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The article describes the testing of personal cable lift fall” before its first starting up. Technical tests are conducted
by building societies normative with the participation of Technical inspection of SR where is important the nominal
speed of cage. After this speed exceeding the other mechanismes are setting into operation, by the help of them
the lift is off. Effects of these mechanismes are verified in agreement with valid standards and in the case of

fulfillment of demands, the lift can be put into operation.
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INTRODUCTION

After lift mounting every manufacturer has to penfio
so called ,primary” safety test, test of accuraog &est of
utility. Authorized person (for example Technical
inspection, TUV Slovakia et al.) performs, regutasnd
evaluates the test because the activity of thedifhplex is
conditional on strict safety regulation. Every $afdevice
on the lift has to fulfil these criteria. The task these
devices is to limit and prevent to the next operain case
of state identification which is not in accord witome
categorial specified safety parameters.

The article is centred on the safety gear actiotegt
performance and the consequence of these factheis t
generation of stress to the axis x,y in the gui@zdculated
values and input parameters of the safety gearthareasis
of dynamic calculation of the lift cage free fall suitable
simulation program. The test of safety gear wabkzezh by
procedure which results from valid standard STN &N
1+AC part 1: Electric lifts and Regulation of govermh
571/2001 Collection of laws, as amended by Regulaifon
government 327/2003 Collection of laws.

DESCRIPTION OF TEST COMPONENTS

The test of safety gear efficiency and their
impingement on guides was realized at the perdogight
traction lift of type marking ONTV 2000. The lift ag
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made and delivered by firm LIFTEX, Ltd. KoSice toet
company VSH, Inc. Twia nad Bodvou. There is a basic
characteristics of the lift in the Table 1.

Table 1. Basic technical data of the lift

Loading capacity 2000 kg
Travel 334 m

Rated speed 0,63 m/s
Number of 6/6

stations/platforms

Drive electric traction
Feed array 3/PE AC 400/230V 50Hz, TN-$
Control button

The producer in lift supply used self locking sgfgear
as aelement of protective device against the ekaes
speed of the lift cage above and deorsum. The ER3
illustrate behaviour of jaw safety gears which plgsides
in the moment of nominal speed excess.

SAFETY
GEAR

e COTERWEIGHT

Figure 1. Rest position
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Figure 2. Downwards engagement

Figure 3. Upwards engagement

Used safety gear was made by external firm and
delivered on the basis of requirements of lift nfanturer
which are listed in the certificate of safety geansl they
are:

1. admissible load deorsum/above: 4023 kg (max), 881 k

(min)

2. admissible brake force: 28659 N (max), 6629 N (min)
3. maximum rated speed: 2,0 m/s (cage), 2,0 m/s

(counterweight)

4. maximum access speed of speed limiter : 2,5 miefca

2,5 m/s (counterweight)

5. thickness/width of guide: 16 mm/42 mm
6. minimal parachute: 25 mm

INPUT PARAMETERS FOR GUIDE STRESS
CALCULATION

The action of insantaneous safety gear generates fo
stress to the axis x and y by guiding jaws in fte f grip
and this stress can not exceed the limit of adblsstress
normative STN EN 81-1+AC (Fig. 4).
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Figure 4. Axis of guide

For this calculation we need following

Table 2. Input parameters

data (Tap. 2

Parameter

Number of guides

Weight of empty cage

Load capacity

Weight of empg cage an
parts of lift flex

Vertical distance of the cent
of guide jaws

Distance of the centre
gravity of rated capacity fro
vehicle

Distance of centre of gravity
cage weight from guide

Impuplse coefficient in t
action of insantaneous sal
gear

External yarding distan
between consoles and guide

Buckling coefficient

Modulus of section -momen
of resistance

Cross-section area of guide

Minimal radius of gyration

Thickness of clutch betwe
flange and head of guide

Admissible stress inhe actio
of safety gears normative S
EN 81-1+AC cl. 10.1.2

1800 kg
2000 kg

1870 kg
3130 mm

325 mm
200 mm

50 mm
30 mm

2000 mm

1,52

30,4.1G mn?
23,4.16 mn?

2264 mni
25,6 mm

10 mm

205 Mpa
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STATIC CALCULATION OF GUIDE BY
OPERATION OF INSANTANEOUS SAFETY GEAR

At first it is calculated the forces from guide Xlén
various cases of loading 4F~), moment of flexion (M,
M,), buckling force which is causing by cage)(fand
slenderness ratiofi.),

Bend stress to the axis x of the guide

E, = klgn(qu +P.yp)
y =

1)

M
2
F = 2.9, 81.(2(;00.200 +1870.3Rl): 285N
£.3130
2
M. = 3Fl @
16
Mx = %%mm =1072126Nmm
Ox = M. _ 1072126, Pa = 35MPa 3)
W«  30,4.16

Bend stress to the axis y of the guide

F, = Ki.gn.(Q.Xq +P Xp) @
n.h
E = 2.9,81.(2000.325 +1870'5Rl): 233N
2.3130
3.Fl
My = 5
y 16 (5)
= 32330.200Q 0, 573650
Gy:&:MMPa:EJMPa (6)
W, 23,4.10
Buckling effort
= ki.gn.(P+Q) @
2
= 2.9,81.(1876 2000&] — 37965\

2

METALURGIJA 49 (2010) 2, 479-482

x:_l—:@):78_>w:1,52 (8)
ly 25,6
(Fk+ks.M).®
©)
A
o= 219991 T3 pa = 2oMPa
2264

Combined bend stress and buckling effort

oc=ok+0,9.00x + oy) (10)
oc =29MPa+ 0,9.(35+ 37MPa= 9MIPa

Bend stress of guide flange

1,85F«
OF = 02 (12)
or = 22223 \Pa = 4uPa

It did not ponder over stress M from auxiliary dms
by calculation of buckling effort. The value of lkling
coefficientw=1,75 has been set by manufacturer and it is
superior to value after calculation of slenderrrasis.

There is a comparison of calculated values of guide
stress to values which rule the standart STN EN-BAC
in the table 3. The comparison of the results daters if
the assembled safety gears fulfil the conditionsthod
standard on the part of safety of lift operation.

Table 3. Comparison of the results

. Request are
Comparison to
of the standard
yes | no

Oy 35MPas< 205MPa X

oy 37MPa< 205MPa X
Test of the
instantaneouy oy
safety gears

29MPa< 205MPa X

6. |94MPa<205MPa X

O 43MPa< 205MPa X
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CONCLUSION [7]

The test of safety gears was realized by driving of
centric led and suspended cage deorsum with uriform
distributed loading along, in running of lift manki up to
impact of safery gear and stopping (stoppage) gé aan
the guide inder the proviso that:

= The cage had to lead in rated load and it [8]
had to move deorsum with rated speed.

Braking distance of the lift cage is negligible bsing
of these safety gears. Sliding safety gear is nsaitable [9]
type of safety gear for simulation model creatithereby
the stopping of cage on the guides does not cayse b
feeling of ,tearing” but ,sliding” and it has an pact on
passengers security, too.

In this case the cage has to be loaded by 1259 rate
load and it has to move by rated speed or by Iepeed.
We are able to determine total fall, braking distaon the
guides and slipping line of the rope on the spémitdr
from the results of measuring.

Simulation of running safety gears action to thgeca
guide by free fall and comparison of static caltiala to
dynamic calculation are the subjects of the nekitem of
the grant project.

(10]
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Coal plays a fundamental role in global development, but the coal mining industry
exerts impact on the environment, society, and economy. Kolubara Coal Company
produces about 30 million tonnes of coal, and digs about 70 million m’ of overbur-
den per year. The main result of surface coal is certainly taking agricultural land,
so that surface mines, which affect large areas in Kolubara, about 100 hectars a
year, causing a number of problems related to the recultivation of degraded area
after coal extraction.

The lignite extraction through the method of opencast mining in Kolubara is about
60 years old. The previous exploitation usage is characterised by the fact that the
disposal of overburden is made non-selectively, whereas the top soil layer is not be-
ing preserved. The recultivation is carried out in parallel with overburden excava-
tion. It is necessary to preserve the fertile soil layer through selective excavation in
order to bring the soil back to its previous purpose — agricultural production.

The objective of this paper is mainly to point out the need for the further expansion
of the utilisation of fossil fuels, which in turn reduces the emission of CO,, and thus
reduces or prevents global climate changes on Earth. In addition to that, bringing
back deteriorated terrains to their previous purpose — agricultural production, or
the afforestation — contributes to the maintenance of ecological balance in nature,
which then makes coal mining sustainable.

Key words: mining, recultivation, sustainable development, economic
development, environment, social responsibility

Introduction

A widely accepted definition of sustainable development is development that meets
the needs of the present generation without undermining the capacity to meet future genera-
tions’ needs. Sustainable development is a synthesis of three fields of our activity: economic de-
velopment, environment protection, and social responsibility.

The open-pit mining of lignite is distinctive through the fact that it requires large ter-
rain surfaces. Lignite is a type of coal which is relatively poor in quality and therefore mostly

* Corresponding author; e-mail: ivica@rgf.bg.ac.rs
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used for the production of electrical energy in thermal power plants. In order to make this pro-
cess cost-efficient, it is necessary to achieve a high coal production rate. On the other hand, a
high production of electricity and thereby of coal is subject to the energy demands of modern so-
ciety.

According to the IEA

20000 Ty g World Energy Outlook 2007
- ydro & other renewables

©18000 2@ Biomass/waste —— 1 (WEO 2007) reference sce-

=16000 27 g:gleaf 2 — nario, “global primary energy

14000 5m Qi ’ & 2 demand is projected to in-

12000 6® Coal -~ ¢ 3 crease by 55.1% between

10000 - 2005 and 2030, to a total of

8000 | —4 5 17.721 million tones of oil

6000 | 5 equivalent (Mtoe)”. Figure 1

4000 2 represents energy demand

2000 6 £ 6 changes according to two sce-

0 ' , narios for 2030. All of the en-

2005 2030 reference 2030 alternative h fi h
Source: IEA, 2007c. scenario policy scenario ergy growth forecasts have

major CO, emission conse-
Figure 1. Energy demand changes according to two scenarios for quences. The WEO 2007 ref-
2030 (color image see on our web site) erence scenario sees CO,
emissions increase from 26.6
gigatonnes CO, (GtCO,) in
2005 to 34.1 GtCO, in 2015 and 41.9 GtCO, in 2030. In the WEO 2007 alternative policy sce-
nario, emissions rise to 31.9 GtCO, in 2015 and 33.9 GtCO, in 2030. In the IEO 2007 forecast,
CO, emissions in the reference case increase from 26.9 GtCO, in 2004 to 33.9 GtCO, in 2015
and 42.9 GtCO, in 2030 [1].
According the research in Serbia at the
national level, the quantity of air polluters
(CO,, SO,, and NO,) emitted into the atmo-

Table 1. Quantity of air polluters (CO,, SO,, and
NO,) emitted into the atmosphere in Serbia

CO, SO, NO, sphere in Serbia is presented in tab. 1 [2].
[KT per year] [KT per year] | [KT per year] For a country (either developed or de-
13501 449 33 50.03 veloping) to understand the role of energy
use at the national level, it is necessary to

understand the relationship of energy use to
economic activity and social well-being,
and the relationship between energy and GDP indicates the economic development of a country.
Industrial production in modern societies is kept in pace by socio-economic growth [3].
Depending on energy resources available, any country may choose the method of its
utilisation. The Republic of Serbia has several coal basins, with three of them being dominant:
the Kosovo, Kolubara, and Kostolac coal basins. According the Strategy of Development of En-
ergy System in the Republic Serbia up to 2015, and according the literature, the greatest geolog-
ical energy resource in Serbia is coal (about 80%), particularly low rank lignite (about 65%) [4].
Lignite is the largest natural energy source in Serbia. The share of coal is about 88% in total, and
possible energy production using the remaining reserves available (small rivers, small coal
mines, and oil shale), can be about 10% most [5, 6].
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Material and methods
Method of lignite extraction

The coal from Kolubara basin is lignite of relatively low quality, i. e. of low
carbonisation degree, and therefore it is largely used for combustion in thermal power plants and
for the generation of electricity. The Kolubara coal was formed some 10 million years ago in
shallow waters of the Panonian sea. The coal was formed in the time when the climate in this
area was a warm, subtropical one. Figure 2 shows typical geological profiles of the Kolubara
coal basin.

