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Thermal Analysis of HI-STAR 100 System
for Application of Metalized Spent Fuel
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Abstract

Thermal analysis has been carried out for HI-STAR 100 system loaded with
24 spent PWR fuel assemblies using the Fluent computer code. The calculated
temperatures were compared with the proven data presented from the safety
analysis report of spent fuel storage cask. It has good agreement between the
two results, and it is also found that the feasibility of the analysis method and
procedure has been confirmed by the results to estimate the temperature for the
spent fuel storage cask. And the temperature distribution of storage cask for
application of 24 metalized fuels equivalent to 96 PWR fuels has been also
calculated. The maximum metal rod temperatures for 24 metalized spent fuel
assemblies inside the cask is calculated at 396 C, 266 C in the cases of cooling
times of 5 years and 10 years, respectively.
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2. HI-STAR 100 A 2% /Mg

HI-STAR 100 Al2==[2]2 v]=re] Holtecoll Al 7§23k A A2l o 24 PWR,
BWR A& A5Z3qA, 1E9 A A7I =9 AFo] 7hssith. AFE &S
PWR Al&-Fald g g e 24vhd w&= 32t BWR dd s34 68thds &4
& 4 9t} HI-STAR 100 A48&7= AHE§Fddn &% 3 A% HE&E&7= <
§7te F5stgon, ¥, A L AR/A nHsiel AAE o954 AYLH
(MPC, Multi Purpose Canister)& &#sta oy, ¥ 1 2 ¥ 2%
HISTAR-100 A 48719 /MEFeE Yeba Aok A%87]+= HI-STAR 100 €7]
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Table 1. Description of HI-STAR 100 System

Items Description
Capacity 24 PWR / 32 PWR / 68 BWR assemblies
- Storage cask : 105.2 tons (with loaded MPC-24)

Weight
ce ~ 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. : 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 / cooling times

. 40,000 MWD/MTU - 5 years (MPC-24)

. 42,500 MWD/MTU - 6 years (MPC-24)

. 45,000 MWD/MTU - 7 years (MPC-24)

. 47,500 MWD/MTU - 8 years (MPC-24)
~ Initial enrichment : 4.0 wt.% U235 (MPC-24)
~ Decay heat : 26.2 kW/canister (MPC-24)

Design basis
fuel
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Table 2. Summary of Thermal Conductivities of Materials

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

93 C 232 T 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
Boral (B4C Core) 83.5 83.1 80.2
Neutron shield (Kes) 3.38 3.14 2.85
Neutron shield (NS-4-FR) 0.645

A7gE7] o EEoA el o3 AdAdF AT AT A
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Turbulent range
h = 019 (AT (Vertical, GrPr > 10°)
h = 022 (AT (Horizontal, GrPr > 10")
Laminar range :
h = 029 (AT/L)Y* (Vertical, GrPr < 10°)
h = 027 (A/LT)* (Horizontal, GrPr < 10°)
o] 7] ol A,
AT @ Temperature differential between the cask surface and ambient air
L : Cask height or diameter for vertical or horizontal orientation
HI-STAR 100 AF&71¢] &dx21L FAMH L &7] Wi f5o] i
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Qs = 0.19(Ts ~ T)™® + ¢ eFra (TS — TJH
o] 7] o A,

T, Ta @ Surface, ambient temperature (K)
Qs : Surface heat flux (W/m’)
¢ : Stefan-Boltzmann constant (5.669x10 % W/m' K%
e . Surface emisivity
Fi. © View factor between surface and air
EAME G S FR L2 A dojun, ZE RolAM= Az WA
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Table 3. Decay Heat Generation for PWR and Metalized Fuels

Cooling time

Fuel type

5 years 10 years
Spent PWR fuel 1179 W 718 W
Metalized fuel 308 W 180 W
Rate of decrease 26 % 23 %
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Table 4. Temperatures between the Fluent Analysis and Reference Value

Maximum temperature (C)

Location Fluent analysis Reference value
(P-SAR)

Fuel rod 362 346
MPC basket 360 345
MPC outer shell surface 218 211
MPC/overpack helium gap 172 167
Neutron shield inner surface 155 152
Overpack outer surface 125 123
Ambient 38
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Table 5. Summary of Temperatures for Metalized Fuels
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Fig.1l. Cross Section Elevation View of Hi—Star 100 System.



Iltem no. Nomenclature Description Material

1 Outer enclosure shell 12.7t Carbon steel
2 Thermal expansion form 3.2t Silicone form
3 Neutron shield 110t NS—4-FR

4 Radial channel (fin) 12.7t x 40 ea Carbon steel
5 Intermediate shell 25.4t Carbon steel
6 Intermediate shell 31.75t x 4 ea Carbon steel
7 Inner shell 63.5t Carbon steel
8 Canister (MPC) 01736.7 x 4838.7 L | Stainless steel
9 Fuel basket Tt Silicone form

=
o

Boral and sheathing

1.9t boral +1.t5 S.S

Boral / S.S

Fig. 2. Cross Section View of Hi—Star 100 System.




Fig. 3. Thermal Analysis Model.




Fig. 4. Fluent Analysis Model.
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Fig. 5. Temperature Contour for PWR Fuels[K].
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