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Michigan Basin- e
Otsego County Test Site

* The location is at an existing gas field in the vicinity of a DTE gas
processing plant outside of Gaylord, Michigan.
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Injection System

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

* Nearby well 3-30 used for monitoring.

« Variety of other monitoring methods used at
the site.
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Monitoring Wells
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- C3-30A used as a monitoring well for a microseismic array,
crosswell seismic and fluid sampling

« 2-30 used as a monitoring well for a microseismic array




Project
Timeline

Task Category
o |Oct
§ Nov Site Screening and Planning
Dec
;22 Preliminary Site Review Sltess:rlzgz?)nr;and
Mar
Apr Site Plan
May
8 [Jun
& |dul o .
Preliminary Geologic Assessment
Aug Sit
Sep e
Characterization
Oct
Nov Test Well Drilling
Dec
‘liaeg Analysis and Testing
Mar . D
Apr UIC Permit Application
~ ‘l}/lay EPA Review and Response
=4 un Permittin
S [ . ) g
N Aug Draft UIC Permit and Outreach Meeting
g‘z‘t’ UIC Appeal to EPA EAB
Nov MMv and Injection Plan
Dec Permit Granted, Appeal denied by EAB
Jan Final MMV Report, Baseline MMV
Feb Field Injection Testing Injection Testing
Z/Iar Injection and post-injection MMV and Monitoring
pr Post-injection MMV
May
8  |Jun
& [ Post-injection Cement Bond Logging
Aug Model Calibration and Validation Post-injection
Sep . Analysis and
Oct Data Analysis Reporting
ggz Site Report
Jan Additional MMV, Repermitting
Feb
Mar
. Apr Field Injection Testing Extension Injection
S [May Testing and
N [Jun Monitoring
Jul Post-Injection MMV
Aug Data Analysis

Sep

Site Report

Batielie

The Hurimres of lnsuvalion

MRCSP

VOWEST s Comay

LN SRR T AT
PARTARRS MG



Batielie

I.““-.' I I'|Ir|||f'! af IﬂlH.Il'il 1

Initial CO, Injection Testing

* 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).
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Initial CO, Injection Testing

Bottomhole pressures were 2,000-2,020 psi during injection and

generally stable throughout the 18 days of injection.

Overall, testing indicates rates of 600 metric tons/day or higher may be
sustained in the Bass Islands Dolomite.

Pressure response in C3-30 monitoring well showed ~60 psi increase
within the Bass Islands Dolomite formation. No temperature change. No
direct indication of CO, breakthrough was detected at the monitoring well.

Bottomhole Pressure and Temperature

C4-30 Injection Well

- ]
- 2 ]
Nunessake Tregr dice jdep T

Hol remhale Preuswre [puij
. - a o o
T -
1 2 ]
B 5

T joarya)

C3-30 Monitoring Well
Bottomhole Pressure and Temperature

o R i

- # . S - . -
Esttamncds Tempsrabns jdeg Fj



Post-Injection P-T Response
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* Pressures in the injection wells returned to normal in about 1 week.

* No significant pressure/temperature events detected
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System Monitoring

MVA Program -
Initial Injection

PFT Tracer Survey

Downhole Pressure

[S I
WM\
= —_
= SN
= o BaE
- B 1- =
: ~T l 1 -
: iv'-"{"‘-_'
-
e o
- B
——
i. - (] i LY
e,
§ A e

W
N

&

W

Surface Gas Meters
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Acoustic Emissions
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Wireline Monitoring

Brine Chemistry and
Fluid Sampling
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Concentration (mg/L)
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Piper Diagram

Michigan Brine Sampling Analysis
(pre and post injection)

 Calcium levels decreased and Magnesium increased, possibly due to
dissolution of dolomite and precipitation of anhydrite.
* These are very subtle indications of CO,. More, sequential sampling needed.
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Crosswell Seismic Post Injection
Survey

Batielie
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Baseline cross-well survey run between 4-30 and C3-30A in October,
2007. Repeat, post-injection survey completed in May, 2008

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

The difference between the two surveys shows a velocity decrease in the
Ambherstburg 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
decreases in velocity

Baseline Survey Repeat Survey Straight Difference




Additional Crosswell Processing

* Full waveform tomography can
yield much more detailed
iInformation on the formations

— Takes advantage of the additional

Tt

Final WT Vp (m/s)

information in the waveforms, beyond

the first arrival time differences

» Figure shows reprocessed baseline
survey.

