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MRCI Program Goals

• Implement a collaborative Regional Initiative to accelerate CCUS 
deployment in the Midwestern and Northeastern US.

• Build on more than 20 years of CCUS experience in the region 
by combining expertise of two RCSPs (MRCSP & MGSC).

• Engage national and international stakeholders, including state 
geological surveys, universities, industrial partners and advisors, 
fossil fuel production and utilization companies, and NGOs.

• Advanced CCUS research through four tasks:

 Addressing key technical challenges.

 Obtaining and sharing data to support CCUS.

 Facilitating regional infrastructure planning. 

 Performing regional technology transfer.
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MRCI – Covering 20 States in Midwest and 
Northeast 
• Battelle and Illinois State Geological Survey combine expertise from MRCSP and MGSC

• Working with State Geological Surveys and Universities across the Region to Accelerate 
deployment of CCUS
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RCSP Region
MGSC
MRCSP
Added State
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MRCI – Collaboration between Researchers, Industry, and 
Government, and non-Governmental Organizations 
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Project Aims to Tackle Challenges to Pave Way for 
CCUS in the Region
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Commercialization

Storage

Infrastructure

Policy and 
Regulations

Risk

• Defining Storage Systems
• Quantity Storage
• Stacked Storage
• EOR

• Sources
• Pipelines
• Social/Economic Factors
• Linking to Storage

• Federal and State Level
• Incentives
• Permitting

• Precambrian Basement
• Leakage
• Socio-economic
• Financial/Business
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MRCI Research, Projects, Datasets
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CCS Research in MRCI Region

CCS Projects in MRCI Region

CCS Field Tests in MRCI Region

Technology Development in MRCI Region

CCS Research Categories in MRCI Region

400+

Facilitating Data Collection, Sharing, and Analysis

Over 930 reports, presentations, posters, technical papers, datasets 
inventoried from previous research on carbon storage in MRCI region

MRCI Data Sharing and Gap Analysis
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• Monitored new drilling, industrial development, and oil & gas exploration to find if additional 
datasets may be available to supplement CO2 storage information in the MRCI region. 
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MRCI Additional Data Analyses
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• Planning and Executing Additional Data Analyses

• Central MRCI Ethanol CCUS Screening

• Legacy Seismic Collection & Analysis

• CO2 Screen Storage Comparison with CO2 injection AORs

• Greenhouse Gas Emissions Life Cycle Analysis for MRCI Sources

• Support for other MRCI Tasks

MRCI SMART Initiative
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• Machine Learning

 Topic areas identified for ML analysis

− BHP/BHT Prediction from Wellhead Data Using 
Machine Learning

− Carbonate Characterization using 2D and 3D 
Images to Predict Reservoir Properties 

− DTS/DAS processing and interpretation

 Using data from MGSC, MRCSP, and other 
projects in MRCI into the ML efforts - injection 
operational pressure/temperature data, 
geophysical log data, core CT scans, geophysical 
logs, and CO2 storage monitoring data.

9

10



8/23/2021

6

2.1 
Define Carbon 

Storage* “Systems” 2.1 Reservoirs/Caprocks
2.4 Sub-Regional

Analysis
2.5 Storage Risk

Evaluation

2.3 Industry
Partnerships

Addressing Key Technical Challenges

• Construct models of 
representative location for 
each CS system

• Model CO2 injection for 
range of commercial scale 
injection mass 

• Calculate Area Of Review 
(AoR), number /spacing of 
injection wells, land area, 
pressure, etc.

• Rank/compare Storage 
Systems based on 
performance

• Compare storage risks for 
each CS system 

• Assess key storage risks 
using NRAP tools

• Caprock Leakage

• Wellbore Leakage

• Induced Seismicity

• USDW Contamination

• Rank/Compare Systems 
based on storage risks

• Obtain New Geologic Characterization Data 

• Fill data gaps

• Validate Assessment Methods And Technology

• Focus on individual reservoir 
and caprock formations 
within CS Systems

• Compile available Geologic 
Data With Geoteam

• Map Individual Reservoirs 
And Caprock Formations And 
Properties

• A sequence (Package) of 
One or more reservoir and 
caprock Formations  
bounded by regional 
confining layers

• Stratigraphy based 
delineation

2.2 Precambrian 
Basement

Detailed 
Characterization

• Structure

• Stress

• Faulting

* Includes both CS and 
CCUS Systems

Building Blocks for Defining MRCI Storage Systems
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Geologic Provinces and Basins Stratigraphy of Provinces and Basins
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Steps to Defining 
Carbon Storage Systems

• Stratigraphic columns were developed for each 
area geologic province

• Each formation labeled/classified as a reservoir, 
caprock, or confining layer

• Formations were then grouped into CS/CCUS 
systems based on proximity of the individual 
formations. 

