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Risk assessment of reactor shut-down due to fuel failure for sufficient
management of nuclear reactors
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Continuous efforts should be made to keep the safety of light-water reactors, not only at the design and
construction phases but also at the operation phase. Fuel cladding is a key barrier in containing fission product.
However, fuel failures yet occur in operating nuclear power plants, often leading to reactor shutdown based on
the conservative, sometimes too conservative, judgment. Therefore, an appropriate judgment of how to treat the
fuel failure is required to achieve reasonable management of reactors. In the present study, the methodology to
evaluate the risk of reactor shut-down due to fuel failures has been developed by using computational
simulation. Our calculation results have indicated that the risk curve has a peak which depends on reactor
managements. The risk assessment will contribute to realize more effective management of fuel failure for

further plant safety.
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Fig.1 Schematic diagram of fuel leak

REHUEIZBWTIE, BB — 7 ICBI3 2L LT
Sk = 73 131 (1131) D) SHEds EOFIFRME S L
THESNTEY, U —7 BB ERRORISE 20 DB
DEFIRIEL 725 T D, JFAKFO I 7 FREEIE 1
~3 BIRREDOY TV TPEIC Lo TE=X Y 7S
WCTED, BB — 7 BRI S D EREREDER |
OHIBHMEIZEL22< &b, PRI R AAELT 572
EOMENBOND Z ENHD. DX o1, BRENTK
SHREPA CiAD O FETEEREA A LT D729, K
BFY — 2 FEAEBEORIGIN Y AT DRI E 2 DRI



WIZREW. Z0d), RO REEEZ5
T, UV—7EOTERTEEFETHD, YR
FHI Z ISR« BER SIS T D .

1.2 V)R

JF APk ERONEEME « AT 2 FEL LT
ERimn ) A7 5l (PRA) 2365, filzlE, HiE PRA
TlE, HIERICER T 5 TrkasolilE s B LT U A
7 (P CREHER) ZRHlid 272D HIER DS S
T\ 5. Fig.2 [ZHIE PRA OB A7~ d. 22 ClE, #4E
BAFEDSRD NS VIR S Z D72 Y 2 7§l T > Tk
Y, HIERBIOIRS & OHIERORASE 2% U7 s [y
P RHlfR) &, HEEEHOMR ST DR g OMSEETER
fleRa R Lic 177207 4 it ZHWT, T 27l
B P CRESERL D) 2ok Cnd. Zhud, HiEsh
DR E SR DHEEROBERERER Y A7 2R LT b DT
Hb.

AIZECIE, ZOHEPRA or Yy 7UinEc Lo
D, BREF) — 7\ ZERT D EEIR Y R 7 AT S
T=ODI A TR L, FHiZ T2 U A 73T
DB 2 FITHIEE PRA D X 912, TERIZT AT AR L
THEAEND Z ERNEh-T278, T Z T EIOKERER
KOFHMBZEDLDIEALTRY, ZHNARZEDRH
Thb.

- RN — iR HhEPRADIBE
- RIS
= o (UR7HE)

. bl - X S -

hRES D >
= /

w| 77)F iR E LN
[ -~ !/ X~
S 5 /’ ﬁ // N N
x ’/Bk%%z = 2 N
% I 2~ a
et HREE

Fig.2 Procedure of seismic PRA
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Fig.3 Time evolution of 1131 concentration in primary

coolant water

1x107 .

-5 .
8x10 R = const.

Frequency, F(s™)
Y ()]
% X
s 9
(3,1 (3,1
T T
1 1

0 1 1 1
0 1x10" 2x10" 3x10"
Influence, /(Bq)
Fig.4 Hazard curve of fuel leak when leak rate of 1131 (R) is

constant

3. R -ER

3.1 FPKIVRREDHHEZEIL

AFFEET VA TR O 1131 JREE DR LA
R L7=. Figh (CESEE Tl = 55545, Fig.6 ({848 T
R Z DFEARE LT BROF R EnEhsd. =
Z T, Fig5 & Fig6 DRz R R OffIIFE—Th 5. %
ABEDMENVEFRIZEDP L ENRRE LS RoTND I &N
PG, ZDX D IREMETIE, Fig.3 (= L7z K
S HESHZEHHY, HIFRMEZERZ 5028 9 DB
IRBIE D T LIFEE L. 2T, BRx AR

&R 2 R OFEU T LUK 113 IREEDIRFEIZ b A
FHREL, BB — 2 I TERT 24 IR Y A Y 2l L.

ime (s)

0.00 8.64x10° 1.73x10° 2.59x10°
1400 | 4

3

in primary coolant water (Bg/cm")

1200 |- N

1000 - E
800 E
600 | b

400 | -

Concentration of 1131

200 E

0 1 1
0 10 20 30
Time (day)

Fig.5 Time evolution of concentration of 1131 in primary
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Fig.7 Hazard curve of fuel leak for the risk assessment
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Fig.9 Risk curve of reactor shut-down when desired value

was changed
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