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I. Project Title

Effect of Dry Density and Temperature on the Hydraulic

Conductivity of Domestic Compacted Bentonite as a Buffer

Material in the High-level Waste Repository

II. Objectives and Importance of the Project

A repository for high-level radioactive wastes would be

constructed in the hard rock at a depth of several hundreds meters below the

ground surface. After the emplacement of wastes into the deposition hole, the

compacted clay-based materials will be used as a buffer surrounding waste

containers and separating them from the host rock. One of the primary

requirements of buffer material is low hydraulic conductivity, and the hydraulic

conductivity of compacted bentonite varies with the dry density and temperature.

This study is intended to investigate the effect of dry density and temperature

on hydraulic conductivities of compacted bentonites.

IE. Scope and Contents of the Project

The bentonite used in this study was a calcium bentonite from Kyungju area,

Kyungsangbuk-do. To investigate the effect of dry density and temperature on

the hydraulic conductivity, the hydraulic conductivities of the compacted
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bentonites with various dry densities at the different temperatures were

measured. The modified constant head test procedure using constant helium gas

pressure was applied. The apparatus used to determine the hydraulic

conductivity of bentonite samples is designed to supply water to the sample at

the differential pressure of 900 to 2000 kPa depending on the dry density. The

hydraulic conductivities of the samples with the dry densities of 1.4 Mg/m3, 1.6

Mg/m3 and 1.8 Mg/m3 were determined using demineralized water. To

investigate the effect of temperature on the hydraulic conductivity, the

measurement was done on the same bentonite specimen with increasing

temperature from 20 °C to 150 °C.

IV. Results and Proposal for Application

The relation between the logarithm of the hydraulic conductivity and the

bentonite dry density can be fitted to a straight line. The hydraulic

conductivities of compacted bentonite with dry densities equal to or higher than

1.4 Mg/m3 are lower than 10"11 m/s which is low enough to inhibit the

radionuclide release by advection through the buffer. The hydraulic conductivities

of compacted bentonite increase with increasing temperature. The hydraulic

conductivities at the temperature of 80 °C and 150 "C increase up to about 3 to

4 times of and about one order higher than those at 20 t , respectively. The

intrinsic permeability is nearly constant in the temperature range of 20 °C to 150

V. Therefore the increase of hydraulic conductivity at elevated temperature can

be explained assuming that only the viscosity and density of water are changed

with increasing temperature. The empirical correlations are suggested to predict

the hydraulic conductivity of compacted bentonite with the dry density of 1,4

Mg/m3 to 1.8 Mg/m3 in the temperature range of 20 to 150 °C. The predicted

values agree considerably well with the experimental results.

These results could be useful to establish the repository concept and to

develop the buffer material for a high-level waste repository.
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