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Mountaintop Removal Valley-Fill 
Coal Mining Operation

EPA. 2011. “The Effects of Mountaintop Mines and Valley Fills on Aquatic Ecosystems of the Central Appalachian Coalfields”, 
EPA/600/R-09/138F  March 2011.



The chronic aquatic life 
benchmark value… is 300 μS/cm.

“the conductivity value below 
which 95% of the observations of 
the genus occur and above which 
only 5% occur.”



“…no age effect on SC was apparent…” (5 VF’s, 2.5 

– 20 y; Clark et. al., 2016. Environ. Earth Sci. 75:1222. – commented 
on Evans et. al., 2014 – “Number of years since initial disturbance 
was not a predictor for mean discharge SC”) 

Selected 5 of 18 VF’s showed “… decline from 1.9% to 
3.7% of mean annual SC, suggesting long time periods … 
ca. 40 years”. (Cianciolo et al., 2020)

Recovery of water quality back to pre-mining baseline levels within two decades (137 

VF’s, 1 – 33 y;  Evans et al., 2014. J. Am. Wat. Res. Ass. 50:1449-1460)

“… lysimeter studies … clearly indicate that TDS release potential from non-acid 
forming spoils should drop quickly once they are exposed to leaching. However, … 
actual long-term TDS discharge response of a large number (n> 100) of valley fills … 
indicates that the time for discharge SC to decline below 500 us/cm was 10–15 
years, on average, beyond final revegetation.” (Daniels et al., 2014. Int. J. Coal Sci. Technol. 

1(2):152–162) 

“Temporal trend analysis demonstrated limited 
recovery … to natural background conditions.” 
(18 VF’s; Cianciolo et al., 2020, Sci. Tot. Environ. 717:137216)



“…elevated ion and pollutant concentrations for at least decades (Ross et al 
2016), but likely longer…” (7 VF’s, 0 – 19 y; Ross et. al., 2021. Environ. Res. Lett. 16 075004)

Damage from MTR-VF activities - irreparable (Palmer et al., 2010. Science. 327: 148-149)

“The ecologic, hydrologic, and biogeochemical processes active in these 
new places … may be on new trajectories … keep them different from 
unmined landscapes forever.” (Ross et. al., 2021)

“…three streams …no active mining since 1985 and still contain annual mean SC 
levels greater than the 300 μS cm−1 conductivity benchmark, with no declining SC 
trends” (Cianciolo et al., 2020)



Mitigation Approach

Prevention (Evans et. al., 2014, Daniels et al., 2014): 

• Placement of high TDS producing strata/material away from 
hydrological pathways. 

• Use weathered strata of low TDS-producing potential as topsoil 
substitute. 

• Compact fill lifts to reduce deep infiltration and water storage. 

• Reforestation reclamation and promotion of evapotranspiration 
loss and near surface flow. 



Study Goal – Determine Long-Term Effect of MTR-VF 
on Stream Water Quality

• Mining operation completed in fall of 1992

• Planting completed in 1994; Reforestation Reclamation ensued in early 2000’s and final 
bond release in fall of 2005

• Study site – Central Appalachian ecoregion (#69), upper Kanawha river basin (West Virginia)

• Monitoring started Fall 2019
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300 µS cm-1 (chronic aquatic life benchmark level intended to prevent the 

extirpation of 95% of invertebrate genera in this ecoregion [69])

500 µS cm-1 (suggested level for impaired water)
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The Bathtub Phenomenon

Hunker
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𝑀𝐵𝑐𝑢𝑚𝑚.𝑖 =  ∑𝑖=𝑥
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P, daily precipitation, mm; ET, daily evapotranspiration, mm; i, calendar Julian day 
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Conductivity (2019 – 2022)

175 µS cm-1

171 µS cm-1

• < 2% of the time did MTR-VF headwater creek water SC 
exceeded the recommended 300 µS cm-1 Benchmark.

• Average MTR-VF headwater creek water SC was 
below 175 µS cm-1

.

62 µS cm-1

a     a              b    b             c       c             c      c            d      d



Retention Basin Impact - Simulation



Retention Basin Impact
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• SC Elevated in MTR-VF Stream 25 After Reclamation

Summary

• Marked seasonal and spatial variability

• “Sediment Pond” dominated stream WQ - Seasonal amplitude diminished 
downstream from the restored sediment pond / retention basin to 
below harmful levels.

• Efficacy of the “Sediment Pond” role will depend on VF and ND discharge 
volumes, their SC levels, and on the pool volume capacity (i.e. size and 
distance of pond from VF). 

• This effect seemed to be associated with VF Base-flow – surface runoff 
generation/dilution balance.
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NPDES sampling/ 
monitoring



NPDES 
monitoring
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Conductivity (2019 – 2022)

62 µS cm-1

a     a   b     b             c      c            c        c            d      d

175 µS cm-1

171 µS cm-1

• < 2% of the time did MTR-VF headwater creek water SC 
exceeded the recommended 300 µS cm-1 Benchmark.

• Average MTR-VF headwater creek water SC was 
below 175 µS cm-1

.



Fine topsoil replacement material

Valley fill
Assorted rock size

Perched watertable

VF Hydrology and Creek Base-Flow
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