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FOREWORD

This document is intended to provide requirements and methodologies for conducting level 1 probabilistic risk
assessment (PRA), which is carried out to evaluate the risk of nuclear power plants by evaluating the core damage
frequencies due to internal initiating events during power operation. This standard was approved and published by the
Atomic Energy Society of Japan on the deliberations at the Subcommittee on Level-1 PRA under the Risk Technical
Committee of the AESJ Standards Committee. AES] formulated and issued this document after deliberation by the
Risk Technical Committee and the Standards Committee.

PRA of a nuclear power plant is a probabilistic approach for comprehensively and quantitatively assessing plant
risk. This involves quantitative analysis of accident scenarios up to core damage and of the further evolution of events
after core damage, with careful attention to events that are related to core or fuel damage, finally to arrive at an
estimation of event frequencies and consequences. The PRA enables the following: logical and comprehensive
assessment of nuclear power plant risk on the basis of realistic assumptions; quantitative analysis of various factors
that may impact safety; and explicit acknowledgement of uncertainty in assessment results arising from uncertainty in
knowledge or data on characteristics and phenomena that concern nuclear power plants and their components.

Since the Nuclear Regulatory Commission of the United States introduced the concept of PRA in its publication
“The Reactor Safety Study” (WASH-1400) in 1975, many efforts were made worldwide to develop PRA techniques,
apply the PRA methodology to actual cases, and conduct application studies. As a result, PRA today is well
recognized as an efficient methodology to assist decision-making in safety regulation as well as in the related fields of
safety engineering, operation management, etc.

In addition, Fukushima Daiichi nuclear power plant accident that occurred in March 2011 was caused by loss of
multiple important safety functions due to common cause failures induced by tsunami inundation into the reactor
building. The PRA is also a very valid method for analyzing the impact of common cause failures of functions
important for safety that could severely affect the integrity of the reactor core and the containment.

In Japan, PRA has been implemented to evaluate the validity of Accident Management Strategies and the
quantitative safety of NPPs in the Periodic Safety Review. Furthermore, in the regulatory area, the Nuclear Regulation
Authority, which is the new regulatory authority founded in 2012, intends to utilize PRA in their new safety regulation
positively.

As the validity of PRA has come to be accepted, preservation of the quality and transparency of PRA has become
important issues. Recognizing that preparation of a standard for PRA procedure is effective in addressing these issues,
the SC of the AES]J is preparing a procedures guide for nuclear facilities.

Differences in the coverage of indices used in assessing the consequences of events translate into the differences
among PRA levels: Level 1 PRA covers estimation of core damage frequency; Level 2 PRA goes further, to the
estimation of containment failure frequency and estimates the amount and timing of radioactive releases to the
environment (source term estimation); and Level 3 PRA addresses the frequency and scale of impacts on the public
and the environment.

In view of the broad areas of PRA, the AESJ took a stepwise approach for developing PRA standards
commensurate with the needs and maturity of PRA methodology in Japan.

As set forth herein, this standard replaces the 2008 issue - A Standard for Procedures of Probabilistic Safety
Assessment of Nuclear Power Plants during Power Operation (Level 1 PSA):2008 - of the same standard. We decided
to make this amendment because five years have passed since the 2008 issue was published. For the present
amendment, we updated various requirements in view of advancements in PRA techniques and to improve the quality
and transparency of PRA.

We worked on amending the Implementation Standard for Probabilistic Risk Assessment of Nuclear Power Plants

during Power Operation in recognition of the fact that, whenever one uses the results of PRA in decision-making, it is
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very important to do so while fully recognizing the limitations and uncertainties that arise from imperfections in
methodology or data, and that decision-making should also be supported appropriately by non-PRA information
sources such as deterministic analyses and expert judgments. Therefore, we placed emphasis on the need to clarify
assumptions made in PRA processes and to make explicit statements about uncertainties, so that others may be able to

make relevant judgments.

HlE : 2013412 A 16 H
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Disclaimer

This standard was developed and approved by the Standards Committee of AESJ in accordance with the Standards
Committee Rules, which assure fairness, impartiality, and transparency 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.

AES]J 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 asuumed 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 © 2014  Atomic Energy Society of Japan
All Rights Reserved.
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1. AffomEL 1.  Electric load rejection
2. AMOME (¥ —t A X ZFRRAER) 2. Electric load rejection with turbine
bypass valve failure
3. H¥—bvErYRrUvT 3. Turbine trip
4. FZ—vU R Yo (=B A RZFH 4. Turbine trip with turbine bypass
R0 valve failure
5.  FAXEHERMAEH -T2 5.  Main steam isolation valve (MSIV)
closure
6. FAXIEEERPAS—1 6. Inadvertent closure of one MSIV
7. FARKBEEESE Y EAEE 7. Partial MSIV closure
8. MEKIEZEEER 8.  Loss of normal condenser vacuum
9. JEJIHIE R — SR B 9.  Pressure regulator fails open
10, JEJIHIAE R M — P 10.  Pressure regulator fails closed
11. AR LZeFoRBE (BlEE) 11. Inadvertent opening of a safety/relief
valve (stuck)
12. Z—bE U A 2FHEEEK 12.  Turbine bypass fails open
13,  Z—E A RS RGNS A B8 13.  Turbine bypass or control valves
cause increased pressure (closed)
14, PSR S HIAE Rl R — i SN 14.  Recirculation control failure —
increasing flow
15, FEPE BRI G E R s b — i el 15.  Recirculation control failure —
decreasing flow
16. FEERAC TR v T —14H 16.  Trip of one recirculation pump
17. FEERAC T RY o7 —2h 17.  Trip of all recirculation pumps
18,  FEERA 7 ERES) 18.  Abnormal startup of idle recirculation
pump
19.  FIEERA v T iEE 19. Recirculation pump seizure
20. SRR BN — ) ER R 20. Feedwater — increasing flow at power
21, FAZKINEAGE R 21.  Loss of feedwater heater
22.  FRUKFEEAREA 22.  Loss of all feedwater flow
23. KK SEKKRT1IHERN) T 23.  Trip of one feedwater pump (or
condensate pump)
24.  REAKEEIKT 24. Feedwater — low flow
25.  FAKIREAR T — A @h 5 R 25.  Low feedwater flow during startup or
shutdown
26.  FA/KIREIE K — R E) 5 R 26. High feedwater flow during startup or
shutdown
27, HIEEER] & & — SRR 27. Rod withdrawal at power
28. S| & hx —EBEF 28.  High flux due to rod withdrawal at
startup
29.  HIEIHERAEA 29. Inadvertent insertion of rod or rods
30. R IR R B 30. Detected fault in reactor protection
system
31. AR 31.  Loss of offsite power
32, fHBhEIREEL 32. Loss of auxiliary power (loss of
auxiliary transformer)
33.  EEEAKREEFLAT VA RRREE) 33. Inadvertent startup of HPCI/HPCS
34, TIUNREERIILDHERAI T A 34. Scram due to plant occurrences
35. MMH&AGEFICLD AT T A 35.  Spurious trip via instrumentation,
RPS fault
36. FEAI T A 36. Manual scram — no out-of-tolerance
condition
37.  JRIARH 37. Cause unknown
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26.
217.
28.

