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Abstract

CCUS (or CCS) serves as an effective strategy for reducing CO2 emissions by
storing it in geological formations such as depleted reservoirs and deep saline
aquifers. A critical aspect of this process is understanding the failure
mechanisms of the cement sheath under complex conditions. The analysis of
cement sheath integrity is complicated by corrosion-induced stress and
cracking, which are exacerbated by high stress levels, challenging failure
prediction and necessitating comprehensive models that incorporate both
corrosion effects and mechanical deformation. Effective modeling must
consider the loading history of the cement sheath throughout the lifecycle of oil
and gas wells, including initial conditions and cement shrinkage stress,
complicating long-term performance predictions. Furthermore, accurately
estimating the corrosion-mechanical coupling remains a significant challenge,
as existing research often overlooks the effects of loads during corrosion,
complicating the integration of mechanical and corrosion factors within a unified
predictive model. Our analysis of corrosion test data shows that supercritical
CO2 leads to calcium loss, microstructural loosening, increased porosity, and
reduced compressive strength in cement. We introduce a THMC model that
considers these changes.
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