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R.E. Burger Field Test Core Team

H'StEnergy Michele Somerday, Danielle Schneider, and others

Larry Wickstrom, Doug Mullet, Ron Riley, Ernie Slucher,
Mark Baranoski

Dave Ball, Neeraj Gupta, Phil Jagucki, Joel Sminchak, Matt
Wi Bassieons of Inmisvition Place, Danielle Meggyesy, Judith Bradbury, Jackie Gerst, Diana
Bacon, loan Feier
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LS. Department of EnergyNETL

West
Virginia

Geological Lee Avary, Eric Lewis

Survey

Schiumberger Dwight Peters ZPRAXAIR Al Burgunder

CO, Supply System evaluation team includes Rob Steele (EPRI)

Lynn Brickett

John Harper, Kristin Carter

Additional Contributions by Numerous Other MRCSP Team Members
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East Bend Test Site Core Team

Battelle Dave Ball, Neeraj Gupta, Phil Jagucki, Joel Sminchak, Mark
The Businesst?flmmvation Ke”ey, JUdIth Brad bury, \]aCkle GerSt, Dlana Bacon, and Others
P Duke . . .
& Energy. Darlene Radcliffe, Brian Weisker, and others
' .NSTL Lynn Brickett

John Rupp, Wil Solano ZPRAXAIR Al Burgunder

Kentucky 188555 ) .
Geological survey | Steve Greb, Jim Drahovzal — RIRI[[I[|I[I[H{1[H} Dwight Peters
UNIVERSITY OF KENTUCKY

Larry Wickstrom, Mark Baranoski

Additional Contributors to be selected for fieldwork
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MRCSP Field Test Sites

Michigan Basin e 7
State-Charlton 30/31 Field _ 23 Appalachian
el o Basin
FirstEnergy
R.E. Burger Plant
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Michigan
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Phase Il
Duke Energy
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Duke Energy
East Bend Station
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The

R.E. Burger Test Site

» The plant is an industrial setting, with various generating
buildings, coal staging areas, and other facilities.

» The site is located at an active plant which is providing property
access for the field work and other support that should aid in
completing the project.




Site Characterization
R.E. Burger Site
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Well Construction Diagram
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Deep Test Well Drilling in Winter 2007
Total Depth = 8,384’ 2/5/07
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Detailed Seismic Interpretation &=

Example from Appalachian Basin

e The Oriskany Sandstone (between the Onondaga and Helderberg) is right at the
resolution limit of this data

e The White Clinton is much easier to see and post injection changes may be detectable

Onondaga Limestone —
Primary Seal

\ Helderberg Limestone

Niagaran Shale
L -—'"_"‘_"'__--__"\-\_r R T T T T —————————— ) White Clinton Sandstone
2 - Potential Reservoir
R T T T T e T T T T T T e e e e e T T A T o i L L L s
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Basin R.E. Burger Site

Drilling permit prepared and approved
by ODNR MRM Fall 2007.

Test well drilled Jan-Feb 2007.

UIC Class 5 permit application
submitted to Ohio EPA UIC program
January 17, 2008.

Draft permit issued May 29, 2008.
Public meeting June 24, 2008.
Public notice June 21-July 21, 2008.
Permit issued September 3, 2008.
MIT underway Sept 2008

Daily interaction with Ohio EPA
continues on field effort

Permitting - Appalachian
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Oriskany Fm

(5923-5954 ft) 6.0

Salina Fm
C Unit

(6734-7048 ft)

Clinton Fm &0

(8207-8274 ft)

FirstEnergy
R.E. Burger Power Plant
Injection

Injection
nes

Rock Types
[ ]sand &gravel
Sandstone
B shale
: ~ [E===E Limestone
: E==1 Dolomite
W B sat
[ Granite




e AOR defaults to minimum due
to injection scale.

e Regulators flexible to multiple
completion, which allowed more
options for injection.

e Well construction requirements
for a test well have been
resolved (i.e. cement bond
logging, mechanical integrity
tests).

Permitting - Appalachian
Basin R.E. Burger Site

Battelle

Area of Review- R.E. Burger Site
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Injection Plan - Targets

Injection is targeting 3 significant formations for the region.

DEVONIAN
L.| MIDDLE |UPPER—»

DEVONIAN

Oriskany SS

UPPER

Mid-Salina

SILURIAN

Clinton-Medina

- <’ LOCATIONS OF CROSS SECTION WELLS
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Injection Plan - Targets
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e Formations thicken to form more substantial storage targets to east.