29.
30.
31.
32.
33.

34.
35.
36.
37.
38.
39.
40.
41.

Loss of RCS flow (1 loop)
Uncontrolled rod withdrawal

CRDM problems and/or rod drop

Leakage from control rods
Leakage in primary system

Low pressurizer pressure
Pressurizer leakage

High pressurizer pressure
Inadvertent safety injection signal
Containment pressure problems
CVCS malfunction — boron dilution

Pressure/ temperature/power imbalance
— rod position error

Startup of inactive coolant pump

Total loss of RCS flow

Loss or reduction in feedwater flow (1
loop)

Total loss of feedwater flow (all loops)
Full or partial closure of MSIV (1 loop)
Closure of all MSIV

Increase in feedwater flow (1 loop)
Increase in feedwater flow (all loops)
Feedwater flow instability — operator
error

Feedwater flow instability —
miscellaneous mechanical causes

Loss of condensate pumps (1 loop)

Loss of condensate pumps (all loops)
Loss of condenser vacuum
Steam-generator leakage

Condenser leakage

Miscellaneous leakage in secondary
system

Sudden opening of steam relief valves
Loss of circulating water

Loss of component cooling

Loss of service water system

Turbine trip, throttle valve closure, EHC
problems

Generator trip or generator caused faults
Loss of all offsite power

Pressurizer spray failure

Loss of power to necessary plant systems
Spurious trips — cause unknown
Automatic trip — no transient condition
Manual trip — no transient condition
Fire within plant
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Probabilistic Risk Assessments for Nuclear Power Plants, Final Report”,
NUREG/CR-2300, USNRC, Jan., 1983

PLG/TVA, “Watts Bar Nuclear Plant Unit 1 Probabilistic Risk Assessment
Indivisual Plant Examination”, vol.1, PLG/TVA, 1992

EPRI, “ATWS:A Reappraisal, part3:Frequency of Anticipated Transients”,
EPRI-NP-2230, EPRI, 1982

USNRC, “Reactor Safety Study, An Assessment of Accident Risks in U.S.
Commercial Nuclear Power Plants”, Appendix V, WASH-1400, NUREG-75/014,
USNRC, 1975

MNTATEOEN R D50, TINES (2817 % PSA FIEOIERE L = ) iEls
RPN RS L1 1PSA FiE=], 07 fEi#HR-0040, “Fhk 19 4 4 /



43
P008:2013

MEE G
(&%)
EESEREREME

FX
ZOMEEL, 6 EERFERORERVREFEOEEICK T 2 ERFREEEICOW
THIRLIZbDTH D,

Gl ERERHERERE

KL R FRAEBYEIIEBIED — D DR T, s X IIAEGL IR 5 Wil 7R BRBE S5 1
Ko TRERMBRIGEDT > 7 _A TV T 4 ITEBEL, 1o, 77 FNOBEFLEETEL
DLAREMEZ LT HOTHY, 8 BRI—TVRADHGH, kU9 JRTLIEHEMKMRE
WO CRUB DS I L 72 D,

HARAZ X, SMBEIRERES K OIEH HEER & ORI, R F i n KR
(CCWS) HHEM R TG UIBER L TR L 1 RinHM A~ (RCP) v—/L LOCA
L DOUERMEZR ENRFI L LTHET oD, KRS, IMNBERERFESO L 52, FHlixt5 77
VNI TRSBHINOMO 7T o M HRIFRFIZEELZ KIEFTHE Th - T, Hilixt5 7
T M ROMMD T T o b EORICIE T D6 D D5 EITIE, T VEEDOERICE DE
DWNCHET IR ERD D, 2 2Ox=y NORIIIEHEOIFFHT « —BLREHN H
0, SRERELELNEAE LZHEIL, RMEICEoT—HDa=y FOBHP Y%kl %
FERHTX %N, ZIHi=s,

RCP > —/L LOCA i, RCP O — /LN LHmAM BT 2 HELTH Y, LNFESE L
L CT? RCP v—/ L LOCA, KT CCWS #REHE R )X BRI TR A L o — i HIk
REMKDNIFERE L TCUEFERIIEDI LD LN DL, BB N RRELEBIEOH TH Y,
REFNEAE OF I REME & ORE T, FLOBEEHE~OFGNPRELSRDIGERH D,



