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FOREWORD

A Standard for Procedure of Fault Displacement Probabilistic Risk Assessment (PRA) for Nuclear
Power Plants 202X has been established and issued by the Standards Committee of the Atomic
Energy Society of Japan (AESJ) through the discussions at the Fault Displacement PRA Working
Group under the External-Event PRA Subcommittee of the Risk Technical Committee. As an
implementation standard, this standard specifies the requirements for the PRA, which assesses the
risk from accidents triggered by fault displacements at nuclear power plants during power
operation, considering the PRA implementation procedure.

Through the lessons learned and findings obtained from the severe accidents at Fukushima Dai-ichi
nuclear power plants on March 11 2011, the importance and necessity to utilize risk information
derived from risk assessment including PRA to identify the important hazards at individual plants,
and to complement deterministic assessment during decision making, have been widely recognized.
This standard focuses on fault displacement as the external event that could initiate accidents.

Japan is prone to earthquakes and existence of a large number of faults has been confirmed.
Therefore, during the site evaluation of nuclear power plants of which a high level of safety is
required, geological, geographical, soil and seismological conditions are investigated in detail to
assure safety. To minimize the possibility of encountering unforeseen circumstances in case faults
beneath safety-critical facilities would be forced to slip due to activities of active faults nearby the
site, it is important to provide a standardized procedure to assess the likelihood and consequences
of accidents induced by such fault displacements. The Standards Committee considers it important
to establish a standard for the fault displacement PRA in a timely manner.

It is necessary to conduct a risk assessment against fault displacement events, such as PRAs that
involve fragility analysis and accident sequence analysis in addition to hazard analysis. The risk
assessment will be utilized to confirm the effectiveness and adequacy of safety design, plant
operation management, accident management and related safety regulations, identification of
residual risk, and risk informed decision making of safety improvement activities.

Based on the above-mentioned understanding, the Standards Committee established and issued
“AESJ-SC-P00X: 202X Standard for Procedure of Fault Displacement Probabilistic Risk
Assessment”. In the process of establishing this standard, the findings from recent researches
related to fragility analysis and accident sequence analysis were taken into consideration in
addition of those related to hazard analysis. These findings were analyzed and reviewed to
summarize the latest knowledge as concepts, requirements, practical procedures, etc. in a structured
manner.

We also hope that this standard contributes to form a common basis to effectively and continuously

enhance safety of nuclear power plants by providing an implementation standard to perform a fault
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displacement PRA that can be utilized to objectively assess the risk from fault displacements,

among the industry and regulatory members.

#lE : 202X 4 X H XX H
ZOBEIZOWTOIERL T ZERMIE, —REMEABARRFAZSEEREEZESEY (T
105-0004 B ETHEPHEX BTG 2-3-7 TEL 03-3508-1263) 12 ZHifE < 72 &0,

v



P00X:202X

REXH

ZOFEEL, BWREONE, AIEME, APMEEZRERT D 2 EATEE L TED LI
IR B SOBAPEICHE - T, FTBERDO AT ACEE L GRS IZEE THR S
NEZERITT, SMHMLOBLERT AL BBIMTE D & 9 ITALE L7272 b5
M, SHIZEOEFEITH L TEER, P, BHLRE2ED A 2P bBRERD LA
REBEDFRHE 2R THIESHE LT,

— it EEAN BARREFFEE, ZOREEICETORABELEA LETR, ZOREEIC
ORI O, MeFr, BEILZR EOIEENICERT 2 HEEFICH L TUIIEEEZA LEEA,
£70, ZOFRYEICHEE L TERS W DR RHHEL CE RO AIMEZ BT« 2 /EL LD
DR K> TE L TR E DR F IR O BAFREF RIS L HELH Y £
bo XD LIZERIFETZOEEORIHEIZH Y £7°,

B, ZOBREOFFICHHE LR, EEROZENPZMLTHLIERICENTL, Z0
FRYEN RGNS R R OEEFIC L > TER SN Z L2 BRT 2D TEH Y £HA,

Disclaimer

This standard was developed and approved by the Standards Committee of AESJ in accordance
with the Standards Committee Rules, which assure Balance, Due process, and Openness in the
process of deliberating on a standard. The Committee is composed of individuals who are
competent or interested in the subject and elected, keeping the balance of organizations they belong
in the subject, with their professional affiliations well-balanced as specified in the Rules.
Furthermore, the standard proposed by the Committee was made available for public review and
comment, providing an opportunity for additional input from industry, academia, regulatory
agencies and the public-at-large.

AESJ accepts the responsibility for interpreting this standard, but no responsibility is assumed
for any detriment caused by the actions based on this standard during construction, operation, or
decommissioning of facilities. AESJ does not endorse or approve any item, construction, device or
activity based on this standard.

AESJ does not take any position with respect to the validity of any patent rights or copyrights
claimed in relation to any items mentioned in this document, nor assume any liability for the
infringement of patent rights or copyrights as a result of using this standard. The risk of
infringement of such rights shall be assumed entirely by the users.

