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Basic Study on BWR Plant Behavior under the Condition of Severe Accident (1)
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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 severe accident that LOCA occurs but ECCS fails the water irrigation into the reactor core. The simulation experiments
were carried out for the cases that LOCA has occurred in the main steam piping or in the recirculation piping, respectively. 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 LOCA area of up to 100cm’ for both type LOCA. In the case of
main steam 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 recirculation system LOCA of 2000cm’ area, a drop of the core water level was extremely in comparison
with main steam system LOCA, and the fuel assemblies were completely exposed during up to 30min. to the irrigation from
approximately 100sec. after LOCA occurrence. Therefore, the fuel temperature during the irrigation had reached
approximately 1900°C. Thus, the fuel cladding were damaged approximately less than 10%, and H, concentration in the
containment vessel was approximately 9% which did not exceed H, detonation limit of 13% but exceeded H, explosion limit
of 4%. However, the containment vessel internal pressure was settled around design pressure value of containment vessel. As
the results, some core damage could not be avoided, but soundness of the containment vessel, which should take the role of
"confine", was found to be secured.

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.3 Time variation of the temperature of the fuel and fuel ~ Fig.4 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 100cm’
without RCIC with RCIC
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Fig.5 Time variation of the temperature of the fuel and fuel ~ Fig.6 Time variation of the temperature of the fuel and fuel
cladding from the occurrence of LOCA of 1000cm’ cladding from the occurrence of LOCA of 1000cm’
without RCIC with RCIC
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Fig.7 Time variation of the temperature of the fuel and fuel cladding from the occurrence of LOCA of 2000cm’ with RCIC

— 310 —

This document is provided by JAXA.



YETT VT Y MRERICBITA BWR 75 v MEBOREBEOME (1) - (FHRSRFMEESR LOCA + ECCS 2 Fig -

REHIE IR & b ICRBICImAEIES N, EOBRBHADPHERF SN TND Z ERn0D.
Fig.8, Fig9 (Z4%, NS L IFPKALD LOCA J4EM 6 DORFHIZ LA 7R L7z, Fig.8 7°HiE, LOCA JE4:1%

100 600

S e -

g i

N ~ 400

) g
Z 710 =

300
v .
§ 2 200 Top of fuel assembly
Q

g % g 100 Irrigation

< L

2 40 Irrigation —— E )

° 58 \ % L

] -100 |

§ \ E I / Bottom of fuel assembly \
w20 -200

[0

(=9

AN A\ - \

. - 400 ./ E
0 500 1000 1500 2000 i P s St
Time (s) Time (s)
Fig.8 Time variation of the Pressure of reactor core from Fig.9 Time variation of the level of reactor core from the
the occurrence of LOCA of 2000cm® with RCIC occurrence of LOCA of 2000cm® with RCIC

BITIFNENZED L TWE, 2RI 5 NS EHB BEFIREE S SR T, F84E L7275 LOCA HinrH D
TR & W D B OWRBEHERSIC LV, Fig9 12787 & 912 LOCA 4% 100~200 FO14 I ITBREME A RTEHSS £ T/KAL
FAY, #1800 VR ICITREMES RN 2 RIZEH L TS Z R 0nnD. LavL 1800 lciHKk &=z &
TAMITRGEIZEIE, HCMICIEF AN E TR TS Z ENGnD. £, BKEEOFNE T 4kg/em’ F2
ETHY, KRR TOHRBEL ZOREDO LD THITHD Z ERbNnD.

