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4.1

Stan

4,1 Stan

4.1 Stan  OpenBUGS
Stan BUGS!M MC 1/3
BUGS Stan thinning=2
BUGS thinning=100
Stan
BUGS 26
OpenBUGS( 10
BRSEE |FioiE |[2EFESE MCIS— | 5hs hR{E | 95%:
REF#1 1.18E-08| 3.07E-08| 2.32E-10 9.88E-11| 3.74E-09| 4.54E-08
RE#H2 1.08E-08| 2.77E-08| 242E-10 943E-11| 3.73E-09| 4.08E-08
HEFH3 1.04E-08| 2.66E-08| 2.45E-10] 9.41E-11| 3.68E-09| 3.88E-08
HERH4 1.03E-08| 2.30E-08] 1.91E-10] 9.35E—-11| 3.74E-09| 4.00E-08
REFT#HS 1.02E-08| 244E-08| 2.15E-10 9.34E-11| 3.63E-09| 3.82E-08
REFTHE 9.99E-09| 2.08E-08| 1.61E-10] 9.24E-11| 3.69E-09| 3.87E-08
REMHT 9.67E-09| 2.02E-08| 1.83E-10[ 9.94E-11| 3.69E-09| 3.71E-08
#EF#8 9.43E-09| 1.91E-08| 1.50E-10] 9.59E-11| 3.61E-09| 3.63E-08
HEFHY 9.95E-09| 2.25E-08] 1.85E—-10] 9.88E—-11| 3.62E-09| 3.75E-08
FEFH#I0 9.98E-09| 2.10E-08| 1.69E-10[ 9.90E-11| 3.67E-09| 3.86E-08
RERH#I 1.01E-08| 217E-08| 1.88E—-10[ 1.05E-10| 3.62E-09| 3.90E-08
HEM#12 1.12E-08| 2.57E-08| 1.89E-10 1.02E-10| 3.85E-09| 4.32E-08
#ER#13 1.14E-08| 2.80E-08| 2.28E-10] 9.94E-11| 3.85E-09| 4.42E-08
#EF#14 1.19E-08| 3.11E-08| 2.88E—-10| 1.00E-10| 3.85E-09| 4.61E-08
FEF#15 1.11E-08| 263E-08| 2.08E-10[ 9.77E-11| 3.82E-09| 4.25E-08
REFH#16 1.20E-08| 311E-08| 2.38E-10[ 1.02E-10| 3.93E-09| 4.52E-08
2E#17 2.24E-07| 291E-07| 342E-09| 9.34E-09| 1.23E-07| 7.83E-07
#Er#18 1.24E-08| 3.31E-08| 247E-10] 1.04E-10| 4.00E-09| 4.71E-08
#EF#19 1.03E-08| 2.31E-08] 1.97E-10] 9.60E—-11| 3.64E-09| 3.96E-08
FEFR#20 1.00E-08| 222E-08| 1.89E-10| 9.62E-11| 3.61E-09| 3.83E-08
REM#21 1.12E-08| 2.75E-08| 2.23E-10 9.86E-11| 3.83E-09| 4.22E-08
#ER#22 1.56E-08| 5.69E-08| 406E-10] 1.07E-10| 4.24E-09| 5.64E-08
#Er#H23 1.18E-08| 3.07E-08| 2.49E-10] 1.05E-10| 3.85E-09| 4.44E-08
REF#24 201E-08) 1.25E-07| 703E—-10] 1.03E-10] 420E-09| 6.28E—08
Stan( 10

