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Project Questions:

What are the hydrologic consequences of injecting 80 million metric tons of CO2 back 
into the Illinois Basin annually?

Will large pressure anomalies associated with CO2 injection 

propagate across the Illinois basin?

Will significant well-well interference occur within- or between- injection well centers? 

Are there optimal regions of the basin that would likely minimize 

pore pressure generation and the potential for generating seismic activity? 

Does CO2 injection result in significant displacement of 
brines towards the margins of the basin to the North
where the Mt Simon is exploited as a water resource?



Basin-Scale, Three-Dimensional, Hybrid, Sharp-Interface Model

• Mike Celia (Princeton) is 
Developing 3D, 3-phase sharp-
interface models for entire 
Illinois Basin

• Mt. Simon: full numerical models

Overlying Reservoirs: Semi-
analytical 

• Calibrate models using existing 
head patterns around Chicago 
and salinity conditions 
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Induced Seismicity from Hazardous Waste Injection
Denver Colorado, 1966

(from Heally et al. 1966)

(Evans, 1966; Hsieh and Bredehoeft, 1981)



Induced Seismicity from Hazardous Waste Injection, Asthabula, Ohio, 1980’s

Nicholson and Wesson (1990)



Geothermal (EGS) 

Induced 

Seismicity

Nature (2009)



Natural Seismicity, New Madrid Earthquake, 1811



Paleo-Siemiscity Data From Southern Illinois Basin 

Wheeler and Cramer (2002)

Holocene Sand Dike

(photo courtesy of M. Hamburger)



1000 mD  10-12 m2 5-100 mD  5x10-14 - 10-13 m2 Permeability 

Assumptions: Constant Varies with Depth

Birkholzer et al. (2007)
Person et al. (2010, accepted)

Max Pres. 3 Mpa

26 Wells

Contrasting Pressure Predictions

Dealing with Parameter Uncertainty:

Two Mt. Simon CO2 Injection Scenarios

Max Pressure 

12 MPa

728 Wells



Pressure – Depth Plot

CO2 Lens Thickness

Intermediate Depth 



Single-Phase Analytical Calculations
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Hantush and Jacob (1955)

Madi Hantush

Founder NM Tech 

Hydrology Program

Governing Equation           Analytical Solution



Mount Simon – Eau Claire Petrophysics

Porosity-Permeability Relation



Scale Effects

Clauser (1999)



Model Calibration; Head & Pumping Data

Gupta

Chicago Water Withdraws: 

150 x 106 gpd = 235 MT/yr H2O
600 ft drawdown = 1.8 MPa

(Gupta and Bair, 1997) 

(Lloyd and Lyke, 1995)



Model Calibration: Illinois Basin Salinity Data

Seawater 



CO2 leakage across Abandoned Oil Wells in Illinois Basin

Mt. Simon top

Oil and gas wells



ABANDONED WELL LEAKAGE PATHWAYS

a. Degraded cement seal with casing

b. Degraded cement seal with facies

c. Diffusion/Seepage through Cement 

well-plug

d. Fractures/intentional blow-through in 

casing

e. Fractures in cement annulus seal

f. Seepage through cement-facies 

seal

(Nordbotten et al., 2009)


