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In many designs for radioactive waste disposal the space between the canister and the cavity surface is
filled by an engineered barrier made up of compacted expansive clay. Engineered barrier and adjacent host
rock will be submitted to the heating effect of the nuclear waste as well as to associated hydraulic and
mechanical phenomena that interact in a complex way. In order to achieve a safe and robust repository
design, it is necessary to have a good understanding of the processes that occur in the near field and their
evolution over time. To this end, properly instrumented full scale in situ tests provide essential information.

Figure 1: a) Evolution of temperature and power of Heater # 1 during cooling. b) Axial stress during
excavation just after concrete plug demolition.
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The in-situ test operated at full scale and under natural conditions at the underground laboratory managed
by NAGRA (Swiss National Cooperative for the Disposal of Radioactive Waste) at the Grimsel test site
in Switzerland (Gens et al., 2009). Two 4300 W heaters were placed in the axis of the horizontal drift in
the natural rock (granite). The heaters were 4.54 m long and 0.90 m in diameter, and were intended to
simulate the release of heat by nuclear waste. The space between the rock surface and the heaters was
backfilled using blocks of compacted bentonite. The test area was sealed with a 2.7 m long concrete plug.
The test was heavily instrumented, including 632 sensors that were installed in the clay barrier and in the
rock with measurements of temperatures, relative humidity (equivalent to total suction), pore pressures,
displacements, and stresses. The heaters were symmetrically placed in relation to the central section of the
test. The power of the heaters was adjusted to maintain a 100ºC temperature at the interface between
heaters and bentonite barrier.

The test was run in this way for five years when one of the heaters was switched off and dismantled.
Dismantling data provided extremely valuable information about the state of the barrier at the end of the
experiment and a useful benchmark for predictions from analysis. The operation related to the partial
dismantling included the demolition of the concrete plug and the removal of the sections of the barrier
corresponding to ‘Heater 1’. The objective was to carry out the partial dismantling causing minimum
disturbance to the sections of test corresponding to the second heater, which remained in operation at all
times. A new concrete plug was constructed immediately after excavation. A detailed description of the
work performed during the partial dismantling of the in-situ test can be found in Huertas et al. (2006).

This contribution focuses on the modelling of the cooling and partly dismantling of the FEBEX in-situ
experiment. The finite element computer program CODE_BRIGHT (Olivella et al., 1996) has been used
for the numerical analysis. CODE_BRIGHT is a program developed to handle coupled Thermo-Hydro-
Mechanical and Geochemical problems in geological media. It has been observed a very good performance
of the model to reproduce the evolution of the main THM variables of the tests, during the cooling of the
Heater #1 (Figure 1.a), concrete demolition (Figure 1b) and excavation of the clay barrier. It is worth
mentioning that these are a kind of ‘blind model predictions’, as the constitutive laws and model
parameters adopted at the beginning of the heating were used in this analysis.
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