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Studying the Impact of the Location of Air-Duct Lines on Methane
Distribution and Concentration in Dog Headings

Magdalena Tutak, Jarostaw Brodny and Kestutis Navicka$

One of the basic issues associated with undergraninehg is providing a safe atmosphere in mine Wway¥. This includes its chemical
composition and reduction of hazardous concentratiof harmful gases. In particular, this appliesdtiven dog headings that have a one-
sided connection to the central ventilation sysitetiie mine. Therefore, it is necessary to useiapeentilation systems in these areas. The
widespread current methane hazard present in morkings additionally increases the requirementshefse systems. For this reason, the
following paper presents the methodology and resafltstudies that looked at the ventilation systémiriven dog headings. The aim of the
study was to determine the impact of the locatibaileduct lines on methane distribution and corteation in driven dog headings. The
basis for the analysis were model studies carrietfor the real system and for three additionaldtien variants of air-duct lines forcing
fresh air. The studies were carried out for the sasal parameters of the air stream and methaneson in the studied dog heading. The
results clearly show that the location of studieéddact lines has an impact on the distribution asmhcentration of methane in individual
points of the driven dog heading. The study alstuited the fracture zone as a porous centre ardhediriven dog heading, which enabled
more accurate mapping of real conditions. The rsdotoaden knowledge in the field of ventilatissuiss and should be used in practice

Keywords:underground coal mine, methane hazard, dog headigtilation, CFD.

Introduction

An effective ventilation system is essential toeasa safe and efficient process of undergroundbéafion
of raw materials, including hard coal (Bialy, 2012)14; 2018, Bialy and Fries, 2019; Brodny et 2017;
Brodny and Tutak, 2019). The main task of thiseysts to provide the right amount of fresh air,haat specific
oxygen content, in the area of mining works, andgtansuring the appropriate status (compositioth@fmine
atmosphere (Kurnia et al., 2016; Roghanchi eRél16; Tutak and Brodny, 2018; Tutak, 2020; Xiulet2019;
Cernecky et al., 2015). This condition should alloviners for free work and prevent the occurrence of
dangerous concentrations of methane and other d@rmigases (Ordinance of the Minister of Energy,620
These requirements apply to all mine workings. Heavefor the workings of different specificity, these of
various ventilation systems is needed.

This mainly concerns dog headings driven in coalgangue, which belong to the so-called "blind" or
unidirectional mine workings. In other words, tHegve only one connection to the central (genemtyilation
system of the mine (Brodny and Tutak, 2015). Tisiurn, means that both fresh and used air issfrarted
through the same heading (Brodny, 2010; 2011; 28&2anov et al., 2017). Fresh air must be suppbethe
face zone, where the process of mining the rocksnmsarried out, in such a way that it impedesheeithe
outflow of used air from this zone nor gases entgthis heading from the rock mass. Due to thegcHieity,
these headings require the use of a dedicatedaténti method.

For this purpose, the most commonly used methodiveg the so-called forced air-duct ventilationteys
which consists of supplying fresh air to the fata given dog heading. Through the face zone,aiiflows all
the way through the entire dog heading to latemecohto the stream of used air from other headargsthe
mine's main ventilation network. A diagram of fadoeentilation for the studied driven dog headingiwthe use
of air-duct lines is shown in Figure 1.

This diagram also points to the fracture zone eckduring mining works (Matkowski et al., 2017; Mgt
al., 2017; Prusek and Walentek, 2005; Prusek, 2088g et al., 2019), which has a significant infloe on the
ventilation process.

In addition to ensuring an adequate compositioaiin a dog heading necessary for miners to worlktie
ventilation system must not allow for the excee@aoicthe permissible concentration levels of hazasdgases
(Brodny et al., 2018, Krause, 2015; Tutak and Byo@918). Methane is the most dangerous gas preseiniy
underground mining works, especially in coal (Zleaal., 2019). Due to its flammable and explosikapprties,
methane is a huge threat to both safety and catytinfithe mining process. Dog headings driven dalcare
particularly vulnerable to the occurrence of hamaslmethane concentrations. Methane is releasedhinte
dog headings from mined coal and exposed unminabaowell as cracked ceilings, thills and sidelsvéig
1). Since this gas has a lower density than aursially accumulates in the ceiling zone of dogdivegs and in
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areas where the air supply is obstructed. Theyrefesred to as dead zones. However, the phenomefion
methane accumulation in the ceilings is called ewe¢hlayering (McPherson, 1993).

—— & Fresh air Roadheader 4
—_ Exhaustair (miner machine) L. ,
——— * Methane | -

Air duct

The Fractures Zone
~———_ \ Around the Heading

. |
o |

Fig. 1. A scheme of the excavated dog heading

In order to prevent the dangerous accumulation etheme and ensure an adequate atmosphere compositio
in driven dog headings, it is crucial to adaptkatilation system and its parameters to the camditin which
mining works are performed. Therefore, the pararsaté supplied air are selected depending on tloengéry
of driven dog headings, temperature and expectedianof methane released.

In addition to the parameters of supplied airsifiiso important to properly locate air-duct lirsepplying
fresh air to dog headings. This mainly concernslimggs into which large amounts of methane are sel@aThe
location of air-duct lines can affect the distributof methane concentration in a given dog headiingrefore,
it is reasonable to determine what effect the loocadf air-duct lines supplying fresh air to a parar heading
has on the distribution of methane concentratioel&e

Literature on the ventilation systems in dog hegslishows deficiencies in this respect althoughstligect
area related to the study of airflows and mixtwair and methane through dog headings has bexsemied in
many papers (Kurnia et al., 2014a; Kurnia et &l14b; Sasimoto et al., 2013).

These papers, like many others, most frequentlyrasd that methane is released into dog headings dro
given point, or from a surface, and only from thed area.

The analysis of literature proves that so far,dheave been no studies which would determine tipadétof
the location of air-duct lines in dog headings be tlistribution and concentration of methane. I Weerefore
assumed that from a scientific and practical pofntiew, this issue is relevant, and it is reasémab conduct
research in this area.

Therefore, in order to determine the impact of theation of air-duct lines on the distribution and
concentration of methane in driven dog headingsjehstudies were performed in which the actual kleading
was mapped.

In the first stage of model studies, the actualtileion system that was used in this dog headiag w
mapped (air-duct lines were located along the regilin the heading axis). This helped to establisé t
distribution of methane concentration. In ordeassess the quality of the developed model, theniysdwere
compared with the measurement results. A satigfacorrelation of these results (at three measupioigts)
enabled the analyses for additional three locatimmants of air-duct lines in the same headingtotial, four
location variants of air-duct lines were analys€be tests were carried out using numerical fluiccihamics
(Kalentev et al. 2017). The calculations were miadiéne ANSYS Fluent program, based on the Finitéuxe
Method (FVM).

Due to significant difficulties in conducting stediin real conditions, the use of model studiesseilly
justified in this case. The numerical method wififor calculations enabled very accurate (for gmagping of
geometry and reliable boundary conditions) deteatiim of studied parameters, practically at eveintof the
studied area.

It should be emphasised that the study includedrdeture zone around the dog heading. The sizhisf
zone depends on many mining and geological fackisrsize was established based on the researsbrjesl in
the literature on rock mass mechanics. It was alsumed that this zone is a porous medium witmelefi
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permeability, which was determined using the resoitstrength tests of the rocks in which the degding was
being driven. Undoubtedly, this is a new, unusedfasoapproach, which more accurately reflects tbal r
conditions that occur in the rock mass affectednining activity.

The paper presents the applied methodology, olta@sults, discussion and final conclusions.

Materials and Methods

The flow of air in the mine heading was analysednigans of the Finite Volume Method (FVM). This
method involves discretisation (in physical spaskt}he computational domain (the spatial flow aread a
finite number of non-overlapping control volumescéntrol volume may be created, depending on theareh
tool applied, inside the volume of the fluid elemenaround the volume element node.

The tests were conducted for a spatial model oatka under analysis, using CFD. The authors’ éspess
and the results presented by other researchersatedithat this method is widely applied for anadgsi
phenomena related to the flows of fluids and diin&,transfer of mass and heat or the processesnadfestion
(Veersteg and Malalasekera, 2007).

The paper made use of the ANSYS Fluent softwaresy#n2011), which is one of the most popular téms
the CFD method, whereas the discretisation progasscarried out by means of the FVM. The methodpfog
conducting studies by means of this program encesgsthe development of a mathematical model of the
phenomenon in question, the adoption of boundangitions, the performance of calculations, andahalysis
of the results.

Mathematical models

The flow of the air and methane mixture is desdibg the conservation equations for mass, momentum,
energy and species transport. The conservationtiegagor mass, momentum and energy can be expresse
(Kurnia et al., 2014a, 2014b; 2016; Sasmito e?8l1,3; Zhou et al., 2017):

0[U =0 (1)
p(aa_Lth [D]U)=—Dp+,u|]2U +F 2)
,0(%5+EDIIE)ZKD2T +W, + S ®3)

where: 0 is the divergence operatgrjs the air density (kg/f, U is the air velocity vector (whekd=u,, U, Uy)
(m/s),t is time (s),d p is pressure gradient (Pal,is the dynamic viscosity (Pa-s), F is the bodgdovector
(where:F=F,, F, F,), E is energy (Jk is the coefficient of conductivity (W/(m-K)J, is the temperature (K),
W;is the work done by surface stress (J), &nd the source term energy (J).

The basis of the mathematical description of thadport process of the methane emission to therdeg
headings is a mass conservation principle relatethis gas. Mathematical model of the transporindea
system of equations of advection-diffusion, which thei-th substance it takes the following form (Ansys,
2011):

%(pvnmmpuvi):—mcﬂﬁma @)

where:Y; means the local mass fraction of each spedgiésthe diffusion flux of specids(kg/(n?s)), R means
the net rate of production of speciely chemical reaction ang is the rate of creation by addition from the
dispersed phase plus any user-defined sources.

The flow of air-methane mixture through driven degading has turbulent character, in which theranis
irregular movement of air molecules, and the patarseof its flow experience unpredictable randoranges
in space and time (Tuliszka—Sznitko, 2011).

Large Eddy Simulation (LES), Direct Numerical Simitn (DNS) and Reynold-Averaged Navier-Stokes
(RANS) were used to describe turbulent flows (2ig.
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‘ Turbulence models in Ansys Fluent ‘

increase time for one iterition calculation increase time for one iteration calculation

RANS DNS LES

—[ Spaltar-Allmaras

)
e
)

_[ ko

[ Reynolds stress model]

Fig. 2. Turbulence models in the Ansys Fluentsoft (RANS - Reynold Averaged Navier-Stokes; DDiet Numerical Simulation;
LES - Large Eddy Simulation)

For the numerical calculation, there was used K€ turbulence in standard variation model belongiog
semi-empirical models, characterising by parametlgermined based on experimental tests. This model
describes components of Reynolds turbulent stegsot according to the Boussinesq hypothesis.

Area of research
The basic calculation model was built by meanshefreal geometrical and ventilation parametersef t
driven dog heading in one of the Polish hard cdakesy The basic geo-mining parameters of driventaaging
are as follows:

- Airflow rate: ~ 302 rymin;

— Gas emission: ~ 4,0 kg/min;

— The geometry of driven dog heading (height x lengthidth): 3,0 m x 60,0 mx 4,0 m;
— The length of air duct: 57,0 m;

— The diameter of auxiliary ventilation: 0,8 m.

As already mentioned in the introduction, the maalsb includes the fracture zone around the dodihga
Due to its permeability, methane migrates from #uise to the driven dog heading. The dog headingehalso
contains its technical equipment such as air-duess| a conveyor and a roadheader. The model détthbed
dog heading with marked flow directions, the fraetaone, as well as measurement points and lineshaown
in Figure 3.

Line at distance 2.0 m from the floor

Air duct .

Point 4

—» Methane

~ ———+ Freshair
— " Exhaustair

Fig. 3. The geometry of the computational doméimnalerground driven dog heading with equipment eneésurement points and line
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The studies were carried out for the real systeign @a) and three additional locations of air-duws in the
studied dog heading. The distribution diagramshefdir-duct lines for the studied variants are shawFigure

4,
The model, along with adopted simplifications, eabjected to numerical analysis. Calculations weaele

in the ANSYS Fluent 18.2 software. The pressureeleaity coupling and scheme Coupled algorithm, the
second-order upwind discretization method and thebasaic multigrid method were used to solve theagigns

mass, momentum, energy and species transport.

a

2,69 m
w69z

3.00m

X 0,80 m

2.50m

Fig. 4. Distribution diagrams of the air-duct liséor the studied variants (a - left side (cons@itureal variants); b — right side;
¢ —the central part of dog heading and d — undenveyor)

Results and Discussion

Based on the analyses, the number of parametateddb the flow of air and methane mixture inshelied
dog heading were determined.

Airflow trajectories through the driven dog headiwgre determined in the first stage of studies dibr
analysed location variants of the air-duct lineke Wway of airflow through this dog heading has gnigicant
impact on the areas of local methane accumulatibms.airflow trajectories through the driven dogdieg for
studied location variants of the air-duct lines slnewn in Figure 5.

The analysis of the determined trajectories cleshigws that the largest flow disturbances werertegan
the face zone of the driven dog heading (miningezoAn air stream flowing out of the air-duct linkiss the
unmined coal being worked on. After bouncing dffflows through the entire length of the undergmwog
heading. This creates a vortex movement and aiirctéation in the face zone. The phenomenon ofitigact
of the airstream on the unmined coal leads to thation of large curvatures of the current line.

The presented trajectories also reveal that takimmg account the fracture zone around the driveg do
heading leads to a situation where the small ansoahtair forced into the face of the driven dog dirg,
regardless of the location of the air-duct lines) migrate to the zone in question. This phenomelistarbs the
dog heading ventilation process, which may alsothze reason for low-temperature coal oxidation ig th
fractured side wall (Szurgacz et al., 2019; Tuta#t Brodny, 2019). This, in turn, can lead to theuwtence of
endogenous fire, which is confirmed by the statistf endogenous fires in the wall sides and agliof driven

dog headings (Waszy Urzd Gérniczy, 2019).
On the other hand, the phenomenon of air migratieap into the rock mass through the fracture zone

reduces the amount of methane released into théekmdjng.
Distributions of methane concentration in crossieas of the driven dog heading for individual \aanis are

presented in Figure 6. These distributions weratkt every 10.0 m from the dog heading face. Thigilliition
shown in Figure 6a corresponds to the real system.
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a Air-duct on left side of the heading

b Air stream trajectories

Air stream trajectories

Fig. 5. Distribution of methane concentration ioss-sections of the driven dog heading for diffetecation of air-duct
(a - left side; b — right side; c — the central paf dog heading and d — under conveyor)
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When analysing the obtained distributions, it carstated that the location of the air-duct linethim driven
dog heading affects methane distribution and canaton in the studied dog heading. The conductedyaes
showed that the most unfavourable situation ocfraurthe air-duct lines on the thill of the dog head For this
variant, the local methane concentration levels meageed 3% (Fig. 5d), while in other cases, these
concentration levels do not exceed 1.66%.

The reason for this is the fact that methane, gasdighter than air, accumulates near the cedintipe dog
heading, and the air stream flowing out of thedaict line located on the thill has less impact lwa tipper part
of the dog heading, which creates a zone with higtethane concentration levels.

The most favourable location of the air-duct lindgtie dog heading is its central part, i.e. foecagFig. 5c).

The distribution of methane concentration levelsvéntical sections of the driven dog heading wa® al
found to be worth mentioning. The results obtaimethe cross-sections for studied variants are shiovwrigure
6. Due to the fact that during the calculationghia area of boundary conditions “outlet”, the resdrflow
phenomenon occurred.

a CHa, %

102 Air-duct on left side of
the dog heading

Air-duct in the central
part of the dog heading

Air-duct under the conveyor of the dog heading

Fig. 6. Distribution of methane concentration ioss-sections of the driven dog heading for diffetecation of air-duct
(a - left side; b — right side; ¢ — the central paf dog heading and d — under conveyor)
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The results also enabled the determination of tle¢hame concentration value at any point of the dog
heading. In order to better illustrate the charigebe value of methane concentration in this degding, they
were determined for the measurement line.

Figure 7 presents the values of methane concemirddivels along the measurement line for studied
location variants of the air-duct lines in the érivdog heading.

2,50

 Air - duct location #1 o Air - duct location #2

Air - duct location #3 Air - duct location #4

CH, concentration, %

75 15 22,5 30 37,5 45 52,5 60

Distance from mining face, m

Fig. 7. The distribution of methane concentrat@dong the measurement line in the heading foeudfit location of air-duct
(location #1-left side; location #2 — right sidechation #3 — the central part of dog heading anchtton #4 — under conveyor)

Based on the analysis of the results, it can beladed that the highest methane concentration dewele
reported at an altitude of 2.0 m from the thilltbé dog heading, along its entire length for alb&d variants.
These results confirmed that the location of tmedact lines affects the distribution and, consetjye methane
concentration levels in the dog heading.

The lowest methane concentration levels along thasurement lines were reported in the dog headiting w
air-duct lines located in the central part of theg deading, under the ceiling (case 3). However, Highest
methane concentration levels were observed in digeheéading with air-duct lines located on the thikder the
conveyor (case 4). This is clearly the most unfaable location of the air-duct lines in the dogdiag.

For the variant with air-duct lines located at #igewall opposite the conveyor (case 2), at a lef@round
20 meters, a local increase in methane concentritiels was noted. This phenomenon may be asedaidth
the occurrence of intensive recirculation flow, @his confirmed by the airflow trajectories showrFigure 5b.
The recirculation phenomena can lead to the creaifoa zone with weaker air exchange and localatézl/
methane concentration levels. Around 30 meters filuanface, a decrease in the methane concentnadiors
for this variant was shown. This increase applgseeially to the measurement line located at adést of 2.0
m from the thill of the dog heading.

The accuracy of the results was assessed by camgpaiem with the measurement values in real caditi
(for variant 1). The measurement of methane conggaih in Polish mines is a point (local) measuretnand it
is carried out only in specified places (points)this case, the location of control points in thenerical model
coincided with the location of the automatic methameasurement sensors (Fig. 8).

1,40 14,00

mmDog heading with air-duct on left side
1,20 12,00
EmReal System

=Error, % 10,00

Calculation error, %

0,00
Point P1 Point P2 Point P3 Point P4

Fig. 8. The comparison of methane concentratidnesobtained from the measurements in real dogihgawith air-duct on the left
side and determined from the model studies fow#nant with air-duct on left side
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Conclusions

The methane hazard is one of the n@mnhmonand dangerous threats reported in underground d¢wat
mines. Therefore, for the mining production proce® goal is to avoid a situation in which methane
concentration levels in the mine atmosphere reatftat values that may result in either its igoiti or
explosion. This problem particularly applies to duadings, which, due to the one-sided connectiibim tive
central ventilation system, are particularly exgbs®ethe occurrence of hazardous methane concientiavels.

The methodology of model studies developed andepted in the paper, based on the results of
measurements in real conditions, creates greathildgss for the analysis of ventilation conditisrin mine
headings. The publication focuses on the analybith® impact of air-duct lines on the distributi@md
concentration of methane in driven dog heading® rEsults clearly indicate that the location ofdict lines
has an impact on the distribution of methane coimagon in the studied dog heading. These resldts enable
the location of areas where hazardous concentsatidrthis gas may occur, which is a valuable sowfte
information for ventilation services.

Both the studies and the results also point tomiateareas where air-duct lines can be locatedthade
where it is inadvisable. This is particularly imgott information when choosing a proper locationtfem (for
example, if limited for technical reasons), or lire tevent where it is necessary to install an enmesgair-duct.
In such cases, the results clearly show locatiohserey for example, methane concentration valuesldhme
monitored.

The idea of taking into account the fracture zormuad the studied dog heading is also a very eissemd
undoubtedly valuable achievement of this paper.dubtkedly, the size of this zone and its permeagblilds an
impact on the physical parameters of the air arglggeeam in the dog heading. Its inclusion in thalysis
enabled more accurate mapping of real conditions.

It should also be emphasised that the tests andethdts broaden knowledge in the field of veritiat
system studies. This is particularly crucial fodarground mine workings, where ventilation hazeaads still
being reported, leading to immensely dangerousteven

Therefore, effective forecasting of methane corregion in mine workings is extremely important frahe
point of view of ensuring the safety of both minarsl equipment. The results also prove that theotisgodel
studies combined with the results of tests in ceaditions can be successfully utilised for varianalyses of
processes related to the ventilation of undergrommde workings, as well as in analyses of emergency
conditions. These activities should also suppa@tftinecasting of ventilation hazards in mine wogin

In addition, it needs to be highlighted that theedleped methodology is universal and can be useaatyse
other objects.
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Comparison of 2.5D Volume Calculation Methods and &tware Solutions
Using Point Clouds Scanned Before and After Mining

Martin Stroner!, Tomas Kemert, Jaroslav Braurt, Rudolf Urbart, Peter Blistar and Ludovit Kovani®

The development of contactless mass data collegtiethods such as laser scanning or digital photogreetry leads to the
development of a wide variety of algorithms andalztions that can be applied to such data. Theweal calculation of material that was
mined away is one of such applications. This papempares available software solutions capable dtuating volume, namely
commercially available programs Atlas DMT, 3D Rgstra Leica Cyclone and Trimble RealWorks, and aenegource program
CloudCompare. All of these are commonly applicébtegeneral point cloud processing, and volume @lalton is just one of the functions
offered by the programs. Two principal types ofoallipms are used by those software solutions —gaised algorithms and algorithms
based on a triangular irregular network created rfrahe point cloud. Some of the tested programs béith calculation methods. The
experimental testing of the accuracy of those paowgg was performed on real data from a quarry wHaeer scanning was used in
combination with a GNSS method. The individuamso® solutions were used to calculate the scanmed,asolume calculations using
various settings and processing demands (expreasedrocessing time). Besides, the algorithms usethdividual programs, their
limitations and specific problems are discussedd®ased methods turned out to be very effectieetdihe low processing time and very
good provided results even for relatively largedgcells. TIN-based methods, on the other hand, piswide very accurate results, the
processing time is, however, substantially highersome cases, the quality of the results also migpen the algorithm constructing the
triangular network itself.

Keywords:volume, comparison, Atlas DMT, 3D Reshaper, LE€igalone, Trimble RealWork§loudCompare.

Introduction

The availability and practical utilization of maskata collection technologies such as 3D scanning
(terrestrial, airborne) or multi-image intersectipimotogrammetry from terrestrial or airborne imaémsquired,
for example, using fixed-wing aircraft or multiceps) processed by SfM (Structure from Motion) gr@®artos
et al., 2019; Blistan et al., 2016; Blistan et 2D19; KrSak et al., 2016; Pukanska et al., 2014k et al.,
2018; Blistan et al. 2020). Thus acquired poinud® are subsequently utilized for various purposediding
volume calculations, for example, for heaps of éasaterial (Tucci et al., 2019; Salagean et al1920
determining the volume of material that has beemedhiaway (Stojcsics et al., 2018; Zapalkova etall,1), of
concrete (Martinez-Sanchez et al., 2016), quaatific of morphological changes (Medjkane et al.1&0
pinpointing landslides (Tang et al., 2019), detaing the amount of transported loose material (H#.£2019),
and many others.

For volume calculations, it is often necessarydmisine such dense data with data acquired usindegieo
methods such as GNSS or total station. Such metlpodgide significantly lower data density but are
irreplaceable where, for example, dense vegetatiather obstacles to laser scanning are present.

Multiple algorithms of determining volume from tlebove-described data have been developed. For
practical usage, it is, however, necessary to kttmvdegree to which a selection of an algorithnsettings
affects the results.

Many of the above mentioned (and other) papersritbesthe methods used for determining volume in
detail, but the accuracy of the results (and comparwith reality) is not sufficiently discussedgpite the fact
that many authors dilute the point clouds massiyelgr to the volume calculations, which may impé#uo
accuracy. Few studies have compared methods of plwind-based volume calculations. One of the feas w
published by Urbancic et al. (2015), where the angtlanalyse their own calculation methods and nuksthod
interpolation on the resulting volumes. Neverthglesing own scripts/software is not feasible fogrgone and
often not for high volume data, and hence, the afseeady-made software solution is in practice Uguhe
preferred method.

In our study, multiple algorithms implemented inrivas freely or commercially available software
solutions have been applied to the same point ctouduantify the effects of individual algorithms ¢he
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calculation. Namely, we will apply various methdds volume calculation on data from real 3D scagriinat

are non-homogenous in density (due to the necessityanually determine coordinates of some areas by
GNSS), and compare their results. Limitations dividual software solutions and settings as weklgsrithms
used in the individual methods as well as the tealpgnd economic demands of individual softwareitsmhs

will be discussed. Both commercially and freelyikalde software solutions utilising triangular netk as well

as grid-based 2.5D algorithms (which are the mostroonly used for groundworks volume calculationd) w
be tested. Of the commercially available softwaptutions, Atlas DMT, 3D Reshaper, Leica Cyclone and
Trimble RealWorks have been chosen for testingu@Eompare was used as a representative of frealjabie
software solutions.

Data

The utilised data have been acquired in the Trebgjmarry in Eastern Slovakia, between PreSov and
KoSice (Fig. 1). In this quarry, dolomite is beingned in a five-level quarry with the height of inidiual
mining walls between 16 and 25 metres. The tophefquarry is covered by mature beeches and oaksutha
being gradually removed in line with the needs afing progress.

The data was acquired by terrestrial scanning udihgcanning system Leica C10 in two time epodtes; t
first scanning was performed in October 2011, theewoafter rock blasting in February 2012. A geadet
network was permanently stabilized using bolts ased for pinpointing control points. Scanner sggimvere
identical during both scannings, i.e., 20 mm spgain50 m.

The data was complemented by a ground survey ofagheof the quarry before and after blasting using
GNSS RTK in places where scanning would not provalable data. As far as the data density is corezt
the data is, therefore, non-homogeneous. The agcafahe points surveyed using GNSS is lower ttieat of
data measured by laser scanning, with standardhti@vs of approx. 25mm horizontally and 50mm veaitic
This, however, represents no problem for our sagithe crucial consideration here is that the @atidentical
for all methods of calculation. In other words, meeded to compare all algorithms on the same @al the
accuracy of the actual volume calculation is olgandary.

Fig. 1: The Trebejov quarry

Firstly, the original point clouds were adjustedatlow their processing in all tested software sohs. Fig.
2 shows a visualization of the point clouds (toetober 2011, middle — February 2012, bottom — eop
overlay).
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The points that were not on the ground (mining pongnt, stabilization of control points, etc.) were
removed from the cloud. Further, all data wereadilin the same way to remove vertical overlapsclvtié
necessary for using 2.5D algorithms, and croppembt@r the same area in the XY plane.

The images obviate that our data indeed represait data, including all common imperfections and
problems such as non-homogeneity, holes causedbbtaaes, etc. Data 1 (from 2011) contain altogethe
6,220,168 points while data from 2012 (Data 2) cosep3,213,671 points (both including GNSS pointd)e
difference in the number of points is caused byftwe that Data 1 was scanned approximately froththa
distance than Data 2, utilising the same scanngngse (the same angle spacing).

Fig. 2. Used data: top — Data 1 (2011); middle at®2 (2012); bottom — cropped overlay
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Used software and calculation algorithms

Below, the individual software solutions used festing and their volume calculation algorithms void
described. All used software solutions utilize 2.8Qorithms, which means that for the correct dakbon, no
vertical overlaps of the data in the individual ratedare allowed. The results of the computatiomdtividual
programs usually produce summation of values wigositive sign (i.e., volume increase, added maljerof
those with a negative sign (volume decrease, nadterined away) and the total summation providing th
overall balance.

Atlas DMT ver. 19.08.1

The primary purpose of the commercially availabtdtwgare Atlas DMT (Atlas, spol. s.r.o., Czech
Republic) is processing elevation data (both irdiially surveyed points or point clouds) and trarmsfog them
into digital terrain models that can be subsequentther analysed or used for generating graptoogbuts.

The term Digital Terrain Model (DTM) means a mod€h surface area covering the surveyed terraip. Th
model is constructed as a 3D combination of poiliies and faces from the input data. Where sudh ia
missing, estimation of the additional surface ikwated to estimate the real surface. The calardietween
the points is not based on linear interpolation Umés terrain smoothing. The version used for amipn this
study allows work with up to 666 mils. points arabts, including the volume calculation module, appB8850
Eur (ttp://www.atlasltd.cz/atlas-dmt.htjnl

The input point cloud and, if applicable, predefineompulsory lines are used to generate an irregula
triangular network (TIN), which is used for all A DMT applications and computations. When gernegdtie
model, the data are first sorted according to thedtjpns of the points, named and checked for diti@s. Where
there are two points too close to each other, dribemn is excluded from the following steps. In firesented
case, the default settings considering points witinm of space as duplicates were kept. In the stext, the
triangular network is created and optimized in pinejection into the XY plane. A convex model enyaas
created as well, which however may lead to credtirzgngles with acute angles and to generating ectimg
lines between points that are not associated inetiiain. This is prevented setting up criteriaathiwhen met,
mark the triangle as an envelope and is not usetieiufor the actual calculation. In standard sg#i the
criteria for envelope triangles are an angle ogpdbe envelope edge greater than 140° or a ritie@nvelope
edge and the neighbouring side greater than 2.k, e settings were amended to consider onlgdineition
of an angle greater than 170°. Envelope trianglesewmanually edited after generalization to achiave
maximum area of the model. This setting was sedetdemake the model comparable with models froneioth
software solutions, although we are aware thatishi®t correct from the perspective of land suivgy

ATLAS DMT offers two methods for calculating the lumes of the triangular terrain model against a
comparison plane or against another triangular or¢w

The first one is a regular grid method. The volumealculated only over the area of model overfap.
regular square grid with a set resolution (stepjedng the entire area of interest is created, thedelevation
value from the centre of each square (bottom squao@e model, top square — the other one) is td&en
calculation of the volume of the individual prisnlisase area x elevation difference). The elevatiare
determined from smoothed out triangular models.

The other method uses the blending of the triamgudworks in the overlap area (envelope triangles
excluded from the calculation). As the originahtrgles of the two DTMs are not identical in theisipions and
angles, they are broken into smaller (secondaighdgtes with matching base ared@be heights of individual
vertices of the triangular prisms are determinedhaselevation difference of the individual verdcevhich in
turn are calculated from the original unsmoothé&hgles. The total volume is calculated as a surohfmes of
all individual secondary triangular prisms.

CloudCompare ver. 2.9.1

A freely available open-source software for workimith point clouds and triangular meshes can be
downloaded fromwww.cloudcompare.orgVersion 2.9.1 was used in this study). This safewvallows a wide
range of operations, including point cloud transfations, their filtering, classification, mutualraparison, etc.

It also allows volume calculations both againsbmparison plane and against another point cloud.fifét step
is rasterization of the point cloud, splitting itthva set step into square cells in the XY plarfth¢agh XZ or
YZ planes are also possible). Subsequently, arageezlevation value from all points in the squaresiculated.
Where there are no points in the cell, the elemaimue can be determined as a minimum value fl@mthole
grid, average value from the whole grid, user-delivalue, or interpolation from the surroundinglscéonly
within the convex envelope). The volume calculatitself is then elementary — an elevation diffeesraf
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surfaces in individual cells is multiplied by thellchase area to acquire the volume differencemdifidual
prisms.

Leica Cyclone ver. 9.4.2

The commercially available software by Leicahttjgs://leica-geosystems.com/products/laser-
scanners/software/leica-cyclgneriginally developed for processing data acqlitesing their 3D scanners,
costs 13850 Eur. Leica Cyclone uses the methodisrhp for calculation. The two TINs are blended daded
on the combination of the triangles from both netsonew (secondary) triangular bases are formedlas to
the second method used in Atlas DMT. This huge rermdf formed triangles also, of course, increases t
number of prisms and the necessary processing dimememory demands. Before the TINs are blended, a
normal for the new network can be set in eithethef X, Y, Z axes. Should a normal in another dicgcbe
needed, the full data must be tilted prior to camirig models. When creating a TIN network, it isgbke to set
the number of points for generating the networke Btandard setting shows 500,000 points; the maxrimu
recommended number is 2 mil. points. It is posdiblgenerate an even greater network, however densg its
further use for calculating differences and procgsslemands associated with such network, it careot
recommended as even high-performing computers eftenup with memory overflow or, best case scen#io
taking many hours to perform this task. Once batworks with secondary triangles are created, tiggnal
and secondary (new condition, in our case aftestinig) TINs are selected by the user, and the tzlon is
performed (algorithm not made public by the sofevaroducer).

3D Reshaper ver. 18.0.7.28912

This software, originally costing approx. 11,500rEs by now sold under the new brand Leica Cyclone
3DR (10,000 Eur)This software only allows volume computation betwéa&o networks. The manufacturer’s
description of the algorithm is as follows: ,Foetbomputation of the volume of two surfaces, tHensoe uses
a direction for the calculation of the cubatureisTHirection will be used to calculate projectiahst will
generate elementary objects (tetrahedrons) fronctwivie can calculate an overall volume. The directimust
be the direction according to which you see thet bigs mesh with the minimum of hidden parts (usuall
according to Z). We create a tetrahedron by adi@rtaking as the vertex the centre of gravityhef mesh, and
we add each volume to have the total volume. Inetkemple of a sphere, it seems trivial. But in ¢thee of
more complex shapes, this calculation may seenettalse; but some tetrahedrons are found with atheg
volume (depending on the orientation of the triangfl the base) which compensates the whole resdlh@kes
the calculation accurate no matter the shape ofntleelel.” (Acquired by personal communication from
representatives of 3D Reshaper).

Trimble RealWorks ver. 11.1.1.442

The commercial RealWorks software (approx. 6900 Eerves for processing and analyses of point sloud
acquired from 3D laser scanninottps://geospatial.trimble.com/products-and-sohgitrimble-realworks This
software uses 2.5D algorithms (a) calculating thieme directly from the point clouds or (b) a hgbalgorithm
calculating the change of volume using a grid asgrlg a triangular network. In the first case, tadéculation
utilizes a regular square grid of customizable g&tep/grid size and direction of the calculati@m be set).
After the calculation, the software creates a giaghepresentation of individual cuboids. If theigt clouds are
not homogenous, the volume difference in the gatisccontaining points from one point cloud onlyrist
approximated — the software does not perform arngnaatic interpolation between the points. It irdfore,
necessary to edit such calculation to make thevao# calculate the differences in these areas #s Suech
“holes” must be manually delimited and filled usitige tool “Fill holes”. The results detail the addg) and
mined away (-) volumes as well as the size of tkasawhere any volume was added or removed.

The other method uses a hybrid algorithm. The swofvallows the operator to set a normal for conmgui
triangular network. It is possible to choose thamexes, ideal point cloud fittingr other options. The point
clouds are transformed into two triangular netwarked for volume calculation in the direction of thelected
normal. However, for the computation itself, thdtware uses a grid with an optional cell size agdins,
therefore, a combined calculation method based aneated triangular network representing the serfaat the
points for the volume calculation itself are acqdiusing a grid projected on the triangular network

Testing methods

The respective methods of volume calculation wepplied to the data processed as described above.
Where the particular software allowed multipleisgt or algorithms, all realistically applicableesnwere used.
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As each software has a different interface andaalldifferent settings, at least some criteria walbered to
where possible to simplify the evaluation of theufes. In principle, we can distinguish betweenodathms
using grid and TIN. For grid solutions, the rasteze represents the principal setting, hence nteltpll sizes
have been used, namely: 0.005; 0.010; 0.020; 0@300; 0.200; 0.500; 1.000; 2.000; 5.000; and QM@ cell
size. Besides, the interpolation of empty cellsrfitie surrounding cells was applied. It is, howewet possible
to unify the settings of triangular networks in ienikar way; therefore, the settings were individ@add are
detailed in the description of the particular safites solutions. Comparing the resulting values tan provide
information on the magnitude of error associateth e use of particular software, algorithm antlirsg, as
well as its pros and cons. A question remains, Wwiat the methods (if any) can be considered asntbst
accurate. Considering the principles of the methddsppears that the TIN-based method used insATIMT
makes no or only minimum simplification and useagtically all points for constructing the triangui@esh
(except for the practically duplicate points); henthe value calculated by this method should leeniost
accurate.
All computations were made using a laptop withllite32 GB RAM and a graphics card with a dedidate

memory of 6GB.

