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Water, Energy and 
CO2 Sequestration (WECS) Model:

Geologic Saline Formation
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Permeability & Engineered Constraints
Drive Well Costs

Source:  Heath, J.E., Kobos, P.H., Roach, J.D., Dewers, T.A. and S.A. McKenna, 2012, “Geologic Heterogeneity and 
Economic Uncertainty of Subsurface Carbon Dioxide Storage,” SPE Economics & Management Journal, January, pp. 32-41.



Working Results:
Developing a National, Dynamic 

CO2 Storage Supply Curve



Project Timeline & Goals

• Developed a Test Case Model (WECS)

• Additional TOUGH2 Analysis

• Developed a single power plant to any saline formation 
sink in the U.S. systems calculator

• Expanding the role of uncertainty in the model
• Several order of magnitude variation in key geologic 

parameter (permeability)
• Incorporating uncertainties into costs

• Refining permeability, porosity representation in 
WECSsim

• Finalizing WECSsim Interface
• Develop WECSsim User’s manual
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WECSsim Modular Structure

• Extracted H2O capacity
• Extracted H2O quality
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The San Juan Power Plant and
Morrison Formation

(Biediger, 2006)

San Juan Power Plant

Morrison 
Formation



Single Power Plant to Single Geologic Storage Site

Source:  Kobos et al., 2011, International Journal of Greenhouse Gas Control, 5, 899-910.



Geological CO2 Storage Database Challenges

Coal Power Plant

Gas Power Plant

Well

Well selected on depth and 
salinity criteria

325 down selected regions 
original NatCarb Atlas data



Distribution of Porosity, & other characteristics



Data Challenge in the Context of Cost

Data Challenge Required to Calculate Result

Formation Permeability  Injection Rates per Well

Injection Rates Per Well  Number of Wells per 
Power Plant & CO2 Sink 
Combo.

Number of Wells  Cost of Infrastructure & 
Well Spacing

Costs & Well Spacing  Manage Communication 
between Wells

Communication Between
Wells  Calculate the Levelized

Lifetime Cost (and years) 
for the CO2 Sink & H2O 
resource



Injectivity equation: permeability sampled from 4 Rock Types
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Methods behind the 
Permeability-to-Cost Analysis

Source:  Heath, J.E., Kobos, P.H., Roach, J.D., Dewers, T.A. and S.A. McKenna, 2012, “Geologic Heterogeneity and 
Economic Uncertainty of Subsurface Carbon Dioxide Storage,” SPE Economics & Management Journal, January 32-41.



WECSsim Results:
Similar Full Economic Analysis Underway

Note:  Illustrative Example at this time

$

Avoided CO2 Emissions



Summary:
Identifying costs, capacity, and siting criteria



Key Messages

Framework for National Level Assessment

• Cost of CCS from any U.S. fossil fuel power plant to 

any deep saline formation

• Site-specific nature of geologic data challenge

Impact of Geologic Uncertainty on Costs

• Low injectivity requires more injection wells and 
therefore higher costs

• High permeability reservoirs with low injection costs (< 
$1/tonne) represent < ~10% of the 325 formations

• Scale-up challenge
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Thank you.

The Water, Energy and Carbon Sequestration 
Simulation Model (WECSsim)



Assessing U.S. deep saline formations

WECSsim 
interpretation 
of U.S. deep 

saline 
formation 
resource

1. NatCarb 2008 geospatial 
database estimates 
(publically available)

Data and Analysis Product

NatCarb data & analysis

2. NatCarb partnerships
(direct communication)

SNL and publically available data & analysis

NatCarb well data

3. Parameter estimation 
from well data

Other publically 
available data and 

SNL studies

Expert opinion
4. Geologic classification 
of polygons to reduce 
computational costs
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Limited Saline Formation Data



WECSsim©