BRI MEEE | FiofE  |2EREE MCT5— | 5%m thfE | 95%8
RE# 1.20E-08| 3.26E-08| 1.03E-10| 8.54E-11| 3.76E-09| 4.61E-08
REFT#2 1.08E-08| 2 68E-08) 849E—-11| 7.70E-11| 3.62E-09 4.15E-08
REF#3 1.09E-08| 2.75E-08| 8.68E—-11| 7.90E-11| 3.63E-09| 4.14E-08
REFT#4 1.03E-08| 242E-08| 7.66E-11| B.0O6E—11| 3.52E-09( 3.98E-08
REFT#S 1.02E-08| 2.33E-08] 7.37E-11| 796E—-11| 3.56E-09 3.92E-08
FEFT#H6 9.95E-09| 2.26E-08| 7.15E-11| 7.74E-11| 349E-09| 3.85E-08
REF#T 9.44E-09] 2.08E-08| 6.59E-11| 7.82E—11| 3.45E—-09| 3.62E-08
REFTH#E 9.62E-09| 2.14E-08| 6.76E—-11| 8.09E-11] 346E-09] 3.71E-08
FEFT#H9 9.91E-09| 2.24E-08| 7.08E-11| 8.01E-11| 348E-09| 3.80E-08
#EM#10 | 1.00E-08| 2.30E-08| 7.28E-11| 8.23E-11| 3.55E-09| 3.85E-08
FEF#11 | 9.95E-09| 2.22E-08| 7.03E-11| 7.94E-11| 3.49E-09| 3.86E-08
#EA#12 | 1.12E-08| 2.94E-08| 9.28E-11| 8.21E-11| 3.64E-09| 4.33E-08
HEM#13 | 1.17E-08| 3.07E-08| 9.72E-11| 8.55E-11| 3.71E-09| 447E-08
#EF#14 | 1.22E-08| 347E-08| 1.10E-10| 8.29E-11| 3.74E-09| 4.65E-08
FHEM#15 | 1.11E-08| 2.77E-08| 8.76E-11| 8.12E-11| 3.70E-09| 4.25E-08
HEM#16 | 1.21E-08| 3.22E-08| 1.02E-10] 8.03E-11| 3.73E-09| 4.73E-08
F#EF#17 | 2.34E-07| 3.08E-07| 1.09E-09| 9.58E-09| 1.28E-07| 8.07E-07
#EM#18 | 1.20E-08| 3.28E-08| 1.04E-10 8.52E-11| 3.75E-09| 4.60E-08
#EM#19 | 1.04E-08| 2.43E-08| 7.69E-11| 7.86E-11] 3.59E-09| 4.01E-08
#WEF#20 | 1.01E-08| 2.25E-08| 7.12E-11| 7.67E-11| 3.54E-09| 3.89E-08
RERT#21 1.10E-08| 2.70E-08| 8.53E-11| B.19E—-11| 3.67E-09| 4.20E-08
HEM#22 | 1.69E-08| 7.24E-08| 2.50E-10| 8.79E-11| 4.01E-09| 5.90E-08
#EF#23 | 1.21E-08| 3.28E-08| 1.04E-10| 8.64E-11| 3.76E-09| 4.65E-08
HEM#24 | 2.35E-08) 1.92E-07| 6.89E-10] 9.07E-11]| 4.10E-09| 6.65E-08
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4.1.3

0.5

NRC PRA

SPAR

SPAR
NUREG/CR-6928M"  Component Reliability Data Sheet Update 20101
1998 2002 1998
2010 NUERG/CR-6928
EF =95% /50% SPAR
( CDF) Component
Reliability Data Sheet Update 2010
Jeffreys EF==95%
/50%
op = 95% _ 50% _ f95%
50% 5% 5%

NUREG/CR-6928

2010

Component Reliability Data Sheet Update 2010

4.2 NUREG/CR-6928

Component Reliability Data Sheet Update

NUREG/CR-6928
4.2

Component Reliability Data Sheet 2010

( )
#pEE | EF K | EF
£ NUREG/CR-6928 Component Reliability Data Sheet 2010
TR0 1.29E-08 8.4 5.51E-08 1.2
FE F-EA B 1.04E-04 8.4 2.38E-04 3.2
A—E L EREN R - R iR R B 5.77E-06 2.2 9.34E-06 2.5
R L i s 2.73E-03 18.7 3.86E-03 3.9
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4.3

