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deep test well, drilled in 2007 at FirstEnergy’s R. E. Burger Plant in the Appalachian Basin, OVERVIEW

The eight states that comprise the Midwest Regional Carbon Sequestration Partner-
ship (MRCSP)—Indiana, Kentucky, Maryland, Michigan, New York, Ohio, Pennsylvania,
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has provided an opportunity to test multiple deep saline reservoir zones typical of this ba-

and West Virginia—represent a large portion of the U.S. economy and its dependence on
fossil-fuel-based energy production and resulting significant CO, emissions. These states
also represent a diverse geologic framework for carbon capture and storage (CCS), which
includes two mature deep basins—Michigan and Appalachian—separated by the arches
region, Appalachian Valley and Ridge, crystalline Blue Ridge, Piedmont provinces, and
the Coastal Plains sediments in the eastern part of the MRCSP. Validating geologic stor-
age potential and testing the applicability of monitoring technologies in this diverse area
require regional geologic characterization and site-specific injection demonstrations.

To examine these varied geologic settings, the MRCSP currently is conducting three

deep saline reservoir tests in collaboration with energy companies—the potential future us-

sin. Also, DTE Energy currently operates a gas processing plant in northern Michigan that
produces a pure CO, stream used for Core Energy’s enhanced oil recovery (EOR) opera-
tions (Phase II). During February-March 2008, the MRCSP team injected more than 9,100
mt (10,000 tons) of CO, into a dolomitic saline formation at 1,100 m (3,609 ft). Monitor-
ing techniques include cross-well seismic, borehole micro-seismic, PFT tracers tests, wire-
line logging, fluid saturation profiles, fluid sampling, and continuous pressure-temperature
monitoring. Finally, in 2009 the MRCSP will drill injection and monitoring wells at Duke
Energy’s East Bend Plant in Kentucky to test the Mt. Simon Sandstone in the arches geologic
province. For the large-scale demonstration project (Phase III), the MRCSP has proposed
using CO, from a western Ohio ethanol plant to inject more than 227,000 mt (250,000 tons)

Located in Belmont County, Ohio, on the western flank of the Appalachian Basin, the FirstEnergy R. E. Burger plant—a 413-MW coal-burning
power plant within a prime coal-mining area—has had relatively little oil and gas exploration, especially deep drilling. Extensive oil and gas drilling
of Devonian Oriskany reservoirs to the east and Silurian “Clinton” reservoirs to the west provided limited data of what the reservoir properties may
be along the Ohio River Valley, an area with numerous coal-burning power plants.

Eleven miles of reflection seismic data were acquired in late 2006, and the test well was drilled in early 2007 to a total depth of 2,555 m (8,384 ft)
into the Upper Ordovician Queenston Shale. Geophysical log and sample analyses indicated limited porosity zones as potential CO, injection targets
within the Oriskany Sandstone, the Middle Salina Carbonate Unit, and the Medina (“Clinton”) sandstones.

In November 2008, CO; injection tests were completed at the site in these three injection targets. The initial tests showed that pressure in the wells built

up very quickly for relatively small flow rates of CO, in each target zone. Analyses of the hydraulic responses from the multiple injection tests continues.

The Middle Devonian Marcellus Shale is the basal unit of the
Hamilton Group. TheMarcellusShaleisveryfissileandcharacterized
by high, natural radioactivity and low density. The Rhinestreet
Shale Member of the West Falls Formation disconformably overlies
the Hamilton Group in the Burger site vicinity. The Rhinestreet
Member is similar to the Marcellus Shale and natural gas production
occurs from both. Depth to the Hamilton Group at the Burger Well
is 1,702 m (5,583 ft). Numerous gas shows as high as 1,200 units
were encountered while drilling through the 10.4-m (34-ft)-thick
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While injection test results are not very promising for large-scale injection operations at this important site, the information gained from this well
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Marcellus Shale. Gas shows as high as 180 units were observed
from the 6.1-m (20-ft)-thick Rhinestreet Shale. The gas shows were

short-lived and background gas concentrations returned when the

ers of this technology. Each field test incorporates extensive reservoir and seal characteriza- per year for four years, with an optional site at an integrated gasification combined cycle is invaluable to the regional knowledge base. Additional seismic and drilling help define the area’s sequestration options. Also, it is equally important
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(IGCC) plant in Indiana. Geologic assessments at these sites are now underway.

tion, permitting, reservoir modeling, injection, monitoring, and outreach efforts. APhase II to know where large-scale injection operations can be performed and where they can not.

