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ABSTRACT

Geological disposal of high-level radioactive waste (HLW) in Japan is based on a multibarrier

system composed of engineered and natural barriers. The engineered barriers are composed of

vitrified waste confined within a canister, overpack and buffer material. Highly compacted

bentonite clay is considered one of the most promising candidate buffer material mainly because

of its low hydraulic conductivity and high adsorption capacity of radionuclides. In a repository

for HLW , complex thermal, hydraulic and mechanical (T-H-M) phenomena will take place,

involving the interactive processes between radioactive decay heat from the vitrified waste,

infiltration of ground water and stress generation due to the earth pressure, the thermal loading

and the swelling pressure of the buffer material. In order to evaluate the performance of the

buffer material, the coupled T-H-M behaviors within the compacted bentonite have to be

modelled. Before establishing a fully coupled T-H-M model, the mechanism of each single

phenomenon or partially coupled phenomena should be identified and modelled physically and

numerically. Under the unsaturated condition, the water movement within the buffer material has

often been expressed as a simple diffusion model with the constant apparent water diffusivity.

However, the water movement in the low permeable and unsaturated porous medium has been

known as a transfer process in both vapor and liquid phases. Therefore, it is necessary to

incorporate the two-phase contribution into the physical model. In this study, the water

diffusivity of compacted bentonite is obtained as a function of water content and temperature.
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The proposed water movement model is constructed by applying the Philip & de Vries' model

and Darcy's law. While the water retention curve is measured by the thermocouple psychrometer,

van Genuchten model is applied as the water retention curve because the smooth derivative of the

water potential with respect to water content is necessary. The parameters of the van Genuchten

model are obtained from the back analysis of infiltration test. The water movement due to

thermal gradient and the swelling process are also considered. The parameters related to these

phenomena are obtained from the laboratory tests by back analysis. The validation of T-H-M

model for buffer material is carried out by comparing with the results of BIG-BEN experiment.

The coupled T-H-M processes in the near field are simulated with fully coupled model. The

material of buffer is bentonite-sand mixture and dry density is 1.6 g/cm3. From the results, the

following conclusions are obtained.

(1) The maximum temperature in the buffer obtained by coupled analysis is compared with

that obtained by thermal analysis. Two cases is considered as initial water content in the

buffer. One is 7%, which correspond to natural water content, and the other is 17%, which is

correspond to optimized water content by the in-situ compaction. In both cases, maximum

temperature in the buffer that is obtained by coupled analysis is lower than that obtained by

thermal analysis.

(2) Re-saturation time of buffer is strongly dependent on the water pressure in the rock mass.

However, it is not dependent on the permeability of rock mass if the intrinsic permeability

of rock mass is in the 1 0"13 - 1 0"'8 m2 range.

(3) In the case that the intrinsic permeability of rock mass is approximately 10"l5m\ the initial

water content in the buffer does not exert influence on the re-saturation time of buffer.

(4) Two dimensional T-H-M analysis in consideration of pore pressure decreasing in the rock

mass due to the excavation of drift is carried out. As a result, re-saturation time of buffer is in

the 10-30 years range if the initial water pressure head is 1000m.
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