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CO, Emissions in United States
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CO, Emissions in Oklahoma
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CO, FACILITIES REPORTING EMISSION IN 2019 (EPA)
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45Q Qualified CO, Sources in Oklahoma

Key Elements of the Section 45Q Credit

Equipment Placed in

Service Before 2/9/2018

Equipment Placed in
Service on 2/9/2018 or
Later

Credit Amount (per Metric Ton of CO2)*
Geologically Sequestered CO;

$23.82 in 2020.
Inflation-adjusted annually.

$31.77 in 2020.
Increasing to $50 by 2026,
then inflation-adjusted.

Geologically Sequestered CO» with EOR

$11.91 in 2020.
Inflation-adjusted annually.

$20.22 in 2020.
Increasing to $35 by 2026,
then inflation-adjusted.

Other Qualified Use of CO;

None.

$20.22 in 2020.
Increasing to $35 by 2026,
then inflation-adjusted.

Claim Period

Available until 75 million tons
of COz2 have been captured
and sequestered.

12-year period once facility is
placed in service.

Qualifying Facilities

Capture carbon after
10/3/2008.

Begin construction before
1/1/2026.

Annual Capture Requirements

Capture at least 500,000
metric tons.

Power plants:

capture at least 500,000
metric tons.

Facilities that emit no more than
500,000 metric tons per year:
capture at least 25,000 metric
tons.

DAC and other capture facilities:
capture at least 100,000
metric tons.

Eligibility to Claim Credit

Person who captures and
physically or contractually
ensures the disposal,
utilization, or use as a tertiary
injectant of the COa.

Person who owns the capture
equipment and physically or
contractually ensures the
disposal, utilization, or use as a
tertiary injectant of the COa.

Source: CRS analysis of IRC Section 45Q.
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CO, Phase Diagram
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Trapping Mechanisms
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Carbon Capture, Utilization and Storage

Refers to capture of CO2 from large stationary sources (e.g. power plants, etc), and either
reuse or store it in the deep subsurface (geologic sequestration).

Overview of Geological Storage Options —— D oduced oil or gas
1 Depleted oil and gas reservoirs Injected CO,

2 Use of CO, in enhanced oil and gas recovery CTHEEE Stored CO

3 Deep saline formations — (a) offshore (b) onshore : &

4 Use of CO, in enhanced coal bed methane recovery

L_2Km

Modified after Metz et al., 2005
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Geological Carbon Storage Potential in Oklahoma
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Deep Saline Aquifers as Carbon Storage

Criteria:

Depth > 2500 ft (800 m)

TDS > 10,000 ppm

Arbuckle Group

15000°

15000°

30000’

P.Cr., Bigf.,

Wom., Blak.

100 Miles .

ooooo

- '.'.’.Precambnan Basement‘.'.‘.
160 Km =

b.‘.“'."‘
P SR G LM E SO G s T s QU SRS S S S S G G

SO. OK.
| AULACOGEN l

~J ooooooooooo

e .°I°.'.(TULSA MTS.)-- -}

LS 200 S AR e SN It SR TR SR AR, SRR R ORRY e 1) Vo

000000.0000000000000¢

/.- -+, Precambrian Basement .-.-.-|

ooooo

.| E= shale
[*=4] Chert

A e e e A

Schematic cross sections showing restored thickness of Late Cambrian and Ordovician strata in

Oklahoma (based on data in Johnson and others, 1988).
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Deep Saline Aquifers in Oklahoma

Depth Structure Map
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Oil and Gas Fields in Oklahoma

Map of Oklahoma Oil and Gas Fields

Distinguizhed by G.O.R. and Conventional (las v Coalbed Methane

Brivtany N. Pritchetd
2015

el 130,000
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[ 71 {COR = 5,000

[ 01 and Cas (@GOR 5,000-20,000)

201,000

Modified after OGS GM39, 2015

3192 big and small fields in total:

1803 o1l fields

For a depleted oil field: 0OIP: original oil in place
RF : % recovery factor
— Bo : oil formation volume factor
Mco, = pco, X OOIP X RF X B,
For a depleted gas field: OGIP: original gas in place
Bg : gas formation volume factor
MCOZ = pcoz X OGIP X RF X Bg
For a oil field due to CO,-EOR: I0P : incremental oil production
Mcoo:

MC02 = pcoz X IOP X BO

e 921 gas fields
439 mixed oil and gas fields
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Unmineable Coal Beds as Carbon Storage

Definition: any coalbeds below economic mining depth could be used
to store CO,
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Approximate Water
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Why coalbeds?

* Large internal surface area

* CO, 1s more adsorbing
than methane

* Dual role
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Unmineable Coal Beds in Oklahoma
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Unconventional Organic-Rich Shales as Carbon Storage =}

Criteria:

* Organic-rich shale > 2500 ft (800 m)

e TOC>=2wt%

* Methane-bearing

* Has been or will be stimulated for methane production before
or during implementation of CO, storage

Why organic-rich shale?

* High certainty in the mtegrity of this class of reservoirs.

* Presence of an established network of fractures

* Potential to use injected CO, to enhance production of remaining
hydrocarbons.
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Unconventional Organic-Rich Shales in Oklahoma

Woodford Shale — Depth Structure Map
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Vitrinite Isoreflectance Map of Woodford Shale in Oklahoma
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Basalt
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Basalt in Oklahoma
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OGS Roles in Carbon Management in Oklahoma

» Geological Data Repository
« Geological and geophysical investigations

Reginal

Prospectivity
Studies

* Basin and
subbasin
prospectivity
studies

* Theoretical
capacity
estimates

0.5-2 years

Catalogue of \ Site Screening "\ Characterization Site Desi Site Injection &
Potential Sitesg# and Selection _/of Selected Site e Development Storage
A A A A A

Shut Down

Exploration Permit

* Desktop

« Initial
study for characterization
specific « Exploration, as
location needed (seismic
« More refine survey, drill, etc)
theoretical * Preliminary risk
capacity assessment
estimates + Audit need for
remediation of
pre-existing
infrastructure
« Effective
capacity
estimates
1-3 years 1-3 years
- Project Developer Goals

Site Selection

* Detailed site
characterization
and risk
assessment

* Drill further
appraisal wells

* Initiate modelling
* Begin injection
tests

* Practical capacity
estimates

« |f site fails,
selected another
candidate site

1-3 years

« Final site
characterization

* Preliminary
engineering for
storage
development,
integrated with
transport &
capture

» Matched

capacity
estimate

* Final permitting
& approval

1-2 years

Approval

« Final engineering
& procurement

« Facilities
construction

* Drill new injection
wells

* Update models &

characterization
with new data

« Baseline survey

* Remediate pre-
exiting
infrastructure

1-3 years

Developer Activities

page 19

Start up Injection

« Start-up

* Injection

* Monitoring

*» Ongoing
update of
modelling,
risk &
performance
assessment

5-50 years

Closure and
Post-Closure
Monitoring

| » Decommissioning .
facilities

* Plug & abandon
wells, as needed

» Maintenance of
monitoring wells for
post-closure
assessment

* Monitoring of plume
stabilization

* Long-term
monitoring plan

* Final survey before
transfer

? years

Long-term
Stewardship

Transfer

* Provide financial
security

« If called for in
regulatory
structure, transfer
site, & liability to
state

« Periodic and
event driven
monitoring

* Remedial action,
as needed

? years

Source: Bradshaw Geoscience Consultants



Conclusions

* Oklahoma’s diverse and heterogeneous geology
* OGS strong experience in geological and geophysical investigation
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‘2,000’000 - 4,000,000 i Potential saline formations and organic-rich shale for CO, storage (by OGS)
SO 2L Potential basalt for CO, storage (by OGS)

Modified after OGS fact sheet 1, 2021
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OGS CARBON MANAGEMENT
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