E-06, MY_CCF-AB
# 2, 6.4500E-06, MY_CCF-AC
# 3, 6.4500E-06, MY_CCF-BC
#4, 7.6100E-06, MY_CCF-ABC
Q1 =9.7950E-04

Q2 = 6.4500E-06

Q3 = 7.6100E-06

3*Q2

1*Q3

4 permutations.

2.6960E-05 total failure value.

If these results are evaluated in more detail, the following are seen:



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

This line indicates that two of three components have to fail to have failure of this part of the fault tree.
Also, that a term with ALL independent failures are not counted in the CCF probability.

Next, it is seen:

# 1, 6.4500E-06, MY_CCF-AB
# 2, 6.4500E-06, MY_CCF-AC
# 3, 6.4500E-06, MY_CCF-BC
#4,7.6100E-06, MY_CCF-ABC

These lines represent the “cut sets” included in the CCF calculation. The first three cut sets represent a
CCF of two components, specifically AB or AC or BC. The last line represents CCF of all three
components. Their respective probabilities are also listed, for example the probability of seeing A and B
fail due to CCF is 6.45E-6. Also note the name of the CCF “events” listed here. For A and B failing due
to CCF, SAPHIRE automatically creates the name “MY_CCF-AB” by appending the CCF basic event
name with the separator character (“-*) and then the identifier for the A and B components (A and B,
respectively).

Next, it is seen:

Q1 =9.7950E-04
Q2 = 6.4500E-06
Q3 =7.6100E-06

These lines represent the Q;, Q,, and Q; terms in the CCF basic parameter model used by the calculation.
Next, it is seen:
3*Q2

1*Q3

These lines indicate that we see three combinations of Q; terms, and only one Q; term. Consequently, for
this example, the full expression to determine the CCF probability is given by:

P(CCF)=3*Q,+Q3=3 * 6.45E-6 + 7.61E-6 =2.696E-5 .

Next, a line is seen indicating how many CCF terms we are accounting for in the CCF calculation.

4 permutations.

Lastly, the CCF probability is seen.
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2.6960E-05 total failure value.

Note that if MY CCEF is set to have results “Rolled up” then only a basic event with probability of
2.696E-5 will appear in the fault tree cut sets, or:

# Prob/ Freq  Total%  Cut Set

1 2.696E-5 89.99 MY CCF

2 1.000E-6 3.34 MOV-CC-A, MOV-CC-B
3 1.000E-6 3.34 MOV-CC-A, MOV-CC-C
4 1.000E-6 3.34 MOV-CC-B, MOV-CC-C

Total 2.996E-5

However, if detailed results are allowed to appear, the results will show all of the combinations of the
CCF terms, or:

# Prob/Freq  Total%  Cut Set

4 7.610E-6 25.40 MY CCF-ABC

1 6.450E-6 21.53 MY CCF-AB

2 6.450E-6 21.53 MY_CCF-AC

3 6.450E-6 21.53 MY _CCF-BC

5 1.000E-6 3.34 MOV-CC-A, MOV-CC-B
6 1.000E-6 3.34 MOV-CC-A, MOV-CC-C
7 1.000E-6 3.34 MOV-CC-B, MOV-CC-C

Total 2.996E-5

By having all of the detail from the CCF, the fault tree calculation is equivalent to having the fault tree
logic as shown in Figure 36 and Figure 37:

In later versions of SAPHIRE 8, the “R” CCF events will be adjusted for sequences where flag sets are
used.
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Figure 36. Fault Tree with MOV CCs independent and MY_CCF included
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Figure 37. CCF Fault Tree
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PHASE AND LERF MODELING

SAPHIRE 8 has the capability to perform Phase and LERF modeling. Phases can be assigned to the
project by opening the Project menu and selecting Phases as shown in Figure 38.

* SAPHIRE [project: "DEMO - Demonstration Sample Family" folder: “C:\Saphire8\Demo’"]

File Wiew Bookmarks Publish Project Tools Help 2 - = ==

.'6‘ Basic Events Istandard vI * li
. °RSeam::h |

Mew basic event . - =
C-CVeA CCE Train & pu.. _ picd 1= R =]
£-CH-B CCE Train B pu pha e R~ : = s

oo | [BRESESTES o T S
C-MOV-1 CCS suction is
ChNEA COETrainfny _ =
# Fault Trees  [iin Tress Sl Project Phases Modiyphase El _DI
Mew fault tree ‘ Order Marne 10} Colar Diuration | Description |

; ; 1 PHASE1 FH1 Default Phaze

cC3 ContalnmentCooll... 2 PHASEZ PHZ 24h Plant Damage Sequence -
ECS EmergencyCoolin... £ |

= Event Trees  [isinTress =)
‘

Mewr event tree ..
Bl LOSP Loss of Offsite Po...

Description: IF'Iant Damage Sequence

‘@ Model Types 1o [PHZ

Mew Model Type . Duration:  [24h Color _

»
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[ FIRE FIRE

x Cancel |

Ge _BRARDOA D.AMI'\{'\M EAILL
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i
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Figure 38. Adding a new Phase path

Phases can be assigned to objects in the Event Trees as shown in Figure 39 where End-States for the
Level 1 phase lead to the PDS phase. Current functionality can only assign end-states based on phases.
Transfers to the next levels of the model and analyses for such will be available in the near future.
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Figure 39. Example Event Tree with multiple level End-States

External Events Modeling via an Accident Sequence Matrix

The following describes the approach to which an “accident matrix” can be used to construct a portion of
a SAPHIRE EE model. First, the accident matrix file should be created as an ASCII file using the
following columns (separated by commas):

* Analysis Type, Initiating Event, IE Frequency, IE Description, Event Tree Name, Event Tree
Description, X-Fer to, Flag Set Name, Flag Set Description, End State Substitution, Flagset Setting(s).

