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PCOR PARTNERSHIP

2003—-2005 — PCOR Partnership: Characterization
2005-2008 — PCOR Partnership: Field Validation
2007-2019 — PCOR Partnership: Commercial Demonstration

2019-2024 — PCOR Partnership Initiative: Commercial Deployment
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PCOR PARTNERSHIP

2003—PRESENT

The PCOR Partnership Initiative addresses regional
capture, transport, use, and storage challenges facing
commercial CCUS deployment. The Initiative focuses on:

« Strengthening the technical foundation for geologic
CO, storage and enhanced oil recovery (EOR).

» Advancing capture technology.
* Improving application of monitoring technologies.

* Promoting integration between capture, transportation,
use, and storage industries.

 Facilitating regulatory frameworks.
» Providing scientific support to policy makers.

« Enabling and advancing deployment of CCUS.
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Capture CO, instead of
emitting to atmosphere.

Transport CO, to
injection site.

4. Inject CO, for
permanent geologic
storage.

Compress CO, for
optimal transport and
storage.

CO, Plume

Image Credit: Energy & Environmental Research Center



CO, CAN BE MANAGED

Image Credit — EERC

Seals Prevent Migration
7K

Depleted Oil and Gas Reservoir :

Deep Saline Formations §

Image Credit — NACCO Industries
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CRITICAL SUBSURFACE
CHARACTERISTICS

Depth

Porosity/permeability

Good cap rock

Appropriate salinity

No natural leakage pathways

Depth

» Below approximately 2600 ft, CO,
becomes a supercritical fluid.

« CO, will behave like a liquid.

 High density of the CO, allows for more
storage in a given volume.
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POROSITY AND PERMEABILITY
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REGIONAL SOURCES

AND
SEDIMENTARY BASINS

Classification of Major CO, Emission
Sources in the PCOR Partnership Region

CO, Source Type Annual CO, Output, tonnes

Agriculture Processing o 100,000-500,000
Cement Plant
Electricity

500,000-2,000,000

Efanal 2,000,000-5,000,000

Fertilizer 5,000,000-10,000,000
Industrial

10,000,000~-15,000,000
Petroleum and Natural Gas

e —— FW. U S DEPARTMENT OF NATIONAL . .
CO EER G ENERGY —— - Sedimentary Basin
PUUR - C.| @ ENERGY IESENOIORY (oinal exten
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WILLISTON BASIN SALINE STORAGE OPPORTUNITIES

Approximate Location of Center, ND

West

2000+

East

J_- Missouri R.

Fox Hills Formation: Lowest
- USDW.

Inyan Kara: Primary target for produced
water disposal in the Williston Basin.
Potential target for CO, storage.

Broom Creek Formation:
' Target for CO, storage.

Winnipeg/Deadwood: Target for
- CO, storage.

U.S. DEPARTMENT QF N NATIONAL i B 2
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Rock Units ‘

North Dakota \ fos s
Stratigraphic Column

Quaternary

Cenozoic

Approximate Depth, ft

1000

Fieme Fm

6] 4000

5000

N

2PCQR S)EERC

WILLISTON BASIN
GEOLOGY OFFERS

MULTIPLE OPTIONS FOR
CCS AND CCUS

Inyan Kara Fm - Saline Storage

Image Credit: Energy & Environmental Research Center

Broom Creek Fm — Saline Storage

Madison conventional reservoirs — EOR

Bakken and Three Forks unconventional reservoirs — EOR
Duperow conventional reservoirs — EOR

Red River conventional reservoirs — EOR
Deadwood Fm — Saline Storage

EN ERGY | .f::;‘;:ro“ Critical Challenges. Practical Solutions.



INCENTIVES

45Q Tax Credits West Coast LCFS Markets
Projects beginning construction before January 1, 2033, « Credits trading up to $80-$220 per ton
can claim credits for 12 years after operations begln (June 2021-2022).
* Provides for direct payment for 45Q credits. « Stacked with 45Q.
« Tax credit for CO, stored in a qualified EOR project: North Dakota Incentives
$60/tonne. _ _ « No sales tax on capture-related infrastructure.
» Tax credit from direct air capture (DAC):
$130/tonne. * No sales tax on CO, sold for EOR.
» Tax credit for CO, stored in a saline formation: * No sales tax on construction of pipeline.
$85/tonne. * Property tax-exempt for 10 years (equipment).
* Tax credit from DAC: $180/tonne. - Coal conversion tax: tax reduction with CO, capture (up

to 50%).
* No sales tax on CO, EOR infrastructure.