Tuscarora Sandstone and jonondaga) h

equivalents Isopach Map

= 3 A Burger Well

svagloca J/ GEAVGA ; | hicknoss, Feet individual black shale tongues were penetrated. One sidewall core
was collected from the Hamilton Group at 1,712 m (5,616 ft).

TRUI\%ULL - 0-40
_ :2 jzo Geophysical log response of the Hamilton Group
y B 120 - 160 and lower West Falls Formation from the Burger

MAHONINE
B 160 - 200

' 200 - 240
ASHLAND WAYNE ]
SQLUMBIANA

&

Left: Geophysical log response of ot eatte e e T —
. o P FidPod: Widest Tesbrod. tares Too 8 KBUVDI) 807

the “Clinton” sandstones and gas

shows from the Burger test well.

Frem DPHZ ta NPHI

Well (API number 3401320586). Note the loca- | | 5. . Fomatonbray (001
tions of sidewall cores and multiple strong gas 8 nn Tt P

TestProd. interval Base [fl KB (TVDH]  B284
Bottom Hole Pressure Test (Zone 81) Ao R S I
From LHT1 to GR1

I— Tension TENS), ... '
10000 (LBF) ﬁi

DATA PLOT

* . . shows. T —— - L. _

RICHLANMD 10 15 20 3 i l [0 { A5 -

/ , ~ i PENNSYLVANIA T ol i m— ——
: B y— . (i . - _ Restart injection

AN T
“Packer |- _Start injection
Shale”

v 8 Isopach (thickness) map of the Tuscarora Sandstone and equivalents E==mEEs i EEEEEETEE s N EEE s =
' (the “Clinton” sandstone) near the Burger power plant. Note the large SE==== : i | : e cond ' S L R —
distances in all directions from the Burger test well to the nearest well SRl | O SO QLARTDN P -- e S EEESE SESSESEEs P Lo L | \ N T 1]
drilled to this same horizon. ’ %5 W S Ml o T s Erais SEE=S, = 2SS js! | e e
:a,m , ' — - e e R ‘ ; : , ) - = T bt ! .. until heater over-- l.]

£ = o 0 A H) g 5 S : ' : A : . = : : H - i — | ' [ ' 0.2 bbl/
.06 A 'Qb' e, ‘_ - : £h =7 ¥ _ ) BUTLER Zea MSTRONG 2 . L - : 87 : + i - ! oo J , : m heats due to slow
; S ) = _ ) R . : i | i . 03bbl/m o
S injectin rate 1

o |

WA Osagean and Kinderhookian Series  $%  Middle Silurian
W™ Meramecian Series W Upper Siurian 4 o
g = g B P~ Chesterion Series Eccene ; S
O 100000250000 : L N, = N\ =  Ovdovician Eocens Wicax Group *ﬁqe
O YOO = FOOO00 : e - ' T Lower Ovdovician Eocame Claiborne Groug

- Middie Crdovician Encane Jackson Gooup
O THROO0 = L

&
4 | Step injection

£ g @
034,\“:{ (;_ipcinnati ArCh, Appalachian Ba'sin’ Q& 1
AL .r(a’_-iréenville Test Site  R.E. BurgerTest Site(Phasell) 2

e )‘

- o & ST I - S SRS oy o 1 1 = - I 150 J | 0.5 bbl/m-

WEST VIRGINIA | PENNSYLVANIA COLUMBIANA , & iy - Lo = " . ¥ r . - 1 H | d PP 1 | ] S ---1 |
sk - e e e 3 - ; e | i oy —1 =T ol HCI treatment | 1.0 bbl/m

SYSTEM
(SUB-
SYSTEM)
SERIES

Depth

Monongahela Gp Monongahela Gp (ft-)

0

N

= ' Start injection ~2,000 gal. ' 2.0 bbl/m
——y ' \ oJ Shut-in

Formation

Out of hole LI,
with gauges—__ ]uﬂ

UPPER

Cincinnati Arch, B g
East Bend Test Site (Phaselll)fsis
llinois Basin, 2

Optional Test Site
(Phase Il)

Top right: Chart showing results
of step rate test ran with water
within the “Clinton” interval.

