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Thermal Evaluation of Storage Cask Loaded with
Metallized Spent Fuel under Normal Transport Condition
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Abstract

Thermal analysis of dry storage cask has been carried out for application of
metallized spent fuel under normal transport condition. Comparisons of computer
analysis results with the results by hand calculation based on the heat transfer
theory showed very good agreement. Therefore, it was proved that the analysis
method and procedure were successfully established to estimate the temperature
of storage cask. Effective thermal conductivities of metallized fuels were applied
as a 1Input data for the thermal analysis of storage cask. The effective
conductivities were decided with 2.8 W/m-K and 22 W/m-K for 2 x 2 and 4 x
4 rod arrays. The maximum metal rod temperatures for 2 x 2 and 4 x 4 rod
arrays were calculated to be 359C and 370C, respectively. Therefore, it was
found that the 2 x 2 rod array metalized fuel was more advantageous in aspect
of thermal safety and storage efficiency.
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Table 1. Description of HI-STAR 100 Storage Cask

Items Description
Capacity 24 PWR / 32 PWR / 68 BWR assemblies
Weight - Storage cask : 105.2 tons (with loaded MPC-24)
- MPC : 35.8 tons (with loaded MPC-24)
- Packaging (including impact limiter)
. OD. : 3251 mm, Length : 7274 mm
) . - Overpack
Dimensions
. OD. : 2438 mm, Length : 5159 mm
- MPC

. OD. 1 1737 m, Length : 4839 m

— Overpack : Carbon steel, NS-4-FR (neutron shield)
Materials - MPC : Stainless steel, boral (B4C + aluminum)
- Impact limiter : honeycomb

Cooling type Dry type (inert gas : helium)

— Burn—up : 40,000 MWD/MTU
Design basis - Cooling times : 5 years

fuel (MPC-24) | - Initial enrichment : 4.0 wt.% U235
— Decay heat : 26.2 kW/canister

aE5ASA ] AGS AT Ve AEFHAdEE 2UEFE 45 wt%nst dak
48,000 MWD/MTUS!I PWR A5 2 AAs G om, Wz 59 2 10d W7
H d85E V]Fo® 3t # 25 PWR ddsIdFAE #5489 4§ PWR
gAs 2 FEHEASA ] TdFS vaste] e vk PWR ddaE 354
ghst 79 Aol ofF 1/47 7HAste] 96uhEe] PWR drE FEH5AIND &
EZA%A ] A BHEL 59 2 109 WAE dAEE VFoR 77 296 kW,
17.3 kW2 A3t



Table 2. Decay Heat Generation for PWR and Metalized Fuels

Cooling time
Fuel type
5 years 10 years

Spent PWR fuel 2,564 W/MTHM 1,691 W/MTHM

Metalized fuel 670 W/MTHM 391 W/MTHM

Rate of decrease 26 % 23 %

24th2e] PWR A8 E AFT o+ & HI-STAR 100 A&7 4uje] #7
8§32 2= FEARA 482 5] 4719 PWR AARAFAE 149 357
fAR WEo] 1o madd] A Aow AASFAY. FEARA] Any
a2 x 2 % 4 x4 A9 wds adasitt. 29 12 471e] PWR A=A
FAE S5t 1] npzAle] AHd aHA8AE JHEbL Uk 2 x 2
oA Amiol AAL 90 mmoli, dolE 7|FE AFE7]e Adm v 2
o] a¥ste] 38 m= AASAY. 4 x 4 vl F ARETe AL 45 mmo]
H, A58 RIE 9% cladding % AAAAE 2E3t 19 2¥ 4 x 4 W €E
= e a5A8A A Y 2EE JEhRa itk

E 3T 2x 2% 4x 4 gz dss, vk R AYAHe F8 AT E
et o) vpz=al Y] 2 2 x 2 2 4 x 409 A5 27 200 x 200 mm,
214 x 214 mm= A HY2He A4S 242 1434 mm %2 1524 mm=
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Table 3. Comparison of Metalized fuel between 2 x 2 and 4 x 4 rod arrays

Metal rod array

M ial
2 X 2 array 4 x 4 array ateria
Metal rod
- QOuter diameter 90 mm 45 mm -
- Length 3,800 mm 3,800 mm -

-~ Cladding (OD x t)| 97 mm x 25t | 50 mm x 1.5t | Stainless steel
Fuel basket

- Inner width 200 x 200 mm 214 x 214 mm Stainless steel
— Thickness 10 mm 10 mm

Canister
- Inner diameter 1,404 mm 1,492 mm

- Outer diameter 1,434 mm 1522 mm Stainless steel

- Thickness 15 mm 15 mm
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Table 4. Summary of Thermal Conductivities of Materials

) Thermal Conductivities (W/m-K)
Materials - . .

