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Abstract: 
 
All underground engineering works have to deal with heterogeneous rock mass (e.g., nuclear waste 
disposal in geological media, deep underground injection, geothermal energy extraction, enhanced 
recovery from oil and gas reservoirs, and underground storage of natural gas).  More recently, geological 
storage of carbon dioxide (CO2) into permeable deep aquifers has been suggested as an important 
potential method to reduce the emission of greenhouse gases into the atmosphere.  Deep well injection 
changes the stress state in the geological formation.  A change in the stress field may affect the hydraulic 
response of the medium.  The main goal of the present work is to introduce a coupled hydromechanical 
damage model that takes into account the effect of mechanical heterogeneities on the hydromechanical 
response of rock masses. 
 
A probabilistic damage model is developed to study possible cracking of the rock due the effective stress 
changes.  Two different thresholds are considered for crack initiation and propagation.  A Weibull model 
is used to account for the stochastic nature of crack initiation(s) and then a fracture mechanics based 
threshold is considered to model crack propagation.  The model is integrated in the finite element package 
(Code_Aster) as a non-local damage model.  Both damage thresholds are checked using a “regularised” 
stress field to avoid mesh dependence and localization phenomena.  The use of the regularized stress 
enables us to calculate correctly the stress intensity factors for the propagating cracks modelled as a set of 
completely damaged elements. The interaction between propagating cracks and initiation sites is 
accounted for naturally through the stress relaxation induced around the existing cracks. 
 
A robust and efficient sequential approach is proposed for hydromechanical coupling.  The coupled 
phenomena of fluid flow in complex geological systems are solved with a thermo-hydraulic module, and the 
mechanical response of the geological medium is evaluated with the mechanical module of Code_Aster®.  
These processes are linked using a sequential algorithm. The use of a damage variable to represent the 
induced cracks permits a straightforward damage-permeability relationship to be considered. 
 
Following the above methodology, a typical gas injection example is considered. The effects in terms of 
effective stress changes for different injection scenarios are assessed.  The effect of different in situ 
parameters such as material heterogeneity, mechanical parameters and initial stress field is studied 
through parametric analyses and the damage risk is evaluated. 
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