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Abstract: Geotechnical coal mining integrates geological, geomechanical, and engineering
principles to ensure the safe and efficient extraction of coal resources. As mining operations
progress to deeper and more structurally complex deposits, understanding the mechanical
behavior of rock masses, stress redistribution, and ground stability becomes increasingly critical.
This study examines key geotechnical factors influencing coal mine design, including rock mass
characterization, slope and roof stability, subsidence prediction, groundwater control, and the
application of monitoring systems for early hazard detection. Modern methods such as numerical
modeling, geophysical exploration, and real-time geotechnical monitoring are highlighted as
essential tools for improving mine planning and preventing failures such as roof collapses, gas
outbursts, and landslides. The research emphasizes the importance of integrating geotechnical
risk assessment into mining operations to enhance worker safety, optimize resource extraction,
and reduce environmental impacts. Findings indicate that geotechnically informed decision-
making significantly improves mine stability and sustainability, especially in regions with
complex geological conditions.
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Introduction: Coal remains one of the key primary energy resources in many countries and
continues to play an important role in electricity generation, metallurgy and chemical industries.
At the same time, traditional methods of coal extraction are associated with high production
costs, technogenic risks and significant negative impact on the environment. Under these
conditions, the introduction of geotechnological methods of coal mining — based on the complex
use of geological, geomechanical and technological solutions — is becoming a strategic direction
for improving the efficiency and safety of the coal industry.

Geotechnological methods consider the coal seam and surrounding rock mass as a managed
system. By applying advanced drilling, blasting, hydraulic, thermal and physico-chemical
technologies, it becomes possible to intensify coal extraction, improve recovery factors, and
minimize losses in the subsoil. Such methods also allow for better control of ground pressure,
prevention of rock bursts and gas outbursts, and reduction of surface subsidence. As a result, the
overall stability of mining operations and safety for workers and nearby settlements can be
substantially increased.

In many coal-producing regions, including Uzbekistan, a considerable part of reserves is
concentrated in complex geological conditions: steeply dipping seams, tectonically disturbed
zones, water-bearing horizons and environmentally sensitive territories. Conventional open-pit or
underground extraction is not always economically or technically feasible in such settings.
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Therefore, the adaptation and development of geotechnological approaches — such as
underground coal gasification, highwall mining, selective extraction using directional drilling,
and backfilling technologies — are of particular relevance.

The purpose of this study is to analyze geotechnological methods of coal mining, assess their
advantages and limitations, and identify opportunities for their application in the context of
Uzbekistan’s coal deposits. Special attention is paid to issues of geomechanical stability,
environmental protection, rational use of mineral resources and alignment with national
strategies for sustainable industrial development.

Literature Review: Early works on coal mining technology primarily focused on classical
underground and open-pit methods. Soviet and international researchers such as Protodyakonov,
Panikov, Peng and others developed the theoretical foundations of rock pressure, mine support
design and longwall mining, which still form the basis of many industrial standards. These
studies showed that the geomechanical behavior of the rock mass largely determines the safety,
productivity and economic efficiency of coal extraction. Later, the concept of geotechnology
emerged, integrating geology, mining engineering, geophysics and environmental science to
design optimal extraction systems for specific deposits.

In the global literature, geotechnological methods include a wide spectrum of approaches:
underground coal gasification, solution and hydraulic mining, in-seam directional drilling,
highwall mining, geophysical monitoring, and controlled backfilling. Researchers from
Germany, Poland, China and the Russian Federation have described the potential of such
methods to increase coal recovery from complex seams, reduce losses in pillars, and involve
previously unminable reserves into development. Numerous case studies demonstrate that
combining geotechnical modeling, numerical simulation and field measurements makes it
possible to predict displacements, stress redistribution and gas migration, thus minimizing
accident risks.

Environmental aspects occupy a central place in modern studies. Works in Australia, Canada and
the EU show that geotechnological approaches can significantly reduce the area of disturbed
land, control subsidence, and lower emissions of methane and dust when compared with
conventional large-scale opencast mining. The application of backfilling with waste rock, fly ash
or specially prepared mixtures allows partial restoration of the rock mass and improvement of
hydrogeological conditions. At the same time, researchers emphasize the need for strict
monitoring of groundwater quality, gas leakage and long-term stability of filled voids, especially
in the case of in-situ coal conversion technologies.

In the context of Uzbekistan, the scientific and technical literature reflects a gradual transition
from purely extraction-oriented approaches to more integrated geotechnological solutions.
Studies by Uzbek mining researchers and specialists of “O‘zbekko‘mir” and other sectoral
organizations discuss the specific features of deposits such as Angren, Sharg‘un and Boysun coal
basins. These deposits are characterized by a complex tectonic structure, variable seam thickness
and significant overburden, which makes traditional methods economically less attractive.
Therefore, attention is increasingly paid to selective mining, bench and highwall technologies,
and the use of geophysical methods for better seam delineation and control of roof stability.

