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Accident progression analysis for severe accident sequence groups

JOJIMA Hiroki, KOJO Retsu, HOSHINO Mitsuyasu, and HAMAGUCHI Yoshikane
Division of Research for Severe Accident,

Regulatory Standard and Research Department,
Secretariat of Nuclear Regulation Authority (S/NRA/R)

Abstract

We have been conducting research on probabilistic risk assessment (PRA), incorporating
equipment to mitigate or prevent severe accidents. The following study was carried out for the
accident sequences obtained from the results of PRA, in order to accumulate the technical knowledge
related to the success criteria, the information necessary for Level-1 PRA, and the technical
knowledge related to major physical quantities including the fraction of environmental release of
radioactive materials and the classification of accident sequences, the information necessary for
Level-2 PRA.

First, we extracted accident sequences including those that led to core damage within
shorter periods considering the combination of operation and non-operation of equipment to prevent
or mitigate core damage from the results of PRA, incorporating equipment to mitigate or prevent
severe accidents.

Then, we analyzed these accident sequences using the nuclear power plant system analysis
code Apros under different conditions of equipment and mitigation procedure. By comparing the
analysis results, we summarized the success criteria of each accident sequence as the technical base
for Level-1 PRA.

We also analyzed these accident sequences using the severe accident analysis code
MELCOR and summarized major physical quantities including the time to core and containment
damage and the fraction of environmental release of radioactive materials. Thus, we clarified the
characteristics of each accident sequence.

We discussed the classification of accident sequences based on the major physical
quantities. Finally, we summarized the results on the classification as the technical bases for Level-
2 PRA to evaluate the frequency of occurrence and source terms of accident sequences that led to

release of radioactive materials into the environment.
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Table 2.1.2 Main analytical conditions for the representative 4-loop PWR plant (Apros)
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Table 2.1.3  Analysis cases for the representative 4-loop PWR plant (Large break LOCA)
5 R AR fie =5

casel case? case3

BIEEANZ 7 | @ER1BV—T~E | @223 V—T~E | 223 —T ~E
KB ) KB KB
KEFEARST | 26F 1 6HHTRE | 2/H5F 1 BEATE | 2659 2 A0 HT§E
23 N—T0 6 1 | L2230 —T 5 1 | 223 V—Tnb 1
R A~TEKALE) WA A~TEKAE) PR A~TEK LS
EEFEAR T YN

b fRbTHER

X 213 ZFEFFET, X 214 IZFEFIFRGNAKN (27 72K . X 2.1.5 IZF
wEERSGREL TN TR T, £, EREROBEDX A IV T HFK 2.14 1T7T
EDT—AHMEKANSOIRAVICTE Y | JRFIFRIENKALME T U, REHIEE S s i
ERNEATD 00, FEFEARKMEREFEAROEANLY | RN KN EE
L. BB E ksl E MR T T2,

casel TlE, case2 N case3 IZHE N THEEEARIZ L DEKREN D728, 1000 il
TN F IR A NIKAL DB NREE T (LLF TBAF) &9 ) ITEL JFLBmEIS T,
0%, FOBREBIZED,

1500 B LARR 1L, AR E S DMEEEAR V7T O KREGEMAY OES (8 IMPa) ThH D
7o REFEARICE DHEAKEITDRD, ZOHE | case3 DFERNG ., FEEARNLL D
AR —E B SIVARETEAR 7 2 B2 @R U DBRER T 5 2 & bbb,

18



JRFIRIE D [MPa]

[RFIFEIBRAKA (3 F 7 KAL) [m]

16 & Fcasel(EEFEAZ YV 71B8HEEFEAKR Y 718)
-O-case2(BEEAL v 72B+EEEARY 718)

14 K-case3(BEZAL Y 728 +HEETAR Y 728)

12

10 -

8 -

6 -

4 -

2 4

O T T T T T

0 600 1200 1800 2400 3000 3600
R [sec]

2.1.3 JEFIFES (PWR, KAk LOCA)
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Table 2.1.5 Analysis cases for the representative 4-loop PWR plant (Medium break LOCA)
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Fig. 2.1.6 Reactor pressure (PWR, Medium break LOCA)
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Fig. 2.1.7 Water level of reactor vessel (PWR, Medium break LOCA)
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Table 2.1.6 Timings of main events for the representative 4-loop PWR plant (Medium break
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Table 2.1.7 Analysis cases for the representative 4-loop PWR plant (secondary break (feed water
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Fig. 2.1.9 Reactor pressure (PWR, secondary break (feed water pipe break))
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Table 2.1.8 Timings of main events for the representative 4-loop PWR plant (secondary break
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Table 2.1.10 Timings of main events for the representative 4-loop PWR plant (SGTR)
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ERW 5, RFFEENKRORE~OKITEIGZZh LK 2.1.22 KO 2.1.23 (TR
T, BECCS VEARIIZ & 0 P O HBERE S b AL, #9 5.0 Rl CHL 3RS L, AKRAERR
REVE ORHRRE T D FARKEN LI &l U TR E ORISR 5,

