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MRCI Program Goals

* Implementa collaborative Regional Initiative to accelerate CCUS
deploymentin 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. - e —

.. . )’ e 5 1 Tv f-» oy

= Obtaining and sharing data to support CCUS. - =1 - QQQ(Q &

= Facilitating regional infrastructure planning.

= Performing regional technology transfer.




MRCI — Covering 20 States in Midwest and
Northeast

* Battelle and lllinois State Geological Survey combine expertise from MRCSP and MGSC

* Working with State Geological Surveys and Universities across the Region to Accelerate
deployment of CCUS

D RCSP Region
Study Area [ MGSC

=R MRCSP
Added State
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MRCI — Collaboration between Researchers, Industry, and
Government, and non-Governmental Organizations

Management/ QA Industry and Other Stakeholders

v oo [NS]MATONA + Don Lamonaca Industry GOs/Academia NGOs
@ ENERGY ﬁﬁéﬁ%ﬁtgﬁ* « Steve Whittaker * ADM « Marquis « CMU . C2ES
* Chris Goodman * AEP * Honda * DGS * CATF
| * B&W * MFFC Drilling » LANL * ClearPath
* Consol * New Steel « MGS » CO,Geonet
* Consumer Energy = NRECA o MIT * EDF
Project Leads * Core Energy Cooperative * NGS * ENOS
* Denbury * Peabody « UH * Japan CCS
* Neeraj Gupta, Co-PI * DTE Energy * Pilot Water . UW * NARUC
+ Sallie Greenberg, Co-P| * Exxon Mobil Solutions * WGS
+ Matt Young, PM ¢+ GeoPetro, LLC = PSPC * NYSERDA
* Marathon * Repsol

Project Management and Addressing Key Research Facilitating Data Collection, Evaluating Regional Promoting Regional
Reporting Challenges Sharing, and Analysis Infrastructure Technology Transfer
» Matt Young, PM * Mark Kelley « Joel Sminchak « Jared Hawkins + Autumn Haagsma
* Michelle Johnson * Hannes Leetaru « Christopher Korose « Carl Carman « Joy Frank-Collins
* Stephen Greb « Jung Sun Sung
Research Team

« IGWS: Ryan Kammer « ODGS: James McDonald » lowa GS: Ryan Clark * Core Energy: Robert Mannes

« Rutgers: Kenneth Miller « PAGS: Kristin Carter * LANL: Bailin Chen * CornerPost CO,: Keith Tracy

+ KGS: Stephen Greb « WMU: William Harrison, Il * PNNL: Cristopher Brown ¢ Wade, LLC: Sarah Wade

« MDGS: David Brenzinski « WVGS: Jessica Moore * |Ec: Chiara Trabucchi * Carbon Solutions: Richard Middleton
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Industrial Collaborations to Enable Deployment and
Scale-up

* MRCI is interacting with a range to industry to accelerate CCUS deployment

= Regional oil and gas companies — obtain legacy seismic and wellbore data for regional mapping

= Brine Disposal Companies — piggyback logging, monitoring, modeling of large-scale operations to evaluate
CO, storage

= Existing and future CO, sources — helping companies with site screening and regulatory roadmaps

— Ethanol plants across the region

— Planned ammonia plants e e o o v O i =
Tl = e S e b T b B ] B
— CoalFIRST in Pennsylvania and Indiana === L E S i e e Y - i’ﬂvi
Goppor Ridye Dol P - 3 1 3 0 L : ‘ ? 0 f_;_ FWM*;‘F Iy -E—
- L R fiNEElisss
— CarbonSAFE lllinois RS o1 & == i ; i ~ :::é;% l )
: IR = I 4= g =
— Support utilities and independent power producers Eol 4| 7 = B i - i w i } nnnnnn
‘‘‘‘‘‘ S e I I [
— State agencies such as MD Energy Administration | e T
- CCS task forces across the region Regional Injection Zones from Brine Disposal Wells




