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Abstract. The importance of the task of calculating and analyzing the
displacements and deformations of the earth's surface for monitoring the state of
objects located on the earth's surface within the influence of mining operations is
substantiated. Studies have been conducted that indicate that the actual values of earth
surface displacements and deformations differ significantly from the calculated values
determined by standard methods. Today, when developing measures to protect objects
on the earth's surface, a regulatory methodology is used that applies an overload
coefficient. However, it does not make it possible to determine the actual range of the
variation of subsidence and deformation of the earth's surface.

The authors of the article substantiate the design of an observation station for
geodetic measurements of earth surface displacements and deformations of the main
gas pipeline, which is being undermining by the Geroyev Kosmosa mine of DTEK
Pavlohradvuhillya.

An observation station was laid and instrumental observations were made using
a GNSS receiver from Leica Geosystem.

According to the normative methodology, the expected and calculated subsidence
and deformation of the earth's surface within the influence of the 960th longwall were
calculated for certain mining and geological conditions. The results obtained by the

authors during the natural measurements confirm the variation of subsidence and
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deformation along the main sections of the trough. It is proposed to take the obtained
results into account when choosing the means of protection of the main gas pipeline.
Key words: displacement and deformation of the earth's surface, geodetic

monitoring, observation station, GNSS observation, natural measurements, trough.

Problem statement

The analysis of movements and deformations of the earth's surface and objects
located on it remains an urgent task when it is being undermining with by mining
operations and is critical to ensuring safety, infrastructure preservation, environmental
sustainability, mining efficiency, etc.

Mining operations can cause significant changes in the earth's surface relief and
the structure of the earth's strata, which is caused by landslides, subsidence, and
displacement of the rocks. Deformation monitoring helps to identify potential hazards
in time and take the necessary measures to eliminate them. In turn, deformations of the
earth's surface can adversely affect buildings, roads and other infrastructure located in
the area affected by mining operations. Regular monitoring of deformations helps to
protect this infrastructure and avoid high costs for its repair or reconstruction. From an
environmental perspective, continuous monitoring of ground deformations is necessary
to identify changes and timely address the impact of mining operations on the local
ecosystem, including water resources, soil and vegetation.

Analysis of recent research and publications

To date, the calculation of expected and calculated displacements and
deformations of the earth's surface is performed according to the methodology
described in the regulatory document [1]. However, even when using this methodology
for calculating the deformations of the earth's surface for a long time, deformations and
destruction of the objects being undermining still occur. The works of many domestic
and foreign authors show the actual results of the impact of earth surface deformations

on objects located within mining operations [2-4].



The works of the authors of articles [5-8] present the results of field observations
or various modeling studies that indicate the difference between the calculated
displacements and deformations of the earth's surface and their actual values. This
variation occurs as a result of the influence of various factors on the displacement
process (geometric, mining and geological conditions, physical and mechanical
properties of rocks, etc.)

Thus, the relevance of observing the deformations of the earth's surface and
studying the impact of these deformations on undermining objects remains to this day.

The purpose of the study

This articl presents the results of natural instrumental observations carried out in
the mining area of the Geroyev Kosmosa mine of DTEK Pavlogradugol. The object of
the study is a high-pressure gas pipeline to Ternivka town on the territory of
Verbkivska territorial community of Dnipropetrovska oblast. The geodetic
observations were performed to substantiate the rational undermining of the gas
pipeline section, which guarantees its safe use for its intended purpose.

Materials and methods of the study

Fig. 1 shows a fragment of an extract from the mining plan of the layer cy with
the boundary of the zone of influence of the cleaning operations of the 960th longwall,
the position of the gas pipeline and the location of the profile line of the observation
station.

This area of the earth's surface and the main gas pipeline was previously mined
by the mining operations of the layers cip and ci1; and is currently mined by the 960th
longwall of the layer cy. On the reverse strike side, the longwall is adjacent to the 956th
longwall. There are no other working longwalles on the down-fall, up-fall, or down-
strike sides.

The main mining and geological characteristics of the 960th longwall of the layer
Co:

- The length of the pole is 1326 m,

- The length of the longwall is 250 m,

- The angle of incidence is 4°,



- The average depth of development is 321 m,
- reservoir layer ¢ - 1.05 m,

- sediment layer co - 160 m,
- coal grade - DG.

The cover of the layer cg is predominantly siltstones (50%) and mudstones (35%),
less often sandstones (10%) and bushy mudstones (5%).

