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A Standard for Procedures of Probabilistic Risk Assessment
of Nuclear Power Plants during Power Operation (Level 2 PRA): 201*

A standard for Procedure of Level 2 Probabilistic Risk Assessment (PRA) for nuclear power
plants 201* has been established and issued by the Atomic Energy Society of Japan (AESJ) through
the discussions at the Level 2 PRA Subcommittee under the Risk Technical Committee of the
Standards Committee. As an enforcement standard based on the PRA procedure, the standard
specifies the requirements which should have the PRA dealing with incidents resulting from internal
initiating events at nuclear power plants during power operation, and the concrete methods to fulfill
these requirements.

The objective of this revision is to extend the scope from an internal event to a seismic event and
to reflect latest findings on the internal event on “a standard for Procedure of Level 2 Probabilistic
Risk Assessment (PRA) for nuclear power plants 2016”. Level 2 PRA is practiced in order to graspe
the potential risks of the accidents leading to massive release of radioactive materials from nuclear
power plants to the environment. It is an urgent issue to extend the scope of it to the external events
based on the experience of the accidents of Fukushima Dai-ichi nuclear power plant.

Meanwhile, differently largely from the level 1 PRA, the level 2 PRA is a technique with an
extremely large uncertainties. At the early stage of the revision work, practices of the seismic level
2 PRA in the country were limited, and the mothod for utilization of the level 2 PRA was still being
examined among the regulatory body. For these reason, prior to the revision work, implementation
issues were carefully extracted by gathering and analyzing a wide range of relevant information on
domestic and international relevant standards, practices, and research findings. The specific issues
regarding the seismic level 2 PRA (the evaluation of the fragility of the containment vessel in the
case of the seismic event, the weakening effect on the containment vessel, the influence on a source
term, the effect of aftershocks, etc.), and the scope (multi-unit, spent fuel pool etc.) were raised. The
revision work was done especially focused on the extracted issues. The issues that are technically
premature or are under development are primarily described in the annex of the standard, as the
reference information to help the application of the standard by including the technical background
and the examples.

In addition, the documents which are investigated and reflected on the updated standard include
the ASME / ANS PRA standards, EPRI implementation guidelines, and the reports of European
PSA projects “ASAMPSA_E” and “ASMPSA2”. Furthermore, the consistency between the level 2
PRA standard and the other relevant standards, Level 1 PRA, Level 3 PRA and seismic PRA are
confirmed while the subjects to be reflected are reflected on the level 2 PRA standard. This way,
the available findings at present regarding the internal events and the seismic level 2 PRA are
exhaustively reflected on the updated standard.

After the severe accidents of Fukushima Dai-ichi nuclear power plant, the role of the PRA for
the enhancement of safety of nuclear power plants has become increasingly important in Japan. By
implementing the level 2 PRA with the objectives of obtaining further insights towards risk-
informed decision-making, identifying and measuring the vulnerability of nuclear power plants, of
carrying out the optimal allocation of funds for effective safety improvements, this standard can
provide techniques which can be utilized immediately with current information and knowledge.
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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 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.

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 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 © 20XX Atomic Energy Society of Japan
All Rights Reserved.
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(1) TAEA, “Development and Application of Level 2 Probabilistic Safety Assessment for
Nuclear Power Plants, Specific Safety Guide,” IAEA Safety Standards Series
No.SSG-4 (2010)
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I DICHAT H 72 DIT SES RPN I N 41TV 5, PULIMS 3R K& OY SES
FRER O FER S B ORGSR 2 % 1.9 127797, PULIMS 3Bk, SES B 9 7 —
ADHH 5 —ATHE MU H—M L CRRKETBEEDBH ST D, T
OB H AKIEDPE VR (02m) Th D, FERREEARMY ZH VTV

DEFOR #B& Tlx, A% (1.5m) DISMIFEEEZRSMETH 508, KARKIER ITHAE
LTV, =K U7 i i 23 BN B U CRPEIZ A DS 2 i
T, R IR IAEE (Splash) T2 WRENBR STV D, R
SUBIIT, WA EE CRAET DERIENT T 7 — K TR T 2 EERIC LY,
VR 3 T ORI LYARM & AR IR OB GBS g A ToR L, KRR
HPBETHEBEZ LN TS, BIRKEKIERIL, ZTOWEHPA =1L (H
REESE O RIEE, FEREHEMORNLEMES) NELEHDITHI S ThR
W2, EHESETOBAMEICOWTIRE LR MAOE/EILETH D,

L5 HBMERFSEAEENRICLLI3HLEN, BELR
AR ar 5 B B EE N (Direct Containment Heating, g L C DCH) & 13K [EJF - 77 il
ZH%E (NRC) DORfesRimn R 25 # S5 = NUREG-1150 lIZBWTHZICBE I NINZ b
TV ET T I UT v NREOSNRSEIEIERICE L AREM O H D BIRO—2TH Y, i,
WD XD IRBIBENEZ HNTND,

a) BIROBR FHOERICHEVVFLEICED LOD, ~RRBADENPENEETH
Sl T 5, ZORE, JRTE (E) Ba M7 LT AR INET 7 U REED
—WFHRDKELZDEINZ Lo TRFHF (1) B NEOMARER S 0 bR IR T
Xy BT A I &S, FICKEKIRIC L > TRIFIREE & 70 > THRIIA SNSRI &
N5, BHREE, FERr—7 AV F 2 —7 OB MONE S RO S WER & Z 25
nNCTW5, ZOW, JRTFEREG FEX v BT 4 OKEDIGIZE - T, KELKKLOKE
DA, FBIRA AR OKER E DEIR—KOSITEE 9 KFEH A R ORISEOIRE, 1K
R 70> D AN ZR IX IR SR~ DBMBETEITE 5 B 12 K- T, AMAZRN ORISR
RUEDIREN AL, ZOfRR, WHEGNENN LR T2, 2ol Ro+Ed)
F-DANFIROIRFE N 2 2 DAL, BNAROIRICE S, 20— HEOHSR %
AR AR KEREME. (DCH) &9,

