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Summary: The mining wealth of Kosovo and Metohija is a real, strategically significant capital with value grow-
ing due to the high and ever-increasing exhaustion of mineral resources in Europe and beyond. Evaluation of the 
mineral and raw material complex of Kosovo and Metohija is multifaceted, highly demanding, cannot be reduced 
only to indicators such as reserves, the content of useful components in ore or its current market value, without 
considering all the determining parameters. The paper is devoted to the mining resources of Kosovo and Metohija 
and their exploitation, primarily vast reserves of coal suitable for open-pit mining, poyiminerals of non-ferrous and 
precious metal ores, non-metallic mineral raw materials and thermal mineral water.
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Сажетак: Рудно богатство Косова и Метохије је реалан, стратешки значајан капитал чија вредност расте 
због високе и све веће исцрпености минералних ресурса у Европи и шире. Вредновање минерално-сировинског 
комплекса Косова и Метохије је вишезначно, веома захтевно, не може се упрошћено сводити само на показа-
теље као што су резерве, садржаји корисних компоненти у руди или њена тренутна тржишна вредност, без 
сагледавања свих опредељујућих параметара. Рад је посвећен рудним ресурсима Косова и Метохије и њиховој 
експлоатацији, пре свега то су велике резерве угља повољне за површинску експлоатацију, полиминерале руде 
обојених и племенитих метала, неметаличне минералне сировине и термоминерале воде.  

Кључне речи: руде, рудници, Kосово и Mетохија 
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УВОД

Рудно богатство је међу важним, чак кључно 
важним данашњим питањима везаним за Косо-
во и Метохију. Расправе и текстови у јавности о 
рудном богатству Косова и Метохије оптереће-
ни су непровереним и непоузданим подаци-
ма, противречним оценама генерисаним више 
емоцијама мање стручношћу, погрешним при-
ступима и непознавањем минерално-сировин-
ског комплекса, статичким посматрањем њене 
потенцијалности, конструкцијом „аргумената“ 

INTRODUCTION

Mineral wealth is one of the most important, even 
crucial current issues related to Kosovo and Meto-
hija. Discussions and publications about the min-
eral wealth of Kosovo and Metohija are burdened 
with unverified and unreliable data, contradictory 
estimates made more emotionally and less expertly, 
wrong approaches and lack of knowledge about the 
mineral and raw material complex, static observa-
tion of its potentiality, construction of “arguments” 
by counting closed and active mines, their capaci-
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У организацији Рударског института одржан је 8. Балкански 
рударски конгрес у Београду 28-30. септембар 2022. У наја-
ви Конгреса саопштено је да ће према мишљењу учесника 
10 најбоље изложених радова  бити публиковани у часопису 
Рударски гласник. Поштујући најаву, у овом броју Рударског 
гласника публиковани су  најбоље рангирани радова на Кон-
гресу, изузимајући последњи  рад.

The 8th Balkan Mining Congress was held in Belgrade on Sep-
tember 28-30, 2022, organized by the Mining Institute. The Con-
gress announced that the ten best among the presented papers, as 
selected by the participants, would be published in the Bulletin of 
Mines. As per the announcement, the best-ranked papers at the 
Congress, excluding the last  paper, were published in this issue of 
Bulletin of Mines. 
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Summary: The mining wealth of Kosovo and Metohija is a real, strategically significant capital with value grow-
ing due to the high and ever-increasing exhaustion of mineral resources in Europe and beyond. Evaluation of the 
mineral and raw material complex of Kosovo and Metohija is multifaceted, highly demanding, cannot be reduced 
only to indicators such as reserves, the content of useful components in ore or its current market value, without 
considering all the determining parameters. The paper is devoted to the mining resources of Kosovo and Metohija 
and their exploitation, primarily vast reserves of coal suitable for open-pit mining, poyiminerals of non-ferrous and 
precious metal ores, non-metallic mineral raw materials and thermal mineral water.
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Сажетак: Рудно богатство Косова и Метохије је реалан, стратешки значајан капитал чија вредност расте 
због високе и све веће исцрпености минералних ресурса у Европи и шире. Вредновање минерално-сировинског 
комплекса Косова и Метохије је вишезначно, веома захтевно, не може се упрошћено сводити само на показа-
теље као што су резерве, садржаји корисних компоненти у руди или њена тренутна тржишна вредност, без 
сагледавања свих опредељујућих параметара. Рад је посвећен рудним ресурсима Косова и Метохије и њиховој 
експлоатацији, пре свега то су велике резерве угља повољне за површинску експлоатацију, полиминерале руде 
обојених и племенитих метала, неметаличне минералне сировине и термоминерале воде.  

Кључне речи: руде, рудници, Kосово и Mетохија 

РУДЕ И РУДНИЦИ КОСОВА И МЕТОХИЈЕ

ORES AND MINES IN KOSOVO AND METOHIJA

РУДАРСКИ ГЛАСНИК
BULLETIN OF MINES 1903.

(CXV) 1-2YU ISSN 0035-9637

Слободан Вујић
Милинко Радосављевић
Светомир Максимовић
Рударски институт Београд
slobodan.vujic@ribeograd.ac.rs

Slobodan Vujić
Milinko Radosvljeić

Svetomir Maksimović

Mining Institute Belgrade
slobodan.vujic@ribeograd.ac.rs

DOI: 10.25075/BM.2018.01

УВОД

Рудно богатство је међу важним, чак кључно 
важним данашњим питањима везаним за Косо-
во и Метохију. Расправе и текстови у јавности о 
рудном богатству Косова и Метохије оптереће-
ни су непровереним и непоузданим подаци-
ма, противречним оценама генерисаним више 
емоцијама мање стручношћу, погрешним при-
ступима и непознавањем минерално-сировин-
ског комплекса, статичким посматрањем њене 
потенцијалности, конструкцијом „аргумената“ 

INTRODUCTION

Mineral wealth is one of the most important, even 
crucial current issues related to Kosovo and Meto-
hija. Discussions and publications about the min-
eral wealth of Kosovo and Metohija are burdened 
with unverified and unreliable data, contradictory 
estimates made more emotionally and less expertly, 
wrong approaches and lack of knowledge about the 
mineral and raw material complex, static observa-
tion of its potentiality, construction of “arguments” 
by counting closed and active mines, their capaci-

GOLD: PROPERTIES, MINERALS, ALLOYS AND USES 
Ioan Lucian Bolunduţ .................................................................................................................................................... 49

CREATION AND DEPOSITION OF GYPSUM FROM THE DESULFURIZATION  
OF TPP KOSTOLAC B FLUE GAS AT DRMNO OPEN-PIT MINE  
Klara Konc Janković, Dejan Lazić, Pavle Stjepanović, Jasmina Nešković, Nenad Milojković ............................. 57

SOLIDIFICATION/STABILIZATION TECHNOLOGY OF BY PRODUCTS (ASH)  
FROM POWER PLANTS 
Jasmina Nešković, Pavle Stjepanović, Nenad Milojković, Dejan Lazić, Klara Konc Janković ............................. 65

THE INFLUENCE OF ADDITIVE QUANTITY ON THE TEMPERATURE CHANGE  
IN ASH AND SLAG MIX FOR SOLIDIFICATION PURPOSES 
Pavle Stjepanović, Jasmina Nešković, Stevan Ćorluka, Dragan Milošević,  
Svetlana Polavder, Ivana Jovanović .............................................................................................................................. 73

O УТВРЂИВAЊУ МИНEРAЛНИХ РEСУРСA И РEЗEРВИ  
У ЛEЖИШТИМA ЧВРСТИХ МИНEРAЛНИХ СИРOВИНA
ABOUT ESTABLISHING OF MINERAL RESOURCES AND MINERAL RESERVES  
IN DEPOSITS OF SOLID MINERAL RAW MATERIALS 
Miloje Ilić ........................................................................................................................................................................ 79

КЊИГЕ 
BOOKS ............................................................................................................................................................................ 99

8. БАЛКАНСКИ РУДАРСКИ КОНГРЕС  
8th BALKAN MINING CONGRESS .......................................................................................................................... 101

У СЕЋАЊУ 
IN MEMORIAM .......................................................................................................................................................... 105



55

Summary: The mining wealth of Kosovo and Metohija is a real, strategically significant capital with value grow-
ing due to the high and ever-increasing exhaustion of mineral resources in Europe and beyond. Evaluation of the 
mineral and raw material complex of Kosovo and Metohija is multifaceted, highly demanding, cannot be reduced 
only to indicators such as reserves, the content of useful components in ore or its current market value, without 
considering all the determining parameters. The paper is devoted to the mining resources of Kosovo and Metohija 
and their exploitation, primarily vast reserves of coal suitable for open-pit mining, poyiminerals of non-ferrous and 
precious metal ores, non-metallic mineral raw materials and thermal mineral water.

Keywords: ores, mines, Kosovo and Metohija

Сажетак: Рудно богатство Косова и Метохије је реалан, стратешки значајан капитал чија вредност расте 
због високе и све веће исцрпености минералних ресурса у Европи и шире. Вредновање минерално-сировинског 
комплекса Косова и Метохије је вишезначно, веома захтевно, не може се упрошћено сводити само на показа-
теље као што су резерве, садржаји корисних компоненти у руди или њена тренутна тржишна вредност, без 
сагледавања свих опредељујућих параметара. Рад је посвећен рудним ресурсима Косова и Метохије и њиховој 
експлоатацији, пре свега то су велике резерве угља повољне за површинску експлоатацију, полиминерале руде 
обојених и племенитих метала, неметаличне минералне сировине и термоминерале воде.  

Кључне речи: руде, рудници, Kосово и Mетохија 

РУДЕ И РУДНИЦИ КОСОВА И МЕТОХИЈЕ

ORES AND MINES IN KOSOVO AND METOHIJA

РУДАРСКИ ГЛАСНИК
BULLETIN OF MINES 1903.

(CXV) 1-2YU ISSN 0035-9637

Слободан Вујић
Милинко Радосављевић
Светомир Максимовић
Рударски институт Београд
slobodan.vujic@ribeograd.ac.rs

Slobodan Vujić
Milinko Radosvljeić

Svetomir Maksimović

Mining Institute Belgrade
slobodan.vujic@ribeograd.ac.rs

DOI: 10.25075/BM.2018.01

УВОД

Рудно богатство је међу важним, чак кључно 
важним данашњим питањима везаним за Косо-
во и Метохију. Расправе и текстови у јавности о 
рудном богатству Косова и Метохије оптереће-
ни су непровереним и непоузданим подаци-
ма, противречним оценама генерисаним више 
емоцијама мање стручношћу, погрешним при-
ступима и непознавањем минерално-сировин-
ског комплекса, статичким посматрањем њене 
потенцијалности, конструкцијом „аргумената“ 

INTRODUCTION

Mineral wealth is one of the most important, even 
crucial current issues related to Kosovo and Meto-
hija. Discussions and publications about the min-
eral wealth of Kosovo and Metohija are burdened 
with unverified and unreliable data, contradictory 
estimates made more emotionally and less expertly, 
wrong approaches and lack of knowledge about the 
mineral and raw material complex, static observa-
tion of its potentiality, construction of “arguments” 
by counting closed and active mines, their capaci-

(CXIX)  1

 
INNOVATIVE PROCESSES FOR THE RECOVERY OF RARE  

AND RARE EARTH ELEMENTS FROM COMPLEX ORES

DOI: 10.25075/BM.2022.01

Valentin A. Chanturiya
MELNIKOV’ INSTITUTE OF COMPREHENSIVE EXPLOITATION 
OF MINERAL RESOURCES OF RAS (IPKON), RUSSIA

vchan@mail.ru

Abstract: Through the analysis of data collected by IR spectroscopy, SEM and other state-of-the-art physical and 
chemical research methods, the mechanism of change was described in the structural (morphology, surface defects) 
and process properties of eudialyte, perovskite, ash and slag waste, and molybdenite when exposed to high power 
nanosecond pulses (HPEMP), low-temperature dielectric barrier discharge plasma (LT DBDP), and ultrasound. 
It was found that the breakage of the structure and modification of the mineral surface with the formation of deep 
cracks intensifies leaching processes.

The rational parameters (acid concentration, treatment time, temperature, S:L ratio) of nitric acid leaching of rare 
and rare earth elements when exposed to physicochemical and energy impacts (electric field strength, frequency 
and duration of energy pulses, duration of treatment, pressure) were identified theoretically and experimentally to 
achieve the following:

- for eudialyte concentrate, increase in zirconium recovery by 4.3% from 86.65% to 90.9% and REE recovery by 
1.8% from 87.7% to 89.5%; for ash and slag waste, increase in REE recovery by 4-18% from 50.2% to 54.2–68.4%; 
for molybdenum concentrate, increase in rhenium recovery by 29.1% from 68.5% to 97.6%. 

Key words: RARE AND RARE EARTH ELEMENTS, EUDIALYTE, PEROVSKITE, MOLYBDENITE, ASH AND SLAG WASTE, 
RECOVERY, ENERGY IMPACT METHODS, LEACHING

INTRODUCTION

The development of high-tech industries, in-
cluding nuclear engineering, radio electronics, 
aircraft manufacturing, space industry, green 
energy, requires sufficient supply of strategic 
metals, including: U, Mn, Cr, Ti, Al, Zr, Hf, Be, 
Li, Re, yttrium REEs, Bi, Cd, Ga. A study of the 
existing mineral resource base of rare earth el-
ement deposits identified eudialyte ores of the 
Lovozero deposit, perovskite-titanomagnetite 
ores of the Afrikanda deposit, copper-molyb-
denum ores and ash and slag waste as the most 

promising mineral feeds for the recovery of 
rare and rare earth elements [1,2,8-10].

Potential solutions to the challenges involved 
in the hydrometallurgical processing of these 
mineral resources include exposing mineral 
suspensions to energy impacts (ultrasound, 
high-voltage pulses, plasma and electrochem-
ical treatment, etc.), which improves the un-
locking and breakage performance of fine-
grained mineral complexes and the recovery 
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of non-ferrous and precious metal micro- and 
nanoparticles in the downstream ore process-
ing circuits [3-7,11].

MATERIALS AND METHODS

MATERIALS

The following mineral samples were studied: 
perovskite in the form of individual grains 
isolated from perovskite ore samples from 
the Afrikanda deposit (Kola Peninsula, Rus-
sia), eudialyte from the Lovozero deposit in 
the form of monomineral fractions, samples 
of eudialyte concentrate — ash and slag waste 
generated by the Irkutsk thermal power plant, 
copper-molybdenum ore and molybdenum 
concentrate.

METHODS

The morphology and elemental composition 
of the mineral surfaces were studied by SEM-
EDX and ASEM (microscopes LEO 1420VP 
INCA 350, Carl Zeiss; Ntegra Prima, NT-MDT 
SI; VK-9700, EDXRF Olympus X-5000). To 
identify the chemical composition of the min-
eral surfaces and assess the semi-quantitative 
adsorption performance of flotation reagents,  
infrared spectroscopy with the Fourier trans-
form was employed (IR-Fourier spectrometer 
IR-Affinity, Shimadzu, and Diffuse IR unit, 
Pike Technologies). Energy treatment of the 
minerals was carried out with the following 
parameters: HPEMP (voltage pulse amplitude 
70 kV; field strength 1.75x107 V/m; pulse fre-
quency 375 Hz; pulse duration 50 ns); DBD 
(leading edge of the pulse duration 250-300 
ns; pulse duration 8 μs; voltage amplitude 20 
kV; pulse frequency 16 kHz); ultrasound (fre-
quency 20±1.65 kHz; oscillation amplitude 
2.5-5 μm) using experimental lab-scale equip-
ment (IPKON RAS; NPP FON LLC, Ryazan).

EFFECT OF COMBINED PHYSICOCHEM-
ICAL AND ENERGY IMPACTS ON THE 
STRUCTURAL AND CHEMICAL, MOR-
PHOLOGICAL, AND PROCESS PROPER-
TIES OF THE SURFACE OF RARE AND REE 
MINERALS

PEROVSKITE

According to the SEM-EDX data, as a result of 
electromagnetic pulsed and plasma treatment 
of crystals, the structure was broken down and 
the perovskite surface was modified (Figure 1), 
which led to an increase in the sorption of the 
reagent and an increase in the flotation recov-
ery of perovskite by 10–15%.

Figure 1, Perovskite surface after exposure to  
HPEMP (a) and DBD (b)

EUDIALYTE CONCENTRATE

Based on the SEM-EDX data, exposing the eu-
dialyte to HPEMP caused breakage of the sur-
face of a significant part of the mineral grains 
with the formation of new surface types: de-
pending on the treatment time, from parallel 
fractured at 30 s (Figure 2a) to polygonal frac-
tured at 60 s and 90 s (Figure 2b, c), which led 
to the formation of microcracks, and as a result 
predetermined the subsequent leaching perfor-
mance of the concentrate.

а

b
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Figure 2, Images of the eudialyte surface after HPEMP treatment  
for 30 s (a), 60 s (b) and 90 s (c)

damaged, split microspheres (Figure 3), which 
subsequently should ensure the intensification 
of the dissolution of microspheres in nitric acid 
and, as a result, an increase in the REE recovery 
into the pregnant solution.

а b c

ASH AND SLAG WASTE

HPEMP and US treatments were found to cause 
significant breakage to the structural state of 
the surface of ash and slag waste, contributing 
to the formation of a significant number of 

Figure 3, Images of particles of ash and slag samples after exposure 
to HPEMP (a, b) and ultrasound (c)

OPTIMIZING THE LEACHING CONDI-
TIONS OF RARE AND RARE EARTH EL-
EMENTS FROM EUDIALYTE CONCEN-
TRATE, ASH AND SLAG WASTE, AND 
MOLYBDENUM CONCENTRATE WHEN 
EXPOSED TO COMBINED PHYSICAL, 
CHEMICAL AND ENERGY IMPACTS

At the first stage of the study, based on a lit-
erature review and experimental studies, 
optimal leaching modes were identified for 
eudialyte concentrate – temperature 80°C, 
duration 1 hour, nitric acid concentration 
7.2 mol/dm3, ratio of solid mineral phase to 
leaching solution (S:L) 1:20, mixing speed 
500 min-1; ash and slag waste – temperature 
130°С, duration 3 hours, nitric acid concen-
tration 7.2 mol/dm3, S:L ratio 1:10; mixing 
speed 500 min-1; molybdenum concentrate – 

temperature 130°C, duration 5 hours, nitric 
acid concentration 3.2 mol/dm3, S:L ratio 
1:10, mixing speed 500 min-1, pressure 63 
atm.

EUDIALYTE CONCENTRATE

Analysis of the findings of studies of the pro-
cess of nitric acid leaching of eudialyte concen-
trate when exposed to energy impacts made 
it possible to establish that pretreatment with 
HPEMP provides an increase in Zr recovery 
into the pregnant solution by 3.4-4.3%, while 
pretreatment with DBD — by 4.0% (Table 1). 
The maximum increase in the recovery of Zr 
(4.3%) was achieved as a result of HPEMP 
treatment of the concentrate with an exposure 
time of ttreat =60 sec.

а b c
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Table 1, Effect of HPEMP and DBD on the leaching performance of eudialyte concentrate

Treatment conditions
Recovery, % Average REE 

recovery, %
Increase in REE 

recovery, %

Zr Ce Hf La Nd Y
No treatment 86.6 87.5 84.9 86.2 88.4 89.7 87.7 -

HPEMP (30 s) 89.9 88.4 89.9 87.2 89.9 92.4 89.5 1.8
HPEMP (60 s) 90.9 88.2 90.7 85.7 90.1 92.8 89.4 1.7
HPEMP (90 s) 90.2 87.6 89.5 85.8 89.4 92.3 88.9 1.2

DBD (30 s) 90.6 87.9 89.4 85.9 89.9 92.8 89.2 1.5

ASH AND SLAG WASTE

The impact of HPEMP and ultrasound on the 
process of nitric acid leaching of ash and slag 

wastes brought an increase in the recovery of 
rare earth elements in the pregnant solution 
from 50.2% to 54.2% and up to 68.4% when 
exposed to ultrasound (Table 2).

Table 2, Effect of HPEMP and US on the ash leaching performance

Treatment 
conditions t, min

Recovery, % REE recovery, % Increase in REE recovery, %
Ce La Nd Y

No treatment 43.9 48.3 45.6 64.0 50.2 -

HPEMP
0.5 44.0 48.5 46.8 66.3 51.2 1.0
1.0 50.8 48.4 47.5 67.4 54.2 4.0
1.5 49.0 50.8 50.0 66.8 54.2 4.0

US (water) 

5 56.0 47.5 53.2 65.3 54.3 4.1
10 60.5 50.4 53.4 64.9 58.6 8.4
20 60.1 46.7 57.5 66.0 59.1 8.9
30 56.1 54.2 56.5 65.2 58.3 8.1

US (HNO3) 10 73.2 52.5 72.1 67.9 68.4 18.2

MOLYBDENUM CONCENTRATE

Experimental studies of the leaching process of 
molybdenum concentrate with a 20% nitric acid 
solution demonstrated an increase in the maxi-
mum recovery of rhenium from 68.5% to 97.65% 
when pressure leached for 5 hours at 63 atm.

CONCLUSIONS

Using state-of-the-art methods to study the 
impacts of high-power nanosecond electro-
magnetic pulses (HPEMP), dielectric barrier 
discharge (DBD), ultrasound, and pressure 
leaching on the structural and chemical, me-
chanical and physico-chemical properties of 
eudialyte and molybdenite concentrates and 
ash and slag waste during acid leaching, the 
mechanism was described behind the intensi-

fication of the recovery process of Zr, Re and 
REEs, which consists in the softening and 
breakage of minerals, bringing a 5-30% in-
crease in the recovery of valuable components. 

FUNDING

This study was supported by the Ministry of 
Science and Higher Education of the Russian 
Federation, project no. 13.1902.21.0018, agree-
ment no. 750-15-2020-802.

LITERATURE

1. Samsonov N.Yu., Semyagin I.N.:Overview of 
the world and Russian market of rare earth 
metals // EKO, No. 44 (2), 2014, pp. 45-54. [In 
Russian].



9

Valentin A. Chanturiya, Innovative Processes for the Recovery of Rare and Rare Earth Elements from Complex Ores, (5-9)

2. Seredin V.V.: Rare earth element-bearing 
coals from the Russian Far East deposits // 
International Journal of Coal Geology, V.30 
(1-2), 1996, pp. 101-129, doi: 10.1016/0166-
5162(95)00039-9.

3. Bunin I.Zh., Chanturiya V.A., Ryazantseva 
M.V., Koporulina E.V., Anashkina N.E.: Chang-
es in the surface morphology, microhardness, 
and physicochemical properties of natural 
minerals under the influence of a dielectric 
barrier discharge // Bull. Russ. Acad. Sci. Phys, 
V. 84(9), 2020, pp. 1161-1164, doi: 10.3103/
S1062873820090099.

4. Bunin I.Zh., Ryazantseva M.V., Minenko V.G., 
Samusev A.L. Effect of high-power electro-
magnetic pulses on the structural and chemical 
properties and leaching efficiency of eudialyte 
concentrate // Obogashchenie Rud, No.5, 2021, 
pp. 10-15, doi: 10.17580/or.2021.05.02.

5. Chanturiya V.A., Bunin I.Zh., Ryazantseva 
M.V., Koporulina E.V., Anashkina N.E.: Effect 
of electromagnetic pulses on structural, physic-
ochemical and flotation properties of eudialyte 
// Journal of Mining Science, V. 57(1), 2021, pp. 
96-105, doi: 10.1134/S1062739121010117.

6. Lazukin A.V., Grabel’nykh O.I., Serdyukov 
Y.A., Pobezhimova T.P., Nurminskii V.N., Kor-
sukova A.V., Krivov S.A.: The effect of surface 
barrier discharge plasma products on the ger-
mination of cereals // Technical Physics Let-
ters, V. 45(2), 2019, pp. 16-19, doi: 10.1134/
S1063785019010292.

7. Smirnov K.M., Raspopov N.A., Shneerson 
Ya.M., Lapin A.Yu., Bitkov G.A., Men’shikov 

Yu.A., Paskhin P.N., Kirichenko V.P.: Autoclave 
Leaching of Molybdenite Concentrates with 
Catalytic Additives of Nitric Acid // Russian 
Metallurgy (Metally), No. 4, 2010, pp. 11-19, 
doi:10.1134/S0036029510070025.

8. Ksenofontov B.S., Kozodaev A.S., Taranov 
R.A., Vinogradov M.S., Balina A.A., Petrova 
E.V.: Development of the fundamentals of 
a process for the recovery of valuable com-
ponents from ash and slag waste of heat and 
power generation plants // Ecology and In-
dustry of Russia, No. 8, 2013, pp. 9-12, [In 
Russian], doi: 10.18412/1816–0395-2013-8-
9-12.

9. Ksenofontov B.S., Kozodaev A.S., Taranov R.A., 
Vinogradov M.S., Balina A.A., Petrova E.V. Ef-
fect of ash and slag pre-treatment on the recov-
ery of noble and rare earth metals // Ecology 
and Industry of Russia, No. 8, 2013, pp. 13-15, 
[In Russian], doi: 10.18412/1816–0395-2013-8-
13-15.

10. Ksenofontov B.S., Butorova I.A., Kozodaev 
A.S., Afonin A.V., Taranov R.A. Problems of 
toxicity of ash and slag waste // Ecology and 
Industry of Russia, Vol. 21, No. 2, 2017, pp. 
4-9, [In Russian], doi:10.18412/1816–0395-
2017-2-4-9.

11. Matveeva T.N., Chanturia V.A., Getman V.V., 
Karkeshkina A.Yu., Gromova N.K.: Applica-
tion of a new composite reagent in the flotation 
of target minerals into a copper-molybdenum 
bulk concentrate // Mining Newsletter, No. 11, 
2021, pp. 80-94, [In Russian], doi: 10.25018/023
6_1493_2021_11_0_80.



5

Summary: The mining wealth of Kosovo and Metohija is a real, strategically significant capital with value grow-
ing due to the high and ever-increasing exhaustion of mineral resources in Europe and beyond. Evaluation of the 
mineral and raw material complex of Kosovo and Metohija is multifaceted, highly demanding, cannot be reduced 
only to indicators such as reserves, the content of useful components in ore or its current market value, without 
considering all the determining parameters. The paper is devoted to the mining resources of Kosovo and Metohija 
and their exploitation, primarily vast reserves of coal suitable for open-pit mining, poyiminerals of non-ferrous and 
precious metal ores, non-metallic mineral raw materials and thermal mineral water.

Keywords: ores, mines, Kosovo and Metohija

Сажетак: Рудно богатство Косова и Метохије је реалан, стратешки значајан капитал чија вредност расте 
због високе и све веће исцрпености минералних ресурса у Европи и шире. Вредновање минерално-сировинског 
комплекса Косова и Метохије је вишезначно, веома захтевно, не може се упрошћено сводити само на показа-
теље као што су резерве, садржаји корисних компоненти у руди или њена тренутна тржишна вредност, без 
сагледавања свих опредељујућих параметара. Рад је посвећен рудним ресурсима Косова и Метохије и њиховој 
експлоатацији, пре свега то су велике резерве угља повољне за површинску експлоатацију, полиминерале руде 
обојених и племенитих метала, неметаличне минералне сировине и термоминерале воде.  
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УВОД

Рудно богатство је међу важним, чак кључно 
важним данашњим питањима везаним за Косо-
во и Метохију. Расправе и текстови у јавности о 
рудном богатству Косова и Метохије оптереће-
ни су непровереним и непоузданим подаци-
ма, противречним оценама генерисаним више 
емоцијама мање стручношћу, погрешним при-
ступима и непознавањем минерално-сировин-
ског комплекса, статичким посматрањем њене 
потенцијалности, конструкцијом „аргумената“ 

INTRODUCTION

Mineral wealth is one of the most important, even 
crucial current issues related to Kosovo and Meto-
hija. Discussions and publications about the min-
eral wealth of Kosovo and Metohija are burdened 
with unverified and unreliable data, contradictory 
estimates made more emotionally and less expertly, 
wrong approaches and lack of knowledge about the 
mineral and raw material complex, static observa-
tion of its potentiality, construction of “arguments” 
by counting closed and active mines, their capaci-
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Сажетак: Рударство са репутицајом еколошки 
„прљаве“ индустрије, изложено је предрасудама, по-
дозрењу, сумњама, неразумевању, заблудама, кри-
тикама, ограничавањима, условљавањима итд. 
Проблем утицаја рударских радова на животну и 
радну средину продубљује и чини сложенијим него 
што јесте, непознавање фазности рударства и 
притисци јавности проблематично мотивисани 
и стручно неутемељени. Екологија као наука, не 
дефинише шта је „исправно“ а шта „неисправно“, 
не дефинише ни оквире своје научне мериторно-
сти. То у данашњем амбијенту „свезнања“, однос-
но поистовећивања „знања“ и „незнања“, произво-
ди конфликте са материјализованим исходом у об-
лику штете нанете економији и развоју дрштва. 
Рад је посвећен феномену аутоштете, односно 
(зло)употребе екологије у деструкцији рударства.

Кључне речи: РУДАРСТВО, ЗАШТИТА СРЕДИНЕ, ЕКО-
ЛОГИЈА, ДЕСТРУКЦИЈА 

Abstract: With its reputation as an ecologically 
“dirty” industry, mining is subjected to prejudices, 
doubts, misunderstandings, misconceptions, criti-
cisms, limitations, conditioning, etc. Lack of knowl-
edge about mining phases and problematically moti-
vated and professionally unfounded public pressures 
deepen and make the issue of the impact of mining op-
erations on the living and working environment even 
more complex than it is. Ecology, as a science, does 
not define “adequate” and “inadequate,” nor does it 
define the framework of its scientific meritoriousness. 
In today’s environment of “omniscience,” or equating 
of “knowledge” and “ignorance,” it produces conflicts 
with a materialized outcome in the form of damage 
to the economy and social development. The paper is 
dedicated to the phenomenon of autodamage, that is, 
the (mis)use of ecology in the destruction of mining. 

Key words: MINING, ENVIRONMENTAL PROTECTION, 
ECOLOGY, DESTRUCTION 

ЗАШТО ОВА ТЕМА

Неке рударске активности нестручно и не-
пажљиво вођене могу створити проблем у 
окружењу. Последице непажње нису увек 
исте, нити су одмах видљиве.

WHY THIS TOPIC

Some unprofessionally and carelessly carried out 
mining activities can create an environmental 
problem. The aftermath of carelessness is not 
always the same, nor is it immediately visible.
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Да би сагледавање утицаја рударских радо-
ва на животну средину било мериторно, по-
требна је вишеетапна мултидисциплинарна 
стручност, а надзор стања средине у зони 
утицаја рударских радова, мора полазити 
од (утврђеног) природног фона. Сагледа-
вање стања насталог под утицајем рудар-
ских радова и решења за отклањање или 
ублажавање последица, обухвата плани-
рање и правовремено спровођења мера ба-
ланса рударских активности, заштите, неге 
и уређења предела експлоатационог поља. 
У сагласју с тим, већ у фази пројектовања 
отварања рудника, неопходно је дефини-
сати концепцију заштите животне средине 
и динамику спровођења. То није статичан 
– проблем постојаног стања, већ проблем 
вишедеценијског трајања и неминовних ам-
бијенталних промена тржишта, економије, 
политике, законске и нормативне регула-
тиве, урбанизма, социјалних и еколошких 
захтева, итд. Дакле, заштита животне и 
радне средине је интерактивна, вишезначно 
осетљива, сложена, и стручно високо зах-
тевна тема. 