The lignite extraction through the method of open-cast mining in Kolubara is about 60
years old. It is a period when there were major changes in operating conditions. The equipment,
laws, regulations, even the approach to open-pit mining has changed in compliance with inter-
national trends. The Kolubara coal basin is situated 50 km in the south-east of Belgrade, and oc-
cupies a territory of approximately 600 km?. The coal production is being carried out in four

“Koceljevo

b o ol o o

Figure 3. Kolubara basin divided into mining fields
1 —field Krusevica, 2 — field Rudovci, 3 —field A, 4—field B, 5 — field C, 6 — field BaroSevac, 7 — field E, 8 — field
D, 9 — field Turija, 10— field Stepojevac, 11 — field Veliki Crljeni, 12 — field Volujak-Vreoci, 13 — field G, 14 —
field F, 15— Sopié-Lazarevac, 16— field Tamnava-east, 17— field Tamnava-west, 18— field Radljevo, 19 field —
Trli¢, 20 — field Zvizdar, 21 — field Ruklade

Table 2. Coal and overburden production in Kolubara in 2008 open-pits: fields C and D,
Tamnava eastern field and

Realised overburden | Realised coal

Open P production [m’] production [t] Tgmnava western ﬁeld. [7],
i 2.981.897 1091320 Figure 3 shows the mining
Fleld B i R fields of Kolubara coal basin.

Field D 39,590,875 14,069,026 An average annual pro-
duction amounts to approxi-

Tamnava — eastern field 7,998,299 5,016,965 o
mately 30 million tonnes of
Veliki Crljeni 1,923,670 - coal and about 70 million m?
Tamnava — western field 24,672,871 10,361,665 of overburden. Table 2
shows the coal and overbur-
Total 77,167,612 30,538,976

den production in Kolubara
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in 2008. The coal and overburden are
mainly excavated by bucket wheel excava-
tors and transported by conveyor belts.
Figure 4 shows overburden and coal
benches in the open-pit mine Kolubara.
The process of coal excavation consists
of several cycles: the cycle of excavation,
disposal, and recultivation. The mining
works begin after the expropriation. First,
the preparation of the terrain envisaged for
mining is conducted. The preparation of
the terrain necessitates the demolition of
constructions, felling of trees, relocation of
watercourses, roads, efc. Then the overbur-
den is excavated, transported and dumped

Figure 4. Overburden and coal benches in the
open-pit mine Kolubara

using the mining machinery. Today, bucket wheel excavators, conveyor belts and stackers are
mainly used. When the coal seam appears, such a seam is excavated and transported to the

crushing plant.

Based on the process of coal excavation, explained up to this point, and its relation to

the recultivation, there are few important characteristics that stand out:
— notwithstanding the occupancy of large areas and the change in the purpose of the land, large
parts are still brought back to the previous state; it virtually means that they are temporarily
occupied by mining activities, in a period of some ten years, and that they can be reused as

before following this period,

— apart of the area occupied by the exploitation cannot be brought back to the state prior to the

beginning of the exploitation,

— area occupied by the external dump, although it is generally (as a rule) higher than the terrain
before mining activities, is still brought back to the state so that it can be reused, and
— atthe end of mining activities, the mine becomes the owner of large areas of agricultural land

and forests; according to
the law, the owner of an

agricultural land and ” Pre-industrial {planning)
forest is obliged to work / Post-industrial

the soil and control forest

husbandry.

Figure 5 represents the
paths of landscape develop-
ment following a disturbance
[8].

In practice, there is a num-

ber of ways to resolve this is- Disturbane

sue. There are many possibili-
ties for, and many examples
of an efficient utilisation re-

Future landscape

Post-industrial
(recent transition phase)

claimed areas of lignite mines Figure 5. Landscape development following a disturbance (Source

in the world [9-13]. Huttl, R. F.)
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Method of recultivation of Kolubara open pit mine

Recultivation is a process whereby a part of a dump is brought back to the state of land
similar to the one before the excavation. In this way, the negative impact of the excavation of
overburden and coal is lessened. The recultivation process is a legal obligation, which is to be
implemented according to a recultivation project. The recultivation project is a mandatory, inte-
gral part of a mining project. There is a need for a national system of quality control inspection
for land recultivation and reclamation sites, and provision for training in the special problems of
managing reclaimed lands [14]. It consists of two parts: technical recultivation and biological
recultivation and reclamation.

Technical recultivation is a procedure of levelling and preparation of a dump area for
the biological recultivation. The dump, especially its vertical part, is highly rough and it is nec-
essary to put it into such a state which enables biological recultivation. Criteria for the creation
of a dump are that it is stable, technically, and economically justified, and that it is not ideally
flat. Before the biological recultivation begins, the quality of land is to be investigated, in two
directions. Primarily, it has to be determined whether the soil contains an inadmissible concen-
tration of harmful, toxic matters such as heavy metals. Then the soil quality is determined, in
terms of the contents of humus matters, minerals, and acidity, in order to define corrective mea-
sures. If the soil contains heavy metals, their concentration and mobility have to be identified.
Then we should determine if and which type of agricultural products may be cultivated, or the
type of forestation that would be needed [15].

All these factors, area topography and its quality define the recultivation type. Flat
parts are used for the agricultural reclamation and production, while rough parts and slopes are
afforested [16]. In addition to the dump area, there is also a depression that remains after mining
activities, which is naturally being filled with water. It results from the fact that the excavated
coal is carried away and only the overburden is brought back to the working cavity, so there is a
deficit of material. As a result of the processes of mining and recultivation, i. e. the land and wa-
tercourse restructuring, we obtain three units. The first unit is an external dump, which is re-
stored by agricultural species at its flat parts of slopes while the rough parts are reclaimed by for-

Table 3. Overview of the existing condition of soil in reclaimed areas

Dump [ha] Reclaimed [ha]
. Expropriated
Field .
i) Internal | External | Forests e izﬁldtural Orchards | Seed-plots

Field D 2.754 1.231 723 509 235 16 12
Field B 885 - - 301 6 - -
Tamnava- 2.219 825 378 60 23 - 4
eastern field

Tamnava- 618 192 _ _ - - —
western field

Total 6.476 2.248 1.101 870 264 16 16
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est seedlings. The second and largest part is the area of an internal dump, which is also
reclaimed, depending on the type of the terrain and the composition of the soil. The third partis a
lake, or a number of them, that could be also arranged to serve as tourist facilities, which is a
common practice in some countries, or for other purposes [17, 18].

The recultivation is carried out in parallel with overburden excavation. Today we have
about 1100 ha of reclaimed land in Kolubara, about 870 ha of forest seedlings, generally situated
in rough parts of a dump and about 260 ha of agricultural land. Table 3 shows the overview of
the existing condition of the soil in reclaimed areas.

As we can see from given information, open-pit lignite extraction in Kolubara coal ba-
sin has minimised by approximately 6500 ha, the cultivable and arable land and wood area. In
order to reduce negative environmental effects, it is necessary to recultivate, reclaim, and affor-
est or convert into cultivable agricultural land all of the 6500 ha, which are in the structure of the
expropriated land in the Kolubara coal basin. Figure 6 shows reclaimed soil turned into an arable
agricultural land and fig. 7 shows the afforested reclaimed soil in the open-pit mine Kolubara.

Figure 6. Reclaimed arable soil Figure 7. Afforested reclaimed soil

Due to the coal extraction and ground dumping, a large number of lakes have been
formed, by intersecting certain watercourses of rivers, and streams which even now fill the latter
with water, and by accumulating water in certain depressions and mining shifts which were
formed in ground dumps. During summertime, the accumulated water may be very successfully
used for the irrigation of the crops that will be grown on the reclaimed surfaces. The seventeen

f

Figure 8. Reclaimed depression of the pit Figure 9. Lake during the reclamation
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lakes could be used, as well as for the irrigation, for fish and spawn breeding. Figure 8 shows
one of the reclaimed depressions in the open-pit mine Kolubara and fig. 9 shows a lake in the
process of reclamation.

Chemical analysis

Maximum allowable concentrations of hazardous and harmful substances in soil differ
from country to country. Table 4 shows maximum allowable concentrations (MAC) of trace ele-
ments in agricultural soils, proposed or given in directives in various countries and in different
years [19].

Table 4. Maximum allowable concentrations of trace elements in agricultural soils proposed or given in
the directives in various countries, and different years [19]

Chemical Poland UK Germany Euro comm. USA

element (1993) (1987) (1992) (1986) (1993)
Cadmium (Cd) 1-3 3-15 1.5 1-3 20
Lead (Pb) 70-150 500-2000 100 50-300 150
Mercury (Hg) 5 1 1-1.5 8
Arsenic (As) 30 10 — - _
Chromium (Cr) 50-80 - 100 50-150 1500
Nickel (Ni) 30-75 20 50 30-75 210
Fluorine (F) - - - - -
Copper (Cu) 30-70 50 60 50-140 750
Zinc (Zn) 100-300 130 200 150-300 1400
Boron (B) - - - -

In Serbia, maximum allowable quantities of hazardous and harmful substances in soil
and water for irrigation and the methods for their examination (Official Gazette of the Republic
of Serbia No. 23/94), which may damage or modify the production capacity (fertility) of an agri-
cultural land and the quality of water for irrigation, are envisaged in the rules on maximum al-
lowable concentrations of hazardous and harmful substances. Hazardous substances, in terms of
the rules, are: cadmium, lead, mercury, arsenic, chromium, nickel, and fluor; while harmful sub-
stances are: copper, zinc, and boron. Table 5 shows maximum allowable concentrations of haz-
ardous and harmful substances as prescribed in the Republic of Serbia [20].

In order to perceive the environmental aspect of the current state and further preserva-
tion of the soil in the area of the open-cast mine Kolubara, which is mainly agricultural, analyses
of the overall contents of heavy metals in the soil have been made, in the mine itself'and in its vi-
cinity, which is the area of future mining operations. The collected data serves to formulate and
further enforce certain regulatory and institutional procedures which contribute to the soil keep-
ing its economical and social potential after the reclamation. Table 6 shows the analyses of the
overall content of heavy metals.
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Table 5. Maximum allowable concentrations of hazardous and harmful
substances prescribed by the rules in the Republic of Serbia
. Maximum level in soil Maximum level in water
Chemical element [mg per kg soil] [mg per liter of water]
Cadmium (Cd) 3 0.01
Lead (Pb) 100 0.1
Mercury (Hg) 2 0.001
Arsenic (As) 25 0.05
Chromium (Cr) 100 0.5
Nickel (Ni) 50 0.1
Fluorine (F) 300 1.5
Copper (Cu) 100 0.1
Zinc (Zn) 300 1.0
Boron (B) 50 1.0
Table 6. Overall content of heavy metals in the soil.
Depth Fe Mn Cu Zn Co Ni Cr Pb Cd
fem] | [%] | [mgkg'] | [mgkg'] | [mgkg'] | [mgkg'] | [mgkg'] | [mgkg'] | [mgkg'] | [mgkg™]
Sample 1
0-30 | 4.59 714 34.40 54.71 17.24 173.83 85.80 26.09 -
30-60 | 545 718 33.30 58.69 18.31 192.29 97.44 30.60 -
60-90 | 4.50 660 34.50 62.42 20.30 204.82 109.17 34.14 -
Sample 2
0-30 | 4.46 650 29.55 50.02 17.29 159.44 83.32 30.60 -
30-60 | 4.34 661 27.00 46.60 17.03 155.03 89.43 27.89 -
Sample 3
0-30 | 4.38 695 33.40 56.00 18.26 170.10 92.00 33.66 -
30-60 | 4.25 668 26.15 48.88 17.75 130.51 79.28 28.66 -
Sample 4
0-30 3.70 658 29.10 50.73 17.32 161.12 88.54 24.82 -
30-60 | 417 689 29.90 53.07 18.72 169.15 95.99 28.70 -
Sample 5
0-30 3.72 543 24.70 37.41 17.06 231.23 123.31 21.06 -
30-60 | 4.90 548 24.40 37.21 17.32 235.39 108.67 18.41 -
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The analysis of the overall content of heavy metals indicates an increased content of
some heavy metals (mainly nickel and chromium, shading values), of which the presence relates
to the origin of these alluvial lands. Such analysis is the analysis of potential pollution agents,
because their accumulation in herbal products may cause the removal of these products from the
further utilisation. As such large concentrations of heavy metals appear mostly in deep seams, in
the process of soil reclamation, the possible soil pollution caused by these metals has to be con-
sidered, as well as measures which could reduce their accessibility to the flora [21].

