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Tops of mountains removed Fo!'mer
with explosives to mine Mountain Contour
underlying coal seams

Valley Fill
Geologic materials increase

in volume during mining

Adjacent valleys filled with
excess materials

Regulated under the
Surface Mine Control and
Reclamation Act (SMCRA)

(EPA, 2011)

Modified from EPA (2011)



Graded and compacted with
heavy machinery

Terraces limit slope length

Boulder-lined drains act as
ephemeral channels

Drains can also be along the
edge of the face and side
slope (groin drain)

No required maintenance
after full reclamation

(Michael et al., 2010)

Landform elements of anthropogenic
valley fill All lidar data from TAGIS
(tagis.dep.wv.gov)




Max volume ~200 million m3
(Ross et al., 2016a)

Geometrically designed with
little regard for geomorphic
processes

(Schor and Gray, 2007)

Designed for geotechnical
stability
(OSM, 2002)

~7000 valley fills in Central

Appalachian headwaters
(EPA, 2011)

Ben Creek Watershed, Mingo
County, West Virginia
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Recent Work

Unit discharge of unmined and
mined catchments with specific

conductance. Modified from
Nippgen et al., 2017.

Some of highest rates of
chemical weathering ever
recorded (Ross et al., 2016b)

Electrical resistance
tomography cross-section of
valley fill in Virginia. Modified
from Greer et al., 2017.
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Questions
What erosional processes are currently active?

How will these large, unconsolidated deposits evolve?

Importance

Aggradation downstream of valley fills would degrade
aquatic ecosystems and increase flooding risk

No guidance from government or industry on landscape
evolution

Increase understanding of “no-analog” anthropogenic
landscapes

No known field work ever published in geomorphic
literature




Field Study Areas

West Virginia Division of Natural
Resources (WVDNR) Wildlife
Management Areas (WMAS)

Middle Pennsylvanian
sandstone, siltstone, shale and
coal

Measure erosional landforms on
valley fill faces and altered side
slopes

Parameterize the CAESAR-
Lisflood Landscape Evolution

Model
(Coulthard et al., 2013)
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Valley fill 5, EIP Copperas
Constructed 2003 . 4 ‘
1 m Lidar slopeshade 2 ‘ AR[™ High £ 262

Low: 0




Valley fill 5, EIP Copperas
Constructed 2003 Slope (degrees)
1 m Lidar slopeshade , — High : 86.2

Low: 0




Valley fill 5, EIP Copperas

Downslope view of gully




Large sediment cell along
road

5 m wide by 30 m long by
~1 m deep

Situated above ~30°
slope with 170 m relief

Whitman West




7
o)
=
c
@®©
IS
=
=




Valley fill 15, Whitman West
Constructed 2003

. 7 . High : 86.2

1 m lidar slopeshade : Y . Low: 0
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Upslope view of gully




CAESAR-Lisflood

Landscape Evolution Model
(Coulthard et al., 2013)

A numerical model that changes input
topography based on earth surface
processes over time

(Hancock and Tucker, 2010)

Used in reclaimed mining landscapes

previously
(Hancock et al., 2015)

Rainfall -> TOPMODEL runoff -> Lisflood
hydrodynamics -> Wilcock and Crowe

sediment transport model
(Beven and Kirkby, 1979; Bates et al., 2010; Wilcock and Crowe, 2003)

Outputs of water flow, sediment transport
(total and individual grain sizes), and rasters
of elevation change and median grain size

a5l CAESAR - Lisflood 1.9b (17/05/2016) (vf3.xml)

Config File Top Graphics Top graphics|l Save Options
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CAESAR-Lisflood test catchment

e 0.20 km?2 catchment

*  NOAAhourly rainfall =
from Charleston, WV run"
through Neyman-Scott
Rectangular Pulse

model 3
(Cowpertwait et al., 1996; Brocca et al., 2013)

« Grain size distributions from
field work, soil survey data, and
a mining engineering technique
used in Jackson (2015)

Valley fill 11, Whitman West
1 m lidar hillshade

Meters



Digital elevation model of difference
200 year run of CAESAR-Lisflood

Failure of one sediment
cell

Deposition in other
sediment cells

Development of small
fans above each terrace

Erosion mainly contained
to drainage system

Elevation change (m)
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* What’s wrong with
Kentucky?

* No failures of this
magnitude observed
in West Virginia

» Geological?

Pike County, Kentucky

Low: 0

- High : 85.3

Lidar available from
kygeonet.ky.gov




* What’s wrong with
Kentucky?

» No failures of this
magnitude observed
in West Virginia

» Geological?

Pike County, Kentucky
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* What’s wrong with
Kentucky?

* No failures of this
magnitude observed
in West Virginia

» Geological?

- High : 85.9

Low:0

Knott County, Kentucky




Takeaways

« Valley fills produced by mountaintop removal are currently
eroding via gullying and mass wasting

« Sediment cells above valley fill side slopes can be a pathway to
severe erosion from overtopping and intentional routing of flow

« Valley fills are extensive, anthropogenic landforms of known
age in areas with extensive lidar coverage (KY and WV)

Thank you. Questions?
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Charleston, West Virginia
rainfall from NOAA then run
through Neyman-Scott
Pulse Model, a rainfall
generator

(Brocca et al., 2013)

Allows for realistic large
return interval rainfall
events not contained in
original record
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Stats on 1544 West Virginian valley fills. Modified from Ross et al., 2016
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