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INTRODUCTION

In the Mont Terri Underground Rock Laboratory, the excavation of the new gallery Ga08 provided a
unique opportunity to monitor the excavation damaged zone (EDZ) in the Opalinus clay, at time scales
ranging from hours to months. The excavation of the gallery Ga08 has started from the northern end
of the URL and has progressed towards the South, ending by the junction with the end of the gallery
Ga04. Several geophysical and geochemical methods were performed from the end face of the gallery
Ga04, to observe the evolution of the rock mass located in the so-called EZ-G08 section during the
progress of the excavation. Thus, electrical resistivity measurements were performed, with electrodes
placed both on the Ga04 face and in boreholes perpendicular to the face. These experiments revealed
a strong anisotropy of the electrical resistivity of the rock mass, and they allowed to study the temporal
evolution of the electrical resistivity in the EDZ. An array of more than 700 electrodes was installed
on the rough face according to a square mesh with a mean side of 30 cm. On each line of the mesh,
the electrodes were equally spaced every 15 cm. 4 horizontal boreholes, 8 m long and 56 mm in
diameter, were equipped with lines of 64 electrodes equally spaced every 5 cm. Finally, 2 groups of
4 boreholes, 1 m long and spaced about 20 cm, were equipped with lines of 16 electrodes equally
spaced every 5 cm.

ANISOTROPY OF ELECTRICAL RESISTIVITY

Using the electrode array of the face, Wenner profiles were acquired along both the horizontal and the
vertical lines, highlighting a strong anisotropy of electrical resistivity since the values depend on the
direction in which they are measured. In order to characterize this anisotropy, other measurements were
done using the array of the face and the lines of the short boreholes, with the so-called square array
configuration where the electrodes are located at the corners of squares with different orientations. On the
face, subsets of 32 electrodes were selected on 18 areas of 1.2 m high by 0.9 m wide, to measure the
electrical resistivity in 12 directions of the face plane. In each of the 2 groups of boreholes, the electrical
resistivity is measured in 8 directions of a plane perpendicular to the face. Using simulated annealing, each
data set was inverted independently to recover the full tensor of resistivity, given in term of its principal
values. While the minimum value and the intermediate value are rather constant (9 ± 2 W.m and
27 ± 7 W.m respectively), the maximum value is significantly different in two domains separated by a
tectonic fracture (200 ± 37 W.m in the upper domain and 74 ± 15 W.m in the lower domain, Figure 1). The
direction of this maximum value is almost constant and deviates of less than 10° from the direction normal
to the bedding plane. Consequently, the directions of intermediate and minimum values are contained in
the bedding plane, with the direction of minimum resistivity also tangent to the curved shaped face
(Figure 2). So, we may conclude that the geo-electrical structure of the EDZ results here from complex
interaction between inherited tectonic features, stratigraphic properties and stress perturbation produced by
the excavation of the gallery.
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TEMPORAL EVOLUTION OF ELECTRICAL RESISTIVITY

During one month corresponding to the excavation of the last meters of the gallery Ga08, including a
temporary stop (18 days) of excavation at 8 m from the Ga04 face (end of the long boreholes), electrical
tomography was done continuously using the lines of electrodes installed in the 4 long boreholes. Daily,
one Wenner profile was performed in each borehole, and numerous cross-hole measurements were
performed between the 6 possible pairs of boreholes spaced 1 to 2 meters. These cross-hole measurements
are dominated by a sharp increase of electrical resistivity at the time of the stop of excavation, visible at
any distances in the boreholes but with higher amplitudes at the Ga08 side (Figure. 3). In the time series
of Wenner profiles, the main variations of electrical resistivity occurred a few days before the stop of
excavation, reflecting both damage and water displacement.

Figure 1: Maximum value of the resistivity tensor
found by inversion of the 18 data sets.

Figure 2: Directions of the principal values of the
resistivity tensor (Wulff stereographic projection,
lower hemisphere).

Figure 3: Differential apparent resistivity from the 08/07/01 measured by cross-hole tomography (the stop
of excavation at 8 m from the Ga04 face took place on 08/07/11).