byt |BRAE Bne |kas Brrim  |lRyE
HEFTH# 1.22E-08| 1.23E-08|#EF#25| 5.11E-08| 5.00E-08|8&E Fr#49 1.18E-08| 1.18E-08
FEFTH2 1.15E-08| 1.16E-08|#EF#26| 1.23E-08| 1.27E-08|8EF#50| 1.01E-08| 1.02E-08
REE#3 1.13E-08| 1.15E-08|#EFF#27| 1.41E-08| 1.41E-08|#EFF#51| 1.03E-08| 1.04E-08
HEE#4 1.12E-08| 1.12E-08| % EFF#28| 1.55E-08| 1.54E-08|#EFF#52] 1.07E-08| 1.06E-08
HEPTH5 1.11E-08| 1.12E-08|8 B F#29| 1.15E-08| 1.17E-08|8&EF#53| 1.04E-08| 1.06E-08
HEFT#6 1.08E-08| 1.09E-08|5&FEF#30| 1.12E-08| 1.16E-08|&FE F#54| 1.13E-08| 1.14E-08
HEFTHT 1.06E-08| 1.06E-08|#EF#31| 4.07E-08| 3.99E-08|8EFr#55 1.03E-08| 1.05E-08
S EFTHS 1.07E-08| 1.07E-08)$EFr#32( 1.21E-08] 1.21E-08
HEE#9 1.10E-08| 1.11E-08|#EFF#33 1.10E-08| 1.10E-08
F£EMR#10 | 1.11E-08] 1.10E-08|FFEF#34] 1.13E-08| 1.13E-08
#£EP#11 | 1.10E-08| 1.11E-08|#E Fr#35 1.13E-08| 1.14E-0§
#£EM#12 | 1.17E-08| 1.19E-08|#E Fr#36{ 1.13E-08| 1.15E-08
S EFF#13 | 1.22E-08| 1.20E-08)FEPR#37 1.05E-08| 1.04E-08
#EFF#14 | 1.22E-08| 1.25E-08)FEPr#38] 1.02E-08| 1.02E-08
#£EF#15 | 1.15E-08| 1.18E-08|#FEF#39] 1.03E-08| 1.04E-08
#E#16 | 1.24E-08| 1.24E-08|FFEF#40 1.01E-08| 1.02E-08
#£BEM#17 | 1.65E-07| 1.62E-07|%FE Fr#41| 1.01E-08| 1.02E-0§
#EM#18 | 1.24E-08| 1.26E-08|%FE Fr#42| 1.05E-08| 1.05E-08
S EFF#19 | 1.11E-08| 1.13E-08)FEPr#43| 1.05E-08| 1.05E-08
S EFF#20 | 1.11E-08| 1.12E-08) 3 EP#44| 1.09E-08| 1.11E-08
#£EF#21 | 1.18E-08| 1.19E-08|FFEF#45 1.10E-08| 1.11E-08
#EF#22 | 1.55E-08| 1.50E-08|F2FEF#46/ 1.09E-08| 1.09E-08
#EM#23 | 1.23E-08| 1.25E-08|%FE Fr#47| 1.05E-08| 1.06E-0§
#EM#24 | 1.84E-08| 1.90E-08|#FE Fr#48 1.11E-08| 1.13E-08
Stan 10
Chain 10
0
50 100
4.1.5
4.1.2
€y
4.9 4
8x10%h ~
26
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26
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log ,,(—fRERMER) 10g , ,(—ARESEER)
4.10
4.4 26
HBERISH FEHE  |MCIS— |5hgfE  |hhi{E  |[95hsiE
— o 7.62E-08| 2.85E-08| 5.02E-11| 3.39E-09| 7.08E-08
HEFFISH 1.70E-08| 7.36E—11| 4.05E-10| 5.58E-09| 6.23E-08
EIEHE S 1.20E-08| 1.04E-11| 4.07E-09| 1.10E-08| 2.32E-08
Half-Cauchy+normal43#h | 2.01E-08| 5.30E-11| 4.23E-09| 1.61E-08| 4.28E-08
4.5 Jeffreys 26
FigfE  MCIS— [5hsfE  |hRfE  |95%SiE
2B 1.20E-08] 1.12E-11] 407E-09| 1.10E-08| 2.32E-08
F#EM#2 | 1.20E-08] 1.14E-11| 4.07E-09| 1.10E-08| 2.32E-08
F#EM#3 | 1.20E-08| 1.10E-11| 4.07E-09| 1.10E-08| 2.32E-08
S E#4 | 1.20E-08] 1.04E-11| 4.07E-09| 1.10E-08| 2.32E-08
S ER#5 | 1.20E-08] 1.00E-11| 4.07E-09| 1.10E-08| 2.32E-08
ERIRBAI D OE R B EE
FEigfE  |MCIS— [5hsmfE  |hRfE  |95%E{E
2B 1.15E-08] 509E-11] 468E-11] 3.02E-09| 452E-08
F#ER#2 | 1.02E-08| 4.08E-11| 4.62E-11| 2.91E-09| 4.01E-08
S EM#3 | 1.02E-08] 4.10E-11| 449E-11| 2.90E-09| 4.00E-08
S EF#4 | 9.65E-09| 3.64E-11| 448E-11| 2.85E-09| 3.83E-08
F#EM#S | 9.47E-09] 3.45E-11| 440E-11] 2.81E-09| 3.76E-08
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c. WAIC

WAIC(Widely Applicable Information Criterion
Information Criterion)