• Five CS/CCUS systems were defined within the 
region
 Cambrian Mount Simon System
 Cambrian-Ordovician System,
 Silurian-Mississippian System,
 Late Triassic to Early Jurassic System, 

 Late Jurassic to Early Cretaceous System
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Storage Systems in MRCI
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Precambrian Basement 
Characterization

• Depth/Structure

• Faults

• Provinces

• Wells

15

• Additional data to be collected

 Fault data

 Core

 Logs

Precambrian Stress
• Objective is to compile stress data to 

facilitate assessing the stability of the 
Precambrian basement

• Stress data are available from the World 
Stress Map (WSM) (Heidback et al., 
2016; Heidback et al., 2018). 

• Not updated since 2016

• 160 additional data points were gathered 
and compiled from MCRI states, from 
peer-reviewed publications (Carlson et 
al, 2018; Carpenter et al., 2020; Snee
and Zoback, 2020; and Yang et al., 
2014), and seismological data centers.  
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160 new data

WSM Data (2016)
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Precambrian Stress (cont’d)

• Upper Figure: Distributions of stress regime 
attributes in the MRCI data compilation for new data 
(left column), WSM data (middle column), and the 
combination of the two (right column). The distribution 
of stress regimes excluding “U” data are shown in the 
lower row.

• Lower Figure: Distributions of SHmax azimuths in the 
MRCI compilation, in the WSM dataset, and for the 
composite dataset
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TF, thrust 
faulting; TS, 
oblique thrust 
faulting; SS, 
strike-slip 
faulting; NS, 
oblique 
normal 
faulting; NF, 
normal 
faulting; U, 
no stress 
regime 
assignment.

Induced Seismicity Methodology and Assessment

• Goal is to assess induced seismicity potential on a regional scale for the MRCI 
region and demonstrate method for evaluating site-specific induced seismicity

• Draw from nuclear, geothermal experience

• Develop regional map of induced seismicity potential

• Conduct site-specific assessments for selected example storage site(s) 
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Regional Assessment
-Historical seismicity

-Faults
-Stress characterization

Site-Specific Detailed 
Assessment

-Detailed geomechanical
Modeling

-Ground motion calculations
-Infrastructure vulnerability 

Site-Specific Screening 
Assessment

- Historical seismicity
- Fluid injection pressures/stress 

-Critically stressed faults

-Fault slip potential

17
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Risk Assessment Workflow Using NRAP Tools
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Caprock/Reservoir/Overburden
 Structure (depth, thickness, area)
 Pressure/Temperature
 Geochemistry (TDS, pH)
 Petrophysics 
 Faults and fractures
 Mechanical properties

 Wellbores (new/legacy)

Aquifer/USDW properties
 Structure (depth, thickness, area)
 Geochemistry (TDS, pH)
 Petrophysics

CO2 and pressure 
plumes

Injection constraints
 Rate
 Pressure
 Schedule

Dynamic simulator
 CMG GEM
 STOMP

Geomechanical data
 Regional stress 
 Seismic catalog
 Ground motion data

STSF
RiskCat

Seal_Fracx

Seal_Flux/NSealR

CO2 flux through caprock 
via matrix, fractures

Short-term events
Geomechanical risk curves

Aquifer impact 
plumes

Fault_Flo
CO2 flux through single 

reservoir fault

AIM

Open-IAM
CO2 and pressure 

plumes

Open-IAM

Input Data Assessment Tool Output Impact Models Impacts/Risk

Evaluating MRCI Regional Infrastructure 

• Task 4.1 – Conduct a screening level 
assessment of surface and subsurface 
infrastructure 

• Task 4.2 – Assess site readiness to rank 
areas 

• Task 4.3 – Conduct analysis of social, 
economic, and workforce development 
factors 

• Task 4.4 – Analyze current regulatory, pore 
space issues, gaps, policy and tax incentives 

GOAL: Evaluate current infrastructure and future needs to accelerate 
CCUS deployment

20

19

20



8/23/2021

11

Surface/Subsurface Infrastructure

• Completed source analysis examining 
existing sources, identifying source 
additions and retirements, aggregating 
sources, and generating electrical capacity 
profiles for each of the MRCI states.

• This work could help CCUS deployment 
by:

 Identifying the existing sources available for capture

 Keeping a running list of sources coming online

21

Surface/Subsurface Infrastructure

• Continuing to develop methodologies for 
Source-Sink/Transport study

 Realistic projects

 Basis for jobs and economics analyses

• Investigate emerging technologies

• Investigate infrastructure security and 
safety

22
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Site Readiness

23

• Progress of each MRCI state in four key areas
• Site Readiness Factsheets for policymakers, industry, project managers

Subsurface 
Readiness

Infrastructure 
Readiness

Regulations, 
Permitting, &

Incentives

Social 
Dynamics

Social/Economic/Workforce Development

• Planning/Methodology developed for:

 Economics Case Study Analysis - possible 
source-sink/transport scenarios, requirements, 
feasibility/likelihood, next steps.

 Jobs and Economic Impact Assessment - Direct, 
indirect, and induced employment; equitable 
development, revenues from taxes and fees.

 Stakeholder Analysis, Social Characterization -
Issues of concern to region, stakeholder 
identification and perceptions; policymaker 
perceptions, current land use; environmental 
justice; environment, social, and governance 
(ESG); and sustainable development goals 
(SDGs).

