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Introduction 

 

The geological storage of CO2 may cause considerable changes in underground conditions with respect 

to temperature. These changes are more profound around the injectors intersecting the storage layers, 

but still significant in the entire storage zone. Depleted hydrocarbon reservoirs and saline aquifers 

qualifies were identified as potential candidates for CCS storage projects. Severe temperature changes 

downhole and cooling of the formations during various stages of injections can cause increased risk of 

cap-rock integrity breach.  

 

Method and/or Theory 

 

Based on wellbore-scale temperature modelling, a range of temperature difference close to the injection 

wellbore were assumed for the analysis. Using this temperature changes, the possible range of stress 

reduction induced by the thermal expansion/contraction of the rocks in the reservoir storage and caprock 

layers were calculated from the thermoelastic equations. The estimation considers the elastic properties 

of rocks, linear expansion coefficient of storage and caprock as derived from core tests and the 

difference between reservoir and bottom hole temperature.  

 

 

Results 

 

Assuming the cap rock will experience the same level of cooling effect as the reservoir, the  

reservoir and caprock fracture pressure incorporating the thermal stress effect at the well location at the 

start of the injection stage/end of history matching and end of prediction were estimated. The predicted 

temperatures were modelled from well modelling for the start of injection and end of prediction stage. 

At the start of the injection stage, the results shows that the reservoir fracture pressure with thermal 

stress effect reduced to 1040 psi for the shallowest storage layer and to 1470psi for the deepest storage 

layer at the location of the injection wells. The caprock fracture pressure incorporating the thermal stress 

effect at the well location reduced to 1450 psi for the shallowest storage layer and to 2600 psi for the 

deepest storage layer. Similarly, the stress reductions for the end of the prediction stage were estimated 

for the reservoir and caprock layers. In addition, similar exercise was carried out for the saline aquifers 

to understand the impact of thermal stress on caprock integrity.  
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Figure 1 Map of Difference of Fracture Pressure and Initial Reservoir Pressure Distribution in the 

main storage layer and its statistical distribution. The reservoir area for the respective storage layers 

is delineated and the reservoir pressures are mapped onto it. The fracture pressures for the caprock 

immediately above the storage layers are mapped. The difference between reservoir and fracture 

pressure controls how much additional pressure can be injected into the storage layer before the 

caprock integrity is compromised. In this case the mean of threshold pressure is approximately ~2600 

psi for the main storage layer.  

 

 

 
 

Table 1 Table 7 summarizes the reservoir and caprock fracture pressure incorporating the thermal 

stress effect at the well location at the end of prediction stage.  

 

 

 

 

 

http://www.firstbreak.org/other.phtml?other=guidance&PHPSESSID=4a93090648f3d5ec3c3099fa75649852
http://www.firstbreak.org/other.phtml?other=guidance&PHPSESSID=4a93090648f3d5ec3c3099fa75649852
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Summary 

 

This paper presents an integrated approach for a quick look assessment of caprock integrity risks and 

identify a feasible operating window for CCS operations. It provides a firsthand information on 

caprock integrity risks based on 3D static geomechanical and wellbore-scale temperature modeling 

even before moving to 4D dynamic simulation modeling. The methodology established in this case 

study can be referred for storage projects to ensure the wellbore integrity and formation sealing 

integrity.  
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