Project Aims to Tackle Challenges to Pave Way for

CCUS In the Region e—

Precambrian Basement
Leakage Storage
Socio-economic p

.+ Financial/Business ) 4

Defining Storage Systems
Quantity Storage

Stacked Storage

EOR

~\

Commercialization Infrastructure

N
Federal and State Level Pipelines

Incen_tn_/es Social/Economic Factors
Permitting Linking to Storage y

<
/ « Sources
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Defining Carbon Storage Systems and Resources with State
Collaborators T i S
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Developing a Geologic Maps
Database for Site Assessment
Maps for key geologic units (depth, structure,
thickness, available property data (porosity))

were compiled into an interactive ArcGIS
map database containing over 600 maps.
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Modeling Commercial-Scale Injectivity of Different CS
Systems — Moving up the SRMS Ladder

Models were developed for selected CS
systems to evaluate their feasibility for hosting a
commercial-scale storage project (assumed to
be >1 MMT CO, per year >30 years).

Modeling determined the number/spacing of
injection wells and approximate Area of Review
(AoR;i.e., CO, plume area and pressure-
Impacted area) required to accommodate the
target injection rate/quantity of CO.,.

Pickaway County, Central Ohio - Model of
Cambrian Ordovician Carbon Storage System —
Results indicate that the Maryville formation in
Pickaway County offers a potentially viable
commercial-scale target for CO, sequestration if
three or more injection wells are used.

I

End of Injection

620000 —

600000 —

580000 —

Axis Units: 1t
Total Blocks: 1 390,936
1248147

Active Blocks:

End of Inj

1,790,000 1,800,000 1,810,000

1780000 1800000 1820000 184000
End of Injection
2.4e+06
AT I 2.20+06
280407 Average Model Temperature [ |
2.60+07 26+06
2404071 Average Model Pressure
T -1.8e+06
g 2.20+07 2
s @
= oeu07 e 1.6e+06 =
g 1.80407 | ',x‘Cumu\at\ve Injection — [Three well scenario | 4 4o+08 i
] \ 2
f 1.6e+07 \\Mass Injection Rate — Thre€ well scenario 1.2e+06 &
H s v
140407 { el 4 ’ it ; o
§ M= T ’ Cumulative Injection|— Stacked scenario. 1408 3
2 1.2e+07 i El
5 : 3
2 tes07 200000 2
G ge+0s et =
e - umulative Injection —|Reference scenario, 800000
6e+06 tion Rate — St scenario 400000
40+06 Mass Injection Rate — Reférence scenario
.
204081 200000
y
0
2 4 6 8 10 12 14 18 18 20 22 24 26 28 30 32 34 36 38

Time (yr)

ection

CMGLCuslom_Sg 2050-01-01 2020-01-01  J layer: 16
T NN S s TN AR R R R o
1,820,000 e onn

1500 90
1495 g5
1490 (g
1485 |0
s |
! >
1470 3 5z
g
1465 608
o o
‘14803 |55 3
H g
1455 § |50 3
A
1450 5 145 §
1445 ¢ |
g s
1440 4 135
oot Sk
T 253
12
1420 |
s |18
1410 |10
1405 |5
1400 0

MRC| &<

Midwest Regional Carbon Initiative



Modeling Containment Risks of Different CS Systems

o
=

ept|
meters feet

Generalized diagrams showing
stratigraphy and cemented wellbore
leakage pathway (left) and caprock
leakage pathway (right) that were
evaluated with the NRAP-Open-1AM
Model and Seal Horizon Model.

Cemented Wellbore Leakage: o
mass of CO, leaked into Thief o
Zone (left plot) and Aquifer 2 -
(right plot) via hypothetical - T worosone
cemented wells at various "CEET
distances from the injection well. :
Caprock Leakage: Cumulative
CO, mass (left plot) and Brine
mass flux (right plot) over time
acrossthe Nolichucky Seal
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Cemented Wellbore Leakage Scenario
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Precambrian Structure, Faults and Stress

