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INTRODUCTION

Boom clay is the subject of extensive research in Belgium dealing with all phenomena that may possibly
affect the performance of this geological formation as potential radioactive waste repository. Specifically,
thermal loads may play an important role on this low-permeability clay. There are a number of laboratory
results concerning the saturated hydro-mechanical behaviour of Boom clay under different temperatures and
recent studies on this area are described in Le (2008). Nevertheless, information on clay hydro-mechanical
response on heating and cooling paths under small-scale laboratory conditions is less known. To this aim,
non-isothermal tests on intact borehole samples were carried out using an axi-symmetric heating cell
described in Muñoz et al. (2009). Heating and cooling paths under nearly constant volume and different
target temperatures (maximum 85°C) were performed under controlled hydraulic boundary conditions.

EXPERIMENTAL PROGRAMME

The paper presents results of an exhaustive experimental programme performed on a fully-instrumented cell
(sample 75 mm in diameter and 100 mm high) with a controlled-power heater installed along the axis of the
sample. Different transducers were monitoring the sample response: two miniature pore water pressure
transducers located at different heights of the lateral wall of the cell, three thermocouples (two at equivalent
locations in relation to the pressure transducers and one near the heater), and top and lateral strain gauges
attached to reduced thickness sections of the walls. The cell has top and bottom valves to apply the hydraulic
conditions. The protocol of the tests presented three important phases: hydration, heating and cooling.
Throughout the heating and cooling phases, the bottom drainage was maintained open at a constant water
pressure of 1 MPa using an automatic pressure/volume controller, while the upper valve was kept closed. This
backpressure was important since it allowed measuring the pore pressure drop during the cooling phase while
avoiding negative pressures (below atmospheric conditions). The paper explores the consequences of the
thermal loads by presenting results in terms of the joint measurements of temperature and pore water pressure
changes during the heating and cooling phases. Figure 1a presents the time evolution of temperature recorded
by a thermocouple placed close to the heater, whereas Figure 1b shows the time evolution of the
corresponding water pressure changes at the cell wall and at different heights from the base (25 and 75 mm).

NUMERICAL SIMULATIONS

The finite element program CODE_BRIGHT (Olivella et al., 1996) was used to perform the calibration
and the simulation of the results. In a first stage, the thermal response was interpreted and simulated using
CODE_BRIGHT. After a first calibration by back-analysis of some thermal properties (thermal
conductivity of the soil and convection coefficient, which controlled thermal flux at the interface from the
heated cell to the boundary), selected time evolutions of temperatures at different locations were
successfully simulated along a heating and cooling cycle. Figure 2a shows the time evolution of
temperatures (experimental and simulated results) near the heater. Figure 2b shows the temperature field
inside the cell at the maximum temperature of the heater and under steady state conditions. In a second
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stage, the extensive data collected was used to calibrate the hydraulic properties by gathering joint thermal,
hydraulic and mechanical results with the same numerical code. Back-analysed hydraulic properties
showed an adequate agreement with direct determinations of water permeability obtained using controlled-
gradient conditions and performed with the same cell.
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Figure 1: (a) Time evolution of temperature at the heater and along heating and cooling paths.
(b) Time evolution of pore water pressures at the wall of the cell and at different heights from the base
(25 and 75 mm).

Figure 2: (a) Temperature evolution at different locations (experimental and simulated results).
(b) Temperature field inside the cell at maximum heater temperature.


