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Project Overview

« DOE - $1,500,000 + $500,000 additional

« North Dakota Industrial Commission Lignite Research Program — $875,000
« North American Coal Corporation — $75,000

« BNI Energy — $75,000

« Minnkota Power Cooperative — $25,000

 Basin Electric Power Cooperative — $25,000

* Total — $3,075,000

 Period of Performance: October 2021 — June 2024 (33 months)

[e)

b 7}\-"'5%4 U.S. DEPARTMENT OF | N NATIONAL
‘ B
- | EEEN Y TECHNOLOGY
KT bAKOHA | P ENERG T L)ASORRISRY

@OW RE-CM Critical Challenges. Practical Solutions.




Williston Basin AL

UND Energy & Environmental Research Center
CORE'C M UND College of Engineering & Mines Research Institute
UND Nistler College of Business & Public Administration

PI’OjeCt Team Pacific Northwest National Laboratory
North Dakota State University
Montana Tech University

Sponsors In Collaboration With

U.S. DOE National Energy Technology Laboratory Lignite Energy Council

NDIC Lignite Research Program North Dakota Department of Commerce

Basin Electric Cooperative North Dakota Governor’s Office

BNI Energy Semplastics

Minnkota Power Cooperative Western Dakota Energy Association

North American Coal Corporation North Dakota Geological Survey

Critical Materials Institute (Ames) South Dakota Geological Survey

Current Lighting Solutions lllinois Geological Survey CORE-CM Team

University of Alaska CORE-CM Team

CO R E'CM University of Utah CORE-CM Team

WILLISTON BASIN Wyoming School of Energy Resources CORE-CM Team



Objectives

Building partnerships; assessing resources, markets, and infrastructure;
identifying data gaps; and establishing potential technology and business
development pathways. Anticipated project outcomes include a database of
known CM resources, e.g., coal deposits and waste streams; plans to address
infrastructure and supply chain gaps; recommendations for CORE-CM
technology development; and technology training and outreach plans.
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Lignite Coal and Waste Streams



North Dakota Williston Basin Cross Section
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MILLIONS OF YEARS AGO

North Dakota ligle s
Stratigraphy Hile=

E] Carbonate | Calcareous Shale [E=5] Claystone/Shale

[z Siltstone  [Frx] Sandstone E=3 Sand and Gravel
] Mudstone e Lignite B Glacial Drift
» Most coal samples / S| Cm—
were collected from E
the Fort Union Group. :
;§ Bullion
* Coal depths from - Creek anson,
surface outcrops to e——
hundreds of feet deep. \ -
= = Ludlow

Miobrara
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Data Sources: Critical Mineral Concentrations
in Williston Basin Coals

e North Dakota Geologic Survey (NDGS) Core Samples Collected

— Bulk of the data and most recent data mm
Samples

o Energy 8F1 (I%nv![roanErll\;cgl North Dakota  BNI 58
esearchCenter ( ) NACC -1
e UND College of Engineering and Mines South Dakota 14
Research Instltute PCEMRI Montana 29
Total 172
e COALQUAL Database (USGS)
— Whole seam mixing
— Older lab technology
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Data Locations
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Concentration, ppm (log10-scale)

CM Concentrations Found in Williston Basin Lignite
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Li — Lithium
Ge — Germanium
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Concentration, ppm (log10-scale)

REE Concentrations Found in Williston Basin Lignite
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Recent Samples from NDGS

Bear Den Member of the
Golden Valley Formation,
Southwest North Dakota

Showing consistently
high REEs and CMs.

Report of Investigation No. 133 North Dakota
Geological Survey; Edward C. Murphy, State
Geologist; Lynn D. Helms, Director Dept. of
Mineral Resources, 2023.