171 walc

LOOCV leave-one-out cross validation

4.16
WAIC (18]
@ BIFEF—X

@ NSA-SHERT % 8857 —4

1 1
kE1 0 00 000000000000
rE2 0O 000 00000000000

REN 0 00 000000000000
4.16

WAIC

Gelman
[18]
WAIC = —2(1;971 - p’\waic)
Ipd (log pointwise predictive density)
(effective number of parameters) Ipd
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NRC

4.18
*
4.18 NRC ]
Component| PRA-Relevant Systems Analyzed for the Number of | Number of | Total Number Total
Type Failure Modes Component Type CCF Independent of CCF Number of
Events* for | Failures for | Events®for |Independent
Systemand| System& | Component | Failures for
Component | Component Type Component
Type Type Type
Air- Fail to Open Auxiliary Feedwater (PWR) 42 197 191 505
Operated | o Close ' jacti ) 2 28
Valves Fail to Stay Closed |lsolation Condenser (BWR) 1 9
Main Steam Isolation (BWR/PWR) 146 271
Batteries/ | No Output, High DC Power (BWR & PWR) 60 1,260 60 1,260
Chargers | Output
Check Fail to Open Auxiliary Feedwater (PWR) 59 201 147 556
Valves Fail to Close High Pressure Injection (BWR/PWR) 23/21 84/145
Fail to Stay Closed |Low Pressure Injection (BWR/PWR) 23/21 88/38
Circuit Fail to Open DC Power (BWR/PWR) 8 112 116' 989
Breakers  |Fail to Close AC Power (BWR/PWR) 82 746
Fail to Stay Closed |Reactor Trip Breakers (fail to open) 26 131 .
Emergency |Fail to Start, Run | Emergency Power (BWR/PWR) 131 1,346 131 1,346
Diesel
Generators

NRC RIS 99-03 Resolution of GI-145
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1.
1982 2007
26 55 26
4.1.8
26
26
STAN WinBUGS
100000 300000
Chain 10 1
Thinning 1 3
10000 10000
10000 10000
M us
o, 10
Half-Cauchy
A 05 0.1<0 <4.0
EPRI
4.1.8(3)
ABWR RPV

EF
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26
- EF EF 26
[1/h] [1/h]
( 7.8E-06 51.3 1.4E-06 4.0 0.17
) 9.9E-07 22.4 1.1E-07 4.8 0.11
2.4E-07 90.0 5.3E-08 7.4 0.22
9.0E-08 37.3 2.1E-08 2.9 0.23
BWR 1.0E-07 10.7 2.4E-08 5.6 0.23
PWR 8.1E-07 16.7 1.1E-07 4.3 0.14
8.7E-07 30.2 2.3E-07 2.6 0.26
1.7E-07 23.6 5.1E-08 2.7 0.30
(BWR) 1.7E-07 69.3 3.0E-08 11.7 0.18
(PWR) 1.9E-07 32.5 3.7E-08 3.6 0.20
PLR 3.1E-05 23.6 3.7E-06 .2 0.12
5.4E-07 50.7 6.0E-08 7 0.11
26
EF EF 26
[1/D] [1/D]
6.0E-04 108.0 1.4E-04 4.6 0.24
1.7E-03 20.7 5.1E-04 6.1 0.31
4_.9E-03 46.6 9.8E-04 11.3 0.20
EF
26
EF EF /26
[1/n] [1/n]
1.7E-07 23.6 5.1E-08 2.7 0.30
7.9E-09 5.4 1.8E-08 2.7 2 31
1.7E-08 7.6 3.4E-08 2.3 1.99
7.9E-09 5.4 2.9E-08 2.4 3.69
7.9E-09 5.4 1.3E-08 3.1 1.61
1.9E-10 6.1 1.0E-09 2.1 5.58
6.9E-10 11.7 1.4E-09 2.0 2.03
7.3E-10 11.5 1.4E-09 2.0 1.90
4.7E-09 6.8 1.4E-08 2.5 3.02
4_7E-09 6.8 1.4E-08 2.5 3.02
1.9E-09 7.8 8.1E-09 2.4 4.20
1.5E-08 21.8 1.2E-08 2.3 0.79
1.4E-09 6.1 5.1E-09 2.4 3.59
1.2E-08 20.2 1.0E-08 2.2 0.86
1.1E-08 9.9 1.1E-08 2.0 0.98
2.2E-09 8.1 6.7E-09 2.2 3.11
1.9E-09 7.3 3.8E-09 2.3 1.98
1.0E-09 5.3 4.1E-09 2.3 3.95
5.6E-09 8.1 2.0E-08 2.6 3.65
3.2E-08 17.2 2.8E-08 2.4 0.89
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EF
[1] M " [wh]
0] 8.5E407 Tank (TNK) External Leak Small 3.36-07|  -15.06| 5.7E-08 3.5
0| 8.5E407 (Others) (Generic) 3.4E-04 -8.12  2.2E-07, 2.2
0| 4.7E+09 Piping Service Water System External Leak Small 6.9E-10  -21.22] 4.2E-10 4.7
1| 4.7E+09 (Others) (Generic) 3.4E-04 -8.12|  6.5E-09) 1.9
4 1.1E+10] Piping Service Water System External Leak Large 1.4-10|  -22.83] 6.9E-10 6.8
0 1.1E+10 (Others) (Generic) 3.4E-04 -8.12|  2.8E-09 1.9
NRC SPAR
PRA
8.60E-07
2.21E-07
1.58E-06
4.50.E-06
9.89.E-07
8.27.E-06
3.39E-06
1.69E-06
3.37E-04
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ABWR

