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MINE SURVEYING ACTIVITIES IN MANAGEMENT OF GEOMECHANICAL PROCESSES
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ABSTRACT. When investigating and managing geomechanical processes, the activities of the mine surveyor are limited to: receiving primary information; office data
processing; creation of intermediate and final documents; preparation of recommendations and instructions for conducting process management events in the massif.
To make the work of the mine surveyor efficient, all activities need to be automated, i.e. to create an automated system for managing the geomechanical processes in
the array. It should be part of the overall system "RUDNIK". It will contain several modules: 1. "MODEL" - model of natural conditions and model of mining. 2.
"TECHNOLOGY" - after taking into account the actual conditions for a particular site, the research technology, the measurement methods, the type and accuracy of
the instruments, the intervals between the observations, etc. will be chosen. 3. "MASSIF" - based on the results of the measurements, the data on the physical and
mechanical indicators of the rocks, etc. The type of the stress-deformable state of the massif will be determined. The proximity of the array state to a known
theoretical model of the environment will be assessed according to set criteria. 4. "PROJECT" - prognosis of the anticipated manifestations of the geomechanical
processes will be carried out, zones of influence and dangerous impact of the mining works will be determined, etc.
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MAPKLUAMAEPCKO OCUIYPAABAHE B YMPABNIEHUETO HA FEOMEXAHUYHU MPOLIECU
AnekcaHdsp LjoHKo8
MurHo-eeonoxku yHusepcumem “Ca. Mear Puncku”, 1700 Cocpusi

PE3IOME. IMpu n3cneasaHe v ynpaerieHne Ha reoMexaHuyHin npoLeck AeMHOCTUTE Ha MapKliaiaepa Ce CBeXaT [O0: MoryvaBaHe Ha MbpBUYHA MH(OpMaLKS;
kaHLenapcka 06paboTka Ha AaHHUTE; Cb3aaBaHe Ha MEXOVHHN 1 KPaHW JOKYMEHTH; U3rOTBSHE Ha NPenopbKW U MHCTPYKLMK 3a MPOBEXAaHe Ha MeponpusTMs no
ynpaBneHre Ha npolecuTe B MacuBa. 3a Aa 6bae TpyAbT Ha MapKlaiidepa edekTuBeH e HeobXoaUMo BCUUKK AeiHOCTM Aa 6baaT aBToMaTuaupanm T.e. fa ce
Cb3fafe aBTOMaTM3MpaHa CUCTEMaA 3a YNpaBNieHWe Ha reoMexaHuYHWUTE npouecs B MacuBa. Ta Tpsbea ga Obge yact oT usanoctHata cuctema ,PYOHUK. Lle
cbabpxka Hakonko mogyna: 1. ,MOJAEN" - mogen Ha NpupoaHuTe yCroBus U MoAen Ha MuHHUTE uapabotku. 2. , TEXHOIOMMA” — cnen otuuTaHe Ha peanHute
YCIOBMS 3a KOHKpeTeH 00eKT Lue ce 3bupa TEXHONOrMATa Ha U3CneaBaHNsTa, METOAUTE Ha M3MepBaHe, BUA M TOYHOCTTA HA MHCTPYMEHTUTE, MHTEpBanuTe Mexay
HabniogeHusta u T.H. 3. ,MACUB” — Bb3 0CHOBa Ha pe3ynTaTuTe OT M3MEPBaHWsl, AaHHUTE 3a (DU3MKO-MeXaHUYHNUTE NokasaTeni Ha ckanute u gp. LLe ce onpegens
BMAA Ha HanperHato-aechopMMpyemMoTo CbCTOSHNE Ha MacyBa. 1o kpuTepum Le ce oueHsiBa 6rn30cTTa Ha CbCTOSHNETO Ha MacKBa A0 MO3HAT TeopeTMYeH Mofen
Ha cpepata. ,[IPOEKT” — we ce u3BbpLLUBA NPOrHO3MpaHe Ha O4YakBaHUTE MPOSIBU HA FEOMEXaHWUYHUTE MPOLIECH, LU Ce OnpesensT 30HUTE Ha BIIMSHUE M Ha OMacHO
BIMSIHWE Ha MUHHUTE paboTh U T.H.

