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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



PROJECT SCOPE

The general scope of the Evolve CAPP project is to:

1) Assess existing knowledge

2) Perform a gap analysis

3) Fill identified gaps with future projects

4) Provide educational & public outreach



Positive Environmental & 
Social Outcomes

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

Evolve CAPP Principles:
• Develop/Adopt Technologies, Processes & 

Best Practices that aim for “Zero Impacts” 
& can earn Social Acceptance

• Sustainable/Responsible Sourcing

Zero
Waste

Minimal Use
of Water

Reduced C Footprint

Social Framework

Equity & Social Justice

EVOLVE CAPP PRIORITIES & PRINCIPLES



10 11 12 1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9
1.0 Project Management and Planning A B 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 C
2.0 Basinal Assessment of CORE-CM Resources E
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 Util ization 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
4.3 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
5.3 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 G
7.3 Workforce Readiness and Development
7.4 Public Outreach, Education, and Engagement

Task 
Number Task Name

2021 2022 2023

Milestones:

 (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

PROJECT TIMELINE



ADDRESSING ISSUES, BARRIERS & INCENTIVES

Issues/Barriers (some are lost in the Technology conversation): 

 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
 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
 Dependence on Global Pricing, “Dumping” & Arbitrage Issues

Incentives:

 Experience with Tax Credits, Low Interest Loans, Government-Supported FEED Studies
 New ideas needed (from Long-Term Government Contracts to Robust Community Benefits)



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



MAPPING & SAMPLING PROGRESS

• Mapping a complex area 
with numerous historic 
mining sites

• Significant advancements 
in mapping progress

• Multiple coal seams being 
evaluated 

• Preliminary focus on 
sample frequency & 
concentration

• Methodology in place to 
form an initial resource 
assessment



POTENTIAL FUTURE SAMPLING LOCATIONS

• Targeting resource gaps
• Confirming historical sampling
• Leveraging industry partnerships



“Unknown”or 

Non-Coal 

Samples often 

have highest

average 

concentrations



MATERIAL TYPES FOR NON-COAL OR “UNKNOWN” SAMPLES

Material Count Material Count Material Count Material Count

Alluvium 1 Clay 61 Mud 18 Siltstone 1

Barite Nodules 6 Clay and Powdered Shale 36 Mud Pebble Conglomerate 1 Silty Sandstone 1

Bituminous Coal 50 Clayey Siltstone 1 Nodule 2 Silty Shale 2

Bituminous Rock 2 Claystone 36 Null 133 Silty Claystone 10

Black Shale 20 Core of Nodule 2 Ohio Shale 12 Tonstein 98

Brecciated Ironstone 1 Diatreme Breccia 1 Phosphatic Claystone 4 Trachyte 1

Brecciated Limestone 1 Fault Gouge Limestone Coal 1 Rock 6 Tuff 3

Carbonaceous (Organic) 46 Ferruginous Claystone 2 Sandstone 4 Underclay 1

Carbonaceous Sandstone 3 Flintclay 45 Sandy Siltstone 3 Vitrinite 2

Carbonaceous Shale 1 Laminated Limestone 1 Semi Flintclay 3

Carbonaceous Siltstone 2 Manganese Ore 16 Shale 43

Carbonate - Dolomite 2 Micaceous Sandstone 3 Shale Pig 1

Carbonaceous Claystone 1 Micaceous Siltstone 2 Sideritic Nodule 2

Chert 4 Mineralized Limestone 2 Silicified Carbonaceous Shale 2



BASINAL STRATEGIES FOR REUSE OF WASTE STREAMS

Assessment of Mine Refuse & CCR Waste Streams
 Identify “permitted” sites through State & Federal 

Regulatory Agencies
 Identify 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

CAPP Basic Infrastructure 
& Waste Stream Locations 



Plan:

• Analyze Core Hole for REE-CMs
• Compare pXRF to ICP-MS 

Status:
 pXRF complete
 19 samples at VT lab for ICP-MS

P-XRF SCREENING & LAB ANALYSIS OF DRILL CORE



Fly Ash Bed Ash Landfill Bed Ash

Core Samples
 Coal combustion ash & core 

samples collected

 Prepared for ICP-MS analysis

 Developing protocols for 
future sampling

Landfill Fly Ash

SAMPLE ANALYSIS – COLLECTED SAMPLES



Solid Samples Pulverization Digestion Dilution

ICP-MS AnalysisLiquid Samples Filtration Dilution

SAMPLE ANALYSIS – PREPARATION & DIGESTION



USGS 2022 Critical Minerals List
Aluminum Gadolinium Nickel Tin
Antimony Gallium Niobium Titanium
Arsenic Germanium Palladium Tungsten
Barite (Barium) Graphite Platinum Vanadium
Beryllium Hafnium Praseodymium Ytterbium
Bismuth Holmium Rhodium Yttrium
Cerium Indium Rubidium Zinc
Cesium Iridium Ruthenium Zirconium
Chromium Lanthanum Samarium
Cobalt Lithium Scandium
Dysprosium Lutetium Tantalum
Erbium Magnesium Tellurium
Europium Manganese Terbium
Fluorspar Neodymium Thulium

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.