Social aspects of mining extraction and recultivation

Sustainable development is a synthesis of three fields of our activities: economic de-
velopment, environmental protection, and social responsibility. The social responsibility of the
company is defined as a balance of working and personal life of the employees, equal opportuni-
ties, diversity at the workplace (ethnical minorities, handicapped and older people), ensuring of
retraining of the dismissed employees, etc. The European Commission defines corporate social
responsibility (CSR) as a conception under which the company integrates the social and envi-
ronmental points of view into its business and into communication with the interested parties
[22].

In addition to the afore-mentioned, typical changes, and the condition of the environ-
ment, it would also be interesting to discuss the flow of other resources, i. e. of social changes
accompanying the exploitation. At the beginning of its operation, a mine has a whole deposit
(coal) and mining machinery available to it. There is not enough skilled staff, considering that
the population in the vicinity is agricultural, and there is no developed industry supporting said
mining activities.

During mining operations, excavations lead to the decrease in coal reserves and to the
increase in the number of skilled workers. The occupied area, and therefore the reclaimed area,
are enlarged. It leads to the increase in the number of inhabitants in the vicinity, due to the in-
crease in monetary flow and the demand for experts. The starting point is typically the accep-
tance of sustainable developmental principles at board-room level as corporate goals, and then
informing the workforce, investors, and others of that commitment. Relevant employees need to
be engaged as a first step in the practical application of sustainable development principles, fol-
lowed by the gradual extension of training in sustainable methods of working to the workforce
as awhole [23]. Mining companies were among the first to introduce the practice, now common,
of building and maintaining schools, clinics, and sports facilities for their employees. It is not
uncommon for them to be made available to other people living in the vicinity of the company
location [24, 25].

At the end of the coal exploitation, there is no coal; however, there are large agricul-
tural and forest areas. Both the structure and the number of inhabitants are suitable for industry,
not agriculture or forestry. There are also machines with repair shops and plants, which formerly
served as a support to the coal production. However, they cannot be used for land farming; the
same is the case with the existing population structure. Big social problems then arise. A whole
functional environment which has been developing for many years is no longer functional be-
cause mineral resources are not renewable, but rather limited by time and space.

The whole environment turns into an environment with new characteristics and
non-functional social content. At that, it has to comply with the sustainable development. The
solution for this problem may go into two directions. One being that during the enlargement of
agricultural and forest areas after the recultivation process, it is necessary to adapt the compa-
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nies which had been specialised for the production of mining equipment and to turn them into
profitable ones. In addition to that, factories and repair shops, unless market oriented, should be
turned into rentable factories of related products.

Results and discussion

All of the issues in connection to the relationship between an open-pit mine and the en-
vironment are defined by relations arising from the soil pollution. The technological process of
lignite exploitation causes, to a certain extent, the change, i. e. deterioration, of the original mor-
phological and pedological structure of the terrain and soil, and the release of harmful sub-
stances — mineral dust into the air, in a certain concentration. The main impact is related to the
deterioration of the upper seam structure during mining operations. The above negative impact
may occur as a result of the excavation of the upper seam and its inadequate disposal, and of
mixing the upper seam with the lower one, as well as other barren materials. The impact of lig-
nite exploitation also represents a potential contamination of the upper seam due to the precipi-
tation of dust from the air. In addition to the afore-mentioned impacts, it is necessary to
emphasise the disappearance of the arable upper seam as a result of the building-up in infrastruc-
ture facilities (roads, railroad tracks, water-ways, industrial areas, efc.) and of the change in the
purpose of the soil in the vicinity of the mine.

In any case, open-cast coal mining leads to the disturbance of geological layers where
different sedimentary products are being mixed, which means that a completely new,
anthropogenic land, i. e. substratum, is created, without any resemblance to the original land,
which is now called a deposol. The previous exploitation usage is characterised by the fact that
the disposal of overburden is made non-selectively, whereas the top soil layer is not being pre-
served, which can later cause a number of complex problems in making the overburden suitable
for herbal production, and in bringing the land back to its previous state.

Visual pollution as a criterion of the relationship between a mine and its environment
implies that the characteristics of the landscapes’ appearance are a qualitative factor which oc-
curs as an element of degradation of the existing and established relations. In order to switch
from a descriptive impact assessment in this domain to quantitative methods, which include a
complex valorisation of the area, it is necessary to perform a series of specific analytical proce-
dures during which high-technology graphic and visual pieces of information are needed. The
impact of open-cast lignite exploitation on modifications of landscape characteristics, in terms
of morphological modifications of the terrain, indicates the creation of large-scale depressions
and the formation of outside overburden dumps. Due to the excavation process, depressions are
created in the working cavities, and this causes changes and deterioration of the morphological
and aesthetic characteristics of the existing natural landscape [26]. Considering that the charac-
ter and the scope of mining works are such that the previous morphological appearance of the
degraded areas cannot be restored, the obligation of a company is to adapt, in the best possible
way, through the technological exploitation process, i. e. overburden disposal activities and
technical reclamation, the working cavity to the existing natural environment, in terms of func-
tionality and aesthetics.

Generally speaking, within the recultivation of deteriorated surfaces, it is necessary to

apply [27]:
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— technical measures — which contribute to the improvement of resistant and deformable
characteristics of the dump and directly influence the enhancement of the erosion stability of
slopes,

— biotechnical measures — which, along with the technical measures, contribute to faster
achieving and maintaining the dump stability, and

— Dbiological measures — which imply the implementation of agricultural and forest
improvements that contribute to the stability and maintenance of reclaimed areas, but they
are much more significant from the aspect of area revitalisation and establishing natural
biocenoses.

Notwithstanding all the restructuring cases, a number of people will be superfluous.

They will then be re-educated or they will leave, which is certainly a problem accompanying the
mining industry. Favourable circumstances in the whole process of turning an agricultural ter-
rain into an industrial one, which is reclaimed at a later stage, is the fact that this process is very
slow and that good planning may adequately rearrange it. Depending on the size of the deposit,
the process of turning an agricultural, forest, or urban environment into an industrial (mining)
one, and then, by the recultivation process, back again into the agricultural or forest one, may be
of different durations, but such processes often last for many decades. The unfavourable charac-
teristic of this transformation process is that, due to its long duration, there is a high probability
of the emergence of economic and social crises and negative flows.

Conclusions

“Coal is a crucial and enduring element in a modern, balanced energy portfolio, pro-
viding a bridge to the future as an important low cost and secure energy solution to sustainability
challenges ” [28]. The coal extraction in Kolubara coal basin may last for about 50 years, which
is the corresponding amount of coal reserves. Namely, we shall spend the coal 10.000 times
faster than it took it to be formed. It is certainly a great disturbance of the natural cycle of oxygen
and CO, circulation. Sustainable development requires the maintenance, rational use, and en-
hancement of natural resources, as well as a balanced consideration of ecology, economy, and
social justice [29].

There are plenty of arguments to prevent further expansion of the utilisation of fossil
fuels and therefore coal [30]. This is one reason, among others, why it is necessary to perform
the recultivation of a dump even though it has a relatively low, although favourable, impact on
the environment. As we are talking about fertile alluvial lands, it is necessary to preserve the fer-
tile soil layer through selective excavation in order to bring the soil back to its previous purpose
— agricultural production. The forestation of soil and terrains deteriorated by open-cast lignite
mining prevents further deterioration processes, contributes to the maintenance of the ecologi-
cal balance in nature, and enhances the absorption of CO, from the air and the content of the ox-
ygen therein.

Notwithstanding the fact that nature has efficient mechanisms for balancing and
equilibrating the gas concentration in the air, it also has limited capacities in this process. We
gave ourselves the right to use the coal, as it is suitable for us. Because of this, we have a great re-
sponsibility to do that in the best possible way, bearing in mind future generations, by utilising
coal reserves in compliance with the principles of the sustainable development referring to the
utilisation of non-renewable energy resources and by reclaiming deteriorated surfaces resulting
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from the process of coal extraction, and all that in the function of sustainable development, min-
ing exploitation, and utilisation of energy from nature.
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In recent years, there has been significant advancement in monitoring sciences,
especially due to the continued development of measuring equipment.
Consequently, continuous real-time monitoring of integrity of significant
structures, like buildings, bridges, dams, as well as the movement of slopes,
landslides and volcanoes has become possible. This paper presents the
usefulness of continuous real-time monitoring system that is able to combine
geodetic, geotechnical and meteorological sensors to match the needs of the
monitoring project. At the experimental polygon, we have installed four points;
one reference and three observation points, all based on global navigation
satellite system (GNSS) sensors. For every point, we acquire location in
sense of coordinate Y, X and H in the local coordinate system, which allows
observing any movements and deformations on observation points. Moreover,
the characteristics of experimental polygon correspond to observing structures
and also any changes on the Earth’s surface. The real-time visualization of
acquired data enables us to decide on further measures in the shortest possible
time, which reflects in major safety, as well as in the avoidance of severe
damage. On the basis of 20 minutes of measurements, executed every 24 hours,
we have calculated that it is possible to detect, with a 99.73% probability, all
displacements larger than 1.2 mm and relative movements larger than 3 mm.
The monitoring results and regression lines indicate that displacements for two
points are no more than 1 mm, while on one we have obtained displacement
of approximately 7 mm in a time period of only three months. The results
obtained are significant and confirm the necessity of continuous real-time
monitoring systems.

Primjenjivost kontinuiranog monitoring sustava u realnom
vremenu za odrZavanje sigurnosti vaznih objekata

Izvornoznanstveni ¢lanak

U posljednjih nekoliko godina, doslo je do velikog napretka u znanosti o
nadzoru (monitoringu), posebice zbog kontinuiranog razvoja mjerne opreme.
Prema tome, kontinuirani real-time nadzor integriteta znacajnih objekata,
kao Sto su zgrade, mostovi, brane, pomicanje padina, klizista i vulkana,
postao je mogu¢. Ovaj rad opisuje Kkorist kontinuiranog monitoring sustava
u realnom vremenu koji omogucava kombiniranje geodetskih, geotehnickih
i meteoroloskih senzora kako bi se odgovorilo potrebama monitoringa.
Na eksperimentalnom poligonu su instalirana Cetiri mjerna mjesta; jedna
referentna i tri promatrane tocke, a sve se zasniva na globalnom navigacijskom
satelitskom sustavu (GNSS). Za svaku toCku moze se odrediti polozaj u
lokalnom koordinatnom (Y, X, H) sustavu koji omogucuje pracenje pomicanja
i deformacija na mjernim mjestima. Stovise, karakteristike eksperimentalnog
poligona odgovaraju opazanim strukturama kao i bilo kakvim promjenama na
povrsini Zemlje. Real-time vizualizaciju prikupljenih podataka omogucuje
odlucivanje o daljnjim mjerama u najkracem moguéem roku, Sto se odrazava
boljom zastitom radi sigurnosti, kao i izbjegavanjem ozbiljnih Steta. Na
temelju 20 minutnih mjerenja, koje se vrsi 24 sata na dan, izracunato je da
je moguce s 99,73 % vjerojatnosti otkriti sva pomicanja veca od 1,2 mm, a
relativna pomicanja vec¢a od 3 mm. Rezultati monitoringa i regresijska analiza
pokazuju da pomicanja dvaju mjernih mjesta nisu veca od 1 mm, a za jedno
mjesto je dobiven pomak od oko 7 mm u vremenskom periodu od samo tri
mjeseca. Dobiveni rezultati su znacajni i potvrduju nuznost kontinuiranih real-
time monitoring sustava.
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Symbols/Oznake
Y - UTM coordinate in Y direction
- UTM koordinata u Y smjeru

X - UTM coordinate in X direction
- UTM koordinata u X smjeru

H - UTM coordinate in elevation direction
- UTM koordinata u smjeru visine

~

- the most probable UTM coordinate in Y direction
- najvjerojatnija UTM koordinata u Y smjeru

X - the most probable UTM coordinate in X direction
- najvjerojatnija UTM koordinata u X smjeru

H - the most probable UTM coordinate in elevation
direction
- najvjerojatnija UTM koordinata u smjeru visine

r - scale factor
- mjerilo

h - specific entalpy, kJ/kg
- specifi¢na entalpija

n - number of observations/days
- broj opazanja/dana

v - residual
- pogreska
o - standard deviation

- standardna devijacija

o’ - variance
- varijanca

co - Coordinate Quality
- kakvoca koordinate

(0] - diagonal elements of variance-covariance matrix
- dijagonalni elementi matrice varijance-

kovarijance
M_ =0, -unitweight standard deviation

- srednja devijacija jedinice tezine

K. - total annualized HRSG cost
- ukupni godi$nji troSak kotla utlizatora

Indices/Indeksi
day - day
- dan

1. Introduction

Human interference of any kind in the environment can
affect the stress-strain relations governing in those areas,
resulting in landslides and slope failures. Furthermore, the
safety and vitality of significant structures have become
important issues. Thus, measures for preventing structural
collapses, slope failures and landslides are of great interest
to engineers. However, the afore-mentioned disasters do
not occur without warning. Due to the needfulness of
relating information, continuous real-time monitoring
is suitable for observation of variations in structures or
land masses. Continuous monitoring is a very complex
system, constituted from methodology, sensors, software
and knowledge for data acquisition and processing.
Monitoring as an activity does not have any influence on
operational procedures and is non-destructive. Moreover,
the cost of monitoring in comparison to the possible
cost due to any disasters that can be prevented by it is
negligible. Several recent deformation-monitoring studies
have proven that this kind of control is suitable for the
observation of variations in structures and their vicinity
as well for mass movements [1]. Presented monitoring
can be required for underground constructions and their
influence on nearby structures (e.g. [2-3]), for monitoring
deformations and deflections of bridges [4], water dams
(e.g. [5-6]) and ground subsidence [7], as well as for
monitoring slope stability and steep embankment in open
pit-mines (e.g. [8-9]). Furthermore, monitoring is suitable
for controlling the behaviour of landslides and volcanoes
(e.g. [10-11]). A continuous real-time monitoring system

can be used also for structural health-monitoring purposes
instead of conventional monitoring using accelerometers.
Celebi has showed that monitoring based on GNSS
provides sufficiently accurate measurements of relative
displacements, so that dynamic characteristics of the
vibrating systems can be accurately identified [12].