KntouoBu Aymu: reoMexaHu4HI NpoLiecH, ynpaBneHue, MapKLUaiaepcko ocurypsisaHe

Introduction making adequate and realistic decisions about the
development system, the order of work in the space and the
The development of mining is based on continuous time of the individual jobs, safety measures, in order to
improvement of the scientific knowledge of the extraction reasonably foresee the risks in specific situations.
environment, the physical and mechanical processes taking The notion of the interaction between the different
place in it, the possibilities for improving the efficiency and elements of the environment allows solving the problem of
safety of the work, for legitimate and reasonable management building the most adequate models of the processes in the
of the mineral resources reserves. mining production. Decisions in this regard require experience
This implies a very good knowledge of the relationships and knowledge in different areas. To study the reasons for the
between the different elements of the complex system of occurrence and the characteristics of the processes in the
mining. Its management requires constant monitoring of the array, it is also necessary to accumulate a multitude in terms of
behaviour of every work place and every process at every quantity and type of data (Valkov, 2011).
stage of underground mining. Analysing the specific situation The knowledge of mining technology, the laws of rock
at a given point in time should lead to a decision on preserving mechanics, the relationships and dependencies of the
or changing the processes and the links between them to processes in the array, as well as the accumulated information
ensure the normal operation of the enterprise. from multiple observations on specific objects, allows
Regardless of whether the exploitation is conducted in an successful solving of the engineering tasks. Modelling options
open or underground way, a number of processes take place offer variants that are evaluated according to different criteria.
in the rock massif, the knowledge of which would lead to Based on estimates, the best one is chosen. It should

characterise the trend of change in time and the extent of the
107


mailto:altzon@abv.bg

Journal of Mining and Geological Sciences, Volume 62, Number 2, 2019

studied phenomena and processes in view of the management
of the open pit or underground mine.

The baseline information needed to provide rational
solutions and relevant analyses is mainly gathered from
studies and measurements under natural conditions. In
addition to methods known to the rock mechanics to determine
the physical and mechanical characteristics of the massif and
its behaviour, mine surveying's methods are widely used to
determine spatial variations of characteristic points from the
rock massif and the ground surface by judging changes in rock
massif due to natural or technological factors.

The block diagram, shown in Figure 1, shows a basic
model for studying the behaviour of the rock massif and the
application of the mine surveying's methods for this purpose.

The possibility to use the results of the mine surveying's
measurements to assess the state of the rock massif or object
is based on observations in the natural environment, which
determines the reality of the obtained values for the specific
technical, mining-technical and geological conditions.

Mine surveying's measurements define the characteristics
of the deformation processes that relate to larger areas in the
rock massif due to the easier and quicker acquisition of the
required data than other known methods requiring more time,
labour, and specialised equipment.
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Fig. 1. Principal model for studying the behaviour of the rock
massif with mine surveying methods

The main objects of the geomechanical studies in the
extraction of underground resources are (Yoffis, 1985):

- the rock massif and the earth's surface;

- mining works;

- mechanical processes induced in the rock massif from
natural or artificial impacts;

- the factors affecting the mechanical properties of the rock
massif and the mechanical processes in it;

- the means of regulated engineering impact on the rock
massif for purpose alteration of its properties and condition.

The rock massif as an environment in which
geomechanical phenomena and processes are evoked and
manifested is the main object of the research. Its important
characteristic is the change in its tense state as a result of the
mining works. This tense state is changed from a tri axial - in
an unbroken massif, to a two axial or close to it - to the contour
of the workings.

An overriding interest in mining geomechanics is "rock
pressure". Rock pressure, as a phenomenon, is a collective
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concept combining the set of tension states that form in the
massif due to a number of natural and technogenic impacts.
The determining factor is gravity, as a permanent and
ubiquitous natural phenomenon, and the additional ones are
the tectonic processes, the human activity in the extraction and
the construction of different facilities.

The common methodology for exploring the processes in
the rock massif consists in the extensive use and analysis of
observations in natural conditions and at the same time also in
modelling and analytical methods based on the theoretical
aspects of the main sections of modern mechanics and the
mathematical and physical analogies.

The geomechanical stability of the ‘"rock massif-
underground works" system is determined (lvanov, 2006;
2007) from the interaction of three main factors:

1. Deformed state of the rock massif;

2. Geological structure, structural features and physical
and mechanical properties of rocks;

3. Effects of the technological impacts on the above
factors.

Surveying and mechanical methods can be used for their
determination.

Surveying methods identify the displacements to fixed
points (in absolute coordinates) or to points in the area of
influence of mining operations (in relative coordinates).
Horizontal and inclined lengths, horizontal and zenith angles,
line deviations, angular deviations, exceedances determined
by geometric or trigonometric level are measured. It is also
possible to apply photogrammetric methods (Ivanova, 1991).

The angular-linear and height measurements applied for
studying the deformation state of the rock massif are used to
determine (fig.2):

- the linear dimensions of the zones in the rock massif with

a different deformation state;

- the boundaries of undermine zones and overmine;

- the parameters of the rock movement process;

- the change in the size and shape of the mining works.

During the various stages of the deformation processes,
the following are established:

- absolute and relative displacements;

- moving speeds.

