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Must satisfy energy demand within environmental constraints:
What do people care about most?

BUT IT IS ALSO ABOUT THE ENVIRONMENT…
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Where will the electricity come from?
AND IT IS ALSO ABOUT ECONOMICS…

Source: IEA



Decarbonized Energy BenefitsDecarbonized Energy BenefitsDecarbonized Energy Benefits

Environment:
Atmospheric benefits of capturing and storing CO2

Energy:
CO2 – EOR (Enhanced oil recovery), EGR

Economy:
Jobs, taxes, infrastructure, development, etc.



Current level of activity is intense
• Legislative (110th Congress)

– 100+ Congressional actions addressing aspects of global warming, climate change, carbon 
sequestration, etc.

– Lieberman-Warner Proposal (Cap & Trade= 19% by 2020, 20% by 2050)

• first comprehensive climate change measure to clear a congressional panel
– Bingaman – CCS Bill 

• “The topic of carbon capture and storage is central to the future of coal in the United States and 
our future energy policy”

– Salazar / Bunning: National CO2 Storage Capacity Assessment Act
– Dingell / Boucher White Paper (Cap & Trade)

• Regulatory / Legal
– EPA: Mass. Vs. EPA, Rulemaking for CSS (2008)
– IOGCC; RGGI
– “Kansas Permit Denial Prompts Legal Fight Echoing Nationwide CO2 Debate”

• Industrial/Markets
– Trading: European and Chicago Climate Exchange

• The carbon market grew in value to an estimated $30 billion in 2006 
– FutureGen & FutureGen-like projects
– TxCCSA

• Research
– DOE / NETL Regional Partnerships

• BEG – Gulf Coast Carbon Center



TEXAS AND GREENHOUSE GASES

Where Texas ranks nationally in carbon dioxide emissions from fossil-fuel burning, in millions of tons 
per year:

1. Texas 723.2 

2. California 422.3 

3. Pennsylvania 288.7 

4. Ohio 278.1 

5. Florida 263.2 

6. Indiana 253.8 

7. Illinois 250.3 

8. New York 233.1 

9. Michigan 212.4 

10. Louisiana 182.2 

Where Texas ranks worldwide:

1. United States 6,517.0 

2. China 5,188.8 

3. Russia 1,857.2 

4. Japan 1,391.2 

5. India 1,227.7 

6. Germany 950.4 

7. Texas 723.2 

8. Canada 648.1 

9. United Kingdom 639.0 

10. South Korea 547.6 

Figures are the most recent available: 2001 for U.S. states, 2004 for countries. Texas' worldwide rank does not change if 2001 figures for 
countries are used. 

SOURCE: U.S. Energy Information Administration 
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Some Major Geologic Projects Underway
(1 Million TPY CO2 , ~ 100 MW Coal Power Plant)

Weyburn CO2 EOR Project
• Pan Canadian Resources / Encana
• 200-mile CO2 pipeline from Dakota 

Gasification Plant
• 130M barrels oil over 20-year project

Sleipner North Sea Project
• Statoil
• Currently monitoring CO2 migration
• MCS imagine a success

Also: In Salah, Algeria (BP)
Gorgon, Australia (Chevron; 100 Mt)



Seven regional partnerships

SECARB: Regional Involvement: 
100+ Participants
Member States (Executive, 
Legislative and Regulatory)
Industry and Electric Utilities
Universities and National 
Laboratories
NGOs and Trade Associations

• Characterize the potential carbon sequestration sinks 
in the Southeast;

• Conduct field verification studies in the most 
promising geologic formations in the region;

• Advance the state of the art in monitoring, 
measurement and verification techniques and 
instrumentation; and

• Develop sequestration technologies and characterize 
geologic sinks for future readiness. 



Gulf Coast Carbon Center (GCCC)
Mission: Global leadership in 

research and economic 
implementation of large scale 
greenhouse gas sequestration.

Sponsors

GCCC Team:
Ian Duncan, Susan Hovorka, Tip Meckel, Becky Smyth, J. P. Nicot,

Jeff Paine + 4 new post-docs, MA student, URA

Steve Bryant & Gary Rochelle (UT- Chem. Eng.)

http://www.nrgenergy.com/
http://www.marathon.com/


Image from CO2‐CRC





Image courtesy of Angela McDonnell, BEG

What are subsurface prospects for storing CO2?



An average point
source can be 1-10
million tons/year

TX: 732+ Mt/yr total

100’s of years of
potential storage



Current CO2 – EOR Infrastructure

Ammonia



EIA, Office of Oil and Gas

Underground Natural Gas Storage: 
Facilities and Transportation Grid





Significant oil field

Industrial CO2 Source

Industrial CO2 sources and oil fields with EOR potential



EOR with CO2 can serve as an economic driver in establishing the infrastructure for 
long-term, larger-volume storage in underlying brine formations.