The mining is carried out with a long pole behind the fall. Full collapse is used as
a method of roof control in the longwall.
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Figure 1. A fragment of a copy from the mining plan of the layer c9



The underground main gas pipeline to Ternivka, Dnipropetrovska oblast, from the
Shebelynka-Dnipropetrovsk-Odesa main gas pipeline was commissioned in 1986 and
Is operated by Zaporizhzhia LP UMG (Dnipropetrovska site). The design of the
undermining was developed taking into account the probable tensile-compressive
deformations of the earth's surface from 2,0x102 to 5,0x107 in accordance with the
mining and geological study.

The main gas pipeline to Ternivka is made of welded pipes with a diameter of
325 mm and a wall thickness of 6 mm made of steel 20, its length is 651 m in the zone
of influence of the 960th longwall layer ¢y - between design points 1 and 34.

The main mechanical characteristics of the pipeline are given in the quality
certificate: temporary tensile strength of steel 420 MPa, yield strength of steel
245 MPa. The design pressure in the gas pipeline: maximum 55 kgf/cm?, minimum
31 kgf/cm?. The depth of the gas pipeline is 0,8 m to the top of the pipe, the backfill
soil is hard loam.

The pipeline is protected from soil corrosion by a 0,63 mm thick film and cathodic
protection. The gas pipeline was designed as a Category Il pipeline with 100% X-ray
inspection of all welded joints and using 3256 mm diameter pipes with a 10% safety
margin [9].

Before performing the field instrumental measurements, we calculated the
expected earth surface displacements for the above-described undermining conditions.
The calculation was performed according to the current methodology [1].

The mining impact zone is determined by the boundary angles on vertical cross-
sections and along the strike of the layer. The boundary angles are determined
according to [1]. The boundary angles were: By = 65°; yo = 65°; 6o = 65°, in sediments
@o = 45°. The angles of total displacements were: downthrust y; = 55°; upthrust y, =
56,2° downthrust y3 = 55°. The angle of maximum subsidence was 0 = 86,8°. The
maximum subsidence of the earth's surface nm was 840 mm.

The purpose of instrumental measurements at the observation station is geodetic

monitoring of ground deformations at the main gas pipeline laying site with further



justification of the means of its protection against damage. The observation station
consists of a profile line of soil raps located along the gas pipeline route.

According to [10], the soil raps of the observation station are laid 20 m apart and
located at a distance of 15 m from the projection of the gas pipeline axis to the ground
surface. The reference raps (Rp | and Rp Il) of the observation station were laid outside
the influence of mining operations at a distance of 50 and 100 meters. The total length

of the profile line along the pipeline route is 860 m, and the number of soil raps is 34.
The location scheme of the observation station is shown in Fig. 2.
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Fig. 2. Scheme of the observation station
The main requirement for the design of the soil raps at the observation station was
that they should not be affected by seasonal freezing and heaving soil. The raps were
made of metal rods 1,5 m long and 20 mm in diameter. A 1,2 mm diameter and 5-7 mm
deep hole was drilled in the upper ends of the raps [10].
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Fig. 3. Construction of the rapper
1 - metal rod

The altitude reference of the observation station's references is carried out
according to the class IV leveling method from the original raps located at the industrial
site of the Geroyev Kosmosa Mine.

The observation station was installed before the start of the ground movement
process caused by the mining operations of the 960th longwall. The beginning of the
displacement process from the 960th longwall is taken as the moment when its cleaning
face moves away from the cutting face by a distance equal to 47,4 m. The initial
position of the raps was determined from two series of observations before the start of
earth surface undermining. The gas diversion pipeline is a potentially hazardous object,
so the following series of instrumental observations were carried out twice a month in
accordance with [10].

In case the actual values of displacements and deformations exceed the
permissible values, the results of instrumental observations should be submitted for
control to the G. S. Pysarenko Institute of Strength Problems of the National Academy
of Sciences of Ukraine LLC [11].

During the instrumental observations, we used a geodetic GNSS receiver from
Leica Geosystem, namely the Leica Viva GS08 Plus receiver and the Leica Viva CS10

field controller.



The controller is based on the Windows Embedded Handheld operating system,
which allows the use of a wide range of professional software. Support for RTK (Real-
Time Kinematic) technology allows obtaining highly accurate results in real time [12].

To confirm the accuracy of the geodetic base, before starting field observations at
the object, control measurements were made at the points of the State Geodetic
Network of Ukraine, the coordinates of which are known in the selected coordinate
system [13].

The accuracy of the work involving the Leica GS08 with the Leica CS10 field
controller, in the static mode, is 5 mm + 13 mm (1 mm per 1 km of communication
range, fixed for the entire survey) and amounts to 18 mm accuracy of surveying raps
and observation points.