Allegheny Gp Allegheny Fm Allegheny Gp

AL
B MES G
Kanawha l ) ’)
Pottsville Fm Pottsville Gp =

(PENNSYLVANIAN)
MIDDLE

|

ALLEGHENY
ol

New
River
Fm
Poca-

hontas
Fm

Lower Freeport

AR (b T . g, i el == 1 i
s Pt L 1y T . == | clinton"]
' A T aan _L‘ g - g 4 : (Cataract
o - * - " > 3 ' B - B .

al g WESTMORELAND Gp.)

LOWER

Clinton 55 9-25-08

CARBONIFEROUS

| e Ty : I==== Bottom right: Chart showing
Maxville SHACTOR HARRISON > . hy P BT o e S - e 1 B d
Black Hand i ., > Y s : == : iEEEE pressure and CO, injection test- |
WASHINGTON o o D <« D ”»
2/ ing results within the “Clinton.
f }// '- The R. E. Burger Power Plant along the Ohio Slm./v 1n1t1a¥ e i i
o ' ) : = tubing/casingarefilled with CO..
r 2 River. 5 ; - e ) :
FRyETTE S BEREN | Pressures do not begin to stabi-
== 3 | lize during short-term injection
(3.5 hours). After tubing/casing
is filled, low-flow, short-term
injection causes rapid wellhead

pressure increases.

UPPER

Illinois Basin

s Hurlaon Injection Prossune -« Bollam-Hobe Pressung coz r-lnwr.'nm]

WEST Explanation
VIRGINIA faults_pcmb selection

|

Faults

Cuyahoga a

Berea
Bedford Sh Local sequestration target
GUERNSE Y

) »
?’b ¢ BELMONT
/ BURGER POWER PLANT

X (653 ft above mean sea-level) §
NGUM L _

Sequestration target MARSHALL " GREENE

MONROE 7 7"'# 3y

& T3
&}ﬁj WIONONGALIA
7

|

(MISSISSIPPIAN)
MIDDLE

= other CO2 sources

LOWER

=l Burger Power Plant

Index Contours

Contours
40 Miles High : -2000

Shaded topographic-relief map showing generalized bedrock-geology units (by system) found at A W =\, ) s : | .
or near the surface and bedrock contacts. Major regional geologic features (folds, arches, and ba- e — /oA 50 Kiometers Low 49000
sins) are also labeled. Locations of the Phase II and Phase III field demonstration sites are noted. ‘

UPPER

€Oz Flowrate (gpem)

Due to its diverse economy, the MRCSP Region includes a large variety of greenhouse gas sources.
Each year, these large, stationary sources—including power plants, refineries, cement plants, etha-
nol plants, and iron and steel plants—emit more than 680 million mt (750 million tons) of CO..
Emissions are highest along the Ohio River Valley and Great Lake coastlines where many power
plants and industries are located.
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The MRCSP region has several prolific petroleum-producing areas but has never had a widely-
available source of CO, for enhanced recovery. If flue-gas separation technologies advance suffi-
ciently to make economical sources of CO, widely available, CO,-enhanced recovery may revital-
ize many regional reservoirs. Hundreds of millions of barrels of additional oil could be produced
from the region while sequestering over 900 million mt (1 billion tons) of CO,.
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Structure contour map on the top of the Precambrian unconformity
within the tri-state area of Ohio, Pennsylvania, and West Virginia. The
Burger power plant and other large CO, point sources are located.
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properly characterize the geologic potential of a particular area, especially within the site assessment; site characterization field work, such as seismic surveys and test wells;
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The MRCSP area is diverse in many ways. The Ohio River Valley, industrial northeast,
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and the Great Lakes shores represent some of the largest remaining manufacturing and middle of sedimentary basins in excess of 6,100-m (20,000-ft)-deep. The partnership permitting; CO, injection tests; and monitoring the geologic sequestration process.
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seeks to clarify what is known and to identify areas of great uncertainty. Field test results will be used to evaluate CCS opportunities and define infrastructure

