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INTRODUCTION

The present work, carried out in the Underground Research Laboratory at Bure operated by Andra, focuses
on the hydraulic homogenization (upscaling) of the Excavated Damaged Zone (EDZ) around a cylindrical
excavation, taking into account the specific structure of the microfissures and of the larger fractures
induced by the excavation, as well as the permeability of the intact rock (the Callovo-Oxfordian claystone,
130 m thick, and located between 400 m and 600 m depth at this site).

Two types of discontinuities are distinguished: (1) a statistically isotropic network of microfissures, and (2)
a quasi-periodic set of complex shaped, curved fractures (chevron pattern). Hydraulic upscaling are
expressed in terms of effective macro-permeability tensors, and they are compared, in the final stage of this
work, against in situ data, including permeability profiles along boreholes.

GEOMETRIC AND STATISTICAL MODELLING OF THE ‘EDZ’ (3D STRUCTURE)

We firstly consider a 3D stretch of a cylindrical gallery with: (i) section length L = 20 m; (ii) drift diameter
= 4 m; (iii) thickness of the annular EDZ around the drift = 4 m. The domain of investigation is a 3D
rectangular box of size 20 × 13 × 13 m, which encloses the drift and its EDZ. The transverse scales
correspond to those of the experimental drifts and EDZ observed at the URL site.

• Statistical network of microfissures (randomly oriented plane discs). The microfissures and small frac-
tures are modeled as statistical plane discs, with randomly isotropic orientations, and radially decreasing
density and diameters away from the drift wall (Figure 1).

• Deterministic set of curved fractures (‘herringbone’ or ‘chevron’ pattern).The extensive shear fractu-
res (‘chevrons’) are modeled as a periodic set of mathematical surfaces (generalized elliptical conoïds)
analogous to those observed in the Bure drifts [Armand 2007] (Figure 2).

HYDRAULIC UPSCALING THEORY AND PROCEDURES

The method adopted here for hydraulic homogenization of a 3D porous fractured rock is based on a ‘frozen
gradient’ superposition of the fluxes through single fracture blocks, each ‘unit block’ comprising the
permeable matrix (intact rock) obeying Darcy’s law, and a single piece of fracture obeying either Darcy
or Poiseuille law [Canamon, Ababou, et al. (2006, 2007)]. Planar disc fractures and polygonal pieces of
fractures can be accommodated. The result is an upscaled Darcy law with tensorial macro-permeability
Kij(x) on a grid of homogenization ‘voxels’. Alternatively, the Kij(x) can be produced pointwise using a
moving window, e.g., to obtain ‘numerical’ borehole profiles.
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HYDRAULIC UPSCALING RESULTS (MACRO-PERMEABILITY TENSORS)

Hydraulic upscaling was carried out on the 20 m × 13 m × 13 m domain, comprising the 20m long stretch
of annular EDZ, using a partition of upscaling cubic cells of 0.50 m size. There were 40 × 26 × 26
upscaling cells in total (including unused cells located inside the drift). The statistical microfissures, and
the periodic curved fractures, were treated separately in order to assess the relative influence of each. The
example here (Figure 3), considers only a set of 10000 random microfissures embedded in the intact porous
matrix (hydraulic conductivity = 5.0 E-12 m/s).

At the global scale, the equivalent permeability tensor for the matrix+microfissures system is:
where (i,j) = 1,2,3. The resulting tensor is nearly isotropic, as expected,

due to the isotropic orientations of the statistical set of plane disc fissures.

The permeabilities were also upscaled using a moving average along borehole lines (numerical borehole)
and compared to radial borehole profiles measured at Bure (GMR drift). Finally, the complete system,
matrix+fissures+chevrons, was also homogenized to obtain Kij at different scales.

Figure 1: Front view of the set of 10000
microfissures on the transverse vertical plane at
the drift entrance.

Figure 2: 3D view of a ‘chevron’ fracture obtained
with a complex elliptic ‘conoïd’.

Figure 3: Perspective view of 3D ellipsoïds of
permeability, with log-transform (ln). This planar
distribution Kij(y,z) (i,j = 1,2,3) was obtained from
a second upscaling of the local equivalent Kij(x,y,z),
by averaging it through the axial direction of the
drift (length Lx = 20m). The upscaling window size
of the resulting Kij is 0.5 m × 0.5 m × 20 m.
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