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PCOR PARTNERSHIP

2003-2005 — PCOR Partnership: Characterization
2005-2008 — PCOR Partnership: Field Validation
2007-2019 — PCOR Partnership: Commercial Dem
2019-2024 — PCOR Partnership Initiative: Com

2024-2034 — PCOR: Sustained Commercial Dep
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PCOR PARTNERSHIP

The PCOR Partnership addresses regional capture,
transport, use, and storage challenges facing commercial
carbon capture and storage (CCS)/carbon capture,
utilization, and storage (CCUS) deployment. The PCOR
Partnership focuses on:

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

« Advancing capture technology.

* Improving application of monitoring technologies.

Partnership

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

 Facilitating regulatory frameworks.

* Providing scientific support to policymakers.
« Engaging the public through outreach and education.

Critical Challenges. Practical Solutions.
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PCOR PARTNERSHIP — NEW PARTNERS

2022 New Partners

2023 New Partners

2024 New Partners

Air Products - GLJ Avalon International Corporation Heidelberg Materials
Alaska Asia » Halliburton Bank of North Dakota Mitsui E&P USA LLC
Alaska DNR * Hess ConocoPhillips Meriden Carbon
Aramco Americas « Hydrogen Delta Constructors
Bakken Energy Naturally Emerson Automation Solutions
Barr Engineering * Liberty Media Frontier Carbon Solutions
BKV Corporation * Marathon Goodnight Midstream
Petroleum

Carbon Alpha ; Hitachi Industrial Equipment &
Cerilon (ND el Rl " Solutions America
Ventures) II;leset Consulting Hunting Energy Services
CO2SeQure " raragon . lkon Science

O Geophysical _ _
DarkVision Services Marubeni-ltochu Tubulars America
Jeelieleiles Rainbow Energy OLI Systems

Devon Energy
Enbridge

RITE

Paragon Geophysical Services

+ SimTech Retract
Enerplus . Stryde Rock Flow Dynamics
. Tallgrass Energy Stress Engineering Services
« TERRACOH Subsurface Al
» White Rock Oil Sumitomo
and Gas WOGCC
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REGIONAL CCUS
ACTIVITY

Partnership
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Active and Developing
CCUS Projects in the
PCOR Partnership Region
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2023 AND 2024 HIGHLIGHTS

+ PCOR Partnership annual meeting held in Grand Forks,

North Dakota, (2023) and upcoming in Bismarck,
North Dakota (2024). 2023 An nual I\/Ieetl ng
* Regulatory Roundup meetings held in Deadwood, \ :

South Dakota, (2023) and upcoming in Bismarck (2024).

« Technical Advisory Board meetings held in Washington,
D.C., (2023) and upcoming in Bismarck (2024).

« Continued collaboration with University of Alaska
Fairbanks (UAF) and University of Wyoming.

» Field efforts continued at the Red Trail Energy CCS site.

« Seven quarterly PCOR Pioneer newsletters have been
provided to partners.

* All DOE contractual deliverables have been met!

« Several white papers and products have been published.

é@ EERC | [UN2 NORTH DAKOTA. Critical Challenges. Practical Solutions.



2023 REGULATORY ROUNDUP

* Pore space law
« Long-term liability
« Class VI primacy

* Regulatory program
implementation

« Pathways to permit approval
 Policy/regulatory barriers

Has legislation addressing pore
space ownership and is developing
a regulatory framework for CC5.

Has adopted existing
oil and gas regulations
for CO, storage.

Has developed regulations for storage, pore space
ownership, and long-term liability. Long-term liability is r
covered by the Post Closure Stewardship Fund to help " pore space ownership.

ReQUIatory Roundup Meetlng cover the obligations assumed by Alberta after closure. Nerth Dakota takes over
Deadwood, South Dakota - 9N long-term liability of €O,

storage with an established
July 2023

trust fund and per tonne fee.

Has legislation addressing

Ministry of Natural Gas
Development is developing a
regulatory framework for CCS.

Has legislation addressing pore space ownership,
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.

Has legislation in place addressing pore space
ownership; established a trust fund and per
ton fee to cover long-term liability by the state.

| u N I ¥V ERSITTY O F
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CCUS MEETING HELD

« UAF, Alaska and North Dakota legislators,
and regulatory staff held a CCUS meeting
in Bismarck (December 2023).

» Meeting included discussion on CCUS and
associated policies prior to 2024 legislative
session.

* North Dakota invitees included the EERC,
North Dakota Lignite Energy Council,
Department of Mineral Resources Oil and
Gas Division.

» Site tours held of the Blue Flint Ethanol
plant and Coal Creek Station (coal-fired
electric generating plant).

| u N I ¥V ERSITTY O F
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Blue Flint Ethanol Injection Site Tour

Coal Creek Station Tour




PCOR PARTNERSHIP PRODUCTS

Technical Briefs . 2

Fact Sheets 4

Posters
Newsletters

Deliverables
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TOPICAL REPORTS -
DELIVERABLES

Recently submitted deliverables to DOE
D11 — Basement Faulting and Stress State,
Induced Seismicity
D12 — Regional Socioeconomic Assessment
D13 — Regional Business Model Assessment
D15 — PCOR Partnership Atlas
D16 — Enabling Sustainable Monitoring for CCUS
D17 — PCOR Road Map
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DEMONSTRATING NOVEL MONITORING
TECHNIQUES AT AN ETHANOL
180,000-MT/YR CCS PROJECT IN NORTH DAKOTA
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U.S. Incentjves to
Capture'and Store CO,

Fact Sheet

Wiha Receiwes the Tax Credit?

