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Basic Study on PWR Plant Behavior under the Condition of Severe Accident (1)
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In this paper, we report on the results using the PWR plant simulator about the plant behavior under the condition of
the severe accident that LOCA occurs but ECCS fails the water irrigation into the reactor core. As for the results about the
relationship between the LOCA area and the time from LOCA occurs until fuel temperature rise start, the time became
shorter as the area was the larger. But, in LOCA area of 1000cm” or more large, the time was almost constant regardless of
the area. For small LOCA of 25cm” area, from the results of the comparative experiments for RCS natural circulation cooling
effect in the case of SG open or not, in SG open condition compared with SG not open, the effect was observed more, but the
reactor water level was greatly reduced and the time until the fuel temperature rise start was shortened, so the fuel
temperature at the time of water irrigation into the reactor core has become higher. On the other hand, for the large LOCA of
1000cm?, the effect was not observed regardless of SG open or not. In addition, the reactor core damage was not spared in the
irrigation into the reactor core after 30 minutes from LOCA, however, the hydrogen concentration in the containment
building is less than the lower limit of hydrogen detonation, and also the pressure in the containment building is less than the
designed value. That is, although suffered the core damage, the integrity of the containment building has been shown to be

secured.

Key Words : Nuclear Power Plant, Safety Assesment, Severe Accident, Severe Accident Managemnt, Plant Behavior in
Severe Accident, PWR Plant Simulator
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3. RFHRBHOXREHRICETIELMERS

JRTHET 7 v N OREMETIE, kDD, 07, FLIADLINEE CTH D, T HUT KB HIEEOH,

F NI T IFRR R OB RRE O BT - FRENE, EHRE OB EIZ X o THRE A U RHT R 147 OR% /5y Z8HEH K
IEEEIEL (B D), 1EIE% AR REAET D72 DRE2mAIL (0T, BT 2 BRI Lsu
(FACIAD D) ZEEHAL LTS, F, BETOLREMEOIERN LB SITFERENETH D & b T
W5, RERGE L1, B - BRENEORRBEEIIM B AE SRV THE UL, BENFRA L TH Fil~
W ER SRRV ETHE LUL, SOICEMARE L E L CHOIROMELEMT 558 = L-ULD%f
RaetnETNboLPLORIT TR ETHEZSFTHD.

UL, KERV =~ AT A T K2 BAF CEROANIFLAERT 2 Fii 288k L, AYEF =L/ TAY
4 AR CIR TR N E OBIE A~ O R EHHFR AR L2 2 L 12X, H= LR 3 ICHRE L7
EEBZZ T MEME~OEFE I EmE -7, EFRE IR TAEA) MBI - 1BIHI#E<# (WENRA) 1T X
DEHTORIBIFEFETIE, = LUV TR DRSS 2 D R W ERGH EENIC RS 2 Il 5 Z & L RiE ST
BY, HEUL~LE UTHLERMAZTE S SA DR Z I L T LT 2868, TICE L L~Le LTHA

— 295 —

This document is provided by JAXA.



ST T VFE Y MREERKRICBITA PWR 7T v M EEIORERBENIIZE (1) — (1 %% LOCA + ECCS ki) Fig —

R oD LD BREE T OISR O B A AR N HEERE (EROBEE, AWERHIRE O KFEEE) L&D TEZLD
N5 k1R T30,

PULBISBR AT 105 72 BAEEIE, PWR, BWR IZE O FIRFHREET T PETIIH L THETH L. mESH
HMOINRHEREOTIE, FROFEM L~ EETe, SA AN, SA EEBOMBIOTZODT 73T h~F—
YA K (AM : Accident Management) X373, FANE CIXERFHEE L 2 A EANEE) L ALEST B, BUF
DB 2T DRIG5> TR T2 2 &, L~ Y 72 BB SR AN Ehe 4~ 5 T8l S AL TR
MoToZ EMEHFERD—o L LTETF LN TV, ZD X RIEB#EOEERZT T, B EFSLIED
SA VX T DL EMARDFEAREIHE x Jiz R 177D Fie2 Thh.