93 C 232 C 372 C

Helium 0.169 0.223 0.273

Air 0.023 0.039 0.047

Stainless steel 14.54 16.96 19.04

Carbon steel 50.5 46.9 42.6

Neutron shield (Keg) 3.38 3.14 2.85

Neutron shield (NS-4-FR) 0.645

Metallized fuel (2x2 array) 2.8

Metallized fuel (4x4 array) 2.2
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Nug=c(Gr Pr)?, Gry=g 8 (4D)d*v* (2)

Thermal conductivity (W/m-K)

Exponent dependent on the flow regime

Coefficient dependent on the flow regime and geometry
Acceleration of gravity (m/s?)

Diameter of cask (m)

T Ak 0 o

Coefficient of volumetric expansion (1/K)
AT @ Temperature difference between cask syrface and ambient(K)

v : Dynamic viscosity (m?/s)
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Nu = 013 (Gr P (Gr Pr>10°) — (4)
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g : Heat flow (W)
A : Heat transfer area (m’)
0 : Stefan-Boltzmann constant (= 5.669x10 ° W/m* K
¢ . Emissivity of surface material
Ts : Surface temperature (K)
T. : Ambient temperature (K)
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Table 5. Comparison of Temperatures between Computer Analysis

and Hand Calculation

) Calculated temperature (C)

Location
Fluent analysis Hand calculation

Inner shell inside 169.8 169.7
Intermediate inside 166.8 166.8
Neutron shield inside 160.3 161.3
Outer shell inside 123.0 122.6
Cask outer surface 122.5 122.2
Ambient 38
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4x4 array
249
142
122
116
93

243
150
128
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10 year cooling time
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2X2 array

38

370
200
171
161
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Calculated temperature (C)
4x4 array

5 years cooling time
359
212
181
170
128

2X2 array
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Canister (outside)
Neutron shield (inside)
Cask outer surface

Inner shell (inside)
Ambient

Location
Fuel rod

Table 6. Thermal Analysis Result under Normal Transport Condition
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(b) 4 x 4 rod array

(a) 2 x 2 rod array
Fig. 1. Fuel Basket Packed with Reduced Metal Fuel for 4 PWR Assemblies.
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Fig. 2. Canister for Storage of Metal Fuel Assemblies.




ltem Dimension )
No. Nomenclature HI-STAR 2x2 Array 4x4 Array Materia
1 Inner shell I'Dé;z{&? I'D'7é’t444 I'D'716’t532 Carbon steel
2 Intermediate shell 31.75t 32t 32t
3 Intermediate shell 31.75t 32t 32t
4 Intermediate shell 31.75t 32t 32t
5 Intermediate shell 31.75t 32t 32t
6 Intermediate shell 25.4t 32t 32t
7 Radial channel (fin) 12.7t 12.7t 12.7t
8 Neutron shield 109.5t 110t 110t Ns-4-FR
9 Thermal exp. Form 3.2t 4t 4t Silicone form
10 Outer shell 0'2'22_@?8'4 O.D1.§t174 O'Dl'g,[%z Carbon steel
11 Canister O'D1'21_77?6'7 O'Dl'é’t434 O.Dl.é:[522 Stainless steel

Fig. 3. Cross Section View of Cask for Storage of Metal Fuel.
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(a) 4 x 4 rod array (b) Homogenized fuel
Fig. 4. Thermal Analysis Model for Calculation of Effective Conductivity.
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(a) 4 x 4 rod array (b) Homogenized fuel

Fig. 5. Temperature Contour for Metallized Fuel.



Fig. 6. Thermal Analysis Model of Storage Cask.
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Fig. 7. Temperature Contour (4x4 array, 5 years cooling time)[K].
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