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Coal mining activities in the Western Donbas cause significant transformations of the geological
environment, leading to the activation of hazardous engineering—geological processes. The study was
carried out on the territory of DTEK “Pavlohradvuhillia” PJSC which comprises ten mining fields with
a total area of 499.66 km?2, making it one of the most industrially loaded coal-mining regions of Ukraine.
The purpose of the research was to determine and classify the geological environment according to its
stability under the influence of natural and anthropogenic factors, as well as to identify the most
vulnerable areas. The methodology is based on the analysis of 14 natural and anthropogenic factors
selected in accordance with regulatory documents. Spatial analysis was conducted using a 300 x 300 m
grid. Each factor was assigned a weight coefficient (1—4 points), which made it possible to calculate the
cumulative risk index normalized to 100%. Based on this index, the geological environment was divided
into four types: stable (0-25%), conditionally stable (25-50%), low-stability (50-75%), and unstable
(75-100%). The results showed that 38.70% of the study area belongs to stable territories, 44.14% to
conditionally stable, 14.92% to low-stability, and 2.24% to unstable ones. The most critical zones are
concentrated within the Zakhidno-Donbaska, Ternivska, and Samarska mines, where the combination
of flooding, waste dumps, and dense infrastructure significantly reduces environmental stability. The
proposed methodology provides a scientifically grounded basis for the development of monitoring
systems and spatial planning in mining regions, supporting timely forecasting and mitigation of
ecological and technogenic risks.
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Introduction

Coal mining activities lead to hazardous transformations within the geological environment, making
the task of spatial assessment of the impact of natural and anthropogenic factors on its stability
particularly relevant under conditions of coal extraction (Xu et al., 2024). In particular, the Western
Donbas represents one of the largest coal-mining regions of Ukraine, within which the coal enterprise
DTEK “Pavlohradvuhillia” PJSC is located. Over the past decades, this territory has been subjected to
intense anthropogenic pressure caused by long-term exploitation of coal deposits, the development of
infrastructure, and the functioning of related industries. The impact of intensive coal mining is further
aggravated by the accumulation of waste rock dumps, discharge of mine waters, disturbance of the
natural relief, and modifications. Combined with complex geological conditions, these factors
significantly affect the stability of the geological environment and create preconditions for the
activation of hazardous engineering-geological processes (Prymushko et al., 2020; Shapovalova, 2023).

A particular feature of the situation is the absence of an adequate system for continuous monitoring of
areas exposed to anthropogenic influence. Unlike other mining-industrial regions, where elements of
long-term observation and control have been introduced, monitoring in the Western Donbas is often
episodic and does not provide a full assessment of current processes (Shpylchak et al., 2007).

The analysis of the geological environment under the influence of various natural and technogenic
factors is carried out using methods of risk analysis (Shekhunova and Kril 2020; 2022), integral scoring
assessment (Akcin 2021), cartographic techniques with GIS applications, and other approaches (Vaziri
et al., 2018; Suh 2020). Among these, methods of integral scoring assessment combined with digital
modeling technologies not only allow for the identification of potentially hazardous areas but also
enable their ranking by degree of risk. This provides opportunities for targeted planning of preventive
measures and mitigation of adverse consequences.

Therefore, the main objective of the study was to identify different types of geological environment
according to their stability under the influence of natural and anthropogenic factors. To achieve this
goal, the following tasks were carried out: collection and analysis of natural-technogenic factors within
the study area; development of a scoring scale for each factor; construction of map-schem of the
distribution of geological environment types by stability; and identification of the most vulnerable
territories to the development of engineering—geological processes posing a threat to human activities.

The study was conducted using the mining fields of the leading coal enterprises of “DTEK
Pavlogradvuhilla” PJSC as a case example.

Method and Theory

The analysis is based on a set of 14 natural and anthropogenic factors compiled from geological,
engineering-geological, and technical documentation, determined in accordance with regulatory
provisions requiring their consideration when assessing the stability of territories to the development of
geological processes (Honcharenko 2024; DBN V.1.1-45:2017; DBN B.2.2-12:2019). Natural factors
include soil types, the presence of landslides, slope steepness, manifestations of flooding, waterlogging,
river network, and tectonic faults. Anthropogenic factors comprise building density, average daily
mining capacity, the area of industrial zones, and the length of road and railway infrastructure.

Certain factors, such as seismicity (due to the low MSK-64 seismicity score), karst formation, peat
accumulation, and manifestations of mudflows, were not included in the calculations because of their
absence within the study area. This indicates that the research methodology was adapted to the specific
conditions of the Western Donbas.

The study was carried out using a spatial grid with a cell size of 300300 m, which ensured a high level
of territorial detail and made it possible to identify the local impact on the stability of the geological
environment. The use of such a grid is justified by the need to obtain reliable results in a region with a
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high level of industrial development and a complex natural-technogenic structure, where even minor
spatial variations of factors may significantly affect the overall risk pattern.

For each factor, a weight coefficient of significance was assigned within the range of 1 to 4 points,
which made it possible to quantitatively express their influence on the stability of the geological
environment. The subsequent stage included integral ranking based on the cumulative risk index
normalized to 100%, which allowed, in proportion to the index, to distinguish areas with stable (0—
25%), conditionally stable (25-50%), low-stability (50-75%), and unstable (75-100%) types of
geological environment.

