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Abstract: State and Federal regulations directing mine reclamation using the Approximate

Original Contour approach have resulted in geotechnically stable designs of valley fills
constructed using waste rock overburden. Environmental concerns at mountain top mining sites
abound because of the loss of headwater stream length and increased flooding risk. One
promising technique to lessen the impacts involves fluvial geomorphic landform design applied
to the waste rock fill and slope profiles. Geomorphic designs have proven successful in semi-arid
regions; however, this approach has not been adapted to eastern surface mining reclamation.
Research results are presented using fluvial geomorphic design principles which show alternative
valley fill design approaches for a mountain top mine site under construction in southern West
Virginia. Features of the design are the channelizing of surface water from the rock fill flats and
sloped faces, and directing the runoff to engineered perimeter channels.
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Introduction
Concerns of detrimental environmental impacts originating from mountaintop mining and valley
fill construction are of constant debate, resulting in numerous lawsuits (e.g. Hasselman, 2002,
Davis and Duffy, 2009) and scientific studies throughout Central Appalachia (e.g. Hartman et al.,
2005; Pond et al., 2008; Ferrari et al, 2009). State and Federal regulations have been
promulgated to control environmental impacts associated with mountaintop mining and valley
fill construction through the Surface Mining Control and Reclamation Act (SMCRA) and the
Clean Water Act (CWA). West Virginia has primacy of the State’s regulatory enforcement and
thus must meet stringent regulatory standards for valley fill construction.
These regulations have resulted in geotechnically stable designs of valley fills with runoff
management; however, major environmental concerns have resulted, specifically the loss of
headwater stream length, increased flooding risk, and degraded water quality in downstream
communities. The predicted headwater stream loss in WV is approximately 3,200 km by 2012,
thus impacting the ability of West Virginia to support high quality and unique aquatic species
(USEPA, 2005). Studies have shown that streams below valley fills often have elevated
conductivity levels, resulting from water contact with the overburden (Hartman et al., 2005,
Pond et al., 2008). Additionally, changes in downstream thermal regime, chemistry, and
sedimentation are potential impacts (USEPA, 2005). One promising innovative technique used
to lessen impacts involves fluvial geomorphic landform design that incorporates mature
landform shapes into the designs. These landform designs add variability and aid in establishing
a site with a long-term hydrologic balance.
The objective of this paper is to investigate alternative geomorphic design and reclamation
approaches applied to surface mining methods in West Virginia. First, an overview of
geomorphic landform design and associated regulations are presented, noting challenges
associated with the application of the technique in West Virginia. Then, a conceptual
geomorphic landform design of a valley-fill currently under construction is discussed.

Regulatory Drivers Affecting Geomorphic Landform Design

Challenges associated with implementing the landforming approach in the WV Central
Appalachia Region extend beyond the complexity of designing and constructing mature
landforms in steep terrain. Current, civil engineering based regulations for meeting Approximate
Original Contour (AOC) and Surface Water Runoff Analysis (SWROA) do not readily support
this nontraditional design approach, and perceived initial construction costs are greater than
traditional designs (Michael et al., 2010).
Reclamation by approximate original contour (AOC) design is a practiced in the central
Appalachian region of the United States. These promulgated design requirements were needed to
provide standards and controls. Prior to the Surface Mining Control and Reclamation Act
(SMCRA), adopted into law in 1977, non-designed earth moving practices resulted in spoil
materials being deposited into valleys, hillsides, and over ephemeral streams without
consideration of erosion, geotechnical stability, seepage, and hydrology. Generically termed
“shot-and-shove”, the end results included slope washes, loss of topsoil, and stream siltation.
The approximate original contour design and excess spoil disposal on surface mining sites in
West Virginia are regulated by the state of West Virginia and by the US Office of Surface
Mining, Reclamation, and Enforcement (OSM).
In West Virginia the AOC guidelines are promulgated by WVSMRR, CSR §38 which require
slope profile configurations constructed by backfilling and grading of disturbed areas have a
final profile which in effect closely resemble the general surface configuration of the land prior
to mining. The post mining configuration is intended to ensure slope stability, control drainage,
complement the drainage pattern of the surrounding terrain, and prevent stream sedimentation.
These requirements are comprehensive covering the drainage pattern of the surrounding terrain,
high walls, and spoil piles. The State does consider special circumstances and permits variances.
In addition, the West Virginia Department of Environmental Protection (WVDEP) and the US
Environmental Protection Agency (EPA) implement the Clean Water Act of 1972 through the
National Pollution Discharge and Elimination System (NPDES) in order to provide requirements
for drainage and sediment control requirements for the quality of the discharged runoff.
The AOC requirements result in the typically profiled slope shapes exhibiting uniform benches,
planar slopes having unvarying contours with perimeter or center surface water ditches. The
AOC guidelines have performed well and as intended, the reduction in environmental
degradation of mountain streams and the stability of slopes have been the benefit. In West
Virginia the revegetation efforts using select grasses and hardwoods have proven very effective
in concealing the planar slope profiles and surface drainage structures. The effectiveness of post
mine land use implemented by the mining industry has, to a large extent, been so successful that
when the tree canopy matures the slopes appear natural.
The aesthetic and geotechnical safety benefits of the AOC requirements although are not able to
balance trade-offs with the loss of streams and changes in watershed sizes. Under natural
conditions, landforms develop a balance between erosive and resistance forces, resulting in a

