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Argillaceous formations of low permeability are considered in many countries as potential host rocks for
the disposal of high level radioactive wastes (HLRW). In order to determine their suitability for waste
disposal, evaluations of the hydrogeochemistry and transport mechanisms from such geologic formations
to the biosphere must be undertaken.

One of the key questions about radionuclide diffusion and retention is to know the chemistry and chemical
reactions and sorption processes that will occur in the rock and their effects on radionuclide mobility. In
this context, the knowledge of the pore water chemistry is essential for performance assessment purposes.
This information allows to establish a reliable model for the main water-rock interactions, which control
the physico-chemical parameters and the chemistry of the major elements of the system.

An important issue in order to model the pore water chemistry in clayey media is to determine the
respective volume accessible to cations and anions, i.e, the amount of water actually available for chemical
reactions/solute transport. This amount is usually referred as accessible porosity or geochemical porosity.
By using the anion inventories, i.e. the anion content obtained from aqueous leaching, and assuming that
all Cl-, Br- and SO4

2- leached in the aqueous extracts originates from pore water, the concentration of a
conservative ion can be converted into the real pore water concentration if the accessible porosity is known.

In this work, the accessible porosity or geochemical porosity has been determined in core samples
belonging to four different formations: Boom Clay from Hades URL (Belgium, BE), Opalinus Clay from
Mont Terri (Suiza, CH), and Callovo-Oxfordian argillite from Bure URL (France, FR). The geochemical
or chloride porosity was defined as the ratio between the pore water volume containing Cl-bearing pore
water and the total volume of a sample (Pearson, 1998; Pearson et al., 2003b). The Cl porosity is lower
than the total physical porosity, because clays have different types of water (interlayer water, adsorbed
water and free water), and ions can be affected by anionic exclusion processes. The geochemical porosity
includes only the free water and some of the diffuse layer and surface-sorbed water; while the total physical
porosity includes both the external and interlayer water.

In order to calculate the Cl or geochemical porosity (ncl), the following relationship (Pearson et al., 2003)
was used, which relates leaching data and the chloride content of the pore water extracted by the squeezing
technique:

where, nCl is the chloride porosity, ρd is dry density of the rock, Clpw is the chloride concentration in the
pore water obtained by squeezing, and Clrock is the chloride inventory or chloride content in the rock
obtained from aqueous leaching tests.

Aqueous leaching tests were performed at anoxic conditions in order to obtain the chloride inventory in
different core samples from each argillaceous formation. Besides, the chemical composition of the pore
water was obtained by squeezing at high pressures. Taking into account the measured physical properties
of the rock samples, such as water content, dry density, total porosity and degree of saturation; the
geochemical porosity was calculated by using the above relationship. The results are shown in Figure 1.
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For Boom Clay core samples, the mean Cl porosity/water loss porosity ratio is 0.81. In the case of Opalinus
Clay, the mean Cl porosity/water loss porosity ratio is 0.59. In Mont Terri core samples, this ratio ranges
from 0.5 to 0.7, although a value of 0.55 is frequently used (Pearson et al., 2003). As conclusion, for
indurated mudrock formations (Callovo-Oxfordian and Opalinus Clay), the mean geochemical porosity
obtained was around 8-10 %vol. (0.5-0.6 porosity ratio), whereas in the plastic Boom Clay the geochemical
porosity was around 29 %vol. (0.8 porosity ratio).
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Figure 1: Chloride porosity and φCl /φwater loss porosity ratio in core samples from the Boom Clay,
Callovo-Oxfordian and Opalinus Clay formations (at saturated conditions the water loss porosity is equal
to total porosity).


