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In this paper, we report on the results using the BWR plant simulator about the plant behavior under the condition of
the two types of severe accidents that LOCA occurs but ECCS fails the water irrigation into the reactor core and SBO occurs
and at the same time the reclosed failure of SRV occurs. The simulation experiments were carried out for the cases that LOCA
has occurred in the main feed-water piping. As for the results about the relationship between the LOCA area and the time from
LOCA occurs until the fuel temperature rise start, the effect that RCIC operated was extremely big for small and middle LOCA
area. In the case of main feed-water system LOCA, the core water level suddenly decreased for large LOCA of 2000cm? area,
however, if the irrigation into the reactor core was carried out 30min after LOCA occurrence, the core had little damage. In
addition, the H, concentration in the containment vessel did not exceed both limits of H, explosion nor detonation. The pressure
of the containment vessel was around 3kg/cm? of design value, so the soundness of the containment vessel was confirmed. On
the other hand, for the accident of SBO with reclosed failure of SRV, it has been shown that the accidents continue to progress
rapidly as compared with the case of normally operating of SRV. Because SRV has the function that keep the inside pressure
of reactor core by repeating opened and closed in response of the inside pressure and prevent the decrease of water level inside
reactor core. However, if the irrigation into the reactor core was carried out 30min after SBO occurrence, the core had little
damage and also the H; concentration in the containment vessel did not exceed limits of H, explosion. Further, as for the
accident of reclosed failure of SRV, it has been shown that there are very good correspondence with the simulation results of
main steam piping LOCA of area 180cm2 corresponding to the inlet cross-sectional area SRV installed on the piping. Therefore,

the accident of reclosed failure has been also shown that can be regarded as small LOCA accidents of main steam piping.

Key Words : Nuclear Power Plant, Safety Assesment, Severe Accident, Severe Accident Managemnt, Plant Behavior in
Severe Accident, BWR Plant Simulator
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Fig.6 Time variation of the temperature of the fuel and fuel
cladding from the occurrence of LOCA of 1000cm?

without RCIC with RCIC
Tablel Relationship between LOCA area and time until fuel temperature rise
Area(cm?2) 300 500 1000 2000
Time without RCIC (s) 800 560 370 290
Time with RCIC (s) 2500 1100 530 340
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Fig.8 Time variation of the temperature of the fuel and fuel
cladding from the occurrence of LOCA of 2000cm?

Fig.7 Time variation of the temperature of the fuel and fuel
cladding from the occurrence of LOCA of 500cm?
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from the occurrence of LOCA of 2000cm? vessel from the occurrence of LOCA of 2000cm?

— 155 —



YETT I YT Y MEERICBIT S BWRT T v MERBIOMBENNIZE (2) - (]7KR LOCA + ECCS A %M dhift & (SBO + SRV FHiZ) S -

LOCA 8475559 100 BV Cax it /) 3kg/em? Z—B#E 2 TIXW 573, ZD%1E 3kg/em? I E > TV D Z &3
N5, ZhUE, 3kglem? ZHEZ T IC KT A 7 2 LS ENIH 7 — L~ KR 2B EE ST 5 2 & THEN R
AP ST ledTh D, —J7, Figl2 1TR LIcHANASRNKRIREE 0 2.5% 5 Tldd 503, /KBRS
TERETH S 13%15H HAAKFBIERBR TIMED 4%% b Flal> TS Z &b, ARSI+
RENTND Z ERENTZ. R Z ORFOBREHEE IR EEIG K 1L.7%RE L {E R b D Th o7z,

4. 3. 2 32BR2; SBO+SRVBAEE
SBO D7~T SRV BAEE2NE U7R7n o TG ORREL,  REMIEE R DIF#IZ8 b A Fig.13 (2, SBO & SRV B
& L CLEST2Sa OMRE, REHITEE IR ORI L% Fig.14 IR LT-.

Temperature C)

1800 1800
1200 Tem]:leirature of fuel 8 100 l 'l‘cmpcr;ﬂum of fuel
1000 1 Temperature of fuel c]adging \ / % 1000 [ Temperature of fuel cladding /
] I I I g — T T \
O Time until fuel \\ \ / £ %07 Time until fuel ,y /
600§ temperature rise N\ / ™ sonli, temperature rise f
E— i N
] I( ) /s L S - /
200 4 200
0 0
0 1000 2000 3000 4000 5000 6000 o 500 1000 1500 2000 2500 3000
Time(s) Time (s)
Fig.13  Time variation of the temperature of the fuel and Fig.14 Time variation of the temperature of the fuel and
fuel cladding from the occurrence of only SBO fuel cladding from the occurrence of SBO and

