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Considering natural vegetation growth on mine waste dumps as a diagnostic indicator for selecting
reclamation methods, the vegetation index (NDVI) was used to identify a clear differentiation of the
mine waste dump into two areas: one with vegetation cover and the other with phytotoxic substrate
where plant growth does not regenerate. In addition to remote sensing methods for general
characterization and verification of results, a range of field and laboratory scientific methods were
employed, including botanical, landscape, cartographic, and soil science approaches. Since the overall
vegetation cover of the dump is 33%, with more than 80% of the cover located in one area, and the
rest of the area consisting of phytotoxic rocks creating unfavorable growth conditions, a differentiated
approach is proposed. Specifically, for the phytotoxic area, a fundamental reclamation with the
application of fertile and potentially fertile soils (clays, loams, sandy loams, sands) is suggested due to
the vegetation cover being less than 20%. For the area with vegetation cover, targeted fundamental
reclamation is recommended in places where natural vegetation has not occurred. The research
established that the use of GIS technologies for choosing reclamation methods for phytotoxic waste
dumps is highly effective, as confirmed by field and laboratory general biological and ecological
studies. Additionally, GIS can provide further information about the characteristics of the dump and
the surrounding area.

Keywords: reclamation method diagnosis, Normalized Difference Vegetation Index (NDVI),
reclamation strategies, remediation uran.
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Introduction

Modern coal extraction and processing technology leads to drastic changes in the natural
environment, which manifest in the depletion and contamination of surface and groundwater, air
pollution from harmful emissions, land disturbance due to mining activities, and the occupation of
land for the placement of waste dumps (Kapinos et al., 2021, Masiuk et al., 2023, Mykhailov et al.,
2020, Novitskyi et al., 2023).

As of 2020, Ukraine's mine inventory consisted of 148 mines, but coal extraction is actually carried
out at only 47 mines. The other mines are located in temporarily occupied territories, and some have
ceased operations. Mine waste has environmentally harmful properties: very heavy granulometric
composition, high acidity and total sulfur content, a significant amount of mobile aluminum, and
sulfate ions, which lead to the salinization of the waste by sulfuric acid aluminum, among other issues
(Galvin, 2016).

Figure 1 A phytotoxic mine dump in the Western bas. |

The optimization of technogenic landscapes involves creating soil-ecological conditions on degraded
areas that correspond to the biological characteristics and ecological needs of plants, taking into
account the zoo- and microbiocenotic components in relation to their intended use. Based on this,
attention is primarily focused on studying the nature and sources of land degradation, as well as the
degree of its degradation, and developing reclamation technologies for land with specific properties
for various functional purposes (forestry, agricultural, recreational, etc.).

The aim of the work was to use GIS technologies to survey a phytotoxic waste dump (using the
example of the Zakhidno-Donbaska mine, DTEK Pavlohradvuhillia PJSC) to determine the need for
and feasibility of its biological reclamation.

Method and Theory
Comprehensive studies were carried out in the area of the planned activities of the Zakhidno-

Donbaska mine, Ternivske Mine Administration, DTEK Pavlohradvuhillia PJSC, located in the
Western Donbas region, in Pavlohrad district, Dnipropetrovsk oblast.
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The "Zakhidno-Donbaska™" mine manages a flat waste dump (Fig. 2), which was commissioned in 1979
and expanded in 2000. Its area is divided into three parts: Plateau - the upper part, which is flat and
located at various elevations, forming four large multi-level sections and three medium multi-level
sections, with a total area of about 23 hectares. Slopes - the side sections, which are inclined at angles of
37 to 39 degrees and can vary in height from a few meters to several dozen meters. Foot - the area in
front of the dump, which occupies 4.1 hectares and has a road running along and up the dump.