The motivations for this work were: 1. the
determination and presentation of events; deformations,
movements in real-time, 2. to assure safety, 3. post-
processing in order to assess some correlations between
movements and other effects on the site such as
temperature, water saturation, wind, blasting, quakes
etc., 4. creating virtual sensors to better understand
what is happening. The data acquired may be used for
further computation, deformation analysis, predictive
maintenance and of course alarming. One of the
monitoring attributes is also to support decision-making.
The essence of a continuous real-time monitoring system
is to respond as quickly as possible, meaning that we can
take the necessary steps to prevent some harmful events
before the accuracy analyses are completed. Those
accuracy analyses take time, which would usually result
in late decision-making. Thus, decision-makers have to
choose between alternative procedures (Figure 1): a) to
perform accuracy analysis and lose valuable time or b) to
decide on further actions on the basis of a visual diagram
comparison. We speak in favour of the second option,
since the warning can be given in time to evacuate
personnel and equipment. However, without experiences
in accuracy analyses, decision-making on a visual basis
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is delicate. Nevertheless post-festum analyses should be
done to verify previous decisions, and for more accurate
results.

2. Experimental monitoring system

The fundamental requirement of the continuous real-
time GNSS based monitoring is that a permanent GNSS
receiver must be located at each point so as to be monitored.
The experimental continuous real-time monitoring system
consists of four points; one stable/reference point, GRS1,
and three observation object points, GMX1, GMX2 and
GMX3 (Figure 2).

On the reference station, one dual frequency receiver
and three single frequency receivers are installed on the
observation points. In addition, the system is designed to
enable the connection of various sensors. We have also
included in the experimental monitoring system, two-axis
inclinometers, along with the belonging thermometers,
to follow the position of the tangential plane of the
subsidence surface at measurement points. All points
are also equipped with a battery power supply and a
communication box for remote control and data delivery
via the wireless communication network. The equipment
installed and used is represented in Figure 3. We acquire
coordinates Y, X and H in the local coordinate system for

every point, and for three observation points, also their
inclinations in two directions. The reference point is used
as an origin of vectors to observation points, from which
the coordinates of the observation points are defined. Any
kinds of change in size and/or direction of vectors signify
the movements of observation points.

The time interval of registered measurements
depends on the scope of monitoring and, in our case,
the measurement interval could be set from 10, 30 or 60
minutes to 3, 6, 12 or 24 hours. Extremely short intervals
of 1 sec or less have also been planned to be carried out. It
should be mentioned that measurements at some defined
time interval mean that not only one measurement but
many are acquired inside that time interval, and the most
representative of the measurements is then selected.
Referred time intervals correspond to requirements of
monitoring for different purposes [13]. For example, if
our aim is to detect changes above tunnels or on water
dams, the required measurement interval should be
10, 30 or maximum 60 minutes. In case of monitoring
important structures such as power plants, power or water
lines, this period should vary from 1 to 12 hours. When
we deal with projects that do not involve fast changes
or we do not need data delivered over short periods of
time, such as open pit mines, stone-pits, constructions,
the measurement periods could be increased to 12 or
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24 hours. Generally speaking, the frequency of data

acquisition should be experimentally adapted to the best-

suited of observed processes.
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Opéi popreéni Mercatorov reSetkasti
projekcijski koordinatni sustav
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Y, Oay
Scale/ Mjerilo

r=10m

r.=1mm

Figure 2. Scheme of the monitoring system

Slika 2. Shema monitoring sustava

Leica AX1 202 GG

GR$1

3. Error analysis

A least squares adjustment is a well-known technique
to process sets of redundant observations acquired with
the GNSS. General results are the coordinates of measured
points and their standard deviations. Any coordinate changes
during some period signify point movement. In this paper,
only error analysis calculations for 24 hour measurements
will be presented in detail. For any other time intervals, the
analysis is analogous.

3.1. Error analysis theory

In geodetic observations, the
true position of any point is never
known. The most probable point
coordinates in case of redundant
observations is  simply the
arithmetic mean [14]:

n

2 Yday
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Figure 3. Equipment on reference and observation points (pictures from Leica catalogues)
Slika 3. Oprema na referentnoj i promatranoj tocki (slike iz Leica kataloga)
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where ¥, X, H are the most probable coordinates,

n

z Yday , X day » 2 H day the sum of the individual

day=1 day=1 day=1

measurements ¥, , X H iy and the n the total number

. day’ “ " day
of observations/days.

Furthermore, the residuals are calculated as:

A

deay = Y:iay - Y bl (4)
deay = Xday - X bl (5)
deuy = Hday - H s (6)

and standard deviations as:

n
2
2 Vday

day=1

, (7

O =

Yday n— 1
GXduy = (8)
GHduy = (9)

n—1

where g, doy? Oy Pty 15 the standarfi deV1gt10n ofa group
of observations of the same quantity (point coordinates
Y, Xor H), v, i Viday Vitday the residual of an individual

n n n
. 2 2 2
observation, 2 Yaay 2 Viday 2 Vhao the sum of

day=1 day=1 day=1
squares of the individual residuals, and n the number of
observations/days. Variances are equal to 0y, , Oy, ,

2
O 1w the square of the standard deviations.
In practice, we often want to estimate unknown

coordinates based on one or more series of observations.
The sample mean Y, X , H are standard estimates of v, iy

Ve Viday [15-16].
2
o. = /% (10)
Y
n
2
GHduy
2
(o2
G = e (12)

3.2. Error analysis results

For analysis, the positions refer to a local coordinate
system. A transformation must be carried out to convert
the positions delivered in the GNSS UTM frame into the
local system (Figure 2). Here, the presented error analysis
results are based on 10 minute and 24 hour measurement
time intervals.

For observation points GMX1, GMX2 and GMX3,
the results address a total period of 136, 119 and 151 days,
respectively. The corresponding results for a 24 hour time
interval are shown in Table 1.

Table 1. Error analysis results for a 24 hour time interval on
observation points GMX1, GMX2 and GMX3

Tablica 1. Rezultat analize pogresaka za interval od 24 sata na
mjernim tockama GMX1, GMX2 i GMX3

Point / To¢ka GMX1 GMX2 GMX3
n 136 119 151
Oy M 0.0003 0.0010 0.0006
aYda;,,m 0.0008 0.0014 0.0005
O e T 0.0010 0.0012 0.0011
a; m 0.0000 0.0001 0.0001
65,m 0.0001 0.0001 0.0000
g,m 0.0001 0.0001 0.0001
X m 3413.894 3427.574 3465.288
Y, m 8834.659 8805.291 8793.635
Hm 453.731 455.675 455.777

The analysis of a 10 minute interval measurements
was performed as well. The results are shown in Table
2. Note that incomplete measurements were eliminated
from the analysis. We considered only measurements that
correspond to the criteria of 60 % of realised observations
in a period of a day.

Among other parameters, Leica’s instruments also
yield the Coordinate Quality (CQ) parameter. The
CQ parameter is based on the standard deviation, but
additionally, empirical assumptions about environmental
conditions are also taken into consideration. The CQ is
derived so that there is at least two thirds of a probability
that the computed position deviates from the true position
by less than the CQ value [17], [18].

CO=M;\JO,+0p,+0y; M,=0,. (13)
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Table 2. Error analysis results for a 10 minute time interval on observation points GMX1, GMX2 and GMX3

Tablica 2. Rezultat analize pogresaka za interval od 10 minuta na mjernim tockama GMX1, GMX2 i GMX3

Point / Tocka GMX1 GMX2 GMX3
min max min max min max

Oy, M 0.0012 0.0456 0.0011 0.0343 0.0027 0.0402
Oy, M 0.0019 0.0125 0.0015 0.0111 0.0031 0.0162
OypM 0.0031 0.0293 0.0026 0.0193 0.0057 0.0257
Oy, M 0.0001 0.0038 0.0001 0.0022 0.0002 0.0034
0y,m 0.0002 0.0011 0.0001 0.0009 0.0003 0.0013
0y M 0.0003 0.0024 0.0002 0.0012 0.0005 0.0023
X ,m 3413.886 3413.897 3427.564 3427.576 3464.781 3465.291
Y, m 8834.636 8834.660 8805.243 8805.294 8793.623 8793.637
H,m 453.728 453.735 455.672 455.677 455.677 455.778
nt# 89 144 90 144 89 144

In Table 3, CQ wvalues for observation points
GMX1, GMX2 and GMX3 are depicted, which all
correspond well with the mean standard deviations
o, 0,and o, from Table 1.

Table 3. Coordinate Quality (CQ) values for GMX1, GMX2,
and GMX3

Tablica 3. Vrijednosti kakovoée koordinata (CQ) za GMX1,
GMX2, i GMX3

Point / Toc¢ka GMX1 GMX2 GMX3
Co m min 0.0001 0.0001 0.0001
’ max 0.0001 0.0001 0.0002

The presented error analysis deals with point
coordinate estimations and their standard deviations.
For long period measurements, the obtained accuracy
is below 1 mm (Tables 1-3). Further calculations can
include analyses of gross errors, data snooping, global
test, all of which can be found in literature (for example

[19D).

4. Visualisation as a quick method for
decision making

Continuous real-time monitoring enables a rapid
and proper response to time-critical emergencies, such
as mass movements or a loss of structural integrity. As
evident from Figure 1, a lot of valuable time can be
preserved if we make a first decision on the basis of visual
inspection and comparison of diagrams, which would be
most welcome when potentially hazardous situations
occur. For example, the diagrams on Figure 4 show the
observation point coordinates variations in time from the
experimental polygon for approximately three months,
sampled with 24 hour intervals. With ellipse marks on
diagrams, the simultaneous changes on all observation

points at the same time are shown, which indicate that this
event is due to an external influence, perhaps errors on the
data-acquisition device during on-the-fly calculations,
satellite constellations, meteorological conditions. If we
compare the final displacement values (arrows on Figure
4) of points GMX1, GMX2 and GMX3, it is evident that
point GMX2 (marked with darker arrows) is steadily
shifting (consider the trend of coordinates change), which
is evident through visual inspection only.

Regression analysis (accomplished by common
software) is an effective method to quickly explore the
relationships between point variations and potential
point movements [20], [21]. In particular, the real-time
visualisation of regression lines for the observation points
data allows users to decide whether observing variations
indicate movement points or not, and without executing
error analysis. Regression lines that correspond to point
GMX1, GMX2 and GMX3 variations are shown in
Figures 5, 6 and 7. Figure 5 (above) shows point GMX1
displacement values in main coordinate directions
(N — North, E — East, H — Height) and corresponding
regression lines. It is evident that regression lines are
within the accuracy of the monitoring system (variations
less than 1 mm) and thus indicate that point GMXI1 is
stable. Furthermore, the latter is even more obvious when
we look at the diagram and corresponding regression
line of the total displacement of point GMX1 (Figure 5
(below)).

