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PRA MODELS FROM ANEW PERSPECTIVE

Hidden Items of Interest
« Dependencies

End State Values

* Overall
e CDF . Powgr
e LERF « Cooling

- Changes * Interlocks |
e ACDF . Ir)strumentatlon
e ALERF » Functional Success

Criteria
» Boundary Conditions
« Plant Configuration
» Spatial Failures
» Fire Failures
* Equipment
« Cables
« Raceways
* Flood Failures
* Equipment

Basic Events
* Initiating Events
* Random Failures
* Equipment
* Operator Actions
 Phenomenological
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BROWSING MODEL TAKES TIME
(AND PATIENCE

from top down

Many paths to follow

FOUR OF FIYE ADS
WALVES FAILTO OPEN

GADE1E60-U2-TRHR

ADEWALYVE TIA FAILETO

ADEWALVE TIE FAILETO

ADE WALVE TIC FAILETO

ADEWALVE TIGFAILETO

ADE WALVE TIK FAILE TO

GADE22-U2-TRHR

GADES2-U2-TRHR)

GADE412-U2-TRHR)

GADES2-U2-TRHR

GADEE12-L2-TRHR

—_—————————————————

ADE WALVE RV-2-TIC
FalLE

FAILURE OF POWER
EUPPLIES

ACCURMULATOR 2CT545
RUPTURES

GaAZ ZUPFLY TO ADS
YALVE UMANAILAELE

RY-2-TIC UNAYAILABLE
DUE TOTEST!MAINT

G-ARY--TICDPI2|

GADE424-L2-TRHR

AACCTS45HFI2
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GADE420-U2-TRHR

-
|
|
|

-

ARY--TICTM2

Q)

G4E SUPPLY FROM INE
HEADERS & AMD E FAIL

BACK-UP G&E SUPPLY
FROM MITROGEN
EOTTLES FAILE

GADE450-U2-TRHR

GADE45SE-U2-TRHR

MANUAL GLOEE YALYE
16-23163C FAILE NO-FC

CHECK Y ALVE 16-257C
FAILETO OPEM

GAZ SURPLY FROM
HEADERE & AMD B FAIL

A SIEACHRIZ

Many dead ends if you
start from the bottom

STCOPI2

G ADEAED-U2-TRHR

GAE SUPPLY FRIOM RS
HEADER A FAILS

GAE SUPPLY FRIOM RS
HEADER B FAILS

GADE450-U2-TRHR

GADE453-U2-TRHR
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CURRENT BROWSING

¢ Cutset events set to TRUE
¢ Logical status propagated up through gates
¢ Navigate through the entire tree

M i 11 [ ]
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ABETTER WAY TO BROWSE

¢ Remove intermediate gates between items of interest
« Enables more efficient navigation down through the tree

¢ Remove the parts of the tree that are not part of the cutset path
» Allows upward navigation without “dead ends”
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AUTOMATED BROWSING

¢ Post-process cutsets to identify relevant
fault tree path

¢ Store gates that are part of path

¢ Gates mapped to
ltems of Interests (10ls)

A 4 =
5
| = |
2
SI-CLEG A SI-CLEGB

ltems of Interest
) = (I0ls)

A\ 4 -
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GATE PARTICIPATION ISN'T ALWAYS CRITICAL

¢ Participation — Gate is part of cut-set path to top gate

¢ Criticality — Changing status of gate changes status of top gate

LP-MOVA, LPI-PP-A

1
LPI-MOV-A-RMNDM LPI-MOV-A-PWR LPI-PP-A-PWR |LF'I—F' F'—A—CCIOLINGl

A [LPI-MOV-AINTRLCKS | LPI-PP-A-RNDH Q

EP-MCC-A EP-LC-A

EPLCA FIRE-EP-LCA
EP-MCCAFAIL A EP-LCARNDM EP-SWGRA
%FIRE-CBFA2 [
. | [%FRE-TBEA




GATE PARTICIPATION ISN'T ALWAYS CRITICAL

¢ Participation — Gate is part of cut-set path to top gate

¢ Criticality — Changing status of gate changes status of top gate

LPI-PATH-A
LPI-MOV-A ?
1
LPI-MOV-A-RNDM LPIMOV-A-PWR LPI-PP-A-PWR [LPI-PP-A-COOLING]
‘ [LPILMOV-AINTRLCKS | LPI-PP-A-RNDM Q
EP-MCC-A EP-LC-A