Комплексност проблема, могућа површност 
у дијагностици и решавању, недовољна по-
свећеност проблему, скромна стручност 
носиоца задатка и притисци јавности про-
блематично мотивисани и стручно неуте-
мељени, стварају затегнутост и конфликтне 
ситуације које наносе економску штету и 
успоравају развој [1,3,5].

УТИЦАЈИ РУДАРСТВА НА ЖИВОТНУ И 
РАДНУ СРЕДИНУ

Резолутно, животну средину рударство може 
угрозити на један од начина: исцрпљивање 
ресурса, разарање и загађивање средине [1].

Експлоатација минералних сировина одвија 
се фазно, те се и утицаји на животну среди-
ну истоветно генеришу. Диференцирање 
еколошких утицаја технолошких процеса 
експлоатације и прераде чврстих минерал-
них сировина, захтевало би много обимнији 
а неважан текст. Зато су у функцији теме 
рада и целовитијег сагледавања проблема, у 
наставку приказана обележјима утицаји на 

In order for the assessment of the impact of 
mining on the environment to be meritori-
ous, multi-stage multidisciplinary expertise 
is needed, and monitoring the condition of 
the environment in the mining impact zone 
must start from the (established) natural back-
ground (condition). Reviewing the situation 
created under the influence of mining and cre-
ating solutions for eliminating or mitigating 
the consequences includes planning and time-
ly implementation of measures aimed at bal-
ancing mining activities, protection, care, and 
arrangement of the exploitation field. In this 
regard, it is necessary to define the concept of 
environmental protection and the dynamics of 
its implementation already in the mine open-
ing design phase. It is not a static or permanent 
problem but a decades-long problem of inevi-
table ambient changes in the market, econom-
ics, politics, legal and normative regulations, 
urban planning, social and environmental re-
quirements, etc. Therefore, living and working 
environment protection is an interactive, am-
biguously sensitive, complex, and professional-
ly highly demanding topic.

The problem complexity, possible superfici-
ality in diagnosis and solution, insufficient 
dedication, modest expertise of the task own-
er, and problematically motivated and pro-
fessionally unfounded public pressures cre-
ate tension and conflict situations that cause 
economic damage and delay the development 
[1,3,5]. 

IMPACTS OF MINING ON LIVING AND 
WORKING ENVIRONMENT 

Resolutely, mining can threaten the environment 
in one of the following ways: depletion of resources, 
destruction and pollution of the environment [1]. 

The exploitation of mineral resources takes 
place in phases, so the environmental impacts 
also come in phases. Differentiating between 
the environmental impacts of the technological 
processes of exploitation and processing of solid 
mineral resources would require a much more 
extensive and irrelevant text. That is why the 
impacts on the living and working environment 
of the key mining activities are shown below 
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животну и радну средине кључних рудар-
ских активности: геолошко истраживање, 
експлоатација и припрема минералних си-
ровина и одлагање јаловине.

Геолошко истраживање претходи експлоа-
тацији минералних сировина, поступно је и 
фазно условљено (реализација наредне фазе 
истраживања зависи од исхода претходне) 
и дуготрајно од проспекцијских, геофизич-
ких до детаљних геолошких истраживања 
– истражним бушењем, подземним или 
комбинованим истражним радовима, узор-
ковањем, инситу и лабораторијским испи-
тивањима, синтезе резултата, оцене, елбора-
ције, контроле и провере, итд. 

Геолошким истражним радовима не дегра-
дира се и не контаминира земљиште, и не 
квари визуелни ефекат крајолика. Подзем-
ним истражним радовима извесне количи-
не откопне јалове стенске масе одлажу се на 
површини терена. То су мала одлагалишта, 
не мењају морфологију терена, а рекулти-
вација је лако изводљива, није материјално 
захтевна, најчешће није ни потребна пошто 
је природа спонтано и ефикасно обавља. Ге-
нерализована оцена ефеката гелошких ис-
тражних радова по окружење, своди се на 
констатацију да је реч о еколошки безазле-
ној активности [1,2].

Подземна експлоатација не деградира зе-
мљи шне површине и не оставља негативан 
визуелних ефеката, што је посебно значајно 
за урбане и заштићене пределе као што су 
национални и паркови природе, туристички, 
рекреациони центри, бање, историјски спо-
меници, археолошка налазишта итд. Пошто 
се експлоатациони радови изводе у дубини 
тла, нема технолошких утицаја на окружење, 
као што су сеизмички ефекти, бука, праши-
на, гасови итд. Нежељени ефекти могу бити: 
ограничене промене морфологије као после-
дице слегања терена, испуштање у атмосфе-
ру истрошеног јамског ваздуха, испуштања 
рудничке воде повећане минерализације у 
отворени водоток, потенцијално загађење 
подземне воде у контакту са флотацијском 
јаловином коришћеном за запуњавање јам-
ских просторија итд. [1]

to contribute to the paper topic and provide a 
more comprehensive overview of the problem: 
geological research, mineral exploitation and 
processing, and tailings disposal. 

Geological exploration precedes the exploita-
tion of mineral resources, is gradual and 
phase-conditioned (the next phase of re-
search depends on the outcome of the previ-
ous one), and lengthy - from prospecting and 
geophysical to detailed geological research 
- by exploratory drilling, underground or 
combined exploratory works, sampling, 
in-situ and laboratory tests, synthesis of 
results, evaluations, studies, controls and 
checks, etc.

Geological exploratory works do not degrade 
or contaminate the soil and do not spoil the 
visual effect of the landscape. Through under-
ground exploratory works, a certain amount of 
excavated barren rock mass is deposited on the 
terrain’s surface. These are small landfills that 
do not change the terrain’s morphology. Their 
reclamation is easily feasible, not materially de-
manding, and most of the time, it is not even 
necessary since nature does it spontaneous-
ly and efficiently. A generalized evaluation of 
the effects of the geological exploratory works 
on the environment comes down to the con-
clusion that it is an environmentally harmless 
activity. [1,2] 

Underground exploitation does not degrade 
land surfaces and does not leave negative 
visual effects, which is especially important 
for urban and protected areas such as nation-
al and nature parks, tourist and recreation 
centers, spas, historical monuments, archae-
ological sites, etc. Since exploitation works 
are carried out deep in the ground, there are 
no technological impacts on the environ-
ment, such as seismic effects, noise, dust, 
gases, etc. Adverse effects include limited 
changes in morphology as a result of ground 
subsidence, release of pit air into the atmos-
phere, release of mine water with increased 
mineral content into an open watercourse, 
potential pollution of groundwater in contact 
with flotation tailings used to fill pit cham-
bers, etc.[1]
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Површинска експлоатација, данас доми-
нирајући облик експлоатације минералних 
сировина, веће је потенцијалности за про-
блеме еколошке природе. Чињеница је и да 
се овом облику експлоатације приписује 
се много више негативног него што ствар-
но јесте. Разлози негативне перцепције су: 
визуелни ефекат, заузимање и деградирање 
земљишта, пошумљених површина итд. За-
боравља се, не зна или не жели да зна, да је 
деградација површине захваћене експлоа-
тационим радовима привремена, да се може 
успешно ревитализовати и рекултивисати.

Од технологије површинске експлоатаци-
је, зависе пратећи утицаји на околину и 
трајање њиховог деловања. Код минирањa 
то су сеизмички ефекти, бука, ваздуш-
ни удари, прашина и гасови. Код утовара, 
транспорта, депоновања руде и одлагања 
јаловине, то су бука, прашина и издувни 
гасови из мотора за покретање машина и 
опреме, могућа је и прашина коју подиже и 
развејава по околини ветар. 

Утицаји рударских радова на ближу и ширу 
околину површинских копова манифестују 
се: заузимањем земљишта, променама мор-
фологије терена, одлагањем јаловине ствара-
њем стерилних површина, измештањем 
во дотокова, могућим микроклиматским про  -
менама, могућом иницијализацијом еро-
зионих процеса, снижавањем нивоа и про-
менама режима струјања подземних вода, 
појаве померања тла, прекида ланца исхране 
и других промена биоценозе, миграција по-
пулације, измештање насеља, индустријских 
објеката, археолошких и историјских споме-
ника итд. Ови ефекти зависе од какрактери-
стика радне средине, од примењене технике 
и технологије експлоатације, од садржаја и 
стања у окружењу, а пре свега од стручног и 
моралног односа менаџмента рудника према 
заштити животне и радне средине. Правила 
нема, утицаји и последице мењају се од руд-
ника до рудника, подложни су просторним 
и временским променама, често стохастично 
због комплексности односа у систему приро-
да – човек – техниика и технологија [1,4].

Разликује се обим и интезитет утицајa на 
животну и радну средину површинске ек-

Open-pit exploitation, today the dominant form 
of mineral resources exploitation, has greater 
potential for ecological problems. Also, a much 
more negative picture is attached to this form 
of exploitation than it really is the case. The 
reasons for negative perception are the visual 
effect, occupation and degradation of land, for-
ested areas, etc. However, people forget, do not 
know or do not want to know that the degra-
dation of the surface affected by exploitation 
works is temporary and can be successfully re-
vitalized and reclaimed.

The accompanying impacts on the environ-
ment and the duration of their effect depend on 
the open-pit exploitation technology. In blast-
ing, these are seismic effects, noise, air blasts, 
dust and gases. When loading, transporting, 
depositing ore and disposing of tailings, these 
are noise, dust and exhaust gases from machine 
and equipment engines; dust that is raised and 
blown around by the wind is also possible.

The impacts of mining operations on the im-
mediate and wider environment of open-pit 
mines are manifested by land occupation, 
changes in terrain morphology, disposal of 
tailings, creation of barren areas, displace-
ment of watercourses, possible microclimatic 
changes, possible initialization of erosion pro-
cesses, lowering of the level and changes in the 
groundwater flow regime, the occurrence of 
ground movement, interruption of the food 
chain and other changes in the biocenosis, pop-
ulation migration, displacement of settlements, 
industrial facilities, archaeological and histor-
ical monuments, etc. These effects depend on 
the working environment characteristics, the 
applied exploitation technique and technolo-
gy, the content and condition of the environ-
ment, and primarily the professional and mor-
al attitude of the mine management towards 
the protection of the living environment and 
working environment. There are no rules - im-
pacts and consequences change from mine to 
mine; mines are subject to spatial and temporal 
changes, often stochastically due to the com-
plex nature - man - technique and technology 
system relationship. [1,4]

The extent and intensity of the impacts of the 
open-pit exploitation of energy, non-metallic 
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сплоатације енергетских, неметаличних и 
металичних минералних сировина. 

Површинска експлоатација неметаличних 
минералних сировина у принципу нема 
значајнији поремећајни утицај на животну 
и радну средину. 

Површински копови металичних минерал-
них сировина и угља, знатно већег захвата у 
плану и по дубини, у принципу антропоге-
но девастирају земљиште. Знатна количина 
рудничке и флотацијске јаловине захтева 
адекватан депонијски простор за смештај, 
што може утицати на компоненте екосисте-
ма – вегетацију, едафон, површинске и под-
земне воде итд. [2,4]

and metallic mineral resources on the living 
and working environment differ. 

The open-pit exploitation of non-metallic miner-
al resources does not, in principle, have a signifi-
cant disruptive impact on the living and working 
environment. 

Open-pit mines of metallic mineral resources 
and coal, considerably larger in plan and depth, 
devastate the soil anthropogenically in princi-
ple. A significant amount of mine and flotation 
tailings requires adequate landfill space for ac-
commodation, which can affect the ecosystem 
components - vegetation, edaphon, surface and 
underground water, etc.[2,4] 

The specificity of the open-pit exploitation 
and archeology interaction is explained by 
the old Chinese proverb, “It is impossible to 
tell if anything is good or bad.” If it were not 
for open-pit exploitation, today, we would be 
deprived of several important archaeological 
sites, Figure 1. 

Слика 1, Рударски басен Колубара, Површински коп угља „Тамнава Западно поље”, 
истражни археолошки радови [1]

Figure 1, Kolubara Mining Basin, Open-Pit Coal Mine “Tamnava Zapadno Polje,” 
exploratory archaeological works [1]

Специфичност интеракције површинске 
експлоатације и археологије, објашњива је 
старом кинеском пословицом „Никада се 
не зна зашто је нешто добро”. Да није по-
вршинске експлоатације, данас бисмо били 
ускраћени за више значајних археолошких 
налазишта, слика 1.
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Ако се изузме флотирање руде и депоновање 
флотацијске јаловине, као технолошких сег-
мената који нису увек пратиоци површин-
ске (или подземне) експлоатације, генера-
лизовани закључак је да се површинском 
експлоатацијом у принципу не стварају 
токсични продукти нити се радна средина 
контаминира. Деградација површина за-
хваћених рударским радовма је привреме-
на. Враћање природних функција просто-
ру изводи се биолошком рекултивацијом, 
успостављањем нових садржаја, намена и 
економских вредности, слика 2.

Подводна експлоатација је знатно мање за-
ступљена у односу на површинску и подземну 
експлоатацију. Негативни еколошки ефекти 
данашњих технологија подводне експлоата-
ције своде се на: механичко замуљивање воде 
у непосредној зони радова, зависно од мине-
ралне сировине која се откопава могуће је и 
повећање минерализације воде [2,5].

Бушотинска експлоатација заузима и де-
градира мале површине земљишта, нема 
буке, прашине, издувних гасова, нема ја-
ловине, а пепео и шљака као продукти са-
горевања код подземне гасификације угља, 
остају под земљом, итд. Услед дефицита 
стенске масе у лежишту настале током екс-
плоатације, могуће су појаве слегања и мања 
трусна померања терена, локалне промене 
струјања подземне воде, и зависно од при-
мењене технологије деградирање мањих по-
вршина на којима се формирају таложници. 

Припрема минералних сировина (ПМС) је 
готово неизбежна технолошка фаза у екс-
плоатацији металичних минералних сиро-
вина, присутна је и у експлоатацији угља 
уколико се угаљ чисти. Нестручно и неодго-
ворно вођење процеса, овај сегмент рудар-
ства може учинити потенцијално опасним 
за околину, а последице су дуготрајне и ве-
ома штетне. Савремени флотацијски систе-
ми високо су поуздани, сигурни и еколошки 
безбедни. Ексцеси који су се повремено до-
гађали, потврђују да је у технолошком лан-
цу човек најнепоузданија карика [1]. 

Одлагање јаловине настале експлоатацио-
ним радовима, из постројења за ПМС, или 

If we exclude ore flotation and depositing flota-
tion tailings, as technological segments that are 
not always companions of open-pit (or under-
ground) exploitation, the generalized conclu-
sion is that open-pit exploitation in principle 
does not create toxic products or contaminate 
the working environment. Degradation of are-
as affected by mining operations is temporary. 
Restoration of natural functions of space is car-
ried out by biological reclamation, establish-
ment of new contents, purposes and economic 
values, Figure 2. 

Underwater exploitation is significantly less 
prevalent than open-pit and underground ex-
ploitation. The adverse environmental effects 
of today’s underwater exploitation technolo-
gies are reduced to mechanical silting of water 
in the immediate area of   the works; depending 
on the mineral resource that is mined, an in-
crease in water mineralization is also possible. 
[2,5] 

Drilling exploitation occupies and degrades 
small areas of land, there is no noise, dust, ex-
haust gases, no tailings, and ash and slag, as 
combustion products during underground 
gasification of coal, remain underground, etc. 
Due to the deficit of the rock mass in the de-
posit created during exploitation, subsidence 
and minor ground movements, local changes 
in groundwater flow, and depending on the 
applied technology, the degradation of smaller 
areas on which sediments are formed are pos-
sible.

Mineral processing (MP) is an almost inevitable 
technological stage in exploiting metallic min-
eral resources. It is also found in coal exploita-
tion if the coal is cleaned. Incompetent and ir-
responsible process management can make this 
mining segment potentially dangerous for the 
environment, with long-lasting and very harm-
ful consequences. Modern flotation systems 
are highly reliable, safe, and environmentally 
friendly. However, occasional accidents con-
firm that man is the most unreliable link in the 
technological chain. [1]

Disposal of tailings from exploitation works 
from MP plants or ash and slag from thermal 
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пепела и шљаке из термоелектрана, пред ставља 
значајан инжењерски проблем у еколошком и 
економском смислу. На површинским копо-
вима јаловина се одлаже ван контуре, унутар 
контуре или комбиновано [1].

power plants are a significant engineering 
problem in an ecological and economic sense. 
In open-pit mines, tailings are disposed outside 
the contour strip, inside the contour strip, or 
combined. [1]

Disposal outside the contour strip implies 
the occupation of new land areas, which 
gives an ecological and economic advantage 
to disposal within the contour strip. In the 
absence of protective measures, landfills are 
potential sources of dust. Such possibilities 
are preventively eliminated by adequate syn-
chronized reclamation. It is preferable to treat 
tailings as “technogenic mineral resources”; 
it converts tailings from a cost to a profit cat-
egory and reduces unwanted environmental 
aspect. 

In contrast to mine tailings created by ex-
ploitation works, which can be disposed of 
in any suitable place, tailings from MP plants 
are in principle disposed of in isolated areas, 
naturally suitable, such as, for example, de-
pressions and bays, or artificially construct-
ed and similar. Flotation tailings in the form 
of pulp are hydraulically transported to the 
tailings pit, where liquid and solid phases are 
separated by sedimentation; the liquid phase 
- water, is generally recycled and reused in 
the flotation process, can be left to evaporate, 
or discharged into waterways after purifica-
tion. 

Слика 2, Рударски басен Колубара, расадник и воћњак на јаловишту   
Површинског копа угља „Поље Д“ [1]

Figure 2, Kolubara Mining Basin, nursery and orchard on the tailings  
pit of the Open-Pit Coal Mine «Polje D» [1]

Одлагање ван контуре подразумева заузи-
мање нових земљишних површина, што еко-
лошки и економски предност даје одлагању 
унутар контуре. Код изостајања мера за-
штите одлагалишта су потенцијални извори 
прашине. Овакве могућности превентивно 
се отклањају адекватном синхронизованом 
рекултивацијом. Пожељно је третирање ја-
ловинског материјала као „техногене мине-
ралне сировине”, то конвертује јаловину из 
трошковне у профитну категорију и умањује 
нежељену еколошку потенцијалност.

За разлику од рудничке јаловине настале 
експлоатационим радовима, која се може 
одлагати на било ком погодном месту, ја-
ловина из ПМС постројења у принципу се 
одлаже у изоловане просторе, природно 
погодне, као што су нпр. депресије и увале, 
или вештачки изграђени и слично. Флота-
цијска јаловина се у облику пулпе хидра-
улички транспортује на јаловиште, где се 
таложењем раздваја течна и чврста фаза; 
Течна фаза – вода, у принципу се рециклира 
и поново користи у флотацијском процесу, 
може се препустити испаравању или после 
пречишћавања испустити у водотокове.
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ДЕСТРУКЦИЈА РУДАРСТВА

Рударство као једна од најстаријих људских 
делатности, од својих почетака пре око осам 
миленијума, суочава се са проблемом очу-
вања животне средине. Да овај проблем пра-
ти рударство и да су људи од давнина свесни 
његовог утицаја и значаја говоре историјски 
записи. 

Агрикола на пример у свом делу „De Re 
Metallica” 1556. пише: „Противници ру-
дарских радова аргументују свој став 
тиме што, наводно, копање руде опусто-
шује поља, сече шуме и гајеве, .... било за 
подземне објекте, рударске уређаје, било 
топљење руде, бескрајно захтевају дрво. 
Сечење гајева и шума разгони птице и зве-
ри од којих многе служе човеку за укусну 
храну. Испирање руде трује потоке и реке, 
убија или прогони рибе ....”. Дакле, проблем 
није нов, техника и природа, индустрија 
и предео, у принципу су одувек у супрот-
стављеном односу. 

Али Агрикола објашњава и потребу за ру-
дарством: „Рудари већим делом раскопавају 
горе које не доносе никакве плодове и које се 
налазе на неплодним местима. Штета од 
рудника не превазилази штету од других 
послова човека, његових насеља и градова, од 
војних дејстава ...”. 

Ове речи као да су писане данас, указују на 
конфликт рударства и поборника „чисте 
природе”. На неприхватљивост незнања 
као аргумента, о потреби стручног тума-
чења рударства, објективном сагледавању 
последица у животној средини, али и о за-
штити, рекултивацији и ревитализацији 
експлоатацијом оштећеног предела. Агри-
колине речи коинцидирају са мишљењем 
да се рударство и данас прозива више и 
чешће него што за то има oправданих раз-
лога. 

DESTRUCTION OF MINING 

Mining, as one of the oldest human activities, 
has been facing the problem of environmental 
protection since its beginnings about eight 
millennia ago. Historical records show that this 
problem follows mining and that people have 
been aware of its influence and importance 
since ancient times. 

For example, Agricola, in his work “De Re 
Metallica” in 1556 writes:” The argument of 
the detractors is that the fields are devastated 
by mining operations, for which reason formerly 
Italians were warned by law that no one should 
dig the earth for metals and so injure their very 
fertile fields, their vineyards, and their olive 
groves. Also they argue that the woods and 
groves are cut down, for there is need of an 
endless amount of wood for timbers, machines, 
and the smelting of metals. And when the woods 
and groves are felled, then are exterminated the 
beasts and birds, very many of which furnish a 
pleasant and agreeable food for man. Further, 
when the ores are washed, the water which has 
been used poisons the brooks and streams, and 
either destroys the fish or drives them away....”. 
Therefore, the problem is not new; technology 
and nature, industry and landscape, in principle, 
have always been in an opposing relationship.

By Agricola’s account, mining was a need. He 
claimed miners, for the most part, excavated 
mountains that do not bear any fruit and 
that are located in barren places, and that the 
damage from the mines did not exceed that of 
other human activities, settlements and cities, 
military operations.

These words, as if they have been written 
today, point to the conflict between mining 
and supporters of “clean nature.” To the 
inadmissibility of ignorance as an argument, 
the need for an expert interpretation of mining, 
an objective assessment of the consequences 
in the environment, but also the protection, 
reclamation, and revitalization of the landscape 
damaged by exploitation. Agricola’s words 
coincide with the opinion that even today, 
mining is called out more and more often than 
there are justified reasons for it.
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Минералне сировине су необновљиви ре-
сурси, без њих нема суверенитета земље 
нити технолошког напретка. Да ли савре-
мен човек може замислити живот без елек-
тричне енергије, топлих просторија зими, 
мобилног телефона, телевизора, кућне и 
рачунарске технике, превозних средстава 
(аутомобила, бродова, железнице, авиона), 
разних направа и машина и других тех-
ничко-технолошких угодности данашњег 
времена, чије рађање почиње у рудницима 
угља, уранијума, нафте и гаса, руда гвожђа, 
бакра, олова, цинка, алуминијума, никла, 
литијума, сребра, злата, платине, силицију-
ма, неметала итд. Гласови против експлоа-
тације енергетских минералних сировина и 
термоелектрана, утихнули би одмах после 
престанка производње и снабдевања елек-
тричном и топлотном енергијом домова, 
фабрика, болница, школа итд., а најгласнији 
говорници за „нетакнуту природу” постали 
би неми.

Данас је на сцени свезнање. Свезнајући на ос-
нову пословних, политичких и других личних 
или задатих интересних мотива, оспоравају 
оно што не знају. У подстица њу таквог односа 
удео има природа и ши рина садржаја еколош-
ке тематике која све знајућим обезбеђује алиби 
да без последица неодговорно импровизују и 
износе неистине. 

Еколошки еснаф, не знајући или не желећи 
да зна да су геолошка истрживања еко-
лошки безазелена и без обзира на исход 
инвентарски корисна активност за земљу, 
упозорава да ће терен на коме се изводе ис-
тражни радови опустошти и постати безво-
дан. Да није штете која се оваквим иступи-
ма прави друштву, карикатурално би било 
гледати еснафлије с цигаретом у устима 
током протеста против загађивања вазду-
ха спаљивањем угља у термоелектранама, 
или с накитом од злата на себи у протест-
ном казивању против експлоатације руда 
племенитих метала. Врхунац „компетен-
ције“ свезнајућих су расправе о еколошким 
аспектима експлоатције угља, руда обојених 
и племенитих метала, литијума, борних ми-
нерала итд., на којима је непожељно прису-
ство рударских стручњака.

Mineral resources are non-renewable; with-
out them, there is no sovereignty or techno-
logical progress in a country. Can a modern 
man imagine life without electricity, warm 
rooms in winter, mobile phone, television, 
household appliances and computer equip-
ment, means of transport (cars, ships, rail-
ways, planes), various devices and machines 
and other technical and technological com-
forts of today, whose birth begins in the 
mines of coal, uranium, oil and gas, ores of 
iron, copper, lead, zinc, aluminum, nick-
el, lithium, silver, gold, platinum, silicon, 
non-metals, etc. Voices against the exploita-
tion of energy minerals and thermal power 
plants would fall silent immediately after 
the production and supply of electricity and 
heat energy to homes, factories, hospitals, 
schools, etc. ends, and the loudest advocates 
for “intact nature” would become mute. 

Today, omniscience is on stage. Those om-
niscient on the basis of business, political 
and other personal or vested interest mo-
tives dispute what they do not know. The na-
ture and breadth of the content of the envi-
ronmental topic plays a role in encouraging 
such a relationship, providing the omnisci-
ent with an alibi to irresponsibly improvise 
and present untruths without facing the con-
sequences. 

The ecological guild, not knowing or not 
wanting to know that geological explorations 
are an ecologically insignificant and, regard-
less of the outcome, a useful activity for the 
country in terms of its inventory, warns that 
the explored terrain will become desolate and 
waterless. If it weren’t for the damage done to 
society by such actions, seeing guild members 
with a cigarette in their mouth during a pro-
test against air pollution by burning coal in 
thermal power plants, or wearing gold jewel-
ry during a protest against the exploitation of 
precious metal ores would be cartoonish. The 
pinnacle of the “competence” of omniscient is 
the discussions on the environmental aspects 
of the exploitation of coal, non-ferrous and 
precious metal ores, lithium, boron minerals, 
etc., where the presence of mining experts is 
undesirable. 
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Да би се оваква одступања (неспоразу-
ми) избегла, морамо се чути, саслушати и 
прихватити да је могуће успоставити баланс 
између еколошких, привредно-економских 
и развојних циљева друштва. Прилаз прет-
поставља познавање фазности геолош-
ко-рударских активности, стручност, ана-
литичност, објективност, и да последице 
могу бити ублажене или отклоњене током 
извођења радова, синхронизованом зашти-
том животне и радне средине и постекспло-
тационим уређењем предела.

ЗАКЉУЧАК

Неинформисаношћу, нестручношћу, непо-
знавањем рударских технолошких процеса, 
доминацијом визуелне перцепције, форми-
ра се површна слика о утицају рударских ра-
дова на животну средину, изводи погрешна 
оцена и закључци. Исходи су конфликти и 
нереални еколошки захтеви. 

Рударске технологије негативног еколошког 
потенцијала, штетне ефекте оставиће само 
уколико се основни и логистички процеси 
неодговорно или нестручни воде, погрешно 
примењују или не спроводе мере заштите. 
Дакле, еколошки праг толеранције не сме се 
прекорачити.

У том контексту, често слушани термини 
„зелено рударство“, „зелена транзиција“ и 
слично, губе логичку упору, смисао и своде 
на празне речи.

ЛИТЕРАТУРА

1. Вујић С., Цвејић Ј., Миљановић И., Дражић Д.: 
Пројктовање рекултивације и уређења преде-
ла површинских копова. Рударско-геолошки 
факултет Универзитета у Београду, Академија 
инжењерских наука Србије, 2009, 365 стр.

2. Вујић С., Миливојчевић М., и др.: Матема-
тичко моделирање транспорта загадјења 
подземним водама као последица одлагања 
пепела и шљаке у откопане просторе повр-
шинских копова. Универзитета у Београду 
Рударско-геолошки факултет, 1995, 132 стр.

3. Вујић С., Цвејић Ј., и др.: Пројектно решење 
рекултивације и просторног уређења Повр-

In order to avoid such deviations (misunder-
standings), we must hear each other, listen and 
accept that it is possible to establish a balance 
between the ecological, economic and devel-
opment goals of society. The approach assumes 
knowledge of the geological-mining activi-
ties phasing, expertise, analyticity, objectivity, 
and that the consequences can be mitigated 
or eliminated during the execution of works 
by synchronized protection of the living and 
working environment and post-exploitation 
landscaping. 

CONCLUSION 

Due to a lack of information, expertise, and 
knowledge of mining technological process-
es, the dominance of visual perception forms 
a superficial picture of the mining impact on 
the environment, leading to wrong assessments 
and conclusions. The outcomes are conflicts 
and unrealistic environmental requirements.

Mining technologies with a negative ecological 
potential will leave harmful effects only if basic 
and logistics processes are carried out irrespon-
sibly or if those lacking expertise incorrect-
ly apply or fail to apply protection measures. 
Therefore, the ecological threshold of tolerance 
must not be exceeded. 

In this context, the often heard terms “green 
mining,” “green transition,” and the like become 
illogical, senseless, and are reduced to empty 
words. 
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Summary: The mining wealth of Kosovo and Metohija is a real, strategically significant capital with value grow-
ing due to the high and ever-increasing exhaustion of mineral resources in Europe and beyond. Evaluation of the 
mineral and raw material complex of Kosovo and Metohija is multifaceted, highly demanding, cannot be reduced 
only to indicators such as reserves, the content of useful components in ore or its current market value, without 
considering all the determining parameters. The paper is devoted to the mining resources of Kosovo and Metohija 
and their exploitation, primarily vast reserves of coal suitable for open-pit mining, poyiminerals of non-ferrous and 
precious metal ores, non-metallic mineral raw materials and thermal mineral water.
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Сажетак: Рудно богатство Косова и Метохије је реалан, стратешки значајан капитал чија вредност расте 
због високе и све веће исцрпености минералних ресурса у Европи и шире. Вредновање минерално-сировинског 
комплекса Косова и Метохије је вишезначно, веома захтевно, не може се упрошћено сводити само на показа-
теље као што су резерве, садржаји корисних компоненти у руди или њена тренутна тржишна вредност, без 
сагледавања свих опредељујућих параметара. Рад је посвећен рудним ресурсима Косова и Метохије и њиховој 
експлоатацији, пре свега то су велике резерве угља повољне за површинску експлоатацију, полиминерале руде 
обојених и племенитих метала, неметаличне минералне сировине и термоминерале воде.  
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УВОД

Рудно богатство је међу важним, чак кључно 
важним данашњим питањима везаним за Косо-
во и Метохију. Расправе и текстови у јавности о 
рудном богатству Косова и Метохије оптереће-
ни су непровереним и непоузданим подаци-
ма, противречним оценама генерисаним више 
емоцијама мање стручношћу, погрешним при-
ступима и непознавањем минерално-сировин-
ског комплекса, статичким посматрањем њене 
потенцијалности, конструкцијом „аргумената“ 

INTRODUCTION

Mineral wealth is one of the most important, even 
crucial current issues related to Kosovo and Meto-
hija. Discussions and publications about the min-
eral wealth of Kosovo and Metohija are burdened 
with unverified and unreliable data, contradictory 
estimates made more emotionally and less expertly, 
wrong approaches and lack of knowledge about the 
mineral and raw material complex, static observa-
tion of its potentiality, construction of “arguments” 
by counting closed and active mines, their capaci-
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Abstract: The increasing development of industrial production, not only in our country but also in the world, im-
poses the need to increase energy capacities. The result of such demands is reflected in the utilization of available 
ore reserves to the greatest extent possible. Using project solutions in accordance with the spatial plan of the Kostolac 
coal basin, the concept of development, spatial planning, protection, etc. have been defined, all with the objective of 
preventing further degradation of space and preserving the environment.

