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ABSTRACT 
 

The topic of this thesis is related to research works performed at the French Agency for Nuclear waste 
management (ANDRA) on the feasibility of a nuclear waste disposal for High Activity and Long Life 
(HAVL) disposal located at 500 m deep, inside the Callovo Oxfordian argillaceous formation in the East 
Paris basin.  
 
In this work, two numerical simulations are presented. They are simplified sections of different part of a 
storage cell for nuclear waste containers. The argillaceous massif response during the different stages of 
the life of the disposal is simulated and its interaction with the architectonic cell elements analysed. 
 
In a first part, the response of a cell used to store CU containers (burned combustible) is simulated at a 
sections passing at mid-length of the bentonite seal. The numerical Finite Elements code Code-Bright is 
used. The constitutive model considered for the Callovo Oxfordian argillite is the “damaged Elasto-
Plastic model for argillaceous rocks” (D_EP-AR). This model considers the rock as a composite material 
made of a clayey matrix, whose behaviour is represented by an elasto-plastic law and bonds, modelled 
through a damage law. The constitutive model considered for the swelling argillite used to seal the cell 
(MX80 bentonite) is the “thermo-elasto-plastic model for non saturated soils” (TEP), an extension of Cam 
clay model to unsaturated and non iso-thermal conditions. The fully coupled THM equations are then 
solved for the BVP representing  the sealing system. The results show: 

- The progressive deconfinement of the rock in the near field of the cell during the excavation 
phase. 

- The delayed convergence of the cell during the exploitation phase, due mainly to the visco-
damage response of the rock. 

- The desaturation of the massif close to the plug installed to seal the cell seal. The stiffer response 
of the rock in unsaturated conditions  minimizes damage during this phase. 

- The stress, water pressure and damage increase during the early stage of heating phase that takes 
place after placement of the waste. A peak in temperature is reach at 20 years and in water 
pressure at 50 years. Henceforward, both variables go progressively down to come back to their 
initial value. During this phase, effective stresses decrease and damage is inhibited. 

 
In a second part, a section of a generic isolated cell with radius R, located inside an isotropic argillaceous 
massif with a concrete line of thickness 0,16R, is studied. An  1D axisymmetric geometry is analyzed by 
using the Finite Difference code FLA. Computations are only mechanical. Two constitutive models are 
used: at short term, “Elastoplastic model with hardening and softening based in Hoek & Brown criteria” 
(EPE-HB) and a long term, “Lemaître visco-plastic model with hardening” (LMS). Effects of the time left 
between the end of excavation and lining installation are analysed at long term. Also, the importance of 
the short term model used previously to the creep model for the long term response of the system is 
highlighted. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