EP-LC-A FIRE-EP-LC-A

EP-MCC-A-FAIL A EP-LC-A-RMDM EP-SWGR-A

N
|
|
|




GATE PARTICIPATION ISN'T ALWAYS CRITICAL

¢ Participation — Gate is part of cut-set path to top gate
¢ Criticality — Changing status of gate changes status of top gate

LPI-MOV-A-RMNDM

LPI-MOV-A-PWR
|LPI-MOV-A-INTRLCKS |
EP-MCC-A

EP-MCC-A-FAIL

N

LPI-PP-A

LPI-PP-A-PWR

EP-LC-A

|LF'I—F'F'—A—ICOOLING|

LPI-PP-A-RNDM Q

FIRE-EP-LC-A
EP-LC-A-RMNDM

EP-SWGR-A

f
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|
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GATE PARTICIPATION ISN'T ALWAYS CRITICAL

¢ Participation — Gate is part of cut-set path to top gate
¢ Criticality — Changing status of gate changes status of top gate

LPI-PATH-A
T LPI-PP-A
1
LPI-MOV-A-RNDM LPI-MOV-A-PWR LPI-PP-A-PWR [LPI-PP-A-COOLING]|

A |LPI-MOV-A-INTRLCKS |

LPI-PP-A-RNDM Q

? EP-LC-A

EPLCA FIRE-EP-LCA
EP-MCCAFAIL A EP-LCARNDM EP-SWGRA
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GATE PARTICIPATION ISN'T ALWAYS CRITICAL

¢ Participation — Gate is part of cut-set path to top gate

¢ Criticality — Changing status of gate changes status of top gate

LPI-PATH-A
LPI-NOV-A LPI-PP-A
1
LPI-MOV-A-RNDM LPI-MOV-A-PWR [LPI-PP-A-COOLING]|
‘ [LPI-MOV-A-INTRLCKS | LPI-PP-A-RNDM Q
EP-MCCA
_____
f \
I 1
EP-MCC-A-FAIL I I EP-LC-A-RNDM EP-SWGR-A
i |
N ——
%FIRE-CBFAZ




IOl IMPORTANCE MEASURES

(CSaLL — CSnp) e

CSALL ZAOM354

Participation Index =

ZC2M1152

_ (CSarL — CSne) Pt

ZA2M1160
CSALL
ZA2M1153

Criticality Index

ZAIM1148

CSa;; = ES Value of All Cutsets

ZA2M1138
ZA2M999

ZD2M328

CSyp = ES Value of Cutsets Where
Gate is NOT Participating

ZD2MO73
ZD2MO71

ZC2M330

CSyc = ES Value of Cutsets Where
Gate is NOT Critical

2Y0D48

NLHTHN |

2X048
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FIRE PRAS PRESENT UNIQUE CHALLENGE

Thousands of Scenarios and Cutsets

Hundreds of Fire Failures per Scenario

COREDAMAGE-U2 = 2 21E-05 (3164 cuisets)

