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Task 21 Scope and Objectives

GOAL: Identify and address key technical challenges with
establishment of CCUS in the region.

ACharacterize Regional/Subregional Geologic Framework and
Expand CO, Stacked Storage Characterization

ACharacterize Basement Structure/Faulting/Stress and compile
other information to assess Induced Seismicity potential

AAssess commercial-scale CO, storage feasibility of selected CS
Systems and demonstrate process

ADemonstrate method for assessing commercial-scale CO, storage
risks and apply to example scenarios

AFacilitate Industrial Partnership and Regional Technical
Collaboration




Geologic Framework - Defining Carbon Storage Systems
Objective #1

PRELIMINARY

Geologic basins and provinces

Geologic Provinces and Basins
- Appalachian Basin

- Buried Newark Group Basins

- Exposed Newark Group Basins
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- Illinois Basin
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Stratigraphy of Northern Appalachian Basin

Defining Carbon Storage Systems
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Defining Carbon Storage Systems

Stratigraphy of Forest City Basin/Western Arches
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Developing a Geologic Maps Database

Existing maps for key geologic units were vetted and compiled into an interactive ArcGIS
map database containing over 500 maps from previous carbon partnerships and state
geologic surveys, for example:
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Devel oping a Geologic Maps Da

New structure and thickness map were developed for areas/formations such as the Forest
City Basin and Western Arches area that had not previously been mapped .

Mount Simon-Lamotte Sandstone Thickness Mount Simon-Lamotte Sandstone Structure
Contour Interval = 500 ft Contour Interval = 500 ft

%

\Precambn‘@ )
\ %

Yr

‘! .’"-~‘

2

£
I/

(

<2,600 ft to

MRCI s

Midwest Regional Carbon Initiative



Basement Rock Characterization T Structure and faults
Objective #2

& New structure map of the basement rock
(Contour interval 1,000 ft)
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Basement Rock Characterization 1 Stress Data

Information to assess induced seismicity and other geomechanical risks

N

Midwest Regional Carbon Initiative / A

Method
/ focal mechanism

/ breakouts
/ overcoring

A diiling-induced frac.
/‘ hydro. fractures
;S/ petal centerline fracture

Regime
W NF ENS mTS
WSS ®WmTF mUuU

Existing stress data from World Stress Map
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N et
o
New MRCI stress data (n=160)

Method
/./ focal mechanism

)'A’ breakouts

/ overcoring

,’ drilling-induced frac.

/‘ hydro. fractures

/ petal centerline fracture
Regime

W NF ENS mTS

WSS ®mTF mU
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Source of stress data

MRCI WSM

DIFBO OC PC
FMF

BO, borehole breakout; DIF, driimtuced tensile fracturing; FMA, average/composite
focal mechanism; FMF, focal mechanism inversion; FMSesirgtpiake focal
mechanism, HF, hydrofracturing; HFG, grabss®d hydrofracturing measurement;
HFM, maximuwatepth hydrofracturing measurement; OC, over coring; HF,
hydrofracturing; and PC, mean phite fracture
Mo wt
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Basement Rock Characterizationi St r e s s

Types of stress regime in MRCI Region
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Distributions of stress regime in the MRCI data compilation
for new data (left column), WSM (World Stress Map) (middle
column), and the combination of the two (right column).

TF 1 thrust faulting; TS 1 obligque thrust faulting; SS T strike-
slip faulting; NS i oblique normal faulting; NF T normal
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Additional Stress Data Derived from Focal
Mechanism Calculations

A focal mechanisms (FMs) from published work
(gray beachballs) and new FMs computed in this
study (red beachballs) in and around the MRCI
states
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MRCI Earthquake Catalog

A A historical seismicity catalog containing a list of
earthquakes that occurred in the MRCI study area
from 1568 through 2020 was compiled from various
sources of earthquake data.

2010 2015 6,615 71 61
2012 2012 8 8 8
2013 2015 74 74 73
2009 2020 7,166 1,900 1,846
2009 2020 5,580 475 46
2010 2018 13 13 13
2015 2020 222 155 93
1568 2019 13,048 4,658 3,645
2011 2018 5,397 5,397 5,397
2009 2020 1,634 853 620
2011 2020 907 907 886
2009 2020 269 227 83
2011 2015 277 129 105
2013 2020 61 61 33 3000 . . . . , y
2011 2013 140 140 140 Al WilliamsZStroud, S., Bauer, R., Leetaru, H.,
2014 2014 69 69 69 ] Oye, V., Stanek, F., Gree_nberg,_ S. an_d .
2009 2020 80 24 0 [__ImGsC Lagget, N., 203(.‘;. Alnal_yS|s of mlcrosilsmlmty
- B and reactivated fault size to assess the
;83; gg;g 342110 ‘21' 775 341 g 2000 poten_tial_for fel_t events _by CO,_injection in
! ! o the lllinois Basin. Bulletin of the
2009 2020 2,681 862 72 O Seismological Society of America, 110(5),
2009 2014 664 342 1 1000 1 pp.2188-2204.
Clise
0 MRC
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Storage Feasibility Analysis
Objective #3

