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ABSTRACT 

In Carbon Capture Storage (CCS) sites, an important element of risk to be considered is the 
integrity of the cement seals of the abandoned wells in the reservoir [1].  The main goal of 
abandonment procedure once the life of a well is completed is to provide an effective isolation of 
the reservoir fluids in order to reduce environmental risk of contamination. In the case that the 
site has been reconverted to CCS, this is even more essential to prevent CO2 leaks from the storage 
site. It is important to note that the cracking conditions of the well cement seal can be affected by 
the long term changes in pore pressures that take place after the oil exploitation activities have 
stopped [2]. For example, slow pressure return around extraction wells (where the pore pressure 
had been subject to a sustained reduction during long extraction periods) may cause a progressive 
reduction of the effective stresses acting on the cement casing and plug, while the opposite can 
happen at injection wells. And these effects may be partially modified by the overall structural 
response due to the volume changes implied by the effective stress changes [3]. 

In this paper, a preliminary study of the effects of such stress changes on the potential integrity 
of a 2D cross-section of the sealed oil well system (caprock-external cement sheath-steel casing-
cement plug) during its service-life (injection/production activities and abandonment) has been 
performed by means of FE method including zero-thickness interface elements to represent 
potential cracks. In particular, these elements are pre-inserted in the analysis in between the 
contacts of caprock-external cement sheath, external cement sheath-casing and casing-cement 
plug. The results presented show that, depending on the initial state and range of pressure 
evolution, the different interfaces considered may open or close in a non-trivial manner during 
the pressure return process. This seems to indicate the importance of considering carefully the 
pressure return process and subsequent effective stresses evolution in abandoned reservoirs 
recycled to CCS, in order to avoid that new cracks in well cement seals may lead to potential CO2 
leakage in the storage site. 
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