ZOBROR Z ZHMFIIMD TRINEZZONDD, BNAERIEELEED—D
DEHEMEL LTEALND LD THY, ZOL ) RBHERENEZ -7~ 3572513,
D72 BRIFERZH < 16T, EWOBEL, EEEW 572 & T, KR, fif
Hrif s & T 5,

b) HHEBRJFHIEEMBOER KHAGRMKESENAO ERERGERL 7T, £
7FEBRE L CIE, KESNL O WC Fu =z FGY k[E ANL @ COREXIT sRBRCY, %K
[E > Fauske & Associate Inc. (FAI) 73T 7= SERTCY iBRCIN B 5, i O DB O
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FAFLILIRT,

1) RESNLOWC FRAY I L Zion[FOX v ET 4 % 1/10 ITHER L= 38 % H
v, fBkgk, T, 7rl0T7 Iy MO K DEEMBE NG, ¥y
BT T SN T 7 U ISR SR & 1 L o R N8, & 2 COR
RE OBRE R OUKBEFRARDR L o500 T CHRIE S Lle, £z, FRED b
SNz, BB R L LT, BMMAROIRE L5, FH EFIXe R ERN I
Exbh, KBRELBEICESRNI EBERSL TV,

2) COREXIT 5XB® Zion JF % 1/40 (ZHE R L 7= EEREEE 2 IV, EIFEam i L

THREBRZITV, Ty MRS ié@ﬂ%(ﬁ&%%?»::?A®@ )
12 X 2R &l U T OB L DB AR, EREERE, PR
WX DEBROITNT VI v R mmf%m*“®mkrﬁiﬂﬁﬁ< JNE%h

B OLBT XX —0 ) HLIMECHET2EE) bW & E2RLEZ,
—05, IKFBRAEBIIIIFRED D3 20~30% %\ ENH LN E RS T,

3) SERTCY RER Zion FD 120 s RET /L Z M, Im@miIT /L2 v OGS TE
U7, ZOEBROFERIZILEOV T 4 7T TOEBRE DR VERNELRY, IR
W K D AENBE IR IR IR DO EHER R MBD FTF 503N S < 72 o T D,

L6 KFERBEICKSFE

VBT TV UT MO RNICBIT 5 KFERAEDOBLFEO O E DITRBEICE S
JESIRT I £ DR AR S 2t~ B ThH 5, 7o, BB Lo TE LB |BE
DWEIZEDT 7T v h~F VA2 MTAW LN DM N OB GSE & OV 4
Rli7e E~OEBELEZ HRD,

S BT, KBBRBEIL, FRPHKF OIREBIRYEME OIRIEZE L & LT, WEAIRREZ k(B
PRED K V2RSS, JROVRIRIC X A BiRlE7e &) L OMEFERIRIEZ (BT L Db D) %
BIEE 2 LT Lo T, B MERR N O BT 59 A S OBREE A~ D BUR R E ik 72
EDY—RAB—NTHES L,

FEANBEZZNICIIT D 25 O REKFRBED BN, KBTI ADRER NRETT Th
<, MMAMBNTIRSM, BWMARIRED, BHRERE KERREOEMHEIRAT L
ABAERED X D727 T NEA ORHEIHAFT 5,

B, BRI TOKBREICBO Y, KEOALLTMBEOFELLETHY,
AN RN RGN E R B SN TV D BWR ICBWTIE, FHEICITRMA St RE Tk
~OERE TR DIZ< L, PWRICBWTEET ODRENRDH L, 0k, MES R /1%E
FTEHHCTIE, MAERRDN S OKFBIRANVICL DV BEENTKERESREL TEY, Z0OK
TS 2RI DK BIERE T X DM AR ISR DI~ DRI OV T LB ET OHLER S D,

a) KEDRER 77770 MECTRINDKEORAERE LT, HhYLa
= A KR, iERREEY - KRS, i)y T 7Y - a7 U— MEAER, iv)KDlk
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YT T 7T v MREOFEORERRIL, EE ORI, Wik, KFEFAE, HEHEME
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P TNT=Z DY, FOEMEBEREOAES, KOWFEL FHIZEWTT 7R 7 ey
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TERENRENTN D,

FRIZBIT 2V a=10 L« KEISZ X DKBHAEIZHOWTE, FOBRPERDND
AIOMIGENE, Pa=T LD 10~20%~EETH D, TNLEED, WElL-WEED Y
0 — g ViR OHEKEE COKREBRRBEENEY Va=y ARLEEZEAT 5,
TMI-2 FHDOLGEIZIE, v a=0 A0 45% BB Lz L ORENRSN TS, £
7o, N BIT LT 7Y c a7 ) — MABER ROV v a =y LSO RO &
BWThHD, 77V« arr ) — MAAEERAPIORE I L 7258120, 13008 RO
FIGHED TRIFLY NI =T 5D 100%Z B2 5ENIETDHZELHVED,

b) KEDHEEE, 1BR RE m%%ﬁm,%ﬁ%@%#’;ofiﬁﬁkﬁﬁéném

JEGESL DR IRIE M OEBOIR) AT BN (R#E) &, ZAUTHE D I A LRI L DM
RI~DFE, M, MEDRICK DLERER DB ENBEZbND, BRI
ALRIE AT A DM 2 Z T E IS mWIRE TR S TAE U lo kR @hi?
b, Tz, BRI k*ﬁiL FHEHETH Y, ENE S HEFRR i B2 AT
%o %ﬁﬁﬁbnék X, FESUIARIREEICH Y, F 72 sUKIRBFET DL EEN
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EHBEE . % 4vol %