44

P008:2013
MiEE H
(8%)
BHEMGEREROBRNOH
BEX

ZOMEEL, 6 EBEEROBRERUVHREHEEOHTE SIS BN 2ERFRORR
HZOWNWTHIR LD DTH B,

H1 —#=%EE

EPNs o ED PRA TIE, HIEHEEE T2 Y, SOFORESE, F84EO e T
M, IR EZINE L THEOEENRE I DL EKFRDFER RN LRI STV D
BAEND D,

H2 BRAMHEEZEDH
ASME/ANS PRA fEH#OTX, [ELZRKNERD S H, Zhll EiHliziT/eb7r< T

FWE D ITREFEGZ MR G D EAE L L CTRO L 5 7 flWr 2 S LT

%.

a) RFGHAEBHEN 107 JFFERBOER, 7272, 4 v ¥ —7 =4 AV A7 A LOCA
(HEE I (%) BEEROITIL—TOH ZH) |, BELS SA 2R OFET
SFE I et iR IR <,

b) R FESREABEEN 106 JFERM T, D & BN L7z 2 RHELL EOFEFIRA 23
PERETEZL LW R Y P DREICE L 22 VW HS

o FHNFEALTHLT TV MEIEE TIUTH2ICHBNR SV, T ORISYEER DR
SNFEROWKEKD Z LN T D AREMEO EVFG

H.3 BH#HMNTERZZRORNDHE
a) HlEEE T (BWR)

IR NI, JRTFENERR U FSLHICH D & &I, BR S EEMIE % A9 2 HilH
e —AAS, HIEFEBREN S O 0 EE L TR LD BIE T L, 272 UGBTI O 143 AR 28
{bZETHEHLEAEINTND,

HEE R OB B O FEREERIE, O EEEO @V E L, HERGEDSMIEET
DT ENRVRGTERoTND Z LMD, HIENE T 2MRITHEFITNINESZZH
o, J7—HEEENBERE 2 5 0B LIS T LA, WS FEEY 2 v &Ik -
T, WFHEZMZ DakitLieo T D, £, HIHEEE FICX - TREMENRHE L,
T AROE 9 FBEOREZERRDIREED D it ST b, BARKIREER 2 A #hPAIE L,
FEEBATIN A DEE SRR D FH % T/ DRI 2 B a%EE & 72 o T B,



45
P008:2013

—77, BHEDOL 2RI O T, HEEE T ES ORI AT 2 TR Y, kA,
il Eh > & 3B L THL BT L, SRR USRI O A BIC & - T
REHE OB Y REDOHHBRNRE S L TWD, LrL, ZOXIRIBED FTY, FME~D

RIS,

SEZ 38

(1) ASME/ANS, “Addenda to ASME/ANS RA-S-2008, Standard for Level 1/Large
Early Release Frequency Probabilistic Risk Assessment for Nuclear Power Plant
Applications”, ASME/ANS RA-Sa-2009, ASME/ANS, 2009



46

P008:2013
HEE I
(B%)
EEEZRD T IL—TIEDHI
X

ZOMEET, 6 EEERORERVREFEDOHREICS T I ERFRO 7 L—T 1L
WZOWTHIRLIZHLDTH D,

L1 —#&=18

[FE L7z R ESE, wEFHS, LOCA, SGTR(PWR), A >4 —7 = A A3 A7 1 LOCA,
FENE IR OB 2 F T 2 ERFRZON T IV TSNS, B, ZZTEF 5N
FRITN—TOMIZ, VAZFHMEEEEL 25 ERE L TATWS BH 50, 22T
X, O o0RRFESLE LTHI 2, WEFRENLOCA OFELHEBOTTH S, (R
EQ (B%) ARVIMYI—EETFE HQ1l )

Fiz, BRERI NV —TORABER 5K, BEZIE LT HIFLBRESE~D
BRSOV EHERTE 2 5A10E, FHMENGEINT 5 2L bAETH D, (WERE
H (%) EfNTGTERSEROKRNOHFH )

12 BWRIZEITHERABERITIL—TF
a) HEFS
FRBEENZLSTT T MRTGA—ERNEFL, AT TAMEENRHEELTAZ T A
ICEDLFEGTh D, JRTIFMEMIETINT & VISR LTy, s O sl &
CAIEFRIC L > TT T EMEIET D ERNEEND,
WEFERONEOB 2 T ELUTIRT, £/, ROEHICHE LZBESERONE Y 0
—%E L1ITRT,
D RS EMIE ST o Z ) OREE
WIOIZ, JRAAFRERESI R 2D 03B OREM OFH OF I L > Tl (%
BAFIDTD DRI FEMENRE LS EDDHT2D)
2) HNHEIROA M
WIZ, SMBEIROE M L > THHE (BRIMERMERICHE LG E ORIk
fifi FI RTRE 72 B0 D RN FEEDR R E S A D 720)
3) HATEAKFR O A REME
E DI, R COREARROEHATREMEIC L - To%E GRIEFZOA X hY Y
— I HESRICE BN B D T2 D)
[FE L ERFRD S HREFRLO DT TV IZHEINZFRIIONWT, ERFRD 7
N—TEAT T E R LLICRT, DB LICERFR 7 V—TITROBEY LD,

(R}



47
P008:2013

O FHREEESR (F—Er Y v 77 L)
FRIEAEIZL > TREIZA Y T ACEDL O, b LITFELOERIZ I > THE
THREAZ T LDCEDHRRFR T NV —7 T, FROPNAE KT X > TR OHE
Fre bR ATREZ (R R S v ) BRES I V—7CTh o, 7k, FERE
B T, RRINBHRNBEM L2 D700, FRKUIF —E R AR ENLT
ARSI SN D,

