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. 708 - Seismic PSA &X}

Seismic Initiating Event Analysis

Seismic Induced IE Analysis
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Event Tree for each Seismic IE
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Fragility Function & Correlation

= Ground Acceleration Capacity, A, is given by:
= A=A, eg ey
= ep , ey . random variables
* median = 1.0, logarithmic standard deviations of 5, and Sy
= A, . Median

= By - Inherent randomness (also known as aleatory uncertainty)
= fBr : the state of knowledge uncertainty (also known as epistemic uncertainty)

= Conditional probability of failure, f,, for a given PGA level, a

= f=P(A<a) , (Capacity < Response )
In(;-)+By07(@)
Br
NS @(ﬁ) with composi i = (Bg° 212
=), posite uncertainty . = (Br° + By”)

* @(.) : the standard Gaussian cumulative distribution function

o f=0¢( ) with Q uncertainty level, or

= Correlation Coefficient
= Correlation between 2 Variables

s p=X((x; — O — ) /NI — 02X — ¥)?)
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2. Seismic PSA @&z} S/W 7|2 27

=Seismic PSA gt S/\w 7|2 24

= Seismic Failure

« Seismic Hazard / Fragility / Correlation
2|43 My
- 2|£3 F7t (Total, =2 A|LIE| 2, Cr7| A|LIE[2)

 Uncertainty, Importance &7}

=2 Approaches

= Traditional PSA + CCF-Style Approach
» Cut Set Approach
» (BDD Approach)

= Monte Carlo Approach

« Cut Set Approach | 41} A&




Seismic PSA Y25} S/W 74

Seismic Area ‘ > PSA Area
ismi (1) Seismic Quantification
.Sel_llsmlcdData s CCRStyle o) > « Minimal Cut
azar . . Model ) / (5) Sets
* Fragility Seismic Data @ Model
* Correlation * Fragility, P
* Correlation Base PSA S .Ql:ggt(glcat'on
Matrix Model ()
SIS \/ - Quantification
Analysis “| « Monte Carlo
Note)

1) CtFst Qled QFAl 5|2 (SSMRP, Reed-McCann, ...)

2) Am, Br, Bu + Correlation Matrix (Br, Bu) @ Ej 2 ™A 2| (5}L}9|
3) ZF seismic correlation group = CCF-Style Fault Tree £ Hzt
4) Seismic failure data 7} Z&tE|X| &2 Base PSA model.

5) Base PSA Model + CCF-style fault trees > seismic PSA model
6) &% ZEOo| CHsl BDD sl A

7) Fault Tree Evaluation using Monte Carlo simulation (FTeMC)

(=) { m—
UH=S 2D E 2




Seismic Data 271 / /3 HH

-7
= E QL] Sejsmic Data & =
= Failure Probability A| At
= CCF Model A M
= Seismic Event Mapping X 2|
= Uncertainty Analysis

= Seismic Data
= PGA
= Fragility
« Am, Br, Bu
= Correlation Group
« Group 0| £5}= Event 5 &
 Br, Bu 0| CHt Correlation Coefficient
= Non-Seismic Data
= Distribution for Uncertainty Analysis

Seismic

Event Description

#PGA
0.5
#Fragility ; Event Am Br Bu

TK 2 03 03 S-TK; Tank

P1 1 0.3 0.3 ; Pump 1 (Correlated)
P2 1 0.3 0.3 ; Pump 2 (Correlated)
Vl 15 03 0.3 ; Valve 1 (Correlated)
V2 15 0.3 0.3 ; Valve 2 (Correlated)

#Group Pumps Non-Symmetry 123456

P1 P2 N \
#Matrix.Br —

1 Non-Symmetry Identifier

03 1 (Default =

: Matri ABCD ...
#Matrix.Bu |« atnx

Style
1
07 1

#Group Valves Symmetry «—|_Symmetry

#Coeff All 0.5¢—— S22t Coeff &=

V1l V2

#Non.Seismic ; Lognormal (Mean, EF)

K
P1
P2
V1
V2

0.01 3
01 2
01 2
0.05 2
0.05 2




3. 7|12 AM BE T4

= Correlated Monte Carlo Technique

= CCF-Style Fault Tree 84 (£|CH 12 Comp)

o' Seismic PSA Su

rt Calculator Rev.

Developed KAE

2019.5.