KFARIEL « » o e - %96 vol %

THEE - . % 8 vol %
LEnTns,

2) KFBRR KFE - KEKIRE T AN A 2> DIANA ST S DR T
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R RIET LT NEEZLNTWS, LzRn->T, KFBRERETOR
ROBLEFE, KRIEIZ L D180 O IERHA~ OB (IBRETRES : DDAV
BEL TH D,

3) KFRR\E FL FRRCIDEMCL - THESEZISNIREEKR TH D, 18
W, BEECBEL, HMNARICKEARBNMNEZ 5T,
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BEA S SR ZTOICKMERTSRERAF—IIFE LG, 202 E0bIE
2o XE T AEEEEE T2 OIBRBEIREROL LB X DTN D,

KRMENE, BIRNZ L > TEL, BIREOEREDHERIC IS S D, 1BRIET
BB ERET HEER T A =2 L LT, KFRETAAROMIZ, BAEZRN
HO (RS, X 72 &) & AR RN OBUK SIRFE(E 17, R, IR ET
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RKEWVWEEINTWED, RIETIEZL OMANELNTWD, 1BHEE R E D%
%%K%Hé%ﬁﬁ%fi,%%,%ﬁfiﬂ%%%&éﬂf%tmﬁﬁfT@
EiX, 125 CHLBWICEDL L OREN R I TV LG F 7
NUPEC/NEC/BNL & RMBERBRCC L o C, BHRBIRER (R R~ DR E DR
J OMBRBERFED I SN D & L HIT, KREKOBIEIHIZNE, B O o]
ZHRICE L CEEMMERDE O N TN D, —F, EEOIK%Z E & L 7= NUPEC
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KROBITZEB DA S, ZXETERITKRINEOIMHZN R EZH L, KFRE
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% L.1—COTELS, WETCOR R U MACE EERFERDLE®

COTELS Test WETCOR-1 MACE-MO MACE-MI1B
B/C (SNL) (ANL) (ANL)
(NUPEC)
Melt conditions UO0,,Zr0,,Z1,SS | Al,03,Ca0,Si0,, [U0,,Zr0,,Zr,Si0,|U0,2,Zr0,,Zr,Si0;
-composition Fe, 03, MgO ,Ca0O,Concrete ,CaO
60 34 109 413
-mass (kg) 3200 1850 ~2000 ~2300
-temperature induction induction direct heating direct heating
(K) heating heating of (tungsten (tungsten
-melting method tungsten wall electrodes) electrodes)
Simulation of Yes No No No
melt falling
process
Simulation of 0, 1.25 0.3 0.5~1.0 0~0.3
decay heat induction induction direct heating direct heating
-power density heating heating of (tungsten (tungsten
(W/g) tungsten wall electrodes) electrodes)
-method
Concrete Trap Basaltic Limestone Limestone Limestone
-concrete type /common-sand /common-sand /common-sand
2-dimensaion(r- 1-dimension 2-dimension I-dimension
-configuration Z) (2) (2) (2)
(concrete side (MgO side (concrete side (MgO side all)
-size (cm) wall) wall) wall) 50x50
-aspect ratio 366 or26¢ 40 ¢ 30x30 (rectangular)
(cylindrical) (cylindrical) (rectangular) 0.5
0.19 0r 0.5 0.56 0.5
Water injection 0’ 2 (water level: (water level: (water level:
-flow rate jet, spray ~45cm) ~50cm) ~50cm)
(liter/min.) room Jet jet Jet
-method 8 or 15min. room 296 296
-temperature after corium 3cm concrete 1.3cm 5cm.c0ncrete
(K) falling erosion depth cqncrete erosion depth
~timing erosion depth