$ $$$ $



Areas with Miscible CO2 EOR 
Potential

Bureau of Economic Geology



Miscible CO2 EOR resource 
potential in the Gulf Coast 

Bureau of Economic Geology

By State

98 89

1,500

3,027

4,714

Holtz and others (2005)



CO2 Sequestration capacity in miscible oil 
reservoirs along the Gulf Coast

Bureau of Economic Geology

87 115

1,114 1,362

2,679





Frio Brine Pilot Site
Two Test Intervals

Oil production

Fresh-water (USDW) zone
protected by surface casing

Injection zones:
First experiment 
in 2004: Frio “C”

South 
Liberty

Salt Dome

Second experiment in 
2006: Frio “Blue”

• Purpose: demonstrate feasibility 
and monitoring techniques, 
evaluate model predictions

• Setting: salt dome flank, Frio 
sandstone, 5,000 ft depth.

• Scope: 100’s of tons over weeks

• Monitoring: tracers, pressure 
and temperature, logs, seismic



Frio Pilot Injection: Phase II
•500 Tons

•Tracer studies: 4 PFT’s and two 
methanated partitioning tracers 
(ORNL)

•Geochemical lab (USGS): aqueous 
tracers and in-line pH and cond.

•On-site Gas Chromatograph (UT-PE)

•U-Tube (LBNL): water & gas @ 
reservoir conditions in both wells, on-
site Mass Spectrometer (SF5, Kr, Xe)

•Cross-well seismic (LBNL) continuous

•Hosting CSIRO-AUS deuterated
methane tracer test (Otway)

•Visitors: MIT, Battelle, Taisei Corp 
(Japan), China Pet. Corp (Taiwan).



Injection well

Observation well





Time-Lapse Changes in Water Saturation(Sw)
CO2 migrating up-dip leaving dissolved CO2 in water

Injection Well Observation Well

Time Time



CO2 Saturation Observed with Cross-well 
Seismic Tomography vs. Modeled

Tom Daley and Christine Doughty, LBNL



Real time detection using continuous source cross-well seismic



Phase 2: $4.9M, Observation well & logging campaign
Phase 3: $38M, 2 monitoring wells, multiple injectors, 1 Mt/yr

Gulf Coast Stacked Storage Field Test

Tuscaloosa Formation:
Cranfield, MS

Natchez, MS



Proven
hydrocarbon
seals

Cranfield

Source of large volumes of
CO2 via existing pipelines
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Phase II Area

Phase III Early Test:
Brine interval

Phase 2: Ongoing – Sept 2009

Phase 3: Now through 2017 (2010)



PHASE II OBSERVATION 
WELL LOCATION

3 MMCFD Injection rates
Phase II : ½ Million Tons/yr
Phase III : 1-1.5 Mt/yr

Marine Shale
Seal

Injection Sand

Monitor Sand

375’
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State of the art reservoir characterization and modeling approach



SWCARB Regional Partnership
• SACROC
• Impact of 35 years of CO2 injection on 

USDW?
• 140 Mt injected
• 60 Mt recovered



FutureGen
● Flexible fuel source● Flexible fuel source

● CO2 , H2 pipelines● CO2 , H2 pipelines

Gasifier

CO2 used
for enhanced
oil recovery

CO2 used
for enhanced
oil recovery

Plume from CO2
injected into

saline aquifer

Plume from CO2
injected into

saline aquifer

Power
block

BEG (2006)BEG (2006)

● Stacked storage
-EOR
-Deep brine-bearing fm.

● Stacked storage
-EOR
-Deep brine-bearing fm.

● 275-MW, near-zero-
emission gasifier

● 275-MW, near-zero-
emission gasifier

● Produces electricity, H2,
>1MMT CO2 per year

● Produces electricity, H2,
>1MMT CO2 per year

● Sequester ≥90% CO2● Sequester ≥90% CO2

● Protocols for CO2
measuring, monitoring, 
and verification

● Protocols for CO2
measuring, monitoring, 
and verification



Key Geoscience Research Areas

• Potential negative impacts
– Interaction with groundwater
– Brine displacement
– Leakage: abandoned wells

• Pressure evolution & seal 
integrity

• Multi-phase fluid flow 
modeling



Gulf Coast Carbon Center (GCCC)
Mission: Global leadership in 

research and economic 
implementation of large scale 
greenhouse gas sequestration.

Sponsors

GCCC Team:
Ian Duncan, Susan Hovorka, Tip Meckel, Becky Smyth, J. P. Nicot,
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