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Argillite is available in large quantities in France and exhibits a very small permeability: that is the reason
why it is an excellent candidate for the storage of nuclear waste depositories. This study focuses
particularly on argillite from Meuse-Haute-Marne (East of France) located 500 m deep. Following the
observation that Biot theory does not permit us to explain some of our experiments, we propose in this
contribution to use the tools of continuum micromechanics in order to develop a macroscopic state
equation that would be consistent with our experimental data.

In order to apply homogenization tools to argillite, the first step is to describe the microstructure of this
material. Argillite can be modelled as a multi-scale material (Figure 1):

– At the macro-scale, argillite looks like a homogenized material.

– At the meso-scale, a shale matrix surrounding some inclusions can be distinguished.

– At the micro-scale, the shale matrix reveals to be made of a solid phase and of a partially saturated
porous network; capillary effects are taken into account at this scale.

– At the nano-scale, the solid phase is not homogeneous but is a set of particles that are parallel platelets
with an electrolyte in-between; the solid phase is not physically inert with regard to water in the porous
network; first, liquid pressure in the electrolyte exists and is equal to liquid pressure in the porous
network; then, the unbalance between the ion concentration in-between the platelets building up the
solid phase and the ion concentration in the porous network implies an overpressure in the electrolyte.

This complex model of argillite leads us though several homogenization steps to an original macroscopic
state equation. If the pores network is modelled as a set of spheres, this state equation can be written in
the following compact form:

is the stress tensor, the deformation tensor, the elasticity tensor and the Biot tensor. is a
generalized “pore pressure” and pl the liquid pressure. δ (..) indicates the variation of the quantity under
bracket from the initial to the final state. Last, δnπg depends on the variation of overpressure in the
electrolyte in the particle.

Figure 1: Multi-scale model of argillite.
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We propose to compare this state equation with experimental data. Figure 2 shows results of a
poromechanical test run on a partially saturated sample of argillite. One can read that the deformations of
the sample are identical (regardless the sign), whether a variation of confinement pressure δPc is applied
or a variation of injection of argon δparg such as δparg = δPc. A classical interpretation of such an
observation, based on Biot theory, would lead to the conclusion that Biot coefficient is equal to 1. This
conclusion is in contradiction with the microstructure of argillite where the solid phase can not be
incompressible since it is made of particles that are parallel platelets with an electrolyte in-between. On
the contrary, if this poromechanical test is interpreted with our original state equation, it is expected to
measure the same deformation (regardless the sign) for both loadings.

Based on our experimental data, our original state equation is very well-adapted to argillite.
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Figure 2: A poromechanical test run on a partially saturated sample of argillite.