power-generating abilities in the nation. These combined industries and utilities produce
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didowiil caramL ol Oil and gas fields at depths greater than 762 m (2,500 ft) (suitable for miscible CO,
EOR operations) within the Ohio, Pennsylvania, and West Virginia tri-state area.
Locations of the Burger power plant and other large CO, point sources are indi-
cated. Note the lack of “deep” oil and gas fields along the upper reaches of the Ohio
River Valley. The reason for this is two-fold: (1) Most of the mineral regional rights
are held by coal-mining interests and (2) prospective oil and gas horizons from the
west are much deeper here.
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nearly 820 million mt (900 million tons) of CO, per year from large, stationary sources MRCSP tests are part of a national effort sponsored by the U.S. Department of necessary to deploy CCS at a meaningful scale.
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critical to the region and the nation as the United States heads toward carbon regulation. strategies for mitigating CO, emissions that contribute to greenhouse gases. The tests
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The regional geology contains two major sedimentary basins, the Appalachian and attempt to demonstrate the safety and effectiveness of CO, sequestration and to further
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Population: 71.3 million (nearly 1/4th of U.S. population)
Gross Regional Product: $2,672 billion (1/4th of U.S. economy)
21.5% of all electricity generated in the United States

77% of electricity generated in the region is generated by coal

Michigan, with the arches province between. The coastal plains and Atlantic offshore of understanding of the best approaches to its implementation.
Maryland and New Yorkrise into the Fold and Thrust Belt of the Appalachian Mountains.

Understanding of the subsurface geology varies. Where sedimentary thickness is least,
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MRCSP stratigraphic correlation and CO, sequestration characteriza-
tion chart of geologic units in Ohio, Pennsylvania, and West Virginia
(left) and the units, depths, and thicknesses as drilled within the Burger
test well.

expanding knowledge of regional geologic reservoirs to investigate CO, sequestration
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and many oil and gas wells have been drilled, much certainty can be placed on assessments feasibility. Three small-scale test sites were selected for Phase II and one large-scale
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Preparing for CO, injection testing, September 2008. R. E. Burger
power plant in the background.
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for carbon sequestration potential. But, more often than not, inadequate data exists to test site is now in planning for Phase III. These projects involve a preliminary geologic 12% of nation’s total CO, emissions
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The Indiana, Kentucky, and Ohio Geological Surveys, working As at many sites on interbasinal arches in the MRCSP region, many of the upper
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Paleozoic strata are too shallow or eroded to function as potential reservoir targets.
A significantly thick [91-122 m (300-400 ft)] section of Mt. Simon Sandstone is

projected to exist at the site and is the primary candidate target for injection along

under the auspices of the MRCSP, completed a preliminary feasibility

assessment of geological sequestration as a carbon management
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strategy for Duke Energy’s East Bend power-generation facility.

The test site is located on the western flank of the Cincinnati Arch, this arch. The top of this section is at a depth of approximately 1,036 m (3,400 ft),
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a regional geologic structure between the Appalachian and Illinois
basins, outside of Rabbit Hash, Kentucky, 32 km (20 mi) southwest

of Cincinnati. USEPA has recently issued underground injection
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control permits to drill the injection test well, and drilling operations A thicksequence of dense carbonate and argillaceous rock (Eau Claire Formation

Preliminary model results, using STOMPCO, simulations, suggests little mi-

Left: Map showing locations of all oil and gas wells within the tri-state area of Indiana,
gration of CO, after 30 days of injection at 100 mt (110 tons) per day.

Kentucky, and Ohio. Most of the wells are too shallow and/or do not have geophysical logs
to provide significant data to this analysis. The red (gas) wells to the northwest are from
the turn of the century Lima-Indiana oil and gas trend that produced from the Ordovician el
Trenton Limestone. Right: Locations of significant wells used within this study and lines of s - ) P
cross section. ' =
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are scheduled to begin in early summer 2009. and basal Knox) directly overlies the Mt. Simon at the study site. The combined

The objective of the feasibility study was to provide a preliminary thickness of these units exceeds 302 m (1,000 ft). Vertical permeability values below
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the site. An area within a radius of approximately 80 km (50 mi) of the wells, so the interval should function as an effective confining unit.
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© T0s Calculated from well logs
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site was included in the study. The primary purpose of the assessment o :
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was to determine the presence, configuration, and characteristics of

Structure contour map on the top of the Knox unconfor-
mity and Knox groundwater total dissolved solids (TDS)
values within the tri-state area of Indiana, Kentucky, and
Ohio. Based on analyses of recovered brines and log analy-
ses, the base of the underground source of drinking water
(<10,000 ppm TDS) is located stratigraphically within the
upper portion of the Knox carbonate sequence generally at
depths of 609 m (2,000 ft) or more beneath the surface. Al-
though there is no direct measurement data at depth near
the study site, calculations from geophysical logs in a near-
by well confirm this distribution.

