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Thermal Analysis of a Horizontal Disposal System
for High-level Radioactive Waste

Heui-Joo Choi*, In-Young Kim, Jong Youl Lee, Hyun Ah Kim

Abstract The thermal analysis is carried out for a geological disposal system developed for the final disposal of
a ceramic high-level waste from pyroprocessing of PWR spent fuel. The horizontal disposal tunnel type is considered
with the distance of 2 m between the disposal canisters and the tunnel spacing of 25 m. The temperature distributions
around the disposal canisters are calculated for the horizontal tunnel based on the conceptual design. The thermal
performance analysis is carried out using a FEM program, ABAQUS. The performance analysis shows that the
peak temperature in a disposal system outside the disposal canister is lower than 100°C, which meets the thermal
criterion of the disposal system. According the analysis, the peak temperature for the disposal canister located
boundary of the disposal system is lower by 3°C than that for the canister at the central area. This implies the
disposal density can be improved by locating more disposal canisters along the boundary.
Key words Disposal system, Ceramic waste, Engineered barrier system, Decay heat, Thermal analysis
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Table 1. Amount of waste from pyro-processing of 10 MtU
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PWR spent fuel (Choi et al., 2011) 5] 2E) 0] Thoret O] of|A] T E]Y X EA| A o]
Long-Lived Waste 717 Q& AEL BASle], TUSH HERE] A&
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Major nuclides U, TRU RE, KCI L= S IR DA
Mass [kg] 3,136.4 664.9
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Table 2. Specification of ceramic waste block and storage canister (Choi et al., 2011)
Item Specifications Value
Major nuclides Rare Earth, TRU
Inner Diameter (cm) 26.0
Height (cm) 25.0
Waste block Weight (kg) 474
Decay heat (W), 40 years after discharge of spent fuels 21.2
Center temperature (°C) 50.4
Number of block produced 14.1
Outer diameter (cm) 26.7

Thickness (cm)

Wall: 0.4, Plate: 0.5

Height (cm)

Inner: 56.0, whole: 60.8

Storage canister

Number of blocks in a storage canister 2

Total weight (kg)

125.2

Number of storage canisters produced 7.05
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Fig. 1. Design concept of a storage canister (left, upper) and a disposal canister for pyro-processed ceramic waste (Choi

et al., 2011)
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Fig. 2. Layout of horizontal disposal tunnels for ceramic waste (Choi et al., 2011)
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Fig. 3. Thermal analysis domain for horizontal disposal system

Table 3. Thermal properties of materials in the horizontal
disposal system

Material Properties Values
Density (kg/m’) 7,200
Nod‘ular cast Thermal conductivity (W/m°C) 52
insert
Specific heat (J/kg°C) 504
Density (kg/m’) 8,900
C"p‘;f;l;’“ter Thermal conductivity (W/m°C) | 386
Specific heat (J/kg°C) 383
| Density (kg/m’) 1,970
Ca—]lj)z;l;;mte Thermal conductivity (W/m°C) 0.8
Specific heat (J/kg°C) 1,380
Density (kg/mS) 2,270
Backfill Thermal conductivity (W/m°C) 2.0
Specific heat (J/kg°C) 1,190
Density (kg/m’) 2,600
Rock Thermal conductivity (W/m°C) 3.0
Specific heat (J/kg°C) 900
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Fig. 4. Regression curve for decay heat of ceramic waste
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