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Determination of the features of distribution deviations on the Earth’s

surface deformations based on the results of geodetic observations
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SUMMARY

Presented the project of the observation station and the methodology for field measurements of earth
surface subsidence using GNSS observations. Obtained the results confirming the deviation of actual
subsidence and deformation of the earth's surface from those calculated according to regulatory
methods.

Keywords: Subsidence and deformation of the Earth's surface, observation station, field
measurements, GNSS observation.

International Conference of Young Professionals “GeoTerrace-2024”
7-9 October 2024, Lviv, Ukraine



Terrace
Conference

Introduction

Today, in a time of war, it is a critical task for Ukraine to preserve and protect the country's energy
infrastructure. This is key to maintaining the livelihoods of the population, as well as to ensuring the
functioning of the economy and military needs. The main energy infrastructure facilities include
power plants, transformer substations, mines and quarries, water intake and water pumping stations,
gas and oil installations, etc. Support for energy infrastructure includes not only protection against
physical attacks and cyber defense, but also the search for alternative energy sources and the
establishment of effective mechanisms for the rapid repair and restoration of damaged infrastructure.
One of these infrastructure facilities is a high-pressure gas pipeline to Ternivka in the Verbkivska
territorial community of Dnipropetrovska region. The need for constant monitoring of deformations
and maintenance of this gas pipeline in working condition is caused by the fact that it is located in the
mining area of the «Geroyev Kosmosa» mine of DTEK Pavlogradugol. In this case, it becomes an
important task to calculate and observe the deformations of the earth's surface caused by the
undermining with the area where the gas pipeline is laid. The initial data was obtained from the
mining company (The project of the undermining, 2021).

Method and Theory

Forecasting the expected and calculated values of displacements and deformations of the earth's
surface remains a rather urgent task. One of the problems that arises in obtaining these values is that
the actual distribution of earth surface displacements during its undermining significantly differs from
the calculated ones determined by standard methods (DSTU 101.00159226.001-2003, 2003,
Schenk, J., 2000, Chris, M., 2002). Most existing methods consider the shear process as deterministic.
In this case, they determine the unambiguous position of the trough. However, the analysis of
currently available publications shows significant deviations of the actually measured subsidence
from the calculated ones.

Today, monitoring of earth surface displacements and deformations can be carried out in a variety of ways,
for example, using classical observations with a nivelir or taheometr. The author of this article used global
navigation satellite systems (GNSS). The advantages of GNSS observations are high accuracy of
coordinate determination; real-time updating of coordinates, which is relevant for the dynamic state of the
earth's surface from the impact of mining operations; reduction of errors that occur with traditional
methods of coordinate determination (e.g., human factor); cost-effectiveness of this method of observation
compared to ground measurements, etc (Konin, V. et al., 2010).

Results

Figure 1 shows a fragment of an extract from the mine plan of the layer ¢ with the boundary of the
zone of influence of the cleaning operations of the 960th longwall, which was calculated according to
the methodology of the regulatory document (DSTU 101.00159226.001-2003, 2003). This area of the
earth's surface and the main gas pipeline was previously undermining by mining operations of the
layers ci0 and c¢11 and is currently undermining by the 960th longwall of the layer cqo. This article
presents the data on the impact of only one longwall of the 960th longwall cg , but further calculations
will take into account repeated undermining and the impact of adjacent longwalls.

The main mining and geological characteristics of the 960th longwall of the seam layer co : column
length - 1326 m, longwall length - 250 m, dip angle - 4°, average mining depth - 321 m, seam layer co
1.05 m, sediment thickness - 160 m, coal grade - DG.

