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EERC NORTH DAKOTA

Energy & Environmental Research Center (EERC)

Carbon Capture, Utilization, and Storage (CCUS) 101

USEA Educational Series on the basics of CCUS
Wednesday, October 8, 2025
1:00 - 2:.00 pm ET

Kevin C. Connors
Assistant Director for Regulatory Compliance and Energy Policy

© 2028 University of North Dakota Energy & Environmental Research Center.
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PCOR PARTNERSHIP

2003-2005 — PCOR Partnership: Characterization
2005-2008 — PCOR Partnership: Field Validation
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CARBON DIOXIDE (CO,) IS A COMMODITY
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KEY TERMINOLOGY

Dedicated CO, Storage

Carbon storage in a non-oil-bearing
geologic formation containing high saline
or brine water, where the primary purpose

IS permanent storage.

Pore Space

Tiny space between rock grains of a
geologic formation, occupied by a fluid.
Porosity and permeability are terms used
to describe the quality of the reservoir rock

Associated CO, Storage

CO, can be injected into depleted oll
reservoirs to enhance oil recovery from the
reservoir, ultimately resulting in
permanently stored CO.,.

Caprock

Layer or layers of rock that are
impermeable, acting as an upper seal to
contain liquids and gases injected into the
storage reservoir (a.k.a. confining zone).

45Q Tax Credit

A U.S. IRS tax credit for carbon
oxide sequestration—or capture
and storage.

Storage Reservoir

An underground geologic formation that is
not a source of drinking water, and has the
properties to inject into and store carbon
dioxide (a.k.a injection zone)




Capture the CO, instead
of emitting to
atmosphere.

Transport the CO, to
Injection site.

4. Inject the CO, for
permanent geologic
storage.

Compress the CO, for
optimal transport and
storage.

Stored CO,

Carbon Capture, Utilization, and Storage (CCUS)




_
The CO, is reinjected (recycled) — Rail cars or

pipelines take the
oil to a refinery.

GL-WATER-CO,

to produce more oil. ’ , sepnmnon
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Water is reinjected
CO, captured from in alternating waves
natural or industrial with the CO,.

sources is injected
into the oil reservoir.

CO, ENHANCED
OIL RECOVERY N RU all, more than 97%
AND 1 ovpdents
ASSOClATED in the oil reservoir.

COZ STORAGE s o k AT EEE : ~1 MILE DEEP

CO, swells the oil and lowers its The producing wells pump
viscosity (helps it flow). These §8 4 up a mixture of oil, CO,, and

changes help the oil move more water from the oil reservoir.
easily to the producing wells.




APPROACHES TO THE CAPTURE OF CO,
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Coal
Coal-Fired Electricity Post combustion Gas === Power & Heat }—-» s.cg:b
Generation Biomass pa n
Coal: 10%-18% CO, -
Nat. Gas: 4%-8% CO, CO,
Air/O,
o Steam Co,

Biomass /

Synfuels Pre combustion
. co
20%-30% CO, : ” Compression
Ne & Dehydration
Coal Co,
Oxyfuel . G.: Power & Heat
Can be >80% CO, ’ O N
2
Air —blﬁ Separation
Air/O,
_ Coal cO
Ethanol Production Industrial processes  Gas | Process +CO, Sop.
Biomass I 1
vV
Raw material Gas, Ammonia, Steel

From Metz, B. et al., 2005, Intergovernmental Panel on Climate Change Special Report on Carbon Dioxide Capture and Storage.



Boundary Dam Unit #3, 2014
Estevan, Saskatchewan
Shell Cansolv Technology
110 MW

Approx. 1 million metric tons
== per year
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| Petra Nova Project, Dec. 2016
g — W.A. Parish Generating Station
Thompsons, Texas
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‘ Approx. 2 million metric tons per year



Dakota Gasification, Active CCS and CCUS
Beulah, North Dakota

EOR: 42 million metric tons to Canada

Dedicated Storage: 2.7 million metric tons per year

e Barulah

[ DGC SNG

B pGe co,

M DGC to AVS SNG
[l pcpco,




Richardton CCS, Active CCS
Richardton, North Dakota
Approx. 180,000 metric tons per year




CO, PIPELINES IN THE U.S.

CERC M1I45

* CO, has been safely
transported via pipeline
since the 1970’s.

« The U.S. has over 5,000
miles of CO, pipeline.

Century
Gas Plant

‘Nutrien
Nitrogen

Val Verde
Gas Plants

250 500 miles
|

1
T T
250 500 kilometers ~— Operaticnal CO; Pipeline
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SEDIMENTARY
BASINS IN THE PCOR

PARTNERSHIP
REGION
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Sedimentary Basin
(nominal extent)




WILLISTON BASIN




WILLISTON BASIN CROSSSECTION

Fox Hills Formation: Lowest
USDW.

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

Broom Creek Formation:
Target for CO, storage.

Oil Producing Formations




CRITICAL SUBSURFACE
CHARACTERISTICS

* Depth

« Porosity/permeability
« Good cap rock

» Appropriate salinity R
« No natural leakage pathways os Jomi e .

, o e e Critical Depth
<« 3pproximately

Ground Level

1000

\ 800 m [2600 ft))

1

o — 3000
ehaveslikealiquid

Sh xeswitrater—— - '

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.

pensity of CO» ka/Mm



POROSITY AND PERMEABILITY







ENSURING
HUMAN SAFETY
AND
PROTECTING
GROUNDWATER
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Potential

Monitoring

Program
Soil Gas

B Groundwater

I Geophysical Surveys )

Fluid Measurement
Injection Rates
M Nearest Seal Zone
Il Storage Zone

Nell

Injection V




DRINKING WATER
PROTECTION

Multiple layers of steel casing
and cement isolate and protect
the freshwater aquifer systems.

Well Integrity ensures injected
CO, Is safely and permanently
stored

Carbon Steel
Casing ———————p

Surface Casing," ' cemented to surface

Carbon Steel Casing 4 —>

Other Products, typically referred to as
“packer fluid”

- —lclass G or Other Approved Cement

Top of CO,-Resistant Cement :;t;::n.;:!ei:t)e Casing, cemented to surface
(i. e., to top of Mowry in ND)
\ L CRA Injection Tubing

CRA Casing ~250'
above Injection
Horizon*

CO,-Resistant Cement

Storage
Formation

Perforations
CRA Casing ~150'
above Injection
Horizon"

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
3. Injection packer is 1o be installed within 50" of the top perforation

‘Indicated lengths are provided as a reference and would be defined on a project-by-project basis.
“*Surface casing is required 1o be set 50' below lowermost source of drinking water

4 (Class G or Other Approved Cement

- Annular Fluid with Corrosion Inhibitor and



CO, IS MONITORED
EVERY STEP OF
THE WAY

g@ EERC ‘ LNDNORTH DAKOTA. Critical Challenges. Practical Solutions.
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REGIONAL CCUS
ACTIVITY

~40 years of CCUS Operations
>1600 miles of CO, Pipeline

>176 million tonnes of CO, Stored*
*Tonnes stored as of Sept. 2025

Critical Challenges. Practical Solutions.
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EERC NORTH DAKOTA.

Energy & Environmental Research Center (EERC)

Kevin C. Connors Energy &Environmental

Assistant Director for Regulatory Compliance Research Center

and Energy Policy University of North Dakota

kconnors@undeerc.org 15 North 23rd Street, Stop 9018

701.777.5236 Grand Forks, ND 58202-9018
www.undeerc.org
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