Results
Atlas DMT

Table 1 shows the results of the grid computatisimgi Atlas DMT. In our case, a difference modelhwit
27,578,415 points, 80,986,334 edges (connectirg)iand 53,990,888 triangles was constructed. ffperit of
the point clouds, generalization and optimizatidrthe triangular network took approx. 1.5 hour; th@ume
calculation using the triangular networks 3 houtsilev only using the raster method, the calculatieas
completed within a few minutes.

Tab. 1. Atlas DMT — results of grid-based volurakedations

Raster size Number of Surface Volume* Volume- Volumetotal Difference
[m] cells [m?] [m3] [m3] [m3] [%]
0.005 83,840,800 2,096.02 72.94 -4,280.02 -4,207.08 0.00
0.010 20,960,100 2,096.01 72.94 -4,280.02 -4,207.08 0.00
0.020 5,240,050 2,096.02 72.94 -4,280.02 -4,207.08 0.00
0.050 838,416 2,096.04 72.94 -4,280.01 -4,207.07 0.00
0.100 209,614 2,096.14 72.93 -4,280.10 -4,207.17 0.00
0.200 52,394 2,095.76 72.94 -4,280.30 -4,207.36 0.01
0.500 8,384 2,096.00 72.93 -4,279.78 -4,206.84 0.01
1.000 2,097 2,097.00 73.17 -4,282.43 -4,209.27 0.05
2.000 523 2,092.00 73.74 -4,285.93 -4,212.20 0.12
5.000 83 2,075.00 71.58 -4,244.68 -4,173.10 0.81
10.000 21 2,100.00 15.93 -3,622.04 -3,606.11 14.28

The calculation from the triangular method yielded following results: Area 2096,02°nvolumé 72,94
m?®, volume -4280,02 m, volume® -4207,08 M As mentioned above, this result can be considasetie most
accurate due to the use of (almost) all points withimum simplification.

The grid-based calculations reveal that, surprigintere is no change in the accuracy of the tesup to
the 2.0 raster size (results are presented in Talbhere Difference column shows relative (peragefahanges
to the most accurate value (first) in this tabRdr better comprehension, 1®nepresents approx. 0.2 % of the
total volume. The results acquired using the TIN grid method, therefore, correspond very wellaoteother.

CloudCompare
Volumes were calculated using the above-describetthad within several minutes. The results are shown
in Table 2. Here, we again observe that some grégsening (in this case, up to 0.2m) preservesdhee result

accuracy; from the grid size of 0.5 m, the erragtgly grows, but even for a 1.0 m grid, the emgpresents only
approx. 1.4 % of the total volume.
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Tab. 2. CloudCompare — results of grid-based velwaiculation

Raster size Number of Surface Volume+ Volume- Volumetotal Difference
[m] cells [m?] [m3] [m3] [m3] [%]
0.005 84,038,480 2,100.96 73.000 4,280.09 -4,207.09 0.00
0.010 21,010,210 2,101.02 73.13 4,279.88 -4,206.75 0.01
0.020 5,253,430 2,101.37 73.04 4,279.76 -4,206.72 0.01
0.050 841,085 2,102.71 73.45 4,279.87 -4,206.42 0.02
0.100 210,453 2,104.53 72.92 4,287.80 -4,214.88 0.19
0.200 52,815 2,112.60 73.75 4,282.21 -4,208.46 0.03
0.500 8,479 2,119.75 75.22 4,299.95 -4,224.73 0.42
1.000 2,155 2,155.00 73.72 4,338.25 -4,264.54 1.37
2.000 562 2,248.00 71.21 4,402.10 -4,330.88 2.94
5.000 106 2,650.00 107.59 4,595.00 -4,487.41 6.66
10.000 32 3,200.00 216.33 4,853.66 -4,637.34 10.23

Leica Cyclone

Two calculations with different maximum numberspoints for TIN construction were performed, hamely
with 500,000 and 2mil. points. The processing tfore500,000 points was approx. 5 minutes, for Znpbints
approx. 4 hours. The results are shown in Tabtaedifference is negligible.

Tab. 3. Results of volume difference calculatiobdica Cyclone

Raster size Volume: [m?] Volume- Volume total Difference
[m] [m3] [m3] [%]
2000000 4,280.60 72.90 -4,207.70 0.00
500000 4,283.70 72.70 -4,211.00 -0.08

3D Reshaper

The software only allows the calculation of thefelénce between two meshes; no customizable setting
are available. The results indicate that 4251.4%&vms mined away, 76.26°nadded and the total balance is
therefore -4175.21 TnThe TIN generation took several minutes and tiiare calculation tens of seconds.

Trimble RealWorks

The calculation was performed three times, usirmgpua settings. The first calculation used twortgalar
meshes (Table 4), the second two point clouds faittory settings (without filling holes; Table S)dithe last
one for two point clouds with holes filled prior the computation (Table 6). The computing time weageral
seconds for grids of 0.02m and more, several minfde a grid of 0.01 and approx. 15 minutes forrid of
0.005m. The calculation for generating TIN tookesay minutes..

Tab. 4. Results of Trimble RealWorks — a direatudation from two TINs

Raster size Number of Surface Volume* Volume- Volumetotal Difference

[m] cells [m2] [m3] [m3] [m?3] [%]
0.005 83,501,400 2,087.54 -4,268.96 72.16 -4,196.80 0.00
0.010 20,875,360 2,087.54 -4,268.97 72.16 -4,196.80 0.00
0.020 5,218,825 2,087.53 -4,268.95 72.16 -4,196.79 0.00
0.050 835,020 2,087.55 -4,268.95 72.16 -4,196.79 0.00
0.100 208,760 2,087.60 -4,268.93 72.17 -4,196.76 0.00
0.200 52,188 2,087.52 -4,268.95 72.16 -4,196.78 0.00
0.500 8,343 2,085.75 -4,267.62 72.13 -4,195.49 -0.03
1.000 2,084 2,084.00 -4,267.22 72.34 -4,194.88 -0.05
2.000 516 2,064.00 -4,269.20 72.74 -4,196.46 -0.01
5.000 79 1,975.00 -4,234.29 67.00 -4,167.30 -0.70
10.000 19 1,900.00 -4,484.82 32.85 -4,451.97 6.08

Results of the hybrid TIN + grid calculation (Tallgindicate that no or only minimal changes irutess
were observed up to the grid size of 2.0 m, afteichy the accuracy begins to decrease more signifig.
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Tab. 5. Results of Trimble RealWorks — calculafiom point clouds without filling the holes

Raster size Number of Surface Volume+ Volume- Volumetotal Difference
[m] cells [m?] [m3] [m?] [m?] [%]
0.005 41,274,280 1,031.86 -2,079.19 54.48 -2,024.71 0.00
0.010 10,603,110 1,060.31 -2,118.02 55.90 -2,062.12 1.85
0.020 2,688,772 1,075.51 -2,143.47 56.55 -2,086.92 3.07
0.050 435,674 1,089.19 -2,178.92 56.78 -2,122.14 4.81
0.100 110,191 1,101.91 -2,223.91 56.95 -2,166.96 7.03
0.200 28,056. 1,122.24 -2,291.96 57.31 -2,234.65 10.37
0.500 4,772 1,193.00 -2,574.94 57.88 -2,517.06 24.32
1.000 1,344 1,344.00 -3,044.61 60.97 -2,983.64 47.36
2.000 412 1,648.00 -3,730.83 71.37 -3,659.46 80.74
5.000 71 1,773.76 -4,443.70 98.76 -4,344.94 114.60
10.000 30 3,000.00 -4,850.43 224.64 -4,625.79 128.47

Results without interpolating (filling) the holes data are obviously incorrect (Table 5) when camgdo
other software solutions and methods. This algoriththerefore not suitable for this type of data.

Tab. 6. Results of Trimble RealWorks — calculatiom point clouds with hole interpolation

Raster size Number of Surface Volume+ Volume- Volume Difference

[m] cells [m2] [m3] [m3] [m3] [%]
0.005 74,874,080 1,871.85 -4,407.98 97.63 -4,310.35 0.00
0.010 18,394,970 1,839.50 -4,395.39 76.34 -4,319.05 0.20
0.020 4,657,250 1,862.90 -4,400.21 122.02 -4,278.19 -0.75
0.050 751,024 1,877.56 -4,353.44 121.42 -4,232.02 -1.82
0.100 187,901 1,879.01 -4,369.72 120.34 -4,249.38 -1.41
0.200 47,565 1,902.60 -4,386.66 122.22 -4,264.44 -1.07
0.500 7,753 1,938.25 -4,445.60 116.59 -4,329.01 0.43
1.000 2,073 2,073.00 -4,489.93 137.15 -4,352.78 0.98
2.000 531 2,124.00 -4,429.91 106.12 -4,323.79 0.31
5.000 91 2,275.00 -4,725.00 98.76 -4,626.24 7.33
10.000 30 3,000,00 -4,850,43 224,64 -4,625,79 7,32

When the point clouds were manually edited andshfiled, however (Table 6), the results are beitds
nevertheless still obvious that both the areasvahgmes change more significantly with grid sizarththe other
methods.

Discussion

For software comparison, the best achievable esidte selected, i.e., grid (step) 0.005m where gplutions
were concerned and the highest allowed number aftpavhere TIN meshes were concerned (to allow a
comparison of Leica Cyclone with others, the resfitr both 500,000 and 2 mils. points are showrhas
calculation time differ significantly). Resulting total volumes, differences when compared to ATST-TIN
method and total computing times are shown in T@blehe Atlas DMT TIN method was, as mentioned a&yov
considered as a reference method due to using mmirsimplification and all points, practically withib
diluting the point cloud in any way. This, howevgges hand in hand with the computing demands \adraé
hours, which is true even for the grid method wgtremore so for the TIN method.

It is, however, also obvious that results of thethgrid algorithms provide comparable accuracyhef t
results to those of the best TIN algorithms mudtdiathan the TIN methods. This is in all likelilbcaused by
the high density of the point cloud used for caltiohs. We can not, however, extend this conclugiosparse
point clouds (e.g. data cully collected using GNB$otal station survey).

Very good results, actually the best when considethe time demand/accuracy ratio were achieved by
CloudCompare, which only allows a grid computatiMoreover, CloudCompare is the only tested software
available free of charge; hence the price/perfonaanatio is absolutely unmatched among the testédiare
solutions.
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Tab. 7. Overview of resulting (most accurate) ws for individual programs

software method Volume total [m?3] Difference [%] Total time
TIN -4,207.08 0.00 4.5 hour
Atlas DMT
grid -4,207.08 0.00 1.5 hour
CloudCompare grid -4,207.09 0.00 10 minutes
TIN (2 mils. points) -4,207.70 0.01 4 hours
Leica Cyclone
TIN (500,000 points) -4,211.00 0.09 5 minutes
3D Reshaper TIN -4,175.21 -0.76 10 minutes
Trimble TIN/grid -4,196.80 -0.24 15 minutes
RealWorks grid -4,310.35 2.45 15 minutes

Fig. 3 compares the results of programs with reSjoethe various raster sizes. The graph showsugat
to the step of approx. 1m, the volume calculatii@hdg a minimum deviation for most software solnsdin our
case, approximately 2,000 squares forming the .giden increasing the step (lowering the grid netsoh)
further, both the area (Table 1,2,5,6) and volulmnge significantly. This may possibly be causedheygrid
cells on the edges of the point cloud where a sumlist portion of the area may be outside the @f&@ 4 right)
and therefore confound the calculation. For examipl@able 2, we can observe the growth of the arigtathe
grid raster. In general, almost all grid algorithpislded near identical results; the only except®the Trimble
RealWorks software providing different results ihgaid sizes (Fig. 3).

0005 001 002 005 0.1 0.2 0.5 1 2 5 10
-3700,00
-3900,00

-4100,00

Volume [m3)

-4300,00
-4500,00

~4700,00 .
Step size [m]

e Atlas DMT CloudCompare RealWorks (TIN/grid) Re alWorks (grid)
Fig. 3. Comparison of the grid methods

From the perspective of the calculation method&] gigorithms are very simple and fast when
compared with the TIN algorithms, where the TIN mesust be generated first, and only then the volaoare
be calculated. This usually requires a dilutiontled input point cloud to prevent excessive demamishe
computer processing capacity and memory. This cardémonstrated on the Atlas DMT, which does not
perform such dilution and the resulting procesging is then extremely high (see Table 7). Curip@siough,
however, the processing time using Leica Cyclonkickv dilutes the point cloud significantly even hwithe
highest settings (2 mils. points), was almost aé lais that of Atlas DMT (using full 6.2 mil. and®3nil. points
for individual networks), which suggests that thgoathm in Atlas DMT is less demanding on the @esing
power than Leica Cyclone. Further dilution of theinp cloud in Leica Cyclone (to 500,000) however
significantly reduced the processing time.

The processing time and results of TIN-based mettzod directly dependent on the constructed TIN
mesh, which does not have to be identical for iiddial programs as each software uses a differetitadefor
diluting the point cloud. In some programs, rulesdenerating the TIN triangles can be set up wiihers use
a fixed algorithm without giving the user a podipito interfere. For example, the Atlas DMT allswelatively
detailed settings of parameters for creating TIN ahmanual correction of the automatically geredlamnesh,
Leica Cyclone allows one parameter (the numbeaftp) while 3D Reshaper allows almost no custotiira
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The volume calculation can also be affected byctivevex envelope (Fig. 4) interpolating surrounding
data, despite the fact that the real surface catiffezent.

Fig. 4. Convex area (left) and rasterization (rigim CloudCompare (blue points = point cloud; rite — real data borders; green line
(left) — delimiting the area for computation usitmnvex envelope, (right) rasterization of the commevelope with grid cells containing
only partial data on the edge of the point cloudiew using a finer grid, the peripheral cells wostitk more closely to the edges

Conclusion

This study reports volume calculation and comparibetween two states in several software solutions
using various algorithms and settings. The data frsethe experiment originate from a real TLS stag in a
quarry, complemented by GNSS survey.

Both grid-based and TIN-based algorithms were ushd.obtained results were compared to find out how
a method of calculation (algorithm, settings, soft®) affects the resulting volume. Principally, thmst
accurate results should be those from Atlas DMTichvlases no simplification and utilizes all poiféxcept for
duplicate points) for the calculation. However, m@ster methods yielded practically identical tessup to the
grid size of 1 m. Most of the other TIN-based altfwns also yield very similar results.

In conclusion, we can state that the practicalotité the selected software or algorithm is minimsllong
as a reasonable raster size or number of TIN pairesused. The only exception is represented bybile
RealWorks, the results of which are mildly differdrom those provided by all other programs. Fastea
methods, we can say that dividing the area of merigto 2,000 cells is generally sufficient if dendata is used
(as in our case).

Where we can see a significant difference, howesethe necessary processing time. Raster metheds a
generally significantly faster than TIN methods. diluting the point cloud sufficiently, the time rcebe
nevertheless similar for both types of algorithmagth only a mild decrease in results accuracy (seiea
Cyclone).

The tested software solutions are designed foiouarapplications. If however only considering votum
calculations, the freeware CloudCompare is abdglusafficient and provides results identical to $bo
computed by the best commercial solutions. The calyeat when using this software lies in the metabd
calculating the convex envelope, which can poténtiistort the results.
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Computer simulation as a means of efficiency of trasport processes of raw
materials in relation to a cargo rail terminal: A case study

Martin Straka®, Janka Saderov¥ Peter Bindzat, Tomasz Matkusand Marcin Lis®

The article deals with the use of computer simafafor the solution of a streamline of transporbpesses in relation to the cargo
rail terminal. The case study is focused on thesefuence problem of transport processes at théeraninal. The rail terminal serves as a
means of the mineral resources delivery suppott thié necessity of scheduling a lot of means ofpart. Unloading time of a wagon with
a capacity of 60-70 t based on observations andsoreanents in practice varies on average from 385aninutes. Time for unloading the
wagons affects their length of stay at the loadiregk as well as the waiting charges that affeceéragional efficiency. The problem is
related to the utilization of concrete computer imtion system EXTENDSIM for the necessity of sitral and more effectivity of the
whole transport system with his processes. Thedite solution is the practical application of gomter simulation for the needs of
effective activities of concrete transport processea concrete company. The intention is to shmpractical role of simulation systems
and to use EXTENDSIM as concrete simulation sy$terthe needs of a streamline of transport processed activities of a concrete
company. The objective of this study is to complaeeseveral possibilities of alternative solutiarfsactivity concrete system, which is
created from unloading the mineral resources fraiway wagons by cyclically working grab and thartsport of mineral resources to
places of storing. The simulation was performeddiffierent variants of the unloading process. Timeutations in this article simulate the
process of unloading of ten railway wagons and onleader by a different number of trucks (2, 3 d@)groviding a transfer of mineral
resources. The simulation results show that theswnloading time is reached when unloading bywreader working with three or four
lorries; this represents a decrease of 10% whenpaoed use two lorries. The simulation results shioat the effective unloading time is
reached in dependence on the number of working snefanansport and scheduling of the whole system.

Keywords:Computer Simulation, Transport Processes, EXTEND&A&iIl Terminal, Efficiency of Processes, Caselptu

Introduction

Dynamic changes in the business environment requiveell-organized supply chain, and this requires a
proper organization of logistics processes withi énterprise (Groover, 2007; Kot, 2015; Olah et24118).

The transport of minerals is carried out by varioyses of vehicles. Most often, for on and off-ginsport
of bulk raw materials are used road trucks, wagostsips, long-distance belt transport and other
(Marasova et al., 2007). Choosing an appropriatensief transport depends on several factors. Bedgeraw
materials property, the factors include route lareytd the amount of transported material. For ftlwesport of
smaller amount of raw materials within companysngises (quarries) and short-distance transporeffample,
construction, mining, agriculture, food industrye anostly used trucks and various types of conveybelt,
bulk-conveyor). For the horizontal transport in theling conditions, mining rail transport and bedtinveyors
are used. Vertical mining transport uses transpage towing equipment and conveyors (Marasova..e2@09;
Simkova et al., 2019). Wagons are used for tranisgpa huge amount of materials over long distanees
ships transport bulk material. Before the actumhsportation takes place, it is necessary to loaduaload the
suitable means of transport at the intended de&tmarhe method of loading and unloading is agipendent
on the type of minerals, means of transport andadihg facilities available (Toomey, 1996).

Several authors deal with the loading and unloagirugess in the literature, and it is not only tlee bulk
materials. That issue is most elaborated for rhinals; articles are dedicated to modelling antukation of
bulk material or containers (Bugaric and Petrof2i@Q7; Demirici, 2003; Carteni and de Luca, 20123 Kt al.,
2002; Jari et al., 2019). Wagon unloading is wide becauseg typpe of transportation uses various types of
wagons for which different unloading equipment.

Literature review

The modelling process can serve as a basis foctsgjeunloading process or rationalization of théstng
system, which has a significant impact on the eat#u of the performance of the transport systerherentire
enterprise (Rosova and Balog, 2012; Ho et al., 20HD et al., 2014; Markulik et al., 2018; Kovacsl &ot,
2016).

The problem is related to the utilization of conersimulation system EXTENDSIM for the necessity of
simulation and more effectivity of the whole traogpsystem with his processes. It is the produchefimagine
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That, Inc. USA company. A simulation language ibaised belongs to advanced simulation capabilitiesre
the simulation model consists of blocks that asuged in the libraries. Its use is simple and tivei System of
implementation of transport processes is limitedabjack of suitable means of transport, createsteaof
downtime and restriction of planning for the needishe efficient use of means of transport andagfidtics
ensuring. The aim is to streamline and configure tilansport system to a level that would be efiects
economically, technically and also by side the dtigs. The aim of the solution is the practical laggpion of
computer simulation for the needs of effective\aiitis of concrete transport processes of a coaarempany.
The intention is to show the practical side of dation systems and to use EXTENDSIM as concreteilsition
system for the needs of a streamline of transportgsses and activities of a concrete company.

For the transport of mineral resources by railrghare used the types of wagons marked by capitar$ as
follows:

E - Open Top (High wall) wagon of ordinary constioc with a flat floor and the possibility of fraaitor
side tipping (wagons are designed to carry the bulk general cargo goods that doesn’t require dhage of
covered space and protection from the weather).

F - Open wagon of special construction (wagonsdasegned for the carriage of the bulk of powderalk b
goods like coal, limestone, gravel, etc.). Wagomstauction enables double-sided gravity unloadihgomds.

G - Covered wagon of normal construction (wagorsdasigned to carry the palletized goods, genergog
bulk grain or another bulk substrate like industsalt that must be protected from the weather. Wagons
allow the transport of live animals).

T - Wagon with an openable roof (Tds) - wagon cfcs@l construction with a convertible roof (wagaen i
designed to transport bulk goods requiring weafitetection). The wagon construction enables dosluled
gravity unloading of goods.

Conceptualization of traffic flow pattern is onetbé influential factors on traffic simulation mdide (Kim,
2011; Bohacs et al., 2018). The same idea is nagefw the creation of a simulation model of orarisport
system.

Unloading of minerals from railway wagons underlreanditions can be carried out in various ways
depending on the type of rail wagon, type of miterinading mechanisms to be available and formsanfs-
loading. The Slovak Republic is specific in that ferritory features normal and broad railway gaumel
besides classic wagon unloading also loading amgadimg of minerals from normal to broad railwayuge
takes place (Saderova and Bindzar, 2014). Thus trerthree dimensions of the process:

1. Unloading of minerals from the standard gaugbvagy wagons using different types of unloading
systems.

2. Unloading of minerals from broad gauge rail wagyasing different types of unloading systems.

3. The transhipment mineral resources from railwegons on a broad gauge to standard gauge railway
wagons that may be realized as direct transhipowindirect transhipment.

In the direct transhipment, minerals are direaiiysferred from broad gauge wagons to parallel wagjoat
are then shipped to customers. In the case ofeicdiranshipment, the minerals are not transfediexttly from
wagon to wagon, but minerals are firstly unloadsih@ unloading devices to another type of vehiclé moved
to storage or to an open dump. Then, when thedinees, its loading is carried out in the requiradrdity.

Unloading of mineral resources in all forms canréalized in four ways — by shovelling, scoopingptng
or by self-unloading. Self-unloading requires tphedal construction of railway wagons allowing dtaibided
gravity discharge of raw material (series F and)Tdke first three forms are used for the unloadihgnineral
resources from high-wall opened or closed wagoegegs E and G). It is important to use suitableoadérs
depending on the form of unloading. There are ugsoof unloaders for shovelling, scooping and tigpi
(Saderova and Bindzar, 2014):

- Means of “small mechanization” are consideredna@chanisms where human effort remains an
essential factor (mechanical shovel),

- Means of “complete mechanization” like mobile amitige grab cranes, bucket unloaders, front and
rotary tipplers.

Modelling and model creation is one of the basioerpetic approaches to study, analysis, desigrdasigin
of systems. The modelling is the process of reptaa dynamic system by its model. The model reptesa
simplified object or process and is created onrapmger, physical or real object (Malindzak, 2008aka et al.,
2016). Several authors deal with the modelling amodiel creation in various sectors across processmbdogy,
transport, handling, services, etc. (Vilamova et 8016; Gracanin et al., 2013; Saderova et al1820
Pekarcikova et al., 2019; Urzla et al., 2019).

Simulation is an experimental method in which tealrsystem is replaced by a computer model. It is
possible to make a number of experiments with suofodel, to evaluate and to optimize it and theults can
be applied to the real system. The first step endimulation is to build a simulation model of tteal system.
The next step is to provide experiments with threusation model by which there are achieved reswuitsich
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need to be correctly interpreted and applied. Agpion possibilities of computer simulation candpplied in
designing manufacturing processes and systemst(&ly 2015; Ba et al., 2016).

The modelling of unloading the mineral resourcesimposed of two subsequent parts. The first pegpgr
phase is targeted on creating the algorithm asse lhar the second part. The second modelling gasists of
two types of model for a selected time period basethe algorithm graphic and simulation models.

Simulation is not a tool for getting the optimalgmn, but it is a tool that allows you to tesffdient
outputs decision on simulation models. The modema performing experiments to evaluate, analyse, ta
optimize the results that can be subsequently @isedhe real system. Risk reduction can be examimned
advance, by "replaying" the system run whilst obisgy the performance and behaviour of the systaem after
applying the required changes, examine the futeteabiour of the system, where any potential problamd
bottlenecks can be removed in advance (Straka.ef@19). Animations of manufacturing processeevall
greater clarity and understanding of the producpoocesses, thus allowing to prevent failures, Wwigould
exist in practice if a system is not testing ontakes and deficiencies (Straka, 2007).

The simulation model created by EXTENDSIM is definey a specific sequence of modelling blocks
connected by lines representing the processing diogctions. The block position, icon and name,dbenector
blocks, the links as well as the user interfacdodizes with operands and flows are the main prasef
individual blocks. The blocks themselves represgeditvidual processes or subsystems, thus creatiagcttual
representation of the real-life system under exation. The icons and block names are the graphic
representation of each block, with their exact uaigame that describes their defined function aedptimary
purpose of the particular block within the modeheTblock labelled "create" represents the generatfanput
requirements while the model block labelled "quedefines the creation of a series of demands, thizghinput
to the queue and the subsequent output. The badslléd "exit" represents the simulation model autfhe
blocks connectors enable connecting each block wtitlers in accordance with a rule that one conmexzo
only connect the input with output slot. The cortoes of two different blocks form a logical sequenaf
blocks, which reflects the real system and formes lilsis for forcing the flows. The connected bloftksn
flows representing the real sequence of units anilitfes within the examined system. User integfagndows
and operands represent specific items and the hbookerties characteristic for the particular bcBy
opening a user interface window, the parameterspamgerties of each block can be displayed andifspedor
each modelling block (Straka, 2007).

Researched transport system

Type of minerals in the railway wagon and its pbgsiand chemical properties should be considerdapas
data for individual sub-processes.
The first activity in the process of unloading e t"in-feed motion" — supplying the wagons at ttece of
unloading (unloading ramp). Before this activithete should be done operations such as an annoantem
about the arrival of wagons to be unloaded. Whengitranshipment between railway wagons (form ¥ead
transhipment), it is also necessary to make anr dodeail wagons that will be loaded.
After wagons are ported, wagon unloading takeseplBauring the unloading process, wagons are egtil&ror
move in certain times or continuously dependingtt@type of unloading equipment - device. The utilog
process consists of several activities. Figuredwshthe simple formalized scheme of the procesmiafading

(Fig. 1).

D—bm—b in-feed motion |—m unloading — removal _..|||_.,<

Fig. 1. A formalized scheme of the unloading pssce

When unloading with a gripper crane a wagon i$, stild the unloaded raw material is unloaded diyeot
another means of transport (for example, righthenttuck, through the hopper onto a conveyor le#it). When
unloading with a wagon tippler wagons are shifiedhe rotary tilter where they are disconnectednftbe set,
tilted, put out of the tilter, and subsequentlynpd to the wagon set again. Material falls from ribkary tilter
into the containers that are then moved by conweyathen using bucket unloaders, the wagons afeostil
continuously move depending on unloaders’ constroct
Unloading of minerals is followed by its removalgglacement) to the destination such as operatistoak, to
the customer, stock for input materials, to the ufiacturing process, etc. Figure 2 shows an exarople
simplified flow chart of unloading of minerals frotine railway wagons (Fig. 2).

The modeling of any process is based on pre-defategs - an algorithm. The proposed algorithm is fo
unloading open wagons to trucks that are to beaddd at a temporary landfill using portable grippemes.
The results obtained from the model made accortbnthe proposed algorithm can serve for assessiag t
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current state of unloading and rationalization idev to increase the capacity of the existing systeuring the
rail wagon loading, the train set will remain adtrso that unloading equipment will move only.
Figure 3 shows the basic algorithm for unloading tineral resources from railway wagons (Fig. 3)ere
must be known some input parameters to perfornutih@ading, such as (Fig. 3, a):
“n” - the number of railway wagons to be unloadetheftrain set;
“M” - the volume of mineral resources in one railwegon in tons;
“N” - the volume of mineral resources unloaded by grady unloader in tons.

‘ Start }

Y

Information about arrival of
railway wagon

Y

NO

Is there an
unloader machine
and truck?

Providing an unloader and
truck

End
A

Delivery of full railway wagon set
to the unloading point

v Unloaded minerals Unloading the
I E transport to dump site ”| minerals to dump site

Unloading of minerals by
unloader machine to the

truck
Y
Cleaning of railway wagons on E_ntry check of Wagons final
. railway wagons, .
wide gauge treatment or repair
are wagons empty

Wagon move out of

End the unloading point

Fig. 2. A flow chart representing direct unloadiogmineral resources from a railway wagon

The unloading process begins when rail wagons areished at the unloading point (Fig. 3, b).
Subsequently, the unloading is carried out by cyElg. 3, c) (step by step - wagon after wagon &f nave a
single unloader; in parallel — it is used in caéenore unloaders) that begins by furnishing theoadkr to the
railway wagon (Fig. 3, d).
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a) Input data:
n, M, N20

v

b) Addition of
railway wagon set
h)
c)
m Output data about
unloading finish
d)
Addition of the unloader to
thei railway wagon End
9)
Unloading of minerals of volume N Unloading of minerals of volume
N from i railway wagons N from the unloader to the truck

Fig. 3. A basic algorithm of unloading mineralsrin train set

Unloading of a single wagon is represented by cyElg. 3, e-g) consisting from operations (Fig.f,
"Unloading of mineral resources of volumid""from railway wagon by unloading means and itsadpinto a
transport vehicle" (Fig. 3, g) until the dischargadount of M" isn't unloaded. After unloading a single wagon,
the loader means is moved to the next wagon (Fig, &) followed by unloading of the wagon by cy(iég. 3,

e). After unloading the mineral resources of allway wagons, the information about the completimin
unloading of train set is interpreted by cycle (Agh) and the unloading process is finished.

Figure 4 shows the secondary algorithm representiagealization of transport of unloaded mineesaurces
by trucks (Fig. 4). Input parameters (Fig. 4, ajhis case are:N" - the volume of mineral resources unloaded
by grab unloader [t]; K" — truck capacity. The first step is an additidnaotruck to the unloading equipment
(Fig. 4, a). Consequently, the truck is loaded wsititable equipment (Fig. 4, d). After loading tredume of 'K"

to the truck, it is moved and unloaded (Fig. 4f)eAfter emptying (Fig. 4, g) the truck returns ttee loading
point, or its work is finished with that train g&ig. 4, h).

a) Input data: K truck
capacity, N of unloader

v

Addition of truck to |
the loading point

Is the unloading of
n railway wagons
finished?

b)

e)

\ 4

Minerals transport Minerals unloading from truck

Loading of the volumeN by

unloader machine on truck h) Output data about
End L
unloading finish

Fig. 4. Algorithm of transport of unloaded minerakources
The creation of a simulation model by EXTENDSIM

Modelling requires some input data. Input datadmpendent on questions like ,What | want to achieye
the modelling? The modelling should result in:
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Project of the system of unloading.
Rationalization of the existing system.
Improving the capacity of the existing system aandn.
Input data can be categorized by these groups:

1. The type and properties of the mineral resources

2. Operating conditions data in which the unloadivillj be carried out like intervals for wagons te
feed, the number of wagons in the train set, tlpacidy of wagons, the distance between the plaealwiading
to the stock and so on.

3. Performance of the unloading equipment (per,y@&rhour) and related transport equipment.

4. The form and method of unloading.

All input data from all groups above are requireldew designing a new system from the beginning. &Vhil
doing a rationalization of the existing system oatytrying to improve the capacity of the existisigstem, the
input data to be required are mainly from the geol8. The performance of unloading equipment ahated
transport systems can be obtained from the prospeby calculation according to the known relatiopsor
directly by observing under real conditions (just €xisting mechanisms).

Input data (Table. 1) are required when creatingaalel of the process of unloading that is basedhen
algorithms above. Data (Table. 1) also lists ojsameters closely connected with the formatioa ofodel.

The model of the unloading process was createddbasealgorithms above (Fig. 3 and Fig. 4). Data
connected with the formation of a model are listediable 1 (input data).

The model’s result is to determine the time of ading of the specified number of wagons under therg
conditions, provided that the grab unloader hasaaly been present at the first rail wagon of th€esecluding
the initial presence of the grab unloader). Thasetiof unloading serves as a basis for calculatiregcbst of
demurrage of wagons.

Under real conditions, the number of railway wagisngne train set mainly depends on the lengtthefsp-
called handling (the loading) track. Quantity ofnerial resources in the railway wagon depends mainithe
type of mineral resource and parameters of the magbe volume of mineral resources to be unloaded b
unloading equipment during one unloading cycle ddpeon the type of the mineral resources, the velum
capacity of an unloader and a coefficient of graloader's loading.

Tab. 1. Input data for modelling of the unloadprgcess

Parameter Value
Number of rail wagons in trains [-] n=10
Volume of mineral resource in the wagon [t] M=70t
Volume of mineral resource unloaded during oneecpgl a grab unloader [t] N=0.86t
Operating cycle time of the loader [s] Tpa=27S
Number of operating cycles to unload 10 wagonshkyctaws of a grab unloader 810 cycles
The time needed for loader moving between the wa{gln 90s

The run time of the hydraulic operation of the guaiboader is specified by the manufacturer, oait be set
on the basis of practical measurements — the aperditen may vary depending on the type of raw neltand
the size of the work equipment - the grab. Thetmme consists of the following partial steps: drimgpdown
the grab into the wagon loading the material (opening the grab + loadingosing) - lifting up the grab and
moving over the truck-> opening the grab (unloading the material)ifting up the grab and moving over to the
wagon.

Another model parameter is the time it takes ttebdo move to the next wagon and the number ofeicad
used for loading. Based on the parameters (Tablkend)simple calculations, we can determine theadled
"starting" - the technical time of unloading of Wgons T+" by one unloading grab. Unloading time consists of
the sum of individual times for unloading of wagaml relocation times needed for the grab to mowe fone
unloaded wagon to a full wagon. 81 unloading cydes needed to unload one wagon at given capacity,
unloading time of one cycle is 27 seconds, forcagttles it is 2187 seconds or 36.45 minutes. Nee tofh
unloading 10 wagons is 364.5 minutes and can becestusing multiple unloaders. Time of movement of
loader between two successive wagons, also conmgidarsafe operation, is 90 seconds as can beirsdable
1. Movement of a loader in order to unload 10 wageill be performed 9 times; it is 13.5 minutessBa on
these values, the time of unloading 10 wagoris is 378 minutes or 6.3 hours.

Thus the specified time of unloading does not tiake account the process of raw material transgiorta
which depends on the distance to which the raw miahtis being transported, the number of used suakd
their capacity.

The capacity of a truck is again given by the tgbeaw material and truck's parameters. In practice
capacity of a truck can be determined by the nunobemloader's operations as determined by the witihe
truck's volume to the volume of the unloader ang ttuck's capacity to the amount of raw materidlse
transport distance affects the turnaround timénefttuck, the time it takes for the truck to retuire number of
truck needed for the continuous work. An insuffici@umber of trucks may result in long unloader dbme
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and increased unloading time, which could havegaiiee economic effect. Other additional input désied in
Table 2 were required during the creation of theleho

The model of unloading of the mineral resource leen developed according to the algorithms prelyous
described and for input data as in Table 1 andeTabl

Tab. 2. Input data for modelling of the unloadprgcess
Parameter Value
Truck capacity K=7.77t (capacity of 9 claws)
Time for loading a one truck thn=243 s
Route length for the transport of mineral resource L =450 m
Truck cycle time (transport, unloading, return joey to loading point) t, =270 s

Before the model itself was created, it had to bewnined based on Table 2. A number of tru¢ks (s
able to manage the performance of unloader. Basethe capacitive conversion of truck transportatitire
required number of trucks on a distance of 450 myis= 2,1. Figure 5 shows the model of unloading where
transport of unloaded mineral resources will beedoy two trucks (Fig. 5). The model was made orbiws of
the assumption that the loading process startBeantoment the unloader has arrived to the firstomags
indicated above. It can be seen on the graphic hsogeocess of wagon unloadiRy\, to RW,. The unloading
of each railway wagon consists of two lines that mpresented by trucks and T, providing removal of the
mineral resource to the destination. Black stripgsesent unloading activities that alternate ddpgnon the
truck to be loaded. Red stripes represent down-tithef an unloader that is caused by waiting for titueks in
operation T; or T,). Green stripes represent moving of an unloadehé¢onext wagon. Grey stripes represent
truck circulation (driving time out and back, timéunloading and its bringing again to rail wagdslue colour
stripes are a truck waiting for loading.

