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Overall Project Objectives

Near-Term (Tactical)
• Develop resource assessments 

for CORE-CM feedstocks in 
basin

• Identify resource production 
technologies, including novel or 
low TRL approaches that may 
have unique application in basin

• Identify key infrastructure 
resources and infrastructure 
gaps within the study area

• Engage in-basin 
industrial/commercial partners to 
understand materials sourcing 
requirements and limitations

Long-Term (Strategic)
• Enable development of commercial 

supply chains for regional and 
national customers.

• Identify “value-added” technologies 
and technology gaps to enable 
development and deployment

• Identify domestic supply chain gaps 
and strategies to fill those gaps for 
industrial/commercial partners in 
the region. 

• Provide the foundations for 
technology transfer and 
commercialization and deployment







MAPP-CORE Vision

• Full-cycle analysis:
• upstream production
• midstream refining and 

processing
• downstream manufacturing 

of high value products

• Identified AMD in Central 
Appalachia as an untapped 
resource. 

• Technical, workforce and 
economic considerations.

• Directly addresses social 
justice through economic 
development

• Directly addresses 
environmental justice 
concerns through focus on 
mine waste cleanup and site 
reclamation opportunities.



CORE-CM Resource Valuation Rubric



Basinal assessment of CORE-CM resources

Focused on Economically Significant Coal Beds in Central and Northern 
Appalachian sub-basins (eastern KY, western PA, WV)

• Current resource volumes for major coal seams

• REE distributions in coal beds



Demonstrated coal reserve
base by mine type

Appalachian coal resources

Resources by coal seam

(Source: EIA, 2023)

(Source: USGS, 2001)
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Distribution of REEs in Appalachian coal beds

(ppm, mg/kg)

• REE/CM ratios are similar across the basin

• REE concentrations 400-1000 ppm (mg/kg)

(ppm, mg/kg) (ppm, mg/kg)

(Source: Palmer et. Al., 2015)



• AMDREE Program: WVWRI 

finds REEs consistently exist in 

Raw Coal AMD across 140 

separate sites

• Current efforts: 146 AMD 

sources sampled to-date for 

CORE-CM to identify 

watershed candidates for 

REE/CM recovery

• WVWRI also finds that CMs 

such as Cobalt and Nickel exist 

in equal concentration to REEs

Rare earth elements (REEs) and critical 

materials (CMs) in acid mine drainage (AMD)



REE/CM recovery from AMD
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Advantages:

• Concentrates are 45% 

HREE

• Incentivizes AMD 

treatment

• Discharges CWA 

compliant water

• Already permitted sites

• Can go into production 

almost immediately

• Modest additional CapX

• No rads, solid rejects 

are non-hazardous

Disadvantages:

• Small, dispersed, 

upstream production 

sites



CORE CM Project:  Characterize REE/CM 

recovery potential in multiple impaired 

watersheds



REE/CM loads in AMD-impacted 

Appalachian watersheds

Watershed REE load (ton/yr) CM load (ton/yr)

Muddy Creek (Cheat River) 0.55 8.80

Middle Cheat (Cheat River) 4.93 78.88

Greens Run  (Cheat River) 0.61 9.76

Lower Deckers (Mon River) 0.53 8.48

Upper Deckers (Mon River) 0.14 2.24

Long Run (Blackwater) 0.60 9.60

Three Fork (Tygart) 0.50 8.00

Total 7.86 125.76

• Sampling at sources in AMD-impacted 

watersheds

• 146 sites sampled to date

• Common for REE load to exceed target 

of 0.5 ton/yr

• Non-REE CMs: Co, Ni, Mn

• Integrated into AMD treatment

• REE/CM recovery to offset OpX costs 

• Network of sites for domestic REE/CM 

supply chain



Integrating REE/CM recovery into 

watershed-scale restoration

1. Characterize 

Watersheds
3. Evaluate 

Watersheds

2. Conceptual 

Designs

• Sources

• Acid load 

(TMDL)

• REE/CM 

potential

• Design 

constraints

4. Implement 

Plan

• Load 

reduction 

goal

• Treatment 

strategies

• CapX + OpX 

costs

• REE/CM 

revenue

• Stream 

recovery

• Acid load 

reduction

• Cost

• Feasibility

• Prioritize 

watersheds

• Allocate 

funding

• Establish 

long-term 

financing

• Design-Build

• Manage w/ 

State’s Bond 

Pool

• Treat AMD and restore streams at watershed-scale

• Evaluate restoration based on designated use and TMDL instead of NPDES

• Recover REE/CM from multiple sources as part of treatment to offset costs and 

contribute to supply chain



Before “watershed-scale restoration”

• Impairments

– Muddy Ck responsible for ~50% 

of acid load to Cheat River

– Three tributaries severely 

polluted: Fickey Run, Martin Ck, 

Glade Run

– Cheat River dead downstream of 

Muddy Creek

• Regulatory Structure

– Point discharges (OSR, NPDES) 

(Title 5) vs,

– AML discharges (Title 4)

