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Abstract: Reliable feasibility analysis of potential exploitation of a mining waste deposit poses a
great challenge. One of the most crucial parts of this process is the approximation of the deposit
volume. In this case study we propose a novel method of tailing pile volume estimation using open
remote sensing and cartographic data. For selected piles, the difference between the proposed and
classical approach reach 50% of the pile volume, which is a significant change in the potential value
of the deposit.
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1. Introduction

The importance of mining waste analyses is highlighted by their environmental impact
and the potential of the raw materials. This attention is highly visible in commercial and
scientific activities within Europe and the world [1]. In Poland, the discussion about
the mineralization potential and the environmental impact of tailing piles and tailing
ponds has been a point of interest for many years. The significance has its grounding in
a large number of recognized tailing piles in Poland. The Polish Geological Institute has
recognized, in the last few years, more than 568 objects within the Sudetes and neighboring
territories [2,3]. One of the main features of those objects for potential investors is the actual
volume. Because of the development of remote sensing, cartographers have better and
faster tools for the modeling of the surface. The improvement is sped up by the wider use of
drone-borne measurements. However, among those techniques, there is still no tool for the
precise modeling of the bottom surface of historically man-made morphological forms. The
common techniques for that purpose use linear fit (flat surface), the lowest point (lowest
point of the contour treated as a reference elevation) and triangulation (points of contour
joined using the triangulation algorithm) [4]. Moreover, the drone-borne measurements
require fieldwork and are still expensive if there is a need for the use of LIDAR sensors. In
2020 the airborne LiDAR data, with a resolution of 1 m, which covers the whole territory of
Poland, was made public [5]. Airborne LiDAR data, thanks to its availability in Poland and
its accuracy, is a dataset commonly used by geologists and geological cartographers [6].

The article proposes the methodology of tailing piles volume estimation with the use
of LiDAR data. Moreover, thanks to the publicly available historical maps, we introduce
an element of base surface interpretation. All of that results in the coherent methodology
for the no expense, fast and accurate mining waste volume estimation.

The authors decided to choose the area of Szklary as a test field for the proposed
methodology due to its varied terrain, significance in terms of the environmental impact

Environ. Sci. Proc. 2021, 9, 32. https:/ /doi.org/10.3390/ environsciproc2021009032

https:/ /www.mdpi.com/journal/environsciproc


https://www.mdpi.com/journal/environsciproc
https://www.mdpi.com
https://orcid.org/0000-0002-6486-1147
https://orcid.org/0000-0001-9533-369X
https://doi.org/10.3390/environsciproc2021009032
https://doi.org/10.3390/environsciproc2021009032
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3390/environsciproc2021009032
https://www.mdpi.com/journal/environsciproc
https://www.mdpi.com/article/10.3390/environsciproc2021009032?type=check_update&version=2

Environ. Sci. Proc. 2021, 9, 32

2 of 5

50°39'10"N

50°38'50"N

50°38'40"N

50°38'30"N

50°38'20"N

50°38'10"N

' " -
16°49'10"E 16°49'30"E

and raw materials potential. The study takes into account 13 tailing piles in this area. Three
of them are composed of slags and ten are built of the waste rock [7]. The authors believe
that the chosen example is representative of diverse forms of tailing piles present in Poland
and other parts of Europe.

2. Research Area

The Szklary massif is the geological and physico-geographical unit situated 7 km
at north from Zabkowice Slaskie. Morphologically, it is a hill range Wzgérza Szklarskie
(microregion) which comprises four hills: Siodlowe, Szklana Gora, Tomickie, KoZzmickie.
The Szklary massif is built with serpentines. The weathering of serpentines between the
Oligocene and Miocene resulted in the creation of nickel ore. Moreover, the region is
known for its nickel deposit and the occurrence of minerals like chrysoprase, opal and
chalcedony [8]. The mining activity in this region started in the late 19th century. Before the
World War I, exploitation was only carried out with the underground method, but with time,
the method was changed to open-pit mining. After World War II, open-pit exploitation
was started by polish mining enterprises and operated until 1982. The closure was related
to the low content of nickel in the ore, inefficient processing technology (pyrometallurgy)
and environmental aspects (especially dusting). The whole mining activity resulted in the
changed morphological form of this region. Those structures remaining are numerous
open-pits, shafts, adits, tailing piles and slag piles [9]. All of the mentioned waste disposed
in this region is not yet included in the geodatabase Haldy [2]. The analyzed tailing piles
and the area of study are shown in Figure 1.
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Figure 1. Locations of the area of study and tailing piles in Szklary, Lower Silesia, Poland.

