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350 flEt4H - F 450 {E5e BERCERAK KB/ - HREbK K BAL T2 2% WiEESTEA
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Compartment POS Other Room for Switchgear Battery Room for Process Office Diesel
Type cable clectrical Toom TOOIN ventilation TOOIm generator
room co_ntrol room
Ruilding cquipment
s o FP 9.1 E-01 1.0 E-041 3.3 E-041 7.8 E-041
Auxiliary Building
LP/SD 1.5 E-03 1.7 E-02
Diecscl Generator EP =
Building, LP/SD 4 & & 6.7 B-04 E
: — FP 3.7 E-04 1.3 E-04 2.7 E-04 2.4 E-04 8.1 E-05
Elcctrical Building
LP/SD 4.1E-03 - 5
Reactor Building FP i 1.6 E-04
Inside C'ontainment LP/SD = = 1.8 E-03
Reactor Building RE 6.6 £-05 1.3 E-04 5.3 E-05
Outside
Clontainment 1.P/S1)
1y U EP - 1.4 E-04 3.1 E-03 3.6 E-04
Turbine Building -
LP/SD 1.6 E-03 1.0 E-03
Isfl)’znurkx power opcrational states — 321 rcactor years in total
LP/SD: low power and shutdown stales — 29 reaclor years in Lotal
- no fire event observed. therefore no frequency estimate
| L S
% 3~ BWR ZH RIS AR
Number of | Average number Number of Estimated fire
plant units of components fire events frequency [1/ry]
Component type analyzed per NPP unit per component
FP LPSD FP LPSD
Battery 8 18.6 0 0 -
Diesel generator 17 4.5 3 2 1.1 E-03 3.5E-03
High or medium voltage electrical cabinet (> 1 kV) 6 855 4 1 7.8 E-05 9.2 E-05
Low voltage electrical cabinet (< 1 kV) 7 1424.6 9 1 1.0 E-05 5.5 E-06
Fan 4 141.0 2 0 2.4 E-05 o
Electrically driven pump 6 179.0 6 2 5.6 E-05 8.8 E-05
Main feedwater pump 8 38 0 0 -
Rectifiers, inverter, or battery charger 2 21.0 3 0 2.4 E-04 -
High voltage transformer (> 50 kV) 17 36 2 0 9.3 E-04 -
Medium or low voltage transformer (< 50 kV) 10 32.0 2 1 1.0 E-04 2.5E-04
Turbine generator 17 13 10 I 1.2 E-02 5.9 E-03
Remarks:
FP: power operational states — 602 reactor years in total
low power and shutdown states — 127 reactor years in total

LP/SD:

5

no fire event observed, therefore no frequency estimate
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Analysis (AS)
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Hazard
Analysis (SH)
4. Success &. Fuel Damage 9. Spent Fuel 10. Large Release
> Criteria > Frequency ] Degradation ] Frequency
Analysis (SC) Quantification (QU) Analysis (FO) Analysis (LR}
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Analysis (SF)

5. Systems

Analysis (5Y)
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Seismicallv-induced Initiating Event "g‘uzfl;‘:::if‘nﬂf
SLOCCW (Loss of Component Cooling Water) 63_6%

SLODC (Loss of DC Power) 14.0%
SLOCON (Loss of Control) 5.0%

SFD (Direct Fuel Damage) 14.3%
SLOAC-E (Loss of AC Power. Recoverable) 1.2%
SLOAC-NE (Loss of AC Power, Non-Recoverable) 1.2%

SSFPC (Loss of Spent Fuel Pool Cooling) 0.7%
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SRR EERRE - AME R ERRINE ST KR SE & S O R ER R 1.33 (5
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6 ~ THE /3 H745 5 (FDF: Fuel Damage Frequency » (FH#E)BREHEESER)

AFDF
(%)

Description Note

A factor of 10 mncrease in the HEPs for all the human failure events
1.133.8% | results in a notable increase in the FDF (1.e_, an mcrease of the FDF by
over 12 times).

