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Historical Snapshot of MRCSP ï17 Years of CCUS Innovation

ÅDOE-funded regional 

partnerships to develop 

infrastructure for wide-scale 

CO2 sequestration 

deployment
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Phase II Demonstrated the Feasibility of CCUS in 
the MRCSP Region

Å3 geologic storage tests in 

different settings completed

ÅUp to 60,000 tons injected

Å4 terrestrial storage tests in 

croplands, mine lands, tidal and 

forested wetlands completed

ÅSet the stage for Phase III ï

large-scale geologic storage test
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MRCSP Michigan Basin Large -Scale Injection

ÅObjective ïInject/monitor +1 

million metric tons of CO2 in 

collaboration with EOR 

operations.

ÅHosted by Core Energy, LLC

ÅEvaluate CO2 injectivity, 

migration, containment

ÅEvaluate regional storage 

resources

ÅOutreach and knowledge share
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Large -scale Injection - Reefs Vary in Geologic and 
Operational Setting

BagleyBagley

4 Lobes

Operational since 1973

Primary Production only

MRCSP Injection since 

2015

3 CO2 Injection Wells

4 Monitoring Wells

Charlton 19Charlton 19

2 Lobes

Operational since 1988

MRCSP Injection 2015-

19

1 CO2 Injection Wells

2 Monitoring Wells

Currently in CO2-EOR

Chester 16Chester 16

2 Lobes

Operational since 1971

Primary + Water Inj.

MRCSP Injection since 2017

1 CO2 Injection Well

1 Monitoring Well

Late-Stage Reef: Dover 33Late-Stage Reef: Dover 33

1 Lobe

Operational since 1974

Primary + CO2-EOR

MRCSP Injection since 2013

1 CO2 Injection Wells

2(+1) Mon./ Prod. Wells

ÅDifferent EOR stages

ÅLate-State - post-EOR 

field

ÅActive EOR fields 

ÅNew CO2-EOR floods

ÅSee Haagsma et al., 

2019, GHGT14 paper
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Seismic Characterization during Exploration

Å3D seismic has been 

crucial in subsurface 

characterization

ÅDefine extent and reef 

geometry

ÅNumber of reef pods 

within a field

ÅPoor internal resolution-

needs integration with 

log and core

Data from Core 

Energy LLC
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Integration of Data to Understand Reservoir 
Controls
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Accounting - CO2 EOR Complex

10

ÅChester 10 facility provides 

pure CO2

Å~120 miles of pipeline network

Å9 reefs interconnected at Dover 

36 Facility

Å5 high and 12 low pressure 

separators

ÅRecycle/booster compressors

ÅCoriolis mass flow metering at 

all critical locations

ÅSee Mawalkar et al., GHGT-14 

paper 



MRCSPôs Objective-Based Monitoring Portfolio
Monitoring Objective Monitoring by Reef

Monitoring 

Technology

Mass-Balance 

Accounting

Leak 

Detection/

well integrity

CO2 plume 

tracking/

interaction

Induced 

seismicity, 

uplift
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CO2 injection/ production X
X X X X X

Reservoir Pressure X X X X X X

Temperature (DTS) X X X

PNC logging X X X X X X

Borehole gravity X X

Geochemistry X X X X X

Vertical seismic profile ï

geophone

X X
X

Vertical seismic profile ï

DAS

X X
X

Cross -well seismic X X

Microseismicity X X

InSAR (Satellite radar) X
X

ÅReef settings 

allowed use of a 

diverse monitoring 

portfolio for research

ÅSee Kelley et. al., 

GHGT-15, Session 

6F for details

ÅMawalkar et. al., 

GHGT-15 session 

10E for DTS

ÅSeveral other papers 

published
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MRCSP Large -Scale Injection Test

Å>1,732,500 metric tons of CO2 stored 

as of Dec. 2019

Å>1,167,000 barrel of oil production 

monitored

ÅSee Mawalkar et al., GHGT14 Paper, 

Energy Procedia
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Life Cycle Analysis for 22 Years of EOR shows Net -
Negative Emissions is Possible in this Setting

