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A possible scenario in the post-glacial evolution of the bentonite buffer used in a KBS-3 repository for
spent nuclear fuel is that parts of the buffer may erode due to sol formation caused by the extensive
swelling of, in particular, Na-montmorillonite in water of low ionic strength. Presence of calcium in the
interlayer has been shown to promote gel formation even in electrolytes with ionic strengths in the vicinity
of those in glacial melt waters. In order to estimate the amount of calcium in the clay at the onset of
glaciation one needs information of the selectivity coefficient for Ca/Na exchange. Hitherto, most
experimental data for evaluating the Gaines-Thomas selectivity coefficient, KGT [1] have been obtained in
batch experiments, i.e. at high water-to-solid ratios [2, 3]. The conditions in highly compacted bentonite
are, however, radically different in many respects, e.g. the interlayer space is on the nanometre scale and
the concentration of counterions is in molar range. Therefore we would like to theoretically investigate the
transferability of the selectivity coefficients, determined in batch experiments, to compacted conditions.

We solve the Poisson-Boltzmann (PB) equation [4] for two parallel charged surfaces in equilibrium with
an external NaCl/CaCl2 mixed solution. Integration of the ion concentration profiles obtained from the PB
equation gives the occupancy of Na+ and Ca2+ in the clay. That information together with the composition
of the external electrolyte is all that is needed for the calculation of KGT. With a surface layer-charge density
of one charge per 145 Å2, which is close to the value for Wyoming montmorillonite, we find a variation
of the selectivity coefficient from about 4 M in batch to 8 M for compacted montmorillonite with dry
density 1700kg/m3. The significance as well as the physics behind these results will be presented in detail.
The predictions, based on the PB theory, will also be compared to experimental data.

At this level of theory, one may conclude that eventual changes in KGT from dispersed to compacted
bentonite are small and in favour of calcium selectivity. In other words, the use of selectivity data for Ca/
Na exchange obtained in batch experiment for predictions of calcium content in compacted
montmorillonite is a valid (and conservative) approach.
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