@ JEEL AT R R

HBRENOBMBERBEEE COFRGERICEEDRELDPOFREEIDORE VAT
A—HICHEB UM 2 9206 LTz, £ 211512789 X 912, ety 1" 2251 L
THEBBENOGKMNARBEE COFEZERICEBEORE VAT A —2%2 "SIt L. AE
VA (F 2114 OFH T — > A No.l) ERBIZLTENRT A —X 2 BHT LT
FEMT % T UTe, BEMRNT r — A O FEMATHER 2K 2.1.16 12777,

[ —2P1: T~y FEEBHBHEZ L]

N— 27— 2 DR AP R T — FOAHEBERENE O BE@mHRE ThH LoDkt LT, T
sy RHEEM ORE— ROMEEZ LT L7256 O & i L 72, 5] 21X SOARCA T
TEEBUANAOBIRE— K (7 U —7 ) BRI TS 1 BRI D b
JR IR RERHEO B REL R THRTFX Y ET 4 ~OBEMT 7V ETERSENT 2, 2
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D7z, MCCI T K 2 FEEEMENE AT A DFEANTAE 5 WEN R R U T B R I [ 1
BE D,

[Fr—=2P2: 227 ) — FOREFT Z L E]

a7 ) —MRAREICEET L2207 ) — OB XV EEET LIZGA O/
UM LTz, N— A — AT CCI-3 EROFERMFEZ DT D RTFNREEEIT> T
L7120, T ORMEFEM LIZGE OMMNA SRR~ OB 2 M8 LT,

a7 ) — MREICKLERBME XL EERES LI LIZE>TMCCLIZE D2
7 U — MEEEEMNME T L, MCCI (2 K % FEEEMGTE T A DFANTLE S @IE R B LT
R AN PR IR 1340 30 BERTIE < 72 D, MCCIIZ X » THRAT IR 2 12 X 58)E
IR DFEAN AR R E BT I/HR L o TV D,
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# 2.1.11 MELCOR = — FO&MMTE 7 VB 2 AW BT I D Sk (1/2)
Table 2.1.11 Analysis conditions of MELCOR-code (1/2)

FENTE T L fiEAT S
WL ) — R43E| S0 5 SrEl whF R 10 43|
B 7 — * 2.1.12 MW

B - KBS

Una=g b EKKRDRINEE L, Catchart-Pawel / Urbanic-Heidrick @
HicHS<,

BB R IREE A 900°CIZBIE L7~ S CRYBS AIE L0 L35,
ZOBEREIN Ly N EBEBEOMOX ¥ v FITHE L T D B EmE

W A B B
D VT O S dv, B BRI AR D0 B B S 4 2 i M X B
et S D,
XHER N 2B BICLL T O LBV ITRE
®  RELD S DR E E i 7L - B CORSOR-Booth &7 /b
®  IRELN O I D 43 A
Cs. I U Mo DB DAL EIERE M O & LTl Cs id CsOH O
TR Y )RREE LT, BEND Cs @95 5% B HEEE —REHH O
RER D> & O B P E i .
¥y v 7T CsOH & LTHET D ERE, 780 O Cs T ETREIN D
SUFEL CIZEH L, S HIZREO Cs [TRBHNICHF/ET S Mo &
Cs:MoOs (LLF TCsMI &9 %, ) T 2 LIRE, 7»E. Csl &
CsM ITIRBINICIFTET D LIRET 5,
o UHMEMEAL TS ET V0 OFF
® KN
FLEANOBEHER, FTROF 7 VKT FRT 7V Lol
R T T35,
o kBT 7 ULt
C BREMEEE OB E  RIRLEIE S < 0.1 mm
M OREEM OB A KREAMEEE S < 0.1 mm
AR T BRI OGS RV NOREREEE N2 TRbRESGE

® URANEE
5 A= : 1,825°C
cWfbrva=v s :2,717°C

2 Ay A7 avd : 2,840°C
« 27 L A . 1,427°C

« AT UL A 0 1,597°C
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# 2.1.11 MELCOR = — RO MMTE 7T VAT 2 AWFZEIC I 1T D Mt S (2/2)
Table 2.1.11 Analysis conditions of MELCOR-code (2/2)

