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Thermal Analysis of Spent Fuel Shipping Cask
for Application of Metalized Fuel
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Abstract

Thermal analysis of spent fuel shipping cask loaded with 4 spent PWR fuel
assemblies has been carried out using the Fluent code. And the temperature distribution
of cask for application of 4 metalized fuels equivalent to 16 PWR fuels has been also
calculated. Total decay heat from 4 spent PWR fuels and 4 metalized spent fuels are 2.2
kW and 4.4 kW, respectively. The calculated temperatures for 4 spent PWR fuels were
compared with the proven data presented from the safety analysis report of shipping
cask. It has good agreement between two results. The maximum fuel rod temperatures
inside the canisters of square and hexagonal types are estimated to be 269C and 2127,
respectively. Therefore, it is found that the hexagonal canister loaded with metalized fuel
rods is more advantageous in aspect of thermal characteristics and storage efficiency.
Fuel temperature in the cavity of helium gas for hexagonal canister is lower than the
temperature for spent PWR fuel.
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Table 1. Description of GA-4 Shipping Cask

Items Description

Capacity 4 PWR assemblies

- 21.2 tons (empty)
Weight - 239 tons (loaded fuel)
- 36.3 tons (including tractor and trailer)

- Packaging (including impact limiter)
. OD. 123 m, Length : 59 m

- Cask body
.OD. 1 1.0 m, Length : 48 m

Dimensions

- Structural mat'l @ stainless steel

- Gamma shield : depleted uranium (64.3 mm)

Materials - Neutron shield : polyethylene-1% bhoron(RX 201-1)
(thickness : 114.3 mm)

- Impact limiter : honeycomb(aluminum)

Cooling type Dry type (air cavity)

- Burn-up :© 18,000 MWD/MTU ~ 35,000 MWD/MTU
Design basis - Initial enrichment : 3.0 7 45 % U-235

fuel - Cooling time : 10 years

- Decay heat : 2,208 W/ 4 PWR fuels (552 W / Ass'y)
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Table 2. Thermal Properties of Materials

Materials Thermal properties
k [W/m-K] o [kg/m’] Cp [J/kg-KI]
Uranium oxide (UO2) 3.05 - 272
Zircaloy—4 15.6 - 297
304 stainless steel 17.3 7861 461
XM-19 stainless steel 13.9 7889 461-628
Depleted uranium (DU) 255 19293 132
Neutron shielding (RX 201-1) 1.72 930 2345
Boron carbide (B4C) 1194 2519 1214
Aluminum alloy 5052 1385 2685 921

Table 3. Effective Thermal Conductivity of Spent PWR Assembly

Temperature(C) Effective thermal conductivity(W/m-K)
33 091
93 135
149 193
204 268
260 362
316 477
371 615
TEE&7] AF-EHAA 7)o g A F ddGATFs dPAoR =& o)A
As AdEste] A HH, v& Hor AoRrb]
h,,(surface) = Nugy K

d

o 7] A,
Nug=c(Gr Pr)?, Grq=g 8 (4T)d*/\*
: Thermal conductivity (W/m<T)
Exponent dependent on the flow regime
Coefficient dependent on the flow regime and geometry

Acceleration of gravity (m/s?)
Diameter of cask (m)

Coefficient of volumetric expansion (1/T)

L Tl oD

T : Temperature difference (C)
v : Dynamic viscosity (m%/s)
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Table 4. Description of Hexagonal Canister for Metalized Fuel

Items

Description

Loading Capacity
Rod Array

Rod Diameter
Rod Pitch
Length

Decay Heat
Canister

Inside Canister

4 PWR ass’y / canister
consolidated 169 rods
13.5 mm

14.0 mm

4 m

1,104 W / canister

10 mm(stainless steel)

helium / air
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Table 5. Comparison of Temperatures between the Fluent Analysis and Reference Value

Maximum temperature (C)

Location Fluent analysis Reference value
(P-SAR)

Fuel rod 191 186
Inner cavity 156 153
Fuel separator structure 144 143
Fuel cavity liner 9% 93
Depleted uranium 33 32
Steel body 77 7
Neutron shielding 76 75
Cask surface 62 61
Ambient 38
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Table 6. Cask Temperatures for the PWR and Metalized Fuels (Square canister)

Maximum temperature (C)
Location Metalized fuel
PWR fuel
L =366 m L=4m

Fuel rod 191 283 269

Inner cavity 156 244 230

Fuel separator structure 144 229 214

Fuel cavity liner B 142 134

Depleted uranium 83 120 114

Steel body 79 107 102

Neutron shielding 77 105 99

Cask surface 62 78 75

Ambient 33

* L fuel length
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Table 7. Cask Temperatures of Square and Hexagonal Canisters for Metalized Fuels
Location
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Fig. 1. Overview of GA-4 Shipping Cask.
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Fig. 2. Cross Section of GA-4 Cask(PWR, square canister).
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Fig. 3. Cross Section of GA-4 Cask(hexagonal canister).



Fig. 4. Analysis Model for Square Canister.
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Fig. 5. Analysis Model for Hexagonal Canister.
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Fig. 6. Contours of Cask Temperature for Square Canister(K).
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Fig. 7. Contours of Cask Temperature for Hexagonal Canister(K).
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