reclosed-failure of SRV

Fig.13 {27k L7z SRV BAEZE A U7e o 72 3581E, LOCA FA4E0 DIREHEE FH-BHAA F CORFIEK 3500 5 &
BHINIZA,  Figld (RT K 912 SRV BAEEE U735A1305 1200 7 & REHEEE 5% TH% 2300 70 % K
ELHEMSNTLEY Z N oT-. ZOHAIZOWT Fig15, Figl6 (27 M5 OIF NKALOREREIZEE) S
AT 5. 37, Figls (R L= SBO WA U= & LTH SRV AFEINIENCIS UCER, AR L v 34E
THRKEMH LN SEN 2 —BIRE>THD Z 0D, SFNREE TS50, RN 13D CTHElg
THHDIZRI LT, Fig.16 (278 L7z SRV BAEE O A RIFNITE T OB 7K T2 L A fafiRE DK T, SRV 2
O OIALK OB OME VK LI XY, IEERNIFRARMAME T, ERE COMERRE FF42 6720 L7z,

S00 S00
400 wu‘
§ 300 N ’é 300
2 — 8 ] i
8 -  Top of fuel assembly =W \ Top of fuel assembly
5 100 \/ S 00 \ /|
g 0 ’§ ° iy l/
= — & aaml \ Bottom of fuel assembly
) [=]
- -200 +— all = .200 \9./
- Bottom of fuel assembly fhae % oA
-300 —/ - -m‘ /
-400 1 -400 P
—-..__‘_-‘-
-500 500
1000 2000 J000 4000 S000 Goo0 S00 1000 1500 2000 2500 3000
Time(s) Time(s)
Fig.15 Time variation of the level of reactor core from the Fig.16 Time variation of the level of reactor core from
occurrence of only SBO and reclosed failure of SRV the occurrence of SBO and reclosed failure of SRV

— 156 —



YETT I YT Y MEERICBIT S BWRT T v MERBIOMBENNIZE (2) - (]7KR LOCA + ECCS A %M dhift & (SBO + SRV FHiZ) S -

F£72, Fig.17, Fig.181Z SBO & SRV FHEEDE UT- 355G OB EHRIGEIG L Nt NKRIRE & & 2 7~
L.

5 10

v 4

/

: Vi

— - —

s 500 J000 1500 2000 2600 3000 0 S00 1000 1500 2000 2500 3000
Time(s) Time (C)
Fig.17  Time variation of the fuel cladding failure ratio from  Fig.18 Time variation of the H, concentration in containment
the occurrence of SBO and reclosed failure of the vessel from the occurrence of SBO and reclosed
SRV failure of SRV

Fig.17, Fig.18 (/"3 &K 512 SBO F/E & [RIFIZ SRV BHEAE 2V UTo 4 GITiE, FHlIE AR 12K 2800 FORREL THRE}
PREARIEEIL D 2.5%12, FANZR2RPN/KRIBE AN 3 2% R IC EF- LTIV D83, RIS et Eic &
EEoTNDH I EHRENTNAD.

WIZ, SBO FHREA, 30 53 TR ENE S N=850 OREL,  BREHMREE RS ORI Z b % Fig.19 (R
L7z, Figl9|\R&E5 X 912 SBO FA4:1% 30 4

N

/

Damage percentage of fuel cladding (%
W
H, concentration in containment vessel (%)
W A on N B @

DREREKIC £ DIFNARL OBBREEIC LY, 1800
PREHRE I I2BIAR T L, ZDOR%ITEEITHEIN 1600
MRS TVD T LMD, SO, IEHEE e
EHROTEG, WIRBIKRIRED Figl?, Figls 2 o1
D SBO F/E75 304y (1800 ) TOETILE S éum;— oot ] T
Tl 1EFEACEHTE D LLOBEEIS 8 ] N
ThY, KRBETHDZ ERIDS. 5oL Tomperstur of N\ ¥
Y 2 AT, SRV IFEARAROME SN S008 el cladding N\ A

WZHEEOR, 1100MWe ) L~LdD BWR 77 > |

N

400
T 16 AR S, TALEEMADIME 150A O ool =
RGN DR D AT OTH S, $72bh, SRV . | | T
OFEAR, B & 138 W TR N 0 500 1000 1500 2000 2500
FARKREEIZ LOCA AL T2 E B W D FRET Time(s)
5. FRKEE LOCA & ¥ 5 50%, LOCA @ Fig.19 Time variation of the temperature of the fuel and
Bra I 3IE N D B OIRA KD AN A AR i & fuel cladding from the occurrence of SBO and
U, FAHAARNE AN EE 5 DIZx LT, reclosed failure of SRV with irrigation of 30min.
SRV BHE S DA ITIXIFN D b OIRIRARSU AN after SBO