To determine the natural overgrowth of the mine dump, GIS technologies, remote sensing methods,
and species inventory techniques were used. A comprehensive set of field and laboratory research
methods was employed, including botanical, landscape, cartographic, and soil science methods
(Lozynskyi et al., 2020, Matsiuk & Masiuk, 2023, Ostrovskyi et al., 2021). The material was collected
using standard modern research methodologies. During the study of vegetation, widely accepted
methods for identifying and describing the species and cenotic composition of vegetation were used
(Baranovski et al., 2018, Baranovski et al., 2023).

"

Figure 2 On the left is an aerial photograph of the "Zakhidno-Donbaska" mine dm, and on the
right is a photo of the mine spoil.

The remote monitoring of the research object was conducted using the QGIS platform. This open-
access tool for satellite observation allows for searching, processing, and obtaining information from
satellite data to address various geological issues. The imagery data was processed using Quantum
GIS software. For atmospheric and radiometric correction of the images, the Semi-Automatic
Classification Plugin was used (Congedo, 2021). The results were processed and interpreted using the
Normalized Difference Vegetation Index (NDVI).

Results

As of September 30, 2023, the survey of the "Zakhidno-Donbaska" mine dump revealed that the base
area of the dump is 25.8 hectares, its shape is flat, the maximum height is 60 meters, and the volume
of the deposited rock is 7,383,000 cubic meters. The slope angle in the embankment zone around the
perimeter is 37-39°, the ash content is 86.3%, the sulfur content is 0.41%, and the bulk density is
2,400 kg/m?. The thermal condition is non-combustible. The operational status is active.

According to point 5.1 of SOU-N 10.1-05420037-001:2007 "Rules for Biological Reclamation of
Mine Dumps in Ukraine,” biological reclamation work should be carried out if there is no vegetation
on the dump or if the vegetation cover is less than 80%.

Considering natural vegetation as a diagnostic indicator for choosing the reclamation method, the vegetation
index (NDVI1) values were used (Fig. 3). This revealed a sharp differentiation of the mine dump into two areas:
1) with vegetation cover and 2) phytotoxic substrate. For area 1, the average NDV/I value is 0.23 (range: 0.01-
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0.55). The wide range of NDVI values indicates uneven vegetation cover. The average NDVI value for area 2 is
0.07 (range: 0.03-0.10), confirming the lack of vegetation. Consequently, it was determined that natural
overgrowth of the dump is uneven, covering 10.3 hectares, which is 33% of the total area.

Figure 3 Visualization of the mine dump based on the NDVI vegetation index

The vegetation cover in area 1 consists of trees and shrubs, both isolated and in small groupings
(ranging in height from 1 to 12 meters). The herbaceous layer is formed by small patches of pioneer
ruderal plants with a primitive structure, which may appear in inter-ridge depressions with deposited
eluviated soil, as well as in areas where runoff and erosion products have accumulated.

The projected cover on the slopes ranges from 10% to 30% and depends on factors such as the slope
angle, degree of erosion, weathering, accumulation of fine soil, and technological processes. Thus, the
vegetation cover of this area exceeds 80%, and, if necessary and feasible, may require targeted
reclamation in specific locations.

Conclusions

The research concluded that the use of GIS technologies for selecting reclamation methods for
phytotoxic dumps composed of mine spoil is highly effective, as supported by field and laboratory
biological and ecological studies. Additionally, GIS can provide supplementary information about the
characteristics of the dump and the surrounding area.

It was determined that biological reclamation work is necessary for the Zakhidno-Donbaska mine
dump, as most of its area lacks vegetation. Given that the overall vegetation cover of the dump is
33%, with nearly all the vegetation concentrated in area 1 (covering over 80% of its area), and the
remaining area consists of phytotoxic substrates that create unfavorable growing conditions, a
differentiated approach is recommended.

Specifically: For area 2, where the vegetation cover is less than 20%, it is proposed to conduct
fundamental amelioration by applying fertile and potentially fertile soils (such as clays, loams, sandy
loams, and sands) to the phytotoxic substrates. For area 1, targeted fundamental amelioration should
be carried out in areas where natural overgrowth has not occurred.
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