Image Credit— EERC
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POLICY AND REGULATORY DEVELOPMENTS

Has legislation addressing pore
space ownership and is developing
a repulatory framework for CCS.

w /

® PO re S pace LaW b = Has adopted existing
e " > oil and gas regulations
ay age i e sy for CO, storage. Y s
e Long-term reSponS|b|“ty . i . st y : Has received UIC Class VI
Has developed regulations for storage, pore space ; primacy approval.
. ownership, and long-term liability. Long-term liability is W B Has legislation addressing
® C I aSS VI p rl m a Cy covered by the Post Closure Stewardship Fund to help 2 pore space ownership.
cover the obligations assumed by Alberta after closure. B8 o North Dakota takes over
R . P _ 1ungltermlliability of Cp,
« Regulatory program implementation T T, _ e )
Development is developing a d
] regulatory framework for CCS. g <00
« Pathways to permit approval ¥ sC
=
[ ]

POI iCy/reg u Iato ry ba rri e rS Has legislation addressing pore spac.ex;:wnership.

long-term liability, and establishment of storage
reservoir program fund. Implementation of this
legislation is contingent upon application and
approval of Class VI primacy.

Has received UIC Class VI primacy approval

Has legislation addressing pore space ownership;
operator owns and is liable for stored CO,; established
trust fund for long-term stewardship expenses.

fn e s Has legislation in place addressing pore space
Mo legislation in place, rules adopted, or under development. ownership; established a trust fund and per

ton fee to cover long-term liability by the state.

U.S. DEPARTMENT OF N NATIONAL
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CLASS VI INJECTION WELLS

» Class designated for CO, injection wells as
required by the U.S. Environmental Protection
Agency (EPA) under the Safe Drinking Water
Act.

* Material costs are increased over other well
types (corrosion resistance, increased
tensile/compressive strength, etc.).

* Injection target formation total dissolved solids
(TDS) content cannot be less than 10,000
milligrams per liter.
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sEPA Geologic Sequestration of
e aen Carbon Dioxide

Underground Injection
Control (UIC) Program
Class VI Well Construction

Injected CO,

ey " s ] e ) T T WY JO
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4
«' Cement
% Surface casing
1 Lowermost U§EW Bg_sf_
£ &
2 5
'Q 2 Intermediate casing
& B
o0 Injection tubing
] Annulus
8

{ Long string casing
_a.v:.

@ Borehole

.
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.

%

Injection packer

Injection zone perforations
) <— Total depth
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Class VI Primacy in the United States

UNDERGROUND INJECTION
CONTROL (UIC) PROGRAM

UIC Program Standards:

1) Protection of underground sources
of drinking water (USDWs)

Injection zone
Confining zones (upper and lower)
AOR and corrective action

w N

AN
~—~ ~— ~— ~—

140826 472023

Wellbore integrity demonstration T
[0 Application Pending l

O)

[ Preapplication Phase
[ Exploring Primacy
No Known Activity

Hazardous and Brines and other fluids Fluids associated with Hazardous or Nonhazardous fluids Injection of CO, for
nonhazardous fluids associated with oil and solution mining of radioactive wastes. This  into or above a USDW long-term storage.
(industrial and municipal gas production, minerals. class is banned by EPA. and are typically
wastes). including CO, EOR. shallow.

‘/"—,--—-—'-\-_‘
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NORTH DAKOTA’S LEVERAGE
EA

CO, Storage Long-
Term Liability Laws

Pore Space Ownership North Dakota’s Energy
Laws Future

20 years of applied R&D in
CCUS
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DEVELOPING A PROJECT

U.S. DEPARTMENT OF N NATIONAL o . .
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ADAPTIVE MANAGEMENT APPROACH
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STORAGE FACILITY PERMIT
North Dakota CO, Storage Facility

Red Trail Energy Ethanol Facility

Permit (Class VI) Checklist

O Pore Space Access

1 Geologic Exhibits

1 Geologic Model and Simulations

O Area of Review (AOR)

= Supporting Plans s
O Testing and Monitoring Plan Frogram =
O Postinjection Site and Facility Closure Plan
L Emergency and Remedial Response Plan
O Worker Safety Plan
0 Well Casing and Cementing Program
O Plugging Plan
U Financial Assurance Demonstration Plan

O Injection Well and Storage Reservoir Information

n

2 S)EERC |
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PCOR

Partnershi
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STORAGE FACILITY PROJECT BOUNDARIES
North Dakota UIC Class VI

« CO, Plume — Simulated boundary at end of injection. |

- Stabilized Plume — Simulated boundary at . . . .
postinjection stabilization. : N S e | A

[ ] Storage Facility Area !

- Storage Facility Area — Boundary + Buffer e ol

[pore space lease and amalgamation areal] : ' i

- Hearing Notification Area — %2 mile from the storage . Seaime
facility area boundary (mineral estate and surface '

estate).

