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In argillaceous rocks, self-sealing of fractures generated by the excavation of underground repositories can
be expected due to combined impact of rock compression, backfill resistance, and clay swelling during the
post-closure phase. The sealing process is determined by the deformability and swelling capacity of the host
rock and the backfill as well as by the boundary conditions. As a crucial factor for the long-term safety of
repositories, the sealing behaviour of fractures in argillites has been experimentally investigated by GRS on
the Callovo-Oxfordian argillite (COX) and the Opalinus clay (OPA) under relevant repository conditions.

Comprehensive laboratory tests were carried out on artificially-fractured samples of different sizes
(diameter/length = 50/50 – 280/600 mm) and shapes (cylinder & hollow cylinder) under various confining
stresses, fluid pressures, and temperatures. The sealing of fractures was detected by measurement of
deformation, permeability and wave velocity variations. Following previous studies (Zhang and Rothfuchs,
2008) in which the sealing of fractured samples was determined by gas flow at ambient temperature,
additional tests were performed by flowing synthetic pore water through fractures under different confining
stresses and at elevated temperatures. Typical results of the tests are presented in this paper.

Figure 1 summarises current results of the ongoing long-term permeability measurements on fractured
COX and OPA samples (D/L = 50/50 mm), some of which were pre-heated up to high temperatures of 50,
100 and 150°C. In those tests, synthetic pore water was flowed through at injection pressure of 1 MPa,
confining stresses of 2 to 3 MPa, and elevated temperatures from 20 to 90°C. All fractured samples showed
the same high initial gas permeability of 3⋅10-12 m2. As the water was injected, the permeability dropped
down by three to five orders of magnitude to 10-15 to 10-18 m2, depending on the intensity of the fractures.
This drastic drop in permeability is obviously related to clay expansion into the interstices, as indicated by
the large swelling strain. Over eight months, the permeability was reduced by another one to three orders
of magnitude to 10-18 to 10-20 m2. This is comparable with the permeability values of the undisturbed
argillites. Additionally, the measurements at elevated temperatures indicate no or only little influence of
temperature on permeability development, but the thermally-induced decrease in water viscosity
accelerated the water flow. It is also obvious that rates of permeability decrease are quite similar for all
samples. Apparently, these rates are independent from fracture characteristics and the pre-heat treatments.
The tests will be continued by cooling down and further loading.

The sealing behaviour of fractures observed on normally-sized samples was also revealed by large hollow
cylinders (D/L = 280/460-520 mm) with central boreholes of 100 mm diameter. Figure 2 shows results of
a large-scale test simulating the development of the damaged zone around HLW disposal cells during
excavation, backfilling, heating, and cooling. A critical state of fracturing was recorded by a significant gas
breakthrough at stress conditions of 24 MPa outer confining stress and 1 MPa inner borehole pressure, at
which a high gas permeability of 10-15 m2 was determined. The fractured hollow cylinder was then flowed
with synthetic water in axial direction, heated to 74°C and cooled down to 30°C. While a great amount of
water was injected at the very beginning, a small amount of water outflow was observed later. The
difference between inflow and outflow yields the water content stored in the sample. From the outflow
data, a permeability value of ~1⋅10-18 m-2 was roughly estimated, which maintained during the subsequent
heating and cooling phases. However, the water inflow was faster at elevated temperature and slower after
cooling down due to the change in water viscosity.

In general, all test results suggest a high self-sealing potential of the studied argillites.
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Figure 1: Measurements of water permeability of fractured argillites (a) at elevated temperatures (b) and
confining pressures (c), together with the free swelling strain.

Figure 2: Results of fracturing and sealing tests on a large COX hollow cylinder by gas flow during the
borehole excavation and by water flow during the heating and cooling phases.