FENTE T L fiEAT S
o JRT—%
c TSy RO (FE 7 v o) iR o
< TSy REEEM IR TR S arElL JBEAR DTS E
iy 1 ® MHRT—F

- ELEEEAE (PWR T, MRS N mHRE SO X EEM IR 1,571°CLL |k
THIE B, BWR TiE, 7 7 #4/L METH % 1,000°CLL L TR % (7 AE)
- 7 U —7H4E (Larson-Miller 7 U — 7l #8E 7 /L CHE)

- BRARIS T K DAk tR

a7 e a7 ) — M

® HEM T — DO
AN=ZAT 4 v VIRAEET )V Z

& =7 U— MOfRREE : 1,177°C

& 7/ U—hEETZLY
9.3x10°J/kg (PWR Tl CCI-3 £ “lcBiF o ZiER=a v 7 V— D
REKRBZAET DL M= 2V EZMIE)

AN w N DKF M MR T 2720, KFBRBELZEZ S RVWREEL L

IK SRR BE

7=,
FREEEL ORIGEN Gt I EE S < FrEddh 2 v 5.,
Z D MELCOR ==— FODF 7 # /L Ml %z 5 H
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# 2.1.12 MELCOR =1 — RO BSHEME 7 V—7
Table 2.1.12 Radioactive material group compositions of MELCOR-code

LRI N—T REEFR TN—T NER
O MH A Xe He. Ne. Ar., Kr. Xe. Rn, H, N
@ TNV eBEE Cs Li, Na, K. Rb. Cs. Fr, Cu
@ TV L Ba Be, Mg, Ca, Sr. Ba, Ra, Es, Fm
@ ~ulr U I, F. Cl. Br. I. At
® Hnralr Te O. S, Se. Te. Po
Ru, Rh, Pd. Re. Os, Ir. Pt. Au,
® F7F/4F Ru
Ni
V., Cr, Fe, Co, Mn, Nb, Mo, Tec,
@ WIHER CHEE Mo
Ta, W
Ti, Zr, Hf, Ce, Th, Pa, Np., Pu,
Ul iffi oo 3% %8 Ce .
Al, Sc. Y. La, Ac., Pr. Nd. Pm,
©@ =fhcFEE (A L) La Sm, Eu, Gd. Tb, Dy. Ho. Er., Tm,
Yb., Lu., Am, Cm., Bk, Cf
V7 U0, U
@ FERESL—T cd Cd. Hg. Zn, As, Sb, Pb, TI, Bi
@ HEHERET V-7 Ag Ga. Ge. In. Sn., Ag
@ A% BO, B. Si, P
7K H,0 H,0
® =27V —F CON --
vkt UL Csl Csl
@ V7T UoEBEID A Cs2MoOy4 Cs2Mo0Oy4
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# 2.1.13 fRF 4 L—7 PWR 7' 7 o b O E BT S 1F
Table 2.1.13 Main analysis conditions for the representative 4-loop PWR plant

HH FX EfiE %
JFLEV 1 (R)3) 3,411 [MWt] Bk
L KRB AM S (1) 15.51 [MPa] ERS
] T HFgas A0 289 [°C)
1 KRB HMIBE (W) B GRS
R Fgs#st 0« 325 [°C)
BEZ T RFEN 4.5 [MPa] GRS
BIEZ IR KE 27.5 [m¥/3%] ERS
JRF IR RS 2 B RAE 73,700 [m?] ERS
W E R
it E AR AR
AN #2177 1.08 [MPa]LL | )
P 577 > b D
it IR A HE .
mEHES D 2.5 %
Y=-0.06X+18
I E
Y =-0.03X+10
AR B PR SR o i YA
D EL BB LT
. 2000 4% NUPEC
Y : AR EERIEIO Y %
i T am 3L R12-09-20 19
X KSR SRN T U Z URE [°C]
N—2<v FEH
N2~y FEi# —
o R EHE
a7 U— FOERNE R L 72 R A
bR EE SR L7-fEH8 1 o &
AR 18 0 ) —
A% E
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£ 2.1.14 f{F4NL—TPWR 77 b Ol Gy— 5 v A
Table 2.1.14 Analysis sequences for the representative 4-loop PWR plant