If any lines are meant to be comments, start them with a * or a |. Add each item desired as a new line and
fill in the needed columns. An example is shown in Figure 40.
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* Model Type Name,Model Type ID,IE,IE Freq.,IE Desc.,Event Tree Name,Event Tree
Desc. ,X-fer to,Flag Set Name,Flag Set Desc.,End State Substitution,Flag Set
Setting(s),,,,

FIRE,FIR,IE-FRI-1,4.84E-05,Fire Scenario 1,FIREl,"Demo Fire scenario
1",LOSP,FIRE FS_1,Flag Set for Fire Scenario 1,CD-FIRE,E-CV-A
FIRE,FIR,IE-FRI-2,2.67E-04,Fire Scenario 2,FIRE2,"Demo Fire scenario

2" ,LOSP,FIRE_FS_2,Flag Set for Fire Scenario 2,CD-FIRE,E-CV-B
FIRE,FIR,IE-FRI-3,2.58E-04,Fire Scenario 3,FIRE3,"Demo Fire scenario

3" ,LOSP,FIRE FS 3,Flag Set for Fire Scenario 3,CD-FIRE,E-MOV-1
FLOOD,FLI,IE-FLOOD-1,4.84E-05,Flood Scenario 1,FLOOD1,"Demo Flood scenario
1" ,LOSP,FLOOD_FS_1,Flag Set for Flood Scenario 1,CD-FIRE,E-CV-A
FLOOD,FLI,IE-FLOOD-2,2.67E-04,Flood Scenario 2,FLOOD2,"Demo Flood scenario
2" ,LOSP,FLOOD_FS_2,Flag Set for Flood Scenario 2,CD-FIRE,E-CV-B
FLOOD,FLI,IE-FLOOD-3,2.58E-04,Flood Scenario 3,FLOOD3, "Demo Flood scenario
3",LOSP,FLOOD_FS_3,Flag Set for Flood Scenario 3,CD-FIRE,E-MOV-1

SEISMIC1,EQl,IE-EQ-BIN-1,1.036E-03,Seismic Scenario 1,SEISMIC1,"Demo Seismic scenario

1",LOSP,SEISMIC_FS_1,Flag Set for Seismic Scenario 1,CD-FIRE,E-CV-A

SEISMIC2,EQ2,IE-EQ-BIN-2,2.560E-05,Seismic Scenario 2,SEISMIC2,"Demo Seismic scenario

2" ,LOSP,SEISMIC_FS 2,Flag Set for Seismic Scenario 2,CD-FIRE,E-CV-B

SEISMIC3,EQ3,IE-EQ-BIN-3,8.740E-06,Seismic Scenario 3,SEISMIC3, "Demo Seismic scenario

3" ,LOSP,SEISMIC_FS_3,Flag Set for Seismic Scenario 3,CD-FIRE,E-MOV-1

Figure 40. Information for an accident sequence matrix file.

In SAPHIRE, the accident matrix file is loaded via Project->Tools->Add Accident Matrix from the main

menu. Click the open button and locate the accident matrix file desired. Click the Add button and the

process begins. Information will appear in the text box (see Figure 41) as the accident matrix file is being

processed. Any errors or warnings will also be displayed in this box. When done, click the OK button.

The project will now be populated with the event trees and basic events described in the accident matrix

file.
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APHIRE - ACCMATRIXTEST [project: "ACCMATRIXTEST - * folder: "c:\Models\hccMatrixTest\']
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AFVMDP-FR-12 g ]
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IE-FRI-AB1004-1RE1 | Add
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# Fault Trees Adding [E-FRI-ABE44-4, Line 37

New faul bes Adving IE-FR-ABB44.5. Line 33
Adding IE-FRI-AB644-6. Line 33
Adding IE-FR-ABB4A7. Line 40
Adding IE-FRI-ABB4A-6-1. Line 41
Adding IE-FRI-ABB4A-3-2. Line 42
Addling IE-FRI-ABB4B-2. Ling 43
Adding IE-FR-ABBAA-SWG1-1. Lin 44
Adding IE-FR-ABBAA-SWG1-2. Line 45

Matrix File | C:\AccidentMatrixes\FiredSM b

< Event Trees

< New svent hes
FRIAB100A-1RET  FDS1RET 100.. =
- FRIABIOOA-IREZ  FDSTRE2 100..
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. FRIABT004IRE32 FDS1RE32 1
- FRIABIO0AHWT — FDSHW1 100"
FRIAB100C-1481 FDS 14B1 100..
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* Workspaces E
SDP (Significance Determination Proces
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& General Analysis
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ASP (Accident Sequence Precursar)
General Analysis

<
O Open Window:

Figure 41. Processing the accident sequence matrix file.

Loading and Extracting Information

The Load and Extract option (under the File menu option) outputs MAR-D formatted files of the project

information (when Extracting) or imports information (when Loading). The files to be loaded or

extracted should be in the project subfolder labeled “Mard.” To load MAR-D information, click the Load

tab, then click the Open button to specify which MAR-D files to load. Once the files are specified, the

applicable information will appear as checked in the object list (basic events, fault trees, event trees, etc.).

Click Process to load the information. To Extract files, click the Extract tab (as shown in Figure 42).
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Figure 42. Load and extract option.

If items are already selected in the object lists in the main SAPHIRE window, one can extract MAR-D
information for just these select items by clicking the Selected Items button. Alternatively, SAPHIRE
will all output of all items within a particular object type by selecting the All Items button. The sub items
for an object may be selected by using the check boxes under that object. To output the MAR-D file(s),
click the Process button.

WORKSPACES

The workspace concept is introduced in SAPHIRE 8. The Workspaces menu is located in the left panel
and contains analysis options available for the model type loaded (Figure 43). A model not identified as a
SPAR model will only show the option for a General Analysis, which is a full option analysis. SPAR
models also have the option for SDP and Events Assessment, which are tailored analyses for specific
situations.
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Figure 43. Workspaces window

Workspaces are created and saved separately from the base model which keeps the original database
intact. Each workspace created can have multiple analyses performed and saved. SAPHIRE 8§ saves the
“current case” to the workspace and the immediately prior version of the model in the workspace is
compared to (ala the “base case” in SAPHIRE 7). Each time the workspace calculation is performed, the
changed model becomes the “base case” for the next calculation within that workspace. The logic in the
original model is kept unchanged outside of the workspace. Workspaces are independent of each other
and calculations made within one workspace will not affect another. Only changes made to the model in
the base model area outside of the workspace environment will overwrite the original database.

SOLVING PROJECT - Significance Determination Process
(SDP)

The Significance Determination Process (SDP) is a specific analysis function within SAPHIRE 8. This
function is designed to analyze SPAR models to obtain results that represent the annualized change in
core damage frequency. These models have all of their components and systems modified in order to be
recognized by the SAPHIRE 8 modules that carry out this analysis. This module performs the Phase 2
SDP analysis using PRA models. The following will provide the steps and results of performing an SDP
analysis.

The SDP analysis within SAPHIRE 8 is straight forward as far as setting up the model. The biggest
challenge, like all analyses, is understanding the event and making sure it is being mapped correctly into
the PRA model. SAPHIRE 8 is designed to walk the analyst through the required steps to perform an
SDP analysis. There are four major steps in setting up the SDP analysis.

