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Rock-mass failure around openings is usually observed in the form of a highly complex fracture network
(EDZ), which is heterogeneous in distribution around a circular tunnel opening because of the
heterogeneous stress distribution. The orientation of stress with respect to the fracture network is known
to be important. The complex heterogeneous stress trajectory and heterogeneous fracture network results
in a broad range of stresses and stress directions acting on the open fracture network.

During the open stage of a repository, stress will slowly alter as shear movements occur along the fractures,
as well as other time-dependent phenomena. As the repository is back filled, the stress field is further
altered as the backfill settles and changes volume because of resaturation. Therefore, a complex and wide
ranging stress regime and stress history will result.

In a purely mechanical sense, fracture transmissivity is a function of normal stress, shear stress, and
fracture aperture. The Selfrac test from Mont Terri showed the change in transmissivity with effective
normal stress (Trick, 2003). This work showed that fracture transmissivity decreased with increasing
normal load and that an effective normal stress of 2.5 MPa is sufficient to yield a transmissivity similar to
that seen in intact Opalinus clay (OPA). Therefore fracture closure because of normal stresses has been
proven to be a quite efficient mechanism in OPA. The change in fracture transmissivity with normal load
has also been demonstrated by Gutierreza et al. (2000).

A new shear rig was designed to investigate the detail of fracture transmissivity in OPA. The experimental
configuration uses two prepared blocks that are 60 × 60 mm in size (fracture surface) and approximately
20 mm thick. The first test sample had machine ground surfaces in contact with each other, with pore fluid
being delivered through the centre of the top block directly to the fracture surface.

The experimental programme included two distinct stages. In the first normal load was altered to
investigate fracture transmissivity as a function of normal load. During this experimental stage the two
samples were not subject to shear. In the second stage of testing the sample was subjected to an effective
normal load of 1.75 MPa and sheared for 70 days and then held for a further 35 days.

Figure 1 shows the results from the first stage of the experimental programme. As can be seen, there is a
decrease in transmissivity with normal load. However, all recorded transmissivities are low and comparable
with intact OPA. On completion of the test programme the original ground test surfaces were clearly seen,
showing that self-healing had not occurred in the early stage of the experimental programme. The exact
relationship will be defined by further detailed testing.

The main experimental stage saw the two blocks of OPA undergo active shear at a slow rate (1 mm shear
per 12 days approximately). The experimental rig has been designed to allow up to 6 mm (10%) shear
strain to occur at strain rates as slow as 1 mm shear per 75 days. The main focus of the experiment was
to identify changes in transmissivity as the fracture surface altered during active shear.

Figure 2 shows the experimental results from stage 2 of the experimental programme. During the early
stage of the experiment there is a reduction in transmissivity as shear stress begins to increase. This levelled
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at a rate of 32 µl/hr and remained mostly constant until day 30, which saw the first little “break-through”
and change in flux. This was followed by a second event at day 32 and then significant events at days 40,
45 and 51. The last major event saw an increase in flux from 51 to 129 µl/hr and was followed by a slow
reduction in flux back towards “normal” over nearly 50 days. Some of these events are accompanied by
dilation events, whilst the major event initiating at day 45 is associated with an increase in shear-stress that
may be stick-slip behaviour along the fracture surface.

For the last 20 days of the experiment a fluorescent tracer was injected in the pore fluid. Post-test analysis
has shown that the passage of fluid along the fracture surface has not been radially from the centre of the
sample equally in all directions, but has focused along zones with one being strongly aligned with the
direction of shear. Shear banding was also observed on part of the fracture surface.

The first experiment has clearly shown the relationship of normal load and fracture transmissivity. It has
also shown the complex development of transmissivty during active shear. The experimental results clearly
show that fracture transmissivity is not a constant and that complex histories of transport mechanisms
result, maybe signifying fault valve behaviour. This will have significant impact (both positive and
negative) on modelling the EDZ and estimates of the transport properties in this highly complex and
significant zone.
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Figure 1: Change in fracture transmissivity with
effective normal stress.

Figure 2: Fracture transmissivity evolution during
active shear at 1.75 MPa effective normal load.