No. R FG REVRFR Y — R PDS

A AMK 72 L OB AR R S E e R F i o — 7 v X

1 RHEEWLOCA FIEEANRBRHREEANRK+A 7 VA 3 A KRR AE

2 KEEWLOCA FEFEE R R HRE B ARSI+ A 7 L 1 B8RRI AL

3 /NEBILOCA B ETE N RBHEJEE AR+ A 7 L1 AR SE

4 /NEBILOCA FEFEE R R HRE B AR K+ A 7 v 1 B8RRI SL
RCPY — /VLOCA+MEZR KN LI ARES+5 £ ALK

5 | SMEREIRE K . ) i SE’
HEEFEANLB+R T L A EARK
RCP ¥ — /L LOCA+E = 1 A 5 B+ = v N 2R B

6 CCWSHE & SE”
+ A7 LA EANK
B G 7K R A VE B+ 1 7R A O BCHE T 7 A 2 B

7 2% A W TEIL
+ A7 LA EANK

o i BOG 7K 2 A VE B+ T 73908 B 2 I+ T 7 A R B

8 | SMERFEIRE K i TE’
+ A7 LA EARIK

9 /N LOCA KA 2R AT IR P
i BOAG 7K 2 A VE B+ 5 T 73905 B 2K B0+ T 7908 BR 2K B

10 | EfHAKER TE2
+ A7 LA FAE BRI

B. MR RBERI O R REMHER Y — 7 &
B 25 s T BIEE 2 B+ 8 T 8 BR AR B+ P10 BR O B

11 KAEWLOCA AL
+ A7 LA FAE R KRR
B 25 o T BIEE 2 B+ 8 T 8 BR AR B+ IS BR AR B

12 | /NEKTLOCA SL
+ AT LA BRI

o B 5 25 25 B BiE 2 Bic+ 40 BO ARG K R RAE B +5 £ B 115 B8R e iR

13 | A E IR FE L TEC
S S EERENE Sz ('

14 | /NEBTLOCA B A 25 2 I BEE S e+ T 108 BR K R+ P00 BR O B SLC

C. SGTRD R MR i F ey — 7 v X

15 | SGTR A58 FE PR HE i+ RCP ¥ — /LLOCA SE’

16 | SGTR 2R R W +2 Yk R A R BR TE

17 | SGTR i TR N K BCHA 4B S G B 4 iR G

18 | SGTR 15 A BR AR -+l B S GV BifE O B

D. ISLOCAD® BB Fig > — 7 v &

19 |ISLOCA — \Y,
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# 2.1.15 &£ 4L —7PWR 75 > F® MELCOR KEEfEMT /8T A — &

Table 2.1.15 Sensitivity analysis parameters of MELCOR-code for the representative 4-loop PWR

plant
=2 .
NT A=K 77 # v MAE 25 WA
FE5

P1 T~y REBET IV EamiaiE s v Bl akE e L

ayv 7 Y — MAMT X LED | -1.0x10° [J/kg] 0 [J/kg]
P2

FHIE (MCCI 787 A —#) (# 2.1.11 ) (F7 /v M : ffiilE72 L)

#£ 2.1.16 f£F 4L —TF PWR 7 F o N DKM 77— A O T ERRHTHEH

Table 2.1.16 Main analysis results for sensitivity analysis for the representative 4-loop PWR plant

. HEAERER] [hr)
EEEG
NR— R fr— R /r— A Pl fr—Z P2
JA LR 0.88 0.88 0.88
ST 4P R AR 3.2 3.8 3.2
R AN AT AR 57.8 52.6 87.7
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] 2.1.15 MELOCOR DO ft% 4 —7 PWR 77 v b @/ — K434
Fig. 2.1.15 MELCOR nodalization of the representative PWR 4-loop plant
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BERS [br]
2.1.16  #&ME#E ) (PWR, AE)
Fig. 2.1.16 Containment pressure (PWR, AE)
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2.1.17  JEHEVEIE OBEE~OJiEIG (PWR, AE)
Fig. 2.1.17 Fraction of environmental release of radioactive materials (PWR, AE)
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1.5
M AN 2 1 R A 1R
FyYET 1
1
g
=
R
I
¥
«
&
# 05
J -4 2 E i 1R
0
24 48 72 96 120 144
Bl [hr]
2.1.18 #&fAE#ES) (PWR, SE)
Fig. 2.1.18 Containment pressure (PWR, SE)
1.E+00
LEOL AN 2 1 A 1R
LE-02 \ e
i -
- ¢
1.E-03 D /
1.6-04 S
— 1E-05 e ekehhohriel ke S v -_‘::::'-'-‘
4'1 PRt et
W LEO06 o
ﬂ "_..—F‘-'-'-_— .l /"’.‘
B 107 i Y RN S L /"
’
1.E-08 !
]
1.E-09 P L iegingllplplglegieriogte
‘o'-" -----------
1.E-10 !
v Xe Cs Ba Te Ru
1.E-11 H Mo ====Ce ====la ====U ====Cd
pom= —===Ag ====Csl ====CsM
1.E-12
24 48 72 96 120 144
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2.1.19  HHYEME ORE~OHHEIG (PWR, SE)
Fig. 2.1.19 Fraction of environmental release of radioactive materials (PWR, SE)
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Fig. 2.1.21 Fraction of environmental release of radioactive materials (PWR, TE1)
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2.1.20 &M EE ) (PWR, TEL)
Fig. 2.1.20 Containment pressure (PWR, TE1)
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Fig. 2.1.23 Fraction of environmental release of radioactive materials (PWR, G)
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BER [hr]

