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MRCSP Field Test Sites
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Injection System

* New well (State-Charlton 4-30) drilled for
Injection.

* Nearby well used for monitoring.

 Class V CO, Permit from EPA Region V
« Variety of other monitoring methods used
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Michigan Basin CO, Source

* CO, available from DTE gas
processing plant

» Antrim Shale gas contains 15-30%
CO, and is removed in amine based
separation process

 Relatively pure CO, (99%) stream
» CO, periodically used for EOR
floods in Niagaran Reef oll fields by
Core Energy

The Business .':_Il- Innovation




Site Characterization, Injection

Operatlons and Monitoring
: ~5000 Foot Deep Test Well Drilled in November 2006
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Testing Timeline

» Several test events were run over a period of several months in both
monitoring well and the injection well.
» Tests provide information on hydraulic character of reservoir.

Michigan Basin Test Schedule

2007 September October November December
3] 10l 17] 24 1 gl 15| 22] 29 5/ 12] 19] 26 3] 10 17] 24] 31
C3-30 .
Monitoring Well Swab Test Pressure-Temperature Monitoring
C4-30
Injection Well
2008 January February March April
71 14 21 28 4] 11| 18] 25 3] 10l 17] 24 =31 71 14| 21] 28
C3-30 o
Monitoring Well Pressure-Temperature Monitoring
C€4-30 Mech. Full Injection Test Post-Injection Recovery Monitorin
Injection Well Integrity Test ) I Y 9
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CO, Injectivity Testing

* Initial step-rate test and shut-in test was completed with CO, prior to
sustained injection as part of UIC mechanical integrity testing
February 7-13, 2008.

* Testing provides data on hydraulic behavior of the reservoir system.

State-Charlton 4-30 Mechanical Integrity Testing Sequence
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CO, Step-Rate Injection Testing
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« Difficult to interpret pressure increase. Example, overall pressure

increase only ~30 psi from 250-500 tpd injection rate.

* General trends suggest injection rates of over 1,500+ metric tons per
day may be possible (>500,000 metric tons per year).

Bottomhole Pressure (psi)
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Bottomhole Pressure (psi)

well shut-in for ~72 hrs.

» Response curve indicates well with wellbore storage and skin effects in a homogeneous

CO, Pressure Shut-In Analysis

» Well shut-in after 60 hours of injection at 450 metric tons per day, injection stopped, and

Battelle
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reservoir. Assume fluid properties of formation brine for initial testing since injection

volume is relatively small.
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State-Charlton 4-30 Mechanical Integrity Testing Sequence
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CO, Injection Testing

e 10,241 metric tons CO, was injected from February 18-March 8, 2008
(including initial mechanical integrity test volume).

 Injection Rate increased from 400 to 600 metric tons/day after 1 week
(some fluctuations in injection rate due to compression facility).

Ths Busines
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* Injection well was shut-in for 1 month after injection to track reservoir
pressures decline and allow stabilization.
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CO, Injection Testing
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* Overall, testing indicates rates of 600 metric tons/day or higher may be
sustained in the Bass Islands Dolomite.

.':_Il- In

» Bottomhole pressures were 2,000-2,020 psi during injection and generally
stable throughout the 18 days of injection. Some fluctuations present due
to supply variations at compression station.

novation
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CO, Injection Monitoring

* Pressure response in C3-30 monitoring well located about 150 m (500 ft)
from the injection well shows about a 60 psi increase within the Bass
Islands Dolomite formation. No direct indication of CO, breakthrough was
detected at this well.

C3-30 Monitoring Well Bottomhole Data
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Reservoir Simulations (STOMPCO,)

« Simulations indicate injection rates of 500 metric tons CO, per day
are feasible in the Bass Islands Dolomite.

 |n practice, injection rate was more variable during testing.

2D radial simulations show CO, moving about 152 m (500 ft) from

injection well.

STOMPCO2 Simulation Results at the End of Injection (500 tpd for 20 days)

Time = 2.000000E+01, da:
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Time = 2.000000E+01, da
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Reservoir Simulation vs. ObservatiONesiEs

* Pressure predictions from STOMPCQO2 were fairly similar to those
observed in the field.

* Injection rate was somewhat unpredictable and difficult to simulate.

