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CARBON SEQUESTRATION PROGRAM

Core R&D Infrastructure c "th,obal.
e — Technology ollaborations
! S Solutions Regional Carbon Sequestration -
a . Partnerships Technology North America Energy
Geologic Storage - ; Solutions Working Group
Characterization
i Monitoring, Verification » ‘ Carbon Sequestration
’ r I - A
and Accounting (MVA) Validation Leadership Forum

Simulation and

International
Risk Assessment

Development Demonstration Projects

CO, Use/Reuse Lessons Asian-Pacific
Lessons Other Large-Scale Projects Learned Partnership (APP)
Learned
Benefits Benefits Benefits
+ Reduced cost of CCS + Human capital . Knowledge building
+ Tool development for risk . Stakeholder networking « Project development
assessment and mitigation - Regulatory policy development « Collaborative international
» Accuracy/monitoring quantified . Visualization knowledge center knowledge
- Capacity validation . Best practices + Capacity/model validation
- Indirect storage . Public outreach and education + CCS commercial deployment

Demonstration and Commercialization
Carbon Capture and Sequestration (CCS)
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Regional Carbon Sequestration Partnerships

AEngage regional, state, and local governments
ADetermine regional sequestration benefits

ABaseline region for sources and sinks

AEstablish monitoring and verification protocols
 Aaddress regulatory, environmental, and outreach issues
Avalidate sequestration technology and infrastructure

A 7 Regional Partnerships
A 43 States, 4 Canadia
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Developing the Infrastructure for WidéScaIe‘Déponment
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Regional Carbon Sequestration Partnerships
Program Phases

Fiscal Year

Characterization
Phase
Characterize all
RCSP regions for
carbon capture and
\storage opportunltlesj

$16 million DOE + $5 million Cost Share

Validation Phase
Validate technologies through field | Scale of 100 to

testing at selected geologic and 10,000 Tons CO,

terrestrial site locations.
|

$120 million DOE + $43 million Cost Share

Scale of 1,000,000 Tons CO,

Development Phase
Complete large-volume development tests of sequestration technologies
that will help enable future commercial scale applications.
[ S 4

~$500 million DOE 7 over $200 million Cost Share

N B NATIONAL ENSRGY TECHNOLOGY LASORATORY



(Injection 2010/2011)

NATIO|

RCSP Validation Phase: Phase Il Formation  Geologic
. . Type Province
Small-Scale Geologic Field Tests
Big Sky Saline @ Columbia Basin
Saline formations . . . .
(3,000 to 60,000 tons) MGSC %I-Ct;)e%rlng lllinois Basin
T Depleted oil field
> pleted oil fields Saline ®
N - (50 to 500,000 tons) Coal seam
Coal Seams ®
(2007 18,000 tons)
Basalt formation MRCSP Saline Cincinnati Arch,
(1,000 ton} @0 e Michigan Basin,
(1) . Appalachian
Q' A‘Lv Basin
Bstgn ‘ cO% S PCOR Oil-bearing | Keg River,
| o S MRES?P Duperow,
@f 7 & Coal seam | Williston Basin
WESTCARB
SECARB Oil-bearing | Gulf Coast,
' @ Mississippi Salt
Saline Basin, Central
. Appalachian,
" ' Coal seam | Black Warrior
@ w Basin
“» @ Injection/Test Complete SWP Oil-bearing | Paradox Basin,
© Injection Ongoing Aneth Field, _
Coal seam Permian Basin,
(O 2009/early 2010 Injection San Juan Basin
O Project moved to Phase lll WESTCARB “‘ne \S/Zﬁgifnggltc?rado

Plateau

Data current as of April 2009




RCSP Phase lll: Development
(B~ Large-Volume Geologic Field Tests

Core Sampling

Injection
Well Drilled

—p>

>
7o

V Nine large-volume tests
V Injections initiated 2009 7 2011

Partnership Geologic Province Type

Triassic Nugget Sandstone /
Moxa Arch

MGSC Deep Mt. Simon Sandstone Saline
MRCSP | Shallow Mt. Simon Sandstone Saline
Williston Basin Carbonates |Oil Bearing

