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SAPHIRE — What is it?

SAPHIRE - Systems Analysis Programs for Hands-on Integrated
Reliability Evaluations

SAPHIRE is an integrated PRA software tool that gives a user the ability to
create and analyze fault trees and event trees using a personal computer
using Windows operating system developed by Idaho National Laboratory
(INL) for US Nuclear Regulatory Commission (NRC).

INL has been a principal developer of Probabilistic Risk Analysis (PRA) tools
for over 45 years, supporting risk activities at government agencies that
include the U.S. Nuclear Regulatory Commission (NRC), National Aeronautics
and Space Administration (NASA), and Department of Energy (DOE).
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SAPHIRE - History

1987 — Integrated Reliability and Risk Analysis System (IRRAS) 1.0
1989 — IRRAS 2.0
1990 — IRRAS 4.0

1992 — IRRAS 5.0 (32-Bit) resulted in an order of magnitude decrease in
analysis time.

1997 — SAPHIRE for Windows version 6.0.
1999 — SAPHIRE for Windows version 7.0
2010 — SAPHIRE for Windows version 8.0
2018 — SAPHIRE for Windows version 8.1.8 (Current Release)
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SAPHIRE — Fundamental Capabilities

— Cut set generation and quantification

— PC-based fault tree and event tree graphical editors
— Importance measures and uncertainty modules

— Relational database with cross-referencing features
— External events analysis (e.g., seismic)

— Rule-based recovery and end-state analysis

— Common Cause Failure (CCF) basic event capabilities
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SAPHIRE — Make it faster!!

f:_ Windows Task Mana_ger‘ - l =3 l =l l_i:h_,l‘

How to use more of |[ric options view rew

[ Applications ] Processes ] Services | Performance ]Networking ] Users

our desktop power?

Memory Physical Memory Usage History

Physical Memory (MB) System

Total 32692 Handles 52784

Cached 23705 Threads 2373

Available 23963 Processes 134

Free 338 Up Time 5:17:19:21
Commit (GB) 9 /63

Kernel Memory (MB)

Paged 1977

Nonpaged 854 [ [y Resource Monitor... ]

Processes: 134 CPU Usage: 0% Physical Memory: 26%
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SAPHIRE — Workspace Concept

- Workspace

— A snapshot or copy of the original model

+ Can be modified and analyzed to determine the impact of possible
changes

+ Doesn’t change original model
« Can be saved and examined in more detail
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SAPHIRE - Workspace Examples

* General Analysis

+ Events and Conditions

nalysis (ECA)
- Significance

etermination Process

SDP)

Idaho Nafional Laboratory

<« s [project: "DEMO-FULL - Jject usi folder: " i o\
General Analysis
Identify affected

Place a check mark by thetems you wish to examine or modif.

¥ even: (samiors ]
[Description
I AANEWJTYPE BLANK BASIC EVENT FOR NEW ENTRY
I~ ABE3UNC check consrained norirformative forlambda 0
I ABE1
I ABE2
I AgE3
I~ ABE
I ACCF1 becef 1
I ACCF2 becd 2
I ACCF3 becof3
I ACCFCOMP compourt CCFtest
I ACCFRASP RASP CCFtest
C_anan o
# Fault Tree
Description
I ACALCTEST Colc Type Faut Treo i
I~ ACCFCONVOLVETEST  New Faut Tree I
I ACCFTEST New Faut Tree i
I ADTFT Delete Tem Faut Tree 1
I ADTFTNEW Delete Tem Faut Tree 1
I ATEST New Faut Tree
I ATEST2 New Faut Tree
I ccs Containment Cosing System
I cost Contanment Cooing System (L0SF)
I cogal Core Damage Due to Maor Srcture Fakure
I~ cp£a3 Core Damage Due to Major Structure Falure
C_CONTA. Cortaiomoect Setem.
% Event Tree
Name Description
e ‘Sesmic iniator (0.05-0.3) Sos modeing
e Seismic ntator (> 0.59) Sol's modeing
I FLFZR0OM1 Flood Rupture in Room 1
I~ FREROOMSWG Fre i Swechgear Room causing a Reactr Trp
I Losp Lossof Offste Power Evert Tree
I~ Losws Loss of Servce Water Event Tree:
I SEISREAL Seiaic Evert Tree
I~ TRANS Transiet Evert Tree
T End State :
Name Descripion 1
o Added through Event Tree Add
I~ EQlEs Seamic Bn 1 (|
I~ Eases Sesmic Bn 3
I~ EXTERNALEVENTS
I FLIFZROOM Food n Room Z )
I FRISWG Fire n swichgeas oom 1
I LARGERELEASE Large Release damage sate
I pos Added through Event Tree Add
I RELIR Addedthrough Evert Tree Add |
I RELNO Added through Event Tree Add
I RELSR Added through Evert Tree Add
Csesie Tiee Add