L ]

r=—-- - -

* Area of Review (AOR) — Not shown; calculated with
simulation.

------

- Evaluation Area — 1 mile from the storage facility . : .y
area boundary (default mininum AOR). | |____. e il

n
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CO, IS MONITORED
EVERY STEP OF
THE WAY
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L
.

SUBSURFACE
MONITORING IS DONE
TO ENSURE

CONTAINMENT

| 23

Regulations require
periodic subsurface
monitoring.

‘/f”‘-—"‘:
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SOIL GAS MONITORING

YEARS

PLCR SEERC

Partnership
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WATER MONITORING

Is done to confirm that current
CO, levels match baselines
taken before injection started.

0,

Partnership

Crltlcal Challenges Practical Solutions.




Full-
Length
Casing

Poteptiql

Monitoring

Program
Soil Gas

B Groundwater

W Geophysical Surveys | \

Injection Rates
B Nearest Seal Zone
" Storage Zone

Cement :

DRINKING
WATER
OTECTION

Tubihg ——4
Surface Casing —#*
Cement » -

Cap Rock

Cap Rock

Permanent CO,Storage Layer

8ll +— Full-Length Casing

le— Cement
‘ Depth = ~1850/t
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CCUS DEVELOPMENT i i
ACROSS THE PCOR A e it

@ Developing Capture f

PARTNERSHIP REGION | = g

—— Planned
Proposed Alberta CCS Hubs

. Grand Prairie Met Zero |
. Gresnview Region | |
. Grand Prairie CCS g | |
. Mashkwa
. Athabasca Banks : 9-16 7 i |
. Opal Caroon - _ |
. Rocky Mountain . EOR Fields for ACTL
. Tourmaline Clearwater
9. Brazeau |

10. Oil Sands Pattways W
1. Meadowbrook 24 BOUE’IdaW Dam

12. Open Access Wabamun Aquisto L
13. Origins [ |
14, Alberta Carbon Grid — ! __Weyburn‘

15. Atlas Garbon Sequestrian = A ' GreatPlains Synfue[ Plant
16. World Midstream | iCoal Creek &

17. Battle River . =

18. Central Alberta Red Trail Energy | Midwest Ag
19, Ram River [ ) :
20. Bow River .

21. Ralling Hills

A :
22, North Drumheller - __B@l_l_Cree‘I'(A/j'CCA h?]ilton R. ‘i{oung Station
B = | “

23. Pincher Creek |

24, Clear Herizon

Lost Cabin { Dry Fork |
Station  Summit.
a |'
Shute Creek 2‘ Tallgr!ass Navigator
Wyoming Gerald A iaiima
Project Phoenix EOR Fields Gentleman :

Riley Ridge

MO815
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NORTH DAKOTA
CCUS ACTIVITY
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* Operating Project

* Project Under Development
= CO, Pipeline

" | Bakken Unitized Field

| Conventional Unitized Field
I North Dakota Oil Fieldm
1
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GEOLOGIC STORAGE PERMITS IN NORTH DAKOTA

Red Trail Richardton Ethanol Broom Creek Storage Facility
No. 1 — Approved October 19, 2021

Blue Flint Underwood Broom
Creek Storage Facility #1—
Approved May 25, 2023

DGC Beulah Broom Creek
Storage Facility #1— Approved
January 24, 2023

Minnkota Center MRYS Broom Creek Storage Facility No. 1
Minnkota Center MRYS Deadwood Storage Facility No. 1

Approved January 21, 2022

W Er s AW

Years Image: Dakota Gasification Company
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CONCLUSIONS

Two decades of research into demonstrating safety and efficacy of CCUS.

— Demonstrated success of monitoring techniques.

Regulatory environment continues to develop in support of deploying CCUS.
Incentive programs are driving current development.

— Companies and their investors are driven to meet their own emission reduction
goals.

CCUS technology represents a key opportunity to decarbonize industry.

:'J_‘ U.3. DEPARTMENT OF N NATIONAL e : :
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DISCLAIMER

This presentation was prepared as an account of work sponsored by an agency of the United
States Government. Neither the United States Government, nor any agency thereof, nor any
of their employees, makes any warranty, express or implied, or assumes any legal liability or

responsibility for the accuracy, completeness, or usefulness of any information, apparatus,
product, or process disclosed or represents that its use would not infringe privately owned
rights. Reference herein to any specific commercial product, process, or service by trade
name, trademark, manufacturer, or otherwise does not necessarily constitute or imply its
endorsement, recommendation, or favoring by the United States Government or any agency
thereof. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof.
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EERC NORTH DAKOTA

Kyle Glazewski
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kglazewski@undeerc.org
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Research Center

University of North Dakota
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Grand Forks, ND 58202-9018
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701.777.5181 (fax)
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