Calculate Capacity Ci for each component
* 1; € U(0,1) ‘ Uniform Random Number
e Xi € 0 1(1;) ‘Inverse Normal
» Zi=MXi ’Incorporate Correlation
- MMT=3
- M =32 Result of Cholesky Decomposition
- X : Coefficient Matrix
* Ci € Am,; exp (Zi Bc;) ‘ Capacity Ci
- Am,; : Median Capacity
- [c; : Composite Uncertainty
Determine the State of each component

05 05 05 1
N T —

P

Salving — Non=Swmmetry ——
0,015 sec for CCF Calculation

] #of Comp= 3 pga= 0.6 ,Trial #= 1000000 ] Monte Carlo &  J ( ¢ If(Ci<PGA)thenS; =True, Else S; = False
Data | &m Br Bu ~ | @ Non-Symmetry () Symmetry
A 0.3 0.3|= Combin P(OR)  |P(ANDY  |P(Only) |P(CCF)
E 1.0 0.3 0.3 108 011447 011447 0055561  0.0B85025
C 1.0 0.3 03] - 2B 0113719 0113719  0,054978  0,06878327
——T T m 30 0114295 0114295 0055384  (.0B52004
R 488 01891  0.039089 001965  0.0176209
% ET I% 5| AC 0189506 [ 001952 0.0177675
o 6 BC 0188923  0.039091 0.019652 0.0176411
05 1 7 ABC 02444584 0019439 0.019439 0.0147912
05 05 1 -
< | i ' 3 # of Combination = 7 (3 Components) ~
0,92 sec for Monte Carlo simlation —- T
Bu : Set All p= 05 45 FModel
Corr |Bu 1 (10 A AR, AC ABC
— 2 B AE BC AEC 3
ENEROIE: AC BC ABC 3
05 1 402 A E AR AC EC ABC
: 5 (2) A C AR AC EC ABC
05 05 1 & (2 B C AR AC EC ABC
_ 7 A E C AB A EC AEC

Non-Symmetry CCF Calculation Done




CCF-Ster Model

* CCF-Style Model

TOP-SEISCCF

&
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SSXXF-B
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SSXXF-BC

SSXXF-AB

SSXXF-ABC

GSSXXF-A GSSXXF-B GSSXXF-C
[ | LA | 1
SSXXF-A SSXXF-AB SSXXF-AC | | SSXXF-ABC

;5e-2Q

sze-zo

’7e-2©

’9e-2©

Be-ZQ

52e-ZQ

s4e-ZQ

GSSXXF-C

m

'9e-2Q

SSXXF-C

SSXXF-AC

SSXXF-BC

SSXXF-ABC

;3e-2Q

'7e-ZQ

S4e-ZQ

'9e-ZQ

akaL 74
= Me2kol A4l Hl
Case Monte Carlo | CCF-Style = BDD « T QoI Ml Al €& 42
A*B*C | 0.01944 0.01944 x= 7HX| == CCF Model =
A A
A+B+C 0.2445 0.2445 S’o




Zk Ce (CCF Event =)
CCF 2% A4t 2ty A [als]acac
\ I B B |AB|BC|ABC
C c |Ac|Bc|ABC
= Component & CCF Model <8 [2lslasl ac BclABC
A+C [A]|C|AB| AC |BC|ABC
N =G+ ZJ 1J¢lCiJ' +Z;'n=1.j¢i 7l;n=j+1.k:ftiCi}'k T - [T+c |B|ClAB|AC|BC|ABC
e Of) Xy = C5 + Cpg +Cac + Cagc A+B+C|A|B|c|AB]|Ac|Bc|ABC
« C,: CCF Event = (CCF Event2| &= = 2m - 1)
+7|7|2| OR X0l T3t 2
.Zi:XilZi]:X+X lek:X+X +Xk,... (2m—1_7F_'°;F)

© Off) Zp,p = CA + Cg + Cpap + Cac + Coe + Cape
*Zx = Xc,ez,.Ce o Zx O 2 E= CCF Event % | &
" P(Zy) =1- Hc ez,(1—=P(C)) : =& Zth A
« P(Z,) : Correlated Monte Carlo BtH O 2 AHAt=l Zf
= Negate E& + Log HZt > C}gt 1K} Al
*1 - P(Zy) =1Il¢,ez,(1—P(C)) : Negate ZE=E H2!

* log(1 — P(Zy)) = X, ez, 108(1 = P(Ce)) = X, ez, R
* Re =log(1 —P(Ce))

. C}3F 1k}
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| (independent Event &)
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4. PSA H 8 0| (1)

Input Model/Data

SYS

/A

L |

| G-PPS |

3-2@

/A

/A

| Pt || vi || P2 || v2 |

-1 Q -2

>-1

a-zQ

#PGA
0.5
#Fragility
TK 2
P1 1
P2 1
Vi 15
V2 15

P1 P2
#Matrix.Br
1
0.3
#Matrix.Bu
1
0.7

Vi V2

0.3
0.3
0.3
0.3
0.3

#Group Pumps

1

1

#Group Valves

#Coeff.All 0.5

0.3 S-TK
0.3
0.3
0.3
0.3

Monte Carlo Approach
I (n=1e8, FTeMC)