FORD, F M 1 CONNER, CECIL
Boone County, KY

||l'

i

T,

Geologic stratigraphic column showing estimated lithol-

potential reservoirs and confining strata.
ogy and preliminary well design.

Units

JERNEESFABEEE
B T

iﬂ

TR
il

BT

Kope/Clays Ferry Formation Legend

Potential CO, sinks/
reservoirs in the region

g

Lexington (Trenton) Limestone
High Bridge (Black River) Group
4/ Wells Creek Formation
W&r Sandslone

(Beekmantown Dolomite)
= Knox Group
(Copper Ridge Dolomile)

Regional caprock-
containment interval

T

Unconformity

ORDOVICIAN

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

2. 500 It -depth fimil for
miscible infeclion

Duke Energy East Bend Plant.

Eau Claire Formation
Basement seal

(not penetrated in
this example)

Mt. Simon Sandstone
e W T T

CAMBRIAN

Left: Thickness map of the Mt. Simon Sandstone. Right: Structure map on top of the Mt. Si-
mon Sandstone.
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Generalized stratigraphic column of the study area.

Middle Run Formation

Typical subsurface log signatures for stratigraphic units in the study area.

Indiana Test Well

Kentucky

Knox Super Group

N-S seismic line from East Bend site. Site characterization included a 16-km (10-mile) seismic survey complet-
ed in two transects in October—-November 2006. No faulting or other major problems were observed. Projec-
tions from seismic analyses outside of the study region indicate that the Proterozoic East Continent Rift Basin
and Middle Run Formation should underlie the study site. Permeable sandstones have been encountered in the
Middle Run in other areas and might exist beneath the Mt. Simon, which is significant because, while the Mt.
Simon overlies impermeable crystalline basement in other areas of the region, here an additional interval may

exist for injection in this part of the MRCSP region.
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SW-NE regional cross section A-A. Broad structural arches in which deep Paleozoic strata rise to near the surface are a major part of the geology of the MRCSP region. Also, structural arches underlie many of the CO, sources in the region. Under-
standing the feasibility for sequestration in these situations as compared to deeper, basinal configurations is important for regional CO, sequestration assessment.
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Monitoring Well Wellhead Injection Pressure and Injection Rate

Antrim Gas Well

The Michigan Basin test site is located at an existing gas field (1,700 ft) and completing at a depth of 1,097 m (3,600 ft) through -

Bea| = ipre S r\ A k f A large-scale geologic injection test is planned to promote understanding of
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injectivity, capacity and storage potential in the Mt. Simon Sandstone, a reservoir
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having broad importance to the region. The MRCSP has proposed a primary and an

Antrim Shale Formalion

158 A ol ! I e ! - B — : L 9y . I e 90ft; thick
Gaylord, Ostego County, Michigan. The site sits in the northern a point approximately 146 m (479 ft) from the injection well. R e el | |l | .. procucing Zone - [ IR B ; R ot e

2,000 —

portion of the Michigan Basin, a large, mature sedimentary The primary injection target formation, the Bass Islands =

16ft; thin

optional large-scale injection site for Phase III. The primary site is an ethanol plant

== Bass Island 2750ft contour

basin that covers most of lower Michigan. Paleozoic sedimentary dolomite, sits at a depth of 1,049-1,071 m (3,440-3,573 ft), 5000 — £ e o tidConie

Rate (metric ton/day)

r 600

Injection Pressure (psi)

‘ _ 1 N located near Greenville, Ohio, that was built by a joint venture of The Andersons
| CO; Caprock Zone \ ! . N Dy ) N ] } Michigan Counties Temporarily drop //'

Deeper Section of  — | Lucas and Amherstburg Formations ‘ ! N - ’ -\ \ G ke Left:
Well Potentially Used - ‘ ‘ w = N N injection rate to 300 tpd A

rocks, up to approximately 3-km (nearly 2-mi)-thick, underlie a overlain by containment layers that include the Bois-Blanc for Future BOR >3 2 | Target CO, Storage Zone b — 1 A o) . at compression fecily k T * 10,241 mt (11,289 tons) CO, was injected from February 18-March 8, 2008 (in- Ethanol Investments LLC and Marathon Renewable Fuels LLC called The Andersons