The creation of project documentation is defined by legal regulation and planned by the economic program of the 
area in question. Multidisciplinary analysis, expert opinions, acquired experiences implemented in verified project 
solutions have the expected effect only in case of application in the planned period. Project solutions from their be-
ginning, initiation, through planning, implementation, monitoring and control, until the very completion, are the 
basis for the implementation of conceptual solutions, and it often happens that they are not fully implemented due 
to changes that occurred during the execution of works.

Key words: SM (SURFACE MINE) KLENOVNIK, SM ĆIRIKOVAC, SM DRMNO, DISPOSAL, ASH AND SLAG, GYPSUM

INTRODUCTION

The economic and industrial prosperity of the 
city municipality of Kostolac, Pozarevac as its 
administrative center and the Branicevo dis-
trict is based on the industrial development 
of the mining and energy complex Thermal 
Power Plants and Mines (TE-KO) Kostolac. In 
the zones of influence of large systems, the eco-
nomic, social, technical and technological, and 
ecological aspects are considered, and the pro-
ject basis is based on the results of research and 
analyzes in different thematic areas. During 
planning and spatial planning, project activi-

ties have the obligation to apply laws, by-laws 
and regulations in the fields of mining, ener-
gy, industry, agriculture, water management, 
environment, nature protection, protection of 
cultural monuments, etc.

The areas of mining and energy systems are 
conditioned by changes of natural ecosystems 
as a consequence of exploitation processes. In 
the area of the Kostolac coal basin, coal ex-
ploitation is currently active at SM «Drmno», 
while the area of the internal landfill of SM 
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«Ćirikovac» is used for the disposal of ash 
and slag from the Thermal Power Plants 
«Kostolac B1 and B2». At SM «Klenovnik», 
after the permanent suspension, no works 
were carried out according to the project 
documentation [2], and the possibility of 
mining the remaining coal reserves is cur-
ren tly being considered.

In order to preserve the environment, as well as 
to strive for as little degradation as possible of 
areas where surface exploitation is carried out 
in the Kostolac coal basin, planning activities 
and project solutions envisage the spatial plan-
ning of surface mines and the utilization of the 
potential of internal landfills and the repurpos-
ing of landfill areas.

Figure 1, Locations of surface mines “Klenovnik”, “Ćirikovac” and “Drmno”

Legend: 1 - External landfill SM “Klenovnik”; 2 - Excavation front SM “Drmno”; 3 - External landfill SM “Drmno”;  
4 - Internal landfill SM “Drmno”; 5 - Internal landfill SM “Ćirikovac” 6 - External landfill SM “Ćirikovac”.

“DRMNO” SURFACE MINE

In order to preserve the environment, as well 
as in accordance with EU norms for the pur-
pose of Flue Gases Desulfurization (FGD) from 
Thermal Power Plants “Kostolac B1 and B2”, a 
system was designed and built for the collec-
tion and disposal of gypsum, which is created 
as a by-product in the process of binding sulfur 
from flue gases with limestone [4].

Project solutions defined the landfill con stru ction 
technology with all constructive parameters, as 

well as the method of disposal of gypsum, all 
in accordance with European practice and pos-
itive European and domestic legislation, while 
respecting all prescribed conditions of compe-
tent ministries and institutions. In the prepara-
tion of the document, the harmonization of the 
technical and technological and capacity capa-
bilities of the entire thermoenergetic complex 
was processed [8].

Space for storing FGD gypsum, is provided at 
the internal landfill of the “Drmno” Surface 
Mine. Dried, i.e. filtered gypsum from the 
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flue gases desulphurization process of blocks 
“B1 and B2” is transported by a system of 
four serially connected conveyors with a 
rubber conveyor belt from the power plant 
to the transfer station at the end of the last 
conveyor. From the transfer station, gypsum 
is deposited by a conveyor belt into cassette 
1, the bottom and sides of which are water-
proofed with a double geomembrane and has 
a storage space for one year’s production of 
gypsum. Cassette 2 is located next to cassette 
1 and is intended to have storage space for 
five years of gypsum production, i.e. until 
the FGD gypsum transport system is con-
nected with the system for the transport of 

moistened ash and slag from the “Kostolac 
B3” TPP block, after which the gypsum will 
be directed to joint landfill of ash, slag and 
gypsum [6].

At the moment, at SM “Drmno” coal produc-
tion is ensured for the installed thermal ener-
gy capacities in Kostolac and Drmno, while in 
the area of the internal landfill, in addition to 
the disposal of tailings, gypsum is also depos-
ited, cassette 1., while cassette 2 is in the con-
struction phase. The planning documentation 
provides for the construction of the cassettes 
for accommodating ash and slag with a gypsum 
mixture.

Figure 2, Gypsum disposal site at SM “Drmno” [6]

Legend: 1 - Orientation landfill area for gypsum, 2 - Existing cassette for disposal of gypsum.

“ĆIRIKOVAC” SURFACE MINE

The production of electrical energy in Kos-
tolac is carried out in four blocks, TPP “Kos-
tolac A1 and A2” and TPP “Kostolac B1 and 
B2”. In the initial phase, the landfill “Middle 
Kostolac Island” was formed for the purpose 
of storing ash as a product of the thermal 
energy process, on an area of about 70 ha, 

which was later expanded to about 240 ha. 
According to the planning documentation, 
the closure of the landfill is planned to be car-
ried out successively until 2017, however, the 
landfill is still active. After the reconstruc-
tion of the system of collection, transport 
and disposal of ash and slag from the blocks 
of TPP “Kostolac B”, the location of the fu-
ture landfill was defined, the internal landfill 
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of SM “Ćirikovac”, which will be used in the 
future for the disposal of ash from the blocks 
of TPP “Kostolac A”. With the cessation of pit 
production in 1974, surface exploitation of 
the “Ćirikovac” coal deposit continued, and 
during 2009, coal exploitation was suspend-
ed at the surface mine based on the project 
documentation [1] and activities were start-
ed on the landscaping and construction of 
infrastructure objects for the formation of an 
ash and slag landfill. After the termination 
of the exploitation works, landslide occurred 
on the northern slope of the surface mine. 
On the basis of the solutions adopted in or-
der to rehabilitate the areas affected by the 
landslide, work on the rehabilitation of the 
same has begun. The final appearance of the 
surface mine “Ćirikovac” was designed in ac-
cordance with the limitations of the surface 
mine, the physical and mechanical charac-
teristics of the environment and the intend-
ed system of exploitation [7]. The problems 
related to the landslide on the northern slope 
of the SM “Ćirikovac” landfill significantly 
affected the changes and the selection of the 
solutions given in the technical documen-
tation [1]. These problems also affected the 
capacity utilization of the storage area of the 
landfill, as well as the dynamics of works’ 
execution. With the completion of the nec-
essary infrastructure objects, the landfill be-
came active in 2010. The construction and 
use of the landfill was accompanied by a se-
ries of problems resulting from the length of 
time it took to rehabilitate the landslide on 
the northern slope [3]. The designed tech-
nology of ash and slag disposal is intended 
to be carried out in two cassettes, which are 
divided by a barrier embankment, with al-
ternate filling of the sedimentation. The for-
mation of this landfill originally meant the 
disposal of ash and slag only for the needs of 
the “Kostolac B” TPP, so that in the middle of 
2016, hydromix from the blocks of the “Kos-
tolac A” TPP would also be deposited in the 
storage area of the SM “Ćirikovac”. Activities 
on the formation of cassette 1 related to the 
depositing of ash and slag were carried out in 

parallel with the execution of works on the 
spatial planning of the northern slope. As a 
result, decanting was carried out exclusive-
ly in cassette 2, which caused the formation 
of a barrier embankment more than 20 m in 
comparison to cassette 1. During 2017, the 
conditions were created, after the northern 
slope was partially rehabilitated, and cassette 
1 was formed. The technological procedure 
of depositing is carried out through the dis-
tribution pipeline and formed decanters in 
stages, into the prepared storage area. It in-
cludes the planning of the foundation, the 
installation of a waterproof barrier, the su-
perstructure of the barrier embankment and 
the evacuation organs of underground and 
process water. Based on the classification of 
industrial waste landfills, proposed by the 
USACE (2), based on the size of the storage 
space or the height of the embankment, this 
landfill is classified in the category of medi-
um landfills, on both grounds. The transport 
pipeline from the Thermal Power Plant TPP 
“Kostolac B” to the landfill is about 5 km 
long, while the length of the transport from 
TPP “Kostolac A” to the landfill is about 5.2 
km. In accordance with the project docu-
mentation [5], the development plan for the 
expansion of the ash and slag landfill at SM 
“Ćirikovac”, the newly designed working life 
of the landfill with the expansion of the stor-
age space to about 200 ha is foreseen until 
2031.

The specificity of this space is characterized 
by the unorganized northern slope in order 
to permanently suspend the works while in 
the function of stabilizing the space below 
which ash and slag disposal activities are car-
ried out. Preparation of the terrain above the 
northern slope for the installation of wind 
generators is underway. In any case, this fact 
should initiate activities on the formation of 
the projected final slopes, in order to ensure 
the stability of the foundation for the instal-
lation of the projected objects and the wider 
area as well, the northern slope.



27

D. Milosević, N. Makar, Ž. Prastalo, V. Čolaković, P. Stjepanović, Multiple Utilization of the Internal Landfills  
of the Kostolac Coal Basin in the Function of Repurposing of Landfill Space (23-29)

Figure 3, Projected final contour of SM “Ćirikovac”, 2012 [1]

Legend: 1 - Northern slope of SM “Ćirikovac”;  
2 - Internal landfill - landfill area for disposal of ash and slag.

SURFACE MINE “KLENOVNIK”

Termination of exploitation works, backlog of 
mining works and closure of mine with elemen-
tary consequences of degradation of the area left 
to the influence of natural processes, are a very 
common case in our mining practice. One exam-
ple is the “Klenovnik” Mine, where coal mining 
ceased in 2008. In the area of damaged surfac-
es, the contents of the landscaping of the subject 
area are defined by the current project docu-
mentation. The spatial planning of the area of 
the “Klenovnik” Surface Mine envisages the con-
struction of an Art Colony in the northern part 
of the surface mine. The western part is planned 
for the construction of a Mining Museum and an 
Education and Accommodation Complex. The 
central part of the surface mine envisages the 
construction of a Sports and Recreation Com-
plex. The internal landfill is intended for biologi-
cal recultivation and return of land to its original 
purpose, Figure 4.

The Mining Museum, which is intended as 
an exhibition space where the development 
of mining should be presented, as well as the 
life and work of miners from the beginning 
of mining to the present day, is only one of 
the existing projects, which needs to be im-
plemented in order to utilize existing oppor-
tunities. In the same space, all archival mate-
rials, as well as objects and mining machines, 
which show the period of mining in the area 
of the Kostolac mines, would be exhibited and 
kept. It is necessary to mention that part of 
the equipment is located on the site in ques-
tion and has been partially restored, which 
means that it is necessary to continue with the 
planned activities according to the content of 
the project documentation. In this context, 
in the annual plans, it is necessary to foresee 
capacities for continuous execution of works 
according to project solutions [2]. Installing 
solar panels on a steel substructure, which 
would be a canopy and at the same time sun 
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protection for parked vehicles, is one of the 
solutions. The entire complex is protected by 
a fire protection road. Along with the new-
ly planned railway, the current project doc-
umentation stipulates that the area between 
the parking lot and the square in front of the 
Mining Museum will remain grassed. The 
central open space is the Square in front of 
the museum building, which represents the 
starting point for a visit to the entire site, 
which is also a meeting and gathering place. 
A stepped fountain with a bust of Djordje 
Weifert is planned for the Square itself. An 
Open Amphitheater was designed next to the 
Square with the possibility of being covered 
with a removable canopy. There is also a Ge-
ological Column on the Square, as well as an 
Info Panel with detailed explanations of the 
area. The space between the Museum and the 
Education and Accommodation Complex is 
organized as a green area, which is crossed 
by a railway, intended for the restoration of 
the former transport track in a new function, 
i.e. for the transport of tourists from the pier 
on the Danube and the archaeological site - 
Viminacium to the Mining Museum - Kos-
tolac. The green area would be formed as a 
lawn, and the project also provides for pedes-
trian communications, and those that would 
appear over time as alternative directions 
could also fit into the original concept of the 
project. The Accommodation and Education 
Complex represents a great potential for the 
education of the youth, precisely in the place 
where coal has been exploited for decades. In 
addition to an insight into the historical de-
velopment and exhibited machines within the 
Mining Museum and open-air museum ex-
hibits, students who would be accommodated 
within the Accommodation and Education 
Center, would have classrooms and laborato-
ries at their disposal. Large green areas with-
in the Education and Accommodation Com-
plex itself, a gymnasium and playgrounds for 
children, as well as the Sports and Recreation 
Center, which is attached to the location of 
the Education and Accommodation Com-
plex, represent facilities for sports, that is, 
relaxation activities of visitors [2]. It is nec-
essary to point out that when designing each 
of these spaces, care was taken of the existing 

condition in the field, functional and pro-
grammatic requirements, the character of the 
newly planned objects, economy and energy 
efficiency.

By building such complexes, the idea of de-
centralization and unburdening the main 
city centers from content is supported, 
which, according to their theme and con-
nection to a specific area, can be of much 
greater use, with better contents, spatially 
and functionally better organized. In order to 
provide the most complete tourist offers, the 
described projected contents must first of all 
be realized and connected with the contents 
in these areas, i.e. the Archaeological Site of 
Viminacium, the Rukumija Monastery, the 
Art Gallery of Milena Pavlovic-Barili and the 
entire existing tourist potential in the wider 
area of Kostolac. This would create the con-
ditions for new investments, the creation of 
new jobs, more meaningful and better living 
conditions.

The current situation in the energy sector ne-
cessitated the use of available resources, so that 
project documentation for the continuation of 
the exploitation of the remaining coal reserves 
at SM “Klenovnik” is currently underway.

During the preparation of the project documen-
tation for the permanent suspension of works, 
not only legal obligations were taken into ac-
count, but also the need to create conditions for 
the eventual continuation of exploitation. The 
objects and spatial planning envisaged by the 
project solutions were designed on the basis of 
the spatial representation of coal reserves. The 
project solutions provide for the spatial plan-
ning with a very manipulative approach in the 
area of the remaining reserves, which is a very 
important fact from today’s point of view, even 
though to date no activities have been initiated 
according to the valid project documentation. 
In the area where coal exploitation would con-
tinue, objects were designed in order to stabi-
lize the slopes and where the construction of 
stationary objects is not foreseen. In this re-
spect, it is necessary to look at as many aspects 
as possible when creating project solutions in 
order to achieve high-quality long-term plans.
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Figure 4, Projected content for SM “Klenovnik”, 2013 [9]

Legend: 1 - Lookout; 2 - Sports grounds; 3 - Tracks for BMX and motocross; 4 - Accumulation lakes; 5 - Agricultural areas;  
6 - Orchards; 7 - Forest; 8 - Grassy areas; 9 - Accommodation and Education Complex; 10 - Parking lot; 11 - Mining Mu-

seum; 12 - Recreational meadows; 13 - Green areas left to natural development; 14 - Sports grounds; 15 - Art Colony.

SUMMARY

The main objective of creating conceptual 
solutions is to present the analyzed de ve lop -
ment possibilities with accompanying effects. 
On the basis of input parameters, such solu-
tions should be combined with synthesized 
research carried out and project solutions for 
the purpose of industrial and economic de-
velopment. The design of degraded areas is 
defined in accordance with the surrounding 
conditions of nature, the requirements of im-
proving and preserving the quality of the en-
vironment and safety in the form of reducing 
risks and damages.

The center of gravity of planned project ac-
tivities must be oriented at the area of the 
mining basin. It should be emphasized that 
project solutions based on a longer period of 

time, which refers to the state of works at the 
end of exploitation with the intended concept 
and adopted solutions, must be carried out or 
harmonized with the existing project documen-
tation and development strategy. Applicable 
solutions for the spatial planning in the zones 
of influence of large mining and energy systems 
can be provided through the creation and adop-
tion of temporary plans as well as spatial plans 
for narrower spatial entities, such as the open pit 
zone or the energy complex as a whole.

In the zone of influence of production systems, 
project solutions should synthesize a whole set 
of phenomena and relationships in order to mit-
igate the consequences of surface coal exploita-
tion and conceptually harmonized with the de-
velopment plans of mining and energy systems, 
as well as with the plans of local communities, 
plans of other economic organizations.



5

Summary: The mining wealth of Kosovo and Metohija is a real, strategically significant capital with value grow-
ing due to the high and ever-increasing exhaustion of mineral resources in Europe and beyond. Evaluation of the 
mineral and raw material complex of Kosovo and Metohija is multifaceted, highly demanding, cannot be reduced 
only to indicators such as reserves, the content of useful components in ore or its current market value, without 
considering all the determining parameters. The paper is devoted to the mining resources of Kosovo and Metohija 
and their exploitation, primarily vast reserves of coal suitable for open-pit mining, poyiminerals of non-ferrous and 
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Сажетак: Рудно богатство Косова и Метохије је реалан, стратешки значајан капитал чија вредност расте 
због високе и све веће исцрпености минералних ресурса у Европи и шире. Вредновање минерално-сировинског 
комплекса Косова и Метохије је вишезначно, веома захтевно, не може се упрошћено сводити само на показа-
теље као што су резерве, садржаји корисних компоненти у руди или њена тренутна тржишна вредност, без 
сагледавања свих опредељујућих параметара. Рад је посвећен рудним ресурсима Косова и Метохије и њиховој 
експлоатацији, пре свега то су велике резерве угља повољне за површинску експлоатацију, полиминерале руде 
обојених и племенитих метала, неметаличне минералне сировине и термоминерале воде.  
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УВОД

Рудно богатство је међу важним, чак кључно 
важним данашњим питањима везаним за Косо-
во и Метохију. Расправе и текстови у јавности о 
рудном богатству Косова и Метохије оптереће-
ни су непровереним и непоузданим подаци-
ма, противречним оценама генерисаним више 
емоцијама мање стручношћу, погрешним при-
ступима и непознавањем минерално-сировин-
ског комплекса, статичким посматрањем њене 
потенцијалности, конструкцијом „аргумената“ 

INTRODUCTION

Mineral wealth is one of the most important, even 
crucial current issues related to Kosovo and Meto-
hija. Discussions and publications about the min-
eral wealth of Kosovo and Metohija are burdened 
with unverified and unreliable data, contradictory 
estimates made more emotionally and less expertly, 
wrong approaches and lack of knowledge about the 
mineral and raw material complex, static observa-
tion of its potentiality, construction of “arguments” 
by counting closed and active mines, their capaci-
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Causal consequences of performing works that 
are not in accordance with project solutions are 
based on several grounds:

– Short-term analysis of the development 
strategy and planning intentions,

– Insufficient communication of expert 
opinions of the engineering staff from the 
field of the production sector with the 
project team,

– Non-compliance of project documentation 
with the situation in the field,

– Repurposing of degraded spaces, etc.

CONCLUSION

The disorganization and neglect of degraded 
areas are often the result of the unprofessional 
attitude of professional managers on the one 
hand and the passivity of local communities 
on the other. These are just some of the causes 
that prevent the application of verified pro-
ject solutions. In this respect, it is necessary 
to initiate activities on the rehabilitation of all 
neglected areas, which were left to their nat-
ural existence after industrial use. Permanent 
stabilization, spatial planning and matching 
with the landscape features of the surround-
ing terrain precedes the establishment of eco-
logical balance.

Expert opinions and solutions must in any 
case be the starting point for the development 
of project solutions, which as such should be 
carried out according to the plan and pro-
gram defined by the Projected Task and im-
plemented within the project documentation. 
All changes and deviations must be complet-
ed with implemented solutions based on the 
preservation of the working and living envi-
ronment.
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ни су непровереним и непоузданим подаци-
ма, противречним оценама генерисаним више 
емоцијама мање стручношћу, погрешним при-
ступима и непознавањем минерално-сировин-
ског комплекса, статичким посматрањем њене 
потенцијалности, конструкцијом „аргумената“ 

INTRODUCTION

Mineral wealth is one of the most important, even 
crucial current issues related to Kosovo and Meto-
hija. Discussions and publications about the min-
eral wealth of Kosovo and Metohija are burdened 
with unverified and unreliable data, contradictory 
estimates made more emotionally and less expertly, 
wrong approaches and lack of knowledge about the 
mineral and raw material complex, static observa-
tion of its potentiality, construction of “arguments” 
by counting closed and active mines, their capaci-
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INTRODUCTION

Kovin coal mine and deposit are located on the 
Danube River coast, at a distance of approxi-

mately 10 km downstream and approximately 
20 km by land roads (across the place Gaj) from 
the town of Kovin. The coal deposit “Kovin“ 
consists of 2 coal fields: “A“ and “B“, Figure 1.

Figure 1, Coal fields “A” and “B” of Kovin’s deposit

Legend:1 - Existing, approved exploitation field of Kovin mine;  
2 - Current state of mining operations.
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Underwater exploitation of coal and associ-
ated sediments (sand and gravel) on Kovin’s 
deposit has been taking place since 1992, in 
the southeastern part of Field “A”, within the 
approved exploitation field (contour 1 in Fig-
ure 1).

During the construction and development of 
Kovin mine, the facilities necessary for the ex-
ploitation and functioning of the mine were 
constructed: navigable and terrestrial roads, 
electric network, hydrant network, coal pro-
cessing plant, coal and gravel loading plant in 
barges, coal settling basin and others.

According to the current Main Mining Project 
(MI, 2018), exploitation works within the ap-
proved exploitation field, with an annual pro-
duction of mine of 400.000 t of open-pit coal 
(250.000 t of commercial one) have been pro-
jected by mid-2024.

At Kovin mine, during 2019, a plan for the de-
velopment of the mine and the extension of ex-
ploitation boundaries were started.

As the first strategic task, the extension of the 
boundaries of the existing exploitation field in 
the 500 m wide belt is defined, in the manner 
envisaged by the Law on Mining and Geologi-
cal Surveys.

EXPANDING EXPLOITATION FIELD  
AND MINEBOUNDARIES

In order to define expanding the boundaries of 
exploitation, Mining Institute Belgrade in 2019 
designed a “Study of the Expanding the Exist-
ing Exploitation Field of Kovin Mine within the 
Coal Field “A” of Kovin deposit.”

By analyzing possible directions of exploitation 
operation development, by Study the concept of 
expanding the existing exploitation field within 
field A, in the north direction was selected.

Expanding the exploitation field was prevent-
ed in the east and south directions, due to the 
coal pinch-out on the east side and the safety 
distances from the international Danube wa-
terway on the south side (Figure 2).

Figure 2, Expanding the Exploitation Field and Open-pit of Kovin Mine

Legend: 1 - Approved exploitation field; 2 - Designed contour of mine in 2024, 2a (2b) of the mine roads;  
3 – Danube defensive embankment, 3a pumping station „Malo Bavanište“; 4 - Boundaries of the field „A“;  

5 - Extended contour of the exploitation field; 6 - Expending the underwater mine, 6a (6b) of the new mine roads;  
7 - New route of the defensive embankment.
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Expanding the exploitation field in the west 
and southwest direction is excluded, because 
it is estimated that the economic effects of ex-
ploitation in these zones would be unfavorable 
for the following reasons:

– Layer of coal in the Kovin’s deposit at great-
er depths than the maximum digging depth 
of the of Kovin dredger (> 45m) and expen-
sive and uncertain reconstruction of the 
excavator, as well as;

– High cost of moving the pumping station 
„Malo Bavanište“.

Expanding (5 in Figure 2) the contour of the ap-
proved exploitation field by 500 m northwards, 

from the west side to the pumping station (3a) 
and from the east side to the boundaries of the 
field A (4), enables expanding the mine (6) on 
area of P = 154.5 ha.

MASS BALANCES, OVERBURDEN  
COEFFICIENT AND EXPLOITATION  
LIFE IN THE NEW CONTOUR

Within the expending the exploitation field 
of Kovin mine in the north direction and the 
expanded contour of the mine, the quanti-
ties of individual sediments were calculated, 
from the surface of the terrain to the level k 
+ 25.

Table 1, Coal reserves and Associated Sediments of  Kovin Deposit, in Expanding the Exploitation Field

Sediments Geological reserves 
(m3)

Feasible reserves (m3)
(m3)

Exploitation reserves

(t)

Overburden

Sand (s1) 11.907.900

Gravel (g) 18.891.500 17.946.900

Sand (s2) 5.037.200

∑ 35.836.600 35.836.600

Coal (c) 12.775.700 12.762.300 12.124.200 14.306.500

The middle coefficient of the overburden 
(with gravel in overburden which is partially 
launched on the market) in the expanded 
contour of the mine is:

KO =  = 2,5 m³/t

Working life of the mine in the planned 
expansion of the exploitation field of Kovin 
mine (from the middle of 2024) is:

T =  = 35,8 years.

REQUIRED INVESTMENT WORKS  
AS A CONDITION FOR EXPANDING  
THE EXPLOITATION FIELD

For the planned expansion of the existing ex-
ploitation field of Kovin mine, 500 m north-
wards, it is necessary to provide financial re-
sources to create conditions for undisturbed 

underwater exploitation, while at the same time 
to protect agricultural land outside the exploita-
tion field from the high water of the Danube.

Necessary investment activities are:

– Purchase of 240 ha arable land and 30 
buildings of different purposes on the 
planned area;

– Rationalization and significant shortening 
of land and navigable mine roads: the land 
roads instead of the current route around 
the contour of the mine, will be shortened 
by the construction of an embankment 
across the current waterway; the new wa-
terway will be shortened by opening the 
passage from the lake to the Danube (6a 
and 6b in Figure 2.);

– Relocation (demolition of part of the cur-
rent and construction of a new) defense 
embankment at a length of 3.680 m;
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Summary: The mining wealth of Kosovo and Metohija is a real, strategically significant capital with value grow-
ing due to the high and ever-increasing exhaustion of mineral resources in Europe and beyond. Evaluation of the 
mineral and raw material complex of Kosovo and Metohija is multifaceted, highly demanding, cannot be reduced 
only to indicators such as reserves, the content of useful components in ore or its current market value, without 
considering all the determining parameters. The paper is devoted to the mining resources of Kosovo and Metohija 
and their exploitation, primarily vast reserves of coal suitable for open-pit mining, poyiminerals of non-ferrous and 
precious metal ores, non-metallic mineral raw materials and thermal mineral water.
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експлоатацији, пре свега то су велике резерве угља повољне за површинску експлоатацију, полиминерале руде 
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– Interventions in the form of earthwork on 
one part of the canal network of the first 
drainage line, whereby the length of the ca-
nals will not change, as well as the mode of 
operation of the pumping stations.

The estimated investment in the planned in-
vestment works, as a condition for expand-
ing the mine and continued exploitation, is € 
3.770.000.

CONCLUSION

In the continued exploitation in the expand-
ed exploitation field of Kovin mine will not 
change the concept of operation of the Mine, 
the location and function of the constructed 
mining facilities (except roads), as well as so far 
applied technology of underwater coal mining 
and associated sediments.

By expanding the mine and underwater ex-
ploitation in unchanged conditions, the values 
of the environmental impact parameters will be 
retained as well.

After the exploitation is completed, by reculti-
vation of the entire area, development of tour-
ism will be enabled, which includes hunting, 
fishing, water sports and other similar con-
tents.

Economic analysis has shown favorable eco-
nomic effects of continued exploitation in the 
planned expansion of the exploitation field for 
a period of 35,8 years: positive business perfor-
mance in all years, satisfactory liquidity, invest-
ed funds retrieval period of 6 years, etc.

The exploitation conditions, applied technolo-
gies and the effects of exploitation have shown 
that underwater exploitation of coal and gravel 
on Kovin deposit, and in the planned expan-
sion of the exploitation field and mine, in addi-
tion to the necessary large-scale investment ac-
tivities, is a favorable and justified project and 
that it should certainly continue with activities 
that will enable further exploitation on this ex-
tremely favorable part of the deposit.
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Abstract: Rock blasting in surface mining is still the most efficient and cheapest method of extraction large amounts 
of solid mineral raw materials. The energy of explosion is used for the fragmentation of solid rock mass to require 
granulation. In addition to positive effects of rock blasting, there are certain side effects of each blasting process 
which may occur, and these are: ground vibration, flyrock, airblast, toxic and suffocating fumes and dust. Flyrock 
is the uncontrolled propelling of fragments of blasted rocks and represents one of the main sources of material 
damage and harm to people. This paper presents the causes of flyrock, accidents that occurred because of flyrock 
and measures to prevent flyrock during the blasting operation in surface mining.
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INTRODUCTION

Flyrock, also called rock throw, is the uncon-
trolled propelling of rock fragments produced 
in blasting operation and constitutes one 
of the main sources of material damage and 
harm to people [1]. Institute of Makers of Ex-
plosives (IME) has defined flyrock as the rock 
propelled beyond the blast area by the force 
of an explosion [2]. A flyrock related injury 
is sustained when a blast propels rock beyond 
the blast area and it injures someone.

Flyrock from blasting can result from three key 
mechanisms due to lack of confinement of the 
energy in the explosive column. Flyrock can oc-
cur if there is insufficient burden for the hole di-

ameter of a zone of weak rock occurs in the face. 
Figure 1 shows an illustration of each mecha-
nism [3]:

– Face burst: burden conditions usually con-
trol flyrock distances in front of the face;

– Cratering: if the stemming height to hole di-
ameter ratio is too small or the collar rock is 
weak flyrock can be projected in any direc-
tion from a crater at the hole collar;

– Rifling: if there is insufficient stemming 
height of inappropriate stemming materi-
al is used, flyrock at a high trajectory can 
result from rifling   the ejection of stem-
ming material and loose rocks from the 
collar.
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Figure 1, Flyrock mechanisms: a) face burst, b) cratering, c) rifling [3]

CAUSES OF FLYROCK

Generally, flyrock is caused by a mismatch of 
the explosive energy with the geomechanical 
strength of the rock mass surrounding the ex-
plosive charge. Factors responsible for this mis-
match include [4]:

– Abrupt decrease in rock resistance due 
to joint systems, bedding layers, fracture 
planes, geological faults, mud seams, voids, 
localized weakness of the rock mass, etc.

– High explosive concentrations leading to 
localized high energy density;

– Inadequate delay between holes in the same 
row, or between rows;

– Inappropriate blast design;

– Deviation of blast holes from its intended 
direction;

– Improper loading and firing practices, in-
cluding secondary blasting of boulders and 
toe holes.

