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 Battelie

Major MRCSP Activities

_1Regional Overview and Characterization
dQutreach Activities

JdLarge Volume CO, Injection Test
» St. Peter Sandstone Site Development
»Injection and Monitoring in Depleted QOil Fields



Batielle
MRCSP Geologic Test Sites
Aligned with major geologic provinces
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MRCSP Phase Il Reports Released Publically by Battelle on Nov. 15,
2011 on wWww.mrcsp.org S




* Features, Events, and Processes (FEP)

Risk Screening Completed For St. Peter

performance and safety screening to
identify possible risk items.

 Activity based analysis used to identify
leakage pathways and other risks to

receptors In the area.

* Risk matrix prepared.

Battelie
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e Node 1: Pre-Drill Planning

Node 2: Drilling / Monitoring Injection Well
¢ Node 3: Well Completion

e Node 4: CO, Pipeline Transport

e Node 5: Injection

¢ Node 6: Site / Well Closure

e Node 7: Post Injection Containment

¢ Node 8: Project Management

¢ Node 9: Maintenance and Workover Programs

Likelihood
Frequent Probable Occasional Remote Improbable
Severity A B c D E
. Serious Medium
Catastrophic I (D) (EJ)
Critical I Serious Medium Medium
(C-I) (D-II) (E-Il)
Marainal " Serious Seriaus Medium Medium Medium
9 (Al (B-l) (C-lIy (D-liry (E-II
Nealigible ", Medium Medium Low Low Low
glig (AIV) (BV) (C4v) (DIV) (E-V)
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CO, Sources in the MRCSP Region
Will Change in the Near Future

« Currently about 85% of emissions from coal-fired power plants.

 New EPA Regulations will cause some plants to close

« Utica and Marcellus gas Dlavs will create new opportunities

MRCSP is examining the
likely implications of
shifts in the CO, sources

within our region

Other
Ethanol
Gas Processing

Cement Refineries Map showing locations of large point sources.
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Key Oil and Gas Fields in MRCSP nm
Potential Targets for CO, Utilization

Niagaran Reef Trend

MRCSP Suitable Oil and Gas Fields
Greater than 2500’ in depth

Field Types

Gas Fields N

ol Fields @ J» A

45 20 180 360
Kilometers
30 60 120 240
Miles



Baetle .
Role of State Geological Surveys

Phase Il project will also continue integrated effort by
geological surveys and teams from all nine states to:

»Refine the mapping (GIS) for sources and sinks

»Help translate the results of field testing into
actionable strategies for the stakeholders in our
region.

»|dentify promising reservoirs for geological
storage including off shore areas along the east
coast.

»|dentify opportunities for potential piggy-backing
operations (logging, coring, and/or seismic) to
collect geological data that would otherwise be lost ,




Large Volume Injection Test Objectives

J Inject 1,000,000 metric tons of CO, into the Niagaran Reef
Trend in Northern Michigan in conjunctlon with Core Energy’s
enhanced oll recovery operations

J Determine how much CO, Is safely retained or produced
and recycled with oll recovery through innovative approaches
as to when and how CO, is injected into the reefs and

examining how CO, mlgrates through the geological formation

J Perform reservoir modeling, augmented by hydraulic,
geophysical, and system monitoring, to demonstrate the CO,
storage process, determine mechanisms that affect permanent
sequestration, and assess regional commercialization potential

 Translate the results of this project to a regional volume by
Integrating results into NATCARB, participating in technical
working groups to develop and document CCS best practices,
and communicating results to MRCSP members.

Batielle
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Phase Il Large Volume CO, Injection

Baﬂelle
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The Business of Innovation

Field Partner in Michigan is Core Energ
EOR Operator with CO, Source

) ) ) ~ Chestel
Combination is well -

suited to Phase Ill test inf
addition to geological
considerations

Gas Processing Plants

Compressor
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MRCSP Phase 111 Schedule y

Task

2012
1[2|3]4

2015
1]2|3]4

2016

2017

2018

2019

1.0

Nine State Geo Survey Teams

2.0

Niagaran Reef Injection Tests

Advanced Geo Characterization

CO, Injection

Post Injection Monitoring

Reservoir Modeling and Analysis

3.0

Outreach Activities

Maintain and Enhance Website

Partnership Communications

Industry Review Panel
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MRCSP Outreach Activities

dSupport the large volume injection test
 Monthly teleconference with key stakeholders during key periods

dMaintain reputation of MRCSP as a neutral and credible
source of scientific information on CCUS

