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PROJECT OVERVIEW

* Investigating the Rare Earth & Critical Minerals potential of the Central Appalachian (CAPP) basin
* Project Dates: October 1, 2021 — September 30, 2023; Funding: $1,584,999 DOE + $526,492 cost share
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Central Appalachian Basin - Carbon Ore,
Rare Earth Element, and Critical Mineral
Ragion of The United States
(CAPP CORE-CM)
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PROJECT SCOPE

The general scope of the Evolve CAPP project is to:
|) Assess existing knowledge

2) Perform a gap analysis

3) Fill identified gaps with future projects

4) Provide educational & public outreach




EVOLVE CAPP PRIORITIES & PRINCIPLES

Evawve CAPP

Evolve CAPP Priorities:

Establish a CORE-CM Stakeholder Community
Develop Vibrant CORE-CM Domestic Industries
Supply Green & Digital Economy & Contribute to National Security
Avoid Mineral Supply Risk, Potential Interruptions
Create Downstream Value-Added Industries & Chains
Stimulate Economic Growth in CAPP Region

Foster New Job Creation & Upskilling of Local Workforce
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Positive Environmental &
Social Outcomes

Social Framework

ero
Waste

Evolve CAPP Principles:

* Develop/Adopt Technologies, Processes &

Minimal Use
Equity & Social Justice of Water

Best Practices that aim for “Zero Impacts”
& can earn Social Acceptance
» Sustainable/Responsible Sourcing

Reduced C Footprint



PROJECT TIMELINE

Evawve CAPP

Milestones:

Task 2021 2022 2023
Task Name
Number 10 11; 12 67 10 11} 12 5
1.0 Project Management and Planning AiB D
1.1 Smry of Environmental Justice Considerations
1.2 Smry of Economic Revitalization and Job Creation Outcomes
1.3 EHS Analysis for Products ... from CORE-CM Resources
2.0 Basinal Assessment of CORE-CM Resources
2.1 Preliminary Basinal Resource Assessment
2.2 Basinal Resource Gap Analysis
2.3 Characterization and Data Acquisition Plan
3.0 Basinal Strategies for Reuse of Waste Streams
3.1 Assessment of Mining Refuse and CCR Waste Streams
3.2 Assessment of Other Waste Streams
3.3 Waste Stream Gap Analysis
3.4 Waste Stream Utilization Roadmap
4.0 Basinal Strategies for Infrastructure, Industries and Business
4.1 Regional Infrastructure, Industry and Business Assessment
4.2 Strategies to Spur Economic Growth
43 Infr Needs, Econ Challenges, and Supply Chain Gaps
5.0 Technology Assessment, Development and Field Testing
5.1 Technology Assessment-Mining
5.2 Technology Assessment-Separation Processes
53 Technology Assessment-Carbon Products
5.4 Technology Assessment and Testing
5.5 Technology Gap Analysis and Field-Testing
6.0 Technology Innovation Centers (TIC)
6.1 TIC Location
6.2 Commercial Acceleration
7.0 Stakeholder Outreach and Education
7.1 Initial Stakeholder Outreach and Education Plan F
7.2 Stakeholders Advisory Committee
7.3 Workforce Readiness and Development
7.4 Public Outreach, Education, and Engagement

(A) Project Kick-off Meeting

(B) Project Management Plan

(C) EH&S Workshop

(D) Interim Report

(E) Preliminary Sampling Plan

(F) Initial Outreach & Education Plan
(G) Stakeholder Advisory Committee
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ADDRESSING ISSUES, BARRIERS & INCENTIVES

Issues/Barriers (some are lost in the Technology conversation):
v~ Technology is not meeting Responsible Sourcing Standards!
Asserting Minerals Titles to both Geologic & Waste Stream resources

Waste Steams Regulations & Permitting- Authorities & Regulatory jurisdiction in Collection, Processing & Marketing

RN

Companies reluctance to allow access to reclaimed waste sites for sampling & testing purposes. A significantly robust
safety net & financial interest may have to be devised for those owners