% 1.2—MACE-MO0 & COTELS B/C-5 DRERFERD L8O

Test MACE-MO0 COTELS
Items Test B/C-5
Erosion of side wall Yes Yes
Particulate debris bed Yes Yes
Upper crust debris Yes No
Large void under crust Yes No
Pebble bed No Yes
Water penetration path Side wall Side wall,
Channel
Concrete erosion speed 11cm/hr 2cm/hr
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5% 1.3—OECD/MCCI §E D SSWICS RBDHABREH—ER
Test Number
Parameter
1 2 3 4 5 6 7
Melt composition 48/20/9/2 |56/23/7/1 |56/23/6/1
(wt% UOu/ZrOs/Criconcrete) |61/25/6/8 | 61/25/6/8 | 61/25/6/8 3 . . 64/26/6/4
Concrete type LCS SIL LCS LCS LCS SIL LCS
Melt mass (kg) 75 75 75 60 68 68 80
Melt diameter / depth (cm) 30/15 30/15 30/15 30/15 30/15 30/15 30/15
Basemat type Inert Inert Inert Inert Inert Inert Inert
f?égial melt temperature | o4, ~2100 ~2100 ~2100 ~2100 ~1950 ~2100
iﬁiﬁﬂﬁiﬁ?é&nd coolant 20 20 100 100 100 100 100
System pressure (bar) 1 1 4 4 4 1 4
Water injection period (sec) 665 760 183 195 622 215 194
gpartle)r injection flowrate 4 4 12 13 6 14 13
Water injected (liters) 33 39 34 40 61 47 40
Sv";rdf;ljf;j g;’ltl:sctt‘zdkg y 24.7 16.1 28.9 21.9 29.7 27.6 31.4
Test duration (hours) 2.2 1.2 1.8 2.4 2.6 3.9 1.4
# 14—COTELS BROBEBREHRUERO—ER @
vy T ) a4 . N KR
3} T N
e o R KR R
br— Vs LA g | o7 | | ORI R e
A (kg) (K) %
55wt. %U0,+25wt. %Zr
Al 56. 3 0.20 0 0.4 N N
+5wt. %Zr0,+15wt. %SS © ©
A4 (A1 ERIL) 27.0 0. 30 8 0.4 No No
A5 (A1 ERIL) 55.4 0. 25 12 0.4 No No
A6 (A1 & [AU) 53.1 0.21 21 0.4 No No
A8 (AT ERIT) 47.7 0. 45 24 0.4 No No
A9 (AT ERIT) 57.1 0.21 0 0.9 No No
A10 (A1 &R L) 55.0 0. 47 21 0.4 No No
All (A1 ERIUL) 53.0 0.27 86 0.8 No No
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% 15— ALPHA FHEIOFBREHRUERD—ER?
RIS | oo | ERIER | EH | K | KR | ;giii;
—= (ke) ) |0 | w |- | B
STX002 Fe-A1,0, 20 0.10 289 1.0 No Yes
STX003 Fe—-A1,0, 20 0.10 292 1.0 No Yes
STX005 Fe-Al,0, 20 0.10 300 1.0 No Yes
STX009 Fe-A1,0, 20 0.10 289 1.0 No Yes
STX016 Fe-A1,0, 20 0.10 295 0.9 No Yes
STX017 Fe—Al,0, 20 0.10 286 0.9 No Yes
STX018 Fe—-A1,0, 20 0.10 283 0.9 No Yes
STX001 Fe—-A1,0, 10 0.10 293 1.0 No No
STX010 Fe-Al,0, 10 0.10 297 1.0 No Yes
STX013 Fe-A1,0, 10 0.10 284 1.0 No No
STX014 Fe-A1,0, 20 0.10 372 1.0 No No
STX008 Fe—Al,0, 20 1. 60 288 1.0 No No
STX012 Fe—-A1,0, 20 1. 60 290 1.0 No No
STX015 Fe—-A1,0, 20 1. 00 282 1.0 No No
STX006 Fe-Al,0, 20 0.10 298 1.0 No No
STX011 Fe-Al,0, 20 0.10 290 1.0 No Yes
STX019 Fe-Al,0, 20 0.10 281 0.9 No Yes
STX020 Fe—-Al,0, 20 0.10 281 1.0 No No
STX021 Fe—-A1,0, 20 0.10 281 0.9 No Yes
STX022 Fe—-A1,0, 20 0.10 286 0.8 No No
STX023 Fe-Al,0, 20 0.10 285 0.3 No Yes
STX024 Fe-Al,0, 20 0.10 280 0.8 No Yes
STX025 Fe-Al,0, 20 0.50 280 0.9 No Yes
STX102 2T L A 20 0.10 282 0.8 No No
STX103 AT L A 20 0.10 373 0.8 No No
STX104 AT L A 20 0.10 333 0.8 No No
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£ L6—KROTOS ABRDHBREHRUBRO—ER @
e WE | 7 i KA
o WE | Wi | = | 72— | KR AR
r— Vs il AL R N
i E | (MPa) | VB | (m) | R
” (kg) (K) (K) K %
K38 Alumina 1.5 2665 0.1 79 1. 11 No Yes
K40 Alumina 1.5 3073 0.1 83 1. 11 No Yes
K41 Alumina 1.4 3073 0.1 5 1. 11 No No
K42 Alumina 1.5 2465 0.1 80 1. 11 No Yes
K43 Alumina 1.5 2625 | 0.21 100 1. 11 No Yes
K44 Alumina 1.5 2673 0.1 10 1. 11 Yes Yes
K49 Alumina 1.5 2688 0.37 120 1.11 No Yes
K50 Alumina 1.7 2473 0.1 13 1. 11 No No
K51 Alumina 1.7 2748 0.1 5 1. 11 No No
K32 80wt. %U0,+20wt. %Zr0, 3.0 3063 0.1 22 1.08 No No
K33 80wt. %U0,+20wt. %Zr0, 3.2 3063 0.1 75 1.08 No No
K35 80wt. %U0,+20wt. %Zr0, 3.1 3023 0.1 10 1. 08 Yes No
K36 80wt. %U0,+20wt. %Zr0, 3.0 3025 0.1 79 1. 08 Yes No
K37 80wt. %U0,+20wt. %ZrO0, 3.2 3018 0.1 77 1. 11 Yes No
K45 80wt. %U0,+20wt. %Zr0, 3.1 3106 0.1 4 1. 14 Yes No
K46 80wt. %U0,+20wt. %Zr0, 5.4 3086 0.1 83 1. 11 Yes No
K47 80wt. %U0,+20wt. %Zr0, 5.4 3023 0.1 82 1. 11 Yes No
K52 80wt. %U0,+20wt. %Zr0, 2.6 3133 0.2 102 1. 11 Yes Yes
K53 80wt. %U0,+20wt. %Zr0, 3.6 3129 | 0.36 122 1. 11 Yes Yes
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# L7—FARO RBROEBREHRUHERO—ER @

