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REGIONAL
POTENTIAL

A Prolific Oil-Producing Region
in North America

« Conventional

. Unconventional

« Stacked horizons
 Residual oil zones (ROZs)?

Abundant Anthropogenic CO,
Sources Proximal to Enhanced
Oil Recovery (EOR) and Storage

Opportunities

Growing CO, Transportation
Network

Massive CO, Storage Potential in
Deep Saline Formations

I

#® CO,Emission Source
@ Coal-Fired Power Plant
4 ND Gas Plant
CO,Pipeline

| === Sanctioned CO:2 Pipeline*

[ oil Field

| Selected EOR Field

*Sanctioned pipeline based

on BLM permit application.
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BAKKEN EOR SIZE OF THE PRIZE

Original Oll in Place (OOIP)
Estimates

300 Bbbl
(Flannery and Kraus, 2006)

900 Bbbl

(Continental Resources, 2011)

Technically Recoverable
Reserve Estimates
(primary recovery)

7.4 Bbbl 24 Bbbl
(USGS, 2013) (Continental Resource, 2011)
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Business as usual gets
about 15 billion barrels.

Critical Challenges. Practical Solutions.



(>100,000 tonnes/year)
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ENORMOUS
OPPORTUNITY

86 conventional unitized fields:

e 280 million to 630 million bbl
of incremental oil

* 47 million to 283 million
metric tons of CO, needed

200+ conventional fields
« >1 Bbhbl of incremental oil

« >358 million metric tons of
CO, needed

Conventional +
Bakken Petroleum System:

4 Bbbl=7.6 Bbbl of
incremental oil

— 2 Btons-3.8 Btons of CO,
needed

..Or more



INCENTIVES 45Q Tax Credits

Projects beginning construction before January 1, 2024, can
claim credits for 12 years after operations begin.

West Coast LCFS « Tax credits claimed by the taxpayer capturing the emissions or
. Credits trading for $136 to transferred to operators of CO, EOR) projects.
$192 per ton. + Tax credit for CO, stored in a qualified EOR project is

$15.29/tonne; increases annually to $35/tonne in 2026.

» Tax credit for CO, stored in a saline formation is $25.70/tonne;
increases annually to $50/tonne in 2026.

» Stacked with 45Q

.Nosalestaxon  NOrth Dakota CCUS Incentives

capture-related * No sales tax on CO, EOR

infrastructure infrastructure
* No sales tax on CO, J O%_extr_action tax for 20 years for
sold for EOR tertiary incremental recovery

 Coal conversion tax: tax
reduction with CO,,
capture (up to 50%)

 Production tax still applies

* No sales tax on
construction of pipeline.

* Property tax-exempt for 10
years (equipment)




NORTH DAKOTA'S LEVERAGE

Class VI
Primacy
CO, Pipeline

CO, Storage Long-
Term Liability Laws

Pore Space Ownership
& Amalgamation Laws

Engaged Partners,
Technical Knowledge

Success of
CarbonSAFE and
PCOR Programs

North Dakota’s
Statewide Vision for
Carbon Management

Critical Challenges. Practical Solutions.



RED TRAIL ENERGY, LLC
North Dakota Ethanol Production

Reduced Carbon Intensity of North Dakota
Ethanol Production Through Geologic CO,
Storage

Incentive Programs
» Low-carbon fuel standard (LCFS) programs (~$200/tonne)
« 45Q ($50/tonne)
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mage Credit: Red Trail Energy

SUBTASK 1.3 - INTEGRATED CARBON CAPTURE AND
STORAGE FOR NORTH DAKOTA' ETHANOL PRODUCTION

Marryawns Lerew, Ryan Xlapperich, Nicholas Azzoling, Mefanie Jersen, josd Torres Rivero, Nicholas Boasshart, Nicholas Kalerae, Scott Ayash,
Jacobson, and Charkes Goredd
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North Dakota.
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The RTE facility produces approximately 163,000 tonnes of CO; annually from the ethanol
fermentation process. If a CCS project s implemented, the RTE site could store approxmately
3.2 million tonnes of CO, during & 20-year period of injection.

TECHNICAL AND ECONOMIC FEASIBILITY

Reservoir Simulation
Reservoir d s '\,“‘““ the extent of

pressure
€0, plume). Senuation resut: n@n pdmlﬂco,mﬁn. dwa;ryo’unzamm Emnom-ch\alysls
20 years of injection at the RTE she. ducted for CCS atthe
mmhuﬁm ntial by ethancl CCSasan
s economically visbie cption for the RTE faciity.

