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Abstract. The mining industry is one of the most destructive for the environment. The properties of rocks, the state
of the natural complex, the relief, a surface and underground water regime change significantly around the deposit being
developed, over a large area and at depth, which leads to the development of negative natural and technogenic pro-
cesses, such as landslides, shifts, flooding, etc.

Therefore, it is necessary and urgent to develop forecasts of changes in the state of the geological environment for
the early development and application of measures that will reduce the negative impact or even prevent the develop-
ment of landslides and flooding.

In the article, the main negative natural and technogenic processes developed in mining regions are discussed. It
is noted that their development depends on the factors of all processes of mining production, their regime and capacity,
as well as the state of the environment itself, which preceded the action of these processes.

It is shown that the parameters of the interaction of different types of environments, as well as their mutual location,
also affect changes in the state of the geological environment. It is noted that the areas of the primary disturbed envi-
ronment for conditions of open development of the deposit, as well as the areas of technogenic environments are calcu-
lated during the design period of the development of the deposit. And the area of the secondary disturbed environment is
individual for each object, it can be roughly calculated using the presented expressions.

Since the behavior of changes in the geological environment at each of the deposits being developed is different
and depends on many factors, it is proposed to perform forecasting using geomechanical modeling of the state of a
complex system. Due to the fact that such forecasting requires a large amount of data, it is proposed to obtain them by
geodetic methods, namely by performing lidar surveying, which will allow obtaining data not only on the position in space
of all points of the research area, but also to assess the state of the territory itself, which is impossible with other geodet-
ic methods.

Keywords: forecasting, state change, environmental area, geodetic methods, quarry, dump, 3d model of the terri-
tory, lidar survey, modeling.

1. Introduction

During the extraction of minerals, negative natural and man-made processes
develop, which lead to a change in the state of the geological environment in the
mining region.

Changes in the state of the geological environment are caused both directly by
mining operations and as a result of the interaction of different types of
environments. The development of negative natural and man-made processes within
the territories disturbed by mining activity is directly influenced by the processes of
mining production (such as the extraction of rocks and minerals from the massif, the
storage of empty rocks in dumps, the storage of beneficiation tailings in tailings), the
factors of these processes (the order of working out the deposit , applied technology,
productivity, mining technical and geometric parameters) and their mode of action (in
time - constant, temporary); in terms of power - static, dynamic (intensive, extensive)
(Fig. 1).

Definition of types of environments and their classification are given in work [1].

Therefore, it is necessary and urgent to develop forecasts of changes in the state
of the geological environment for the early development and application of measures
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that will reduce the negative impact or even prevent the development of landslides
and flooding.
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Figure 1 — Scheme for determining the factors that determine the formation and development of
dangerous natural and man-made processes in territories affected by mining activities

2. Methods

In the article, based on the results of previous studies using the logical-analytical
method, developed an idea about the different types of environment that occur in the
places of mineral development. The methods of abstraction and elementary-
theoretical synthesis determined the changes that occur in the geological environment
during mining operations, and proposed expressions for estimating the areas of
territories with changed properties. Through the analysis of applied field research
methods, it is proposed to apply geomechanical modeling methods based on precise
geodetic surveys using lidars.

3. Results and discussion

The analysis of factual materials regarding the development of negative natural
and man-made phenomena during the development of mineral deposits made it
possible to substantiate the models of interaction of different types of environments -
natural, disturbed and man-made, which are briefly described in Table 1.

To predict changes in the state of the geological environment based on the above,
it 1s necessary to determine the existing boundaries of different types of
environments.

Each of the environments has some area, which can be finite, intermediate or
infinite.
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The area of the technogenic environment of S, 1s limited by its boundaries and
may change with projects. Before the emergence of a disturbed environment, that is,
until the moment when S,;;>0 occurs, the area of the technogenic environment S
=() and, accordingly, the area of the secondary disturbed environment is zero.