system in equilibrium with low erosion rates. The fluvial geomorphic landform design approach
attempts to design landforms in this steady-state condition, considering long-term climatic
conditions, soil types, slopes, and vegetation types (Toy and Chuse, 2005; Bugosh, 2009). The
need to balance valley fill construction stability with surface hydrologic reclamation needs has
opened the opportunity to introduce geomorphic design.

Research Approach
The approach of this research is with developing alternative land profiles in West Virginia to
advance watershed revitalization and reach environmental sustainability, while maintaining AOC
design criterion.
Geomorphic Landform Design
Compared to traditional designs, landforming appears natural, reduces long-term maintenance,
requires fewer artificial elements, and supports long-term stability (Martin-Duque et al., 2009).
While this innovative design approach has been used with success in semi-arid regions of the
U.S. (e.g. Toy and Chuse, 2005; Measles and Bugosh, 2007; Bugosh, 2009; Robson et al., 2009)
and outside of the U.S. (e.g. Marin-Duque et al., 2009; Martin-Moreno et al., 2008), the approach
has not been utilized in West Virginia surface mining design or reclamation.
The geomorphic landform design procedure builds a drainage network using a reference
landform approach; a reference watershed must be identified and characterized. The following
information is necessary to inform successful design (Toy and Chuse, 2005; Eckels and Bugosh,
2010): i) main channel slope and landform profile shape; ii) drainage density and area; and, iii)
channel characteristics. Each of these design requirements is discussed separately below.
i) Main channel slope represents the watershed slope. As the main channel slope
increases, the stream power and erosion potential increase (Toy and Chuse, 2005).
Landform longitudinal profile shapes must also be considered as the concave shape
differs among headwater and downstream locations. In mountainous terrain the nature of
slope profiles develop into compound surface profiles. These profiles exhibit steep
convex slopes at the head of the valley then progressively transition into a concave form
gradually tapering to a uniform profile. The fluvial influence stream cutting and surfical
erosion and the rill to gulley erosion all couple to affect the development of natural
stream design. Valley fills end up as unique landforms, they do exhibit geotechnical
stability; however, they are not suited, as currently regulated, to incorporate surface
hydrologic features to enable stream replacement or development.

ii) Drainage density is measure of the average stream channel spacing and results from
flow interactions with sediment and soil, topography, weather variables, and vegetation
(Bugosh, 2004; Toy and Chuse, 2005). For a given reference landform, the drainage
density describes the drainage network that can be supported without significant
aggradation or erosion (Bugosh, 2004). The fluvial geomorphic design approach
assumes a dendritic pattern, a configuration common for unconsolidated materials (Toy
and Chuse, 2005; Eckels and Bugosh, 2010).
iii) Natural channels vary in characteristics with location in the watershed. Headwater
streams are often steep (>4% slope) and relatively straight (sinuosity = 1.0-1.2), and
down-stream channels have a lower gradient (<4% slope) and increased sinuosity (>1.2;
Rosgen, 1996). Stream characteristics must be considered to designs systems that will
properly manage both flow and sediment discharge: bankfull width, width to depth ratio,
sinuosity, meander belt width, “A” channel reach length (the distance of one-half of a
meander length in steep channels), and sinuosity (Eckels and Bugosh, 2010). Ridge to
head of channel distance defines the length required to form concentrated flow, advising
the channel head location in reference to the watershed boundary.
Geomorphic Landform Design of a Valley Fill Under Construction
The design tool Carlson Natural Regrade with GeoFluvTM was used to apply the geomorphic
landform design approach to a specific valley fill site currently under construction. The study
site is in the southern WV coalfield region. The area is characterized by a system of steep-sloped
ridges and valleys (Figure 1).