20

2.1.22 JiFET (PWR, G)
Fig. 2.1.22 Reactor pressure (PWR, G)
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2.1.23  HURMHEME ORE~O K EIES (PWR, G)
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214 PWR OFEH T —F  AD T —T71k

PRA DEBUITAR 2 F R DOEEAG 72012 AT G & LTSl — 7 o 2 O fF DR G R ]
AR LB R ], AR RRIEREIE R T — FR N — A X — A& L, F—7 &
DRI U TN — b a et Lo, AR E LT, & 21131277 L9 1
WERHR ., WEREE R —2 <y FEEO=ZSZMME LTV, KA kT —
ROMERMERE R 2.1.17 IR T, BRI MASRERRE R T — 7 v A2 O\ TR, 1T
G OKARICE D2BE) 017 —2%2BFWT, BEBE KRR OFEEEREE T 212 &
DIEE) L7025 L AR LTIC, ARRITIBERZLEFRETHY, PWR 7T 2 MIOWTIE
WEIR AT B,

PRA DERITAR D H OB R & LT, FHOERMATICIK T 2 FE LB EOKI LT
ST, #2114 TRUZEHMERIS 19 o — 47 v ZAOFEGHR Y 4 2 7 (F0EE. BT
AR, MMARRIIE) . KERERE, BUNEDEORE~O BTG %2 Z 20X
2,124~ 2.1.26 \Z" ¥, £, BpHISMASEREIER TR Y — 7 v RATB T 250G
MOENA IR TORM & RE~OHKINEI G ORI 2.1.27 1277, kB, K
2.1.26 K OK 2.1.27 128155 Csix, £ 2.1.12 (12318 FK7eHE Cs, CsI XN CsM D& v
LT T ADBEHMEWE DA ERENHICEITD Cs OFNA X b ) TEl-7Z DT
bbb, UTIZEND DIRITFERDOBLZZE LD D,

(1) JF DG B OVEL - J7 25 2 4R IRF T

1 RO O, ZRFENT (BEFEARMEEEAN) OFEESM:, IEaEE? L
B OVZ 2R ORI L > T LIRKRA X2 b ORADEEIZEN S, Zhic k> T,
DGR & 2 DB OE/T 7 ) O T~y R~OBATRM, 1P AR R 2
NEL D,

LOCA % ¥ —74 2 A1%, e 08D K& WREEKr, Hfgklr, RCP > —/L LOCA DJEIZH
BERDIEL 2D, —FH T, bV bRV —7 2 AIMEZREN LR VR 2R
EEN T 5 Z £12 X 5T LOCA fHY DR O 3R S b 729, LOCA /hy—7 > A & [Al%
DEBE D, o, BRMERER Y —7 v AZEB W CIRHEIRER O 189 5 K 23 %
— B VBRI K O IERERNCE R D 2 72, FRERICKRE S RET D,

(2) FEHNE AR R
BEf B A 2T S B e Tl S — A L AT DN T, KA Sk HR R X B T P v — A
Y AD 46.2 ] (F O RBGIE 48.9 FF[#]) | R T SE”-8 — o v A D 137 i & 72 D
ISR B R 1, IR AR R IR T vy B 7 « ICBET %/ T 7 U EE
SR, JTIFRBANKORTIFX v EF ¢ TOREMT 7 U EK OKAERUC L 2BE &5
PR OIMEEL, MCCI 12 X 2 IEBEMEIEN A DIAE . HUREYE I X 2 5 K ONEAH it 2L
DHERNZ L ->TRFE D,
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JRFIF¥ v 7 4 TOBWMT 7 VEROKERIC L 2BEOHMITRFHFx v 7 o«
DEKREIEFELTEBY . AM R LOGE ., BRI AASR TEHXE LT == 7 X
B ESNZH%, RUAR— L 2B U CT =27 KEN LR TFE S ¥ B 7 ¢ [ZHiiATe,
ZOFHBEIZBWTIE, EEFHEEZRKICL T =2 JXKEOFRK (BHEET S 7RO 7 |
oS RY VAR —V FiiE TOREE) 25E L TW\W5,