! : I . Ho0— el cluding initial mechanical integrity test volume). . | WHE |
183-244-m (600-800-ft) thick glacial layer in the study area, and and Amherstburg-Lucas formations [682-972 m (2,237-3,188 Il Left: The Bass Islands Group in the Michigan subsurface consists mostly of light | == Injection Rate f L Injectiin U TR s N ;1(;002’600 mt (441-6G0aNS)/EANIEHEE 11 el (sanis Marathon Ethanol LLC (TAME). The optional site is a 640-MW (IGCC) plant in
Precambrian crystalline basement rocks underlie the Paleozoic ft)]. Rock units in the interval of interest dip toward the south

: | . | | == |njection pressure
KilomRiels brown to buff dolostone with argillaceous dolostone and anhydrite present in parts o fluctuations in injection rate due to compression facility).
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W - ﬂ \ N of the section. The entire Bass Islands interval reaches a thickness of 90-180 m 2008 22208 22408 22508 20808 IAOB  3I0E  IE0B 370E 308 * Injection well was shut-in for 1 month after injection to track reservoir pressures A (1 1 ] N[ )
J | : | / (300-600 ft) in the central basin but thins substantially because of erosional trun- Date R llos i stabilizatiomn. | b ¥ limited to geologlc characterization efforts durlng the first two years of Phase III
Rock Types Gl >

near the test site. anticlines and arch trends exist, a well-defined structure does ' 752 Glacial Drit / KV | | | Jwoone ] | cation in southwestern Michigan. Historically, subsprf.ace geol9glsts have Plcked
7] sandstone [ fueom 4 | | - the top of the Bass Islands Group throughout the Michigan Basin at a readily rec-

The injection site is located in the State-Charlton 30/31 Field, not appear near the site. No faults or pervasive fracture zones = =P A I T = ognized, high-density interval confidently interpreted as anhydrite. This lithotype . Edwardsport site.
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il L . | | . : was captured in core and constitutes a reference marker in this well for regional o
B et Y P rririry Limestone 4 | == = N === . . . . £ :
whichisadepleted Niagaran oil field nowundera CO,flood. Natural have been encountered. Niagaran pinnacle reefs are present in . S VA s s e — lithodthtigraphic correlation iHAUPPAL shktion BEthal ALMSNSNESNIE A1 1

Indiana, expected to be on line in late 2011. Work at the optional Duke site will be
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rocks. Total thickness of the surficial glacial layer is 203 m (666 ft) at approximately 9.4 m/km (17.4 ft/mi). While some regional

to increase knowledge of regional geology and sequestration opportunities at the
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An early geologic assessment was completed for the TAME site to summarize
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gas produced from nearby Antrim Shale fields contain 10-15 the deeper rocks, but these structures are several hundred meters | e LT o JTTT T s | ey and logs, is a porous and permeable dolostone unit, informally referred to as the C4-30 Injection Well C3-30 Monitoring Well | ' -2 | sequestration capacity, likely injection formations, and other issues pertinent to
== : Pt — Bass Islands dolostone, the thickness of which is shown.

percent CO,, which is removed at processing plants before the gas is beneath the injection interval. = 4 = Bottomhole Pressure and Temperature Bottomhole Pressure and Temperature o100 o 698300 geologic storage at the site. Currently, seismic acquisition, modeling, and MMV efforts

100 Meters Survey Center:

ready for market. Consequently, high-purity CO, is available from Over 10,000 mt (11,000 tons) of CO, was injected into the Bass | Ragses = | | \ e | _ | Oatar: NAGES - Projecton UTH zone 16 St o are in the preliminary stages to support project development and planning issues.