Is CORE-CM the Primary Production or a Byproduct?-What Happens if Mine/Plant closes?
Local Community Expectations

Production costs & margins

NN

Dependence on Global Pricing, “Dumping” & Arbitrage Issues

Incentives:

v Experience with Tax Credits, Low Interest Loans, Government-Supported FEED Studies

v~ New ideas needed (from Long-Term Government Contracts to Robust Community Benefits)
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ASSESSMENT OF CORE-CM RESOURCES

* Characterization & Data Acquisition Plan

> Initial list of sampling locations: June 2022
* Assessment of Mining Refuse & CCR Waste Streams

» CCR sampling commenced September 2022
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MAPPING & SAMPLING PROGRESS

- KENTUCKY TENNESSEE
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POTENTIAL FUTURE SAMPLING LOCATIONS

« Targeting resource gaps
« Confirming historical sampling
» Leveraging industry partnerships

Assotiated Compamry

Potential Sampling Locations & Alpha Fetallurgical Resourens

i Bleckhawi Minng LLC
Central Appalachian Basin aron """"'::;“" "'""'["""'
Carbon Ore, Rare Earth Element, and Critical Minera] | [omss® Frepses T

Region of The United States
{CAPP CORE-CM)

i Mgt Encpaor Vontures




High Resource Potential High Resource Potential EVﬁ I.VE CAP P

Kentucky i

10000

B vnknown Tennessee
1000 I o Data Entered | - Urikerigwm
C Freday o 3 N sig Mary
I peach Orchard | [ | Pewee
[ i [ Mason
- _ Richardson 100 ; - Reax
E ' —— e ; o 1l B Wincrock
= | pper orn Mo, | ]
g = 5 | I e “Unknown”or
1 . [ Jelliea
| Poplar Lick
(N} :
o | Non-Coal
B A U = u REE oot S S UL ) -

Samples often

High Resource Potential

15000 High Resource Potential [ Virginia Yty West Virginia )
| oo | m==.. | have highest
1000 - Clintwood 1000 I seest

. | UpperBanner I Focahontas heo. 3 |
i - Unknown I e

100 . ' I o 100 - W I Gecev
. | - | —— average
| [ | Lower Banner ¥y _ | t.mp-h.-; Creek .
| S s _ - concentrations
| i|=_nlonnn 1

Average (ppm)

Average [ppm)
s

-

Gl 3

001
REE 0.0
ol u u 5F u REE



Evawve CAPP

MATERIALTYPES FOR NON-COAL OR “UNKNOWN" SAMPLES

Material
Alluvium
Barite Nodules
Bituminous Coal
Bituminous Rock
Black Shale
Brecciated Ironstone
Brecciated Limestone
Carbonaceous (Organic)
Carbonaceous Sandstone
Carbonaceous Shale
Carbonaceous Siltstone
Carbonate - Dolomite
Carbonaceous Claystone

Chert

Count I
1
6
50
2
20
1

46
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Material
Clay
Clay and Powdered Shale
Clayey Siltstone
Claystone
Core of Nodule

Diatreme Breccia

Fault Gouge Limestone Coal

Ferruginous Claystone
Flintclay

Laminated Limestone
Manganese Ore
Micaceous Sandstone
Micaceous Siltstone

Mineralized Limestone

Count I

61
36

1
36

45

16

Material
Mud
Mud Pebble Conglomerate
Nodule
Null
Ohio Shale
Phosphatic Claystone
Rock
Sandstone
Sandy Siltstone
Semi Flintclay
Shale
Shale Pig
Sideritic Nodule

Silicified Carbonaceous Shale

Count I

18
1

2
133
12

w w s~ o b

43

Material
Siltstone
Silty Sandstone
Silty Shale
Silty Claystone
Tonstein
Trachyte
Tuff
Underclay
Vitrinite

10
98

N P W
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BASINAL STRATEGIES FOR REUSE OF WASTE STREAMS

Assessment of Mine Refuse & CCR Waste Streams

= Identify “permitted” sites through State & Federal
Regulatory Agencies

= |dentify utility-known CCR landfills & impoundments
based on EPA & State Solid Waste Database