Primary blasting in surface operations can of-
ten produce boulders too large to be handled 
directly by loading and hauling equipment and 
the crushing plant. Secondary blasting is a com-
mon source of flyrock. To control flyrock, it is 
recommended that the boulders be removed to 
areas where they do not disturb the operation 
[1]. Previously, oversized boulders have been 
broken by blasting with:

– Drilling a hole into the boulder, which will 
be charged and blasted (pop shooting);

– Placing a charge on the surface of the boul-
der and shooting it (plaster shooting).

In order to reduce the risks of flyrock, plaster 
shooting is prohibited. Lately, secondary blast-
ing is increasingly being replaced by hydraulic 
breakers mounted on excavators mostly due to 
flyrock hazards.

THE PREDICTION OF MAXIMUM THROW 
DISTANCE IN FRONT OF A FREE FACE

Lundborg developed semi-empirical formulae 
which were obtained from the research at the 
Swedish Detonic Research Foundation (Sve De 
Fo) [5] for the prediction of maximum throw 
and optimum projectile size of flyrock. For a 
specific charge (powder factor) ≤ 0.2 kg/m3, the 
maximum throw is expressed by:

L = 143 d · ( q – 0.2), (m)    (1)

where: L   Maximum throw (m),
 q   Specific charge (kg/m3),
 d   Hole diameter (in).

The optimum size of the rock thrown is given by:

 = 0.1 · d 2/3 , (m)     (2)

where: - Boulder diameter (m),
 d - Hole diameter (in).
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This introduces the concept that the distance 
that a boulder is thrown depends on momen-
tum (rock size and density) and aerodynamic 
principles (rock shape, smoothness, air resist-
ance), and that a certain spheroidal size (most 
aerodynamic) has optimal momentum and air 
resistance characteristics [3]. 

In an underburdened or understemmed blast-
hole, the optimum sized boulder would be 
thrown a maximum distance of:

Lmax = 260 · d ⅔ , (m)     (3)

The maximum throw and throw of boulders 
at sizes other than the optimum can be deter-
mined from Figure 2.

Figure 2, Maximum throw of boulders [5]

FLYROCK ACCIDENTS

Mine Safety and Health Administration (MSHA) 
accident data reveal [6] that most blasting ac-
cidents in surface and underground mines oc-
cur during scheduled blasting and are due to 
inadequate blast area security. The functional 
task-elements of a blast area security system 
are:

– Estimate the flyrock zone based on shot 
conditions, and add a factor of safety to de-
termine the bounds of the blast area;

– Clear all employees, contractors, and visi-
tors from the blast area;

– Post guards at the access points to prevent 
unauthorized entry;

– Use adequate blasting shelters for employ-
ees whose presence is required in the blast 
area;

– Maintain effective communication with 
guards, mine foreman, and other employ-
ees.

The hazards of surface blasting are primarily 
due to lack of blast area security, flyrock, pre-
mature blast, and misfire [7]. Table 1 illustrates 
the contribution of flyrock and lack of blast 
area security in surface mining operations.

Table 1, Trends in flyrock and lack of blast area security injuries in surface mining, 1978– 98 [8]

Activity or cause
Fatal and nonfatal injuries

1978–81 1982–85 1986– 89 1990– 93 1994– 97 1998 Total
Lack of blast area security 51 28 43 25 17 3 167
Flyrock 26 22 29 24 10 3 114
Total 77 50 72 49 27 6 281

Table 2 shows flyrock - related accidents according to Mine Safety and Health Administration (MSHA) [6].

Table 2, Flyrock - related accidents according to (MSHA) [6]

July 16, 2007.
A mechanic with 20 years of mining experience was fatally injured at a surface mine when he was struck 
by flyrock from blasting operations. The victim and another mechanic had just completed their shift in 
an equipment parking/service area approximately 457.2 m from the area being blasted.

December 4, 
2013.

A 63-year-old lead man with 16 years of experience was killed at a crushed stone mine. The victim initi-
ated a blast and was struck by flyrock from the blast. He was standing 46.6 m from the nearest blast hole 
and was struck by rock as large as 48.3 cm long, 35.6 cm wide and 17.8 cm thick.

January 12, 
2016.

Flyrock left the mine site during a blast and struck the windshield of a pick-up truck traveling by on a 
public road near the mine site. The driver and the passenger both received minor injuries.



38

M. Negovanović, L. Kričak, S. Ignjatović, S. Milanović, J. Marković, N. Simić, R. Šarac, Flyrock Induced by Blasting in Surface Mining (35-41)

Figures 3a and 3b show the external view of 
the residential object and the internal view 
of the restaurant damaged by the flyrocks 
during the blasting accident occurred at an 
andesite quarry in Serbia. The fragments of 
blasted rocks were propelled almost 300 m 
from the centre of blasting causing extensive 
damages to the surrounding objects. A total 

of 4 467 kg of explosives was used. The pa-
rameters of the largest section - blasting sec-
tion II were: bench height 13.6 m, blasthole 
length 15.5 m, sub-drilling 1 m, burden 2.8 
m, spacing between blastholes in a same row 
3 m, spacing between rows 2.8 m, blasthole 
diameter 89 mm, and angle of blastholes 70 
degrees [9].

Figure 3, a) External view of the residential object; and  
b) internal view of the restaurant damaged by the flyrocks [9]

а b

The consequences of the flyrock during this 
blasting operation were material damage to the 
residential and other buildings located near the 
surface mine. Fortunately, there were no hu-
man casualties.

MEASURES TO PREVENT FLYROCK

Flyrock by blasting in surface mining can be 
prevented by the application of certain meas-
ures, including:

– Orient quarry faces away from potentially 
sensitive objects or areas;

– Ensure stemming material and height are 
adequate;

– Choose a sufficient length of burden to re-
duce the possibility of flyrock;

– Take special care when carrying out sec-
ondary blasting to avoid rock throw;

– Cover the rock to be blasted with suitable 
material to control flyrock;

– Ensure the correct delay time of initiation 
systems and the order of initiation;

– Provide the adequate blast area security.

MSHA [6] recommends blasting best practices 
to prevent flyrock induced by blasting:

– Conduct effective workplace examinations. 
Identify all hazards and take action to cor-
rect them;

– Ensure all miners are trained to identify all 
potential hazards and emergency proce-
dures, including evacuation procedures;

– Guard or barricade all access routes to the 
blasting area to prevent the passage of per-
sons or vehicles;

– Clear and remove all persons from the blast 
area unless suitable blasting shelters are 
provided to protect persons from flyrock;

– Consider mine specific conditions and rock 
strata when designing blasts to prevent flyrock;

– Maintain and use all available methods of com-
munication, such as sirens and radios, to warn 
persons of impending blasting operations;

– Use a central blasting system and schedule 
blasting between shifts or on off-shifts when 
no one is present;

– Closely follow mine policies and procedures 
through all phases of the blasting operation.
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ANGLE AND HOLE DEPTH MEASURING 
INSTRUMENT

The latest drill rigs can be equipped with meas-
uring instruments to improve drilling results, 
reduce deviation, prevent flyrock and improve 
overall blasting results. Angle measuring instru-
ment is the electronic angle indication system 
consisting of an angle sensor on the boom and 
feed, sight, and graphic presentation on an LCD 
display [10]. The sight makes it possible to drill 
parallel holes by selecting a reference point be-
fore the first hole is drilled. This reference point 
is then maintained throughout the entire round 
or if the direction of movement is the same.

To maintain control over the drilled depth, drill 
metres and penetration rate, the system is equipped 
with a drilled depth sensor. The drill rig can be 
equipped with one of the following alternatives:

– Angle and depth measurement instruments 
with sight;

– Angle, depth, and laser plane instruments 
with sight.

AUTOMATIC FEED POSITIONING

The automatic feed positioning function avoids 
mistakes during setting of the feed angle and can-
cels out operator error. The operator simply can 
press a button in his cab and hold it until the feed 

is set to the correct angle. Automatic feed posi-
tioning reduces set-up time and ensures parallel 
holes without deviation resulting in better blast-
ing and smoother bench bottoms [11].

HOLE NAVIGATION SYSTEM

Satellite-based Hole Navigation System (HNS) 
[10] for surface drill rigs employs Real Time 
Kinematic (RTK) GPS to improve the position-
ing accuracy of drill rig. There is no need to 
mark out holes, and the accuracy is such that 
all holes can be parallel, or different holes in 
each round can be drilled in a predetermined 
direction, according to the blasting pattern. 
The result is a controllable product, with bet-
ter fragmentation, fewer boulders, without drill 
hole deviation and flyrock.

THE BOREHOLE DEVIATION MEASURE-
MENT SYSTEMS

To improve the accuracy of drilled holes and 
reduce their deviation from designed one, 
borehole deviation measurement systems can 
be used. The borehole deviation measurement 
systems are used for measuring the deviation 
of boreholes drilled in underground mines or 
on the surface in quarries or open-pit mines. 
Figure 4a shows the Boretrak2 [12] borehole 
deviation measurement gyro-based system.

                  

Figure 4, a) The Boretrak2 borehole deviation measurement system, 
b) The Carlson Boretrak software [12]

а b

System enables accurately measurement of 
borehole deviation and effective application 
the data to plan projects safely and in compli-
ance with auditing requirements. System also 

record and visualize 3D data on drilling activ-
ity from ground level or underground site op-
timizing blasting and engineering works. The 
Carlson Boretrak software (shown in Figure 
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4b) can be used to set up the project, import 
hole coordinates, setup design holes, and im-
port third-party data to form a background to 
the collected Boretrak2 data.

Currently, there are many similar borehole de-
viation measurement systems on the market 
such as: The Blasthole Probe Mk3 and Micro 
Probe Mk3 for boreholes from 35 mm diam-
eter [13], Rodded Boretrak and Cabled Bore-
trak borehole deviation measurement systems 
[14], etc.

COVERINGS

Good blast design, generally, is primary meth-
od of avoiding flyrock; however, it often is not 
enough, and the blaster must resort to methods 
of containing the flyrock: (1) covering the field 
with heavy blast mats and (2) backfilling [15]. 
Coverings are all the elements used to cover the 

blasting site to avoid rock throw or any other 
material that could harm people, buildings etc. 
[1].

BLASTING MATS

Blasting mats are used when explosives are det-
onated in places such as quarries or construc-
tion sites to prevent flying rocks, reduce of 
shock wave and noise, suppress dust to protect 
people, structures, or the environment in prox-
imity to the blast site. The most common mate-
rials that are used for making blasting mats are 
strips of old tires held together by steel cables, 
mats woven from manila rope or wire cables or 
conveyor belts. Figures 5 and 6 show blast field 
covered with blasting mats and the initiation 
of blasting charges covered with blasting mats 
produced from the most wear resistant parts of 
recycled truck tires and sewn together with gal-
vanized steel wires.

Figure 5, Blast field covered 
with blasting mats [16]

Figure 6, Initiation of blasting charges covered 
with blasting mats [16]

CONCLUSION 

Flyrock occurs as a mismatch of the distribu-
tion of explosive energy, confinement of the ex-
plosive charge, and mechanical strength of the 
rock. During the blasting operations in rock 
masses where discontinuities in the geology 
and rock structure exist, it is very important to 
properly adjust drilling parameters and blast-
ing design to reduce the chances for flyrock.

The efficiency of the drilling process greatly 
affects the quality of blasting results. During 
drilling process, the hole deviation must be re-

duced to a minimum. All drilling parameters 
regarding the changes in the characteristics of 
rock mass along the entire length of holes need 
to be monitored. Key element to a safe blasting 
operation is good communication especially 
between driller and blasting manager. The ap-
plication of modern drill rigs enables the im-
provement of drilling process.

Before charging, each blast hole needs to be in-
spected. The borehole deviation measurement 
systems are very useful for this purpose. The 
inspection must also be carried out regard-
ing the collapse of the walls of drill holes. The 
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quantities and type of explosives must be se-
lected according to working conditions in the 
blast field. Special attention should be paid to 
the zones of weak rock or reduced burden in 
any part of the bench face. The stemming ma-
terial should be adequately selected, and stem-
ming must be properly made with optimum 
height according to blast design. Proper blast 
design and an effective blasting plan reduce the 
chances for flyrock.

During blasting operation all employees should 
be removed from the blast area to a safe loca-
tion. All entrances to the blast area should be 
securely guarded to prevent inadvertent entry 
of employees or visitors. To control flyrock, 
blast field may be covered with suitable materi-
al. If there is a need for secondary blasting, spe-
cial care should be taken to avoid rock throw. 
It would be desirable to use hydraulic breakers 
mounted on the excavators instead of explo-
sives in fragmentation of boulders.

Training and education of personnel involved 
in blasting operations is very important in pre-
venting flyrock accidents.
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УВОД

Рудно богатство је међу важним, чак кључно 
важним данашњим питањима везаним за Косо-
во и Метохију. Расправе и текстови у јавности о 
рудном богатству Косова и Метохије оптереће-
ни су непровереним и непоузданим подаци-
ма, противречним оценама генерисаним више 
емоцијама мање стручношћу, погрешним при-
ступима и непознавањем минерално-сировин-
ског комплекса, статичким посматрањем њене 
потенцијалности, конструкцијом „аргумената“ 

INTRODUCTION

Mineral wealth is one of the most important, even 
crucial current issues related to Kosovo and Meto-
hija. Discussions and publications about the min-
eral wealth of Kosovo and Metohija are burdened 
with unverified and unreliable data, contradictory 
estimates made more emotionally and less expertly, 
wrong approaches and lack of knowledge about the 
mineral and raw material complex, static observa-
tion of its potentiality, construction of “arguments” 
by counting closed and active mines, their capaci-
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Abstract: Achieved operating parameters are the main indicator of the work quality and selection of mining 
machines. The effectiveness of a coal mine is correlated with the availability of basic and auxiliary machines. The 
main task of auxiliary machines in lignite mines is to achieve optimal working conditions. From an economic point 
of view, auxiliary machines generate up to 20% of the lignite mines’ total costs. These are the primary reasons for 
analyzing their current work and making decisions in the selection of equipment. In this paper, a method based on 
fuzzy theory was used for analyzing the archived operating data of machines. A case study was done on pipelayers 
as one of the most used machines. 

Key words: QUALITY OF SERVICE, FUZZY THEORY, MINING MACHINES

INTRODUCTION

Mining machines on open-cast lignite mines 
consist of basic and auxiliary machines. Basic 
machines are bucket wheel excavators, bucket 
chain excavators, belt conveyers, and spreaders, 
while auxiliary machines are hydraulic excava-
tors, dragline excavators, dozers, pipelayers, 
wheel loaders, etc. The operation of auxiliary 
machines directly affects the operation of the 
basic machines, as it provides optimal work-
ing conditions which is a requirement for ad-
equate time and capacity utilization of basic 
machines. This ensures a high level of safety for 
people and equipment and uninterrupted work 
[1]. The activities performed by pipelayers on 
lignite mines are moving the belt conveyor, as-
sembly and disassembly of conveyor elements, 

lifting works, drainage works, pulling other 
machines, etc.

The procedure of machine evaluation consists 
of two steps. In the first step, it is necessary to 
choose the overall indicator (OI) that describes 
the quality of the service of the engineering sys-
tem (ES) and defines its structure. In the second 
step, it is necessary to choose a mathematical 
and conceptual model that has a join charac-
ter and that will follow the structure of OI. In 
the papers [1-3] dependability and availability 
as OI concepts were used for the evaluation of 
ES. Effectiveness was used by different authors 
[4] as an OI concept. By standards [2, 3], OI is 
usually contained of reliability, maintainability, 
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supportability, and functionality. For specific 
ES, it is often necessary to define specific par-
tial parameters (PP) to obtain usable OI. This 
paper presents a model for the evaluation of 
the working parameters of pipelayers to define 
operational and maintenance ability as equiva-
lent to service quality. PP are average working 
hours (WH), average numbers of failures (AF), 
technical availability (TA), and total work-
ing cost (TC) [5]. In this paper, the umbrella 
term that synthesized mentioned parameters is 
named serviceability (SP). Selection of the pa-
rameters was made according to the experience 
of employees and accessibility of the service 
documentation. Considering that the parame-
ters are mostly uncertain, imprecise, multiplic-
ity, and difficult to measure, it is suitable to use 
fuzzy sets to identify them [6]. For their com-
position at the level of OI, fuzzy logical infer-
ence and fuzzy composition are used.

Three different types of pipelayers that op-
erate under similar conditions at Electric 
Power Industry of Serbia (EPS) lignite mines 
are analyzed. For the optimal evaluation, a 
new fuzzy model (FM) was developed. The 
model is designed to provide a comparative 
analysis of different machines. It can be a 
useful tool for company managers to opti-
mize future purchases according to specific 
conditions.

DEVELOPMENT OF FUZZY INFERENCE 
MODEL FOR EVALUATION OF ES

FM contains a fuzzy proposition of PP, their 
composition to the level of SP, and identifica-
tions. The concept of the model can be present-
ed as an algorithm (Figure 1). The elements of 
the algorithm are explained below.

Figure 1, Algorithm of the fuzzy inference model

In the proposition procedure, five fuzzy sets 
(‘A’ to ‘E’) are defined as grades of quality of 
parameters, where ‘A’ grade represent a high 
quality of service and ‘E’ is the opposite. The 
used fuzzy sets (FS) in the model are a com-
bination of trapezoidal and triangular shapes. 
Figure 2 shows that the first (‘A’) and last (‘E’) 
fuzzy sets are trapezoidal sets, while the others 
are triangular. FS (1) are defined according to 
values of the membership function μ (where μ 

= 0 to 1) and class j as a measure of mentioned 
quality (where j = 1 to n = 7):

     (1)

The value of the j-scale in this model represents 
the units of measurement for the machine’s 
operating parameters (working hours, number 
of failures, €/wh) [5]. The PP are displayed as 
numerical values on the j-scale. Membership 
functions of those fuzzy sets are:
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Figure 2, Fuzzy sets [7]

The data representing PP, which are used in the FM are in 
numerical form. Тhey were obtained based on monitoring 
the operation of machines and appropriate technical 
documentation. Data used in the model must be converted 
into a fuzzy form through a process of fuzzification [4, 
7]. Figure 2 shows an example where the numerical data 
(number х) is mapped in the fuzzy number X (2):

      (2)

In the next step, it is neces-
sary to form a composition to 
combine the PP of the analysis. 
This paper uses the max-min 
model of composition [1, 3, 
4, 7, 8], also called the pessi-
mistic composition. The best 
solution can be found from the 
set of the worst combination of 
outcomes in this model. The 
max-min model identifies the 
best solution from the set of 
the worst combination of out-
comes (3). This type of com-
position is used for phenome-
na where a positive outcome is 
expected, as are: dependability, 
availability, and effectiveness 
[1, 3, 4, 7, 8].

       (3)

The analysis observes 4 PP 
(WH, AF, TA, TC). The synthe-
sis parameter is represented as 
the Fuzzy composition of the 
PP is denoted by SP. The out-
come (4) defines each combi-
nation (c) of the screening com-
position model as:

 (4)

CASE STUDY – PIPELAYERS  
EVALUATION

The total number of machines that are ana-
lyzed (three manufacturers) is 32. Operational 
(partial) parameters required for the analysis 

of EPS pipelayers are presented in Table 1. For 
each PP in the analysis are given preference 
(MIN/MAX), overall minimal and maximal 
calculated values for all machines, and calcu-
lated average value for each machine according 
to the particular PP.

Table 1. Data for analysis, referent values

Type of machine WH, hours AF, per years TA, 0 … 1 TC, €/mh

Preferences MAX MIN MAX MIN

Overall minimum 705 2.32 0.6293 56.45

Overall maximum 2121 8.08 0.9824 87.59

Dressta TD25 CS-3 1085 5.98 0.8106 63.55

Liebherr RL52 1305 4.37 0.8810 82.46

Dressta SB60 1501 5.11 0.8550 68.83



46

S. Đenadić, M. Tanasijević, F. Miletić, P. Jovančić, Application of the Fuzzy Theory in the Evaluation of Operating Parameters of Auxiliary Mechanization  
on Open-Cast Coal Mine, Case Study: Pipelayers (43-48)

The operational parameters are mapped into the 
µ - j coordinate system (Figure 1). Classes ј=1 
and ј=7 are defined according to the maximum 
and minimum measured values for all machines. 
Due to the complexity of the calculation, only a 
representative example (Liebherr RL52) of the 
calculation will be given, while the results of the 
analysis for other machines will be shown in Table 
2. In the mentioned example the layout of the 
scale with the associated membership functions 

(μWH(C) = 0.54 and μWH(D) = 0.46) is given in Figure 
3. The same principle was used for all machines 
and parameters. The data for the Liebherr RL52 
machine is a representative example shown in 
Figures 3-6. Membership function of Fuzzy sets 
for Liebherr RL52 pipelayer takes the following 
form: µWH RL52 = (0/’A’, 0/’B’, 0.54/’C’, 0.46/’D’, 
0/’E’); µAF RL52 = (0.12/’A’, 0.88/’B’, 0/’C’, 0/’D’, 
0/’E’); µTA RL52 = (0.29/’A’, 0.71/’B’, 0/’C’, 0/’D’, 
0/’E’); µTC RL52 = (0/’A’, 0/’B’, 0/’C’, 1.0/’D’, 0/’E’);

Figure 3, Fuzzy sets for parameter WH  
(for RL52)

Figure 4, Fuzzy sets for parameter AF  
(for RL52)

Figure 5, Fuzzy sets for parameter TA  
(for RL52)

Figure 6, Fuzzy sets for parameter TC  
(for RL52)

Finally, defined membership functions are fuzzificated in the form (1). For the mentioned example: 

The next step is a fuzzy composition of the 
fuzzy relations. The number of combinations 
that need to be formed is C = 74 =2401. For each 
combination for which every μ ≠ 0 outcomes Jc (4) 
is calculated. Further, seek the minimum value 
of membership functions among outcomes; and 
finally, outcomes are grouped by value Jc. The 
final expression for the machine Liebherr RL52 
membership function can be presented as:

To obtain a final grade, it is necessary to 
carry out the process of identification with 
„best-fit“ method, where the membership 
function μ depends on j-scale returns in the 
form that is related to FS as an exponent of 
quality of service. This method is generally 
accepted [1, 3, 4, 7, 8] for mapping numerical 
values (j-scale) into linguistic ones (FS). The 
mentioned example of the calculation is given 
below, while the results for all machines are 
presented in Table 2.

       where: ’A’ – high, ’B’ – good, ’C’ – medium, ’D’ – adequate, and ’E’ – low quality of service.
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Table 2, Final results

Manufacturer Type ’A’ ’B’ ’C’ ’D’ ’E’ Rang

Liebherr RL52 0.12696 0.21938 0.35986 0.16684 0.12696 2

Dressta SB60 0.12831 0.31203 0.26580 0.16556 0.12830 1

Dressta TD25 CS-3 0.12437 0.18350 0.34455 0.22320 0.12438 3

evaluated machine is Dressta SB60, followed by 
Liebherr RL52 and the lowest rated machine is 
Dressta TD25 CS-3. The diagram shows the 
structure of the results as well as the values 
calculated by the process of defuzzification.

For a more precise comparative analysis of 
these machines, it is necessary to defazzificate 
the obtained results by the center of the mass 
point calculation [1, 7, 8]. Results are presented 
in Figure 6. It can be observed that the best-

Figure 6, Results of the analysis

CONCLUSION

Pipelayers are auxiliary machines that provide 
adequate working conditions for basic mining 
machines. The lifetime of these machines is 
usually several times shorter than the lifetime 
of the mine. That indicates that investment in 
the purchase is more frequent. The decisions 
must be supported by adequate evaluations and 
analysis.

This paper is presented a detailed assessment of 
the chosen pipelayers’ working parameters and 
the model for their composition in one overall. 
The conceptual model is based on the fuzzy 
inference concept with fuzzification of the 
input numerical data. Three types of pipelayers 
with observed input data are analyzed in this 
case study. The most serviceable pipelayer for 
the specific conditions is selected based on the 
results of the analysis.
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hija. Discussions and publications about the min-
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with unverified and unreliable data, contradictory 
estimates made more emotionally and less expertly, 
wrong approaches and lack of knowledge about the 
mineral and raw material complex, static observa-
tion of its potentiality, construction of “arguments” 
by counting closed and active mines, their capaci-
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SHORT HISTORY

Gold has always fascinated people, enriching 
some or ruining others, provoking wars or facil-
itating alliances, and leading to the rise of some 
empires or the disappearance of others. It has 
been so present in human life that it is mentioned 
417 times in 189 verses of Holy Scripture, begin-
ning with Genesis 2:11 and ending with Revela-
tion 21:18. It was one of the three gifts that the 
Magi gave to Baby Jesus, along with myrrh and 
frankincense: gold like a king, incense like a God, 
and myrrh like a man who was to die and be em-
balmed. U.S. researchers, whose professional in-
tegrity cannot be questioned, say there is evidence 
of the use of gold as early as 6,000 years ago, citing 
the following more important data [1]:

– 4000 B.C. A culture, centered in what is to-
day Eastern Europe, begins to use gold to 
fashion decorative objects. The gold was 
probably mined in the Transylvanian Alps 
or the Mount Pangaion area in Thrace. 

– 3000 B.C. The Sumer civilization of south-
ern Iraq uses gold to create a wide range of 

Abstract: The work presents a brief history of Bronze Age gold to the Middle Ages, as well as its properties, minerals 
and gold deposits and the world’s major reserves.

Key words: GOLD, PROPERTIES, MINERALS, DEPOSITS

jewelry, often using sophisticated and var-
ied styles still worn today. 

– 2500 B.C. Gold jewelry is buried in the 
Tomb of Djer, king of the First Egyptian 
Dynasty, at Abydos, Egypt. 

– 1500 B.C. The immense gold-bearing re-
gions of Nubia make Egypt a wealthy 
nation, as gold becomes the recognized 
standard medium of exchange for interna-
tional trade. The Shekel, a coin originally 
weighing 11.3 grams of gold, becomes a 
standard unit of measure in the Middle 
East. It contained a naturally occurring al-
loy called electrum that was approximately 
two-thirds gold and one-third silver.

– 1350 B.C. The Babylonians begin to use fire 
assay to test the purity of gold. 

– 1200 B.C. The Egyptians master the art 
of beating gold into leaf to extend its use, 
as well as alloying it with other metals for 
hardness and color variations. They also 
start casting gold using the lost-wax tech-
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nique that today is still at the heart of jew-
elry making. Unshorn sheepskin is used to 
recover gold dust from river sands on the 
eastern shores of the Black Sea. After slucing 
the sands through the sheepskins, they are 
dried and shaken out to dislodge the gold 
particles. The practice is most likely the in-
spiration for the „Golden Fleece”. 

– 1091 B.C. Little squares of gold are legal-
ized in China as a form of money.

– 560 B.C. The first coins made purely from 
gold are minted in Lydia, Asia Minor. 

– 344 B.C. Alexander the Great crosses the 
Hellespont with 40,000 men, beginning 
one of the most extraordinary campaigns 
in military history and seizing vast quanti-
ties of gold from the Persian Empire. 

– 300 B.C. Greeks and Jews of ancient Al-
exandria begin to practice alchemy, the 
quest of turning base metals into gold. 
The search reaches its pinnacle from the 
late Dark Ages through the Renaissance. 
218–202 B.C. During the second Punic 
War with Carthage, the Romans gain ac-
cess to the gold mining region of Spain and 
recover gold through stream gravels and 
hard rock mining. 58 B.C. After a victori-
ous campaign in Gaul, Julius Caesar brings 
back enough gold to give 200 coins to each 
of his soldiers and repay all of Rome’s debts. 

– 50 B.C. Romans begin issuing a gold coin 
called the Aureus. 

– 476 A.D. The Goths depose Emperor Augus-
tus, marking the fall of the Roman Empire.

– 600–699 A.D. The Byzantine Empire re-
sumes gold mining in central Europe and 
France, an area untouched since the fall of 
the Roman Empire.

– 742–814 A.D. Charlemagne overruns the 
Avars and plunders their vast quantities 
of gold, making it possible for him to take 
control over much of Western Europe.

– 1066 A.D. With the Norman Conquest, a 
metallic currency standard is finally re-es-
tablished in Great Britain with the intro-
duction of a system of pounds, shillings, 
and pence. The pound is literally a pound 
of sterling silver. 

– 1250–1299 A.D. Marco Polo writes of his 
travels to the Far East, where the „gold 
wealth was almost unlimited”. 

– 1284 A.D. Venice introduces the gold Duc-
at, which soon becomes the most popular 
coin in the world and remains so for more 
than five centuries. 

– 1284 A.D. Great Britain issues its first ma-
jor gold coin, the Florin. This is followed 
shortly by the Noble, and later by the An-
gel, Crown, and Guinea. 

– 1377 A.D. Great Britain shifts to a mone-
tary system based on gold and silver. 1511 
A.D. King Ferdinand of Spain says to ex-
plorers, “Get gold, humanely if you can, but 
all hazards, get gold,” launching massive ex-
peditions to the newly discovered lands of 
the Western Hemisphere.

PROPERTIES OF GOLD

Gold was one of the first metals used by man, 
along with copper, the name being given by 
the Romans (aurum), where aura means gold, 
brightness or light. It has a bright yellow col-
our, warm and pleasant, being the most mal-
leable and ductile of all metals. So malleable 
that a 1 m2 semi-transparent sheet can be beat-
en from a gram of gold and so ductile that it 
can be pulled into extremely small thick wires. 
It is a good conductor of heat and electricity, 
melts at 1,064°C, boils at 2,970°C and has a 
density of 19.30 g/cm3, close to that of tung-
sten (19.25). As a result, tungsten was used to 
counterfeit gold, by plating it with noble metal 
or by drilling a gold ingot and plugging the 
hole with a tungsten rod. As a miscellaneous 
fact, of all metals, the lowest density is lithium 
(0.53 g/cm3) and the highest is osmium (22.59 
g/cm3).

Like all metals, solid gold has a crystalline 
structure, meaning that its atoms are distrib-
uted in the nodes of an elementary crystal cell 
called a cubic lattice with cantered faces. This 
network consists of 14 atoms, of which 8 in the 
corners of the elementary cell and 6 in the can-
ters of the faces of the cube. The density of the 
atoms in the network is 75% (Figure 1).
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Figure 1, Crystal lattice of gold

Gold is resistant to the oxidizing and corro-
sive action of most chemicals, being attacked 
only by royal water, a mixture of nitric acid 
and hydrochloric acid, in a volume ratio of 
1: 3. It is insoluble in nitric acid, which dis-
solves silver and base metals, a property used 
for refining gold and confirming it in various 
metal objects (acid test). It dissolves in alka-
line sodium cyanide solutions, a property on 
which its extraction from poor ores is based 
by the cyanide process, invented in 1887 in 
Glasgow, which ensures an extraction yield of 
97%. Also based on this property is the coat-
ing of metal objects with a thin layer of gold, 
through the electrochemical galvanizing pro-
cess. Based on this method, some workers in 
the electrolytic refining sectors of gold during 
communism in our country have subtilized 
significant amounts of noble metal through a 
simple disarming trick. The operator only had 
to own a gold cigarette case, which he declared 
at the entrance in exchange, then tied it to the 
cathode of the electrolysis tank. A layer of 24 
carat gold was quickly deposited on the cigar 
case. No one weighed the tobacconists at the 
entrance or exit of the exchange, so modern 
holoangars only had to turn to complicit jew-
ellers to supply them with other tobacconists. 
This object was used because it had a larger 
volume and mass than jewellery, less worn by 
men. Gold dissolves in mercury, forming a sol-
id solution called amalgam, which is an older 
extraction process with an extraction yield of 
60–75%. The amalgam is heated in a retort, 
the mercury is evaporated and a spongy ma-
terial containing gold and silver, called burnt 
gold, is obtained.