SE”-§ ¥ — 7 v A DM RF A M o — 7 o NN TEWEELH X, RCP v —b
LOCA D72 1 IRFA X b U DRRMAR IR~ DRI EDSHEX D72 < 0 ERHMIC
2 WRMBHAEFERTE L2 NG, T~y RIS E - 7oK TERT 7V 2 RE R O A
LT DLRFIFRSEENIEAET D, 207, R FFRSEBERZRIZHFIFEX v 7 1~
BT LIEET 7 ) ORENMELS, JRFFEX ¥ 7 0 KDBEFE LK D ORI N5
Z L&, MCCI BEEKOENICER T 2 IFEEMEMET A K DMENRNNS 2D |
ST N END Z & L D,

(3) KRFFARE

JE 4P R SR R O NKFE R A BT 300~500kg TH Y, F LY LVa=0 A
EATHKI 29~48% TH D,

MCCI e [K] D JF A8 7K & 38 A L TR M S s AN FE IR SR & T IRFIZ e KT H K9 3,200kg T
HbD, LOCARY—7 L AL0E b TPy MRy —7 2 ADJTNF LKL DI 8 i
DB T2 D128 WF D O W PAE S B TR 4R Ak AT O 45 KR AE BE % < e
DM DB 5

4) BUREE OB~ O EIA

W RS A SRR T e Tl S — A L ROV T, Xe THI 83~98%. Cs Tl AK 6% 73
BB END, CSLIZOWT, BE~OKHEIAEN/NEWSL-s o —7 v A L JEl
BNRREWVSES O —F  ADERE T 5, SL-8 —F A, iy —r R e
D LEFRGHERDESLHTHY . 1| WRBEME~OLERIZZO L0 D, IR AR E
BICTIE WIS 23 4 U, ARIBICIE S LT T CsI AN 2.2% R ESARIRIC AT L. D
MBI S D 2 LIS Ko THRIEIG DS M 228, 1 RARMEEMICTEE LT
To U E O B IE IR AE LR WTe O BRE~O B EI G /&< 785, SE™-8 v —r v
Z1EC SGMRRTAT U b L7e%IC 1 IRBFFAKIRED LA U, FilEs 98 R 6 1K
RAREMIZIEE LTz CsT O 64% DS FRIET 5, T O IR O R O FHHEL
137 FEM TN A SRR L, CsT O — I3 25 O WRAH S IR IEM ISR B T 5
N, —ERIFEREICHE SN D Z LT ko THRHEIA A #INT 5,

FHIBRBI N F > — 7 A2 0T, Xe THI 51~91%., Cs THRAN 24% 23 ER5E 12 ik
HEhz, Ry—rr RTEL & B IFLHEERITITRES DB S ARBREND DT,
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1 WRKEIEM E~DOILEFEENFARANZ D72 0 | FRMEEEOBRE~OKHE A TR E
<725,

(5) JF DR DS IA SR F TO R & BREE~ 0 KB & o Btk

BEHARS AR SR BRI T s — 7 v R ZEB WL, FOEE D DA IR £ TORY
BN EVIZE 1 IR K ORI ZRICILE T 2 BURTEW E OFIG B3I 2 O TEREE~O
W EISITED T @M L 72 D5, PWR 77 2 MMZOWTIEE OMEAIIMR TE R o
72 ZORKE LT, HINEREEE DS & 725 1 YOREEM IZILE LI
DFEREENZET N5,

FR OB EDEBEE OB AN R B REWVWSES v — 7 v A& b/ E W SL-s v —
v ADNTREREZBLZT S, SE”-S V— 7 L AIZOWTIE, FLEEDN BRI AR
HE TORFHBREWIZDFEL S OB HEMEREE G R REL, ZO/RFRE LTI RE
WA ~ D B EDEILE BB 3K 70~80% L flis — 7 v A LW RTEL D, 2D,
SGHRRIAT TN LIEHRIC I RARFHKIREDN EF LIGD, £ 600CE B T2 D
I\Rmx@%%’ﬁﬁ%ﬁﬁiﬁé LHZOWTRIZIERENRMA SRR S, 21
SO—ENEREICHHE SN TRERHEESEZHEMNSE TS, —F T, SL-8 > —47 » R|Z
owfimu#%wm%ﬁ% THHEIG Y SE?-6 o —/47 v AT D LS L 1 IR
TR O TR EEIG 3K 45% E1R< 72 b, F72, SG 1T X D RMNBRE T
ND7D 1 RRFFARIRE LK 400°CTH Y | LA B MEYE O R ITHE L 20,

