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ABSTRACT 

As CO2 is injected, a reservoir becomes pressurized, which induces the uplift of the surface as well as 

geological failure such as fault reactivation or hydraulic fracturing. Fracturing/failure and induced 

seismicity are undesirable events and need to be prevented in geological CO2 storage. To reliably 

monitor CO2 storage, multiple characterization techniques are employed together. For example, InSAR 

(Interferometric Synthetic Aperture Radar) data and time-lapse 3-D seismic surveys were used together 

to identify the process of caprock fracturing at the In Salah geologic carbon storage (GCS) site in 

Algeria. These datasets have been employed to validate coupled flow-geomechanics models that can 

reproduce the dynamic fracturing induced by high injection pressure. Nonetheless, additional 

constraints are still required for further improving storage characterization and reducing uncertainty. 

Electromagnetic (EM) methods have been widely used in monitoring a CO2 storage site. The EM 

methods are highly sensitive to fluid flow and fluid chemistry inside pore space and fracture networks 

[1]. More importantly, the EM governing physics is separate from the other methods mentioned above. 

Thus, the EM methods provide additional information about reservoir characterization independent 

from flow and geomechanics analysis and can reduce uncertainty in reservoir characterization [2]. 

In this study, using a sequentially coupled 3D flow-geomechanics-EM simulator, we perform 

sensitivity analysis of EM responses to realistic CO2 flow-geomechanics models. At different time 

steps, EM simulation is performed based on the solutions of coupled flow-geomechanics simulation, 

for example, calculating time-lapse EM field responses. Because simulation meshes are different 

between EM geophysics and coupled flow-geomechanics models due to different governing physics 

and numerical implementations, an upscaling method needs to be applied to the flow-geomechanics 

modelling parameters such as saturation and porosity.  

In numerical examples, we first consider simple geology models for sensitivity analysis, by varying 

the depth, injection rate, and permeability. Then, we will investigate realistic field-wide simulation, for 

example, for a potential field of CO2 sequestration in South Korea, where a fault is located near an 

injection well. We will show the numerical examples that this integrated simulation can be promising 

for joint inversion and field application. 
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