Exploration of sulfate, organic, and inorganic carbon
on rare earth element mobility within Appalachian
coal mine drainage

Authors: Eliza Siefert; Dorothy Vespef

West Virginia Water Research Institute, West
Virginia University, Morgantown, WV

2Department of Geology and Geography, West " v e Y&y ﬁ%{' N
Virginia University, Morgantown, WV | e RN ¢ }* "

!"1

Maiden Mine Discharge into Robinson Run in Monongalia Co, WV (E. Siefert, WVWRI)

WestVirginiaUniversity. WestVirginiaUniversity.
WEST VIRGINIA i i i
i L WYV Mine Drainage Task Force Symposium, Morgantown, WV, May 2026 e HIMENTeE



Appalachian CMD Geochemistry and REES

A REEs have been found in CMD across
Appalachia

A'Y, Ce, Sc, Nd, La, Gd, D$m most
abundant in REEs recorded in PA CMD

A Largely trivalent in solution

A Ce(IV) oxidation anomaly
A Transport and fate associated with Fe

and pH
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Light Rare Earth

Elements

Medium Rare Earth
Elements

Heavy Rare Earth
Elements

CMDT coal mine drainage
REET rare earth elements + Y + S¢




Possible 1ons In CMD impacting REE speciatiol

Organic Carbon Inorganic Carbon Sulfate
A Often low due to A CMD pH <6 Carbonate A Often dominant ion in CMD
decreased biological geology important A Lamberts Run, WV
activity source of dissolved A Frequent REEs species are
A OCinpitlakesupto 2  metals (Ca, Fe, Mn, Ba, Pb, sulfate, free ion, and
ma/L Zn) carbonate complexes
A Increases alongside pH A Marine Carbonate
A Increase in treatment complexation increases
wetlands with REE mass

A MREE associated with A Complexed ions prefer to
OC in alkaline waters remain in solution

Mol fraction inorganic carbon ions




WVWRI CMEREE Data

Major Coal Beds

Seam Avg pH

Samples (mg/L)

(mg/L)

No 2 N WI Avg TMM Avg TREE

(mg/L)

Upper Freeport 890 3.76 603

Pittsburgh 220 3.12 2100
Lower 60 3.41 301
Kittanning

Bakerstown 34 4.66 329
Middle 22 3.69 338
Kittanning

Sewickley 16 6.67 655
Lower Freeport 14 2.67 322
Upper Mercer 5 9.5 45
Elk Lick 3 3.16 537
No 2 Gas 3 4.13 416
Sewell 1 5.58 61
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Upper Pennsylvanian

Dunkard
Group

Washington
Waynesburg
Uniontown
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Sewickley
Redstone
Pittsburgh
Little Pittsburgh

Conemaugh
Group

Elk Lick
Harlem
Bakerstown
Brush Creek
Mahoning

Middle Pennsylvanian

Allegheny
Group

Upper Freeport
Lower Freeport
Upper Kittanning
Middle Kittanning

Lower Kittanning (No. 6 block)

No 5 Block
Stockton

Kanawha
Formation

Upper Mercer
Coalburg
Winifrede

Clinton

Fire Clay

Cedar Grove
Williamson
Peerless

No 2 Gas
Powellton

Eagle

Little Eagle
Matewan

Upper War Eagle
Ben's Creek
Lower War Eagle
Glenalum Tunnel
Gilbert

Douglas

Lower Douglas

LI

TMMT total major metals (Fe + Al + Mn + MQ)
TREHF total rare earth elements + Y + Sc

Lower
Pennsylvanian

New River
Formation

Bradshaw
Laegar

Sewell

Welch

Beckley

Fire Creek

No 9 Pocohontas
No 8 Pocahontas
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Association of [TREE] and pH with associated [SO4] in sampled sc
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TREE ug/L
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TREE ug/L
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Research Focus

AREE mobility depends on agueous speciation
ARelationship of sulfate, pH, and TREE concentrations |
ALimited data on organic carbon

ACarbonates may lead to HREE to stay in solution

Almportance for:
A Aquatic species

A Extraction research

A Sampling efforts

(M. Shafer, WWWRI)



Methodst Sample Collection

AField
ApH, spc, TDS, DO, ORP, flow
AAnalytical
AN~~AWNAEEAWES§ WK

AOrganic carbon
ANPOC via Shimadzu TOC/V

ADissolved inorganic carbon (DIC)
ASoda bottle with HCI ampule
A Anton PaarCarbQC (Vesper et al., 2025)
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HCI glass ampule (J. Stewart, NBAC)

NPOCT Non-purgeable organic carbon
DIC T dissolved inorganic carbon




Collected atsource NPOC
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Lambert Run Site 3

ANear neutral CMD source
APittsburgh seam

APassive treatment location

APrevious sampling efforts
ASulfate, free ion, carbonate complexes

AAs pH rises, carbonates become
significant for HREE

AVesper andSmilley, 2010

Lambert 3 site portal, April 2026 (J. Stewart,
NBAC)



Lambert 3 Collected Data

C}{Portal

poH TMM TREE SO4 DIC CO2 NPOC

(mg/L) (ug/L) (mg/L) (mg/L C) (mg/L C) (mg/L TOC)

Portal jﬁr 5.48 238 3 630 74.0 50.0 0.56

Open * 6.21 238 1.5 599 30.8 15.1 0.64
Channel

Entrance to* 6.66 -- -- 24.9 0.59
Wetland

Wetland * 6.80 236 2.9 607 24 .4 10.0 0.66
Flowing

Swampy * 6.93 -- -- 23.4 0.77
Wetland

Exit jﬁg 7.01 236 2.7 620 23.5 9.0 0.61
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Altered

Natural Wetland
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Entrance to Wetland

[DIC]; [CO2] (mg/L C)

A— DIC (mg/L C)
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© HREE (ug/L)
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Entrance to Wetland
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PHREEQ®odeling

A Light REE Neodymium (Nd)
A Medium REEr Dysprosium (Dy)

A Heavy REE Thulium (Tm) and Yttrium (Y3,

A Kinetics data

A Assumptions
A Organic carbon as oxalate
A No surface interactions
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PHREEQ LREE: Neodymium
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PHREEQ MREE: Dysprosit
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PHREEQ HREE: Yttrium | °
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PHREEQ HREE: Thulium
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Discussion

ARelationship of pH, sulfate and TREE concentrations
A Potentially realted to coal seam

APotential relationship of organic carbon in CMD and coal
seam

A9 § AW WNct t RUNDWNI YOG WGY!I qc¢ it
A< 10% of REEs modeled as free ions Y
AES MW EWchelYet WHYGGH W+ ¢ qRY[RNF 28 s 8 ¢

\
)

5

)

-

ACarbonates REE agueous speciation at higher pH

Maiden borehole in Robinson Run, WV (E.
Siefert)



Next Steps

AContinued NPOC, DIC sampling efforts

AContinue comparisons with other
published data

AAqueous
ACMD precipitates

APHREEQC Sensitivity modeling
AConsiderations of phosphate N ik
AConsiderations of surface v underground E=f :

Discharge from Kittle Flats in Randolph Co, WV
C M D (R.Spirnak, WVWRI)
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