“Clinton”- Medina

Oriskany Sandstone
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e Overall plan is to test 3 discrete units Clinton-Medina, Salina, and

Injection Plan

Oriskany at depths of 5923-8274 ft.

e Hydraulic analysis of injection potential for these units suggest that
they may have limited injection potential. Therefore, a flexible

Injection plan was designed.
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Injection Plan

 Injection plan designed to test
multiple units and fulfill UIC

mechanical integrity requirements.

e In general, the injection system
focuses on assessing injectivity in
these units given their deep
Isolated nature.

Battelle
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Baseline CBL & RST
logging

|
Set Packer/Tubing
Clinton MIT Testing

Step Rate Injection
(Up to 100 tpd ~1 day)

Evaluate
Injectivit

Pull Packer/Tubing, set bridge
plug, reset Packer/tubing,
Salina MIT Testing

Step Rate Injection
(Up to 100 tpd ~1 day)

Evaluate
Injectivit

Pre-injection

Full Injection (4-5 days
with 2-3 day recovery)

Clinton Sandstone

Mid-Salina

Full Injection (4-5 days
with 2-3 day recovery)

l Pull Packer/Tubing }

|
Oriskany Testing
optional

l Plugging and Abandonment l

Oriskany
(optional)
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Injection Operations and Monitoring

 Well completion and preparation activities (perforation,
mechanical integrity annular pressure tests, tubing & packer) —
October 2008.
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Injection Operations and Monitoring

e Injection system set up to run injection tests (Sep-Oct 2008)

CO, wellhead metering system

16
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Injection Operations

and Monitoring

 Commercial CO, source delivered to site to run injection tests.

CO delivery
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Injection Operations and Monitoring

e Injectivity testing phase started late September 2008
e Testing is in progress, expected to last into October.

1 |
Injection Well (not]vis_ible) ' .I

oo Delivery
=/ System

ya | /

i
por.|

Setting up for the CO, Injection Test (September 2008)
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Injection Operations
and Monitoring
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Monitoring Application
Technique
Radioactive oTracing movement of CO, in the storage formation

Tracer Test

oTracing leakage

Brine o Evaluating solubility and mineral reactions

Chemistry/ o Quantifying CO,-water-rock interactions

Water o Detecting leakage into shallow groundwater aquifers
Composition

Subsurface oMaintaining formation pressure below fracture gradient
Pressure and | oWellbore and injection tubing condition

Temperature | oLeakage out of the storage formation

Well logs oTracking CO, movement in and above storage formation

oTracking migration of brine into shallow aquifers
oCalibrating seismic velocities
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East Bend Test Site

eDuke Energy East Bend Station

650 MW coal-burning power plant

*SOx and NOx control systems

PENDLETON

N DESIGDN’:D BY Baue“e

Scale in Miles DRAWN BY ¢ "
_;-;HU;S 1 il Project Location Map

CHECKED BY | PHASE Il MRCSP - R.E. BURGER PLANT - OHIO

EAST BEND LOCATION MAPO! CDR NG PROJECT _ GO05432-01 | DATE _ 03/06

»1,800 acres on the floodplain
along a bend in the Ohio River
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Geologic Cross-Section Through Study Area

Test Well
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Preliminary Geology

eFew deep wells in
area.

eEssentially no oll
and gas fields
nearby.

eLogs show distinct
rock units.

FORD, F M 1 CONNER, CECIL
Boone County,
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Depth |03
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Units

Kope/Clays Ferry Formation

Lexington (Trenton) Limestone

llll]llll

T
LN
Q
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=]

Wy

P

High Bridge (Black River) Group

Wells Creek Formation

(Beekmantown

2000

Lhel bl

St. Peter Sandstone

- -Dotomite) Knox Supergroup

(Copper Ridge
Dolomite)

2, 500 ft -depth limit for
miscible injection

Eau Claire Formation

Mt. Simon Sandstone

Middle Run Formation
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Potential CO, sinks/
reservoirs in the region

Regional caprock-
containment interval

Mostly caprock-containment interval
but some reservoir potential locally
in part of the interval

Mostly caprock-containment
interval but some speculative
reservoir potential in Basal
Proterozoic sandstones

Basement seal
penetrated in this
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Seismic Survey- Mt. Simon
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Test Well Design [_

(ft bgs)
Name Lithology Cased Hole Well Design

Ohio River Alluvium

20 in. 94%# H-40,
conductor set at 100
ft, through alluvium
and cemented to
surface if necessary

Fairview-Kope

Lexington-Trenton

eMt. Simon = primary ] s
target, —~300 ft thick .