&

B

., gplgis uf.cymuuyssttw
* DistBiers Gradnn’

that implementing

ti

| byt P ty could reduce the
et CO, emissions by 40%-50%. This

0,
fomFaetmat 1 |_oo r.du:ﬁmlnco,mmmnm
Snsccned COy. == e 1 i
=l o) = it
It irtarky () ahse Vekithon of
oA ocsmmu- 1 value of ethanal
Assmcined CO,
+ Bwcicty
+ adursd e

Aseectand COC A
e o e
mmmmmsmh

California and Oregon.

i

0 communication with North

\ \ 7 o Commission to

A\ permit a monkoring well and a Class VI
! Injection well

+ Callect pertinent data needed to refine
engineering designs of capture system
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RED TRAIL ENERGY, LLC
North Dakota Ethanol Production

« Carbon capture

— 180,000 tons of CO, per year
from fermentation

— Nearly pure CO, stream

« Carbon storage
— Broom Creek Formation

— 6400 ft directly below Red
Trail Energy facility, ~300 ft
thick

- renewable
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Image Credit: Energy & Environmental Research Center (modified from Peck and others, 2014)




Accomplishments

v’ Established technical feasibility

— Approx. 40% net CO, emissions
reduction

v’ Established economic viability

— Via LCFS programs, federal incentives,
etc.

v CO, capture design package

v Near-surface baseline sampling

v' 3-D seismic survey and interpretation
v’ Characterization and test design

v Permit to drill stratigraphic test well

v’ Stakeholder and community outreach

| UumNwI1VvVERSITY OF
S)EERC | UND NORTH DAKOTA
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Next Steps

Stratigraphic test well

 Dirill, core, log, test, and install
downhole monitoring

* Update modeling and implementation
plans

V

Class VI storage facility permit and LCFS
pathway

N4

Construct and operate CCUS site

Critical Challenges. Practical Solutions.



Operated by Minnkota Power Cooperative, the Young Station is a mine-mouth generating station 1

that uses lignite coal supplied from the adjacent BNI Coal mine. Unit 2, a 455-megawatt unit that

began commercial operation in 1977, is the target for Project Tundra.

_ Project Tundra is in the advanced research

Rl il | L qmii‘ii By " and design phase. If the project moves

ahead, construction will commence in
2022-2023

._v: o Tl M?'Fiﬁ%% -

Precommercial: ) )
= BN Milton R. Young Station Electric
. . . ' energy Generating CO, capture
Front-end engineering and design (FEED) e e Minphotaower  Square Bute Dlectric Station System
i Flue gas
study in procurement. with CO,
Coal Mine Injec\x'o[: & l
. ell
90% postcombustion CO, capture 3

(~4 million tons per year).

Preparing to pursue federal and state

permits required to build CO, capture

facility and store CO, in deep geologic
formations.

4,000 ft

CO, Sequestration

8,000 ft

Exploring ND EOR opportunities.



NORTH DAKOTA
CarbonSAFE
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CARBONSAFE ZONES OF FOCUS

Approximate location of Center, ND

West
Feet D

2000

East

Glacial deposits

% - Missouri R.

Fo Hills Formation: Lowest
USDW.

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

Broom Creek Formation:
Primary target for CO, storage.

-10,000

Winnipe/Deadwood: Seonday
target for CO, storage.

Critical Challenges. Practical Solutions.



PCOR INITIATIVE

2019-2024: PCOR Initiative -

(Expanded to include Alaska, Wyoming, and all of Montana)

2007-2019: PCOR Partnership Phase Il
2005-2008: PCOR Partnership Phase Il
2003-2005: PCOR Partnership Phase |

PCOR Initiative

PCOR Partnership

Critical Challenges. Practical Solutions.
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Address key technical challenges by advancing chtTcaI
knowledge/capabilities; facilitate data collection, sharing,

PCOR INITIATIVE
analysis, and collaboration; evaluate regional infrastructure

2019-2024
challenges and needs; promote regional technology transfer.

Goal:
ldentify and address regional

storage and transport challenges
facing commercial CCUS

deployment.

Vision:
Provide the premier regional forum
to promote CCUS infrastructure
and accelerate CCUS deployment.

RTH DAKOTA

S)EERC | UNDNO



ENGAGED PARTNERS
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Boundary Dam

|
Lignite

Shale Characterization

ND CarbonSAFE
Joint Inversion Bakken CO, "_r‘—‘

, Project Tundra
/ Bell Creek 2
CO, RICh Gas Pilot
WY CarbonSAFE

SASSA 1&2

|
Midcontinent CarbonSAFE

WB Associated CO,
Storage Field Lab

Red Trail Energy
Controllable Completions

Terrestrial

CarbonSAFE-NE

;
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GEOLOGIC CO, STORAGE
CONSIDERATIONS FOR COMMERCIAL PROJECTS

« Buoyant fluid
 Large volumes = large footprint
 Transportation
« Access to pore space
— Leasing, unitization/amalgamation, trespass
« Regulatory compliance
« Assuring permanence for incentives or credits
— Conformance and storage efficiency

Because of a host of technical, social, regulatory, environmental, and economic factors,
brine disposal tends to be more accessible and generally quicker, easier, and less costly to
Implement compared to dedicated CO, storage.

