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Historical Snapshot of MRCSP
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ADOE-funded regional
partnerships to develop
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Development

I 17 Years of CCUS Innovation

« + « + 2010 + s+ s s+ 2015 <+ = = s 2020

MI Injection

Project Operations
. o (Multiple Fields)
Infrastructure for wide-scale
Post-Injection
1 Monitorin

CO, sequestration 2
+ Site Selection + Late-Stage EOR Reef

d e p I Oym e nt + Permitting Site » Operational EOR Reef

Characterization » Newly Targeted Reef
+ Site Preparation
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Phase Il Demonstrated the FeaS|b|I|ty of CCUS in
the MRCSP Region e

State-Charlton 30/31 Field

A 3 geO|Og|C Storage teStS In . ‘ ' .* . \ : : MIDWEST REGIONAL
different settings completed i s P ¢
A Up to 60,000 tons injected
. . ".‘ R : "—-; — Forested
A4 terrestrial storage tests in _ s oW | £ peanse

croplands, mine lands, tidal and i
forested wetlands completed

A Set the stage for Phase Il i
large-scale geologic storage test

Reclaimed
Mineland
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Reservoir Modeling - Model Evolution with Project Phases

Preliminary Modeling Site Drilling Site Specific Post-Injection
Based on Regional Data and Testing Modeling Calibration/Validation
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Production

MRCSP Michigan Basin Large -Scale Injection g,

Injection Well
AObjective I Inject/monitor +1 e
million metric tons of CO, in Z =
collaboration with EOR g
operations. :m is
g I DN e parcel roducing
Zone
A Hosted by Core Energy, LLC | 4B e Eaion
A Evaluate CO, injectivity, T i
migration, containment || A5 1
A Evaluate regional storage L
resources =y A o
A Outreach and knowledge share e o T [amee
A e .y Ghester 10 . : e > oil
b | X - _ - Producing
L T %m l T E " 6,000 — = L . Niagaran Reef
Frocin: Warse i ] Srm—— oo  Formation
Maiive201s o A A o e—— NOTES: -

*CO, PRODUCED WITH OIL IS T T
RECYCLED BACK INTO REEF. NOTTO SCALE
ALL LOCATIONS ARE APPROXIMATE.
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Large -scale Injection - Reefs Vary in Geologic and
Operational Setting

A Different EOR stages Late-Stage Reef: Dover 33

Chester 16

2 Lobes
Operational since 1971
Primary + Water Inj.
MRCSP Injection since 2017
1 CO, Injection Well
1 Monitoring Well

A Late-State - post-EOR
field

A Active EOR fields
A New CO,-EOR floods

1 Lobe

Operational since 1974

Primary + CO,-EOR

MRCSP Injection since 2013
1 CO, Injection Wells
2(+1) Mon./ Prod. Wells

A see Haagsma et al., — Baal
2019, GHGT14 paper o

BAGLEY 11-14-23 . \
Charlton 19 6% 4 Lobes

Operational since 1973
Primary Production only
MRCSP Injection since
2015
3 CO, Injection Wells
4 Monitoring Wells

VAN 2 Lobes
[ Operational since 1988
MRCSP Injection 2015-
19
1 CO, Injection Wells
2 Monitoring Wells
Currently in CO,-EOR
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Seismic Characterization during Expl
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A3D seismic has been

crucial in subsurface
characterization
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APoor internal resolution-

needs integration with
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Integration of Data to Understand Reservolr
Controls
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Accounting - CO, EOR Complex

A Chester 10 facility provides
pure CO,

A~120 miles of pipeline network

A 9 reefs interconnected at Dover
36 Facility

A5 high and 12 low pressure
separators

A Recycle/booster compressors

A Coriolis mass flow metering at
all critical locations

A See Mawalkar et al., GHGT-14
paper

Dover 33

2-33 .——l

1-33 ®‘ Kl

533 @
9-33 .—J

Legend

@ Injection Well

@ Producer Well
@ Monitoring/Producing Well
Smith PD Meter
[[l Coriolis Flow Meter, Injection
. Coriolis Flow Meter, Production
m Vortex Flow Meter
Oval Gear PD Meter
Turbine Water Meter
Orifice Meters
g Vapor Liquid Separator
bR Mixing Manifold
4 CO; Vent