L7= > T, PWR 77 MZOWTIIIF LD S OBS Y E REIE, 2 b0 1 kR
HEEM ~DILEE S R RZOBOEYNZR 1 R FEHRIREIC X > T 1 RRILE RS ED
BOEHERENRE DO T, MAEWEOERNSZT 2y VOGE LT - T, FLHE
557 DASIIR AR £ CTORFN R WIE EBRE~ OB EIG 2B 3 28 m L 1372 5720,

LXK Y PWR 77 v MTEBT D 7 NV—TbD T2 OFEMEIRIGHT 7 — & OBAii 217 -
T, Z—7{bEBat Lz, BERIICIE, 56RO L UL 2PRA (2R TR Zil AE s Ok
T FRERET L5, FHERTORRELSEIZ, kb B ATHRMAIRBHRIC
FEOHBEERRLE—RZEDLON WA TH D, Ziudkd R ATHMNESFIEICE 58
“@%%—Pﬁy%Uﬁmﬁﬁ%&ﬁdfékbf%é&éhfwékb?%é EN
DFERN S EB OB IR EZ LB L2551, 7 L b bR ATHRMAE L
HIZELWEERERE— R T 2‘03%1%‘(7%?3%/330 F5EEBRL RN ERB LN o

77
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# 2.1.17 RFEA4NL—FTPWR 7T FOENT S — 4 v ADFEFER TR O I AR

Table 2.1.17 Timings of major events for analysis sequences on the representative 4-loop PWR

plant

3 FEARF# [hr]* F& AN B
St i iR R PR
i EF—F
AE 57.8 - 106 & (i EmAR)
AL 48.1 - - & (i EmAR)
SE 85.3 - 141 & (i EmAR)
SL 72.2 - - § (i EmAR)
SE’ 85.6 - 113 § (i EmAR)
SE” 137 - 183 & (i JEmAR)
TEI 59.2 - 108 & (i JEmAR)
TE’ 58.1 - - & (i EmAR)
P 46.2 - - 0 (JeAThER)
TE2 59.4 - - & (il EmkE)

KAEFTHMPICBE BB E E 22~y FEBIZELR2WGEAE “—7 LiiH
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AE-6 4O X

A6 O X

SE-6 + ¢ X

SL-6 + X

SE'-6 + X
SE"-6 + < X
TE1-6 +© X

TE'-8 +< X

P-6 Xt %
TE2-6 +< X

SE'-g A 2

TE-g +9¢

G-g + <

G'-g + <

V-v +<

AL 4O + IR B
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Fig. 2.1.24 Timings of events for analysis sequences (PWR)
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Fig. 2.1.25 Hydrogen production masses for analysis sequences (PWR)
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Fig. 2.1.26 Fraction of environmental release of radioactive materials for analysis sequences
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#£ 221 HHL7ZEREZKOFEL S —7 X (BWR)
Table 2.2.1 Extracted initiating events and accident sequences (BWR)
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# 222 fF BWRS 77 b O FE R 54 (Apros)

Table 2.2.2 Main analysis conditions for the representative BWRS5 plant (Apros)
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Fig. 2.2.1 Apros nodalization of the representative BWRS Plant
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Table 2.2.3  Analysis cases for the representative BWRS plant (Large break LOCA)
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Fig. 2.2.2 Reactor pressure (BWR, Large break LOCA)
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Fig. 2.2.3 Water level of reactor pressure vessel (BWR, Large break LOCA)
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Fig. 2.2.4 Peak clad temperature (BWR, Large break LOCA)
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Table 2.2.4 Timings of main events for the representative BWRS plant (Large break LOCA)
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# 225 fREBWRS 77 FOfftr 77— A (gl LOCA)
Table 2.2.5 Analysis cases for the representative BWRS plant (Medium break LOCA)
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Fig. 2.2.5 Reactor pressure (BWR, Medium break LOCA)
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#* 226 REBWRS 772 hOEERFEZDOI A I 7 (TR LOCA)
Table 2.2.6 Timings of main events for the representative BWRS plant (Medium break LOCA)
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Table 2.2.7 Analysis cases for the representative BWRS plant (Small break LOCA)
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Table 2.2.8 Timings of main events for the representative BWRS plant (Small break LOCA)
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# 229 fREFBWRS 77 v hOfETr— 2 (BEIEFESR)
Table 2.2.9 Timings of main events for the representative BWRS plant (Transient Event)
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Fig. 2.2.11 Reactor pressure (BWR, Transient Event)
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Table 2.2.10 Timings of main events for the representative BWRS5 plant (Transient Event)
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k3 BWRS 7' 7 v | O EHE 22 i b S
Table 2.2.11 Main analysis conditions for the representative BWRS plant
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# 2212 %3 BWRS 77 o L DRl % — 4 v %
Table 2.2.12 Analysis sequences for the representative BWRS plant