18
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ACTIVE RESERVOIR MANAGEMENT (ARM)
TWO COMPLEMENTARY COMPONENTS

ARM Test COphme i s
« Reduce stress on sealing formation

« Geosteer injected fluids

 Divert pressure from leakage pathways

* Divert pressure from CO,, plume

 Reduce AOR and amalgamated area

* Improve injectivity, capacity, and storage efficiency

- Validate monitoring techniques, and forecast model
capabilities

Briny water

CO, plume

Brine Treatment Test Bed
 Alternate source of water

i Pressure perturbation and
« Reduced disposal volumes biine ciaplecement
« Salable products for beneficial use

: _ _ [llustration modified from Lawrence Livermore National
Brine extraction can enable dedicated CO, storage and Laboratory https://str.linl.gov/Dec10/aines.html

Improve the geologic CO, storage potential of a site.

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


https://str.llnl.gov/Dec10/aines.html

ACCOMPLISHMENTS
ACTIVE RESERVOIR MANAGEMENT

20

Critical Challenges. Practical Solutions.



ACCOMPLISHMENTS

BRINE TREATMENT DEVELOPMENT FACILITY

North Dakota water
treatment test bed facility

21

EERC

NORTH DAKOTA

available for demonstration
of produced water

treatment technologies.

SITE SPECS

*60'x 80" buiding (18-ft walls)

53 ion bay i iler)
*300 kW electric power

« Two overhead doors

+ Demonstration bay, weter pretreatment area, and control room
« Heated and insulated

+ Ar handiing/exchangs

+ Hazardous environment detection and alarm

« Temporary water storage tanks for demonstraton supply

+ Waste handiing and disposal on-site

« Piot treatment rates ranging up to 25 gpm

*30-60+ day extended-duration tests

« Capable of 24/7/365 operations

Enable development, pilot testing, and
advancement of commercially viable extracted
and produced water hnologies that
can meaningfully reduce brine disposal volumes
and provide an alternate source of water and/or
salable products for beneficial use.

TEST BED FACILITY CAN REPLICATE
EXTRACTED WATERS THAT ARE
REPRESENTATIVE OF LOCATIONS/
SOURCES THROUGHOUT THE
UNITED STATES

‘Suspend ed Solde Removal
{DAF and fiter bage)

Techachgy Demenstraton

FACILITY CAN BE READILY ADAPTED FOR USE

WITH ALTERNATE FLUID COMPOSITIONS OR

TREATMENT PROCESSES

* Alterate water sources trucksd and offfoaded at site

« Pretreatment and conditioning can be modified to replicate
broader influent specifications

« Blending of aitemte fuid chemistrics for demonstration of water
or chemical treatment processes

« Test beds for enabling technologies (e.g., power/thermal supply,
pretreatment/conditioning...)

* On-sits SWD (saltwater disposal) and wasts handiing

 Can accommodate propans (5000-gal tank) and/or noncentact
cooling water (30 gpm)

CONTROL ROOM

* Influet and effent flow rates and composition

« Chemical usage

* Energy and themal use/load

* EHS (ervironment, health, and safety) and operabiity

ardous

systems (eg., pretreatment systems, haz:
ervironment monitoring, etc.)

This is a collaborative effort with Nuverra Environmental Solutions and the
USS. Department of Energy (DOE) National Energy Technology Laboratory (NE

Nuverra

Enirarmental Solutons

ENERG

John Hamling, Marc Kurz, Ryan Klapperich,
Lonny Jacobson, and Robert Jensen

John Hamiing
Assistant Director for undeerc.org
&
\o|

Integrated Projects.

undeerc.org

e Schlumberger
MODEUING
5

arbon Sepvice:




EERC NORTH DAKOTA

John Hamling
Assistant Director for Integrated Projects
jhamling@undeerc.org

701.777.5472 (phone)
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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 (phone)
701.777.5181 (fax)
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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 commermal product, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recommendatlon or favoring by
the United States Government or- any agency thereof. The views and opinions of author§ expressed hereln do not
necessarily state or reflect those of theUmted States Government or any ageg:yihereof e\ \
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