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Abstract:

Several diffusion experiments have been performed at the field scale in the underground rock
laboratory of Mont Terri (Switzerland) to verify the reliability of diffusion parameters obtained at lab
scale. The principle of in situ diffusion experiments is based on the injection, in a packer-off section of
a borehole, of a tracer cocktail diffusing into the rock and whose its concentration decrease is
monitored by means of a circulation circuit located at the surface. Subsequently, the interval section is
overcored and analysed for the tracer profiles.

Overall, the obtained tracer data confirmed that diffusion is the dominant transport process for solutes
in Opalinus Clay. The diffusivity and diffusion porosity of anions was found to be lower than tritiated
water, indicating anion exclusion effect. Concerning the cations, one observed that when the
interaction of these species with clay surface was stronger, their decrease relative to HTO in interval
was faster and their penetration depth was lower (max 3 cm after 10 months for Cs+).

Finally, in situ data were found to be consistent with small-scale lab diffusion experiments performed
parallel to the bedding plane, suggesting that the upscaling effects for diffusion are small.

1 INTRODUCTION

One of the key issues for a repository's safety assessment is to determine the predominant
radionuclide transport mechanism. Transport could occur either by molecular diffusion
through the pore water or by advective flow within the rock matrix and/or fractures. Several
studies indicate diffusion to be the dominant transport mechanism in consolidated
argilaceous rocks (Opalinus Clay in Switzerland, argillite of Tournemire in France). Firstly,
large-scale profiles of natural tracers, such as chloride, bromide and stable isotopes can be
explained by slow diffusion process from the saline pore water of clayey rocks to the young
ground water of the adjacent limestone formations (Rubel et al., 2002; Degueldre et al.,
2003, Patriarche et al., 2004). Secondly, the very low hydraulic conductivity measured in the
clay formation limits the contribution of advective transport.

The diffusion parameters are generally derived from laboratory measurements on centimetric
rock samples (Van Loon et al., 2004a; Savoye et al., 2006; Savoye et al., in press). As these
values are required in the modelling at the scale of rock formations for performance
assessment, their reliability has to be verified, especially regarding potential upscaling
effects. Hence, since the beginning of the Mont Terri Project, several diffusion experiments
have been performed at the field scale either in the undisturbed matrix of the Opalinus clay
(experiments DI, DI-A, DI-A2, DIB, DR) or in a highly fractured zone (FM-C) to acquire such
in situ diffusion parameters.

2 CONCEPT OF IN SITU DIFFUSION EXPERIMENTS

The general concept of all the experiments is based on the first in situ experiment, the so-
called DI (Palut et al., 2002).



) Towards Corverganca of

Pressure
transd:

Packer
inflation line

Steel liner Control | Cabinet
.
Wanometer €0
Tubing 0 £
Pressure ——
vessel
i
T
!

Hydraulic packer (removable)

diam. 350 mm.

3m

diam. 76 mm

Flow line top

Flow line bottom
Pressure line

sintered stainless
steel screen

Fig. 1: Example of experiment test set-up (DI-A, Wersin et al., 2004 & van Loon et al., 2004b)

A tracer cocktail is injected into a packed-off section of a borehole as a pulse-test. Pressure
in this interval is maintained equal to the pore pressure of the surrounding rock in order to
prevent any hydraulic gradient around the borehole and to avoid advective transport
processes. The evolution of the tracer concentration in the injection system is monitored over
time with a set-up allowing fluid circulation from the interval to the surface (Fig. 1). After a
certain period of diffusion (from 10 months to 2 or 3 years), the claystone section surrounding
the interval is retrieved by overcoring the whole borehole and is subsequently analysed for
the tracer profiles. Then, both the tracer decrease in the interval and tracer profiles in rock
are simulated with the same diffusion parameters in 2D or 3D. Finally, the obtained diffusion
data are compared with lab diffusion data.

3 LOCATION AND SPECIFICATION OF DIFFUSION EXPERIMENTS

Figure 2 shows the location of the Mont Terri underground rock laboratory.
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Fig. 2: Location of the underground rock laboratory of Mont Terri
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The six different diffusion experiments performed at Mont Terri since 1998 and specifications
are summarized in Figure 3 and Table 1.
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Fig. 3: Location of diffusion experiments
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Table 1: Main specifications of diffusion experiments performed at Mont Terri. Ref. * Palut et
al. (2002); ®» Gomez-Hernandez et al. (2004); ° van Loon et al. (2004b); ¢ Wersin et al. (2005);
®Yllera et al. (2004).

For technical constraints, due to the overcoring operation, most of boreholes are drilled
vertically, i.e. inclined with regard to the bedding plane. Only the last DR experiment is
performed perpendicular to the bedding in an inclined borehole.
Since the first DI experiment, the tracer cocktails have successively become more complex
in terms of their chemical behaviour and now include very strongly-sorbing and redox-
sensitive tracers. As certain tracers are injected as radio-isotopes, on-line measurements
have been carried out with gdetectors (DIA-2 & DR).

4 RESULTS AND CONCLUSIONS
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Figure 4 gives an example of both the tracer evolution in the circulating fluid in the interval vs
time and of a tracer profile in the rock.
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Fig. 4: Evolution of tracer concentrations (a) in interval vs time and (b) in rock vs distance to
source (DI-A, Wersin et al., 2004).

The observed tracer patterns follow the generally expected trend: the flux of anions (bromide
or iodide) is lower than that of HTO due to anion exclusion effects and their penetration depth
in rock can reach some 15 cm, while HTO can penetrate up to some 20 cm after 1 year. The
analysis of DI data revealed the occurrence of a disturbed zone around borehole in which the
tracer diffusivities were higher. This disturbance was attributed to an oxidation/de-saturation
process occurring for 1 month after the drilling and before installation of completion.
Concerning the cations, one observed that when the interaction of these species with clay
surface was stronger, their decrease relative to HTO in interval was faster and their
penetration depth was lower (max 3 cm after 10 months for Cs+). Analyses of such thin
profiles in rock have necessitated the development of new approaches such as micro-
spectroscopic techniques that led to high-quality data consistent with bulk data obtained from
sliced rock samples.

Figure 5 shows a comparison between published data derived from in-situ and lab
experiments. They are limited to HTO, iodide and Na-22. Lab data obtained at 23°C were re-
calculated at 14°C (the temperature of the water in the circulation system of DI-A) using the
measured apparent activation energies for diffusion. It appears that in situ data were found to
be consistent with small-scale lab diffusion experiments performed parallel to the bedding
plane. The new DR experiment will address the measurement of diffusion anisotropy in situ
by using both shorter injection intervals and a borehole normal to the bedding planes.
Concerning the cations, modelling of in situ data led to higher diffusivities than HTO as

already noted at lab scale.
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Fig. 5: Rock capacity factor a vs effective diffusion coefficient De from small-scale through-
diffusion experiments (lab) and several in situ experiments. Crunch and Castem correspond
to numerical codes and Laplace means “analytical solution via Laplace transforms”.

All these in situ experiments have proven to yield suitable results and to estimate the scale
effect from lab to in situ-conditions.
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