A factor of 10 decrease in the HEPs for all the human failure events does
-2.3% not result in a notable decrease in the FDF.

Multiply all human error
probabilities by 10

Divide all human error
probabilities by 10

The only human failure event affected 1s the operator failure to align the
5.900.0% | external makeup system duning seismuc event S3. This HFE has a
considerable impact on the seismic nsk

The FDF becomes almost double 1f the failure probabilities of the
92.1% | external makeup equipment (e.g.. pump. valves) are multiplied by 3.

Set all Ex-MCR HEPs for seismic
event S3at 1.0

Increase external makeup
equipment failure probability x3

The FDF decreases about 30%, if the failure probabilities of the external

Decrease external makeup .
-30.7% makeup equipment (e.g., pump. valves) are divided by 3.

equipment failure probability /3

| If the HCLPF for the external makeup system is increased by one-third,
External Makeup HCLPF x 1.33 -23.7% | an FDF reduction of approximately 24% is achieved.

5. HhE R AES AT E MEARIE T A

AR EERAL T02-02 HFE PRA iy amBEsE |1 - w8 B > S HME 2 e M A
WA 888 o AEHE RS TR - Bt 72 R b BH = 45 4R (1 B (R A R 4 A E
ssc A SRR I PG Hoth S SR > INFEHEE R (5 B 2 s B E L B &R 1000 fEHE -
Gt R (EE H # S R M E SRRl R O-FAHE A UIE R - INELOI Ay e M ER e A E
R S ot A A E AR R SodMUEREE A (R R T E S ek b (o A v 1 A
JETTER T & ASME/ANS RA-Sa-2009 2 E I HK

BRI THIRE SR Z A 920 By R b R AR e 1T DU A M s (AT S e
FHETREEWETTE(ET > (RIBE(L ISR iR =S s A TV R > IR IR

19



EREPIPRE D O RS - SRS RS N W B e R
FYEsl > R el HRR P R s A A 2RI F SRR D BRI e A 35 g
i FLAS PO DS TEARR A B - RIRZ SRR i A 7 1 TR B AR SR E i > M DU
PR RE SR Y AR B Al o > A BE#)2 B e e U R A AT T P 2B SR M PR
SREEEANE 13 ok

Inherently Rugged SSCs

sGenerally agreed upon as extremely high capacity
¢Not included in model by convention

“rugged” threshold
High Seismic Capacity SSCs

*HCLPF capacity exceeds screening level

*Detailed fragility calculations are not performed
{unless significant contributors to seismic risk)

s|ncluded in model with capacity at screening level

screening level

Other SSCs

*HCLPF near or below screening level

e fFragilities calculated for SSCs
*SSCs Included in model with actual fragilities

Increasing SSC seismic capacity

13 ~ A AR LE N

FHHYASME/ANS RA-Sa-2009{E 57 i i At e Arte 2 sk il LA R R B R A
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HCLPE(PGA) | Median Capacity (PGA) h”bﬁb‘h“,’;f“‘m pet
0360 0920 1.82E-06
0.400 1.020 1 44E-06
0.500 1270 8 20E-07
0.600 1520 5. 04E-07
0.700 1.780 3.27E07
0.800 2030 2 21E07
0.900 2290 1.54E-07
1.000 2,540 1.10E-07

%8 ~ 0.605%M#E ~ A BRI F 2 E MR AR

noprpoa) | MEROHEN | e | RO
0.50 (Plant HCLPF) 1.27 04 5.81E-07
0.70 1.78 04 0 92E-08
0.80 2.03 0.4 5.04E-08
0.90 2.29 04 2.74E-08
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. . Demand . . Screening
Elevation C{zg;acg, UHRS Peak Miiﬁc?tg A LeE?pI;;‘EPF
(Sa, g) (PGA)
551t 1.8 0.68 2.65 0.96
T84t 1.8 09 2.00 0.73
100ft 1.8 1.12 161 0.58
120ft 1.8 1.39 1.29 047
13651 1.8 1.63 1.10 0.40
156ft 1.8 1.89 0.95 0.35
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" Start the screening of significant
- external hazards e

Stepl. Set the frequency and impact of each external hazard.