Table 1 — Brief description of models of interaction of natural, man-made and disturbed geological
environments in the mining region

Changes in the state of

Schematic image Model description the geological
environment
The formation of a Flooding or draining of

technogenic and disturbed | the territory, pollution of
environment always leads to | soils, underground and

the formation of a disturbed surface water, air,
environment under and changes in the physical
around it and mechanical

properties of soils and
: mining rocks in a
dis ) disturbed environment.
. The formation of new
(technogenic) forms of
relief and, accordingly,
the change of natural
- geomorphological and

The creation of a disturbed hydrographic, climatic
environment (extraction of processes, which in
a mineral from the massif) is | aggregate will lead to the
accompanied by the formation of a new
formation of technogenic natural complex

environment. At the same
time, technogenic
environment can be
contained both directly in
the disturbed area and at
some distance from it

The disturbed environment
can be primary (as a result
of mineral extraction) and
secondary (under and
around the technogenic and
disturbed environment).

The area of the primary disturbed environment S’y begins to increase with the
construction of the enterprise up to a certain point (during the development of a
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mineral using deepening systems of development), or until the end of the
development of the deposit (with constant demolition of the sides of the pits). When
developing horizontal or positive deposits with internal dump formation, the area of
the primary disturbed environment increases until the moment of the formation of the
internal dump, then it decreases to the area of the working zone of the dump
(technogenic environment) and becomes constant.

The area of the natural environment S, is infinite in the part of the atmosphere,
in the part of land resources it is limited by the boundaries of the mining region, in
the part of surface water it is equal to the catchment area, in the part of underground
water it is limited by the boundaries of the corresponding aquifers (or unlimited).

The area of the secondary disturbed environment $° is determined by the
borders of the contaminated lands, the borders of the depression funnel, the borders
of the deformations on the earth's surface according to the maximum value. At the
same time, the boundaries of contaminated land are determined by ecological
monitoring, the boundaries of deformations and depression funnels are calculated or
determined by observations.

According to the above, it is always possible to determine S’us S and even
forecast these areas for a certain period.

The area of disturbed geological environment for the planned period can be
determined by the expression [3].

The area of the primary disturbed geological environment for the planned period
can be determined through the development of mining operations by the expression
[3].

At the same time, the future area of the secondary disturbed environment can be
determined only by calculations. For the conditions of the underground mining
method, the deformation area is determined according to GSTU 101.00159226.001-
2003 [2].

The area of the secondary disturbed environment caused by the change in the
groundwater regime can be determined by the radius of the depression funnel

Sis =7 R Ry (1)

where R;, R, are the large and small radiuses of the depression funnel, which can be
determined by the expression [3].

Negative natural and technogenic processes, such as landslides, flooding,
dehydration, can occur within the disturbed environment.

Flooding or dehydration of the territory occurs with unevenness

di di
P+C+Qp +Qp.und #(Eeyq +Q01S +Q0114§1d)9 (2)
where P is the average value of the precipitation layer for the entire area S; C is the

average value of the condensation layer for the entire area S; Q, - the average value
of the water layer for the area S, which enters its boundaries during the time period T
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by surface watercourses; @, ...«- the average for the area S value of the layer of water
entering its boundaries during the time period 7 by the underground tide; E.,, - the
average value of the evaporation layer for the entire area S; @§* — the average value
of the layer of water arriving outside the area of the disturbed territory Sus during the
time period 7, carried away by surface watercourses; Qg ,- the average value of the
layer of water that flows beyond the area of the disturbed territory Sg;s during the time
period 7, carried away by underground flow.

Here, the left part of the inequality is the revenue part of the water balance of the
territory, the right part is the expenditure part.

When the income part of the water balance exceeds the expenditure part - there is
a rise in the level of underground water, flooding and waterlogging of certain areas of
the territory. In the case when the expenditure part of the water balance is greater
than the income part, drainage (dehydration) of the area is noted.

Landslides occur when the massif of clay rocks is excessively wetted and their
physical and mechanical properties change.

During the development of a mineral deposit and after its completion, the
geological environment undergoes changes that negatively affect both anthropogenic
and natural objects. Therefore, it is relevant to forecast such changes, that is, to
predict the negative consequences of mining operations.

Forecasting consists in determining the successive changes in the state of the
geological environment over a certain period of time under the influence of natural
and technogenic processes, such as the extraction of rocks, the storage of waste in
dumps and sludge accumulators, drainage, etc. At the same time, it is necessary to
take into account the factors of all processes, their regime and power, as well as the
state of the environment itself, which preceded the actions of these processes.