Figure 1. a) Original topographic relief drawing of study area; and, b) post-land use valley
fill under construction for study area.

The valley fill was divided into subwatersheds as identified in Figure 2. Each subwatershed
drains to existing NPDES permit points. The geomorphic design principles were then applied to
each subwatershed.

Results
Current research accomplishments have included development of an alternative valley fill design
for a site under construction in southern WV. The design includes ridges, valleys, main channels
and tributaries. At present, one-half of the valley fill design is complete (Figure 2). The design
approach will be extended to the entire fill area.
This design attempts to incorporate all current AOC regulations (e.g. no flow over the face of the
valley fill; slope and geotechnical requirements). Features of the design are the channelizing of
surface water and directing it to the Surface Water Runoff Analysis (SWROA) compliant
channels at the perimeter of the surface fill area where there are existing National Pollution
Discharge Elimination System (NPDES) permit locations.

Figure 2. Subwatersheds identified in the valley fill study site.

Figure 2. Geomorphic landform design of one-half of the valley fill, externally draining to
the existing SWROA system and NPDES permit point (orange triangles).
Figure 3 shows the geomorphic design for the area associated with one NPDES permit. The
subwatershed is characterized by a main channel with five tributaries, forming a dendritic
drainage pattern. The resulting drainage density for the subwatershed was 589.1 ft/acre (Table
1). The design added a total of 8647 ft of ephemeral channel length, including type A and type C
channels as defined by Rosgen (1994). Additional design specifications are outlined in Table 1.

Figure 3. Geomorphic landform design of one subwatershed of the valley fill, externally
draining to the existing SWROA system and NPDES permit point (orange triangle);
dashed line indicates subwatershed boundary.
Table 1. Design specifications for main watershed and subwatersheds as identified in
Figure 3.
Main
stem

L1

L2

R1

R2

R3

65.3

4.1

11.8

5.8

9.7

27.2

1778.7

716.6

994.7

454.2

914.6

1306.0

Drainage density (ft/acre)

94.5

123.1

84.1

111.2

94.5

81.7

Sinuosity (channel
average)

1.42

1.39

1.26

1.45

1.40

1.48

Slope < 4%

16

12.5

12.5

12.5

12.5

12.5

Slope > 4%

10

10

10

10

10

10

Watershed area (acre)
Valley length (ft)

Width to depth ratio

The geomorphic design will be extended further to develop haul roads which would represent
surface stream channel beds. The benefits of this design compared to traditional design include:
1) increased stream length and foundation structure,
2) external drainage, and
3) decreased contact time with the spoil.
It is through the efforts advanced in this is design approach which may show the possibility of
mitigating several miles of stream length in the impaired watershed.

Conclusions and Future Work
This work will provide evidence that the coal industry can design future mines and reclaim
existing mines with reduced environmental impact, improved flood control, improved water
quality, and increased watershed function. We will provide technical evidence that geomorphic
landform reclamation can be used in Central Appalachia minefields. Future application of this
innovative reclamation technique has potential to protect the public and environment during
reclamation.
There have been many challenges identified with implementing a geomorphic design in the
Appalachian mountains of West Virginia through this work. One of these challenges includes
the lack of design parameters calibrated from field studies specific to the state. The geomorphic
design approach, followed by computer programs such as Carlson® Software’s Natural
RegradeTM, use design variables developed from years of implementation in the western US.
Therefore, there is a critical need to develop and publish geomorphic design parameters for West
Virginia which could be applicable to similar regions in Appalachia. These parameters could
then be used by regulatory agencies, mining companies, and consultants for developing
geomorphic designs
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