L Over 20 Topical Reports available
dOver 30 Presentations and Briefings available on MRCSP Website

dImprove public understanding and acceptance of carbon
capture, utilization, and sequestration

JHosting site visits for key groups and local officials

dincrease public understanding of enhanced oll recovery,
subsurface activities, and their role in the larger energy mix

L Speaking at conferences and meeting with trade associations

14
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Visit MRCSP.ORG

e 1
"'?'311 = MRCSP The MRCSP is one of seven regional partnerships established by the U.S. Department of Energy's National
LAY WDWEST REGIONAL  Energy Technology Laboratory (DOE/NETL) to study carbon sequestration as one option for mitigating climate

I B
» ?‘ﬂ’ CARBON SEQUESTRATION  change. We invite you to learn more by exploring this website.
5— PARTNERSHIP

Home “ / s =X g - a8
sl e Maios List Hanagmg cumate Chanqe and Securmg a Future for the Midwest's Industnal Base

Learn about Climate Change
and Carbon Sequestration

About MRCSP

In the Media

Reports

Geologic Demonstrations
Terrestrial Demonstrations
What's New

Contact Us

Fact Sheets

Links & Resources

——

Presentations
Members Area

WHAT'S NEW

MRCSP posts new Fact Sheel desl:nh‘lnu its proposed Phase I11 research project and a notice about its
uEDmmg mqptlng August 05, 200

WHAT'S NEW

Fma_d.mar_e
Other recent updates

©2005-2008 Battelle. All nghts reserved. Privacy Policy/Terms of Use
8 “ WWW.MIcsp.org
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MRCSP Partnership Meeting
September 8-9, 2011, Baltimore

» Keynote Address by DOE/NETL
e Large Scale Injection Test Update

* Regional Geological Assessment Update

 Topical Briefings — New Jersey, Michigan, Mountaineer, EOR,
Modeling, Tracers, Regulations, National Policy, etc.)

* Phase Il Wrap-Up

e Outreach Activities and

 Industry updates
16

16
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MRCSP Geologic Storage Progress

St. Peter Saline Reservoir Test — Significant effort completed
before the test was suspended

Northern Michigan Niagaran Reefs — Large Scale Test Planning is
well underway with potential for accelerated start

MRCSP Regional Characterization and associated projects

tion

17



Michigan’s Deep Reservoir
Formations

* As much as 16,000 ft of
Paleozoic sedimentary
rock strata

* Multiple potential storage
opportunities in saline
and olil-bearing formations
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The Business of Innovation

St. Peter Sandstone Area of Review (AOR)
State Land and Away from populated areas

X Test Area of Review
= (1 mile radius)

: compression plant
1 (Chester 10 Area)

ations with
AOR of 1 mile within state land

. . . ™ . | O



and Reviewed

* More than 20 miles
of existing seismic
data was purchased
from Brokers and
analyzed.

* No significant
features of concern
were detected at
the resolution of 2D
seismic.

« A 3D seismic
survey design
mostly completed

Existing 2D Seismic Data — Procured

Battelie

[P DR = TP i .
The Business of Inmovation

—
Ty

|o6-207-588
IENTIRELINE=7.1M
# 150 FOLD

+'[1DOFEET=SP AND G

! |60 FOLD
i~ |100FEET=SP AND G

Chester 10 CO2 Facility
—|Furple = White Frost

*

HAG_K..[:_NAW

AN et
s !
F = I [N

20



St. Peter Tests - Potential Well
Locations and Site L out

handling facility.

« The potential injection well
location would have been
between 1000 and 2000 ft to
the south east (down dip).

e A third well monitoring well
was anticipated at a location [*£]
to be determined.

* The characterization well [ S b
located north of the CO,

~ Battelle

]|

: Potential Injection | -
. Well Location :

21
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MRCSP Activity Based Analysis
Example

* Project life span divided into 9 nodes
 Each node was deliberated by group of field personnel and others.