A regional Precambrian structure
surface was compiled from
multiple sources

Precambrian Structure
for the
Midwest Regional Carbon Initiative

Regional faulting at the
Precambrian surface was
Included

Precambrian sedimentary and _ NSy ;
igneous rift fill locations were | Ay e
added to the map N [ BN ) N

In the coastal plain and Atlantic
offshore, Triassic rift basins were
added

Explanation
——— Precambrian contours (Cl = 1,000 ft)

—— Precambrian faults and structures

n
I

T 1
00 500 Kikreters

A Precambrian crystalline
(metamorphic-igneous) province
and terrane map was made for
the surface
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Additional Crustal Stress Data from
Earthquake Focal Mechanisms (FM)

@® New Stress Data Complied by KGS
@ Additional FMs from Existing Catalogs

® Earthquakes Considered for FM Calculation (63
events)

50°N

New focal mechanisms determined for magnitude
3 and greater earthquakes identified in the MRCI
catalog

® FM not Constrained by Data
@ Well-Constrained FM (25 of 63 events)

45°N-

40°N -

)

B5°W  80°W

90°W 75°W



Induced Seismicity Potential

« Compiled lists of earthquakes from i} " Source Count
1568-2020 MRCI earthquake catalog N er
e 20 : N ANSS 414
SOUI’ICGS. . . ANSS CEAl4 8
- national and state geological surveys CEA14 T | CcEA18 73
- monitoring networks CEAIS L& ., | CERI 1846
: . * CERI ‘ v KEA18 13
- published compilations ° KEA18 |] R [ ces o3
- research papers oS Lcl 3551
« personal communications * NEDB e \ fayrr NEDB 46
- EarthScope (ANF) - NEIC R R ALY e NEIC 103
_ * NESN e T N NESN 592
« 8,122 unique earthgquakes OlINK Cohgte T e e OINK 105
: * ONET | , 0 SRR £~ A+ -
« Common magnitude scale calculated - OsElS ' - L e o roon 1L ONET 868
* PASEIS PRI Ay R R TG AR ) OSEIS 74
. . . . . . ° SEA14 RPN AR et PASEIS 61
ANF Catalog SEA15 E 3k T : SEA14 140
2010/12 - 2015/08 SLU IR . ) ~= Tt
* Earthquake 6,615 ANF events processed o SPREE 'fr SEALS 69
© Blast : 6,555 blasts e wes |- 0 25  500km | \?VPERSEE 4
_ T 60 unique earthquakes Yl [ . I ] . _:I'
: BNy The ANF database:
o (0 - Developed by nearly uniform monitoring by EarthScope’s Transportable Array
- - Composed of mostly blasts
- Machine-learning-base classifier identified 60 previously unknown
earthquakes. & 4
0 250 500 km
_:I . MstliReg]o%ga!mn Initiative




CCS Research Categoriesin MRCI Region

Economics
4%

MRCI Research, Projects, Datasets

Facilitating Data Collection, Sharing, and Analysis

CO; Sources, Capture, Emissions

Summary & Overview
7%

Terrestrial
Sequestration
1%

Policy, Regulatory,
Site Screening, Permitting

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

Assessments
2%

Monitoring,
Verification, and
Accounting (MVA)
11%

A

Risk Management &
Field Operations Simulation
8% 12%

CCS Field Testsin MRCI Region A

® <10,000MT

@ 10,000-100,000 MT
* Characterization site|
Technol Development in MRCI Region

50 100 200 300 400
o —— — iles

s,

Y 0 50100 200 300

Number of CCUS References by State 7771 MidcontinentRift 7 / tiies
::;E:Qenrcoefsccus - Appalachian Basin _; Atlantic Offshore M RCI y CCUS Field Test Sites |:] Midcontinent Rift
= MRCI Study Area [ | Arches Province [ | iinois Basin Midwest Regional Carbon Initiative ¥ FieldTest Location  [WMM| AppalachianBasin | | Atlantic Offshore MRCI y
l Ozark Highlands |: Forest City Basin j Michigan Basin w—=_ MRCI Study Area |:| Arches Province D lllinois Basin Midwest Regional Carbon Initiative

