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DIVERSE EXPERTISE

AND CAPABILITIES TO IMPACT THE WORLD
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THE FUTURE: A CARBON-CONSTRAINED
WORLD

. . . — FINANCIAL TIMES
Microsoft will be carbon negative by 2030 : : :
o Shell yields to investors by setting target on
Jan 16, 2020 | Brad Smith - President .
o carbon footprint
v ]in - . o
Cutting emissions to be linked to executive pay in industry first

S SR A -
& L =2 |

-Dec. 2018

Remove our
historical carbon
emissions by 2050

$1 billion climate
innovation fund

qubon negatwe

by 2030
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US edition ~

Guardian
S I E M E N s Food and drinks companies respond to

consumer pressure on climate change
Intends to cUt the carbon footprint of /‘% ;3 MARS -Aug. 2014

orporated

its operative business iN half by 2020 and
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U.S. primary energy consumption by energy source, 2021

total = 97.33 quadrillion total = 12.16 quadrillion Btu
British thermal units (Btu)

s 2% - geothermal

nuclear 12% - solar
electric

power
8Y% coal

19% - hydroelectric
1%
petroleum
36%

renewable :
27% - wind
energy 12% ’

4% - biomass waste i

19% - biofuels biomass
natural 40%
gas
32%
17% - wood

Source: U.S. Energy Information Administration, Monthly Energy Review, Table 1.3 and 10.1,
/:\ April 2022, preliminary data
€la’ Note: Sum of components may not equal 100% because of independent rounding.



NEVER BEFORE HAS THE FUTURE OF NORTH DAKOTA'’S
ECONOMY BEEN SO TIED TO ENERGY R&D

ENERGY AN MINING
ENERGY AND MBING Gov. Doug Burgum calls for North Dakota to be carbon

Workers, communities fear closing North Dakota's largest neutral b‘}" 2030
coal plant will destroy their way of life

Speaking before hundreds of oil industry operators and executives, the Republican povernor advocated

The Minnesota-based Great River Energy annasunced this mornth it plans te shutter Caal Creek Station for a path to retain the core place of the state’s fossil fuel industries while dramatically reducing their
in Morth Dakota, which turmns lignite from Falkirk Mine into electricity, in 2022, carbon footprint.
tten By Aprl Baumgarten | May 17th 2020 - Sam. Wirtten By: Adam Willls | 6230 pm, May 13, 2031

A0, P L MICERSL OSMATg

NDERWOOD, N.D. — For the past five vears, fourth-generation lignite coal miner

Grace Kerzmann could be found driving giant trucks, the ones with wheels roughly BISMARCK — Speaking to oil industry operators and executives, Gov. Doug Burgum
™ o L o * = il
double her height, around Falkirk Mine near Underwood. H Grmd':nlts ” announced a goal Wednesday, Mav 12, to get North Dakota to carbon neutrality by
GrandForksHerald.com pjpp




CO, CAN BE MANAGED

Image Credit — EERC

.. BE3
Deep Saline Formations
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Image Credit — NACCO Industries
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THE CCUS CHAIN

CO, Capture | 3 [AAHEGEE CO, Transportation

Purification/CO, Compression CO, Transportation Pipeline
Dehydration




FULL-SCALE CAPTURE PROJECTS
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RED TRAIL ENERGY - ETHANOL

~200,000 tons of CO, annually

. U.S. DEPARTMENT OF ‘ NATIONAL
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TWO UIC CLASS VI GEOLOGIC CO, STORAGE
FACILITY PERMITS ISSUED UNDER STATE PRIMACY




COAL-DERIVED HIGH-VALUE CARBON

MATERIALS
High-End Applications:
* Next-generation energy storage
« Military applications
* Transformative lightweight =
electrical and optical devices Carbon-Based Home

AL
. - ‘I -

Synthetic Graphite



CRITICAL MINERALS

Rare-earth elements (REEs) and platinum group elements (PGESs)
are CRITICAL for our state and national security priorities.

'{fl 'AIJ .
Satellite

Systems



COLORS OF
HYDROGEN

» Unofficial definitions
have been
developed for
hydrogen, based on
the production
method.

