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Project Context

*MRCSP is one of seven U.S. DOE/NETL Regional C Seq. Partnerships.
*Eight-state region of IN, KY, MD, MI, NY, OH, PA, and WV.

*Phase | Launched, fall 2003; Phase |l commenced October 2005.
*Michigan Basin site is one of three geologic test sites.
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MRCSP Regional GCS Potential
Phase | Results

« Three significant saline reservoir GCS targets were identified
in the Michigan basin totaling >200Gt GCS potential :

— Cambrian Mt. Simon Sandstone,

— Middle Ordovician St. Peter Sandstone, and
— Upper Silurian to Middle Devonian strata of the Sylvania Sandstone,

Bois Blanc Formation, and related strata
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State Saline Saline Coal Coal Shales Shales Gas  Oil & Gas Total Total
Eastern Indiana 807.1 80.7 0 0 0 0 0.14 0.01 $07.3 80.7
Eastern Kentucky 108.7 10,9 0.21 0.02 16.8 1.7 6.5 0.65 132.3 13.2
_'\1-;1: Ll . 95 0 1] 0.09 0.009 (1] 0 95.2 9.5
Michigan 2,160.8  216.1 0 0 41.8 4.2 0.48 0.05  2203.1 2203
Ohio 3T 37.3 0.37 0.04 85.0 8.5 42 0.4 462.9 46.3
Pennsylvania 756.0 75.6 0.81 0.08 120.4 12.0 7.6 0.8 8849 88.5
West Virginia 411.1 41.1 1.1 0.11 189.5 19.0 6.2 0.6 607.9 60.8

Total 4,712.2 471.2 2.5 0.25 453.6 454 25.1 25 51934 5193

Estimated CO, storage capacity by reservoir type and state (in gigatonnes).

From: Wickstrom et al, 5" Ann Conf Carb Seq, DOE/NETL, 2006
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geologic interval or reservoir type (in gige tonnes).



Michigan Basin Geological Province
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« Up to 4800 m (16,000 ft)
* Mostly Paleozoic sedimentary strata



Middle Silurian-Middle Devonian
Stratigraphy — Western MRCSP
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Michigan Pilot Injection Test Well
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Otsego Co., Michigan
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CO, Supply & Existing Subsurface Data

Devonian Antrim Gas Play

~ 2.5TCF cum:; 5TCF

estimated total recovery

— Antrim gas CO, content
~15-30%

— CO,removed at local gas
processing plants

— ~500-700BCF (30-40Mt)
additional CO, emissions T oA

Northern Niagaran (Sllunan) Reef Trend

— 2000 wells in over 1000 northern reef trend oil and gas fields from
reservoirs at depths of 5,000’ to 7,000’




CO, Supply Considerations

» Core Energy LLC, is currently taking
CO, from Otsego Co. gas processing
plant emissions stream

— Currently used for Niagaran CO, /EOR

» Core is capable of handling up to ~650
metric tons per day (11 mmcf/day) of
CO, in their compression and pipeline
facilities

See: Sminchak, and others, this meeting




Analysis of Stratigraphic,

Conventional Core, and
Log Data in the State-
Charlton #4-30

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

Total Depth: 5850
Elevation (Datum: KB): 1201*
Drilling Date:  11/06

Lithology Logged By: wMu

Latitude:
Longitude:

45.043917
-84.485306

Operator  Core Energy LLC

Geophysical Logger:

Well Status  Completed

SCHLUMBERGER
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Upper Silurian Bass Islands Gp
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Base Kaskaskia Unconformity
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=Ed « Bois Blanc Fm (BBLC)

********** — complex mixture of
sparsely fossiliferous,
moderately burrowed,
chert-rich limestone,
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Core Energy LLC State-Charlton #4-30

Saline’ GCS Otsego Co., Michigan

Convention Core analysis

Porosity in Percent (linear Scale)

Reservoir Quality e e

 Bass Islands “dolomite”
— Variable @ to 30%
— Average @ ~ 14% (n=54)
— Variable K to 100md
— Average K ~25md (n=54)
 Bois Blanc Fm
— Variable @ to 15%

¥ £ : £ t ¢t

= | |
Klink Perm  Poro

— Average @ ~ 12% (n=5) o e "0
— Consistent K < 1md = =
— Average K ~ 0.1 (n=5) T_

Permeability in md (Log Scale)



Core Energy LLC State-Charlton #4-30
Otsego C., Michigan

= Convention and SW Core Analysis
Saline, GCS

Porosity (%, linear scale)

CaprOCk Quality o 2 4 6 8 10 1.2 14 16 118 210

 Amherstburg Fm
— Consistent @ < 4% 3053
— Average @ ~ 2.5% (n=4) -
— Consistent K << 0.01md )
— Average K << 0.01md (n=4) "

0.00 0.01 0.10 1.00 10.00 100.00 1000.00

Klinkenberg Permeability (md, log scale)



Otsego Co., M| Stratigraphic X-Section
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MI N-S Regional Stratigraphic X-Section
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M| W-E Regional Stratigraphic X-Section

w Upper Silurian to Middle Devonian Sequestration Targets in Michigan E
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P-T Considerations for Supercritical-Displacement
CO, Sequestration in the Michigan Basin

 Geothermal Gradient ~20°C/km (21°F/1000ft) + 15° surface temp
-2 @1km ~34°C (100°F)

* Hydrostatic Gradient ~0.46lbm/ft
-2 @1km ~1500psia

Pressure-Temperature-Density
of CO,

TATT T T Tt T TR T I T AT T T T T AT T T T T

Density (gm/cc)

L Supercritical fluid
~J transformation of CO,

Pressure/Density relationships of
several naturally occurring fluids
from R.T. Johns (ed),

Practical Aspects of CO, Flooding

_________________________________________________

0 500 1000 1500 2000 2500 3000 3500 4000
Pressure (psia)




Measure Depth Structure Contours
MSMD GCS Saline Reservoir Targets

ST
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Structure Contours

! High : 6400 ft

Low : 400 ft

« Top Bass Islands “evap”
— Red contour indicates

approximate depth to
critical point CO, pressure

50 25 0 50

Kilometers




Preliminary Michigan Basin GCS
Volume Calculations; Bass Islands “dolomite”

Estimate of areal extent
— 46.5x 10°m? [~500 x 109 ft3]

Average stratigraphic thickness

— ~15m [60ft], from regional ]
cross sections > 1.4 -6.8 Gt CO, state-wide
Average @ .
— 15% from conventional core ‘ > 310-1544 metric tons of
and wire-line fog analysis CO, per hectare (125-625
CO, density at critical point
pressure metric tons per acre)

— 641 kg/m3 [40Ibm/ft3]
Displacement storage efficiency
- 2-10%




MRCSP Michigan Basin Test Site:
Preliminary Reservoir Simulations
For Pilot-Scale Injection Using STOMP-CO, Code

Permeability Distr%tion
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