2004 =ATETRI] =
UEORELE

AEFIAE FEAEA AZE7 AEdAEAA R P F

Conceptual Assessment and Safety Analysis
of Storage Cask for Conditioned Spent Fuel
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Abstract

Storage concept has been established for conditioned spent fuel. Safety
assessments of the storage cask was performed for application conditioned
spent fuel. In the results of criticality and shielding analyses, the cask can be
applied for the storage of conditioned spent fuel. The maximum temperatures
of the conditioned spent fuel for the storage cask were lower than those of
the allowable values. As for the results of the structural assessment, it is
shown that the storage cask can be applied to the storage of conditioned
spent fuel. Therefore, it was shown that the storage cask can feasibly
accomodate the conditioned spent fuel in aspect of the criticality, shielding,

thermal and structural safeties.
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Table 1. Radioactivity and Decay Heat for PWR and Conditioned Spent Fuels

Fuel type Radioactivity Decay heat
Spent PWR fuel 5.461E+05 Ci/tHM 1,724E+03 W/tHM
Conditioned spent fuel 1.128E+05 Ci/tHM 4.53E+02 W/tHM
Rate of decrease 20.7 % 26.3 %
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Metal rod 950 |1,000
— Diameter 68 mm

- Length 950 mm

- Weight 65.7 kg/rod

Fuel canister

- Width 120 mm

— Total length 1000 mm

- Hole @69 x 955 mm L v

- Distance (holes) 5 mm - S

- Weight 490 Ko 35

— Storage capacity 1 PWR /canister v

Fig. 1. Unit Storage Canister for Conditioned Spent Fuel.
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Canister
(7 Basket)

o J A
[T Neutron shield (NS-4-FR)
[__"] Carbon steel SA350 LF5
[ Stainless steel SA240 type 304
Basket
(4 conditioned spent fuel) ID of canister 710 mm
Basket thickness : 9 mm Thickness of canister 25 mm
Stainless steel : SA240 type 304 ID of inner shell 770 mm
\ A A Thickness of inner shell 170 mm
OD of inner shell 1110 mm
208.85 226.85 . .
. Thickness of neutron shield | 90 mm
ID of outer shell 1290 mm
v v
131 Thickness of outer shell 15 mm
- OD of outer shell 1320 mm
< 262 >
Thickness of cooling fins 10 mm

Fig. 2. Cross Section of Storage Cask for Conditioned

Spent Fuel.

Table 2. Comparison of Storage Cask for PWR and Conditioned Spent Fuel

Conditioned spent

PWR fuel cask

ltem fuel cask HI-STAR 100 | NAC-STC
Storage capacity 28 PWR fuels 24 PWR fuels 26 PWR fuels
Dimension
- Quter diameter 1,320 mm 2,438 mm 2516 mm
- Length 4730 mm 5,159 mm 4902 mm
Weight (loaded) 44 tons 105 tons 107 tons
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Fig. 3. Geometrical Model for Keff

Calculation.

Table 3. Keff for Metal Cask Loading the Conditioned Spent Fuel

Assumption Condition Keff+o
Fresh Fuel Normal 0.72123£0.00325
i?;igegiild ii‘;cadental Condition 0.84893+0.00417
—Abnormal Locition 0.91628+0.00381
-Abnormal Location + Canister Removal 0.94522+0.00426
Burnup Credit Normal Condition 0.49742+0.00279
fl\ig?;};egfjé diAcadental Condition 0.63106£0.00350
—-Abnormal Lorclgtion 0.66477:x0.00314
—-Abnormal Location + Canister Removal 0.68960:0.00390
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Fig. 4. Geometrical Model for Shielding

Calculation.
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Table 4. Maximum Calculated Temperatures under Normal and

Off-Normal Conditions

. Calculated temperature (C)
Location
Normal Off normal
Fuel rod 139 148
Fuel basket 138 147
Canister 96 105
Inner shell 80 90
Neutron shield 72 82
Cask outer surface 58 67
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Fig. 6. Temperature Contour for Normal Condition.
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Table 5. Maximum Calculated Temperatures under Fire Accident Condition

Calculated temperatures (TC)

Location Transient time (h)
Initial Max.
0251051051101 2141619 |12|18| 24
Fuel rod 148 | 148 [148| 148|148 (148|152 157|163 |167|168| 168 | 168
Fuel basket 147 | 147 |147|147|1471147|152| 157 |162|166|167| 167 | 167
Canister 105 [1051105(105]107(119|133| 135|134 |131|127(125| 135
Inner shell 90 90 | 92| 98 [104(122]129] 128123 (119(112]|109]| 129

Neutron shield(core) | 77 |163{192(221|215|166|128|114|105|101| 95| 92 | 221
Cask outer surface 67 |625|705(336|241 (147|108 94 | 87 |84 | 80 | 78 | 705
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v Outer Shell
Neutron Shield

Material(NS4FR)
YT Gamma Shield

Material(Forged steel)

Storage Unit

/ Basket
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Fig. 8. Tresca Stress and Deformation on Fig. 9. Tresca Stress Contour
2.4m of Drop Height. at Impact Moment.
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Fig. 10. Wind and flood load in concrete

Storage cask.
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