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Depending of their structure and degree of compaction, clays can be hydrated by a variable amount of
water molecules in the interlamellar space and on external surfaces. Due to the fact that the structure and
nature of water molecules (properties of liquid water) is influenced by the clay surfaces; different types of
waters are involved in clayey systems (internal/external water, adsorbed/free water) giving a double
porosity structure. The water volume accessible to ions is a key parameter in order to determine the pore
water chemistry affecting the radionuclide transport in clay-rocks.

In the case of argillaceous formations, natural consolidation induces significant physical and structural
changes to clays as a function of time, leading to a progressive compaction and agglomeration of particles,
reduction of crystallinity and an increase of microstrain, which affects both the tetrahedral and octahedral
layers. Structure and dynamics of water are modified when water molecules are close to interfaces or
confined in porous spaces. At high degrees of compaction, the diffusive transport of the solvated ions and
the solvent molecules in clays is substantially retarded compared with the free electrolyte solution because
of the surface complexation of ions and the strong ordering of solvent molecules at the solid-liquid
interface. Besides, mudrocks contain a variable amount of different types of clays, such as illite, kaolinite,
chlorites, smectite and illite/smectite mixed layers; as well as other main and accessory minerals which
influence also the amount of water adsorbed and types of waters in these systems.

Structural and dynamic properties of water confined among basal planes of clays have been extensively
studied by means of water adsorption isotherms, neutron scattering, molecular dynamics (MD) and Monte-
Carlo simulations (Skipper et al., 1995; Bourg et al., 2006; Devineau et al., 2006). However, most of the
works are related to purified clays and dispersed systems. In real clayey formations, the amount of
accessory minerals, type of clays and water contents affect the amount and distribution of the external and
internal water; and the combination of such properties is not well understood.

In this work, the study of water states, types of water (adsorbed, free water), and the water volume
accessible to ions is performed in samples belonging to different clay formations (Boom Clay, Opalinus
Clay and Callovo-Oxfordian). This offers the opportunity of understanding the nature of water in clayey
systems because of their variations in parameters affecting to the amount of adsorbed and capillary water
such as: degree of compaction, water content, clay content, type of clays, salinity, nature of exchangeable
cations, etc.

The aim is to obtain the accessible porosity or geochemical porosity in compacted materials in order to
determine the chemical composition of the pore water. The results are compared with those obtained in
experimental lab (by squeezing and aqueous leaching) and in situ studies. The research is accomplished
by a careful and detailed characterization of the clay samples. Parameters such as particle size, layer
spacing, chemical composition, mineralogy, external and total surfaces, porosity and pore water chemistry
were determined.

The method combines different types of methodologies to obtain a representative description of double
porosity systems and the amount of free, adsorbed and confined water involved in real-type porous media:
water adsorption isotherms (Figure 1), XRD (Figure 2), TG, calorimetric measurements and diffuse
reflectance FTIR. Besides, a comparison among different types of clayey formation is given, in which there
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are variations in the types of clays, water contents, dry densities, pore water chemistry and type of
exchangeable cations. The results try to reduce the lack of data about water volume accessible to ions, and
the involved uncertainty in the use of total porosity or accessible porosity in the modelling of the pore
water chemistry which influences the migration of radionuclides.

ACKNOWLEDGEMENTS

This work was performed in the framework of the Integrated Project FUNMIG, financed by ENRESA
(Spanish National Agency for Waste Management) and the European Commission (EC Contract FP6-
516514).

References:

Bourg, I.C., Sposito, G., Bourg A.C.M., 2006. Tracer diffusion in compacted, water-saturated bentonite.
Clays and Clay Minerals, 54, 363-374.

Devineau, K., Bihannic, I., Michot, L., Villiéras, F., Masrouri, F., Cuisinier, O., Giovanna, F., Michau, N.,
2006. In situ neutron diffraction analysis of the influence of geometric confinement on crystalline
swelling of montmorillonite Applied Clay Science, 2006, 31, 76-84.

Skipper, N.T.C., Chang Fang-Ru, Sposito, Garrison, 1995,. Monte Carlo simulation of interlayer molecular
structure in swelling clay minerals. 1. Methodology: Clays and Clay Minerals, 43, 285-293.

Figure 1: a) Water adsorption isotherms and d(001) basal spacing obtained in total samples from different
argillaceous formations: Opalinus Clay (BDR-0), Callovo-Oxfordian formation (PAC 1001, PAC 2001),
and Boom Clay (O6-14, R13U); and b) Frenkel, Halsey and Hill (FHH) formalism for quantifying the
amount of water at different water activities.

Figure 2: d(001) basal spacing in
the clay fraction at a water
activity of 0.99 obtained from
samples of different argillaceous
formations: Opalinus Clay
(BDR-0), Callovo-Oxfordian
formation (PAC 1001,
PAC 1002, PAC 2001, PAC
2002), and Boom Clay (O6-14,
O6-17, R13U).


