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= EPRI NP-3562 (1984) Sensitivity Studies of Seismic Risk Models

Annual Frequency of Seismic-Induced Severe Core Damage
Z10N INDIAN POINT
Probability
Level Base Case R~ Independent Both R and €y Base Case ¢n =~ Independent Both R and €y
ey - Dependent Oependent " Dependent Dependent
5% 4.8 x 1077 8.7 x 1078 5.3 x 1078 6.9 x 1077 3.2 x 1078 2.3 x 1078
(0.18) (0.11) (0.05) (0.03)
50% 3.9 x 1078 1.5 x 10°° 8.9 x 1077 4.7 x 1078 1.1 x 1078 5.1 x 1077
(0.38) (0.23) (0.23) (0.11)
95y 2.9 x 1072 3.2 x 107° 2.4 x 107° 4.9 x 1072 4.8 x 1077 2.2 x 1077
(1.10) (0.83) (0.98) (0.44)
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Reference: Ebisawa, IAEA/ISSC (2014)

o A Pa+Pb
:4—? "\ Independence - Dependence OR Gate
E \. (Exclusion) Correlation (Inclusion) Failure of A or B causes
S } overall failure
a Max. (Pa. FAb)
3 (e) (®) ")
e -
§ : —[ Eq. A H Eq. B }—
Y Correlation coefficient
o )
Independence Dependence AND Gat
&£ (Exclusion) Correlation (Inclusion) ate
3 Failureof Aand B
3 causes overall failure
(o (P (9| =
g /

o

Correlation coefficient 1

Relation between Failure Correlation and Damage Probabilities

AND Gate

OR Gate ®

Damage probability
Damage probability

Peak ground acceleration Peak ground acceleration
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® External Event Mensuration System
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® AUB Case & ANB Case

OR Gate: A+B AND Gate: A*B
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® AUBUCUD Case & ANBNCND Case
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® A:A_=1.0pBg=0.3B,20.2 & B:A_=1.0Bg=0.3 B =0.2

A+B A*B
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® A:Am=1.0Bg=0.3B,=0.2 & B:Am=0.5 = 0.3 B,=0.2
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LGS RUXHLUX A TEUXAIA K| RIF Uz

® [O|=} Limerick Generating Station (LGS) 2 & (Ellingwood, 1994)
« O E2tE OOt H[SE 2 EFRYC| 1es FRIHE T A0 o2 A
_qu-gﬂé Q| E A QI AFA IAI._LQI.HlAl-Elx-III:éI-

2 dsl= A2 2E 2E=
ALY S AP S SO T3 R T H A= BME 5

TEUX=S(A
A=5, J‘SYIQUSBUSMUSEUSIGUDGR

{ 1
Ofs e power
S1 GATE
O A
I I
230V bus/SG 430V bus P — K beag/ Cresel generator Oresel generator Dwsel generator
breakers transformer brasker e ¢V bus/SG ircutt heat and vent common mode
S11 512 513 514 S15 516 DG_R
O O O Q Q O O
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® [O|= Limerick Generating Station (LGS) 2 &

Component Description An(g) B= Bu Mean failure rate
Component Descn‘ption
S Offsite power 02 02 | 025 (fyr)
Sz Condensate storage tank 0.24 0.23 0.31 DGg Diesel generator common mode 1.25E-03
S Reactor intemals 0.67 0.25 0.32 Wr Containment heat removal 2.60E-04
Sy Reactor enclosure structure 1.05 0.31 0.25
Cg Scram system mechanical failure 1.00E-05
Sg Reactor pressure vessel 1:25 0.28 0.22
SLCy Standby liquid control 1.00E-02
S SLC tank 133 0.27 0.19
Hazard curve (mean)
S 440-V bus/SG breakers 1.46 0.38 0.44
S12 440-V bus transformer breaker 1.49 0.36 0.43 o 1073 4
S 125/250-V DC bus 149 0.36 0.43 §
F.f 1074 1
S 4-kV bus/SG 149 0.36 0.43 2
3
Sis Diesel generator circuit 1.56 0.32 0.41 g 10-5
2
S Diesel generator heat and vent 155 0.28 0.43 g
1075 -
Si7 RHR heat exchangers 1.09 0.32 0.34

0.2 0.4 0.6 08 1.0



LGS XU A TEUXAIA X|RIFH sz

® TEUX XTIz BN S8 casE

. X|7IH

10

FL =N

| W

[
o
=
]
o
=

© o ©
P « I ¢ ¢

probability of failure

o
N

o
=
t

0.00 0.25 050 0.75 100 125 150 1.75 2.00
PGA

« HI
Sequence Calculation Source HCLPF

Elingwood 0.330g

TLELUX PRASSE 0.303g

EEMS 02959
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AHEF CASE1
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LGS HXIEHE T A TEUXAA X|ZIF e
® TEUX X|TIF Az EAM. A3 caSE
» Ellingwood &2t X 2|2t &

forF=F +F, + ... + Fy, P(F) = max P(F)
i F=F*F* ..* kg PR = min B(F)

* Example) Perfect correlated for 3 components

AUBUC =A
AMNBMNC=_C
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o TEUX X|TIFf= 2. &3 casE

probability of failure

1.0 1

0.8 1

0.6 4

0.4 1

0.2 4

0.0 1

1.0
0.8
Z@O.G
=
3 04
QO.Z
0.0
000 025 050 075 100 125 150 175 2.00 000 025 050 075 100 125 150 175 2.00
PGA PGA
Case Description HCLPF
Base Independent (base) 0.33g
Ellingwood CASE1 Correlated (building) 0.34g
CASE2 Correlated (plant) 0.32g
Base Independent (base) 0.29324g
EEMS CASE1 Correlated (building) 0.29902g
CASE2 Correlated (plant) 0.29566g
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® TEUX X|ZIF Atz EAM. A3 casE

1.0 1.0
0.8 ioos 084 *
¢ o
3 2
2 061 2 061
s o
z z
= ] 3 04 -
::3 0.4 é 0
a a
0.2 0.2 1
0.01 0.0 1
000 025 050 075 100 125 150 175 2.00 000 025 050 075 100 125 150 175 200
PGA PGA
CASE1 HCLPF CASE2 HCLPF
0=0 02932g p=0 029325
0=025 02932g 0=025 0.2892g
p=050 02933g 0=050 0.2898g
0=075 02987g 0=075 02912g
0=10 0.2990g p=10 0.2956g
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