CO; Pipeline

= Mixed Fluid Pipeline
Oil Pipeline
Brine Pipeline
Bagley
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MRCSPOs ODbBamad NMonitorang Portfolio

.| Monitoring Objective | Monitoring by Reef
Monitoring Mass-Balance Leak CO, plume Induced A Reef Settings
Technology Accounting Detection/ tracking/ seismicity, allowe d use Of 3

well integrity interaction uplift _ . .
diverse monitoring
portfolio for research

—
X X | X X A See Kelley et. al.,

« x| x x x GHGT5 Session

x X 6F for details
X

AMawalkaret. al.
« x x x  GHGT15session

Vertical seismic profile i X 10E for DTS

geophone X

Vertical seismic profile i X X A Several other papers
DAS . published

X X
< x

INSAR (Satellite radar) X X

Bagley

Dover 33
Charlton 19
Chester 16
Other reefs

X
X

X | X|X| X X| X
X
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MRCSP Large -Scale Injection Test

Net in Reef CO, (Thousand MT)

2,500

2,000

A>1,732,500 metric tons of CO, stored
as of Dec. 2019

A>1,167,000 barrel of oil production
monitored

A See Mawalkar et al., GHGT14 Paper,
Energy Procedia

—
[=)
o
o

Net in Reef CO2 (MT) Thousands
(8}
o
o

500 -

0 -

O N DO O NIAODH B> O

O OO OO DO QOO Q

\Q’\Q@\%@@@@@@@(@@
=0=Total EOR Net In Reef CO

. Removal of 374,295

passenger cars for a year . 9532 jobs yielding more than

$22.4 M inincome
. Amount stored by :
2,262,565 acres of forest : $77.5 M goods and services
. $8.1 M in other taxes and

royalties

. Switching 65,816,966
incandescent lights to LEDs
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Life Cycle Analysis for 22 Years of EOR shows Net -
Negative Emissions is Possible in this Setting

A Developed
complete CO,
Injection/recycling
history since 1996

A Net negative oll
production
appears feasible in
this setting

A See Sminchak et.
al., Energy and
Fuels, 2020
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CO, Capture Plant Operations

Upstream Gate to Gate

478,476 tonnes 374,147 tonnes

CO.e Generated

A 0 a

v unee;k 0

(compression, EOR, & gas processing)

CO.e Generated

Downstream
1,076,867
tonnes CO.,e
Generated

Upstream +478kt
Gate to Gate  +374kt
Down Stream +1,077kt

Total 1,929kt
CO, Stored -2,089kt
Net -160kt
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Modeling and Analyses Concepts Tested
Reservoir properties and performance from CO , injection data

AMultiple monitoring iz ) Static and dynamic modeling

options tested = : : :
| A Integrate G&G data; constrain reservoir properties;

A See Mishraet. al., Bl cvaluate reservoir performance for future scenarios
GHGT-15, Session Gy £ Dover-33; Chester-16; Bagley; Charlton-19
11F for details

A Several papers by FEERE | Capacitance -resistance modeling
Mishra, Ravi NI | A Simplified estimation of reservoir capacity and
Ganesh, e Injectivity; simplified analysis of future scenarios
Raziperchikolaee, o A Charlton-19; Bagley
Pasumarti, Valluri,
etc. s Transient pressure and rate analysis

A Estimate reservoir properties; synthesize results from
multiple types of analysis; validate dynamic model

¥ A Dover-33; Bagley; Chester-16; Charlton-19
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Development of a Reef Atlas 1 Regional CCUS