Image from:

https://nacfe.org/wp-
content/uploads/2020/12/Hydrogen-
Color-Spectrum-HiRes-2.png

Hydrogen Color Spectrum

GREERN TURQUOISE
Hydrogen produced by electrolysis of
water, using electricity from renewable
sources like hydropower, wind, and
solar. Zero carbon emissions are
produced.

Hydrogen produced by the thermal
splitting of methane (methane
pyrolysis). Instead of CO,, solid
carbon is produced.

PINK/PURPLE/RED BLACK/GRAY

Hydrogen produced by electrolysis Hydrogen extracted from natural gas
using nuclear power. using steam-methane reforming.

YELLOW BLUE
Grey or brown hydrogen with its CO,
sequestered or repurposed.

Hydrogen produced by electrolysis
using grid electricity.

Hydrogen extracted from fossil fuels,
usually coal, using gasification.

Hydrogen produced as a byproduct of
industrial processes.

Note: There are no official definitions of these colors, but the above represents common industry nomenclature.

NACFEIN

NORTH AMERICAN COUNCIL FOR FREIGHT EFFICIENCY




Source: H2@Scale | Department of Enerqy

HYDROGEN OPPORTUNITIES IN NORTH DAKOTA

Hydrogen and Power Production Hydrogen Uses

Electrolysis-Based

Hydrogen Production * Fuel cell vehicles

Conventional Storage Transportation

n m Power
_@_ Generation

synthetic  * Syngas conversion to fuels

Fuels

UP?:ﬁd;“ﬂ « Refining: petroleum
I -
Biomass and renewable oil

Fossil and Renewable
Power Production

e Coal

Renewables

e Natural gas Ammonia/ * Fertilizer
Fertilizer

] manufacture

« Wind
Nuclear H20 Hydrogen ren
* Hydro o gt « REEs and critical
T Metals minerals
Electric Grid Production manufacture

Infrastructure
Fossil

il L . Petrochemical
emical/Industrial

Syngas-Based Hydrogen Processes manufacture

Production Gas

- Coal and biomass gasification Siesude

* NG reforming/pyrolysis

Heat/Distributed
e, Hydrogen or hydrogen—-NG mix for
* Pipelines inter- industry or building applications
and intrastate


https://www.energy.gov/eere/fuelcells/h2scale

Salt Cavern Storage Project Update



www.dmr.nd.gov/oilgas

NORTH DAKOTA GAS PRODUCTION

With continued increases in oil production, the

Natural gas liquids (NGLs) are present in as

gas-to-oil ratio (GOR) is expected to follow a I G B O R G ) (e

similar trend.
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NORTH DAKOTA-MONTANA GAS PROCESSING AND PIPELINES

* Increasing oil/gas production in North Dakota
has resulted in significant investment in gas
transportation infrastructure.

« Ethane and NGLs/HGLs (hydrocarbon gas
liquids) are captured at three processing/
fractionation plants in the region.

 HGL pipelines deliver product to Canadian and
U.S. markets.

» Gas storage could provide commercial
opportunities for North Dakota:
— NGL/HGL storage
— Hydrogen storage
— Temporary storage of produced gas

@ Natural Gas-Processing Plant
[} Ethane Fractionation

——— HGL Pipeline

Natural Gas Pipeline A

0

25

miles

N

50

EERC S559850.A1



GAS STORAGE

» Natural gas storage is a proven
technology that began in 1915.

« Typically, gas storage is used to
supplement energy demands
associated with seasonal
heating needs.

« Over 300 gas storage locations
in the United States are active.