Through the determined displacements in the space of
observation points  (Tsonkov, 2018) the invariant
characteristics of the deformations: can be calculated

- relative change of area - dilation 9;

- form change - maximum displacement y,,

- main deformation values Es and Ezin the T1and T

directions of the main axes.

In mechanical methods in the rock massif embed in depth
repers or repers in the contour of the work section or on their
fastening; devices are used to determine the relative
displacements of different points from the surrounding rocks.
Specialised equipment is used to define elements of the
strained-deformed state of the rock massif or to monitor the
behaviour of the system "Rock - Support".

General scheme of mine surveying measurements and
their results in underground and open groundwater
development in connection with studying the geomechanical
state of the rock massif and the earth's surface.
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Fig. 2. General scheme of mine surveying measurements and
their results in underground and open groundwater development
in connection with studying the geomechanical state of the rock
massif and the earth's surface

Based on the results of the studies with the two groups of
methods, a mathematical model of the studied geomechanical
processes can be created.

The model, though idealised in some ways, due to a
number of assumptions and insufficient knowledge of the
environment, should serve as a description and as a means for
managing the researched object.

The matching of the chosen model with the nature of the
research process is done through continuous correction after
introducing new elements and results from experimental data.

The adequacy of the model is based on the formation of
accurate assessments and their correct use for impact on the
real object of the study.

If necessary, according to established methodologies,
forecasts of the stress, displacement and deformation values
at selected rock massif points are made. Actions for rational
deployment of preparatory and extraction works, safe mining,
reduction of stresses in the massif, ensuring the safety of
facilities and objects on the surface and in the massif are
recommended.

System for mine surveying activities in the
management of geomechanical processes

With the introduction of new techniques and technologies
in terms of apparatus, tools and methods of mine surveying
mapping (Begnovska et al., 2014) and the processing of huge
amounts of data, numerical models have already been created
in many mines. They are mainly used to visualise the spatial
position of the ore bodies and the layers and mining works.
Measurements are made only at distances and angles.

In order to make the work of the mining company more
efficient, the results more accurate and complete, and in order
to achieve the unity of the decisions and the control of their
implementation, it is necessary to create a unified automated
management system in the mine. It should contain subsystems
or separate modules that can provide adequate real-time
management. As part of this system called "MINE", for
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example, there should be also a mine surveying system for
geomechanical processes.

The objectives of the mine surveying system must lead to
or be part of the objectives of the “MINE” system.

From a structural point of view, the mine surveying system

for geomechanical processes must contain  several
subsystems.
MODEL Subsystem

This subsystem has two components:

- "model of natural conditions";

- "model of mine workings".

In order to get effective real solutions, the model needs to
meet several conditions:

- to be "adequate" to existing nature mineral deposits;

- to be "technological" - to reflect truly and really the
dynamics of technological development processes in mining
operations;

- to have the "reversibility" property of numerical type and
to be able to pass quickly and accurately in graphic mode and
vice versa;

- to be "informative” - to allow only unambiguous answers.

The MODEL subsystem has to create and maintain the
mining model by converting the information from the surveying
image capture into a numerical model (Begnovska, 2016).

This can be done with specialised or non-specialised
software.

The relationship between the geological study and the
information on the environment and the numerical model of the
mine works is carried out by the model of natural conditions. It
binds the numerical spatial arrangement of mining work with
that of the underground treasures, its properties, the physical
and mechanical state of the massif, the type of rocks, the
geological disruptions and all other natural assets. This
requires continuous updating of both models.

In general, the model of mining works and the model of
natural conditions form the information level - the "database" of
the system.

The MANAGEMENT subsystem

This subsystem must have three modules: "MASSIF",
"TECHNOLOGY" and "PROJECT".

Module "MIASSIF"

Based on the results of the measurements, the data on the
physical and mechanical indicators of the rocks, the knowledge
of analogous conditions, etc., the type of stress-strained state
of the rock massif is determined. The proximity of this state to
a certain theoretical model of the environment - elastic, plastic,
rheological, model of continuous, layered, block etc. is
assessed. Upon confirmation of such proximity, further
forecasts, recommendations and events are made on the basis
of this theoretical model. If no close theoretical model is found,
the medium is considered stochastic as it is.

Module "TECHNOLOGY"

With the application of modern scientific achievements and
optimisation methods, after taking full account of the actual
conditions of the particular site, in accordance with the
technical norms for conducting measurements (lvanova, 2012),
it is possible to choose the way of observation, to design an
observation station (location, number of observed points,
stabilisation, etc.), to define the intervals between the
measurements, the measurement accuracy, etc. The module
should also choose suitable measuring equipment.
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Module "PROJECT"

After determining the type of strain-strained rock massif
condition and after analysing the results of experimental
studies and measurements, it is possible to:

- forecast the expected displacements and deformations;

- determine the dimensions of the zones of influence and of

dangerous influence;

- determine the degree of undermine of the rock massif

and on the Earth's surface;

- assesse the state of the sites, facilities and the rock

massif as a whole;

- define the parameters of the supports.