!

Step2. Excluding the external hazards of the following tems for no plant damage
1)) The frequency of the hazard is apparently extremely low.
2) No hazard occurs in the proximity of the plant to have any impact
3) Time scale for hazard progression is sufficiently longer than the time
it takes to respond to such hazard at the plant.
4) The impact of the single hazard 13 Crushing

¥

Step3. Set the charactenization of each external hazard
(Vanables of Season and Source Group)

‘

Stepd. Set the comelation factor between the combination hazards
belonging the same source group or same season

v
Step5. Caleunlate the risk between two external hazards
» » Equation for Rizk factor caleulation of combination between no
comrective external hazards : FaxFbx (Ia+Ib)
(Fx: frequency of x hazard, Ix- mmpact of x hazard)

+
Stepf. Excluding impossible combinztions form the
charactenization of external hazard (Exp. Different seasons
between hazards)
v

StepT. Excluding the externzal hazard combinations of lower risk
than the scresning criteria
(It 15 nsed that the screening critena 1s 1 for thys inveshgation.)

+

Stepf. Caleulate the risk of the combinations of three external
hazards, m the base of the external hazard combinations of
hgher than the screening entena, calculate the nsk of the
combmations of three external hazards

Step9. Iterate from step 3 to step B unfil the nsk factor of n kinds of

external harard combinations i1s lower than screemung critenia

v

Stepl 0 Feview the results of the extracted combinations of external hazards in the
base of the following items,
+ Do the extracted hazard combinations ocowr on the evaluated NFPPT
+ Do the extracted hazard combinations have the sigmificant impact on the
evaluated NFP7
* Don't the important external hazards exclude on the evaluated MPF?

Iterate from 2 ton

@14 ~ BE RS MEFHEEER TR
H & B —BYMEE 2 SRS B RS A IR T A B B L BLE % - NILpr
SFELEE IR A — A PR P R o T R (R e B R 1 Z ) sl e S Me EE &
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FERGE bR 8 REERER D B S EE G ETERF T - &R K
Rl 2 EEH S E T ERIE F R E R E bR - e 22 Me E4H &

AFAIFRI0FTI ©
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Frequency
Zero Low Intermediate High
Ttemns (0.0) (0.001) {0.01) (0.1
’ (=1/1000vear) (=1/1000vear) {=1/10rear)

Devastaning
(S1gmficant and Devastating 0 - - -

impact to general stucture)
Large (=1000)
» Crushing impact to general

structure 0 1 10 100

Impact | . Seripus impact and Impossibla
to live in general structure

Middle (=100}

* General strueture 1s partially
destroved 0 0.1 1 10

* Large-seale repair 1s necessary
for General stucture

Emall (=10)

+ Shght damage for General
structure 0 0.01 0.1 1

+ Possible to ive mn general
stacture
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Tvpe | Comelation | Comrelatrve factor Image diagram of Comective factor
F-l\. II1 =FI‘I'-=FA|'FI'|
A No — "
External Hazard & E 1 B

F,( T, =Fyoy=F,<0.1

B Low 0.1 .
Estemal Hazard A External Hazard B

FyiFn=Fpa=Fs=05
C High 0.5 .
Extermal Hazard &

F.'Fa=Fpu=F.=10

D | Complete 1.0 N “.