AObjective was to evaluate the feasibility of commercial-scale
(>1 MMT for 30 years) CO, storage in different CS systems in

the MRCI region and to illustrate a process for assessing RSN || s cann
storage feasibility S0 T B mode
§ 1760000 ' 1,780,000 ' 1,800,000 1,620,000 ' 1,840,000 1,860,
AMethod i 3D static and dynamic numerical models were E
constructed for selected CS systems/formations to simulate £ Dynamic
commercial-scale CO, injection to determine model grid
A Number of injection wells/spacing
A CO, plume and pressure area
A Modeling software included Petrel for static earth models and o T e

CMG-GEM for dynamic reservoir models R
A Models were constructed for 3 CS systems/formations T

A 2 additional CS systems/formations were evaluated using
previous modeling by ISGS

620000 — i
1 B -0,
. N -
{ » —
| by i3 -040
600000 —
{ -0.
580000 O I
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| Ak Unds 1
Total ks 1359%
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Model Sites for Storage Feasibility Analysis

Model #2

MRCI Carbon $\\
Storage Systems

k_ Model Location | Carbon Storage Formatlons of Interest
0 105 210 Miles Model # System

Model #1 Pickaway Cambrian- Maryville
= County, Ohio Ordovician

Model #2 Antrim and Silurian- Bass Islands Dolomite,
Otsego Mississippian Bois Blanc
Counties,
Michigan
Model #3 Tri-State Area Silurian- Oriskany Sandstone
(Gilmer, Ritchie, Mississippian
Doddridge
Counties, WVa)
Model #4 Macon County, Cambrian- St. Peter Sandstone
(Will et al., 2014) lllinois Ordovician

Carbon Storage System
I Cambrian-Ordovician

Mississippi
[ Silurian-Mississippian PP

Embayment

Model #5 Macon County, = Cambrian- Potosi
(Smith and lllinois Ordovician
Adushita, 2014




Model #1 17 Cambrian Ordovician CS System, Pickaway
County Ohio

Results indicate that the Maryville Formation in Pickaway County offers a T g
potentially viable commercial-scale target for CO, sequestration if three or more 49
injection wells are used. |

Stacked scenario did not significantly increase injectivity. | 1

097

620000 —
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Comparison of Injectivity I\/Iodelming Results

Injectivity vs. kh
T
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1000
F @« (17602, 641)

Maryville (#1) : _ — Doddyidge

Injectivity (MT/yr-psi)

“Tri-state (#4)
b3 <—(823,’6’8),»"/’

r“ Otsego Michigan (#2)

@ «—— (3796, 23)

| L | L L
10000 100000 1000000
kh (mD-ft)

10 . . -
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Comparison of Calculated Injectivity Index for 5 model ;
sites. Note that Otsego Reference scenario only ian

includes the Bass Island Fm., which by itself did not Comparison of modeled CO, plume(s) and areas with
achieve commercial-scale injection. increased pressure for 4 model sites (Otsego Michigan

Model Site #2 not shown)
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Assessing Containment Risks for Different CS Systems

Objective #4

A Objective i evaluate feasibility of DOE NRAP
Reduced Order Models (ROMs) for assessing
containment risks at CO,, storage sites

A Methodology i evaluate two primary leakage
pathways:
- Leakage along cemented wellbore ( NRAP-
OPEN-IAM)
- Leakage across unfractured caprock (NRAP
OPEN-IAM Seal Horizon component)
Note: The Seal Horizon mode did not produce valid
results, so the 3D GEM model(s) were used to evaluate
the caprock leakage pathway.
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Modeling Cemented Wellbore Leakage Pathway

Example Cemented Wellbore leakage results for the Pickaway County Site
Volume of Aquifer Impacted

¢ | rate £ i : Brine
¢ Brine
= - inet cumulative )
% 35000
= . CO, Volume of CO, plume (left) and brine plume
§ " (right) above threshold concentrations in
shallow Aquifer via cemented wellbore
e leakage (brine does not exceed threshold).
ElS glsmn
I ‘/'// - - !
| CO,Flux Rate =

0 10 15 25 » 5 10 15 2 2 30 E 40

Time. [years]

p) and CO, (bottom) leakage and cumulative

2
Time, [years|

Rate (left) of brine (to

mass leaked (right) into shallow Aquifer via hypothetical cemented
wells at various distances from the injection well.
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Modeling Caprock Leakage Pathway

Example Caprock leakage results for the Pickaway County Site

Brine mass flux
rate (left) and
cumulative brine
mass (right)
across top of
caprock.

Brine flux
rate

Brine cumulative mass
flux

CO, mass flux
rate (left) and

CO, Flux Rate CO, Cumulative mass flux cumulative CO,
mass (right)
across top of

CO, plume at end of injection period caprock.

showing top of CO, does not reach base of
caprock
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