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INTRODUCTION

Andra is studying the Callovo-Oxfordien mudstones, located at a depth of approximately 500 m beneath
the borders of the Meuse and the Haute-Marne Départements, in order to assess the feasibility of
constructing a repository for radioactive waste in this low-permeability geological formation.

Several categories of waste are being considered for disposal in the geological repository. Of these, the
high-activity, long-lived vitrified wastes (known as “Waste C”) are strongly exothermic and will be stored
in cells that are about 40 m long, with a single access aperture from an access gallery. The cell wall will
be supported by a steel lining. During the reversible operational phase (lasting at least 100 years), and as
long as the access galleries are ventilated, the corrosion of the steel lining by oxygen in air will be
important. It is necessary to determine the thickness of the lining corroded during this phase in order to
be able to design the lining with an appropriate initial thickness to maintain integrity.

In addition, at the end of the cell farthest from the ventilated access gallery, it is possible that the oxygen
concentration will be so low that corrosion occurs under reducing (anaerobic) conditions. This chemical
reaction produces hydrogen gas, which will migrate towards the access gallery. To maintain operational
safety, it is necessary to define the hydrogen concentration within the cell and within the access gallery
in order to evaluate the fire and/or explosion hazards (the hydrogen-oxygen mixture is highly flammable
and/or explosive at certain concentrations).

The objectives of this study were to estimate for the reversible operational phase (i.e. for 100 years):

– The thickness of the steel lining required to ensure mechanical integrity.

– Transfer rates (advection and / or diffusion) and gas concentrations (oxygen, hydrogen and water
vapour) at all points in the annular void between the steel lining and the geological medium.

SOFTWARE TOOL AND DEVELOPMENTS

The flows of gases were modelled using three-dimensional TOUGH2v2 calculations.

TOUGH2v2 (Pruess 1987, Pruess 1991, Pruess et al., 1999) is a computer program for simulating non-
isothermal flows of multi-component, multiphase fluids in porous media. The flow of each phase is
modelled using mass conservation and a modified form of Darcy’s Law (with the multiphase nature of the
flow taken into account through a relative permeability function).

The EOS7R fluid property module of TOUGH2v2 extends the basic EOS3 module (which models water
and air) to include additional mass components, which for example could be bulk gases. We adapted the
EOS7R module to model water, nitrogen, oxygen and hydrogen. In particular:

– The gas phase is taken to be an ideal gas and the partial pressures are assumed to add.

– The gas phase viscosity is obtained from pure component viscosities using Wilke’s method (1950).
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– A gas component solubility is determined using Henry’s law (i.e. the solubility is proportional to the
partial pressure of the gas).

– The physical properties of the aqueous phase are assumed to be independent of the dissolved gas con-
centrations.

A further development was required so as to be able to model corrosion of the steel lining of the cell under
both oxidising and reducing conditions. Corrosion will occur on all parts of the steel surface in contact with
either oxygen or water. The overall corrosion rate was assumed conservatively to be the sum of the
corrosion rate in an oxidising environment and the corrosion rate in a reducing environment. Corrosion in
an oxidising environment consumes oxygen:

– The simplified reaction stoichiometry is 3Fe + 2O2 ⇒ Fe3O4.

– The corrosion rate depends on the temperature (i.e. an Arrhenius factor), the presence of oxygen and
the relative humidity.

Similarly, corrosion in a reducing environment consumes water and produces hydrogen:

– The simplified reaction stoichiometry is 3Fe + 4H2O ⇒ Fe3O4 + 4H2.

– The corrosion rate depends on the temperature and the relative humidity.

MODEL

A model that represents one cell in a long line of parallel, equally spaced cells was set up (see Figure 1),
and simulations of gas migration around the cell and through the surrounding rocks were carried out.

RESULTS

The model displays a complicated behaviour in which oxygen
is sucked into the system, and hydrogen is expelled.

Primary results from the model are the thickness of steel lining
corroded, and transfer rates and gas concentrations in the
annular void between the steel lining and the geological
medium. Secondary results include predictions of the evolution
of the cell’s temperature, and also of the hydraulic overpressure
generated in the surrounding rocks.
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Figure 1: The model showing the
undamaged clay (in dark blue), the EDZ
(in blue), the concrete lining of the
tunnel (in light blue), and the gap
between the steel lining and
surrounding rocks (in colour).