Research results and discussion

At each observation point, the X, Y, and H coordinates were obtained twice, at a
height of 2,00 m and 1,50 m. Table 1 shows a catalog of average coordinates obtained

on one of the observation dates. Similar tables were obtained for each observation date.

1. Catalog of survey coordinates as of July 13, 2023

Ne point X Yy H

Rpl 86665,459 -5241,223 99,881
Rp2 86690,569 -5272,335 100,173
Rp3 86716,36 -5304,675 100,529
Rp4 86727,868 -5319,007 100,854
Rp5 86740,269 -5334,459 100,95
Rp6 86752,912 -5350,103 101,04
Rp7 86765,486 -5365,978 101,125
Rp8 86777,989 -5381,571 101,241
Rp9 86790,515 -5397,277 101,372
Rpl10 86802,887 -5412,754 101,522
Rpll 86815,48 -5428,392 101,698




Rpl2 86828,068 -5443,964 101,913
Rpl3 86840,544 -5459,448 102,081
Rpl4 86852,959 -5474,998 102,256
Rpl5 86865,495 -5490,627 102,37

Rpl6 86877,903 -5506,192 102,539
Rpl7/ 86890,363 -5521,728 102,77

Rp18 86902,818 -5537,355 102,837
Rp19 86915,252 -5552,946 103,036
Rp20 86927,814 -5568,301 103,271
Rp21 86940,231 -5583,993 103,543
Rp22 86952,535 -5599,733 103,867
Rp23 86965,215 -5615,214 104,212
Rp24 86977,577 -5630,838 104,446
Rp25 86990,139 -5646,355 104,783
Rp26 87002,711 -5661,939 104,871
Rp27 87015,088 -5677,675 105,103
Rp28 87027,885 -5693,461 105,34

Rp29 87040,186 -5709,081 105,443
Rp30 87052,734 -5724,725 105,581
Rp31 87065,188 -5740,407 105,862
Rp32 87077,783 -5755,948 106,173
Rp33 87088,376 -5769,115 106,351
Rp34 87100,802 -5784,683 106,369

When developing measures to protect buildings and structures, calculated
displacements and deformations are used, which are obtained by multiplying the
expected displacements and deformations by overload coefficients [1].

Based on the results of the field measurements, the calculations of the calculated

subsidence and deformation of the earth's surface were performed according to the



regulatory document [1]. Fig. 4 shows the calculated and actual subsidence of the

earth's surface.
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Fig. 4. Graph of land surface subsidence along the profile line

As can be seen from Fig. 4, the subsidence obtained from GNSS observations
generally has the same trend as the calculated subsidence. The maximum subsidence
is observed at the level of 18 raps (849 mm) and is recorded in the center of the trough.
At the same time, the subsidence obtained from field measurements does not exceed
the calculated subsidence (1008 mm).

Fig. 5 at shows a graph of the earth's surface tilts along the profile line of the
observation station, obtained as a result of processing the data on the subsidence of

field measurements and calculated according to the methodology [1].
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Fig. 5. Graph of tilts along the profile line

Analyzing Fig. 5, we can see that the tilts obtained from the field measurements
exceed the calculated values (e.g., at raps 1, 4, 10, 24, and others), and in some cases
even have the opposite sign (e.g., raps 2, 5, 19, 33, and others).

Deformations such as curvature and horizontal displacements were not
considered, as the most dangerous for gas pipeline communications are horizontal
compression and tension deformations.

Fig. 6 shows the graphs of the calculated horizontal deformations obtained
according to the current regulatory document [1] and those obtained from the results
of field measurements.

Fig. 6 shows that the calculated horizontal deformations of the earth's surface
along the gas pipeline route have maximum compression values in the area of rap 18
(-4,7x107%). The maximum tensile values are observed at raps 7 and 29 (3,2x103).

However, according to the results of field observations, the maximum values of
compression are observed at the level of raps 14 and 22, and are -4,7x107° and

-4,6x10°3, respectively. At the same time, the maximum tensile values are observed



within the limits of raps 9 and 27 (3,9x107 and 4,5x10®), which is much higher than
the calculated ones.
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Fig. 6. Graph of horizontal deformations of the earth's surface along the profile
line

In addition, some of the raps have the opposite sign of horizontal deformations
compared to the calculated values. For example, on the rap 32, the calculated horizontal
deformations are 2,24x1073, while the horizontal deformations according to the 3rd
observation are -1,50x10°3,

Fig. 6 shows in blue the line of permissible values of horizontal deformations
(2,5x1073) calculated for this gas pipeline, taking into account its characteristics. At the
same time, the horizontal deformations along the profile line exceed the permissible
values by 0,2-2,0x1072 in the ranges of raps 5-10 and 26-31, which is 1,8 times higher
than the permissible values and is unacceptable for a main gas pipeline.