PIF, Fig2 (R L7z SA ISR D LB DOEFII OV TS, 9, FHHEEERISHT IR 7 =—X
E LT, R IRk o BEEE), 35K TY, ECCS (Emergency Core Cooling System) 2 X 2 JR-FIFmEIN, K

Risk curve(risk=frequency X effect)

Measures as design Measures against SA
e (SA : Severe accident)

— - \
Core damage a

avoidance phase [ \

Containment damage
avoidance phase

frequency

Area of high
frequency,
low effect

1

: Mitigation phase of
1 Areaof the environment

: low frequency, hllgh effect

effect
Fig2 Basic concept of security against SA

WCEREHREFRLL LD SA I KD OHEEN D OBIER 7 = — X & LTE, BHFELRoLEb, ORMEE
R 7 DRE (SBO FEAERHI LT b AEA T EIRR 2> DB A BHR) 36 J ONHBHELIC K 2K FB: (rIHRR)
Blw, KEBRCTHICE DMeRki&e— b7 8T 5T, SOITRMAERNY MO RAEH&KE— b
7 & UTHERT D FED, BB ITHMASREIIIER 7 = — XL LT, e PO EERELE LT
bR A g O EIEZ TR L, B E OBNAE SIS~ DO 2 ik 2 FB L LT 4 v Z— RV bR
IEOBRENETFSND.

Sal—ia kB

=N
\'l

41 SaL—42BED

ZITH, AEOVI 2 b—a VEBRICHWIZEFFEIRE S X 2 L2 IO TR S, AV R 2 b
2%, KE~A 7 v vIalb—var- 77 /uo—{Ho “PCTRAN L4 FHT Hiv7z PWR, BWR 77 > |k
BEES I 2 L—FThDH. 2OV 2 L—HIEFEERHI L HAA, SA ZETefA ORY HHFEAERFD
BREZ S I 21— a U TEDLHS/ WAy = Thsd., PWR 772 k& LTIE WH—MHI GREFOEXIH /)
1,100MW, Z4H7) 3,400MW O 4 )L— 7R U FEEKE ARSI A TDH DO ThSH. v 2 L—4 L WINDOWS
—PC ECTEWET D30 Ratlpk & 72> Tna. Zlt, AT T VIS8T VA STV 523,
KENOET T v NG 2 — REER LT RXT A=A F a—= IR EN, EERRGHRIT 2 — K &
BDRNT R 2 b— g UREREREL CWE. AU 2 Lb—2 DTS HIEERTH LR, SRlD k57
7T v NEEFHMIOEREORF O DDy — L LT, TOERICMAS D THS. Fig3llvIalb—4
“PCTRAN” @ PWR it GUI (Graphic User Interface) %7~ L7z.

Fig3 (ZR"$ 77 > F O MIMIC i PR3 i-F4 718 %  (RV @ Reactor Vessel) ThH Y, 4 v—77Z kD
| V—F5yE R AN, 3 V—7 5 2 WA RIS TERGE LTV D, 6o C, D SG 28 1 B0 SG &7~
L, ADSG M3 HSTDSG E#REFEL TORLTWA. AT A RITITHAKRI 3 L—7"000 RS, S6I2

— 296 —

This document is provided by JAXA.



ST T VFE Y MREERKRICBITA PWR 7T v M EEIORERBENIIZE (1) — (1 %% LOCA + ECCS ki) Fig —

H— B UREMEDECE SIVTW S, A4 RITIEIER R OmEIR 72 E 0N DEAGRHE 2 HOITEEE ST
D, FARPNIZZO GUI DB R v 77 » TR TSGR T A= ERER E, SHITvIab—ra UiER
DT TT 4T FR, T XM EOBENRFREL 72> T A.

. PCTran
Eile Edit Bestart View Gode Contral Help

U] Westinghouse PWR for
Fukui Univ of Technology
0.0 LK}

(B

FREEZE %€ 1 000sec D30D00 | TimeStep | K1 |No Malf MoPbt

Fig.3 GUI of PCTRAN—PWR

4.2 EERAE

AEIDOV I 2 b—a VERTIE, HOITBREENETT U2 SR O 2 HAE AT (EOC : End of Cycle) #5kH%
WCHENE L7z, EOC BAEHZ BT, BREEDHET e lC DAL CRE I SEARI(FP) DS EFE S T < O THERE AN
K& 2D, ZOEME% (BOC : Beginning of Cycle) DBRELE b, WMAIRE DK FIZ 2203 Db ES
SHEHRUTK L COBIRIEDR R LN & D, AEIOT I 2 L—# FEETIL EOC BB 8 L7z,