» Total of 269 scenarios identified.
No_de T T T T T T 1

Node 1: Pre-drilling Planning

Node 2: Drilling Mon./ Inj. Wells

Node 3: Well Completion

Node 4: CO, Pipeline Transport

Node 5: CO, Injection

Node 6: Site/Well Closure -

Node 7: Post -injection Containment

Node 8: Project Management

Node 9: Maintenance and Workovers

22




Example Results -

Node 6: Site/Well Closure

Varying levels of risks and consequences, but not major show-stoppers

Failure to depressurize
the pipeline —
exposure to high
pressure, worker
injury

Natural gas and/or H,S
leaking near well —
potential exposure, fire
and/or explosion,
schedule delay,
additional costs

Can’t get tubing or
cement retainer down t
needed depth — delay
with additional costs

Battelle

The Business

Scenario What f Cause No Potential to Consider With Safeguards
Humbar Prob Contequence [Severin] RAC Admin Enginearing RAC
Pipeline ioni 7
HOE-01 Workplace: injury fram hesny C— |Personnel inuryfatalty, equipment [ CAl [ Medisn |- FRE, Talgate meetings, |- Mormal heay equipment C— [ GV Low
Lequipment O dariag Margnal Sale Work Practices saleguards
nal nal
HDE-02 Died ot purye the ppeline = [Potental expasure to COZ W= (=2 Low |- Sale work practices - pressure guages on pipeline, | D= W= D Low
Oeeasio =afaty rebed vahes ote
nal
4>Tm 03 Did not depressurize the p D~ |Patental expasure to high pressure [= DAl | Medium |- Safe work practices Pressure gages on ppel E- [= El | Medium
Remaote Margnal Improba | Margnal
b
NOE-04 Concentration of COZ in a low spol| D= |Patentsal expasure to high W= o Lew ©O2 mandonng inkw spols | E= W= E-V Low
or ppeline trench Remote |concentrabon of GO2 - Vienbilation in the trench
Wellhead i 7
HOE-05 Workplace injury fram heavy G= |Persannel iquryiatalty, equpment [ Gl | Median |- FPE (= Lo
equipment Occasio (damage Margnal
nal
HOB-06 The wed starts ta llow B- [Palentsal expasure to high B BN | Meduan |- PPE Well head pressure guages GV Low
F anc GOZ, high - Wiedl control procedures
N of beine
HOg-07 Hatural gas andior H2S s lealong €= [Polentssl exposure o natural gas n- CA | Senous |- Procedures which mchude |- Personal mubi-gas delection O | Medim
near the well Occasio [and'or H2S - toxic, fire andlor Critical waming about natural gas  (meters
nal  [explosion if ignition source. Schedule andior 25 - Wl design
dalay igniticn source control
HOG-08 High pressure at well head Pressure gage fails D - |Patential expasure to high pressure - DN | Lew |- Safe work practices - Redurdant gages E- - = Low
Remate:
ble.
NOE-(9) High pressure at wel head Fail 10 depressurze G- |Patential expazure to high pressure = G [ Lew |- Safe work practices - Pressure gages on pipeline D- [ D Low
Decasio Remote
nal
HOE-10 High pressure ot well head Unabie: 1 T] [Patential expasure o high pressure B 7 |- Safe work practices - Pressure gages on pipefne = 7
NOS-11 Wedhead bolts locked (cant be Corosion A~ |Detay (farly routine scenans) W= AN [ Madium |- Proper well mantenance C- W= C Lew
remave {stuckl) Frequent O
il
Plug and Abandon 7
NOE-12 The well Starts o llow D= |Potentsal exposure to high m-= Dl | Medien |- Sale work prachces st olf vahes, pressure rehel | D= W= [ Low
Remote |concentration of GOZ, high Margnal vahies Remote
N of beine
NOS-13 Natural gas andior H25 i lealong C= |Patental expozure i natural gas - CA  [Senous |- Procedures which include |- Perzonal muki-gas detection ['H L o-m | Medium
near the well Occasio|and'or HZS - toxic, fire andor Critical 'warming about natural gas | meters Marginal
explosion if ignition source andior 75
HNOG-14 Can't gt the tubing or cemeant Collapze or deformity inthe | = [Delay. May need to mill  out [= Call | Medium |-well design and matenialz |- Gage ring D= [= O | Medium
retainer down the depth you need |easing Marginal Remote | Margnal
NOG-15 Bad cement job Cheday. Dvill out bad cement and re. - Cl | Medim | -well design and matenals {Gage ring, cement bond log [H LIS el | Medium
cement Marginal Remote | Marginal
HOE-16 Tools or equipment stuck in the Cietay. Fish, dnll, and'or mil f out - G-V Low |- Sale work practices -tool guide arms, cable tension | D= W= D4V Low
well xglig Friariars Remote | Nigly
HOB-A7 Cannat get site closwe permit Ho causes identified Need to continue to address isswes. m- Gl | Medium | -proper permit procedures D- - D | Medium
unlil closure permil is granted Margnal Remate
Site Restaration 7
HOg-18 Workplace injury from heavy G~ |Personnel inuryatalty, equipment Gl | Medium |- PPE, safe work practices (- Normal heawy equipment D= - D Low
equipment Deeinsio |damage safeguards emote |Heglg
nal
HOE-19 Pit not propery stabiized D—  |Potental for heavy equipment andior - DN | Low |-safcwork practices -matesials testing D- - D Low
Remote [fanm machinesy to get stuck, Poce Remote
toundation for future construction
activities
HOE-20 Substantial erosaon D= |Patentsal for heavy equipment andioe W= D | tew | Erosion control plan Implement Erosion cantral plan | E = W= E-V Lo
Remote (farm machinery to get stuck; Foor
faurdation for fbure construction bk
attnvibes
Document Transfer 7
HNOG-21 In the future regulators ask for G~ [Fossible regulatory - G0 | Low |- Formaly hand aver all D= - D4V Low
documentalrecards for the ste Oecasio fissuefineslabiities recards 1o the EPA Remote