Conclusions and prospects

Thus, it can be concluded that the regulatory document for calculating
displacements and deformations needs to be improved. To date, the use of the overload



coefficient is not sufficient to determine the possible variation of displacements and
deformations. There is a need to introduce corrections for the variation of physical and
mechanical properties of the rock mass, for the relief, for errors in field measurements,
etc. The obtained results of field measurements will be further used in the development

of measures to protect the main gas pipeline.
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H. A. Kojecnik, M. C. Ko:kxem’siko
T'EOJE3UYHWIA MOHITOPHUHT JE®OPMAIIIMA 3EMHOI IOBEPXHI TA
MATI'ICTPAJIBHOI'O TA30IPOBOJAY B 30HI BIUIMBY T'TPHHYUX
POBIT

Anomauia. O0TpyHmo8ana 8a)cIUicms 3a0ayi pO3PAXyHKY U AHANIZY 3PYULEHb

ma Oeghopmayiti 3eMHOI NOBEPXHI 0N MOHIMOPUHSY 34 CMAHOM 00 €Kmis,


https://zakon.rada.gov.ua/laws/show/z0393-98#Text

PO3MAUOBAHUX HA 3eMHIUl NOBEPXHI 8 Medcax 6Nau8y 2ipuuuux pooim. bynu nposedeni
00CNIOIHCEeHHS, AKI BKA3YI0Mb HA Me, W0 GaKkmuuti 6eIUUHU 3pYULeHb ma degopmayiti
3eMHOI NOBEPXHI CYMMEBO GIOPI3HAIOMbCA GI0 PO3PAXYHKOBUX, GUIHAYEHUX 3d
cmanoapmuumu memoouxamu. Cb0200Hi npu po3podyi 3axo00is 3axucmy o6’ €kmis Ha
3eMHIU ~ NOBEPXHI  BUKOPUCMOBYEMbCA — HOPMAMUBHA ~ MEmoOuka, 6  AKil
3acmocosyemucs Koeiyienm nepesanmadxcenns. OOHAK, 6iH He 0AE MONCIUBOCHE
BU3HAYEHHS (akmuuno2o 0iana3ony eapiayii ocidanb ma Oegopmayit 3eMHOL
NOBEpPXHI.

Asmopamu cmammi O0OIPYHMOBAHO NPOEKM CHOCMEPENCHOI CMAanyii 0
2e00e3UdHUX BUMIPIOBAHb 3PYULEHb 3eMHOI NOBePXHI ma dedopmayii MazicmpaibHO20
2azonposoody, wo niopooasemvcsa waxmorw im. «lepoie xocmocy» IIpAT «TEK
HIABJIOI'PA/[BYTTJIVIA ».

Bukonano 3axnadanns cnocmepesicnoi cmanyii ma npogeoeHi iHCmpyMeHmaibhi
cnocmepedicenns i3 eukopucmanuam I'HCC npuumaua xomnanii Leica Geosystem.

3a HopmamusHO MemOOUKOW Ol HNEeGHUX 2IPHUYO-2e0JI02IYHUX  YMO8
PO3paxosami O4iKy8aHi U po3paxyHKoei ocioanHs ma Oeghopmayii 3eMHOI NOBEPXHI 8
medncax enaugy 960-i nasu. Pezynomamu, ompumani agmopamu nio 4ac 6UKOHAHHS
HAMYPHUX BUMIDIOBAHL, NIOMBEPOIAHCYIOMb PO3KUO 0CIOAHb ma dedhopmayiil 630084iC
20JI0BHUX Nepepi3i6 MyabOu 3pYUEHHs. 3anponoHOBAHO 6paxo8yeamu OMpPUMAHI
pe3yrbmamu npu 6uOOpi 3aco0i6 3axXuUcmy MazicmpanibHo20 2a30NpPo6o0Y.

Knwuoei cnoea: 3pywenns ma oegopmayii 3eMHOI NOBepXHi, 2e00e3UyHUl
MoHimopune,  cnocmepedicha  cmanyis,  THCC-cnocmepedicenns, — HamypHi

BUMIDIOBAHHS, MYTbOA 3DVUIEHHL.