To start this process, the user selects SDP (Significance Determination Process) 2 New Analysis from
the Workspaces menu option.
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Figure 44. SDP Workspace creation path

This option requires a double click and then SAPHIRE copies all of the information from the project into
a new workspace. By making this copy, any modifications will only be saved for this particular analysis
and the original model will not be affected. SAPHIRE 8 then loads the step 1 analysis screen (Figure 45),
which allows the user to start mapping the event into the PRA model.

* - Significance Determination Process [project: "DEMO - Demonstration Sample Family™ folder: “C:Saphire 8 demo-jim‘\Workspaces's| _?J i | m) ﬂ

Significance Determination Process
Step 1. Identify affected initiators and components Sefect 2 system on the left o view its associated components. Mark the componentsinitiiors affected by the condition being & - fvzed.

=+ Emergency Cooling System (ECS) =
Initiators Electrical Power System (EPS) - O ECS Suction MOV (ECS-MOV-SUCT)
- [J ECS Train 1A Check Valve (ECS-CKV-14)
[ ECE Train 1A MOY (ECS-MOY-12)
- [ ECS Train 1B Check Valve (ECS-CHY-18)
Containment Cooling Systerm _— - [ ECS Train 1B MOV (EGS-hOv-16)
(©CE) ST e T Spein 61 - O ECS Train 24 Chack Valve (ECS-CKV-24)
- [ ECS Train 2B Check Walve (ECS-CHY-28)
[® EGE Train A MDP (ECS-MDP-A)
Emergency Coaolin em - [0 ECS Train B MOV (ECS-MDP-8)
(ECS)

E
g

Related Diagrams

Uneheck Alf
Components
Workspace Options
Exit Analysis ’75ave Warkspace As... vl Go

Figure 45. SDP Step 1 analysis screen

From the screen above, the analyst can select either the initiating event or component that needs to be
adjusted based on the inspection finding. To perform this step, select the appropriate system and
SAPHIRE will then list all components that are modeled under that system. The actual components need
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to be checked from the list shown in the right hand box. By checking the component, SAPHIRE will
know this component will be modified for this particular analysis. Once all components have been
checked, select the Next button to move to Step 2.

The screen shown above has a button called “Uncheck All Components”, which will remove all checked
components in order to start a new analysis. Also, the there is an option that will allow the analyst to save
the workspace, by selecting the Go button next to the “Save Workspace As...” text. This save option will
store all of the mapped components and modifications to a separate workspace that will remain with the
project.

After the Next button is selected, SAPHIRE will show all of the components that were selected. This is
step 2 in the SDP process, which allows for the components to be modified. This screen (Figure 46)
provides the analyst with 2 options for modifying the component in question. The two options are:

1. New Failure Probability
2. True (Component is Failed).

The first option allows the analyst an opportunity to either increase/decrease the components probability
based on the information from the inspection. The second option states the component did fail. This
option will automatically adjust the common cause failure probability event. The CCF event is modified,
because the modified failure failed not only that particular event, but also has the potential of failing all
similar components due to the same failure mechanism.

*- significance Determination Process [project: “DEMO - Demonstration Sample Family™ folder: “C: 21 1Ol x|

Significance Determination Process

Step 2. Modify Component States indicate the modifications to the applicabie fallure modes ofthe components selected on the previous

atep.
Component Failure Tupe | odification Type Mew Failure Probability | MHominal Probability H
= Emergency Cooling System {ECS) =
B+ ECS Train A MDP (ECS-MOP-A)
~ Fails to run (FR) Default - Leave As ls 2.40E-4
- Fails to start (F5) : True (Component |5 Failed)  1.00E+0 3.00E-3

4 o

Workspace Options

ExitAnaIysis”]SaveWorkspaceAs... ~] 5| «Back |[ Next+ |

Figure 46. SDP Step 2 analysis screen
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Once all of the components have been modified, the Next button is selected. SAPHIRE will now move to
the third step (Figure 47). Step 3 is the analysis options (called Analyze Changes). This option is used to
set up the duration of the event that was found in the inspection. The starting date and time for the
analysis defaults to the time listed from the computer. This date and time can be changed to the actual
start time of the event. The next part is the duration or when the event was discovered and corrected.
There are two ways of making this modification. The first way is to click the End Date radio button and
directly input the date and time. The second way is to specify duration in either hours, days, weeks, or
months.

The next options found on this screen are the addition of a title and descriptive information. SAPHIRE
provides a place for the title of the analysis and a notebook page to include as much information as
possible about the event. This information is carried along and stored with the analysis. The final results
will report this information.

- Significance Determination Process [project: "DEMOD - Demonstration Sample Family" folder: “C:\Saphire 8 demo-jim, _?J ;|g|5|

Significance Determination-Process

Step 3. Ana.f);ze C_P;anges Specifsthe start time and end time (or duration) for the configuration indicated on the previous step. Optionally, provide a name and notes for the
reportirari space.

—Specifythe start date and time Specify the duration of the condition

0672008 | | 7ononam || EndDate [o7n7o008  E| | 70000aw =

¢+ Duration |1 Imumh(s) 'I

-Report Forma
& HTML  PDF

Shart analysis descriptiontitie

ECS MDF Fails to Start

Analysiz notes or information B| I | El 1‘|’| Small |Large|

This example analysis has the Emergency Coaling Systern motor-driven pump 1A failing to start hecause ... j

=

YWorkspace Options

Enit Analysis |’7|Save Warkspace As.. jﬂl <= Back | Finish == I

Figure 47. SDP Step 3 analysis screen

Once the duration has been input along with the analysis title and description, the Finish button needs to
be clicked. This will start the analysis option. A SAPHIRE pop up screen will appear letting the analyst
know that the analysis can take some time to complete. Click “OK” to allow SAPHIRE to continue with
the analysis.

x

The S0P process needs to performfupdate the analvsis by performing a calculation, Depending on the model and the
\_4-(’ specified changes, this calculation could take some time ko complete.

Press OF to continue the calculation, or Cancel ko stop.

(0] 4 I Cancel
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Figure 48. Calculation start / cancel prompt

SAPHIRE will provide a complete overview of the analysis in the form of five different sections. The
distinct sections are: 1. Summary, II. Insights, III. Figures, IV. Notes, and V. SPAR Model Issues. The
overall report is shown below.

I. Summary: The first section provides a summary that includes a graph (Figure 49) illustrating the
annualized CDF and its risk significance, the duration of the condition, and the
component(s) that were unavailable along with its failure setting.

II. Imsights: The second section provides information about the results. The output listed in this
section is based on the final risk significance. The higher the risk significance, the more
information is provided.

III. Figures: The third section provides a variety of graphs representing the evaluation.

Figure III-A - The first figure provides a risk profile of the event (Figure 50).