USGS PRODUCED WATER DATABASE



USGS PRODUCED WATER DATABASE

• 1280 samples were identified for KY & WV

• No REE data present within database across study area

• Subset of 11 critical elements present include:

Blondes, M. S., Gans, K. D., Engle, M. A., Kharaka, Y. K., Reidy, M. E., Saraswathula, V., Thordsen, J. J., Rowan, E. L., 
& Morrissey, E. A. (2019). U.S. Geological Survey National Produced Waters Geochemical Database v2.3 [Data 
set]. U.S. Geological Survey. https://doi.org/10.5066/F7J964W8

• Aluminum (Al) – 16
• Arsenic (As) – 14
• Barium (Ba) – 430
• Chromium (Cr) – 14
• Nickel (Ni) – 14

• Antimony (Sb) – 14
• Beryllium (Be) – 14
• Cobalt (Co) – 14
• Lithium (Li) – 16 (see below)
• Magnesium (Mg) – 715
• Manganese (Mn) – 19
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TESTING POTENTIAL SOURCES FROM ACID MINE DRAINAGE (AMD)



INITIAL INFRASTRUCTURE ASSESSMENT

Screening for various metrics, including:

• Cheapest source of electricity

• Primary & secondary roads

• Power generation

• Railroad networks

• Commercially navigable waterways

• Fly ash pond locations

• Population with access to broadband

• Educational opportunities

• Etc.



• Mining (primary, co-products, re-mining) 

• Separation Processes

• Carbon Products

• Technology Assessment

• Field-Testing

• Gap Analysis

TECHNOLOGY ASSESSMENT, DEVELOPMENT & FIELD TESTING



• 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

Zhang et al (2020)

TECHNOLOGY ASSESSMENT – SEPARATION PROCESSES



Stakeholder Outreach &
Education

Initial Stakeholder Outreach &
Education Plan

Stakeholder 
Advisory 

Committee

Workforce 
Readiness &
Development

Public 
Outreach, 

Education &
Engagement

Project Management 
& Planning

EJ 
Considerations

Economic 
Revitalization 

& Job 
Creation 

Outcomes

EH&S 
Analysis

OUTREACH INTEGRATED WITH PROJECT MANAGEMENT



WORKFORCE READINESS & DEVELOPMENT

• Workforce Readiness Plan
• Workshops & Forums

• Engage stakeholders/entrepreneurs, public, future 
workforce personnel

• Identify & assess skillsets & employment 
opportunities 

• Offer programs, certifications & skills training to 
match needs of projects in basin

Step 1
Assess the 
Workforce

Step 2
Identify

Supporting 
Organizations 

Step 3
Develop the 
Workforce

Workforce Readiness Plan

Labor Force Participation Rate with locations of 
Public 2-year or Less Training Facilities



CAPP EMPLOYMENT TRENDS & SOCIOECONOMIC INDICATORS

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



Commercial Construction/ Diesel Mech. Drafting & Electrical & Electrical & Industrial Information Machine
School Vehicle Heavy Equp. & Technician Design Tech. Electronic Tech. Electronic Comm. Electrician Mechanics Technologies Shop Tech. Welding

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 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 x
New River Community and Technical College x x
Somerset Community College x x x x x x x
Southeast Kentucky Community x x x x x x x
Southern WV Community and Technical College x x x
Southwest Virginia Community College x x x
TN College of Applied Technology-Crossville x x x x
TN College of Applied Technology-Harriman x x x
TN College of Applied Technology-Jacksboro x x
TN College of Applied Technology-Livingston x x x
TN College of Applied Technology-Oneida-Huntsville x
University of the Cumberlands x
University of Pikeville x
West Virginia University Institute of Technology x x

EDUCATION & TRAINING – CAPP REGION



STAKEHOLDER OUTREACH & EDUCATION

• Open Public Session, Stakeholders Advisory Committee: March 2022

• Initial Stakeholder Outreach & Education Plan: June 2022

• Public Outreach, Education & Engagement: 11 presentations..

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



 Open Session Public Outreach event on March 16th, 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 14th

 VT News article published on September 22nd

 2022 SME-FL Regional Mining Conference – Evolve CAPP presentation on October 12th

 2nd SAC meeting will be on December 2nd, 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

ADDITIONAL OUTREACH

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..

https://www.miningpeople.org/
https://www.miningpeople.org/
https://heraldcourier.com/news/local/group-works-to-identify-areas-mineral-assets/article_ccd408de-a561-11ec-9bcb-838c86577e5d.html


IN THE MEDIA..

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/


QUESTIONS?

Scan QR code 
for more info:

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

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