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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. In order to determine their suitability for waste disposal, the
knowledge of the pore water chemistry is one of the key questions.

In the context of the Hydrogen Transfer experiment (HT) a new ascending borehole (BHT-1) was drilled,
which is located in the Gallery 08 of the Mont Terri Rock Laboratory in Switzerland (Figure 1). The HT
experiment is a gas circulation test of pure argon at the beginning, where the circulating gas composition
is monitored. When it will be available, seepage pore water will be sampled and analysed. The objectives
of the HT experiment are: a) to evaluate the effective diffusion coefficient of hydrogen in the Opalinus
Clay; b) to identify if hydrogen consumption processes are measurable in a borehole and evaluate the role
of microbial activity on these processes; and c) to get new data on pore water chemistry and natural
dissolved gases.

In this work, the physical, mineralogical and geochemical properties of the Opalinus Clay in this zone of
the Gallery 08 were analysed on core samples and compared with data obtained in other zones of the Mont
Terri Rock Laboratory. Furthermore, a description of the chemical composition of the pore water obtained
by the squeezing technique is also given. The knowledge of the pore water chemistry together with the
laboratory-measured properties of core samples will allow the undertanding and modelling of the clay-gas-
water interations in the HT experiment.

The analysed core samples come from the borehole BHT-1 at metres 12.42-12.96. The borehole BHT-1
(15 m depth and 101 mm diameter) was drilled inclined upward perpendicular to bedding in April 20-21th

2009. The first 10 metres of the borehole were drilled with air. From meter 10 to meter 15 the borehole
was drilled with argon to prevent possible alterations of the clayrock by oxidation.

Figure 1: a) Layout of the Mont Terri Underground Rock Laboratory and location of the HT Experiment;
and b) Squeezing cell and pore water sampling vial, which are flushed with argon gas prior to the
squeezing test.
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According to the results, the analysed rock samples are similar to rock samples from the Shaly facies of
the Opalinus Clay formation. Mineralogy of this core sample BHT-1 m. 12.42-12.96 consists of 59% of
clay minerals, 18% of quartz, 12% calcite, 3% siderite, 2% dolomite-ankerite, 2% K-feldspars, 2%
plagioclases, 2% pyrite, traces of titanium oxides and organic matter. The clay fraction consists of illite
(45 wt.%), kaolinite (34 wt.%), illite/smectite interstratifies (I/Sm ML) R1 type (11 wt.%) and chlorite
(9 wt.%). It is worthy to note that the I/Sm ML clay is R1 ordered, i.e., its swelling is limited due to the
low amount of the expandable component (smectite) in the mixed-layer crystallites. The Total CEC value
calculated as sum of the total cation exchange occupancies is 14 meq/100g dry rock. At exchange sites,
the Na, Ca, Mg and K occupancies are 5.5, 2.9, 2.8, and 3.1 meq/100g, respectively.

The chemical composition of the pore water was obtained by the squeezing technique at 75 MPa (Table
1). This pore water is Na-Cl water-type with an ionic strength of 0.35 M, a pH of 7.7, and a chloride
concentration of about 10 g/L, typical of the in situ seeping water obtained from borehole BWS-A1 located
in the Shaly facies of the Opalinus Clay (Pearson et al., 2003), which is the reference water type of the
Opalinus Clay formation (Figure 2). The geochemical porosity (9.7 vol.%) was calculated by using the
chloride content of the pore water extracted by squeezing and the chloride inventories obtained by aqueous
leaching tests. The Cl porosity/Water loss porosity ratio is 0.57, which is similar to those obtained from
most of core samples of Opalinus Clay at Mont Terri, where this ratio ranges from 0.5 to 0.7, a value of
0.55 being frequently used (Pearson et al., 2003).

Other studies to be performed on the BHT-1 core samples will be: to get data about the sorption sites and
reactivity of the clay mineral surfaces in the Opalinus Clay; and to study the mechanism of adsorption of
water and gases (N2, He, Ar) on clay mineral surfaces.
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Figure 2: NW-SE cross-section of chloride concentrations in waters from Mont Terri and comparison with
the squeezed water from the borehole BHT-1 (modified from Pearson et al., 2003).

Table 1: Chemical composition of the pore water obtained by squeezing at a pressure of
75 MPa from the core sample BHT-1 m. 12.42-12.96 (concentrations in mg/L)

pH H2O activity E. C. (mS/cm) I (M) Cl- SO4
2- Br- NO3

- HCO3
- Alk.

7.7 0.99 31,544 0.35 9,800 1,700 30 < 5 109.1 1.82

Si Na K Ca Mg Sr Fe Al Mn Mo

3.2 5400 55 673 540 45 < 0.3 < 0.3 3.2 0.78