Workspace Optons.

el




Qi.“‘b ldaho National Laboratory
SAPHIRE - Sandbox Concept

Sandbox almost = Workspace

Differences —
Not saved for future analysis

Specific answers from sandbox are used to get values for reports
In the parent project

Each sandbox has its own SAPHIRE executable driven by a
SAPHIRE instruction set or macro



Qi.“‘!; Idaho National Laboratory
SAPHIRE — Sandbox Examples

Two examples of Sandboxes

Convergence Report — Calculate and display the Core Damage Frequency
(CDF) at various truncation levels.

Plant Information e-Book (PRIB) Report — Calculate and display System
and Component Level Importance.



SAPHIRE — Convergence Report

- Convergence Form
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: . — |
CT = || )

Truncation Level % Difference CDF Cut Set Count Date Last Solved
-~
e
< »
Convergence Type Maximum Truncation Minimum Truncation Number of Processes: Processor Count
[Tmc.Range v] 1.0E-8 1.0e-15 8 E

[V] Re-Solve
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SAPHIRE - Convergence Options

Convergence Type

TJrunc. Range

Trunc. Range
<10 %

<5 %

=1 %

<0.1 %

The default option is “Trunc. Range”, or truncation range,
which allows the user to select the maximum and minimum
truncation values.

Other options — Stop the convergence when levels of %
Difference floors are achieved

<10 %

<5%

<1%

<0.1%
% Difference = (CDF_,/ CDF,_,) * 100.0

— where

« CDF, is the overall CDF for the current
truncation level and

+ CDF,_, is the overall CDF for the previous
truncation level.
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SAPHIRE — Convergence Process

- Each SAPHIRE sandbox sub-instances is started with an assigned project sub-directory
«  Each SAPHIRE sandbox sub-instance is running a macro (SAPHIRE defined command language)
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; ndows Task Manage o[- 3
File Options View Windows Help
Applications | pr | services | perf | rking | Users |
Task - Status
R SAPHIRE - DEMO-FULL D: \datadrive \Knudsen\demo-sdp\ Running
'SAPHIRE - DEMO-FULL D:\datadrive \Knudsen\demo-sdp \CONVERGE-Temp 1\ Running
R SAPHIRE - DEMO-FULL D:\datadrive \Knudsen\demo-sdp \CONVERGE -Temp2\ Running
'SAPHJRE - DEMO-FULL D:\datadrive \Knudsen\demo-sdp \CONVERGE -Temp 3\ Running
‘SAPH‘IRE - DEMO-FULL D:\datadrive \Knudsen\demo-sdp \CONVERGE-Temp4\ Running
*SAPHIRE - DEMO-FULL D:\datadrive \Knudsen\demo-sdp \CONVERGE -Temp5\ Running
R SAPHIRE - DEMO-FULL D:\datadrive \Knudsen \demo-sdp \CONVERGE -Temp6), Running
'SAPH]RE - DEMO-FULL D:\datadrive \Knudsen\demo-sdp\CONVERGE-Temp 7\ Running
*SAPHIRE - DEMO-FULL D:\datadrive \Knudsen \demo-sdp \CONVERGE-Temp3)\, Running
[ EndTask || switchTo | [ NewTask... |
Processes: 103 CPU Usage: 63% Physical Memory: 22%