S BT, Fig10, Fig 1l IZHANERNES), MR ERPKFRIREZ R L7z, Fig10 1TR L 7B s g NIE I,
LOCA FEE7 59 100 B & 72 » TRREHE S 3kglem® Z—W#, 82 TIZW DA, Z D1 3kg/em? FEEIZILE » T
B2 ENDND. ZHUL, 3kglem? 2 X TTIT RTA U 2 A BIEIIH 7 — L ~KE 2 E S EEi ST 5 2 &
THEN LRI SN0 TH S, —77, Figll IR LIZASIAZEPKE R §5) 2.2% & K FRIERA FIRE
THD 13%I1TH B AHAKEREFEBR FRIED 4% 2 FEl>TND Z &b, BMEOREEMENHER ST
WD ZEDGIND . R Z DR OB EHRIGEIA 13K 14% Th - 72

10

~ 1o
& =X
g 9 =
{ —
L

s o3
& s ®
— 7 -
5 7
2 s Irrigation g 'S
E . s
g 8 s Irrigation
§ 4 g a \
Q -
s o 8 \
o 3 l = 3
é 2 § 2 k
Q
a 1 § 1 /r

o
0 I o

0 200 400 600 800 1000 1200 1400 1600 1800 2000 0 500 1000 1500 2000
Time (s) Time (s)
Fig.10 Time variation of the pressure of containment vessel ~ Fig.11 Time variation of the H, concentration in containment
from the occurrence of LOCA of 2000cm’® with vessel from the occurrence of LOCA of 2000cm” with
RCIC RCIC
— 31l —

This document is provided by JAXA.



YETT YT Y MEERICBI S BWR 77 v MNEREBORBENIIZE (1) - (EXRSR/HEER LOCA + ECCS &) Filg -

4. 3. 2 ZEBR2; BERIRARECE LOCA+ECCS jE/KERK

F 97, LOCA Hiff & LOCA 3£ HIREREFE FH-BHAA E CORM & OBIRIZ OV TOERBRFERIZ OV TR 5.

JE TP FE BR R BCAE CHRIE S0cm” D LOCA (22U, #REL REHIE TR ORFFIZ Lo RCIC AMESR) L 72>
ST % & % Fig12 12, RCIC 23ME#) L T\ a6 % Fig 13 IR L7z,

2000 2000
1800 1800
1600 1600
___ 1400 ~ 1400
o Temperature of fuel ‘8
~— 1200 —— 1200
o | | | N g
g 1000 — Temperature of fuel cladding g 1000
g 800 T! I " fl | | \ \ é 800 Temperature of fuel
S = ime until fue o t i
= 600 temperature rise )g |2 B e00 . Timperature of fuel cladding
3 ¥
400 1 :__/,'- = 400 /
200 | 200
0 0
0 200 400 600 800 1000 1200 1400 1600 1800 2000 0 10000 20000 30000 40000 50000
Time (s) Time (s)
Fig.12 Time variation of the temperature of the fuel and Fig.13  Time variation of the temperature of the fuel and
fuel cladding from the occurrence of LOCA of fuel cladding from the occurrence of LOCA of
50cm’ without RCIC 50cm’ with RCIC

Fig.12 {27k L7= RCIC 1E&h 72 L D5 1E LOCA F82E 0 & OREREEE 5 BtA F CORERITH 1100 B & 45 iz,
Fig.13 (2”9 K 912 RCIC {E# & V) DA 134 40000 # (11 #fH]) £TY I =2 b—a & LEnZHITRA bR
Mof-. F72, Figld , Fig.151Z LOCA [Hiff 100cm® DFEFIZOWTR L72A3, RCIC 872 L OA T 700 7,
TEBd © DG THI 9200 £ &, RCIC EBIO B ENFLAENZ 10 5L EE RESEB L TV D Z Ebnd.

2000 2000
1800 1800
1600 1600
___ 1400 Temperature of fuel \ . 1400
8 1200 ! ! | | 8 1200 Temperature of fuel
¢ T INA B AN
% 10007—  Temperature of fuel cladding 7 & 1000 I I i i
L o ~ .
S 800 S 8001 Temperature of fuel cladding i
: K :
& ool = N e & so0 I
400 i / et 400 4/
i - ‘ rd
200 200 Lj}
0 0
0 200 400 600 800 1000 1200 1400 1600 1800 2000 0 2000 4000 6000 8000 10000 12000 14000
Time (s) Time (s)
Fig.14 Time variation of the temperature of the fuel and Fig.15 Time variation of the temperature of the fuel and
fuel cladding from the occurrence of LOCA of fuel cladding from the occurrence of LOCA of
100cm” without RCIC 100cm” with RCIC

