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CO, Storage in Saline Reservoirs — MRCI Perspective

Neeraj Gupta, Technical Director - Carbon Management (gupta@battelle.orq)
DOE-USEA Workshop, Washington DC, Dec. 12-13, 2023

Storage Uncertainties and Cost Considerations

¢ Significant uncertainty exists in CO, storage resources and resulting deployment cost ranges
* Low hanging fruit options are limited and highly localized

* Scale-up to larger projects and regional multi-site hubs will require advanced design and
configurations:

= Lateral and multilateral wells (similar to shale gas); multi-well pads

= Larger wellfields (10s to hundreds of wells) — advanced modeling, area permits

= Controlled stimulation to achieve injectivity

= Stacked storage, complex permitting
* Enhanced regional exploration and analysis programs, focus on carbonates
* Uncertainty also driven by 3D seismic and pore-space procurement over large plume areas
* In addition to EPA requirements, need for business certainty drives up cost

* DOE and other cost models need more validation and advanced design options
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Previous Testing and Research in the MRCI: A foundation
for CCS Development
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* CCS projects span major urrenyrending rojects

sedimentary basins in the MRCI.

i}Actlve/Pendlng Class VI UIC CO2 Storage Site

¥ Closed/Inactive Class V UIC CO2 Storage Site
g (as of August 2023)

MRCSPICore Energy
State Chariton 4-30

* 30+ site characterization wells,
piggyback drilling efforts,
geological studies completed.
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Previous Testing & Research

CO, Storage Reservoirs in the MRCI Region

This map
identifies the
28 key storage
formations
within each of
the 48 onshore
sub-regions
and the 4 off-
shore sub-
regions.
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Precambrian Structure, Faults and Stress — Seismicity!

* Regional Precambrian structure
surface compiled

Precambrian Structure
for the 14 \
Midwest Regional Carbon Initiative

* Regional faulting at the
Precambrian surface was included

* Precambrian sedimentary and i
igneous rift fill locations were adde
to the map

A7

* In the coastal plain and Atlantic %‘\
offshore, Triassic rift basins added <

* A Precambrian crystalline

(metamorphic-igneous) province
and terrane map for the surface
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Rescuing Legacy Seismic Datasets

Legacy seismic data organized, summarized, and digitized to support CCS:
* 986 seismic surveys - 1,892 linear miles of 2D seismic data
* 43 square miles of 3D seismic data
* 61 boxes - CD’s, DVD'’s, tape cartridges, floppy disks, reels, mylars, paper
* 8 O&G operators with data from lllinois, Michigan, Ohio, West Virginia
Seismic surveys cataloged for location, acquisition parameters, data type, format.
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Leveraging Legacy 2D and 3D Seismic Datasets

2D seismic line in southern
lllinois scanned from mylar to
digital format
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Legacy seismic lines (blue) in relation
to the model area in West Virginia
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Regional CO, Injectivity Assessment - Lack of Data

is a Major Issue

* Evaluated the feasibility of commercial-scale CO, injection (>1 MMT for 30
yrs) in 5 storage systems region using 3D models to simulate CO, injection

* Expanded the feasibility to additional formations using:
= Reduced order injectivity model (ROM) trained to synthetic data from a 3-D models; and

= Site-scale 3-D numerical flow models.

« ROMA + ROMB

o flow boundary w0 | = ROMC  « ROMD
« ROME ROM F
Gutfiowonly
Injector boundary
1000

o flow boundary
Example simulation from training
dataset (from Chen et al (2020))

SCO,T Injection Rate (MtCOL/yr)
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CO, Injectivity from Site-Scale Models
Al
Injectivity
* Feasibility of select comparison based
formations showing injection wells and
. . AOR for an injection
number of injection wells rate of 1 MMT/yr
and Area of Review (CO,
plume and pressure)
required to accommodate
the target injection rate.
* Best sites with sufficient
data are in the lllinois
Basin and Michigan Basin
) ) Potosi Fm Mt Simon Fm Marysville Fm  Oriskany Fm
* Deeper basins require lllinois (1 well)  Mich (1 well) Ohio (3 wells)  only, WV (8
more wells and exploration wells)
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Prospective Stacked CO, Storage Resource
Assessment — Need for Geologic Characterization

Rome Formation er Ridge Formation Basal sand Formation All Reservoirs in Study
P50 Prospective Resource P50 Prospective Resource P50 Prospective Resource P50 Prospective Resource

o 25 s
-

Units; K CO/km? (P50 Percentile}  Contour Interval:10

LEGEND:
] ®-WollDula Pont @~ Cosl-Fired Powsr Plant
12 Co-Funded by ODSA/OCDO Project D-13-22