=B Wl | & %E v ‘ s 7{<?§

e . wE | R | EH | 2— | kg | T | s

. B\ (e | v | o | | R
(kg) (K) (K) 4
L-06 | 80wt. %U0,+20wt. %Zr0, | 18 | 2923 5 0 0.87 | No No
L-08 | 80wt.%U0,+20wt. %Zr0, | 44 | 3023 | 5.8 12 | 1.00 | No No
L-11 7720??2;:1;‘;; % 151 | 2823 5 2 2.00 | No No
L-14 | 80wt. %U0,+20wt. %Zr0, | 125 | 3123 5 0 2.05 | No No
L-19 | 80wt. %U0,+20wt. %Zr0, | 157 | 3073 5 1 1.10 | No No
L-20 | 80wt. %U0,+20wt. %Zr0, | 96 | 3173 9 0 1.97 | No No
L-24 | 80wt. %U0,+20wt. %Zr0, | 177 | 3023 | 0.5 0 2.02 | No No
L-27 | 80wt. %U0,+20wt. %Zr0, | 117 | 3023 | 0.5 1 1.47 | No No
L-28 | 80wt. %U0,+20wt. %Zr0, | 175 | 3052 | 0.5 1 1.44 | No No
L-29 | 80wt.%U0,+20wt. %Zr0, | 39 | 3070 | 0.2 97 | 1.48 | No No
L-31 | 80wt. %U0,+20wt. %Zr0, | 92 | 2990 | 0.2 | 104 | 1.45 | No No
L-33 | 80wt. %U0,+20wt. %Zr0, | 100 | 3070 | 0.4 | 124 | 1.60 | Yes No
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# 18— TROI HEROFAREHRUBRO—ER 06D
s W | . . #
il T LR it > & | Az o Py
= (%) & () (MPa) | FE (m) B I 5
(kg) (K) A+
1 7r0,/7r (99/1) 5 53373 | 0.1 | 365 | 0.67 - ggfiz
2 7Zr0,/Zr (99/1) 5.5 >3373 0.1 365 | 0.67 - No
3 7r0,/7r (99/1) 4.88 | »3373 0.1 323 | 0.67 - No
4 7r0,/7r (99/1) 4.2 >3373 0.1 292 | 0.67 - Yes
5 7Zr0,/7Zr (98.5/1.5) 2.9 3373 0.1 337 | 0.67 - Yes
9 U0,/7r0, (70/30) 4.3 3200 0.1 | 296 | 0.90 - No
10 U0,/7r0, (70/30) 8.7 3800 | 0.117 | 298 | 0.67 - Yes
11 U0,/7r0, (70/30) 9.2 >3800 | 0.111 | 296 | 0.67 - No
12 U0,/7r0, (70/30) 8.4 3800 0.11 | 293 | 0.67 - Yes
13 U0,/7r0, (70/30) 7.7 26%0(* 0.108 | 292 | 0.67 - Yes
14 U0,/7r0, (70/30) 6.5 3000 | 0.105 | 285 | 0.67 - Yes
17 U0,/Zr0, (70/30) - No
18 U0,/Zr0, (78/22) 9.1 -
23 U0,/7r0, (78/22) - No
29 U0,/7r0, (50/50) 11.5 - No
32 U0,/Zr0, (87/13) - No
34 U0,/7r0, (70/30) 10.5 | ~3000 341 | 0.67 | Yes Yes
35 U0,/7r0, (70/30) 8 ~3000 | 0.110 | 334 | 1.30 | VYes Yes
36 U0,/7r0, (70/30) 5.3 | ~3000 305 | 0.95 | VYes Yes
37 U0,/7r0, (78/22) 8.1 | ~3000 | 0.104 | 313 | 0.95 | Yes Yes
38 U0,/7r0, (78/22) 5.3 | ~3000 | 0.105 | 288 | 1.30 - No
39 U0,/7r0, (78/22) 3.4 | ~3000 | 0.106 | 285 | 1.30 - No
40 U0,/7r0, (70/30) 11.1 | ~3000 | 0.312 | 287 | 1.30 - No
I v BER T e T
o0 (59?27¥§j¥{?;;f§.6) 14.46 - B
U0,/Zr0,/Zr/Fe 6.3 2695 (3
51 (60.5/16.7/12.1/10. | (14.2 420) 0.115 | 294 | 1.30 | Yes Yes
7) load)
U0,/Zr0,/Zr/Fe 8.6 Steam
52 (61/16712/11) fiié; 2650 | 0.116 | 285 | 1.30 | Yes Spike

*)

IREESHNCRIER SV, EEIZIE 3500K FRELL EEHERHI ST\ 5,
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# 1.9—PULIMS RER R U SES BREROAREU R URBRER 00

s | o2 L i R | KW | K i I
2 “ ke) | ) S I I O B
E2 BZ;;:ﬁSO 75 | 1350 | K&JE | 78 0.2 No No
PULIMS = (Eii;%s—_svgis) 78.1 1076 PASVES 75 0.2 No Yes™
| E4 (542%3_'5";33) 469 | 940 | KEIE | 77 02 | No No
E5 (fnggzgs 412 | 1531 | K&JE 72 0.2 No | Yes™
£o (E;iézs_—ngis) 78.1 1049 K& 75 0.2 No Yes™
S | (sreay | ° | 02 | KWE | 70 | 0z | Mo | ves
SES E2 (fnggzgs 5 1406 | KR&JE 86 0.2 No Yes®

* EIRKAR KRS

= LI0O—BEYMENYEBHOELEHFI—F @

Code Country Model characteristics

CORFLOW * Germany 2D - mechanistic
CROCO France Simplified (ISPN)
LAVA * Japan 2D - Bingham fluid
MELTSPREAD * USA 1D - complex physics and chemistry
MECO Germany Mechanistic (Ruhr Univ.)
RASPLAV / Russia 2D - hydrodynamic
SPREAD
SPREAD Japan simplified
THEMA * France phenomenological (CEA/DRN)