D Ozark Highlands Forest City Basin l:] Michigan Basin
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Leveraging Legacy Seismic Datasets

Legacy seismic data was obtained ,organized, summarized, and digitized
so that it may support CCS in the MRCI region:

e 832 linear miles of 2D seismic data

* 43 square miles of 3D seismic data
* 57 boxes containing CD’s, cassettes, reels, field data, and paper seismic

* Six oil & gas operating companies with data from lllinois, Michigan, and
Appalachian Basins

The seismiclines were cataloged in terms of acquisition parameters,
vintage, quality, location, and resolution.
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Additional Data Analyses

* Planning and Executing Additional Data Analyses

Additional analysis completed with existing CCS datasets for MRCI:

Class | & Il Underground Injection Control well injectivity analysis
Central MRCI Ethanol Plant CCS Screening Study

Greenhouse Gas Emissions Life Cycle Analysis for MRCI Sources
ACT collaboration for micro-seismicity

Machine learning for downhole pressure/temperature prediction

CT scan for carbonate porosity zones
. . . . . Machine Learning for

NRAP tool validation with field data in MRCI Bottomhole Pressure/Tem
GHG LCA Net CO, Storage Crod T & ek 5 MR Y
* Natural Gas Power Plant (71-76%) EE AT\
e Direct Air Capture Plant (59-90%) ¢ Hydrogen Plant (88-90%) T §| ool
(depending on energy suut-u for capture) i, 'x“; >p Vi !l * v{‘,?’ %,;?‘
e Petroleum refinery (NA) e Cement Plant (90-91%) » T b ooah 4 s Tk %

(new facility) % y ple. < A { P  xad

¢ Fertilizer/Ammonia Plant (87-88%) . E,%:EB&E%S?Z;?MW - I TS v it - 2.
- Y > [] %
- R W S 4 Y

Central MRCI Ethanol Plant CCS Screening

TIHLIIT]
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Image Analysis

Workflow

SMART Initiative

Data Preparation

* Machine Learning

= Topic areas identified for ML analysis
— BHP/BHT Prediction from Wellhead Data Using Machine Learning

Predict features, compare approsches, snd validate results

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

Temperature Logging (Well C)

v N L * The temperature logs run with the
\ dynamic logging passes show that the
\ — e borehole above ~7,850 ft. underwent

— DTS/DAS processing and interpretation : ) e g i i

below ~7,850 ft.

i \ -
) Y 5 + Arepeat temperature log was not run

= Preliminary work plans were developed for these ML topics. . - 5 o

= The project team discussed integrating data from the MGSC,
MRCSP, and other portions of the MRCI into the ML efforts. These
data included items like injection operational pressure/temperature
data, geophysical log data, core CT scans, geophysical logs, and
CO, storage monitoring data.

= d 3 3 G 5
&0 . -
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| »
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Rethinking infrastructure for Carbon Capture,
Utilization, and Storage (CCUS)

Researching the infrastructure of CCUS is more than just the physical equipment
that enables CCUS,; it also includes the policy, economics, and people that make
CCUS work.




Evaluating Regional Infrastructure

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

High Consequence Areas

Commercial Navigable
Waters

Il High Population Area
* Conduct a screening level assessment of
surface and subsurface infrastructure
* Assess site readiness to rank areas
MRCI &~

Migwost Regional Carbon Initiative

* Conduct analysis of social, economic, and
workforce development factors

* Analyze current regulatory, pore space
Issues, gaps, policy, and tax incentives
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Infrastructure Development Strate

gles
2

* Investigate infrastructure
development strategies for
distinct MRCI projects:
= (1) Distributive—

Ohio/Pennsylvania/W est Virginia
= (2) Hub—Northern Michigan,
= (3) Hub—Indiana,
= (4) Local-Central Ohio, and
= (5) Offshore—Mid-Atlantic/Northeast

* Emerging technologies: Blue
Hydrogen, BioEnergy with CCS
(BECCS), and Direct Air
Capture (DAC).