@ IREERES (FARRREERAZ L)
FRIEEIZL > TREIZA Y T AZEDL O, b LITFRRBEICL > TR
JENEA T T L&D BRFER S V—T, IEW R TFESE TIC L - TR
KIRBERPAICE D (R FFERREES N D) ERFL I NV—TTh b, HARILD
BREMCIE, FAKIRBET OB EN LI L 2D,

@ AfEkEEk
EAKROBFRIZ X D BRKERIZE > T, /KRR 7 7 AMCE D RN FS:
TN—TTh b, HKEBIZEDRENIL, WBEKROEIANBLEL 2D,

@ KR T 5
Fa1E K R OEFE CTHRAKIR E D D URTFHRNEAME T2 Z &I K o T R FIFK
PAKAR T T DMZEDRKFR I N—TTh D, K EORIEE TIZITEL W
72, BERBITET LTV 2B EL 0PN bIEKRITRHTRETH 2,

® RPS A#EH{E%
JRFIFRER (RPS) OREMEMER & 72> T D HS, KOS P& 2B
% HFG e EM IO E 2 TR TH D, FRYM TR RREE S iz,
FEAKRBFIHFRETH 5,

® AMEREIRE
SMNERFEIRTE S, R OFE R AR~ O BIR MG 235 1k U, JEE AR~ DI
A DG IZ L5 BRI ELEL T HERFGE I V—TTh D,

@ WA L eFraRB A
R ULRFRDERML LI T TR, EBICAZ 7 ATEEL RV, LN LR D,
INEKREL TR &, BAERER Y bz VKAIRIZ L » THRAKER E 720, T
FARNARA 7 T 5, b LT L vy g v F— I~ ARSI K T D%
WENEBAZ FZLEWVWHWLVIREBIZE D, KFERIE, BEHIZAZ T LMTELR
WHERTHDHZ ENOLTFEELEOEICADL LD TH LN, MARRITE ) EF- &
IEELVIRREZ BB L, TEMELSTBIORRNERILV—T L LTN5,
B, ZOFERZIFEFIFHEHME N T 2 ) OEEEMERRDI D FELETH DN,
TR OIRMPEFRITFHIN TN D,

b) LOCA
1 WIBHMTEHEIC L > TT T2 bRT A= BNEB L, AR KRNAKE B UM



48
P008:2013

JENEE G ENRBEL TR TAIEDLFELTH D, LOCA DFETIE, FRAHFmEAM
FENT D BB R O, ADS RRENMES OB OBBEIZ K 2 i FIRm A SR B £ 4
%5, ¥£72, LOCA X, +572r LmHIZIT7e 5 OB IR O K O AT 25
BLTRDO XD I T 5,
728, WD LOCA O/HEICHBWT, KLOCA, # LOCA, /~hLOCA I, FhEh K
Wi LOCA, Hilr LOCA, /Mgl LOCA L RIBROERTH 5,
1) K LOCA
PG BRBLE ORI O X 512, FRIEN AWM TFBIEA £ 5 o T, A8
JUE R OER 72 TITAREF OB HEIRIZ L > TR AR ATRE & 72 5
2) # LOCA
K LOCA & g LTl A 23/ h & <, BUEDSER 2 6 O T, REFLMARIC
X DFLHENITBENE R OERN S MLE CTH D, £, kB &l s 11 hRERERE
HHROEREL ETH Y, RAIFREERFM AR DB TORNMERITIRATRETH 5,
3) /NLOCA
H1 LOCA L VA2 NS 7226 DT, AR MREER I E15% 0O 7T D R ALREDR A3 7]
BETH D, PWEDFESH2T20, KEFLHHEIRICE D F.0mANCIE, BEREITESR
DIEBRLETH D,
4) )% o LOCA
LRI RRRR DOV 72 DG T HEEF T & 20D TREIE 722 LOCA, JR-FI4F
JENBHRORBFEIE (BRESLSERINLARVESR) RENREGEND,
5) &AL LOCA
AR dR DOIMU OB (FZRKEE UTFHERVES) TR RAET 2 FR, 17K
KEWW 72 EDNEEND,
6) i/ LOCA X3/ Y — 2
A WFEOMD THLEOBAM BRI T 2FRTH Y, R FIFRBERFGEIR DA T
DIFLKNFER DI FIRE TH D, FRFEICIDWEITIFE A LR, KJE ECCS I
XD LHENCIE, BESLETH D,
BRI OS2 EE L T/ LOCA ([ZHARTEEN NI W EHIB T 2581
FERFERE LTHEL2WEG b H D,
0 A% —T7xA A AT 5 LOCA
JRFIFREMET I N 2, ROV & ERE LIS R RS ORI R & DOFREEIC Rk
L7=%El, IRFFHREROENPMEERICHMEIN S 72 DIFHAET S LOCA TH Y, A
B B il S I P E E SN 2 % 3 A SR L CERBE~ R SR D ATREME DS B B
d) FENEIE
FEMS IR, BN EL T T OMEFICL > URFIFA2EILSEL5E8 (22T
FFHESMEILE WD) &, 25 TRWES (ZZTIH@EEILE W) ILhBET52 & T,



49
P008:2013

TNENOLEEEICB T HEHEECHEZZETLI LN H D,

1) @R
EMIRA 7 & OFE S L FENE L, ROHIEFIZ L2151 TH - T, Zatkie (1
K%, ECCS 72 &) (BN WFENT 1L, EHIMRER EOFEIT LT £V
Ebd D,

2) FHEME L
LERERE LA T DRGSO REA, WlERA T, Ma%sli RN
2o TOREETOFEF IR

e) TERMELHET L EKRFL

UTDED Y R— FROYEFITEKRT HHRIZHONT S, dHlitSR 77 o b oG

R L THRETT 5.