The Committee acknowledges with appreciation the participation by regulatory agency
representatives and industry-affiliated representatives, whose contribution is not to be interpreted

that the government or industry has endorsed this standard.
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Copyright
No part of this publication may be reproduced in any form without the prior written permission
of the AESJ.
Copyright © 2018 Atomic Energy Society of Japan
All Rights Reserved.
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ooooooo Mw5.5 by Youngs et al. (2003) (hanging wall)
Mw?7.5 by Youngs et al. (2003) (footwall)
1.0E-01 R Mwe.5 by Youngs et al. (2003) (footwall)
b, Mw5.5 by Youngs et al. (2003) (footwall)
—— Mw?7.5 by Takao et al. (2013)
» Mw6.5 by Takao et al. (2013)
1.0E-02 - MwS5.5 by Takao et al. (2013)
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Displacement [m)

EM.1—EWEEx& & LI-PFDHAOFHEHER
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(Hidh - SRRk, HILEERR, ZiE, SEEPEL  MeRamA W E ALY — R T
EORAARICEBIT DM, AAME T2Sm3CEE, 5 138, % 175, pp.17-36, (2013).)

b) EIET/EZ*iR & LI=PFDHA

‘M .2ICPFDHAD R G A w7, £z, BIM2IC W — Rili#RZ2~d, EWE o m
WOME (7) ROLEREHEINTE £ COMBEOME (1) HSEIKTE W E 22N B OF
BRI 5 2 BT RE N &, N (7)) KLY (1) OELLDOZENRKE VD)
X — AN = AT DI ENHND,

EM2—BIBEXR E LI-PFDHADOHE &4

fault 1 fault 2 fault 3 fault 4

FEAT RS & TE BT £ T O RREE 5km 5km 10km 10km
3,0004F 30,0004 3,0004F 30,0004F

FEAT B MR OB Mw6.8 Mw6.8 Mw6.8 Mw6.8

(S &Rk, TILEers, 2Pk, SEMRESL  MERGmrIEE ALY — Mg F
EO BRI 28, BARE LR, 5 183 4&, % 1 5, pp.17-36, (2013).)

1.0E-03
- - fault 1
10e-04 —_——=fgult 2 L
= = fault 3

1.0E-05 — o fmkd 111
ﬁ — T
m
-
ﬁ 1.0E-06
b
k]
L]
e 10E-07
g
=
=
= {0E-08

1.0E-08

1.0E-10

1.0e-02 1.06-01 1.0E+00 1.0E+01
Displacement [m})

EM.2—ElWrBEx&E & LI-PFDHADOF E#H R
(HHEh SRR, LILgERR, Z2hiE, ZEmEES  MERGmRIETE AN Y — R T
HEORARIZEBT DM, HARME T %55 CE, 55 135, 55 1 5, pp.17-36, (2013).)

M2 BERNTEERIEZEEL T PFDHA
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2T, REGRMARHER XA ZJE L7 PFDHA OflE LT, @R (2014) @K% O Suzuki
and Annaka (2015) @ #AN9 5, Z Z CHETREHL, WIThoEFIZONTEH, H<
FCHREHIRFMFO T TEBLIZ LD THY, BEZ 5 HLETORMRNRHEES ZEE
L7=bDOTIHERWETHD, LER-T, BRLET T 7 XA Y — NifROEIX,
PFDHA O — 7R & L THBEICR D O TRV, BN FEEd 5 EEEOFHFT
X, MEBRE L (838) I8 LIliGal RiERE I 2 BB T RENLE I DOV TRETT 54
ERH D,

a) mEfh (2014)

A (2014) @1%, &R (2013) W M ONE A (2014) O THE%E L 7o A flafh=NA @ H L C,
BIRI) R R 52 & B ORI AR X A2 B L 7= PFDHA OfHifl 2R LT\ 2 (B M.3,
B M4), ZOFEHITIE, —HORBBRIAHEES L TN, ~iF— Rl
DT/ NE 0,

HEDRE FEEERERE ()

M = 0MS 10km

B M3—asyov1)—nHl(a)
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1.0E-07

§ —0.95
————— —084
\ ——avarage
1.0E-08 —05 —
\\ —0.16
\ —0.05
1.0E-09 Q

1.0E-02 1.0E-01 1.0E+00 1.0E+01
Displacement (m)

BMA—=T 5924 LT — FDHI(a)
(i mRak, bWE—, ZHiE, FEEESL, e, el IS - R
AW ALY — RS OEENER E, BAME TRmUE, 1458, H2 5,
pp.16-36, (2014).)