Results

The Western Donbas is one of the leading coal-mining regions of Ukraine, encompassing the western
part of the Donetsk Coal Basin and located in the southeastern part of the Dnipropetrovsk region. Within
the study area operates the largest coal enterprise, DTEK “Pavlohradvuhillia” PJSC which manages ten
mining fields with a total area of 499.66 km?. Specifically, the areas of the individual mines are as
follows: Stepova — 72.09 km?, Yuvileina — 57.00 km?, Blahodatna — 34.00 km?, Heroiv Kosmosu —
50.00 km?, Ternivska — 21.00 km2, Pavlohradska — 24.55 km?, M. 1. Stashkova - 67.00 km?, Dniprovska
—52.00 km?, Samarska — 78.11 km?, and Zakhidno-Donbaska — 39.00 km2. Each of these mining fields
has distinct patterns of development and spatial characteristics that define the scale of industrial impact
on the geological environment of the Western Donbas.

Based on the results of the integral ranking, the territory of the Western Donbas was divided into four
categories of geological environment stability, as shown in Figure 1. This classification provides a
generalized spatial representation of risk levels and reveals the specific patterns of their distribution
depending on the combination of natural and anthropogenic factors.
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Figure 1. Map-scheme of the geological environment stability types
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The category of stable geological environment (0-25%) covers an area of 193.84 km?, accounting for
38.70% of the total study area. This group mainly includes peripheral zones of the mining fields,
characterized by more favorable natural conditions and relatively low levels of anthropogenic pressure.
In these areas, hazardous engineering-geological processes or intensive urban development are absent,
making them suitable and safe for agricultural use or urbanization.

The category of conditionally stable geological environment (25-50%) occupies 220.48 km?, or 44.14%
of the studied territory, which makes it the most widespread. It is represented by areas where the impact
of natural and anthropogenic factors is relatively weak. This group is characterized by isolated cases of
engineering-geological processes, localized development, or industrial pressure that do not yet form a
critical combination. These territories represent a potential transition zone to less stable categories in
the event of further intensification of anthropogenic influence.

The category of low-stability geological environment (50-75%) includes 75.05 km?, or 14.92% of the
area. It encompasses sites above mining fields with medium-intensity coal extraction and a complex
combination of unfavorable factors, including localized manifestations of engineering-geological
processes and active technogenic development in areas with complicated geological conditions. Such
circumstances significantly reduce the ability of territories to resist hazardous engineering-geological
processes, which makes regular monitoring essential. In this group, the risk of deformation is
significantly higher than in conditionally stable territories.

The least widespread, yet the most critical, is the unstable geological environment (75-100%), which
covers 11.29 km?, or 2.24% of the total area. It is mainly concentrated within urbanized territories above
mining fields with intensive coal extraction, where several critical factors coincide. Among them are
active flooding, subsidence, landslides, the presence of waste dumps, and dense industrial
infrastructure. These territories pose the greatest danger, as they are the most vulnerable to the
development of hazardous engineering-geological processes.

Conclusions

The highest concentration of zones with strong anthropogenic impact is observed within the mining
fields of Zakhidno-Donbaska, Ternivska, and Samarska, where the settlements of Ternivka and
Bohdanivka are located, along with a smaller cluster near the settlement of Mykolaivka. These areas,
covering 11.29 km?, are classified as unstable geological environment (75-100%). Here, a cumulative
combination of unfavorable factors is observed, which mutually reinforce one another and create
preconditions for an increased risk of hazardous engineering-geological processes. These processes
primarily include landslides, subsidence, and flooding, which may significantly affect both the natural
environment and urbanized territories. Under such conditions, the planning and implementation of any
construction or engineering activities require detailed monitoring, engineering analysis, and territorial
protection measures.

Zones located near the Stepova mine, the settlement of Verbky, and areas surrounding unstable
geological environment-covering 75.05 km? and classified as low-stability geological environment (50—
75%) must also be considered when carrying out monitoring and protective measures. The development
or expansion of unfavorable factors in these zones may lead to a reduction in geological environment
stability.

The obtained data make it possible to trace the dynamics of changes occurring under the influence of
natural and anthropogenic factors and to predict hazardous scenarios in a timely manner. Accordingly,
the results can be applied both to short-term tasks of risk localization and to long-term strategic
approaches to geological environment management, including the development of a comprehensive
system of preventive measures. The proposed methodology is of particular importance in regions with
a high concentration of mining enterprises, especially within the Western Donbas and other coal-mining
areas of the Donetsk Basin, where anthropogenic pressure is superimposed on complex natural
conditions, forming a specific set of risks for further territorial development.
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A comprehensive approach to assessing the interaction of natural and anthropogenic factors not only
ensures a more complete understanding of the processes taking place but also provides the basis for
effective territorial management. This creates prospects for the development of adaptive land-use
strategies and spatial planning that take into account the specifics of mining-industrial regions and
contribute to reducing environmental and technogenic risks in the future.
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