12

Exploring CO, Storage in Carbonates

Mapping Vugular Porosity in
Hydrothermal Dolomite for CO, Storage in Appalachian Basin Carbonates via Rock Core CT Scans
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« PreC crustal zones of weakness and three subsequent Lima-Indiana: World's first giant oil field
orogenies
Prolific HT gas fields of S. NY
) Trenton/Blk
Resulted in development of a vast, long-lasting system of Rochester oil field, Ontario River Fm
wrench/strike-slip faults Saybrook HT oiligas, OH
+ Athick section of Ordovician carbonates were exposed to Scotts Run: biggest “shale gas™ well =~ 4
deep, hot brines via the extensive wrench system . Copper Ridge Fm vuggy zones
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Characterizing Vuggy Dolomite

AEP1 image log in Copper
Ridge Dolomite showing vuggy
zones.

Regional exploration effort for
these zones underway

el Zone of high
T density vugs

Perforation Zone

Large vug

Crystalline
Dolomite

Appalachian Basin vuggy dolomite 1
core — from a 2 km distant well

- _______________________________________________________/
BATTELLE

14

AEP Mountaineer program — full life-cycle CCS spanning
15 years with Battelle as CO, storage service provider

Feasibility — Exploration Well §

* Seismic survey conducted and AEP-1
test well was drilled in 2002

Pilot Construction & Commissioning

* Network of five wells, two injection and
three monitoring, constructed (drilling and
completion) in 2008-2009

¢ Integrated with the capture system on site :

* Pressure maintenance and monitoring
system was installed

¢ Included extensive data collection and
community outreach

* DOE and industry funded

Injection and Operations Monitoring Post-Injection and Site Closure
* ~37,000 tonnes of CO, was injected and stored over ¢ Post-injection — pressure, groundwater
18 months from 2009 to 2011 monitoring, plume modeling
* Included monitoring of reservoir pressure, groundwater ¢ Well plugging and site closure within
chemistry, CO, injectate, and soil gas 5 years by working with regulators and
T Gapper Rage WS e B o || meeting all permit requirements
i == | ¢ Scale-up design for 235 MWe facility
" Ll i completed
15 BATTELLE
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Mid-Atlantic Offshore Carbon Storage Hub Development

* Goal - link current & future CO,
sources from the East Coast &
Northern Appalachian Basin
with suitable CO, storage
options with an environmentally
safe focus.

* The project is designed to
provide benefits for energy,
equity, reduce emissions, and
provide quality jobs for critical
industry along the U.S. East

Designing Environmentally Safe and Economic Offshore
Carbon Storage Scenarios from Source to Sink

Current and Future

Liquid CO,to Storage

Industrial-Power
ek 3
Generati
~ co
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.. .. Conceptual
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Offshore Storage
from Onshore

Coast, where many existing
CO, sources have no options
for CO, storage.

+ Well Location

Bathymetry  coOz2 Storage
T Pnimesonine  Resource*

CO, Source Type
© Power

© Petroleum

© Chemicals

© Minerals&Metals
© Pulp&Paper

© Waste

© Other

CO, Source Size
(metric tonnes/year)

@ 10,000,000

(Based on 2021 EPA Greenhouse

Gas Reporting Program

CO, Emissions "
Intensity H High

0 High

Low
i Low

data)

© Battelle 2023
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Mid-Atlantic Offshore Carbon Storage Hub Development -

Supporting Communities and Industry for

Very large storage resource in Mid-Atlantic Outer
Continental Shelf: 150-1136 Gt.

Opportunities: large storage capacity, shallow water
along OCS, large area, favorable porosity/permeability,
limited development in subsurface.

Challenges: limits on offshore exploration, lack of
infrastructure, environmental/stakeholder issues,
source-sink routing.

=~ 0“

Ge o™
P50 Results

(Mt COkm?)

21
Middle Cretaceous (MK1-3) 2
Storage Resource 18

»~==~= Map boundary 10
o

O Great Stone Dome outline o
o

Development Plan: exploration plan, pipeline
feasibility for CO, sources, offshore drilling, well field,
monitoring, logistics, cost-benefit risk analysis, energy
transition, community benefits, environmental
protection.
' Focus of new project

© Battelle 2023

Game Changer!

