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In the framework of the feasibility studies for the storage of radioactive waste in a deep geological layer,
the post-failure behaviour of the concrete liner of the galleries and storage cells may have a direct effect
on long term safety. In fact, the failure of the liner will result in new loads on the canisters placed inside
the works, and in the destressing of the Callovo-Oxfordian clays, which may lead to a change in the
Excavation Damage Zone. These phenomenons are studied via numerical modelling, using properties
derived from ANDRA’s underground laboratory (CMHM) project.

Two types of gallery geometries are analyzed: one with a thinner concrete liner and filled interior (the
standard gallery); and another with a thick concrete liner filled with concrete canisters (the MAVL disposal
cell). The Standard Gallery is filled with a Cam-Clay material after 100 years of creep, while the MAVL
disposal cell is filled with 16 concrete canisters immediately after installation of the concrete liner.

Progressive failure of the concrete liner due to time-dependent deformation of the surrounding rock
(Callovo-Oxfordian clay) over a long period of time is analyzed. The analyses are carried out in two steps.
In the initial simulations, the concrete liner is represented as a continuum strain-softening Mohr-Coulomb
material. The locations of stress-induced fractures in the concrete are determined from this continuum
model. The stress-induced fractures are then specified as pre-defined discontinuities in the concrete liner
in subsequent discontinuum simulations (Figure 1). In a discontinuum model, the large deformations and
movements of the concrete blocks as the liner disintegrates can be simulated without numerical problems.

The Callovo-Oxfordian clay is represented as an elastic-plastic-viscous material using the Lemaitre
constitutive relation. The majority of the simulations are carried out over 5,000 years of creep time, with
a few simulations extended until 100,000 years. Because the problem is generally two-dimensional (2D),
most of the simulations are carried out using the 2D distinct element code UDEC (Itasca, 2004). To
demonstrate the validity of the 2D approximation, one simulation is carried out in three dimensions, using
the three-dimensional (3D) distinct element code 3DEC (Itasca, 2008). A parametric analysis is carried out
to investigate sensitivity of the model predictions to some model parameters.

Figure 1: MAVL disposal cell. From localisation in a continuum model (left: cohesion field) to a discrete
representation of fractures (right: displacement field). Both figures are after 5,000 years.
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The reference case simulation for the Standard Gallery indicates failure of the concrete liner after
5,000 years. After 100,000 years, the maximum liner displacements increase to 0.16 m. Even in that state,
the fill inside the gallery confines the concrete liner, preventing its disintegration; however, fractures in the
walls have formed, and concrete has started sliding along those fractures, as shown in Figure 2 below.

The parametric analysis indicates that the main parameters affecting model response are in situ stresses and
the creep rate of the Callovo-Oxfordian clay. Assuming the gallery is aligned with the major principal
stresses, and thus reducing the horizontal stress normal to the cavern wall from 16.4 MPa in the reference
case to 12.4 MPa, results in a reduction of the displacements, after 5,000 years of creep, from 10 cm to
2 cm. On the contrary, increasing the in situ stresses (which would correspond to a deepening of the
repository) results in an increase in the displacements to 22 cm. The maximum strains in the Callovo-
Oxfordian clay in the reference case after 5,000 years of creep are quite large. The maximum extension
strain is greater than 2%; the maximum contraction strain is more than 3%. The average pressure on the
concrete liner increases progressively from 2.8 MPa, after installation of the concrete liner, to 11.8 MPa
after 100,000 years of creep. The initial average pressure before excavation of the galleries, which is
14.6 MPa, is not reached even after 100,000 years of creep.

The MAVL disposal cell reference case shows larger maximum displacements, up to 39 cm 100,000 years.
This is consistent with the larger initial void ratio of the section. Displacements are reduced in models with
a stiffer Callovo-Oxfordian clay, thicker canister walls in the interior of the cavity, or a more cohesive
interface between concrete and Callovo-Oxfordian clay. Similar to the Standard Gallery case, an increase
of the in situ stresses and/or Callovo-Oxfordian clay creep rate increases the maximum displacements. The
gaps between the liner walls and the canisters, and the liner crown and the canisters close fairly fast, after
approximately 1,000 years in the reference case. The gaps between the canisters are closed in
approximately 50,000 years.
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Figure 2: Displacement field around a Standard Gallery, after 100,000 years.


