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Carbon Sequestration Research at
Sandia National Laboratories

Energy/Power
Systems Modeling

Risk Assessment
Modeling

Geotechnology
Research

Taking the Systems View
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The Integrated Assessment Model and
‘The String of Pearls’ 
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The Partnership’s Working Database:
Oil & Gas CO2 Sequestration Sites

(Database as of July 2006; Biediger, 2006)
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1. Characterize the physical, economic and policy 
requirements for a carbon sequestration project

2. Develop a high-level methodological framework for 
analysis

3. Build an Integrated Assessment model (dynamic 
simulation computer model) to help interested parties 
understand the potential screening criteria necessary 
to develop such a project

4. Apply the model to the Southwestern United States, 
and beyond

The Integrated Assessment Model:
CO2 Capture, Transportation and Storage
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The Model is Part of a Regional Partnership

• Model characterizes the 
screening criteria:

– underground geologic 
storage of carbon dioxide 
(CO2) 

– the relative size of the CO2
flow from the source to the 
sink

– economics associated with 
this system

Region

Southwest Regional Partnership for Carbon Sequestration
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Schematic of the
Integrated Assessment Model

Source Capture Transportation Storage Metering

Power Plants

Capture Cost 
Modeling

Pipelines

Natural Gas, Oil Formations

Ongoing

Systems Cost =

Capture Cost tCO2 + Pipeline Cost tCO2 + Surface Piping and Well Costs tCO2 + Measurement, Monitoring and Verification tCO2
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• Paradox Basin, Utah:  
combined EOR and deep saline 
aquifer sequestration pilot test
(Jim Rutledge)

• San Juan Basin, NM:  
combined ECBM and terrestrial 
sequestration pilot test
(Scott Reeves, Joel Brown)

• Permian Basin, TX:  
combined EOR and 
sequestration pilot test at 
SACROC & Claytonville
(Mark Holtz)

Phase II Demonstration Options:
Geological Sequestration

McPherson, 2005
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Model Demonstration
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Risk Assessment Modeling
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Source Capture Transportation Storage Metering

Power Plants

Cost Modeling

Pipelines

Natural Gas, Oil Formations

Ongoing

Performance Risk

(Will it work?)

Economic Risk

(Can we afford it?)

Approach:
CO2 Source to Sink Systems Analysis
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Risk Assessment Modeling

Global 
Capacity 
for 150 
to well 
beyond 

300 
years

While meeting performance and economic goals
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Risk Assessment Lessons / Remarks

• The majority of the cost Share is with Capturing the 
Carbon Dioxide
– (usually >90% of the total cost)
– CO2 sequestration will increase the cost of electricity

• Much of the Technology is proven
– Capture  Transportation  Disposal

• The CO2 community network has been developed 
(NETL, MIT, MRS, IAEE, etc.)

• The CSR simulation model is a perfect complement 
to the SW Regional Partnership on Carbon 
sequestration project
– Begin to address performance and economic assessment based 

on RISK, and not arbitrary goals (e.g., picking a # of years 
required for monitoring)
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2728

33 34

#5#2

#3 #1

#4

-800

-800

-820

-840

-860

-880

-920

Strata Production Co. Wells
#4      CO2 Injection & monitoring well (4.9” ID)
#5      Monitoring  & producing well (4.9” ID)
#1&3 Waste water injector well (1.8” ID w. packer)
#2      Plugged well

Manzano producing wells
(monitor production)

Strata Stivason-Fed #4
80,000 bbls produced since ‘89
5-30 md permeability
18% porosity
23’ (net) thick (4508-4531’ depth)
30° API at 105ºF
800 psi shut-in pressure
65% qtz, 25% fldsp, 5% clay
carbonate cement

Geotechnology:
West Pearl Queen Field

Structure Map - Top of Queen Sand
(T. 19 S., R. 34 W.; 20’ contour interval; Datum S.L.)

(NETL CO2 Sequestration Field Site)
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Pressure approaching limit, rate backed off

Injection:

Anticipated 500 B/d, Actual 200 B/d

West Pearl Queen Field
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Geotechnology Research

West Pearl Queen Field
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Interesting Results 

• Excessive injection pressure

• Minimum recovery of CO2

– 34 MMSC injected

– recovered only 12.97 MMSC (~43%).

• Slow CO2 migration to adjacent wells

• No EOR effects on adjacent wells

• Localized gas plume, offset at the base of 
the injection well
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Potential reason for the results:
Sandy zones correlate; individual beds do not
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Synthetic seismic data calculated with 3D finite-
difference numerical algorithm appropriate for
isotropic elastic media.

Synthetic gather of seismic traces recorded
on surface (Vz particle velocity) for source 
located at y = -400 m. 

Reflections
from CO2

sequestration
zone.

Synthetic Seismic Reflection Data Simulation
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Other CO2 work At Sandia

• Internal Drive to look at the value of CO2

• Enhanced Oil Recovery

• Potential to apply energy and chemical processing 
technologies to capture and convert CO2 and H2O

– Develop into a synfuel that is compatible with 
exiting fuels infrastrucure into an infrastructure 
compatible liquid fuel. 
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Final Slide:  Other Sandia Models,
Assessing Costs and Energy Options
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Thank You

Carbon Management Research:
Energy Systems Modeling, Risk Assessment and
Geotechnology at Sandia National Laboratories


