Hdn AshEt, SRRy
A1 A3, 20119 8Y, pp. 264~273

Journal of Korean Society for Rock Mechanics

FELEL DFEIHV |EXMEE 7| EHEL0| E2ESIHS

A-42|-E SN

1 1 2
ozt x=euxl" AP

Thermal-hydro-mechanical Properties of Reference Bentonite
Buffer for a Korean HLW Repository

Jae Owan Lee, Won Jin Cho, Sangki Kwon

Abstract Bentonite buffer is one of the major components of an engineered barrier for an HLW (High-Level Waste)
repository. The bentonite buffer is significantly exposed to the decay heat from radioactive wastes, the inflow of
groundwater from the surrounding rock of the repository, and the high swelling pressure of densely-compacted
bentonite that comes in contact with the groundwater. Therefore, it is essential to understand the THM
(Thermal-Hydro-Mechanical) behavior of the bentonite buffer and to acquire the input data of its related constitutive
models for the performance and safety assessment of an HLW repository. This paper analyzed the THM properties
which have been obtained by conducting laboratory tests with a candidate buffer material for a Korean HLW
repository. Moreover the formulation recipe of the reference bentonite buffer was defined on the basis of functional
criteria, thus suggesting the THM properties which correspond to the formulation recipe of the reference bentonite
buffer.
Key words Korean high-level waste repository, Buffer, Bentonite, Thermal-hydro-mechanical properties
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Table 2. Unconfined compressive strength, Young’s modulus, and Poisson’s ratio of Kyeongju bentonite blocks

Material Dry density Water content Unconfined compressive Young’s modulus Poisson’s ratio
(g/cmB) (%) strength (MPa) (XIO2 MPa)
1.4 17.0 0.55 0.59 0.05
1.6 17.0 4.90 7.84 0.20
Kyungju 170 4.90 5.88 0.18
Bentonite
1.8 17.0 7.84 10.79 0.21
17.0 8.83 12.75 0.20
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strength, Young’s modulus, Poisson’s ratio of Kyeongju bentonite blocks

Table 3. Cohesion and internal friction angle of Kyeongju bentonite blocks

Material Dry density Water content Cohesion Internal friction angle
(g/em’) (Wt,%) (kPa) (degree)

) 1.4 17 500 27
Kyungju 1.6 17 1000 37
Bentonite

1.8 17 1100 50
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Table 4. Consolidation parameters of Kyeongju bentonite blocks

Material Compression index, Cc Coefficient of consolidation, Coef. of volume compressibility,
) Cy (m’/yr) my (m*/MN)

Kyungju 0.14 0.018 0.0214

Bentonite

Table 5. Functional criteria of buffer for a Korean HLW repository

Basic Properties Referece Value
Dry density (Mg/m3) > 1.6
Hydraulic conductivity (m/s) < 10"
Swelling pressure (MPa) <15
Mechanical properties
- Unconfined compression strength (MPa) > 49
- Young’s modulus (x 10° MPa) >59
- Poisson’s ratio 0.05 ~ 0.21
- Cohesion (kPa) 500 ~ 1000
- Internal friction angle (degree) 27 ~ 37
- Coefficient of consolidation (mz/yr) 0.018 ~ 0.115
Thermal conductivity (W/m °K) > 0.8
Organic carbon content (wt %) <03
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Table 6. Thermal expansion coefficients measured by Borgesson et al. (1988)

Material Dry den}sity Water content Thermal expansion coeff. Tempoe‘rature
(g/em’) (wWt,%) (1/K) 0
12 13 3.1x10™
MX-80 1.5 33 3.01x10™ 20-60
1.65 27 2.2x10"

Table 7. Thermal-hydro-mechanical properties of reference bentonite buffer for a Korean HLW repository

Material property Value
Reference bentonite buffer
-Bentonite Kyeongju bentonite
-Specific gravity (-) 2.74
-Initial water content (wt.%) 13
-Dry density (Mg/m”) 1.6
-Porosity (-) 0.41
Thermal-hydraulic-mechanical properties
-Thermal conductivity (W/m K) 0.8
-Specific heat (kl/kg K) 1.0
-Thermal expansion coefficient (1/K) 25 x 10
-Hydraulic conductivity (m/s) 3x 10"
-Suction potential (MPa) 50
-Swelling pressure (MPa) 3.0
-Unconfined compression strenth (MPa) 5.0
-Young’s modulus (x 10° MPa) 5.9
-Poisson’s ratio 0.18
-Cohesion (kPa) 1000
-Internal friction angle (degree) 37
-Coeff. of volume compressibility (m*MN) 0.021
-Coeff. of consolidation (mz/yr) 0.018
-Compression index (-) 0.14
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