Hydro-thermo-mechanical behaviour of the Tournemire
compacted shale (SE of France)
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Abstract A coupled flow process, thermo-osmosis, has bested in the Tournemire shale,
carrying a set of water changes by warmer onermubi-packers system equipped borehole.
Experiments interpretation with a hydrogeologicaldal using coupled flow equations and

thermal effects enables to propose a range of thesmotic permeability.
K eywor ds thermo-osmosis; coupled flow; Tournemire shale.

INTRODUCTION

Clay rocks are considered in some countries as tenpal host to high-level
radioactive waste repositories. The benefits osmering such formations are mainly
their containment and insulation natural abiliti8sudies on these abilities especially
require a full characterisation and quantificatmihmass transfer processes in these
environments. Thermo-osmosis appears to be a maedeish can significantly affect
fluid fluxes in compacted shales (Soler, 2001). ideer thermo-osmotic coefficients
data in the literature are few (Dirsken, 1969; ®stava and Avasthi, 1975) and badly
constrained as nio-situ experiments have been done, so far.

Thermo-osmosis is a coupled transport processhwbansists in a water flux
under a temperature gradient while chemical comagoh remains constant. The
development of this kind of flux is related to titde pore size of indurate shales and
to electrical forces field due to the surface ckbaaf clay minerals. It confers
membrane behaviour to the shale, by its abilitpadially or fully limit the transport
of certain ions and molecules. Thermo-osmosis pmemon appears because of
specific enthalpy differences of water in the baanydayers and pores (Derjagueh
al., 1987).

In the geological context, we can observe temperaguadients at the basin scale
due to the regional geothermal gradient or to lyeakrating radioactive waste or,
during repository galleries excavation (leadingattocal modification of the regional
geothermal gradient).

THERMO-OSMOSISEXPERIMENTS

We have carried ouin-situ thermo-osmosis experiments on the Toarcian shile o
Tournemire (SE of France) which presents analogigh rocks likely to host a
radioactive waste repository. This formation formart of the Grands Causses
Mesozoic basin and is studied at the French Inetifior Radiological protection and
Nuclear Safety (IRSN) Underground Research LaboyatJRL) located at
Tournemire. This URL consists in a century-old teinerossing the Toarcian shale and



more recent galleries excavated from the tunnes. Sttale is characterized by very low
porosities (around 9%), hydraulic conductivitie®i to 10" m.s') with a small
mean diameter pore size (4-6 nm) and by electsgedhce charges (given by a cation
exchange capacity about 10 meq.180g

Experiments have consisted in substituting the mwateequilibrium with the
formation by a warmer one (temperature incremeh&d 5 and 9°C) for inducing a
potential thermo-osmotic response. Those expersnewre performed in a multi-
packers system equipped borehole limiting a snesil interval (20 cri). A special
attention was paid for the substitution of the testtion water under initial and
stabilised pore pressure.

HYDRO-THERMO-MECHANICAL MODELLING OF THE EXPERIMENTS

Pressure evolution in the test interval after thegew change shows a rapid decrease,
followed by a stabilisation after 1.5 days. Nex¢ goressure tends to increase, very
slowly (Figure 1). We have managed to reproduce digaal by introducing the
different expected phenomena in our model.

Experiments were interpreted with a 2D finite difleces thermo-hydro-
mechanical model based on coupled flux equationsbated with mass conservation
laws (Goncalvést al, 2004), and by adding thermal and thermo-osmdfieces.
Thermo-osmotic coupled flow equation can be written

U=-k [gradT (1)
where U is the filtration velocity (m, kT is the thermo-osmotic permeability {s)
toc!y and grad T is the temperature gradient (°€.m

Once the hydraulic properties of the shale wererdaehed, we simulated an
aguathermal effect (Luo and Vasseur, 1992) andgdsim water properties (viscosity
and density) with temperature (Figure 1). This @mtount for pressure changes
related to water during the temperature dissipaiionthe shale after the water
substitution. In Figure 1, two curves simulate thermal effect and limit a range of
evolution as a function of the measured system cessjbility range. Compressibility
appears to be the most sensitive parameter of mglelhnwhen thermal aspects are
introduced.

Next, we identified an additional effect explaireesithermo-osmosis by fitting the
model prediction to the measured data by usingngeraf thermo-osmotic coefficients
(Figure 1). However, due to the obtained comprdggilbange, we are only able to
identify a range of thermo-osmotic permeability.

The same methodology was conducted for the threpdeature increments (2.5, 5
and 9°C) tested during the different water changes.

Results given by fitting give a range of thermo-oim permeability between
4x10™ and 6x10° m?.s*.°C* as a function of the temperature increment (Figl)re
These values are in the range of thermo-osmotimeability obtained in previous
experiments (Dirsken, 1969; Shrivastava and AvaslBir5). We also observe a
decrease of thermo-osmotic permeability invergheéademperature increment.
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Figure 1 Measured and modelled pressure evolution afte+ 218°C water change test.
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Figure 2 Thermo-osmotic permeability obtained for differgéginperature increments applied during the
water changes.



CONCLUSIONS AND PERSPECTIVES

In-situ water changes by a warmer one experimegrfegned in the Tournemire shale
and their interpretation with a model integratimgupled flow equations have given
rise to a thermo-osmotic effect, which has beemtified. In order to reach a more
narrow thermo-osmotic permeability range, we ayagy to better constrain sensitive
parameters in our modelling.

Thermo-osmotic effect will next be coupled to chemhiosmosis, hydraulic advection
and other processes, like changes in boundarieethyilamic conditions and effect of
tectonic compression. The goal of this modelling tes identify the transport
phenomena at the origin of overpressures observéigei Tournemire shale and their
respective contribution (Matrast al, 2007).
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