AP SN2 DO TIFR <, BNAZRN TEBICERE S VTV D EHH 7 — W80, s Sivd 2 &
MO ZRNITE AN S5 2 L3R,

% ZC, SRV B & FAKREE LOCA & OFELEZH L THLHZ L L Lz, SRV OFASKEEMAN
SR 150A T DD, [ENEE FIREEE (L — AL ABE © STPG) 150Asch60 & L7-34, MR EEn
7.5cm T 2% 7> HWrFE 2 %) 180em? & A L, SBO 4 & & HIZEARXCREVE IZ LOCA Hifg 180cm? @ LOCA

— 157 —



YETT YTy MEERICEIT A BWRT T v MEBIOEBENIIZE (2)  — (KR LOCA + ECCS {EAKM) Fhlk & (SBO + SRV [ f#%) FHig —

PIHELTZE LTEFROV I 2 b— a3 VEREE L7, Fig.20 (2 SBO 4 L [FIFIZ LOCA 234 L Tinb
DOEREL, BREMEEETEE ORI (b A2 /R LTZ. £72, Fig2l1ZiE, Z ORFOIFNAMNZEL SR LT,

Temperature ("C)

1800 | I 500
1o Tt f fuel 0
emperature of fue —
1400 ] I g m.,
1200 Temperature of fuel cladding \ /— g 200 \ Top of fuel assembly
N S oo /
e
o RN Y A B [ B %
800 N h/ 5 oo \ Bottom of fuel assembly —__|
2 L~ St \
600§ \/ o °
B L L E = \
-~ / T
0 500
0 500 1000 1500 2000 2500 3000 500 1000 1500 2000 2500 300
Time(s) Time(s)
Fig.20 Time variation of the temperature of the fuel and Fig.21 Time variation of the level of reactor core from
fuel cladding from the occurrence of SBO and the occurrence of SBO and LOCA of 180cm?
LOCA of 180cm?

SBO F&4: & & b IC EARKRELE IS 180cm? O LOCA 7334 L7-HE DRk}, IRBHIE S IR E ORI L &R
L7z Fig20 &APFPNKNLOREFIZE L2 7R L7- Fig2l &, Fig.14, Fig.16 (2454 7~k L7z SBO 3¢ & Z U2 fE 5 SRV
BAE RS TORREL, RIS RS ORFZL & PN ORFEIZA L & 135D TROWSHEZ /R LTWD 2 &3 h
%. Fig2l & Fig.16 & T, KT 250 7=V £ CORREN S TH72 2 DIE, SBO HAENGIFNET) EFIZLD
SRV OBAEENE CORFENICE A HDOTH Y, SRV BFEER O NANM O FEEEITHEIZIER L ThH D 2
EWIDD. S HIZ, Fig22 12 SBO 34 & SRV BHEE OS5 TOIFNNNG D SRV 241 L7 IRIAKIR &%,
Fig.23 (213 SBO %4 & TS AL COMmfE 180cm? @ LOCA 2338E U 72355 ORI 7> & ORI ARSI S ORI
EX (- Oy

200 __ 200
% 1an" } 180
:s: 160 \ 2 160

a

R | \ i 1ol
= 120 2
oh = 120
5 1on AN =) \
‘g \ E 100 \
g ] L™ £ 3
‘% 60 é 60 \-..,.

40 a0 —
b3 4+ -\-‘"‘.-._. g o _“'\_
i ‘ : ; ; ; Z .
= % s00 w00 1500 2zooo  2soo 3000 g 500 1000 1500 2000 2500 3000

Time(s) Time (s)

Fig.22 Time variation of the total stem flow through the Fig.23 Time variation of the total stem flow through the
SRV from the occurrence of SBO and reclosed RCS break from the occurrence of SBO and LOCA
failure of SRV Of 180cm?

Fig.22, Fig.23 /»BAFNDG D SRV 4T L7 IRIRASKU G & & HfE 180cm? 00 LOCA FRIKTIHI A H ORI KU & D
HokHiE, F7-, ZORMZELOBE LD TRW—EEZ/RL TS Z ERG05.

INHOZ END, SRV BHEZEFGHE SRV O FZSELE R 1WA A 4 9 5 mfE O A% RELE LOCA
FHLAMT I ENTEDZ LD TR TE 7.