3. Materials and Methods

The study is mainly based on 2 reliable cartographic sources. The historical informa-
tion can be found on Messtischblatter (1880-1945)—the topographic maps of the German
Empire, which have a scale of 1:25,000 [10]. The Messtichblatter is the most detailed
historical source of the information about topography in this part of Europe. This map
creation time allows the study of the terrain morphology before or during historical mining
activities. An additional advantage is the fact that the topography of the area was presented
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using contour lines [10]. This map is also publicly available because all its scans have been
published on the Internet and are free of charge.

The second data source is the LIDAR-based Digital Surface Model (DSM), which is
a free-of-charge, publicly available dataset published online by the Polish Head Office of
Geodesy and Cartography (GUGIK) on the national geoportal website. A raster dataset,
created from point clouds acquired with Aerial Laser Scanning (ALS) with a cell size of
1 m and vertical accuracy of up to 20 cm, has been used to represent the current geometry
of the tailing piles’ surface.

The contours of tailing piles have been manually interpreted from the LiDAR hillshade
map, soil maps (1:000), geological maps (1:25,000) and Messtischbltter (1:25,000). However,
this was necessary only because they are not yet present in the previously mentioned Polish
tailing pile spatial database, maintained by the Polish Geological Institute.

The proposed methodology for improving the accuracy of mining waste volume
estimation consists of a few steps. Firstly, historical contour lines, representing the original
terrain shape before the creation of the pile, have been drawn through digitization of the
archival topographical maps. Contour lines are then used, together with the current borders
of the pile, to create a triangular irregular network (TIN). The TIN is then transformed into
an elevation raster dataset, describing the geometry of the bottom of the pile. Afterward, it
is compared to the LIDAR-based DSM of the present terrain surface, and their difference is
calculated to obtain the volume of the tailing pile, and the final reports are created. The
workflow has been automated in ArcGIS Pro software with the use of the Model Builder
tool. Its graphical representation is shown in Figure Al in Appendix A.

4. Results and Discussion

Volume estimates were obtained for 13 tailing piles in the area of study using two
methods of base surface estimation. For the first one, the original terrain surface, before
waste disposal, was estimated with the traditional method using the current elevation
of the pile border points derived from LiDAR and creating a TIN model from them.
The latter consists of approximating the bottom of the tailing piles using original terrain
surface interpreted from the contour lines drawn on the historical maps. Examples of
3D visualizations of the resulting base surfaces for one of the tailing piles are shown in
Figure 2. The actual surface of the piles was obtained from the LiDAR data in both cases.

Figure 2. Shaded 3D visualizations of base terrain surface reconstructions: (a) TIN created from LiDAR contour points; (b)

TIN based on historic topographic data.

The obtained results show that, for some areas where mining waste has been disposed,
the original terrain cannot be approximated by a TIN created from the pile border points.
While in a few cases, this approach provided similar results to our methodology, in extreme
cases, the volume was overestimated by more than 50% or underestimated by over 40%
compared to the proposed method. This shows that the former method can be unreliable
for mining waste volume estimation, especially in varied terrain. While novel methodology;,
presented in this study, needs more data describing the original surface shape, e.g., in the
form of contours from historical maps, this data often exists and can be easily acquired
to seamlessly increase the reliability and accuracy of mining waste volume estimation.
Such data has been also used previously in the mining context for different purposes [11],
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which further proves its accessibility and together with our study, demonstrates the value
of historic materials in modern calculations regarding present matters.
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Appendix A
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Figure A1. Workflow of tailing pile volume estimation developed in ArcGIS Pro Model Builder.
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