Figure III-B - The second figure provides a pie chart showing the percent contribution to the
annualized CDF given the condition (Figure 51).

Figure III-C - The third figure shows the relative risk change graphed by the initiating events
given the condition (Figure 52).

Figure III-D - The fourth figure shows the change in annualized CDF as function of duration
(Figure 53).

IV. Notes: The fourth section provides the output of the notes the analyst typed into the analysis. By
reporting the notes, all of the information is documented and kept together.

V. SPAR Model Issues: Each SPAR model comes with a disclaimer discussing implications of using
the model. Included in the disclaimer are points of contacts related to the
models and the SDP software.

Increase in Yearly Core Damage Frequency

-8 - - - - -
100 10" 100 10> 100 10> 107

A

Figure 49. Anualized CDF graph in Section | of the SDP

l. Summary: Condition: Yellow: 5.9E-05/yr
The given condition duration is 1 week.

Emergency Cooling System (ECS) ECS Train A MDP (ECS-MDP-A) had
adjustments made to the following failure modes:
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Multi-pass option with cut set update calculation used (Preferred method).

Fails to start (FS) was changed from 3.00E-3 to True (Component Is Failed).

This implies that the component was failed for the entire duration.

Used truncation value of 1E-12

Model Version: 0.0 Model Date: --/--/----

Il. Insights:
The following accident sequences were most impacted (by total increase):
Event Tree |Sequence| Failed Systems Increase (Factor
Increase)
LOSP 2 ECS 5.8E-5 (2.3E+2)
LOSP 3 ECS, CCS 9.1E-8 (1.1E+0)

The following components contribute the most to the annualized CDF:

Components Percent Contribution
RWST failure 56.0%
Diesel Generator B Fails to start 26.0%
Diesel Generator B Fails to run 16.0%
ECS Train B MDP Fails to start 3.9%
Diesel Generator A Fails to run 0.5%

lll. Figures
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Annualized Core Damage Frequency
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Figure 50. Relative risk change for the condition (Figure IlI-A of SDP report)
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Figure 51. Percent contribution of initiating events to the increase in CDF (Figure I1I-B of SDP report)
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Figure 52. Relative risk change grouped by initiating event (Figure I1I-C of SDP report)
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Figure 53. Change in annualized CDF as a function of duration (Figure IlI-D of SDP report)

IV. Notes: This example analysis has the Emergency Cooling System motor-driven pump
1A failing to start because ....

V. SPAR Model Issues: Although the Revision 3 SPAR models are distributed for unrestricted use,
nevertheless, analysts are advised to understand the inputs and assumptions
inherent in the models and to apply model results accordingly. The Revision 3 SPAR
models have been designed to capture the significant risk contributors associated
with internal event initiators for plants operating at power. Therefore, these models
may not provide the level of detail necessary to capture the risk from less significant
contributors. Thus, for applications that relate to these contributions, the analyst may
be required to make the appropriate modifications to the models.

SOLVING PROJECT - Event Assessment (EA)

The event assessment (EA) process performs two types of analyses on the PRA model. The first type is
an initiating event assessment. This type of assessment is designed to analyze the PRA model given the
initiating event occurred. The results are a condition core damage probability, since the PRA model is
solved with the specific initiating event set to 1.0. The other assessment type is a conditional assessment.
This type of assessment is based on a component(s) being failed or potentially unavailable to perform its
safety function for some duration. The results from this analysis are also a conditional core damage
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probability. Each of these assessment types will be discussed below along with the SAPHIRE screen
shots.

Initiating Event Assessment

To start the event assessment process, the analyst selects the EA (Events Assessment) option from the
Workspaces menu option.

Ky =
- S0P (Significance Determination Proces
El EA (Events Assessment)

--General Anakysis

| | »

Figure 54. Event Assessment workspace path

This option requires a double click and then SAPHIRE copies all of the information from the project into
a new workspace. By making this copy, any modifications will only be saved for this particular analysis
and the original model will not be affected. SAPHIRE 8 then loads the Event Assessment Type analysis

screen, which allows the analyst to select the type of assessment by selecting the appropriate radio button
to start mapping the event into the PRA model.

*- Events Assessment [project: "DEMO-MOD - Demonstration Sample Family™ folder: “C:\Saphire 8\ demo-jim"Workspaces" _?J - Elljl

Events Assessment — -

Select the kind of Events Assessment you want to do.
Choose the assessment ype and then identify the related inputs.

wenks Assessment Type

™ Initiating Event

= Condition

‘wiorkspace O plion:
T Evit Anaysis | ﬁs.ave\,»rmkspacem =l Gnl Nt == |

Figure 55. Events Assessment Type analysis screen

Once the Initiating Event assessment type radio button is selected, SAPHIRE loads up all of the initiating
events developed in the PRA model (Figure 56). The analyst then selects the initiating event that
occurred and selects the Next button.
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Events Assessment [projec! EMO-MOD - Demonstration Sample Famil i ji 21 10|

Events Assessment =~~~ :
Select the kind of Events Assessment you want to do.
Choose the assessineht ype and then Jdentify the related Inputs.

wents Assessment Type:

{* Initiating Event

" Condition

Initiator LOOP Class | Mew Freg | Description
- @ LOSP 1.0 Loss ofOffsitePower -

1 ¥

Workspace Option:

Exit Analysis ’]Save Workspace Az... j Go

Figure 56. EA Initiating Events selection screen

SAPHIRE now displays a screen that contains all of the basic events found in the project (Figure 57).
This list is used to finalize the assessment by selecting those component(s) that failed or could potentially
fail if required during the mission time. After all of the affected components have been selected, the Next
button is clicked to continue the assessment process.