Footnote * Code receiving International recognition
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£ LII—EMARSHIEENE (DCH) HBRERESE
Tulxl b RN TR S ik R ER R
wWC Zion DX v 7 « % 1/10] K[E SNL KEANS ZR 77 - IR IR EHELL
(&T) THHEL, m & LT N
fbgk/ 7 2% AT
COREXIT Zion DX ¥ 7 1« % 1/40] K[E ANL IR VR R D 5 DSER{LER/ T Y
(#&T) A — )V R L, FEFETR I e L CE ) B A
Bl & FO TRk BR (=g
SERTCY Zion DX ¥ 7 « % 1/20| K[E FAI £: SNL DR L & EH EFHIX
(#&T) Ar— )V TR L, TV R

v b UG CH R A B
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Lower ingot Upper particulate
debris (34.5kg, debris bed (21.5kg,
10~12cm thick.) 10~12cm thick.)
/ Flow channel
/ (2~3cm dia.)
\ Crevice
2~5mm dia.
Pebble bed / \ (2~3mm dia.)
(15mm max. thick.) Discolored concrete area
(55mm max. thick.)
Concrete Trap
B 1.5—COTELS B/C-5DT JYE{ELRE | B 1L6—MACE-M01 Q7T ELRKELVHY
Eary)—rEEKE® — rEBRRE®
| - OVERLYING WATER
) .~ PARTICLE BED & VOLCANIC FORMATION
n /" FORMED DUE TO MELT ENTRAINMENT
/ THROUGH PERMEASLE CRUST
- UPPER POROUS CRUST - GAS
AND WATER PERMEABLE
2= [ - LM e . CONDUCTION LIMITED THERMAL
1] BOUNDARY LAYER, GAS PERMEABLE
Ocy
" CORIUM MELT POOL
| DECOMPOSING
-1 CONCRETE
1.7—OECD/MCCI HHEITRELTWST I UK I.8—OECD/MCCI &t SSWICS BEBT—4 &
AEQO Lister/Epstein ET )LD K54 7 FERRED LB
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(2)

B 19—8MT FRr—>a YETIIZE T KETBEROERBIE®

(S % -+ o3

P: Pressure, T: Temperature,
G: Gas sampling line

Pasare Lize
rwm<____,—m-m
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L ——— Lorwmt mhactd
o
T—— Yoo 1 )

e Rk e
@ 80 e, b 2 S0

1.10— COTELS-FCI BRI BEDHEC)
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MEREJ
(&%)
BMEREEY O T

FFX
ZOMBETIE, Y77 7T v NEOKMEIRMIEY ORFE ) K ORI
i %?éﬂﬁ&@%%*”%LW%®T%%éﬁﬁ B9 2 m R 254, RS

SRS T, RELIC LD ZEONM 2G5, @77 FOREESHL,
:®WE%®W%§%?5#, [TBIMOEHTIZ X - T, M 25 i 2 06 9 (2 FF
i T 5,

AR COMBFICGEHIN TOWLRFENKRORFIREL, 77277 b,
JRF PN ZR DGR IR CE DEN L NRE ] OFWRTH Y, B AT
BDHEIELTWELET T 7 VT v MEOREGE RS A FOOOTER SN
EEWERICTHD, £, MHEEL, FEEESEZG LERBEEETCESh
DUHRICEDIES)] OERTH D,

J1 BRAEARUVRBRAEEICETIHAR

AR ZR DM « IR 3 D MPEIZ BT 5 F2BRE K OFEFTAIBFSE 8 e ST E TR,
FEANZ 2N O FRN 72 FE I EIZ B LTI, M A seiid s B kiR 1 2 IRAE ) K OVl 2
WEOBRER)S, EIREMEIZE L TE, ER7 — 7 VEET LU > T 72 EONE
i LB O 2 VBRI FEM SN TV D, MM SR ERGH R EE G U CIRSTFRIICER
SNTWDTe®, WA RNES) - IRER N EmlEAET) - SeafEIREZ B2 THELITHK
AR CIADBRREN e T 5 Z L1372 <, BAFITHRESLT DT - IRE (BHRRFY) 12
KLTRBEALTWVDZ ERMLNTWND, ZIVE TORMAIMMEIZET T 2 BRAE S
e OSBRI EE OO H R 89 50 i 2 R~ d,

a) BRENMSER (W) JFr/RE &mw%(mwmvﬁoﬁlﬁ%ﬁﬁﬂééA
(NRC) /K[E SNL O H KIL[F S “HAMA a5 BN IR i S mhE ™ 2 k-
T, HAROREALMEMEMAEL (SCV) 7vxbvxh:/7j~biﬁﬁz
(PCV) KOk 2> 7 U — MK SR (RCCV) MEEXIRIZ LT eT T 7Ty
I B DR AN ZS 2R DRGSR R MERERR D 12 8 D EFERBR M THh T 50,
1) MABWHBRABR O VI0RET VOEREY ANIEIC L 5 EiERBRIC L -
T, WIRTOWRIWIIE, #E Ny T 7 7 Vi) L 1EIEF UK 6Pd (Pd :
EHEHES) THDHZEPHRINTND, ZORRET VRERO R E 2 7 £
z,5$%m%ﬁ%@%ﬁ%ﬁa%ﬁ% MPEHEKS Part3 55 1 35 3 (12H5<
200°C Oz LT, ABRERIEMTIC L 5 I R 7 — /L OFEM A S HE S 41
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W5,

2) FLARLR bV — FHBREREER FHO 14HRET LORBRT
1, IR T LIS, WEN25Pd 22726720 1 HIRAVABEL,
2.9Pd fif £ TIRHERAFRL TR A VESHEI L, TRLIBEEEL T1D, HF
RETVaRERAE R EED S ERA T — VTR £ - T, HE CiX 3.0-3.1Pd @
M7 CTdh 5 EFHIEA, 2000C T, 2.5Pd LLEDIZ W) TH 25 LI ST
Wa,