= Contacting utilities & industry parties to identify
CCR volumes, type of material stored & potential
for REE-CMs

= Catalogue operational status in resource database

® [Ccal Desposal Locations (1114]

& Falled Lopes Level CoslCQual (3815
MigC from CoalQual (102)

B NETL Geochemizal (1913}
L - 3 ContralAppBasn 10Mikc Buffor
[ coRE-CM CAPP Basin

CAPP Basic Infrastructure
& Waste Stream Locations
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P-XRF SCREENING & LAB ANALYSIS OF DRILL CORE

EEEI-I?ZEIF# and CH-1R-2014 I ﬁ__'_; Plan:
£ S —F— * Analyze Core Hole for REE-CMs
o ] * Compare pXRF to ICP-MS
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= oo - — v" pXRF complete
— =i~ * |
Fream v' 19 samples at VT lab for ICP-MS
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SAMPLE ANALYSIS — COLLECTED SAMPLES

Bed Ash Landfill Bed Ash

9

Core Samples
= . : o ‘ S .
SRR S P \ 5 “% v" Coal combustion ash & core
- -4 S | samples collected

.~V Prepared for ICP-MS analysis

v" Developing protocols for
future sampling
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SAMPLE ANALYSIS — PREPARATION & DIGESTION

Pulverization Digestion

Liquid Samples Filtration Dilution ICP-MS Analysis



USGS PRODUCED WATER DATABASE

ARI’s public data search for REE-CM’s in
produced water:

USGS Produced Water Database
(Blondes et al, 2019) identified as most
comprehensive public dataset

Database evaluated for presence of
REEs & Critical Elements

=data present for element
within study area.

Aluminum
Antimony
Arsenic
Barite (Barium)
Beryllium
Bismuth
Cerium
Cesium
Chromium
Cobalt
Dysprosium
Erbium
Europium
Fluorspar

Evawve CAPP

USGS 2022 Critical Minerals List

Gadolinium
Gallium
Germanium
Graphite
Hafnium
Holmium
Indium
Iridium
Lanthanum
Lithium
Lutetium
Magnesium
Manganese
Neodymium

Nickel
Niobium
Palladium
Platinum
Praseodymium
Rhodium
Rubidium
Ruthenium
Samarium
Scandium
Tantalum
Tellurium
Terbium

Thulium

Tin
Titanium
Tungsten
Vanadium
Ytterbium
Yttrium
Zinc
Zirconium



Sample Number

Evawve CAPP

USGS PRODUCED WATER DATABASE
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TESTING POTENTIAL SOURCES FROM ACID MINE DRAINAGE (AMD)

AMD Raw Water Discharge

J

'

Water flow rate = 500 GPM; pH < 5;

Proper On-Site Sampling

] Water chemistry

Raw Water

Influent & effluent
Raw & preserved

N\

Treatment Slhudge
* Clarifier underflow
+  Drying cells, etc.

v
pH & Eh
Electrical conductivity
REEs & CMs
Major metals & anions
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INITIAL INFRASTRUCTURE ASSESSMENT

CAPP Region Population With Access to Broadband

Screening for various metrics, including:

« Cheapest source of electricity o s wom _ S

; o Population Access bo
Broadband (%)

* Primary & secondary roads

Bl O-464

. F.—f =) Bl 464 - 664
+ Power generation ‘éir»b = 04 -aas
« Railroad networks

CAPP Region Railroad Network

« Commercially navigable waterways
* Fly ash pond locations £ oI ATE
« Population with access to broadband Mg
» Educational opportunities e

« Etc.
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TECHNOLOGY ASSESSMENT, DEVELOPMENT & FIELD TESTING

* Mining (primary, co-products, re-mining) * Technology Assessment
« Separation Processes * Field-Testing

« Carbon Products « Gap Analysis
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TECHNOLOGY ASSESSMENT — SEPARATION PROCESSES

» Existing separation technologies being assessed & evaluated for best results under the geologic
& waste stream conditions encountered in CAPP basin

» Technologies & processes screened based on responsible extraction & processing principles

Overall REEs Processing, Separation, and Purification from CORE-CM Resources

Coarse Materials

Density Coarse Clean Coal
Fractionation

Fine Materials

Flotation

Pre-treatment
(Thermal, Alkaline, etc.)

