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Clay stone has, due to its tectonic evolution of the formation, hydraulically and mechanically transversal
isotropic behaviour. Argillite bedding or layering structure has been observed in the underground
laboratories Mont Terri in Switzerland and Meuse/Haute-Marne at Bure site in France.

To characterise the hydraulic properties of the clay formation, single and double packer systems have been
applied based on the packer test theory. However, tins kind of packer type cannot distinguish the difference
between the properties parallel to the bedding and perpendicular to the bedding. The previous
investigations using single packer system in boreholes parallel and perpendicular to bedding show quite
different pressure decrease rates (Shao, 2005). The rneasured pressure development serves for the
determination of the hydraulic parameters, which however may also be influenced by pore water pressure
in partially or fully saturated medium, like clay stone. In order to filter out this influence, the measurements
should be made at the same location in the same borehole. Therefore a ‘slot packer’ system has been
developed to measure hydraulic properties in dependency of bedding direction.

An intensive test program has been carried out in the Mont Terri Rock Laboratory to judge the feasibility
of the new packer system for the hydraulic anisotropy characterisation before the packer will be applied
in the French Underground Laboratory MeusefHaute-Marne. One important issue of the test program is to
get the feeling of the packer handling and technical features. Three campaigns in 2007 and four campaigns
in 2008 have been carried out. Seven boreholes with length from 3 to 10 metres have been drilled for the
test purpose. The long boreholes with a length of ten metres are originally planned for intensive testing in
the undisturbed zone, the short holes for the near-field characterisation. The disturbed zone around an
underground opening in clay stone is generally considered to have a depth of approximately 2 metres.
Therefore, a 3-m borehole can also be used for both objects. Ail boreholes are drilled by using dry air
technique and oriented parallel to the bedding plane, so that the permeability parallel and perpendicular to
the bedding plane can be tested only by turning the ‘slot’. Hydraulic tests using gas as test medium are
carried out immediately afier the drilling of the holes.

For evaluation of the measured data, the finite element program RockFlow (Massmann, 2009) has been
used. The packer ‘slot’ with a width of 1 cm can also be simulated (Figure 1 b & d) in the numerical model.
Most of the measurements show a clear hydraulic anis otropy due to the bedding structure (Shao, 2009).
As sunimary, following statements can be made:

– Hydraulic anisotropy of clay medium can be determined using the developed ‘siot packer’ system with
orientated applications.

– The anisotropic ratio of the Opalinus Clay at Mont Terri (permeability parallel to the bedding/permea-
bility perpendicular to the bedding) may be evaluated up to eight tiines to one order of magnitude
(Figure 1).
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– Fractures in the excavation damaged zone around the underground opening in clay formations can be
identifled and especially the orientations ofthe fractures can be determined using the ‘siot packer’.

– The fracture permeability has a significant importance for the hydraulic characterisation of the near
field. A double packer is sufficient to determine the permeability for this purpose. This tool can also be
applied in fractured rock (e.g. granite) to determine the fracture orientation.
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Figure 1: About one order of magnitude in permeabiities (parallel and perpendicular to the bedding) (c)
determined using a ne~v ‘siot packer’ (a) and evaluated by a numerical anisotropic code (b & d).