23



Conceptual Screening Model

Battelle
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St. Peter Sandstone Reservoir

The saline St. Peter sandstone reservoir occurs

between depths 8227 and 9010 ft bgs. and is
divided into 3 zones.

Upper St. Peter = 150 ft thick, moderate k

Middle St. Peter = 400 ft thick, low k

Lower St. Peter = 183 ft thick, moderate k
Radial symmetry extending to 10,000.

The east (outer) boundary condition is
hydrostatic pressure

STOMP-WCSE simulator with isothermal
conditions and salt precipitation

250,000 MT/year injection for 4 years with
maximum pressure limit ~5938 psi

Injection in upper St. Peter only and across
entire thickness

Reactive transport and geomechanical
simulations will be conducted after drilling

Injection Well No Flow Boundary

/

Ny

Upper St. Peter

Middle St. Peter

Lower St. Peter

/

No Flow Boundary

24
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Scenario 1 (Upper St. Peter)
Case 2 (50 mD,7%)

Gas Saturation (1, 4, 10, 50 years

Scenario | Case 2

Gas Sawration. 0 0.10.2030.40506070809 1

Scenario 1 Case 2
Gas Saturation: 0 01 0203040506070809 1

-B300 -B300
-B400 r -B400
= 8500 = .g500
W W
L= L=
£ -BE0O £ -BE00
£ £
o 870 2 8700
(=] (=]
-BB00 -BB00
-BI00 -BI00
-9000 -9000
0 1000 Rad IzDuuu | T 5000 0 1000 Rag I'zDuun rorm o o | 5000
adial Distance rom Imecuan well, ft adial Dislance fram Imecton well, it
1.000000E+00Q, yr ' 4. 000000E+Q0Q, yr '
Scenario | Case 2 Seenario 1 Case 2 [ AR |
Gas Salwmtion: 0 0.1 0.2 0.3 040,505 0.7 0.5 0.9 1 Gas Saturation: 0 0.1 0.20.30.4 0.5 0.60.70.80.3 1
-B300 -B300
-B400 -B400
= 8500 . -B500
3 %
2 -BE00 & 800
£ £
2 6700 o 570
(=] (]
-BE00 -B800
-B900 -B300
9000 9000
0 1000 2000 3000 5000 0 1000 Aad l’ZDUUU] 1 | ?uuu i 5000
Radial Distance from Ingcion well, it adhial Distance from inecion wall,
1.000000E +01, yr : 5.000000E+Q1, yr
AN ~ . 5




Case 1l

Battelie

Scenario 2 (Full St. Peter Injection

Gas Saturation (1,4, 5, 10 Years)

Scenario 2 Case 1 Scenario 2 Case 1
Gas Saturation: 0 0.10.2 0.3 0.40.50.6 0.70.80.9 1 Gas Sawrmtion: 0 0.1 0.2 0.3 0.40.50.6 0.7 0.5 0.9 1