The diagrams of point GMX2 observation data
indicate the point movement in a north-east direction,
namely in north, east and height coordinate axes direction
for approximately 4 mm, Smm and 2 mm, respectively
(Figure 6 (above)). According to the total displacement
regression line of point GMX2, the point had moved
by approximately 7 mm in the period of three months
(Figure 6 (below)).
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Variations on observation point GMX3 are shown on
Figure 7. Regression line values are within the monitoring
system accuracy (variations less than 1 mm) and thus
there is no indication of significant changes on point
GMX3.

The trends of regression lines can be visually
observed by users, but the quantitative values of the point
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movements need to be further examined by detailed error
analyses to verify preliminary decisions based only on
visual inspection. The calculated displacement of GMX2
is approximately 7 mm in 3 months, which is a significant
change asto o oy FOT the remaining two points, calculated
displacements are approximately 1 mm, and so far both
points are determined as stable.
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Figure 5. GMX1 point displacements and regression lines; Individual displacements according to coordinate axis directions and
their regression lines (left), Total displacement and corresponding regression line (right)

Slika 5. Pomjeranja tocke GMX1 i regresijski pravci; Pojedina pomjeranja u smjeru koordinatnih osi i odgovarajuci regresijski
pravci (lijevo), Totalni pomak i odgovarajuéi regresijski pravac (desno)
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Figure 6. GMX2 point displacements and regression lines; Individual displacements according to coordinate axis directions and
their regression lines (left), Total displacement and corresponding regression line (right)

Slika 6. Pomjeranja tocke GMX2 i regresijski pravci; Pojedina pomjeranja u smjeru koordinatnih osi i odgovarajuci regresijski
pravci (lijevo), Totalni pomak i odgovarajuéi regresijski pravac (desno)
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Figure 7. GMX3 point displacements and regression lines; Individual displacements according to coordinate axis directions and
their regression lines (left), Total displacement and corresponding regression line (right)

Slika 7. Pomjeranja tocke GMX3 i regresijski pravci; Pojedina pomjeranja u smjeru koordinatnih osi i odgovarajuéi regresijski
pravci (lijevo), Totalni pomak i odgovarajuci regresijski pravac (desno)
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5. Conclusions

GNSS-based monitoring solutions are an important
measuring tool to observe the movements and
deformations of significant structures and the Earth’s
surface. The accuracy of such measurements depends
on various factors, including sampling frequency, time
intervals, satellite constellation, multipath. However, on
the basis of 20 minutes of measurements on every 24
hours, we have calculated that the standard deviation of
the monitoring system described in this paper is 0.1 to
0.5 mm and therefore allows us to detect displacements
larger than 1.2 mm and relative movements larger than 3
mm, both with a 99.73 % probability. Obtained accuracy
values are better than that provided by the manufacturer
(Table 4). These findings refer only to the GNSS
measurements. So as to achieve an even higher accuracy,
the monitoring system can be spread out into a robotised
total station and/or level (for example [22]).

Through comparison between standard deviations
for 10 minute observations within a day (o, o;, 0,) and
standard deviations for 24 hour observations (g, . 0,,,,
Op4q)» 1t 1 clear that the values agree with one another
well. The values range from 0.1 mm to 3.8 mm (Table
1 and Table 2) and are within the expected accuracy.
Furthermore, this proves that observations conducted
every 24 hours fulfil the monitoring requirements for
projects that do not involve fast changes. For more delicate
and critical projects, the observation interval should be
shortened. If we compare Coordinate Quality (CQ) values
for GMX1, GMX2, and GMX3 with standard deviations,
it can be seen that CQ values are reliable for long period
measurements. Observation points GMX1 and GMX3 are
determined as stable, since the corresponding regression
lines in the diagrams are almost horizontal (Figure 5 and
7). The calculated displacements for GMX1 and GMX3
are no more than 1 mm. Most significant displacement
of approximately 7 mm were observed on point GMX2,
which is evident through regression lines (Figure 6) and
later on also supported by calculations.

Table 4. Leica GNSS sensor accuracy [23]
Tablica 4. To¢nost Leica GNSS senzora [23]

Sensor Time 2D accuracy | Height accuracy
type/ interval / /2D / Visinska
Vrsta Vremenski | preciznost preciznost
senzora interval 95 %) 95 %)
Dual- 10 min 5.2 mm 11.8 mm
frequency 1h 3.8 mm 7.2 mm
(GMX902) | 24h 1.8 mm 2.0 mm
Single- 10 min 7.2 mm 12.4 mm
frequency 1h 3.8 mm 7.0 mm
(GMX901) | 24h 2.2 mm 1.8 mm

The continuous real-time monitoring system
presented through this article has many benefits; we gain
the greatest quantity of data per unit of time, employing
the least of engaged resources, we obtain information in
real-time and thus react immediately to solve potentially
hazardous situations, the system allows a plug-in of
a very large number of different types of sensors so as
to adjust to the specific process characteristics, and it
offers greater accuracy than other surveying techniques.
Through real-time monitoring of important structures,
abnormal behaviour can be detected and, therefore, it is
possible to avoid severe damage or even save lives.
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Resumo

Nos custos totais de exploracdo de matérias-primas minerais, o transporte
participa com 30-60%, o nimero total de empregados no transporte excede
35%, enquanto o consumo total de energia para o transporte na mina € acima de
40%. Todos esses valores mostram que o transporte representa um dos processos
tecnoldgicos mais importantes na exploracdo subterrdnea de matérias-primas
minerais e que a questdo de transporte é muito importante, como na escolha do
tipo de sistema de transportagdo, como também na sua projecao, exploracéo e
manutenc¢do. A eficiéncia do transporte, além de muitos pardmetros técnicos e
tecnologicos de exploragdo, como também de condigdes mineiro-geoldgicas,
depende, também, da escolha de vias de transporte optimais, que, se conseguem
através de conexao exata de locais subterraneos de minas com pontos da rede
mineira na superficie do terreno. A escolha de vias optimais de transporte mineiro
representa uma das tarefas mais importantes nas medi¢cGes mineiras. Essa obra
mostra a maneira de nivelamento indireito do tridngulo de conexdo em fossa
através de método de nivelamento indireito.

Palavras-chave: MedicGes mineiras, transporte, conexao, triangulo de conexéo,
nivelamento indireito.

Abstract

In total costs of ore mining, haulage participates with 30-60%; the total
number of workers engaged in the transportation exceeds 35%, while the
participation of transportation in the total power consumption amounts to over
40%. All these values indicate that transportation is one of the most significant
challenges in the underground mining of ore deposits and that haulage analysis
is very important both in selecting the haulage type and its design, utilization and
maintenance. In addition to various technical mining parameters, together with
mining and geological conditions, haulage efficiency depends on the selection
of optimal haulage drives, which can be achieved by accurately connecting the
underground mine workings with mine network points on the surface of a site.
The selection of the best mine haulage routes is one the most critical tasks in mine
surveying. This paper shows how to adjust a junction triangle on a working level
using the parametric adjustment method.

Keywords: Mine surveying, underground mine haulage, junction triangle,
parametric adjustment.
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1. Introduction

Combined haulage systems (railway transport - hoisting
shaft) are the most applied systems in underground mines,
both in Serbia and in the nearby countries. Connecting the
underground mining workings is an important part of haulage
design due to the fact that all the subsequent works follow
the connection results, and therefore their accuracy depends
largely on the accuracy of the connecting procedure (Ristovic,
2006). One of the most applied connection methods through
a vertical shaft is the Weisbach or “junction triangle method”
(Figure 1). The usual adjustment procedure for junction
triangles is based on the conditional adjustment method.

The objective of the connecting procedure is to connect
the stopes and the underground workings of a mine, or the
related working level of a mine, with the site surface. More
accurately, the connecting procedure determines the horizontal
coordinates of the working level of the mine within the same
reference system of the surface topography.

The connection through mine workings can be carried out
regardless of its position in space, but the most difficult and
the most complex connecting procedure is the one established
through vertical workings (Vizintin etal., 2008). In such a case,
two plumb lines are projected through the mine’s main shaft
to represent a straight, vertical line. Therefore, the X and Y
coordinates of the plumb lines in the surface will be the same
as of the underground working level of the mine. By creating
various geometrical figures and by measuring angular and
length values, on the basis of known coordinates of the plumb
lines, the coordinates of the first point and the direction angle
of the first side of a future underground theodolite traverse are
calculated, which is the objective of connecting.

2. Connecting by the junction

triangle method

In connecting main mine galleries through one vertical
shaft, the Weisbach method is mostly used, which is also

known as the Junction triangle method. Vertical plumb lines in
the shaft with the given point beside the shaft on the surface of
the site, and with an unknown point on the mine level form two
linked triangles having one common side - the side between
the plumb lines. In these triangles, all of the three sides and the
angle against the side between the plumb lines are measured,
and it is a common practice that, due to a lower impact of
errors of length measuring, the triangles are oblique (o <20°; B
>160°) (Borshch-Komponiets et al., 1989). When dealing with
oblique triangles like the latter, the unknown angles o and 3
are calculated by applying the Sinus theorem. Four values are
measured in each triangle, i.e. one more measurement per each
triangle is available, which enables the measurement results to
be included in the process of strict adjustment. However, most
technical journals tend to emphasize the adjustment of non-
oblong junction triangles. The reason for the “non-adjustment”
of oblong junction triangles is because the measurements
carried out therein are more accurate, and therefore there
are no significant differences between the approximate and
adjusted coordinates of the points on the working mine level.
Hence, the adjustment process becomes more complex, and
more comprehensive, requiring longer measurements which
may increase the possibility of errors. However, if these were
compelling arguments once, now such a concept is completely
surpassed (Ganic & Djordjevic, 1999).

The adjustment of junction triangles is currently carried
out via the conditional adjustment method, where, because
of one redundant measurement per triangle, there is one
conditional equation for each triangle, both on the site surface
and on the working mine level. However, professional papers
have never presented this possibility and the application of the
parametric adjustment of a junction triangle on a working mine
level. Parametric and conditional adjustment are based on the
total least-squares method (Golub & Van Loan, 1996). For this
reason, these two ways of calculation will give the same final
results (Blaha, 1984). Nevertheless, due to its advantages, the
parametric adjustments is applied more frequently than the
conditional adjustment.

Figure 1 - Connecting procedure by the Weisbach method (junction triangle method).
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3. Parametric adjustment

of a junction triangle

The parametric adjustment has
been applied to a junction triangle taking
into account measurements on a working
mine level, as follows:

e 3 measured horizontal directions
from an unknown point 1 ((xl, o, 0c3).

e 3 measured horizontal lengths
from point 1 towards an unknown
point 2 on the working mine level
(d) and towards plumb lines (d_,
dj. The length between the plum
lines on the working mine level is
measured for the purpose of the
known measurement accuracy
control (|c - ¢ | <3mm), butitis not
included in'the adjustment process.

The given adjustment data are
the coordinates of the plumb lines P,
and Pz, calculated on the basis of the
measurements on the surface of the
site. It is also necessary to determine the
approximate coordinates of the unknown
points 1 and 2 on the working mine level.

In the parametric adjustment of
working mine level measurements, there
are six measured values available, and
five unknown values, namely: Y and X
coordinates of the points 1 and 2 and
the definite angle for the orientation of
the observed horizontal directions from
point 1 (Hu & Tang, 2001).

In the parametric adjustment, it
is necessary to establish functional
connections among measured values
and unknown variables, based on which
residual equations are created (Aleksic,
1990; Strang & Borre, 1997, Fan &
Yao, 2005). The residual equations are
then converted into standard equations,
which are solved in increments, resulting
in this case on the coordinates of the
unknown points 1 and 2 on the working
mine level.

