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The calculation of vapour and heat exchange in drifts is a fundamental task when designing the ventilation
system for a deep geological repository in the Callovo-Oxfordian clay (Figure 1). In general, it requires a
complex numerical modelling of transient (forced) convective and conductive heat and fluid transport in
both the ventilated drifts and the adjacent rock mass. The humidity of the air in the drifts depends – along
with the meteorological conditions at the entrance – mostly on the thermal-hygric transitional conditions
on the exposed rock surface of the drift walls. Some portions receive water influx while others receive heat
influx from the wastes which have already been emplaced in the host rock beyond the drifts.

The coupling between the transport processes in the host rock and the transfer processes along drift wall
is treated in a simplified manner:

The processes described by coefficients for heat (Nusselt number) and vapour (Sherwood number) both
depend on the ventilation velocity (Reynolds number). In Poppei et al., 2009, we discuss an approach
involving supportive TOUGH2 computations for coupling the complex transport problems in the host rock
with the air flow in a simplified manner. The results obtained with TOUGH2 were processed and applied
for the transient analysis of temperature and humidity changes of the ventilation air in a 1D approach along
the ventilation path.

Furthermore, the analysis of the evaporation
along the drift wall was supported by a one-
dimensional radial-symmetric EOS9 model. The
results of the TOUGH2 computations with dif-
ferent Sherwood numbers were parameterized
accordingly. The prevailing humidity along the
drift wall was then determined with an iterative
approach whereby the humidity was controlled
either by the ventilation (i.e. through the
Sherwood number) or the leakage capacity of the
host rock. Finally, the humidity changes in the
ventilation air were derived from the computed
diffusion of vapour along the boundary layer.

To calculate the heat transfer into the drift along
its walls we used the results from a complex
geometric three dimensional TOUGH2 model
(Figure 1). The model considered different ther-
mophysical parameters as well as the transient
rates of heat production by the wastes. At any
given point in time, the heat transfer along the

Figure 1: Heat flow model.
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drift wall – with consideration of the then prevailing heat production and ventilation velocity – causes a
rise in air temperature and corresponding decrease in relative humidity.

The approach presented here has been implemented in a tool which allows for fast simulations of a variety
of scenarios without time-consuming and complex models of the turbulent flow dynamics (CFD). This is
advantageous, for example, when planning or optimizing the layout of facilities.
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Figure 2: Selected results of heat and fluid flow calculations.