Temperature

the DTE Energy Turtle Lake gas processing plant. Periodically, this Islands dolomite over an 18-day period, using variable injection — - [— | ' o—2p nfectn] B IlORE B I <l (BBl ordine thylcyclohexane) wasdidbd oy Overall, the Phase III project is 10 years in duration and will include:
CO, is piped to the Core Energy Dover 10 Compression facility and rates up to 600 mt (660 tons) per day [~220,000 mt (243,000

ALL LOCATIONS ARE APPROXIMATE
hours into injection stream. Soil gas and atmospheric sampling array
used for enhanced oil recovery (EOR) in Niagaran Reef reservoirs. tons)per yr]. Maximum injection pressure extrapolation suggests

Porosity in Percent (linear Scale) Pressure

i ini i i Core E — St Charlton #4-30
General diagram of the injection well, monitor wells, and ii: 2 i Cons Fnergy arlton Temperature

stratigraphy at the Michigan Basin test site. s . 30-31N-1W

An initial period of well drilling and testing to characterize the site.

monitored over several months in 1 pre-injection and 4 post-injection

surveys. The detection limit of tracer is nearly one part-per-quadrillion. Injection operationsforapproximately4 years, whichwillinclude CO,compression,
No evidence of leakage or migration was discernable in this study.

Otsegn Co., M1

The CO; is captured, compressed, and injected in the reefs to flush that maximum theoretical injection rates are 2-3 times those

transport, injection, and monitoring of approximately 280,000 mt (309,000 tons)

Well Name/ Permit State Charlton 4-30/P# 57916 (30-31N,1W)

residual oil out of the reservoir rocks. A significant amount of observed [~440,000-660,000 mt (485,000-728,000 tons) per yr]. e —————

Longitude: g4 485306

CO; per yr.

Elevation (Datum; KB): 1201*
Operslor  core Enargy LLC

available infrastructure permits testing CO, sequestration in saline Thus, the BassIslands dolomite in the northern Michigan Basin has o oo 1108 GecBsca Logar. SOHLUMBERGER

Lithoiogy Logged By: wmu Well Stalus  Completed

formations resting above the Niagaran Reefs. suitable injectivity for CO, sequestration at an industrial scale. & | NotuaiGamma GaPy | Graphic | | & | g % Mesom - B ivesione —————— A :
& g | Ut : 95 e SR - 5 LT s ; _ sequestered.

A new well (State-Charlton #4-30) was drilled in November Well tests proved useful in analyzing injection potential, even _ | | e 3, ‘== Dolosine

Bottomhole Pressure (psi)
Bottomhole Temperature (deg F)

Bottomhole Pressure (psi)

Post-injection monitoring to ensure that CO, is safely and permanently
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Bottomhole Temperature {deg F)

M’“"\A A m | e Permanently plugging the wells and restoring the site according to permit

2/19/08 2/23/08 2/27/08 3/2/08 3/6/08 3/10/08 3/14/08 3/18/08
ET (days)

2006 for CO, injection. While drilling, extensive wireline logging though maximum injection rates were not approached. Injection ’ BE T === | ponyert

requirements.

% change from baseline to

and rock coring allowed geological data gathering to assess CO, test analysis was used to define the hydraulic behavior of the | =T L F 0 [ cnen — —— wo b e saceline surver temont ey rsiontdiforonce hange from baseling
| - 1 . , , ' T . C ! ! e 2/19/08  2/21/08  2/23/08  2/25/08  2/27/08  2/29/08  3/2/08 3/4/08 3/6/08 3/8/08 indicate decreases in velocity
onventional core plug porosity and permeability Wi : A
=5 versus depth in the Bass Islands dolomite target
Shale/ = ol : . . .
Argilaceous S interval. Based on an analysis of porosity and per-
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sequestration potential at the site and the Michigan Basin in reservoir system in terms of flow behavior and leakage. Reservoir
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general. In addition, the well was designed to fulfill underground simulations provide fairly accurate predictions of hydraulic
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meability from test well core samples, the Bass Is- 0-31N-1W 600 mt (660 tons)/day or higher may be sustained in the Bass Islands dolomite. Pressure response in C3-30 monitoring well showed ~410 Pa (60 psi) increase within the

— 1 ,_ S _ g %) lands dolomite was confirmed as the primary in- B Over Co- M!
injection wells. anomaly, ~91 m (300 ft) above the perforated interval, may be g - == o g A R Y = = - jection target. For the Bass Islands dolomite core g R

' - | 2= — e samples, the mean porosity was 13 percent and
the mean permeability was 22.6 md. Hydraulic

injection control (UIC) requirements for Class II and Class V response to the injection. A cross-well seismic-based velocity
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Core Energy - St Charlton #4-30 Bottomhole pressures were 13.8-13.9 MPa (2,000-2,020 psi) during injection and generally stable throughout the 18 days of injection. Overall, testing indicates rates of . ) E = |
-

Bass Islands dolomite formation. No temperature change. No direct indication of CO, breakthrough was detected at the monitoring well.

