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The Mont Terri rock laboratory was extended from mid October 2007 to end 2008 with the goal to allow
the project partners to continue their cooperative research on the long term. The extension of the
underground laboratory by the excavation of an additional 165 metres long access tunnel (Gallery 08) with
four niches (Figure 1) was taken as opportunity to conduct an instrumented mine-by test in one of the
niches (Niche 2/Niche MB). The measurements during the bedding parallel excavation provided a large
amount of data as a basis to understand the hydro-mechanical (HM) coupled behaviour of Opalinus Clay
around the excavated niche. BGR was involved in the in-situ investigations (seismic measurements) as a
member of the experiment team consisting of five organisations (incl. NAGRA, ANDRA, GRS, Obayashi).
An important issue for BGR is the application of the numerical code RockFlow (RF) for HM coupled
simulations in order to understand the behaviour of Opalinus Clay by the use of the gained measuring data
for validation.

Under the management of NAGRA a blind prediction was carried out for a group of modellers belonging
to some of the experiment team organisations. After a first comparison between the numerical results of
different HM coupled models during the prediction meeting of the teams in June 2009 the measurement
data are provided by NAGRA in order to validate the numerical models. Basically the model predictions
have already shown the correct tendencies and ranges of observed deformation and pore water pressure
evolution besides some under- or overestimations. The future RF validation results after having done some
slight parameter adjustments are intended to be presented in the paper. The excavation of Niche 2 was done
from 13th October to 7th November 2008 with a constant excavation rate of 1.30 m per day. The orientation
of the niche follows the bedding strike, which amounts 60°. The bedding planes have an average dip of
33° to southeast.

The sensors around the niche during excavating were installed with the focus on deformation and pore
pressure evolution in the near field. Different types of pore water pressure sensors (in 5-interval multi-
packers, single mini-packer systems and modular multi packer systems), inclinometer chains for the
measurement of angular strains, magnetic extensometers for the observation of axial deformations around
the niche and additionally one reverse head extensometer along the axis of Niche 2, which is shortened
during the excavation process, delivered measurements in 2 hour intervals during and after the niche
excavation.

Figure 1: Left: Plan of the URL Mont Terri pre-2008 and extension of GA08 with 4 niches; rigth: Niche 2/ MB.
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The FE code RockFlow allows considering the transverse isotropic behaviour of claystone by turning the
model around the y-axis with the dip of the bedding planes. That means rock material anisotropy can be
considered by the definition of transverse isotropic elastic properties. The hydraulic behaviour is defined by
different permeabilities parallel and perpendicular to the bedding. The anisotropic stress state of the Opalinus
Clay is defined additionally. The model concept involves the hydro-mechanical coupling in the balance
equation for the conservation of mass (Biot coupling scheme) and also by constitutive equations describing
the behaviour of clay rock. In the present HM model the effective stress approach, a linear swelling and
shrinkage model and the strain dependent porosity and permeability after Kozeny Carman are involved. Fluid
flux is modelled by applying the Richard’s approximation for unsaturated flow (Maßmann, 2009).

The 3D numerical model has an extension of 100 m in each direction. The model geometry consists of the
Gallery 08, which is already modelled in the completely excavated state with its horse-shoe profile and
Niche 2 with an almost circular section geometry, whose axis is situated in the centre between the model
boundaries (Figure 2, left). The excavation simulation is done step by step corresponding to the excavation
process of Niche 2 in the Mont Terri URL. The simulation time begins at 1st April 2008 and ends at
30th June 2009. Four different material groups represent the undisturbed anisotropic rock mass, the
excavation disturbed zone around the gallery and the niche, the shotcrete lining around Gallery 08 and the
rock in Niche 2 being excavated during the simulation. In figure 2 at the right hand side a comparison
between blindly calculated RockFlow results and measured porewater pressures is shown exemplarily. In
a next step the model is going to be validated by measured pore water pressure and convergence evolutions.
This validation work, results and gained knowledge about clay rock behaviour during excavation will be
described in the paper.
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Figure 2: Left: 3D RF model; rigth: Predicted and measured data of pore water pressures with excavation
time.


