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Since 2004 the characterisation of the excavated damaged zone (EDZ) around drifts, has been performed at
several sites in the underground research laboratory (URL) at Bure. The experiments were conducted around
drifts at depths of 445 and 490 meters below ground surface. The EDZ is a highly complex and heterogeneous
system of fractures/fissures, with variable pore pressure gradients (including suction conditions), sharp
changes in permeability/transmissivity properties, unsaturated conditions, etc. In addition, the hydrodynamic
properties within the EDZ may change with time in association with effects such as stress redistribution,
variable conditions in the drifts (temperature, humidity), and self-sealing/self-healing processes.

In order to investigate potential changes of the hydrodynamic properties of the EDZ over time, several tests
campaigns have been carried out between 2005 and 2008 in dedicated boreholes filled with either synthetic
water or gas. Each test series was analyzed independently to previous results, in an attempt to optimise the
fit of the new test measurements. The flow model was chosen according to diagnostic techniques. The
analysis considered constraining (bounding) criteria for properties such as storage coefficient and formation
pressure. After several test series, inconsistencies were noticed between the estimated conductivities,
indicating sometimes erratic, non-explainable property changes over time and space. It was therefore
difficult to determine reliable trends of the EDZ hydrodynamic properties.

It appeared necessary to re-evaluate both the representation concepts and assumptions applied to the
numerical analyses of test data on the EDZ, trying to better constrain the flow model and the parameter
variables in order to generate a more realistic approximation of the geometrical, geomechanical and
hydrodynamic properties of the EDZ. One particular issue was to conceptualize (in a realistic manner) the
combined effects of the EDZ around the drift and the mechanical disturbance due to drilling.

Independent information from other investigation methods were used to critically revise the conceptual
model and formation parameters. In particular, the absence of break-out in the borehole section close to
the drift suggests that there is no additional mechanical disturbance induced by drilling in the pre-existing
EDZ around a drift. Furthermore, preliminary information from the diffusion experiment (DIR) within
undisturbed rock sections could confirm that the mechanically disturbed zone around a borehole may not
exceed about 0.1 m (approximately one borehole diameter). Therefore several critical tests series from
previous investigations were reanalysed using a revised conceptual model, constraining the extent of the
mechanical disturbed zone around the borehole (conceptualized as a circular sheath around the test interval
with a higher permeability than the formation further away from the borehole).

The results of the reanalyses, performed with the numerical borehole simulator MULTISIM, are presented
in Figure 1. The conclusions of the reanalyses in this borehole can be summarized as follows:

• The test data could be reasonably fitted with the new constraints on the conceptual model.

• In some cases the good quality of the simulations was, however, directly associated with higher
storativity values of the EDZ (realistic considering unsaturated conditions).
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• Overall the new simulation results obtained from selected test series performed at various times are more
consistent, without unexplained variations of the EDZ properties over time (i.e. permeability, storage
coefficient).

• The new conductivity profile indicates lower values between 0.8 and 2.0 m, which is consistent with drill
core observations.

• The significant decrease in permeability over 2.5 years between 0.3 and 0.5 m is confirmed. There has
been no significant change of permeability since 2005 beyond 0.8 m from the drift and outside of the
EDZ.

In conclusion, the new conceptual model demonstrated its capacity to better represent the evolution and
extension of the EDZ for the borehole under study. Further consistency checks of the new model
assumptions will be performed on both previous and future test series, in existing and upcoming boreholes.
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Figure 1: Comparison of results of the old and new conceptual models in borehole SUG1106.
Spatial distribution of conductivities (left) and simulation results in interval 3 at 1.8-2.0 m (right).