1. 922E-07 %FO8S-5]_E224 B

Y EE R

FOBS-5P_2R4-R-B_A_Y
26 926E-08 FOBS-5P_2R4R-B_A_Y
27 _00AZ0_Y

o
48 5.37E-08 %FS0-78B_TGH-185_B
49: 5.37E-08 %FS0-78B_TGH-185_B
8B_TGH-185_B

Cutset#1 Prob: 9.22E-07 Old Prob: 2.25E-04 G

EHUZ2ADO3DXI0-FRA-)
EHUZ2ADO3DXI0-FRA-)
ECB-E212HOIZ-AGG
ECB-E212HOIZ-AGG
ECB-E212HOIZ-AGG
ECB-E212HOIZ-AGG
WPMOAPS7TMO
WPMOAPS7TMO
ECB-E212HOIZ-AGG
ECB-E212HOIZ-AGG
AHU-CADDXD2-F
ECB-E212HOIZ-AGG
ECB-E212HOIZ-AGG
ECBDGE13HQI3-AGG
ZTU—HRCWI2
ZTU—HRCWI2
AHUBTL-RDXI2-F
ECB-E212HOIZ-AGG
ECBDGE13HQI3-AGG
ECBDGE23HQI3-AGG
ECB-E212HOIZ-AGG
1-8EQ-MCR-031
1-8EQ-MCR-015
ECB-E212HOIZ-AGG
HMV—155X12-88D-AGG
HMV—155X12-88D-AGG
EBSCHN3CTM3
1-SEQ-MCR-031
1-SEQ-MCR-031
ECBDGE23HQI3-AGG
EHU2ADD30XI0-FRA-J
EHUZADD30DXI0-FRA-J
1-SEQ-MCR-031
1-SEQ-MCR-031
1-SEQ-MCR-031
ECB-E212HOIZ-AGG
1-SEQ-MCR-031
1-SEQ-MCR-031
ECBDGE13HQIZ-AGG
ECB-E212HOIZ-AGG
1-SEQ-MCR-031
1-SEQ-MCR-031
HMV—155X12-3SD-AGG
EHU2DD03DXI0-FRA
EHU2DD03DXI0-FRA
ECBDGE13HQIZ-AGG
BALAPO39XX|2
BALBPO39XX12
DMVLOOPBTMZ
DMVLOOPBTMZ
EHU2DD03DXI0-FRA
EHU2DD03DXI0-FRA
EHU2DD03DXI0-FRA

EHUZDDO3DXI0-FRA-J
EHUZDDO3DXI0-FRA-J
EHUDGE12DXI0-FRA
EDGOAG12TMO
EDGOAG12HRDO
WPMOBP57TMO

EHUDGE12DXI0-FRA
EDGOAG12DSI0
HMV—158X12-85D-AGG
EDGOAG12TMO
EDGOAG12HRIO
EDGODG12TMO

EDGOAG12HRDO
EDGODG12HRDO
EDGOCG12TMO
WPMOBP57TIMO
1-5EQ-TM-038
1-SEQ-TM-026
KDPE1XXXDPID
RPHEXHSTDXIZ
RPH-TTXDXI2

1-SEQ-TM-038
1-SEQ-TM-038
EDGOCG12HRDO
EHUZDD03DXI0-FRA-J
EHUZDD03DXI0-FRA-J
1-SEC-TM-038
1-SEC-TM-038
1-SEC-TM-038
EDGOAG12DSI0
1-SEC-TM-038
1-SEQ-TM-038
EDGODG12DSI0
EDGOAG1ZHRIO
1-SEQ-TM-038
1-SEQ-TM-038
RTR-RCICTMZ2

EDGODG1ZHRID
DMVLOOPBTMZ
DMVLOOPBTMZ
RHUVENTZDXI2-F
RHUVENTZDXI2-F

EHUBCALTDXIO-FRA
EHUBCALTDXIO-FRA

HTR-HPCITMZ
EDGOBG12TMO

ZHU-HRLDXI2-F
ZHU-HRLDXI2-F

HPH-TTXDXI2
HTR-HPCITMZ

EHUBCALTDXIO-FRA
EHUBCALTDXIO-FRA
HTU-HPCIDSIZ
ZTU—HRCWIZ
HHU-ASDPDXI2-FRA

HPHEXHSTDXI2
HPH-TTXDXI2

HTU-HPCIDSIZ2
ZTU—HRCWI2

RHUVENT2DXI2-F
RHUVENT2DXI2-F
TALAP 14452
TALBP144XX2
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Fire Scenario Failures
403
2SL420
2Q1102E
SV2-02-17:FTRD

ASV1A-17HOI2-HS-AGG

2Q1102G
SV2-02-18:FTRD

ASV1A-18HOI2-HS-AGG

ZA2M354
ZA2B1021A
MCC00B53
EMC124DAHWI2
ZA2N128
ZA2B1014A
MCC20B59
EMC124TBHWI2
ZD2M071
ZD2B1322A
MCC00B50
EMC424TBHWI2
ZD2M071
ZD2B1322A
MCC00B50
EMC424TBHWI2
ZD2M073
ZD2B1313A
MCC20B39
EMC424WAHWI2
20B1113_EP
ZB2B1113A
MCC20B37
EMC224RBHWI2

Zone
Raceway
Cable
Component
Basic Event
Cable
Component
Basic Event
Raceway
Cable
Component
Basic Event
Raceway
Cable
Component
Basic Event
Raceway
Cable
Component
Basic Event
Raceway
Cable
Component
Basic Event
Raceway
Cable
Component
Basic Event
Raceway
Cable
Component
Basic Event
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FIRE PRA FAULT TREE

Quantified Top Gate

[ ] [ ] [ ] Traditional PRA Logic IOls
[ ] [ ] [ ] [ ] (Systems, Components, Functions, etc.)