8300 | -B300
8100 2 G400
= msoo | = .gs00
w E ’g =
£ -s00 | 2 8500
< E = E
g 870 g o |
[= E = F
-BB00 = -BBO0
-8900 | -B900 F
9000 B 9000 E

190 Rad IZDDDD fi fon 1000 Rad \ZDDUD[ f I ?DUD I, f1

agia Istance fram Ingechon well, it adia 1stance tram imechon well,
1.000000E+Q0Q, yr ' 4.000000E +00, yr !
Scenario 2 Case 1 Scenario 2 Case 1
Gas Saturation: 0 0.1 0.2 0.3 040,505 0.7 0.5 0.9 1 Gas Sawration: 0 0.10.2 0.3 040,506 0.7 0.5 0.9 1

-B300 -B300 |
-Ba00 -Ba0n B
= 800 | = .gs00
’g E w -
2 -BE00 B §’ -BE00
£ E £ P
g 7o | 2 870 |
(=] = (=] -
-B800 B -BBO0 B
-B900 | -B900 |
9000 E 9000 B

1000 Fad ‘zDuuu[ rorm o o ¢ 0 1000 Fad ‘zDuuu o o o ¢

adial Distance fram Inecton well, i adial Distance fram Injection well, i

5.000000E +00, yr ! 1.000000E+01, yr '
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The Business of Innovation

EPA Class VI UIC Regulations Add '
Considerable Time and Costs Uncertainty

Battelle | Class VI | Class VI
Item Plans Specs | Multiplier
.. . 50 years
Post Injection Monitoring 4 years default 12X
Post Injection Financial 50 years
Assurance Required 4 years default 12X
Potential Requirement for 1 80 13CR Ax
Stainless Steel Casing precedent

Plans for injecting into the Niagaran Reefs by piggy-
backing on Core Energy’s EOR Operations (UIC Class Il)

27




Characterization Well Drilling

~ Battelle

March 2011 Suspended in Spring 2011

=g

Drilling with site access and
drilling permit from Michigan
Dept. of Natural Resources
and Environment (Ml DNRE)

Independent rig inspection
and safety oversight

* Above ground management of

drilling waste without mud pits

Completed logging and
sidewall coring of two
Intermediate casing strings

Well currently in temporary
abandonment

g8 of Immovation

28
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Transition to Niagaran Reef Depleted
EOR Fields

Niagaran/Guelph & Lower Salina Stratigraphy

GUELPH
Reef Core

Engadine Fm. (Gray Niagaran): Foundation Facies
(Mud-supported carbonates except grainer in high-energy areas)

Figure 1. Schematic Guelph (Miagaran Reef) & Overlying Lower Salina Stratigrapiy.

Figure 5. Niagaran Reef and Overlying Lower Salina Stratigraphy

A\ .~ . O
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The Pusines
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Core Energy has EPA UIC Class 2 Permits for

31INO3IW

31NO2W

Dover

almost all Reefs of Interest to MRCSP

35
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Core Energy has tentatively agreed to let MRCSP monitor several reefs to
develop scientific knowledge concerning reef geology, capacity, injectivity, etc.
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Types of Niagaran Reefs for Evaluation

Category 1. Late-stage EOR Reef (e.g. Dover 33). These
reefs have undergone extensive primary and tertiary oll
recovery, and are mostly depleted of oll.

Category 2. Operational EOR Reef (e.g. Chester 2 and 5;
and Charlton 6 and Charlton 30/31): These reefs have
finished primary oil recovery and are currently undergoing
secondary oil recovery using CO..

Category 3. Newly Targeted Reef: These reefs have
undergone primary oil recovery, but no tertiary oil recovery
using CO, has been attempted.

Category 4. Untapped Primary Reef. reefs that may be
discovered and evaluated for accelerated CO, injection

32
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Three Component 3D Seismic Acquired

F N

co, Injector MRCSP has

piggybacked on
Core Energy’s
seismic survey
(Over 30 Sq.
Miles) by
collecting three
component
geophone data
over several
reefs targeted
for study.