The mechanical properties of gold are weak 
except for plasticity. Instead, the technological 
ones are goods, it can be processed by casting, 
plastic deformation and light gluing, using cop-
per or silver, and as a protective flux borax.

GOLD MINERALS AND DEPOSITS

Gold is found in the earth’s crust, especially in 
its native state, but also in the form of combina-
tions with silver, platinum and tellurium. The 
main minerals of gold are:

– Calavera (AuTe2): Au – 43,6%, Te – 56,4%, 
Ag – 1%.

– Silvanit [(AuAg)2Te4]: Au – 34,37%, Ag – 
6,27%, Te – 59,36%.

– Nagyágit [Pb3(PbSb)3S6(AuTe)3]: Au – 8,18%, 
Te – 15,89%, 

– Sb – 5,06%, Pb – 60,22%, S – 10,65%. 

– Krennerit (Au3AgTe8): Au – 34,37%, Ag – 
6,27%, Te – 59,36%. 

– Petzit (Ag3AuTe2)  : Au – 25,38%, Ag – 
41,71%, Te – 32,90%.

All these minerals were discovered in the sec. 
XIX in the Săcărâmb gold deposit, except for 
the calavera that was highlighted in 1861 in the 
Calaveras region of California. The silvanite 
was discovered in 1835 by the Swiss geogra-
pher and crystallographer Lois Necker de Saus-
sure, the petzite in 1842 by the Austrian chem-
ist Wilhelm Petz, the nagyágite in 1845 by the 
Austrian naturalist Franz Müller, and the kren-
nerite in 1848 by the Hungarian mineralogist 
Joseph Krenner.

Two types of deposits are known to contain 
significant amounts of gold, namely primary 
deposits and secondary deposits. The primary 
deposits are of hydrothermal origin, being asso-
ciated with quartz and pyrite (stupid gold!) and 
are presented in the form of veins or as gold scat-
tered in rocks. They were formed by the crystal-
lization of hot solutions produced in the process 
of cooling magma from inside the Earth.

The secondary deposits were formed by the 
erosion in the superficial area of   the terrestrial 
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crust of the filonian or disseminated type de-
posits, accumulating in the sedimentary de-
posits at the level of the alluvial terraces or in 
the sediments at the bottom of the rivers and 
seas. In addition to gold, there are other met-
als or precious stones in these alluvial depos-
its with densities higher than those of quartz 
(2.65) with which they are associated: urani-

um, thorium, tin, zirconium, titanium, ruby, 
sapphire and diamond. As with other useful 
substances, these alluvial accumulations be-
come ore deposits. The alluvial deposits found 
along the watercourses were the main sources 
of gold in antiquity for Egypt, Mesopotamia, 
Lydia (today in Turkey), Persia, India and 
China.

Figure 2, Formation of an alluvial deposit

Experts estimate that the world’s gold reserves 
are currently about 50,000 tons, of which almost 
70% are located in 10 countries (Figure  3, Table 
1). In Romania, the gold mines were closed, as 
unprofitable, in 2006, but in the basement of the 
country there are still important reserves in the 
Gold Quadrangle of the Apuseni Mountains 
and in the Baia Mare mining basin. In the 
absence of official data, it is difficult to assess 
the gold reserve left in the basement, which is 
certainly quite significant.

In Romania, about 2,070 tons of gold were 
extracted over time, as follows: pre-Roman 
period (before 106 A.D.) 10%; Roman period 
(106-270) 24%; the Middle Ages (270-
1492) 24%; period of the Austro-Hungarian 
Empire (1492-1918) 27%; the interwar 
period (1918-1945) 4%; the communist 
period (1945-1989) 9%; post-communist 
period (1989-2006) 2%.

Figure 3, The world’s major gold reserves
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Table 1, The world’s major gold reserves

No. crt. Country Reserves, t No. crt. Country Reserves, t
1. Australia 10.000 6. Brazil 2.400
2. Russia 5.300 7. Peru 2.100
3. South Africa 3.200 8. China 2.000
4. USA 3.000 9. Canada 1.900
5. Indonesia 2.600 10. Uzbekistan 1.800

GOLD ALLOYS

Because gold is too soft to withstand long-term 
use, it is alloyed with other metals to increase 
hardness and wear resistance. Also, the alloying 
elements lead to a variety of shades or colors. 

The amount of gold in an alloy equal to 24th 
of the total mass is called the carat. So 24 carat 
gold is pure gold (Table 1).

Table 1, Gold content in a carat

Carats 24 22 20 18 16 14 12 10 8 6 4 2 0

% Au 99,99 91,67 83,34 75,01 66,68 58,35 50,02 41,69 33,36 25,03 16,7 8,37 0

Thousandths 999 917 833 750 667 584 500 417 337 250 167 84 0

Silver and copper are the main metals with 
which gold is alloyed, but it can also be alloyed 
with platinum, nickel, zinc, manganese and 
palladium, obtaining alloys with different 
destinations, properties and colors. Only 24 
and 18 carat alloys are recognized as universal. 
The others are considered to be specific to 
the culture of certain countries or regions of 
the world, as follows: They have 22k - UK, 
Asia; Au 20k - Asia; They have 15k (625 ‰) - 
Great Britain, Australia, New Zealand; Au 14k 
- Europe, Asia, USA, Turkey; At 12 k - USA, 
South Africa; Au 10k - USA, South Africa; Au 
9k (375 ‰) - Europe, Australia, New Zealand; 
Au 8k - Germany.

GOLD ALLOYS FOR JEWELRY

Pure gold cannot be used in the manufacture 
of jewelry, having a very high malleability. 
To increase the hardness and resistance to 
breakage and wear, it is especially alloyed with 
copper and silver, but also with zinc, iron or 
aluminum. The first jewelry made of gold 
and silver alloys appeared in ancient and then 
pre-Columbian civilizations. Today, most 

gold jewelry is made of 18 carat alloys, with 9 
different shades:

– Yellow gold: Au – 75%, Ag – 12.5%, Cu – 12.5%. 

– Rose gold: Au – 75%, Cu – 20%, Ag – 5%. 

– White gold: Au – 75%, Ag – 18.5%, Zn – 
5.5%, Cu – 1%.

– Gray gold: Au – 75%, Fe – 17%, Cu – 8%. 

– Red gold: Au – 75%, Cu – 25%. 

– Green gold: Au – 75%, Ag – 25%. 

– Blue gold: Au – 75%, Fe – 24.4%, Ni – 0.6%. 

– Purple gold: Au – 75%, Al – 21% (can be 
assimilated with Au 18k). 

– Black gold: White gold plated by rhodium 
plating. 

Currently about 53% of world gold pro-
duction (3,300 t/year) is used in jewelry 
manufacturing. As nickel used in the alloys 
of watch cases and bracelets has been found 
to cause contact dermatitis in one in ten 
people, the European Union recommends 
giving it up.
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DENTAL GOLD ALLOY

Dental alloys are standardized internationally 
by the standards established by ISO 22674: 

2016. Based on this standard, the following 
dental gold alloys have been standardized in 
Germany (Table 2).

Table 2, Dental gold alloys standardized in Germany

Type Gold, % Silver, % Platinum, % Palladium, % Copper, % Zinc, %

A 87,5 11,5 – 1.0 – –

B 75,8 15,0 1,4 3,3 4,1 0,4

S 79,3 12,3 0,3 1,6 5,5 1,0

M 74,8 13,5 4,4 2,0 4,1 1,2

M0 65,6 14,0 8,9 1,0 10,0 0,5

They melt at 860–1,080°C, have a breaking 
strength of 30–59 kg/mm2, a density of 15.6–
17.4 g/cm3 and a relative elongation at break 
of 34–43%.

USES OF GOLD

Due to its rarity, beauty and properties, gold 
has been used as an exchange since ancient 
times. Early transactions were made with gold 
or silver pieces, easily portable and divisible. 
Later, gold coins were minted, which circulat-
ed even after the printing of paper banknotes. 
The banknotes were backed by a safe-keeping 
stockpile of gold, as the United States did by 

using the gold standard, storing a quantity of 
precious metal for paper dollars in circulation. 
According to this standard, anyone could ex-
change the banknote with its gold plating, but 
the process proved to be too cumbersome and 
was abandoned. Gold coins are no longer used 
in financial transactions, but are popular ways 
of investing or are issued for commemorative 
purposes. Today, much of the world’s gold re-
serves are held in national banks in the form 
of bullion, so that in the event of a financial 
crisis it can be converted into foreign curren-
cy, guaranteeing the liquidity of the holding 
countries. The official gold reserves of over 
100 tons were thus distributed in March 2022 
(Table 3).

Table 3, The official gold reserves of over 100 tons in world

Country Reserves, t Country Reserves, t Country Reserves, t

USA 8 133 Portugal 383 Venezuela 161

Germany 3 358 Kazakhtan 368 Philippines 156

Italy 2 452 Uzbekistan 337 Singapore 154

France 2 436 Saudi Arabia 323 Brazil 130

Russia 2 302 United Kington 310 Sweden 126

China 1 948 Lebanon 287 South Africa 125

Switzerland 1 040 Spain 280 Egypt 125

Japan   846 Austria 280 Mexico 120

India   760 Thailand 244 Libya 117

Netherlands   612 Poland 229 Greece 114

Turkey   431 Belgium 227 South Korea 104

Taiwan   424 Algeria 174 Roumania 104
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Gold also has many industrial uses, the most 
important being in the manufacture of elec-
tronic products. They operate with very low 
voltages and currents, which can be easily in-
terrupted by corrosion at the contact points. 
With very good electrical conductivity and 
corrosion resistance, gold is an extremely 
reliable element used in connectors, switch-
ing contacts, printed circuits, relays, solder 
joints and wires or conductive strips. All of 
this can be found in mobile phones, stand-
ard computers, laptops, camcorders, memory 
cards, global positioning systems (GPS) and 
satellites. About 200 tons of gold are con-
sumed annually for the manufacture of these 
products, from which almost nothing is re-
covered. Almost a billion mobile phones are 
produced every year, with a lifespan of about 
two and very few being recycled. The cost of 
gold in a mobile phone is 50 cents, so recov-
ering it is not cost effective. The same is true 
of other electronic products. 

The construction of satellites or spacecraft, 
in which the possibility of lubrication, main-
tenance and repair is ruled out, could not be 
achieved without the use of gold, which is a 
reliable conductor and connector. Many parts 
of spacecraft are also covered with gold-plated 
polyester foil, which reflects infrared radia-
tion, ensuring the stability of the interior tem-
perature. Without this protection, the dark 
parts of the vehicles would absorb too much 
heat. Gold also reduces the friction of mov-
ing mechanical parts, replacing organic lubri-
cants, which would volatilize in the presence 
of cosmic radiation. With a very low shear 
strength, the gold atoms slide easily on the 
surfaces of moving parts, ensuring very good 
lubrication.

Gold has applications even in medicine, not 
only in dentistry, but also as a medicine. 
Injections with weak solutions of sodium 
aurothiolate (C4H4AuNaO5S) or aurothio-
glucose (C6H11AuO5S) are used to treat rheu-
matoid arthritis, pemphigus vulgaris (au-
toimmune disease that causes fluid bubbles 
and skin ulcers) and dermatitis. The particles 

of a radioactive gold isotope are implanted in 
tissues for the treatment of certain types of 
cancer. Also, small amounts of gold are used 
to treat lagophthalmia, a condition that is 
manifested by the inability of the upper eye-
lid to cover the eye, which remains open dur-
ing sleep. The gravitational force of the gold 
particles helps the eyelid to close complete-
ly. Many surgical instruments, electronic 
equipment, and life support devices contain 
small amounts of gold, which is extremely 
reliable and compatible with living tissues. 
The list of gold uses can continue with the 
medals of the winners of major sports com-
petitions and school Olympics, Nobel, Oscar, 
Grammy or other awards, but also with some 
church objects of worship. The snobbery of 
the rich has gone so far that some people 
drink champagne with 24-carat (0.000125 
mm) inert organic gold microparticles at 
exorbitant prices or order gold dusted food, 
especially in luxury restaurants in Saudi 
Arabia, France. and the USA. Saudi princes 
drive gold-plated luxury cars, which defies 
any ethics. It is estimated that today there are 
about 200,000 tons of gold above the ground, 
which would fill a cube with a side of 21.8 
meters.

GOLD RECYCLING

It is estimated that about 1,100 tons of gold 
are recycled annually, which is 33% of the 
world’s 3,300 tons of consumption. 90% 
of jewelry, ingots, coins and dental gold 
and 10% of industrial waste are recycled. 
Recovering gold from industrial waste 
costs less than extracting it from ores and 
is less polluting, but 2/3 of what could be 
recycled is dumped in landfills. There are 
countries that do not have gold deposits, 
but recover the precious metal from waste, 
covering their domestic consumption. Most 
European industrial waste from which gold 
could be mined, as well as other deficient 
metals, is shipped for nothing to Asia or 
Africa, losing billions of euros.
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ing due to the high and ever-increasing exhaustion of mineral resources in Europe and beyond. Evaluation of the 
mineral and raw material complex of Kosovo and Metohija is multifaceted, highly demanding, cannot be reduced 
only to indicators such as reserves, the content of useful components in ore or its current market value, without 
considering all the determining parameters. The paper is devoted to the mining resources of Kosovo and Metohija 
and their exploitation, primarily vast reserves of coal suitable for open-pit mining, poyiminerals of non-ferrous and 
precious metal ores, non-metallic mineral raw materials and thermal mineral water.

Keywords: ores, mines, Kosovo and Metohija

Сажетак: Рудно богатство Косова и Метохије је реалан, стратешки значајан капитал чија вредност расте 
због високе и све веће исцрпености минералних ресурса у Европи и шире. Вредновање минерално-сировинског 
комплекса Косова и Метохије је вишезначно, веома захтевно, не може се упрошћено сводити само на показа-
теље као што су резерве, садржаји корисних компоненти у руди или њена тренутна тржишна вредност, без 
сагледавања свих опредељујућих параметара. Рад је посвећен рудним ресурсима Косова и Метохије и њиховој 
експлоатацији, пре свега то су велике резерве угља повољне за површинску експлоатацију, полиминерале руде 
обојених и племенитих метала, неметаличне минералне сировине и термоминерале воде.  

Кључне речи: руде, рудници, Kосово и Mетохија 

РУДЕ И РУДНИЦИ КОСОВА И МЕТОХИЈЕ

ORES AND MINES IN KOSOVO AND METOHIJA

РУДАРСКИ ГЛАСНИК
BULLETIN OF MINES 1903.

(CXV) 1-2YU ISSN 0035-9637

Слободан Вујић
Милинко Радосављевић
Светомир Максимовић
Рударски институт Београд
slobodan.vujic@ribeograd.ac.rs

Slobodan Vujić
Milinko Radosvljeić

Svetomir Maksimović

Mining Institute Belgrade
slobodan.vujic@ribeograd.ac.rs

DOI: 10.25075/BM.2018.01

УВОД

Рудно богатство је међу важним, чак кључно 
важним данашњим питањима везаним за Косо-
во и Метохију. Расправе и текстови у јавности о 
рудном богатству Косова и Метохије оптереће-
ни су непровереним и непоузданим подаци-
ма, противречним оценама генерисаним више 
емоцијама мање стручношћу, погрешним при-
ступима и непознавањем минерално-сировин-
ског комплекса, статичким посматрањем њене 
потенцијалности, конструкцијом „аргумената“ 

INTRODUCTION

Mineral wealth is one of the most important, even 
crucial current issues related to Kosovo and Meto-
hija. Discussions and publications about the min-
eral wealth of Kosovo and Metohija are burdened 
with unverified and unreliable data, contradictory 
estimates made more emotionally and less expertly, 
wrong approaches and lack of knowledge about the 
mineral and raw material complex, static observa-
tion of its potentiality, construction of “arguments” 
by counting closed and active mines, their capaci-
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Table 4, Recycled gold in world (tons)

Country Recycled gold, t Country Recycled gold, t

China 222,1 Japan 48,2

India 103,1 Egypt 45,9

Turkey 77,4 United Kington 40,7

Italy 67,5 Russia 37,6

United States 56,4 South Korea 32,9
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Abstract: The ever-accelerating application of modern technologies and the rapid technological development 
of society can cause harmful effects on human health and ecosystems, so paying more attention to preserving 
the environment is imperative. In this sense, the harmonization and application of our legal regulations with 
the European Union regulations have been initiated, leading to the implementation of measures and activities 
necessary for the preservation of the environment, especially the air, by reducing the emission of harmful substances 
and bringing them to set limit values. 

Thus, for the purposes of desulfurization of flue gases from blocks B1 and B2 of the «Kostolac» thermal power plant, 
a system was created for transportation and disposal of gypsum created as a by-product in the process of binding 
sulfur from flue gases with limestone. The initial gypsum disposal area is Cassette 1, constructed at the internal 
disposal site of the «Drmno» open-pit mine. 

Key words: FLUE GAS DESULFURIZATION, GYPSUM, TRANSPORT, DEPOSITION, LIMESTONE

INTRODUCTION

Flue gas desulfurization (FGD) plants have 
been used to reduce sulfur dioxide (SO2) emis-
sions from coal-fired power plants since the 
late 1960s. The first plants of this type were 
installed in North America, Europe and Japan, 
due to the occurrence of acid rain in these parts 
of the world, as a result of increasing SO2 emis-
sions, which have very adverse effects on the 
ecosystem. There are different FGD systems, 
but the market is dominated by wet FGD sys-
tems, where synthetic gypsum is obtained as 
a by-product, the use of which is constantly 

increasing. Gypsum is mainly used as source 
material for products in industries such as ag-
riculture and construction, but it also has other 
commercial applications. 

The Environmental Protection Law, which 
entered into force in 2004 and the Law on the 
Ratification of the Agreement on the Ener-
gy Community of Southeast Europe, stipulate 
the obligations of harmonizing the operation 
of thermal power plants with the EU require-
ments regarding air protection. Given that 
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thermal power plants are major air polluters 
(sulfur dioxide, nitrogen oxides and dusty sub-
stances), it was necessary to approach reducing 
their emissions. The wet limestone-gypsum 
process was chosen as the optimal flue gas des-
ulphurization technology for lignite-fired units 
with a power above 300 MW. 

TPP «Kostolac» was taken as the facility where 
the desulphurization plant construction gives 
the best results in terms of reducing SO2 emis-
sions and estimated costs. That is why this 
thermal power plant is the first where the FGS 
project was implemented. TPP «Kostolac B» 
is located near the «Drmno» open-pit mine in 
the village of the same name and near the ar-
chaeological site of Viminacium. The thermal 
power plant is located on the territory of the 

Municipality of Požarevac, in the Braničevo 
District, about 2.5 km from the Danube banks, 
and about 11 km from the city of Požarevac, 
which has about 70,000 inhabitants. The dis-
tance between the TPP Kostolac and Belgrade 
is about 60 km in the east-southeast direction. 

DESIGN PARAMETERS OF THE FGD 
PLANT FOR BLOCKS B1 AND B2

The basic parameters for designing the FGD 
plant are the characteristics of the flue gas at 
the entrance and exit of the plant, as well as the 
quality of the by-products. Tables 1 and 2 show 
the design parameters of the incoming and out-
going flue gas. [1]

Table 1, Design parameters of the incoming flue gas (per block)

Parameter Unit Block B1/B2

Flue gas temperature °C 175

Flue gas flow rate (STP, dry gas) m3/h 1.469.000

Flue gas flow rate (STP, wet gas) m3/h 1.830.530

Flue gas flow rate (realni 170 °C) m3/h 2.970.000

H2O (STP, wet base, oxygen ) Volumetrically % 19,75

O2 (STP, dry gas) Volumetrically % 8,0

SO2 (STP, dry gas) Volumetrically % 11,46

Concentration SO2 (STP, dry gas, 6% O2) mg/Nm3 7.661

Concentration of аsh (STP, dry gas, 6% O2) mg/Nm3 50

Concentration SO3 (STP, dry gas, 6% O2) mg/Nm3 50

Concentration HCl (STP, dry gas, 6% O2) mg/Nm3 50

Concentration HF (STP, dry gas, 6% O2) mg/Nm3 30

Table 2, Design parameters of the outgoing flue gas

Parameter Unit Block B1/B2

Concentration SO2 (STP, dry gas, 6% O2) mg/Nm3 <200

Concentration of аsh (STP, dry gas, 6% O2) mg/Nm3 <30

Concentration of droplets in the flue gas at the outlet of the droplet eliminator mg/Nm3 <75

Flue gas temperature at the entrance to the chimney °C ~66.2



59

K. K. Janković, D. Lazić, P. Stjepanović, J. Nešković, N. Milojković, Creation and Deposition of Gypsum  
from the Desulfurization of Tpp Kostolac B Flue Gas at Drmno Open-Pit Mine, (57-63)

TECHNICAL DESCRIPTION  
OF THE FGD PLANT 

The flue gas desulfurization plant consists of 
the following systems: [1]

– absorber system, 

– flue gas system, 

– limestone reception and storage system, 

– system for preparing limestone suspension 
including a limestone suspension delivery 
and storage system, 

– gypsum suspension drainage system, 

– drainage systems, 

– gypsum transport and disposal system, 

– auxiliary systems (for power supply, con-
trol, service water system, compressed air 
system, thermotechnical and hydrotechni-
cal installations). 

BRIEF DESCRIPTION OF THE FLUE GAS  
DESULFURAZATION TECHNOLOGICAL 
PROCESS

The wet flue gas desulfurization technology, 
with the use of limestone as a reagent and wet 
treatment of flue gases, is the most commonly 
applied technology for reducing the content of 
sulfur dioxide (SO2) in flue gases emitted from 
plants with boilers of more than 300 MW. [1]

The wet flue gas desulfurization process is 
considered a commercial technology with 
a large number of users today. Desulphuri-
zation is carried out after purification in an 
electrofiltration plant. The dusted flue gas is 
directed to the flue gas fans and booster fans, 
and then to the absorbers, where it is purified. 
The purified flue gas is then released into the 
atmosphere through a suitable chimney. The 
very flue gas purification is caused by the 
contact of the flue gas with the limestone sus-
pension, which takes place in the desulfuriza-
tion system absorber. The flow of flue gas and 
suspension in the absorber is in the opposite 
direction: The gas is introduced into the ab-
sorber in the downstream part and flows up-

wards, coming into contact with the sprayed 
limestone suspension, which falls downwards 
from several spray levels. The suspension 
circulating in the absorber is directed to the 
spray nozzles by recirculation pumps. The sus-
pension droplets absorb SO2 from the flue gas 
through the reaction that takes place between 
SO2 and the reagent, i.e. sorbent from the sus-
pension. Hydrogen chloride (HCl), present in 
flue gas, is also absorbed and neutralized by 
reacting with limestone, forming soluble salts, 
which leads to the accumulation of chloride 
ions in the suspension. The purified flue gas 
passes through a droplet eliminator that re-
moves water droplets before the gas entering 
the chimney. When entering the absorber, the 
flue gas cools rapidly in contact with water, 
and a certain amount of water evaporates, so 
the flue gas is saturated with moisture while 
exiting the absorber. The flue gas temperature 
at the absorber outlet ranges from 64 to 66°C. 

In the wet limestone/gypsum process, flue gas 
desulfurization takes place according to the 
equation:

CaCO3 + SO2 + 2H2O + 1/2O2 → CaSO4 · 2H2O + CO2

The first step in the process of removing sul-
fur dioxide from the flue gas is its absorption 
by the absorption suspension. Once in suspen-
sion, sulfur dioxide produces sulfite and bi-
sulfite ions. 

The result of the sulfur dioxide absorption pro-
cess is increased concentration of hydrogen 
ions (H+), leading to a decrease in the pH value 
of the suspension. 

A low pH value (high concentration of hydro-
gen ions) reduces SO2 absorption, so neutral-
ization is a key part of the wet flue gas desul-
furization process. The SO2 absorption process 
taking place in the absorber is the process of 
SO2 transition from the gas phase into the liq-
uid phase. With the absorption of SO2 comes 
the absorption of halides, primarily hydrogen 
chloride. The content of hydrogen chloride in 
flue gas depends on the content of chlorine in 
the fuel: 

CaCO3 + 2HCl ↔ Ca 2+ + 2Cl - + CO2 + H2O
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The neutralization reaction in the wet flue gas 
desulfurization process can be shown as follows: 

H + OH- → H2O

where in:

H+ acid gas absorption product, 
OH– limestone dissolution reaction product. 

Sulfates are obtained by the secondary absorp-
tion in the reaction pool of the absorber from 
sulfite and bisulfite: 

HSO3-
 + 1/2O2(aq) → SO4 

2- + H+

SO3 
2- + 1/2O2(aq) → SO4 

2-

All the reactions shown in the above pro-
cess can be grouped into three general cat-
egories: 

– gas-liquid reactions, 

– liquid-liquid reactions, 

– liquid-solid reaction. 

The degree of sulfur dioxide removal in the 
desulfurization process can be controlled or 
limited by the degree of progress of any of the 
previously shown reactions.

Figure 1 shows an illustrative view of the wet 
flue gas desulphurization technology. 

Figure 1, Schematic representation of the flue gas desulfurization process

DESCRIPTION OF THE GYPSUM LANDFILL 

Gypsum is produced as a final by-product of 
the desulphurization process, and a system for 
its transport and disposal was created for the 
needs of this process. The initial gypsum dis-
posal area is Cassette 1, constructed at the in-
ternal disposal site of the “Drmno” open-pit 
mine (Figure 2). The cassette dimensions (ap-
proximate) are 275 x 137 m and its depositing 
depth is 12 m. [2]

The initial basis for forming the gypsum 
depositing cassette was the design annual gyp-

sum production, the coordinates of the point 
from which the transported gypsum is taken 
and the available equipment for the technolog-
ical procedure. For the cassette construction, a 
dragline excavator was used to excavate the de-
posited mine tailings, and then embankments 
were built from the excavated material and 
slopes and berms were shaped. The excavated 
masses provided material for the construction 
of the perimeter embankment of the 8.0 m high 
cassette. The internal cassette slope was formed 
in two levels, the first 4.0 m high, the second 
8.0 m high, with a slope of 1:3 and a 2.0 m wide 
berm between the levels. 
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Gypsum from the plant, dominated by calcium 
sulfate, is a non-hazardous waste. To deposit 
such material, current regulations require that 
the landfill has an appropriate geological bar-
rier. For this reason, the watertight HDPE film 
was installed. Gypsum disposal at the landfill 

is carried out by a dumper (Figure 3) so as to 
ensure the stability of the masses and coherent 
structure of the deposited material, especially 
in terms of preventing landslides. The leveling 
of gypsum inside the cassette is done with a 
bulldozer. 

Figure 2, Gypsum disposal cassette 1

Figure 3, Gypsum dumper at the landfill

The underground and sur-
face water landfill protection 
system serves to evacuate 
these waters from the landfill 
and comprises: 

– drain carpet,

– drain channels,

– perimeter channel OK-1,

– leachate drain system,

– water collector.

Figure 4 shows the site plan 
of Cassette 1 with accompa-
nying elements. 

In addition to protecting 
the cassette from the inflow 
of surface water, the OK-1 Figure 4, Cassette 1 site plan
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perimeter channel also receives water drained 
from the drain channels and the drain carpet. 
Collected water is drained to the lowest point 
in the pit, i.e. to the main water collector MWC. 
A drain layer was designed on the bottom of 

the cassette to collect storm water inflow into 
the gypsum landfill. The drain pipe flows into 
the collector pipe that leads through the em-
bankment to the water collector located at the 
bottom of the cassette (Figure 5). [3]

Figure 5, Leachate water collector

To monitor seepage water through the landfill 
embankment, characteristic control profiles 
were selected to place piezometers. 

During landfill construction and exploitation 
process, various changes are made related to 
the method and conditions of transportation, 
deposition, environmental protection, water 
removal, changes in the underground water 
levels in the surrounding terrain, etc. Since 
it is not possible to predict all the impacts 
of the landfill on the environment and vice 
versa, it is necessary to observe the landfill 
throughout its exploitation as an object that 
is influenced and reflects all natural events 
in the environment and all events caused by 
human activities.

Certain measures have been foreseen to mon-
itor the landfill and measure the necessary 
parameters so that under the specified condi-
tions the landfill is a stable hydro-construction 
building that does not pose a threat to or pol-
lute the environment, and at the same time ful-
ly meets its purpose. [4]

CONCLUSION

The installation of the FGD plant in the Kos-
tolac B thermal power plant resulted in the re-
duction of harmful gas emissions from blocks 
B1 and B2 and the harmonization of the ther-
mal power plant’s operation with EU regula-
tions. As a result, air quality has improved in 
terms of the concentration of sulfur oxides, and 
there is also positive effect on the environment 
through a reduced possibility of the formation 
of acid depositions. An additional effect of the 
application of wet flue gas desulfurization tech-
nology is the reduction of the content of dusty 
substances and acidic halogen gas components 
(HCl and HF) in the flue gases. Also, gypsum, 
which is produced as a by-product and whose 
disposal process is an integral part of this sys-
tem, which gives the possibility of its exclusion, 
can be used for commercial purposes.

However, although the deposited gypsum 
from the plant is non-hazardous waste, after 
its disposal, the landfill is to be sealed, that 
is, after the end of each cassette exploitation, 
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permanent closure and reclamation must be 
carried out.

It should also be noted that the construction of 
a flue gas desulphurization plant together with a 
gypsum transport and disposal system is in pro-
gress within other thermal power plants. This 
primarily refers to TENT-A and TENT-B as well 
as the new block B3 within TPP “Kostolac B”.
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потенцијалности, конструкцијом „аргумената“ 

INTRODUCTION

Mineral wealth is one of the most important, even 
crucial current issues related to Kosovo and Meto-
hija. Discussions and publications about the min-
eral wealth of Kosovo and Metohija are burdened 
with unverified and unreliable data, contradictory 
estimates made more emotionally and less expertly, 
wrong approaches and lack of knowledge about the 
mineral and raw material complex, static observa-
tion of its potentiality, construction of “arguments” 
by counting closed and active mines, their capaci-
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Abstract: Treatments of by-products from industrial plants should be primarily environmentally and then 
economically acceptable. Solidification is a by-product treatment that goal to turn waste into a form that reduces 
contact with the environment with easier handling and disposal. This is achieved by various technological 
procedures by creating physically strong and durable substances that maintain the integrity of the solidified matrix 
for a longer period of time. When choosing a stabilizing additive, special attention should be paid to the availability 
in the immediate vicinity of the plant, which significantly reduces the overall costs treatment and disposal.
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INTRODUCTION

Solidification/Stabilization (S/S) is an impor-
tant physical-chemical method for the treat-
ment of industrial solid and sludge waste and 
contaminated materials. Stabilization chang-
es the chemical characteristics of hazardous 
constituents in waste by converting into less 
soluble, less mobile or less toxic forms. Solid-
ification changes the physical characteristics of 
waste such as increasing compressive strength, 
reducing permeability and physical encapsula-
tion of hazardous substances [1].