Section No. 266
>REE Concentrations
Dry coal/ash basis

Golden Valley Formation
Bear Den Member
F: base of orange zone
777/953 ppm
G: base of gray zone
1181/2661 ppm

H: Upper Sentinel Butte Fm
Top (Ht): 876/2779 ppm
Bottom (Hb): 788/2398 ppm




ND Stratigraphic Column
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NETL Core Analysis

Acknowledgement:

Thomas Paronish
Dustin Crandall
Karl Jarvis

Scott Workman
Jessica Drosche
Mathias Pohl
Terry Mckisic

NETL and NETL
Support Contractor
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Elements with Greatest Potential
to Contribute to the Williston Basin Market

Li | Be

" m—— |
Lithium Y Beryllium }e

6,94 am2ein

Legend

CM
9
nght REE ubidi Yttrium Fi Niobium Ruthenium Rhadium i IndE!
. 88.90584 B B g 9290637 ! 100107 ] 102.90550 6.42 | 114.818
2 _ T ?? 2 — .
Heavy REE | | Ir
|

Tantalum she i Iridiurm Platinum

Caesiumn | i Hafnium
13290545196 510 - i 17849 i 1e0g947es 8384 | 192,217 195,084

Critical REE

Critical for Clean Energy

Supply Chains asE 69 70 71 L
. z > o eodymiu C Terbium | Dysprosium Holmium Erbium Thulium Ytterbium Lutetium
Fuel Material 38.9 40.90766 2o 15892535 162.500 | 16493033 167259 168.93422 173,045 174.9668

Williston Basin
Market Potential

of Jmymy iy



Geologic Model

Use publicly available data

Lithology — rock type

Coal seam depth and thickness

REE and CM data

Coal Seam, Theodore Roosevelt National Park
Elinor Gates, from Flickr, all rights reserved.

-
=
(o]

é_@ EERC | UN2 NORTH DAKOTA. Critical Challenges. Practical Solutions.



e o @
MD_[¢ YOI &
| o _[e
G 38

T & FLK-07 [MD] e
MD ‘ MD |4 Y93 @ MD
mgl 2500 120 | 140 .00 mgl 2500 140
» Sc21 @ o Sc21 @
o1 mgL  mm R0
16 266 11
28

——
——

& FLK-06 [MD]
1:40

Geologic Model — Cross Section

737
T4
12

T8

80

72

g

=

A

- W @
AR

74

©
)

\\\\\\\\\\_\\\%\\\}\\\‘

'uvc:qus

2
\

A~
\1\\\\\\\\\\\\\\\\\

o

McLean

Mercer

Oliver




Ongoing Characterization — Geologic Modeling

Measure d Depth [ft]

220.00 ‘
200.00

L Hagel Coal Seam, BNI Coal Mine




Technology Assessment



What Are We Trying To Achieve?

Identify technologies across supply chain Mining |
to support REE/CM E Rare earth ores e.g. bastnaesite
*  Which best utilize Williston Basin resources? > Concentration
o WhICh can we use today’? Beneficiation of mined rare earth ores
«  What impact might these have? B 's;;;;;t'i;; """
* Development of needed basinal products? g | , Rareearthoxides
« Competitive advantage to use technology §
i illi i  Processing
n the WI”IStOn Basm? : Rare earth metals and alloys
- "-E —————————————————
How do we fill these gaps? { . Manufacturing
= Electronics, EVs
« Technologies discussed from providers 3 :, ".‘ﬁ"‘r;“‘ 3 Molors, >>Ef;gg;gg;:;_>

 DOE- and DOD-funded projects
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Assessment — Williston Basin Resources

« Coal and hard rock resources * Non-rock resources
— Can these technologies use the W.B. — Are there REEs/CMs within non-mineral
low-rank coals? resources within the region?
¢ What change is needed for them to? ¢ Can technologies account for the
— \What concentration/form of ore is impurities/non-valuable effects of these?
needed?

=

akken Formation Oil Well Pad

ENERGY

N=|NaToNa
| TE TECHNOLOGY
LABORATORY

(CORE-CM Critical Challenges. Practical Solutions.
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Assessment — Technology Readiness

* |dentifying time-to-market for technologies

— Scale of the technology tested
¢ Beakers and grams?
¢ Piloting and tons?

— Risks with scale-up

¢ Does the equipment to test it exist at commercial scales?

¢ Are there permitting challenges associated with scale-up?
— Does this work for the resources W.B. has?

¢ Has it been tested on similar coals/ores?

¢ Has it been tested with the W.B. resources directly?

&S, |.s. DEPARTMENT OF

SEERC | @ ENERGY

uuuuuuuuuuuu

TL

NATIONAL

TECHNOLOGY
LABORATORY

CORE-CM

WILLISTON BASIN

Critical Challenges. Practical Solutions.