* Model calibration to field data is currently underway using actual injection
rates. However, this effort looks to be a minor refinement as the model
was fairly accurate.

Preliminary Modeled vs. Observed Pressures

Maximum Bottomhole
o : Pressure (psi)
Monitoring Point STOMPCO2
Simulated Closeriee
C4-30 Injection Well 2,100 2,020
C3-30 Monitoring Well 1,555* 1,535

*corrected for observed in-situ pressure




PFT Tracer Survey
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MMV Program
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Monitoring technology is an
Important part of our testing

Monltorlng Well

(about 500 feet from injection well)

Acoustic Array

Cross WeII Selsmlc Analys
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Fluid Sampling

Pre injection samples swabbed and analyzed for
major cations and anions.

— Formation brine contained high
TDS (greater than 300,000 ppm)

Post injection samples were
taken more than a month
after injection from the
monitoring well

— Multiple samples were taken over = =%
18 hours to ensure formation brine = \=
was collected y

— No breakthrough detected

More sampling events may be
useful to confirm results

19




(pre and post injection)

Michigan Brine Sampling Analysis
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Crosswell Seismic
» Glacial till made 3D seismic difficult to use.
e Crosswell survey run between 4-30 and C3-30A

« Excellent signal to noise ratio and high energy source
yield resolution of only a few meters

* Repeat survey completed on May 5, 2008

0

Seconds
[N e)
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Cross-Well Seismic Repeat Survey

* The difference between the two surveys shows a velocity
decrease in the Amherstburg formation, approximately 300 ft
above the perforated injection interval, with no apparent
connection with the velocity change area at the injection
Interval.

% change from baseline to
repeat. Reds-yellows indicate

, Repeat Survey Straight Difference decreases in velocity
Baseline Survey
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* Potential causes for seismic
velocity change were evaluated

— A more detailed cement bond log
(Isolation Scanner) was run to
examine the cement quality

— No obvious migration pathways were
found between the injection depth
and the velocity anomaly

— Gas appears to be potentially present
behind the casing at the location of
the anomaly, based on wireline data

— Itis unclear if this is CO, or methane
(there was a gas show during
drilling). The available methods do
not distinguish between CO, and CH,

— So far there is not conclusive
evidence that the velocity change
Is due to CO.,.
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Acoustic Emissions (Micro-Seismic)
* Eight level arrays were installed in monitoring wells
C3-30A and 2-30 during the entire injection

e Over 100 events were recorded
— It is unlikely all of these are associated with injection

— However, some events appear to be related to the EOR
operations occurring in the deeper Niagaran Reefs

15w
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Microseismic Activity Map

i 2EI)\r‘k;)r‘nen’r l'\/1c:1g;;r1i‘rt.1cle05
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originates from a depth below the
sensor arrays.
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Pulsed Neutron (RST)
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Tracers

* The Michigan site has
multiple sources of CO,,
which would make surface
detection techniques very
difficult

« NETL injected a PFT
tracer into the injection
stream and has been
monitoring for leakage

27
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Tracers

* NETL injected a PFT =~ [#5€ ]
tracer into the injection Wi & -
stream and has been
monitoring for leakage

698200
1

 Numerous soll gas and |
atmospheric samples
were taken pre injection

e Post injection samples
have not contained any of
the tracers and do not
Indicated any leakage

LMB14

4990800
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Public outreach is a key
component of our research

An informational meeting was held at the Johannesburg-Lewiston
Area School, July 2007, to inform the local public about the project

29
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Conclusions

Bass Islands Dolomite in northern Michigan Basin has suitable injectivity
for CO, sequestration at an industrial scale, on the order of several
hundred thousand metric tons per year in one well.

Well tests proved useful in analyzing injection potential, even though we
did not approach maximum injection rates.

Injection test analysis was used to define the hydraulic behavior of the
reservoir system in terms of flow behavior and leakage.

Reservoir simulations provide fairly accurate predictions of hydraulic
response to injection.

It is not clear if the cross-well seismic based velocity anomaly ~300 ft
about perforated interval is due to natural gas or CO,. However, the
potential upward migration pathways for CO, have been eliminated.

All objectives of the initial injection phase have been successfully
completed
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