3) &Moo ) — FEUKRHMAS (RCCV) BEERRE RCCVOTERFHOE %
st b U7 EAE AR (Zlhg | 9RakER) M FEM I TV D, B RIS
T A TR &> T, 200°CHAFTHI 3.5Pd DI 2 W) &2 H T 2% &&F
flixhTnd,

o BRBERER T v7 77 7y MR, JENEROT 7 U NDOKBEIZ LY, K
RENBIRIRBICZ2 D, ZTNETOMALY, BNAIRNOBIRIC XV &b R <R
T2 EHEINDEIL, BNARERT CEH Y — AR SN T HER T —7
VBN FT7 T VA ATy ML BEZ B, BRRAR (V=) O&eiY
—LE R E X0 BRI = BNELHAEEERH Y, T D OB E BT O RR
BRI T O T\ D, £z, MRS Bl R IR L7258 O 2 WRRE IS L
T, RAARESMEmE (=7 v Y Vkif) OREZNRICEE T 2B TR ) < O OB
FEREEE CTITHON TV B0 Morewitz H 1%, il (EAEA 0.lmm~30cm) Z i L TR A
WT AT e Y LVEORBERE L Ea— L TREBRHIET VAR L, KA DR
ZWT LT RV VEDN, EROMEE WA RORI T ARZANETHANT D) X
DH/NENWZ EERLTWAS, F72) JF.vande Vate H1%, =227 U — MNURHE S

ICAEUBHEERT 27 0 Y VOMEDRE, HHENRERICE > THL, T

EFETNEREZELTNDHO, ENTIE, NUPECIZL-T, EW@BWR&@PWR:@%
SINTWDLERI — 7 NVEBHE Oy FREDT T T ATy M &I
f,@ﬁm&ﬁ%&oﬁzwé@ﬁ&#%Mén,&@nﬁ%@if@ﬁ%#%%ﬂf
1/\5(1)

1) WAVWRLESE TXr—7LVEBRE (IREEEY 2 — L 0OBEE) OAIE 266
~R24CTHADIRZ N, 7T VTR NOEEITIEL 279~349C T 2
WABHIENTVD (KI3 LXK IAER) , —F, BEEEY 2—LORE
IZ1%, 400°C % TITI A W OFAEITBIH S Tuvieny, 7235, NUPEC aRERAE R I
P CTH Y, KE SNL O BRO®TIXES] 0.92MPa T371°CTHIRAWAAEL
TU2W, NUPEC iR ClE, BRALEHE~ > M e —Z TIEL T2 DI
%L, KIE SNL TIZFEBEOHRY (IR a2 L Tk, RERFEOEN S
nTns,

2) RAVEMERE xS MimfEicB L, EREERIEOERTEORE v
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Al s, KEEEY 2 — TR 6mm? 1T a—)b, 7TV HAT Y FO
& 13mm?/Ilm A7 FETHY, EWBEHEEOR WEEIE, FEio
ABWR DO FHITIE, 2,500 mm? & FHH STV 5,

3)) I7AVILORERE FxVWREoOZT oY URESR (BRYtREk (DF
if) ) 1%, KEBEEEY 2—LOHAKI 600, 7T I HAT v FOEEIT 16 &
DFERTH o7, BRYARE O FHME L VEEEES (BEXr— 7 VEwE, 77
YRRy N OREDD, BRI T N OBREEREIE, $370 LT
flixhTnd,

d) BREEDRTE HKMAREBETOWBIEICHT B MPEIC >V T, KE SNL I2BW\T
HlE I WS TW DK FEH T — M D U — 7 PEREERBR DM T oL, U — 7 AR
1342 250°C~350°C DFIPH T - 7=®), FeETiE, PEZERS NUPEC O Em e
ERERBOICB T, BAETEHR S T AREMREBR 7, — 7V E B
T T TV ATy N LT RBRIR A R L, IR RREBRAM T 41,250 CRE L £
TOMMENRSH D Z ENHERSIN TS, (KI5 KO J.6 &)

e BAEARUBRFEEDFME B AW TS ICTRMAREAEI T 77T b
IRF OREIE MR RVEREAG T A ROOUOREITINTIR Y, FRIES K ORI O F Al 715
DHESNTNWD, ZORMEN A RE2EIZ, RFED R OMRFIEE O 2 Ehit T &
D

J2 BMEREETWMEORHEE M

a) BMBRISDU T4

& AN 2 2 1 TG TR BT A T, RS R AT KT L IERR B ST IC K D,
FRIUE JI D3GR E S 4L D . M FEAT IZ W D M B PO HT B 7 L 72 SIS AR &
DD, TNODOAREEIZLIAALTHBENZFHMT 2L ENDH D, EE
NOFRMESEZRTHELE L THRRER 7 IV T o N —RiICHVWLRATEY, 7
FVVT 4O ELTIE, UTFTOXI BB ERDANERASRLTNDHO),

Pr(p) = P(P <p) = [L ps(p)dp (J-1)
2

pf(p) - 14 Zln'ﬁc exp [_% éln (p':ed)] ] (J-Z)

ﬁc = 1,[352 + ﬁmz (J'3)
ZZ T,

Pr(p) MR END p &0 /NE W BT A B

P 48 77

p J+ 7

pr(p)  BHEE T O e =275 B B %K
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Be o FAT A 72

Bs SRR 22 (MO AR SICER T 5 D)
Bm SEAEREFRZE (T TS LVOARBEIICERT S D)
Pmea  HRARJE T O A

JENMEDOEMEE T 7Y VT 4 1%, NUREG-1150"DCTH Wb Tk Y, gk
FHENO 2HERENDBBEENFEICHML TS, (K J55H)