SAPHIRE — Convergence Report

Convergence Report for maximum of 1.0E-8 to minimum of 1.0E-15 truncation

Convergence

7/11/2018 3:29:50 PM

CONVERGENCE REPORT
TRUNCATION

1.00E-8

1.00E-9

1.00E-10

1.00E-11

1.00E-12

1.00E-13

1.00E-14

1.00E-15

Model Version: 1.1

CDF

4.6235E4
4.6363E4
46383E4
4.6387E-4
4.6387E4
4.6387E4
4.6387E4
4.6387E4

Demo SDP Project using SPAR

% DIFFERENCE
NA

0.3%

0.0%

0.0%

0.0%

0.0%

0.0%

0.0%

| prnt. | | saveas.. |

CuT SET COUNT
380

709

1352

2310

3899

6475

10004

14796

8.1.8
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SAPHIRE — Another Convergence Report

Convergence Report for maximum of 1.0E-4 to minimum of 1.0E-21 truncation

CONVERGENCE REPORT
T RUNCATION
1. 0O0E-4

1 0O0E-5

1 O0E-©

1 O0E-7

1. 0O0E-8
1.00E-©

1. 0O0E-10

1. 00E-11

1. 00E-12

1. 0O0E-13

1 0O0E-14

1 0O0E-15

1. 0O0E-16

1. 0O00E-17

1. 0O0E-18

1 00E-19

1. 0O0E-20

1. 00E-21

Convergence

7/13/2018 10:45:44 AM

CDF

1.5010E-4
2.8474E-4
4 1814E-4
4 546 7E-4
4 6235E-4
4 6363E-4
4. 6383E-4
4. 6387E-4
4 6387E-4
4 6387E-4
4 6387E-4
4 6387E-4
4 6387E-4
4 6387E-4
4. 6387E-4
4. 6387E-4
4 6387E-4
4 6387E-4

Demo SDP Project using SPAR

% DIFFERENCE

NA
47 3%
31.9%
8.0%
1.72
0.3%
0.0%s
0.0%s
0.0%s
0.0%s
0.0%
0.0%
0.0%
0.0%
0.0%s
0.0%s
0.0%8
0.0%8

| Print...

l Save As. .. ]

Related Stuff

CuT SET COUNT
1

3

39

137

380

709

1352

2310

3899

s475

10004

14796

20469

27158

35561 TN
45014

55265

65629 -

|

L[}




SAPHIRE — Convergence Report Timing Results
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ieolrt::tt)ox Setup Time (MmM:ss) Total Time (mm:ss)
1 0:03 4:01
2 0:05 1:25
3 0:08 1:09
4 0:10 1:30
S 0:12 0:50
6 0:15 1:03
r 4 O0O:17 0:51
8 0:20 0:54
12 0:30 1:05
16 0:39 1:20

Convergence Report - Hand timed calculation times for various numbers of sandboxes
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SAPHIRE - PRIB Example

* Plant Information e-Book (PRIB) Report
— Performed on Standardized Plant Analysis Risk (SPAR) models
— Works like Convergence Report with multiple sandboxes of SAPHIRE
— Calculates system and component type importance measures

rQi-rrML\r.ewer (-2 a5

1y

Categories Cross Reference Demo SDP Project using SPAR
Related Stuff

7/13/2018 2:49:00 PM

NAME ITEM NAME DESCRIPTION EVENTS
System
ACP AC Power System ACP-BAC-IP-1A
ACP-BAC-LP-1B
ACP-CRB-CC-1A
ACP-CRB-CC-1B
CES Containment Cooling System CCS-CKV-CC-1A
CCS-CKV-CC-1B -

e e
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SAPHIRE — PRIB Report Setup Form

