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Abstract This article examines issues related to observing the deformation and
subsidence of dumps generated in the mining industry. The significance of mine
surveying observations in determining the processes of dump subsidence and
displacement is analyzed. Alongside traditional geodetic methods, particularly
observation through geometric leveling, the potential for using the alignment method is
scientifically substantiated. The advantages of organizing observation work, the degree
of accuracy, and the application conditions based on the alignment section scheme and
the sequential alignment scheme are analyzed. The research results indicate that the
alignment method yields high-precision results in determining dump deformation and is
one of the key methods for the effective organization of mine surveying observations.
Keywords: dump, deformation, subsidence, displacement, mine surveying
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OBOCHOBAHWE ITPUMEHEHUS CTBOPHOT'O METO/JIA TTPH
HABJIIOJIEHMM 3A OCAJIKOM OTBAJIOB

Accucrent KapimumHckuii rocy1apcTBeHHbIN TEXHUUECKUH yHUBEepcUTeT AOAMa3u30B ACIUANH
Anixam yrim.
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Crynentsr: ["alipaToBa MagnnaOony 3axpuauH KH31
baxpomoB bexpy36ek I'onuboBuy

AnHoTanusi. B JjaHHOW cTaThe paccMaTpUBAIOTCS BOIMPOCHl HAOMIOACHHUS 32
nedopmarieii. M OCagKoOW  OTBAJIOB, OOpa3ylIIUXCSi B  TOPHOAOOBIBAIOIIEH
MIPOMBITIUICHHOCTH. [IpoaHann3upoBaHo 3HAYCHHE MAPKIICHIEPCKUX HAOIIONCHUN TTPU
ONPEAEIEHUH TPOLECCOB OCAJKUW M CcABUAra OTBAIOB. Hapsay ¢ TpaauimOHHBIMHU
reoIe3MYECKUMHA METOJaMHU, B YACTHOCTU METOJIOM F€OMETPHUYECKOTO HUBEIUPOBAHMS,
HAy4YHO  OOOCHOBAaHA  BO3MOXHOCTb  HMCIIOJIb30BaHUS ~ CTBOPHOIO  METOJA.
[IpoaHaIM3upOBaHbl NPEUMYILIECTBA, CTENEHb TOYHOCTH M YCIIOBUSL TPUMEHEHHS
OpraHu3anyu HaOJNIOJEHUNA Ha OCHOBE CXEMbl CTBOPHBIX OTPE3KOB M CXEMBbI
MOCTIEIOBATEBHBIX CTBOPOB. Pe3ynbTaThl MCCIIENOBaHUS MMOKA3bIBAIOT, YTO CTBOPHBIMN
METOJl MPU ONpPEACICHUH JaepopMallud OTBAJIOB Ja€T BBICOKOTOUYHBIC PE3YyJbTaThl U
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SBIIETCSI OJIHUM W3 BAXKHBIX METONOB 1 A(OPEKTUBHOW  OpraHu3aIuu
MapKIIEHACPCKIX HAOTIOCHUH.

KiaroueBble ciaoBa: otBan, aedopmanms, ocaaka, CMEIIEHHE, MapKIIeHIepcKue
HAOJIFOICHMS, T€OAC3NUECKUE M3MEPEHUS, CTBOPHBIH METOJ, HHBEIMPOBAHUE, TOPHOE
JIeII0, TEOIE3HI.

Introduction. Mining is one of the most important and strategic sectors of human
activity. This field plays a crucial role in the development of industry and in ensuring
the stable operation of the energy and production sectors. Mining operations encompass
processes such as the exploration of mineral deposits, their extraction, the primary
processing of extracted raw materials, and the construction of mining enterprises.

During the mining process, large volumes of rock are excavated, and a certain
portion is deposited in dumps as production waste. Over time, such dumps can undergo
deformation due to various natural and anthropogenic factors. Therefore, monitoring
their stability and identifying settlement and displacement processes is one of the key
tasks of the mine surveying service at mining enterprises.

Currently, among the primary responsibilities of the mine surveying service,
monitoring dump deformation is of particular importance, as it plays a significant role
in ensuring mine safety and environmental sustainability.

