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The potential deleterious geochemical interactions of clay with cement/concrete may provide a constraint on the
use of the latter material in deep geological disposal facilities for radioactive wastes. Consequently, it is important
to have a fundamental understanding of these interactions to be able to assess their likely impact over the long
timescales appropriate to the isolation of radioactive wastes from the human environment. Here, a laboratory
experiment investigating the effects of cementitious water diffusing through bentonite has been simulated using a
coupled reactive-transport geochemical modelling code. The modelling study was carried out before the results
of the experiments were available, as an exercise in ‘blind’ modelling. A sensitivity study was carried out to
investigate uncertainties associated with a number of input parameters, such as the precise nature of kinetic and
ion-exchange reactions, diffusion coefficients, pore water composition, and montmorillonite dissolution models.
The experiments used two types of fluid; one saturated with calcium hydroxide showed little mineralogical
alteration, which was predicted by the computer simulations. A high pH K-Na-OH-based water however, caused
alteration (pore blocking by hydrotalcite, gibbsite and brucite growth) to a depth of 2 mm in the bentonite after a
period of 1 year. Experimental evidence showed that ion exchange of Mg-montmorillonite to K-montmorillonite
was not confined to this thin region however, and was found to extend throughout the whole of the bentonite
sample. The pore blocking by mineral precipitation and movement of ion exchange fronts through the bentonite
were accurately simulated by the model.

The choice of dissolution model for montmorillonite played an important role in the outcome of the simu-
lations. Of the cases considered in the sensitivity study, that employing the so-called ‘Yamaguchi model’ was
clearly the best match, exhibiting all the main characteristics of the experiment, including pore blocking, brucite
precipitation, minor montmorillonite dissolution, and the replacement of Mg- by K-montmorillonite throughout
the length of the bentonite. Other factors (mineral growth rates, the smectite surface area, and the inclusion of
trace minerals in the bentonite mineralogy) had a smaller impact upon the simulation results over the timescales
considered. However, extrapolation of the results of the experiments and modelling to the timescales of interest
for the isolation of radioactive wastes will require more realistic modelling of secondary mineral growth rates in
the bentonite alteration process.