Saline

Big Sky

Injection
Started

Q 2009 Injection Scheduled PCOR
Q 2010 Injection Scheduled

Q 2011 Injection Scheduled

Devonian Age Carbonate Rock Saline

Lower Tuscaloosa Formation .
SELARE Massive Sand Unit sellne

@ Q@@ @& ©

Regional Jurassic & Older
Formations

WESTCARB Central Valley Saline
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Big Sky Carbon Sequestration Partnership
Geologic Projects

SASKATCHEWAN

NORTH DAKOTA

SOUTH DAKOTA
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MRCSP

" MIDWEST REGKINAL
CARZON SEQUESTRATION
FARTNERSHI?P

MRCSP Geologic Test Sites*

<qpe-

Michigan Basin: DTE and Core Energy gas and oil
operations, Gaylord, Michigan

A Permitting: EPA Region 5, Class V, Granted Jan 2007.

A Target: Bass Islands Dolomite, 3500 ft

A Status: Injected 10,000 tonnes 2008. Additional 50,000 tonnes
injected February-July 2009

A Host: DTE Energy, Core Energy

Appal achian Basin: FirstEnc¢

Plant, Shadyside, Ohio
A Permitting: Ohio EPA, Class V, Granted Sep 2008
A Target: Oriskany, Salina, and Clinton, 6500-8000 ft
A Status: Injection testing completed, report in progress
A Host: FirstEnergy

Cincinnati Arch--Mount Si mon: Dukeo

Power Station, Rabbit Hash, Kentucky
A Permitting: EPA Region 4, Class V, Granted Feb 2009.
A Target: Mt. Simon Sandstone, 3,500 ft
A Status: Drilling Jun 2009, Injection completed Sep 2009
A Host: Duke Energy

Large Scale (1 million tonnes of CO,) Phase Il Site

A Various sites under evaluation
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lllinois Basin-Decatur Project

Observation/sampling well to
be drilled Spring 2010
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Injection of 1 million metric
tons of CO: at a depth of
7,000 feet will begin
August 2010
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UNIVERSITY OF ILLINOIS AT URBANA-CHAMPAIGN
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. Phase Il’Zama Acid Gas fhjection Site

. Phase 1l Ekignite CO, Séquestration ECBM Site

JPhase Il Prairie Pothole Wetlands Terrestrial Sequestration Site
~Phase |l CO, Sequestration in Deep Saline Formation/EOR Site
.Phase ll| Western Canadian Basin Demonstration

. Phase 1ll Powder River Basin Demonstration

—

P

Partnership

The PCOR
Partnership has
completed four Phase

Il validation tests. The
final report will be out
early 2010.

We have two Phase llI
commercial-scale
demonstrations
planned.
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Phase Il Canadian Project Overview

Spectra)
Eﬁergy)

Injecting Sour CO, (approx. 90% CO, and 10% H,S)

EXISTING FORT NELSON
| GAS PLANT

| ¥k ¥ M :
" Lo 'GAS FOR

657 PROPOSED  RAW GAS FROM L OMES WOUSTRY
RE-INJECTION PRODUCER WELLS

PIPELINE 3 | FOR PROCESSING EXISTING NATURAL GAS PIPELINE

DISPOSAL DEPTH

2100 METRES
@1 KILOMETRES)——+

Proposed
Carbon Capture
and Storage

at Fort Nelson

Major Features:

Saline sequestration at 7000 to
8000 ft deep to maximize storage
capacity.

Inject and permanently store 1 to 2
Mt/yr CO,.

Fort Nelson gas plant owned
100% by Spectra Energy.

Access and storage rights for deep
saline formations of interest are
obtained.

Meeting DOE Phase IlI:

A

A

Greater than 1 Mt/yr carbon
capture and storage (CCS)
project in saline formation
means that Fort Nelson is a
world-scale CCS project

Control over source and sink
expedites rapid deployment of
CCS in saline formation.

Development of legal and
regulatory framework for CCS.

Development of MMV protocols
for CCS in saline formations that
can be applied more globally.

International nature of the project.

sequestration leadership forum
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California CCS Opportunities

CO2 104 Million
Stationary Metric
Source Tons/Year
Emissions
Saline CO2 303,502 Million
Storage Metric Tons**
Resource
Oil and Gas 7,692 Million
CO2 Storage Metric Tons
Resource

*Statistics reported in Carbon Sequestration Atlas
of the United Stated and Canada (2008).
** High Estimate.
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