Literature Review and Research Methods

The deformation of dumps primarily occurs under the influence of their own
weight, natural conditions, and anthropogenic factors. These processes depend on the
mechanical properties, moisture content, temperature, and geological structure of the
rocks.

The main types of deformation observed in dumps are as follows:

Settlement Deformation - This deformation occurs as a result of rock compaction
under its own weight. In this case, the internal structure of the rock does not change
significantly.

Compaction Deformation - Rocks compact due to external influences, and during
this process, a change occurs in their structure. Examples include: the moistening of
rocks, the thawing of frozen rocks, changes in hydrogeological conditions, etc.

Swelling Deformation - The volume of rock can increase as a result of chemical
reactions or changes in moisture and temperature.

Subsidence Deformation - This occurs as a result of an imbalance in rock masses
during the extraction of underground mineral resources.

The mathematical characteristic of dump settlement is expressed by the vertical
distance between the initial and settled positions of the dump.

Settlement is divided into the following types:

 Uniform settlement - the settlement value is the same at all points;
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« Uneven settlement - settlement values are different at various points.

In practice, uneven settlement is often observed. This situation can lead to the
tilting, bending, and displacement of the dump layers.

Results and Discussion

Deformation monitoring on dumps begins with the formation of the dump and
continues until its operation ceases. Monitoring work is carried out based on a special
technical assignment.

The technical assignment specifies the following:

« dump sections to be monitored;

« location of initial benchmarks;

« observation frequency;

« required accuracy level;

o reporting documents.

Geodetic leveling methods are typically used to determine the settlement of dumps.
Leveling work is divided into three classes based on accuracy:

Leveling Class Permissible Error
Class I 1 mm
Class II 2 mm
Class I1I 3 mm

Leveling is performed using high-precision levels such as the H-05 and Ni-002.

However, in modern mining conditions, traditional leveling methods sometimes do
not provide sufficient accuracy. Therefore, in this article, we will consider the feasibility
of using alternative methods, including the alignment method.

Analysis of Results and Discussion. The results of observing dump deformation
make it possible to determine the strength of the rock mass and prevent the occurrence
of settlement. To address these issues, high-precision results are obtained by carrying
out the following mine surveying and geodetic observation work using these two
methods:

1) Geodetic measurement work - is divided into three classes of leveling based on
accuracy. The results of leveling performed twice should not exceed 1 mm for Class I
leveling, 2 mm for Class II leveling, and 5 mm for Class III leveling.

Deep benchmarks can be metallic, bimetallic, and double-rod. Deep benchmarks
are constructed with lengths ranging from 2 m to 100 m, and even longer. The
benchmarks must be installed 0.5-2 km away from the zone of influence of the
construction pressure.

Deep benchmarks are installed only when the settlement of a dump must be
measured with first-order leveling accuracy. If the settlement of the structure is
measured with second- or third-order leveling accuracy, then ground benchmarks are
installed. There must be no fewer than four ground benchmarks.
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Benchmarks are built for long-term preservation. Their degree of stability
Simn.bk.x\/ﬂM

is found from the expression. Where 7 is the number of stations;

m, ,, .~ ¢is the root-mean-square error of the relative height determined from a
single station. For first-order leveling, this value is required to be +0.15 mm, for second-
order leveling, +0.5 mm, and for third-order leveling, £1.0 mm.

2.Geometric Leveling Method. The accuracy of observing the settlement of many
dumps with a homogeneous composition is ensured by using Class I or II leveling
methods.

Only in certain cases are special high-precision leveling methods used to determine
settlement.

In the Class I leveling method, the determination of dump settlement is performed
at two instrument horizons, in forward and reverse directions, using high-precision
levels such as the H-05 and Ni-002. An Invar staff is used in leveling.

Leveling is performed when the external environment is favorable and the staff
markings are clearly visible.

Although the methods discussed above are widely used, modern standards demand
high-precision results. Therefore, we will consider implementing unconventional
methods that differ slightly from those we use in practice.

One method that is unconventional for us is the alignment method, which includes
the following types:

- The complete alignment scheme;

- The partial alignment scheme;

- The sequential alignment scheme;

- The closing alignment method.

Since the partial alignment scheme and the sequential alignment scheme are the
most effective of these methods, we will apply them in practice.

