Extraction and Characterization of Mining Highwalls
from a LIDAR Digital Terrain Model
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Highwalls are an artificial landform that results from mining activity. They are cleaizad as a
length of steep, possibly unstable, slope that scars the landscape and can pose a hazard to people
or property. In Appalachia, most highwall features are artifacts of auger mining that occurred

along ridges where coal beds outcropped atuhface (figure 1).
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Figure 1. Auger mining against a highwall. Augering equipment rests on a flat
bench cut onto the hillside at the elevation where coal outcrops at the surface.
Photo courtesy diVest Virginia Office of Miners' Health Safety &Traing.

The Surface Mining Control and Reclamation Act (SMCRA) of 1977 provided a mechanism for
reclaiming abandoned mine hazards, and ultimately led to the creation of inventories of
potentially hazardous features. In West Virginia, highwalls, along it deatures, were
delineated on mylar topographic maps, which subsequently were converted to digital format for

use in Geographical Information Systems (GIS).



Since the creation of West Virginiabds highwal
models (DEMs) have become much more common. The level of detail apparent in these data
sources, particularly data from LIDAR sensors, suggests it may be possible to extract highwall
features in a systematic way. Furthermore, high resolution data sowtbewsed to

attribute individual highwall sections with estimates of height and slope.

This project examined the feasibility of creating and attributing a mining highwall dataset from a
3-meter LIDAR elevation grid for Wyoming county, West Virginigy(ire 2).
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Figure 2. LIDAR elevation model of Wyoming County, West Virginia.

The data, originally collected to facilitate a floodplain mapping project, covers an area over 575
square miles and includes several areas of extensive auger mining a€ligitse 3 shows a
portion of Wyoming county where auger mining has followed coal outcrops around an entire



mountain at two elevations. The red lind=igure 3 defines an wesb-east elevation profile
reproduced irFigure 4, showing highwalls cut intoghmountain on each side.

Method

Isolating highwall features involves the creation of derivative data products that relate to salient
characteristics of the features, the most notably slope. The average slope calculated for the
Wyoming county dataset wapproximately 26 degrees, with a standard deviation of 10.14.
Assuming a normal distribution, areas where the slope exceeds 45 degrees would constitute less
than 3.1% of the study area. Visual examination of the data suggested that 45 degrees
representg a good compromise between isolating the desired features without truncating them,
and not producing an overwhelming number of spurious noise artifacts. Figure 5 depicts slopes

greater than 45 degrees occurring in the same area depicted in figure 3.

Figure 3. Aerial photorah of augerining in within te stud area.
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Figure 4. elevation profile for the red line depicted in figure 3, showing highwalls on both sides
of the hill.
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Figure 5. Slopes greater than 45 degrees, shown in red.

Cells in he elevation grid with a slope over 45 degrees were reclassified to a value of 1; all other
cells were assigned a null value. After some experimentation, the steep slope areas were
expanded by cellprior to running a thining routine The thinroutinei s part of ESRI 6

analyst extension, designed to condition line work depicted on scanned maps prior to conversion



to a vector data format. This algorithm proved very effective at reducing the thickness of the
high slope areas, greatly facilitatititge conversion from a raster grid representation to vector

lines Figure 6).

Following the conversion to vector format, the central challenge in the analysis was to
discriminate between actual highwalls and various noise artifacts, natural cliff feanaesan

made features such as road and railroad cuts.

Computers do not approach human capacity for pattern recognition. Using a combination of
aerial photography, topographic maps, and hillshade renderings of the elevation data, an analyst
can corretly identify mining highwalls much more accurately than a computer algorithm.
However, the initial vector conversion produced over 20,000 features, which presented a
significant workload for manual interpretation. Therefore, some combination of ah initia
algorithmic selection, followed by manual interpretation of the results, could be expected to

maximize the quality of the final product while minimizing the total time invested in the process.

Figure 6. Result of théhin operation and initial convsion from raster to vector format.