24
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Legal and Regulatory Assessment

• Policy review:

 State Climate Policy

 Current and Pending legislation and 
regulations directly applicable to CCUS 
deployment.

 Policies from model states: Montana, 
Wyoming, and North Dakota

 Researched policy from CCUS projects in 
the MRCI study area: IBDP, CarbonSAFE 
Illinois/East Sub-Basin

• Future policy analysis to address 
region and state-specific issues

State Climate Action 
Plan 

Enacted CCUS 
Legislation 

Pending CCUS 
Legislation 

Connecticut Yes No No 
Delaware Yes No No 
Illinois Yes Yes Yes 
Indiana No Yes Yes 

Iowa Yes Yes No 
Kentucky Yes Yes No 

Maine Yes Yes No 
Maryland Yes No Yes 

Massachusetts Yes Yes No 
Michigan Yes Yes No 
Missouri No No No 

New Hampshire Yes Yes No 
New Jersey Yes No Yes 
New York Yes Yes Yes 

Ohio No Yes No 
Pennsylvania Yes Yes No 
Rhode Island Yes No No 

Vermont Yes Yes No 
West Virginia No Yes No 

Wisconsin Yes Yes No 
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Communicating CCUS Advancements in the MRCI 
Region

• Website development

 www.midwestccus.org

 Project background, partners, research, resources, 
announcements, and blogs

• Numerous outreach activities

 Technical presentations and panels – e.g., AAPG, SPE, GHGT

 Workshops – e.g., NARUC

 Event participation

 Information sharing and educational

• Planning future activities

 Outreach strategy and plan

26

44

8

3

1 1

18

Outreach Events

Presentations and Panels Participation

Workshops Papers

Materials Information Sharing/Discussions

25
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Outreach Strategy – Aligned with Target Audiences

27

General Public

• Annual Meetings
• Website
• Newsletter
• Fact sheets
• Educational Videos
• Story Maps

Technical

• Annual Meetings
• Newsletter
• Website
• Webinars
• Podcasts
• Story Maps
• Conferences and 

papers
• Short courses

Academic/Educators/

Students

• Annual Meetings
• Newsletter
• Website
• Fact Sheets
• Educational Videos
• Story Maps
• Short courses

Industry 

• Annual Meetings
• Newsletter
• Website
• Fact Sheets
• Story Maps

Policy/Regulators

• Annual Meetings
• Newsletter
• Website
• Fact Sheets
• Story Maps
• CURC engagement

• 2020-2021 considered “passive” phase, will be moving into an “active phase”
• 2022- big things planned and more engagement on state and federal levels!  

Website and Newsletter
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www.midwestccus.org

MRCI In-Person Meeting
Morgantown, WV
Nov. 9-11, 2021

mrci@battelle.org
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Fact Sheets development

 What is CCUS?

 Saline storage

 CO2-EOR

 CO2 sources

 Site selection and 
characterization

 Modeling

 Monitoring

 CO2 capture

 Transportation

 Permitting

 45Q, MRV, LCFS

 Safety

 LCA

 State requirements

29

• MRCI branded fact sheets to cover a variety of 
CCUS topics targeted to educate across 
audiences

IBDP:  

1 Mt 
stored

IL-ICCS:  

3 - 5.5 MT

Industry 
Site -
active

CarbonSAFE 
Illinois: 

Phase 1

CarbonSAFE 
Illinois: 

Phase 2 

>50 MT Feasibility

CarbonSAFE 
Phase 3:

Injection 
Permitting

DE-FE0031892

2000’s 2020’s

FutureGen 2

FutureGen 1

Illinois Storage Corridor

Synergistic Projects - Illinois Basin CCUS Growth
A Preview of What’s Possible in MRCI and Nationally

29
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Synergistic Projects

 Example projects synergistic with MRCI efforts:

− Wabash Valley hydrogen – Indiana

− 21st Century Clean Power Plant – Pennsylvania

− Equinor/US Steel – Appalachian Basin

− KeyState Ammonia – Pennsylvania

− Advanced CO2-EOR pilot – Michigan

− Navigator Hub – central Illinois

− Several private projects in planning across the region

− ACT3 funding for international collaboration selected 
with Norsar as lead

− Multiple DOE technology R&D projects

− FORGE Geothermal progam

31

IBDP

IL-ICCS

CarbonSAFE
III

CarbonSAFE II

CarbonSAFE 
III

CarbonSAFE II

CLASS VI ?CLASS VI ?

CLASS VICLASS VI

CLASS 
VI
CLASS 
VI

CLASS 
VI
CLASS 
VI

CLASS 
VI
CLASS 
VI

Summary and Expected Outcome

• Establishment of a broad-based consortium of researchers and stakeholders

• Collection, compilation, sharing, and utilization of CCUS related data from across the region 

• Assessment and analyses to improve certainty of geologic characterization underway

• Identification of viable storage reserves, including stacked storage.

• Identification of available information and methods useful for Basement characterization 

• Outline source-sink scenarios and pipeline routes for CCUS 

• Application of a Risk-Based Probabilistic Model to value potential risks of CCS

• Assessment of policy, economic, and social issues, including knowledge sharing materials and 
workforce development plans
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