BATTELLE
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Storage Resources- 150- 1100 Glgatonnes

Reservoir gross thickness up to 7700 ft

Net thickness 100-

700 ft

Identified three potential storage
targets and four regional caprocks

Age Depth ‘Thickness (1t
Sealor “T, !
Reservoir | Formation Name*
Upper Seal Dawson Canyon 996-6831 | 556-3128
| Cretaceous | posermvonr Logan Canyon 2208-9,561 1742221
Lower Seal Naskapi 3022-10557 | 49-1.481
Cretaceous. Reservor Missisauga 358310839 553-4542
"""""" Seal MicMac 4116-13501 | 331-13501
Upper Resorvoir Mohawk 4924-15082 | 5274-7.742
Jurassic
Base/Seal - 29738

Regional averages for total storage zone (SS, 210 mD)

‘S’tzuolsge ‘I\('r:’a Thlc'lan-ss PoErE:qwr% Pnnrr;-l;iiirlty 003 Dﬁ'll'lzslfy
MK1-3 | 92,928 181 23 71 815
LK1 117,493 154 26 65 809
uJ1 134,578 211 21 45 798

*geometric mean

Regional averages for net storage zone (SS, 2100 mD)

[ Storage | Area |Thickness| Effective |Permeability|
Zone (km2) (m) Porosity (%) | (mD)*
MK1-3 | 79918 55 27 314
LK1 117,102 40 29 339
U1 88,372 32 25 264

*geomelric mean

Middle Cretaceous (MK1-3) -
CO, Storage Resource . .

P4

Lower Cretaceous (LK1)
. CO, Storage Resource

MDJ]
Regional Low High Regional Best | High
. Results | (P10) | (P50) |(P90) Results | (P10) | (P50) |(P90)
Gigatonnes (Gt) | 37 | 148 | 378 Gigatonnes (Gt) [ 59 | 178 | 403
per Jurassic (UJ1) P50 Results
(]J) Sturage Resource LEGEND (Mt CO,/km?)
. @ Well 4

A Pseudo-well w/average porosity
¥ Pseudo-well w/seismic porosity

-+~ Calculation boundary

Regional Low | Best [High N ——
Results (P10) | (P50) [(P90) A 100 km
Gigatonnes (Gt) | 54 | 153 | 355
Map Projection: NAD83/UTM zone 19N, GRS 1980

ohhomohbrmRoNEDRON

© Battelle 2022
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SE Michigan CarbonSAFE Storage Complex

Feasibility

Develop a CO, storage hub
for natural gas-based power
generation sources & other

emitters in SE Michigan.

Mt. Simon Sandstone
storage

Start Oct. 2023

DR 3 BATTEL

O Project Sources
© Other Sources

usow

Primary Site Depth: <1000 ft
Secondary Site

Land Cover

[ Barren Land

[ Crops/Pasture

[ Forest

[ Developed, High

[B Developed, Low & Med

[ Developed, Open

[ Wetiands

[ Herb., Shrub/Serub

[ Open Water

Tight carbonates,
shales, and evaporites
Depth: 1,000-3,250 ft
Thickness: 2,250 ft

Mikes

D

63 MT Total CO,
Storage Complex

'}‘ COMMUNITY BENEFITS
Clean Air

Tight carbonates

- COST ANALYSIS

—- $7.8m
Wl Surface Eduwenlcos\s
B Foes and Lease Costs.
B Monitoring Costs
Strat Well Drilling
B Stat Well Data

W Monitoring Wells
i Miscellaneous Costs (Other)

Depth: 3,250 ft
Thickness: 600 ft

+ Jobs
Education and Training
+ Community Investments
and Improvements

:g LOW RISK
A

Siltstone and shales
Depth: 3,850 ft
Thickness: 150 ft

+ No Seismicity or Induced
Seismicity

* Few Well Penetrations

« Few Geohazards

+ Experienced Project
Team

_| Storage: 640-813

KTlyear per well

Reducing Risk, Advancing Technology, and Supporting Growth

BATTELLE
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Appalachian
Regional Clean
Hydrogen Hub
(ARCH2)

Appalachian Hydrogen and
Carbon Capture Conference

November 30, 2023

APPALACHIAN!REGIONAL
CLEAN HYDROGEN HUB
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ARCH2 Overview
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Note: Proposed project locations based on preliminary siting are
subject to change during the detailed planning phase (phase 1).

ofgChio o, IEMARKET

Re-energizing Appalachia

Economically e

Socially e

Environmentally

10



12/18/2023

Midwest Regional Carbon Initiative
(MRCI) - Regional Initiative to
Accelerate CCUS Deployment in

Midwestern and Northeastern USA
DE-FE0031836

MRC| &

Midwest Regional Carbon Initiative

» @ ENERGY | (e BATTELLE T ILLINOIS
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It can be done

800.201.2011 | solutions@battelle.org | www.battelle.org
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