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Background to the Study
CO2 geosequestration represents one of the most promising

options for reducing atmospheric emissions of CO2. Caprock

integrity ascertained based on the petrophysical and

geomechanical properties of caprock is vital to ensure safe and

sustainable storage of CO2 (Liu et al., 2020).

Shale and carbonate rocks are typical caprock for CO2 geological

storage, but their failure behaviour have not been fully

understood due to their severe heterogeneity and anisotropy (Liu

et al., 2020). So, it is vital to apply machine learning techniques

in understanding caprock behaviour under several conditions.

So far, no study has focused on caprock integrity, using machine

learning approach to select best depleted petroleum reservoirs

for CO2 storage using caprock mechanical and petrophysical

properties. Therefore, the aim of this research is to evaluate

caprock integrity under cyclic stress loadings based on variation

in pressure and CO2 injection temperature.

Research Methodology
The research design is based on numerical simulations and

machine learning. Machine learning techniques (traditional

decision tree and random forest models) were adopted to

evaluate effect of pressure variation on caprock integrity. The

results are validated with experiments performed by other

scholars.

The numerical simulation is based on the experimental results

and the idea that upstream pressure develops from CO2

injection, and water pressure acting in the opposite direction

to counterbalance the effect of CO2 injection pressure.
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Problem Statement

Figure 1: Capillary pressure effect in caprock integrity 

(Source: Espinoza and Santamarina, 2017)

Numerical Simulation
The numerical simulation is based on coupled thermal and 

structural simulation on ANSYS Workbench using results from 

the experiment.  
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Figure 2: Caprock sample and how pressures act

Figure 3: Data from capillary pressure experiment (Source: 

Minardi et al., 2021)

Figure 4: Effect of pressure variation in caprock on axial 

displacement during CO2 injection.

Max Rel Error of 0.2953 (MAPE= 15.6%; MdMRE=12.6%) in 

Exp & simulation

Further Results

Figure 6: Factor of safety of the period of CO2 injection

Figure 7: Effect of CO2 injection temperature variation on axial displacement.

Figure 8: Stress-Strain relationship under varying CO2 injection temperature

Stress concentration (barrier) develops as temperature increases. 

Figure 5: Effect of pressure variation in caprock on axial displacement 

during CO2 injection over extended numerical simulation.

MAPE= 13.2%; MdMRE=10.8%  DTM || MAPE= 12.9%; MdMRE=9.6% 

in RFM
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