J Organic Sorbent/ N Cobalt Metallization Lithium-lon
1 Purification Fertilizer Concentrate and Alloying Batteries (LIBs)
Carbon Products .
.|  Graphitization Li-lon Battery N Germanium Metz;lrl:(zjatlon N Semiconductor
Through Pitch Components Concentrate A Wafers
Ultrapurification
. Gallium Chlorination and Chloride for Fiber
¥ B -Emissione” | P
Mlxed REE el (RO Lok Concentrate Metallization Optics
Concentrate
ngnltg at Phy5|c§l ) Chemlc.al ) CM—I?ePIeted L Other CBP/Uses CM MR other TBD Based on Metal for
Margins Processing Processing Lignite Refining Throughput Semiconductors
F
A 4 y [ L]
. . Critical
Overburden Rock CM-Bearing N Irr?purl'Fy N REE' (@Y ' . Wastewater .
and Clays PLS Purification Separation Separation Mlnerals Direct Sale
A 4 A 4
: o Wind Power
Solution MREO Metallization Magnet
.. M REE > . .
Impurities Concentrate agnet REEs and Alloying Production Motors
: Disk Drives
- HREE Medical/Defense Europium for
Refining .
Concentrate Applications Phosphors . .
Electric Vehicles
SEG Concentrate ¥ SEG Purification Gadoh;;uyr: forx- Gyroscopes
MRI
0.9 . and Diagnostics
REE Reflnlng LREE Concentrate —» 262 DIS|p053| or
Sale
and Processing
Scandium/ N Separation Scandium Metal Sc/Al Alloys for
Yttrium and Processing for Alloying Aerospace
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Infrastructure, Industries, and Business



Advantageous Transportation Infrastructure

s

@ Port of Duluth
o BNSF
Other Rail

U.S. Portion of Williston Basin
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Technology Innovation Centers



Creation of TIC Plans: Create the Innovation Pipeline

Identify Existing State/Regional Innovation Centers
Examples of Governance and Structure

Technology Innovation Centers and Business Incubators
« UND Center for Innovation

 NDSU Research Technology Park

« Grand Sky Business Park

e UND Tech Accelerator |
O

Programmatic Centers (training and advice)
« Jamestown Regional Entrepreneur Center
« CTB (Center for Technology and Business) Bismarck

e

.
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N

w
State Agencies ;
» Accelerate North Dakota

« State-Led Economic Development Regions

Photo by Anete Lusina from Pexels
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Engagement and Outreach
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End Products

Characterization and data acquisition plans

— Lignite resources

— Related sources

Technology assessment and field development plan
Technology innovation center development plan

Stakeholder identification, education, and outreach continued
Summary of environmental justice considerations

Summary of economic and workforce impacts

Summary of environmental, health, and safety analysis
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EERC | NORTH DAKOTA.

John P. Kay
Principal Engineer, Emissions and Carbon Capture
jkay@undeerc.org

701.777.4580 (phone)
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necessarily constitute or imply its endorsement, recommendation, or favoring by the North Dakota
Industrial Commission. The views and opinions of authors expressed herein do not necessarily state
or reflect those of the North Dakota Industrial Commission.
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Organization Chart

Lead Organization

Project Partners
EERC Project Advisors

U.S. Department of Energy

North Dakota Industrial Commission EERC Leadership Team
Lignite Research Program

Principal Investigator D. Laudal. UND CEMRI
J. Kay

Core Team

UND IES; Pacific Northwest National Laboratory; Industry, Governmental, and Research Resources
UND Nistler College; North Dakota State University; Williston Basin CORE-CM Initiative Members
Montana Tech; Critical Materials Institute

Task 1
Project
Management
and Planning

Task 2
Assessment
of CORE-CM

Resources

Task 3
Assessment
for Reuse of

Waste Streams

Task 4 Task 5
Strategies for Technology
Infrastructure, Assessment,

Industries, Development,
and Business and Field

Task 6 Task 7
Technology Stakeholder
Innovation Education and

Centers Outreach

Lead
J. Kay

Lead
T. Brasel

Lead Lead
B. Folkedahl C. Crocker

Lead Testing

B. Folkedahl

Lead
J. Laumb Leads
B. Folkedahl
N. Theaker
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Gantt Chart