Solidification or “hardening” is a well known 
method in worldwide science and practice for 
agglomerate and transform fine grain material 
into a technologically and ecologically stable 
form. There are numerous ways to achieve so-

lidification and methods are divided into six 
basic groups [2]:

1. Solidification based on the addition of lime 
or cement (addition of lime and/or cement 
results in obtaining very stable material);

2. Self-locking solidification (the natural char-
acteristics of the waste material are used to 
achieve solidification in controlled condi-
tions);

3. Solidification based on the addition of sili-
cates (silica gel and cement are suitable for in-
organic waste with low heavy metal content);

4. Solidification based on thermoplastic im-
pregnation (additives such as asphalt, bitu-
men, paraffin, polyethylene, etc.);
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5. Solidification based on impregnation with 
organic polymers (urea-formaldehyde is 
used for the polymerization mostly of nu-
clear waste);

6. Solidification based on inorganic precipita-
tion (ferry ions such as Na2Fe3(SO4)2(OH)6 
and Na2Fe(SO4)2(OH)·3H2O) [3].

During the S/S process, the waste or contam-
inated material is mixed with the stabilizing 
agent (additive) with resulting physical-chem-
ical processes between them. The obtained 
binding or cementation properties serve to 
completely stabilize the treated material (ash) 
and above all the contact surface of the deposit-
ed material. Suitable binding agents are select-
ed for specific application and contaminants 
based on a set of criteria, which are mainly de-
pendent on the characteristics of the end prod-
ucts as well as the set goals and possibilities. 
Immobilization agents can generally be divided 
into two large groups: primary and secondary 
stabilizing agents. These agents can be sub-
stances of organic and inorganic origin [13].

The most commonly used solidification agents 
are portland cement, various types of puzzolans 
(flying ash, high-furnace slag, cement kiln 
dust) and lime [4]. They are mostly used for 
curing nuclear and hazardous waste [3]. These 
materials chemically react with water, creating 
a hydrated matrix that improves the physical 
characteristics of the waste. Also, the pH of the 
waste increases, improving the precipitation of 
metals and their immobilization [5, 6].

SOLIDIFICATION/STABILIZATION  
TECHNOLOGY

Solidification refers to a technique in which 
waste is compacted into a monolithic solid mat-
ter of high structural integrity. Solidification 
does not include the obligatory chemical inter-
action between wastes and reagents used for so-
lidification, but the waste is safely mechanically 
bound to the binding agent [7]. The migration 
of the contaminant is limited by reducing the 
surface area exposed to leaching and/or isolat-
ing waste into the capsule, which results in a 
reduction in permeability leading to a decrease 

in water penetration to contaminants, and 
therefore also reduces their migration. Usually, 
the main goal of solidification is to convert the 
waste into a form that is easier to handle and 
dispose of, while minimizing harmful potential 
by reducing the surface of the waste that is in 
contact with the environment, complying with 
legal regulations and requirements and feasible 
practical implementation [1,8]. Moreover, so-
lidified waste reduces the risk of waste particles 
dissipation during handling, storage, transport 
and disposal, and therefore increases the safety 
of workers who come into contact with waste, 
as well as enhancing environmental protection. 
The development of specific technologies pro-
cedures for different types of waste began in the 
late 1960s and early 1970s [9, 10].

Most of the technologies used for solidification 
are created to provide physically strong and du-
rable materials that retain the integrity of the 
solid matrix over a long period of time [11].

The effectiveness of physical changes depends 
on numerous factors. For example, systems 
that use cement depend on the temperature of 
formation and the moisture content. It is gener-
ally accepted that higher temperatures acceler-
ate the bonding processes of solidified material, 
while the moisture content above or below the 
optimum results in less matrix strength and less 
durability. In addition, many chemical reac-
tions can lead to shrinkage, swelling or changes 
in the time required to stabilize the solidified 
material. Weather conditions, such as freezing 
and melting, dry and wet weather cycles or ero-
sion can also lead to a significant reduction in 
the physical integrity of the matrix [12,13].

The process of solidification usually results in 
chemical changes that incorporate free water 
into a solid matrix.

ASH SOLIDIFICATION

The hardening or solidification of ash by addi-
tion of additive/s was not found to be widespread. 
The reason, probably, lies in the limited and small 
negative impact on the environment and the high 
costs of such process, especially in terms of the 
amount of ash to be converted into a solid state.
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Polish scientists [14] developed the ash hard-
ening method by adding one of the additives: 
CaO, CaCl2·H2O, KNO3, NaHSO4 and KHSO4. 
In relation to the weight of ash, the share of 
these additives is about 7.5%. The ash with 
added additive/s is mixed with water in a ratio 
of 1: 1 (when transported as a hydromixture) or 
3: 1 (when transported as a paste). Over time, 
curing takes place (maximum 10 days) where 
the formed mass shows water permeability of 
not more than 1 x 10-6 m/s and a compressive 
strength of not less than 0.3 MPa. This disposal 
system was tested through semi-industrial ap-
plication at TE “Lagiša” (Poland) where depos-
iting was carried out in the excavated areas of 
the nearby mining pits. Relatively fast curing, 
good geo-mechanical properties and absence 
of free water classified this solidified ash into 
good material for filling the excavated mining 
voids [15].

The researchers of the Mining Institute deter-
mined the conditions for solidification of sili-
cate ash from TPP “Kostolac-B” through sev-
eral tests. One of the first testing was based on 
the use of lime and bentonite. Positive results 
were obtained in the case when the share of ad-
ditives was 5, i.e. 10%. The experiments carried 
out for the innovation project of the Ministry 
of Education, Science and Technological De-
velopment aimed to determine the influence of 
additives on the solidification process in terms 
of aeolian erosion of particles of deposited ma-
terial (ash and slag) on the air and soil in the 
vicinity of the TPP Kostolac landfill. Different 
mass fractions of additives and water were test-
ed on the samples. The results showed that the 
optimal additive and water content for reduc-
ing aeolian erosion and improving the proper-
ties of the deposited material is 3% and 15%, 
respectively. Also, in addition to these ashes, 
ashes from thermal energy plants TPP Gacko 
and TPP Kosovo were examined, characterized 
by (with particularities) controlled self-solidi-
fication, which as such is rarely encountered in 
practice. The original technology of controlled 
self-solidification was applied at the TPP 
Gacko ash landfill. CaO (66-90%) dominates 
the composition of ash from TPP Gacko, with 
the free CaO share ranging from 12 to 49%. 
CaO comes from marl, which is exploited as in-
terlayer tailings and is “burned” together with 

coal. After crushing and burning, marl is de-
composed into CaO, which goes with the ash, 
and CO2 , which leaves as a gas through the 
chimney. The self-solidification technology is 
designed in such a way that by controlled addi-
tion of water, with good mixing and depositing 
in thin layers, a reversible chemical reaction is 
performed, i.e. the formation of CaCO3 . In the 
TPP Kosovo ash, the content of CaO (35-40%) 
also prevails, but with a higher content of SiO2 
(29-32%) compared to the ash of TPP Gacko 
[17]. When ash comes into contact with water 
at the landfill, the ash compounds are hydrat-
ed. The process begins with carbonation con-
ditioned by the share of active CaO, forming 
Ca(OH)2 , which in the presence of CO2 from 
the air, forms CaCO3 . The process does not 
end there, but very complex hydration reac-
tions of other components participating in the 
structure of ash continue with the end result of 
forming four new minerals, all with calcium as 
a carrier element, with the dominant participa-
tion of tobermorite and ettringite groups min-
erals. The landfill solidification process of TPP 
Kosovo ash usually takes about 22 days.

In the literature dealing with the hardening of 
mineral materials [19,20,21] there are papers in 
which solidification process is studied in rela-
tion to obtain a commercial products, not from 
the aspect of disposal. The American scientist 
Minik [21] studied the process of hydration of 
ash from eight thermal power plants with addi-
tion of additive - a lime purchased as a standard 
commercial product from five different man-
ufacturers. The lime to ash ratio was defined 
as 1:2. Dry components were firstly mixed and 
then water was added to this mixture with man-
ual stirring for 5 minutes, or until a homogene-
ous mixture was obtained. From each mixture, 
test probes were made in the molds for further 
testing. After detailed investigation, it was 
found that the reaction of ash, lime and water 
is very complex not only because of the large 
number of reactions, but also because there is 
a variety of products of potential reactions (es-
pecially in the case of hydration of aluminates 
and silicates and combinations that can occur). 
Minik showed the following chemical reactions 
with the remark that this is only a minor part of 
the reactions that can take place:
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a) CaO + H2O = Ca(OH)2 + heat

b) CaO + H2O + CO2 = CaCO3 + H2O + heat

c) Ca(OH)2 + CO2 = CaCO3 + H2O + heat

d) Ca(OH)2 + SiO2 + H2O = xCaO ySiO2 z H2O

e)  Ca(OH)2 + A12O3 + H2O = xCaO yA12O3 zH2O

f) Ca(OH)2 + A12O3 + SiO2 + H2O = xCaO yA12O3 zSiO2 wH2O

g) Ca(OH)2+SO3+ A12O3+H2O = xCaO yA12O3 zCaSO4 wH2O

Analyzes have shown that the present CaO hy-
drates in contact with water (reaction under 
a) in a very short period of time by creating 
Ca(OH)2 which is very usable for reaction with 
other ash component. Analyzes of the resulting 
compounds confirmed that minerals from the 
group of tobermorite and etringite (reactions 
under f and g) should be sought among the ce-
ment minerals [3].

Malviya and Chaudhary in their review [22] 
state that unconfined compressive strength 
(UCS) provides basic information whether 
the waste material is stabled or not. The min-
imum required value of UCS should be deter-
mined on the basis of further works related to 
solidification. USEPA recommends that the 
minimum required UCS for solidification in-
tended for disposal is 0.35 MPa, as sufficient 
strength for a stable base to withstand ma-
terial that is deposited over treated waste at 
disposal sites. Determination of UCS is per-
formed at different time intervals, after 1, 3, 
7, 14, 28, 90, etc. days in order to monitor the 
effect of changes in the mineral composition 
of the treated waste during the exposure time 
to the environment.

It was concluded that the lower ratio of waste to 
the additive leads to better physical and chem-
ical characteristics of the solidified material, 
while a higher share of water in solidified ma-
terial reduces UCS. This is due to the larger size 
of the pores and visible holes in the structure 
of solidified material in the presence of a larger 
amount of water.

The UCS also affects the particle size, therefore 
the material with different sizes of particles will 
have higher UCS, since particles of different siz-

es and shapes fill pores in the mixture of waste/
additive resulting in an increase in UCS [22].

Pozzolans refers to materials that have high con-
tent of SiO2 and Al2O3 with a large specific sur-
face, which is available for the hydration reaction 
with alkaline and earth alkaline metal hydroxides 
in the presence of water at room temperature, 
whereby cement products are formed: calci-
um-silicate hydrates (CSH) and calcium-alumi-
nate hydrates (CAH) [23]. As already mentioned, 
flying ash (FA) of class F is a puzzolan material, 
which has cementation characteristics and can be 
self-solidified in the presence of water, without 
the addition of alkalis. [24, 25].

The most important FA characteristics are the 
CaO content that provides alkalinity to the sys-
tem and the content of SiO2 + Al2O3 + Fe2O3 
[26]. The content of calcium in FA class F varies 
from 1 to 12%, mainly in the form of Ca(OH)2 
i CaSO4.

Šešlija et al. [27] have demonstrated their ex-
perimental investigation of the physico-me-
chanical properties of flying ash from the TPP 
Nikola Tesla A (TENT A) and Nikola Tesla B 
(TENT B) and stabilized ash with the addition 
of lime and cement suitable for application in 
road construction. The amount of additive in 
the mixture was 2, 4 and 6% relative to the total 
mass of fly ash. After the tests, it is noticeable 
that ash mixture without additives and with the 
addition of additives can be used for the pro-
duction of soil base, embankments and bed-
dings, while for the supporting structures it is 
not recommended.

When choosing a method, costs are one of the 
greatest interests in selecting technologies for 
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the treatment or disposal of waste. S/S is one 
of the most popular technologies due to its low 
cost compared to other technologies [28].

A study published by L. Rafalko and J. Giacinto 
in June 2010 refers to cost estimation of the sta-
bilizing of ash class F by using various types of 
additives available in the area [29].

The price of stabilization of the fly ash from 
Curtis Bay, Maryland, USA, during the closure 
of the nearby Perryville open pit mine, was esti-
mated for five different additives: lime, cement 
kiln dust (CKD), lime dust (LKD), portland 
cement and granulated furnace slag (GGBFS). 
The estimate of the necessary costs was made 
only for the stabilization of the ash.

The following factors have been taken into ac-
count for cost estimation:

– Designing of complete technology from the 
delivery, storage and mixing of components 
to transport and landfill while developing a 
study of treatment options;

– Materials include used additives (ash and 
water are not included in the costs);

– Equipment includes complete facilities for 
preparation and transport (internal and ex-
ternal), machinery at the landfill, construc-
tion facilities (buildings and silos, bunkers 
and storage for materials used in the pro-
cess);

– Work to be applied in the plant and at 
the landfill, depending on the selected 
technological process and additives (It is 
necessary to anticipate investigation, en-
gineering supervision and preparation of 
reports).

Additives available in the immediate vicinity 
of the plant can significantly reduce the cost 
of treatment due to the minor material costs 
that need to be allocated for transport. If the 
amount of additive increases, transport costs 
become primary in total costs. Thus, when 
selecting the additive, attention should be 
paid to the indicated fact and be taken into 
account.

Figure 1, Increase of the nominal cost per ton of stabilized ash relative to the distance

The illustrated diagram shows that transport 
costs at larger distances are lower in total ma-
terial costs for additives that have a lower con-
sumption per ton of ash.

All of these additives have similar physical 
properties and can be treated with similar 
equipment, although higher quantities are 
required when using CKD and LKD, and 
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therefore larger equipment capacity is re-
quired.

In the following table, the ash stabilization costs 
evaluated in the mentioned Study are presented.

Table 1, Percentage share of costs in ash class F stabilization at Curtis Bay

Costs Percentage in total costs

Additives Designing Material Transport Equipment Work

lime 0.4 72.5 14.6 1.6 11.0

CKD 0.3 9.6 57.4 1.2 31.6

LKD 0.5 9.1 54.6 2.2 33.6

GGBFS 0.4 88.1 3.4 1.5 6.7

Portland cement 0.4 84.1 6.5 1.5 7.6

The level of solidification/stabilization and 
associated total costs should be analyzed and 
processed through a site-specific study, addi-
tive (or additives) and ash [29].
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CONCLUSION

Adequate and complex knowledge of the start-
ing raw material is of great importance for 
the proper stabilization of waste products and 
therefore ash in landfills, on the basis of which 
the appropriate technological procedure is cho-
sen, with the use of one or more reagents (ad-
ditives). With the self-solidification of certain 
rare types of ash, the prevailing opinion of the 
authors dealing with these issues is that adding 
CaO to initiate the stabilization/solidification 
process, through carbonization, plays a key role 
in the ash solidification process. The reactions 
between ash, lime and water are very complex. 
It is obvious that subjecting the ash to additives 
and hydration causes significant changes in the 
mineral composition, in such a way that new 
minerals such as tobermorite, ettringite, gyp-
sum and braunmillerite are built. As already 
emphasized, choosing the technological pro-
cedure and therefore additives is influenced 

by market availability, production capacities, 
transport costs (local producers), price, the 
most favorable characteristics for solidifica-
tion, i.e. stabilization.
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Summary: The mining wealth of Kosovo and Metohija is a real, strategically significant capital with value grow-
ing due to the high and ever-increasing exhaustion of mineral resources in Europe and beyond. Evaluation of the 
mineral and raw material complex of Kosovo and Metohija is multifaceted, highly demanding, cannot be reduced 
only to indicators such as reserves, the content of useful components in ore or its current market value, without 
considering all the determining parameters. The paper is devoted to the mining resources of Kosovo and Metohija 
and their exploitation, primarily vast reserves of coal suitable for open-pit mining, poyiminerals of non-ferrous and 
precious metal ores, non-metallic mineral raw materials and thermal mineral water.
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Сажетак: Рудно богатство Косова и Метохије је реалан, стратешки значајан капитал чија вредност расте 
због високе и све веће исцрпености минералних ресурса у Европи и шире. Вредновање минерално-сировинског 
комплекса Косова и Метохије је вишезначно, веома захтевно, не може се упрошћено сводити само на показа-
теље као што су резерве, садржаји корисних компоненти у руди или њена тренутна тржишна вредност, без 
сагледавања свих опредељујућих параметара. Рад је посвећен рудним ресурсима Косова и Метохије и њиховој 
експлоатацији, пре свега то су велике резерве угља повољне за површинску експлоатацију, полиминерале руде 
обојених и племенитих метала, неметаличне минералне сировине и термоминерале воде.  
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УВОД

Рудно богатство је међу важним, чак кључно 
важним данашњим питањима везаним за Косо-
во и Метохију. Расправе и текстови у јавности о 
рудном богатству Косова и Метохије оптереће-
ни су непровереним и непоузданим подаци-
ма, противречним оценама генерисаним више 
емоцијама мање стручношћу, погрешним при-
ступима и непознавањем минерално-сировин-
ског комплекса, статичким посматрањем њене 
потенцијалности, конструкцијом „аргумената“ 

INTRODUCTION

Mineral wealth is one of the most important, even 
crucial current issues related to Kosovo and Meto-
hija. Discussions and publications about the min-
eral wealth of Kosovo and Metohija are burdened 
with unverified and unreliable data, contradictory 
estimates made more emotionally and less expertly, 
wrong approaches and lack of knowledge about the 
mineral and raw material complex, static observa-
tion of its potentiality, construction of “arguments” 
by counting closed and active mines, their capaci-
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Abstract: The aim of this study is to determine the possibility of solidification/stabilization of ash from the Kostolac 
thermal power plant. Solidification is a process that should enable, suppress or reduce aeolian erosion at the future 
landfill. The solidification process involves combining chemical and mechanical methods, i.e. adding optimal 
quantities of a suitable binder and water and compacting the formed mixture before the binding process starts. The 
binder and water reaction in the mixture is monitored by temperature changes, and part of the test results related 
to this change is presented in this paper.
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INTRODUCTION

The treatment that involves mixing the binder 
with industrial plants by-products and contam-
inated material, resulting in the immobilization 
of hazardous substances contained in it and the 
reduction of potential negative environmental 
impact, is called solidification. Solidification is 
achieved by a chemical reaction between the 
waste and specific additives or mechanical pro-
cesses.

Waste physical characteristics do not have to 
change during stabilization. If solidification 
refers to techniques that form a solid materi-
al, there is no chemical interaction between the 

contaminant and the additives that aid solidifi-
cation. The waste solidification product may be 
a monolithic block, a clay-like material, gran-
ular particles, or another physical form that is 
usually considered solid.

Aeolian erosion on thermal power plant ash 
dumps can be reduced or even suppressed by 
applying some of the solidification methods. 
The negative environmental impact of ash is 
low and limited, and considering there is large 
quantity of ash to be solidified by adding addi-
tives, making the process even more expensive, 
this method is still not widely used.
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It is generally accepted that higher tempera-
tures accelerate the solidified material bonding 
processes, while the moisture content above or 
below the optimum results in lower mixture 
firmness and durability.

Carbonization is the basic process. Further on, 
the hydration continues, but due to the consid-
erably subordinated share of aluminum, iron 
and sulfur salts, the further flow of hydration 
does not have a significant effect on the char-
acteristics of the hardened material. Due to the 
high participation of the free CaO, process is 
exothermal and leads to an increase in temper-
ature up to 96°C. As the carbonization process 
is unstable at elevated temperatures, the anhy-
drous hardened mass is susceptible to decom-
position if it is immersed in water before the 
temperature drops to ambient temperature, 
which is the evidence that carbonization is 
the main hardening process. However, as the 
strength of the deposited material increases 
with time, it is evident that hydration is also 
present. Another proof of the hydration is an el-
evated temperature of water within the depos-
ited material (up to 55°C) at a depth of 5-10 m 
below surface and without the presence of air. 
Application of this disposal technology enables 
minimization of the air pollution as well as wa-
ter pollution because of the chemically bound 
water in a short period of time. Since material 
remains within the disposal site, no pollution 
of surrounding soil is recorded [2,3,4].

It is generally accepted that higher tempera-
tures accelerate the solidified material bonding 
processes, while the moisture content above or 
below the optimum results in lower mixture 
firmness and durability [5,6].

EXPERIMENTAL PROGRAM

For the successful development of the joint 
ash and slag disposal technology, a detailed 
characterization of ash and slag samples was 
performed before all tests, which included de-
termination of physical and chemical charac-
teristics. The results are presented in the paper 
Characterization of ash, bottom ash and gyp-
sum for the development of the technology of 
their disposal [7].

Afterward, a program was created to form test 
bodies, which, for the purposes of monitoring 
temperature changes, provided for the forma-
tion of three test body groups, namely:

– Test bodies with hydrated lime as an addi-
tive (ash, additive, water);

– Test bodies with quicklime as an additive 
(ash, additive, water) and 

– Test bodies with slag (ash, slag, additive, water).

The percentage of added water was adopted as 
per a special examination of this research group 
so that the temperature change was monitored 
on samples with 10, 15 and 20% sample dry 
weight, while the adopted percentage of addi-
tives ranged from 1 to 3%.

The lime added as an additive releases heat in the 
reaction with water, so it was necessary to mon-
itor temperature change to observe the possible 
impact on the further solidification process.

RESULTS AND DISCUSSION 

The chemical exothermic reaction of the mix-
ture of ash, binder (hydrated lime and quick-
lime) and water was analyzed based on the re-
sults obtained by measuring the temperature 
change during the ash, binder and water reac-
tion. According to the research plan, the com-
ponents ratio was determined. Water was add-
ed in relation to the 10, 15 and 20% dry matter. 
Binder, hydrated Ca(OH)2 and quicklime CaO, 
was added in the ratio of 1, 2 and 3%. Sample 
was prepared and measured entirely in labora-
tory conditions, which means that the exter-
nal factors of sample, water, and environment 
temperature had an equal influence, i.e. were 
the same for all measurements performed. Im-
mediately before measuring the temperature, a 
certain amount of water was added to the dry 
prepared sample and continuously mixed for 4 
minutes. Then continuous temperature meas-
urement was started. The measurement was 
done using a calibrated thermometer AHL-
BORN Almemo 2020-1 type every 30 seconds 
for the first 5 minutes, and then every 1 min-
ute until the end of 40 minutes. The following 
charts show characteristic values.
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Figure 1, Change of temperature in ash mixture  
with 15% of water with hydrated lime

Figure 2, Change of temperature in ash mixture  
with 20% of water with hydrated lime

Figure 3, Change of temperature in ash mixture  
with 15% of water with quick lime

Figure 4, Change of temperature in ash mixture  
with 20% of water with quick lime

Figure 5, Change of temperature in fly and bottom 
ash mixture with 10% of water with hydrated lime

Figure 6, Change of temperature in fly and bottom 
ash mixture with 10% of water with quick lime
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The reaction in all measured cases began and 
ended in the measured interval, i.e. between 4 
and 40 minutes. The highest values were read in 
the period between 10 and 25 minutes, mean-
ing that the reaction was most intense in that 
period. The mean value of the lowest (min) to 
highest (max) temperature readings difference 
(temperature increment) was about 1°C (0.7-

1.2) for all the set ratios of the ash, Ca(OH)2 
binder and water mixture, while for the ash, 
slag, Ca(OH)2 binder and water mixture, it was 
about 0.7-1.4°C. The highest temperature read 
when using the Ca(OH)2 binder was 24.4°C.

The mean value of the temperature difference 
(temperature increment) when it comes to 

Figure 7, Dependence of one-axial compressive strength after 28 days  
of ageing on water and quick lime content for ash mixture

Figure 8, Dependence of one-axial compressive strength of ash  
mixture test probes on quantity of water after 28 days of ageing
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CaO binder was about 1°C (0.8-1.3), while for 
the ash, slag, CaO binder and water mixture it 
was 0.5-2.7°C. The highest temperature read 
when using the CaO binder was 25.7°C, while 
in the presence of slag the reaction is more in-
tense and is 26.7°C.

Study of the influence of the ash, Ca(OH)2; 
CaO binder and water mixture ratio on the 
compressive strength of the compacted sam-
ple was carried out in an accredited geome-
chanical laboratory. The following charac-
teristic charts show the uniaxial compressive 
strength dependence on the quantity of added 
water, added binder, the aging time of the ash 
and ash and slag compacted mixture. From 
the chart, it can be clearly seen that the com-
pressive strength decreases with the addition 
of water beyond the optimal 15%, regardless 
of the type of binder.

From the chart, it can be clearly seen that the 
compressive strength decreases with the addi-
tion of water beyond the optimal 15%, regard-
less of the type of binder. 
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CONCLUSION 

Testing was carried out on several occasions to 
determine the conditions for the preparation, 
transport and deposition, as well as the solidifica-
tion of ash and slag from Kostolac A and B Ther-
mal Power Plants. When it comes to ash and slag 
stabilization in landfills by adding additives, sat-
isfactory results were obtained with 3% share of 
additives. To understand the necessity of ash and 
slag stabilization in landfills, it is crucial to have 
a proper and comprehensive understanding of 
the material being deposited. Complex reactions 
between ash, lime and water cause significant 
changes in the mineral composition by forming 
new minerals. Therefore, temperature change 

monitoring during the solidification process is 
only one of the parameters that is monitored 
and which is one of these processes indicators. 
Temperature change is in line with the tests of 
compressive strength, quantity of binder and 
quantity of water. As the binder content increas-
es, the temperature and reaction time increase. 
The reaction starts and ends in an interval be-
tween 4 and 40 minutes. In the period between 
10 and 25 minutes they reach the peak values. 
The mean value of the lowest (min) to highest 
(max) temperature difference, temperature in-
crement, and temperature readings ranged from 
0.7 to 1.4 °C for Ca(OH)2 and between 0.5 and 
2.7 °C for CaO. The recorded values for the test-
ed samples have no significant influence on the 
compressive strengths. The highest temperature 
read with Ca(OH)2 was 24.4°C, while for CaO 
it was 25.7°C. In the presence of slag, the reac-
tion is more intense and the highest temperature 
read at that time was 26.7°C.
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Summary: The mining wealth of Kosovo and Metohija is a real, strategically significant capital with value grow-
ing due to the high and ever-increasing exhaustion of mineral resources in Europe and beyond. Evaluation of the 
mineral and raw material complex of Kosovo and Metohija is multifaceted, highly demanding, cannot be reduced 
only to indicators such as reserves, the content of useful components in ore or its current market value, without 
considering all the determining parameters. The paper is devoted to the mining resources of Kosovo and Metohija 
and their exploitation, primarily vast reserves of coal suitable for open-pit mining, poyiminerals of non-ferrous and 
precious metal ores, non-metallic mineral raw materials and thermal mineral water.
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Сажетак: Рудно богатство Косова и Метохије је реалан, стратешки значајан капитал чија вредност расте 
због високе и све веће исцрпености минералних ресурса у Европи и шире. Вредновање минерално-сировинског 
комплекса Косова и Метохије је вишезначно, веома захтевно, не може се упрошћено сводити само на показа-
теље као што су резерве, садржаји корисних компоненти у руди или њена тренутна тржишна вредност, без 
сагледавања свих опредељујућих параметара. Рад је посвећен рудним ресурсима Косова и Метохије и њиховој 
експлоатацији, пре свега то су велике резерве угља повољне за површинску експлоатацију, полиминерале руде 
обојених и племенитих метала, неметаличне минералне сировине и термоминерале воде.  

Кључне речи: руде, рудници, Kосово и Mетохија 
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УВОД

Рудно богатство је међу важним, чак кључно 
важним данашњим питањима везаним за Косо-
во и Метохију. Расправе и текстови у јавности о 
рудном богатству Косова и Метохије оптереће-
ни су непровереним и непоузданим подаци-
ма, противречним оценама генерисаним више 
емоцијама мање стручношћу, погрешним при-
ступима и непознавањем минерално-сировин-
ског комплекса, статичким посматрањем њене 
потенцијалности, конструкцијом „аргумената“ 

INTRODUCTION

Mineral wealth is one of the most important, even 
crucial current issues related to Kosovo and Meto-
hija. Discussions and publications about the min-
eral wealth of Kosovo and Metohija are burdened 
with unverified and unreliable data, contradictory 
estimates made more emotionally and less expertly, 
wrong approaches and lack of knowledge about the 
mineral and raw material complex, static observa-
tion of its potentiality, construction of “arguments” 
by counting closed and active mines, their capaci-
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Сажетак: У рaду je рaзмoтрeнa прoблeмaтикa 
утврђивaњa минeрaлних рeсурсa и рeзeрви у лe-
жиштимa чврстих минeрaлних сирoвинa, штo 
прeдстaвљa глaвни зaдaтaк гeoлoшкe фaзe из-
вoђeњa минeрaлних прojeкaтa. Истaкнутo je 
дa сe рeсурси и рeзeрвe, иaкo гeoлoшки тeснo 
пoвeзaни, eкoнoмски битнo рaзликуjу. Рeсурси сe 
утврђуjу нa oснoву пoдaтaкa дoбиjeних гeoлoш-
ким истрaживaњимa лeжиштa (нajвaжниjи су 
o кoличини и квaлитeту припaдajућe минeрaлнe 
сирoвинe), aли сe нa бaзи тих пoдaтaкa нe мoжe 
устaнoвити њихoвa eкспoaтaбилнoст; рeзeрвe 
сe пaк извoдe из oдгoвaрajућих рeсурсa примeнoм 
aдeквaтних тeхничкo-eкoнoмских студиja (кoje 
укључуjу рaзмaтрaњe мoдификуjућих фaктoрa) 
нa бaзи кojих сe устaнoвљaвa њихoвa eксплoaтa-
билнoст. Збoг тoгa сe oни рaзврстaвajу у пoсeбнe 
клaсe: рeсурси у нeeксплoaтaбилну гeoлoшку клaсу 
(сa пoтклaсaмa прeтпoстaвљeних, индицирaних 
и измeрeних рeсурсa), a рeзeрвe у eксплoaтaбилну 
eкoнoмску клaсу (сa пoтклaсaмa вeрoвaтних и 
дoкaзaних рeзeрви). Дoбиjeни рeзултaти рeзимирa-
ни су у рeлeвaнтним зaкључцимa и прeпoрукaмa.