The module should offer actions:

- to reduce the harmful impact of mines works;

- to prevent accidents in the mine;

- to ensure normal and safe work;

- for environmental protection;

- rational use of the stocks of underground minerals.

Figure 3 shows a block diagram of the system for mine
surveying activities in the management of geomechanical

processes.
Since information on the environment of occurrence of
geomechanical processes is always insufficient and

incomplete, much of the decisions and forecasts will be taken
and done by the operator. This will be based on his
experience, knowledge and engineering intuition. The "human-
machine" dialogue is an important link in the management of
geomechanical processes.
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Fig. 3. Block diagram of the system for mine surveying activities
in management of geomechanical processes

The geomechanical process management system will not
exist on its own. As an important unit of the "MINE" system, it
participates and will actively support the management and
planning of the development of mining operations. The
complete and accelerated use of the available information, the
application of the most suitable methods for its processing, the
avoidance of intermediate processes and the optimal solution
(Mazhdrakov, 1983) of the assigned tasks determine the
effectiveness of its work.

Conclusion
In recent years there has been a change in mineral

extraction in Bulgaria. With the concession of different types of
mineral resources’ deposits, investments in the mining industry
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have been increasing, the introduction of new high-yielding
mining equipment, increased production, and full seizure of
stocks have been put in place. Extraction works are carried out
at a greater depth, often in very complex mining, technical and
geological conditions.

In line with these changes, mine surveying in mining and
quarrying companies seeks to assist and technically direct the
proper development and maintenance of mining. Together with
proven methods and technologies, new instruments and
apparatus are based on the achievements of modern science
and technology. Their capabilities provide high accuracy, huge
data, speed and reliability of the information received.

In order to achieve the desired results in terms of quantity
and quality of the mining company's output, it is necessary to
have good specialists, reliable and productive modern
equipment for all units in the enterprise, high level of safety
technique, good organisation and control.

References

Begnovska, M., R. Petkov, D. Atanasova. 2014.
Markshayderska snimka na horizontalna izrabotka v rudnik
“Krushev dol* chrez razlichni tehnologii. — Chetvarta
natsionalna  nauchno-tehnicheska  konferentsia s
mezhdunarodno uchastie “Tehnologii i praktiki pri
podzemen dobiv i minno stroitelstvo”, Devin, Bulgaria,
254-261 (in Bulgarian with English abstract).

Begnovska, M. 2016. Markshayderska snimka na kapitalna
izrabotka pri razlichna detaylnost na informatsiyata. — Peta
natsionalna  nauchno-tehnicheska  konferentsia s
mezhdunarodno uchastie “Tehnologii i praktiki pri
podzemen dobiv i minno stroitelstvo”, Devin, Bulgaria,
101-106 (in Bulgarian with English abstract).

Ivanov, V. 2006. Geomehanichna otsenka na masiva sled
zakrivane na rudnik “Rosen”, Burgaski medni mini EAD. —
Ann. Univ. Mining and Geology, 49, 2 (in Bulgarian).

Ivanov, V. 2007. Geomehanichna otsenka na r-k “Dimov dol”,
Madansko rudno pole. — Ann. Univ. Mining and Geology,
50, 2 (in Bulgarian).

Ivanova, I. 1991. Fotogrametrichni metodi za opredelyane na
deformatsii na mezhdukamerni tselitsi. — Nat. Simpozium
“Fotogrametrichni metodi za izsledvane na deformatsii i
svlachishta®, Geodezia, kartografia, zemeustroystvo, 3-4
(in Bulgarian).

Ivanova, |. 2012. Pregled na tehnicheskite normi pri
markshayderskoto osiguryavane na rudnitsite. Matteh,
Shumen, (in Bulgarian).

Mazhdrakov, M. 1983. Markshayderstvo. Metodika na
markshayderskite raboti v otkritite rudnitsi. MNP, Sofia (in
Bulgarian).

Tsonkov, A. 2018. Opredelyane na invariantnite harakteristiki
na deformatsiite chrez markshayderski izmervania.
Doktorska disertatsia, Sofia (in Bulgarian).

Valkov, M. 2011. Geomehanichni modeli v minnoto delo. Ed.
House "Sv.lvan Rilski", Sofia (in Bulgarian).

Yofis, M. A., A. |. Shmelev. 1985. Inzhenernaya geomehanika
pri podzemneih razrabotkah, Nedra, Moscow (in Russian).