Relocation of the unloader
Y
[
Unloading of the wagon ‘
—)
T
RaD n=_—_—“
— - . . —
T [ — [ ] | — [ ]
1 ] ] ] ] |
R n= " " . .
1 . | | .
L — I — ]
n — ] — ]
RWS Tz= | | ] "
1 . | - ﬁ
WS — [ ] — [ ]
[—) I ] ]
R | " |
rz= =
el . | |
n — [ ] — [ ]
iz 1 [ ] ] ]
n | | .
iy 1 —_—_—_
T
>

0 825 1975 [min]
Ik truck loading of mineral resource from rail wagortruck (K [t]), Il unioader downtime

transport of mineral resource by trucks T1,T2, unloader relocation
truck downtime
Fig. 5. The graphic model of unloading with thensport of unloaded mineral resources

The simulation model of the transport processeg. (6) of the mineral resource has been createtian t
simulation system called EXTENDSIM. It is the pratiof the Imagine That, Inc. USA company. A simigiat
language that is used belongs to advanced simnlasipabilities where the simulation model consi$tlocks
that are grouped in the libraries. Its use is samgohd intuitive. The simulation model is a modeldifcrete
simulation and is built from the blocks of the by "Discreet Event" and "Plotter" (Straka, 200he upper
part of the model represents the unloading of wagadine lower part shows the transportation of naher
resource.
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Fig. 6. The simulation model of the transport @sses by EXTENDSIM computer simulation system
Results and discussion

The graphic model on Figure 5 results in the follay 9 trucks are needed to unload 1 rail wagoenev
wagon can be unloaded within 2295 s = 38.25 minuités time includes 4 unloader downtimes (totdl8 s)
caused by waiting of truckg; (resp. T2), 90 trucks are needed to unload minesurce from 10 rail wagons,
6.075 hours netto is needed to unload 10 rail wagtatally 40 downtimes is formed while unloading 1
wagons; it is 0.3 hours (18 minutes), the unloaslenoved — times during the unloading; it is 0.2futs (15
minutes), time of unloading; is 6.60 hours.

Time for unloading a train set can be reduced Ipfayéng multiple loaders and the corresponding nendf
means of transport. Losses caused by waiting farck can be eliminated in several ways:

1. By deploying multiple trucks (Option 2).

2. By increasing a truck capacity (Option 3 and 4)
3. By increasing a loader capacity (Option 5 — 8).

Similar models have also been developed for thperts, and the results are found in Table 3. lioop2
(deploying a 3 trucks) each wagon is unloadet] in 2187 seconds = 36.15 minutes. It is similar fiah 1,
but there are no downtimes caused by waiting féruak. Unloading timeT+ is reduced to 6.3 hours. The
deployment of three cars will reduce unloading timyeunloader downtime, but on the other hand, there
downtime on average 3.60 minutes per vehicle tienowhich is on one side. For the same time, iddahraft
even with Option 3 and 4, since the time of loading car is equal to or greater than the circulatime of the
car, resulting in downtime remained in a car wittepacity of 9.5 tons.

In Option 5 and 6 by increasing the volume of clawsl.2 ni the time of unloading compared to other
options will rise up to 6.43 hours or up to 6.64it®by increasing the volume of claws to 1.3bimoptions 7
and 8. The increase, in this case, is due to the increase in the unloading cycle and not by utdda
downtime. Deploying grabs with a larger volume niagdy impacts the time utilization of trucks. Hoves,
such downtime provides enough time in case theerogeded for unloading the material takes longan th
expected. Table 3 shows recommended color-codddnspivhich should be applied when unloading at give

input data.
Tab. 3. Results of modelling

Parameter Option 1| Option 2| Option 3 Option # apfio | Option 6 Option7 | Option 8
Vb 1.1 1.2 1.3
N[ 0.86 0.94 1
K[t 7.77 7.77 8.64 9.50 8.46 9.40 9 10
ta [S] 243 243 270 297 270 300 297 330
to [t] 270 270 270 270 270 270 270 270
Nr [-] 2 3 2 2 2 2 2 2
tu [s] 2187 2187 2187 2187 2234 2234 2310 2310
t, [min] 18 0 0 0 0 0 0 0
T [h] 6.60 6.30 6.30 6.30 6.43 6.43 6.64 6.64
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We can assume based on the values for option 2ty the 1-hour shift, one unloader unloads about
wagons, i.e. 840 t. 70% of the time shift ol-hour shift represents the time of unloading; foaraple, 504
minutes (8.4 hours) he time needed for moving will account for 8.3 tw
Unloading time is greatly influenced by the timegeas remain at the loading track and time needethéwving
the wagons, thus affecting the cost of wagons deagat
If the cost of staying for a gife wagon is 3 EUR / hour, the total cost of theystor 12 wagons will b
12x8,3x3 =€ 298.8 or 0.356 euros/tone of unloaded minerawes. Using multiple unloaders will lead
reducing not only unloadinggme but the costs also (Ta 4).

Tab. 4. Modifications to the parameters when deploying iplgioader:

Number of wagons 12 12 12
Number of deployed loaders 2 3 4
Unloading time [h] 4.15 2.77 2.05
Costs per stay for 12 wagons [€] 149.40 99.72 74.70
Costs per 1t of handled mineral resourge [ 0.18 0.12 0.09

Unloading time of a wagon with a capacity o-70 t based on observations and measurements iticgr
varies on average from 30 to 45 minutes. The saroerifirmed by our graphical moc
The simulation was performed for differevariants of the unloading process. The simulationthis article
simulate the process of unloading of ten railwaygewe and one unloader (SIM1 to SIM3) by a diffel
number of trucks providing a transfer of minerataerces. The output data and thisults obtained by
simulation are shown in Table 5. The truck cirdelatime for all the simulations is taken from Tal3

Tab. 5. Output data and simulation results

Parameter SIM1 SIM2 SIM3
Number of wagons 10 10 10
Number of unloaders 1 1 1
Number of trucks 2 3 4

tu [s] 47.58 36.45 36.45
T+ [min] 417.5¢ 379.50 379.50

A graphical representation of simulation SIM2 i®wh in Figure 7. It is unloading of 10 wagons bye!
unloader using 3 trucks (Lorries). The blue linpresents the unloading a wagon to 9 trucks while the red li
represents the completion of unloading the wagomfthe train se

[# IS FR[RIA] 2

F"Intter D mrete- Eu'ent

| T T T T T T T T T T T T T T T T T T T T T T

Lorry per wagon

fu
in
—r-rrrrrr e T

i} 2.5 105 157.5 210 2.5 1 £ WETE
Time
= lorry  — \Wagon

Fig. 7. Graph of the simulation of the transport preses

The simulation results show that the lowest unlogdime is reached wheunloading by one unload
working with three or four lorries. Extra downtima® present when using four lorr
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Summary

This paper was aimed to use a model approach cagasdgorithm and creation of graphic and simutatio
model by EXTENDSIM for the needs of modelling thelaad process from railway wagons using the grab
unloader followed by transfer of minerals by trucksorder to create an algorithm, there was atstvarview
of the process of unloading described in the &'8ahtroduction: forms, methods, types of unlogdecilities
and types of wagons used to transport raw matenslks can allege that the aim of the study solutias
reached.

This algorithm forms a basis for the creation & #pecific model in graphic form as well as a saticgh model.
The algorithm can be modified easily for any way #orm of unloading. This is only one of many prdaees
which can be used to address the problem. The atk#rods such as simulation, software applicatoamsbe
used to solve the problem and the decision-makinggss with the use of multi-criteria analysis. fTjod does
not end with the creation of the algorithm and forgnspecific actions that are necessary. Nexs, fiticessary to
monitor and evaluate the process using the toolsootrolling as well as to ensure the efficiencytoé
operation.The future research should focus on the extendidimeoexisting model and the application thereof to
other unloader types and unloading methods, eithéerground or on the surface.
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New seismic station Prazmo in Silesia and NortheaBtoravia, Czech
Republic - initial seismological observations

Markéta Lednickd, Jana Ru$ajovdand Pavel Kalenda

Analysis of initial seismological observations la¢ newly established seismic station at Prazmoeiskiddy Mountains is presented in
this study. The PRAZ station represents the easshstation at the territory of the Czech Republioently and it is supposed that this
station will contribute to detection of mining irchd events from the Upper Silesian Coal Basin anddal tectonic events in the eastern
part of Moravian-Silesian region, where significastismic source zones of historical earthquakedanated — e.gCesky B3in and Opava.
Seismological recordings obtained at PRAZ statiorirg) six months of continual monitoring since Dmber 2018 were analysed not only
from the seismological point of view, but the logablogy effect has been considered as well. Aeliessults proved that the PRAZ station
contributes especially to the detection of mininduiced events from the Ostrava-Karvina Coal BaBwaluation of local site effect by
spectral ratio methods, namely the HVNR and the R{M®nfirmed low amplification at an investigateldge due to first meters of
Quaternary sediments covering the sandstone bedfekKormed detail analysis of three local tectoeieents and one mining-induced
event proved that the PRAZ station provides goalityudata for the foci location.

Keywords:Silesia and Northeast Moravia, seismic monitorisgjsmic network, earthquake.

Introduction

The study presents the first results of initialse@dlogical observations made between the beginafng
December 2018 and the end of May 2019 at the nestablished seismic station at Prazmo (Beskydy
Mountains, Frydek-Mistek district). The Prazmo secsstation (signed as PRAZ) representing the easiest
station in the territory of the Czech Republic pemted by the Institute of Geonics of the CAS (IGAS), and
it has been established within the frame of thecB8&=0/EPOS-Sci project. The main aim of this staioan
expansion of the actual seismic network of the IGAS and consequently also local seismic network NEON
(MOravia NETwork) operated by the Institute of Plogsof the Earth, Masaryk University of Brno (IPBJY
Nowadays, the IGN seismic network consists of tiloWing stations - Ostrava-Krasné Pole (OKCxbstice
(STEB), Klokaiov (KLOK) and Zlaté Hory (ZLHC). The OKC station iacluded in the Czech Regional
Seismological Network (CRSN), and it is jointly opted by the IGN CAS, the Institute of Geophysitshe
CAS (IG CAS) and the VSB-Technical University oft@ya (VSB-TUQ). Stations STEB, KLOK and ZLHC
are included into MONET since 2016 for the purpokthe project CzechGeo/EPOS. All stations excejptire
OKC have been equipped with the new data acquisiistem and seismometer thanks to the financpgat
of above mentioned CzechGeo/EPOS-Sci project.dregation of seismograms carried out by the IGN GAS
focused on picking up Pn, Pg and Sg phases comdsgpto local tectonic events, seismic events deduby
coal mining in the Czech and Polish mines withie tpper Silesian Coal Basin (USCB), seismic events
induced by ore mining in the Legnica-Glogéw Copgait area (Poland), quarry blasts and other seismic
phenomena. Readings are available at the webstteedfGN CAS in local bulletins (IGN bulletin, 201l Data
recorded at the OKC and the STEB stations arerrétesl online to the data centres at IG CAS and MRE
and they are thus available for primary determaratf seismic event location. Readings are alstudex in
bulletins of seismic events recorded by the CRSNKtclviare available at the data portal CzechGeo (@2eo,
2019). More detailed information about seismic nmmiig activities at Silesia and Northeast Moraatual
and historical seismicity, development of locaks@t networks and other studies like, for examBI2 regional
velocity model determination are presented in feif papers - (Holub et al., 2004; Sp& et al., 2006; Holub
et al., 2007; Kalab et al., 2007; Holub et al., 2080lub and RuSajova, 2011hEek et al., 2011; Zednik and
Pazdirkova, 2014; Spek et al., 2015).

It is assumed that the PRAZ seismic station wilhtdbute to the detection of local tectonic eveintghe
eastern part of Moravian-Silesian region and atsaétection of induced seismic events caused bynmin
activities in the Czech and the Polish part of USTBe lack of seismic station distribution in trestern part of
the discussed region became evident in the caseechanism reconstruction of the strongly felt eguttke
originated near Hiin on December 10, 2017, with local magnithdle= 3.5 (Hrubcova et al., 2018; Sileny and
Zednik, 2018). Authors present class of acceptabteforbidden mechanisms instead of the single dmstion
due to insufficient density and regularity of nead®ismic stations and they compare the resulth thie
direction of local faults to find related tectonicBhe PRAZ station is expected to provide valuatd¢a for

! Markéta Lednicka, Jana RuSajovEhe Czech Academy of Sciences, Institute of Geprtudentska 1768, CZ-70800, Ostrava - Poruba,
Czech Republianarketa.lednicka@ugn.cas.cz; jana.rusajova@ugrceas.

Zpavel KalendaCoalExp, Prazmo, Czech Repubfidsalenda@volny.cz
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mechanism reconstruction in such cases of stroce kectonic events. Three seismic source zoneReated
within the perimeter of 60 km from the PRAZ statiwhere historical earthquakes were documented thigh
intensity 6° MSK and higher - Opava are@esky Tsin area (for example, Schenk et al., 1997) arid&drea
(Slovakia, part of the Pieniny Klippen Belt zoner £xample, Kové et al., 2002). The earthquake né€msky
Te&Sin originated on February 27, 178® & 7-8, Mw = 5.44) and belongs to the strongest documented
earthquakes in the territory of the Czech Republtbin the last centuries. Several historical equittkes have
been documented near Zilina since 17th centuryeetbtrongest originated on December 11, 1643 @, Mw

= 5.77), January 15, 1858 (= 7-8, Mw = 5.44) and October 24, 185 E 6°, Mw = 4.46). Next earthquake
felt in discussed territory occurred on April 1331, near Opavdd = 6°, Mw = 3.9). Epicentral macroseismic
intensity lo and moment magnitud®w were taken from The SHARE European Earthquake I@aia
(SHEEQ 1000-1899 (Stucchi et al., 2013; Locati et al.1@0and from The SHARE European Earthquake
Catalogue (SHEEIC1900-2006 (Griinthal et al., 2013).

Analysed period of six months of monitoring at BlRAZ station provides enough data to perform sieais
analysis of recorded events in given categoriemeefin local bulletins. These results are compavitd events
recorded at another station located in the tegritdrSilesia and Northeast Moravia equipped with shme data
acquisition system and seismometer — the STEB seiation. The study also provides brief inforroatabout
local geology and related site effect investigatisthg spectral ratio methods, namely the HVNR netfoy
ambient noise records and the HVSR method for descof seismic events. Few examples of recordednseis
events, both the tectonic and mining-induced, patgd during the analysed period in the discusseiadry are
presented including their foci location using daten seismic stations operated by the IGN CAS.

Locality — seismic stations and geology

The situation of current seismic stations operdtgdhe IGN CAS in the territory of Silesia and Nwast
Moravia is presented in the Fig. 1 together wittngerary stations operated within the CzechGeo/EBGIS-
project and with the newly established PRAZ statistussed in the paper. Other surrounding seistat@ons
operated at the territory of the Czech Republiov&kia and Poland are also displayed to see howR&Z
station will contribute to existing national seisntietworks at the boundary of these three count8essmic
stations of IG CAS included in CRSN and stationtR# MU included in CRSN and MONET are locatedhat t
territory of Czech Republic. The National NetworkSeismic Stations of Slovakia (NNSS) is operatgdhe
Earth Science Institute of the Slovak Academy dgéfmes (ESI SAS), and stations of the Polish Sdsgical
Network (PLSN) are operated by thestitute of Geophysics of Polish Academy of Scen@G PAS). Detailed
information about all mentioned seismic networkglfiding local and temporary networks) can be foandhe
web pages of individual institutions (www.ig.cas.@avw.ipe.muni.cz; www.igf.edu.pl; www.seismologk)s
and in published papers, for example, Trojanowski.e2015; Zednik and Sgek, 2016; Csicsay et al., 2018.

The PRAZ seismic station is installed in a cellamesmall building at a depth of approximately 2tens
below the surface, and its position is defined bggraphical coordinates = 49.6069 N, /. = 18.486%E and
altitude of 459 m. Local geology represents a lafeQuaternary sediments in the thickness of tra fneters
covering the sandstone bedrock (for details sedeTHb Local geology can significantly influencestheismic
response, and therefore local site effect was ateduin detail to know possible amplification ahe tesonant
frequency of near-surface layers at the localitjoimation about local geology is briefly descridadrable 1
also for all permanent stations of the IGN seismeétwork. The STEB and the KLOK stations are sitddte
similar conditions as the PRAZ station becauséhatle stations are installed in masonry objectthersurface.
Seismometers of the OKC station are installed degth of 10 m below the surface directly on therbekl
outcrop in the experimental gallery driven in theathered slates (Lednickd and RuSajova, 2016).s&tsic
pillar of the ZLHC station is located at a depth96f m below the surface in quartzite rock (Zimak &telcl,
2000) in restricted underground spaces of spelesylyethat is operated by the private medical insth for
children with respiratory diseases — Sanatorium EDd.

The PRAZ station is equipped with the data acqaisisystem GAIA Q (Vistec company, Prague) andghre
component seismometer Lennartz LE3D/5s (Lennartznfany) with the frequency range 0.2 — 50 Hz (B)g.
The station with a continuous record and GPS symihation of time operates now in the offline regim
Nevertheless, the data acquisition system enald®sam-line data transmission to the centre of @RSN.
Recorded data in MiniSEED format are sampled atHf@requency, and they are stored on SD card.
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Fig. 1. The situation of seismic stations operdigdhe IGN CAS in the territory of Silesia and theast Moravia in the years 2018 — 2019
and situation of other surrounding seismic statiopsrated by the IG CAS, IPE MU, ESI SAS and |G &ARe territory of Czech
Republic, Slovakia and Poland. The OKC statiomiistly operated by the IGN CAS, IG CAS and VSB-TT#mMmporary station — seismic
station tested within the project CzechGeo/EPOSEREN — Czech Regional Seismological Network; MDNEoravia NETwork, NNSS
- National Network of Seismic Stations of SlovaRiaSN - Polish Seismological Network. Displayedingj areas at the territory of Czech
Republic (according to Martinec et al., 2006) analahd (according Dubiski et al., 2019; Bartlett et al., 2013) represéottal zones of
mining-induced seismic events included in the mgibulletins — USCB (Upper Silesian Coal BasinlKRO(Ostrava-Karvina Coalfield),
LGCB (Legnica-Glogéw Copper Belt). Examples of Ieegsmic events are also presented — historicethgaakes originated near Opava,
Cesky BSin and Zilina; earthquake originated near kiinm on December 10, 2017; mining-induced eventsratgd in OKR from
December 2018 to May 2019 with released energy thare 1.0E+04 J ( GreenGas database, 2019).

320



Acta Montanistica Slovaca Volume24(2019), numbe#, 318-330

Tab. 1. Brief information about the depth of seditaend type of underlying bedrock at the placasdifiidual seismic stations was
compiled based on the Map applications of the Cgablogical Survey. Available boreholes closeshéostations and reaching underlying
bedrock were selected from the descriptive datab&geological objects (Borehole surveys, 2019xHaorehole is described by the
reference ID in the borehole inventory, thicknesQuoaternary sediments and type of underlying bekir@haracterization of Quaternary
sediments results from the geological map (Geoddgimp 1:500,000, Quaternary cover 1:500,000, 201Ggological map was used for

local geology specification directly at the plade<a. OK station due to lack of boreholes in the wiityi of the investigated place.

Station | Borehole ID| Borehole distanc®uaternary sediments ThicknessUnderlying
from the station of QS bedrock
PRAZ | 487268 326 m Sandy silts up to silty sands .0 Sandstone
487269 345 m Sandy silts up to silty sands 46m andStone
487392 201 m Silty sediments with cobbles 7.5m ndStone
STEB 313120 77 m Sandy silts up to silty sands n6.0 Slates
313121 22m Sandy silts up to silty sands 55m ateSl|
313122 41'm Sandy silts up to silty sands 8.4m ateSl|
KLOK | 317079 927 m Sandy silts up to silty sands 8.6 Slates
317080 995 m Sandy silts up to silty sands 2.8m lateS
317082 983 m Sandy silts up to silty sands 26m lateS
Geol. map* | Om _ Om Slates
OKC 325041 20m Clay loam, detritus 45m Slates
ZLHC | 305402 20m _ Om Quartzite
305454 20m _ 0Om Quartzite

Fig. 2. Apparatus GAIA Q with seismometer LennaEZ3D/5s is installed in the cellar of a small rmaasy building at a depth of
approximately 2 meters below the surface.

Used data and methods

Statistical analysis of events recorded at the PR#tdtion and comparison with the STEB station

The database of seismic events detected at the RBRABN was compiled using those events with agpgar
body wave onsets so that the arrival times of seigpimases Pn, Pg and Sg could be interpreted.vatts from
this database were compared to events detectedheatSTEB station that is equipped with the same
instrumentation, and that is located in similar dibons — it means masonry object on the surfacerah

underlying bedrock is covered by the first metefsQuaternary sediments. There was no interruptibn o

recording during the analysed period of six morftirsboth stations, so the data are fully acceptdtethe

analysis. Mutual comparison of the number of deeevents was performed for individual categoriassified

in the bulletins of the IGN CAS:

« Poland — mining-induced events from the Polish part ofdBS(for example, Stec, 2007); mainly events
from the mines near Rybnik and Katowice; epicerdisfances usually from 40 to 100 km (PRAZ) andrfro
35 to 105 km (STEB)

e OKCB - mining-induced events from Ostrava-Karvina CBakin including destress rock blasting for
rockburst control (Korgek et al., 2013; Koiek and Schreiber, 2018); epicentral distances lysfram 15
to 25 km (PRAZ) and from 50 to 60 km (STEB)

e Lubin — mining-induced events from the mines near LuininLegnica-Glogéw Copper Belt area in
southwestern Poland (for example, Lasocki and ®alefikora, 2008); epicentral distances from 243716
km (PRAZ) and from 190 to 215 km (STEB)

« explosions— quarry blasts from adjacent quarries;
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» tectonic events —tectonic events at the territory of Silesia andtNeast Moravia (for example, focal zones
near Opava, Suchdol, Vitkov and other) and tectemémts from adjacent areas in Poland and Slovakia;

« other - for example, events from the open-pits of thewsr coal district near Belchatow (Poland), rest of
unidentified seismic events, ...

Location of events using data from the IGN seisnsikations
Several local tectonic events were recorded atPtRAZ seismic station within the analysed period] an
three of them were selected for detail analysisw@nt foci location using only stations of the |@Ktwork —
OKC, STEB, KLOK, ZLHC, temporary station CEL3 andalssed station PRAZ. Moreover, one mining-
induced event from the OKCB (locality of CSM Mimeleased energy 4.13E+05 J; GreenGas database), 2019
has been analysed in the same way using only datathe IGN stations.

Analysis of seismic recordings has been realizedguthe Seismic Handler software package (Stammler,
1993; http://www.seismic-handler.org/). Foci looaticomputation within Seismic Handler was perfornbgd
external program LocSat. Precise manual pickind aind S-wave arrival times is a fundamental parthef
computation process. Example of graphical outpuinfthe software is presented in Figs. 3 and 4Herldocal
tectonic event originated near Vitkov on March 2@19, and for the mining-induced event originate@€aM
Mine on April 15, 2019.
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Fig. 3. Graphical output from the Seismic Handieftware — manual picking of P and S-wave arrivrakt, local tectonic event originated
near Vitkov on March 27, 2019, with the local magghe M 1.9 (bulletins of seismic events recorded by tRSR; CzechGeo, 2019).
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Fig. 4. Graphical output from the Seismic Handieftware — manual picking of P and S-wave arriirakt mining-induced event
originated at CSM Mine on April 15, 2019, with @ed energy 4.13E+05 J (GreenGas database, 2019).

Evaluation of local site effect using spectral ratmethods
Local site effect, it means the resonant frequarfgedimentary layers and the amplification facteas
analysed using spectral ratio methods — the HVNRiZontal to vertical noise ratio method” and thé$R
“horizontal to vertical spectral ratio method” (eNpkamura,1989; Lermo and Chavez-Garcia, 19930t
frequencyf depends on average shear-wave velogigyd the thickness of sedimentary layerand it can be
described using the following formula:

f=vs(4h)* (1)

The amplitude of the fundamental resonant peakritppen the impedance contrast between soil layets a
underlying bedrock (for example, Pitilakis, 2004).

Records of the ambient seismic noise were analpgethe HVNR method separately for stations PRAZ,
STEB, KLOK, OKC and ZLHC to have the possibility¢ompare site effect at newly established PRAZdstat
with permanent IGN stations. The HVNR method usisnsic noise as an input and computes the horiktmta
the vertical spectral ratio between the horizoatal vertical components. The data were analysed) tise H/V
tool of Geopsy software (Wathelet et al., 2011; wgeopsy.org). The duration of selected recordsetnsic
noise measured during the night was approximatdipi@s and more than 100 windows of the length(&6
were analysed in each record. Before computingstiectral ratio, Fourier spectra amplitudes of iitlial
components were smoothed with the Konno-Ohmachbsnmg function with a smoothing constant equad@
and the spectra of two horizontal components weeeaged using a quadratic mean. Resulting aversygectral
ratio curve, and its standard deviation was contpfgeall selected windows.

The HVSR method was applied only for seismic eveat®rded at the PRAZ station to confirm the result
obtained by the HVYNR method for this newly inveat&d locality. Dataset of 14 mining-induced evenisn
OKCB was used for this analysis. The H/V tool ofopsy software was used for the spectral ratio curve
computation again. The length of windows was 48nsl each window included the part of the seismione
corresponding to S-wave phase, so the total numobbeselected windows corresponds to the number of
elaborated events.
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Results and discussion

Statistical analysis and comparison with the STE&tion

The number of interpreted events correspondingdividual categories classified in the bulletingtod IGN
CAS for the PRAZ and the STEB stations is preseimellig. 5. The total number of interpreted evepés
month was from 245 to 375 for the STEB station &odh 227 to 334 for the PRAZ station. Mining inddce
events from the Polish part of USCB represent thestantial part of each data set. Mining induceehéy from
the OKCB represent the second group consideringudihgber of interpreted events.

The STEB station represents the best seismic statidhe IGN network for detection of local tectoni
events and mining-induced events in the territdrpibesia and Northeast Moravia considering the benof
interpreted events in local bulletins (IGN bullet#019). Majority of events from the Polish parttbé USCB
have a similar epicentral distance to both seisstations. The lesser number of these events registg the
PRAZ station is related to the higher level of sgisnoise at this place, which is approximately28y% higher
than the noise level at the STEB station. Whenuatadg mining-induced events from the OKCB, the ZRA
station has detected more events than the STEBrstathich corresponds to the location of the PR&ation,
which is much closer to the Ostrava-Karvind CoaiBahan the STEB station.
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Fig. 5. The number of interpreted events corregpanto individual categories classified in the lbtihs of the IGN CAS for the PRAZ and
the STEB stations within the period from Decemi@di82o May 2019.

Location of events using data from the IGN seisnstations
Foci location of four seismic events elaboratedubiyng the Seismic Handler software package is alysul

in Fig. 6 — three local tectonics and one miningeiced event from OKCB. Results of foci location gutation
using LocSat program are summarized in Table 2lfarlaborated events.
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Fig. 6. Foci location of three local tectonic et®and one mining-induced event from OKCB. Displaggsmic stations operated by
the IGN CAS were used for the foci location comtprigperformed by the Seismic Handler software pgek

Tab. 2. Results of foci location computation udingSat program within Seismic Handler for all eteéted events

Tectonic event near Opava
Latitude: 49.900 deg. N

Origin tim&EB-2019_20:04:53.279

Longitud@: a0 deg. E

Depth: 2.347 km

Tectonic event near Vitkov
Latitude: 49.773 deg. N

Origin tim&-MAR-2019_23:14:06.158

Longitud&:806 deg. E

Depth: 1.902 km

Station Phase Residuals Distance (deg.) Azimuth.Jde
STEB Pg -0.1 0.095 291.65
STEB Sg 0.1 0.094 291.65
OKC Pg 0.0 0.163 113.54
OKC Sg 0.0 0.163 113.54
KLOK Pg 0.0 0.189 220.77
KLOK Sg 0.0 0.189 220.77
PRAZ Pg 0.1 0.475 127.87
PRAZ Sg 0.0 0.475 127.87

Station Phase Residuals Distance (deg.)  Azimuth.)d
KLOK Pg -0.1 0.059 253.52
KLOK Sg 0.2 0.059 253.52
STEB Pg -0.1 0.163 352.57
STEB Sg -0.1 0.163 352.57
OKC Pg 0.2 0.225 73.98
OKC Sg 0.1 0.225 73.98
CEL3 Pg 0.0 0.465 133.56
CEL3 Sg -0.3 0.465 133.56
PRAZ Pg 0.1 0.472 110.39
PRAZ Sg 0.0 0.472 110.39

@
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Tectonic event near Odry
Latitude: 49.644 deg. N

Origin timB:JUN-2019_18:24:20.386

Longitud@: 950 deg. E

Depth: 3.780 km

Station Phase Residuals Distance (deg.) Azimuth.Jde
KLOK Pg -0.2 0.219 191.27
KLOK Sg 0.1 0.219 191.27
OKC Pg -0.4 0.267 273.02
OKC Sg 0.1 0.267 273.02
CEL3 Pg 0.1 0.399 202.03
CEL3 Sg -0.1 0.399 202.03
STEB Pg 0.1 0.516 282.98
STEB Sg -0.1 0.516 282.98
PRAZ Pg 0.4 0.543 263.45
PRAZ Sg 0.0 0.543 263.45
ZLHC Pg -0.1 0.627 337.97
ZLHC Sg 0.0 0.627 337.97

Latitude: 49.821 deg. N

Mining-induced event from the CSM Mine

Longitud8:852 deg. E

Origime: 15-APR-2019_15:00:15.507

Depth: 1.765 km

Station Phase Residuals Distance (deg.) Azimuth.de
PRAZ Pg -0.2 0.219 191.27
PRAZ Sg 0.1 0.219 191.27
OKC Pg -0.4 0.267 273.02
OKC Sg 0.1 0.267 273.02
CEL3 Pg 0.1 0.399 202.03
CEL3 Sg -0.1 0.399 202.03
STEB Pg 0.1 0.516 282.98
STEB Sg -0.1 0.516 282.98
KLOK Pg 0.4 0.543 263.45
KLOK Sg 0.0 0.543 263.45

When we compare results of foci location for thenimg-induced event using LocSat program with the
information listed in the database of GreenGas BP8 (49.83WN; 18.56%E; depth of 986 m; GreenGas
database, 2019), the difference in epicentre pwosit 1.26 km, and the difference in the depth.@8®&m. The
LocSat program used for the computation within$leésmicHandler software uses the simplified vejonibdel
IASP91. This velocity model is sufficient for pmaiinary computation of the foci location. Neverttsslgit
doesn’t correspond to the complex local geologioalitions in the Ostrava-Karvind Coal Basin. Mprecise
information about the foci location can be obtaimsthg a representative velocity model determirerdgfven
locality (i.e. Kalenda, 1992). In the case of teatoevents originated at the locality of Silesiad dortheast
Moravia, more precise location can be obtained ¢igg) for example, 3D velocity model defined b§ZRk et

al. (2012.

Evaluation of local site effect using spectral ratmethods
Resulting spectral ratio curves determined by tMNR method are presented in Fig. 7 for all investigl
stations PRAZ, STEB, KLOK, OKC and ZLHC. Displaysgectral ratio curves show the averaged curvetand i
standard deviation computed for all selected wirglowhe flattest shape of the curve with no amglifan
corresponds to the ZLHC station located in quartmitk massif 90 meters below the surface. TheosOKC
and KLOK show almost flat shape of spectral ratithvamplification lower than 1.5 and no one cleaak
According to Steidl et al. (1996), the existencevefthered rock layers may result in the site &fféccording
to borehole 325041, which is located almost atplhee of the OKC station, there is a layer of weed slates
of the Carboniferous age at a depth of 10 m belensurface where seismometers are installed. Bsé flock
is located below the depth of 23 meters (Ledniaké RuSajova, 2016). According to the geological nthere
are no layers of Quaternary sediments directihatpiace of the KLOK station. The station is sigain small
masonry object on the surface, so the slight sfectecorresponds most probably to the layers oathered
slates near the surface. Remaining two spectial catves exhibit low amplification within the fragncy range
2 — 20 Hz for the STEB station and 1.5 — 10 Hztfer PRAZ station. Maximum amplification up to 2al$
within the frequency range 5.5 — 7.5 Hz for the 8Tand 2.5 - 6.5 Hz for the PRAZ station. The sigaifit
peak at frequency 20 Hz on the spectral ratio ctovéhe PRAZ station do not correspond to theaféd local
geology. The amplification is caused most probablysome artificial source of harmonic vibrationstire
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vicinity of station, because changes of the anmgaifon factor corresponding to 20 Hz are evidenspectral
ratio curves calculated for different time periqéi#g. 7) while the amplification below 10 Hz compesding to
site effect is similar for all elaborated curves.alddition, there is not the same peak on the sgiaetio curve
calculated for seismic events using the HVSR metbiasented in Fig. 8. On the other hand, the freque
range of amplification 1.5 — 10 Hz corresponds welresults of the HYNR method. There is only a kma
difference in the amplification factor close to fnequency of 5 Hz.

Analysis of local site effect proved slight ampldtion due to Quaternary sediments at Prazmo and
Stborice locality. Considering the same type of sedimeitboth localities (sandy silts up to silty sgndih
the same values of s-wave velocities, the thickoésediments at PraZzmo locality should be few nseteore
than at Stbotice based on obtained resonant frequencies. Tlessdts of spectral ratio methods can help to
specify local geology, especially at places whhesd is lack of boreholes and other geological dwmtation.
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g. 7. Spectral ratio curves calculated for steus of the IGN network and for newly establishedPRtation using HYNR method;
spectral ratio curves show the averaged curve éndtandard deviation computed for all selecteddwims.
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Fig. 8. Spectral ratio curves calculated for thRAZ station using HVSR and HVNR method; specttal carves show the averaged curve
and its standard deviation computed for all seldaténdows

Conclusion

The main aim of the presented paper was to pradgdail information about the newly established reé@s
station at Prazmo (Silesia and Northeast Moravigdék-Mistek district) representing the easternnsteion at
the territory of the Czech Republic. Seismologicatordings obtained during six months of continual
monitoring were analysed not only from the seisrgmal point of view, but the effect of local geojobas also
been considered. Conclusions resulting from thialnseismological observations at the PRAZ seisstition
can be characterized as follows:
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» the station has a suitable location for the exmansif the IGN seismic network to the east. Its paoisi
near the boundaries between the Czech RepublicaBband Poland will contribute to complement data
from Slovak and Polish seismic stations in the aasearthquakes occurring at boundary of theseethre
countries, especially from both regiofesky T&sin and Zilina, where macroseismically felt histati
earthquakes occurred.

« site effect evaluation by spectral ratio methodsficmed low amplification due to local geology slani
to other stations of the IGN seismic network lodatesimilar geological conditions.

« statistical analysis of all interpreted events pebthat the PRAZ station contributes especiallyhe
detection of mining induced events from the Ostrgaavina Coal Basin.

* nine tectonic events originated at the territorySdésia, Northeast Moravia and adjacent area larfélo
have been detected during the analysed period eatPlRAZ seismic station. Performed analysis of
selected seismic recordings using the Seismic Harsdiftware package proved that the PRAZ station
provides good-quality data for preliminary compigatof the foci location.
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The influence of extraction speed on the value ohé coefficient
of subsidence rate

Piotr Strzatkowski, Wiestaw Piwowarskiand RomanScigata*

The presented paper discusses the issues of peedaftland surface transient deformation stateseiby underground mining, using
Budryk-Knothe theory, which is still the most papidolution in this field in Poland. The researassults known from the literature and
authors' own observations indicate the relationshgtween the value of the coefficient of subsidesige“c” and the speed of extraction
progress as well as the depth of underground mimingks. Firstly in this paper, a short descriptiohpresent knowledge state in this field
has been presented. As the next part of this veorliempirical formula (9) has been proposed, thaitdithe value of parameter “c” with the
depth of mining works and the extraction speed.féhaula (9) has been worked out on the basis ads®s, where extraction was led with
the different speed at different depths. Then,oiftained formula was compared with some researehlt® known from the literature.
Presented calculations results are consistent witgm, concerning analyses of surveys conductedeabogerground mining extraction
carried out with high speed. This allows considgrine proposed empirical relationship (9) as vaditl useful for the practice of mining in
the field of prediction of land surface transiergfarmation state. In the final part of the papesme suggestions have been pointed,
regarding the further possible development of thsearch toward increasing the accuracy of preditiof transient deformation state
caused by underground mining.

