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In the context of deep repository for radioactive waste, significant use of concrete will be made. This
material constitutes a compromise between properties, technical uses and costs. Within the French
concepts, concrete will be used to build access structures, drifts as well as waste disposal cells and waste
packages for Intermediate Level Wastes (ILW). With this design, concrete will be at the interface with
either/both the host rock, Callovo-Oxfordian argillites in our case, and/or the clay plug built with swelling
clay such as bentonite. Due to the chemical disequilibrium between concrete and clay, chemical reactions
can modify both chemical and physical properties of these materials (e.g. mineralogical composition,
diffusion coefficient...). In order to assess the long term behaviour of concrete/clay interfaces and the
evolution of their properties with time, predictive modelling have to be performed.

The high chemical contrast (e.g. pH or pe at the interface) often leads to problems of numerical
convergence. Our own experience showed that PHREEQC is very successful in handling such difficulties
in 1D geometry. PHREEQC is also able to handle 2D geometries as presented hereafter thanks to the MIX
option as well as feedback on porosity thanks to the MCD option (multi component diffusion (Appelo and
Wersin, 2007)).

Indeed, 2D simulation of a drift sealing concept developed by Andra was attempted using PHREEQC with
the MIX option (PARKHURST and APPELO, 1999) which allows the use of different transport properties in
the different cells. A basic program was developed to generate this complex 2D mesh (Figure 1) and
another one to treat the outputs under TECPLOT®. The mesh is composed of 3081 cells with a refinement
of 3 cm at each interface. Such a simulation was already conducted under ALLIANCES geochemistry-
transport tools (MONTARNAL et al., 2007), but in our cases the mesh refinement and the chemistry of the
system are extended (GABOREAU et al. this issue) and the feedback on porosity is now considered.

Furthermore, the new multi component diffusion (MCD) feature in PHREEQC made possible to take into
account a chemistry feedback effect on the transport parameters via the porosity evolution. The use of the
MCD option to perform such calculation has been validated with an inter-comparison with
TOUGHREACT on simple systems.

Preliminary results show, as expected, that to consider the porosity feedback has a strong impact on the
necessary time to clog the porosity. A sensitivity analysis is currently performed on the Archie parameter
(Eq. 1) in order to evaluate its impact on the extent of the degradation. At the same time taking into
consideration 2D geometry in comparison to 1D has a little effect on the extend of the alkaline plume that
remains spatially restricted to the zone surrounding the concrete/clay interfaces (Figure 2).

Eq(1) De = Dwεn, where De is the effective diffusion coefficient, Dw the diffusion coefficient of the species
in water, e the porosity and n the Archie parameter.
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Figure 1: Representation of both the mesh and the geometry used in the 2D calculation. The boundary
conditions are also shown.

Figure 2: Comparison of the pH in the different materials at t = 0 yr (left) and after 36,000 yr (right).


