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The purpose of this study is to evaluate the application of Global Navigation Satellite System (GNSS)
technologies for monitoring the deformation of the earth's surface along a main gas pipeline. Ensuring
the stability and integrity of gas pipelines is crucial for safe and efficient transportation of natural gas.
Traditional methods of monitoring often fall short in providing real-time and high-precision data,
necessitating the adoption of advanced technologies. GNSS technologies offer significant advantages
in terms of accuracy, real-time data collection, and coverage over extensive areas, making them an
ideal solution for this application.

The study area is located in the Pavlogradsko-Petropavlivskyi geological-industrial district of the
Donbas region, specifically the section of the pipeline affected by the 960th longwall of the Heroes of
Space mine. The geostructural context of this area poses unique challenges due to its complex
geological and mining conditions. A comprehensive approach was adopted, including a detailed initial
analysis, precise geodetic fieldwork using GNSS receivers, and meticulous data processing. The
observational network was established along the pipeline route, with ground benchmarks strategically
placed to capture deformations effectively.

The results obtained from the GNSS monitoring revealed significant soil subsidence at various
observation points. Notably, subsidence was observed during multiple observation periods, with a
minimum value of -176 mm at reference point Rp19 during the 2nd observation, -774 mm at Rp17
during the 3rd observation, and -849 mm at Rp17 during the 4th and 5th observations. These findings
indicate a progressive and substantial downward movement of the soil, particularly around reference
point Rpl17, underscoring the critical need for continuous monitoring to ensure the structural integrity
of the pipeline.

In conclusion, the application of GNSS technologies has proven to be highly effective for monitoring
the deformation of the earth's surface along the main gas pipeline. The study provides valuable
insights into the impact of geological and mining activities on pipeline stability and highlights the
advantages of GNSS in offering high-precision, real-time data. The results emphasize the importance
of regular monitoring and the implementation of preventive measures to mitigate potential risks,
ensuring the safe operation of gas pipelines. This research contributes to the broader field of
infrastructure monitoring and management, showcasing the potential of GNSS technologies in
enhancing safety and efficiency.

Keywords: GNSS technology, land deformation, soil subsidence, gas pipeline monitoring, geodetic
survey, earth surface.
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Introduction

The stability and integrity of main gas pipelines are of paramount importance for ensuring safe and
efficient transportation of natural gas. These pipelines often traverse diverse terrains, where natural
and anthropogenic activities can induce deformations in the earth’s surface. Monitoring these
deformations is crucial to prevent potential hazards such as gas leaks, which can have severe
environmental and economic consequences. Traditional methods of monitoring, although effective,
often fall short in providing real-time and high-precision data over extensive areas. This necessitates
the adoption of advanced technologies that can offer continuous and accurate monitoring solutions
(Openko I. et al, 2022; Huang G. et al, 2023; Chumachenko A. et al, 2023).

Global Navigation Satellite System (GNSS) technologies have emerged as a promising solution for
monitoring surface deformations along gas pipelines. GNSS offers high precision, real-time data, and
the ability to cover large geographical areas, making it an ideal choice for this application (Issabek et
al., 2019). By utilizing of GNSS receiver placed strategically along the pipeline route, it is possible to
detect even minute changes in the earth’s surface. This capability is crucial for early detection of
subsidence and other deformation-related phenomena, enabling timely intervention and maintenance
(Savchuk S., Doskich S., 2018; Lim M. et al, 2010).

The application of GNSS technologies for monitoring deformations of the earth’s surface involves
several technical and methodological considerations. Key aspects include the selection of appropriate
GNSS receivers, data processing algorithms, and the integration of GNSS data with other geospatial
information systems. The accuracy and reliability of the monitoring system depend on these factors,
as well as on the ability to continuously update and analyze the collected data. Advances in GNSS
technology, including the development of more sophisticated receivers and enhanced processing
techniques, have significantly improved the feasibility and effectiveness of this approach.

This research aims to explore the application of GNSS technologies in monitoring the deformations of
the earth’s surface along main gas pipelines.

Method

The research methodology is based on the principles outlined in DSTU B V.2.1-30:2014, particularly
focusing on section 6.2.8, which details the use of satellite systems for determining coordinates during
measurements of horizontal displacements of foundations and large structures. The study will employ
GNSS technology to measure deformations, given its suitability when the stability of reference points
within direct sight of deformation marks cannot be guaranteed, or when classical geodetic methods
fail to meet technical accuracy requirements. Horizontal displacements will be calculated using the
root mean square of coordinate changes between initial and subsequent measurement cycles. The
methodology mandates designing a network of reference points so that deformation marks are situated
within the figure formed by vectors between these points. During field measurements, efforts will be
made to avoid obstructions to satellite signal propagation, ensuring an elevation angle of no less than
15°-20°. Reflective surfaces and sources of electromagnetic interference will also be avoided to
maintain the integrity of the GNSS signals.