Monitoring ¢
Well #1

Monitoring
Well #2

Niagaran Reef showing
CO2 Injection and
Monitoring Wells

This data will be a key contribution in developing detailed
models of the CO, behavior inside the Niagaran Reefs.
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Dover 33 Late-stage EOR Reef — Test Bed for

The Business .-1_.*‘ Innovation

Monitoring and Operational Assessment

» Geological characterization: logging,
coring, seismic data

* Reservoir models: validation using
pressure tests, multi-fluid sampling, injection
rate and volume, etc.

e Operational models: reef capacity as a
function of geology, well locations, operational
history, displaced fluids; geochemical
reactions, etc. Pressurize beyond discovery
pressure, residual zone

 Monitoring techniques and equipment:
CO, plume migration, reef stability,
geochemical reactions, multi-fluid interactions,
mechanical integrity, etc.

o Alternative well designs for storage/EOR
optimization
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CO, Injection and Oil Production

Battelie

The Business

History is Used in Reservoir Models
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Optimizing EOR and CO, Geologic Storage S
— Developing New Operational Paradigms

e Evaluate CO2 injection, migration, and oil recovery
In the residual oil zone, below oil-water contact

* Within the constraints of existing Class Il permits,

Integrating CO,-EOR and CO, Storage oy
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Monitoring Technologies will be Distributed
Across Different Reefs in Phased Approach

A comprehensive MVA plan is under development :
« Portfolio of options distributed based on life-cycle stage,
Infrastructure, and technology readiness
« Monitoring of CO, fate and transport in reservoir, outside
reservoirs, and interactions in adjacent reservoirs
» Selective collaboration with other researchers
 MVA Obijectives include, but not limited to:
* Injection systems (pressure, temperature, composition,
flow rates)
 Mechanical integrity, corrosion, cement conditions
« Hydraulic, geochemical and geomechanical changes
e CO, distribution and migration in the reefs

37




Battelle
af Inmovation

The Business ¢

Candidate Monitoring Technologies

» Several technologies are under considerations
— Extensive down hole pressure, temperature gauges
— CO, injection/production and composition
— Surface or borehole (VSP, X-Well, CSSM)
— Microseismic (borehole or surface)
— Tiltmeter and remote sensing (INSAR?)
— Gravity (surface and/or borehole)
— Wireline logs (PNC, Sonic, Resistivity, CBL)
— Tracer injection and fluid sampling
— Corrosion coupons, sidewall cement cores
* Use of surface detection, soil gas, groundwater are unlikely

as they may be affected by CO, from shallower Antrim Shale
wells
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Data Needs for Geological Characterization

Battelie

'Hm Business o Innovation

and Modeling of the Nlagaran Reef Trend

* Geology

Lithology

Stratigraphy

Facies distribution

Seismic - well log correlation

YV V VY

Static model

*  Fluid properties

» Formation volume factor
(gas, oil)

» Viscosity (gas, oil,brine)

» Solution GOR

» Minimum miscibility pressure
(MMP)

» CO,-0il phase equilibrium
data

» CO,-oil-brine equilibrium data

Rock-fluid properties
»  Water/oil relative permeability
»  Gas/oil relative permeability

Production data

»  Oil, water, gas — rate + cum prod
» Injection volumes

»  Reservoir pressures

Geo-mechanical data

»  Stress orientation and magnitude
»  Fracture pressure

»  Stress profiles

Geo-chemical data
»  Formation fluid chemistry

»  Mineralogy and geochemistry of
reservoir

A\ ~ . 3O



Reservoir Simulation

Full accounting for (1) reservoir
geology and (2) compositional phase
behavior

Requires detailed information about
(1) rock / fluid properties and (2)
production history

Can be used for all phases of history
matching, flood design and
production forecasting

Partial or full coupling of flow,
geochemistry, and geomechanics

GEM (Computer Modeling Group)
will used to model multiphase flows
common to CO,-EOR systems

The Business .-'._.*l Innovation
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Regional Geologic Characterization
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Collaboration between 9 States Continues

DOE Budget Period 3
MRCSP Task |

MRCSP GeoCharacterization Phase lll

|

Distribution of workload by subtask and state

State
Indiana
Kentucky
Maryland
Michigan
MNew Jersey

Subtasks
1.1 1.2 1.3 1.4 1.5 1.6 1.7
Geo-Char Off shore GIS Oil&gas Geostats Fracture Regional
XX XX X X X
XX X XX X X XXX
X XX X X X X X
XX* X XXX X X X
XX XXX X X X X

Ohio
Pennsylvania

X

% 8

XX
XX

2 s
ol
=R
gl

X State will participate in this task
KX State will play a major role in developing and completing this task
KX State will take a leadership role developing and completing this task
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Example of Regional Geologic Mapping

Cambro-Ordovician Carbonates, Sandstones, and
Shale Storage and Containment

Batielle

The Busin
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e Discovered in 1947, field has
produced approximately 95
million barrels of oil from the
Silurian “Clinton” sandstone.