The Partial Alignment Scheme. In this scheme, the distance between observation
points I-II, which are established on the dump, is divided into approximately four equal
parts: 1.2, 2.4, 4.6, 6.11 (Figure 1). First, the position of the middle point 4 is
determined relative to the overall alignment I-11.
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Figure 1. The established partial alignment scheme.

Then, the displacement of points 2 and 6 is measured relative to the half-
alignments 1-4 and 4-6. After that, the displacement of all other observed points in each
quarter-alignment (1-2, 2-4, 4-6, 6-1) is determined. Thus, the total alignment is only
used to determine the displacement of the point located in the middle. Measurements
are carried out in forward and reverse directions. These tasks are repeated at the times
specified in the instructions, and by comparing them with the previous ones,
displacement, settlement, and slides are predicted.

In this scheme, since the measurements are performed on different alignments, the
issue of reducing the determined displacements to a common alignment arises.

The measurements are carried out as follows:

For point 4, located in the middle, the value of the measured displacement (y) and
the reduced displacement (q) are equal, i.e.:

In this case, the distance between points and the vertical angles are determined
using a theodolite on benchmarks located at points between points I-II.

Y:9,=8m

For the second point:

¥29,6,Y,=+ or

8,Here it is calculated using the following ratio:
52 _ I 1.2

Y4 - L,
For point 6:
Ye=ds Ch%"‘
For point 1:
Y19,6,+6,=+
where
8,=q, ;1.1 8,=q, ;1‘1
1.2 14
from this:

In the reverse direction (from point II relative to point I), measurements at the
points are performed in the following order: 4, 6, 2, 7, 5, 3, 1.

If, as before, we assume the error of the midpoint, point 4, to be equal to 1, then the
permissible error for other points will be as follows:

Points 1 and 7 ------ 0.43

Points 2 and 6 ------ 0.71

Points 3 and 5 ------ 0.83
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Point 4 -------—---—--—- 1.0

As can be seen, the error values between these points have approached those of the
full alignment scheme. However, the error of the points located in the middle is 2 times
greater than that of the points at the edge of the alignment. This is the main drawback of
this scheme.

This method, unlike others, makes it possible to obtain accurate results and
determine each observation based on distances. Its disadvantages are that problems arise
when measuring inaccessible points and that the errors in each measurement differ from
one another.

Sequential Alignments Scheme. This scheme utilizes a well-known principle in
geodesy: orientation accuracy increases when sighting distant points, while distance
measurement accuracy is highest at short distances. The essence of the sequential
alignments scheme is as follows.

A theodolite is set up at the starting point of the alignment, which is divided into
approximately equal parts, and a sighting mark is placed at the end point (Figure 2).
Relative to the overall I-II alignment, only the displacement of point / is measured.
Then, the measurements are continued in the reverse direction. The theodolite is set up
at point II, and the sighting mark is placed at point I.

Figure 2. Sequential Alignments Scheme.
The expression for referencing to the overall I-1I alignment is written as follows:

Y1i=q
[
Y2:q1% q T
1.11
_ 13.11 13.11
Yi=qi7 G —+q; T
ll.l 12411
If we assume the error of observation point 4, located in the middle of the
alignment, is equal to 1, then the errors of the remaining points will be as follows:
Points 1 and 7.......... 0.70
Points 2 and 6......... 0.87
Points 3and 5 ......... 0.97

Point4 ... 1.0
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In this scheme, the displacement measurement was performed with a similar level
of accuracy for all points compared to the other schemes considered.

V2The error at the weakest point in the middle increases by a factor of [missing
value] compared to the points at the edges.

In this scheme, an accumulation of errors is observed during the measurement
process, which 1s a major drawback.

Conclusion

Monitoring the settlement of waste dumps is one of the key factors in ensuring
safety at mining enterprises. The research results showed that using the alignment
method alongside traditional geodetic methods increases the accuracy of monitoring
work.

Alignment section and sequential alignment schemes provide highly accurate
results in determining dump deformation. Since these methods combine the capabilities
of trigonometric leveling and distance measurement, they are often more effective than
geometric leveling methods.

In the future, the combined use of modern geodetic instruments, such as laser
scanners, GNSS technologies, and digital monitoring systems, can further increase the
effectiveness of monitoring waste dump deformation.
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