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Fracturing and Self-Healing in the Boom Clay:
Evidences and Further Studies

Frédéric Bernier
ESV EURIDICE GIE, Belgium

1. INTRODUCTION

The Boom Clay is considered as a potential host-rock for the disposal of Belgian radioactive
waste. During the sinking of a new shaft to extend the underground facility HADES, an important
fracturing has been evidenced around the excavation. Fracturing was already observed previously but
to a lesser extent. The low support pressure imposed by the primary shaft lining, combined with the
large time over which this support condition held, has favoured the decompression of the clay massif
through delayed effects, and therefore the development of fracturing. In the frame of the overall
performance of a radioactive waste repository, it is of prime importance to understand the fracturing
process induced by excavation in Boom Clay, as well as the self-healing process. This will be done in
the SELFRAC EC project (Fractures and Self-healing within the Excavation Disturbed Zone in clays).

2. FRACTURING OBSERVED DURING THE CONSTRUCTION OF THE NEW 
SHAFT

A view of the present-day underground installations at the Mol site is presented on Figure 1.

Figure 1. View of the underground facility HADES in the Boom Clay at the Mol site.
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The second shaft has been sunk in 1998-99. Its bottom part (-218 / 228 m - excavated in
1999), entirely located in the clay host-rock, consists of an excavation with an internal radius ri = 4 m,
which was primarily lined (from top to bottom) with sliding ribs (i.e. a relatively soft lining). After
completion of the excavation, a secondary rigid lining (reinforced cast concrete) was placed from the
bottom. The time span between the placement of the primary and secondary lining was around two
months, which allowed an important convergence (about 30 cm on the diameter) of the clay. From the
bottom of the second shaft, the excavation of two opposite starting chambers led to front stability
problems resulting in significant fracturing of the clay host rock close to the excavation. This
fracturing appeared as large fracture surfacesvisible at the front of each starting chamber (see Figure
2). Importantly, they showed very clear indicators of movements indicating a radial sliding, and an
axial symmetry around the main shaft axis. The fracturing also appeared as fracture traces in the
lateral walls of the starting chambers (see Figure 3). These two starting chambers cross-cut the plastic
zone generated by the excavation of the main shaft along its radial direction. Consequently, the
observed fractures could therefore be related to the excavation of the shaft.

Figure 2. View of the fracture surface in the South starting chamber (the thick black curves
visualise the trace of horizontal planes on the fracture surface).

Figure 3. Traces of the fractures (indicated by the black arrows) in the lateral wall of the
South starting chamber.
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The excavation of the starting chambers is also correlated to hydraulic perturbations in the
far field. A pressure drop of maximum 0.2 MPa at 60 m radius is shown by some piezometers of the
CLIPEX instrumentation programme (see Figure 1 – Bernier and Van Cauteren, 1998). Simple
poroplastic models that predict a maximum perturbation extent of 25 m under full deconfinement
cannot explain these observations. Skeleton viscosity and fracturing in the near field have to be taken
into account (Barnichon and Volckaert, 2000).

3. SELF-HEALING EVIDENCES OBSERVED AROUND THE HADES
UNDERGROUND LABORATORY

Hydraulic conductivity measurements have been performed in the EDZ (Excavation
Disturbed Zone) of the present HADES underground facility. The measurements have been performed
at different time several years after its construction. We do not observe a significant variation of the
hydraulic conductivity in the EDZ (see Figure 4). The higher value measured at a distance of 8.5 m
correspond to a more silty clay layer. These measurements have been confirmed by a
macropermeameter test around the small experimental shaft (see Figure 1). A hydraulic permeability
about 1.36x10-12 m/s was measured. This value is in perfect agreement with the value measured on
classic piezometers (Ortiz, 1997).

In the MEGAS EC experiment, some evidences of self-healing have also been observed.
This experiment aims to study the migration of gas in the host rock. Gas flows through preferential
pathways orthogonal to the lowest component of the effective stress sensor. Restoration of the initial
properties after gas fracturing in terms of hydraulic conductivity, gas diffusion and radionuclide
migration has been observed (Ortiz et al., 1995).

Figure 4. Hydraulic conductivity measurements around HADES
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4. THE SELFRAC EC PROJECT

The SELFRAC project aims at understanding and quantifying A) the increase of the
permeability, related to crack proliferation around excavation in clays and B) the self-healing process
that can in turn reduce the permeability in time. Two clays will be studied and compared: the Opalinus
Clay at Mont Terri (Switzerland) and the Boom Clay (Belgium).

Laboratory tests will be performed to characterise processes A and B in order to give the
necessary data to improve and calibrate constitutive models. When developed, these models will allow
to predict the occurrence and the intensity of these processes. This is particularly important in terms of
performance assessment and public acceptance of deep radioactive waste repositories.

To characterise the self-healing effect, triaxial and isostatic tests will be performed on
sample with a longitudinal fracture. The initial hydraulic conductivity of the sample is then measured
by applying a water pressure gradient. The evolution of the water flow rate is measured in time both
during transient and steady state phases.

In-situ tests will be performed both at Mont Terri research facility and the underground
laboratory HADES in Mol, to quantify processes A and B under realistic conditions. Experimental
results will be compared with numerical predictions.

Finally the significance of the Excavation Disturbed Zone will be put in the context of the
long-term performance of a radioactive waste repository. Recommendations for the excavation
techniques and design of deep radioactive waste repository will be formulated.

5. CONCLUSIONS

Fractures can develop, even in plastic clays, around underground openings by virtue of stress
readjustments due to the excavation process. Such changes alter the mechanical and hydraulic
properties of the surrounding rock mass and also influence geochemical conditions. Fractures
determine the dominant flow paths and are therefore of major importance for fluid transport in these
systems. Fortunately argillaceous host-rock formations present self-healing properties, which should
reduce the permeability in time.

It is important to study these processes to assess the performance of a radioactive waste
repository. Some self-healing evidences have been observed around the HADES underground
laboratory but need further investigation to be confirmed. This will be done in the SELFRAC EC
project.
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