Annual Rate of Exceedance

b) Suzuki and Annaka (2015)

Suzuki and Annaka (2015) @i, BEICIER &I TV &R Z M LT, MR RiEsE
S R ORI A SR X 2 5 8 L 7= PFDHA Ol Z2/x LT\ 2% (B M5 B M6), 4F
72 91%, Petersen fif1(2011) W& ONE B (2014) @ THEZE I L7l =UZ D\ T 6 -G
AR E LTHRW, By 7Y U —DIETRE L TWAHETH Y, TR,
N — N O IR EAM (2014) @L D KRE RS> TV D,
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B M5—a2y9YY—nfib)
(Hi B - Suzuki, Y., Annaka, T., Probabilistic hazard analysis for secondary fault, Best Practices
in Physics-based Fault Rupture Models for Seismic Hazard Assessment of Nuclear Installations,
Vienna, Austria, November 18-20, (2015).)

B M6—T359 %4 ILnTF— FDHI(b)
(Hi B - Suzuki, Y., Annaka, T., Probabilistic hazard analysis for secondary fault, Best Practices
in Physics-based Fault Rupture Models for Seismic Hazard Assessment of Nuclear Installations,
Vienna, Austria, November 18-20, (2015).)



121
P00X:202X

(5% 3]

(1) mREW, LIEGRR, Ak, FEEEL - EEERAIETE ALY — MR FEO A ARIZE
AW, BAHE TSmO, B 134, 15, pp.l7-36., (2013).

(2) mEM, bH=E—, ZiE, EREL, P, sEZEL, IEEER - MeRRRAIETE A
ALY — RN OfFHEIER) L, AAMGE T2 amm s8R, 55 1458, 552 5, pp.16-36., (2014).

(3) Suzuki, Y., Annaka, T., Probabilistic hazard analysis for secondary fault, Best Practices in
Physics-based Fault Rupture Models for Seismic Hazard Assessment of Nuclear Installations,
Vienna, Austria, November 18-20, (2015).

(4) Petersen, M.D., Dawson, T.E., Chen, R. et al., Fault displacement hazard for strike-slip faults,
Bull. Seism. Soc. Am,. 101, pp.805-825., (2011).
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B N.1ITRT XD, FEfliet S SicmilE RIWE &7 o Dairss) 23 3 RoAid
HEMRELT, Eita)kO b oW Tit#d 5,

WrfE 1
WrE 2  WrE 3

B N.1-EHMix R RICE T 5EHMED S (H)

a) DIFHE OFEBFI
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A« QEE G O AR U T P a2 B8
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a) BRMBITICKDFZR FUrOEBE L TOMBEE N OHIE A2 EE LT, AREHEE
(FEM) 73 & OFRNTI 72 T8 % F O TR CO W B AN & & MR R OB B A & & O
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IZBWTHGEES LTV 5,
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i, WiEEN &R OAHNSOFMECAE R TH S,
FESE 3 TEMMh (2017) (DR OBEE SCERD T, 3 kot FEM TS & 2 TWrE M OV
&0 ORI E O IR 534 DF T b, B O AL DT HIER R EN TN S,

b) BIAPMIFE WEOMBERILRREEZ KRBT L5 2 LR ATREREI)FET L EHWT, 3
S, TR K OV M o MR AR IS I NS B 2 B L CHURE T VAR L, WiEAN R
YRS 5, TOER, ST FRE, MR M O 3R T O W8 22 A EHmIC 3
JOEAREREZEBET D,
1 BEARTEAEE L S 2 L— g LIS K A BB R OWB AN TRE S L
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&I 28N FRIWEHIETE 7 NV OREFEWPRES N TV D, £, THUCE
% R EN K OWr g AR AE RO R EN TV 5D, BIZ, 77V VT 4 iHilio7-
DOBFHIEE D I 2 L— 3 COBURKORRE S LT, EREIC X 2 il
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07 ASYIYYY—OERRUAYY I V) —%2AV-BRERRECOTEMEEM
NH— FEaR O
ﬁAﬁD9y779~%%wt%ﬁ%$%ﬁf®%ﬁﬁgﬁﬁhf~P%ﬁ®ﬂﬁ’

WL, HEE CTOWEEN AN — RO ARHESFHIICBT 28 Y vy 7Y U —{EkT

@(Mﬂ)EH%®$@Tﬁ50%@%,ﬁ@@HL%%?5
OFEFKEDTIRIT Y 72> TiE, AERY vy 7YY —ICEHb L BEROLER NWE %

Rk L TIT 9,

Q@MEERr Yy 7YY —IZBIT 2 AR, S04 RO (CBR) D4 - #aEhc X
oTh, AHICHAER Y v 7Y ) =LA EROZER W E 2 BT 5,
@AERY v 7YY —ICBIBEASFICYZ->Th, FAFCHAErY vy 7YY —
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(1) Okada, Y., Surface deformation due to shear and tensile faults in a half-space, Bull. Seism. Soc.
Am., 75, 1435-1154., (1985).

(2) WrEET I LIC LD EEEH > 1 7 ADC3D0/ DC3D ; Okada (1992) [Bull. Seism.
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