Key words:prediction of post-mining transient deformatiogepmetric-integral theories, speed of extractiamfr

Introduction

As it is well known, underground mining generatesnsn adverse changes to the natural environment as
well as constructions in urbanized areas (Peng5;28fbjilikovic et al., 2014; Strzatkowski, 2010djkulenka,
2007; Bell, Genske, 2001). Economic indicators ofigh hard coal mining industry inspire to seek new
strategies for increasing the efficiency of undeuyid mining with taking into account issues of miization of
its influence on the environment by using differem@thods, for example, described in (Wang et 8lL62. One
of the possible solutions for improving efficienisythe concentration of extraction by, among otheigeasing
the speed of extraction advance, as the simplédstico — especially that the existing mining machinery has
some power reserves. The impact of higeed progress of mining extraction on the lanthsardeformation
state was a subject of many publicationszd@niuk, Sroka, 2002; Chudek, 2010; Hejmanowski9719
Kowalski, 1993, 2007; Smolnik, 2009; Sroka, 197999; Strzatkowski, 2010a). On the other hand, dtuth be
noted that high extraction speed causes a significerease in deformation rates over time, whiegatively
affects the construction of buildings and is anam@nt factor causing mining damages.

A. Sroka (1999) concluded, basing on the experiasfcthe Ruhr Coal Basin, that the cost of mining
damages increases with the square of the extraatioance speed. The need for continuous extraativance,
without weekend breaks, was also pointed in hiskwAs an expression of this finding, there was @ppsal of
defining the categories of mining areas basinghersubsidence rate and its acceleration.

Extraction speed should, of course, be adoptedoémific conditions, with particular emphasis on the
resistance of surface building objects to miningndges. It is worthy to mention that the researculte
published in (Kratzsch, 1983) indicate (based @netkperiences of the Ruhr area) that the extrasfieed close
to 5 m/day did not result in typical building obig@lamages, while in case of objects with low tesise, safe
was the speed of 3 m/day.

In Poland, extraction is usually led with a modersieed at about-8 m/day. Only in the case of “Staszic”
coal mine, the speed of extraction was signifigagtkeater— up to 20m/day (Kowalski, 1993; Kowalski, 2007).
Presently, in the Lublin Coal Basin, “Bogdanka” mioperates with extraction speed at about 10 midhife
the total longwalls advance reaches several kiloaset

In the USA (“Twentymile” mine, Colorado) averagetraction speed amounts about 40 m/day, but
maximum reaches up to 80 m/day (Smolnik, 2009) n@erexperiences come from the extraction speduaeat t
maximum level of 20m/day.
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All analyses concerning deformation state changes tme with consideration of high-speed extrattio
must be founded on the mathematical models vertiiedurveys. Most of such models based on the geipo
by S.Knothe solution of a differential equationpesssing the law of limited growth (Knothe, 1953):

dvv(t)

= ¢ [w (1) —w(b)) (1)

where :
wi(t) — final (asymptotic) value of subsidence,
w(t) - transient value of subsidence,
c - the coefficient of subsidence rate (often call@iche factor”).

S.Knothe gave the solution of equation (1) for eotletical case of instantaneous extraction of ehtang
field (with the assumptiomwi(t,x)=w=const), with the initial conditiort=0 = w(t)=0, as follows:

wt) =w, [(1-€e) )

In work (Piwowarski et al., 1995) there was pointedat for given mininggeological conditions:
W, =const and ¢ =cons, W(t) - trajectory in thez direction, the subsidence rate is estimated acuptd:

t
dW( ) - =y, 8" 3)
for t — O one has the speed of subsidence expressed as:
dw(t
\gf):cwk: max 4)

In practice, subsidence proces&) cannot start with its maximum rate, as it goesnftbe equation (4), so
it is necessary to take into account the conditiew,(t)Zconst Such assumption means that final subsidence
wy varies along with extraction front development.tiWihis assumption, the solution of the inhomogeiseo
differential equation (1), with the conditiow{t=0)=0 has the form:

w(t) = Ale™" + cj[wk (rhr

=g A+cjwk(r)@°5'dr -~ A=0 (5)
0

w(t) =cle™ " Ej[wk (r)edr
0

where:
T — independent time variable.

Assuming that extraction field is of rectangulaap@ and active extraction edge moves with consfzerd
v, one obtains, according to S.Knothe theory, fiudisidence expressed by the formula:

X y2 2
we(®) ="M [ f ex{—n(‘r AL )}df( r)dy (6)
r r2
X Vi
where

Wmax — Maximum possible value of subsidence,

r — parameter (sealled the radius of major influence range),

V1, ¥» — Sspace coordinates describing the size of ttraion field in theY direction,

Xo — Xxcoordinate of longwall’s starting roadway,
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X — X coordinate describing the location of active (mayi longwall edge at time
tX =% v,

% — the speed of extraction,

t — the extraction lasting time,

&n  — independent space variables,

T — independent time variable.

It is necessary to point here, that parametesinnot be measured directly. It is important, éfae, to plan
the optimal location of displacement field sendorsits identification purposes. Such analysis $tiaoncern
space kinematics of the process. The process nindile R*** space is a formal structure involving four
independent variables, and the description is bswglen by employing differential equations. Class$
techniques of identification are not effective hewehich goes from the necessity of recalculationthod
information matrix.

Characteristics of the problem and research state

Aiming at determining the deformation state of ranlass and land surface, several models have been
worked out for predicting the displacement of tfanmed subspace and procedures of displacement fiel
observation have been developed. Solutions shaaldigtinguished here: based on the S. Knothe manakbl
other concepts described, for example, in worksvgRiarski et al., 1995; Sroka, 1999). Other workscivh
come from developing equation (1) with the assuomptihat &const. were presented, among others, by
P.Strzatkowski (Strzatkowski, 1998) and J.BiatekiagBk, 1991), which additionally modified function
describing asymptotic deformation state by intradgawo radii of influence range. Interesting dission on
this idea is given in work (Orwat, Mieligka 2016). There is also a solution that bases erpttenomenon of
diffusion (Piwowarski, 1989). In the 70s, the theof dynamical systems was considered, which exparde
possibilities of describing the phenomena encoentar nature (Piwowarski et al., 1995). In a transprocess,
the value of a given variable at the timmeélepends on the value of this variable at the t{ta&), and also
determines its value at the tirfte 1). The same variable can be treated as batltause and consequence. Such
approach stays in contradiction with the traditlomay of unidirectional thinking about the relatship between
cause and effect and creates a kind of causal loop.

The results of analyses performed by different asttffHejmanowski 1997; Kowalski 1993, 2007; Sroka,
1974) point, that in case of extraction led withlghhispeed, not always significant decrease in vabfes
deformation indices is observed, as it was judgaties. Discussions of survey results from Niedegbeoal
mine presented in (Sroka, 1999) show the ratiogafdient tilt decrease in relation to its maximuatues at the
level of 0.95, which refers to so-called "dynamariable" u (u=c4/v) value of about 7.5. The coefficient of
deformation reductior fgz, one should understand as :

— k
Bmax - fB |:IBmax (7)
where:

Bnax — Maximum value of given deformation index in anfiant state,

BX.ax — maximum value of the given deformation indextia asymptotic (final) state.

The same author in work (Sroka, 1999) gives thiefohg reduction coefficients, characteristic fantral

part of Upper Silesian Basin:

o fortilt: f, = 0.60,

« for horizontal extensive straify. = 0.50,

«  for horizontal compressive straiiy: = 0.28.

One can find similar values in (Kowalski, 2007):

« fortilt: ,=0.51+0.12

« for horizontal extensive straifi. = 0.50+0.2Q

«  for horizontal compressive straii3: = 0.84 #0.15

In work (Sroka, 1999) Author states, that on theid@f mentioned above findings, it may be presumed
that relation between valuesc,{r, v} exists. It was further found, that the impact e £xtraction speed on the
parameter characterizing influence range leadsffereint profiles of asymptotic troughs for the sapxtraction
field mined out with different speed. It was alsated that the value of parametedepends on the speed of
extraction, recalling the results of (Sroka, 1974).

In the framework of this work, the empirical furstiwhich binds values of parametawith the extraction
speed- v has been worked out. Next, the results of tramsleformation state calculations obtained with gsin
the proposed formula along with the analysis ofrtagreement with values known from the literatheee been
presented.
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An attempt to establish the relation between paramet ¢ values and the speed of extraction

First, the identification of S.Knothe parametens,tibe basis of asymptotic subsidence trough prédiken
from surveys led in one of Upper Silesia Basin anale had been performed. The extraction was lettheat
depthH=500 mwith caving. The thickness of the extracted dapeasg=1.7 m The sketch of the mining field
against observing line location is shown in Fig:ie following values of parameters were identifiedefficient
of roof control:a=0.6, parameter describing influence dispersig#f=2.0. Next, using these parameters, values
of ¢ were determined on the basis of trajectories afseh observing points with using dedicated software
(Scigata, 2008). An exemplary course of subsidenas time for observing point No 17 is presented i F
along with the obtained value of paramet@nd percentage fit error.

In Table 1 the values af parameters are given, obtained on the basis ekguor different extraction
depths —H and the speed of extraction frontw Values ofc for extraction speeds of=8 m/day and
v=14.2 m/dayhave been taken from works (Kowalski, 1993; Srdlag9). In Table 1, the values of time factor
Cealc. have been added, that were obtained by calcultiigrg from the empirical formula (9) presented helo

The empirical formula has been worked out with d&issumption, that the dependence between extraction
speedy, its depthH and the value of parameteexists.

time [days]
200 250 300 350 400 450
0 T
Point 17
®
-100 ¢ = 0.026 [1/day]
percentage error 4.38%
E
.E. 2200 - ® wri7
= —_— wt17
&
Q
s
] -300 -
[7])
e}
=5
3]
-400 4 Location of survey line .
against extraction field 3
R ~ Point No 17
i, /
-500 3 ; @
D [r— =
'ré: direction of longwall advance ]
-600

Fig.1. The exemplary course of subsidence overtimeasurementr and calculation results with using S.Knothe motlet

Tab. 1. Obtained values of parameter c for diffiéi@nsidered cases of extraction

No H v c Gl
[m] [miday] | [L/day] | [L/day]
1 840 14.20 0.040|  0.045
2 500 5.25 0.026 | 0.030
3 500 4.60 0.033| 0.027
4 495 8.00 0.052 | 0.044
5 440 1.50 0.011| 0012
6 440 2.40 0.014| 0.018
7 360 1.30 0.015| 0.012
8 330 2.60 0.022| 0.024
9 310 2.00 0.023| 0.020

The following regression formula has been usea&imation:
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c=f({=}LH,\) ©)
where: { =} - vector of model parameters.

As an effect of regression analysis performed uMiaghematica software, the following formula hagte

obtained:
Vv 0847
c= 1.463E€HJ ©)

For the formula (9), the value of determination fiokent amounts toR?=0.976. In Fig.2 the course of
parameterc value according to formula (9) is presented witthigk black line, as well as source data for

estimation (Table 1} dots. Additionally, the confidence intervals at tevel of 0.95 are marked on the graph as
greyed bands.

006

005}

0.041

0.03F

parameter ¢, [1/day]

0.02r

001f

0.00 . |
0.000 0.005 0.010 0015 0.020

vIH
Fig. 2. The graph of empirical formula (9) withrdimence intervals at the level of 0.95

The analysis of postmining deformations changes over time with using anbtained regression formula

For analysis purposes of formula (9) practical ssene testing calculations were performed. Thezakti
case of single longwall extraction was assumed thie length of 250m and the total advance of 1000mas
also assumed that maximum subsidence equalg.fp= -af = 1 m Extraction was located at a depth of
H=600 m coal seam is horizontal and planar. Differentesiseof extraction were considered3, 5, 7, 10i 14
[m/day]. The following values of S.Knothe model giaueters were used:

« Parametetgf = 2.0 (typical for Upper Silesia Basin),
*  Coefficient of proportionality in the Awiershin‘glationshipB = 0,32r.

Values of parameter were calculated by using formula (9), proposethia paper. So, according to this
formula, they were different for diverse extractgpeeds- not fixed as it was assumed in work (Strzatkowski,
2010b). Used values of parameteaare presented in Table 3.

For calculation point located at the surface lexehctly above the centre of the longwall, the valoé
deformation indices were calculated, with using BEWin software $cigata, 2008)- Fig.3. Calculations were
performed in a special way it was a simulation of extraction advance in thastern direction, assuming the
start of extraction on January,12017 and 5day step of extraction advance. As an effect, fagibutions of
deformation indices over time (along with extrantaevelopment) were obtained.
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Fig. 3. The sketch of extraction location agaiteitulation point

1250

The following deformation indices were calculatesubsidencev, maximum tiltT,, extreme horizontal
strain Ena. The course over time for these deformation irgliaee shown in figures—8. In Table 3, their
extreme values are presented with subsidence ralige dw/dt added. Every row in the table presents
deformation indices for different value of parametand “dynamic variablet/7/v.

Tab. 3. Extreme values of deformation indicesiabtafor considered extraction speeds

v c clr Tha Emar + dw/dt

[m/day] [1/day] v [mm/m] [mm/m] [mm/day]
3 0.016 1.600 157 0,66 4,68
5 0.025 1.500 1.52 0.63 7.58
7 0.034 1.457 1.50 0.62 10.48
10 0.046 1.380 1.47 0.61 14.50
14 0.069 1.307 1.42 0.56 19.68

Time

0

01-01-2017 01-03-2017 01-05-2017 01-07-2017 01-09-2017 01-11-2017 01-01-2018 01-03-2018 01-05-2018 01-07-2018 01-09-2018

-100 ‘

)
-200
-300
-400

-500 -

Subsidence w, [mm]

-600 -

-700 A

-800

~
R —

v 3 [m/day]

v 5 [m/day]
v 7 [m/day]
=— = v 10[m/day]
= = = v 14 [m/day]

Fig. 4. The course of subsidence over time fdeint extraction speeds
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Time

01-01-2017 01-03-2017 01-05-2017 01-07-2017 01-09-2017 01-11-2017 01-01-2018 01-03-2018 01-05-2018 01-07-2018 01-09-2018
1.8

e v 3 [m/day]
1.6 1 — v 5[m/day]

—— v 7 [m/day]
144 — = v 10 [m/day]

= = = v14[m/day]

1.2

Tilt Tmax, [mm/m]
=

0.8 1

0.6 -

0.4+

0.2 4

0 ; T =

Fig. 5. The course of maximum tilt over time fiffedent extraction speeds

Time
01-01-2017 01-03-2017 01-05-2017 01-07-2017 01-09-2017 01-11-2017 01-01-2018 01-03-2018 01-05-2018 01-07-2018 01-09-2018
1

v 3 [m/day]

0.5 1 — v 5[m/day]

—— v 7 [m/day]

— == = v 10 [m/day] |

= = = v 14 [m/day]

-0.5 1

2154

Horizontal strain Emax, [mm/m]
=

254

-35

Fig. 6. The course of extreme horizontal straierdime for different extraction speed

As it is apparent from the foregoing drawings arabl€ 3, an increase in extraction speed does datee
significantly — in the light of the results of calculationsthe values of the deformation indices relativehe
predetermined minimum speed of extractio® m/day. It can be concluded, that increasingettteaction speed
did not result- in the light of presented calculations resuit$n a significant reduction of the deformation
indices. On the other hand, the subsidence ctédt were significantly greater, from approximately nfday
(for v = 3 m/day) to nearly 20 mm/day (for v = tvdday).

Further calculations were carried out for 33 poiotsated along a straight line on the surface alibee
same extraction fielet Fig. 7. Calculation points were positioned at nalilistances of 25 m. The calculations
were performed for the last day of the given exiosmcperiod with the same set of different speesisised
above. The profiles of transient subsidence troumits asymptotic one are shown in Fig. 8. In Tahl¢hé
maximum values of instantaneous and final i, and horizontal strair E.. (positive and negative).
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500

W . Calculationline, .

-250 0 250 500 750 1000 1250 1500
Fig. 7. The sketch of extraction location agaicetulation line

Point number
1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33

v 3 [m/day]
2100 1 = v 5[m/day]
— v 7 [m/day]

= = v 10 [m/day]
-200 - ——— v 14 [m/day]

—8— wk (final)

-300 -

-400 1

-500 -

Subsidence w, [mm)]

-600

=700 1

-800

Fig.8. The profiles of transient subsidence traghtained with different extraction speed
and the profile of asymptotic trough « w

Tab. 4. Maximum values of transient and asymptatiaes of considered deformation indices and rédncoefficients

v T max Emax+ Emax Reduction coefficients
[m/day] [mm/m] | [mm/m] | [mm/m] f fes fe-

3 1.56 0.65 -2.77 0.664 0.570 0.85%

5 1.52 0.63 -2.72 0.647 0.553 0.840

7 1.50 0.62 -2.69 0.638 0.544 0.830

10 1.47 0.60 -2.65 0.626 0.526 0.818

14 1.43 0.58 -2.60 0.609 0.509 0.802

asymptotiq  , 35 1.14 324 | 1000 1.000  1.00(

values

In Table 4, the coefficients of deformation redonti are given — for tilt and horizontal strain (congsiee
and tensile). It is worthy to emphasize here, thate is an agreement of their values with thosedcirom
publications in the introductory part of the papEne agreement is clear when referring to A. Kokialgork
(1993), whereas some differences one can findlatioa to work (Sroka, 1999), regarding compressivain.
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Suggested directions for further research

The analyzed problem of mining displacement proeggsoximation by solutions of differential equaso
in the form (1) needs to assess whether the prdeesthe trajectories of locally finige-variation. Equation (1)
was examined separately as homogeneous and inhasmge as they require different solution defimsias
well as various parameters. It can be seen thatriealptrajectories of displacement are equivalemtthe
so-called problem with stochastic disturbance. It seémat it would be advisable to consider the emplenyt of
the deterministic equivalent for the stochastidusmn for a convex, timevarying set of observations of the

process.
It can be proved (Skorochod, 1961), that for anytiomous functionsy, yo andx,, functions existx, k such

that:
AXx =Yy, +k 20 for tOR"
(10)

ko= 0, kis non-decreasing

t
[xdk =0  tOR' (11)
0
Functionk is given as follows:
k =surys)” (12)
s<t

It can be proved, that above-mentioned lemma dtragsif instead of continuous functions, one employ
the Cadlag functions (rightontinuous with left limits- RCLL) of type:

x =y, +tk =2l ; tOR (13)

So, for everyt D R" we have:

% =m min‘ X + Ay Jt} (14)

g = maxmin k-, =y g -

Hence the problem arises of existence and uniggesfesblutions to deterministic equations of therfo

t t
x =%+ [ flsx)db)+ [ dsx)date) +k:tOR (15)
0 0
where integral with respect #is a generalized Riemangtieltjes integral.

A solution to the problem (15) has a finpevariation for any functiony of locally finite p—variation,
which goes from the equation (16):

O,0(tx) < Cy (16)

where:C — is a constant

The solutions of the equation (15) one can appratérby series of iterations in the form:

(%, k) = ESP(x;,1,u)

This issue seems to be important, prompting thieastto undertake further research in this field.
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Conclusions

Presented in this paper recognition of literataggried out calculations and analysis of their itesentitle

to formulate the following statements and conclasio

1. It should be considered, both in the view of firgfirknown from the literature as well as authorseegch,
that value of the coefficient of subsidence raie a function of, among others, the speed of etitba. One
possible way of taking this variability into accoumthe formula (9) presented in this work.

2. A linear relationship between the extraction spaed coefficient of subsidence ratentails coherence in
the form of obtaining in predictions the transiexbsidence troughs with the same maximum tilt for
different extraction speeds. Therefore, it was dietito seek empirical formula (9), basing on a powe
function.

3. The results of calculations contained in this wookfirm the validity of the proposed formula, asaibed
transient values of deformation indices stay inilsinrelations to their final maximum values, a®gd
known from the literature.

4. As a part of the work, the need has been notedefwarch related to the estimation of whether thménign
displacement process described by solutions ofdifferential equation (1) is the process having the
trajectories with locally finitep-variation. This issue authors intend to devote more attaritica separate
publication.
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Aerodynamics of the Flow Paths of the Vacuum Unitfoa Special Cleaning
Vehicle in Mining Areas

Boris Benderskiy, Pavol BoZek Afanasij Kolotov, Nikola Abo Issé,
Aleksey Terentyévand Alena Chernova

The aerodynamic processes occurring in the flovnpaf the vacuum device in a special hybrid vehitlended for mine rail cleaning
and the preliminary evaluation of air parameters time flow paths of the vacuum device are studiedthi®matical modelling of
aerodynamic processes was carried out to confisnpérformance of rail and air cleaning. The spapabblem of aerohydrodynamics for a
single-phase medium by means of a fixed computt@id is solved. Modern computer packages areddee numerical simulation. As a
result of the numerical calculations, the pressimgses and maximum flow rate values in the flovapatere determined when the airflow
rate varied from 0.5 AV s to 0.27 M/ s. The distribution fields of the velocity anggsure module in the intake duct, tank, filtemet
and silencer are given. It has been shown thaiffgrdnt capacities of the system, the pressur@ @rdhe suction channel ranges from 185
Pa to 300 Pa, the total pressure path loss is 2BA0A mathematical simulation of the filtration aexhaust air damping processes in the
filter unit and a vacuum unit muffler was perform#ds shown that the flow rate is reduced to 8@%alysis of the resulting flow diagrams
and aerohydrodynamic parameters confirming theqrernce of the vacuum unit, which manages flawlebsl mine cleaning.

Keywords:Special universal vehicle, mine cleaning, attaahsievacuum installation, aerohydrodynamics, matitéral modelling.

Introduction

Human life activity is mostly the reason for envinoent pollution. Main places of waste accumulatoe
public amenities. Such places are public transmarte stops and inter-rail space as well as watnage and
sanitary manholes that are often littered with fiveestes (cigarette butts, candy wrappers, papel] packages
and fallen leaves in a mid-season) (lvanov, 1999rray-Smith, 2019) as well as industrial infrastiure
objects, for example, operation (Botoz & Castafi@@¥d,8) and sealed off coal mines (Qazizada, 2018).

First railway and train line cleaning devices weesigned within the period starting from the endhef 19"
century (Herrera, 1880) - to the beginning of tl#h2century (Pringle, 1906) and they were self-ptieol
railway cars with almost no functions and poor n@naing performance. These devices were signifigant
updated during the 20th century and by 70-80s bedaimvehicles with performance and design simiathe
diesel locomatives (Lasser, 1973) and trams (PetB89) depending on the time period. The last decd the
20th century and the first decades of the 21stucgrshowed great interest in ecological matters lded to new
special vehicles design promotion. Such devices vavy focused specialization due to the strichdiads for
railway ballast removal procedure.

Today there are not enough universal and envirotdfinemdly samples of special vehicles for railwayd
tram lines inter-rail space cleaning on the marRetpecial type of similar devices is designedrailway track
ballast removing (Valditerra, 2013) but such desic®t just have big size but also are equipped woiiily
railway undercarriage.

The second major group of special railway trackawieg vehicles are railway undercarriage vehicles
(Jiyannpieeru, 1996). This group is characterizeddnsiderable size (Theurer and Oellerer, 1991¢hSpecial
vehicles are focused ones and are almost impodsille applied outside the railway track conditjarspecially
when talking about the urban infrastructure.

Another group of tram line inter-rail space cleanughicles that is a wheel mounted and diesel narigen
can be pointed out, for example, Raymond, 1980h Slavices have a smaller size and more functiansthiey
have a limited size of the collected waste (veryalsmieces less than 50 grams) and are harmfuhéo t
environment due to the diesel engine emission.

Thus, we can point out that the main disadvantafiise existing devices are big size, low functiggaand
insufficient ecological compatibility of the engmeConsequently, it can be said that the markewstzolimited

! Boris Benderskiy, Afanasij Kolotov, Aleksey TeremtyAlena ChernovaKalashnikov Izhevsk State Technical UniversitgpBrtment of
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range of vehicle designs for rail tracks, yard gpaod public roads cleaning that combine wheel raild
undercarriage for moving by regular roads as webarailway tracks.

Analysis of main disadvantages of current devidesvad to develop the list of requirements for spkc
vehicles designed for inter rail cleaning. Suchurements include small size, levity and versatilit

Special vehicles shall be equipped with a wastdeciidn device (Attachment, 2010; Kolotov and
Benderskiy, 2019; GOST 27478-87, 1987). Newly desigor upgraded installations require waste grip of
maximum volume (GOST 27415-87, 1987; GOST 27478-B387). The analysis of the current designs
(Kolotov, 2019) discovered a number of major deficies of vacuum-cleaning vehicles thus in ordesléan
the inter-rail space of the tram lines and streetpecial hybrid vehicle for tram line and stresésning was

designed (Fig. 1).

Fig. 1. Hybrid special vehicle with attachable gament set.

Main characteristics of special vehicle

The proposed vehicle is equipped with a hybrid elrand motor-wheels. The power for electromotor is
supplied from the acid accumulator batteries umétt is charged by diesel-generator, mounted orvéimicle
frame or by current collector through step-dowmsfarmer while the vehicle moves along the tramlifiee
combined power of four motor-wheels induces motoree of 5000 N (Sleptsov et al., 2006) enoughsfoecial
vehicle movement across the country with variouslfarm and angle up to 30° (Kolotov and Benderskiy,
2019). The vehicle is mounted on a chassis withubl undercarriage that allows moving both by soad by
rails however road wheels are driven ones. In otaleéeduce the weight of the vehicle, its doubldamarriage
is performed as a frame structure made of compasiterials. The quick-turn railway carriage is maghon a
frame, and it gives the direction of the vehiclevenment along the rails. Thus the designed vehiake dmall
size, low weight due to the composite frame mateaad mobile as it can move along the rails as$ asthe
road track.

Such a special vehicle (Attachment, 2010) desighdimensions provide the ability to turn within Gn2
radius without leaving the rails.

The special vehicle configuration (Fig. 2) includesvaste-collecting tank with special structure |@ov
and Benderskiy, 2019), vacuum-heating unit andatdet attachments of various applications in additm the
above the given vehicle is environmentally friendhd multifunctional.
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Tank Vacuum unit

Generator

Wheel with local
electrical drive

Two-seat cab Heat nozzle

Q

Fig. 2. Special vehicle scheme

A dry weight of the vehicle is 800 kilograms. Theight is uniformly distributed by axles. Each véaiaxle
can receive additional load up to 200 kilogramsmBeable attachable equipment quickly transformsispe
vehicle from vacuum cleaning vehicle to filter-exbter for coal mines cleaning, snow blower, swegplievice,
washing or sprinkling machine using the multifuon@l drive common for the corresponding unit sush a
snowblower screw, cleaner brushes, water pumpadfinitashing or sprinkling machine. The fan includedhe
vacuum unit generates airflow. Such modificatiomsvie the air supply from the outside and thernsit
transferred to the operating mechanisms.

The attached equipment of the special vehicle misludes a washing unit that consists of 100 litiaask
designed as small volume accumulator used in tmtvhen there is no fire hydrant or water pitse Becond
main unit is low pressure pumping unit with a cagaof 10 I/min. The drive of attached equipmentais
pneumatic one. The main application area of theiapgehicle is a tram or railway tracks with stpgard or
near road areas (sidewalks), park areas and coosdrg terrain, surfaces with asphalt concrete peare
(parking lots, squares).

The special vehicle module-type construction alloperforming various operations. Attachable side
trimmers allow for cutting lawns and near-rail tiemies. Air heated to a certain temperature bldiwough
nozzles maintains the railway switches safe perémge during the winter period.

Moreover, the special vehicle can be applied fomteaance/cleaning of the railway tracks in closedl
mines and air filtration in mines. In order to alethe railway track from coal dust, the vacuum wait be
upgraded using the Rainbow exhauster operatioripten The special vehicle attached equipmentssatdied
with a water filter that collects the most part fofe dust. Thus, a designed special vehicle withdate
accessories has wide effective implication in urbeeas as well as specific objects.

One of the main fictions of the device is clean@ighe surrounding space from the garbage. Theuraeu
heated unit sucking the waste ensures the envinohsadety of waste collecting process.

Exhaustion

T

Heating |

Fig. 3. Vacuum-heating unit of a special vehicle
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The vacuum-heated unit of the special vehicle.

Vacuum unit (Fig. 3) design required the calculatid fan power (Kolotov, 2019) that can provide uiegd
under pressure that allows sucking waste up tok.1Reynolds number estimation (Re>°)lihdicates the
turbulent mode of air circulation.

Figure 4 shows the vacuum unit (Kolotov, 2019) cct. The radial-flow-fan mounted behind an inlet
nozzle sets up required pressure differential teatlts in low-pressure zone generation upstrearfah and
high-pressure zone downstream the fan. The airfimsses through the tank, filter and then out to the
atmosphere. The radial-flow-fan with the capacityo= 0.5 n/s is used as the vacuum unit drive.

G2 (Output)
i

G4 (Walls)

G1 (Input) ~

'b'b'b'b'b'b'b'b]

Fig. 4. Vacuum unit air duct

In order to specify the flow structure, gas floweed rate, hydrodynamic losses the mathematical mayle
of aerodynamics processes proceeding in unit floetsiwas performed.
Considering low speeds of air movement in the duit (Mach numbeM < 03) incompressible liquid was

chosen as a mathematical model. In this case, dveeNStokes equation will have the following form:
Ov=0 Q)

d
pdf\t/ =pF —Op+0(u0v) )

wherep — gas velocity, p — pressure, v — velocity vecdkor, bulk force, p — dynamic viscosity. Airflow &nunit
ducts does not consider fan rotation.

The computational grip is shown in Figure 5. It sists of more than 1 million elements with a maxima
dimension of 0.02 mm. Hexahedral elements are used.

Fan downstream

Output

1 Fan
T Input G1
upstream
a b

Fig. 5. Computational grip
(a) for decompression zone (b) for over-pressure zone

Boundary conditions are set up in the following way
for the input zone G; — boundary) gas flow rate and initial turbulencgensity are specified,

G,= 0,27 0,5m3/s Tu, = 5%;
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for air bleeding to the atmosphere zo@g lgoundary) atmosphere pressure is P,3 = 101350Pa;

for the walls G, boundary) — no-slip and no-leak conditions;

when calculating the flow in a vacuum zone, thgsptal parameters received in the output sectiatrapm
the fan (Fan downstream boundary) become the jpg@meters (boundary conditions) for the inflow tary
(Fan upstream boundary) for overpressure area doeams the fan;

the airflow passes through the ducts of damper andilter for better noise damping and environmen
pollution protection.

Equation system (1)-(2) is averaged by ReynoldsbainR. > 105). In order to loop up the obtained system
(1)-(2) (Volkov and Emelyanov, 2008) Menter SST (i, 1994) turbulence model was applied (empirical
factor of dynamic viscosity,, = 009).

The calculations discovered flow structures in wotking ducts, pressure and velocity fields.

Figure 6 shows the flow structure in the unit iakanifold that demonstrates a dead zone with dsioea
0.1&0.048 m.

Fig. 6. Airflow structure in an intake manifold
(a) isobars; (b) isotaches

Figure 7 shows the flow structure in the intakevaygent short tube. Fig. 7a shows that differemqtiaksure
is 300 Pa, provided that maximum speed does naeek20 m/s.

Local separation zone in a transition area of im#ke into the tube has the following dimensiofiem
0.03x0.02 m in the intake manifold up to 0.1x0.4nthe tube (Elbakian, 2018; Kalentev et al., 2017).

b o
\'" ¥ 8
[Tt ay | i
3 P
F T
- “
1 -
- mm__ Y % %, Cat
oy » o bl y
k F Ly s
b g g ¢ - S 2
ot '.,_19 Wy = i W - 4 i
) S ® ! < B,
& E] ) e - & E
i, r : A = i £ ]
F"f o i : = i I %
' & o » N
: Py 7 w % & g £
o = 1]l = llim
a b

Fig. 7. Airflow structure in a unit intake
(a) isobars; (b) isotaches
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Flow variation fornG, = 0,5m3/s G = 0,27m3/s leads to pressure difference reduction up to 185 Pa

Results prove that decompression in the output aféhe duct required for lifting and collection op to
0.1 kg of waste into the tank is generated.

The flow structure, isobars and isotaches in thiector are shown in Figure 8.

Fig. 8. Flow structure in the collector
(a) space flow lines (b) isotaches

Fig 8,b shows that the flow going upstream theewtdlr is of stream-like type. Air exhaustion isfpemed
through an outlet on the cover of the collectorcQation zone (Fig. 8, a) with dimensions of (D8r) is

generated in the central area of the collector.valocity in the tank is reduced due to interactidth sidewalls
and bottom. Airflow turn makes the waste settle d@n the tank bottom.

Air from the tank gets into the filter and therthe damper to reduce the noise. Airflow structarélier and
damper ducts is shown in Figure 9.

Exhausted air filtration process demonstrates|the pressure reductionAp =767 Pa) and pocketing near
the filter walls caused by the sudden wideninghef¢hannel.

After the air leaves, the filter flow velocity ireaises up to 20 m/s. The damper is essentiallyiadeylwith
labyrinth type working space arrangement. Airflowlocity 80% reduction to v=1+3 m/s has been
observed.

Common resistance losses in the channel are em@800 Pa.

Fig. 9. Airflow structure in filter and damper dsc
(a) space flow lines (b) isotaches

The railway switches can be covered with ice duting winter period due to the low temperatures. The
special vehicle vacuum- heated unit can redireztetkhaust airflow from the filtering and dumpingtm into
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the railway heating system that contains air dugtular heating element and nozzle from each fegdide
(Fig. 3).

Basing on the theoretical calculation spiral typebtlar heating element with a power of 1.8 kWt was
selected. In order to check the efficiency of tesigned system and approve the turbular heatimgegiepower
mathematical simulation of aerodynamic and thermsejgial processes generated in air ducts, nozzlenaad
the heated surface, was performed (Bako, 2016)plEsuheat transfer stationary problem was solveas G
escape structure from the nozzle and its intemagtiocess with the rail is shown in Figure 10.

Fig. 10. Gas escape structure from the nozzleéa@dt ¢) and temperature field (b)

Isotach structure analysis is indicative of thetbdayas escape from the nozzle of a stream like typorder
to provide exhausted air continuous heating, theular heating element construction was correctetidering
preliminary calculations. Nozzle area temperatuedd fanalysis approves the heating process unitgramd
temperature distribution in the flow- rail contacine (5 + 20 @) indicates that the supplied heat is enough for
railway switch heating (ice melting). Thus, thees¢dd turbular heating element power was provemtenough
for the railway switch heating (Kolotov, 2019).

Results

1. The universal multi-functional special vehicle foter-rail space waste cleaning was designed.

2. The outstanding feature is an application of theirenment-friendly hybrid unit that include elecia
motor-wheels and combustion engine. The designbitieehas double undercarriage that allows moviogg
roads and railway tracks.

3. The capabilities of the vehicle are increased dumadule accessories application. Particularly obely
the waste cleaning, it is possible to install trierenfor railway lawn cutting, to clean the railwayitches during
the winter using heated gas streams and some athehable devices.

4. Mathematical simulation of aerodynamic processethénvacuum unit was performed. Pressure fields,
velocities and flow structure calculation analy@sfirms the vacuum unit working efficiency. It wdiscovered
that unit intake fan operation mode ensures preddifference in the range from 185 Pa up to 30¢hBaallows
lifting the waste weighing up to 100 gr. Total stance losses are smoothed by fan power and dofhance
the efficiency of the structure (Cernecky, 2015).

5. Mathematical simulation of exhausted air filtratiand damping processes in the filtering unit and
vacuum unit damper was performed. It is showedtti@flow velocity is reduced to 80%.

6. Numerical computation of the turbular heating elatm@ower enough to heat the ice up to 0.2 m height
appearing on the railway switches during winter wadormed. The selected turbular heating elemewtep of
1.8 kWt and nozzle heating flow uniformity was cartgtionally proved enough It was shown that if the
turbular heating element surface temperature i§@%8@e spiral form of the turbular heating elemehtas to
heat the air up to 60 in the flow middle, that ensures the nozzle owtiflair temperature from% to 2¢°C.
Heated air exposure during 5 minutes allows to mqelto 16 kg of ice and totally heat the railwaytst.