Fine Clean Coal

Pre-treatment
(Thermal, Alkaline, etc.)

Solvent
Extraction/
Precipitation

Solvent
Extraction/
Precipitation

Oxalic Acid

Precipitation

Oxalic Acid

Precipitation

REE > 90% purity REE > 90% purity

REEs Processing, Separation, and Purification from Coal and Coal Refuse

Alkaline  —
Coal/Coal -‘[ Alka.h H Filtration H Washing H Acuii H Purification ]-0 Rare Earth
Refuse Leaching Leaching 1 Product
|

||
Alkaline Solution ‘J Solid Residue  Contaminants

Coal -0[ Sorting H CIT}SN H Roasting H Lk H Purification ]-’ Rare Earth
Refuse Grind Leaching Product
| | |

Refuse with Low
REE Contents

Solid Residue  Contaminants

Zhang et al (2020)
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OUTREACH INTEGRATED WITH PROJECT MANAGEMENT

_ Stakeholder Outreach &
Project Management Education

& Planning

Initial Stakeholder Outreach &
Education Plan

Economic
£l Revitalization EH&S

Considerations C% J?bn Analysis Stakeholder Workforce
Seio Advisory Readiness &
Outcomes )
Committee Development

Public
Outreach,
Education &
Engagement
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WORKFORCE READINESS & DEVELOPMENT

« Workforce Readiness Plan

- Workshops & Forums Labor Force Participation Rate with locations of

, Public 2-year or Less Training Facilities
- Engage stakeholders/entrepreneurs, public, future

workforce personnel c:m. 2

« ldentify & assess skillsets & employment

« Offer programs, certifications & skills training to = L
match needs of projects in basin

40.0% to 44.0%
44 0% 10 48.0%

Workforce Readiness Plan ..,
Step 1 Iite':_fy Step 3 ¢
enti Greensbori
: Develop the e R
North ggfolins | g
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CAPP EMPLOYMENT TRENDS & SOCIOECONOMIC INDICATORS

Quarterly coal mine production, employee count for select regions
e WP TRE T Appalachia Central APPALACHIE  s—llinols Basin

Coal produced (000 tons)
45,000
400,000
36,000
30,000
25,000
20,000
15,000
10,000
5,000

1]
Q1 Q3 1 083 91 @32 @ Q3 o1 Q&8 91 Q3 o Q3 @1 Q@3 @1 Q3 o1 Q3 M

2z 2013 2014 2015 2006 2017 z018 2018 2020 2021 2022
Avarage number of employees
40,000
3,000
30,000
25,000

20,000

S ——

10,0:00 [ —

5,000 N—

o
Q1 Q3 @ Q3 @ @2 9@ 93 @1 3 o Q@ @ @ o Q3 @1 Q3 o @

2012 2013 4 2018 206 T 208 201 2020 N mx

Source: S&P Global Market Intelligence (May 2022)

uisvilleg

Keént

‘Frankfort
0

cincinnati
o

Eexin
o)

i'Socioeconomic Indicators
Low Income (National Percentiles)

. 95 - 100 percentile
20 - 95 percentile
80 - 90 percentile
B0 percantile
&0 -70 percentile
50 -&60 percentile
Less than 50 percentile

Data not available




Evawve CAPP

EDUCATION & TRAINING — CAPP REGION

Academy of Careers and Technology X X X X X
Ashland Community and Technical College X X X X X X X

Ben Franklin Career Center X X X
Berea College X

Big Sandy Community and Technical College X X X X X X
Bluefield State College X X

BridgeValley Community & Technical College X X X X
Cabell County Career Technology Center X X X
Carver Career Center X

Eastern Kentucky University X

Fayette Institute of Technology X

Fortis Institute-Cookeville X

Fred W Eberle Technical Center X X X X
Hazard Community and Technical College X X X X X X X
Marshall University X

