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Enterprise Strategic Planning
 Carbon foot print analysis

» Source reduction analysis

» Asset opportunity screening

Capture

» Development of new capture concepts
 Applications screening

* Process optimization and integration

Surface Transport
* Analysis of CO, transport properties
* Process optimization and integration
» System design support

» Compression and processing

* Pipeline transport
» Monitoring (inspection, corrosion

analysis etc.)

Subsurface and Injection

» Site characterization

» Permitting and NEPA

» Well field design and implementation
* Injection operations

Measurement Mitigation and Verification
* MMV design, implementation and operation
» Data analysis
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Major Components of CCS Value Chain




Carbon technology markets are still In
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early emergence » Global carbon pricing markets emerge
@ Successful regional operations
'T + Carbon pricing | l « Regulatory /liability frameworks set
mechanism set « China & Indian acceptance of CCS
*Successful demos —
* Regulatory Global / Commercial CCS

Market Maturity

requirements set
* Regional sites
identified Regional Market Solutions

—

Pilot Demonstrations

O technologies trials

ramework emerge
EOR plays advance

Monitoring and Regional sites
verification trials established

Competing Verification protocols
Regulatory structures First commercial

services in operation P*

Efficient capture
technologies

Firm regulatory /
liability framework

Subsurface rights
established
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Selected Battelle Programs in Carbon e Busesf vt
Management

Partnership Program

MRCSP BIGSKYCARBON
SEQUESTRATION PARTNERSHIP
MIDWEST REGIONAL (Basalt Demonstration)

CARBON SEQUESTRATION
PARTNERSHIP

Direct Industry
Support

» AEP, Mountaineer
RWE

CRIEPI, Japan CCS
BP, Shell, Conoco
Major steel company
Packaging company
Others

4



Batfelle

The Business of Innovation

Regional Carbon Sequestration Partnerships

Developing the Infrastructure for Wide Scale Deployment
(Source . US DOE)
Seven Regional Partnerships

400+ distinct organizations, 43 states, 4 Canadian Provinces

Characterization Phase (2003-2005)

Search of potential storage Found potential for 100’s of
locations and CO, sources years of storage

WESTCARB I\I I/l
* 3

Validation Phase (2005-2010)

20 injection tests in saline formations, depleted oll,
unmineable coal seams, and basalt

\/

Development Phase (2008-2017+)

* Engage regional, state, and local governments

* Determine regional sequestration benefits 9 large scale Commercial scale Regulatory,
* Baseline region for sources and sinks injections (over 1 i liability, ownership
9 million tons each understanding issues

* Establish monitoring and verification protocols
* Address regulatory, environmental, and outreach issues
* Validate sequestration technology and infrastructure




MRCSP

Large CO; Point Sources

{100+ kt COyr)

Cemers,
@ Ethancl
- Elhylsno
* Gas procassing
® Hytrogen
o lron & steel
@ Pgwer
@ Refnenes

Powear

® 100+2,000

@ 2,000 - 10,000
@ 10,000~ 20,000

Quantifying CO2 sources, demographics
and economics in the region

+ Geologic
+ Terrestrial

—

Terrestrial:

MRCSP’s mission: be the premier resource
for sequestration knowledge in its region
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Characterization,
Phase I, 2003 - 2005

Reaching Out To and
Educating Stakeholders

Varaging Climatz Lange am
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» Potential for 20%
annual offset for
large point sources

g 3 Future for the Widwest's lndustrial Base

Validation,
Phase Il, 2005 - 2009

Implementation

Geologic:
« 100s of years of
capacity for large

point sources in deep o .
saline alone Terrestrial




MRCSP Geologic Test Sites

Aligned with major geologic provinces

Geo Test Sites
Phase Il

* Phase llI

0 50 100

s Miles
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MRCSP Geologic Test Sites™

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

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

» Target: Bass Islands Dolomite, ~3500 ft

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

* Host: DTE Energy, Core Energy

Appalachian Basin: FirstEnergy’s RE Burger Power

Plant, Shadyside, Ohio
* Permitting: Ohio EPA, Class V, Granted Sep 2008
» Target: Oriskany, Salina, and Clinton, 6500-8000 ft
e Status: Injection testing completed, reporting underway
» Host: FirstEnergy

Cincinnati Arch -- Mount Simon: Duke’s East Bend

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

Large Scale (1 million tonnes of CO,) Phase lll Site
» Candidate site under evaluation

* All deep saline tests
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Battelle has Completed Injection Permits fo
Several Sites - MRCSP Michigan Example

' Apply to MDOGD App!y to USEPA
Develop project .| MDOGD for oil permit Drilling > Region 5 for
plan production well issued UIC Class V
permit permit