Events Assessment [projec EMD-MOD - Demonstration Sample Fami 21 =1gx=]
Events Assessment
Identify affected items

Flace a check mark by the jterns you wish to examine or modify.

k3 ISlanr]ald -1 d

Mame Description

CC5-CEV-CC-14 CCS Train 14 pump discharge check valve =
CCS-CEV-CCR CCS Train 1B pump discharge check valve
CCS-CEV-CC-24 CCS Train 24 pump discharge check valve
CCS-CRY-CC-2B CCS Train 2B pump discharge check valve
CCS-CRV-CFALL CCF OF ALL CCS CRVs

CC5-MDP-CF-FR CCF OF CCS MDPs TORUN
CCS-MDP-CF-F5 CCF OF CCS MDPs TO START
CC5-MDP-FR-A CCS Train & motar-driven purnp
CCS-MDP-FR-E CCS Train B motor-driven pump
CCS-MDP-FS-& CCS Train A motor-diiven pump —
CCS-MDP-FS-B CCS Train B rotor-driven pumnp
CCS-MOV-CC1A CCS Train 14 pump discharge isolation valve
CCS-MOV-CC1B CCS Train 1B pump discharge isolation valve
CCS-MOV-CO-28, CCS Train 24 purmp discharge isolation valve
CC5-M0V-CC-28 CCS Train 2B pump discharge isolation valve
CCS-MOV-CFALL CCF OF ALL CCS MDVs
CCS-MOV-0C-SUCT CCS suction isolation valve

ECS-CEV-CC-14 ECS Train 14 pump discharge check valve
ECS-CKV-CCB ECS Train 1B pump discharge check valve
ECS-CEV-CC-28 ECS Train 28 pump discharge check valve
ECS-CKV-CC-2B ECS Train 2B pump discharge check valve
ECS-CKV-CF-ALL CCF OF ALL ECS CEVs

ECS-MDP-CF-FR CCF OF ECS MDPs TO RUN
ECS-MDP-CF-FS CCF OF ECS MDPs TO START
ECS-MDP-FR-& ECS Train A motor-driven pump
ECS-MDP-FR-E ECS Train B motor-driven pump
ECS-MDP-FS-A ECS Train & motor-driven pump
ECS-MDP-FS-B ECS Train B rotor-driven pumnp
ECS-MOW-CC-14 ECS Train 14 pump discharge isolation valve
ECS-MOV-CC1B ECS Train 1B pump discharge isolation valve
ECS-MOV-CC-24 ECS Train 24 pump discharge isolation valve
ECS-MOY-CC-28 ECS Train 2B pump discharge isolation valve =

‘warkspace Option:

Figure 57. EA Basic Events selection screen

minEnEnfnfninEninininininAnEninAn A AN e e e A An e e A A A e |
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The next screen is designed to make the probability modifications to the selected component(s) (Figure
58). There are four probability options that can be selected for the component(s).

* - Events Assessment [project: "D 21 -1olxi
Events Assessment ~ -
Modify the items identified in the previous step.
Further instructions here.
T E 2~
Event | | Modification Type | Mew Prob/Freq | Mominal Prob/Freq
= CCS-MOV-CC-1A CCS Train 1A pump discharge isolation wahe =
- - Edit Edit | 5.000E-3 5.000E-3
= LosP T
- Edit 000E-2/year

{+ Mew probakility £ frequency IS.DUDE-S

{~ Failed (independent faiure) <P =1.0=
{” Failed (potential CCF) =Trues

Mot falled =Falzes

wiorkspace Option:

Exit Analysiz ”]SaveWorkspaceAs... j Gol = Back | Mext == |

Figure 58. EA Basic Event modification screen

The first option allows for the component’s probability to be changed from its nominal probability to
some other value. This value could be any value between 0.0 and 1.0. The next option tells SAPHIRE
that the component failed but its failure was an independent failure. This means that the mechanism that
caused the component to fail will not cause any similar components to fail the same way (i.e., no common
mode failure). By selecting this radio button, SAPHIRE will not change the component’s common cause
failure probability, since it is assumed that the failure was an independent failure. The next radio button
sets the component to a True house event, which tells SAPHIRE that the component(s) failed due to a
potential common cause shock; therefore, SAPHIRE will automatically adjust the component’s common

cause failure probability. The last radio button tells SAPHIRE that the component can not fail, house
event False.

Once the component’s probabilities have been modified, the Next button is selected. The next screen
provides the analyst with solve options (Figure 59). The analyst can select whether a single or multiple
pass solution is required. Again, single pass will only solve the model and apply the recovery rules. The
multiple pass will solve the model, apply the recovery rules, and perform a cut set update to remove any
potential non-minimal cut sets that could have been created from the recovery rules. The specification of
the truncation level to be used is specified along with the uncertainty information (number of samples,
seed number, and type). Lastly, a title for the analysis along with a description of the event can be input
into their appropriate spots. This will keep all of the information together.
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*- Events Assessment [project: "DEMO-MOD - Demonstration Sample Family™ folder:

e

Events Assessment

Select solve options Choose your sole sefings and il in any hotes to Be included In the resuiting report

Method of Solving

™ Single pass solution no cuk set update)

& Multiple pass solution (with cut set update)

saphire 8 demo-jim' Workspaces\EA-Temp',™]

Cut Set Truncation Maodel Types
Juormal x| t.o00E-12 [ ASP_CONDITION
Size Truncation g :SF::E—INIT—EVENT
Inece = O FLOOD
Mumber of Samples ImuUU (X RANDOM

) SEISMICT
Random # Seed IU S IV

Uncertainty Method

ASP CONDITION ASSESSMENT
ASPINITIATING EVENT ASSESSMENT

Added through the accident matrix for IE-FLOOD-T

Added through the accident matrix for [E-EQ-BIN-1

" Latin Hypercube % Monte Carlo

Short analysis description/title

CCS MOV discharge 14 Fails to Open

Analysis notes or infarmation

B| E|Q|1T| SmnnlLargel

This is an example initiating event assessment.|

‘Workspace Optiohs |

Exit Analysis | ’7 Save Workspace Az 'l Go |

Now that all of the information has been specified, click the Finish button to analyze the event.
SAPHIRE will provide an output of the assessment on the last screen (Figure 60).

Figure 59. EA Solve options screen for Initiating Event assessment

<= Back | Finish =i I
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*- Events Assessment [project: "DEMO-MOD - Demonskration Sample Family™ folder: “C:\Saphire 8\demo-jim',Workspaces' EA-Temp',

Events Assessment e

Analysis Results 213

3 A .

MName Descripti Events Assessment Demonstration Sample Family in C:\Saphire

[ ASF_COMDITION ASPCOL 8'demo-jim\Workspaces'\EA-Temp!

[ ASP_INIT_EVENT BSP ML 6/17/2008 3:13:12 PM Initiating Event Assessment

[ FIRE FIRE

[ foao addedl || Tpitiating Event Assessment Summary

[ RANDOM RAMDO b

[ SEISMICT Added t . .

