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Intermediate-level waste packages originated from the reprocessing of ends and hulls of fuel used in former
gas cooled reactors, contain magnesium alloys. The corrosion of this metal under reduced chemical
conditions will lead to the production of hydrogen gas as well as the consumption of water during the post-
closure phase of the repository. According to ANDRA, 2005, the period of concern covers several
1,000 years after closure of the repository. The limited transport efficiency of the host rock (Callovo-
Oxfordian Clay) with its low permeability and high capillary resistance might cause, among other things,
significant desaturation and significant pressure build-up within the emplacement drifts. On the other hand,
the water availability is limited as a result of 1) the low permeability of the host rock and 2) the
desaturation due to the ventilation of the drifts during the operational phase of the repository. In former
numerical simulations of the two-phase flow and hydrogen transport in the repository system (Talandier et
al., 2006), it was assumed that under the reducing chemical conditions prevailing in the repository, the
corrosion rate would be a function of the available metal surface and temperature only. In the simulations
presented, the following additional processes were taken into account: i) a saturation dependency of the
hydrogen-gas generation rate and ii) the water consumption due to the corrosion process. These features
of a simplified “corrosion-gas generation” model were implemented into the software TOUGH2.

A series of 1D radial and 2D vertical (see Figure 1) simulations of the gas flow in a disposal drift with the
waste packages and its concrete backfill, and including the surrounding clay host rock.

The simulations provide insight into the system behavior from the construction of the drift, through the
operation under ventilated conditions and to post-closure conditions: Evolution of the pressure and the
saturation within the initially unsaturated disposal drift and in the near field host rock.

Two scenarios have been investigated in order to assess the pressure build-up and the evolution of the
saturation. In a first, the waste packages are considered to be “open” to water inflow right after
emplacement. Due to the gradual resaturation, the hydrogen source term is strongly limited by the
availability of the water. Therefore, the pressure increase in the emplacement drift is gradual and the
pressure maximum much lower than in a case for which the corrosion rate is considered independent from
resaturation. In the second scenario, the waste package is considered to become permeable to water at the
end of the resaturation and pressure re-equilibration phase. The results are presented as time-space
evolution of the gas and water pressure and gas saturation (Figure 1). Furthermore, the time varying
hydrogen production rates, the corroded magnesium mass and the water flow rate into the packages are
presented which characterize the global system behaviour.
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Figure 1: Left: General set-up and mesh, Right: 2D-coloured plots of the gas pressure (left above), gas
saturation (right above), Percentage of metal mass corroded (left below) and gas generation rate (right
below)