7. It is shown that if the vacuum unit is upgradedtéraleaning), the vehicle can be used in closatkemi
installations to clean the space form coal dustarad coarse fragmenting.
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Gl S-based Analysis of Relative Tectonic Activity in Southeast of Iran with
a focuson Taftan volcano

Mohsen Jami®, Ali Solgi?, Mohsen Pourkermani® and Ali Asghar Moridi Farimani*

Taftan volcano has been located in southeastetraafand zone of Nehbandan-Khash (Iran Eastern Mains). It seems that both
the young volcano and active tectonic have playedéhgortant role in morphometry in this area. Geopiuc indices have been used to
study tectonics in this area. These Indices inclDdinage Basin Asymmetry (AF), Transverse Topdayeé@ymmetry (T), Mountain Front
Sinuosity (Smf), River Slope Length (SL), Floortiivtd Valley Height (VF), Hypsometric Integral (Hnd Drainage Basin Shape (BS).
These Indices have been used to evaluate RelattiveA'ectonic (IAT) of basins and sub-basins efdtea. Recently, it is found that Neo -
Tectonic has played an important role in geomorphiolution. On the basis of this model, three tgict@aones are recognizable in that
area: (Zone with High Relative Tectonic) that foundub-basins of 4-B and 9-C. (Zone with modeRe#ative Tectonic) that found in the
wide-area (northeast) including Dargiyaban and Saalh Faults. (Zone with Low Relative Tectonic) thally found in sub-basins 5-C and
8.

Keywords: Active Tectonic, Tectonic, Volcano, MorphomefFiaftan Volcano, Iran.

Introduction

Taftan volcano aged Pliocene-Quaternary has a yaunugsemi-active volcanic system that located at a
distance of 50km from north of Khash city. Thiscanho has been considered by geologists. Effedesctdnics
are different in various area of the volcano. Rdiygy the northern part of Saravan Fault which heenocated
near this area, it is important to calculate theelef Relative tectonic activity in that area.skems that both
young volcano and active tectonics have playedngpoitant role in morphometry of this area (Aghatiaba
2004).

Quantitative methods have been used to study wHteslative tectonic in Taftan volcano and around i
(Keller and Pinter, 2002), as well as geomorphitides have been used to study tectonics. Theseesdiclude
Drainage Basin Asymmetry (AF), Sinuosity Mountairoit (Smf), River Slope Length (SL), Floor Width to
Valley Height (VF), Hypsometric Integral (Hi) and@nage Basin (BS). They are determined on theshsa
single useful index to study relative active teatqiKeller and Pinter, 2002; Azor et al., 2002V8ikt al., 2003;
Molin et al., 2004). The investigations of tectogieomorphology is important because the resultegibnal
studies on neotectonics are significant for evatgahatural hazards as well as land-use developraedt
management in the crowd areas (Cloetingh et a62Pedrera et al., 2009; Pérez-Pefa et al., 2a4Bmood
and Gloaguen, 2012; Faghih et al., 2015). In aoklito the role of tectonic action of the area, @h e
considered as the effect of quaternary actionsadfaf volcano in changing morphotectonic parametarsbe
considered.

These indices have been used to evaluate RelatitreeATectonic (IAT), basins and sub-basins of #raa.
This method has been used to calculate rate ofrtectctivities in the areas such as southeastErdSA
(Rockwell et al., 1985), Pacific Coast in CostaaRfvells et al., 1988), North China Plain (Han let 2003),
Mediterranean Beach in Spain (El-Hamdouni et &08), Sarvestan in the central Zagros (Dehbozdrgi.e
2010),Rudbar Lorestan dam site (Alipoor et al., 2011) @etiran in the central Alborz (Bagha et al., 2014).
Relative Category of active tectonics has beenopadd on the basis of studies done a basin of M afiécano
and Surrounding areas (El-Hamdouni et al., 2008 Tesults gained froranalyzing the indicebave been
compared with field observations. This researchlmhelpfulto solve the problems of tectonics in this area. In
an area surrounding the young volcano(s), strustateh as Saravan and Mirjaveh faults, Khan Mohainma
Chah, Sa'ad Abad, Dar Giaban, etc., are visiblerdagon of the activity of these faults, the morphatric
parameters will be changed. Due to the existen@etdfe structures, such as the above mentiondts$ fand the
history of the tectonic activities in this regiahe probability of the occurrence of natural disest(such as
earthquakes, landslides and ...) associated with tdwtonic processes is inevitable. Therefore, any
developmental activities such as dams' constructandeveloping the villages and the cities, theado
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construction, mining, surface water's managemerthig area should be done based on the tectonigtgact
levels in order to prevent the financial damagesthe rate of deaths in the near future.

Geological overview

Taftan volcano aged Pliocene-Quaternary (Aghanab@€4)has a young and semi-active volcanic system
that located at a distance of 50 km from northe&gthash city (Biabangard, 2009) (Fig. 1). Thiscaro, 1300
sg. nf, has been acted last time since 1970-71. Taftarano is located at an altitude of 4050 meters alibe

sealevel and 2000m, from the surrounding plains (Gark@r1).
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Fig. 1. Position of the area, Position of Volcagione, Position of basins and sub-basinsS®TM data from Sistan and Balouchestan
provinces, b) Satellite Image of the study areaRasition of Volcanic Cone.

It is noted that Taftan volcano is one of the vnicacentres of the magmatic arc that originatednfro
subduction of Oman Oceanic Crust under the Contithekccretion Prism of Makran (Aghanabati, 2004). |
addition to acidic magmatisms to the moderate le¥ehiddle oligocene (granodiorite and quartzdeyitthe
frequent dykes and sills as their combination inhbnd diorite to quartzdiorite (which has beetribtited to
the magmatism after the middle oligocene), haven lmest the middle oligocene in different directiansmany
points such as the Eocene flaccid sediments anidtifusive igneous rocks (Aghanabati, 2004).

Quaternary Units include old and young alluvialiseghts Qt; andQt,), alluvium that is forming in the bed
of current rivers Qa) in different levels. Taftan volcano is the majmite in quaternary that the main products
are extended in the form of pyroclastic rocks, sasad their tuff, epyclastic and ignimbrite matisrigeig. 2).
(Aghanabati, 2004).
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Fig. 2. Geological Map of Taftaseological Map of Taftan (Modified by Authors Afidftekhar Nejad and Aghanabati 1994).
M or photectonics and Active Tectonics I ndices

In morphometric and morphological studies, qualiatind quantitative indiceare considerable. They are
effective in order to get useful information abthg tectonic position (active or passive) of theaafThe results
of several indicesan be integrated and added to the other informatich as uplift rat and determined category
of tectonic activities; these categories suggestlative level of activity in an area. Developed ssveral
authors, these indices can be considergdals for studying active tectonics because theyide rapid insights
into specific area or sites in the study areadhatadjusting to relatively rapid rate of activettmic deformation
(Bull and Mcfadden, 1977; Rockwell et al., 1985]IKe 1986; Ramirez-Herrera, 1998; Silva et al020 Some
indices such as Drainage Basin Asymmetry (AF), &ity Mountain Front (Smf), River Slope Length (SL)
Floor Width to Valley Height (VF), Hypsometric Iggeal (Hi) and Drainage Basin (BS) have been catedla

In this classification, the basins are separatethfthe dividing line of water as each of them (bpss
composed of the independent parts that are ovathppd divided into sub-basins, accordingly.

The study area is divided into 20 basins and sgiAls on the basis of Topographic maps 1:50000ldat
satellite images in 15m, and 30m, IRS (5.5m), SR{@dm), Topographic Maps1:50000, Satellite Images,
SRTM (30m) and Geological Maps. Their positionséhédeen drawn and determined on the basis of thea Mai
River, slope, and topography. In order to deterniveeactive tectonic area in the scale of drairtzmgn using
morphometric indices of Taftan volcano and its sundings, first, drainage basins were extractedgugirc
Hydro tool in ArcGIS software, and then the mairers' network in the study area were constructell tamally,
the morphometric indices have been measured doasias and sub-basins.

Drainage Basin Asymmetries (Asymmetry Factor)

Active tectonics can cause deformations in drainagterns, resulting in tilting of basins (Hare &ardner,
1985; Keller and Pinter, 2002). Asymmetry Factos baen developed to show the tectonic tilting iairtige
scale or large areas as follows:

Af =100 (Ar/At). (1)

Where Ar: Area of Right Basin of RiveAt: Total Area of Drainage Basin afid: Basin Asymmetry. In this
area,Af is calculated for 20 basins and sub-basins (Tapldmounts ofAf < 50 andAf > 50 are tilted to the
west and east, respectively. Drainage Basins Asymymevaluated by the symmetry factor of transverse

353



Mohsen Jami, Ali Solgi, Mohsen Pourkermani and Ali Asghar Moridi Farimani: GIS-based Analysis of Relative Tectonic Activity
in Southeast of Iran with a focus on Taftan volcano

topography illustrates that there is tilting in mpamasins. Sub-basinn of “1-D (49.06)" is near thensetrical
position. And Sub-basins of “1-A, 1-E, 3-A, 3-BAd-are associated with the have the highest slapetd the
uplift resulted from the volcanic cone activity wsll as the existing structures in this area. Amtmm, sub-
basin of “4-A (92.02)” is the one which is alongthtilts that can be related to theany small faults of this sub-
basin (Fig. 3). Sub-basin “9-B” is the least tiffiand extended from north to southwest.
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Fig. 3. Structures Map of Taftan.

Transver se Topography Symmetry
This index is used to evaluate and calculate TrensgvTopography Asymmetry.
T = Da/Dd. (2)

Where,Da: Distance from the middle line of the drainageifbas the middle line of Active Meander Belt
andDd: from the middle line of the basin-to-basin bouryddor a basin with complete symmefry= 0, when
the distance of asymmetry increases from the miliitée T also increases and becomes close to the amount of
flow. It supposes that the slope of bedrock doeésfilience on channel movement, significantly. ThEns a
vector with direction and size of 0 and 1. AmouotsT are measurable with various parts of the valle§y an
indicate vertical preferential movement, of theinlage basin axis.

Tave =T + T, + T4/3. 3)

Amount of T is close to theAf, but it cannot be evaluated to determine tiltingeation. While Af is a
method that illustrateshe amount and speed of tilting. For a basin with catglsymmetryT = 0, when
asymmetry increases] also increases and becomes close to 1. Drainagm lsgmmetry evaluated by
Transverse Topography Asymmetry indicates thatethertilting in many parts of the drainage basinl dn
ranges 0.16 and 8-0. 82 for basin and sub-basB",'9espectively. T index in the lower geograplatitudes
shows a minor numerical value. But the values i itidex will be increased in the geographicatlates such
as 24'280 'to 40'280 to the north (sub-basin of),B38'280 to 01'290 to the north, and 38'280 t@&®'to the
north (sub-basins of A-4 and B-4), respectivelyjolthindicates the asymmetry of a transverse togagran
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these sub-basins. The increaserdh this part of the study area was related todkisting structures in this
region, such as faults and active folds.

Sinuosity Mountain Front

Sinuosity Mountain Front is an index to refléahe between erosion forces that tend to make sityuasd
tectonics that tend to make a direct line in Siftyddountain Front. Mountain Fronts related to aettectonics
and uplift are direct relatives, and th&mfis low. The values equal to 1 (of this indexe specificto active
tectonic areas. If the uplift level is decreasedtopped, the mountain front will be windswept bg erosion
processes, and the value of this index (SMF)wilifmeeasedThe values of less than 1.4 indicate active tectoni
fronts (Rockwell et al., 1985; Keller, 1986).

Regarding that geological maps don't outcrop amjt faf mountain front in sub-basins of 1-C and Sub-
basins, then the index can't be calculated. All m@in fronts of this area are active, and thre¢spair 90, 109,
and 125 are the most active of all and are reladellijaveh mountain front fault, a minor branch idhan
Mohammad Chah Fault and Saravan mountain fronperively (Fig. 4). They indicate the high level of
tectonic activities, and they are in one tectomitegory which has been extended from the northefesiis area
to the southeast one.
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Fig. 4. Some calculated parts of Smf in the sardg.
Stream Gradient Index
Defined Stream Gradient Index as follows:
SL = AH/AL) x L. (4)

Where, SL: Stream Gradient IndexH/AL): Channel Slop or Gradiemtl(: changes of channel lengtkid:
changes of channel height) ahdTotal length of channel from the place of diviglistream to the middle area
where the calculated index in it.

Slop-Length Index L) is one of the quantitative geomorphic parametbet used in morphotectonic
studies.SL can be accounted a@suseful tool to study the movements in active teict@meas or areas in large
scale (Chen et al., 2003; Zovoili et al., 2004).aNIstreams and channels flow in the areas witlgla inplift, SL
will be increased, but when the streamflow is gatavith some structures such as valleys from rigjift faults,
SL will be decreased (Keller and Pinter, 2002)order to investigate the relationship betweerk'® strength
and the aforementioned index, the rocks availabléné study area have been classified based anstinength
level toward various groups with very low level stfength (such as young alluvium deposits), lovellesf
strength (such as sloping deposits), moderate lef/altrength (such as shale and siltstones), higkllof
strength (such as limestone, tuff, conglomeratads@ne) and very high level of strength (such redesite,
granite, and basalt) (Memarian, 2001)
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The most anomaly dispersion &L is in the basins and sub-basins (that are in nloand resistant
lithological category) located on the west and Imvest of Taftan volcano. Due to anomaly areéisjs only
high in 4-C where its lithology is soft as yountugial sediments and as its reason refers to thieeaand young
tectonic structure (active fault). The remainingibha and sub-basins of the study area due to theofaresistant
lithology or the active and young structures intthea are associated with the low valueSlbfAs it can be
seen, the lowest values of this index were relaigtie sub-basin of A-3 which mainly includes aibideposits
of the present time, as well; the low level of s of these rocks can be attributed to the lolwevafSLindex
in this sub-basin. (Fig. 5).
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Fig. 5. a: SL for Drainage Net of River. b: Dispimn of anomaly areas of SL with resistance categay of the studied basins.

Additionally, this study area can be easily dividet several distinct sections grouped in regardrbsion. The
high value ofSLindex in the sub-basin of E-1 and in the basii ofdicates the activity of the lower latitudes of
the mentioned area; however, the highest valu&l_afue to the high level of lithologic resistanceahadt point
are related to the basin of 7. Table 1 illustrétescategory o86Lin the areaSL has been considered to study the
uplift effect of the main volcanic cone of Taftamgundaries of the cone have been determined ohasis of
geological maps, topography and ring structure$adfan volcano In order to investigate the uplifeffect of
the main cone of Taftan volcano, SL index has kstedied. The boundaries of this cone have beenrdeted
based on the geological maps of the area, topograpkd catenary structure of the Taftan volcano. The
measurements are carried out according to the tapb@g maps. Additionally, the height and the meagu
intervals (regarding the cone and the plain bouedpiare considered equally for the aforementicndéx to
specify the uplift — effect of the cone (Relativetigties of tectonics) to the surroundings. Atstlstage, the
boundary of the cone and plane (its periphery) wsitelied separately in each basin. In the prodiss,
boundaries of the cone and its plane have beendsyed, separately (Fig. 6).
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Fig. 6. Some measured places of SL around Tafimano.

These results suggest that uplift of the coneififigenced on active tectonic parameters, signifilgaSL is
high around the cone. At a short distan8g,increases but decreases around the plane in apitee long
distance. Maximum amounts 8t around the cone in basins and sub-basins are 8 A, 6,4B, respectively.
But maximum amounts @L around the plan are related to 5A, 6, 4A, 4B afAd 3

Theratio of Floor Width to Valley Height (VF)
Floor Width to Valley Height (VF) (Bull and Mc Fadd, 1977; Bull, 2007) is defined as follows:
Vf = 2Vfw/ (E1d - Esc) + (Erd - Esc). (5)

Where,Vf: Ratio of Floor Width to Valley Heigh/fw. Floor Width,E1d andErd: height of left and right
walls then each other's and Esc: height of therfld@lleys are often narrow upper than the mounfedmt
(Ramirez-Herrara, 1998), and then SL should bendafinite interval upper of the mountain front. WalofVf
will be changed according to the size of the badiajnage discharge and kind of rock. Then amoahtgf
should be compared to similar geological conditioBva et al. (2003) calculated this index in tastern
Cordillera (southwestern of Spain) and showed Yhahape valleys associated with a value/bfess than 1
will be evolved in response to the active uplifhile U-shape valleys associated with a valu®&fahore than 1
show a major lateral erosion due to the stabilftthe base surface or lack of tectonic performance.

According to geological maps of the area, any lineats, main channel and minor branches don’t d0f 5-
3-B and A-3; and for this reaspthis index can't be calculated for them. It is oed thatvf is dependent on the
drainage basins extent and bedrock lithology intadto tectonic factors. In 19 active profilesthe area (Fig.
7), thevalue ofVf is low which has been determined on the basis-shape valleys Due the effect of upkid
the activity of Taftan volcano as well #e valueof Vf, west, northwest and southeast of Taftan volcamobe
considered or accountes the youngest and most active parts along highh active tectonic relatives, So
uplifting Taftan volcano has been influenced ontdec structures of these parts. Figures 8 confirasults
from this index as similaBL in Taftan Cone and Plane.
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Fig. 7. Some measured place of Vf around Taftécavo.

Hypsometric Integral (Hi)

The Altimetry Curve indicates the distribution dfitade in an area, a drainage basin to a compi&teat
(Strahler, 1952). This curve illustrates the resaltthe results gainddom performing ratio of total basin height
(relative height) to the total basin area (relativea), and it's a hypothetical altimetry curvedadrainage basin
located on a monotone slope. The drainage basladies 8 on the same line; total area (A) is thaltatea
between a pair of lines of the same adjacent Bmea (a) is an area of the basin up to specialhdige (h).
Amount of relative area a/A has ranged from O (thveest area in the basin) to 1 (the highest ar@alculation
of altimetry integral is a simple method to deterenthe altimetry curve in a special drainage basirfiollows
(Pike and Wilson, 1971; Keller and Pinter, 2002):

Hi = Average Altitude - Minimum Altitude/Maximumtiflde — Minimum
Altitude. (6)

Then, three amounts are necessary to calculatetdwgral; two of them (Minimum and Maximum altitig)e
are accessible from the topographic map, simphlghHamounts of the Integral indicate young and activ
tectonic areas, but low ones indicate low tectamd erosion (El-Hamdouni et al., 2008). (Maximund an
Minimum altimetry Integral ranges between 0 anditl)s necessary to note that the convex curvecatds the
high activity of the area and activitgf faults and uplifting related to folds currentlyut cave curve indicates
low tectonic activitiesn the area. In except of three sub-basins of 8-A,and 9-C as Hi is 0.53, 0.53 and 0.51,
respectively (it shows a semi-active tectonic oturty stage of Davies Pattern in three basinsrage amount
indicates geomorphic processissbalanced in three mentioned basins), other baaiml sub-basinss indicate
passive or old tectonic process or old stages ofd3aPattern because the amountslioare lower than 0.50 and
indicate high erosion in the sub-basins (Fig. 8).
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Index of Drainage Basin Form
Itis calculated as follows (Ramirez-Herrera, 1998)
Bs = BI/BW @)

Where,Bs Drainage Basin FornBl: the length of Drainage Basin aBiv. the width of Drainage Basin.
Young Drainage Basins in active tectonic areas tendlongate in the direction with topographic sloBut
along drainage basin evolution or decreasing tbtoéc action, the basins have transformed frong ltm
circular forms (Bull and Mc Fadden, 1977). Thiserdllustrates the difference between long basmbigh
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amount and circular basins in low amount. Long fissire one of the specifications of the activeotgctarea

that has a river in a dig towards down. MountaionEs due to the fast uplifting are along with tkeep and long

basins. By decreasing or stopping the tectoniwisies, basins will be extended, which will be starfrom the

top of the mountain front (Ramirez-Herrera, 1998)has been studied in Drainage Basin Form in tlea a
(Table 1 and Fig. 9).
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Fig. 9. Position of basins and their categorizatia three groups of all Indices.
Categorizing Relative Tectonic Action

In this paper, categorization of Relative Activectiomic introduced by the El Hamdouni et al. (20fi8)the
first time has been used to evaluate Relative A&ctigctonic (IAT) of basins and sub-basins of thaaaVarious
tectonic indiceshave been calculated for each basin and sub-badidigided into three categories - 1, 2, and 3
- that indicate a high, middle, and low level otidties, respectively. Table 1 illustrates averabectonic
Indexes (S/n) and amounts of Relative Active Teict@liat) for basins and sub-basins of the areay. (F0).
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Tab. 1. The categorization of Relative Active deictin the area.

Classof:
Ref.No Basin Sn lat class Assessment
SL AF Hi VF Smf T Bs

1 la 3 1 1 3 3 1 3 2.14 3 Moderate
2 Bl 2 2 2 3 3 2 1 2.14 3 Moderate
3 1c 3 3 2 3 - 2 1 2.33 3 Moderate
4 1d 3 3 2 3 2 1 2 2.29 3 Moderate
5 le 2 1 3 3 3 1 1 2 3 Moderate
6 2 3 1 3 3 2 1 3 2.29 3 Moderate
7 3a 3 1 3 - 3 2 2 2.33 3 Moderate
8 3b 3 1 3 - 2 2 3 2.33 3 Moderate
9 4a 3 1 3 3 2 1 2 2.14 3 Moderate
10 4b 2 1 2 2 2 1 3 1.86 2 High
11 4c 2 2 1 3 3 2 3 2.29 3 Moderate
12 5a 3 1 3 2 - 1 3 2.17| 3 Moderate
13 5b 3 1 3 2 3 1 3 2.29 3 Moderate
14 5¢ 3 3 3 - 2 2 3 2.67 4 Low
15 6 3 1 3 3 2 1 3 2.29 3 Moderate
16 7 2 1 3 2 3 2 3 2.29 3 Moderate
17 8 3 1 3 3 3 3 3 2.71] 4 Low
18 9a 3 3 1 3 3 2 1 2.29 3 Moderate
19 9b 2 1 3 3 3 1 2 2.14 3 Moderate
20 9c 3 1 1 3 2 1 1 1.71] 2 High
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Fig. 10. Category of Relative Active Tectonichia study area in terms of their separation.

1. The area in High Relative Active Tectonic: fouindwo sub-basins of 4-B and 9-C. Due to seridtiag
of 4-B, amounts of Hi, and high extension of thaidiage basin and tilting 9-C, these two sub-basie high
and young Relative Active Tectonic.

2. The area in Middle Relative Active Tectonic:iicludes a large area. Important structures such as
Dargiaban and Saadabad faults have been locatkd area.
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3. The area in Low Relative Active Tectonic: Ifagind in two sub-basins 5-C and 8. In termd.ithiology,
there are Silt, clay, old and new alluviums in thisa. Important structures include Saravan, Kaband Gazou
faults located on the southeast of the area. Lee lef activity of sub-basin 5-C is as the resultshafsin shape
and the amountof uplifting and tilting (Fig. 8). Field studies & been considered in structures and

morphologies areas located along the rivers, amdesactive tectonic parameters have been considesed
follows (Fig. 11, 12).
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Fig. 11. a) Landsat Satellite images. It is fowadne transformations along the channel as a regutioving fault. Cones, located adjacent
to the mountain front indicate active uplifting, FEield picture of the area that illustrates Mirjavéault and some geomorphic effects.
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Fig. 12. Landsat Satellite images illustrate samtve tectonic evidence. a) River traces neardhéa Tamin Village on the northeast of
Taftan volcano, b) Effect of Sangan Fault in damthe wall in the southeast of Taftan volcano.

Conclusion

The amounts gained from calculating the indioasthe basis of the relative active tectonic catgdmve
been integrated and concluded that neotectonics@ayimportant role in evolving area tectonic. Rdiay the
new-tectonic insights, the presence of active &ires in the study area such as folds and fauk$bkan caused
into changes in this region which (these changesyible as uplifts. Three tectonic areas aregaizable in
the area: Area with high relative tectonic actionrfd in sub-basins of 4-B and 9-C. An area witthhielative
tectonic activities has been found in sub-basingé-Bfand 9-C. An area with moderate relative teictactivities
has been found in wide areas such as DargiabaBSa&adabad faults located on the northwest pararda with
low relative tectonic action activities has beenrfd in a small area. Sub-basins of 4-B and 9-C lagh
relative tectonic activityaffected by moving young faults and active tectostimictureslocated on both sub-
basins. Sub-basins of 1-A, 1-B, 1-C, 1-E, 2, 3-A\,44-B, 5-A, 5-B, 6, 7, 9-A, 9-B have moderatelative
tectonic activitiesand 8 and 5-C have low relative tectonic activitigg calculating the tectonic indices, it was
found that in the broad range of the study area ld¢kel of tectonic activities is moderate. In ttmundary of
Taftan volcano cone which was the result of thauamdation of magma over the past times due to iseance
of high resistance rocks, the values obtained ftencalculation of tectonic indices indicate thidivee area.
However, near the boundaries of the volcanic coh&hvmainly consists of flake deposits and metarmiarp
rocks, the tectonic activities, as well as struesusuch as the faults of Saravan and Mirjaveh, Kianammad
Chah, Sa'ad Abad, Dagiaban, and the folds restribad these activities, can be controlled. Additibyaas the
result of these tectonic movements, the morphompaiiameters of this region have changed.
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The conditions for implementing a circular economyin the Czech Republic

Sarka Vilamovd, Anezka PodlasovaMarian Piechd, Kamila Janovska, Petr Siky?, Drahomir Foltar?,
Martin Sandé, Karel Bafinka® and Roland Groso%

In July 2018, measures of the European Commisggarding the Circular Economy Package (CEP) cante fiorce. All EU Member
States have two years since to implement theseunesasto their national legislations. The aim loé tauthors is, using available resources,
to evaluate current conditions in the Czech Republithe areas affected by this legislation. Iprmarily the area of waste management,
which has set values within the CEP that must lieeaed within those two years. The article offemsamalysis of the circular economy
penetration into the Czech legislation. The procedor introducing changes in legislation is presshthrough the Waste Management
Plan (WMP) for the period 2015-2024. The aim of dineicle is to verify whether the Czech Republialide to meet the EU and WMP's
requirements in the current development of wasteagament. The authors are first to use the anatyfssecondary data from national and
transnational sources, from which they created ueiqnd original outcomes for the given issue. rAfie analysis, they introduced the
measures that could be used for the greater mativaif the target groups in order to meet the gaxlshe Czech Republic. The authors
address the concrete impacts of CEP implementatithin the Czech Republic and also present Czeamples of good practice.

Keywords:Circular Economy; Circular Economy Package; Wagt@nagement Plan; Legislation; Czech Republic; EeapUnion

Introduction

In recent years, the term circular economy has bepeatedly debated not only in the European states
circular economy as a counter for a linear econtimay has been used all over the world. The purpbske
circular economy is to transform waste into resesyd.e. waste that can be reused is transformddtten
returned to the production process. This will rexlstate dependence on primary resources, which veungt
often be imported from very distant and often jpadity unstable countries. In addition, there aagiisgs of
primary resources, which are mostly mineral raweamals characterized by their non-renewable natieetheir
reserves are exhaustible in the long run. Forrdiason, it is necessary, as Simkova (2016) sugdestssing on
strategies leading to the responsible use of ratenais.

The need to implement the circular economy has fmeseen by the European Union, respectively by th
European Commission, which on the 3 December 2@bptad the so-called Circular Economy Package. Over
the following three years, talks have been takitaxe on the final values to be achieved acrossatinber
States. The given values were approved by the Mei@tses on 22 May 2018 under the Circular Economy
Package, which came into force on 4 July of theesgear.

The Circular Economy Package and the related emviemtal legislation at European Union level iseddfi
of expertise of Wysokiska (2017), who lists individual strategic pland @imeir aims. In particular, the Strategic
Plan 20/20/20 is de facto a document setting gmatse achieved by 2030. The aim of this plan i®vedng
from the crisis and preparing the European econfanythe next decade, i.e. period until 2030. Theoleh
strategy is based on promoting the knowledge-basedomy, participating in the labour market, eliating
poverty and more resource-efficient production gBjl2013). Furthermore, national strategies shallrtked to
the right corporate strategies that can provideitaa@l funding and reduce the cost of implementthg
legislative obligation. Chlopecky (2018) shows swdoperation using the example of mining compaaied
highlights the importance of econometric modelsafing and subsequent prediction models of mining.

Stahel (2017) states that the circular economy téwed Circular Economy Package are a result of an
industrial economy and consist of two parts: indaktgoods (technological cycle) and food and water
(biological cycle). Both of these cycles need tou®on zero waste system and prevention of wasi#l. 2015)
presumes that the Circular Economy Package fodagemuch on recycling and not enough on prevention
waste production. However, the Circular EconomykBge is not all that the European Union introdugihin
the field of waste management. On 16 January 2(B8so-called Strategy for Plastics was announgethd
European Commission saying that by 2030 only pldktt is either reusable or recyclable shall kelund that
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it is necessary to lower the pollution of plastspecially microplastics, into the environment. gke of the
main benefits of recycling plastics EU considesfect that its members will be less dependenherirhport of
fossil fuels (Ministry of Industry and Trade of tBzech Republic, 2018).

Another step leading towards lowering the amourlastic waste, based on the Strategy for Plastidhe
European Parliament and Council Directive on thaitation of the Impact of Certain Plastic Produatsthe
Environment of 28 May 2018. This Directive prohibihe production of certain plastic products folichtthere
are available and affordable alternatives. The dggpiies specifically to the following products: gtig@ cotton
buds, cutlery, plates, straws, stirrer sticks, dmil sticks that have to be replaced with sustagatmterials.
Disposable plastic drinking beverage containers avily be allowed on the market if their caps aidd remain
attached to the container. The ban on the distdbutf these products will apply from 2021. In adifi, by
2025, Member States will have to ensure the catleatf 90% of disposable plastic bottles of beves(reti
ruka, 2018).

Circular Economy Package in Czech Legislation

From the time when the Circular Economy Packageecanto force, the Member states have 24 months to
implement its content into their national legighas. That means that all EU Member States must haxadid
legislative until the 5 July 2020, including théléeving directives:

< Directive 2018/851 / EU amending the Waste Diregtiv

» Directive 2018/852 / EU amending the Packaging @ive,

» Directive 2018/850 / EU amending the Landfill Ditige;

» Directive 2018/849 / EU amending Directive 2000/58C on end-of-life vehicles, 2006/66 / EC on

batteries and accumulators and waste batterieserudnulators and 2012/19 / EU on waste electrical
and electronic equipment.

In the Czech Republic, it mainly concerns updatig no. 185/2001 Coll., On Waste and Act no.
477/2001 Coll., On Packaging and the introductibthe law on end of life products. Kozel (2015) deaith
selected aspects of Czech legislation in relatiothé environment and above all, the solution afirenmental
needs by means of appropriate legislation. Sinpitablems are also addressed by Slovak authors.ddtova
(2008) shows the importance of legislative by thglementation of new technological solutions inngsi
renewable energy sources. Khouri (2016) deals wigystem approach to solving the problems of reafise
metallurgical brownfields, as a potential tool tgpport further regional development, acceptingwuakd legal
regulations, as well as the principles of sustdmabvironmental development.

Given that the process of endorsement of the Girddtonomy Package was relatively extensive and the
values changed over the years, the legislatiohi;marea could not be adopted earlier. In 2015ptae was to
achieve the following three goals in the field ciistie management: reaching 65% rate of the municipate
recycling, 75% of packaging waste recycling and &tat within the European Union only 10% of allsteawill
be landfilled. (European Commission, 2015) Receinthas been understood that the Commission isqsiog
to ban landfills altogether and the Parliament aionscrease the recycling rate of municipal wast€0% and
packaging waste to 80%. The landfilling should exteed 5% rate (Vosecky, 2017).

The final values that shall be achieved are agvial by 2035, as previously planned, the recycbing
municipal waste rate shall go up to 65%, given thaR025 it should be up to 55% and 5 years latehauld
reach 60%. For packaging waste, a recycling rai#6 is expected to be achieved by 2030. The speeifues
for the individual types of materials are showrFigure 1. Besides, it is set that after 2035 laas t10% of all
municipal waste shall be landfilled as intendethimyear 2015 (European Commission, 2018).

In 2015, even though there were no exact figures(zech Government, in response to the adoptitimeof
Circular Economy Package approved the new Wastealjieament Plan (WMP) for the period 2015-2024. This
plan already counts on limiting the amount of mixednicipal waste and landfilling. Given that theaekvalues
to be achieved are still not known today, it is possible to say with certainty whether by fulfit the national
targets the Czech Republic had set, the requirentdrihe European Union can be met.

The Czech Waste Management Plan is divided into awts: introduction, evaluation of the currerdtst
of waste management in the Czech Republic, andrgjnahd indicative parts. The binding part is isbas a
government order due to the possibility of legafoereability. The binding part of the current Waste
Management Plan is a part of the Government Dddee852/20014 Coll., On the Waste Management Plan o
the Czech Republic for the period 2015-2024. Whteagement Plans of individual regions and the @ast
Management Plans of individual cities follow the&ioaal Waste Management Plan.

The most important and the most striking objectitat the Czech Republic puts forward by 2024 & th
landfill ban of municipal, recycling and reusablaste. Nevertheless, this step has only been legaligted in
the Government Order on the Waste Management Blémeaamendment to Act No. 185/2001 Coll., On Waste
that would regulate it, despite several attemptiate, have not been adopted yet. However, meastgdsiown

367



Sarka Vilamova, Anezka Podlasova, Marian Piecha, Kaila Janovska, Petr Sik§, Drahomir Foltan, Martin Sanda, Karel Batinka
andRoland GrosoS$:The conditions for implementing a circular econamihe Czech Republic

to achieve this goal. It is assumed that the feelfonping the waste that will be banned after 2@RU4increase.

According to the existing Waste Act (Act no. 185J20Coll.), the actual standard fee for municipad amixed

waste is 500 CZK/t and 1700 CZK/t for dangeroustev@er one calendar year. It is apparent that @asing this
fee would result in increasing the fee for munitiwaste paid by citizens and therefore they willtw recycle
as much as possible in order to avoid that. Thedorental problem with landfill ban is the fact titabas not
yet been solved how to proceed in case that thifilsrwill be banned after the year 2023 and thered waste
will continue to be landfilled there. It is alsoaessary to figure out how to prevent illegal lahsiof this waste.
With regards to landfill ban, one of the goalshd WMP 2015-2024 is above all the energy utilizatb waste
after the removal of the materials of use, hazasdmmponents and biodegradable waste.

Other types of waste and goals that should be migtei year 2020 are also addressed in the bindirtgop
the WMP. In the Czech Republic, the overall levighieparation for re-use and recycling should ledased to
at least 50% by weight, for waste from plastic, graglass and metal originating in householdsconfastes
which are similar to those wastes, but which ardiiéérent origin.

In the area of packaging waste, the recycling shtaild increase to 70% by 2020. The specific peaces
for each type of packaging waste are given in dlewing table (Table 1).

Tab. 1. Packaging recycling

Packaging waste Recycling [%] Overall recovery [%]
Paper and cardboard 75
Glass 75
Plastic 50
Metal 55
Wooden 15
Consumer sales 50 55
Total 70 80

Source: Ministry of Environment, 2014, p. 108.

It is known that glass and metals can be recycésichlly over and over again, so in the case tiet are
sorted out of the municipal waste, it should noak@oblem to achieve the values mentioned in TabRastic
packaging recycling is, however, quite problematiti not only in the conditions of the Czech Republihe
process of recycling plastic waste is resourceasite, primarily for water and energy, but alsafice, because
recycling costs are high. A very important elemefntecycling is the process of collecting wastaiform that
allows its further sorting and pre-treatment preessto produce a secondary raw material that isesuiently
recycled. As a result of legislation, it is virtyaimpossible to meet the legislative targets afyrding and
recovery without proper infrastructure and logistaf waste collection. A very important role in rieg the
objectives in the field of municipal waste is pldyley consumer communication, which represents drteeo
key elements of influencing the citizens to hartileir waste responsibly, i.e. so as to meet theavbes of
recycling and recovery. As an example, residents tbeir waste into containers for recycling orngriused
batteries to take-back points, which could be,eiemmple, points of sale of these batteries. Nonatfwould
have happened without effective and continual comoation.