To monitor the condition of the main gas pipeline and apply protection measures in a timely manner,
an observation station was set up on the ground surface area that undermining by the 960th longwall.
Figure 1 shows a diagram of the profile line of soil rappers (34 rappers) located along the gas pipeline
route, which almost coincides with the direction of the layer. The total length of the profile line along
the gas pipeline route to Ternivka is 860 meters.
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Figure 1 A fragment of the extract from the mining plan of the layer co with the boundary of the zone
of influence of cleaning operations of the 960th longwall, the position of the gas pipeline and the
location of the profile line of the observation station

The soil rappers of the observation station were laid 20 meters apart along lines located 15 meters
from the projection of the gas pipeline axes onto the ground surface. Outside of the mining area,
two reference rappers were laid at the beginning and end of the profile line at distances of 50 m
and 100 m. Before observing the earth's surface displacement, the calculated and permissible
values of displacements and deformations were determined according to the regulatory document
(DSTU 101.00159226.001-2003, 2003). When monitoring the deformations of the main gas
pipeline, a geodetic GNSS receiver from Leica Geosystem was used, namely the Leica Viva
GSO08 Plus receiver and the Leica Viva CS10 field controller, which allowed to obtain sufficient
measurement accuracy. The mean square error for the planned and elevation positions of the
coordinates obtained from the GNSS stations of the network should not exceed 0.05 m. GNSS
observations were carried out in real time using RTK corrections. The accuracy of the survey of
the rappers and observation points is 18 mm.

Figure 2 shows the graphs of the calculated land surface subsidence according to the regulatory
document DSTU 101.00159226.001-2003 (2003) and GNSS observations obtained by the authors of
the article along the profile line of the observation station. Observations of the earth's surface
subsidence began before the start of the landslide process, and subsequent observation sessions were
performed for four months with an interval of one month. Thus, Figure 2 shows the subsidence of the
earth's surface as a difference in the height of the rappers between the second and first observation,
the third and first, and the fourth and first. The results of the fifth observation are not shown on the
graph, as the process of displacement has ended.

At the same time, the maximum subsidence is observed at the level of 18 rapper and coincides with
the center of the trough and does not exceed the calculated subsidence.
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Figure 2 Graph of land surface subsidence along the profile line

However, horizontal compression and tensile deformations are the most dangerous for gas pipelines,
so the following graphs are provided for these deformations.

On the Figure 3, similarly to the subsidence, shows graphs of calculated horizontal deformations

according to the regulatory document DSTU 101.00159226.001-2003 (2003) and those obtained from
the results of measurements by the authors of the article.
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Figure 3 Graph of horizontal deformations of the earth's surface along the profile line

At the same time, the calculated horizontal deformations of the earth's surface along the gas pipeline
route to Ternivka have maximum compression values in the area of rapper No. 18 (-4,7*10®). The
maximum tensile values are observed at design points 7 and 29 (3,2*10°%). However, according to the
results of field observations, the maximum values of compression are observed at the level of rappers
14 and 22, and amount to -4,7*10-3 and -4,6*10-3, respectively. At the same time, the maximum
tensile values are observed at the level of rappers 9 and 27 (3,9*10-3 and 4,5*10-3), which is much
higher than the calculated ones.

The obtained results of field observations make it possible to further develop improved protection measures
for the main gas pipeline, taking into account the difference between the actual horizontal deformations and
the calculated ones obtained according to the regulatory document (DSTU 101.00159226.001-2003, 2003).
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Figure 3 also shows the line of permissible values of horizontal deformations (2,5*102) calculated for
this gas pipeline taking into account its characteristics (DSTU 101.00159226.001-2003, 2003). It can
be concluded that the horizontal deformations along the profile line exceed the permissible values by
0,2-2,0¥10 in the ranges of rappers 5-10 and 26-31, which is 1,8 times higher than the permissible
values and is unacceptable for a main gas pipeline.

Conclusions

The authors Bugayova, N. & Nazimko, V. (2008) have shown that the actual values of displacements
and deformations of the earth surface during its undermining differ significantly from the calculated
ones determined by standard methods that consider the process of displacement as deterministic. At
the same time, the overload coefficient, which provides for deviations only upward, is not sufficient to
establish the range of possible variation in ground surface displacements and deformations.

Research on the share participation of geometric, technological (including errors in instrumental
observations), mining and geological factors and mechanical properties of the rock mass, which
determine random variations in displacements and deformations of the earth's surface, have shown
that more than 80% of the variation depends on the strength and deformation properties of the rock
mass (Gordienko, M. et al., 2013).

Thus, the authors propose to take into account the stochastic variation of the physical and mechanical
properties of rocks when calculating ground movements and deformations and when choosing
pipeline protection equipment.
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