o EF
4.1.8(4)

[h] mu sigma EF
8.9E+06 1.60.E-06 -15.00 1.821 || 7.31E-09| 4.55E-07| 1.34E-07 79
8.9E+06 1.60.E-06 -15.00 1.821 || 7.31E-09| 4.55E-07| 1.34E-07 79
3.8E+07 1.60.E-06 -15.00 1.821 | 4.14E-09| 154E-07| 5.03E-08 6.1
3.8E+07 1.60.E-06 -15.00 1.821 | 4.14E-09| 154E-07| 5.03E-08 6.1
2.6E+07 1.60.E-06 -15.00 1.821 || 4.90E-09| 2.09E-07| 6.66E-08 6.5
2_6E+07 1.60.E-06 -15.00 1.821 | 490E-09| 2.09E-07| 6.66E-08 6.5
1.4E+06 1.60.E-06 -15.00 1.821 | 1.16E-08| 1.50E-06| 3.66E-07( 114
1.6E+07 1.60.E-06 -15.00 1.821 || 5.85E-09| 2.91E-07| 8.98E-08 70
2.9E+07 1.60.E-06 -15.00 1.821 || 4.66E-09| 1.92E-07| 6.15E-08 6.4
8.4E+07 1.60.E-06 -15.00 1.821 | 2.80E-09| 8.19E-08| 2.81E-08 54
1.7E+08 1.60.E-06 -15.00 1.821 | 1.91E-09| 4.67E-08| 1.66E-08 49
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(1/5)