Project Vear |

Project Vear 1

2021 | 2022

2023
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Tazk 1 - Project Management and Planning
11-8 of E
12-8 of E i Revital

1.3 - Environmental, Safety, and Health (ES&H) for Products Proposed
toBe Mamfactured from CORE-CM Resources

1.4— Waorking Group Parficipation

Tazk 2 — Bazinal Azessment of CORE-CM Resources

1 Tustice Consid
and Job Creation Outcomes

2.1 Data S urvayand Acquisition
2.2 Gaolozic Modsl Development

2.3~ Tdentification of Data Gaps

24— Devslopment of R&D Pen to Fill Data Gaps

Tazk 3 — Basinal Strategies for Reuze of Waste Streams
3.1 - Identification of Fedaral 3 tate, and Local Partners
32— Compilation of Data Sats
3.3 — Identification of Datz Gaps
34— Development of R&D Plan to Fill Data Gaps

Tazk 4 — Basinal Strategies for Infrastructure, Industries, and Business

4.1 - Tdentification of Existing Basinal Infrastructore
4.2~ Tdentification of Busk Tndustri
43— Ambsi of Vase Chain Sazments
44— Infrastructurs and Supply Chain Gap Identification

Tazk 5 — Technology A Devel
3.1 - Technology Discovery

3.2 - Technolosy Evalnation — Current State of the Technoloey
53— Technolosy A nt and Fisld Devel Phn

and Field Testing

Taszk 6 — T echnology Innov ation Centers (TICs)
6.1 — Identify Potential TIC Amas
6.2 — Creation of TIC Plans

Task 7— Stakehold er O hand Ed

7.1— Stalesholder IdentiSeation and E
7.2 - Stakehalder Education and Outrsach Plan Development
7.3 — Initial Plan Implementation

Key for Deliverables ()

D1 - Updated Project Manazement Plan

D2 - Resoures Sampling Plan (If§ amplss Collect=d)

D3 - EDX FOA-2364 REE Ressarcher Databas= Template

D4 — Inputs for NETL REE-SED Sample Data Neads

D3 — Interim Reports

D6 — Initial Wastz Stream Reuse Plan

D7 - Results of the Basinal § tratesizs for Infrastructurs, Industriss, and
Business Asssssment

D8 — Final Report

D% — Initial Basinal Resousms Aszeszment

DI0 - Ct and Datz Acquisition Plan

D11 — Resoums Samples for Minsral Chamcterization and Analvsis
D12 — Initial Technol A t and Fisld Daval Plan
D13 — Initial Technolozy Innovation Center Plan

D14 — Initial S taksholder Outreach and Education Plan

K ev for Milestones (M)

M3 —Development of Gedlogc Modsl
Structure

M4 — Technology Fisld Testing Options
Determinad

M1 —Initial Analvsi of Vale Chain Summary Task
Sezments Completed Activity Bar
M2 —Initial § tak=holder E. Deliverable (D)
Mestine Held Milestons (M)
Critical Path

SK 412024




	Williston Basin CORE-CM Initiative�DE-FE0032060
	Project Overview
	Slide Number 3
	Objectives
	Slide Number 5
	Slide Number 6
	Lignite Coal and Waste Streams
	North Dakota Williston Basin Cross Section
	North Dakota�Stratigraphy
	Data Sources: Critical Mineral Concentrations�in Williston Basin Coals
	Data Locations
	CM Concentrations Found in Williston Basin Lignite
	REE Concentrations Found in Williston Basin Lignite
	Recent Samples from NDGS
	Slide Number 15
	NETL Core Analysis
	Slide Number 17
	Geologic Model
	Geologic Model – Cross Section
	Ongoing Characterization – Geologic Modeling
	Technology Assessment
	What Are We Trying To Achieve?
	Assessment – Williston Basin Resources
	Assessment – Technology Readiness
	Slide Number 25
	Infrastructure, Industries, and Business 
	Advantageous Transportation Infrastructure
	Technology Innovation Centers
	Creation of TIC Plans: Create the Innovation Pipeline
	Engagement and Outreach
	Why Should I Care about Critical Minerals?
	Webinar Series Events
	Slide Number 33
	End Products
	Slide Number 35
	DOE Acknowledgment
	NDIC Acknowledgment
	Appendix
	Organization Chart
	Gantt Chart