Mercer County Technical Education Center X X
Morehead State University X

Mountain Empire Community College X X X
Mountwest Community and Technical College X X
New River Community and Technical College

Somerset Community College X X X X X X X
Southeast Kentucky Community X X X X X X
Southern WV Community and Technical College X X

Southwest Virginia Community College X X

TN College of Applied Technology-Crossville X X X

TN College of Applied Technology-Harriman X X

TN College of Applied Technology-Jacksboro X

TN College of Applied Technology-Livingston X X

TN College of Applied Technology-Oneida-Huntsville

University of the Cumberlands X

University of Pikeville

West Virginia University Institute of Technology X

x
x
x

x x

X X X X X X X X
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STAKEHOLDER OUTREACH & EDUCATION

* Open Public Session, Stakeholders Advisory Committee: March 2022 \/ EV%E}E&E%EAL
167+
* Initial Stakeholder Outreach & Education Plan: fjune 2022 \/ Jprnd

* Public Outreach, Education & Engagement: | | presentations..

$1.4999 MILLION

» MCPA, USEA, SSEB, Open Session, SME-CAS, FL-SME, etc.

The Mambers of the Evoive LA
| Resear th Teams
L

The £-CAPP Supporting Companies and
Organizations

Definition:
o CORE-CM Resources (Carbon Ore, Rare Eart
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ADDITIONAL OUTREACH

v
v
v
v
v
v
>
>
>
>

Open Session Public Outreach event on March 16t, 2022 in Abingdon, VA
1st Stakeholder Advisory Committee (SAC) meeting - March 16th, 2022 in Abingdon, VA
Multiple regional news agencies reporting on Evolve CAPP after Open Session

Cardinal News article published on September 14t

VT News article published on September 22"

2022 SME-FL Regional Mining Conference — Evolve CAPP presentation on October 12th
2nd SAC meeting will be on December 2"d, 2022 in Lexington, KY

3rd SAC meeting will be in WV

Planning 2023 SME Annual Conference CORE-CM technical session on March 1st, 2023

Planning future stakeholder outreach events in WV & KY



https://cardinalnews.org/2022/09/14/tech-scientists-see-rare-opportunity-in-appalachia
https://vtx.vt.edu/
https://www.flsme.org/annualconference

IN THE MEDIA..
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IN THE MEDIA..

Evawve CAPP

Group works to identify
Appalachia’s mineral assets

BY DAVID MCGEE

ARISTOL HERALD COURER

BINGDON. Va. — A public-
private project designed (o
assess the region's critical

mineral assets and apply them
towand economic development
was unveiled Wednesday.

Evolve Central Appalachia, or
Evolve CAPP brings together a
university-led research effort with
public, private and academic
interests in hopes of creating
new industrial opportunities for
Southwest Virginia, eastern Ken-
fucky, West Vieginia and portions
of Tennesses

It was announced Wednesday
at the Virginia Highlands Small S R AR 590 HERAL D COREHER
Business Incubator in Abingdon Michael Karmis, original principal investigator, talks about the purpose of
as a project that aims to harvest Evolve Central Appalachia (Evalve CAPP).
the industrial, environmental and

(counties per ARC) and Geo

economic pelential of rare earth environmental eonditions in the Kentucky and West Virginia Uni-
elements, critical minerals and Appalachian basin by accelerating  versity.
nonfuel, carbon-based products waste coal cleanup, accordingtoa  “We have a very large, diverse
all out of waste coal. statement. ream with a lot of different
It is designed 1o generate a new The research coalition includes
industry and to create better Virginia Tech, the University of See CAPP, Page Ad
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https://heraldcourier.com/news/local/group-works-to-identify-areas-mineral-assets/article_ccd408de-a561-11ec-9bcb-838c86577e5d.html
https://cardinalnews.org/2022/09/14/tech-scientists-see-rare-opportunity-in-appalachia/

Evawve CAPP

Evawve CAPP

Scan QR code g e gmihue
for more info: 3333



https://energy.vt.edu/research/evolve-capp.html
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