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The Canister Retrieval Tests (CRT) is a full scale in situ experiment performed by SKB at Äspö
Laboratory. The experiment involves placing a canister equipped with electrical heaters inside of a
deposition hole bored in Äspö diorite. The deposition hole is 8.55 metres deep and has a diameter of 1.76
metres. The space between canister and the hole is fihled with a MX-80 bentonite buffer. The bentonite
buffer was installed in form of blocks and rings of bentonite. At the top of the canister bentonite bricks
occupy the volume between the canister top surface and the bottom surface of the plug. Due to the
bentonite ring size there are two gaps; once between canister and buffer which was Ieft empty and another
one between buffer and rock that was filled with bentonite pellets. The top of the hole was sealed with a
retaining plug composed ofconcrete and a steel plate. The plug was secured against heave caused by the
swelling clay with nine cables anchored in the rock. An artificial pressurised saturation system was used
because the supply of water from the rock was judged to be insufficient for saturating the buffer in a
feasible time. A large number of instruments were installed to monitor the test as follows:

• Canister – temperature and strain.

• Rock mass – temperature and stress.

• Retaining system – force and displacement.

• Buffer – temperature, relative humidity, pore pressure and total pressure.

After dismantling the tests the final dry density and water content of bentonite and pellets were measured.
The comprehensive record of the Thermo-Hydro-Mechanical (THM) processes in the buffer give the
possibility to investigate theoretical formulations and models, since the resuits ofTHM analyses can be
checked against experimental data.

As part of the European project THERESA, a 2-D axisymmetric model simulation of CRT bas been carried
out. Some of the main objectives of this simulation are the study of the interfaces between canister and
buffer and between buffer and hosted rock; and the evaluation of the mathematical models used to predict
the THM behaviour of the buffer. The geometry used for the simulation includes seven materials, the MX-
80 bentonite blocks, rings, bricks, the bentonite-rock interface filled with pellets, the gap between canister
and bentonite, the concrete plug and the steel lid (Figure 1, left). The THM simulation ofthe model was
performed using the Code-Bright finite element program. The constitutive law used for simulate the
mechanical behaviour of bentonite and pellets is the Barcelona Basic Model (BBM) with an nonlinear
elastic component accounting for swelling. This constitutive law bas been extensively used for model these
materials (Sanchez, et al. 2004). For the concrete plug and the steel lid a linear elastic model was used.
Moreover, for the simulation of the opening-closure ofthe inner gap, ajoint element with non-linear elastic
mechanical law was implemented in the code. The constitutive law consider a constant tangential stiffness,
whereas the value of the normal elastic stiffness depends on the loading conditions and on the interface
aperture (Gens, et. al. 1990). The formulation ofthis element also incorporates the thermal and
hydraulically laws used in the code. For the thermal behaviour, it is assumed that the heat conduction
depend on the saturation degree of the materials. The hydraulic behaviour is defined by Darcy’s law and
Fick’s law governs vapour diffusion.
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The initial conditions and the parameters of bentonite, pellets, concrete and steel were extracted from the
CRT-Specifications. The parameters of the gap were adjusted using back analysis. The computed values
of temperature, relative humidities and stresses calculated in the buffer in the THIVI simulation were
compared with observations. In addition, the final dry density and degree of saturation of bentonite and
pellets at the end of the simulation were compared with the values measured after the test dismantling.
Also, the evolution of the aperture and horizontal stress of the gap between canister and buffer were
obtained (see Figure 1, right).. From the analysis of the results it was concluded that the model is able to
reproduce satisfactorily the closure of the gap due to bentonite swelling and the THM processes observed
in Canister Retrieval Test.
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Figure 1: The 2-D axisymetric model of Canister Retrieval Test (left). The evolution of the aperture and
horizontal stress of the gap between canister and buffer (right top and bottom respectively).