I




Evaluating Regional Infrastructure Progress

Process|

Activity I-A Activity I-B Activity I-C
Task Task Task [ Task Task Task || Task Task Task
I-A1 A2 | |-A3 181 I1-B2 I-B3 IC1  1-C2 | I-C3

Process I

Activity II-A Activity |I-B Activity II-C
Task | Task | Task | Task Task Task J§ Task Task | Task
I-A1 | 1-A2 | 1-A3 f 1-B1 . 1-B2 -3 Q I1-C1 1I-C2 | [1-C3

Implementation
|

Processlil

Activity [1I-A Activity I1I-B Activity [11-C
Task Ta} Task || Task 4& Task || Task | Task | Task
L N-A1 1I-A2 11I-A3 R -B1 11-B2 111-83  I-C1 1I-C2 1II-C3

Capture, Transport, and/or Storage

-Evaluating jobs using input-
output models.

-Calculating projects
expenses, benefits, and tax.

Jobs and Economic Impact

United States®

Census

sssssssssssss Bureau

2020 Census Results

o 1 United States
\__/ Environmental Protection
\’ Agency

EJScreen

-Conducting community
characterization.
-Researching environmental
justice and sustainability.

-W orking with outreach task.

Social Characteristics

I

United States®

Census

sssssssssssss Bureau

Quarterly Workforce Indicators

N C E S National Center for
Education Statistics

THE CLASSIFICATION OF
INSTRUCTIONAL PROGRAMS

CIP

-Determining workforce
characteristics.

-Outlining workforce needs.
-ldentifying training institutions.

Workforce Development

MRC| &<
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Promoting Regional Technology Transfer

GOAL: Leverage existing and new relationships with critical CCUS
stakeholders within the Rl and globally and become a key resource for
CCUS development.

Welcome to the inaugural issue of MRCIinfo,
a newsletter created to keep subscribers up to

* Promote acceleration of CCUS deployment et e e cobazcn it LU

growing field of CarBBen Capture, UtiliZation, —
& and Storage. .

by providing general support for
commercialization and technology transfer

e Compile and communicate information
from previous tasks to interested
stakeholders

* Engage with federal and state
governments, industry consortia and NGOs

* Engage with global institutions
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Promoting Regional Technology Transfer

W ebsite development is ongoing

= WWW. midwestccus.org

Qutreach Events

Bi-monthly newsletters

CCUS Podcast - https://soundcloud.com/energy-geos

Numerous outreach activities documented \

Technical presentations and panels

Workshops

Event participation

Information sharing, discussions with stakeholders and
interested parties

= Presentations and Panels = Participation
= Papers = Workshops = Papers
= Materials — Fact sheets, Infographics = Materials = |nformation Sharing/Discussions

MRCl| s
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http://www.midwestccus.org/
https://soundcloud.com/energy-geos

Focus on Environmental Justice
Learning, Connecting, and Informing

* Formed MRCI EJ Working Group to explore
the topic, learn about its roots, and how it
Intersects with CCUS

* Compile and communicate information
about Justice40 Initiative, Energy
Communities, etc. with stakeholders

* Hosting EJ Workshop at Annual
Stakeholders Meeting Sept. 27-28, 2022

* Engaging with other Initiatives on EJ in late
2022, early 2023

E—



Aligning Outreach Strategy with Targeted
Audiences

General Public Technical
» Annual Meetings » Annual Meetings » Annual Meetings » Annual Meetings « Annual Meetings
* Website * Newsletter * Newsletter * Newsletter * Newsletter
* Newsletter * Website * Website * Website * Website
* Fact sheets  Webinars * Fact Sheets * Fact Sheets * Fact Sheets
* Educational * Podcast * Educational * Podcast  Informational
Videos - Story Maps Videos « Story Maps meetings
» Podcast e Conferences and « Story Maps « Story Maps
« Story Maps papers « Short courses « CURC
e Short courses * Hands-on engagement
learning
opportunities

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




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
* Assessmentand analyses to improve certainty of geologic characterization underway

* |dentification of viable storage reserves, including stacked storage.