-

Baseline cross-well survey run between C4-30 and C3-30A in January
I R 1R 1. | 1o , - — < , , : T B G S 2008. Repeat, post-injection survey was completed on May 5, 2008. Ex-
monitoring of the CO, injection tests. The original well was pathways for CO, along the wellbore have been eliminated. | = ¢ ; — = testing by CO; pressure shut-in analysis was per- © IR St ke A cellent signal-to-noise ratio and high-energy source yield resolution
| - . ' SR formed in the field prior to injection. Horner plot R R | e R gl

Nearby, the recompleted State-Charlton #3-30 well facilitated due to natural gas or CO,; however, potential upward migration

drilled to a depth of 1,768 m (5,800 ft) for oil production in the No breakthrough occurred in the monitoring well, and only ! e | CEE et e =N B T iticates o NG 1 o e - T A . - B RISl s ce between the two Jigls SR
,. ] | 111 > = | s State-Charlton 4-30 Bottomhole Recovery PFT Tracer Survey velocity decrease in the Amherstburg formation, approximately 91 m

well with wellbore sjcm:le_lﬁe ?nd sktl.n effects in s-il-f:- i ¥ '.':f;_j" 2000 j’%ﬁ'mﬂ] — - “ = (300 ft) above the perforated injection interval, with no apparent con- Primary Site: Greenville, OH Optional Site: Edwardsport, IN
: : R | | mogeneous reservoir. The formation permeabili i S v S O e . : : . . PSP 1 - 11, e - |
the well was recompleted with a deviated hole kicking offat 518 m be necessary to investigate these processes. 1= | B || % 100 Wasgestimated to be 50 md, 2.27 timespgreater thar); - — el 57 - B IR T RS 2t the injection IEegEL P? z?g) q m]eCtéon ?f iy gltrlsl mlll-loriltons) ten R <
. % permeability in md (Log Scale) - - System Monitoring = k| 0 » over a four-year period. Target is the Mt. lected from the wastewater well being drilled as
the average core permeability. Simon reservoir, the largest deep saline target in part of the IGCC construction. Possible 1.8 mil-
the region. lion mt (2 million tons) of CO, injection over
four-year period. Multiple injection zones and

caprock layers.

Niagaran reefs and later plugged and abandoned. In winter 2007, subtle geochemical changes were observed. More injection would
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| e S Core samples from the State-Charlton #4-30 well.

MICHIGAN BASIN EXTENDED IN , ECTION I 2 L Top: Cross-bedded, sandy dolograinstone in the Bass
| ] | Islands dolomite at 1,055 m (3,461 ft). Samples in this

| - - mjill b b | interval have good reservoir quality with porosity of

! . | S ! o . | : ~. ] = I Fx |z ———— —— r—— s . 14-17% and permeability as high as 100 md. Bottom:
Additional CO; injection at this test site is being planned by DOE/MRCSP to further evaluate CO, storage behavior: we= S A e Z i > A Kardt tollapse Mitcia in the BasaliBiMIRIbL ¢

; - — ' oty [ Pl - = ' T — g at 1,058 m (3,472 ft). Samples in this interval have poe - | o =\ ——————— T
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Duration: 4-8 months, starting early 2009. BDCEvap | Zm | | e 1y ool ] | etk . v - ——— |

e : ————————+ 60 o = i/ - Lo i i |
| . - 3 X ] o018 Il I 3/8/08 3/13/08 3/18/08 3/23/08 3/28/08 4/2/08 417/08 4/12/08 - =/ _ e R 1 |
Rate: 0-600 mt (660 tOIlS) COz/dayo I — — — : W00 o i | B mm e B Date o e -105¢ = h'.' I" i
s 3l : 200} : I +008 ' : T AL x et :

Target: Bass Islands dolomite (same injection setup). Wireline log section of the Upper Silurian to Middle Devonian
section in the injection test well. This figure shows high-resolu- SW-NE cross section through the injection
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Several monitoring techniques will be included to address questions that arose during the initial test:
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