S C aI e = u Fresque isie -~
Cheboygan 2a?
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45 3 '.g ) ,
A Type Charlevoix —T_ |
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Otsego -;, B o
A I 0 * _f":'.;_:‘ y ." 1' s : Montmorency
Produced fluids i Panl e e
B Pty
. ,r',; X . R
Pressure e g
l, L PIYd P
Py Ny _!::::" G ) “r o
Aowc e
# 4 '-f : -;'{-:::":’,.-"—
i ol P
i s ) .o';:_::" :,.:,‘ et Crawford
A Reef h elg ht Benzie '::’49:‘:/:,?:':":’4'::’;" ,'-ﬁ f Kalkaska
A # of wells and well IDs RPN
e Reef Type
A Operato rS il':l:log:::ir;;rcial
141 Wexford Missaukee Roscommon - Oil Reef
Additional notes Tight andlor Sal
Plugged Reef
Gas Condensate
Reef

15 BATTELIE



Regional Scale up to Entire Reef Trend

A Regional reef atlas used to estimate CO, resources and EOR potential
A > 250 million metric tons of storage possible
A >100 million STB oil recoverable via CO,-EOR

Asee Haagsma et al., 2020 Environmental Geosciences paper

Storage Only NNPRT Oil Reef NNPRT Gas Reef

N=408 N=319

«  Fluid
substitution of
produced fluids

«  Volumetric

estimates

CO, Storage Scenario

Primary G Depleted N
Production Reef
N
4 ™\
CO,-EOR CO,
(1200 PSI) Injection
I " J/

A

Primary 7-40% Enhanced

CO,-EOR Storage

*  Proximity
analysis

*  Apply metrics

from monitored

reefs

* Predict recovery

and storage

Storage

CO,-EOR 4-22% =S

Scenario CO, Stored
MM MT

Primary 40-90%

Recovery of OOIP
Recovery of OGIP

Scenario CO, Stored
| ! 1 73 MM MT
o\ ( )' __________________ } 49 1 160+

Enhanced 3 89
( C O Storage
2 +  Post EOR,
() » CStAarade |0 e e e = - maximize bO
\?/ Storage | stored to initiazl
I (-...3000 PS[) 1 reservoir
| I pressure
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MRCSP Continued Regional Characterlzatlon
During Phase Il

Establish fundamentals for CO,, storage within the
ten-state region and to qualify what volumes, how
and where

A Assess the potential reservoirs and seals in the
region, including offshore

ADetermine the type of storage (saline, EOR or
EGR reservoirs)

AQuantify the potential storage resources :If 7 Y “i_:“

AGenerate products essential for siting, ’"T: 5//: \k\
performance modeling, MVA =N 2

MRCI returns focus returns to regional regonal = \%“

storage assessment and development section

-/
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MRCSP Conducted Extensive Outreach

Meetings, Workshops, Papers, Conferences, Education

Papers, book
chapters, and

Annual partners meetings

held in various locations to -~y

engage stakeholders o : :
Eete o 2 g Field Site

Partners

Meetings CENVIRONMENTAL
GEOSCIENCES

AAUW, BeWISE
STEM camp

STEM
Outreach

100s of oral and poster _ Numerous technical
presentations at leading teghnlcal workshops and site visits
conferences. MRCSP special

sessions and invited talks

BATTELIE
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Extensive Final Reports Published

Final Technical Report and Papers

AAIl MRCSP Reports A cChester 16 Reef A Monitoring, Reporting,
: Verification Plan (MRV)
available from: A Dover 33 Reef
' A Bagley Reef Life Cycle Assessment
Amidwestccus.org A Charlton 19 Reef Borehole Gravity
; Geochemistry
AEdx.netl.doe.gov ? ® Modeling - NeAR

VSP /| DAS-VSP
Cross Well Seismic

AData requests can be I
considered for e Monitoring
collaboration — =

Microseismic
Mass Balance Accounting

To To Do To Do To Do Do Do

Distributed Temperature
Sensing (DTS)

Pressure Analysis

To I

A Phase Il Geologic Assessment Pulsed Neutron Capture

o

EOR Performance
Dashboard

A Geo Team Partner Topical Reports
A Reef Trend Regional Assessment
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