In the category of sorting electrical and electcomjuipment waste, the aim is also to increasdetra of
sorting this waste and, consequently, the rateeocbvery, recycling and preparation for re-use.h@ €zech
Republic, in accordance with EU legislation, legat natural persons placing those products on #r&ehare
obliged to ensure their take back. Citizens alsgetthe possibility to put small electrical appliaadn special
containers, but there are not enough of them irCthech Republic. In this waste category, meetimggbals is
partly set for August 2018. Individual target vaweill be stated in the next chapter (Table 3).

An important goal of the Waste Management Plan 20034 is also reducing biodegradable waste that
ends in landfills. The problem of sorting biodegrbale waste lies primarily in the fact that citizérase only a
few options to store this type of waste even thoihgly are required to sort it from 2015 onwards.

In terms of the Czech Republic, the circular ecopasnalso reflected in the Secondary Raw Materials
Policy, which is a part of the Raw Material Poliafithe Czech Republic. On $3pril 2014, the government
approved the Secondary Raw Materials Policy asthernment Resolution No. 755. This is the firstutoent
of the Czech Republic, creating a strategic frant&far the efficient use of secondary raw materitts slogan
is "Waste conversion to resources”. In the anglysis commodities and sources of secondary rawriakste
were formed on the basis of which the Policy wantprepared. These include metals, paper, plagfiass,
construction and demolition materials, energy bydpicts, end-of-life vehicles (wrecks), waste eleatrand
electronic equipment, used tires and waste rubteeste batteries and accumulators.

The Policy sets out five strategic goals and sixteeasures. These goals are:

1) Increasing the self-sufficiency of the Czech Refmubi raw material sources by replacing primary

sources with secondary raw materials.
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2) Promoting innovation securing the acquisition ofmelary raw materials in a quality suitable for
further use in industries.

3) Promoting the use of secondary raw materials aslddr reducing the energy and material demands of
industrial production while eliminating negativepacts on the environment and human health.

4) Supporting the education of qualified workers ia fleld of secondary raw materials as an endorsemen
of the competitiveness of the Czech Republic.

5) Updating the scope of the statistical survey far pnocessing of material accounts, enabling thesmas
balance of secondary raw materials to be processtdte Czech economy (Ministry of Industry and
Trade of the Czech Republic, 2015).

The ability of the Czech Republic to meet the requéments of the Circular Economy Package and the
Waste Management Plan 2015-2024

In order to determine whether the state is ablené®t the waste recycling requirements, it is fast
foremost necessary to take into account the vefipitien of the basic concepts of waste managemsurth as
recycling, as defined by a specific state.

For a specific process of determining whether thed Republic is able to meet the requirementhef t
Waste Management Plan that are already set uritt,d0is necessary to use data from previous yddmsre are
two sets of data available in the Czech Repubbitlected by different institutions. One of themtlie Czech
Statistical Office and the second one, the Ministiyndustry and Trade of the Czech Republic. hasv being
discussed that the data related to the environstenild be collected by a single methodology.

As already stated above, the Czech Republic planput forward the so-called landfill ban of the
communal, recyclable and recoverable waste by 28Pgresent, it can be stated that dumping hascéniley
trend, but if the landfills are to be banned conglle dumping must be radically reduced. In 201&0ading to
EUROSTAT data, 50 per cent of waste was landfilted; years earlier, it was 77 per cent (2006) -Tsdse 2.
In the past ten years, it has dropped by only 27cpst, and it is now necessary to reduce dumpyng total of
50 per cent in the following six years. So if theeCh Republic does not implement significant charigavaste
management, the criteria (< 10 %) of the Europeaiotuwill not be met.

Tab. 2. Dumping in the Czech Republic in the y2ags — 2016 [%]

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 016 2

7 75 75 73 68 65 56 56 56 53 50

Source: Eurostat, 2017.

Undoubtedly, alternatives to waste disposal are i¢ded in the context of diversion from landfithis is
mainly the energy recovery of waste in ZEVO (wastgneration plant, generally incineration plaritg. the
production of electric and thermal energy. In thee€h Republic, there are four incineration plaint€rague,
Brno, Liberec and in Chotikov u PknThe last facility, which is also the latest, hdeen a subject to many
disputes and it has long been unsure of whetheilliever be possible to put it into operation. Tdare many
opponents to new ZEVO in the Czech Republic. Itipalar, they are mostly eco-activists and localsovdo
not want similar facilities near their homes.

Nevertheless, the area of energy use of mixed npailiaovaste in ZEVO is supported by the state.
Barankova (2013) found grounds for supporting ti&/@ system in her article, where she compared two
similar cities, in regard of size and number oizeihs (Ostrava and Brno), with a different approtchvaste
disposal (dumping vs ZEVO). The calculated economdicators reached significantly different values
favour of the energy use of mixed municipal waste.

Straka (2018) tried to find out, using computeridation, the volume of the environmental impactvaiste
incineration processes within a particular regidime aim was to find ways to reduce the impact om th
environment of the combustion process in the SloRakublic. The simulation results show that incatien
during a one-year period produces about 15,266dbptastic and electrical components, and wileese about
590,000 GJ of energy and about 199,000 tons ofrsteal 287 tons of other emissions with only 3 gnidims of
dioxins.

In the field of packaging recycling, the Waste Magement Plan sets the overall recycling rate at 70%.
According to the Circular Economy Package, the mat@0 per cent. In 2017, according to data fronOEK
KOM, the total recycling rate was 74%. Figure ngHows that the Czech Republic has already met the
objectives of the Waste Management Plan 20152084 for the overall recycling of packaging wastel &or
each type of packaging material. At the same tiime Czech Republic already meets the EU requiresradrthe
Circular Economy Package.

The Czech Republic's waste management strategydshedoth motivating and realistic. It also shontut
burden Czech citizens or the industries any moam tit burdens citizens and industries of other Ream

369



Sarka Vilamova, Anezka Podlasova, Marian Piecha, Kaila Janovska, Petr Sik§, Drahomir Foltan, Martin Sanda, Karel Batinka
andRoland GrosoS$:The conditions for implementing a circular econamihe Czech Republic

countries. The state should also actively develupsupport tools that would help to meet the objestof the
future European legislation.

Kozel (2018) dealt with ways to motivate citizensrécycle. He sees potential in information techgyl
and as the most attractive considers the use oD RRlps, thanks to which it is possible to see Halvare
individual waste containers. This way, it wouldfaEssible to eliminate situations when the contairmee filled
up, and citizens are therefore less willing to cdeyZapletal (2017) emphasises the link betweetiviaition and
specific financial measures. As an incentive tooldusinesses, he sets out a system of allowahatthe heavy
industrial enterprises in the EU face from the begig of the millennium. This system has threatoaisted
with the emission-trading obligation. Significaacfors are the number of allowances granted tbul&ess for
free and the price of emissions for different typépermits.
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Fig. 1. Packaging recycling rate in 2015-2017 amdues according to WMP and Circular Economy Paekag
WMP 2020 = Waste Management Plan 2015-2024; CEB 20Gircular Economy Package
Source: own processing according to the MinistrEn¥ironment, 2014; EKO-KOM 2016, 2017, 2018 ancbfean Commission, 2018.

Companies participating in the adoption of the Ciralar Economy Package in the Czech Republic

There are companies in the Czech Republic, whiehteying to point out both: the issues of waste
management and the circular economy. Probably #m-kmown waste company is the only authorized
packaging company in the Czech Republic EKO-KOM, @ompany.

Industrial companies producing packaged goods 8¥ 18 a non-profit joint-stock company founded the
EKO-KOM. The purpose of establishing EKO-KOM Compamas to create one umbrella organization, which
would provide the take-back of packaging and thkzation of waste from the packaging for its cautual
partners, whereas the contractual partners aree thasities who, according to Act No. 477/2001 Calle
obligated to perform these two activities. The sgstat present, includes more than 20,000 companigsnore
than 6,000 Czech municipalities. (EKO-KOM)

The scope of the company's activities lies not anth the above stated, but it also helps its ¢fiemith
other issues related to waste management and ekpdtifocuses on the field of awareness and efilica
Awareness and education are undoubtedly partigulianportant for citizens to realize the importancke
recycling. Unless the citizens are able to sorirthaste the best they can, the system of a cireedanomy
cannot work effectively.

The EKO-KOM Company uses most of the media to euttee citizens. There are TV campaigns bearing
the claim “Ma to smysl,itdte odpad” (It's worth it, sort your waste”) poingrout the importance of recycling.
The campaigns are extended to the online envirohnseecifically to several websites run by the Camp
There are also Facebook and Instagram pages singpitnie campaign.

Another company that addresses pretty much alhetarget groups influenced by the impacts of tw n
legislation is the Institute of Circular Economyhi§ non-governmental organization, established(h52 is
dedicated to spreading ideas about the circulangroy, both between businesses and government #ighpas
well as citizens. The Institute organizes semineosferences and workshops to educate those itedrasthe
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circular economy. For municipalities and their leeship that will indisputably also be affected bg adoption
of the package, it annually organizes the Wastedgament Conference, where it explains the benefithe
transition to the circulator economy (InstituteGifcular Economy).

The Impact of Adopting the Circular Economy Package

It is apparent from the previous text that the aidopof the Circular Economy Package at the levehe
European Union and its subsequent incorporatiam state legislation will have an impact on all theolved
target groups, i.e.:

e Individual states,
e Their entrepreneurs and
* Their citizens.

At the state level, it is necessary to adopt sedislative measures so that Czech legislative iméwith
those of the European ones. An amendment to Actll86/2001 Coll., On Waste (effective from 1 January
2018) was approved in 2017, however, from the poitiew of the circular economy, there were nagfigant
changes. Even though there were points on chaongiée tcircular economy in the draft, the lobby fipavon,
and the proposals were not enforced (Drabkova, X(H@wever, as stated above, the Czech Republic mus
implement the Circular Economy Package into itsslagion within 24 months of CEP's entry into tloeck.

In connection with the transition to the circulaoaomy, it is essential that all target groups canigs and
institutions are involved. The government shoulddot only new legislation that is in line withetlaw of the
European Union, but also create optimal conditemshe entire circular economy system can worlcieffitly.
This includes especially removing all the obstaclkgated to the production of new products as wslithe
transfer of waste (resources) to others for furitecessing. For smooth transition to circular ecoy, it is also
vital to create a special plan, i.e. so-calledwtacroadmap, which would provide a long-term cquéevolving
the implementation of circular economy principlasoilegislation, finding key and priority areas, ppang the
current situation and, above all, steps to be takémdividual phases (Drabkova, 2017).

The Ministry of Industry and Trade is trying to prote the circular economy through various compuetsti
For example, at the beginning of this year, a matide competition called the “Transformation of veaso
resources” took place, where production and coastmu enterprises, public administration of munadifles and
towns, university students and colleges of secgndahools, vocational schools, elementary schoald a
facilities for leisure activities could participafeinistry of Industry and Trade, 2017).

And it should be the production companies and pnig&s placing the packaged products on the market
that should eliminate the amount of waste. The &esign should become a trend as its main objective
lower the impacts of products on the environmeminduthe whole product life cycle. In the field thie circular
economy, it is important that the products can dioually used even after the end of their lifeley And that
is precisely why it is appropriate to use materitdat can be recycled or otherwise used while using
technological procedures that do not prevent thaither use. As far as packaging is concerneds ialso
advisable to select such materials for their mastufa, which can be further utilised, and, in madtr, it is
important to consider whether it is necessary te sisch quantities of packaging. These are in pdatic
consumer packages, which are often totally unnecgsas the goods are essentially stored in tweazges (for
example, perfumes). Supporting Eco-design is afeoaf the waste prevention objectives enshrineéicinNo.
185/2001 Coll., On Waste. Under this law, Eco-desigeans systematic incorporation of environmergpéats
into the design of the product in order to impralkie environmental impact of the product throughitatife
cycle.

The amendment to the Act no. 477/2001 Coll., OrkBging, which responds to the relevant EU Directive
and came into effect onUJanuary 2018, can be considered an innovatioradkgging. Since this day, it is
forbidden to provide a plastic bag to a consumerfriee. Some of the retailers have already prep@oethis
regulation and are currently selling bags for daieramount, or they have switched to paper baghase that
can be used repeatedly.

At the same time, it is necessary to realize thatadopted legislation for introducing the circidaonomy
is also manifested outside the waste managemenbings the need for new legislation in other ardes
example may be Act No. 181/2014 Coll. The CyberuigcLaw, which regulates the rights and obligaticof
individuals and the powers of public authoritiescybersecurity. (Moravec, 2017) For example, heggilants
produce, on the one hand, a significant amountazhitdous waste and are therefore directly affelbtethe
fulfilment of EU (or CEP) conditions. On the otheand, the legislation of the circular economy saleflected
in the cybersecurity of businesses and carriesdleof implementing regulations in companies.

There is an increasing trend of recycling amonigenits. It is even reported that in the overall odiog we
are in second place in Europe - after Belgium (BKOM, 2017). But, if we look at the amount of wastet
could be sorted and is still in the mixed municipaiste, the citizens of the Czech Republic havksstot to
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learn. From this point of view, the awareness addcation that are in the scope of activities of,xample,
the EKO-KOM Company and the Institute of CirculamoBomy, are very important.

Lastly, Czech citizens very often do not realis& libey recycle as other people do not as wellhey tare
not really thorough in doing so. Many citizens du recycle at all as it seems of no significancéhtem. And
some go to extremes such as littering, i.e. thrgwiway garbage anywhere.

In the Czech Republic, although Act No. 185/2001.COn Waste obliges everyone to recycle, yetreéhe
is currently no system to sanction those who breacHowever, the absence of such a system thabine
extend commonly works in other European countfiests the development of other forms of waste rexy
and recycling. Particularly, when the state is piag the landfill ban, it is necessary to think abthis problem
and, in particular, in a suitable way, implemerglyatem of sanctions for citizens. Many cities hbgen trying
to motivate the citizens to sort their waste byuedg or cancelling the fee for municipal wastet, bice again
there must be a system that will be able to recmgwinether the citizens actually do sort their aiast

Though, there are few cities in the Czech Reputilat have been implementing systems to monitor
recycling. They provide their citizens with spedialr codes used to hold together or tie their wastethus the
municipality knows precisely how they recycle.

Examples of Good Practice in Waste Management in ¢hCzech Republic

Nowadays, in connection with the transition to tieulatory economy, the so-called “Urban mining” i
being discussed, which is the mining of valuabl@ raaterials directly in the cities. The Smolo Ogtravaste
company has been addressing this option. This coynjgatrying to find new ways how to get raw madési
Since Ostrava was a heavily industrial area, tle@esa large number of old industrial buildings wajtfor
demolition. The Smolo Company sees them as sowfoesv materials they can get and offer them furtker
example, they can create a certified product frddhbwildings using crushers and screeners. Thegkl dme
different fractions of aggregate, asphalt or raicdal concrete (Czech Waste Management Associ&iy).

Companies that are in waste collection businesg eften come across an issue of route planningh Suac
issue belongs to the problems called TSP- TragglBalesman Problem. These are computationally ampl
combinatorial tasks and, in addition, differentdbspecifics such as one-way streets, differeniceicapacities,
and so on, shall be taken into consideration. Tbelpm is also to convert map data into the foramgtropriate
for these algorithms. This is why experts from tfiaoulties at VSB-TU Ostrava are now working on ej@ct,
the output of which will be the design of acceptabbutes and their implementation into specialintaps,
primarily for verifying the proposed methodologgcendary for individual partners from practice. jBecb co-
workers work with several companies in the fielduaiste management (Kozel, 2014).

Another example of good practice is the IKEA Cz&gdpublic, which has decided to introduce a system o
furniture take back. The service called "Secone@'Liffas launched in 2017 as a pilot project of ohBrague's
stores. IKEA's customers have the opportunity torrefurniture they do no longer want, simply takia picture
of it, uploading it to a website with a price theish to sell it for. IKEA either agrees with theige or proposes
its own, according to the degree of wear, and tieggotiates with the customer the final take batie gustomer
then receives a voucher in the agreed amount toabagw product in IKEA, and the company offers the
furniture to other customers. The aim of this ssris most of all, reducing waste (IKEA, 2017).

As a perfect example that the initiative in thddfief the circular economy does not necessarilyehiav
come from businesses, but may also come from ngize the good practice at Palacky University ior@buc
(Univerzita Palackého v Olomouci, 2017). In 2016,a&sociation Sustainable Palacky was founded gisiin
lowering the amount of waste produced within theversity grounds. Students who saw great poteiriigthis
field established the association. They, for examplaced the sorting bags of EKO-KOM Company into
student's dormitories. Last year, students cretedo-called Freeshop where not only students,amadeaving
the dormitories, can leave the things they no lomged. And it also works the other way aroundudets who
are moving in can come and take such things orthem for a voluntary contribution. The Freeshomiogted
in response to a number of functional products émated year after year in the garbage bin on theittaries
because students needed to get rid of them. Thartkss initiative, things can keep serving thairgose.

In connection with the reduction of the amount lafsfic waste, we can exemplify the good practicéhef
campaign "Dost bylo plastu” (“Done with Plastic’¢alized by the Ministry of Environment of the Czech
Republic. The campaign's principle is the conclusif voluntary agreements between the Ministry of
Environment and companies willing to commit themeslto reduce the consumption of plastics and deige
tableware at their premises. The idea is to cretiéenatives for customers that will not have eowinental or
wallet impacts. Among the well-known organizatiagmgolved in the project are: the Czech Railwaysg&arie
Boulevard, UGO, Costa Coffee, Lidl Czech Republizech University of Life Sciences, Starbucks, Beazi
Leo Express, CrossCafe, lkea Czech Republic, fmdisRelay, Hello or Mr. Baker (Ministry of Enviroment
of the Czech Republic, 2018).
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Conclusions

The adoption of the so-called Circular Economy Rgekat the EU level and the resulting obligatioils w
affect all Member States, and the Czech Republimigxception. The Circular Economy Package wagtado
in 2015, but its specific form was not approvedtiy European Commission until 22 May 2018 and maered
into force on 4 July 2018.

The Circular Economy Package includes values foyaleng and storage of municipal waste, which must
be achieved by individual Member States by 203b@tatest. The final values were approved togetligr the
package in May 2018. Notwithstanding this, the Gz&epublic reacted to the adopted Circular Economy
Package already in 2015, when it adopted the newt&\danagement Plan for 2015-2024. It containsraéve
targets that the Czech Republic has to achieviedratea of waste management by 2024, i.e. six yedose it
will have to reach the European Union's standards.

The assessment, made by the authors, has showthe¢halbjectives set out in the Waste Managememt Pla
had been, in fact, already met at the time the Wéaste Management Plan was issued. These include bot
packaging recycling and recycling, re-use and the of waste electrical and electronic equipmenty Wie
goals are set, so that they are already greatlgeziad, remains a question. At the same time, haweeemust
not forget the balance of the economic level aedetficiency of the whole process.

The authors of this article, therefore, inclinethink that there are two main problems in puttihg hew
legislation into practice. This is mainly about theonsistency of the methodology of data collettmd a lack
of a functional motivation system. Given that thexeno single EU-wide guideline on how to colleettal and
make a variety of waste management calculatiorjectite results cannot be achieved. To ensureathédrget
groups affected by the new legislation are motivdatehandle waste more efficiently, an adequatégysnust
be put in place to penalize those, who do not cgmjith the legislation and, on the contrary, favthusse who
do comply and exceed their obligations.

AcknowledgementThe article was supported by specific
university research by the Ministry of Educatiorguth

and Sports of the Czech Republic No. SP2017/17
Creating system for analysing internal and external
environment of industrial enterprises and No. SRZp2
Risk Management Study of Industrial Enterpriseshia
Czech Republic.

References

Barankova, L. and Baranek, P. (2013). Cost-Bergfilysis of the Current Municipal Waste Managemiant
the Cities od Ostrava and Brno.Pnoceedings of Knowledge for Market Use 204y, 8-21.

Bartl, A. (2015). Withdrawal of the circular econgmackage: A wasted opportunity or a new challenye3te
Management44 (2015) pp. 1-2.

Bilan, Y. (2013). Sustainable Development of a Camp Building of New Level Relationship with the
Consumers of XXI CenturyAmfiteatru Economicl5 (7), pp. 687-701.

The Czech Waste Management AssociatiGAQ@H). (2017).iDnes: Urban Mining - &ba cennych surovin
prfimo v ndstech. [online] Available at: <ttp://www.caoh.cz/odborne-clanky-a-aktuality/idneban-
mining-tezba-cennych-surovin-primo-v-mestech.htfficcessed 15 December 2018].

Drabkova, J. a JonasSova, S. (2013kehové hospod&tvi vyzaduje spolupraci, ne bajznych lobby[online]
Available  at: <ittp://www.businessinfo.cz/cs/clanky/sona-jonasoli@hove-hospodarstvi-vyzaduje-
spolupraci-ne-boj-ruznych-lobby-90301.htnjAccessed 15 December 2018].

EKO-KOM. O spolenosti. [online] Available at: <ttp://www.ekokom.cz/cz/ostatni/o-spolecnosti/systeko-
kom/o-systems [Accessed 14 December 2018].

EKO-KOM. (2016). Vysledky itidéni a recyklace v systému EKO KOM za rok 2(bsline] Available at:
<www.ekokom.cz/uploads/news/id524/TZ_vysledky trid@015.docx [Accessed 14 December 2018].

EKO-KOM. (2017).Vysledkytrideni a recyklace v systému EKO-KOM za rok 20[#iline] Available at:
<http://www.ekokom.cz/cz/ostatni/o-spolecnosti/méiiaove-zpravy [Accessed 15 December 2018].

EKO-KOM. (2018). Vysledky systému EKO-KOM za rok 2017]online]  Available:
<http://www.ekokom.cz/uploads/news/id655/TZ V%C3%Bioky 2017 p%C5%99%C3%ADIloha_1.pd
f> [Accessed 22 June 2018].

European Commission. (2018)ptazky a odpaidi k balcku o olzhovém hospodétvi. [online] Available at:
<http://europa.eu/rapid/press-release_ MEMO-15-6284tr [Accessed 14 December 2018].

373



Sarka Vilamova, Anezka Podlasova, Marian Piecha, Kaila Janovska, Petr Sik§, Drahomir Foltan, Martin Sanda, Karel Batinka
andRoland GrosoS$:The conditions for implementing a circular econamihe Czech Republic

European Commision. (2018Fircular Economy: New rules will make EU the d@blfront-runner in waste
management and recycling [online] Available at: <http://europa.eu/rapid/press-release |P-18-
3846_en.htm [Accessed 22 June 2018].

Eurostat. (2017)Database.[online] Available at: <ttp://ec.europa.eu/eurostat/data/databajgeccessed 14
December 2017].

Horodnikova, J., Khouri, S., Rybar, R. and Kudelas(2008). TESES rules as a tool of analysis tuwsen
OZE projectsActa Montanistica Slovac¢d3 (3), pp. 350-356.

Chlopecky, J., Pawliczek, A., Vilamova, S., Morayvéc, Hub&ek, J. and Ameir, O. (2018). Strategic risk
management of an enterprise depending on exteonditons. Ininternational Multidisciplinary Scientific
GeoConference Surveying Geology and Mining Ecoldggagement, SGEM8 (1.3), pp. 855-861.

IKEA. (2017). IKEA dava nabytku druhy zivot. [online] Available at:
<http://www.ikea.com/cz/cs/about_ikea/newsitem/drutiyot nabytker [Accessed 15 December 2018].

Institut cirkularni ekonomikyO nas.[online] Available at: <ttps://incien.org/o-nas/[Accessed 14 December
2018].

Khouri, S., Pavolova, H., Cehlar, M. and Bakalar(2016) Metallurgical brownfields re-use in thenddions of
Slovakia - A case studietalurgija, 55 (3), pp. 500-502.

Kozel, P., Michalcovéa, S. and Friedrich, V. (2018he using of linear programming for solving thenivipal
waste collection problem. IRroceedings of 32nd International Conference onhdatatical Methods in
Economics (MME 2014pp. 483-488.

Kozel, R., Podlasova, A., SikyP. and Smelik, R. (2018). Innovations in Wastendtgement. InDIMT 2018:
Strategic Modeling in Management, Economy and $8ocie 26th Interdisciplinary Information
Management Talkpp. 119-126.

Kozel, R., Vilamova, S., Kiraly, A., Hawrysz, L. @ys, K. (2015). Legal aspects of environmentaliés in
the Czech Republic. Iimternational Multidisciplinary Scientific GeoComémce Surveying Geology and
Mining Ecology Management, SGERI(5), pp. 703-709.

Ministry of Industry and Trade of the Czech Reptb(2015).Politika druhotnych surovirCeské republiky
schvélena vladod@R dne 15. 9. 2014online] Available at: <ttps://www.mpo.cz/dokument153352.htm
[Accessed 15 December 2018].

Ministry of Industry and Trade of the Czech Repabli2017) Celostatni soék Ministerstva pimyslu a
obchodu Pernena odpad na zdroje.[online] Available at: <ttps://www.mpo.cz/cz/prumysl/politika-
druhotnych-surovin-cr/celostatni-soutez-ministesisprumyslu-a-obchodu-premena-odpadu-na-zdroje--
221269% [Accessed 15 December 2018].

Ministry of Industry and Trade of the Czech Repub{R018).Evropska komise ziginila Strategii pro plasty a
dalsi dokumenty k @hovému hospodatvi [online] Available at:
<https://www.mpo.cz/cz/prumysl/politika-druhotnychrgvin-cr/evropska-komise-zverejnila-strateqgii-pro-
plasty--234763# [Accessed 19 February 2019].

Ministry of Environment of the Czech Republic. (2Q1Plan odpadového hospogsivi 2015-2024[online]
Available at: $ttps://www.mzp.cz/cz/plan_odpadoveho hospodarstvi[Accessed 14 December 2018].

Ministry of Environment of the Czech Republic. (83)1Kampai Dost bylo plastu [online] Available at:
<https://www.mzp.cz/cz/kampan_dost_bylo_plastiAccessed 19 February 2019].

Moravec, L., Danel, R. and Chlopecky, J. (2017).pligation of the Cyber Security Act in Hawoiska
teplarenska spateost, a.s. IlBEMSIS 2017 - Proceedings of the 12th Internati@wmiference on Strategic
Management and its Support by Information Systedg, Dp. 425-433.

Narizeni vlady ze dne 22. prosince 2014 o Planu odgdun hospodétvi Ceské republiky pro obdobi 2015-
2024. In Shirka zakdnCeské republiky. 2014astka 141, s. 4650

Stanel, W. R. (2017). Analysis of the structure aatles of the European Commission's Circular Eogno
Package. IrfProceedings of the Institution of Civil EngineergVaste and Resource ManagemdmO(1),
pp. 41-44.

Straka, M., Rosova, A., MalindZzakova, M., Khouri,a@®dCulkova, K. (2018). Evaluating the waste incineratio
process for sustainable development through madglliogistics, and simulationPolish Journal of
Environmental Studie®7 (6), pp. 2739-2748.

Simkova, Z., Cehlar, M. and Pavolova, H. (2016ja®gy of point out relevance of responsible exatimn of
mineral resourceg\cta Montanistica Slovac21 (3), pp. 208-216.

Tieti ruka. (2018).Plasty Komise navrhuje pravidla pro deset drullednorazovych plastovych vyraebk
[online] Available at: <ttps://www.tretiruka.cz/news/plasty-komise-naveipravidla-pro-deset-druhu-
jednorazovych-plastovych-vyrobku[Accessed 19 February 2019].

Palacky University in Olomouc. (2017Na Univerzi¢ Palackého vznikl v tuzemsku ojetyn studentsky
Freeshop [online] Available at: <ttps://www.upol.cz/nc/zpravy/zpraval/clanek/na-@niite-palackeho-
vznikl-v-tuzemsku-ojedinely-studentsky-freeshophccessed 15 December 2018].




Acta Montanistica Slovaca dlume24(2019), numbe#, 366-375

Vosecky, V. (2017).Institut Cirkularni Ekonomiky: Cirkularni ekonomika co se die v Bruselu.[online]
Available at:  <ttp://ekolist.cz/cz/zpravodajstvi/tiskove-zpravgkalarni-ekonomika-a-co-se-deje-v-
bruselw [Accessed 14 December 2018].

Wysokinska, Z. (2016). The “New” Environmental Policy Ofd European Union: A Path To Development Of
A Circular Economy And Mitigation Of The Negativédfécts Of Climate Change&omparative Economic
Researchl19 (2), pp. 57-73.

Zakon ze dne 15. kina 2001 o odpadech a o &my nekterych dalSich zakdn In Sbirka zakoi Ceské
republiky. 2001¢astka 71, s. 4074.

Zakon ze dne 4. prosince 2001 o obalech a sngmekterych zékofi (zéakon o obalech). In Sbirka z&kon
Ceské republiky. 200%astka 172, s. 9948.

Zapletal, F., Ministr, J. and Rehacek, P. (2017ankbement of emissions permits: Threats of the &aao
emissions trading syster8cientific Papers of the University of Pardubiceri€ D: Faculty of Economics
and Administration24 (41), pp. 217- 229.

375



Acta Montanistica Slovaca Volume24 (2019), numbe4, 376-390

Exploration of Disparitiesin Environmental Activities of European
Countriesfrom Year 2006 to Year 2016
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The main aim of the study is to investigate anelvauate the disparities in the environmental atiéis of the European countries in the
time period from the year 2006 to the year 201& data from the Eurostat database is applied. Réiggrthe character of the data and the
target orientation of the study, the cluster analys selected in order to reveal the desired ieleg. The analysis outcome point to several
interesting facts. The distribution of the courdriamong the clusters is very uneven. The partitiphaehave considerably differently. For
instance, Austria belongs to the largest clustersll but one explored fields, although its outpitnot very similar to the remaining
countries. This reveals inefficiency that shouldabsubject of further research. The obtained figdirenable to carry out a structural
analysis of the environmental activities under 8tigation and to define causal relationships anse@ch trajectories that would reflect the
extent of economic and legislative measures ineplaceach country, the demographic structure impact environmental activities, and
economic subsystems in the country, causes ofommvéntal disparities within countries, etc. Theuttes of the study are particularly
relevant for national and international environmanpolicymakers, as well as for the concept of segi development plans and the
development of monitoring and evaluation mechanisms

Keywords: environmental activity, environmental indicatonv@onmental protection, cluster analysis, dendagr Euclidean distance.

Introduction

The environmental indicators are usually appliedgsess efficiency and effectiveness of the enmieonal
activities in the individual countries. They supptite processes of planning, setting strategicsgaalwell as
developing measures and instruments in the regaealopment concepts of the countries. The enriental
indicators are part of the monitoring and decisiaaking mechanisms and systems. Their important atsle
lies in signalling economic, social and environnaérthreats. Many international organisations foaus
developing indicator groups to assess the envirotemh@spects and to implement them into practicefas
instance, the Organisation for Economic Co-openadad the United Nations. The first published iatbc
group is the Organisation for Economic Co-operattmme Set of Indicators for Environmental Perforoeim
the year 1993 (Organisation for Economic Co-operatil993). It was later innovated in the year 2001
(Organisation for Economic Co-operation, 2001) emthe year 2003 (Organisation for Economic Co-apien,
2003). Gradually, the groups of the indicators waggeloped for transport, energy, agriculture, hadsehold
consumption. Another group of the indicators ofsthinstitution are the indicators derived from the
environmental accounting consists of the threesparhich pollution abatement and control expenditmatural
resource accounts, and environmental accountimmngelmongBY introducing these indicators, it is possible to
monitor and to evaluate developments in these enmiental areas and to compare the achievementsin t
individual Organisation for Economic Co-operatiorember countries over the previous two decades. The
further development of the environmental indicatsraccompanied by the adoption of the new stratedior
instance, the so-called green growth strategy fiteenyear 2009 is adopted to support the econonowtgrand
development of the countries while providing ectsys services (Organisation for Economic Co-openatio
2011). It underlines the need for investment amdwation support as well as for competition that daositive
impact on sustainable growth and the creation @f labour positions usually. Green growth provideshba
policy strategy for economic transition and a maoniitg framework with a proposed set of indicattrsonnects
the economic and environmental context (Gustafiketaal.,, 2014). All the activities in the field of
environmental protection by the year 2020 emphatsieemportance of the transition to a greener amde
cyclical economy. The development of the new groopsthe indicators is often complicated, and this
construction of the composite indicators impederimational comparison, which may also reveal tlsaas for
the national disparities in some environmental ardaerefore, it is important to continuously deyehational
and international registers that would containogtective as well as up-to-date data declaringtineent state
in the environmental policies of the countries #releffectiveness of the intervention measuress &lsio allows
causal relationships between changes in the ermizatal characteristics of the individual geographireas
and their impact on the economic and social sphérbis is also an incentive to carry out the introshlic
research, which is based on the data from Euradstairder to analyse and to evaluate the disparitiethe
environmental activities of the European countiiethe time period from the year 2006 to the yext&®
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The structure of the study is as follows — therditere review of the research studies is focusedhen
exploration of the use the environmental indicatershether separately, or in groups — in ordersgeas the
individual areas of the environment and the impi@es in the several types of the policies. Thisvas defining
the research framework. In order to process thaegabf the indicators aimed at assessing the emvigatal
activities of the individual countries, the clustaralysis is applied to demonstrate the disparlietsveen the
countries in the examined areas. The analysis mdcoreates a platform for formulating the discussio
framework and the research conclusions. Also, deas for the potential subsequent research inatiis are
specified.

Literature Review

Many national and international types of reseamtu$ on monitoring and assessing the environmental
activities in particular countries with specificusal links to the socio-economic and demographiesgs of
interest. The environmental activities are caroetlin the legislative frameworks, which also ceeatplatform
for setting up regulatory and stabilisation mechkars in the area of environmental, economic andakoci
policies.

The available research studies dealing with thdoeed issue are largely heterogeneous in theiresdnt
which is determined by the aim of the presentedaehes, the aspects examined as well as the nodblyamhl
backgrounds. Most of them have a strongly impliedure with links to many types of policies and thus
encouraging not only research teams to carry caitféHowing research, but they also create the supm
mechanisms for a more in-depth examination of Hréous environmental determinants.

Wang et al. (2020) focus in their study on the @enfance of municipal solid waste management in
Nottingham by analysing the material flows as vaslithe appropriately selected indicators baseti®@rdncept
of the waste hierarchy and the objectives set nuhé waste management regulations. The autholgsana
improvements in waste reduction, material recyglgmergy recovery and landfill prevention. The fessof the
study declare the fulfilment of the high ambitiaymals set by the local government, while the awthoad! for
the creation of the new improvement programmesséfuan be achieved by setting up an educationmsyete
well as through promotion of public waste separatibhe environmental activities are often linkedthe
competitiveness of a particular country as welbasiness performance (Rajnoha et al., 2017). Agoeinal.
(2020) examine the relationship between the reggalates achieved and the competitiveness of ttermises
operating in the circular economy sectors. Theltesif the study clearly declare the positive intpaetween
packaging recycling, electronic and biological wasgcycling rates and the competitiveness of thapamies
involved. The authors examined this research ttajg@cross the 17 European countries through &te flom
the period from the year 2010 to the year 2016.rEkalts show the clear differences between thetdes too.
Some authors evaluate environmental aspects ngt separately, but also in the form of the composite
indicators, monitoring related indicators respediiv Kikas et al. (2018) explore the possibility uding an
expert system for mapping high nature value agrcal land in Estonia. The authors selected thetable
indicators from the four thematic groups. Their megtology is also applicable in the other countreas] the
map created should benefit agricultural policymakter identify zones of high biodiversity where thatable
environmental schemes can be used. The study $tasng implication output for a policymaking proseélso,
in the study by Biasi et al. (2019), the analyticajectories are aimed at supporting the envirantaigolicies.
The authors point out the objectives of the nalig@vernments to promote the responsible managewfent
natural capital. Therefore, in their study, theggmse an extended version of the genuine savingo®eagnomic
indicator to account for water and soil depletiblaihilton, 2000). As natural capital is spatialljdregeneous,
the selected indicator is estimated for Italy foe period from the year 2000 to the year 2015 atrdgional
level. Although the study is conducted in Italye tinethodological framework is generally applicatoieother
countries as well. The methodological contributguggests that genuine saving can support policyradke
developing the targeted policies for sustainablewgn. Also, Tasser et al. (2019) deal with regional
development and biodiversity protection. Agricuttijienvironmental, and climate measures creat@@atdool
of the European Union to support its biodiversityservation policy. In their study, the authorswgleosystem
for assessing agricultural land through a set dfcators related to the various aspects of biodityer They
apply the evaluation system to the selected 44dantAustria, France, Germany, Italy, and SwitzedlaThe
proposed system can serve as a tool to detectatiffes in biodiversity resulting from land-use pies. The
results have an impact on the setting up of educatiactivities and agricultural advisory services.

