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Thermal Properties of Buffer Material for a High-Level Waste Repository
Considering Temperature Variation

i3 A Yoon, Seok A A F Kim, Geon-Young
g ow A Park, Tae-Jin o] A HF Lee, Jae-Kwang
Abstract

The buffer is one of the major components of an engineered barrier system (EBS) for the disposal of high-level radioactive
waste (HLW). As the buffer is located between a disposal canister and host rock, it is indispensable to assure the disposal
safety of high-level radioactive waste. It can restrain the release of radionuclide and protect the canister from the inflow
of groundwater. Since high quantity of heat from a disposal canister is released to the surrounding buffer, thermal properties
of the buffer are very important parameters for the analysis of the entire disposal safety. Especially, temperature criteria
of the compacted bentonite buffer can affect the design of HLW repository facility. Therefore, this paper investigated thermal
properties for the Kyungju compacted bentonite buffer which is the only bentonite produced in South Korea. Hot wire
method and dual probe method were used to measure thermal conductivity and specific heat capacity of the compacted
bentonite buffer according to the temperature variation. Thermal conductivity and specific heat capacity were decreased
dramatically when temperature variation was between 22°C~110°C as degree of saturation decreased according to the
temperature variation. However, there was little variation under the high temperature condition at 110°C ~150°C.
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Fig. 2. Particle size distribution of bentonite powder
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Fig. 5. Variation of saturation and thermal conductivity
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Table 1. Thermal conductivity vs temperature
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Dry density Temperature Water content Degree of saturation Thermal conductivity
(t/m®) (°C) (%) (%) (W/(m-K))
22 0.125 0.642 1.0653
110 0 0 0.7538
1.772
125 0 0 0.7509
150 0 0 0.7488
22 0.127 0.594 1.0702
50 0.051 0.238 0.8918
75 0.024 0.111 0.7912
1.715
110 0 0 0.7344
125 0 0 0.7282
150 0 0 0.7123
22 0.211 0.801 1.1775
35 0.137 0.524 0.9244
50 0.099 0.380 0.8647
65 0.069 0.265 0.8280
1.588
90 0.019 0.074 0.7684
110 0 0 0.7345
125 0 0 0.7205
150 0 0 0.7053

28 g=AgtEstel==24 H33Z M10=



Table 2. Specific heat capacity vs temperature

Dry density Temperature Water content Degree of saturation Specfic heat capacity
(t/m° (°C) (%) (%) (kJ/(kg-K))
22 0.121 0.577 1.490
70 0.036 0.172 1.192
1.726 110 0 0 1.133
125 0 0 1.027
150 0 0 0.930
22 0.1271 0.5939 1.563
1 622 110 0.0510 0.2384 1.035
125 0.0238 0.1112 0.844
150 0 0 0.971
22 0.1297 0.4544 0.820
{ 598 110 0 0 0.697
125 0 0 0.700
150 0 0 0.724
3.3 AZTHEIOIMS BEY H3} 33} Fig. 62 AF20 4] 110°C 717|2] &% Wzl w2
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Table 3. Thermal properties with respect to temperature variation

Dry density Temperature Degree‘ of Therm.aIl
(t/m°) C) saturation conductivity
(%) (W/(m-K))
22 0.7148
50 0.7332
1.734 70 0 0.7361
90 0.7402
110 0.7383
22 0.7330
50 0.7696
1.588 70 0 0.7752
90 0.7254
110 0.7345
Dry density Temperature Degree. of Specfic lheat
(t/ma) (°C) saturation capacity
(%) (kJ/(kg-K))
22 0.956
50 0.935
1.691 70 0 0.885
90 0.917
110 0.930
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Fig. 6. Variation of thermal properties considering temperature
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