3.1 Residual equations for
the measured horizontal
directions

The functional relation for the

measured horizontal directions is as
follows:

o +v =v +7 (1)
SI sl SI S

Where:

o - Measured horizontal directions from the station S towards the points 1, 2,... i.

e Residuals of the corresponding horizontal directions.

v, - Direction angles from the point S towards the points 1, 2,... i.

z_- Angle for the orientation of horizontal directions measured from the station S.
If the unknown direction angles and the orientation angle are expressed through

approximate values and corresponding increments such as:

v i = nsi * 8Vsi (2)

2 =27 +82, (3)

Then, the approximate values of the unknowns are calculated according to the
following equations:

a
5

Y
n, =arctan ————

X{ - X\' (4)
so = asi B nsi (5)
Equation (1) can also be expressed as:
a,+v, =arctan ———=+06v, +z +0z, = F'(X_,U, Y,z X/, YJ)
X, - 5 (6)
By linearization of (6), we obtain:
oF oF OF oF or )
v, = - —0X + - -0Y + f) =0 X, +c—=§}j +O—:§z._ +f,
o 0X, ) S ¢ ay, oz, = ™
That is, the final residual equations are in the form of:
v, =a,0X +b,0Y +a,0X,+boY +c oz + [, ®
Where the coefficients are:
p _OF _sinnm; » _OoF
kil a X\_ a s . = is a X!. ° si
' SHAF'T

Figure 2 - Measured values in a junction triangle on a working mine level.
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oF cosm, oF
b”_ :ﬁ: —_ - Sl .)0 })r\ = P = —bﬂ_
o oY, s - oY, '
oF
¢, =——=+1
b Oz,

And the free elements are:

f, =n,+z, —a,

8

The final set of equations (8) refers to horizontal directions perceived between two unknown points. For directions perceived

from an unknown point towards the given points, the increments are as follows:

6X =0; 8Y =0
So the residual equations are:
v = Q_H.(S‘X_‘_ + b_ﬂ'(sys + C.\' 52.\' + fs?

@,

3.2 Residual equations for measured horizontal lengths

The functional relation for measured horizontal lengths is as follows:

r
a’.ﬁ' + v(.f_‘; = d.ﬁ'

Where:
dsi - Measured horizontal lengths between the point S and points 1, 2,... i;
v - Residuals of corresponding horizontal lengths;

dsi
d ’ - Adjusted values of horizontal lengths.

si

©)

(10)

If in equation (10), the most probable length values are replaced by approximate values and their corresponding increments,

this equation becomes:

d,+v, =d, +5d,

(11)

Whereby the approximate lengths are calculated on the basis of approximate coordinates of the points, according to the

equation:

d; =\ =X (X - XY

Therefore, equation (11), becomes:

Y

d;+v, = ‘]( Y~ K_°]2 (X -X) wod, = F (XY, XY

By linearization of the equation (13):

oF oF oF oF
v, = -=0X, +—=0Y. + ‘ 0 X, +—=0Y + [,
L) & oY, oX, oy

Ei

i

We obtain the final residual equations for the measured horizontal lengths:

Vi, = A;0X + BOY + A, 0X, + B OY + f;

Where the coefficients are:
oF oF
= —=—COSN,; A, =
T X :

is W - k]

(12)

(13)

(14)

(15)
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And the free elements are:
f.r.f = d.u'“ - d_\.f

The same applies to final residual equations for measured directions; equation
(15) refers to the measured lengths between an unknown point and the given ones
and the final residual equations are in the following form:

v, = A..-E§X.\- + Bué‘y\ +_f:!” (16)

3.3 Final residual equations for the parametric adjustment
of ajunction triangle in a working mine level

Taking into account Figure 2 and the equations (8), (9), (15) and (16), the
residual equations in the parametric adjustment of measurements in a junction
triangle on a working mine level are as follows:

v, =@,0X, +b,,0Y, +0,,6X, +b,,6Y, +67,+ (7 +n, - )

Vo, =@, 0X,+b,, 6Y, +05z, +(z,° +n, —al)

Vo, =@, 06X, + b, Y, +0z +(z,<' +ny, —aj]

v, = A,0X,+B,0Y, + 4,5X,+B,,6Y,+(d,, —d,,)
v, = A, 06X +B 5Y+(d, ~d.)

v, = A]_,._\ oX + Bl_\__\(S‘Yl +(dl_l_! - dl-r: ) 17)

In accordance with the final set of residual equations (17), the coefficient
matrix of error equations, the free element vector, and the weight matrix, based on
standard deviations to the measured directions and lengths are created. Then, the
parametric adjustment is carried out according to the known equations, whereby
both the coordinates and their increments of the unknown points on the working
mine level are obtained according to the equations:

Y=Y +8Y; X, =X +6X, Y,=Y,+6Y,; X,=X, +5X

? (18)
This solution properly addresses the issue of the parametric adjustment of a
junction triangle on the working mine level.

4. Connecting a haulage gallery in the coal mine
Soko by applying the parametric adjustment of a

junction triangle

Soko’s Brown Coal Mine has one haulage shaft and one ventilation shaft, both
160 m deep. Mine development has been carried out through a series of slopes and
horizontal galleries. The haulage shaft was subsequently deepened for another 100m,
taking its total depth to 260m. New drives were also constructed (GTN-1and GTN-
2) to enable access to the Eastern limb of the Central field. The mining method in
the Soko Mine is a variant of the room-and-pillar method, with the construction
of level drives alongside the seam, with roof coal slicing in retreat. Production is
carried out simultaneously through two level drives.

Figures 3, 4 and 5 show geological
cross sections through the main
underground workings of the Central
Field Eastern Limb, in Soko’s Brown
Coal Mine.

The solution of opening the Eastern
Limb of the Central Field is based on
the division of a mineable deposit into
two levels. The first level is located
at elevation -44m to provide working
access to the Western and Central fields
above such elevation. The second level
is projected at elevation -150m in
order to provide access to the Central
field between the first and the second
levels. The opening of the -44m level
was envisaged to be carried out in
two stages. The first stage includes the
construction of the main access from
the surface to the bottom of the haulage
shaft as well as ventilation, haulage and
other operating conditions necessary for
the continuation of works. The general
layout of the working drives of such
arrangement is shown in Figure 6.

The connection of the working
drives shown in Figure 6 has been carried
out using the junction triangle method.
Two plumb-bobs, with horizontal
coordinates defined by the intersections,
were suspended from the surface down
to one of the haulage drives. The
following measurements were taken
within the haulage drive:

e Three sets of angular measurements
by theodolite Wild T2.

e Ten repetitions of length
measurements by a precise steel
band.

The proposed procedure for the
parametric adjustment of the junction
triangle is:

« Coordinates of the plumb lines P
and P2 obtained on the basis of the
measurements on the surface:

Y,,=660.3738m X =812.7780m
Y,,=662.6494m X =812.6890m
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GEOLOGICAL CROSS SECTIONA-A
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Figure 3 - Geological cross section longitudinal to drive GVH-1.
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Figure 4 - Geological cross section longitudinal to drive GTN-2.
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GEOLOGICAL CROSS SECTION C -C’ —_ 310°
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Figure 5 - Geological cross section longitudinal to drive GTN-3.
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Figure 6 - General layout of the working drives of the Central field's -44m level.
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Table 1 - Results of measurements of horizontal directions and lengths.

Horizontal directions Horizontal lenghts
Station Sight ° ' " from to [m]
2 0 0 00.0 o 1 2 18.2560 d,
1 P, 214 22 49.3 o, 1 P, 6.9189 d,
P, 215 31 41.5 o5 1 P2 4.6474 ds

Table 2 - Coefficients and free elements of the final residual equations.

s i Nsi ds; [m] asi bsi fo [']
1 2 60° 12' 13.4" 18.2566 9.8045 -5.6142 0

1 P, 274° 34 57.7" 6.9213 | -29.7061 | -2.3811 -5.02
1 P, 275° 43' 50.6" 46468 | -44.1665 | -4.4323 -4.38

A B fy [mm]

1 2 -0.4969 | -0.8678 +0.56
1 P, -0.0799 [ +0.9968 +2.43
1 P, -0.0999 [ +0.9950 -0.58

» Approximate coordinates of the points 1 and 2 in the haulage drive:

Y, '=667.2730m X '=812.2250m

Y2°=683.1160m X2°:821.2970m

* Results of measurements of horizontal directions and lengths in the haulage drive (Table 1).
» Standard deviations to the measured values:

c = 57 ¢ = 0.5mm

Based on the parametric adjustment procedure, coefficients and free elements of the final residual equations are calculated
according to equations (8) and (15) (Table 2).

Therefore according to the set of equations (17), the coefficient matrix of the residual equations will be:

[ +9.8045 -5.6142 +1 -9.8045 +5.6142]
-29.7061 -2.3811 +1 0 0
—44.1665 —4.4323 +1 0 0

4= -0.4969 -0.8678 0 +0.4969 +0.8678
-0.0799  +0.9968 0 0 0

| —0.0999  +0.9950 0 0 0 |

Free element vector: fT= [0 -5.02 -4.38 +0.56 +2.43 -0.58]
As well as the weight matrix: Pdijag:[l 1 1 100 100 100]
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By applying the corresponding matrix operations, an inverse coefficient matrix
of standard equations is obtained:

[+0.0094 +0.0001 +0.3485 +0.0362 -0.0152 ]
+0.0001 +0.0050 +0.0223  +0.0019 +0.0040
N'=] +0.3485 +0.0223 +13.4478 +1.3814 -0.5691
+0.0362 +0.0019 +1.3814 +0.1507 -0.0580
| -0.0152  +0.0040  0.5691  -0.0580 +0.0385

Where: N=AT.P. A
As well as the free element vector:
n'=(AT.P.f)T = [+301.2832 +167.7458 -9.4006 +27.6232 +48.2401]

Based on the coefficient matrix and free element vector, the increment vector
is obtained:

X =- (N*.n)" = [+0.146mm -0.915mm +6.976” +0.406mm -1.705mm]

The most probable values of the coordinates of unknown points in the haulage
drive obtained by the parametric adjustment will be:

Y, =667.2730m - 0.9mm = 667.2721m X =812.2250m +0.1mm=812.2251m

Y, = 683.1160m - 1.7mm = 683.1143m X = 821.2970m + 0.4mm=821.2974m
The transposed residual vector for the measurement results will be:

vi=[0 -0,21” +0,21” 0 +1,50mm -1,50mm]

And the most probable values of the measured values in the haulage drive will
be in Table 3.

The standard deviations to the coordinates of the unknown points in the haulage
drive are:

Gyl = 1.50mm 0X1:2.06mm
o =4.17mm o =8.256mm
y2 x2

For the purposes of control, a conditional adjustment of the junction triangle
was also carried out, with the same parameters (A7, =2.2773m) and the following
adjusted values:

* Angle between plumb lines y = 1°08’52.3" (the difference between the value
obtained by the parametric adjustment and the conditional one is A = [0.3”]).

Table 3 - The most probable values of measurements.

e Side distance between the plumb
line P and the point 1 in the haulage
drive d2:6.9199m (A =10.5mml).

e Side distance between the plumb
line P, and the point 1 in the haulage
drive d3=4.6464m (A =10.4mml).

The coordinates of points 1 and
2 in the haulage drive are calculated
in the draft of traverse, on the basis of
conditionally adjusted measurements
as follows:

Y, =667.2716m
X =812.2250m
Y, = 683.1140m
X =821.2969m

And, as it was expected, these
coordinates differ only slightly from the
coordinates obtained by the parametric
adjustment.

5. Conclusion

The parametric adjustment is a strict
adjustment method based on the least-
squares method. As such, the parametric
adjustment, if well performed, will
give the same results as any other
adjustment based on the least-square
method. In comparison with other strict
adjustment methods, the parametric
adjustment has several advantages of
which the most important are: direct
calculation of unknown coordinates and
an indirect assessment of the accuracy
of the measurements performed and the
coordinate calculations.

There are a number of commercial
geodetic softwares in the market which

Horizontal directions

Horizontal lenghts

Station Sight ° ! " from to [m]
2 0 0 00.0 o' 1 2 18.2560 dq'
1 P, 214 22 491 oy’ 1 P, 6.9204 d,'
P, 215 31 41.7 o3’ 1 P2 4.6459 ds'
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are also applied in underground mines
in performing different tasks. The fact is
that all softwares will give the same final
results, if they are based on adjustment
according to the least-squares method.
However, end users are not familiar
with the algorithm according to which
the software is realized, that is, the
unknown is the applied adjustment
method according to which calculations
are made.

The procedure shown in the
paper enables a simple, but efficient
verification method for commercial
softwares and their determining method,
if the calculations were made according
to the least-squares method and if the
obtained results are the most probable
values of unknown variables. The
verification of the procedure was made
by comparing results obtained by the
conditional adjustment method, on the
example of the haulage drive connection
in the coal mine Soko.