• Initial restoration plan

– Multiple AMD treatment units on 

Bond Forfeiture sites

– Expensive w/ no stream recovery

Case study: Muddy Creek Watershed / 

T&T AMD Treatment Plant

Regulated discharges

in BLUE

AML loads in RED



Watershed treatment approach

• Treat ALL sources to recover watershed

• Many point sources and bond forfeiture AMD treatment units 

replaced by centralized treatment plant

• Consolidated deep mine AMD

• EPA granted in-stream NPDES permit variance



Comparing Watershed to Point Source

• Higher CapX: water transfer, central 

facility

• Lower OpX: road maintenance, 

compliance monitoring, QC, supplies

• Contribution from Southwestern 

Energy (SWE)

• Documented costs/benefits attractive 

to external sponsors

Financial Outcomes

Long-Term Costs (10-yr basis)

• Point source: $22.5 M

• Watershed: $21.2 M

• Watershed (w/ SWE contribution): 
$15.2 M

Future Plans

• REE/CM recovery

• Offset to OpX costs



Confluence of Muddy Ck and Cheat River before and after completion of T&T plant

Restoration Outcomes

2007 2021

• Reductions in major metals

• pH increase

• Improvement in biological indictors (fish and macros)



Mine Mapping (coordination w/ WVGES)

Compile 

available 

mine pool 

maps

Identify 

source 

locations

• Confirm source locations

• Identify primary mine pool 

discharges

• Collect sample representative 

of mine pool

• ID REE/CM sources 

Identify 

mines with 

available 

pools

Develop model of 

mine pool for 

engineering design of 

extraction 

Identify mine pools 

that are candidates 

for direct extraction



REE/CM Production Technologies

Passive treatment

Active treatment
Patented process

Feedstock storage



1. Continued partnerships with government agencies to 
find sources of REE/CM in other waste feeds

2. Continue to build partnerships with industry partners 
to find both sources of REE/CM and find 
environmentally benign solutions to treating waste 
streams

3. Scale up of AMD treatment to restore watersheds 
while recovering REE/CM

Future CORE-CM Development
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Summary

• Basinal assessment of CORE-CM resources.

• WVU Water Research Institute has begun the $500K 

extension to sample REE/CM in AMD-impacted watersheds 

of West Virginia.

• Using BIL funds via WVDEP, install multiple watershed 

restoration projects incorporating REE/CM recovery.

Questions?

Nate DePriest, WVWRI

ndepries@mail.wvu.edu



Appendix
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Project Structure and Team
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MAPP CORE Gantt Chart

Task 1 - Project Management 100% 10/1/21 8/30/24

Task 2  - Basinal Assessment of CORE-CM resources 

2.1 - Unmined/In-Situ Resources (I.e. unmined seams) 100% 10/1/21 8/30/24

2.2 - Refuse and Waste Stream Resources 100% 10/1/21 8/30/24

2.2.1 - Coal Prep Wastes 100% 10/1/21 8/30/24

2.2.2 – Powerplant Wastes 100% 10/1/21 8/30/24

2.2.3 – Acid Mine Drainage 100% 10/1/21 8/30/24

2.2.4 – Organic Shale Wastes 100% 10/1/21 8/30/24

2.3 - Basinal Resource Assessment and Characterization and Data Acquisition Plan 10/1/21 8/30/24

Task 3 - Basinal Strategies for Reuse of Waste Streams  
3.1 Pre-Combustion Coal Refuse 100% 10/1/21 8/30/24

3.2 Low Flow Acid Mine Drainage 100% 10/1/21 8/30/24

3.3 Selective Mining and Sorting 100% 10/1/21 8/30/24

3.4 Fluidized Bed Combustion of Waste Coals 100% 10/1/21 8/30/24

3.5 - REE/CM/CBP Production Wastes 100% 10/1/21 8/30/24

3.6 - Waste Stream Reuse Plan 100% 10/1/21 8/30/24

3.X - CROSSCUT Task - TEA (Tasks 3.1, 3.2, 3.3, 3.4, 3.5) 100% 10/1/21 8/30/24

Task 4: Basinal Economic Assessment:
4.1 - CORE-CM Market Summary - Industries and Products 100% 10/1/21 8/30/24

4.2 - Supply Chain Analysis 100% 10/1/21 8/30/24

4.3 – Infrastructure 100% 10/1/21 8/30/24

4.4 - Economic Impacts of CORE-CM Products 100% 10/1/21 8/30/24

4.5 - Data Check and Report Preparation – Basinal Strategies for Infrastructure, Industries and Businesses Assessment 100% 10/1/21 8/30/24

4.6 Summary of Environmental Justice Considerations 50% 10/1/21 8/30/24

Task 5: Technology Assessment, Development and Field Testing:
5.1 Upstream Technology Development 100% 10/1/21 8/30/24

5.2 Downstream Technology Development 100% 10/1/21 8/30/24

5.3 - Data Check and Report Preparation - Technology Assessment and Field Development Plan50% 10/1/21 8/30/24

5.4 - Sampling Extension 20% 10/1/21 8/30/24

Task 6   - Stakeholder Outreach
6.1 Identify regional stakeholders 100% 10/1/21 8/30/24

6.2 Develop Plan for Outreach and Education 50% 10/1/21 8/30/24

Task 7  - Technology Innovation Center
7.1 - Technology Innovation Center Plan 50% 10/1/21 8/30/24

ENDTASK ASSIGNED TO PROGRESS START
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