* The original oil-in-place for this
field is ~1.5 billion bbl of oil.
There current recovery is <10%

e Reservoir simulations indicate
cumulative production for the
central producer in the pilot
area varied from 12,000 to
42,000 bbl of oil over 5 years

e Determining injectivity and
economic viablility are key
challenges

Testing Geologic Storage Potential in
Clinton Sandstone (East Canton O|I Fleld)

Battelie

.] LTt Llﬂ:lﬂl."ﬂl 'I‘+ nnovation

Y

</ ™4 EastCant
Oil Field

ASSF Akron-Smith-Suffield Fault System

&« T 1 OO

ppoifgs

w e T 3 008
g

~~ Structural Features
%*  Cyclic-CO: Test
 Niagara Escarpment
f‘ CO2-EOR Operations
.2 Oil Fields
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P

Upper Ohio Valley Characterization —
Leveraging with Oil and Gas Activities

Raynor D #1 Jarrell #1 AEP #1 Miley J #1 Burger Frankovitch

» Funded by Ohio Coal \ A \ FEGENCOM |
Development Office N &h_______i[/ﬂ”
e Partnering with local oil/gas and Ty |
brine-disposal company '
 Location in Upper Ohio Valley,
near a large-fraction of coal-fired
generation

{1 el bty [0
S b DE-FOMAENT M
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~250 Miles New 2D Seismic Data for Appalachian Gz
Basin Characterization

A Co-benefit from Gas Shale Boom

Line ID Mileage
EGI-OH-1-11 103.00
EGI-OH-2-11 77.00
EGI-OH-3-11 69.00
EGI-OH-4-11 82.00
EGI-OH-5-11 122.00
EGI-OH-6-11 105.00
EGI-OH-7-11 77.00
EGI-OH-8-11 95.00
EGI-OH-9-11 77.00
wered EGI-OH-10-11 92.00
EGI-OH-11-11 150.00

)

Lake Ashtabula

Cuyahoga

Sandugly Cleveland
Lorain--Elyria

Geauga ’

Trumbidl
Lorain m

2] Huron : !
E r Meding EGI-OH-12-11 160.00
s EGI-OH-13-11 176.00
b ‘\: I Lawrence | Total 1282.00
e 8 / Drt, Builar
. Ashland 7

SN Rteng ’ AggPboss
o9
nh- g Beaver.
9 I Morrow {{Vana
= . Allegheny
o) Lo | SO [, Pittsburgh

. Westmoreland

Washington Monessen
LickingMewark
bus
MuskingUm
i v Uniontowns- -Eg%ﬁgl sville
Marsha Greene

Evans@(}eophysicalda

Moggan

Monongalic tOw
Wetzel nongaliaiorgantown Preston Garret

Hackigog

Purchased Using Ohio Coal Development Office Funds
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Arches Province Mt. Simon Sandstone Regional
CCS Deployment Simulation

* Regional geologic model for the Mt. Simon

Sandstone along the Arches province to determine the BRAFT
infrastructure issues for large-scale CO, storage e L1 /

; Sl s 7 _‘.l' :m

 Geologic characterization, pipeline routing analysis, .= ™ . e o

and reservoir simulations completed  ARIERRE @l

* Funded separately by US DOE and Ohio Coal - *-.:y 1

. P e S e

Development Office - e ‘““ﬁi/ e

2 o -

Geostatistical Analysis

Geological Zeophysical Zeotechnical Injection

Data Data

fodel Log Data
= Structure = Porosity Logs = Permeability = Permeability
* Porosity « Storage Geology

= Dep. Setting = Gamma Logs
= Facies = Mineralogy e
Numerical Model Geocellular Model ¢

Geotechnical
Data
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/‘" ™" MIDWEST REGIONAL Energy Technology Laboratory (DOE/METL) to study carbon sequestration as one option for mitigating climate

-M’ CARBON SEQUESTRATION  change. We invite you to learn more by exploring this website.
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About MRCSP
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Contact Us

Fact Sheets
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WHAT'S NEW

MRCSP posts new Fact Sheel desl:nh‘lnu its proposed Phase I11 research project and a notice about its
uEDmmg nleptlng August 05, 20(
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Other recent updates
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