1) S HR

2) BFR (R, ET)

3) FiEres

4) K

\

&
€
l}(\\

M
/.

ﬁ%
At
4\

L3 PWRICHEITHERBRIIL—T
a) WEFEG
FHFEECL S TT TV MRTA—EINEBL, A7 TAEEREELTAZ T A

WCEBEDLFERTH D, RFFERAMIES ST &2 UK LTS, Bids Ol &

CARERIC L > TT I bMEILT 2 EE R EEND,

WEFEZONEDE 2 &2 TITRT, PWR ICBWTIE, REHFTHFBEEICKIT DM
EFRO D HIERRF D BF 7218 ﬁﬁm&o$&%IRA%%%T%ozT@EI%%&»
— 7L LTHELTWAS,

1) EEERFO BEEEE O S B, ERAKREERICONTE, FEFFE RN v 7%
FEARIZAR DREFIERAH OFHEME S OE R FG L Bip D720, ML LIFSEE L TR
KNFEREHRET D,

2) EERRFO R BEED 5B, SNBERERIZOWTIE, JRTE N v TR O
MR OBEMEICREREELEZ DT b, MY LeFG L L CGERFREH
ET D,

8) EERRFO R EELD S B, EFRUANAOFEGIIONTIE, B R vy Ik
STHGIIZTHKME L T Y, FOBREOBANLIXE—27L—7 & L TR #fx
57, BEFER I L—F L L ORBEFRRICHET 5,

) TS L, RTFEHAM T EOER L VR IEHEIM R 7 OhE &1L, FO8E
BEOBRENDITREFRICED TEXDHIENTE D,

5) HD OB, THKEMME K OCERKEMENIL, ERESR I L—7 L LT 2 RBA



50
P008:2013

FROBEWIZ TS %o

6) T DL, HIEHEROM LKL OUR Fm AR #Ek1% LOCA 25587 %, LOCA IZ
SWTIE, bITRT,

7 FHKOOIDL, FFFERHMIES ST 2 ) BB L 2 RINHR~OIRIEAE = 5 78
R BERIRIL, M L8l L CRINES 2% ET D, R
BHHRICOWTIE, IIRT,

PWR OREFREZENFL /N —TICE LD plZR L2 1TRT, DL RNERS

N—TITRDEY L0 Db,

O FhakEk
REGE, BRI E#EE IR TR AR~ O ERANERIEIE LT, BRH
Adm 1 RBIRAKEDS D U, BBRERNOKTIZL-T, 1 REARRE &K O
IR ERATDEOIRBGL L TEZDH, JRRE LTHE, FHAKR 7 XUIEKRR
T O, BRI L X ERKHEROBREENE X HiLD,

@ SRR
RERT, EER OB LA N E KX DR &1 K > TN E HERDO—
I L, EEIRENELEND £ O RBlg L LTE XD, AN
TMEFENERT D &, 1 IRBHAMA T, HARRCTER Y 7L, 1 RSHEM
WMEIIFERAKIREOTR N Z 5,

74 RIE, ANHEROMEKIC L - T, FINEFHAER (DG) DM X > TRIEE
NS NDIRIEL 2 D700, B LEOMBOIEBINERIND L 5 ZRIRIENE
5 &, MoORKNES L R L TR LUVRBLIC 2 5 72 OIS L7 3H 24T 9

@ 2 W EIF O
2 WIHHROME & L QIR OMW a2 g b0l L, RbiLWFSRE L TEHIE
BN DR A B 2 %,

—  ERKERET (WS
- EARKERT (R

@ EEFESR
FELZERFERD > GMEEZON T TV IZHFESNTFERIZONTE, ERO
NH@ERNT, BRNFRIN—TL L TOBRERERIIIN—EL T 5,

b) LOCA

1 RGHMIREIC L > TT T MRT A= BNEF L, FTFENRE SR ENREAEL
TR TR IEDLFRTHD, LOCA OFFETIE, FFHEAR IS E 2 Bl &R Ofth
\Z, DERREAS LA OB ER OMIRIZ L DR IR A IS RN & £41 5, £72, LOCA I3,
Fo3 R AN 2 AT 72 D DI BEZRARFNERAN DT R CHLAE 2B E L TRD X 9 IZHHE
T %,

728, D LOCA O/¥EIZHBWT, KLOCA, # LOCA, /s LOCA I, ZhE R



51
P008:2013

Wi LOCA, it LOCA, /Ml LOCA L REEDEKRTH 5,

1) KLOCA
1 G HFR EEE O SahEEr o L 912, FROMNZ2ER 1 IREROBWELZET S
DT, BIEEAZR L MEEEARIZ L > THRLGEIDNATREE 72 5,

2) 1 LOCA
K LOCA & H#g LT AV E <, 1 IR DBIEN AL R b O T, &
JEEAZR L OEEEARIC L » THELOGEINAIRE L 72 5,

3) /NLOCA
HLOCA X0 ikWro /S22, & L ATMEZRED LA D OJR1-IF i EHkF
DSEENZIEH T2 S DT, ®IEEAR TR FFDEM ORIER FEETH 203, kT
MCED 1 RKBDDEDT R —HDB/NENDOT, FRERAOREIZIT 2 KR
L HDBHNVETH D,

4) )% o LOCA
TR R DV D72 DALAH T BRI T & 22 D TR B2 LOCA, JF1JF
JEN RGO KRB (BRESRNSRINLARVER) RENREEND,

5) Hi/s LOCA X/ Y —2
T2 WFEOMD THLEOBAMBIRE T 2HFRTH Y, (L HRBERIER DA TOHR
DIRNLFER DS FIRE T D5, FRIEEIC L DPIEITIZ L A LR, fKFE ECCSIZ LD
JFLmANZIE, BESKETH D,
KBGO LK Z B & L T/ LOCA (ZH_TEEIN/NS W LT A1
FERRFERE LTHEL2VWEE b H D,

o) AR LR CEERHE (SGTR)

