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Heat Transfer Analysis of Conditioned Spent Fuel Storage System
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Abstract

Conceptual assessment and heat transfer analysis of storage cask have been
carried out for storage of conditioned spent fuel. The unit storage canister of
the conditioned spent fuel was considered equal to one spent PWR fuel
assembly. In order to increase the cooling efficiency, the storage canister was
designed to a hexagon shape and the cavity of the storage unit was filled with
aluminum. A metal storage cask has 7 baskets that can load 28 unit storage
canisters. Thermal analyses of metal cask were performed for application
conditioned spent fuel. The maximum temperatures of the conditioned spent fuel
were calculated to be 139 C and 168 C under normal and accident conditions.
These temperatures were lower than the allowable values for dry storage of
conditioned spent fuel.
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Table 2. Description of Fuel Rod and Unit Storage Canister

Fuel rod

- Diameter 68 mm

- Length 950 mm

- Weight 65.7 kg

Hexagonal canister

- Width 120 mm

- Total length 1,000 mm

- Hole P69 mm x 955 mm L

- Distance (holes) 5 mm

- Rod pitch 74 mm

- Weight (loaded) 490 kg

- Storage capacity 7 rods (1 PWR) / canister

75 AL ARFAARE FEA &7l At AFEE WAHoR

HtolE 5 AY AL87] Ao Jasa glon, AFEHFS 24 PWR I
BHFATE F7E o2 PWR AHEFEdsE 5482 45 Aibe, 22
2 A Aol o 1/42 ZAHAT F5AA ] A% 38§27 PWR dAxd H]s)
of A 7] wie] A& 4] Sol= dAH SR EVFseH, 1719 AL
of 28thre] PWR A 5ol st aH5HA8A AdE7] mds dAsdo
O% 2 2 ¥ 32 ALY dHs YEde, 54845 3e A Ay
~H ¢ &7 EA2 FA9t AF AU 2= fuel basket, base plate, canister
shell, & 57 5oz FARY AdE& 2gHAdelaHoly, F48 oF Ao &3
stol 8S FAS =S st A AUEEH dFode 5484 E9 AT A
U2HE Zdd 5 A= 749 viz=Ale] AAdn. vmaAe 49 wads 2
 oadete] AAS Hast & 5 UA=RF sk 27 29 o] ARV A
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of & HLE st AgAS &7 2Ae 574 3 &7 Wil AHdEs AY
SHE ARAE 2 0% A PEE 2ES st E 3e 448719 Al
£ Yeldy, 8719 x5 F4 1,320 mm, Zo] 4,730 mmolil &g
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Table 3. Description of Storage Cask for Conditioned Spent Fuel

Item Description
Capacity 28 conditioned spent fuel (28 PWR fuel)
- Cask : OD. : 1,320 mm x 4,730 mm L

- Inner shell : 170 mm

- Neutron shield : 90 mm

Dimension - Outer shell : 15 mm

- Cooling fins : 10 mm

- Canister : OD. 760 mm x 4,210 mm L (25 mm T)
- Fuel basket : 9 mm T

— Cask body : carbon steel, NS-4-FR, stainless steel
- Canister(basket) : stainless steel

- Storage cask : 44 tons (loaded)

- Storage canister : 17 tons (loaded)

Material

Weight

Cooling type | Dry type (inert gas : helium)
Decay heat 5.835 kW

Table 4. Comparison of Storage Cask

Ttem Conditioned spent PWR fuel cask
fuel cask HI-STAR 100 NAC-STC
Storage capacity 28 PWR fuels 24 PWR fuels 26 PWR fuels
Dimension
- QOuter diameter 1,320 mm 2,438 mm 2516 mm
- Length 4,730 mm 5,159 mm 4902 mm
Weight (loaded) 44 tons 105 tons 107 tons
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e T8t AE71e ddE2 &7 W cavityel W2 FACl o7 o
2 BAGAY, 87 BAE B9 QA% 2l §7] dREDelAd uF, B4}
QWY 5 3744 AT wER FAUD ¥ 55 8718 FAdE TR A o
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Table 5. 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
Agg7] eFgdol ] izl o3 AduF ddEAFs PR 52 o
) ATE AWE QlEste] dA Hu, vty Aoz AHolHr
h, (surface) = Nuqy % ““““““““““““““““““ (1)
o171 A,
Nug=c(Gr Pr)*, Gry=g B (4D)d’/y* ————————————~ @)
k : Thermal conductivity (W/m-K)
a : Exponent dependent on the flow regime
c . Coefficient dependent on the flow regime and geometry
g Acceleration of gravity (m/s?)
d : Diameter of cask (m)
g ¢ Coefficient of volumetric expansion (1/K)

AT © Temperature difference between cask syrface and ambient(K)
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Table 7. Maximum Temperatures under Fire Accident Condition

Calculated temperatures (TC)

Location Transient time (h)

Initial Max.

025/051073110| 2 4] 6|9 (1218 24

Fuel rod 148 | 148 1148|148 |148|148|152| 157 |163|167|168| 168 | 168
Fuel basket 147 147 1147|147 |147|147(152| 157 | 162|166|167|167 | 167
Canister 105 |105]105(105|107|119(133]135|134|131(127]125| 135
Inner shell 90 | 90 | 92| 98 |104(122(129|128 |123(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

5.4 &
FEADA ANAFES Askel FHEI W AN ARG, A
Fgo) BF derdde BASAT FEABA ANL Ak dng U
AYEEAS F4A717] GI5te] AR A7 68 mm, Dol 950 mmE HAS
A1 £749 FHe BFuE P THE Fo| F5 ARPS /9 WE T2
stk 109l 448710 8thae] PWR sldmel 4daht F5ARA 4387
mag Agsgon, 44 AUsE Wi 7o naAe ud wdste] A
2 A3t dga RS maAo] FHATA BAAY AU2H 4HE 4o A
Askel F 280 FEHATA BAAY AUZHE AFY £ A= Ak FE
AA AGE71E PWR 992 498700 vstel 49838 FUARLOE B
Teha AH R Fekol of Auwrolelm gastel AFEEA W AAY SwelN 2
o del g Aoz PAHUL FHABA AF Heews FPEAAE
150 C, AR/ RN AL 200 T2 ARSI DA A% 58719 A5
A5E9 HILEE YA 139 T2 &% 7oz AAE 150 T ]
W2 ANSQor], Mgy e ARt E HELRE 200 T o )
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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 P69 x 955 mm L v
- Distance (holes) 5 mm - S
— Weight 490 Kg 35
— Storage capacity 1 PWR /canister v

Fig. 1. Unit Storage Canister for Conditioned Spent Fuel.

Canister
(7 Basket)

1 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 Thickness of inner shell 170 mm
OD of inner shell 1110 mm
22685 Thickness of neutron shield 90 mm
ID of outer shell 1290 mm
Thickness of outer shell 15 mm
OD of outer shell 1320 mm
Thickness of cooling fins 10 mm

Fig. 2. Cross Section of Metal Cask for Conditioned Spent Fuel.
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Fig. 3. Vertical Section of Metal Cask.
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Fig. 4. Thermal Analysis Model for Metal Cask.
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Fig. 5. Temperature Contour for Normal Condition.
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