MR 7 70T 4 OFEIIX, LTFOFIEIC L0 RHERThh Tng 1203,
WSO REFRI L LT, MR RIS EREm AR 2T L,
RERIOHHNT A —FERE LT, WESMERE,

AR ATEFZE S & LT, MO AEFES 2488 L, JEMEE, Hik
o GIERRE, KIRTRE, FRRIREE, HahEE Al &2 RIE,
RHRAIAREES L LT, ERREMITET VOEICERT 2ET MEOR
MEIEZMEL, MXIHRET LV, RIBEET L, BRI 2 ®RE,
RHREINRT A —ZDEMERSAMIHE, 7T B 7V 7 (LHS)
REWCEVARESARTA—=E DTy b& 30 v MREMERK,
RRZINT A =2 O v MR U TS B33 2 8002 a6 1% & f7 AT
% F it

WIS FRAT RS R %, WA B8 1E O AL & L IR EOE R oA Tl L, H
MEOT7 IV T 45D,

WA 770 T 4 OB 2K J. 712" T, 72, BERKEO RiEFE SI1Co
WT, KXEDOMHETIE, V—27FIZKD” Leak” ,” Rupture” ,” Catastrophic
Rupture” @ 3 RA3IZmF T, FElizEIT> TW5b, U—27RITELDHMMEHED X
Bl J.8IC/R L, MEEBEO RNHEE S OFEAMF & X 3.9 1ZRT,

b) FREZEALDFEATE]

KEE IR EN CRRINTZERMEROMB S = V)T 4 F— D, RC R
/PC R DG &, MF (Nr—X) OBFEREOKRMELR ORFELEN DKL PRA
WD iATe 7o, REELLZZELEEMWAR 7 7V T o BNFisnTW5
DD EREOREY, BEREI L L TAREESIRTIA—ZIIEDLNATND, BLT
D4 ODIEME#E A TIZHONT, AT T2V T 45 i {74, NUREG-
1150 ® PRA €7 /L% i\ T LERF ~DO A A {THhh T\ 5,

RCCV-PWR

PCCV-PWR

BRLT A 2 2T RSN 2 -PWR
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o1 Mark 1 A% 25 45 -BWR

EEEHAMOBEMZK JA0 IR L, RFEEL (BR) 2ZBE LM ERT 7V
U7 4 OB 2 X JA1 127, ik — A TlX, LERF O b2z 5l &k
T ENRENT, £, V=7 BNXEIC e D &, SERF (/N BUAR B 46 )
XML, LERF XA T 52 &nmah, ZoHE, V—27 &N MRS
Yh LT, ERNRMAEZS T 50, BEZELE DL ERRIN, K
WRBOEIEBET D EWMBEHER OB RICOEET DL EN RSN,

SEXH

() () B3 E i bet, B IEw L2t 57 5 &0 7 & (5 a1k 5=
AEFE) ICBT oSS, FR 1543 A

(2) SNL, "Containment Performance of Prototypical Reactor Containments Subjected to Severe
Accident Conditions," NUREG/CR-6433, 1996.

(3) SNL, "Containment Integrity Research at Sandia National Laboratories - An Overview",
NUREG/CR-6906, 2006.

(4) Morewitz, H.A., et. al., "Leakage of Aerosols from Containment Buildings," Health Physics,
Vol.42, No.2, p195 ,1982.

(5) vande Vate, J.F., "Safety Containment Building as Barriers against Particulate Radioactivity
Release under Accident Conditions,” Nuclear Technology, Vol.81, p246 ,1988.

(6) Keck, J.D., et al., "Leakage Behavior Through EPAs under Severe Accident Condition,”
NUREG/CP-0076, 1986.

(7)  Briason, D.A., et al., “Evaluation of Seals for Mechanical Penetrations of Containment
Buildings,” NUREG/CR-5096, 1988.

(®) HAARMMZE=, BEREFARMHRE 77737 FMREOHEReNE
Al T A R Z A > (PWR SHEU& A &) , JSME S NX4-2015, 2015 4

(9) HBARBEWYYS, BERR - DBRMERE 0777 07 0 MO ERSME
AT A RT7 A4 (PWR LAV A Mar sz U — B HEZHR) , ISME
S NX3-2015, 2015 4

(10) AR ES, BEMRFAORMEHRE 277277 RO ERENE
AT A BT A > (BWR SR AN A &) , JSME S NX2-2014 , 2014 4

(11) USNRC, "Severe Accident Risks: An Assessment for Five U.S. Nuclear Power
Plants", Final Report, NUREG-1150, (1990)

(12) B.W.Spencer, et al., Risk-Informed Assessment of Degraded Containment Vessels,
NUREG/CR-6920, Sandia National Laboratories, 2006.

(13) J.P.Petti, et al., Effects of Degradation on the Severe Accident Consequences for
a PWR Plant with a Reinforced Concrete Containment Vessel, NUREG/CR-7149,
Sandia National Laboratories, 2013.
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Semi-round type & Groove & Tongues type
J.0.G. ; Japan BWR owners group

BI4—T SV CHRTY bOY)—U RELBRIERSI
(BHRZE:V—V8KL, RESV-IRE) O

L.V.M; Low-voltage module,
H.V.M; High-voltage module,

EJ5s—BRI—ILEBBOU—IREI ST TH
(BikE: U—|L, BikEy—sfE) O
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available. The quantification for this case is:

Branch 1: E-ACP - 1.0

Branch 2: EaACP - 0.0

Branch 3: EfACP - 0.0
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recoverable. The quantification for this case is:

Branch 1: E-ACP - 0.0

Branch 2 EaACP - 0.0
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cases have electric power not inicially available, but recovery
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The recovery period for this case is estimated to be 0.5 to 2.0 hours,
The mean value for power recovery in this period gives the following

quantification:
Branch 1: E-ACP - 0.243
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Branch 3: EfACP - 0.0
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