—> 5.466e-2

f“/

‘ Correlated

Traditional PSA + CCF-
Style Approach
(SPSA.Supp.Calc + BDD)
- 5.469e-2 (0.05% X} O|)

= O] 2 Seismic Group 1}

Non-Seismic @ 2 J A &l
B0 =, 2O £ 2

= o0 X
ANE A=t

(e |
L]

Traditional PSA +
CCF-Style Model

|S-PUMPS-1| [s-PUMPS-12| |S-VALVES-A| [s-VALVES-AB| |S-PUMPS-2| |s-PUMPS-12] |S-VALVES-B| |s-VALVES-AB|

5e-zo 4e-2© 3e-3© 4e-4©

Be-ZQ 4e-2 Q 8e-3 Q 4e-4©
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PSA g 07| (2)

= Pilot Seismic PSA Model

Model Description
Internal PSA Pilot Plant PSA Model
Model A Fe As % 77| 2okt

—

160 O] 7 2| Basic Event

Seismic Initiating

77l 1E 0.2 (R/B Failure, LLOCA, SLOCA, Loss of Control,

=» Pilot Plant Seismic
PSA B EHIO| A &

 — o
+ YEO| €2

x—l—
AN E A=t

Event Tree LOUHS, LOOP, GTRN)
Seismic 0=0.5 (=8 Pump, EDG/AAC, SDS V/V, CST)
Correlation Fragility = 7| 7|2 9o|o| 4r= 7™
Calculation PGA = 0.6 O CHSt ccbp
HFEH H| 0
Monte Carlo =
= A= A
(FTeMC) N=1e8 (GS =)
CCF-Style Model 3.1086e-2 | N=1e8 (CCF Event A At ME )
(FTREX/BDD) | (0.14% %}0|) | REA=3.321e-2
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5. PGA_ Level + Uncertainty &7} HitH

= X| Xl 2| A3 "It = F0{ %l System0]| LYt Fragility Curve EH7}
* PGAlevel 0f| [t Of&=2HE

= It&3H= 9| Mean + S22t A (Median, 5%, 95%) & 7}

1o Uncertainty
T [reaee
it - ( Br )
A = Am’ eU

o A=Ay exp(By * kq)
) — -~ .
AN ¢ kg: EE qOf BBt
"c;a inverse normal Zf : 071(Q)
=06
§ o 7F MK}
N - 2t PGA level 0f| CHd}
NN - Am, Br € 0|23}
S of=tE Hot
g N « Bu £ 0|23} Sampling 2>
8 / 9lo] HHZ e > 5%

) 95%, Median, Mean A| At

0 0.2 04 0.6 0.8 1 1.2 14 1.6

Mean Median C5% —(C95%




- o x

or a Top | il All Tops | [ Save Result | g Load Result

) — AU Cogromal | [P
Uncertainty 37} 3
o O H
Data 4 S T
> * CCF Event
« 7|E} Event
\4
Non- o e .
. CCF-Style .| Seismic PSA Qua.n’_uflcatlon
Seismic Model > Model * Minimal Cut
Data ode oae Sets
N /
; Traditional PSA/CCF-Style Approach
Uncertainty o / y PP /
. Seismic Base PSA
Calculation
N Data Model
Set (*) Monte Carlo Approach \

% PGALlevel HZ
calculation set= 0|35}

.| DatatHZ

Uncertainty S| Ad

>

L)

— o =

L S A} HFA

Zt-2 uncertajnty

\

7. eU, pU

Quantification
e Monte Carlo

o

» X U A2 pGA Level H
740 017(-|5|

H7|'o
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6. == N

=] =
L o M

= Seismic PSA’E‘,I =2F3 S/W 7| =
« SFHE T
. 59 D8 g
A
$ 75 7 KA

= Seismic £O0F0|A| = 3t Feature E Q (PRASSEQ| 7| 5E

LIL RN =
= LISt Fragility, Correlation @12 BHAIO| X 2|
« Am, Br, Bu / Correlation Coefficient Matrix 2 =t
= LHS Sampling & Z4E
= CCF H=l Tool H 2t
o 420 2} 42 LIEfL}= CCF Event £} X 2| (Monte Carlo ZA1})
* CCF Model Bt} 8! 22X 0l Symmetry X 2| &
« Uncertainty £ A| Group L0 Al Symmetry 7| 3 A iKX= SlA HE
= Cholesky Matrix o] 12 @ 5 X 2|
S =2 (M = ZV2 : Cholesky Matrix, X : Coefficient Matrix)
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