Chccking box will force a recalculation of system and components.
Description D Date Last Solved F(X) Incease|F(1)  F(0)
=-[¥] Systems and Components -
=81 l Systems (Only)
[¥] AC Power System ACP 71172018 4:21:50 PM 3.7411E-01
~~[¥] Containment Cooling System ccs 71112018 4:21:52 PM 2.0774E-04
+[¥] Emergency Cooling System ECS 71172018 4:21:53 PM 8.3035€-01
[¥] Electrical Power System EPS 7HM172018 4:21:54 PM 5.7879E-02
~[V] Offsite Emergency Power OEP 71112018 4:21:55 PM 4.2151E-04
- [¥] safety Injection System SIS 71112018 4:21:56 PM 8.3013€-01
[V Service Water System SWS 71172018 4:21:57 PM 8.3898E-01
E-[¥] Components by System
E-[¥] AC Power System ACP
+-[V] Division 1A ac power ACP-BAC-1A 71172018 4:22:08 PM 2.5562E-04 9 S690E-03 4.6354E-04 il
. e e i meimmin e s e mieme acsnczoe
This report performs multiple calculations to create importance measures for every component of a system. Depending on the model ~ ~
and the number of components, this report could take some time to complete.
Press OK to continue with report generation, or Cancel to abort reporting.
Nominal CDF: 2556204 Spit Calculations Number of Processes:
_ mRe Documents over multiple 5 ] B
PRIB Solve Truncation: 1E-13 processes

Lo | [ X cancel |




N ‘ —e
\ % Idaho National Labol

SAPHIRE - PRIB Process

- Each SAPHIRE sandbox sub-instances is started with an assigned project sub-directory
+ Each SAPHIRE sandbox sub-instance is running a macro (SAPHIRE defined command language)

File Opti View Wind Help

Applications | Pr | services | Performance | rking | Users
Task . Status
QSAPHIRE - DEMO-FULL D:\datadrive \Knudsen'\demo-sdp\ Running

YR SAPHIRE - DEMOFULL D:\datadrive \Knudsen\demo-sdp PRIB-Temp 1\ Running
QSAPHIRE - DEMO-FULL D:\datadrive \Knudsen\demo-sdp WPRIB-Temp2\ Running
PR SAPHIRE - DEMO-FULL D:\datadrive \Knudsen\demo-sdp \PRIB-Temp3\ Running
'SAPHIRE - DEMO-ULL D:\datadrive \Knudsen\demo-sdp \PRIB-Temp<\ Running
QSAPHIRE - DEMO-FULL D:\datadrive \Knudsen\demo-sdp PRIB-TempS\ Running
‘SAPHIRE - DEMO-ULL D:\datadrive \Knudsen\demo-sdp PRIB-TempS\ Running
PR SAPHIRE - DEMO-FULL D:\datadrive \Knudsen\demo-sdp \PRIB-Temp7\ Running
QSAPH]RE - DEMO-ULL D:\datadrive \Knudsen'\demo-sdp PRIB-TempS8\ Running

[ endTask || switchTo || mewTask.. |

Processes: 102 CPU Usage: 62% Physical Memory: 22%
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SAPHIRE - PRIB Process (Continued)
Each instance of SAPHIRE displays a status dialog.

The caption displays the sandbox directory.

Text just beneath the caption indicates the overall solve process and how many times this
sandbox has been used.

Text to the right of the clock shows the system/component type pair being processed along with
the counter of which component it is of the total components for the system.

Text to the right of the system/component pair name shows the state of the solve process.