Thus the experts can, in practice,
organize a measurement program in a

simpler and better way; that is, they can achieve better results and a more efficient
work, and thereby ensure lower operating costs for the company.
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Model for the selection of the optimal location of a thermal power unit
according to the external coal conveyance criterion

oy W ee rl . . Iy . .o 73
Milo§ Gruji¢', Ivica Ristovi¢” and Miodrag Gruji¢

Model vyberu optimadlneho umiestnenia tepelnej jednotky podl’a vonkajSich uhol’nych kritérii prevozu
Aggravated working conditions in Serbian underground coal mines, and increasingly worse natural conditions (increased depths
of deposits, expressed tectonics, large inflows of underground waters etc.) resulted in higher exploitation costs which are
at the threshold of profitability. This inevitably leads to the conclusion that it is necessary to link mines to thermal power plants
and facilities. The Soko and Lubnica mines can operate cost-effectively if they ground their production on the needs of a thermal power-
heating plant (TETO) which would supply the towns of Bor and Zajecar with the power. This paper deals with finding an optimal
location of a TETO using model for the optimal external coal conveyance from a mine to a thermal power unit.

Key words: model, coal conveyance, criterion

Introduction

Underground coal mines in Serbia pertain to the group of mines having small production and difficult
natural conditions. In addition to that, long-standing delay in modernization of every stage of the exploitation
has led to the obsolescence of the technology and to a very low utilization rate of a deposit. As a result
of this, there are great losses in the production of every ton of coal.

A number of analyses, made for the needs of these mines, have shown that those can subsist only if they
had the assured placement of coal in the market. Previously, the consumers of this coal were industrial
and large-scale consumers, with a very small share in the production of the electric power. Since in a number
of towns and regions, there is a need for the construction, of capacities for a centralized system of thermal
energy supply, this means that several mines have an open possibility to solve, for a longer period of time,
the issue of placing their coal in the market without big oscillations.

The aim of this paper is to point out to the possibility of placing the coal from two mines (Soko
and Lubnica) for the needs of one thermal power-heating plant (TETO) which would supply with energy two
towns in Eastern Serbia. The focus was put on making a model for the selection of the optimal location of a
TETO according to the coal conveyance criterion with a view to supplying this facility.

Main assumptions of making the model for the selection of the most suitable location of a TETO

The development of Bor and ZajeCar towns also requires a stable supply with all forms of needed
energy. This includes the reliable supplying apartment houses and industrial facilities with thermal energy for
heating, as a supplementary unburdening of the power energy producers (Electric Power Industry of Serbia —
EPS) in the area of these towns. The existing facilities in the above towns cannot completely meet the
requirements; since they cannot guarantee the capacities, they have large costs and depend on oscillations in
energy supply.

On the other hand, the coal mines Lubnica and Soko jointly dispose of mining reserves which could
ensure, from domestic resources, the secure and reliable supply with energy resources of a small-capacity,
up to 80 MW, thermal power plant. This issue is not new, it was considered on many occasions, there was
even created a joint venture of the town of ZajeCar and the Czech company ENERGO-MORAVIA. A few

' prof. Ing. Milos Gruji¢, DrSc, Faculty of Mining and Geology, Belgrade, e-mail:mgrujic@rgf.bg.ac.rs
? doc. Ing. Ivica Ristovi¢, DrSc, Faculty of Mining and Geology, Belgrade, e-mail: ivica@rgf.bg.ac.rs
* Ing. Miodrag Gruji¢, CSc, City of Belgrade, Energy Administration
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steps were made to this end, but there was no big progress due to the fact that the mining reserves
in the Lubnica mine were not correctly defined, although it was intended to be the main coal provider.
In the meantime, the beforementioned Czech company bankrupted.

Bearing in mind the mutual interest both of coal mine and the local self-governments of towns Bor
and Zajecar, it was necessary to reactivate this initiative with slightly changed conditions. We primarily mean
the enlargement of the scope of users, by including the town of Bor, and finding a new location which would
give a rational solution for the supply of both towns, but which would be optimal in respect of coal
conveyance from the mines Soko and Lubnica.

In order to make it possible, it is necessary to make a study which would result in the optimal location
of a thermal power-heating plant. The findings of the study would be based on a number of criteria where
the most important are:

Specific costs of coal conveyance,

Costs of the transmission of the thermal energy from a TETO to consumers by thermal pipe systems,
Amount of initial investments into a TETO,

Environmental protection,

Required investments into mines,

Possibility of using the electric energy obtained in the process of the co-generation etc.

In making the study, the results obtained also in the process of the operation of the joint ventures
Energo-Moravia and the town of Zajecar would be used. Also, the existing technical documentation
of the PE Underground Exploitation of Mines and of the Soko and Lubnica mines would be utilized.

Bearing in mind the complexity of the operation and the existence of many influencing parameters,
the model for solving this and related issues was developed at the Department for haulage at the Faculty
of Mining and Geology. The model for the selection of the best location consists of several main blocks:

A. Determining needs, potential and coal reserves of a TETO

In this block it is envisaged to determine input parameters according which it is necessary to define the
most suitable solutions for locating a thermal power unit based on the needs of the population and on the
potential of the mines Soko and Lubnica. Therefore, it is necessary to define the following steps in this part
of the model:

e determining the necessary power of a TETO,

e specified calorific power of fuel for the needs of a TETO,

e  Mining reserves of the Soko Mine,

e Mining reserves of the Lubnica Mine,

e determining the share ratio of coal from certain mines in order to achieve the specified calorific

power,

e Necessary variety of coal for the optimized operation of a TETO.

The most delicate issue in this part of the model is determining the real ratio between needs, wishes and
potentials of a mine, i.e. of a supplier with power fuels.

B. Determining and analysis of possible locations and conveyance variants

This model block virtually consists of two units, for which it is necessary, in further development,
to establish mutual relations. The first part refers to the determination of possible locations of a TETO, and
possible variants of conveyance are analyzed in the second part. The most significant items of the B block are
as follows:

e Locations of TETO which are suitable in respect of the distance from a power consumer,
Locations of TETO which comply with the requirements of the environmental protection,
Possible locations of TETO with suitable infrastructure,
Possibilities of truck coal transportation,
Variants of the combined coal conveyance,
Possibilities of a hydraulic coal conveyance,
Possibilities of coal conveyance from a mine to a TETO, with the involvement of third parties
(transportation services).

Each of possible variants has a number of sub-variants, i.e. it has a number of possible solutions within
one possibility. This especially applies to the possibilities of the transportation, where each of the 4 main
variants has 3 sub-variants on the average.
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C. Techno-economical analysis of possible variants
For the techno-economical analysis of previously defined possible locations of a thermal power-heating
plant and of defined variants of coal conveyance from a mine to thermal power units, the following steps
are required:
e Techno-economical analysis of each variant of truck transportation,
Techno-economical analysis of possible variants of the combined transportation,
Techno-economical analysis of the hydraulic coal conveyance,
determining the average price of the third party transportation service,
ranking according to minimal specific costs of coal conveyance.

The techno-economical analysis provides reliable information about technical possibilities and specific
costs per unit of a product or a service. However, for a correct and final decision, it is also necessary to
perform a multi-criteria analysis, which would include some criteria that are not stated through the techno-
economical analysis.

D. Multi-criteria analysis for determining an optimal location of a TETO
For the purposes of the model for the selection of the most suitable location of a TETO, in this part the
following issues are defined:
e determining the criteria for the analysis and their quantification,
e determining the Importance Coefficients for each criterion,
e applying the methods of the multi-criteria decision-making,
e Ranking variants according to the methods of the multi-criteria analysis.

The main issue emerged at the beginning of working on the multi-criteria analysis was to determine
Importance Coefficients for each criterion. After analyzing mutual influences of all of the criteria, the
following Importance Coefficients have been determined:

1. specific costs of coal conveyance...........ccocvvveririerieeeenieeieeeseeenn, 0.55
2. costs of thermal energy transmission from a TETO to consumers.. 0.15
3. environmental Protection..........cceciecierrieienriereerieeiesieseesseeeseseeenenns 0.10
4. required investments iNtO MINES.........c.cceerverieeierieereereeneereeseeieneens 0.05
5. Amount of initial investments into the TETO...........ccccceevverrrrennn. 0.15

As multi-criteria decision-making methods, the PROMETHE method was selected as the main method,
and matrix method as the control one. The Department for mine haulage at the Faculty of Mining
and Geology in Belgrade has positive experiences in applying these methods.

Conclusion

The need for using all energy resources in Serbia and the quite unfavourable situation in regard
to the heating of medium-size towns, have led to the idea that several regional thermal power units should
be constructed. Thereat it would be necessary to direct them to use domestic coal as the power fuel. In order
to make sure that this is economically, environmentally and anthropologically justifiable, it is necessary
to determine the optimal location of a TETO, along with bearing in mind, in the first place, the issue of coal
conveyance, as one of the most influencing parameters. In order to make such decision, it is necessary
to apply a model which would include all parameters and criteria, whereby the appropriate importance
is attached to each of them.
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B.4 Yyemrhe y oprannzaniuoHuM U HAyYHUM oAGOpuMa KoHdepeHuMja 1 yacomuca

Jp Vnna PucroBuh je TEXHUYKH YpeIHUK, WIaH ypehuBaukor mporpaMckor og6opa ¥ WwiaH HayIHOT
onbopa Boaeher yacomuca HanoHATHOT 3Ha4Yaja TpaHCOPT | JOrucTHKA. Takohe je umaH HaydHOT
on0opa "yacomnrca HanoHATHOT 3Ha4aja [lon3emuu panosu. [lopen Tora je:

»

YV VYV VYV VYV

[Ipenceanuk opranuzauuoHor oadopa, Ypeauuk 300pHHUKa panoBa, U wiaH HayuHnor oxbopa
Mehynaponuor cummnosujyma Eneprercko Pynapcrso EP, PT'®, beorpan.

[ornpeaceanuk opraHu3anuoHor oabopa MehyHaponne xkoHgepenuuje Investigation,
Production and Use of Steel Ropes, Conveyors and Hoisting Machines, TY Kommune, BEPT'
¢axynrer, Komune, CnoBauka.

[oTrnpeaceaHuk opraHuM3aloOHOr oxdopa M wWiaH HaydHor onbopa MHTepHanuoHamHOT
cuMnosujyma o Tpancnopty u usBosy UCTH, PI'®, beorpax.

[ornpeaceaHuk opraHu3anMoHOr on0opa ¥ wiaH HayuHor oxmbopa HMHTepHammoHamHOT
CHMIIO3HjyMa 0 3aIlITHTH XHUBOTHE cpexnne y pyaapctsy MEIL PI'®, beorpan.

Unan Hay4HOr og0opa Mehynaponne kondpepernuje ECOS 2011, Hou Can.

Unan HaywyHOr onoopa Melynapoane koHdepennuje Sustainable development of energy
water and environment systems, JlyOpoBHHK.

Unan HaywyHor onpbopa MelhyHaponHor cummnosujyma 3amiThTa >KMBOTHE CpEIUHE Y
WHIyCTPHjCKUM Mopy4juMa, DakyiITeT TeXHUIKUX Hayka, KocoBcka Murposuia.

I'. YYHEIII'RE 1 PYKOBOBEILE ITPOJEKTUMA

Jp UBuna PuctoBuh je akTuBaH yuecHHUK Y BehHM HAyYHUX U CTPYYHUX MPOjeKaTa U CTy/Auja KOjH ce
peanmn3yjy Ha Karempm 3a TpaHcmopT y pygapctBy M Pymapckom oiceky. YdUecTBOBao je y
peanm3auuju npexo 40 HayyHHX M CTPYYHHX IIpojeKara, CTyamja W enabopara, Ol KOjHX CY
HajBa)XHUjH OHU MPOjEeKTH Koju Cy HHUHAHCUPAHU O] cTpaHe MUHHCTapCTBa 3a HAYKY U TEXHOJIOTH]Y,
ka0 W Tpu MelyHapoana OwmnarepanHa mpojekta. [IpojekTd Koju cy (UHAHCHpaHH O] CTpaHe
MuHmcTapcTBa 33 HAYKY M TEXHOJIOTH]Y:

L.

10.

Odynnamenranse nHayke: HIIT 08MO7: HcrpaxuBame HOBHX TEXHOJIOTHja M METO/Aa
eKCIUIoaTallje, OlNpeMe M YNpaB/bayKUX CHCTEMa Yy LWbY palMOHAIHOI HcKopuiihema
€HEepreTCKUX MUHEpaJIHUX cupoBuHa, beorpax, 1995-2000.

Texunomomku pas3oj: TP 0217: VYaamnpeheme TeXHONOWMIKUX TMpoleca MOJ3EMHE
eKCIUToaTalNyje yIiba Y HOBOHACTAINM yCIOBUMa npuBpehuBama, beorpan 2002-2003.
TexHonomku pa3soj: TP 0247: PeBuranusanuja u MoJepHHU3alMja CUCTEMa POTOPHU Oarep
TpaHCIIOpTEp-0/JIaray Ha MOBPIIMHCKUM KonoBuMa, beorpan 2002-2003.