[ SEISMIC2 Added ... I'?lt"atmg Event

[ SEISMIC3 Added t... CCDP 1.306E-3 I

CCS MOV discharge 1A Fails to Open

& ®

Name incwt  [p.|| Summary of Event Changes

#- [% LOSP 522E5
Event Description New Value Nominal Value
CCS-MOV-CC-1A  CCS Train 1A pump discharge isolation valve  True 5.000E-3
LOSP Loss of OffsitePower 1.000E+0 4.000E2

CCDP Uncertainty Distribution
5% Median  Point Mean 95%

Estimate
1771B4 2505E4 3270FE4 3411E4 7576E4

Event Tree Dominant Results

Cnly ttemns contributing at least 1.0% to the total CCDP are displayed

EVENT TREE CCDP % CONTRIBUTION  DESCRIPTION
LOSP 1.306E3  100.0% Loss of Offsite Power Event Tree
Total 1.306E-3  100.0% =l

‘warkspace Option: Report Option:
¢ Evit Aralysis | ’]hvekasuaceAs.. =] 6o ’]F’Hnlﬂepurt. =] o

Figure 60. EA results screen for Initiating Event assessment

= Back |

Condition Assessment

To start the event assessment process, the analyst selects the EA (Events Assessment) option from the
Workspaces menu option (Figure 54).

This option requires a double click and then SAPHIRE copies all of the information from the project into
a new workspace. By making this copy, any modifications will only be saved for this particular analysis
and the original model will not be affected. SAPHIRE 8 then loads the Event Assessment Type analysis
screen (Figure 55), which allows the analyst to select the condition assessment by selecting its radio
button to start mapping the event into the PRA model.

Once the condition assessment type radio button is selected, SAPHIRE loads up the condition duration
screen (Figure 61). This screen is used in the final calculation of the conditional core damage probability.
(For condition assessments, the results are Importanceg, = CCDF*duration — CDF*duration, where the
CCDF is the results of the mapped event in the PRA and the CDF is nominal frequency of the PRA.) The
analyst then specifies the duration of the event in hours, days, weeks, months or years, and selects the
Next button.
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*- Events Assessment [project: "DEMO-MOD - Demonstration Sample Family™ folder: "C:\Saphire & demo-jimWorkspaces') 2] =1alx]

Events Assessment -

Select the kind of Events Assessment you want to do.
Choase the assessment iype and then identify the related inputs.

Events Assessment Type
" Initiaking Event
&+ Condition

Specify the start date and time

pecify the duration of the condition

Jossi7/z08 EI| [ 40moopw | | © Endate  forzizoos HI| [womooem =

& Duration Il

bnonthis) hd

Workspace Options—————————————

E it nalysic | ’]Save Warkspace As... *| Go

Figure 61. EA condition duration screen

SAPHIRE now displays a screen that contains all of the basic events found in the project (Figure 57).
This list is used to finalize the assessment by selecting those component(s) that failed or could potentially
fail if required during the mission time. After all of the affected components have been selected, the Next
button is clicked to continue the assessment process.

The next screen is designed to make the probability modifications to the selected component(s). There
are four probability options that can be selected for the component(s). These have been discussed in the
initiating event assessment section (Figure 58).

Once the component’s probabilities have been modified, the Next button is selected. The next screen
provides the analyst with solve options (Figure 62). The analyst can select whether a single or multiple
pass solution is required. Again, single pass will only solve the model and apply the recovery rules. The
multiple pass will solve the model, apply the recovery rules, and perform a cut set update to remove any
potential non-minimal cut sets that could have been created from the recovery rules. The specification of
the truncation level to be used is specified along with the uncertainty information (number of samples,
seed number, and type). Lastly, a title for the analysis along with a description of the event can be input
into their appropriate spots. This will keep all of the information together.
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Events Assessment [project: "DEMO-MOD - Demonstration Sample Family" folder: Saphire 8\ demo-jin

\Workspaces\EA-Temp" el B =1
Events Assessment =~
- - = - : -
Select solve options Choose your solve ssttings and fTin any notes to be Included I the resuiting reoor,
— Method of Solving
" Single pass solution {no cuk set update)
= Multiple pass solution {with cut set update)
—Specify the start date and time —————— pecify the duration of the condition—————————————
Igsnﬂgggg 1_E|_I I 4:00:00PM = " End Date ID?,KI?J‘ZDDS E I 400:00 PN ==
+ Duration Il Imonth(s) 'l
Cut Set Truncation Model Types
INorma\ j II.DDDE-IZ [ ASP_COMDITION ASP CONDITION A5SESSMENT 1=
) . O ASP_INIT_EWENT ASPINITIATING EVENT ASSESSMENT
Size: Truncation
[ FIRE FIRE
INone j I .
[ FLOOD Added through the accident matrix for IE-FLOOD-1
Humber of Samples I10000 X RANDOM RANDOM FAILURE | |
[ SEISMICT Added through the accident matiix for IE-EQ-BIN-1
Random # Seed IIJ C_CEISIED cAelad e ik H, iddant o atris: fer IEECLBIND =
Uncertainty Method " Latin Hypercube  {* Monte Carlo
Short analysis description;title
(CCS MOY discharge 14 Fails to Open
Analysis notes or infarmation B ‘ I | H | Tl'l Small | LaIgEl
This is an example condition assement. -

Workspace Optione———————————

Exit &malpsis (Save\w"orkspace B, ¥ | Go |

4= Back | Finigh = I

Figure 62. EA Solve options screen for Condition Assessment

Now that all of the information has been specified, click the Finish button to analyze the event.

SAPHIRE will provide an output of the assessment on the last screen (Figure 63).
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Events Assessment
Analysis Results

* Events Assessment [project: “"DEMO-MOD - Demonstration Sample Family™ Folder: “C _?J - |ﬁ' |5|

Events Assessment Demonstration Sample Family in
C:\Saphire 8'demo-
jimWorkspaces'EA-Temp!

06/17/2008 4:12:17 PM Condition Assessment

Condition Assessment Summary

Event Date  06/17/2008 4:00:00 PM to 07 /17/2008 4:00:00 PM

Duration 1 month
CCDP 4 352E6
CDP 43516
A CDP L.6GG7E-9

CCS MOV discharge 1A Fails to Open

Summary of Event Changes

Event Description New Value Nominal Value
CCS-MOV-CC-14 CCS Train 1A pump discharge isolation valve  True 5.000E-3

CCDP Uncertainty Distribution
5% Median  Point Mean 95%

Estimate
S.868E7  &342E7 1.093Ea4 1.140E-6 250lE6

Event Tree Dominant Results

Cinly ttems contributing at least 1.0% to the total CCDT are displayed.

EVENT TREE CcCDP CDP A CDP DESCRIPTION
LOSE 4352E6 4351E6  1667E%  Loss of Offsite Power Event Tree
Total 4.352E-G  4.351E-6 1.GG7E9

Dominant Sequence Results
Only items contributing at least 1.0% to the total CCDE are displayed.