Кључнe рeчи: МИНEРAЛНИ РEСУРСИ, МИНEРAЛ-
НE РEЗEРВE, ЛEЖИШТA, ЧВРСТE МИНEРAЛНE СИ-

Abstract: In this paper are considered problems of 
establishing of mineral resources and reserves in de-
posits of solid mineral raw materials what is the main 
task of the geological phase of performing of mineral 
projects. It is pointed out that the resources and the re-
serves, although closely related geologically, essential-
ly differ economically. The resources are established 
on the basis of data obtained by geological explora-
tion of the deposits (most important are data regard-
ing quantity and quality of the belonging mineral raw 
material) but their exploitability could not be estab-
lished; the reserves are derved from the corresponding 
resources by application of proper technical-economic 
studies (that include consideration of the modifying 
factors) on the basis of which their exploitability is as-
certained. Therefore they are classified into separate 
classes: the resources into the nonexploitable geologi-
cal class (which is divided into subclasses of inferred, 
indicated and measured resources) and the reserves 
into the exploitable economic class (which is divided 
into subclasses of probable and proved reserves). The 
results obtained are summarized in relevant conclu-
sions and recommendations.

Key words: MINERAL RESOURCES, MINERAL RESERVES, 
DEPOSITS, SOLID MINERAL RAW MATERIALS, GEOLOG-
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РO    ВИНE, ГEOЛOШКA ИСТРAЖИВAЊA, ГЛAВНA 
OБEЛEЖJA, ТEХНИЧКO-EКOНOМСКE СТУДИJE, МOДИ-
ФИКУJУЋИ ФAКТOРИ, КЛAСИФИКOВAЊE, ЗAКЉУЧ-
ЦИ, ПРEПOРУКE

ICAL EXPLORATION, MAIN TRAITS, TECHNICAL-ECO-
NOMIC STUDIES, MO DIFYING FACTORS, CLASSIFICA-
TION, CON CLU SIONS, RECOMMENDATONS

УВOД

Утврђивaњe (прoцeњивaњe oд стрaнe кoм-
пeтeнтних лицa) минeрaлних рeсурсa и из њих 
извeдeних минeрaлних рeзeрви у лeжиштимa 
чврстих минeрaлних сирoвинa (минeрaлним 
лeжиштимa) прeдстaвљa глaвни зaдaтaк истрa-
живaњa у гeoлoшкoj фaзи извoђeњa минeрaл-
них прojeкaтa (у ширeм смислу: рудaрских 
пoдухвaтa), кaкo у свeту тaкo и у Србиjи. Збoг 
тoгa смo у рaду дeтaљниje рaзмoтрили пoмeну-
ту прoблeмaтику, a дoбиjeнe рeзултaтe смo 
прикaзaли у нaрeдним пoглaвљимa.

У oвoм рaду су кoришћeни пoдaци из рe лe-
вaнтних свeтских кoдeксa и стaндaрдa [1, 2, 
3, 4, 5], из зaкoнскe рeгулaтивe Рeпубликe 
Србиje [6] и бившe СФР Jугoслaвиje [7, 8], 
из публикoвaних рaдoвa [9, 10, 11, 12, 13, 14, 
15, 16] и из прaксe.

ИСTРAЖИВAЊA MИНEРAЛНИХ 
ЛEЖИШTA У ЦИЉУ УTВРЂИВAЊA 
РEСУРСA И РEЗEРВИ, ИЗВEШTAВAЊE 
O ДOБИJEНИM РEЗУЛTATИMA И 
РEГУЛATИВA

У oвoм пoглaвљу рaзмoтрeни су: истрa-
живaњa лeжиштa чврстих мнeрaлних си-
рoвинa нaмeњeнa утврђивaњу минeрaлних 
рeсурсa и рeзeрви, извeштaвaњe o дoбиje-
ним рeзултaтимa и oдгoвaрajућa рeгулaтивa 
(дoмaћa и свeтскa).

Истрaживaњa нaмeњeнa  
утврђивaњу рeсурсa и рeзeрви

Mинeрaлни прojeкти, кojи имajу зa зaдaтaк 
утврђивaњe рeсурсa и рeзeрви у минeрaлним 
лeжиштимa у циљу oдрживe eксплo aтaциje лe-
жиштa (oднoснo тeхнички eфи  кaснe, eкoнoм-
ски прoфитaбилнe, a eкo лoшки прихвaтљивe 
eксплoaтaциje утврђeних рeзeр ви) у сaдaшњим 
услoвимa, пo прaвилу сe извoдe пoступнo, у двe 

INTRODUCTION

Establishing (estimating by competent per-
sons) of mineral resources and their deriva-
tives ‒ mineral reserves, in deposits of solid 
mineral raw materials (mineral deposits), is 
the main task of exploration in the geologi-
cal phase of realization of mineral projects 
(mining enterprises), both in the world and  
Serbia.  Therefore the issue of the paper is a 
detailed consideration of the problems and 
the results obtained are presented in the fol-
lowing chapters. 

Data from relevant world codexes and stand-
ards [1, 2, 3, 4. 5], from regulations of the Re-
public of Serbia [6] and the former SFR Yugo-
salavia [7, 8], from published papers [9, 10, 11, 
12, 13, 14, 15,16] and from practice are used in 
the paper.

EXPLORATION OF MINERAL  
DEPOSITS AIMED AT ESTABLISHING  
OF THE RESOURCES AND THE RESERVES, 
REPORTING OF THE RESULTS  
AND APPROPRIATE REGULATIONS

In this chapter are considered: exploration of 
mineral deposits aimed at establishing of the 
resources and the reserves, reporting of the re-
sults achieved and the appropriate regulations 
(both Serbian and world ones).

Exploration intended for establishing  
of the resources and the reserves

Mineral projects, assigned to establishing of 
the resources and the reserves in mineral de-
posits, aimed at sustainable exploitation (ex-
cavation) of the deposits (that is technically 
efficient, economically profitable and ecolog-
ically ac ceptable exploitation of the reserves 
esta blished) in present conditions are, as a rule, 
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фaзe: првoj, гeoлoшкoj (истрaжнoj или прeдин-
вeстициoнoj) ‒ oд стрaнe нoсилaцa гeoлoшких 
истрaживaњa и другoj, рудaрскoj (инвeсти-
циoнoj) ‒ oд стрaнe нoсилaцa eксплoaтaциje 
лeжиштa, и тo сaмo aкo су у гeoлoшкoj фaзи 
дoбиjeни пoзитивни рeзултaти.

Гeoлoшкa фaзa сe, пo прaвилу, извoди у 
чeтири сукцeсивнa стaдиjумa: инициjaл-
ни стaдиjум рeкoгнoсцирaњa и нaрeднe 
стaдиjумe прoспeкциje, прeтхoдних (гeнe-
рaлних) истрaживaњa и дeтaљних истрa-
живaњa. У свaкoм нaрeднoм стaдиjуму 
извo ди сe свe вeћи брoj истрaжних рaдoвa 
(и пo свe гушћoj мрeжи), кojим сe утврђуje 
кoличинa минeрaлнe сирoвинe, и узимa сe 
свe вeћи брoj прoбa, чиjим испитивaњeм сe 
утврђуje квaлитeт минeрaлнe сирoвинe у лe-
жишту кoje сe истрaжуje. Нa oснoву дoбиje-
них пoдaтaкa кoмпeтeнтнo лицe гeoлoшкe 
струкe (сa oдгoвaрajућoм лицeнцoм) ут-
врђуje (прoцeњуje) минeрaлнe рeсурсe кoje, 
пo рaстућeм нивoу (стeпeну) гeoлoшкe 
прoучeнoсти и пoуздaнoсти, рa зврстaвa у 
пoтклaсe прeтпoстaвљeних, индицирaних и 
измeрeних рeсурсa. Ин дицирaнe и измeрeнe 
рeсурсe, нaкoн примeнe aдeквaтних тeхнич-
кo-eкoнoмских струдиja (прeтхoднe студиje 
извoдљи вoсти и студиje извoдљивoсти), 
кoje укључуjу рaзмaтрaњe мoдификуjућих 
фaктoрa, кoмпeтeнтнo лицe рудaрскe струкe 
(сa oдгoвaрajућoм лицeнцoм) прeвoди (кoн-
вeртуje) у oдгoвaрajућe рeзeрвe: пo рaстућeм 
нивoу дeтaљнoсти и пoуздaнoсти oвих сту-
диja ‒ у вeрoвaтнe и дoкaзaнe рeзeрвe.

Рудaрскa фaзa сe извoди у три сукцeсивнa 
стaдиjумa: стaдиjум прojeктoвaњa (дизaj-
нирaњa) рудникa, стaдиjум изгрaдњe рудникa 
и стaдиjум прoизвoдњe рудникa. Стa диjуми 
рудaрскe фaзe, кao и пoсeбнa гeoлoшкa истрa-
живaњa кoja сe извoдe у стaдиjуму прoизвoдњe 
рудникa (eксплoaтaциoнa истрaживaњa) су у 
oвoм рaду нaвeдeни, aли нису рaзмaтрaни jeр 
нису oбухвaћeни трeтирaнoм тeмoм.

Пoдeлa гeoлoшкe фaзe нa стaдиjумe цe-
лисхoднa je и сa нaучнoг и сa прaктич-
нoг aспeктa. Oнa oмoгућaвa дa сe, нa крajу 
пojeдиних стaдиjумa, упoрeђуjу гeoлoш-
ким прojeктoм (плaнoм) прoгнoзирaни 
рeзултaти и њeгoвим извoђeњeм дoбиjeни 

performed gradually, in two phases: the prima-
ry geological (exploration or preinvestment) 
phase ‒ by carriers of geological exploration 
and the following mining (investment) phase 
‒by carriers of the exploitation ‒ only in case 
of positive results obtained in the geological 
phase.

The geological phase, as a rule, is performed 
in four successive stages: the initial recon-
naissance stage and the following prospect-
ing, general (preliminary) exploration and 
detailed exploration stages. In every succes-
sive stage is performed an increasing number 
of exploratory workings (in denser gits) by 
which is established quantity of the miner-
al raw material and an increaing number of 
samples is taken for testing of the raw mate-
rial in a deposit being explored. On the basis 
of the data obtained a competent person of 
geological profession (possessing a proper 
licence) estimates mineral resources and, 
according to an increasing level (degree) of 
geological knowledge and confidence, clas-
sifies them into subclasses of inferred, indi-
cated and measured resources. Indicated and 
measured resources are, after application of 
adequate technical‒economic studies (the 
preliminary feasibility study and the feasi-
bility study), which include consideration of 
the modifying factors, a competent person 
of mining profession (possessing a proper 
licence) converts into the corresponding re-
serves: according to the increasing level of 
detailedness and confidence of the studies ‒ 
into probable and proved reserves.

The mining phase is performed in three 
successive stages: the mine design stage, 
the mine construction stage and the mine 
production stage. The stages of the mining 
phase, as well as a special geological explora-
tion performed in the mine production stage, 
are just mentioned but not considered in this 
paper because they are not included in the 
theme treated.

The division of the geological phase into stag-
es is suitable both from scientific and practical 
aspects. It enables, at the end of any stage, a 
comparison between the results prognosticated 
by a geological project and the results obtained 
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рeзултaти, тaкo дa сe свaки нaрeдни стa-
диjум зaпoчнe сa нeoпхoдним кoрeкциjaмa 
гeoлoшкoг прojeктa или сe пaк oбустaвљa 
њeгoвa дaљa рeaлизaциja (укoликo су дo-
биjeни рeзултaти нeгaтивни).

Истрaживaњa минeрaлних лeжиштa крoз свe 
стaдjумe гeoлoшкe фaзe пoглaвитo сe вршe 
кoд вeликих и гeoлoшки слoжeних лeжиштa, 
нoвoпрoнaђeних или нeдoвoљнo истрaжe-
них. Кoд мaњих и гeoлoшки jeднoстaвних 
лeжиштa чeстo сe пojeдини стaдиjуми спajajу 
(нпр. стaдиjуми прoспeкциje и прeтхoдних 
истрaживaњa, прeтхoдних и дeтaљних ис-
трaживaњa) рaди уштeдe врeмeнa и смaњeњa 
трoшкoвa, aли сaмo aкo oвaj пoступaк дaje 
зaдoвoљaвajућe рeзултaтe. 

У стaдиjуму рeкoгнoсцирaњa извoди сe 
oпeрaциja рeкoгнoсцирaњa изaбрaнoг рe-
гиoнa сa рeзултуjућoм минeрaгeнeтскoм aнa-
лизoм ‒ у циљу идeнтификoвaњa пoдручja 
сa пoвишeнoм минeрaлнoм пoтeнциjaл-
нoшћу (пeрспeктивних пoдручja) у кojимa 
ћe сe вршити прoспeкциja. У тoм, инициjaл-
нoм стaдиjуму гeoлoшкe фaзe прикупљajу 
сe, сeлeктуjу и aнaлизирajу пoдaци рaниjих 
прoучaвaњa и истрaживaњa (гeoлoшких, гeo-
физичких, гeoхeмиjских и дaљинскe дeтeкциje 
– нaрoчитo спeциjaлних aвиoнских и сaтeлит-
ских снимaкa, укључуjући кoнтрoлнe тeрeн-
скe oпсeрвaциje и прoвeрe, кao и кoришћeњe 
дрoнoвa), пoд рукoвoдствoм кoмпeтeнтнoг 
лицa гeoлoшкe струкe. Mинeрaгeнeтскa aнa-
лизa мoжe дa укaжe нa пoстojaњe минeрaлних 
кoнцeнтрaциja у пeрспeктивним пoдручjимa. 
Збoг нискoг нивoa гeoлoшкe прoучeнoсти 
идeнтификoвaних пeрспeктивних пoдручja и 
пoуздaнoсти пoстojeћих пoдaтaкa у oвoм стa-
диjуму сe нe мoгу дoбити минeрaлни рeсурси, 
нeгo сe сaмo дajу „рeзултaти истрaживaњa“ 
(или, прeцизниje, рeзултaти рeкoгнoсцирaњa). 

Дoбиjeни рeзултaти сe прикaзуjу у oдгo-
вaрajућeм дoкумeнту (гeoлoшкoм извeштajу 
o рeкoгнoсцирaњу сa минeрaгeнeтскoм aнa-
лизoм пoтeнциjaлнoсти) нa oснoву кojeг сe, 
укoликo су рeзултaти пoзитивни, прojeктуjу 
(плaнирajу) и извoдe истрaжни рaдoви у 
пeрспeктивним пoдручjимa у слeдeћeм стa-
диjуму прoспeкциje.

by its realization so that every stage begins 
with necessary corrections of the project or the 
whole mineral project could be abandoned (in 
case of negative results).

Exploration of mineral deposts throughout 
all stages of the geological phase is applied 
mostly in case of big and geologically com-
plex newly discovered or poorely explored 
depostits,. In case of small and geogically 
simple deposits some stages could be joined 
(e.g. stages of prospecting and preliminary 
exploration, preliminary and detailed ex-
plorations), in order to save time and reduce 
costs, but only if this act offers satisfactory 
results.

In the reconnaissance stage is carried out the 
reconnaissance operation in a chosen region 
with the resulting minerogenetic analysis of 
mineral potentiality, aimed at identifying ar-
eas of increased minareal potentiality (pro-
spective areas) in which prospecting should 
be performed. In that, initial stage of the geo-
logical phase are gathered, selected and ana-
lysed data of previous studies and exploration 
(particularly geological, geophysical, geo-
chemical and remote sensing ‒ mainly special 
aerial and satelite images, followed by control 
field observations and checks, including ap-
plication of drones), by a competent person 
of geological profession. The analysis could 
show that the area(s) contain mineral con-
centrations. Due to a low level of geological 
knowledge concerning prospective areas and 
confidence of the existing data, in this stage 
could not be obtained mineral resources but 
only„exploration results“ (or, more precisely, 
reconnaissance results).

The results obtained are presented in a prop-
er geological document (the report on recon-
naissance with the minerogenetic analysis of 
mineral potentiality) on the basis of which, if 
the results are positive (favourable), the fol-
lowing geological exploration (in the pros-
pecting stage) is planned and performed in 
prospective areas.
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У стaдиjуму прoспeкциje, у идeнтификoвaнoм 
пeрспeктивним пoдручjимa сe oбaвљajу 
гeoлoшким прojeктoм прeдвиђeнa гeoлoшкa, 
гeoфизичкa и гeoхeмиjскa истрaживaњa и из-
вoдe истрaжни рaдoви мaњeг oбимa, пoглaвитo 
пoвршински рaдoви (рaскoпи, рoвoви, кaнaли) 
и истрaжнe бушoтинe. Из тих рaдoвa сe узимajу 
прoбe зa испитивaњe квaлитeтa припaдajућe 
минeрaлнe сирoвинe ‒ свe у циљу лoцирaњa 
и грубoг oкoнтуривaњa минeрaлних кoнцeн-
трaциja у идeнтификoвaним пeрспeктивним 
пoдручjимa и дoбиjaњa првих пoдaтaкa o бит-
ним oсoбинaмa тих кoнцeнтрaциja. Нa oснoву 
дoбиjeних рeзултaтa сe прoцeњуje дa ли нeкa oд 
њих, првeнствeнo у пoглeду кoличинe и квa-
литeтa припaдajућe минeрaлнe сирoвинe, прeд-
стaвљa лeжиштe, у кojeм кoмпeтeнтнo лицe 
гeoлoшкe струкe утврђуje минeрaлнe рeсурсe, 
кoje oкoнтуруje, прoцeњуje и клaсификуje кao 
прeтпoстaвљeнe рeсурсe.

Збoг мaлoг брoja истрaжних рaдoвa и из њих 
узeтих прoбa, нивo гeoлoшкe прoучeнoсти 
и пoуздaнoсти у oвoм стaдиjуму je знaт-
нo нижи нeгo у нaрeднoм стaдиjуму прeт-
хoдних (гeнeрaлних) истрaживaњa, тaкo 
дa сe у oдгoвaрajућoj тeхнићкo-eкoнoмскoj 
студиjи (студиjи мoгућнoсти), кoja имa 
oриjeнтaциoни кaрaктeр, нe мoгу примe-
нити мoдификуjући фaктoри и нe мoжe вр-
шити прeвoђeњe (кoнвeрзиja) пeтпoстaвљe-
них рeсурсa у вeрoвaтнe рeзeрвe. Зa тo je 
нeoпхoднo дa сe, дaљим истрaживaњимa, 
прeтпoстaвљeни рeсурси унaпрeдe у ин-
дицирaнe рeсурсe, чиja je кoнвeрзиja у 
вeрoвaтнe рeзeрвe мoгућa.

Прeтпoстaвљeни рeсурси сe прикaзуjу у oд-
гoвaрajућeм гeoлoшкoм извeштajу o прoспeк-
циjи и у прaтeћoj студиjи мoгућнoсти и 
служe зa прojeктoвaњe и извoђeњe брojниjих 
истрaжних рaдoвa у нaрeдним стaдиjумимa 
(прeтхoдних и дeтaљих истрaживaњa) у циљу 
дoбиjaњa индицирaних и измeрeних рeсурсa.

У стaдиjумимa прeтхoдних (гeнeрaлних) 
и дeтaљних истрaживaњa извoди сe вe-
лики брoj рaзличитих истрaжних рaдoвa 
(прaћeних систeмaтским oпрoбaвaњeм) 
прeдвиђeних oдгoвaрajучим гeoлoшким 
прojeктoм: пoвршински рaдoви (рaскoпи, 

In the stage of prospecting, in the identified 
prospective areas are carried out, in accord-
ance with a geological project, geological, 
geophysical and geochemical studies and a 
small number of exploratory workings: main-
ly surficial ones (ditches, trenches, channels) 
as well as expoloratory boreholes, which from 
are taken samples for testing quality of raw 
material, all in order to locate and delineate 
coarsly mineral concentrations in identified 
prospective areas and to get first data on 
their essential characteristics. On the basis 
of the results acieved it is estimated whether 
any of the concentrations, mainly regarding 
quantity and quality of the belonging miner-
al raw material, represents a deposit to which 
a competent person of geological profession 
determines boundaries and, inside them, es-
tablishes mineral resources which delineates, 
estimates and classifies as inferred resources.

Due to a minor number of exploratory work-
ings and samples taken from them, the level of 
geological knowledge and confidence in the 
stage is considerably lower than in the next 
stage of preliminary (general) exploration so 
that, in the appropriate technical-economic 
study (the opportunity study), which has an 
orientational character, the modifying factors 
could not be applied and the conversion of in-
ferred resources into pobable reserves is not 
possible. To make it possible an inferred re-
source must be upgraded by new exploratory 
workings up to the indicated resource.

The inferred resources are presented in an 
appropriate geological report on prospecting 
and the accompanying opportunity study and 
serve for projecting (planning) and perform-
ing of a greater number of exploratory work-
ings in the following stages (of prelininary 
and detailed explorations) in order to obtain 
indicated and measured resources.

In the stages of preliminary (general) and de-
tailed explorations a great number of various 
exploratory workings followed by systematic 
sampling (forseen in the appropriate geologi-
cal project) is performed: surficial ones (ditch-
es, trenches, channels, exploratory shafts, ex-
ploratory stages), expoloratory boreholes and 
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рoвoви, кaнaли, истрaжнa oкнa, истрaж-
нe eтaжe), истрaжнe бушoтинe и пoдзeмни 
рaдoви (истрaжни пoткoпи, истрaжни ни-
скoпи) из кojих сe дoбиjajу пoдaци o бит-
ним oсoбинaмa истрaживaнoг лeжиштa 
(рaспрoстрaњeњу ‒ хoризoнтaлнoм и вeр-
тикaлнoм, oблику, пружaњу и пaду; дeбљи-
ни, минeрaлнoм и хeмиjскoм сaстaву и 
зaпрeминскoj мaси минeрaлнe сирoвинe) 
и њихoвoj прoмeнљивoсти, кojи служe кao 
oснoв зa вaлиднo утврђивaњe грaницa лe-
жиштa, кao и зa oкoнтуривaњe, прoцeну и 
клaсификoвaњe минeрaлних рeсурсa (у ин-
дицирaнe и измeрeнe) у лeжишту.

Пoдaци дoбиjeни из извeдeних истрaж-
них рaдoвa (укључуjући oдгoвaрajућa ис-
питивaњa узeтих прoбa), кojи мoрajу бити 
рeпрeзeнтaтивни (дa имajу зaдoвoљaвajућу 
тaчнoст и пoуздaнoст), рaзмaтрajу сe oд 
стрaнe кoмпeтeнтнoг лицa гeoлoшкe струкe, 
кoje oкoнтуруje и прoцeњуje минeрaл-
нe рeсурсe у истрaживaнoм лeжишту и, 
прeмa рaстућeм нивoу (стeпeну) гeoлoшкe 
прoучeнoсти и пoуздaнoсти, клaсификуje 
их у индицирaнe и измeрeнe. Oвe рeсур-
сe, пoтoм, нa oснoву oдгoвaрajућих тeх-
ничкo-eкoнoмских студиja (кoje укључуjу 
рaзмaтрaњe (вeрoвaтнe и дoкaзaнe). Вaљa, 
мeђутим, истaћи дa сe кoд прoцeнe рeзeр-
ви, oсим минeрaлнe сирoвинe устaнoвљeнe 
истрaжним рaдoвимa у лeжишту (in situ), 
узимajу у oбзир рaзблaжeњa и губици кojи 
сe jaвљajу при eксплoaтaциjи.

Mинeрaлни рeсурси, кao и из њих извe-
дeнe минeрaлнe рeзeрвe, у гoрe пoмeну-
тим гeoлoшким и тeхничкo-eкoнoмским 
дo ку мeнтимa, прикaзуjу сe тeкстуaлнo, 
грaфички (нa кaртaмa, плaнoвимa, прo-
филимa и диjaгрaмимa) и нумeрички (у 
jeдиницaмa мaсe: t, kg, g/t или у jeдиници 
зaпрeминe: m3).

Извeштaвaњe o дoбиjeниm рeзултaтимa  
и oдгoвaрajућa рeгулaтивa

Будући дa су пo Устaву Рeпубликe Србиje 
руднa бoгaтствa (кao и свa другa прирoднa 
бoгaтствa) држaвнa свojинa, нoсиoци истрa-
живaњa минeрaлних сирoвинa у лeжиштимa 

undergound ones (exploratory adits, explora-
tory winzes) from which are obtained data on 
essential characteristics of a deposit being ex-
plored (its spread ‒ both horizontal and ver-
tical, shape, strike and dip, thickness, mineral 
and chemical compositions and bulk density 
of the raw material) and their changeability 
(variance) which serve as a basis for valid es-
tablishing of the deposit’s boundaries as well 
as for delineation, estimation and classifica-
tion of the resources within the deposit (into 
indicated and measured ones).

The data obtained from exploratory work-
inngs (including proper testing of samples 
taken from them), which should be repre-
sentative (of satisfactory accuracy and con-
fidence), are considered by a competent per-
son of geological profession who delineates 
and estimates mineral resources in the de-
posit being explored and, in accordance with 
an increasing level (degree) of geological 
knowledge and confidence, classifies them 
into indicated and measured ones. After that, 
on the basis of an appropriate technical-eco-
nomic study (that includes consideration 
of the modifying factors) ‒ the preliminary 
feasibility study (prefeasibility study) and 
the feasibilita study, a competent person of 
mininig profession converts the resources 
into the corresponding reserves (probable 
and proved ones). It is noteworthy that at the 
estimation of the resources, besides the min-
eral raw material established by exploratory 
workings in a deposit (in situ), dilutions and 
losses ocurring during exploitation are taken 
into consideration.

Mineral resources as well as the reserves de-
rived from them, in geological and techni-
cal-economic documents mentioned above, are 
presented textually, graphically (in maps, plans 
and profiles) and numerically (in mass units: t, 
kg, g/t or in the volume unit: m3).

Reporting of the results achieved   
and appropriate regulation

Since mineral wealth (as all other natural 
wealth) in the Republic of Serbia, according to 
its Constitution, represents state property, car-
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нa тeритoриjи Србиje (кoмпaниje, прeдузeт-
ници) ‒ кojи пoсeдуjу дoзвoлу зa гeoлoшкa 
истрaживaњa у oдрeђeнoм прoстoру ‒ ис-
трaжнoм прoстoру, зaкoнски [6] су oбaвeзни 
дa дoбиjeнe рeзултaтe пeриoдичнo прикaзуjу 
у aдeквaтним извeштajимa (гoдишњим, 
зaвршнoм) и дoстaвљajу рeсoрнoм Mини-
стaрству (Mинистaрству рудaрствa и eнeр-
гeтикe), oднoснo пoвeрeнoм нaдлeжнoм 
oргaну пoкрajинe, зa прeглeд и eвидeнциjу. 
Нaкoн зaвршнoг извeштaja o oбaвљeним 
гeoлoшким истрaживaњимa нoсилaц истих 
изрaђуje eлaбoрaт o утврђeним (прoцeњe-
ним) минeрaлним рeсурсимa и рeзeрвaмa 
и дoстaвљa гa рeсoрнoм Mинистaрству, oд-
нoснo нaдлeжнoм пoкрajинскoм oргaну, кojи 
уз стручну пoмoћ eкспeртских рaдних групa, 
oбрaзoвaних пoсeбним aктoм рeсoрнoг Mи-
нистрa (oднoснo нaдлeжнoг пoкрajинскoг 
oргaнa) рaзмaтрajу, прихвaтajу (или oдбиjajу) 
и вeрификуjу прихвaћeнe рeсурсe и рeзeрвe, 
кoje сe eвидeнтирajу и укључуjу у држaвни 
билaнс. Зa прихвaћeнe и вeрификoвaнe рeсур-
сe и рeзeрвe издaje сe oдгoвaрajућa пoтврдa.

Вeрификoвaнe минeрaлнe рeзeрвe (дoкaзaнe 
и прaтeћe вeрoвaтнe) у лeжишту служe кao 
oснoв зa издaвaњe кoмпaниjaмa и прeдузeт-
ницимa дoзвoлe зa eксплoaтaциjу тих рeзeр-
ви у oквииру прojeктoвaнoг eксплпaтa-
циoнoг пoљa. При тoмe приoритeт имajу 
oни кojи су, кao нoсиoци гeoлoшких истрa-
живaњa истa успeшнo oбaвили и прoписнo 
вeрификoвaли дoбиjeнe рeзeрвe и рeсурсe.

Нoсиoци гeoлoшких истрaживaњa минeрaл-
них лeжиштa jaвнo oбзнaњуjу дoбиjeнe рe-
зултaтe у виду сaжeтих прикaзa и инфoрмa-
циja у рaзличитим мeдиjимa (штaмпaним, 
eлeктрoнским) нaмeњeних инвeститoримa, 
пoтeнциjaлним инвeститoримa и њихoвим 
сaвeтницимa, бeрзaмa, бaнкaмa и свимa 
зaинтeрeсoвaним зa минeрaлни прojeкaт.

Зa извeштaвaњe o рeзултaтимa истрaжи-
вaњa минeрaлних лeжиштa и утврђeним 
минeрaлним рeсурсимa и рeзeрвaмa у 
дaнaшњe врeмe у свeту сe нajвишe кoристe 
интeрнaциoнaлни CRIRSCO Template [2], 
чиjи je eврoпски члaн PERC Стaндaрд [1], i 
клaсификaциja Уjeдињeних Нaциja ‒ UNFC 

riers of exploration of mineral raw materials 
in the deposits situated on the territory of Ser-
bia (companies, enterprenours) that possess 
permit for geological exploration in a certain 
space ‒ an exploration space (field), are legally 
[6] obliged to submit periodically the results 
obtained to the competent ministry (Ministry 
of Mining and Energy) or to the entrusted au-
thorized organ of an autonomous region, pre-
sented in appropriate reports (annual, final) 
for inspection and file. After a final report on 
the geological exploration completed, the car-
riers make a report on established (estimated) 
mineral resources and reserves and submit it 
to the Ministry (or to the authorized (estimat-
ed)organ of an autonomous region) which, 
with the professional help of expert Working 
Groups, formed by the special act of the com-
petent Minister (or of the authorized organ of 
an autonomous region), consider, accept (or 
reject) and verify the accepted resources and 
reserves which are filed away and assigned to 
the state ballance. For the accepted and veri-
fied resources and reserves a proper certificate 
is issued.

Verified mineral reserves (prooved and the 
accopanying probable) in a deposit serve as 
a basis for issuing permits (to companies and 
enterprenours) for exploitation (extraction) of 
the reserves in the frame of the projected ex-
ploitation field.  In that respect priority have 
the ones that, as carriers of geological explo-
ration, completed it successfully and verified 
legally the reserves acheived.

Carriers of geological exploration of min-
eral deposits announce in public the results 
obtained in the form of brief presentaioins 
and informations in various media (printed, 
electronic) intended for investors, potential 
investors and their advisers, stock markets, 
banks and for all interested in a mineral 
project.

For reporting of results of exploration of min-
eral deposits and of established resources and 
reserves in the world contemporary practice 
are mostly used the international CRIRSCO 
Template [2] includig its European member 
PERC  Standard  [1] and United Nations Clas-
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[3], кojи су мeђусoбнo усaглaшeни. Нaимe, 
дoкaзaним рeзeрвaмa из [1,2] oдгoвaрa кoд 
111 из [3], вeрoвaтним рeзeрвaмa ‒ кoд 112, 
измeрeним рeсурсимa ‒ кoд 221, индицирa-
ним рeсурсимa ‒ кoд 222, прeтпoстaвљeним 
рeсурсимa ‒ кoд 223, a рeзултaтимa истрa-
живaњa из [1,2] ‒ кoд 334 из [3].