A d At /h)
d/h
AWM Nt 2 as720
Air-Operated Valve (AOV) External Leak Small h 5.51E-08 5.51E-08
Air-Operated Valve External Leak Large h 3.86E-09 3.86E-09
Air-Operated Valve (AOV) Loss of Function / Fail to Control h 2.49E-07 2.49E-07
Air-Operated Valve (AOV) Fail to Open/Close d 9.51E-04 2.64E-06
Air-Operated Valve (AOV) Internal Leak Small h 9.69E-08 9.69E-08
Air-Operated Valve Internal Leak Large h 1.94E-09 1.94E-09
Air-Operated Valve (AOV) Spurious Operation h 1.31E-07 1.31E-07
Check Valve (CKV) External Leak Small h 1.05E-08 1.05E-08
Check Valve External Leak Large h 7.35E-10 7.35E-10
Check Valve (CKV) Fail to Close d 2.38E-04 6.62E-07
Check Valve (CKV) Fail to Open d 1.07E-05 2.97E-08
Check Valve (CKV) Internal Leak Small h 3.08E-07 3.08E-07
Check Valve Internal Leak Large h 6.15E-09 6.15E-09
Check Valve (CKV) Spurious Closing h 5.47E-09 5.47E-09
Check Valve (CKV) Spurious Opening h 3.48E-09 3.48E-09
Explosive-Operated Valve (EOV) Fail to Open/Close d 2.57E-03 7.14E-06
Hydraulic-Operated Valve (HOV) External Leak Small h 2.23E-07 2.23E-07
Hydraulic-Operated Valve External Leak Large h 1.56E-08 1.56E-08
Hydraulic-Operated Valve (HOV) Loss of Function / Fail to Control h 4.86E-07 4.86E-07
Hydraulic-Operated Valve (HOV) Fail to Open/Close d 1.20E-03 3.33E-06
Hydraulic-Operated Valve (HOV) Internal Leak Small h 2.86E-08 2.86E-08
Hydraulic-Operated Valve Internal Leak Large h 5.72E-10 5.72E-10
Hydraulic-Operated Valve (HOV) Spurious Operation h 2.00E-07 2.00E-07
Motor-Operated Valve (MOV) External Leak Small h 3.28E-08 3.28E-08
Motor-Operated Valve External Leak Large h 2.29E-09 2.29E-09
Motor-Operated Valve (MOV) Loss of Function / Fail to Control h 6.62E-08 6.62E-08
Motor-Operated Valve (MOV) Fail to Open/Close d 9.63E-04 2.68E-06
Motor-Operated Valve (MOV) Internal Leak Small h 1.01E-07 1.01E-07
Motor-Operated Valve Internal Leak Large h 2.02E-09 2.02E-09
Motor-Operated Valve (MOV) Spurious Operation h 3.39E-08 3.39E-08
Main Steam Isolation Valve (MSV) External Leak Small h 1.34E-07 1.34E-07
Main Steam Isolation Valve (MSV) Fail to Open/Close d 7.79E-04 2.16E-06
Main Steam Isolation Valve (MSV) Internal Leak Small h 1.51E-06 151E-06
Main Steam Isolation Valve (MSV) Spurious Operation h 3.85E-07 3.85E-07
Solenoid-Operated Valve (SOV) External Leak Small h 3.43E-08 3.43E-08
Solenoid-Operated Valve External Leak Large h 2.40E-09 2.40E-09
Solenoid-Operated Valve (SOV) Loss of Function / Fail to Control h 3.00E-06 3.00E-06
Solenoid-Operated Valve (SOV) Fail to Open/Close d 1.19E-03 3.31E-06
Solenoid-Operated Valve (SOV) Internal Leak Small h 1.79E-07 1.79E-07
Solenoid-Operated Valve Internal Leak Large h 3.58E-09 3.58E-09
Solenoid-Operated Valve (SOV) Spurious Operation h 3.43E-08 3.43E-08
Turbine Bypass Valve (TBV) Loss of Function / Fail to Control h 1.05E-06 1.05E-06
Turbine Bypass Valve (TBV) Falil to Close d 2.47E-04 6.86E-07
Turbine Bypass Valve (TBV) Fail to Open d 4.20E-03 1.17E-05
Vacuum Breaker Valve (VBV) Fail to Close d 2.97E-04 8.25E-07
Vacuum Breaker Valve (VBV) Fail to Open d 2.24E-04 6.22E-07
Vacuum Breaker Valve (VBV) Internal Leak Small h 4.16E-07 4.16E-07
Manual Valve (XVM) External Leak Small h 2.62E-07 2.62E-07
Manual Valve External Leak Large h 1.83E-08 1.83E-08
Manual Valve (XVM) Fail to Open/Close d 1.92E-04 5.33E-07
Manual Valve (XVM) Internal Leak Small h 1.34E-07 1.34E-07
Manual Valve Internal Leak Large h 2.68E-09 2.68E-09
Manual Valve (XVM) Spurious Operation h 8.42E-08 8.42E-08
8.60E-07
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(2/5)

A t(/h)

Power-Operated Relief Valve (PORV) Internal Leak Small 5.08E-07

Low-Capacity Relief Valve (RVL) Internal Leak Small 6.65E-08

Safety Valve (SVV) Internal Leak Small 8.99E-08

2.21E-07
X d At /h)
d/h
MUW Tyt 2o arr20
Bistable Fail to Operate d 5.44E-04 151E-06
Manual Switch Fail to Open or Close d 1.26E-04 351E-07
Process Logic (Delta Temperature) Fail to Operate d 5.07E-03 1.41E-05
Process Logic (Flow) Fail to Operate d 6.26E-04 1.74E-06
Process Logic (Level) Fail to Operate d 6.26E-04 1.74E-06
Process Logic (Pressure) Fail to Operate d 1.60E-04 4.45E-07
Relay Fail to Operate d 2.48E-05 6.90E-08
RPS Breaker (Mechanical) Fail to Open or Close d 154E-05 4.28E-08
RPS Breaker (Shunt Trip) Fail to Operate d 3.29E-04 9.13E-07
RPS Breaker (Undervoltage Trip) Fail to Operate d 4.13E-04 1.15E-06
RPS Breaker (Combined) Fail to Open or Close d 155E-05 4.32E-08
Sensor/Transmitter (Flow) Fail to Operate d 8.15E-04 2.26E-06
Sensor/Transmitter (Flow) Fail to Operate h 1.02E-07 1.02E-07
Sensor/Transmitter (Level) Fail to Operate d 8.15E-04 2.26E-06
Sensor/ Transmitter (Level) Fail to Operate h 1.02E-07 1.02E-07
Sensor/Transmitter (Pressure) Fail to Operate d 1.17E-04 3.25E-07
Sensor/Transmitter (Pressure) Fail to Operate h 8.22E-07 8.22E-07
Sensor/Transmitter (Temperature) Fail to Operate d 4.32E-04 1.20E-06
Sensor/Transmitter (Temperature) Fail to Operate h 8.40E-07 8.40E-07
158E-06
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(3/5)