Upstream

CO2 Capture Plant Operations

478,476 tonnes

CO2e Generated

Gate to Gate

(compression, EOR, & gas processing)

374,147 tonnes

CO2e Generated

Associated CO 2 Storage

-2,089,350 tonnes

Downstream

1,076,867

tonnes CO2e

Generated

Net

-159,860 tonnes

Upstream          +478kt

Gate to Gate     +374kt

Down Stream +1,077kt

Total                 1,929kt

CO2 Stored     -2,089kt

Net     -160kt

ÅDeveloped 

complete CO2

injection/recycling 

history since 1996

ÅNet negative oil 

production 

appears feasible in 

this setting

ÅSee Sminchak et. 

al., Energy and 

Fuels, 2020
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Modeling and Analyses Concepts Tested
Reservoir properties and performance from CO 2 injection data

Static and dynamic modeling

ÅIntegrate G&G data; constrain reservoir properties; 
evaluate reservoir performance for future scenarios

ÅDover-33; Chester-16; Bagley; Charlton-19

Capacitance -resistance modeling

ÅSimplified estimation of reservoir capacity and 
injectivity; simplified analysis of future scenarios

ÅCharlton-19; Bagley

Transient pressure and rate analysis

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

ÅDover-33; Bagley; Chester-16; Charlton-19

ÅMultiple monitoring 

options tested

ÅSee Mishra et. al., 

GHGT-15, Session 

11F for details

ÅSeveral papers by 

Mishra, Ravi 

Ganesh, 

Raziperchikolaee, 

Pasumarti, Valluri, 

etc.
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Development of a Reef Atlas ïRegional CCUS 
Scale-up

ÅType

ÅStatus

ÅProduced fluids

ÅPressure

ÅOWC

ÅReef height

Å# of wells and well IDs

ÅOperators

ÅAdditional notes
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Regional Scale up to Entire Reef Trend

ÅRegional reef atlas used to estimate CO2 resources and EOR potential

Å> 250 million metric tons of storage possible

Å>100 million STB oil recoverable via CO2-EOR

ÅSee Haagsma et al., 2020 Environmental Geosciences paper
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MRCSP Continued Regional Characterization 
During Phase III

Establish fundamentals for CO2 storage within the 

ten-state region and to qualify what volumes, how 

and where

ÁAssess the potential reservoirs and seals in the 

region, including offshore

ÁDetermine the type of storage (saline, EOR or 

EGR reservoirs)

ÁQuantify the potential storage resources 

ÁGenerate products essential for siting, 

performance modeling, MVA 

Storage resource estimate map

Regional 

cross 

section

MRCI returns focus returns to regional 

storage assessment and development
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MRCSP Conducted Extensive Outreach 
Meetings, Workshops, Papers, Conferences, Education

Presentations

Technical 
Workshops

Annual 
Partners 
Meetings

Peer 
Reviewed 

Publications

Field Site 
Tours

STEM 
Outreach

Annual partners meetings 

held in various locations to 

engage stakeholders

100s of oral and poster 

presentations at leading technical 

conferences. MRCSP special 

sessions and invited talks

Numerous technical 

workshops and site visits

Papers, book 

chapters, and 

targeted CCUS 

special issues

AAUW, BeWISE 

STEM camp
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Extensive Final Reports Published

Geology

Monitoring

Modeling

Å Chester 16 Reef

Å Dover 33 Reef

Å Bagley Reef

Å Charlton 19 Reef

Å Phase III Geologic Assessment

Å Geo Team Partner Topical Reports

Å Reef Trend Regional Assessment

Å Monitoring, Reporting, 

Verification Plan (MRV)

Å Life Cycle Assessment

Å Borehole Gravity 

Å Geochemistry

Å INSAR

Å VSP / DAS-VSP

Å Cross Well Seismic

Å Microseismic

Å Mass Balance Accounting

Å Distributed Temperature 

Sensing (DTS)

Å Pressure Analysis

Å Pulsed Neutron Capture

Å EOR Performance 

Dashboard

Final Technical Report and Papers

ÅAll MRCSP Reports 

available from:

Ámidwestccus.org

ÁEdx.netl.doe.gov

ÅData requests can be 

considered for 

collaboration
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