13-3/8 in. 54.4% J-55,
- shallow casing set at
3 800 ft , below fresh

- water zones, in 17-
1/2 in. hole,

o cemented to surface

Wells Creek-"Pencil Cave”

St. Peter

9-5/8 in. 43.5# L-80,

4 intermediate casing to

% 2,200 ft, below potential
sulfurous brine-producing
zones, setin 12-1/4 in.
hole, cemented to above
sour brine zones

eEau Claire Shale = i —
primary containment unit -

Rose Run

- - Copper Ridge &
e\\Well construction - 1 5.
% B 7 in. 264 J-58, injection
o - £ casing; set at approximately
11 1 o . | 3,650 1, set in 8-1/2 in. hole,
specifications under | e
— = : above injection zone
= : " i Not shown: injection or
I ' l 3,000 — . £ - monitoring packer
d eve I 0 p e nt FauGClarre '0‘ 3 completin?’lp
= i [

Basal Sandstone
cemented back to 50 ft

below injection interval

Total Depth at 3,700 ft *-=-
50 ft Rathole

Not to Scale Ba“e“e

i Precambrian Arenile

MONITORING EASTBENDOZ COR

4,000
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Cincinnati Arch- East Bend Site

Preliminary STOMPCOZ2 modeling has been run to aid in developing
system and monitoring plans.

Model input parameters were based on other deep well data over 30
miles away. Consequently, results based on test data may be
significantly different.

30, day
lHE »
X-Dirgction Intrinsic Permeability, mD: 0.001 0.1 10 1000 s SiifafisR E)Q 03 0}0 506 D?Ogg
—_— e 2900 | oronsnsosesnron
= —— e —— ——— 5
e P o - 30004
- = — .:,.E_a__:@___ i ] Eau Claire
S —— e ——— £ 7
= - — B.3200 .
T —— _— @ =
— S T — 0 3300
= e —— ; R Mt. Simon
— —— — 3400
3500 |—|—|—|—|—'-|'-—

T I T I T 1 T I L T L I T T
0 200 400 600 800 1 000 1 200 3500 T T ! T T T I T T T l T T 1 I T T T i T I 1 I T I
Radial Distance From Well, ft 0 200 400 600 800 1000 1200
No vertical exaggeration Radial Distance From Well, ft

No vertical exaggeration




Key Regulatory Steps In Kentucky

_ Apply to USEPA Perr_nlt . Public Comment
Develop Project |, | Region 4 for N appllcatlon IS Period (at least
Plan Class V UIC reviewed by 30 days) on draft
permit JSIE decision

Includes coordination with other
agencies and statutes:

- Endangered Species Act (U.S. Fish
and Wildlife Service)

National Historic Preservation Act
(State Historic Preservation Office)
Wild and Scenic Rivers Act

Battelle
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Permit
issued (or
denied)

Coordinate with
KY DOGC

A 4

Drill, assess data
and complete well

Complete well;
coordinate with

A 4

Coastal Zone Management Act design USEPA R4
(Coastal Management Program
v
Internal integrity Inj?ﬁt'qn 'j " - Apply to
demonstrated authorized o »=1 Injection Is - »| USEPA -,
commence completed Region 4 to
plug well
Key: MRCSP Completed In progress Future

USEPA
terminates
permit (well is
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Permitting — Cincinnati
Arch East Bend Site

East Bend Generating Station
Lr\}j;::tionTest
 Pursuing UIC Class 5 permit under W '
1 rinking————F— % ==
Region 4 EPA (Atlanta) UIC program ﬁ%r%ef?es =
- May 1, 2008- UIC Permit Application sKopeFm) |
submitted. e
e June 30, 2008- Technical comments -
received. :
e August 4, 2008- Response to technical 20 —
comments sent. )
e September 2008 — Verbal response to B
additional questions oo~ [ ——
41 . njection = | W [ ] Gravel
e Currently awaiting draft permit, should (;iz%.i_e T g B Sancstone
be available within a few weeks. Sandstons) B i Doionie
e Future- 30 day public notice, final T

permit, test well, permission to inject.

AN . O
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