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Modern repository research foregrounds physico-chemical processes (mechanical, hydraulic, thermal,
chemical) and their interactions taking place in the near field and the far field of the geological system
being explored. With regard to load bearing behaviour and preservation of barrier integrity, and with the
general objective of complete confinement of the waste in the isolating rock zone, the focus is especially
on geomechanical processes induced by excavation – including the influences on and by hydraulic,
thermal, and chemical processes – as well as on thermal processes induced by heat generation of the
deposited radioactive waste and their effects on mechanical and hydraulic processes. In order to improve
assessments of the mechanical stability and, in case of a water saturated rock formation, of the hydraulic
effects on the host rock of the repository, suitable physical models for numerical simulations of rock and
rock mass behaviour have to be found and to be validated.

Because of their radionuclide retention capacity, their low water permeability, and their resistance to water,
claystone rock masses form a reasonable alternative to e.g. salt rock masses as a host rock for deep
geological repositories. In past decades, various working groups at an international level have elaborated
a broad experimental and theoretical understanding of the geomechanical and geohydraulic behaviour of
claystones and applied this know-how to geologic repository components, e.g. in the context of engineering
studies, or in the back-analysis of field tests. In this context, measurement results revealed a continuing
convergence of drift walls lasting for a few years after completion of excavation. Possible reasons for this
time-dependent deformation behaviour of the claystone rock mass might be:

• viscous properties of the material from a phenomenological point of view, meaning a constant stress state
leading to increasing deformations, and/or;

• effects from various hydraulic or hydro-mechanical influences on the saturated rock mass after
excavation, such as:

– changes of pore pressure (inducing consolidation) and water content (desaturation and resaturation,
due to evaporation/condensation/sorption processes),

– shrinking/swelling processes due to (de-)hydration of the claystone.

Previous investigations yielded the principal applicability of a viscous constitutive model on claystone and
the principal transferability of this kind of physical model from salt rock to claystone whilst taking into
account additional characteristics typical for claystone, such as the anisotropy of the primary stress state,
the transverse isotropy of the stress-strain relationship regarding the orientation of inherent bedding planes,
the presence of a latent but mechanically effective discontinuity fabric, or effects from hydraulic processes
(e.g. desaturation, see above). Current research work incorporating own laboratory investigations and
deformation measurement data acquired in underground openings at the Tournemire site has led to some
success in developing a viscous physical model allowing for the aforementioned characteristics for a two-
dimensional numerical simulation of this very well documented case study, Lux et al. (2009).

This model was employed in a next step for a three-dimensional numerical simulation of a drift excavation
in the framework of an actually conducted mine-by test. In this test, rock mass deformations in various places
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at different distances from the drift were recorded by extensometer measurements during the excavation
process. Figure 1 contrasts an obtained simulation result with the measurement data published by Rejeb et al.
(2007) for the extensometer closest to the drift. The order of magnitude of the calculated values is within the
order of magnitude of the recorded data, and although a discrepancy in magnitude is still remaining, a trend
correspondence between the simulated and the measured deformations can be recognised. Especially the steep
rise of the curve after the drilling process has passed the extensometer position is qualitatively very well
matched, and also the other increases after each drilling step are captured in an adequate manner.

This outcome shows, along with the results of the two-dimensional simulations, that the elaborated physical
model with its adaptions and considerations stated above provides a useful basis for reliable numerical
excavation simulations in claystone rock masses in the future.
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Figure 1: Extensometer deformations vs. time: (a) measurement results, (b) simulation results.