« Salt cavern storage of NGLs is

a critical element for
petrochemical development.

| UunNwNI1VERSITY OF
S)EERC | UND NORTH DAKOTA

Total Field Capacity,

billion cubic feet
: Less than 15
15-40
40-75 Type of Storage
- Depleted Petroleum Field
— o= @ Salt Cavern N
| Greater than 120 Saline Formation A
METHAME ] |"
& . Bia e " i I 'I 'i
LIQUEFACTION EXPORTS
L ]
=~ ETHANE
ey —— 30 R » .
# PROCESSING ETHAN DOWNSTREAM
MATURAL GAS PLANT
FRODUCTION CRACKER MANUFACTURING
5 ¥ ¥
v NATURAL  BUTAME  PRODPANE
WATER, oL, ULINE IS.
ARD SULFUR OUT STORAGE

U.S. Department of Energy, 2018



COMMON GAS STORAGE TARGETS

Benefits of salt cavern

storage:

« Allows for high
injection and
withdrawal rates.

* High sealing
capacity of the
salts limits gas
migration.

« Lower gas cushion
than saline
aquifers or
depleted oil and

. Salt Caverns Aquifers and Mined Rock Caverns
gaS reservolirs. (Domal and Bedded) Depleted Fields (Lined or Unlined)

Image from Geostock Sandia: https://www.entrepose.com/en/geostock-sandia/expertise/

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



NORTH DAKOTA’S SUBSURFACE SALT DEPOSITS

 North Dakota has
several subsurface salt
formations with
potential for cavern
development.

Dunham sajt
Pine Salt
e Critical criteria for opeche Salt A
cavern development in Charles A sajt
: ——Charies D Sal N ———
the salts include charies F-Sait

thickness, depth
(temperature <180°F),
and extent.

Prairie Salt

(Extracted and modified from Nesheim and LeFever, 2009)

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



CAVERN DEVELOPMENT/OPERATION

« Caverns are created by injecting fresh or saline
water into salt formations and producing salt to the
surface. The process is referred to as solution
mining.

» Upon completion of the cavern, brine used in the Cap rock
development is displaced to the surface with NGLs.

« Commonly, this brine is stored on the surface for
future on-demand NGL recovery.

« Caverns are commonly operated using constant
pressure through the injection of brine for retrieval
of NGLs.

— Geomechanical stability is promoted using this

IS minimized.

constant pressure technique as pressure cycling 4

| UunNwNI1VERSITY OF
S)EERC | UND NORTH DAKOTA




U.S. Consumption of Petroleum Products by Type
Millions of Barrels Per Day

20
15 MOLORIGASOLEINE45%
10
DISTILLATE FUEL OIL 20%
5 HYDROCARBON GAS LIQUIDS 15%
0 ..
1950 1960 1970 1980 1990 2000 2010
Source: U.S. Energy Information Administration, Monthly Energy Review

» (Gasoline represents just 45% of U.S. petroleum consumption.

« Natural gas/hydrocarbon liquids are used to make multiple products,
including plastics, synthetic rubber, cooking and heating fuel, antifreeze,
detergents, and paints and resins, among other products.

Figure Source: lllinois Petroleum Resources Board

i

DIESEL FUEL is used to distribute necessities such as food and medical supplies
and is the dominant fuel used by modern agricultural equipment to feed the world.

HYDROCARBON GAS LIQUIDS are used as feedstock for making other
pﬁmlaumpmduasmdmmkab Petrochemicals are used | to make

‘essential products, medical supplies apd pharmaceuticals, tech

wandeven mmﬁhmpugyfmmumfe

JET FUEL is absolutely essential not only for fueling commercial and private jets,
but the aircraft used by our military forces to defend our freedoms.

The more than 6,000 “OTHER” pnmum-bamipméum include synthetic
wbbér asphalt, road oil, lubricants, wax, crwnns desmetfas pamtmnner
petroleum coke and much more!




PRIOR EERC WORK - FALL 2020

Study Objectives

e Identify a regional extent within western North Dakota
where infrastructure and required resources are
collocated with salt formations that may be suitable
candidates for construction of storage caverns.

e Describe the methods used to construct and operate
salt caverns for gas/liquids storage.

e Estimate the size of caverns that could be constructed
in North Dakota salts, and assess stability, given
realistic cavern dimensions, by conducting limited
geomechanical simulations.

- o Develop estimated costs for selected key surface
Z equipment components of a salt cavern storage
. facility.