Please wait... - D:\datadrive\Knudsen\demo-sdp\PRIB-Temp2\
T Generating PRIB Report - Calculating Systems/Components... 12
e SWS5-CKV-A True (2 of ) Applying cut set rles to TRANS (8 of 8)

O ————————— Lanco
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Chccking box will force a recalculation of system and components.
Description D Date Last Solved F(X) Incease|F(1)  F(0)
= [¥] Systems and Components -
=] @ Systems (Only)
[¥] AC Power System ACP 71172018 4:21:50 PM 3.7411E-01
~~[¥] Containment Cooling System ccs 71112018 4:21:52 PM 2.0774E-04
+[¥] Emergency Cooling System ECS 71172018 4:21:53 PM 8.3035€-01
[¥] Electrical Power System EPS 7HM172018 4:21:54 PM 5.7879E-02
~~[¥] Offsite Emergency Power OEP 71112018 4:21:55 PM 4.2151E-04
- [¥] safety Injection System SIS 71112018 4:21:56 PM 8.3013€-01
~[V] Service Water System SWS 71172018 4:21:57 PM 8.3898E-01
E-[¥] Components by System
E[¥] AC Power System ACP
+-[V] Division 1A ac power ACP-BAC-1A 71172018 4:22:08 PM 2.5562E-04 9 S690E-03 4.6354E-04 il
. e e i meimmin e s e e am acsnczoe
This report performs multiple calculations to create importance measures for every component of a system. Depending on the model ~ ~
and the number of components, this report could take some time to complete.
Press OK to continue with report generation, or Cancel to abort reporting.
Nominal CDF: 25562604 Refresh & Spit Calculations Number of Processes:
. P T Documents Gl 30 8 E
PRIB Solve Truncation: 1E-13 processes

Lo | [ X cancel |
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SAPHIRE - PRIB Report Timing Results

Sandbox

Count Setup Time (MmM:ss) Total Time (Mmm:ss)
1 0:02 14:00
2 0:08 720
3 O:11 4:50
4 Oo:14 3:30
5 o:18 3:02
S O:21 2:51
V4 O:249 2:53
8 O0:29 3:13
12 0:43 3:42
16 1:00 4:10

PRIB Report - Hand timed calculation times for various numbers of sandboxes
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SAPHIRE - Conclusion and Future Work

Possible sandbox uses in the future:
» Sensitivity studies where each sandbox is assigned a change set
 Dividing a solve process for multiple event trees/sequences

« Performing uncertainty analysis for multiple event trees/sequences

This report was prepared as an account of work sponsored by an agency of the U.S.
Government. Neither the U.S. Government nor any agency thereof, nor any of their
employees, makes any warranty, expressed or implied, or assumes any legal liability or
responsibility for any third party’s use, or the results of such use, of 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. The views expressed in this paper are not
necessarily those of the U.S. Nuclear Regulatory Commission.
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SAPHIRE - Credits

Core INL development team

« James Knudsen (project manager)
« Curtis Smith (technical advisor)

« Ted Wood (lead developer)

» Kellie Kvarfordt (developer)

« Steve Prescott (developer)

NRC

Jeffery Wood (current technical manager), Walter Leschek (current project
manager), Erasmia Lois, Richard Robinson, Jr., Dale Rasmuson, Harold
Vandermolen, Patrick O'Reilly, Dan O’Neal.
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SAPHIRE - Credits (Continued)

INL

Kenneth D. Russell, Martin Sattison, John Schroeder, William Galyean, Scott
Beck, Robert Buell, John Biersdorf, Michael Calley, Dana Kelly, Doug Zeek,
Dan Jensen, Rae Nims, Dan Kurkowski, Charity Follett, Howard Stewart,
Douglas Brownson, Dick Fowler, Tami Thatcher, Leon Wolfram, Kevin Quick,
Dale Snider, Kurt Wagner, Robin Van Horn, Scott Matthews, Cory Atwood,
Carol English, Nancy Skinner, Melinda Cebull, Wendell Richardson, and K.A.
Branham-Haar.






