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In the French concept of deep nuclear wastes repository, the galleries should be backfilled with excavated
argillite after the site exploitation period. After several thousands of years, the degradation of the concrete
lining of the galleries will generate alkaline fluid (pH > 12) that will diffuse through the backfill. The
object of the study is to describe the influence of such solute diffusion on the microstructure of compacted
argillite.

Saturated-portlandite water was circulated through compacted samples for 3, 6 and 12 months at 20 or
60°C. First, the mechanical behaviour of the samples was determined after the fluid circulation period. The
microstructure of the samples was also analysed via mercury intrusion porosimetry tests, scanning electron
microscopy and optical microscopy. Since it is planned to introduce additives (bentonite, calcareous sand
or lime) in the remoulded argillite to backfill the deep galleries, such mixtures were also studied.

The results showed that MA particles are sensitive to the alkaline fluid circulation at the microstructural
level. In the case of the calcareous sand, no major changes of the microstructure nor the mechanical
behaviour were observed. The pure argillite underwent slight modifications that can be related to a limited
dissolution of its clayey particles. Conversely, intense alteration of the MX-80 particles was evidenced with
a strong increase of the macropore void ration while the mechanical behaviour was slightly altered by the
fluid circulation (see Figures 1, 2 and 3). Lime addition improved the mechanical characteristics of the
argillite through the precipitation of cementitious compounds. The microstructure of the lime-treated
argillite was also altered by the fluid circulation.

Figure 1: Impact of alkaline fluid circulation on
pore size distribution (argillite + MX-80).

Figure 2: Influence of alkaline fluid circulation on
microstructure (argillite + MX-80).
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That study evidenced that alkaline fluid circulation led to the dissolution clayey particles, leading to the
increase of the macropore void ratio. Some of the dissolved compounds allowed the formation of
cementitious compounds that probably increased the shear strength, hence compensating for the decrease
in density that would lower the shear strength. However, it seems that the formation of cementitious
compounds is complicated because of the permanent flow of the alkaline water. The dissolved components
leaking out of the material are dependent on the hydraulic properties of each mixture. Hence, even with
such severe experimental conditions, there is no evidence of dramatic loss of shear strength of the studied
materials in alkaline environment. The sand-MA is the most stable mixture, followed by the pure MA. The
MX-80 mixture and lime-treated MA are the more reactive mixtures.

This study showed that a significant mechanical alteration of the backfill is to be expected if conventional
high lime concrete is to be used to build the concrete lining of the deep galleries. It is likely that the
alteration of the mechanical behaviour of the backfill and its microstructure would be minimized if low
pH and low-lime concretes are used.
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Figure 3: Alteration of the mechanical behaviour
by the alkaline fluid circulation (argillite + MX-80).