— 158 —



YETT I YT Y MEERICBIT S BWRT T v MERBIOMBENNIZE (2) - (]7KR LOCA + ECCS A %M dhift & (SBO + SRV FHiZ) S -

5

ZAa], BWR FAA7KCRELE IZ LOCA 2334 L7212 4o 59 ECCS HEAIZKRIT 5 L) SA, BXTUY, SBO
FE L L HITAE U DIFNTENEENIMES LTS 5 2 & TIHENE 2 — IR 272 OIC/EE) L 7= SRV O FFEA
S, TR BREE S VD SAICKHT AV 2 L—XFEBREFE L, LLFOfmaET.

FHAKFZLOCA DY R =2 b—3 3 UFEBRM ST, LOCA HiF L EHREG D H 22 & LTO LOCA F40 HIEkE
MRS EA-Bth E CORREIOBIFRIE, LOCA HEA K < 72 D12 230 THERFEEBIZIIZI L T Z EpVRE
Niz. £72, ZOBREHEE ES £ TORRICEI L C, RCIC 2MEH) LTV 5 2hH1E LOCA HifEAY 500cm? A D
1, /NLOCA IZxf L CIEMBD TRENWZ ERWD TRENTZ. £72, LOCA [HifE 2000cm? & V9 K LOCA 73%
A, Lovh RCIC AMEEN L72W & D fed Tk LGRS LT,  LOCA FE0 S 30 & IIFN~OREE
RMFENE S U, REMEEREES VR 1.7% S EN 2L OTHY, F£2, Zr/ /K OKFER) Rt L Dk
FROMANBERNIREE B 2.5% & BT A 22505 2 K BIRFERI FERIE 13%13 5 © A ASRFIRI FRRE 4% %
LB HHOTIH RN -T2. FTo, BMAZRNITE S bIEEREHTE I Th 5 Skg/em? B2 & BN SR OREENE S ffe
REh D Z ENPRE RSN

—7J5, SBO %A L & HIT SRV BHEAENE Ul Sliaxt LCiE, FNEZ —ERDTZOIZBIA M Ik S
L2 ETTIENEDE —ERD, FRNAFEEIK T2 BT 25 2 & TFERNAKMOEK T 2T 2% &9 SRV OFE
BEREN RO D Z & T, SRV MEERARGA IR THENAFITER L T\ Z EAVRENTZ. L,
SBO F4:7025 30 /3 OMRBRAAKEMIZ LV, #HEEHRE D VUSSR RIRE G B CX 5 L~ULTHlg
BPREND Z EbRrE7z. F£7z, SRV BAEAFEGUE, SRV MFEE STV D FAKRECE BRI O WA IC
FEY 9% 1 180cm? D F7EKCRALE LOCA DBEEITHTT D FHUERIRIAD Y X 2 L—3 g USRS RO TR
—E AR T Z LRSI, SRV BHEIE FEIX T ARCRELE O/ LOCA Fifg & R L 73S FAIRE TH H Z & b
ORI L.

X 3

(1) B EIERIRT/IEEINCRIT 2 FHEE BAERE SR, BUFFSGE  Rodld=E, (2012)

2) (W) R hieaemtss, WtRERKIE ORI ASRRGHI BT 2 v ET 77 7 v hOBEIZET 274 R
TA v BFY), R SRRGHEERESMEESWEE 199944 A, (1999)

(3) MEHENS, Y, “PWRIETHHEET 7 bORHE—FnES BF) WEH | BETESLOBLENH -7, —ZEH
THER, Vol.50, No.l, p.8 ~p.17 (2013)

@) R heeEBs, “FEERRKUR R BT DT T 735 v bR — LB #OE 2 HizonT—7,
PR 2449 A 10 H, (2012)

(5) #ALFES, HiEES, dkkEES, HhEES, BARTRE, BB, BY.GE==2—27 U7 - =) U—, {Z,
GRS E 2 R BN OLEMEDOE Z2F (BWR)”, FETHHIEESREEE 2, 10 HEE
T ER TR G R HE—3  (2013)

(6) JBIF, b, i, “CETT 7Ty MEAERIZET S BWR 77 2 MEEIOEBAZE (1) — (FR5R
/FHEER % LOCA+ECCS R Ff—, adh LEERFAIEALE 45 %, p.304~315, 2015

(7) BEVEEE ), EREHORA MR, SO MERERR, T & B SRR 2-2, SRk 25 425 A 2 H, (2013)

(8) ML, HUFE, i, PEE, “ERERSSROL T T T v Mira— Ricon T, R hHEE SR
HERE 2-1, Rk 2746 H, (2015)

(9) RAMREEIE (), “BKEFBREIO .S E, 72 emseie, p4o3 (1998)

(10) R+ emigemss, “BoKIFREROH HEL”, EBETFA U —ZNo.d, Fk20449 H, (2008)

(PR 28 4F 3 A 31 Hz#)

— 159 —



