
Sandia National Laboratories is a multi-program laboratory managed and operated by Sandia Corporation, a wholly owned subsidiary of Lockheed Martin Corporation, 
for the U.S. Department of Energy's National Nuclear Security Administration under contract DE-AC04-94AL85000.  Working Results.

Peter H. Kobos, Jesse D. Roach,

Jason E. Heath, Geoff T. Klise, Thomas A. Dewers, Sean A. McKenna, 
Len Malczynski, David J. Borns, Karen A. Gutierrez

Sandia National Laboratories

and thanks to

Andrea McNemar
National Energy Technology Laboratory

February 15, 2012

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

Acknowledgements:  This work is developing under the funding and support of the National Energy Technology Laboratory. 

SAND2012-1094P



Water, Energy and 
CO2 Sequestration (WECS) Model:

Geologic Saline Formation
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Phase V: 
Permeability & Engineered Constraints

Drive Well Costs

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



Working Results:
Developing a National, Dynamic 

CO2 Storage Supply Curve



Project Timeline & Goals

• Completed Phase I: Developed a Test Case Model 
(WECS)

• Completed Phase II: Additional TOUGH2 Analysis

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

• Phase IV:  Expanding the role of uncertainty in the model

• Several order of magnitude variation in key geologic 
parameter (permeability)

• Incorporating uncertainties into costs

• Phase V:
• Refining permeability, porosity representation in WECSsim
• Finalizing WECSsim Interface (Spring/Summer)
• Develop WECSsim User’s manual (Summer/Fall)

Timeline
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2009

2010

2011

2012



WECSsim Modular Structure

• Extracted H2O capacity
• Extracted H2O quality

Power 
Plant 
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CO2 Capture 
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Geologic CO2

Sequestration
Module

Extracted 
Water 

Module

Power Cost
(Integrating 

Module)

• Plant type 
• CO2 generated

• Mass CO2 to be sequestered

• Treated cooling H2O
• Energy required for H2O 
extraction and treatment

• Base LCOE
• CO2 capture 
& compression 
costs

• CO2 transport & 
sequestration costs

• Water 
extraction 
transport and 
treatment 
costs• Parasitic energy

• Water demand 
change



Phase I:
The San Juan Power Plant and

Morrison Formation

(Biediger, 2006)

San Juan Power Plant

Morrison 
Formation



Phase II & III:
Single Power Plant to Single Geologic Storage Site

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



Phase III & IV:
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



Phase V:  
Distribution of Porosity, & other characteristics



Phase V: 
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

0.000

0.040

0.080

0.120

0.160

-4 -2 0 2 4R
e

la
ti

v
e

 F
re

q
u

e
n

c
y

 (
%

)

log10[k (mD)]

Clean 
sandstone

Dirty 
sandstone

Carbonate

Gulf 
Coast

Phase V:
Expanding the ‘Geology Controlled’ (Permeability) 

factor to Cost Relationship across all Sinks



Methods behind the 
Permeability-to-Cost Analysis

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



WECSsim Results:
Similar Full Economic Analysis Underway

Note:  Illustrative Example at this time

$

Avoided CO2 Emissions



Summary:
Phase V identifying costs, capacity, 

and siting criteria



•WECSsim

– Substantial interface ease-of-use work

– Improved usability:  single power plant, or national 
storage supply curve 

– Model dissemination strategy update

•Output:

– Published manuscript in SPE  Journal of Economics & 
Management

– Poster accepted for upcoming 11th Annual conference 
on CCUS

– Finalizing manuscript documenting data assessment of 
NatCarb information

Phase V:
Other notable progress



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



Model Discussions

The Water, Energy and Carbon 
Sequestration Simulation Model

(WECSsim)



Ongoing and Future Work

National Level Supply Assessment

• i.e., “How much low-cost CO2 storage exists in the 
U.S.?”

Spatial distribution of CO2 sources to sinks

• i.e., “Are the high quality sinks accessible to large 
sources?”

• “How will competition for storage sinks change the 
national supply curve?”

CO2 injectivity-brine extractivity and heterogeneity

• i.e., “How do injection rates improve with brine 
extraction?”



Future Opportunities:
Ideas to Enhance WECSsim

1.1 Enhanced Oil Recovery in WECSsim

1.2 CO2 Storage Competition Over Time

1.3 Water Treatment Technologies for Carbon 
Capture, Use and Storage (CCUS)

1.4 Expanding the WECSsim Model Interface to be 
fully Web-Based.

1.5 To Extract or Not:  Tradeoff Analysis for Treated

Saline Formation Waters

1.6 Updating WECSsim to use NatCarb 2012+



For Further Information:

Kobos, P.H., Cappelle, M.A., Krumhansl, J.L., Dewers, T.A., 
McNemar, A., Borns, D.J., 2011. Combing power plant 
water needs and carbon dioxide storage using saline 
formations:  Implications for carbon dioxide and water 
management policies. International Journal of Greenhouse 
Gas Control, 5, 899-910. 
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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

Backup Slides



Limited Saline Formation Data



Multi-Well CO2 Injection:
With or without Brine Extraction

I well injectivity index; 
measure of the “ease” of 
CO2 injection

q volumetric injection rate

ΔP the pressure gradient Radial flow 
from the well
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The Next Step:  
Working Towards a National Storage Supply Curve
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Productivity:
Output is more than Double the Required Deliverables

• Project Deliverables, Reports  (4+):

– Kobos, P.H., Roach, J.D., Klise, G.T., Krumhansl, J.L., Dewers, T.A., Heath, J, Dwyer, B.P., Borns, D.J. and A. McNemar, “Study of the Use of Saline Formations 
for Combined Thermoelectric Power Plant Water Needs and Carbon Sequestration at a Regional Scale:  Phase III Report,” SAND2011-5776P, Updated 8/2011.