SGTR DEFFEL, REVE 1 ROMSRENT A5 2 5,

d (>4 —7 x4 A AT 5 LOCA

JRFIFREMETI N 2, RO L ERE LTSI R RS OIRE R & OFREEIC Rk

LB As, TR HROIE N MEERICH IS D 2254925 LOCA TH Y, B

B B B ST U E E DRI a8 2 /3 A N A L CERIE A S D ATREME DN & D,

e) FEIEIE

FENWFILIL, ZEBENEEL ST HMEFEICL > TURTIFAIFILIE55EG (22T

FFEAMEILE VD) &, Z 5 TRVWEA (22 TI@EwHEIEE WD) I+ 52 & T,

FNENOLZEMREICB T HAEHEECHELZRT D L1b 5,

1 EEEIL
EHIRRA 72 & OFHE S - FEME L, KOS IC X 2121 TH > T, Lot (6
K%, ECCS 72 &) \THWEN 2 WFEE L, EMRER EOFEELEZE ER0
Ebd D,

2) FHEME L



52
P008:2013

LR L AT DI D DO RRE, BIEAET, Hika bR
g o T REETOFHF AL
R e SR Y SINE i S
LIF D &5 e ¥ R — FROBEFICER T2 FRICONTS, FHiiIR7 7 > hoOdE
R L TEET 2,
1) HlF&m AR
2) IR (5, E)
8) AHiEAE%
S

4) Kz

X\

\,\\ \

i
4\

)

N
/.



53

P008:2013

MBS T ENCHE
YEEEIR
ZE WL

¥ENHS
ZEHRY

I ERESH

LT

l A J A A

|

F3E o B F)
OSOdKE B

|

()=

BRI

ZEIE

L1 BEEROSEI0—0H (BWR)



54

P008:2013

£11 BWRICETIBEBRERBABRIINL—TFICELHT-H

HESZETIL—T ET Y
1| RS AR
258—ER)uT
IENGIEBORE RERERD)
ANANIAFRITERTR MNP FOIEEAME
5 2 BERARL TN T
6. BEEAL THEE

ERBER 748K S ZR DEREE (FRE BN, H HBERE)

8. 467k H 1% D IE (FEIE N, FEBY - fF L)

9.HPCIX [ZHPCSMS#T B}

10.E A SRRE S 0 1 FFEAH

1 BREEREFHRDREE (BERRREEM)

12 BIEEREI -7 B E)

13. 55K e &

1. XA mEE S O

2. EESIAR ST OE A

3ENFEHEEDKE ETREEM)

EREER A—E N IR FEEEK

5% BB FEN/N\A /X XFT/EH

6.3—E b)Y T AR RFFEE

JEKBEEERE
2fAkIEL 1. 24KRERK

1EEK X IZEARART1EN) T
KEETER 2GR R OMIE (RER L. B EER)

SHEKFHFRDERIE (RERD ., L) - (FIEEF)

L D EEER DFIEESRE

2B E T HHEHES HRE

RPSERENMEF SRFIFREBREEICLDSRITL

4TSUEEEICEBRITL

5 RFIFRERHEDRIEICLSRIFL

LA ERERRE

SMEREE 2B EEREE

ENL RS R 1 AN T2 FRFRISFEE




55
P008:2013

cBERFERITN—T

ESUNE R N - S

2 Wwwm H R o W

\J/

WV

VWV

\V

%)
HWoE R

|

b
A

AR s BVE WA

AR
1. R EEIREIC IS 2 Il ERED
B R X P X
2. MBI O e O B 728
o xx
18 - N
3. HEREOE T K ORES
S TR AR TR RORE
i AR
5. BT IR I HIR T B0 B 5 Pk
D
6. F TR HF R DB —7 0
L L)
N T R B O R 7R
8. 2 A I O BT AT
7—
9. R AT~ K
B o Tk R
B mane
25 _ __
12. SR IR VBR300 oty 72 T
& 3 i o7 g L B
R DRAFE)
14. Aff DL
1. RIS AR E O TE S
2. R mER R 7 DM EE
5| B TR
1. R
| 5 TREIE R A
6. HIEFEIEO L
7. I AR

L O C A

)
ZZCRTIEERGE, L1 TR AT
VABEICB W TOBEEFS L TRy, &
REL I N—TL L TORBERELTH S,

H12 PWROBEEERZEEERIN—TIZEEHT=H]



56
P008:2013

fEE J
(&%)
REERFEEHEOHTE DEES

X
ZOMEEDL 6 EEEROBERVRESFBEOHSE ZI5 1T 5 A5 5 AL OHEE
DERFIZR LD TH D,

J.1 —H=ER

E N OEAKRR R EATL, S REELORM R & U TR R OERE G IENEBL L TW
5T b, BRSO IR D A2 &, £7-, LOCA 1B L T, K[E ASME
a— NICHET LG - i L - EE A2 L TWDH Z &0 n, BEfED PRA Tif, i
HBZHOWTIE, ERNOEZEEZ M, LOCA IZHOWTIE, ERNORAR LT REEELED
T, ERFELEAEMELHET L TE TV D,