- - - Fire Scenario Initiator
-1 1 1 1L 1

- - Impacted Fire Zones
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Impacted Equipment

Impacted Raceways




FOCUS ON A PARTICULAR 10l

CDF Quantified Top Gate

[ ] [ ] [ ] Traditional PRA 10Is
(Systems, Components, Functions, etc.)

- - Fire Failed Basic Events
[ ][ ] Impacted Equipment
Caused by IOl failure
: Impacted Cables
Causes failure of 10l
. . . . Impacted Raceways
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Impacted Fire Zones

Fire Scenario Initiators




REVEALS OPPORTUNITIES FOR RISK REDUCTION

° Dashboard

F Equipment

Easc
Name
} 100 1I]l] ll'll'l

2E51-FO63 (FE) — |
0DGO03 (FE)

0DGOLK (FE) | ||

0DGOLP (FE) | |

0DGO2A (FE) |

0DGO2JB (FE)

|F cable |F- Eqmpment | F-BasicEvent | BE

m|m
B
1]
[y

1

Name

U2-455F (FR)
U2-456F (FR)
U2-453F (FR)
U2-454F (FR)
U2-AR14 (FR)
U2-R173 (FR)
U2-4358 (FR)
U2-4348 (FR)
U2-4368 (FR)
4378 (FR)

R172 (FR)

U2-4198 (FR)
4458 (FR)

U2-4208 (FR)

IF—Raoeway InitiatingEvents IF—ZDne

Browser

Focused 101 v i
| 2R1041 (FC)

Category: F-Cable
Description:

Unfocus

U2-453F (FR) U2-454F (FR)

R-UZ-953F  GATG SR R-UZ-454F GATE.oqu R-LI2-455F

6 |HEAFJ 6 |HEAFJ

551 MR W T AR

U2-455F (FR)

EATE M R-UZ2-458F caTiagu

T e

2E51-FOG3 (FE)

2RID41 (FC)

FMNC-ZRIEL  samssmu

U2-456F (FR) U2-AR14 (FR)

NR-UZ-AR14 GATLEQU

T i3 M W g AR

Locate l:'
2RI041 (FC) 11 [ ]
Currently Viewing
B.E. Cutset
%F_4F4-2_2APOGE_H_R RCVCL-1D RCVSEQ-GTR-006 2RHHURHRF92A-H--
2HCPM2E22CO001A--
All T Q
3 2.4E-06 %F_4F4-2/4E4-1_2APOGE_H_M RCVCL-1A RCVSEQ-GTR-058

2HCPM2E22C001A--
9 2.3E-06 %F_4E4-2_2APOGE_H_R RCVCL-1D RCVSEQ-GTR-006

2RHHURHRF92A-H-- 2HCPM2E22C001A--
10 2.3E-06 %F_4E4-2/4E3-1_2AP02E H M RCVCL-1A RCVSEQ-GTR-058
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UTILIZING THE RESULTS TO IMPROVE MODEL/PLANT

@ LA R R R R R R R B NN N NN B 0N NN NN
2/C ®M

| 37.38 1 Install Fire Wrap
' F------/:----------l
ig(_:ég 0 |M02—10~026A 1
1 2™ Target
@5/(: 214 ©7/C - @-----

—
-4 ’ 31-36
J | 1 Toroet
- - . - - . '

r
|
|
|

20C03 8 M02-10-03I1A

. 9/C *H4

21-26,33,36 -

A

Ignition Source

20B3844

Inter-cable hot

1 short

e #__.-ﬂ
]
@
O“
i
QDo
(L)
.-".a:/f%

N /80 aeN L8
—-.(“\-\\ 005) (So0) S|
Bonded
to plant bolo -
ground Raceway

grid

1
1
1
1
1
1
1
1
1
1
1
1
1
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Contact

Gregory Zucal Andrew Miller
+1 610-431-8260 +1 610-431-8260
gzucal@jensenhughes.com amiller@jensenhughes.com

For More Information Visit
www.jensenhughes.com
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