A d At /h)
d/h
MU a e 2% ar720
Process Logic (Delta Temperature) Fail to Operate d 5.07E-03 1.41E-05
Process Logic (Flow) Fail to Operate d 6.26E-04 1.74E-06
Process Logic (Level) Fail to Operate d 6.26E-04 1.74E-06
Process Logic (Pressure) Fail to Operate d 1.60E-04 4 .45E-07
4.50.E-06
A d At /h)
d/h
MU a e 2% ar720
Sensor/Transmitter (Flow) Fail to Operate d 8.15E-04 2.26E-06
Sensor/Transmitter (Flow) Fail to Operate h 1.02E-07 1.02E-07
Sensor/Transmitter (Level) Fail to Operate d 8.15E-04 2.26E-06
Sensor/Transmitter (Level) Fail to Operate h 1.02E-07 1.02E-07
Sensor/Transmitter (Pressure) Fail to Operate d 1.17E-04 3.25E-07
Sensor/Transmitter (Pressure) Fail to Operate h 8.22E-07 8.22E-07
Sensor/Transmitter (Temperature) Fail to Operate d 4.32E-04 1.20E-06
Sensor/Transmitter (Temperature) Fail to Operate h 8.40E-07 8.40E-07
9.89.E-07
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(4/5)

A d At /h)
d/h
A I X T2
Air Handling Unit (AHU) Fail to Run h 5.61E-06 5.61E-06
Air Handling Unit (AHU) Fail to Start d 3.86E-03 1.07E-05
Air Handling Unit (Standby) Fail to Run After First Hour of Opg h 3.80E-06 3.80E-06
Air Handling Unit (Standby) Fail to Start d 8.29E-04 2.30E-06
Air Damper (DMP) Fail to Open/Close d 3.66E-04 1.02E-06
Air Damper (DMP) Spurious Operation h 7.27E-08 7.27E-08
Chiller (CHL) Fail to Run h 3.05E-05 3.05E-05
Chiller (CHL) Fail to Start d 1.30E-02 3.61E-05
Fan (FAN) Fail to Run h 5.88E-06 5.88E-06
Fan (FAN) Fail to Start d 7.09E-04 1.97E-06
Fan (FAN) Standby Fail to Run greater than 1 hour h 454E-05 454E-05
Fan (FAN) Fail to Start d 8.42E-04 2.34E-06
Air Damper (DMP) Fail to Open/Close d 5.80E-04 1.61E-06
Air Damper (DMP) Internal Leak Small h 3.60E-08 3.60E-08
Air Damper (DMP) Spurious Operation h 6.11E-07 6.11E-07
Air Damper (DMP) Fail to Open/Close d 2.33E-04 6.47E-07
Air Damper (DMP) Internal Leak Small h 1.39E-07 1.39E-07
Air Damper (DMP) Spurious Operation h 4.62E-08 4.62E-08
8.27.E-06
A d Nt /h)
d/h
MU At 2o a0
Automatic Bus Transfer Switch (ABT) Loss of Function / Fail to Controf d 1.60E-03 4.44E-06
Automatic Bus Transfer Switch (ABT) Spurious Operation h 1.37E-07 1.37E-07
Battery (BAT) Fail to Operate h 5.86E-07 5.86E-07
Battery Charger (BCH) Fail to Operate h 2.71E-06 2.71E-06
Bus (BUS) Fail to Operate h 1.39E-06 1.39E-06
Bus (BUS) Fail to Operate h 2.35E-07 2.35E-07
Circuit Breaker (CRB) Fail to Open/Close d 2.39E-03 6.64E-06
Circuit Breaker (CRB) Spurious Operation h 2.11E-07 2.11E-07
Circuit Breaker (CRB) Fail to Open/Close d 5.73E-04 1.59E-06
Circuit Breaker (CRB) Spurious Operation h 4.94E-08 4.94E-08
Circuit Breaker (CRB) Fail to Open/Close d 6.66E-03 1.85E-05
Circuit Breaker (CRB) Spurious Operation h 8.08E-07 8.08E-07
Circuit Breaker (CRB) Fail to Open/Close d 2.70E-03 7.51E-06
Circuit Breaker (CRB) Spurious Operation h 1.04E-07 1.04E-07
Inverter (INV) Fail to Operate h 5.60E-06 5.60E-06
Motor Control Center (MCC) Fail to Operate h 2.61E-07 2.61E-07
Sequencer Fail to Operate d 3.33E-03 9.26E-06
Transformer (TFM) Fail to Operate h 9.44E-07 9.44E-07
3.39E-06
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(5/5)