Fx: Frequency of x hazard

Exiermal Hazard B

Exterral Hazard B

7. WANE RS ESE T

Y R PA_E RS MR AR [RS8 AR R S BRI IE A [E ] RERCEE — RS N 2R L
B R i (£ T02-05 i e/ MR HEROtTs T amBEsH o > 25 AHANHIKIVIEE g R B -
T FEHMINEHE S FIE T Z R - HAE S EHANHIKIVIERHE &SN
Llwb e et R G UM N B & 2 38 AR > Tk a B A MR E AT
B AHANHIKIVIEREE bR EF A B EAESFAE 15T -

T 2PE B 3PE 1 UM NE R & Z ERIEAE R AL AT FE I HUE Fethizle - S m e
ATREREAERI T 2 —IH > ZE S RSN BT SR ] PRI R R B A& A -
B E AR

AERNL - ST B G- TR E < B — R MR B LAt B — BT AR > 545
e R R o U S FH & fr -

AERI2 : NS RS AT E 2 RS MR A S B TRORH A A M s =
L EFHFAEAFNFERAE RS AHR S S S -

AEQN3 + AR G R PR IPRAR- SR bR MR AR AR R A R 2 B AR IR Ry R (1)
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R FGIRRE ~ KL R FEE) » (5 W S DR R TR R (A SR R S A B M B4 &

A4 - HRF IR SRR D535 LS DR S BRI AT S AR R AR L LB —TH R —
BINEME Z IRERRANE IHE BN BFRIIIAIN A EEEAES) - LB ERTE
PRICE G RSN B & A

Identification and analysis of

relevant single events

—

Exclusion of irrelevant 2-event
combinations

Identification of relevant 2-event i. Fundamental dependency
combinations ii. Cascade-type dependency

Independent events
Seasonal variation
Exclusive preconditions
Similar effects

[ T T sl ¥

In-depth analysis of relevant 2- - Qualitative analysis
event combinations - Probahility estimation

Identification and analysis of
relevant n-event (n>2)
combinations

List of event combinations with
preliminary probabilities

Detailed evaluation of plant response
and event combination probabilities

[&15 ~ SRR R SERF R

BT AT RE S AEAEHANHIKIV IR RGBS MR A B A B — Ry MR B rp > HLEE R
WRL2FR » SrifrdE BRI 5 2201 B — RS o I0THE R SR R (AHRE - OTHEL
IKIGRPRAHRE - 3THBHYFMS AT 7e t B 2o th () B — R/ N B BT B R R
gL S L B R I B -

AV R 2R 8 B E SRR AT R ML R ~ SRR E ~ St R S HE
FHETT T > RMAEA T Z B B B R B 1 B — RN E R a s ()R
o~ SR~ BN o AWTITEILE B22THE RN BRI E R T



H:-30TEVEAE —PEH
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K EL

HEWE
SEAE AR/ N LOE-8/yrfy A HEFR N R E LI E RS 5 -

LA AMHPRE S —PEEE A K FHE
e L 14TH " fE R &

(((‘_‘_’
K EL

b Fe t MT e R B R I 2 M AR A B e s (S A G - S SREFAIR IS -
®12 ~ BN EER
Meteorological Sea-related Other
Air humidity Algae or other impurities Earthquakes
Downbursts Frazil ice Geomagnetic currents