TexHonouku pa3eoj: TP, [Tog3eMHa ekcrioaTanyja MajliuX JISKHUINTa MUHEPATHUX CHPOBHHA,
Beorpan 2002-2003.

EE 210189: YmpaBieame npoiecoM XOMOTeHU3aIMje YIjba Y IIMJby ToBehama uckopumhema
HUCKOKBAJIMTETHHUX yTJbEBA U YIUITEIEe Ma3yTa y TepMoenekTpanama, beorpan, 2004-2005.

EE 1018A: TloBehame eHeprercke e(pUKaCHOCTH KOHTHHYAJIHHX TPAHCIIOPTHUX CHCTEMa ca
TPAaKOM y pyIHHUIIMMA yIiba ca MOA3EMHOM EKCIIOATAlldjOM PallMOHAIN3ALUjOM U YBOhEemeM
crucTeMa ayTOMAaTCKOT yIpaBibama, beorpan 2005.

TP 6641A Onrumuzamnuja cucTeMa 3a TPAHCHOPT HMCKONHHE, MPEBO3 JbyIU U JONpPEMY
penpomarepujaia y noa3eMHuM pyanunuma yriba Cpouje, beorpan, 2005-2007.

TP 17021: HctpaxxuBame TEXHOJIOTHja TPAHCIOPTA YIJba W3 PYyIHHKA KPO3 MPUPOJIHE H
ypbane cpenune, beorpan 2008-2010 (PykoBoauian Ipojexra).

TP 33025: UcrpaxkuBamwe moryhaoctu npumene AT Bucehe moarpaze y pyJHUIMMA Y IHIBY
noBehama 0e30eTHOCTH paja U epukacHOCTH pon3Bome. beorpan, 2011-2014.

TP 33039: Vuampeheme TexHOIOTHje TOBPIIMHCKE EKCIUIOATAlMj€ JIMTHUTA Y IHJBY
noBehama eHepreTcke epUKaCHOCTH, CHTYpHOCTH M 3aIITUTE Ha paxy, beorpam, 2011-2014.




[Ipojextn MehyHapoHe OunatepaiHe capaimbe:

1. Research of Environment-Friendly External Ore Conveyance, University of Belgrade, Faculty
of Mining and Geology — TU Kosice, BERG Faculty, 2004-2006.

2. Information Systems in Transport of Mineral Raw Materials, University of Belgrade, Faculty
of Mining and Geology — TU KoSice, BERG Faculty, 2006-2008.

3. Design of Logistics Model for Mining Enterprise with Application of the Principles of
Transport and Reverse Logistics, University of Belgrade, Faculty of Mining and Geology —
TU Kosice, BERG Faculty, 2010-2011.

4. YITAHCTBA Y YAPYXKEBUMA U TIPO®PECUOHAJIHE AKTUBHOCTH
Hp UBuna Pucrosuh je:

— Ilpenceanuk ['pynarnuje 3a eneprercko pyaapcetso [IK Cp6uje ox 2007. roaune u naHac

— Unan I'pynauwmje 3a 3amrury xxuBotHe cpeaune [IK Cpouje ox 2007. roauHe U 1aHac

— Unan I'pynaumje 3a 0OHOBIBHMBE H3BOpE eHepTHje U eHepreTcky eduracHoct [IK Cpbuje ox
2004 - 2006. roguHe.

—  UYnan Cprckor pyIapcKor JpyIITBa.

—  Unan YO Anymuu yapyxema Pynapcko-reonomkor ¢akynrera y beorpany.

IMopen tora ap MBuna Pucrosuh je 6uo wnan caBera Pynapcko-reonomxkor ¢axynrera Y HUBEp3UTeTa
y Beorpamy y mepuomy om 2007 — 2009. romune, a naHac ce Hamasuw Ha MecTy 3amenwka llleda
Pynapcxkor oxcexa Pynapcko-reosnormmkor daxynrera.

3AK/bYYAK U ITPEJIOI' KOMUCHJE

Ha pacmicanu KOHKypc 3a pagHO MECTO BaHpeIHOr mpodecopa 3a YKy HaydHy obnact Excmuioaramuja
YBPCTUX MHHEPAJHHX CHPOBHHA M MEXaHMKA CTeHA, NIPHjaBmIIa cy ce ABa (2) KaHauaara:

1. np Bemumup [lhekuh Banpeanu npodecop Paxynrtera 3a MHAYCTPHjCKM MEHAIMEHT Y
Kpymesiy, YHuBep3urera YHHUOH, U

2. np Usuna Pucrosuh, nonent na Karenpu 3a Tpancropr y pyanunmma, Pymapckor oxaceka,
Pynapcko-reonomkor dakynrera, YHuBep3urtera y beorpany.

3a mpBor kanauaara, np Bemmmupa [lhexnha Komucnja cmatpa na He ncnymasa yciaoBe Konkypcea,
koju cy oapehenn Kpurtepujymmuma 3a cTHLame¢ 3Bamba HacTaBHHKA Ha YHUBep3uTeTy y beorpamy
(,/ macank Yuusepsurera y beorpamy* 6p. 144/2008).

JerasbHo aHanu3upajyhu HacTaBHMYKY, Hay4yHy W CTpPY4YHY akTUBHOCT Ip WBune PuctoBuh,
Komucuja je xoHcTaroBana Aa ce paaud O apUPMHCAHOM HAy4yHOM paIHUKY, jeIHOM oX Boaehux
CTpy4mhaka Ha 1moJby TpaHcropTa y pylapcTBy KOJ HaC.

Komrcuja je pasMoTpiiia MogHETY JOKyMEHTANH]y ¥ 3aKJbydrvia fa kKanauaar Jp Mswma Pucrosuh nma:

- JlokTopar u3 HayyHe 00JIACTH PYIapCTBO 3a KOjy ce Oupa;

- YkynHo 147 o0jaB/beHMX HAYYHMX M CTPYYHHMX PajgoBa YKJbydyjyhu Marucrpatrypy,
JIOKTOpar, MoOHorpaduje W TOrNIaBjha y MOHOrpadujama HamMOHAIHOT M MeljyHapomHoT
3Havaja KOjU MpPEACTaBJbajy HONMPHHOC adUpMalMjd U pa3Bojy TPAHCIOPTa y PYAapcTBY H
3alITUTH )KUBOTHE CPEAMHE MPU TPAHCIIOPTY MHUHEpANHUX cupoBuHa. O oBor Opoja 23 paga
je myOJMKOBaHO Yy 4YacoNHMCHMa HAIMOHAIHOI 3Hadaja, 46 pajoBa HAa HAMOHATHUM
CKyIOBUMa, 56 pagoBa Ha MelyHapomHUM KOHrpecuMma W cummnosujymmuma, u 10 pamoa y
Hay4YHHM 4YacomlrcuMa MeljyHapoaHor 3Havaja.



- YV mnepuoxy ox u3bopa y 3Bame JOIEHTa o0OjaBJbeHHX 7 pagoBa y MmelyyHapoanum
yaconucuma ca CHH saucre ca UD, 4 pana y mehyHapoagauM yaconucuMa BepUPHKOBAHH
moceGHOM OJUTYKOM, 3 MpeAaBama Mo MO3UBY ca Mel)yHapoIHOT CKyTla IITaMIIaHUX Y IEINHH,
15 panoBa Ha mel)yHapoaHoM ckymy, 7 pamoBa y BojehuM daconvcuma HallMOHATHOT 3HaYaja,
1 mpenaBame 1O MMO3WBY ca CKylla HalWMOHAJIHOr 3Hadaja, 11 caommrema ca cKymna
HAIIMOHAJHOT 3HAauYaja INTAMIIAHWX Y IEJIHHU. YPEIHHK je 3 300pHHKa CaomIITema ca
MehyHapoaHOr cKyma.

- Y nepuony ox n300pa y 3Bame JOIEHTa ITyOIMKoBaHa 2 TOTJIaBiba y MOHOTpadHjH — TEMATCKOM
300pHHKY Bozaeher mehyHaponHor 3Hauaja, 1 mornaesbe y MoHOrpaduju MehyHaporHOr 3Hauaja,
o0jaBibeHy | MoOHOTrpadujy HaIOHATHOT 3Ha4yaja Kao ayTop W 2 MoOHOrpaduje HaIMOHAITHOT
3Hayaja Kao KoayTop. YpemHHK je 1 HayuHe MoHoOrpaduje HalMOHAHOr 3Hauaja. AyTop je
MYJITAUMEIUJATHOT —CcaJpikKaja HaMEHmEHOr cTyJeHTMMa (ca pereHsujoM): KoHTuHyamHu
TPAHCHOPTHU CHCTEMH Y TO3EMHO] €KCILIOATAIljH MUHEPATHHX CHPOBHHA.

- AKTHBHO je yyecTBOBao y peanusanuju 10 nmpojekara MUHUCTApCTBA 32 HAYKY U TEXHOJIOIIKU
pas3Boj - 3 o1 u3bdopa y 3Bame. bro je pykoBomuaan 1 npojekra. YuecHuk je 3 mehynaponna
MpojeKTa - OuarepaiHa capaiiba.

- Opn u3bopa y 3Bame goreHTa ap Veuna PuctoBuh je yduecTBoBao y peanmzanyju 5 JUIITOMCKHX
pazmoBa, o1 4era je y 4 qUIioMcKa pasa Omo MEHTOp, 3 MarucTapcka pajga o KOjux je jemaH Omo
MEHTOp, | 3aBpLIHM pajJ Ha MacTep CTyaWjaMa — MEHTOp. MEHTOp je jeoHe IOKTOpCKe
JIFCepTaIfje Koja je y TOKY, a 3 myTa je OHo WiaH KOMUCH]je 32 ONOpaHy JOKTOPCKE cepTallyje.

- On monacka Ha dakynreT, IpyIITBEHO je BeoMa akTuBaH. O u300pa y 3Bame J0IeHTa OHo je
wiaH caBeTa Pygapcko — reosnomkor ¢akynirera, a TpeHyTHO je Ha QyHKuuju 3ameHuka [leda
Pynmapckor oncexa.

- 3amyxeH je 3a Ofp)KaBame MpelaBama M BeKOM Ha 8 MpeaMeTa Ha OCHOBHUM aKaJeMCKHM
cTyaujaMa, 2 mpeaMeTa Ha AUIUIOMCKHM aKaJIeMCKHM CTyadjaMa u 1 mpenMeT Ha JOKTOPCKHM
cTyujama.

- Ilpema pesynraruma CTyJEHTCKOT BpeIHOBama HacTaBHUKa, np Memia PuctoBuh je mobmo
OJITMYHY TIpOoceuHy oueHy: (4,76) 3a mkoncky 2007/2008, (4,57), (4,50) u (4,97) 3a mkoyicky
2008/2009 u (4.98) 3a mkoncky 2009/2010.

Ha ocHoBy Hampen u3HeTOr Kao M Ha OCHOBY Kpurepujyma 3a cTHIame 3Bamkba HacTaBHHKA Ha
YuuBep3urery y beorpamy, komucuja je 3akipyuria na kanauaat ap Veuna Pucrosuh y mormyHocTH
UCITyHhaBa ycJIOBe 3a U300p Y 3Bambe BaHPEIHOT podecopa, U ca 3a10BOJFCTBOM mnpeiaxe HacraBHo-
HayuynoMm Behy Pymapcko-reonomxkor c¢akynrera YHuBep3uteta y beorpany, na ce [p HWeuna
Pucrosuh, numn. nmx. pyn. uzabepe y 3sate BAHPEJJHOI' IIPO®ECOPA 3A Y)KY HAYUHY
OBJIACT EKCIIVIOATALHUJA YBPCTUX MUHEPAJTHUX CUPOBHUHA U MEXAHUKA
CTEHA, na Pynapcko-reosomkom ¢dakynrery, YHuBep3urera y beorpamy.

Beorpapn, 01.07.2011. ronune

YJIAHOBU KOMUCHJE:

Hp Munow ['pyjuh, pen.npod., Pynapcko-reonomku daxynret, beorpan

p boxo Konoma, pex.npod., Pynapcko-reonomiku dakynrer, beorpan

Hp bnaroje HenemkoBuh, pea.npod., @akynrer TexHnukix Hayka, KocoBcka Mutposuia