Ribeiro et al. (2015) deal with the issue of thmeogal of organic micropollutants in the environment
this study, the analytical methods are presentedhfo trace quantification of the 37 micropollusiricluding
the priority substances meaning the substance$efrécent watch list and the contaminants of emgrgi
concern, which pesticides, multiclass pharmacelgticaetabolites, estrogens and other industrial pmnmds
belong among. The validated method is applied teteveater treatment plant samples that assess the
concentration of micropollutants after secondanidgjical and tertiary ultraviolet treatment. Theuks of the
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study also create a platform for potential follogviresearch and networking of international rese&eeims in
sharing experience in the application of the setbenalytical methods to achieve the best perfoceam the
removal of most of the determined micropollutaMeMahon et al. (2019) address in their study theyckng
processes and their relevance in the frameworkhefeimerging waste and recycling management leigislat
The nature of many raw materials for the productidrelectrical and electronic equipment is criticald
classified as hazardous waste. The authors useesiuts of interviews with the stakeholders of iheolved
enterprises on the reuse of waste electrical aadtrehic equipment in the year 2006 in Austria, gieh,
France, and the United Kingdom, where these systemsised and considered very successful. Evarland,
this system has evolved, but it has not yet begrteimented. Spain as the first country in the Euaopédnion to
have deemed preparation for reuse targets separdéi@se ones which are aimed at recycling in sessary
way. The authors define the elementary factoré®fsuccessful preparation for reuse in generaliing social
enterprise. Hermoso et al. (2020) explore alteveategional planning scenarios at the European rlgigel in
the area of green infrastructure. The European tJdtrategy on Green Infrastructure aims at devetppi
strategically planned network of natural areasuppsrt the maintenance of ecosystem services ams] th
connect protected areas by promoting in this wagufph multifunctional landscapes. The authors tiesttwo
alternative spatial planning scenarios for the glesof the network that would ensure support for the
maintenance of the ecosystem services and theatieg of protected areas. The results highlightlibnefits of
international cooperation in regional planning dimel need to develop appropriate policy instrumémsupport
ecosystem services as well as their integration s#ctoral policies and funding systems. In additio the
studies dealing with separate environmental aspectprocess areas directly linked to the envirortalen
characteristics of the countries, some authors &meanhe efficiency of the countries in the terms of
environmental efficiency (Zofio and Prieto, 200hadi et al., 2007; Zhou et al., 2016; Gavurova gt24117).
Halkos and Petrou (2019) examine the environmexitiziency of the 28 European Union member coustfie
the years 2008, 2010, 2012, and 2014 through the eavelopment analysis and the directional digtanc
function to tackle the undesirable outputs. Théehtegarameters are applied — namely municipal sobdte
generation, employment rate, capital formationsgrdomestic product, population density and forfitisé time
sulphur oxide, nitrogen oxide, and greenhouse gasessions from the waste sector for the relevanhtries.
The results demonstrate that the most efficienntttes are Germany, Ireland, and the United Kingddhis
outcome is reviewed against the recycling rateashecountry for the examined time periods. Thealng rate
actually depicts the data envelopment analysidteedtspecially, more efficient countries seemawéna higher
recycling rate too. Moreover, its efficiency resudire contrasted to the overall treatment opti@esl un the
countries under consideration. Overall, it is nedi¢chat countries employing all four treatment apsi with high
use of more sustainable treatment and decrease inse of landfill are the ones that also provbecfficient
according to the data envelopment analysis. Asitiieors point out, these results demonstrate ectefh of the
financial crisis that forces countries to look fways to move to a circular economy and to set ol
processes to minimise waste generation. The stadyhluable outputs for policymakers, both natignahd
internationally. It offers a platform to modify thHeuropean Union legislation and the directives ideo to
achieve a strategic direction for the European t@sto the circular economy. The importance @kstigating
the effects of the environmental factors is notyorglated to economic and socio-economic areas. The
population health directly affects the economictesys of the country not only through the productivit
indicators but also through the social indicatdnise sustainability of the health and the sociatesys in the
demographic ageing processes of the countriessis adidressed. For this reason, in the last decadpy
research teams have quantified the impact of thz@mmental factors on the population health angtho seek
to economically assess the ecological burden ofpidugicular country, including the impact on thealte
indicators and their causal links.

Alguquerqgue et al. (2017) examine the impact ofigtdal and agricultural activities on soil qualitytheir
study. The authors report that potentially toxieneénts pose a threat to public health and the @mvient.
According to them, the strict definition of the taral areas requiring restore is crucial. Kupiecakt(2019)
investigate soil contamination with trace elemeatsl fluoride in the selected location in Poland,ereh
economic activity has historically been associatitti the use of trace metals. The results of theyspoint to
the fact that land in the places of extinct metakitg enterprises can still be an important souwtdrace
metals. The research done has also shown an iedreasmcentration of fluoride in the surface layefsoil.
Mataloni et al. (2016) examine the health impadsoaiated with staying near landfills. They evautte
possible effects of the concentration of hydrogelptide from landfills on the health of the popidatin the
central part of Italy. There are the 9 landfillesitavailable; the analysed group is located withikm of the
landfills. Sedova (2016) link the determinants tégal landfiling to the economic and socio-ecomom
indicators. She investigated illegal landfills la¢ regional level in Slovakia. The results of thedg show that a
higher level of the expected waste production tesual a higher rate of illegal landfills and aldeeir higher
volume. Higher-income has a positive impact onillegal landfill rate, whilst poverty affects thenegatively.
Higher levels of education do not lead to more oesjble waste management. The results of this stiehrly
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correlate with the results of Martuzzi et al. (2p08hose aim is to assess the possible adversthtedtdcts of
uncontrolled landfills in Italy. The authors pomtt the negative health impacts of the environmeposures
related to waste in the region of Campania, pagitigntion to the 9 causes of death and the 12 tgpdise
congenital anomalies. The increased risks of cawdemths for both sexes are identified. The congknit
anomalies of the urogenital system and centralmensystem are reported too. Festin et al. (20d8frant the
impacts of mining on landscape changes relatedhg¢odischarge of large quantities of waste, whichehan
impact on environmental pollution and harm to hurhaalth. Their study confirms the fact that over lgst two
decades, there has been an increase in interesséarch into the recovery of the land after miniwgich
several techniques have been examined in. The @upwint out the significant regional disparities the
knowledge base and in the implementation of thecquares aimed at the recovery of the mining sites.
Insufficient attention focused on the eliminatidrtleese disparities may have significant negats@emic and
noneconomic impacts in the future — for instaneigted to health, population migration, etc.

Data and M ethodology

The applied methodological approaches are seléatedder to obtain the desired aim set to carrythat
analysis.

Data. The data comes from Eurostat — the statisticat®f the European Union. The data set Production
of environmental protection services of generalegoment by economic characteristics marked env egrsqy
serves as the source data set for the analysiogtatyr 2020). It describes a situation in the 3lintades
throughout the period beginning in the year 2006 ending in the year 2016 from a yearly perspectile
start of the observed period is determined by teessibility of the data. This year is availablmadt for all the
then European Union member countries. The remaipémticipate countries possess a shorter time geAitso,
because of this fact, in order to achieve the saoralitions for all the participants, the mean vatiethe
explored dimensions is applied in the further atiedy process. The observed data set to cover dkee for all
the environmental activities and for all the setsiof the environmental activities too.

These six sections involve subsequent fields:

— protection of air, climate, soil, water and agaimsise, vibration, and radiation;
- wastewater management;
- waste management;
— protection of biodiversity and landscapes;
— environmental research and development;
— other environmental protection activities.
For all the mentioned sections, the following disiens are observed:
- output;
- market output;
— nonmarket output;
— gross fixed capital formation and acquisitions;
— compensation of employees.

All the numbers are expressed in a money form démabed in the euro currency.

The explored countries are marked by the abbrewviatiaccording to the International Organization for
Standardization 3166 standard Codes for the reptasen of names of countries and their subdivisienthe
two-letter alpha-2 codes are applied particulafly: — the Republic of Austria, BE — the Kingdom oélBium,

BG — the Republic of Bulgaria, CH — the Swiss Cdefation, CZ — the Czech Republic, DE — the Federal
Republic of Germany, DK — the Kingdom of Denmarlg E the Republic of Estonia, ES — the Kingdom of
Spain, FI — the Republic of Finland, FR — the FreRepublic, GB — the United Kingdom of Great Britaind
Northern Ireland, GR - the Hellenic Republic, HEhe Republic of Croatia, HU — Hungary, IE — the Rajc

of Ireland, IT — the Italian Republic, LT — the Rifgtic of Lithuania, LU — the Grand Duchy of Luxemlyg, LV

— the Republic of Latvia, MT — the Republic of MaltNL — the Kingdom of the Netherlands, NO — the
Kingdom of Norway, PL — the Republic of Poland, PThe Portuguese Republic, RO — Romania, RS — the
Republic of Serbia, SE — the Kingdom of Sweden; 8ie Republic of Slovenia, SK — the Slovak Repylaind

TR - the Republic of Turkey (International Orgatiza for Standardization).

M ethodology. The main technique applied in the analysis isteluanalysis. The hierarchical clustering
approach is applied (Hartigan, 1975; Hartigan, J988 outcome is visualised in the form of the rixaof the
mutual distances of the individual pairs of thelexpd countries that expresses their similaritied im the form
of the dendrogram that illustrates the similarifytioe produced clusters. The similarity is quaatfiby the
Euclidean distance method.
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The number of clusters is determined by the taexn@ohlf, 1974; Milligan, 1981). The same numkser i
applied in all the clustering process in the arialyisis based upon the whole data set.
The elementary formula of the tau index is as fefio
- CC-DC
D(D-1 (1)
2A2-C)
where the involved variables mean:
- T-atauvalue;
— CC — a number of the concordant comparisons;
— DC - a number of the disconcordant comparisons;
- D —the total distances;

- C — a number of the comparisons when two pairshefgoints representing comparison within the
cluster or between the clusters.

Analysis

The whole analysis is divided into seven sectidie first section is the fundamental section basedn
analysis of the whole data set, covering all theirenmental protection activities. Then, all theviganmental
protection activities are next. Successively, tlkesections involving the particular fields mentgshin the Data
and Methodology section follow.

Overall View. Firstly, an overall view of the scrutinised tojgooffered. This serves as a reference outcome
for the subsequent analysis.

The following table demonstrates the similaritietween the analysed countries based on all thiosedaif
the environmental protection activities.
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Fig. 1: The Dendrogram of All the Individual Sects
Source: own elaboration by the authors.

As it is seen from the figure, the division of tbeuntries is uneven. The largest cluster involves 25
countries — as they are illustrated by the dendmomgbenmark, Czechia, Portugal, Greece, Sweden,ti€roa
Hungary, Estonia, Finland, Serbia, Slovakia, SléweBulgaria, Lithuania, Luxembourg, Latvia, MalRoland,
Ireland, Norway, Belgium, Turkey, Switzerland, At and Romania. The second cluster consistseofttee
countries where the United Kingdom of Great Britaimd Northern Ireland, Spain, and France belong.thind
cluster is created by only a sole country — thehbidands. The fourth cluster involves the two caest—
Germany and ltaly. The whole division of the coiggris considerably unproportional. This is caulsgdery
high disparities between the well-developed coastand the remaining ones. Also, there is visiblerg sharp
patter in the first cluster. At a level of distarafeapproximately over five Euclidean units, thiaster could be
divided into to two groups unconditionally. But, ¢e disparities among the observed countries igte this
inequality is not so high in order to distingui$te tseparate clusters. The same note can be applied further
classification of the countries within these imagingroups.
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Tab. 1. The similarity Matrix of the Explored Caries

Country| AT| BE| BG| CH| CZ| DE| DK| EH ES F FR GB GR HR UH IE | IT | LT |LU |LV |[MT |NL [NO |PL | PT| RO| RS| SE| SIf SK TH
AT 0| 2.74 2.25 2.44 2.9§ 2.8414.50 2.25 6.99 2.67[15.0911.5] 2.66 2.13 2.3Q0 2.5814.07 2.22 2.21] 2.1 2.2413.39 3.08 3.1 3.51 2.3§ 2.68 2.4Q0 2.02 2.13 3.19
BE 2.74 0] 4.08 2.91] 3.62 3.4713.14 3.29 5.83 4.3414.0510.071 3.64 2.85 3.92 4.1712.48 4.13 4.10 4.07 4.1612.05 3.56 3.3§ 4.13 3.67 2.9§ 3.00 4.05 3.04 1.95
BG 2.25 4.0§ 0| 3.79 1.52 2.71115.5 0.46 7.82 0.7315.6612.32 1.75 1.36 0.64 2.3213.84 0.22] 0.35 0.31] 0.2714.30 2.6Q 2.81 2.80 2.2 0.42 1.87 0.35 0.34 2.77
CH 2.44 2.91 3.79 0| 3.44 3.6414.67 3.95 5.65 3.9610.0410.99 3.32 3.85 3.55 3.6815.59 3.84 3.93 3.90 3.9311.73 3.48 3.57 3.42 3.51 4.2 2.53 3.72 3.65 3.40
Ccz 2.98 3.62 1.52 3.44 0| 1.7615.99 1.86 6.85 1.7211.9112.7q 2.14 2.39 1.17] 2.8314.72 1.60 1.62 1.69 1.6713.49 2.60 2.65 1.22 2.93 1.80 1.99 1.54 1.60 2.33
DE 2.84 3.47 2.71 3.64 1.7§ 0[14.45 2.54 6.81] 2.02114.6811.84 3.22 2.64 2.60 3.3412.64 2.69 2.62 2.6 2.71/13.09 3.32 3.0 1.81 3.3 1.7 2.34 2.54 2.55 2.43
DK 14.5013.1415.56 14.6715.94 14.45 0[15.5712.4316.65912.3214.73 15.29 14.83 15.2514.65912.4615.5515.56 15.59 15.6413.24 14.0413.5815.08 15.0416.2815.7315.53 15.35 15.68
EE 2.25 3.29 0.46 3.95 1.86 2.54 15.57 0| 7.55 0.1415.5011.59 1.61 1.4Q0 1.01 1.8914.78 0.41 0.34 0.40 0.3514.73 2.63 3.13 2.87 2.5§ 0.30 2.05 0.48 0.53 2.88
ES 6.99 5.83 7.82 5.65 6.85 6.8112.43 7.55 0| 7.87 9.47 999 7.06 7.31 7.55 7.4710.40 7.99 7.78 7.88 7.9011.77 6.60 6.91 6.8 7.92 7.11 6.04 7.87 7.1 5.32
Fl 2.67 4.34 0.73 3.96 1.72 2.0216.65 0.14 7.87 0[12.8§13.32 2.27] 1.61] 1.17 2.6615.47 0.64 0.68 0.66 0.6914.08 3.02 2.9 1.24 2.72 0.11 2.03 0.70 0.47 2.87
FR 15.0914.05 15.6610.06§11.91/14.68 12.3215.50 9.47/12.88 0[13.41115.2415.32 15.2815.1715.31]15.6515.80 15.77 15.83 15.62 14.5813.7615.07 15.6415.1410.9015.65 15.2511.0§
GB 11.5110.0712.3210.9912.7611.84 14.7311.59 9.9913.3213.4] 0[10.9611.2512.1412.2514.4312.5712.4312.43 12.4515.56 11.5911.5811.9512.3410.2311.4812.41]11.2310.95
GR 2.66 3.64 1.75 3.32 2.14 3.2215.29 1.61 7.06 2.27[15.2410.99 0| 2.03 1.64 2.8413.64 1.89 1.90 1.90 1.8914.04 2.6§ 3.0§ 3.10 2.77 1.77 1.63 1.89 1.31 2.57
HR 2.13 2.85 1.3 3.85 2.39 2.6414.83 1.40 7.3 1.61J15.3211.2§ 2.03 0] 1.42 2.0914.61 1.33 1.32 1.31) 1.3714.94 2.7 2.82 3.29 2.6 1.23 2.12 1.39 1.30 2.39
HU 2.30 3.92 0.64 3.55 1.17 2.6015.25 1.01] 7.55 1.17/15.2§12.14 1.64 1.42 0| 2.3213.55 0.75 0.84 0.8 0.8414.1Q0 2.42 2.52 2.79 2.24 1.20 1.69 0.73 0.79 2.65
IE 258 4.17 2.32 3.68 2.83 3.3414.6 1.89 7.47 2.6615.1712.25 2.84 2.09 2.32 0[13.63 1.56 2.35 2.32 2.3413.23 145 2.4Q 3.47 3.12 1.30 2.48 2.33 1.73 3.10
IT 14.0212.48 13.86 15.5914.7212.64 12.4614.7810.4(015.4215.31] 14.43 13.64 14.61 13.5913.63 0[14.0513.7813.84 13.8915.06 13.21112.8013.24 13.7316.21{15.8513.83 14.48 15.23
LT 2220 413 0.22 3.84 1.60 2.6915.55 0.41] 7.99 0.6415.6512.57 1.89 1.33 0.75 1.5614.05 0] 0.31 0.22 0.2413.98 2.35 2.80 2.82 2.33 0.33 1.94 0.34 0.35 2.80
LU 2.21] 410 035 3.93 1.62 2.6215.5 0.34 7.78 0.6815.8012.43 1.90 1.321 0.84 2.3513.78 0.3 0] 0.24 0.2014.32 2.70 2.91) 2.7q 2.30 0.22 1.99 0.40 0.43 2.84
LV 2.16] 4.07 0.31] 3.90 1.69 2.6615.59 0.40 7.88 0.6615.7712.43 1.90 1.31] 0.86 2.3213.8q 0.22 0.24 0| 0.1814.29 2.70 2.8§ 2.79 2.30 0.2 2.00 0.35 0.4Q 2.85
MT 2.24 4.16 0.27 3.93 1.67 2.7115.64 0.35 7.90 0.6915.8312.45 1.89 1.37 0.84 2.3413.89 0.24 0.20 0.18 0[14.36 2.72 2.94 2.81) 2.31 0.19 2.01] 0.37 0.43 2.88
NL 13.3912.0514.3011.7313.4613.09 13.2414.7311.7714.08 15.62 15.56 14.04 14.94 14.1(13.2315.0613.98 14.32 14.29 14.34 0]12.8212.8513.10 13.4515.5413.8314.1414.6413.89
NO 3.0 3.56 2.60 3.48 2.60 3.3214.04 2.63 6.60 3.0214.5811.59 2.68 2.75 2.42 1.4513.2] 2.35 2.70 2.70 2.7212.82 0] 1.79 3.55 3.20 2.10 2.85 2.64 2.43 2.97
PL 3.1 3.3§ 2.8 3.57 2.65 3.0613.58 3.13 6.91 2.9513.711.58 3.08 2.82 2.52 2.4012.80 2.80 2.91 2.8 2.9412.85 1.79 0| 3.61 3.23 2.86 3.00 2.81 2.8 3.12
PT 3.51 4.13 2.80 3.42 1.22 1.81/15.08 2.87] 6.88 1.2415.07111.95 3.10 3.29 2.79 3.4713.24 2.82 2.7 2.79 2.81J13.10 3.5§ 3.61 0] 3.5 1.31 1.53 2.71 2.90 2.47
RO 2.36 3.67| 2.26 3.51] 2.93 3.3615.04 2.58 7.92 2.7215.6212.34 2.77 2.65 2.24 3.1213.73 2.33 2.30 2.30 2.31)13.45 3.20 3.23 3.5 0| 3.16 3.24 2.23 2.47 3.72
RS 2.68 2.98 042 4.2 1.80 1.7516.28 0.30 7.11f 0.11)15.1410.23 1.77 1.23 1.20 1.3016.21 0.33 0.22 0.25 0.1915.54 2.10 2.8 1.31 3.16 0| 2.25 0.49 0.49 2.39
SE 2.40 3.00 1.87 2.53 1.99 2.3415.73 2.05 6.04 2.0310.9011.48 1.63 2.12 1.69 2.4815.85 1.94 1.99 2.00 2.01j13.83 2.85 3.00 1.53 3.24 2.25 0] 1.9 1.69 2.22
Sl 2.04 4.05 0.35 3.72 1.54 2541553 0.48 7.87 0.7015.6512.41 1.89 1.39 0.73 2.3313.83 0.34] 0.40 0.35 0.3714.14 2.64 2.81 2.71 2.23 0.49 1.9§ 0| 0.51] 2.90
SK 2.13 3.04 0.34 3.65 1.60 2.5515.35 0.53 7.1 0.4715.2511.23 1.31 1.30 0.79 1.7314.48 0.35 0.43 0.4Q 0.4314.64 2.43 2.8§ 2.90 2.47 0.49 1.69 0.51 0| 2.51
TR 3.19 1.95 2.77 3.40 2.33 2.4315.69 2.8§ 5.32 2.8711.08§10.95 2.57 2.39 2.65 3.1015.23 2.800 2.84 2.85 2.8§13.89 2.97 3.12 2.47 3.72 2.39 2.22 2.90 2.5] 0

Source: own elaboration by the authors.
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The following figure demonstrates a division of tbeuntries according to all environmental protectio
activities that are covered by the explored data se
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Fig. 2: The Dendrogram of All the EnvironmentabRiction Activities
Source: own elaboration by the authors.

Comparing the dendrogram of all environmental mide activities to the first one devoted to aleth
individual sections of the environmental protectiactivities, the differences are seen. A basemérthe
distribution of the participated countries has milsir pattern — the same more developed countrieskept
together. The first cluster is the substantial, &nshvolves the 25 countries — Luxembourg, Latvidalta,
Estonia, Serbia, Croatia, Lithuania, Bulgaria, ®lua, Finland, Slovakia, Portugal, Denmark, Irela@dechia,
Hungary, Romania, Switzerland, Austria, SwedengBeh, Turkey, Greece, Norway, and Poland. The s&con
cluster is created by the four countries which Bpthie Netherlands, Germany, and Italy belong am®hg last
two clusters involve the sole countries — Franag e United Kingdom of Great Britain and Northém@land
separately.

Protection of Air, Climate, Soil, Water and Against Noise, Vibration, and Radiation. The first partial
clustering process is applied in a field of pratatiof air, climate, soil, water and against noigération, and
radiation.
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Fig. 3: The Dendrogram of Protection of Air, ClireaSoil, Water and Against Noise, Vibration, andiiRton
Source: own elaboration by the authors.

The uneven division is also confirmed in a fieldpobtection of air, climate, soil, water and agaimsise,
vibration, and radiation. The first cluster reprgsea substantial part of the whole data set, tscacovers the
28 countries — Portugal, Slovenia, Czechia, LuxemipoSerbia, Malta, Finland, Greece, Bulgaria, Eistp
Slovakia, Lithuania, Latvia, Denmark, the Unitedngdom of Great Britain and Northern Ireland, Hurygar
Ireland, Norway, Sweden, France, Poland, SpainatizroTurkey, Romania, Belgium, Austria, and Switzed.
The two-part and also the four-part distinctiontluf cluster is clearly visible. The second, thiedthand the
fourth cluster are created only by the sole coast#i successively, the Netherlands, Germany, ahd It

382



Acta Montanistica Slovaca Volume24 (2019), numbe#, 376-390

Wastewater Management. The second partial clustering process is devoted fiield of wastewater
management, and it is pictured on the succeedindrdgram.
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Fig. 4: The Dendrogram of Wastewater Management
Source: own elaboration by the authors.

Again, the very strong disproportion is seen ifdustering outcome distribution. The first clustevalves
all the countries except for the three countried theate the separate clusters. The substaniitkclconsists of
the 28 countries which Czechia, Greece, Hungarigi@®, the United Kingdom of Great Britain and Nwtn
Ireland, Latvia, Malta, Croatia, Serbia, Denmariqlénd, Estonia, Luxembourg, Portugal, Slovakiahuania,
Turkey, Romania, Bulgaria, Slovenia, Italy, Austi®veden, Switzerland, Estonia, Poland, Ireland, dorway
belong among. The Netherlands, Germany, and Frapresent the three individual clusters.

Waste Management. The third partial clustering process covers adfief waste management which is
illustrated by the following dendrogram.
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Fig. 5: The Dendrogram of Waste Management
Source: own elaboration by the authors.

Although the distribution of the countries is notsolid, the first cluster involves only a sole oty — the
United Kingdom of Great Britain and Northern IredaiThe second cluster covers the countries thatisuwally
in the clusters characterised by a very low nunafehe participants. These are Italy, Spain, Gegmand the
Netherlands. The third cluster presents the fund@mhegroup which involves Ireland, Slovenia, Lithisg
Croatia, Malta, Luxembourg, Latvia, Estonia, Denkndinland, Serbia, Hungary, Romania, Bulgaria,aRd|
Czechia, Norway, Austria, Portugal, and Slovakibe Tourth cluster covers the territories of Frari@elgium,
Turkey, Greece, Switzerland, and Sweden.

Protection of Biodiversity and Landscapes. The fourth partial dendrogram visualises a siaratn a field
of protection of biodiversity and landscapes.
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Figd 6: The Dendrogram of Biodiversity and Landses
Source: own elaboration by the authors.

The key pattern of this clustering distributiorvesy similar to the first and the second partiaidi®@grams.
Italy and the Netherlands represent the individiadters, whilst the latter one repeats its rabenfithe previous
case. The third cluster consists of the three cmaw France, Germany, and Spain. All the remgicuntries,
where Norway, Sweden, Hungary, Poland, Slovenidtaylhatvia, Estonia, Serbia, Greece, Romania, &tidg
Croatia, Finland, Lithuania, Luxembourg, Irelandpv@kia, Austria, Switzerland, Denmark, the United
Kingdom of Great Britain and Northern Ireland, Teyk Czechia, Belgium, and Portugal belong, crelage t
fourth cluster. Also, it is visible a potential seption within this cluster here.

Environmental Research and Development. The fifth fractional dendrogram envisages a situmin a
field of environmental research and development.
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Fig. 7: The Dendrogram of Environmental Reseanati Bevelopment
Source: own elaboration by the authors.

Though there is no cluster with a sole country, tihhe of them involve only the two countries. Thesfi
cluster is created by Germany and France. The dedaster includes the Netherlands, Denmark, antuBal.
The third cluster is the largest one covering tiechuntries — Hungary, Lithuania, Greece, Crod#alta,
Latvia, Luxembourg, Bulgaria, Romania, Estonia,v8lda, Ireland, Austria, Slovakia, Belgium, Norwaynd
Poland. The fourth cluster covers the United Kingdaf Great Britain and Northern Ireland and Italfere is
to note that the seven countries, which Switzerl&mechia, Spain, Finland, Serbia, Sweden, andejuoklong
among, are avoided in this clustering process ksmcad the lack of the data in a field of the envim@ntal
research and development.

Other Environmental Protection Activities. The sixth partial clustering process illustrates distribution
of countries according to the data on the otheirenmnental protection activities.
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Fig. 8: The Dendrogram of Other Environmental Raton Activities
Source: own elaboration by the authors.

The other environmental protection activities diataepresented by a very similar pattern as inishie
previous sections. The elementary pattern is gledsible — a very large cluster and besides itdlisters with a
very low number of the countries. The main clustewers the territories of Belgium, Denmark, Poland,
Portugal, Ireland, Estonia, Serbia, Greece, Crpktata, Luxembourg, Romania, Hungary, Bulgariav@hia,
Lithuania, Latvia, Norway, Austria, Slovakia. Thecend cluster involves Germany, the United Kingdofm
Great Britain and Northern Ireland, and Italy. Tast two countries — France and the Netherlandzate their
own individual clusters. As in the previous caderé is to note that the six countries, which Ssviend,
Czechia, Spain, Finland, Sweden, and Turkey bedangng, are removed from the clustering processusecaf
the lack of the data in a field of the other enmireental protection activities.

Differences Between the Explored Fields. The elementary differences between the individual
dendrograms can be illustrated by the distancesdsgt the created clusters. The following table destrates
the main intermediate distance between the paitheotlusters in the second column successivelthérthird
column, the distance between the first cluster #redsecond cluster; and in the fourth column trstadice
between the third cluster and the fourth cluster.

Tab. 2: The Similarities of the Countries WitHie tAnalysed Fields

The first cluster to the| The third cluster to the

Field Intermediate distance second cluster distance fourth cluster distance
all the individual sections 30.283¢ 5.9855 16.0444
all the environmental protection activities 13.2181 2.4957 4.6271

rotection of air, climate, soil, water and againstise .

Eibration’ o tadiation 9 14.2579not applicable 4.9263
wastewater management 13.8662not applicable 5.4581
waste management 12.0861not applicable 3.9884
protection of biodiversity and landscapes 12.688bapplicable 6.6814
environmental research and development 11.8%tSpplicable 5.3683
other environmental protection activities 11.1p78 5.8091 7.7733

Source: own elaboration by the authors.

There is to note that all the numbers are roundddur decimal places mathematically. For all thees of
all the individual sections, all the environmenpabtection activities, and the other environmemuadtection
activities, the involved countries are divided ithe two hierarchical steps into the four clustirectly. The
remaining cases are represented by the successtvibwtion into the particular clusters. Hences tolumn of
the first cluster to the second cluster distanceoisavailable in these cases. It could be measiwedigh the
other distance, but this is not a substantial pioigrder to make a conclusion from this analyteaproach.

As it is seen in the previous table, there arevidry high numbers of the intermediates distancéwdsn
the clusters. It is the most visible in a caselbfie individual sections, where the Euclideartatise between
the splits of the clusters reach a level of 30.282% all the other cases, this position is keptribmbers over a
two-digit level from 11.1278 up to 14.2579. Besidiesse differences, there are visible the quitesicemable
dissimilarities also between the separate clustarsa case of all the individual sections, therahis highest
distance between the two particular neighbouringsters at a level of 16.0444. This is a more digaim
situation than all of the intermediate relationsdth the other explored fields.
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Differences Between the Clusters Participants. The large disparities within the whole data set @so
demonstrated by the following table that showsrthmbers of the countries participating in the @usthere
the particular country lies.

Tab. 3: The Numbers of the Co-participants Withia Particular Clusters

Country| Individual fields All fields Field 1| Field2| Field | Field4 | Field5| Field § Average value of fields
AT 25 25 28 28 20 26 17| 20 23.17
BE 25 25 28 28 6 26 17 20 20.83
BG 25 25 28 28 20 26 17 20 23.17
CH 25 25 28 28 6 26 17| 20 20.83
Ccz 25 25 28 28 20 26 17 20 23.17
DE 2 4 1 1 4 3 2 3 2.33
DK 25 25 28 28 20 26 3 20 20.83
EE 25 25 28 28 20 26 17| 20 23.17
ES 3 4 28 28 4 3 17| 20 16.67
Fl 25 25 28 28 20 26 17 20 23.17
FR 3 1 28 1 6 3 2 1 6.83
GB 3 1 28 28 1 26 2 3 14.67
GR 25 25 28 28 6 26 17| 20 20.83
HR 25 25 28 28 20 26 17 20 23.17
HU 25 25 28 28 20 26 17 20 23.17
IE 25 25 28 28 20 26 17| 20 23.17
IT 2 4 1 28 4 1 2 3 6.5
LT 25 25 28 28 20 26 17| 20 23.17
LU 25 25 28 28 20 26 17 20 23.17
LV 25 25 28 28 20 26 17 20 23.17
MT 25 25 28 28 20 26 17| 20 23.17
NL 1 4 1 1 4 1 3 1 1.83
NO 25 25 28 28 20 26 17| 20 23.17
PL 25 25 28 28 20 26 17 20 23.17
PT 25 25 28 28 20 26 3 20 20.83
RO 25 25 28 28 20 26 17| 20 23.17
RS 25 25 28 28 20 26 17 20 23.17
SE 25 25 28 28 6 26 17| 20 20.83
SI 25 25 28 28 20 26 17 20 23.17
SK 25 25 28 28 20 26 17| 20 23.17
TR 25 25 28 28 6 26 17 20 20.83

Source: own elaboration by the authors.

The average value is rounded to the two decimaleslanathematically. The fields are numbered acogrdi
to their order stated in the methodology sectione iumbers of the coparticipants in the particalasters
clearly demonstrate which countries can be cla&sbifis almost the sole ones in the individual ctest€he
absolutely lowest average value of coparticipasteeached by the Netherlands at a level of 1.83simhis
country reaches the individual cluster as its galgicipant for four times. The second positionhwain average
value of 2.33 is occupied by Germany. It create®wn individual cluster for two times. The thirhge with a
little offset is kept by Italy at a level of 6.5gAin, its own individual cluster is created for ttumes. Just right
behind it, France follows on the fourth positionttwian average value of 6.83 and completing two own
individual clusters. After these four countriesrihnis a considerable offset followed by the Unitéaigdom of
Great Britain and Northern Ireland with an averagkie of 14.67. It is the country with the highastrage
value of the coparticipants in the clusters thatatgs its own individual cluster, although only &orce. The
sixth place is held by Spain with an average vatid6.67. All the remaining countries keep theielage
values over a twenty-coparticipant threshold.

Discussion

The analysis demonstrates the considerable diffesebetween the explored participating countribss 16
the fact that should be investigated further. Tha af this paper is to point out there are the iigant
inconsistencies among the European Union membenmtdes, the European Free Trade Association and the
other countries that act as the potential Europgr@on member candidates. It is a crucial point Wuhias to be
revealed in order to implement the regulations Whioould lead to more efficient spending of the fical
resources in a field of the environmental protetgervices generally. Here, it is observed fronaagle of view
of the governments of the explored countries aedeflore, it is perceived from the population ofssheountries
more sensitively.

Policy plays an important role in environmentaliss. Whether it is related to air, climate, soitev, or
waste, it is the key element in the process ofgutain environment for future life. Besides all hezrtial fields,
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environmental research and the development aetviti this research perform very considerably &bang with
the other environmental protection activities.

Mitigation and adaptation are the two mainstreap@ity fields that are required to be integratetb ithe
existing sectoral policies. A key aim of jointlystitutionalising mitigation and adaptation should fteady to
reduce conflicts, ambiguity and inconsistencies towandle the current issues in combination wlih dther
policy contents. In a case of the climate changmtdion, administration related to it is considkyaifficult.
The climatic issues should be included in dailycfice by the consistent actions with the existiegtsral
policies. As the analysis carried out for this pagemonstrates, climate with the other air and lasirmiissues
possesses an existence of the individually pogtiotiusters itself, which the Netherlands, Germamyl Italy
among. Processes and means aimed at a reducttbe obherence problems between the sectoral pokoid
the climate policies have to be introduced (Gopéesl., 2019).

Nowadays, there is an urgent need for integratedeltinog studies. Here, a potential platform is offéto
be created in order to develop a further investigabf the new issues not only in a field of waterd soil
together. The general circulation model is one lné fpossible solutions of such hydrologic question.
Unambiguously, the representation of land usagegda@aused by the climate alteration throughoutér&in
period is interpreted in a more comprehensive weantin the past, since the indirect impact of laisdge
caused by this climate alteration is more substhirticomparison with the direct impacts (Li anch§a2016).
A large variety of inputs can perform in the menéd succession (Purakayastha et al., 2019). Sipilais
very demanding on an opinion of each involved goremnt.

A country perspective is an important part of théole gear train. In a field of the soil issues
multiplicatively. There are still the countries thave no regulations for soil protection — Austiizd Sweden
mainly, whilst Ireland and Slovenia only partialand France merely indirectly. On the other hanein@ny,
Italy, the Netherlands, Portugal, Romania, Slova&ial a little bit unexpectedly Luxembourg regagdis area
and geographical conditions apply plenty of thealegrts in this field. Bulgaria, Croatia, CzecHinmark,
Estonia, Finland, Greece, Hungary, Latvia, Lithaamalta, Poland, Spain, and the United KingdonGGoéat
Britain and Northern Ireland have the regulatioattbtands at a national level (Ronchi et al., 20T®kir
positions in the cluster analysis are influencedhisy naturally.