Freezing rain

High sea water level

Wildfires

High air temperature

High sea water temperature

Lightning Low sea water level
Low air temperature Meteotsunami
Rain Oil spills
Snow Sea ice
Strong wind Waves
Trombs
%13~ “IEESNE A S 1E & TS IS
Event 1 Event 2 Prob. Conclusion regarding PRA
High air humidity High air temperature v More detailed evaluation needed
Lightning > 200 kA Downburst F1-F3 9.5E-10 | Exclusion due to low probability
Downburst F1-F3 (power line
Lightning > 200 kA area) 4.0E-09 | Exclusion due to low probability (unless CCDP=1)
Lightning (power line area) | Downburst F1-F3 1.2E-07 | More detailed evaluation needed
Downburst F1-F3 Rain > 200 mm in 24 h 1.3E-10 | Exclusion due to low probability
Alr temperature > 43°C Sea temperature > 30°C 5.0E-09 | Exclusion due to low probability (unless CCDP=1)
Air temperature > 43°C Wildfire (power line area) 5.0E-10 | Exclusion due to low probability
Lightning > 200 kA Rain > 400 mm in 24 h < 1.0E-9 | Exclusion due to low probability
Lightning > 200 kA Wind > 30 m/s 7.6E-11 | Exclusion due to low probability
Lightning > 200 kA Wind > 39 m/s (power line area) | ~1E-11 | Exclusion due to low probability
Lightning (power line area) | Wind > 30 mv/s 1.0E-08 | More detailed evaluation needed
Lightning > 200 kA Tromb F1-F5 5.3E-10 | Exclusion due to low probability
Lightning > 200 kA Tromb F1-F5 (power line area) 4.0E-09 | Exclusion due to low probability (unless CCDP=1)
Tromb F1-F5 Lightning (power line area) 2.2E-09 | Exclusion due to low probability (unless CCDP=1)
Low air temperature < -35°C for
Wind > 30 m/s 24 h 1.7E-06 | More detailed evaluation needed
Low air temperature Sea ice < 1.0E-9 | Exclusion due to low probability
Rain > 200 mm in 24 h Wind > 30 m/s 1.8E-08 | More detailed evaluation needed
Rain > 200 mmin 24 h Tromb F1-F3 < 1.0E-9 | Exclusion due to low probability
Snow Wind > 30 m/s 2.1E-03 | More detailed evaluation needed
Snow Wind > 39 m/s 1.4E-05 | More detailed evaluation needed
Wind > 30 m/s Algae 4.5E-03 | More detailed evaluation needed
Wind > 39 m/s Algae 3.0E-05 | More detailed evaluation needed
Wind > 30 m/s Frazil ice 2.6E-04 | More detailed evaluation needed
Wind > 39 m/s Frazil ice 1.7E-06 | More detailed evaluation needed
Wind > 39 m/s Oil spill 1.2E-06 | More detailed evaluation needed
Wind > 30 m/s Sea ice 9.5E-06 | More detailed evaluation needed
Wind > 39 m/s Seaice 6.3E-08 | More detailed evaluation needed

*The combination of high air humidity and temperature. i.e. high enthalpy. has been evaluated separately!!
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Atsunami Fragility and Inflow and Fragilityand | |(Inflowand
condition opening ratio of inundation depth [-{opening ratio |-/inundation depth
an entrance door| |of the room 1 of the door 1 | |of the room2
- Fragility and Inflow and
APLFE "}L,iﬂdat'on dr‘jpth opening ratio of [« inundation depth
orthe reom the door N-1 of the room N-1
31
Room 1 Room 2 Room 3 ‘o Room N
/I: Equipment
E Door 1 Door 2 Door 3 | Door N-1
ntrance door oor oor '
(44
16 ~ R SRS BTG SO KBS AT
REBIPARCIC 247t 2 A /K pESHET TR BN » MR AR RIS 55 — A /K B2 A AE R

AL > MRCICE/KIRE 2 R AR BIHTARAIY) -
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Hazard control point |  sea wall ®).©
= (). (). (€) ECCS r : ) RB
Fragility Tank Water
esassmant —> = (@).(®). (0. @ Piges proof dool B

P [ 1.8 P R Rl VA i e P R (R A0 5 L Mt 2 B AN SR B /K /K IR TR -
BEAREKEK IR - KA ROEHEE FR AT S e 2 EREHRE - SO RIESEH
fEF i 2 BB AR R’ A SR AR RIS R A E 19F R - B
HGARMEEHE SR E 2/ S S E USSR TR A - BB /BIHEE R
PUTERLYGE O S EAFR A M B ELRE R A -

) Physical damage Physical dgmage Physical dgmage
Tsunami over or functional or functional or functional
Tsunami ground level of damage of the damage of the System failure State
- damage of the 3
the site water proof doors important
seawall
and seals companents
N - OK
Yes No
_______________________________ 0K
Yes Ne OK
Yes No OK
Yes No oK
Yes Core
Damage