Forecasting is possible using geomechanical modeling of the state of a complex
system. But any modeling needs a bank of current data. At the same time, the more
and better are the data, the better is the forecast.

Obtaining data is possible by various methods of observation. However, geodetic
methods that allow obtaining and visualizing data on the position and condition of all
terrestrial components of the natural environment seem to be the most accurate.

Of all the applied geodetic methods, laser scanning (lidar surveying) is the most
informative, as evidenced by its results at various mining sites (Figure 2).

The accuracy of lidar scanning depends on the model of the used scanner and the
frequency of scanning and can reach up to 5 mm. At the same time, the beginning of
the deformation of the massif of rocks according to the surveying instructions is a
shift of 15 mm. Thus, this type of shooting has sufficient accuracy.

The following order is suggested. Lidar scanning is performed on the research
objects in the initial time period #,. With the development of mining operations, after
a period of time A¢, a repeated survey is performed within the estimated area of the
secondary disturbance of the geological environment.

Depending on the size of the pit, shooting can be done from one or more points.
Combine the obtained point cloud to create a complete 3D terrain model.
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With the help of the appropriate software, the images are combined and the areas
that have acquired changes are established. The scale of changes, direction, speed is
determined. Several repeated series of images allow to analyze in more detail the
changes taken place and, accordingly, to make a forecast of such changes for any
period of time in the future ti, which will correspond to a certain situation of mining
operations and the applied technology.

~REP101

b)

Figure 2 — Lidar survey results: a) coal formations [4]; b) quarry cup [4]; ¢) change in time of the
working zone of the quarry [5]
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The use of lidar surveying allows to determine the actual values of Sieen, S'dis, SZais,
Ip, Lr, Vo, hg as well as the depth of disruption of the geological environment, and a
series of repeated surveys makes it possible to assess changes in the state of rocks,
natural complex, relief, surface water regime.

To predict changes in the water regime of the territory, it is suggested to perform
numerous simulations in ModFlow on the basis of the obtained surface surveys and
regime observation data on wells.

4. Conclusions

The development of negative natural and technogenic processes within the
territories disturbed by mining activity is directly influenced by the processes of
mining production (such as the extraction of rocks and minerals from the massif, the
storage of empty rocks in dumps, the storage of beneficiation tailings in tailings), the
factors of these processes (the order of working out the deposit , applied technology,
productivity, mining technical and geometric parameters) and their mode of action (in
time - constant, temporary; in terms of power - static, dynamic (intensive,
extensive)). Negative processes include shifts, landslides, flooding, dehydration, karst
processes, etc.

To predict changes in the state of the geological environment, it is proposed to
use lidar surveying with repetition after an interval of 4¢, and to predict changes in
the underground water regime by modeling in ModFlow.
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FEOMEXAHIYHI TA TEOAE3W4HI METOOM NPOrHO3YBAHHA 3MIHW CTAHY TEOJOrYHOro
CEPE[JOBULLIA B NPHN4YOOOBYBHOMY PETIOHI
byb6Hosa O.A.

AnorTauisi. [ipHn4ogobyBHA NPOMUCIOBICTb € OAHIEID i3 CamMUX PYMHIBHUX ANs AOBKINNS. HaBkono pogosuwa, Lo
po3pobrsieTbCs, Ha BENMKiA Mo Ta no rmubUHI CyTTEBO 3MIHIOKTLCS BMNACTUBOCTI TPCHKMX NOpPi4, CTaH NPUPOAHOro


https://sci-conf.com.ua/v-mezhdunarodnaya-nauchno-prakticheskaya-konferentsiya-modern-directions-of-scientific-research-development-28-30-oktyabrya-2021-goda-chikago-ssha-arhiv/
https://sci-conf.com.ua/v-mezhdunarodnaya-nauchno-prakticheskaya-konferentsiya-modern-directions-of-scientific-research-development-28-30-oktyabrya-2021-goda-chikago-ssha-arhiv/
https://sci-conf.com.ua/v-mezhdunarodnaya-nauchno-prakticheskaya-konferentsiya-modern-directions-of-scientific-research-development-28-30-oktyabrya-2021-goda-chikago-ssha-arhiv/
https://doi.org/10.3390/min10040326
mailto:bubnova@nas.gov.ua

12 ISSN 1607-4556 (Print), ISSN 2309-6004 (Online) I'eorexniuna mexanika. 2022. Ne 162

KOMMIEKCY, pPenbed), BOOHWA PEeXuMM NOBEPXHEBUX Ta NiA3EeMHWX BOA, L0 NMPU3BOAUTL O PO3BUTKY HEraTMBHUX
NPUPOJHO-TEXHOMEHHWX NPOLIECIB, TAKWUX SIK 3CYBM, 3pYLLEHHS, MiATONNEHHS TOLLO.