J2 75V MEEGEBRICEOD(HE
7' v MEERBRIZIE SO CERFGRABE 2 HET 2 51k LTE, LT a)kDb)
DIHER® 5,
a) A AFRHC L DMETEEZHAWT, ERESREAEHEELHTT 5,
b) FHEXRT Tk OEERER ) DR ER OB L CERM A2 E L, ERE
GEOFRENME A EIRHIH ChRT 5 Z LI K-> TRERFSEAEHE ZHTET 5,
7B, HIREHICBOTERESOREN 0ETHIHAITIE, UTFownThnoly
EERHWS,
D BAEMERERET D HkE
TSR 11, T 0.5 EIRET D,
2) ARz 5 51 (NUREG/CR-44070)
FAMEICHBE 1, BEEKYE50%D ¥ DA OEEZHHT 5,
8) XIECERI AL AT 5 ik
e AR A REER A & L, BERFERN 1 RBE L EEL THE LN HES
FREX O EIRE (95%He3RMl) LI0E LT, ERFROFEAEE (FHE) 2K
H5, ERNTIE, B EER5T5—7 272 LTI10 BEAEN TV,

T, FHEEIIZHOVWTHE, “RFIREFOEERNORESFMAD/ S A —2#E
[CBEd 2 EBRE : 2010 OMEE Q.2 REWRFXIC & 2 FHeRE SIFD TFAHI
ICKBHBRELHNTHEESINTZHNH 5,



57
P008:2013

J3 TA—IrY)—LERBETIVICEDAZE
a) 7 A4—/L bV U—IZL DY AT MMEREERRNT 2 4 5 ik
R FERE LS, RYF, SRREO AR EE2BE L T+ — VNV U —TET L
fbL, REHELZHET S, BRELBEHEZFET 572007 +—/L 8V J—T
X, VAT LMMEEMMT CHWAERILTET VDO X I ICFEDT ~ v RICkIGT 5%
EHERE K ONEFIRR I OMSRERE RN E EERITAR 2 O TlER<, BNFESRRBEANE LFE
BLed,
b) A% —TxA AT AT A LOCA O
AN o BB LB R R R ERRGH DA v X —T = Af AL R DEED I L, F
DRI K o> TIRERLFHA DS WIE Sh, TORREL TSV F—T 24 AT AT A
LOCA 272 0 3 AFEZFEL, 74—/ NV U —Z Wiz AT MEEMEMITIC X
STCA U HE—T 2 A AV AT A LOCA ORABEZH L TWD, A H—T xR
¥ AT 5 LOCA DOFEAME 2 7Af L 72 W EFEDTIE, (RERLE ~DRE ZRMERFAE
THMEE L, ZOROEE OBIRMEIIINZ, EiRAIC X 2 REEHRIEEL BB L Tk
TiHHEL CWb, f v Z—T 2 A AL AT 5 LOCA FBAED A = XA, BAEICE
WCHRSETH Y, BEMBEOETIEE LTSBE LR D,
Fis = FpXBXH «+ ¢ ¢ ¢ o o o o o o ot v vt o o o o s o s o o o (J.1)

Fis : A2 H—7xA A AT 5 LOCA RAEME (IF4H)
Frpp @ Pt SREE ~D RS 2 EDOREFEE (FFE)

B EERIEIC X DEE OHE MR

H . #EEIRBIC X D FElEsk s iR

J.4 LOCA
A& HEERENIC L 5 LOCA ORAERBIL /R, MO FIESEMIE T 20 O
AR OEIEHICB W T HR TREREN W2, KEOEERELL SO CTEAND
LOCA ORAEMEAFH L TW5D, RiX, ZOHEERITH 5,
a) /M LOCA
HEERFH & L CENT T & b OEERREH &OKE OB R 2 55 L7c b D02 H]
LCHET %,
b) K LOCA
WASH-1400® & [dkEE DB 2 FIZHS %, /N LOCA BAMED 1/10 &35,
¢ " LOCA
WASH-1400 & kDB 2 HIZHKSE, /N LOCA BABEDK 1/3 &7 5,
(K LOCA #8448 X /N LOCA S8 4E48E) 172)
72, I OXKE NRC OFFHE@TIE, LOCA ORAEMEEZKRD L HITRKROTNDLHOD



58
P008:2013

oo (R‘RI1ZMH), LOCARED AN =X LE, BAEICBWTHE%FTHY, LOCA

FEAEBERMEFIEL LTBELTLENTE D,

a) K LOCA KU LOCA OFAEME  BlE TD Y T v 7 OFEHER OEE 7 7 v 7
PMERICE SR (BWR TIX IGSCC 25 8) 2 MWWl BRI H T 5,

LOCA AME = FrwX Prrw (XIGSCCBWR) + + = = = = =+ v o = - (J.2)
ZZIZ,
Frw D WE 7 Ty 7 O ERE
Prirw D BE T 7 SRR D R

IGSCCswr : IGSCC 777 % (BWR &)
b) /) LOCA O3AEME - WASH-1400 ORISR 2 Faisndi & LCTHY, KEO@EERSE
KA L CRAEME A ET S,
HFASXVEFIH LTEFE LT, RFRENRwSE SR OEME Ny o2 Y
DORZWHAEEE Ol HR S EZEO N KE NRC (ICL-THITESNTBY, ZhbsELdH L
BTE B,

J.5 YR— FREEFORKLGERER

PAR— FROBIEIC K > TREEEN B LT L5 FLROBEHEL, BRI b
HEIARER A FEIC R b T2) OBE L L CRINT 256705, Zo5a ok IE, E
N7 T v b OBEEFERE ST T 2 S ORGRAED BRI CTEHA T LT IE~NEERER S L
TWn5,



BE XM

#J.1 LOCA ZEHBEDLLLE (NUREG/CR-5750)