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



GEOLOGICAL REVIEW

Candidate Salts
* Dunham Salt — thickness <200 ft max., depth <6800 ft

* Pine Salt — thickness <300 ft max., depth <7200 ft
» Opeche A Salt — thickness <250 ft max., depth <7400 ft
Images show extent, thickness, and proximity to regional infrastructure.

Opeche A
8l Isopach, feet
0-50
50-100
b 100-150
B 150-200
B 200-250

Pine Salt
Isopach, feet
0-50

Dunham Salt
Isopach, feet
0-50

50-100

50-100
i . 100150

[0 100-150
I 150-200 B

I 150-200
B 200-250
B 250-300

o Natural Gas-Processing Plant
) Ethane Fractionation
! | —— HGL Pipeline
Natural Gas Pipeline

@ Natural Gas-Processing Plant
[ Ethane Fractionation
: ——— HGL Pipeline N
Natural Gas Pipeline A

B Natural Gas-Processing Plant
[0 Ethane Fractionation
o — HGL Pipeline N
| Natural Gas Pipeline A
25 50

miles

EERC 5850852 Al




GEOMECHANICAL STABILITY OF SALT CAVERNS

Simulation Performed under Cyclic Pressure

Zone Displacement Magnitude, m
7.5938E-01
7.5000E-01
7 .0000E-01
6.5000E-01
5.0000E-01

« The geomechanical properties of the
salt beds and the overlying rocks are
important for understanding:

— Optimal cavern sizes.
— Cavern roof stability.
— Potential for salt creep.

5.5000E-01 £ -
5.0000E-01 Fad

I 4.5000E-01 HES
4.0000E-01 £
3.5000E-01

. 3.0000E-01

 2.5000E-01

2.0000E-01
I 1.5000E-01

1.0000E-01
5.0000E-02
0.0000E+00

@ Disnlacement Magnitude, m
T.5938E-01
7.5000E-01
7.0000E-01
8.5000E-01
©.0000E-01

1 5.5000E-01

5.0000E-01
4.5000E-01
4.0000E-01
.S000E-01

) 3.0000E-01

2.5000E-01

2.0000E-01
1.5000E-01

1.0000E-01
5.0000E-02

« Simulations of mechanical stability

were performed for multiple cavern B L
geometries under cyclic and constant Simulation Performed under Cyclic Pressure
pressure scenarios. =

« Effects of temperature were
evaluated in select simulations.

SiRRienERaRanaE)

Crns sraan A



e Several salt beds were identified as potential
candidates for salt cavern development and NGL
storage.

e Preliminary simulation results suggest the
development of small caverns is achievable in
North Dakota salt beds. The use of multiple
caverns was found to be a viable design approach
with suitable geomechanical stability.

e Preliminary engineering assessments were
performed to evaluate major equipment/component
needs and associated cost; however, additional
work is needed to further refine the operational
needs and costs.

e Additional site-specific data (rock samples) are
needed.

I'v ER S 1T

S)EERC | UND NORTH DAKOTA Image from BusinessGreen



EERC’S CURRENT EFFORTS

2021 Legislative Assembly

» Section 14 of Senate Bill 2014 states: "Pursuant to the continuing
appropriation under section 57-51.1-07.3, the industrial commission
shall use up to $9,500,000, or so much of the sum as may be
necessary, from the oil and gas research fund to contract with the
energy and environmental research center for an underground energy
storage study.”

Project Goal:

 The EERC is using field-, laboratory-, and modeling-based efforts to
validate the depth, thickness, and geologic/geomechanical suitability of
North Dakota salt formations for cavern development.

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



Industrial Commission

BAKKEN NESET
ATCO 2252, D @LANE

T~ CATAH OU LA POWER & ENERGY SOLUTIONS. INC.

