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Republic (crv@ujv.cz)

With inflowing the groundwater to Deep Geological Repository (DGR), the interaction of this water with
engineering barrier materials will alter both, barrier materials and also the groundwater. One of the most
important alterations represents the formation of bentonite porewater that will affect a number of important
processes, e.g. corrosion of waste package materials, solubility of radionuclides, diffusion and sorption of
radionuclides.

The composition of bentonite porewater is influenced primarily by the composition of solid phase
(bentonite), liquid phase (inflowing groundwater), the gaseous phase (partial pressure of CO2), bentonite
compaction and the rate of groundwater species diffusion through bentonite. Also following processes have
to be taken into account: dissolution of admixtures present in the bentonite (particularly well soluble salts,
e.g. KCl, NaCl, gypsum), ion exchange process and protonization and deprotonization of surface hydroxyl
groups on clay minerals. Long-term stability of mineral phases and possible mineral transformation should
not be neglected as well.

In the Czech Republic, DGR concept takes local bentonite into account as material for both buffer and
backfill. The candidate bentonite comes from the Rokle deposit (NW Bohemia) and represents complex
mixture of (Ca,Mg)-Fe-rich montmorillonite, micas, kaolinite and other mineral admixtures (mainly Ca,
Mg, Fe carbonates, feldspars and iron oxides). The mineralogical and chemical characteristics were
published previously (Vejsada et al., 2005; Vejsada 2006). This bentonite is different in composition and
properties from worldwide studied Na-bentonite (e.g. MX-80, Volclay) or Na-Ca bentonite (e.g. Febex).
This fact leads to the need of investigation of Rokle bentonite in greater detail to verify its suitability as a
buffer and backfill in DGR. Presented task is focused on the study of porewater evolution.

Our approach for this study consists in modeling the porewater using geochemical code PHREEQC2
2.15.07 (Parkhurst and Appelo, 1999) with OECD NEA database (TDB NEA 17, 2005) using supporting
data obtained experimentally (aqueous extracts and squeezing). Similar approach has been reported earlier
by Fernández et al., 2001. In the first step, aqueous extracts of bentonite in deionized water at different
solid to liquid ratios (from 18.6 to 125 g/l) were analyzed. In the second step, high pressure squeezing of
saturated bentonite at different solid to liquid ratios (from 1:1 to 4:1 w/w) has been performed and extracts
were analyzed. On the basis of chemical analyses of aqueous extracts and bentonite characteristics, the pool
of easily soluble components present in bentonite has been modeled. This model contained exchange
capacity of clay minerals in the sample, two types of surface binding sites (strong and weak) and amount
of solid mineral phases analyzed by X-ray diffraction (XRD). Model was also calculated as an open system
to atmosphere and thus the dissolution of CO2 in the water was taken in to account. The main aim of this
part was identification and quantification of easily soluble admixtures that are under XRD detection limit.
These data were used in the next part where the amount of easily soluble admixtures has been recalculated
for appropriate solid/liquid ratio and equilibrium state has been modeled. Then the composition of
equilibrium solution was compared to the experimental result.

The results presented in Figure 1 show that the main cationic composition of simulated aqueous extracts
is in good agreement with experimental data for fixed amount of easily soluble NaCl and gypsum
[0.0013 wt. % NaCl, 0.05 wt. % gypsum] in the model as a main source of Na and Ca in solution. As can
be seen, better agreement is for higher solid/liquid ratios than for lower ones because of higher
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experimental uncertainty. The disagreement of model and experimental data has been found for the pH
evolution, probably because of differences in carbonate equilibrium (closed system of the extract with high
amount of carbonates in the solid phase vs. open system of the solution in the model where equilibrium
with atmosphere is allowed). The issue of carbonates is still open question; especially in the second part
of the modeling because the main portion of calcium is present as gypsum (assuming that sulphates act
conservatively and comes only from gypsum) and calcite. Although amount of gypsum may be fixed
(according to amount of sulphates), amount of calcite is problem to fix due to presence of Ca-Mg and Fe-
Mg carbonates in varying amount. Because of amount of another mineral admixtures (e.g. feldspars) will
not be negligible in the compacted bentonite, their effect to the ionic composition of the equilibrium
solution has also been taken into account in the model.
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Figure 1: Comparison of main cation concentrations in the water – experimental data (dots, aqueous
extracts for different solid/liquid ratios) and model (lines).


