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A Preliminary Evaluation on Criticality Safety for
Spent Fuel Disposal System

257, A5, o, 14, ¥L5
FE QA AT
ddgelA F47 9% 150
9 ok
B oAvdAEe AT} dE ARy mAg gaor dYr 4SS
4 _

L

PWRE 49 7% Al&FdAd= Owt%, HE=AL % 45000MWD/MTUS 34
o} 27 5E% 45wt%, HEAA 2= Agstgon, CANDUS 74
= 0.7wt%, 7500MWD/MTUS AFE3tdth 71+ Awd 22 A7zt fdyd =g
SFATH AREFAS o] AFTEE

AE =S 938 MCNP 2= o
PWRO| 7| AMEFHA AR dafr= HiEdo] FH= o]F9

A

wer, CANDU &1z e] 9= Addss 7Hdstvets 05 olsh= fx=o] A=<l 0.95
F

urh @A e Aow Uehdth weld, dentel senA o} st ARyl &
AR Bol Fshel A A 2AL o Bk AABE F ALFAAR YA E A7
e}

Criticality analysis was performed under assumption that spent fuel assemblies were placed
in boreholes of underground repository. The PWR fuel assemblies studied were assumed to
have discharged burnup of 45,000MWD/MTU and 55,000MWD/MTU in response to initial fuel
enrichment of 4.0wt% and 4.5wt% *U, respectively. The discharged burnup of CANDU
reactor fuel was assumed to be 7,500MWD/MTU with initial enrichment of 0.711wt% =y,
HELIOS and MCNP codes were used for burnup calculation and criticality analysis,
respectively. In case the canister void space was filled with water for PWR reference spent
fuel, infinitive multiplication factor was maintained below ~0.78 after operation of repository.
For the repository with CANDU fuel assemblies, criticality was assured within 0.5 in the
water—flooded condition, although fresh fuel was placed in a disposal canister. Therefore, if
the fuel assemblies are intact and fissile nuclide is confined in a fuel rod, the criticality in a
repository is impossible under current design.
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1) 10CFR60.131. (h) Criticality control. All systems for processing, transporting, handling, storage,
retrieval, emplacement, and isolation of radioactive waste shall be designed to ensure that nuclear
criticality 1s not possible unless at least two unlikely, independent, and concurrent or sequential changes
have occurred in the conditions essential to nuclear criticality safety. Each system must be designed for
criticality safety assuming occurrence of design basis events. The calculated effective multiplication
factor (keff) must be sufficiently below unity to show at least a 5 percent margin, after allowance for
the bias in the method of calculation and the uncertainty in the experiments used to validate the method

of calculation.
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BN 17x17 Westinghousee ¥+% 4] CANDU &4
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Wzt 3¢ 404
X 2. 71 AHESEdR dA A
Parameters PWR CANDU
Number of fuel pins 264 37
Number of empty channels 25 0
Outside diameter of fuel pin (cm) 0.95 1.31
Zry-4 clad thickness (cm) 0.064 0.040
Total fuel length (cm) 405.8 4953
Active fuel length (cm) 365.8 38.90
UO; density (g/cm®) 10.16 106
Pellet diameter (cm) 0.805 1.220
Fuel pin pitch (cm) 1.260 -
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Ao w Yetyt, AEsk A gostr] Y= 2424 WH 2 (deterministic method)
AbEEHE ZE A~ o] &3te] HEE Agd wE TEJS Frbsok sy, dA Alqkd
Aia kAol bmE Fw3] Wi EHIIERZ WHESR HuEsE ¥ 39 Ad e FAL
o - A5l AAlE it gh(mean value)o] WstE AEs] Homg SEEA WHES ol &
FEE 53 FritoRw FEE oz it 2 At AMEH HES7] 2 AR
AbEE 7 B ok 242 F 4o AAIE] 71 A E ]
F 3 AT A wE FaSuiAT W
A 2F 1A K eff £ o
(cm) g %3} Az e
300 1.07063 £ 0.00078 0.23457 + 0.00024
400 1.07109 £ 0.00072 0.23422 + 0.00023
500 1.07109 £ 0.00072 0.23471 + 0.00022
600 1.07109 £ 0.00072 0.23471 + 0.00022
T4 ARET) W AR AsE BA x4
Property Value Property Value
Water Dry Bentonite
Density 1.0 g/cm’ Density 1.8 g/cm’
Proportion by weight : H 112 Proportion by weight : Si 35.8
O 88.8 Al 124
0 51.8
Air . Wet Bentonite
Der131ty' ' 0.001293 g/cm® Density 2.15 g/cm’
Proportion by weight : N | 767 Proportion by weight : Si | 30,0
O 23.3 Al 10.4
0 57.8
H 1.8
Nikel Rock
Density 8602 g/cm® Density 2.7g/cm’
Proportion by weight * Ni | g5 Proportion by weight : Si 339
Si | 100 Al 95
Cu 3.0 Ca 3.2
M| & | 4
Al ' O '
Carbon Steel
Density 27g/cm®
Proportion by weight : C 0.30
Mn | 160
P 0.04
S 0.04
Fe 98.02
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4. 4 &

HodFo e AlEFadar odd NEY 2dS giaew A xS FFsn

s o] 2 WEAdAE 45,000MWD/MTU9} EpR
4.5wt%, Ho%?i A 0}919—111, CANDU?9J o= 0.7wt%,
7500MWD/MTU S A}%é}ailﬂr. e HAET 2
dAw o] alEsw =

= ]’oo]' Uﬂ] 7‘%"‘04 AA =
H5H MCNP #Z:=E& X_—]l%g]-

2 #k

&49& velstth 71E AlEF g d R dEidE FEFET 40wt9%, HJ%C{iiE 45,000MWD/MTU
o] AT YAE  Fe  0.74518+0.00069F UEYow, FEE 45wt%, WEALE
55,000MWD/MTUS! A5 AAIE e 0.72558+0.00059% HERskth. CANDU A5 9 7%
= Agd 492 MEedes AR #0951 dAE] AA vEely ehdAdo] SrE Q)

wehA], 71E AFEFEAR disiAE dAdsEo] R Zol ARt AdAs sl v
Ao Fo] FAgete] HA e 20E o)tk EAHE AT #e ATFA oJlE A 5o
Ay A tAAe FHEHE Ao YE:
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