RESOURCES

LONQUIST & CO. LLC o
PETROLEUM ENER MIT ISHI
ENGINEERS AI]VISI?JS POV\?ER ’ E ONEOK

-

( PIVOTAL ENERGY q TEXAS BRINE
PARTNERS COMPANY, LLC

=/

f!l””””h




GEOLOGICAL REVIEW

PROJECT OBJECTIVES

» Detailed assessment of the presence, depth, and leopnct fua
composition of targeted salt formations via drilling of y iy

a stratigraphic test well and collection of core from T B 100150
each salt formation. | o I 150-200

 In-depth rock characterization followed by modeling
and simulation to assess: | i

— The detailed composition of the salt zones.

— The sealing potential of overlying and underlying | |~ {./ O D””mg Slte g o
geologic strata. | T

- |i
5 m  Matural Gas-Processing Plant

— Geomechanical stability of the salt zones and O Ethane Fractionation
overlying formations. | | —— HGL Pipeline

Matural Gas Pipeline
 Site-specific engineering design recommendations N L B = 3
for future cavern development pilot studies. ! e
» Detailed engineering studies to match potential
storage needs/future demand with cavern storage

potential.

é@ EERC | [UNY NORTH DAKOTA. Critical Challenges. Practical Solutions.
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SITE SELECTION, DRILLING, AND CORE COLLECTION

e,

» Site has been secured southeast of
Williston, and drilling has commenced.
 NESET Consulting Service is providing
general contracting services and will work
closely with the EERC team through the
well-planning to site closure process.
» Key activities:
— Site preparation
— Dirilling
— Coring
— Logging
— Well abandonment and site closure

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



CORE TESTING AND INTERPRETATION

Routine analyses to identify the bulk

characteristics of the formations

including:

« Composition, thickness, porosity, and
permeability.

« Geomechanical competency of the
overlying and underlying sealing
formations.

» Geomechanical properties of the salt
Intervals.

* Dissolution properties of the salts
encountered.

VERSIT

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



GEOLOGIC AND GEOMECHANICAL MODELING

« Based on site-specific data generated
through the drilling, logging, and core-testing
process.

» Geologic models will be developed to help
interpret the subsurface geologic
characteristics and evaluate regional
structural and stratigraphic trends that may
Impact cavern development.

« Geomechanical modeling will incorporate
information derived from geologic modeling,
wireline logging, formation testing, and
laboratory data sets and will inform the
overall cavern dimensions and operational
stability.

| UunNwNI1VERSITY OF
S)EERC | UND NORTH DAKOTA

CAVERN SIZE AND GEOMECHANICAL STABILITY

D th=8 600 Ft

Sdtstone 60

Salt {30 i}

Chardes A Salt {270 ft)

Half Madel Width {400 fi]

Zone Displacement Magnitude (I} |
7.5938E-01
7.5000E-01
7.0000E-01
6.5000E-01
6.0000E-01
5.5000E-01
5.0000E-01
4.5000E-01

H 4.0000E-01
3.5000E-01

3.0000E-01
2.5000E-1

2.0000E-01
1.5000E-01
1.0000E-01

5.0000E-02
0.0000E+00

Critical Challenges. Practical Solutions.



ENGINEERING ANALYSIS AND DESIGN

» Detailed engineering design and
analysis will be performed to identify
surface equipment needs; design
specifications; brine handling, use,
and disposal practices; and monitoring
needs.

» Advisement is being sought from
external engineering teams with
expertise in developing and operating
salt caverns used for hydrocarbon
storage.

VERSITY

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



PROJECT STATUS

» Site was selected and core drilling began in late May 2022.
* Drilling expected to be completed by the end of June 2022.
* Preliminary findings available by the end of 2022.

* Project complete by June 2023.
* If successful, next steps would be to conduct a demonstration project.

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



PROJECT DELIVERABLES

 Afinal report that includes:

— A summary of the key findings from the site-specific geological
investigation.

— Site-specific cavern design and engineering considerations based on the
successful drilling and coring of a well.

— Key lessons learned from the pilot projects for future development
efforts.

— An implementation plan highlighting the viability of storing hydrocarbon
gases and hydrogen in engineered salt caverns.

» Rock cores from our most promising targets for salt cavern development.

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



EERC NORTH DAKOTA

Josh Stanislowski
Director of Energy Systems Development
jstanislowski@undeerc.org

701.777.5087(phone)

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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