800K
€
S
—
a
00K

ntarval = 200 mvs §




Evaluating Migration Pathways

=::-Iﬂl;'ip—_:v—
- Potential causes for seismic i
velocity change were evaluated
— A more detailed cement bond log E5E
(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

— It is 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.,.




« Baseline and two repeat
surveys performed in the C3-
30A monitoring well

* No definitive indication of
CO, at the monitoring well

* This matches the modeling
results

Pulsed Neutron Capture
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PFT Tracers
o 255 ml of PFT tracer

(perfluoromethylcyclohexane)
was added over 12 hours into
injection stream.

Soil gas and atmospheric
sampling array monitored over
several months in 1 pre-
injection and 4 post-injection
surveys. The detection limit of
tracer is nearly one part-per-
quadrillion.

No evidence of leakage or
migration was discernable in
this study.
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Pressure, MPa

STOMPCO, Model Calibration

Model was calibrated using actual injection rates and downhole pressures.

Pressure comparison — inj.

and obs. wells
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Results suggest somewhat higher reservoir permeability than initially input.
Very good calibration to post injection fall-off in the injection well.
Pressures declined faster than simulation in the monitoring well.

Sensitivity of model to

permeability
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Michigan Basin Extended Injection

» Extended injection to further evaluate CO, storage behavior.
* Injection permit extended and AOR reviewed by EPA

 Total injection target of approximately 50,000 metric tons
CO.,.

« Completed in July, 2009

- Rate = 0-600 metric tons CO,/day.

« Target = Bass Islands Dolomite (same injection setup)

« Several monitoring techniques included to address some
guestions that arose in the initial test:
— Breakthrough in monitoring well.
— Geochemical

— Cross well seismic
— Injectivity

~ . | 8




Extended Injection: STOMPCOZ2 Results

« Reservoir simulations of extended injection completed to support UIC
permitting, test design, and monitoring plans.

 Results suggest that the majority of CO, will remain within 500 ft of
injection well. A small portion of the CO, migrates along high
permeability layer approximately 1000 ft from injection well.
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Extended Injection: STOMPCOZ2 Results

+ Long term phase behavior of CO, in subsurface was investigated with the
model.

* Modeling shows 5-7% of CO, will dissolve in formation brine, with slow
additional dissolution over time.

- Little to no additional lateral migration after injection stops.
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T
Extended Injection Operations

* Injection began on February 25, 2009 and finished on July 9, 2009.
Approximately 50,000 tonnes of CO2 were injected.

60000 700
W Nu - 600
- 500
40000
- 400
@ Facility Cumulative (met tons)
- 300 = Facility Volumes (met tons)
20000
- 200
- 100
0 0
1/1/2009 4/11/2009 7/20/2009

A\ s £ Wy



Batielie

wh
Ths Huwirss of Inuvalion

Extended Injection Operations

» Bottomhole injection pressures and temperatures
during the first half of injection showed fall-off
towards ambient conditions
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Extended Injection- Monitoring Program

* Monitoring program designed to address uncertainties
uncovered in the initial CO, sequestration tests.

System Monitoring
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(Jan 2009)

Pre Extended Injection Crosswell

 The difference between the baseline survey and the
second repeat continues to show a velocity
decrease (blue) in the upper section. The decrease

across the perforations has disappeared.
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Pre Extended Injection Crosswell
Survey between 4-30 and 2-30

* An additional cross section was collected and will be
repeated post injection to help determine the nature
of the velocity anomaly.
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Extended Injection Final Crosswell

 Final surveys were collected in July, 2009

* Field data shows a potential velocity difference, indicating changes
should be detectable

— Blue is January survey and Red is July survey
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Extended Injection Fluid Samples

« Samples were taken from the monitoring well in
March and July, 2009 and are being analyzed for
major cations and anions.
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Extended Injection Gas and
Cement Sampling

- Sample of the fluid behind the casing (3090 ft) taken to be analyzed for CO2 and
methane and other major cations and anions.

« Core samples of the casing and cement to test for changes in the cement (3150
and 3330 ft)
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Extended Injection Repeat Wireline

= =

* Repeat PNC logging in =

both the injection well =

and monitoring well | ——

completed. = s
* Repeat Isolation ==

Scanner run in the =
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monitor for changes to == ——

the cement. =
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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.

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 what the cross-well seismic based velocity anomaly ~300 ft
above perforated interval is shows. Analysis of the samples taken will
hopefully answer the question.

Additional injection of CO, was successfully completed and analysis of
post-injection MMV data is currently being done.
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