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Regional Injection Wells
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Project Goals

« Demonstrate and characterize the potential for
the geologic storage of CO, In western Kentucky

— Target reservoir Is the Knox Dolomite
e Found 3617 ft of Knox Dolomite, including Gunter Sandstone

 Average porosity 6.7% calculated from logs
 Successfully injected 18,454 BW brine and 323 T CO,

— Evaluate St Peter and Mount Simon Sandstones, if
present

— Test the reservoir potential of the Precambrian Middle
Run Sandstone

— Characterize the reservoir sealing properties of the New
Albany Shale, Maquoketa Shale, Black River Group,
and non-reservoir intervals in the Knox




Western Kentucky Project Timeline

2008 [ 2009 | 2010 | 2011 | 2012

Organization

Site Characterization

1 EPA Permitting
B Drilling
[] Bl Testing

] B Evaluation and Reporting
B Abandonment

Monitoring




Drilling Marvin Blan #1

e Drilling commenced on April 24, 2009
— Casing cemented at 3660 ft, open hole below to TD
— Drilled through the Knox Group using CaCO,-based
mud to mitigate potential reservoir damage
e Seven cores cut to test reservoir

and seal properties

— Reservoir seals
* New Albany Shale (30 ft)
* Maquoketa Shale (31 ft)
» Black River Limestone (61 ft)

— CO, storage reservoirs
* Knox Group (three cores, 243 ft total)
* Precambrian Middle Run Sandstone (30 ft)

e Reached TD at 8126 ft on June 14




Drilling Results

St Peter Sandstone effectively absent: only six
Inches of sand was present at the Knox
unconformity

The Knox Group was found 85 ft structurally
higher than expected and 380 ft thinner

Eau Claire was considerably thinner than
expected, only 187 ft thick including a 61 ft
dolomite bed

Top of the Precambrian Middle Run Sandstone
was found 420 ft higher than expected --




Series
Sequence

Formation

Absaroka

Caseyville
Formation

Buffalo Wallow
Farmation

Vienna Limestone Member

Glen Dean, Golconda, Jackson,
Barlow, Paint Creek, Bethel,

Renault, Aux Vases Formations

St. Genevieve Limestone

St. Louis Limestone

Salem-Warsaw Limestones
(undifferentiated)

Kaskaskia

Fort Payne Formation

New Providence Shale

New Albany Shale

Sellersburg Limestone

Jeffersonville Limestone

Dutch Creek Sandstone

Clear Creek-Backbone
Limestones
(undifferentiated)

Grassy Knob-Flat Gap
Limestones
(undifferentiated)

Tippecanoe Il

Bailey Limestone

Moccasin Springs.
Formation

St Claire-Sexton Creek
Limestones
(undifferentiated)

Strata penetrated in the Marvin Blan #1.

Drill Depth from RKB
(635 ft, 15 ft above GL)

15

22
4297

o3t

663
858
1051

1417

1837
1857

Bed 4

1973

2250

2729

5 ft Sandstone, fine-coarse grain, locally cross-bedded.

275 ft Shales with interbedded thin limestones and lenses
of fine grain sandstone.

366 ft Interbedded limestones, shales, and fine grain
sandstones. Barlow Limestone is a regional marker bed

195 ft Limestone, predominantly oolitic, fossiliferous. Chert
nodules occur throughout the formation.

193 ft Limestone, fine-moderately crystalline, fossiliferous.
Chert nodules occur throughout the formation /

314 ft Limestone, fine-coarse crystalline, fossiliferous.

472 ft Interbedded limestone, shaly limestone, and cherts.
Local thin shales. Fossiliferous.

20 ft Shale, brown to black, minor silt, 4bonaceuus_

116 ft Shale, black, clayey, minor silt, carbonaceous, pyritic.
Regional gas producing formation. Reservoir sealing unit.

/

277 ft Limestones, locally undifferentiated in the subsurface.
Sellersburg Limestone: Light grey, bioclastic limestone, fine
grain and argillaceous in the lower portion. Jeffersonville
Limestone: Grey to brown coarse grain, fossiliferous, in-part
dolomitic and cherty. Dutch Creek Sandstone: medium-
coarse grain sandstone and thin, sandy dolomite. There is

a major regional unconformity at the base of the Dutch Creek
(2142 ft) that forms the boundary between the Tippecanoe I
and Kaskaskia cratonic sequences. Clear Creek-Backbone
Limestones: Light grey fossiliferous limestones, dolomitic and
cherty. Grassy Knob-Flat Gap Limestones: Light grey lime-
stones (Flat Gap) and grey cherty dolomite (Grassy Knob).

479 ft Strata are locally undifferentiated in the subsurface.
Bailey limestone: Silty, argillaceous, fine-grained, cherty
limestone. Mocassin Springs Formation: Alternating grey,
red, and green-grey silty, argillaceous limestone, siltstone.
and calcareous shales. St. Claire-Sexton Creek: Fine grain,
cherty, glauconitic limestone (Sexton Creek) and white to
pink fine-grain limestone (St. Clair). There is a regional
unconformity at the contact of the St. Claire-Sexton Creek
Limestones and underlying Maquoketa Shale.