WIZ, Fig.16, Fig.17 12 LOCA [ifE 2000cm” D40 RCIC /EENZ L & & 0 OBA OBREL, IREHIEE IR DORE
MELEF 2T, RpHb0d X9, LOCA FAN HRERRIE 7 BithE TORFEICHA £ 2RI <,
#9 80 Fb & Misd CTHIIFR CIRE ERICE D Z L b,

ZIE DD B ITEEREE 1250°CHHT, REHEEIRE 700°CHHL TIRE RN —HIEE-> T bH X 21tk
. ZAUZL, 1100~1200°C TREME T D by 7 v LIREWEEEMEI ChH D v a A L ORT U0,/ Y

— 32—

This document is provided by JAXA.



VETT VT Y MEERICBITS BWR 7T v MEBIOREBENIIZE (1) — (FHERR/HERSR LOCA + ECCS 4) g —
Ve A N & DR U OISR A SHL, REHEFEEIREE & REREE EHS Z 0 U0,/ Ui v A RGBS
SNDT-OIIRE AN LI-b D Th D, T70bb, IBE Q27CICED LHERMEITH D Ag—In—Cd MR
Al AR, BAEE R B C o D Zr B4, UV oA DR EHE T 5 Ni,/ Zr 70 Fe,/ Zr RO IHFHIREEIZEE L,
SOITREN EF LT Z 8L o TA U a L OEEHl, A7 0 L ADER, & BIZITREFCH D U0, DFFH
NEEBD LN OPIREE FHICHE S EREROBEHETHS @ .

Temperature (C)

2000 | I l l | / 2000
V.
1800——  Temperature of fuel / 1800 /
1600 N 1600 Temperature of fuel /‘
1400 r/ g 1 \BA-/
£ 1200
1200 E /
<
1000 - — —] 5 1000 A
800 / o / % 800 "
o / prgd &= /
. / P [t P
600 600
” - . ”
: L] b AT |
400 — 4003 . Z
200 Temperature of fuel cladding 200 " [~ Temperature of fuel cladding |
o I o I
0 200 400 600 800 1000 1200 1400 1600 1800 2000 0 200 400 600 800 1000 1200 1400 1600 1800 2000

Time (s)
Fig.16 Time variation of the temperature of the fuel and

Time (s)
Fig.17 Time variation of the temperature of the fuel and

fuel cladding from the occurrence of LOCA of fuel cladding from the occurrence of LOCA of
2000cm” without RCIC 2000cm’ with RCIC

Z =, LOCA TEif# 25, 50, 100, 500, 1000, 1500, 2000cm?(Zx%f79 % LOCA THifs & BREHEE FRBAE To
B O EERFLE RIZ- DT, Table2 IZF & 7.

Table2  Relationship between LOCA area and time until fuel temperature rise
Area(cm2) 25 50 100 500 1000 1500 2000
Time without RCIC (s) 1600 1100 700 230 150 100 80
Time with RCIC (s) — 9200 300 150 100 80

WIZ, LOCA MifE 200, 1000, 2000cm® & 95 H1, K LOCA % %412 RCIC fEEIOSAED T T, LOCA F4E0
5 30 43 TOEKMNM T =D FHE A OW TR 5.

2000 2000 I 4
1800 1800 Irrigation / ¥
]
1600 1600 I o ¥
5 1400 1400}  Temperature of fuel / :
< & !
o 1200 ~ 1200
E g Ny :
£ 1000 Temperature of fuel = 1000 / n
&, 5]
E 800 | | Irricati — g 800 B
& : rrigation 5 /
00— Temperaturef of = soot
{ fuel cladding 1 / <
400 1 t 400
i W.——
200— .
200 A Temperature of fuel cladding
0 0 ! ! !
0 500 1000 1500 2000 2500 0 500 1000 1500 2000 2500
Time (s) Time (s)

Fig.18 Time variation of the temperature of the fuel and

fuel cladding from the occurrence of LOCA of
200cm’ with irrigation of 30min. after LOCA
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