[E19 ~ =5 AR A e U 2 BRI S e
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o PEEL B S RS PR B 2 Z B AR S FEAE S N R R = T
IR IR o5 —PE B A alE P - ZATTTE L P Bt S Ml ) 2% 308 22 S8 DA/K A e A e
THZBREGEIIE R A B AR E - SN RS I A S SN = - R RIS
BRI KBRS ] R R B Ty o W LUE(E ARG o 5 =UR e RS Aa S i DU

S = PEEL (R R = A S PE B MR = S R R R PR B Z AT
BN - HIEEEHEE e s 2Rt EE N - HERIRE R B R R OISR
PR > NI I B P RE AE IR RIREIE AR Y IA S & - BabhKPT ~ BiKERR ~ PiK
BRAFETSE > 2RI LR BAE S A O RS R AR S o Ry R £ A ZE ) - Ho— Ry g iines
peEmE RS - SR EWE AR 2 1R R A (N RS S R B -

Tsunami height over the ground level of OF, < criteria

the site (OF;)

Deterministic margin evaluation of the seawall for tsunami
hydrodynamic load and debris collision force

v . .
Sufficient Insufficient
| Stage 2 I v o
E OF, < criteria
& Tsunami overflow the seawall
(OF;")
' - -
Overflow or physical OF < criteria
damages (OF,)
v 7 -~

t__________:____¢ _____________________ |

Furtherevaluations
are not needed.

[&20 ~ g SRtk o i B RER E AR
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T05-01 PSA Applications I

Time: 10:30-12:10

Venue: Grand Hall 4 (B1})

Chairs: Eunchan LEE(Korea Hydro & Muclear Power Co., Ltd., Korea, Republic of)
Dusko KANCEV{NPP Goesgen-Daeniken, Switzerland)

A-280 Analysis on Failure of Feed-and-bleed Operation under TLOFW Accident with LOCA

10:30-10:50 Jaehyun HAM (Korea Advanced Institute of Science and Technology, Korea, Republic of)
Bo Gyung KIM, Ho Joon YOON , Hyungook KANG

A-503 A Framework for Power Recovery Proba bility Quantification in Nuclear Power Plant Station
Blackout Sequences

Tsu-Mu KAO (Institute of Muclear Energy Research, Taiwan]
Hindolo GEORGE-WILLIAMS, Min LEE, Edoardo PATELLI

10:50-11:10

A-226 PRA Group Responsibilities and Challenges for a New Nuclear Power Plant in UAE: Barakah NPP

11:10-11:30 Abdullah AL YAFEI {(Emirates Nuclear Energy Corporation, United Arab Emirates)
Yu SHEM, Mohamed ABDULLA SABAAN, Parviz MOIENI, Jeffrey JULIUS, Chris CRAGG

A-177 Post-Fukushima Extension of the Safety Margins in NPPs: Modeling, Implem entation and Insights
from a PSA Perspective

Dusko KANCEY (MPP Goesgen-Daeniken, Switzerland)
Jens-Uwe KLUEGEL, Stefan HEUSSEN, Thomas KOZLIK

11:30-11:50

A-652 Overview of Risk Informed PSA Application and Regulatory in China

17:00-17:20 Zhichao HUANG (Ministry of Environmental Protection Nuclear and Radiation Safety Center, China)
Yongyue CHU, Huwei LI

K& 1. 10 H 3 H PSAM 13 257 T05-01: PSA JFEMA | | SR (= 8 B 2 fir ITEHRE A)

PSAM 13

13th International Conferenceon

ment and Management

|

ifffEl 2. 10 A 3 H PSAM 13 15 ¥ LIS

Probabilistic Safety Assess!
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* What we know about

plant behavior is not easily
eivailable to the DM
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