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Evaluation for the Application of Metal Fuel
in the Spent Fuel Dry Storage System
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Abstract

Evaluation for application of reduced metal fuel in the dry storage system has been
carried out for selection of optimum storage method. The state of art has been analyzed
for dry storage system of spent fuel. Design basis fuel has been decided with burn-up
of 48,000 MWD/MTU for storage of metal fuel. Safety analyses have been carried out
for existing dry storage system loaded by reduced metal fuel with storage capacity of
four times. Maximum temperatures of metal fuel were calculated about 350 C and 250
C for 5 years and 10 years cooling times, respectively. The results of criticality
analysis showed that the existing dry storage system has been identified to be adequate
for the reduced metal storage. As the results of analysis for application of reduced metal
fuel, metal cask and MVDS have the advantages for structural safety respect and
cooling efficiency, respectively. Therefore, metal cask and MVDS were selected with

optimum storage method.
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Table 1. State of Art for Spent Fuel Dry Storage System

i . Burn-up | Cooling | Decay |
Model Vendor CS;OTzigte V\(fte;rgl?t (MWD/ time heat S‘Ecoraege
pacity MTU) | (years) | (kW) P
Ifol(; STAR | yiitee [ 2432 PWR | 105 | 40,000 5 2% l\cgil
NAC-STC | NAC 26 PWR 107 40,000 6.5 22 %:Stil
?OI(; STORM | protee | 2432 PWR | 121 | 45,000 5 982 Cocrgzrlfte
TranStor™ | SNC 24 PWR 135 40,000 5 2% Cocngfe
Iz\fjHOMb_ Vectra | 24 PWR - 40,000 5 24 (’rgggfﬁze
\ GEC Magnox 3 _ _ _ .

MVDS Alsthom | HTGR Vault
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Table 2. Radioactivity for PWR and Metalized Fuels

Cooling time
Fuel type
5 years 10 years

Spent PWR fuel 7471E5 Ci/MTHM 5.348E5 Ci/MTHM

Metalized fuel 1.768E5 Ci/MTHM 1.014E5 Ci/MTHM

Rate of decrease 24 % 19 %

Table 3. 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 %
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(a) 4 x 4 Array (b) 14 x 14 Array
Fig. 1. Rod Array Packed with Metallized Fuel for 4 PWR Assemblies.
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Table 4. Maximum Fuel Temperatures for Reduced Metal Fuel

Maximum fuel temperature (C)

Storage type 5 years (Q=29.6 kW) 10 years (Q=17.2 kW)
4x4 Array | 14x14 Array | 4x4 Array | 14x14 Array
Metal cask (HI-STAR 100) 342 391 243 272
Concrete cask (HI-STORM 100) 327 371 234 260
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Fig. 2. MCNP Calculation Model for 4x4 Array of Reduced Metal Fuel.
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Table 5. Criticality Analysis Results for Reduced Metal Fuel

Moisture density 4x4 Array, 5 Yr Cooling 14x14 Array, 5 Yr Cooling
(g/cm”) Kett 0 Kett 0
0.1 0.67718 0.00196 0.65890 0.00210
0.2 0.70239 0.00234 0.65506 0.00247
0.3 0.72482 0.00257 0.67108 0.00241
0.5 0.77589 0.00232 0.71243 0.00212
0.7 0.80457 0.00267 0.74907 0.00245
0.9 0.82535 0.00280 0.77356 0.00260
10 0.83518 0.00267 0.78101 0.00279
(0.82783)* (0.00318)* (0.77302)* (0.00263)*
Maximum Kefpes 0.861 0.789

*]0 years cooling

wxMaximum Kegr=kerr + 20 + 0.02 (Calculation Error & Uncertainty)
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Table 6. Comparison of Characteristics for Dry Storage System

MVDS

canister

air circulation
(high efficiency)

radiation shield

Magnox/HTGR

necessity

high

260 C

NUHOMS

canister

air circulation

PWR/BWR

necessity

low

366 C

Concrete cask

canister

air circulation

radiation shield| radiation shield

PWR/BWR

necessity
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321 7333 C

Metal cask

cask / canister

natural
convection

structural
safety

PWR/BWR

unnecessity
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309 T 346 C
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Cooling

system
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