Tomy HeoOXigHMM Ta aKTyarnbHUM € PO3poBMEeHHs MPOrHO3iB 3MiHM CTaHy TreomnoriyHoro CepefoBulLa Ans
3aBYaCHOr0 pPo3pobneHHs Ta 3aCTOCyBaHHS Mip, WO [O3BONSATb 3MEHLIUTI HeraTUBHWN BNMB abo HaBiTb NonepeanTy
PO3BUTOK 3CYBIB Ta MigTONSEHb.

B cTatTi po3rnsiHYyTO OCHOBHI HeraTwBHI MPUPOAHO-TEXHOTEHHI MPOLIECH, LIO PO3BMBAKOTLCS B MPHNYOLOBYBHMX
perioHax. 3a3Ha4yeHo, WO iX PO3BWTOK 3aNexuTb Bif (PAKTOPIB BCIX MPOLECIB MipHNYOrO BUPOBHWLTBA, iX pexumy Ta
MOTYXHOCTI, @ TaKOX CTaHy CaMoro cepefoBuLLa, KU Nepeaysas Aii X NpoLECis.

lMokasaHo, WO Ha 3MiHW CTaHy reonoriyHoro cepesioBuLLa, BNMBAKOTb TaKOX NapaMeTpu B3aeMOfil PisHUX TuNiB
CepefoBuLL, @ TaKOX X B3aEMHE PO3TallyBaHHSA. 3a3HAYEHO, LIO NMOLLi NEPBMHHOMO MOPYLUEHOMO CepeaoBuLLa AN
YMOB BiKpUTOi pO3p0o6KM POAOBKLLA, @ TAKOX NIOLL TEXHOrEHHWUX CEepeaOoBHLY PO3PaXOBYHOTLCS B NEPIOS MPOEKTYBAHHS
po3pobki pogosuLLa. A nroLla BTOPUHHOTO MOPYLIEHOro CepefoBuLLa iHAMBIAYarnbHa AN KOXHOro 06’ekTy, ii MOXHa
HabnuxeHo po3paxyBaTy 3a NPeACTaBEHNMM BUPa3aMK.

Ockinbki NoBeAiHKa 3MiHWU TeonoriYHOr0 CepeaoBMLLia Ha KOXHOMY i3 pOLOBML, LO po3pobnioeTbes, pisHa Ta
3anexuTb Big 6aratbox (PaKTopiB, TO MPOMOHYETHCS BUKOHYBATW MPOrHO3YBaHHS i3 3aCTOCYBAHHAM reoMeXaHiYHOro
MOZJENIOBaHHS CTaHy CKNagHoi cuctemu. B 3B'A3Ky i3 TM, LLO Take NporHo3yBaHHs noTpebye Benmkoro obesary faHux,
3anponoOHOBAHO OTPUMYBATW X FEO4E3NYHUMM METOZaMW, a Came LWASXOM BWKOHAHHS NigAapHOro 3HIMaHHA, Lo
[03BOMUTL OTPUMATW [aHi He TiflbkW NPO MOMOXKEHHS Y MPOCTOPI BCIX TOYOK AOCAIMKYBanbHOI TEPUTOPIT, a i OLiHUTK
CTaH camol TEpUTOPIl, L0 HEMOXMMBO iHLIMMMW re0fe3NYHUMN METOLAMM.

KntoyoBi cnosa: nporHosyBaHHs, 3MiHa CTaHy, Nrolla cepefoBWLLa, reodes3nyHi MeToau, kap’ep, sigsan, 3d-
MOZENb TepUTOPIl, NigapHe 3HIMaHHs, MOAENtoBaHHS
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