A t(/h)
Filter (FLT) External Leak Small 1.40E-07
Filter (FLT) Plugged 3.10E-07
Self-Cleaning Strainer (FLTSC) Bypass 7.84E-08
Self-Cleaning Strainer (FLTSC) External Leak Small 8.62E-07
Self-Cleaning Strainer (FLTSC) Fail to Operate 4.00E-06
Self-Cleaning Strainer (FLTSC) Plugged 2.32E-06
Sump Strainer (SMP) Plugged 5.08E-07
Trash Rack (TRK) Plugged 3.95E-06
Traveling Screen Assembly (TSA) Plugged 3.07E-06
1.69E-06
Ad At /h)
d/h
ANt 2 w720
Accumulator (ACC) External Leak Small h 1.11E-07 1.11E-07
Air Accumulator External Leak Large h 7.77E-09 7.77E-09
Air Dryer Unit Fail to Operate h 5.00E-06 5.00E-06
Cooling Tower Fan (CTF) Fail to Run h 2.30E-06 2.30E-06
Cooling Tower Fan (CTF) Fail to Start d 7.73E-04 2.15E-06
Cooling Tower Fan (CTF) Standby Fail to Run greater than 1 hour h 2.84E-05 2.84E-05
Cooling Tower Fan (CTF) Standby Fail to Run less than or equal to 1 ho{ h 2.84E-05 2.84E-05
Cooling Tower Fan (CTF) Fail to Start d 3.54E-03 9.84E-06
Engine-driven Air Compressor (EDC) Fail to Run h 3.78E-03 3.78E-03
Engine-driven Air Compressor (EDC) Fail to Start d 2.45E-03 6.81E-06
Heat Exchanger (HTX) Loss of Heat Transfer h 5.23E-07 5.23E-07
Heat Exchanger (HTX) External Leak Small h 3.34E-07 3.34E-07
Heat Exchanger Shell External Leak Large h 2.34E-08 2.34E-08
Heat Exchanger (HTX) Loss of Heat Transfer h 457E-07 457E-07
Heat Exchanger (HTX) Internal Leak Small h 3.79E-07 3.79E-07
Air Compressor (CMP) Fail to Run h 8.50E-05 8.50E-05
d 1.71E-02 4.75E-05
h 2.62E-03 2.62E-03
Air Compressor (CMP) Fail to Start
h 3.14E-03 3.14E-03
d 7.13E-03 1.98E-05
Orifice Plug h 1.00E-06 1.00E-06
Piping Non-Service Water System External Leak Small h 2.53E-10 2.53E-10
Piping Non-Service Water System External Leak Large h-ft 253E-11 253E-11
Piping Service Water System External Leak Small h 6.89E-10 6.89E-10
Piping Service Water System External Leak Large h-ft 1.38E-10 1.38E-10
Tank (TNK) External Leak Small h 3.26E-07 3.26E-07
Tank Unpressurized External Leak Large h 2.28E-08 2.28E-08
Tank (TNK) External Leak Small h 2.60E-07 2.60E-07
Tank Unpressurized External Leak Large h 1.82E-08 1.82E-08
3.37E-04
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2. PRA

PRA
PWR CDF
CDF
1.
PRA CDF
> PRA FV 0.005
> 3
> 21 26
10 5
2. CDF
CDF CDF
5% CDF 5%
5.1E-8/h - 2.2E-7/h
(CDF)
5.0E-07 5.2E-07
EF
38 3.6
95 5 172
26 1.00 1.05
0
3.4E-4/h
PWR PRA
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BWR PRA

CDF PWR
BWR
CDF
0
0
PWR PRA CDF
CDF 5% PWR BWR
CDF
PWR CDF

5.1E-8/h - 2.2E-7/h
0
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