EVENT TREE SEQUENCE CCDP CDP A CDP DESCRIPTION

”\A-"Drkspace Option

ISave Work space Az, j Go |

"Heport Option:

IPrintHeport... j Gol <= Back |

| Eitnabsis |

Figure 63. EA Results screen for Condition Assessment
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The calculation part that SAPHIRE does to obtain the ACDP shown in the Analysis Results page is

ACDP = CCDP - CDP
where:
CCDP = conditional core damage probability of event = CCDF * duration
CDP = core damage probability = nominal CDF * duration

The uncertainty results that is shown above is based on sampling from the component’s variability and
then solving for the CCDF and CDF based on the sampled probability. SAPHIRE then subtracts CDF
from CCDF to obtain a sampled ACCDF, which is multiplied by the duration. SAPHIRE stores this
calculated value and continues this process for the number of samples noted. Once SAPHIRE has
performed the number of specified samples, it orders the ACCDP values and pulls out the 5™, 50", and
95", then calculates the mean by summing up the ACCDPs and divides it by the number of samples.

SOLVING PROJECT - General Analysis

This set of analysis is completely new in SAPHIRE 8. The General Analysis Workspace allows for a user
defined analysis option. This option provides the user the flexibility to set up an analysis that is saved for
future analyses and modifications. To start this process, the user selects General Analysis = New
Analysis from the Workspaces menu option.

W =
- S0P (Significance Determination Proces
#-EA (Events Assessment)

=-General Analysis

O | oy A lysis

1] i B

Figure 64. General Analysis workspace path

This option requires a double click and then SAPHIRE copies all of the information from the project into
a new workspace. By making this copy, any event tree/fault tree modifications will only be saved for this
particular analysis and the original models will not be affected. SAPHIRE 8 then loads up a new analysis
screen which allows the user to select what parts of the model will be affected by the analysis by checking
the applicable boxes (Figure 65).
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=+ General Analysis [project: "DEMO - Demonstration Sample Fal

Idl 2

= ——

Place a check mark by the lterns vou wish to examine or modify.

Identify i:ted items
% Event
Mame

|Das:nptmn

ISIandaId -] &

O ECS-CRY-CC2B
O ECS-CKY-CFaLL
[0 ECS-MDP-CFFR
O ECSMDPLCFFS
[ ECS-MDP-FR-4

ECS Train 2B pump discharge check valve
CCF OF ALLECS CRVs

CCFOF ECS MDPs TO RUN

CCFOFECS MDPs TOSTART

ECS Train & motor-driven pump

s Fault Tree [an B
Mame Description

O ccs ContainmentCoolingSystern

O ECS EmergencyCaolingSystem

" Event Tree [an =] =]
Mame Description

O LosP LOsP

‘2 End State

Mame Description

[ LARGE-RELEASE
[ SMALL-RELEASE

T Open Windows

Workspace Options

Exit Analysis ’7 Save Workspace As.. vl G

Figure 65. General Analysis start screen

The basic events, fault trees and event trees are checked in order to tell SAPHIRE 8 that these parts of the
project are going to be affected for this particular analysis. Once the parts of the model are checked, then
the Next button is selected.

This screen (Figure 66) is used to modify those parts of the project that were selected. The basic event
probabilities can be changed to a new probability, probability of 1.0, True house event, or False house
event. The difference between a probability of 1 and True deals primarily with how the common cause
failure (CCF) events are recalculated for the analysis (Figure 67).
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=+ General Analysis [project: "DEMO - Demonstration Sample Fal folder: aphire 84dem Workspaces' General-Tem|
= = i
- — = s

eldl Alldlysls s =
Modify the items identified in the previous step.
Further Instructions here.

& Event ]
Event ‘ ‘ Madification Type ‘
= CCS-MDP-FR-A CCS Train A motor-driven purmp =
] Edit Edit
= ECS-MDP-FR-A ECS Train A motardriven pump

Edit Edit

4] |

ANG="

“a Fault Tree
Fault Tree ‘ ‘ Modification Type
= ECE EmergencyConlingSystem
- Edit Logic Edit Logic
Edit Recovery Rules Edit Recovery Rules
-+ Select Flag Set (default)

4 |
"z Event Tree
L2 End State

O Open Windows

ol olol

Workspace Options
Exit Analysis ’7 Save Workspace As.. vl Go = Back |

Figure 66. General Analysis modification screen

Modify Basic Event 7 |

ey probakility ! frequency |1 J0E-4
" Failed (independent failure) =P =1 0=
% Failed (potertial CCF) =Trues

Mot failed =Falses

¢ 0]14 | Cancel

Figure 67. General Analysis Modify Basic Event pop up form

The checked fault tree(s) can now be edited (Figure 68). The fault tree logic can be modified or the
recovery rules for this specific analysis. Again, the advantage of this analysis process is the logic will
only be affected for this specific workspace — the logic in the original model is left untouched.
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* General Analysis [pruie(t "DEMO - Demonstration Sample Family” folder: "C:\Saphire 84demo-jim'Workspaces' General-Temp**]

General Analysis
Modify the items identified in the previous step.

2] -lofx]

b i 213 =
Modity the ftems i 217 -loixl
. | Fie Edit Dnsert View Help
v A Zoom % Model Type
_— 7
Ewvent ‘ ‘ Mnd\f!callnn Type : ‘ El.ql 70 - _fﬁ] J B J Marnl “”NI RAMDOM = 1of2 ) ))
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: Edit Edit A
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= et
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| - I T 1
4 I I » TRAIN & noy ECSTIAN & OB panp TRAINE DISCHARGEC Y TRAIN B DB}HRRGEI
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ECS EmergencyCoolingSystem =
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ECSTrah
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i [10E04| [ECT-MOU=CC28
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T Open Windows x
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-
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Workspace Options
Exit Analysis ’7 Save Workspace Ag.. vl Go = Back |

Figure 68. General Analysis Modify screen with Fault Tree editor

The last option is the Select Solve Options (Figure 69). This option allows the user the flexibility of
what event trees, fault trees, end states, and model types to be analyzed. The individual event trees or
fault trees can be selected or all event trees and fault trees can be selected. Once the selections are made,

click the Finish button.

SAPHIRE 8 has two options when solving the model:

Single pass with no cut set update solution
Multiple pass with cut set update solution

SAPHIRE 8 follows the steps below for the “single-pass” solution:

1.
a.

option is used, all T&M events will be set to zero.

b.

e

minimal cut sets are removed.

Recalculate the “nominal case” to be able to determine the increase in risk.
Generate basic event data with no change sets marked. If the no test/maintenance

Solve all sequence cut sets using a predetermined (but low) truncation.
Apply recovery rules to all sequence cut sets.
If identified in the project constants, perform a cut set update to ensure non-
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€.

f.