– Kobos, P.H., Krumhansl, J.L., Dewers, T.A., Klise, G.T., Dwyer, B.P., Tidwell, V.C., Kottenstette, R., Borns, D.J. and A. McNemar, “Thermoelectric Power Plant 
Water Demands Using Alternative Water Supplies:  Power Demand Options in Regions of Water Stress and Future Carbon Management,” SAND2011-5808P, 
Updated 8/2011.

– Kobos, P.H., Krumhansl, J.L., Dewers, T.A., Cappelle, M.A., Heath, J.E., Dwyer, B.P., Borns, D.J. and A. McNemar, “Study of the Use of Deep Saline Formations 
for Combined Thermoelectric Power Plant Water Needs and Carbon Sequestration at a Regional-Scale:  Phase II Report,” SAND2010-8073P, 6/2010.

– Kobos, P.H., Cappelle, M.A., Krumhansl, J.L., Borns, D.J., Hightower, M.M., and A. McNemar, “Study of the Use of Saline Aquifers for Combined Thermoelectric 
Power Plant Water Needs and Carbon Sequestration at a Regional-Scale:  Phase I Report,” SAND2008-4037, Updated 3/2010.

• Journal Publications (3)

– Heath, J.E., Kobos, P.H., Roach, J.D., Dewers, T.A. and S.A. McKenna, “Geologic Heterogeneity and Economic Uncertainty of Subsurface Carbon Dioxide 
Storage,” SPE Economics & Management Journal, in press.

– Kobos, P.H., Cappelle, M.A., Krumhansl, J.L, Dewers, T.A., McNeamar, A. and D.J. Borns, 2011 “Combining power plant water needs and carbon dioxide storage 
using saline formations:  Implications for carbon dioxide and water management policies,” International Journal of Greenhouse Gas Control, Volume 5, Issue 4, 
July, pages 899 − 910.

• Conference Proceedings, Papers (6+):

– Kobos, P.H., Roach, J.D., Heath, J.E., Dewers, T.A., McKenna, S.A., Klise, G.T., Krumhansl,  J.L., Borns, D.J., Gutierrez, K.A. and A. McNemar, “Economic 
Uncertainty in Subsurface CO2 Storage:  Geological Injection Limits and Consequences for Carbon Management Costs,” 30th USAEE/IAEE North American 
Conference, SAND2011-5975C, Washington, D.C., October 9 – 12, 2011.

– Kobos, P.H., Roach, J.D., Klise, G.T., Krumhansl, J.L., Heath, J.E., Dewers, T.A., Borns, D.J., McNemar, A. and M.A. Cappelle, “Expanding the Potential for 
Saline Formations:  Modeling Carbon Dioxide Storage, Water Extraction and Treatment for Power Plant Cooling,” 10th Annual Conference on Carbon Capture and 
Sequestration, DOE/NETL, SAND2011-2713C, Pittsburgh, PA, May 2 − 5, 2011.

– Kobos, P.H., Roach, J.D., Klise, G.T., Krumhansl, J.L., Dewers, T.A., Heath, J.E., Dwyer, B, Borns, D.J., McNemar, A., “Storing Carbon Dioxide in Saline 
Formations:  Analyzing  Extracted Water Treatment and Use for Power Plant Cooling” 29th USAEE/IAEE North American Conference, SAND2010-5972C, 
Calgary, Canada, October 14 – 16, 2010.

– Kobos, P.H., Roach, J.D., Klise, G.T., Krumhansl, J.L., Dewers, T.A., Dwyer, B.P., Heath, J.E., Borns, D.J. and A. McNemar, “Saline Formations, Carbon Dioxide 
Storage, and Extracted Water Treatment:  A National Assessment Tool,” 9th Annual Conference on Carbon Capture and Sequestration, DOE/NETL, SAND2010-
2647C, Pittsburgh, PA, May 10 − 13, 2010.

– Kobos, P.H., Krumhansl, J.L., Dewers, T.A., Heath, J.E., Cappelle, M.A., Borns, D.J., Klise, G.T., Dwyer, B.P. and A. McNemar, “Combining Power Plant Water 
Needs and Carbon Storage using Saline Formation:  An Assessment Tool.”  8th Annual Conference on Carbon Capture and Sequestration, DOE/NETL, 
SAND2009-2557C, Pittsburgh, PA, May 4 − 7, 2009.

– Kobos, P.H., Cappelle, M.A., Krumhansl, J.L., Dewers, T., Borns, D.J., Brady, P.V. and A. McNemar, “Using Saline Aquifers for Combined Power

Plant Water Needs and Carbon Sequestration,” 28th Annual USAEE/IAEE N. American Conference, SAND2008-6482C, New Orleans, LA, 

December 3 − 5, 2008.



High Efficiency Water Management 
Strategies for Power Plant Operation

S. Altman (SNL) & I. Aurelio (NETL)

Demonstrated method 
to keep silica in solution 
at higher concentrations 
and for a longer time.

3
2

1

Analyzed three sources for 
waste heat for water treatment

Three Tasks

Produced

Developed economically 
feasible method to 

coagulate silica

Demonstrated water savings with 
membrane treatment of cooling tower water

• Cooling tower side-stream treatment

• Controlling silica scaling

• Power plant waste heat for water 
treatment

• 1 Peer-Reviewed Publication

• 4 SANDIA Reports
