* |dentification of available information and methods useful for Basement characterization

* Qutline source-sink scenarios and pipeline routes for CCUS

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

* Assessmentof policy, economic, and social issues, including knowledge sharing materials and
workforce development plans

* MRCI Stakeholder Meeting — Columbus, September 27-28
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MRCI — Collaboration between Researchers, Industry, and
Government, and non-Governmental Organizations

Management/ QA Industry and Other Stakeholders

v oo [NS]MATONA + Don Lamonaca Industry GOs/Academia NGOs
@ ENERGY ﬁﬁéﬁ%ﬁtgﬁ* « Steve Whittaker * ADM « Marquis « CMU . C2ES
* Chris Goodman * AEP * Honda * DGS * CATF
| * B&W * MFFC Drilling » LANL * ClearPath
* Consol * New Steel « MGS » CO,Geonet
* Consumer Energy = NRECA o MIT * EDF
Project Leads * Core Energy Cooperative * NGS * ENOS
* Denbury * Peabody « UH * Japan CCS
* Neeraj Gupta, Co-PI * DTE Energy * Pilot Water . UW * NARUC
+ Sallie Greenberg, Co-P| * Exxon Mobil Solutions * WGS
+ Matt Young, PM ¢+ GeoPetro, LLC = PSPC * NYSERDA
* Marathon * Repsol

Project Management and Addressing Key Research Facilitating Data Collection, Evaluating Regional Promoting Regional
Reporting Challenges Sharing, and Analysis Infrastructure Technology Transfer
» Matt Young, PM * Mark Kelley « Joel Sminchak « Jared Hawkins + Autumn Haagsma
* Michelle Johnson * Hannes Leetaru « Christopher Korose « Carl Carman « Joy Frank-Collins
* Stephen Greb « Jung Sun Sung
Research Team

« IGWS: Ryan Kammer « ODGS: James McDonald » lowa GS: Ryan Clark * Core Energy: Robert Mannes

« Rutgers: Kenneth Miller « PAGS: Kristin Carter * LANL: Bailin Chen * CornerPost CO,: Keith Tracy

+ KGS: Stephen Greb « WMU: William Harrison, Il * PNNL: Cristopher Brown ¢ Wade, LLC: Sarah Wade

« MDGS: David Brenzinski « WVGS: Jessica Moore * |Ec: Chiara Trabucchi * Carbon Solutions: Richard Middleton
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Gantt Chart

FY2020 | FY2021 | FY2022 | FY2023 | FY2024

Task Description

1.0 |Task Management and Planning

2.0  |Addressing Key Technical Challenges

21 Assessing regional/subregional framework and %
" |expanding CO, stacked storage characterization

2.2 |Analyzing Precambrian Basement faulting/stress >

23 Developing industrial partnership and regional 1
) technical collaboration

2.4  |Conducting regional/subregional analysis > IS

2.5 |Assessing and managing risks 1 I

3.0 [Facilitating data collection, sharing, analysis | | HEE—_—__————— S —
3.1 |Inventorying of available data and analyses “ I 1
3.2 |Facilitating data sharing
3.3 |Planning and executing additional data analyses —[——> | IE—_—_———_ | |
3.4 |Engaging the National Laboratories’ efforts
3.5 |Engaging NRAP

3.6 |Advising machine learning for CCUS efforts

P S e e |
oo
3.7 |Participation in DOE SMART Initiative |
4.0  |Evaluating Regional Infrastructure S
)
e

4.1 |Evaluating infrastructure
4.2 |Assessing site readiness

4.3  |Conducting social, economic, and jobs analysis m4

44 |Promoting commercialization and policy <

45 |Convening regional stakeholders for infra- ’%
" |structure evaluation

5.0 Promoting Regional Technology Transfer 3.4 7 11
5.1

Facilitating regional efforts to address non- N N R

technical, permitting, and infrastructure

5.2 |Engaging global efforts [F————————

5.3 [Supporting policy. incentives, and business cases | IEEG_—___ S S
_

54 |Engaging CCUS stakeholders
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X correspond to Table 2.
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