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WVWRI

Image Source: Mel Shafer, WVWRI

• Supported under Federal CWA
• Been serving the state of WV since 1967
• Housed at WVU in Morgantown, WV
• Focus on collaboration, economic development, 

education + outreach, and research to solve water quality 
issues
o WVU colleges, other higher ed institutes, private 

consultants, industry professionals 
• Oversight by the WV Advisory Academy for Water 

Research
o Federal and state agencies, academia, industry



• Government Agencies
o Department of Energy (DOE)

o Department of Defense (DOD)

o WV Department of Environmental Protection (WVDEP)

o Academic/Research Partners
o Virginia Tech (VT)

o Montana Bureau of Mines and Geology (MBMG)

o Industry Partners
o Rockwell Automation

o Solmax Geosynthetics

o Montana Resources

Other entities involved



• Acid mine drainage (AMD)

o Pyrite oxidizes to form 
sulfuric acid.

o Leached heavy metals.

o There are over 12,000 miles 
of streams and rivers affected 
by AMD in the United States.

o 2,500 stream mi impacted by AMD 
in WV (WVDEP).

AMD and REE

Image Source: Rachel Spirnak, WVWRI



AMD and REE
• 17 elements considered rare 

earth elements (REE).

• Currently, most of world's 
REE are mined in China.

• WVWRI found that REEs 
exist in raw coal AMD across 
140 separate sites.

o Cobalt and Nickel  found to 
be in a 1:1 ratio with REE in 
AMD. Image Source: sciencenotes.org



Timeline of WVWRI REE

2015

DOE release FOA to find REE in 
unconventional sources

2017

WVWRI develop two-stage AMD treatment 
to generate REE feedstock

2018-2020

Bench top pilot system design and testing

2020-Present

REE recovery pilot plant in Mt Storm, WV

• 500 gpm AMD treatment plant; with WVDEP

Evaluation of additional sources



Two Step AMD Treatment

• Generates half the sludge reject 
as convention AMD treatment

o Other half is REE feedstock 
(preconcentrate) for further 
processing.

o The REE preconcentrate is then 
processed to mixed rare earth 
oxide prior to elemental 
separation.

Image Source: WVWRI



Two Fates of HPC, Same Product
• PC can be processed as a slurry or as a solid.

o Pump to Geotubes and passively dewatered for storage/transport.

• PC undergoes acid leaching then solvent extraction.
o Concentrates REEs at each step.

• Solvent is then acid stripped of REEs.

• Gets purified to LREO and HREO.

Image Sources: Nate DePriest, WVWRI



MREO Production – Mt Storm, WV

• Automated system capable of being remotely monitored.

• LREO and HREO currently produced at >90% purity.

• Ability to produce 1.71 t MREO/yr with 500 gpm inflow.

Image Sources: David Hoffman, WVWRI



• Final report publicly available.

• Restore AMD impacted 
watersheds while recovering 
REE/CM.
o Utilize money generated to cover 

plant O+M.

Current and Future State of Technology

Image source: wvnews.com



WVWRI REE Program Goals
• Incentivize AMD treatment.

o Encourage more operators and landowners to treat.

o Restore watersheds and streams.

• Provide cost savings to reduce operation and maintenance 
(O&M) costs.

• Create additional jobs for economies dependent on coal.

• Develop an independent Rare Earth Supply Chain in the 
United States.

Image Source: Mike King, WVU



REE-covery:
Frequently Asked Questions



Who gets the benefit of REE recovery from 
AMD?

• For WV, those who treat get 
the AMD, get the $$$.

• WV Legislature - HB 4003

• Opportunity for other 
states to do the same

• Studies indicate there 
would be interest for 
similar in other states

Image Source: WV Legislature



• Goal is clean streams and rivers.

• Process is environmentally benign.

• Upstream process (pre-concentrate production) is the same 
as conventional AMD treatment.

• Downstream process (REE recovery from pre-
concentrate) does not generate hazardous byproducts.

• Only offsite discharge is water treated to NPDES compliance.

Is REE recovery environmentally beneficial?
 Yes



Will REE recovery promote additional 
mining?

• REE is recovered from AMD during treatment.

• REE recovery offsets operation and maintenance (O&M) costs.

• Incentivizes AMD treatment at abandoned mines.
o cost savings, restoring streams, developing supply chain.

• Main byproduct is clean water.

Image Source: Rachel Spirnak, WVWRI



What are polymers and why do you use 
them?

• Natural or synthetic macromolecules that increase the size of 
flocculated particles

• Minimize risk of contaminant solids from passing through treatment 
systems 

• Reduce costs by separating particles from water
• Increase rate of sludge settling, allowing more water to be treated

• Use in AMD treatment and REE recovery process

Image Source: clearwaterind.com



Looking Forward...
• Identify additional AMD sources for treatment and REE 

recovery.

• BIL funding for restoring AML sites.

• Watershed-scale restoration.

• REE supply chain.

Image Source: Rachel Spirnak, WVWRI



AMD-REE Fact Sheets



Questions?

Eliza Siefert
Critical Materials Water Researcher
WV Water Research Institute
West Virginia University

• WVWRI - Facebook
• WVWRI – LinkedIn
• WVWRI - Instagram
• 3RQ - Facebook

Eliza.siefert@mail.wvu.edu

304-293-7003

https://www.facebook.com/WVWRI/
https://www.linkedin.com/company/west-virginia-water-research-institute
https://www.instagram.com/wri_wvu?igsh=MTkyenRrdWV3MGMzMQ==
https://www.facebook.com/3RiversQUEST
mailto:Eliza.siefert@mail.wvu.edu
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