Dermonstrating C0, Storage in the
8 PCOR l‘lr‘[l‘lir‘ﬁ‘!lp Region

FETETEN

PCOR Partnership

MVA Metheods and
Environmants
g

Why Does MVA Matter?

ENHANCED OIL

TERM CO;: STORAGE

EOR Storage

OUTREACH

RECOVERY FOR LONG-

PCOR PARTNERSHIP

ATLAS

6TH EDITION.REVISED | 2024

3 N

&

Making Safe, Practical Carbon Capture, Utilization, and Storage Projects a Reality

NATIONAL
ENERGY
TECHNOLOGY
LABORATORY

/750 Atlases have been distributed!
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PCOR HIGHLIGHT — RED TRAIL ENERGY CCS PROJECT

64-million-gallon dry mill ethanol

Facility production plant

Tonnage 180,000 tonnes per annum

Injector One CO; injector into single storage

Design reservoir

Regulatory NDIC Class VI permit approved

Status Permit to Inject approved
Support from US DOE, NDIC
Renewable Energy Program, DOE-

Other funded EERC-PCOR for storage site

development and novel sustainable
monitoring

Critical Challenges. Practical Solutions.



PCOR HIGHLIGHT — PLUME STABILIZATION

The EERC, through the PCOR Partnership, conducted a study to
evaluate a quantitative approach to demonstrate plume stabilization,
with a theoretical case study of a CCS project in North Dakota.

Plume stabilization is not explicitly defined by EPA rules and
regulations.

— Individual states such as North Dakota may have more rigorously
defined plume stability expectations.

Plume stabilization must be defined by the operator via multiple
approaches, including risk assessment, numerical simulations, and
monitoring data.

The EERC studied applying a simplified methodology by Harp and
others (2019) to calculate the time at which plume stabilization
OCCurs.

Plume stabilization can be found when the change in area over time
slows to near zero, displaying asymptotic behavior.

— dA/dt
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Carbon Steel
Casing —»

PCOR HIGHLIGHT — PARTNERING -
WITH STRESS ENGINEERING

<4— C(lass G or Other Approved Cement

Carbon Steel Casing 4 —>

# Annular Fluid with Corrosion Inhibitor and
Other Products, typically referred to as
“packer fluid”

« Stress Engineering Services, Inc., is working as a
subcontractor to provide the PCOR Partnership with = clss G o Other Approved Camen
basic guidelines and white papers on considerations for:

‘ ‘ Intermediate Casing, cemented to surface

Top of CO,-Resistant Cement (i installed)

(i. e., to top of Mowry in ND)
\ ‘_

CRA Casing ~250'
above Injection

2. Use of carbon steel pipelines with CO, streams Horizon
containing hydrogen sulfide (H,S).

1. Selecting corrosion-resistant alloy material for
CO, storage and utilization applications.

CRA Injection Tubing

CO,-Resistant Cement

0 0 T
i Vi . .

« The EERC has completed these white papers and MR = I

... Storage | —

guideline documents for publication. SRR F'" o

]
_a_,; :
N
NnkssEE X

A

EERC KC64141.CDR

NOTES:
1. Drawing is not to scale but to provide a representation for the construction of a
CCS injection well.
2. CRA = corrosion-resistant alloy

= UNIVERSITY OF 3. Injection packer is to be installed within 50' of the top perforation.
S)EERC | UNYNORTH DAKOTA.

*Indicated lengths are provided as a reference and would be defined on a project-by-project basis.
**Surface casing is required to be set 50' below lowermost source of drinking water.



CCUS.

«  Active region developing commercial CCUS
projects.

«  Building on over 20 years of applied research in PCOR PARTN ERSHIP
"_" . A '_:‘ : "'f" A

 Engaged and motivated partners.
« Engaged regulators.

«  PCOR Partnership is a catalyst for CCUS
projects in the region.

Focused on infrastructure development
strategies.

« Ethanol industry in the region accelerating
CCUS.

«  Expanding CO, EOR opportunities in the region.

u NI VERSITITY OF
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Total net CO, stored in PCOR Region: Project Sites
170 million tonnes K uiciore
I -7 35
metric tons ALBERTA O ccr
Aquistore 500,000 © Chiguel
Bell Creek EOR 11,900,000* g e
Blue Flint 86,206 el 0 £oG
Cedar Creek Anticline EOR 1,600,000* PR . i O Glacier
Chigwell EOR 1,600,000 o ks g L -
Clive EOR 5,427,022 P @ Northwest McGregor
DGC Beulah 438,912 ® Quest
EOG Pilot 1593 B oot
Glacier 12,000 @ whiting
Joffre Field EOR 1,500,000 D oo £
Lignite Field Test 82 M @ zama o3
Northwest McGregor Field Test 400 :
Quest 8,800,000
Red Trail Energy 299,145
Weyburn-Midale EOR 39,000,000
Whiting Pilot 2336
Wyoming EOR 97,000,000*
XTO Pilot 88
Zama Field Test 85,000

- UNIVERSITY OF * Calculated estimate.
S)EERC | UND NORTH DAKOTA
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Kevin Connors

Assistant Director for Regulatory Compliance
and Energy Policy

PCOR Partnership Project Manager
kconnors@undeerc.org
701.777.5236

Energy & Environmental
Research Center

University of North Dakota

15 North 23rd Street, Stop 9018
Grand Forks, ND 58202-9018

www.undeerc.org
701.777.5000
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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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