The research is conducted in three main stages, each critical to the successful monitoring of
deformations of the earth's surface along the main gas pipeline using GNSS technologies.

Initial Analysis and Preparation: the first stage involves a thorough analysis of the task requirements
and the research object. This includes examining the location, geological and mining conditions, and
specific characteristics to prepare for the upcoming work. The pipeline section under investigation is
located in the Pavlogradsko-Petropavlivskyi geological-industrial district of the Donbas region.
Geostructurally, the field is associated with the southeastern part of the Novomoskovsko-
Petropavlivska monocline, situated on the northeastern slope of the Ukrainian crystalline shield, and
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extends along the southwestern edge of the Dnieper-Donets Depression. This detailed analysis
facilitates a comprehensive approach to the organization and planning of geodetic work (Fig. 1).

Figure 1 Experimental plot

Geodetic and Monitoring Work: The primary stage involves conducting geodetic work, specifically
monitoring the earth's surface of the main gas pipeline using pre-established observational stations
along the route with GNSS receivers. In the area of the gas pipeline branch, which is under the
influence of the 960th longwall of the Heroes of Space mine, a special observation station is
established. This station consists of a profile line of ground benchmarks located along the pipeline
route. The section affected by the 960th longwall includes 34 ground benchmarks, spaced every 20
meters along lines situated 15 meters from the projection of the pipeline axes on the earth's surface.
Reference benchmarks are placed outside the influence of mining activities, with two ground
benchmarks at the beginning and end of the profile line, situated at distances of at least 50 meters and
100 meters, respectively (Fig. 2)
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Figure 2 The location of the soil rappers

GNSS measurements are conducted using the Leica Viva GS08 Plus receiver and Leica Viva CS10
field controller, employing the Static method with 1-minute observation durations at different receiver
heights. Coordinates (X, Y, H) are obtained twice for each point, with average values calculated
subsequently. The accuracy of the benchmark survey reached 18 mm.

Data Processing and Reporting: The final stage involves the office processing of data collected at the
research site. The outcome of this stage is the creation of tables detailing the deformations of the
earth's surface, including ground subsidence and vertical and horizontal deformations under the
influence of the 960-th longwall of the Heroes of Space mine (Fig. 3).
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Figure 3 Isolation of earth surface subsidence and horizontal deformations of the earth surface due to
the impact of the 960th longwall cleaning operations

The final result is a comprehensive report on the surface deformations within the area of the main gas
pipeline branch. Based on the coordinates obtained through GNSS observations, a table of ground
subsidence along the pipeline route to Ternivka is created. The calculated displacements and
deformations of the earth surface are obtained by multiplying the expected displacements and
deformations by the overloading factors n, in accordance with the Instruction on observations of rock
displacement, earth surface and structures being forged in coal and shale deposits (Table 1). Graphs
depicting subsidence of the earth's surface due to the influence of the 960th longwall are also
proposed based on the obtained values (Fig. 4).
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Figure 4 Diagram of subsidence of the earth's surface from the 960-lava flow, mm
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Conclusions

The conducted research successfully demonstrated the application of GNSS technologies for
monitoring deformations of the earth's surface along a main gas pipeline. Through a comprehensive
approach that included a thorough initial analysis, meticulous geodetic fieldwork, and detailed data
processing, the study provided precise and reliable measurements of ground subsidence and horizontal
and vertical deformations. The deployment of GNSS receivers in the Pavlogradsko-Petropavlivskyi
geological-industrial district of the Donbas region, particularly in the area affected by the 960th
longwall of the Heroes of Space mine, allowed for accurate monitoring despite challenging geological
conditions and the influence of mining activities.

As a result of the monitoring of land deformation above the main pipeline, significant soil subsidence
was detected during multiple observation periods. Specifically, during the 2nd observation, a
minimum subsidence value of -176 mm was recorded at reference point Rp19. This value increased
markedly in subsequent observations, with the 3rd observation revealing a minimum subsidence value
of -774 mm at reference point Rp17. The trend of increasing subsidence continued, with the 4th and
5th observations both registering a minimum value of -849 mm at the same reference point Rp17.

These findings indicate a progressive and substantial downward movement of the soil in specific areas
along the pipeline, particularly around Rp17. The magnitude of subsidence observed suggests that
there may be underlying geotechnical or environmental factors contributing to this significant
deformation. Continuous monitoring and further geotechnical analysis are recommended to
understand the causes and mitigate potential risks to the pipeline's structural integrity. The data
highlights the critical need for regular and precise monitoring to prevent potential hazards and ensure
the safe operation of the gas pipeline.
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