System
Series

Formation

Sequence

Middle | Upper

Ordovician

Upper

Precambrian m

Maquoketa Shale

i S S N S

Black River Group

Dutchtown Formation

Tippecanoe |

“St. Peter” Marker Interval

Beekmantown
Dolomite

Gunter Sandstone I

e Bl Tt Ty W

Copper Ridge
Dolomite

Sauk
Knox Group

Eau Claire Formation

Middle Run
Sandstone
(Meso-Neoproterozoic)
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Regional reservoir sealing unit

Sources: Noger and Drahovzal (2005),
electric logs, cuttings and core sample
descriptions from Marvin Blan #1 well.

2729

Eod 4

3124

395 ft Dark grey-black micaceous siltstone and organic
shale (2787-3124 ft) with minor limestone interbeds. The
Maquoketa Shale is the primary regional sealing unit.

v 521 ft Argillaceous dolomitic limestone. Black River
carbonates are a regional sealing unit.

3645

123 ft Dolomite with minor dolomitic quartz arenite and
shale interbeds.

3768
3780

5!

ovw

7397

7584

TD 8126 ft

12 ft Fabric-preserving dolomite with minor quartz arenite
interbeds. 0.5 ft of sandstone overlies the Knox epikarst.

Beekmantown Dolomite
1567 ft Argillaceous to microcrystalline, grey dolomite with
intervals of well-developed intercrystalline and vuggy porosity.
Gunter Sandstone (5040-5230 ft) is a fine-grain, dolomitic
quartz arenite; porosity is well-developed. Used as a waste
disposal injection zone in north-central and western Kentucky.
Non-porous intervals are regional sealing units.

Copper Ridge Dolomite
2050 ft Very fine-medium grain, partially oolitic brown
dolomite, locally cherty. Thin argillaceous intervals are used
as marker beds for correlation. Basal 300 ft highly fractured.
Used for waste disposal injection in north-central and western
Kentucky. Non-porous intervals are regional sealing units.

Eau Claire Formation
187 ft Glauconitic, micaceous shales; arkosic, glauconitic
fine-grain sandstones, microcrystalline dolomite.

Middle Run Sandstone
542 ft Penetrated in the well; ~4500 ft thick as interpreted from
2D seismic data. Fine-grain arkosic sand in a reddish-brown
hematite matrix; dark minerals present. Finely-laminated to
cross-bedded, hard, and tight.




Maquoketa Shale Core

 Maquoketa Shale was cored
2800-2831 ft to test Its reservoir

seal properties

* Analyses of seal properties
— Threshold entry pressure
— XRD mineralogy
— Thin section petrography
— Mechanical properties
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Structural contours on top of the Knox Group.
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Knox Dolomite Cores

-+ Knox Dolomite was cored in three
Intervals (total 243 ft) to test reservoir
properties

— “St Peter”-Beekmantown (123 ft)

— Beekmantown-Gunter (101 ft)

— Copper Ridge (19 ft)

— Found porosity system to be a complex of

preserved fabric, primary dolomite
porosity, vugs, and fractures

o Extensive analysis program
— Routine core analysis
— Mechanical properties
— XRD mineralogy
— CO, core flood
— Thin section petrography
— Threshold entry pressure
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CMI log section and core
showing vuggy porosity
In the Beekmantown
Dolomite




Knox Reservoir Properties
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Potential Reservoir Volume in the Knox
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Middle Run
Sandstone Core

Precambrian Middle Run
Sandstone was cored 8000-
8030 ft to evaluate its potential
as a carbon storage reservoir

— DOE-NETL grant for coring and
analysis
Analysis Program
— Routine core analysis
— Fracture orientation
— XRD mineralogy
— Thin section petrography
— Provenance
— Zircon age dating
— Mechanical properties




Drilling Challenges

Drilling rig and wellhead mechanical failures
Lower than expected penetration rates

Borehole deviation below 3000 ft
— Angle builtto 5.75°

— Used Schlumberger Vertical Seeking Power V System
to bring borehole back to vertical

Lost circulation thief zone at 5581 ft
— Successfully controlled with LCM

Drilled ~250 ft deeper than necessary to achieve
objectives due to missed formation tops

— Added two days to drilling
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Regional correlation of Knox injection zones




CO, Injection

Injected a total of 323 Tons of CO,
(1765 bbl or 5646 mcfg) below a
packer set in casing at 3603 ft

Limited to 4.1 BPM rate due to
pump limitations

Wellhead pressure 936 psi,
bottomhole pressure 1754 psi

Post-injection flushed with 4568
BW brine

Long-term downhole pressure
gauge in place to monitor pressure
fall-off pending re-entry for &gt
additional tests




Additional Work

Testing planned for 2010, funded by DOE
research award of $1.6 million

— Additional brine, possibly additional CO, injection
— 3D V'SP to image injection plume
— Knox reservoir evaluation

Plug and abandon the Marvin Blan #1 In
compliance with State and EPA regulations

Remediate drillsite

Groundwater and soil gas monitoring
through 2012
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