Lower Bound Frequency (mean) Upper Bound
(per reactor- (per reactor- (per reactor-
calendar-year)® calendar-year)® calendar-year)’
Small pipe break LOCA
PWR
This analysis® 1E-4 4E4 1E-3
WASH-1400 1E-4 3E-3 1E-2
NUREG-1150 3E-4 1E-3 2E-3
BWR
This analysis® 1E-4 4E-4 1E-3
WASH-1400 1E-4 JE-3 1E-2
NUREG-1150 3E-4 1E-3 2E-3
. Medium pipe break LOCA
PWR
This analysis® 1E-6 3E-5 1E4
WASH-1400 3E-5 EE-4 3E-3
NUREG-1150 3E4 1E-3 2E-3
BWR '
This analysis® 9E-7 3E-5 9E-5
WASH-1400 3E-3 8E-4 3E-3
NUREG-1150 8E-5 3E-4 TE-4
Large pipe break LOCA
FWR
This analysis® 1E-7 4E-6 1E-5
WASH-1400 1E-5 IE-4 1E-3
NUREG-1150 1E-4 S5E-4 1E-3
BWR
This analysis® 9E-7 2E-5 9E-5
WASH-1400 1E-5 3E-4 1E-3
NUREG-1150 3E-5 1E-4 2E-4

a. The LOCA Ifrlequencies estimated in this analysis are based on calendar years of operation (i.e., reactor calendar years rather
than reactor critical years) in order to facilitate comparisons to WASH-1400 and NUREG-1150. In the main body of this report,

frequencies are given in reactor critical years. To convert the frequencies in this appendix to reactor critical years, divide the
frequency by an industry average criticality factor of 75%.

b. LOCA frequency estimates calculated in this appendix.
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(1) USNRC, “Pipe Break Frequency Estimation for Nuclear Power Plants”,
NUREG/CR-4407, EGG-2421, USNRC, 1987
USNRC, “Interfacing System LOCA: Boiling Water Reactor”, NUREG/CR-5124,
BNL-NUREG-52141, USNRC, 1989
USNRC, “Reactor Safety Study, An Assessment of Accident Risks in U.S.
Commercial Nuclear Power Plants”, Appendix V, WASH-1400, NUREG-75/014,

@

€))

4)

6Y)

USNRC, 1975

USNRC, “Rates of Initiating Events at U.S. Nuclear Power Plants: 1987-1995”,

NUREG/CR-5750, INEEL/EXT-98-00401, USNRC, 1999

USNRC, “Estimating Loss-of-Coolant Accident (LOCA) Frequencies Through the
Elicitation Process”, NUREG-1829, USNRC, 2008
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ASME/ANS PRA #ZE#£¢ C.C.IVIIL TiX, C.C.I LV & i OfRSFIE A PR U 7= &
Lo ThY, TELIMYVBENICBUEDONA NS T T 4 ALBETDHEIIZEDD
ZLERDDLEHLD D,

Z OFEAECRB VLTI, REHRE S RIMIEE 1200°C & W0 9 HIESRMEEZ VTV 5723, Y
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OIAZIEAL, L0 BENRHESRMIC L > THRIIEELZFRE L T ZENREEND,

SEZXH

(1) ASME/ANS, “Addenda to ASME/ANS RA-S-2008, Standard for Level 1/Large
Early Release Frequency Probabilistic Risk Assessment for Nuclear Power Plant
Applications”, ASME/ANS RA-Sa-2009, ASME/ANS, 2009

(2) D. M. Ericson, et al., “Analysis of Core Damage Frequency: Internal Events
Methodology”, NUREG/CR-4550, SANDS&6-2084, Rev. 1 Vol. 1, USNRC, 1990
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RWST Refueling Water Storage Tank C1 Controller 1
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V4A Valve 4A V4B Valve 4B
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F2 Filter 2 F1 Filter 1
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P1 Pipe 1 P3 Pipe 3
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V9 Valve 9 V1o Valve 10
P2 Pipe 2 P4 Pipe 4
SN1 Spray Nozzle 1 TS2 Temperature Sensor 2
SN2 Spray Nozzle 2 C2 Controller 2
TS1 Temperature Sensor 1
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(1) A. D. Swain, H. E. Guttmann, “Handbook of Human Reliability Analysis with
Emphasis on Nuclear Power Plant Applications”, NUREG/CR-1278, Final Report,
USNRC, 1983
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(1) A. D. Swain, H. E. Guttmann, “Handbook of Human Reliability Analysis with
Emphasis on Nuclear Power Plant Applications”, NUREG/CR-1278, Final Report,
USNRC, 1983
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This chart is taken in its entirety from NEI 00-02, Probabilistic Risk Assessment Peer Review Process Guidance,
revision A3 (2000), an English-language publication of the Nuclear Energy Institute prepared for the NEI

Risk-Based Applications Task Force. ~All rights reserved.
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(1) USNRC, “PRA PROCEDURES GUIDE, A Guide to the Performance of

Probabilistic Risk Assessments for Nuclear Power Plants, Final Report”,
NUREG/CR-2300, USNRC, Jan., 1983

(20 ASME/ANS, “Addenda to ASME/ANS RA-S-2008, Standard for Level 1/Large
Early Release Frequency Probabilistic Risk Assessment for Nuclear Power Plant
Applications”, ASME/ANS RA-Sa-2009, ASME/ANS, 2009
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(5) WOG, Westinghouse Electric Company, B&WOG, and Framatome Technologies,
Inc., “Probabilistic Risk Assessment (PRA) Peer Review Process Guidance”, NEI
00-02 Rev. A3, March, 2000
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Nuclear Technology, Vol.68, 1985

(2) W.E.Vesely,et al.,, “Measures of Risk Importance and Their Application”,
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(3) H.E. Lambert, “Measures of Importance of Events and Cut Sets in Fault Trees”,
UCRL-75853, Lawrence Livermore Laboratory, 1974
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