7085, FMOEAEZIL TD-FWP IXEBI L, SG ~OFKUHRITHER SN TS & LTWA. F£72, SG HAKIH
i (BLF, SGBIMtEMEED) IC kARG AT E —hi v 7 & LIS 0 RCS HARMEERAENT K 5 il )
BEIZHONT H R L=,

o1, R AR EBE S~ SNBSS O O GREO FHCRBUHIENIC 10 4y, (CRRETRMECR
1220 43, REKIEMECR & BKBRAAIZ 30 73 & W O A BRI L, SA AL IRBUHINT & [RIRFI AR K e 4 BR 4G
L, SA FEHEAEDND 30 3BT LA~OEIKRFEN L1255 E OIRFHF 77 o RN DWW T b O TR L7z,

VR 2 L—HITK Y TT b R ERER C— B R EES S 72, RCS A > b U Z I FEELE T LOCA 2388
L7278, ECCS KK L2358 O FMRAEBR DR IR 7T o NN OWTLLFOFEREI T 72,

LOCA [fif&iZ 100, 200, 300...,2000cm® & Z5{k &4, LOCA &40 SEEHEIERRME D B 22 T HBVBHERE ) E5-
Lifed 5 F TOREH & LOCA ThifE & OBIfR A I8k, FEMh L 7-.

WRIZ, LOCA THifE 1000cm” DK LOCA & [HifE 25ecm” D7)y LOCA % 564442, LOCA J8E# OWRILHINT & [RIRF A
BREK Y 2 BAAA L, LOCA 841 30 /0 CHRIICHK TE 2GAIC W TSR L-. £/ Z 0Ol SG Bz &
HRE K e — Y7 8952 L2k D RCS ARERGH DN FIZHOWT b G L.

4.3 EEREBER

F£9°, LOCA [fifs & REHEE 5 TORFE & 0 BHR D FZBRAE TS\ CEER T 5. Fig4 13 LOCA g 100cm’
(ZRF3 D IREE, R IRE DRFIZ L A7~ LT-. Fig4 |27k L= LOCA [HifE 100cm? Ol B2 & |TREHERE 1
FBMAE TORIZ 440 B THD Z &7 5. Figs 1213 LOCA [HifE 2000em® DHFA DOBREL,  IREHE B SR E
Db Z R LT, XD ITREHEEE FH-BEME E CoORRIIE 20 B & Hifg 100em? 12 L TRRERIZE < 72> T
LT ERbNDS. pE, I CTORREHRE, REMEEEIREIIA 2, FOREEZRL TN 5.

— 297 —

This document is provided by JAXA.



ST T VFE Y MREERKRICBITA PWR 7T v M EEIORERBENIIZE (1) — (1 %% LOCA + ECCS ki) Fig —

e Temperature of fuel Temperature of fuel
- Temperature of fuel cladding i
600 600 a
~—~ é_) 9 - =
8 500 —.*\ ~ 500 \ .
© L g \ -
= =1 2
2 400 = 400 X .
= -| 2 N
g - ” 2 -
£ 300 s e 000 0 00 sttt a0ttt en o ene s sss e g 300 \v{(
e =
200 € > 200 \
Time until the fuel temperature rise =~ ——————] — Temperature of fuel cladding
100 100
% 100 200 300 400 500 0 2 w0 s = 100 120 140 160 180 200
Time (s) Time (s)
Fig4 Time variation of the temperature of the fuel and fuel Fig.5 Time variation of the temperature of the fuel and fuel
cladding from the occurrence of LOCA of 100cm’ cladding from the occurrence of LOCA of 2000cm’
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Fig.6 Time variation of the temperature of the fuel Fig.7 Time variation of the temperature of the fuel
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Fig.8 Time variation of the temperature of the RCS from Fig.9 Time variation of the temperature of the RCS from
the occurrence of LOCA of 25¢m” without SG open the occurrence of LOCA of 25¢cm?* with SG open
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Fig.10 Time variation of the level of core water from the Fig.11 Time variation of the level of core water from the
occurrence of LOCA of 25¢m? without SG open occurrence of LOCA of 25¢cm?* with SG open
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Fig.12 Time variation of the pressure of reactor core from Fig.13  Time variation of the pressure of reactor core from
the occurrence of LOCA of 25¢m? without SG open the occurrence of LOCA of 25c¢m” with SG open
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Fig.16 Time variation of the level of reactor core from the Fig.17 Time variation of the level of reactor core from the
occurrence of LOCA of 1000cm” without SG open occurrence of LOCA of 1000cm” with SG open
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Fig20  Time variation of the pressure of the containment building from the occurrence of LOCA of 1000cm” with SG open
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