Uzbek authors also underline the importance of aligning geotechnological developments with
national legislation on subsoil use, industrial safety and environmental protection. The Law of
the Republic of Uzbekistan on Subsoil, governmental decrees on ‘“rational use of mineral
resources” and state programs aimed at modernizing the fuel-energy sector require mining
enterprises to reduce losses of minerals, ensure safe working conditions and mitigate ecological
damage. In this context, research focuses on optimizing drilling-and-blasting parameters,
applying numerical modeling for forecast of rock mass deformation, introducing automated
monitoring of gas concentration and microseismic events, and using backfill and reclamation
technologies.
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Recent Uzbek-language publications in mining and engineering journals highlight pilot projects
on the application of geotechnological methods, such as intensification of coal extraction by
hydraulic fracturing of seams, underground degassing systems to control methane, and the use of
information technologies for three-dimensional modeling of deposits. These studies confirm that,
under Uzbekistan’s geological and economic conditions, geotechnology can significantly
improve coal recovery, decrease unit costs, and enhance environmental performance. However,
authors also point to challenges: the need for modern equipment, qualified personnel,
comprehensive laboratory and field testing, and closer cooperation between scientific
institutions, industrial enterprises and regulatory bodies.

Results and Analysis: The analysis of geotechnological methods under Uzbek mining
conditions reveals several key findings regarding technological efficiency, geological
adaptability, environmental impact, and operational safety.

First, the geological characteristics of Uzbekistan’s coal deposits significantly influence the
choice of mining technology. In the Angren deposit, thick overburden layers and unstable strata
require combined surface and underground methods supported by geomechanical modeling. The
use of automated drilling-and-blasting systems has improved stability and reduced the risk of
rock falls. In Sharg’un, where coal seams are steeply inclined, mechanized longwall systems and
improved roof-support technologies have increased extraction efficiency while minimizing
worker exposure to hazardous zones.

Second, analysis of production data from “O‘zbekko‘mir” demonstrates that the introduction of
geotechnological methods—such as deep drilling, improved ventilation systems, and digital
monitoring—has significantly increased operational efficiency. Real-time gas monitoring has
reduced methane-related accidents, while updated conveyor systems have enhanced material
transport and reduced production costs. The modernization program supported by Uzbekistan’s
Energy Strategy 2030 has resulted in measurable productivity growth, particularly in mechanized
underground operations.

Third, environmental analysis shows that traditional open-pit mining in Uzbekistan has led to
land degradation, dust emissions, and hydrogeological imbalances. Geotechnological solutions
such as underground gasification and selective extraction have reduced surface disturbance,
providing more sustainable alternatives. In Angren, pilot projects on underground gasification
demonstrated potential to extract coal without massive surface excavation, though further
environmental assessment is necessary.
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Figure 1. Schematic representation of a shaft-based underground mining system showing
ventilation, haulage levels, stopes, hoisting equipment, and drainage infrastructure.
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The image illustrates a combined surface and underground mining system, demonstrating
how geotechnological methods integrate geological, engineering, and technological solutions to
extract coal from deep deposits efficiently and safely.

At the upper left, the open-pit section shows the initial stage of mining where overburden and
shallow coal layers are removed using surface mining techniques. As the coal seam extends
deeper, the operation transitions into underground geotechnological methods, which are
depicted on the right side of the diagram.

A vertical shaft equipped with a headframe facilitates the movement of miners, materials, and
extracted coal. Ventilation shafts ensure airflow, a crucial aspect of geotechnology for
maintaining safe underground working conditions. The underground network includes ramps,
haulage levels, producing stopes, mined-out and backfilled stopes, and exploration drilling
areas—all essential elements of geotechnical planning and design.

Coal extracted from producing stopes is transported to an ore bin, then processed through a
crusher, and hoisted to the surface using skip-filling stations. A sump and pump station
manage underground water, reflecting the hydrotechnical component of geotechnological coal
mining.

The system also shows backfilling of mined-out stopes, a method used to maintain ground
stability, reduce subsidence, and prepare the mine for safe continued operations—one of the key
geotechnological safety practices.

Finally, safety analysis indicates that the transition from manual to automated and remotely
controlled systems has decreased workplace accidents. Improved ventilation, monitoring sensors,
and digital mine-mapping systems have strengthened compliance with Uzbekistan’s national
safety standards. However, challenges remain, particularly in older mines with outdated
infrastructure.

Uzbek mining operations benefit significantly from geotechnological modernization, but the full
potential can be realized only through continued investment, training, and regulatory
strengthening.

Conclusion: Geotechnological methods represent a critical strategic direction for improving the
efficiency, safety, and environmental sustainability of coal mining in Uzbekistan. The study
shows that the application of advanced technologies—such as mechanized longwall systems,
geomechanical modeling, drilling automation, underground gasification, and digital
monitoring—has already contributed to increased productivity and reduced hazards in major
deposits like Angren and Sharg’un.

Uzbekistan’s geological conditions require careful adaptation of global technologies, supported
by national legislation, long-term energy policies, and investment in workforce training. As the
country continues to expand its coal extraction capacity under the Energy Strategy 2030,
geotechnological innovations will play a key role in balancing economic growth with safety and
environmental protection.

In conclusion, the future of coal mining in Uzbekistan depends on the integration of modern
geotechnologies, improved regulatory oversight, and sustainable practices that ensure safe and
efficient extraction while minimizing ecological impact.
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