Permit

Public Comment

application is Period (at least issued (or Internal integrity authorized to
: d by 30 d draft ) demonstrated
reviewe ays) on dra denied) commence

USEPA

decision

Includes coordination with other U_SEPA R5 _
agencies and statutes: — termln_ates permit
- Endangered Species Act (U.S. Fish (well is plugged)

and Wildlife Service)
- National Historic Preservation Act
(Michigan State Historic Preservation

Office) o Apply to SIS
-Wild and Scenic Rivers Act Injectllon IS USEPAto plug converts permit
-Coastal Zone Management Act completed or convert well (UIC Class II)

(Michigan Coastal Management

Program
—»
Key: MRCSP Completed In progress Future

State issues
production
permit




Michigan Basin, Gaylord, Michigan

Leverages existing EOR infrastructure from DTE and Core Energy

600 T/d Compressor

Gas Processing Plant CO, Pipeline

Niagara EOR Wells

Injection Test

Antrim Gas Well well

Gas processing plant,
source of pure CO,

Monitoring Well

Confining Layer:

Amherstburg Limestone
5000 Foot Deep Test Well 4,000 —

Drilled in November 2006 Injection Target:
Bass Islands Dolomite 3,500 ft

Target
Storage
Formation

Injection
well head

10,000 tonnes of CO,
injected in early 2008.
Additional 50,000
tonnes injected in
February-July period
of 2009.

' Well Column
180 feet of core taken
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Michigan Monitoring

Portfolio

System Monitoring

Monitoring Well

PFT Tracer Survey

Batfelle

Surface Gas

Injection Test Well

Depth (ft Ng)

%
9,000 — %

NOT TO SCALE

ALL LOCATIONS ARE APPROXIMATE
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Fluid Sampling

A SIS
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MIDWEST REGIONAL
CARBON SEQUESTRATION

PARTNERSHIP

The Business of Innovation
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MRCSP Michigan Site,
Simulation and Monitoring

STOMPCOZ2 simulations were calibrated to test data to improve model
capabilities and demonstrate confidence in reservoir models.

Preliminary Modeling Site Drilling Site Specific Calibration to
Based on Regional Data & Testing Modeling Monitoring Data

EEH'

Depth, ft
g & &
& 2 B

« Monitoring includes: Crosswell seismic, Microseismic, PFT '\r"eesislt‘;rfer‘iffgﬂi‘:f";g
tracers, Fluid sampling, Pressure and Temperature

» Measured results correlate well with model

» Permeability higher than predicted



East Bend Station, Duke Energy
1,000 tonnes CO, injected in 2009.

Depth (ft)

2,500 - 3,500

4,507 - 5,500
[ 5.501 - 6,500
Il 5501 - 7,500
[ 7.501 - 8,500
[ 8501-9500
[]9501-10500
[ ] 105501-11,500
[ ] 1501-12500
[ ]12501-13,500
[ 13501-14,500
[ ] 14,501 - 15 500
[ 15,501 - 16,500
[ 16,501 - 17,500
[ 17.501 - 18,500
I 18.501 - 19,500
I 19,501 - 20,500
I 20,501 - 21,500
I 21,501 - 22,500

Cincinnati Arch Site

East Bend (Option A)
Propaes wel

Mount Simon sandstone

=

o
o
2]

T Condacme Camng 1534 1,
“e

ETC. aavor
LI
iy Covemhe b
PV E il G A el

Sarecs Caurg §253 i
TewY 122, STC. s Py
i b7 axree 04 w10
AT 0wk 28] waike) £ 1he
Sreciaesa 1 uwkes
Botavinl rach veder roeax
cwrrted 1 urnos ak Chas
Alevest

Ky

yune Capny V70 17
BN ) 66, BTC, vt e
s 0 Rwea 1650 0 st
5 8 T-T0 8 b Crrwriad

T e

xa

it 20 Scan

vpowe Tubag 258 0 4
St NAI DE (or e
sed o wortecs b saorce
2300 8 by 3800 1 pdogdy o oo
b v ) L) (o' v g e
23 B CERY AN IR 8
e

Paosae 510 = 2 ARa an

e ‘P:‘_' mersarEsy 300N e

T tw dseTened baar on ‘rel
H e L L
: e P
darg arkog)

Purkernes tatvwer 330 B
1850 orireiin) b be

AemTran ] L 0 e
9§ 004 chwe LN Re
13 chbure Arrg arirg)

i et SORCE

L L L il
Bt b33 B st & P a e 1w S

mmmmm Appalachian Front
[/777] shallower than 2,500 ft.
|:| East of Front

o o g ke s P Lk oo vl Bevore G
(gt 52 ews s mrrw s Wy A o 5 o

v Sewm dovess
o e ot e




Batfelle

The Business of Innovation

Proactive Outreach was Key to
Successful Execution at Each Site