These findings constitute a strong platform forgmtial subsequent research in this area. Theyibaterto
the larger system individually (Schdnhart et ab1&). The research ambition is to conduct a strat@nalysis
of the investigated environmental activities andde to define causal relationships and reseasjbctories
that reflect the extent of the economic and legimameasures in the individual countries, the iotpaf the
demographic structure on the environmental actisjtthe impact of the environmental burdens on@winand
social causes of the environmental disparitiesiwithese countries, etc.

Conclusion

Ensuring a sustainable environment as well as gliotgnatural resources represent the key enviratahe
policy objectives that require actions at all thedls of management. Environmental protectionnsatliy linked
to the competitiveness of the individual countrjeTenvironmental policy supports labour positioaation,
investment promotion and innovation developmentvi®mmental indicators are applied to measure the
efficiency and effectiveness of the environmentetivities, which are now part of many decision-nmaki
mechanisms. Their important role is also informatiMany international institutions assess countiies the
perspective of environmental activities and alseeas the impacts of industry, transport and coctébru An
impact evaluation of legislative, economic and idee instruments is also important, which encoasathe
linking of economic, social and environmental piglsc The evaluation systems require the acceggibilithe
international databases containing the indicataentifying the several environmental activitieglué European
countries. They create a space for the multivadataparative analyses. This is also the motiveatoycout our
research, which is aimed at analysing and evalgatia disparities in the environmental activitiéshe selected
countries in the time period from the year 2008he year 2016. The cluster analysis is appliedrdento
process the available data. The six areas are aradmi namely protection of air, climate, soil, wated against
noise, vibration, and radiation, wastewater managg¢mwaste management, protection of biodiversitg a
landscapes, environmental research and developnaat, other environmental protection activities. The
outcome shows the significant disparities in thgimmental areas of the individual countries. Assiseen
from the distribution of the countries among thasttrs, there are the sole countries, which bebensiderably
dominantly often. Also, among the most numeroustels, the countries with the larger outputs appeaide
the other similar countries. This reveals partigfficiency that should be a subject of the furttesrearch — for
instance, France and the United Kingdom in prodectf air, climate, soil, water and against noigbration,
and radiation, Austria and the United Kingdom insteavater management, Austria in waste management,
Austria and the United Kingdom in biodiversity daddscapes, Austria and Belgium in environments¢aech
and development, and these two countries also @énother environmental activities too. The resultshe
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analyses represent a valuable platform for natigpaicymakers as well as for developing nationall an
international benchmarking indicators in this area.
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Shield Support Monitoring System — operation duringthe support setting

Dariusz JasiuleR, Stawomir Bartoszek Karel Peritka?, Aleksandr Korshuno¥,
Jerzy Jagodaand Marek Plonkd'

The paper presents the results of testing the gegpmeeasurement system of powered roof supporgustiinometers that meet the
requirements of the ATEX directive. Mechanized Waihsystem is most often used for coal mining. Bhgwall system includes basic
machines, such as a longwall shearer, AFC and peavenof support that protects the roof. The poweraf support consists of the units
that are hydraulically or electro-hydraulically ctmlled and are equipped with pressure sensorshi gelected places of the hydraulic
system and displacement sensors for selected acsu&@ne of the challenges associated with comtiglhnd monitoring the parameters of
the powered roof support is the mapping of its getoyrand arrangement of individual components. K@MAstitute of Mining Technology
designed and manufactured the geometry monitofstem based on inclinometers that meet the reqeinésrof the ATEX Directive. The
system was tested on a real object in the laboyatbmpact of the structure of the powered roof suppn the accuracy of geometry
measurement and mapping was determined based degheesults. The results of the tests will bedubigring the implementation of the
system in real conditions.

Keywords:powered roof support geometmxTEX directive; inclinometer; battery.

Introduction

In 2017 KOMAG Institute of Mining Technology stadteealization of PRASS IlI (Productivity and safety
shield support) project (PRASS Il project websifE)e project is co-financed from the Research FancCoal
and Steel (RFCS) as well as from the Ministry oe8ce and Higher Education. The project is redliag the
international consortium consisting of the companie®m Poland (GIG Central Mining Institute, KOMAG
Institute of Mining Technology, Jasttzska Coal Company S.A., Becker Warkop Sp. z ofmjn Germany
(DMT GmbH & Co. KG), Great Britain (University ofeter) and Spain (Geocontrol S.A.). Developmerthef
measuring system dedicated to powered roof suppsrigell as the system for rockfall predictiontie main
project objective.

The work carried out within the PRASS Il projestaimed at developing the monitoring system allgwior
visualization and assessment of operational pasmef powered roof supports. The most innovativetions
of the Shield Support Monitoring System (SSMS) udel measuring the width of the tip-to-face path and
monitoring the geometry of the powered roof suppofihese parameters are important for the stalfitthe
longwall and correct interaction between the ragfport and the rock mass, and in certain condititrey may
affect the possibility of damage to the roof supgomponents.

In the Polish mining industry, mechanised shieldpsut is rarely monitored, unlike other machinegha
longwall complex. The effectiveness and safety ofimg operations depend on shield support. Aspedtted
to the cooperation between mechanised shield stippdrrock mass, which affect the proper mainteearfi¢he
roof, have a significant impact on the effectivenasd safety of hard coal mining. The stabilitythod roof is
affected, among others, by the tip to face distative support parameters of the shield supportiginand
working support), the control system and the heidhongwall (Bronya, Wiklund et al., 2011).

A lot of research work is carried out in the wonldlated to modelling the behaviour of a mechansfsdld
supports and the roof. This modelling is carriet @muthe basis of actual data recorded during rgioinon the
basis of theoretical assumptions (Bronya Wiklundlgt2011, Langosch et al., 2003). The resulthefmodel
work unequivocally indicate that the proper opematf the powered roof support is necessary froapibint of
view of the effectiveness and safety of coal préidnc Supporting the operator and preventing pddént
mistakes made by the operator is possible onljhéindase of monitoring the basic parameters of tields
support operation and analysing their changesr@nd$ in real-time.

Work is underway to develop algorithms for predintof roof behaviour in a mechanized longwall coempl
The paper (Herezy et al., 2018) presents an algorfor prediction of the behaviour of shield sugdmased on
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pressure in hydraulic cylinders and the positioraahining machine in a longwall. The predictiontioé roof

behaviour is most often performed on the basishahges in the pressure in hydraulic cylinders ahisethe

character of the powered roof support operationthadnfluence of the rock mass. The results ofksaelated
to the analysis of pressure changes are presentbd paper (Wang et al., 2018) in relation to c@&ms in the
Shendong coalfield, located in the northwest ofn@hiln work (Jingyi Cheng et al., 2018) presentvsaife

package SSRI, to analyze monitoring data from legsure. The paper (Verma et al., 2016) preseatagé of
artificial neural networks to determine the workimgssure of hydraulic cylinders in the shield sarpp/Vork in

the field of co-operation between the shield suppod the rock mass is the subject of many analfdag

Xuan Yang et al., 2017). The results of this work ased at the stage of designing shield supporsgdecific

mining and geological conditions but are not takea account in the process of control.

The geometry measurement can also be used to dbfaimation about the load of the shield supptirt.
will be an indirect measurement, but direct measerg of the load is technically difficult in reabrditions, as
indicated by the results of work (Witek and Prus®l6, Kalentev et al., 2017). The authors presetite
results of the GEOSOFT project, in which complestsef the shield support unit in various supporiditions
were performed.

The inclinometers should be installed primarilynewly designed support units. In the design proféasg
et al., 2018, Swedish et al., 2016, Siegfried, 2008 possible to introduce full geometry inforticen and to
install inclinometers to ensure their safe use.

Justification for monitoring the geometry of shieldsupport

Operation of the roof support with the correct getryn understood as the parallelism of the canopythe
base, is important for the interaction of the regpport with the rock mass. This fact is partidylanportant in
the case of weak rocks in the roof or in the caseniming the longwall under the rockfall zone. lnck
conditions it is important to operate the poweredfrsupports properly, so as not to create a lineatact
between the canopy and the roof, which may causeade to the structure of roof rocks. Roof fall risk
longwall coal faces is presented in work (Prusedd.e2016).

Operation of the roof support with incorrect geametiso affects the distribution of base pressurehe
floor. This problem was illustrated by the methogkd in the Department of Extraction Technologied an
Mining Support at GIG and with software for the lgs& of geometry and distribution of forces in f@apport
nodes (Ptonka, 2009). For example, lifting the gan®f powered roof support results in changing the
distribution of pressures on the floor (Plonka &wjwa, 2018). In the case of raising the canopy,highest
pressure on the floor occurs closer to the coa,fadich may lead to the roof support tendencyirisg into
the floor and in extreme cases leading to lossadfildy.

The analysis of the forces at the powered roopstipstructure nodes should be taken into accouranw

considering the impact of the roof support designits failure (Fig. 1). This problem is described the
publication (Plonka and Rajwa, 2018) where, basedhe case study, it is described how the liftirigthee
canopy end affected the increase in strength ghdh@ of connection between the canopy and thengashield.
It was determined that the forces in the roof supponstruction nodes might differ significantlpim the model
usually used in the Operational Manual for the zumtal position of the canopy and base. It was dotinat the
changes in forces in the joint node of the canofif the caving shield depend mainly on the spedditn of
kinematics and then on the inclination betweenctopy and base and on the load to the cavingdsbfghe
roof support.

In the mathematical models, it was confirmed tloattie specified lifting angles of the canopy bya®d 12°
(inclinations found in a particular longwall), thierces at the connection between the canopy anddhimg
shield are significantly higher than the forcesculdted in the case of operation with the horizbntmopy
(Ptonka and Rajwa, 2018, Rajwa et al., 2017).

Work on inclinometers is carried out by DOH Centrudydrauliki company, among others. The
inclinometers have their own battery power suppigt are adapted to work on the shield support ($ozrgnd
Brodny, 2019). The paper (Prusek et al., 2016)gmssmeasurements of shield support geometry; henvev
they were performed in laboratory conditions.
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a)

B575

b)

5.713MPa

Fig. 1. Distribution of pressure on the roof atabf depending on the shield support geometry:aamopy parallel to the floor; b) canopy
raised at an angle of 12°. (Ptonka and Rajwa, 2018)

System design

The models and prototypes of system components de&vreloped within the PRASS llI project, and then
they were certified in accordance with the ATEX daitive and tested in real conditions. The shielppsut
monitoring system consists of the following threedules (Fig. 1):

e SSMS-C - central unit for communication with indiual modules, power supply, archiving and data

transmission.

e SSMS-I - two-axis inclinometer.

e SSMS-S - "tip to face" sensor, a module that detdw distance between the mechanized housing

section and the longwall face.
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-&-
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RS485 2 2 i
Mopsus rTu | Radio communication

system

Fig. 2. SSMS system design.

Each module of the SSMS is placed on the powereflsupport components (Fig. 3). In order to be able
place each SSMS-I inclinometer module in approerigiaces in the powered roof support (to ensurescor
reading of measurement data), the dimensions ofi¢vice enclosure were minimized. In order to redte
size of the SSMS-I module, each inclinometer sysi@mot have its own power source; it was powegpsiad
from the SSMS-C central unit (which was locatedtmn canopy of roof support, this place allows tetafi this
device).

Fig. 3. Arrangement of SSMS components on thengdweof support

To simplify the communication system and ensuregadte radio visibility, the module responsible for
communication of all system components for singbevgred roof support was placed in the SSMS-C ckentra
unit. On the slope, there is also an SSMS-S traesurement module, which has an independent baitent
and data from the module are sent by cable to 8 C central unit. Communication between SSMS-itsun
will be based on distributed algorithms (Stankieay2018; Baranov et al., 2017).

SSMS-C module

The SSMS-C central unit module (Fig. 4) is used gower supply, communication, archiving and data
transmission. It is equipped with 4 primary celisacapacity 70mAh enabling the system to operataf least
one year. The unit is adapted to be mounted on mv®of support and connected with SSMS-I inclieten
modules and SSMS-S path sensor. Data are trandmiteg the MODBUS-RTU protocol. Data collectednfro
each module are initially processed, archived in-wolatile memory and sent by radio to the supauiut.
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Fig. 4. SSMS-C central unit module.

During the designing process of the unit, it wasessary to provide IP65 protection level of thetuni
enclosure against dust and water ingress. The elévidesigned to operate on the powered roof stmc
longwall system in conditions of an undergrounddhaoal mine. Working conditions in longwall face® a
characterized by a high level of airborne dust.ré@duce dust concentration, water spraying systemsised,
which means that the equipment working in this @labould have a high level of protection againstewa
penetration.

In order to ensure IP protection level of 65, tHeSE company selected an enclosure with the manuiéatt
declaration of IP65 protection level. Selecteddrgttompartments also had the IP 67 protection len@ided
by the manufacturer. Selected Harting connectod&ia transmission and power supply of individuadoies
of the system had IP 67 protection level. All sceewittings were equipped with the appropriate $eansure
the required protection level (Qazizada and Rieas, 2018).

The requirements of the working environment in Whibe device will operate also require that theickev
operates in the temperature range fre2@ °C to +50 °C. This requirement is met by setertihe enclosure
components that meet these criteria. Also, alltedetc components were selected to ensure safeimgprk
temperature (in accordance with the ATEX Directjvigking into account the operating temperaturehef
device.

Due to the requirements of the ATEX Directive, #f@rt-circuit current from the cells had to be tidi. It
was also important to connect the batteries to renausufficiently high voltage supplied to the aevi The
batteries were therefore connected in series-ghrathe connection of two cells in series ensunas the power
supply voltage is increased by doubling the voltagming from a single cell and affects the reductd short
circuit current (in its calculation we take intacaant the double value of the cell internal resis&.

SSMS-C is characterized by the following operatigrzaameters:
e ATEX parameters: | M1 Exial Ma

*  Ambient temperature: Ta-=20 °C , +50 °C

. Protection class: IP65

e Power of the transmitter: 17 dBm (50 mW)

e Capacity: 4x3.6V 17Ah.

SSMS-I module
Two-axis inclinometer SSMS-1 (Fig. 5) is designedite mounted on the components of powered roof
support. The inclinometers are battery-poweredn{ftbe SSMS-C central unit, which is placed on eadf

support), so there is no need to run power cabéteden the roof supports. Up to 6 inclinometers ban
installed on one roof support.
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A=

Fig. 5. SSMS-I inclinometer module

As in the case of the SSMS-C central unit, it wasessary to provide IP65 protection of the inclietan
enclosure against dust and water ingress, asl@sgned to operate in underground mine conditions.

In order to increase the mechanical resistanceintimometer enclosure is made of steel. In otdeznsure
that the enclosure is waterproof and dust-prodd, SIBMS-| enclosure was additionally sealed. THer filso
acts as a heat dissipator for individual electrasoenponents. The applied electronic components leesn
selected so as to meet the requirements of the ATHPéctive for equipment applied in the operating
temperature range fros20 °C to +50 °C.

The use of a two-axis inclinometer allows determinthe position of the enclosure assembly in twesax
One of them is the side tilting of the enclosutee(énclosure of the longwall complex is never rarial). The
inclination is an important parameter to deterntime supporting capacity, which is determined inir@afion
parallel to the gravity force.

The analysis of the mechanized enclosure geombtrwed that in some designs, during the operatio, t
bracket angle of inclination exceeded 90 °. In otdeavoid such a situation, the printed circuiafmbwith built-
in inclinometers was inclined at the angle of 3@-fy. 6). This also improves the measuring accurafcthe
inclinometer. The SSMS-I inclinometer, designed arahufactured in this way, is shown in Figure 6.

|

Fig. 6. SSMS-I inclinometer module.

SSMS-I is characterized by the following operatiragameters:
e ATEX parameters: | M1 Exial Ma;

¢« Ambient temperature: Ta-=20 °C , +50 °C;

. Protection class: IP65.
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Tests

JZR 13/28 POZ shield support was tested (Fig.nglinometers were installed on the shield suppsing
the magnetic mounting. Four SSMS-I inclinometerseni@stalled — on the base, on the canopy, on ta g
shield and on the lemniscate linkage. Places ointtismmometers installation are presented in FiglirBata from
the inclinometers were recorded using the compptegramme developed especially for the tests. Sampl
frequency was 500 ms.

"

‘. E B

D = g = e

Fig. 7. JZR 13/28 POZ shield support

Fig. 8. Model of SSMS-I inclinometers: a) on thasdy b) on the canopy, c) on the goaf shield, dheremniscate linkage
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Fig. 9. Testrig

The main purpose of the tests was to verify theemtness of inclinometer measurements in conditibose
to real ones. The test rig was used for functi@mallysis of powered roof supports (Fig. 9). The iigsenables
simulations of the roof support operation in inetinseams (up to 40 degrees), and roof supportpskeeping
the working pressure. The roof of the test rigas #p to the selected height and is locked withishathich
creates a rigid frame structure in which the roopport is set up. The test's objective was to yetiife
correctness of readings in the case of roof suggng set up against a rigid roof.

This process is associated with the eliminatiobaxfklash on powered roof support pins and roofddthis
process is often dynamic).

Figures 9, 10, 11 and 12 show the angles of theiththl components of the shield support duringtdresile
test in the test rig - the nominal pressure inrdgdirs was assumed to be 24 MPa. The tests wetedstdrthe
canopy placed in parallel to the rig roof in thetdihce of 20 cm.

The tests were conducted in five stages:

e  Stage 1 - the shield support without any resistaraeels through the empty space between the dfj ro

and the canopy (time period from 1@ 142 seconds).

«  Stage 2 - the time period between the canopy edggct with the floor (14¥ second) and the whole

canopy plane contact (145econd).

«  Stage 3 - pressing the canopy to the rig roof {1sk£ond).

«  Stage 4 — elimination of clearances - rapid adjestrof the shield support components (158cond)

«  Stage 5 - the shield support stabilization (1531 73" seconds).
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Fig. 9. The angle of the canopy during the tests
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Fig. 11. The angle of the lemniscate linkage dwthre tests
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Fig. 12. The angle of the base during the tests

The results of the tests confirmed that the desifjinclinometers and the applied algorithms of aign
filtering are correct and resistant to dynamic mhreena. The measurement results presented on thevwdre
averaged through a low pass filter. There are milatgons after the angle change and no vibratifsom the
dynamic removal of backlash in the tests of the gr@d roof supports.

Summary

It was assumed that monitoring and analysis of pedv&oof support operational parameters in rea¢tim
using SSMS enable to predict the hazards assoaciatedhe fall of roof rock. The KOMAG Institute dflining
Technology designed and made a geometry monitosyggfem based on inclinometers that meet the
requirements of the ATEX Directive. System testseagarried out on a real object in laboratory ctads. The
tests confirmed the correct operation of the SSktFesn. The next step will be to make the prototype install
it in real mining conditions. The tests of the iropaf clearances in structural nodes on the acguofdhe
measurement system will also be carried out.

The aim of the research was to determine whetleeapiplied filtration algorithms will allow monitargy the
geometry in shield support in the case of dynanhianges. During the contact between the shield stppo
canopy and the roof of the test rig, changes inpibsition of shield support components, resultirgrf an
adjustment to the roof, took place and the shiafgbert eliminated clearances on the connecting coweipts
(pins). In the case of monitoring the shield suppgygometry during operation, the support unit adiam
process will be omitted - these changes will ngcflong-term trends and can be regarded as énterte.

Funding: The research work undertaken in PRASS Il
(Productivity and safety of shield support), grad2504
(2017) was supported by EU Research Fund for Codl a
Steel (RFCS) as well as the Ministry of Science and
Higher Education.
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Testing the selected parameter s of conical picks

Beata Grynkiewicz-Bylina®, Bozena Rakwic’, Aleksey Shchenyatsky?

Conical picks are characterized by the structuratianaterial parameters, affecting the effectivereéssechanical mining of coal and
rock with roadheaders and longwall shearers in miniplants. Unsatisfying the specific technical paeders of cutting tools by
manufacturers, especially pick length and not progyge and quality of materials used for their m&mture may result in excessive
asymmetric wear, break of holding part or fall auhat means a necessity of their frequent replaceniérre is no standardized method
for assessing the cutting picks quality and dufgbilThat is why, to reduce conical picks rate @aw the scientific organizations have
undertaken the research projects on new desigreauttihg picks and materials for their manufacture well as on the development of
laboratory and computational methods for determioatof conical picks rate of wear. Results of tggtthe cutting picks, used in
roadheaders and longwall shearers, conducted adngrtb the unique author’s procedure, are presenfétk test results indicate for the
need of improving the methods for assessing thitgeé cutting picks, especially in the scopeedting the connection of sintered carbide
with a body of a cutting tool.

Keywords: Conical picks, Sintered carbides, assessmenieadjtiality

Introduction

Mechanical mining based on the direct action ofiegtdrums of mining machines on solid coal is ofh¢he
methods for hard coal mining. Conical picks fixed the drum of roadheaders and longwall shearers are
commonly used (Kotwica, 2018; Krauze et al., 200%)e body of a cutting tool consists of a pick fewldnd a
conically shaped working part with a carbide tigdsoed to it. Cutting picks are exposed to high hasdcal
stresses and temperature, generated in the arbase the cutting tool contacts the mined rock. Tééls to
relatively rapid wear, causing changes in bothgeemetrical shape and loss in sintered carbide aradghe
working part (Barker et al., 1981; Krauze and Myc2@l6; Baranov et al., 2017). It is also importanselect
the proper cutting picks for the specific designmoining drums, where inappropriate manufacturingl an
improper operation may contribute to mechanical aiges, including excessive, and uneven abrasioredsas/
falling off or cracking the sintered carbide — Flg.

Fig 1. Examples of conical picks used in the ngttirum of a roadheader withdrawn from operation

Such a failure causes a roadheader's break inpiir@tion due to a replacement of cutting picks whatilts in
significant financial losses in the mining plan&aly and Beno, 2016; Bialy, 2017; Bialy and Fri@§19;
Botoz, 2018).

In order to obtain proper durability of conical ég the selection of their shape and type of thiera used
for their manufacture should be based on the aisabfggeological and physical-mechanical propertiesocks
(Biaty, 2013; Bialy, 2014), parameters and condsioof the cutting process and the cutting tool gtesi
(Gospodarczyk, 2013; Krauze and Botoz, 2015).

! Beata Grynkiewicz-Bylina, Bena Rakwicl.aboratory of Material Engineering and Environmdiic KOMAG, Pszcziiska 37, 44-100
Gliwice, Polandpbylina@komag.eu, brakwic@komag.eu
2 Aleksey ShchenyatsKkgalashnikov Izhevsk State University, IzhevsksBlan Federatiomkkupol @istu.ru
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The conical picks are made of sintered carbidesadbus grades, having high hardness, compressiegth as
well as resistance to abrasion, to brittle fractanel high temperatureS¢ieszka and Filipowicz, 2001). The
bodies of the picks are made of steel of high irhpstcength by an increased content of manganese,
molybdenum, chromium, nickel and boron. The steetssubjected to heat treatment, consisting ofeméng
and tempering to obtain hardness above 40 HRCharglhigh resistance to abrasion. In the case afalpicks
and working parts of the cutting tool bodies, thesistance to abrasion increases by padding ttee oanical
surface with abrasion-resistant materials (Krauzeale 2016; Qazizada and Pivmva, 2018). It is also
important to ensure the declared linear and angaeameters.

Due to the lack of a standardized method for assg#se quality and durability of conical picks ricais test
procedures were used, including those developedhbyAGH University of Science and Technology and
implemented in the selected mining plants (Krauzé dotwica, 2007; Krauze et al., 2015; 2017b). Stiiie
papers focus on the design solutions of conicdllotulers and methods for testing the rate of dudst wear on
the laboratory testing stands, as well as applgimgputational methods using the neural networkswioa,
2015; Krauze et al., 2014; 2017a; Gajewski and da@09; Bozek and Piv&ova, 2013). One of them (Boloz,
2018) presents the results of the quality assedsofi@onical picks delivered to six mining plantsthe form of
public tender. They show the high quality of thenical picks as well as single cases of failure wetthe
requirements of geometric parameters. The hardoieti®e pick holder and content of carbon, chromiama
manganese in the material of the tools’ bodies taee most common parameters that do not meet the
requirements. There are, however, no literatura datthe assessment of sintered carbide parameterthe
degree of filling the soldering gap with solder ahé embedment depth from the edge of the workiug, p
having an important impact on the durability ofliide fixation in the cutting tool's holder.

The results of research work on assessing the ggoaigarameters of conical picks and the propertf
the materials used to manufacture them carriecabtie KOMAG Institute (Grynkiewicz-Bylina and Raioy
2019), are given. They complement the state-ofatttén the above-mentioned scope. The assessmehe of
degree of filling the soldering gap with solder aridhe embedment depth of the sintered carbides the edge
of the working part is also presented.

Material and M ethods

The research work was realized in four stageshénfitst stage, the documentation from the conpieks
tests, carried out in the KOMAG accredited Labanatof Material Engineering and Environment withimet
years 2006-2017, was analyzed. The focus was oadiieal picks. The geometrical parameters and gitigs
of the materials used for their manufacture westett The assessment covered 10 types of conikd, pivith
sintered carbides of diameters from 18 to 25 mmaatting tool lengths from 140 to 195 mm. The cahjgicks
were delivered by six manufacturers, marked fronoA=, and they were intended to be used in roaditead
(three types) and longwall shearers (seven typ&s)—2. In total 23 sets of conical picks, incluglitwenty one-
step and three two-step tools, were tested.

a/ conical pick used in cutting drum b/ conical pick used
of a longwall shearer in a roadheader’s cutterhead

Fig. 2. Conical picks used in cutterheads of loaljwhearers and roadheaders
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In the second stage, on the basis of the test deatation, the following technical parameters of ¢beical
picks, important for an assessment of their marnufeauality and durability, were specified:
— geometric parameters of the cutting tool, its wogkpart and pick holder as well as of the sinteatbide,
— hardness, impact strength KCU/energy of impactk#&sand tensile strength Rm of the working part,
— hardness and embedment depth of the sintered eaftoich the edge of the working part and the degfee
filling the soldering gap with solder.
The geometrical parameters of the cutting toolnaaeked in Fig. 3.
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Fig. 3. The geometrical parameters of the cutto in the roadheader’s cutterheads

In the third stage, the criteria for the assessroégbnical picks were defined based on the anslgsithe
manufacturer's specifications and the requiremefriise mining plants — Table 1.

Tab. 1. Criteria for the assessment of technieabmeters of conical picks

Conical picks/pick Technical parameters Criteriafor the assessment of technical parameters
component
Conical pick total lengthl, deviation from the nominal dimension: £1 mm

Working part of the pick body length;
flange diametey

hardness from 40 to 46 HRC
impact resistance / energy ¢fKCU > 28 J/crh
impact KV >25]
tensile strengtiRy > 1250 MPa
Pick holder diameteb); deviation from the nominal dimension: 0.2 mm
Sintered carbides tip degree of filing the saldgrgap with| > 90%
a solder
embedment depth of the sintered carbjde 22 mm for the sintered carbide insert of 25 men d
from the edge of the working pag, > 19 mm for the sintered carbide insert of 22 man d
> 12 mm for the sintered carbide insert of 18 men d
length,| > 37 mm for the sintered carbide insert of 25 nian d

> 34 mm for the sintered carbide insert of 22 men d
> 27 mm for the sintered carbide insert of 18 man d
hardness > 1000 HY

The criteria for the assessment of geometric dimessincludingL, L, Dy, D, and strength parameters, i.e.
hardness of the working part of the body and thibida as well a&CU, KV andR,, were the same for all the
tested conical picks. In the case of sintered daripiarameterd,andg, the criteria for their assessment depend
on the sintered carbide diameter.

In the fourth stage, the results of the cuttingl ttests were assessed. The tests were carriednatei
KOMAG Laboratory and the following cooperating labries: Baildonit and ZDT-GLIMAG (Grynkiewicz-
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Bylina and Rakwic, 2019; Bozek and Pokorny, 20T4 testing procedure was developed by the paphoisu

— Fig. 4.
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Fig. 4. Algorithm of the testing procedure of aatipicks used in longwall shearers and roadheaders

Quality tests of each type of cutting tool wereriea out on nine cutting tool samples marked by bers
from 1 to 9. Before taking measurements of the gddoal parameters of the tool's body, the samplese
cleaned with petroleum ether. A 10 mm thick disswat from the working part of the sample No. 2eiflthe
sample was ground to obtain two parallel crossi@eglanes for measuring the hardness of the boatgmal.
For the tensile strength tests, two sections oedsions according to the PN-EN I1ISO 6892-2 Standere cut
off from the working part of samples No. 3 and dd #éhree sections with a notch U or V were cutaaffording

to the PN-EN 148-1 Standard from the samples 5-7 ifiqpact resistance/energy of impact tests. For
measurements of geometrical parameters (length diadheter) and hardness, the sintered carbide was

desoldered from the sample No. 8 and cleaned fhensolder.

For testing the degree of filling the soldering geith solder and the embedment depth of sinterebicda
from the edge of the working part of the cuttingl® body, a metallographic section of the cuttiogl, solder
and sintered carbide connection, obtained afteinguthe sample No. 9 along its axis, were prepared
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The measurements of geometrical parameters ofdtie$ of conical picks and sintered carbides wekert
using the direct methods. The degree of filling sodder gap was determined as the percentage shahe
solder surface area in the solder gap surface sobdracting the surface of the technological vdide surface
area of the solder, voids and solder gap were lzdbmibased on their edge length and their widitgined from
the stereoscopic microscope measurements. Measoireeselts for metallographic microsections of aestion
between the pick holder, solder and sintered cagbidserts made on two perpendicular cross-sectibtise
sample No. 9 along the symmetry axis, were averaged

Fig. 5. Sample cross-section of roadheader's mytibol used for determination of the degree 6flthe solder gap
symbols: P1 — solder, P2 — lack of solder, P3 -htetogical void

Tests of material properties of the conical pickddbrs and sintered carbides were conducted usieg t
standardized methods. Hardness of the holder’sriahigas measured according to the PN-EN ISO 6508-1
Standard using the Rockwell method, hardness ofsthiered carbide was determined according to thNe E
23878 Standard using the Vickers method, the et was carried out according to the PN-EN 189261
Standard, and th€CU impact test or th&V energy of impact test was conducted accordingpedPiN-EN ISO
148-1 Standard.

The test results were assessed in Stage 4 accaodihg criteria set out in Stage 2. Based on tiadyais of
the results, the parameters of conical picks, whicjuire a correction were pointed out.

Results and discussion

The tests showed that geometric parameters in #jerity of samples of conical picks holders did difer
from the criteria specified in stage 2. Single sashich did not meet the accepted deviation intaked length of
a cutting tool and in its working part as well aghe flange diameter and holding part for the nfacturers A
and C, were reported.

Individual cases of failure to meet the above ddtevere also found for the depth of sintered adebi
embedment from the working edge. Two reported ceseserned the F cutting tool manufacturer.

The detailed results of testing the strength patarseof pick holders, hardness and length of shater
carbides and the degree of solder filling of thielsogap are presented in Table 2.

Tab. 2. Results of testing the strength parameteesnical picks, their hardness and length of bived carbides as well as the
degree of solder filling of the solder gap

Markings of the conical picks Results of testing the pick holders Results of testing the sintered
carbidesinserts
strength to impact impact hardness | hardness | length degree of
thetensile resistance energy solder
force KCU KV gap-filling
Rn of the
solder gap
[MPa] [Jcnd] [J] [HRC] [HV30] [mm] [%]
@22 146/70/58/38/1 X 1| A 1099.5 - 17.2 45.0 1190 35.0 -
@22 146/70/58/38/2 X 1 A 1046.5 - 17.5 44.5 1240 35.0 -

406



Acta Montanistica Slovaca Volume24 (2019), numbe#, 402-409

@22 140/65/48/38/30/1] X Il B 14355 - 45.0 44.0 Q01| 35.0 92.6
@218 169/89/48/30 /1 Y Il B 1358.0 - 14.0 40.4 1010 27.7 90.2
@18 169/89/48/30 /2 Y || B 1310.5 - 28.7 43.6 1020 254 83.3
@25 147/70/58/38 /1 X 1| A 1260.0 39.7 - 47.6 1020 - -
@22 144/64/48/30/1 X 1l g 1119.5 29.7 - 38.0 950 32.0 39.1
@22 189/92/59/38/1 X 1|l g 688.0 40.4 - 21.8 940 29.2 60.5
@22 186/92/59/38/1 X 1l g 1211.0 32.7 - 37.6 980 275 779
@22 186/92/59/38/2 X 1l g 11955 - 22.0 35.1 1170 25.6 100.0
@22 144/64/48/30/2 X 1| B 1477.0 25.8 - 46.6 1200 35.1 99.0
@20 165/89/65/38/30/1| Y Il A 1161.5 36.7 - 43.4 1120 - 99.5
@25 146/70/58/38/1 X 1| D 1007.5 375 - 32.6 1200 - 99.2
@18 195/102/55/35/1 Y Il H 1695.5 39.8 - 44.0 1040 24.0 99.1
@22 189/92/59/38/2 X 1| A 1389.5 35.1 - 51.2 1230 34.3 93.4
@18 195/102/55/35/2 Y Il H 1408.5 48.2 - 44.0 103 7.12 98.5
@20 165/89/65/38/30/2] Y Il A 1224.0 40.7 - 38.6 1000 - 92.1
@22 144/64/48/30/3 X || B 1300.5 50.8 - 42.6 1180 435 93.7
@22 189/92/59/38/3 X 1 A 1324.0 36.6 - 41.8 1130 .335 91.9
@22 189/92/59/38/4 X 1| H 1544 .5 22.7 - 46.5 1120 34.2 95.2
@22 189/92/59/38/5 X 1| H 1143.0 46.1 - 335 1110 311 98.7
@22 189/92/59/38/6 X 1| H 1140.0 235 - 355 1150 31.1 97.4
@22 189/92/59/38/7 X 1| H 1068.5 53.3 - 34.1 1150 34.3 74.2
Symbols: X — conical picks for roadheaders, Y —igadnpicks for shearers, | — one-step conical pjcks— two-step conical picks,

A-F — manufacturers.

The tests showed that:

— materials for conical picks had high tensile sttarfpom 688.0 MPa to 1695.5 MPa, impact resistdnme
22.7 to 50.8 J/cfthe energy of impact test from 14 to 45 J andhess from 21.8 to 51.2 HRC,

— the hardness of sintered carbides varied from 84240 HV,

— length of sintered carbides varied from 24.0 tag!38m,

— degree of solder filling of the solder gap varieshfi 39.1 to 100.0%.

The analysis of the test results showed that:

— materials for pick holders in 52% of the testedicanpicks did not meet the required tensile sttenmn
18% - impact resistance, in 67% — energy of impeastt,

- 39% of tested pick holders had hardness belowetheired one and 9% above it,

— 13% of tested sintered carbides did not meet titerier regarding the hardness, 44% regarding thgtheand
25% regarding the degree of solder filling of thédsr gap.

The inconsistencies mentioned above concernedotieat picks of all manufacturers.

Conclusions

Technical parameters of conical picks, including tieometric ones as well as types and properties of
materials used for their manufacture, specifiethatcutting drums designing stage, have a decisigact on
their life during rocks cutting.

Excessive and uneven abrasion as well as fallingbaintered carbides are the most frequent mecakn
damages to conical picks. These disadvantages earaused by the insufficient hardness of the plkidr
material, improper length of sintered carbides #radr embedment depth from the working edge as asby
the insufficient degree of solder filling of thelder gap. The authors' test results confirm (BoRi¥,8; Kalentev
et al., 2017) that the manufacturers control geamptairameters of pick holders. However, the pnobig with
meeting the requirements concerning the propedidhe materials used for the manufacture of cdrpaeks,
especially their hardness. Thus, it is indisperesablextend the scope of controlling the qualitomical picks
manufacture by the control of materials, delivedeg steel and sintered carbides manufacturers, @ th
independent laboratories and to avoid assessimg izsed only on the materials attestation approvals

The authors show that the procedures for assesisinguality of conical picks, implemented in thenmg
plants, including the method developed at the AGHiversity of Science and Technology, should be
complemented by an assessment of the parameténe ebnnection between sintered carbide and pigdeho
Especially the solder filling degree of the soldap should be assessed. For that purpose, the dnstnggested
by the authors in their testing procedure, camiyjgémented.
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