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IEA (2010)

Beneath 800m underground CO2

exists in the supercritical state:

temperature > 31.1 ºC, pressure >

7.4 MPa, density > 600 kg/m3
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Commercialization

• 45Q credits give up to $50 tax relief/ 

ton of stored (instead of emitted CO2) 

for companies

• Storage: plants can breakeven on 

project costs by capturing and injecting 

at least 250 kilotons/year

• Utilization: plants must capture at least 

360 kilotons/year to breakeven – but 

additional costs (transport) likely 

needed

• Storage potential: injection of over 

50Mt CO2 over 30 years can be 

performed

CCS in Illinois
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CEE researcher leading study of human 

impact on Midwestern environment

Large earthquakes (M>4) might nucleate at depths greater than 5 km, 
if overpressure reaches the critically stressed crystalline basement

Motivation CO2 sequestration
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Thermal stresses may 
induce shear failure

Overpressure may 
induce microseismicity

Low-permeable faults 
cause an additional 

overpressure that may 
induce seismicity

Pressure perturbation 
propagates fast and 

may reactivate faults 
in the far-field

Surface upheave due to overpressure

Challenges of CO2 storage

Porosity
waves

Vilarrasa et al. (2019)



Simulation of Illinois Basin response

Triaxial compression                                 Core flooding                       Hydrostatic  compression

Laboratory characterization of rock properties

at in-situ conditions

CO2 injection in Illinois Basin model
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Numerical modeling of reservoir behavior
Mudstone interlayer
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Geospatial monitoring

• Geospatial monitoring can provide information 

on CO2 injection associated surface uplift

• CO2 plume location ad discontinuities can be 

located

Geospatial monitoring 

of Decatur project in 

Illinois Basin indicated 

surface uplift of 8 mm 

over the 3 years of 

continuous injection. 

Falorni et al. (2015)



P   – Total mean stress

pf – Pore pressure

Kd – Drained bulk modulus

B   – Skempton’s coefficient

a   - Biot coefficient

hf – Bulk viscosity

f    – Porosity

qk – k component of specific                                     

discharge vector

vs
k – k component of solid particles velocity vector Yarushina and Podladchikov (2015)
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- Time-dependent deformation could be

captured by introducing viscous element.

- Magnitude of strain rate is proportional to

applied mean stress.

- Coefficient of proportionality is bulk

viscosity hf [Pa·s].

 – applied stress
 ̇    – strain rate

h – viscosity
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Constitutive model



Modeling of coupled injection process

Biot’s equations for volumetric part of stress tensor
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Conservation of linear momentum

Measured properties will are implemented in the numerical code, which will predict

surface uplift considering hydro-mechanical coupling and the material properties.
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Preliminary Results
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Reservoir

ArgentaBasement

Injection point

- Four materials are considered: Mt. Simon, Argenta, intact and fractured Precambrian rhyolite.

- Three faults in the basement have hydraulic connection to the reservoir.
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Expansion of the model



Without lab rheology: blobs With lab rheology: channels

2D flow in shaly caprock

<< mm/year 14 cm/year

• Buoyancy driven flow

• Compaction of the sample

under gravity

• High porosity anomaly

Fully coupled 2D 

Hydro-Mechanical simulation

255x767 grid points

1200 physical time steps

Räss Makhnenko Podladchikov Laloui, 2017 
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- Solution of 21 differential equations in each grid point.

- High resolution numerical grid 500·500·1000 requires

solving ~109 equations for each time step.

- According to fluid diffusion processes – each time step

should be on the order of seconds.

- Needs supercomputers to solve the full set of coupled equations and predict surface uplift

- Can use surface uplift to modify the model and predict location of CO2 plume and faults
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3D fully coupled models