Re-quantify the cut sets.
Store the cut set results via a base case update.

2. Calculate the risk increase.

a.

b.
c.

Generate basic event data with SDP changes indicated by the analyst. If the no
test/maintenance option is used, all T&M events will be set to zero.

Solve sequence cut sets using the same truncation for the “nominal” case.

Apply recovery rules to all sequence cut sets.

If identified in the project constants, perform a cut set update to ensure non-
minimal cut sets are removed.

Re-quantify the cut sets.

Store the cut set results for use in determining the SDP annualized CDF.

SAPHIRE 8 follows the steps below for the “multi-pass” solution:

1. Recalculate the “nominal case” to be able to determine the increase in risk.

a.

"o pe o

Generate basic event data with no change sets marked. If the no test/maintenance
option is used, all T&M events will be set to zero.

Solve all sequence cut sets using a predetermined (but low) truncation.

Apply recovery rules to all sequence cut sets.

Perform a cut set update to ensure non-minimal cut sets are removed.
Re-quantify the cut sets to ensure they have the proper values.

Store the cut set results via a base case update.

2. Calculate the risk increase.

a.

oo o

=H

P

Generate basic event data with SDP changes indicated by the analyst and store
these values for use in Step 2g. If the no test/maintenance option is used, all
T&M events will be set to zero.

Change TRUE events to 1.0 events (to ensure application of recovery rules).
Solve sequence cut sets using the same truncation for the “nominal” case.

Apply recovery rules to all sequence cut sets.

Change events having a probability of 1.0 to TRUE events (to ensure that non-
minimal cut sets will be removed during the next step).

Perform a cut set update to ensure non-minimal cut sets are removed.
Re-quantify the cut sets so they have the proper values stored from step 2a.

Store the cut set results for use in determining the SDP annualized CDF.

The following example will provide the results of the single and multi-pass processes and the use of 1.0
versus True for the Train A CCS and ECS motor-driven pumps to run in the DEMO project.
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*- General Analysis [project: "DEMD - Demonstration Sample Family" folder: “C:\Saphire 84demo-jim'Workspaces'General-Temp* "]

General Analysis | = A
Select solve options
Check the jtems yow want to solve andview. Click on the truncalion cells to edit the truncation options and associated vaiues.

2] -lofx]

I s Eullt . Method of Solving——————————————————
A eneyiadiieeigaie = Single pass solution [no cut set update]
" Multiple: pass solution [with cut set update)
Choose the items to salve:
Salve items | | Truncation Option | Truncation Value
= [0 End States Mo truncation [HA,

@ All End States
- {0 Selected End States
- Affected End States
& Choose End States Below

=+ Model Types
O ASP_CONDITION ASP CONDITION ASSESSMENT
- O ASP_INIT_EWENT ASP INITIATING EVENT ASSESSMENT
- O FIRE FIRE
O FLOCD Added through the accident matrix for IE-FLOOD-1
- RANDOM RANDOM FAILURE
O SEISMICA Added through the accident matrix for IE-EQ-BIN-1
- [0 SEISMIC2 Added through the accident matrix for IE-EQ-BIN-2
- [ SEISMIC3 Added through the accident matrix for IE-EQ-BIN-3
= Event Trees No truncation NA

- (@ All Event Trees
© Selected Event Trees
- O Affacted Event Trees
~ {3 Choose Event Trees Below
=] Fault Trees Global truncation 1.00E-12
@ All Fault Trees
) Selected Fault Trees
- D Affected Fault Trees
L D Choose Fault Trees Below

Ix

Workspace Options
Exit Analysis ’7 Save Workspace As.. vl Go = Back |

Figure 69. General Analysis Solve options screen

SAPHIRE will show a prompt expressing that the following analysis could take some time to complete
(Figure 48) and allows the analyst to decide to perform the analysis (which is a complete re-solve of all
logic models). Clicking Cancel will just show existing results (if available).

Once the analysis is complete, a View Results screen is displayed (Figure 70). This screen is used to
provide the final output result for the event trees, fault trees, and end states.
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[ RANDOM RANDOM FAILURE
[ SEISMICY Added through the accident matrix for |E-EQ-BIM-1
[ SEISMICZ Added through the accident matrix for [E-EQ-BIN-2
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‘T Open Windows %
- GROUP (ET Results) al ]
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Workspace Options

Exit Analysis ’7 Save Workspace As.. vl G

Report Option:
’]Oeneral Insights

jil‘ @ Back |

Figure 70. General Analysis results screen

The overall results for the fault trees and the event tree analysis are shown in the left column. With the
LOOP event tree highlighted and clicking the View Summary Results, the overall summary is shown in
the right field. The results are based on only analyzing the fault trees and event tree accident sequences
with the component’s probabilities set to 1.0. SAPHIRE will generate the minimal cut sets based on the

input information and then apply the recovery rules, since the single pass analysis was selected. The
resultant cut sets are shown below (Figure 71).
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Figure 71. General Analysis Cut Set results

As can be seen in the figure above, since the basic event (ECS-MDP-FR-A) was set to 1.0, SAPHIRE
solves the logic model first and then quantifies the resultant cut sets. SAPHIRE assumes that the basic
event can fail (numerically it is) and therefore, it shows up in the cut sets.

Now if the same analysis is performed except to tell SAPHIRE to use multiple passes. SAPHIRE will

first solve the logic model and get the same cut sets above, but then it will go back through and remove
the failed basic event and then remove the non-minimal cut sets. The results of this analysis are shown
below (Figure 72 and Figure 73).
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Figure 72. General Analysis multiple pass summary results
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As can be seen the total number of cut sets for accident sequence 2 went from 37 cut sets to 11.

Figure 73. General Analysis multiple pass Cut Set results

Therefore, by performing the second pass (cut set update) 26 non-minimal cut sets were removed from
the final results. The results shown above with the multiple pass option selected is an approximate
answer given the assumption that the component failed and its failure has no impact on the common cause

failure.

The last option for this analysis is to assume that the failure of the same components does affect the
common cause failure event. This analysis will set the component to True and multiple pass option will
be performed. The results are shown in Figure 74.
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Figure 74. General Analysis summary results with component to True and multiple pass performed

The results from this analysis show that accident sequence 3 is approximately the same, with the
exception of the adjustment to the common cause failure basic events. However, accident sequence 2 is
completely different. The reason for this is the component is guaranteed to fail and the logic model that is
used to generate cut sets is different than when the component is set to 1.0. Therefore, the delete term

process works correctly for the option when the component is set to True. The resultant cut sets are
shown below (Figure 75).
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Figure 75. General Analysis Cut Set results with component to True and multiple pass performed
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