No. i IR # 5 REW T —F PDS
1 | EES e K 8 2+ i N R B R A SR R TQUV
2 | /MiEWTLOCA 6 7K 8 2+ N R B AR A SR R S2QUV
30 | mEFRL %m@%+%rﬁk%%+ﬁE%M TQUX
4 1 G BTV EN ) EIREEA (TE i T IR 23 24 R i 1% 72 %) TBoas4
5 10 G A2 B “/ﬁ?@f‘% (TEL 3 BB R 208 S B ] % 72 %) TBs

6 | /IMEKILOCA A BN ) IR EE S (1R IR 3 240 [ 1 2 %) S2B24
7 | /MiEETLOCA AR E) ) IR E R (1E i R A% 8 IRF R 14 7 2K) S2Bg
8 |mEFER A B ) IR R K+ R VE AN R AR TBU
9 |mEFEGL K& A 25 2 BR B R W
10 | /NMEWTLOCA & N2 2 B 2R B S2W
11 | g HR EN R RN TC
12 | /NMEHTLOCA R [k e P 2R B S2C
13 | RAHLOCA 1 N O I+ N R B AE
14 | A ¥ —T=AAY AT LLOCA \%
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# 2.2.13 fAEBWRS 77 » MIZEF D MELCOR EEE MM /N T A — X%
Table 2.2.13 Sensitivity analysis parameters of MELCOR-code for the representative BWRS plant

Ir— 2
RTA—H L F7 )V ME 725 AE

&5

Bl THEl~y NE#EETT L EommaE H v Bl e L

B2 SR P E ) B T v B CORSOR-Booth | CORSOR-M

# 2214 {RFE BWRS 77 MBI DT 77— A O F EARHTE R
Table 2.2.14 Main analysis results of sensitivity analysis for the representative BWRS plant

R I A2 IRE ] (hr)
EEEG
N—2 /r— A Bl Ar—Z B2
JF R 0.2 0.2 0.2
JEAIF 1R we i H 1.2 4.3 1.3
AN 2R 43 6.8 43
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Fig. 2.2.14 MELCOR nodalization for the representative BWRS plant
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Fig. 2.2.15 Containment pressure (BWR, AE)
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Fig. 2.2.17 Containment pressure (BWR, S2QUV)
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Fig. 2.2.18 Fraction of environmental release of radioactive materials (BWR, S2QUYV)
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Table 2.2.15 Timings of major events for analysis sequences on the representative BWRS plant

i FEAZIFR] [hr]* F& AN 2
S JEFIFE T 25 25 AN 2 KA ER P RERE
4R it Al R 10 LA 4R £— K
TQUV 2.2 107.7 6.7 © GHEEmEE)
S2QUV 2.0 119.8 5.4 v (EIREE)
TQUX 3.2 7.3 v GHEIRAEHE)
TBa4 33.3 32.5 33.4 & (i JEmAR)
TBs 15.9 16.0 23.3 & (i JEmAR)
S2B24 29.3 28.6 41.0 & (& EmAR)
S2Bs 13.1 14.8 19.8 & (i JEmAR)
TBU 3.3 117.3 6.8 © GHEEmEE)
™ 43.8 34.2 43.9 0 CEATHEIR)
S2W 32.1 26.8 39.9 0 CEATHEIR)
TC 5.1 2.0 12.3 0 CEATHEIR)
s2C 4.6 2.1 8.5 0 CEATHEIR)
AE 1.3 112.5 4.6 © GHEEmEE)
\Y% 1.4 10.1 v (ISLOCA)
SARMT IR IR E SO TRIRIRICE S 2 WIGE “—7 LEt#l

78




TQUV +o X

S2QUV +o X
TQUX + o X
By, + X
TBg + X
S2Byy +>0
S2Bg + o X
TBU + o X
TW X + ©
S2W X + ¢
T % o
S2C o +IRDEE
AE 4o X o BRIFE BB
Vo X WA SIS
0 10 20 30 40 50

FHMEIRH D DB [hr]

2223 Gkt —r o ADOFEGER Y A I 7 (BWR)
Fig. 2.2.23 Timings of events for analysis sequences (BWR)
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Fig. 2.2.24 Hydrogen production masses for analysis sequences (BWR)
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Fig. 2.2.25 Hydrogen production masses vs duration of core failure to reactor pressure vessel

failure (BWR)
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