Клaсификaциja Уjeдињeних Нaциja [3] при-
мeњeнa je кao oснoв зa нaцoнaлнe клaси-
фикaциje минeрaлних рeсурсa и минeрaл-
них рeзeрви мнoгих зeмaљa (нпр. у Кини, 
Индиjи, Meксику) a примeњуje сe и кoд свих 
минeрaлних прojeкaтa кoje финaнсирa oвa 
свeтскa oргaнизaциja.

Mи смaтрaмo дa Србиja, кao eврoпскa зeмљa, 
свojу рeгулaтиву у oблaсти гeoлoшких истрa-
живaњa и рудaрствa трeбa дa усaглaси сa oд-
гoвaрajућoм рeгулaтивoм Eврoпскe Униje: зaкo-
нимa, кoдeксимa, прoписимa, стaндaрдимa, 
дирeктивaмa, кojи су eфикaсни и признaти 
у свeту. To сe oднoси нa Зaкoн o рудaрству и 
гeoлoшким истрaживaњимa Рeпубликe Србиje 
[6] и нa њeгoвe пoдзaкoнскe aктe (прe свeгa нa 
будући Прaвилник o извeштaвaњу o рeзул-
тaтимa гeoлoшких истрaживaњa, рeсурсимa 
и рeзeрвaмa чврстих минeрaлних сирoвинa 
и њихoвoj клaсификaциjи) кoje трeбa хaрмo-
низoвaти сa пaнeврoпским PERC Стaндaрдoм 
[1]. Пoтoњи je, кao члaн „CRIRSCO фaмиљe“, у 
свeту ширoкo прихвaћeн (oд стрaнe вoдeћих 
рудaрских кoмпaниja, бaнaкa, инвeстициoних 
фoндoвa, бeрзи, држaвних oргaнa и других 
знaчajних институциja вeћинe зeмaљa). Oвoj 
„фaмилиjи“ инaчe припaдajу joш и aустрaлиjски 
JORC Code, кaнaдски CIM Guidelines, aмeрич-
ки SME Guidelines, jужнoaфрички SAMREC 
Code, руски NAEN Code и други нaциoнaлни 
кoдeкси и стaндaрди. У PERC Стaндaрду (кao 
и у oстaлим члaнoвимa CRIRSCO „фaмилиje“) 
дaтe су тeмeљнe oдрeдбe (минимум стaндaрдa, 
прeпoрукa и упутстaвa) зa извeштaвaњe o рe-
зултaтимa истрaживaњa, минeрaлним рeсур-
симa и минeрaлним рeзeрвaмa, aли сe нoсиo-
цимa истрaживaњa и oд њих aнгaжoвaним 
стручњaцимa дajу знaчajнa oвлaшчeњa (уз oд-
гoвaрajућу oдгoвoрнoст) зa крeaтивaн приступ 
и oригинaлнa рeшeњa кoд плaнирaњa истрa-
живaњa, њихoвoг извoђeњa и интeрпрeтaциje 
дoбиjeних рeзултaтa.

sification ‒ UNFC [3], which are mutually 
harmonized. Namely, proved reserves [1,2] 
respond to code 111 [3], probable reserves ‒ to 
code 112, measured resources ‒ to code 221, 
indicated resources ‒ to code 222, inferred re-
sources ‒ to code 223, and exploration results 
[1,2] respond to code 334 [3].

The United Nations classification [3] has been 
adopted as the basis of national mineral re-
sources/reserves clasification in many coun-
tries (e.g. in China, India, Mexico) and has 
been used in all mineral projects financed by 
this world organization.

We think that Serbia, as a European country, 
should harmonize its legislation in the field 
of geological exploration and mining with the 
corresponding EU legislation (laws, codes, 
regulations, standards, directives) which are 
efficient and recognized in the world. It re-
fers to Serbian Law of Mining and Geologi-
cal Exploration [6] and its accompanying acts 
(first of all to the future Book of Regulations of 
Reporting Exploration Results, Resources and 
Reserves of Solid Mineral Raw Materials and 
Their Classification) which should be harmo-
nized with the Pan-European PERC Standard 
[1]. As a member of the “CRIRSCO family” 
the latter is widely accepted in the world (by 
the leading mining companies, banks, invest-
ment funds, stock markets, governmental 
agencies and other important institutions. 
To the “family” also belong Australian JORK 
Code, Canadian CIM Guidelines, USA SME 
Guidelines, South African SAMREC Code, 
Russian NAEN Code and other national 
codes and standards. The PERC Standard (as 
well as the other members of the CRIRSCO 
„family“) sets out principal rules (minimum 
standards,  recommendations and directions) 
concerning reporting of exploration results, 
mineral resources and mineral reserves but 
significant authority (and resposability) is 
given to carriers of exploraton as well as to ex-
perts engaged by them for a creative approach 
and original solutions in planning of mineral 
exploration, its performing and interpreting 
of the results obtained.
It should be stressed that both CRIRSCO Tem-
plate and PERC Standard allow, after keeping 
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Вaжнo je истaћи дa PERC Стaндaрд [1], кao и 
CRIRSCO Template [2], дoзвoљaвajу дa сe, уз 
придржaвaњe њихoвих истoвeтних тeмeљ-
них oдрeдaбa, у нaциoнaлнe прaвилникe 
укључe и нeкa дoдaтнa упутствa зa пojeдинe 
зeмљe спeцифичнe и/или знaчajнe минeрaл-
нe сирoвинe, типoвe њихoвих лeжиштa и 
мeтoдe њихoвoг истрaживaњa, aли пoд ус-
лoвoм дa тa дoдaтнa упутствa нису у кoли-
зиjи сa нeкoм oд тeмeљних oдрeдaбa пoмeну-
тих кoдeксa. Taквa дoдaтнa упутствa свaкaкo 
трeбa унeти у будући српски Прaвилник. 

У aктуeлнoм Зaкoну [6] сaмo дeлимичнo je 
прихвaћeн PERC Standard [1], a joш увeк ниje 
дoнeт гoрe пoмeнути нoви Прaвилник. Стo-
гa сe у прaкси кoристи стaри Прaвилник [7] 
вeзaн зa Зaкoн [8] бившe СФР Jугoслaвиje, 
кojи je зaстaрeo и прeвaзиђeн (сaчињeн je зa 
ту сoциjaлистичку држaву), штo прoузрoкуje 
вeликe прoблeмe, нaрoчитo у кoмуникaциjи 
сa инoстрaним институциjaмa, кoмпaниjaмa 
и стручњaцимa. Збoг тoгa je нeoпхoднo дo нo-
шeњe нoвoг, сaврeмeнoг српскoг Прaвилникa, 
хaрмoнизoвaнoг сa PERC Стaндaрдoм (чиjи су 
глaвни eлeмeнти прикaзaни у тaбeли 1).

their principal rules, to include in national 
codes (books of regulations) some additional 
instructions for the countries’ specific or sig-
nificant mineral raw materials, types of their 
deposits and methods of their exploration but 
on condition that the instructions are not in 
collision with any of the rules. Such additional 
instructions should be included in the future 
Serbian Book of Regulations.

In the actual Serbian Law [6], the PERC Stand-
ard [1] is adopted partly as the Book of Regu-
lations mentioned above has not passed up to 
now. Therefore in practice is used the Book of 
Regulations [7] bound to the Law [8] of the 
former SFR Yugoslavia, which is out-of-date 
and superseded (it was created for the socialist 
country) what causes big problems, especially 
in communication with foreign institutions, 
companies and experts. For that reason passing 
of a new, contemporary Serbian Book of Reg-
ulations, harmonized with the PERC Standard 
(main elements of which are presented in Table 
1), is indispensable.

Табела 1, Гeнeрaлни oднoс измeђу рeзултaтa истрaживaњa, минeрaлних рeсурсa и минeрaлних  
рeзeрви, пo PERC Стaндaрду [1]

Table 1, General relation between exploration results, mineral resources and mineral reserves according  
to the PERC Standard [1]
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Прaвилник [7] сaдржи дeтaљнa упутствa 
зa спрoвoђeњe истрaжнoг прoцeсa кoд лe-
жиштa чврстих минeрaлних сирoвинa, 
кaкo зajeдничкa (зa свe сирoвинe) тaкo и 
пoсeбнa упутствa (зa 43 знaчajнe сирoвинe). 
Oвa упутствa сe oднoсe нa прojeктoвaњe и 
извoђeњe истрaжних рaдoвa, oпрoбaвaњe 
и испитивaњe минeрaлнe сирoвинe, ут-
врђивaњe „рeзeрви“ сирoвинe у лeжишту, 
клaсификaциjу и кaтeгoризaциjу утврђeних 
„рeзeрви“ и вoђeњe eвидeнциje o њимa. 

Схoднo Прaвилнику [7], „рeзeрвe“ чврстих 
минeрaлних сирoвинa сe, прeмa стeпeну 
истрaжeнoсти и стeпeну пoзнaвaњa oд-
гoврajућe минeрaлнe сирoвинe, рaзврстaвajу 
у кaтeгoриje A, B, C1, C2, D1 и D2, a, зaвиснo 
oд мoгућнoсти рeнтaбилнe eксплoaтaциje, 
„рeзeрвe“ A, B i C1 кaтeгoриje сe рaзврстaвajу 
у клaсe билaнсних и вaнбилaнсних. 

„Рeзeрвe“ A, B и C1 кaтeгoриje сe „прoрa-
чунaвajу“, „рeзeрвe“ C2 кaтeгoриje „прo-
цeњуjу“, a “рeзeрвe“ D1 и D2 кaтeгoриje „прeт-
пoстaвљajу“. Нajвeћe дoзвoљeнe грeшкe кoд 
„прoрaчунa рeзeрви“ (зaпрaвo прoцeнe рe-
сурсa и рeзeрви) и oдгoвaрajућe вeрoвaт-
нoћe (пoуздaнoсти) њихoвoг утврђивaњa 
прoписaнe су: зa A кaтeгoриjу ±15 % (сa 
вeрoвaтнoћoм 85%), зa B кaтeгoриjу ±30% 
(сa вeрoвaтнoћoм 70%) и зa C1 кaтeгoриjу 
±50% (сa вeрoвaтнoћoм 50%).

Стeпeн истрaжeнoсти лeжиштa oдрeђуje сe 
oднoсoм утврђeних „рeзeрви“ кaтeгoриja 
A+B/ /A+B+C1.

Кoд aктуeлних минeрaлних прojeкaтa у свeту 
сe oбичнo трaжи дa нajвeћe дoзвoљeнe грeшкe 
и oдгoвaрajућe вeрoвaтнoћe (пoуздaнoсти) 
прoцeнe рeсурсa буду у интeрвaлимa: зa 
измeрeнe рeсурсe ±10-15%  (сa вeрoвaтнoћoм 
85-90%), зa индицирaнe рeсурсe ±15-30%  (сa 
вeрoвaтнoћoм 70-85%), a зa прeтпoстaвљeнe 
рeсурсe ±50-70% (сa вeрoвaтнoћoм 30-50%).

Tрeбa имaти у виду дa je jугoслoвeнскa рe-
гулaтивa у пoглeду минeрaлних „рeзeрви“ [7, 
8] билa сaчињeнa пo углeду нa oдгoвaрajућу 
рeгулaтиву тaдaшњeг Сoвjeтскoг Сaвeзa [4] 
укључуjући у њoj кoришћeнe дeфинициje, 
клaсификaциjу и тeрминoлoгиjу, у кojoj нe 

The Book of Regulations [7] contains detailed 
instructions for perfoming of exploration pro-
cess at deposits of solid mineral raw materials, 
both common (for all the materials) and spe-
cial (for 43 significant raw materials). The in-
structions relate on planning and carrying out 
of exploratory workings, sampling and testing 
of a raw material, establishing of “reserves” of 
a raw material in a deposit, classification and 
categorization of established “reserves” and on 
keeping files about them. 

According to the Book of Regulations [7] “re-
serves” of solid mineral raw materials are divided, 
according to a degree of exploration and a degree 
of knowledge of the appropriate raw material, into 
categories A, B, C1, C2, D1 and D2, which, accord-
ing to the possibility of profitable exploitation, are 
divided into balance and out-of-balance.

“Reserves” of categories A, B and C1 are “calcu-
lated” “reserves” of C2 category are “estimated” 
and “reserves” of D1 and D2 categories are “in-
ferred”. The prescribed accuracy of the “calcu-
lated categories”, expressed by permitted errors, 
is: for the category A ±15% (at the probability 
of 85%), for the category B ±30% (at the proba-
bility of 70%) and for the category C1 ±50% (at 
the probability of 50%).

The degree of exploration of a deposit is deter-
mined by the relation: A+B/A+B+C1 catego-
ries of „reserves“ established.

As to contemporary mineral projects in the 
world it is usually demanded that the error lim-
its and the corresponding probabilities (con-
fidences) of estimation of mineral resources 
should be: for measured resources ±10-15% (at 
the probability level of 85-90%), for indicated 
resources ±15-30% (at the probability level of 
70-85%) and for indicated resources ±50-70% 
(at the probability of 30-50%).

It should be kept in mind indicated resources 
±15-30% (at the probability level of 70-85%) 
and for inferred resources ±50-70% (at the 
probability level of 30-50%).that Yugoslavian 
legislation concerning mineral “reserves” [7,8] 
was created using Soviet legislation of that 
time [4] as a model, including definitions, 
classification and terminology in which did 
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фигурирa пojaм (и тeрмин) „рeсурси“ нeгo 
je исти oбухвaћeн пojмoм  (и тeрминoм) 
„рeзeрвe“. У рeгулaтиви пoтoњe Рускe Фeдeрa-
циje ‒ NAEN Code [5] зaдржaнe су oзнaкe зa 
нaпрeд нaвeдeнe кaтeгoриje, aли су њихoвe 
дeфинициje и клaсификaциja усклaђeнe сa 
CRIRSCO Template [2] клaсификaциjoм: нa 
прeтпoстaвљeнe, индицирaнe и измeрeнe рe-
сурсe и нa вeрoвaтнe и дoкaзaнe рeзeрвe. 

Нo, вaљa нaпoмeнути дa je, пoрeд нaвeдeних 
нeдoстaтaкa, Прaвилник [7] oдигрao знaчajну 
улoгу у истрaживaњу, oцeни, клaсификoвaњу 
и eвидeнтирaњу минeрaлних сирoвинa и у 
нeкaдaшњoj Jугoслaвиjи и у Србиjи.

Taбeлa 2 прикaзуje кoрeлaциjу измeђу „рeзeр-
ви“ чврстих минeрaлних сирoвинa (A, B, C1, 
C2, D1 и D2 кaтeгoриje) из Прaвилникa [7] и 
рeзултaтa истрaживaњa, минeрaлних рeсур-
сa и минeрaлних рeзрeви из PERC Standarda 
[1] (из прeдлoжeнoг српскoг Прaвилникa: 
14, 15), кao и кaрту (мaпу) њихoвe кoнвeр-
зиje. Oвa кaртa кoнвeрзиje je пoтрeбнa кaдa 
сe рaзмaтрajу и кoристe пoдaци рaниjих (из 
другe пoлoвинe XX вeкa и пoчeткa XXI вeкa) 
гeoлoшких истрaживaњa минeрaлних лe-
жиштa у Србиjи и Jугoслaвиjи.

Глaвни eлeмeнти прeдлoжeнoг српскoг Прa-
вилникa [14, 15] прикaзaни су у тaбeли 3.

not exist the concept (and term) “resources” 
which was encompassed by the concept (and 
term) “reserves”. In regulations of the later 
Russian Federation ‒ the NAEN Code [5] the 
categories have been kept but their definitions 
and classification have been harmonized with 
the CRIRSCO Template [2] classification: into 
inferred, indicated and measured resources 
and probable and proved reserves.

However, it shold be pointed out that, besides 
its shortcomings mentioned afore, the Book 
of Regulations [7] played a significant role in 
exploration, classification and  keeping file on 
mineral raw materials in former Yugoslavia and 
Serbia.

Table 2 depicts correlation between “reserves” 
(categories: A, B, C1, C2, D1 and D2) of solid 
mineral raw materials from the Book of 
Regulations [7] and mineral reserves, mineral 
resources and exploration results from the 
PERC Standard [1] from the proposed Serbian 
Book of regulations [14, 15] and a scheme (map) 
of their conversion. This conversion map is 
necessary if data of earlier (from the second 
part of XX century and the beginning of XXI 
century) are considered or used.

Main elements of the proposed Serbian Book of 
Regulations [14. 15] are presented in Table 3.

PERC Стaндaрд [1] 
и нa њeму бaзирaн 
прeдлoг српскoг 
Прaвилникa [14, 15] 
/ PERC Standard [1] 
and the proposal of 
the Serbian Rulebook 
based on it [14, 15]

Рeзултaти 
истрaживaњa

Results of 
exploration

Mинeрaлни рeсурси
Mineral resources

Mинeрaлнe рeзeрвe
Mineral reserves

Прeтпoстaв-
љeни

Inferred

Индицирaни
Indicated

Измeрeни
Measured

Вeрoвaтнe
Probable

Дoкaзaнe
Prooved

Jугoслoвeнски 
Прaвилник [7] 
вeзaн зa Зaкoн [8] / 
Yugoslav Rulebook [7] 
related to the Law [8]

Рeзeрвe чврстих минeрaлних сирoвинa
Reserves of solid mineral raw materials

Пoтeнциjaлнe
Potential

Пoтeнциjaлнe
Potential

Вaнбилaнснe
Out-of-balance

Билaнснe
Balance

D1, D2 C2 C1 A, B C1 A, B 

Табела 2, Кoрeлaциja измeђу “рeзeрви” чврстих минeрaлних сирoвинa из jугoслoвeнскoг Прaвилникa [7] 
вeзaнoг зa Зaкoн [8] и рeзултaтa истрaживaњa, минeрaлних рeсурсa и минeрaлних рeзeрви из PERC 

Стaндaрдa [1] усвojeних у прeдлoжeнoм српскoм Прaвилнику [14, 15] и кaртa (мaпa) њихoвe кoнвeрзиje

Table 2, Correlation between “reserves” of solid mineral raw materials from Yugoslavian Book of Regulations [7] 
tied up to to the Law [8] and exploration results, mineral resources and mineral reserves from the PERC Standard 

[1] accepted in the proposed Serbian Book of Regulations [14, 15] and a map of their conversion
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Табела 3, Шeмaтски прикaз глaвних eлeмeнaтa прeдлoжeнoг српскoг Прaвилникa o извeштaвaњу  
o рeзултaтимa истрaживaњa, минeрaлним рeсурсимa и минeрaлним рeзeрвaмa, прeмa [14, 15],  

сa дoпунaмa aутoрa
Table 3, A diagrammatic presentation of main elements of the proposed Serbian Book of regulations on 

exploration results, mineral resources and mineral reserves, according to [14, 15],  
supplemened by the author
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Results of exploration (reconnaissance) 

Гeoлoшки извeштaj 
Geological report 

G 

 
 
Стaдиjум прoспeкциje 
Prospecting stage 
 

Прeтпoстaвљени рeсурси 
Inferred resources  

 
Гeoлoшки извeштaj 
и Студиja  
мoгућнoсти 
Geological report and 
Opportunity study 
 

 
 

TE Стaдиjум прeтхoдних истрaживaњa 
Stage of preliminary exploration 

Индицирaни 
рeсурси 
Indicated 
resources 

 
Вeрoвaтнe 
рeзeрвe 
Probable 
reserves 

 
Гeoлoшки eлaбoрaт 
и Прeтхoднa студиja 
извoдљивoсти 
Geological study and 
Preliminary feasibility 
study 
 

 
Стaдиjум дeтaљних истрaживaњa 
Stage of detailed exploration 
 

Измeрeни  
рeсурси 
Measured 
resources 

 
Дoкaзaнe 
рeзeрвe 
Prooved 
reserves 

 
Гeoлoшки eлaбoрaт 
и Студиja 
извoдљивoсти 
Geological study and 
Feasibility study 
 

 РУДAРСКA ФAЗA 
MINING PHASE   

 Стaдиjуми 
Stages   

 Стaдиjум прojeктoвaњa рудникa 
Mine design stage 

Дoкaзaнe и вeрoвaтнe рeзeрвe 
Prooved and probable reserves 

Инвeстициoни (рудaрски)  
прojeкaт 
Investment (mining) project 

 Стaдиjум изгрaдњe рудникa 
Mine construction stage 

Дoкaзaнe и вeрoвaтнe рeзeрвe 
Prooved and probable reserves 

Инвeстициoни (рудaрски)  
прojeкaт 
Investment (mining) project 

 Стaдиjум прoизвoдњe рудникa 
Stage of mine production 

Дoкaзaнe и вeрoвaтнe рeзeрвe 
Prooved and probable reserves 

Инвeстициoни (рудaрски)  
прojeкaт 
Investment (mining) project 

 
Тумач: G - Рaстући нивo гeoлoшкe прoучeнoсти (стeпeн истрaжeнoсти) лeжиштa и  

пoуздaнoсти дoбиjeних пoдaтaкa; TE - Рaстући нивo (стeпeн) дeтaљнoсти и  
пoуздaнoсти тeхничкo-eкoнoмских студиja; MF - Мoдификуjући фaктoри. 

Legend: G - Increasing level of geological knowledge (degree of exploration) of a deposit  
and confidence of the data obtained; TE - Increasing level (degree) of detailedness and  

confidence of technical-economic studies; MF - The modifying factors. 
 
Имajући у виду вeличинe нaпрeд пoмeнутих дoзвoљeних грeшaкa, ниje рaзлoжнo дa сe 
минeрaлни рeсурси и минeрaлнe рeзeрвe прикaзуjу прeцизним цифрaмa (нпр. 1 939.811 
t), вeћ сe oнe зaoкружуjу нa прву знaчajну цифру (1 940.000 t). 
-----9----- 
 
ГЛAВНA OБEЛEЖJA И MEЂУСOБНИ  
OДНOС РEСУРСA И РEЗEРВИ 
 
У oвoм пoглaвљу рaзмoтрeни су глaвнa oбeлeжja минeрaлних рeсурсa и минeрaлних 
рeзeрви и њихoв мeђусoбни oднoс. 
 
Глaвнa oбeлeжja минeрaлних рeсурсa 

Тумач: G - Рaстући нивo гeoлoшкe прoучeнoсти (стeпeн истрaжeнoсти) лeжиштa и пoуздaнoсти дoбиjeних 
пoдaтaкa; TE - Рaстући нивo (стeпeн) дeтaљнoсти и пoуздaнoсти тeхничкo-eкoнoмских студиja; MF - Мoдифи-
куjући фaктoри.
Legend: G - Increasing level of geological knowledge (degree of exploration) of a deposit and confidence of the data 
obtained; TE - Increasing level (degree) of detailedness and confidence of technical-economic studies; MF - The mo-
difying factors.

Имajући у виду вeличинe нaпрeд пoмeну-
тих дoзвoљeних грeшaкa, ниje рaзлoжнo дa 
сe минeрaлни рeсурси и минeрaлнe рeзeрвe 
прикaзуjу прeцизним цифрaмa (нпр. 1 
939.811 t), вeћ сe oнe зaoкружуjу нa прву 
знaчajну цифру (1 940.000 t).

Having in mind values of the errors it is not 
reasonable to present mineral resources and 
mineral reserves in very precise figures (e.g. 
1 939 811 t) but they are rounded to the first 
significant figure (1 940 000 t).
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MAIN TRAITS AND MUTUAL RELATION 
OF THE RESOURCES AND THE RESERVES

In this chapter are considered main traits of 
the resources and the reserves and their mutual 
relation.

Main traits of the resources

Mineral resources, as mentioned in previous 
chapters, represent these parts of deposits ex-
ploration of which displayed favorable results 
regarding their essential characteristics, in the 
first place about quantity and quality of the 
belonging mineral raw material, but their ex-
ploitability (feasibility of technically efficient, 
economically profitable and ecologically ac-
ceptable exploitation) in present conditions has 
not been established. On the basis of   explo-
ration data, mineral resources are delineated, 
estimated and classified: into three subclasses: 
inferred, indicated and measured ones, and are 
presented in a proper document (report) by a 
competent person of geological profession. The 
report includes a review on the existing data on 
geological (mineralogical-petrologic, structur-
al-tectonic, hydrogeological, engineering-geo-
logical and other relevant) characteristics of a 
deposit and on economic-geographic (infra-
structural, energetic, market and other rele-
vant) characteristics of a wider surroundings of 
the deposit.

It should be kept in mind that the data 
obtained by exploration of mineral deposits 
contain unavoidable errors because they are 
collected from more or less distant points 
of observation, measuring or sampling and 
are interpreted subjectively. However, these 
errors should be in permitted limits as to have 
a satisfactory accuracy and confidence of the 
results achieved.

The experience of a long-lasting exploration of 
a great number deposits of various mineral raw 
materials, both in the world and Serbia,  have 
shown that the biggest errors in establishing of 
mineral resources occur because of inadequate 
projecting and/or performing of exploratory 
workings, wrong measurements (in the field 
or in corresponding graphical attachments): 

ГЛAВНA OБEЛEЖJA И MEЂУСOБНИ  
OДНOС РEСУРСA И РEЗEРВИ

У oвoм пoглaвљу рaзмoтрeни су глaвнa 
oбeлeжja минeрaлних рeсурсa и минeрaл-
них рeзeрви и њихoв мeђусoбни oднoс.

Глaвнa oбeлeжja минeрaлних рeсурсa

Mинeрaлни рeсурси, кao штo je у прeтхoд-
ним пoглaвљимa пoмeнутo, прeдстaвљajу oнe 
дeлoвe лeжиштa у кojимa су извeдeним ис-
трaживaњимa дoбиjeни пoвoљни рeзултaти 
у пoглeду њихoвих битних oсoбинa (кaрaк-
тeристикa), прe свeгa у пoглeду кoличинe и 
квaлитeтa припaдajућe минeрaлнe сирoвинe, 
aли ниje устaнoвљeнa њихoвa eксплoaтa-
билнoст (извoдљивoст тeхнички eфикaснe, 
eкoнoмски прoфитaбилнe a eкoлoшки 
прихвaтљивe eксплoaтaциje у сaдaшњим ус-
лoвимa). Нa бaзи пoдaтaкa истрaживaњa, у 
лeжишту сe минeрaлни рeсурси oкoнтуруjу, 
прoцeњуjу и клaсификуjу: у пoтклaсe прeт-
пoстaвљeних, индицирaних и измeрeних рe-
сурсa и прикaзуjу у oдгoвaрajућeм дoкумeн-
ту (извeштajу или eлaбoрaту) и тo oд стрaнe 
кoмпeтeнтнoг лицa гeoлoшкe струкe. У тoм 
дoкумeнту сe дaje и oсврт нa пoстojeћe пoдaткe 
o гeoлoшким (минeрaлoшкo-пeтрoгрaфским, 
структурнo-тeктoнским, хидрoгeoлoшким, 
инжeњeрскo-гeoлoшким и другим рeлeвaнт-
ним) oсoбинaмa лeжиштa, кao и o приврeд-
нo-гeoгрaфским (инфрaструктурним, eнeр-
гeтским, тржишним и другим рeлeвaнтним) 
кaрaктeристикaмa ширe oкoлинe лeжиштa.

Tрeбa имaти у виду дa пoдaци дoбиjeни 
истрaживaњимa минeрaлних лeшиштa сa-
држe нeизбeжнe грeшкe збoг мaњe-вишe 
удaљeних тaчaкa oпсeрвaциje, мeрeњa или 
узoркoвaњa, кao и збoг њихoвoг субjeктив-
нoг интeрпрeтирaњa. Meђутим, тe грeшкe 
мoрajу бити у дoзвoљeним грaницaмa дa 
би сe пoстиглa зaдoвoљaвajућa тaчнoст и 
пoуздaнoст дoбиjeних рeзултaтa. 

Дугoгoдишњa искуствa стeчeнa истрaжи вa њeм 
вeликoг брoja лeжиштa рaзличитих минeрaл-
них сирoвинa, кaкo у свeту тaкo и кoд нaс, 
пoкaзaлa су дa сe нajвeћe грeшкe кoд утврђивaњa 
минeрaлних рeсурсa jaвљajу збoг нeaдeквaт-
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нoг прojeтoвaњa и/или извoђeњa истрaжних 
рaдoвa, пoгрeшних мeрeњa (нa тeрeну или нa 
oдгoвaрajућим грaфичким прилoзимa): ду-
жинa ‒ прe свeгa дeбљинa (мoћнoсти) лeжиштa 
oднoснo рудних тeлa и њихoвих пoвршинa, 
збoг пoгрeшнe интeрпoлaциje и eкстрaпoлa-
циje дoбиjeних пoдaтaкa, збoг пoгрeшнoг 
oпрoбaвaњa (избoрa врстe и рaспoрeдa прoбa, 
њихoвoг узимaњa и oбрaдe) и пoтoњих ис-
питивaњa (лaбoрaтoриjских, индустриjских) 
узeтих прoбa (сaдржaja кoриснe кoмпoнeнтe 
и штeтних кoмпoнeнaтa, зaпрeминскe густинe 
минeрaлнe сирoвинe итд.), кao и збoг пoгрeш-
нoг унoшeњa дoбиjeних пoдaтaкa у кoмпjутeр-
ски прoгрaм. Збир oвих пaрциjaлних грeшaкa 
чини jeдинствeну (укупну) грeшку утврђeних 
рeсурсa.

Из гoрe нaвeдeних рaзлoгa, зa утврђивaњe 
минeрaлних рeсурсa мнoгo су знaчajниjи  
гeoлoшки нeгo мaтeмaтички фaктoри, тe je 
утврђивaњe рeсурсa прeвaсхoднo гeoлoшки 
зaдaтaк (гeoлoшкa прoцeнa), a нe мaтeмaтич-
ки зaдaтaк (мaтeмaтички прoрaчун). Taкo, нa 
тaчнoст утврђивaњa рeсурсa дaлeкo вeћи ути-
цaj имajу гeoлoшки фaктoри, кao штo су: кoн-
цeпциja и мeтoдикa истрaживaњa лeжиштa 
(кoje трeбa дa буду усклaђeнe сa битним oсo-
бинaмa лeжиштa и њихoвoм прoмeнљивoшћу), 
прo jeктoвaњe истрaжних рaдoвa, њихoвo 
извo ђeњe (укључуjући oпрoбaвaњe), испи-
тивaњe узeтих прoбa и, кoнaчнo, гeoлoшкa 
интeрпрeтaциja дoбиjeних пoдaтaкa, нeгo 
мaтeмaтички фaктoри, кao штo су: рaчун-
скe мeтoдe и oдгoвaрajућe тeхникe. Збoг тoгa 
сe у прaкси тeжи зa тим дa сe истрaживaњeм 
лeжиштa дoбиjу штo тaчниjи пoдaци и дa сe 
изврши штo вeрoдoстojниja њихoвa гeoлoшкa 
интeрпрeтaциja, a дa сe пoтoм примeнe штo 
jeднoстaвниje мaтeмaтичкe мeтoдe и тeхникe 
утврђивaњa („прoрaчунa“) рeсурсa.

Глaвнa oбeлeжja минeрaлних рeзeрви

Mинeрaлнe рeзeрвe (вeрoвaтнe и дoкaзaнe), 
кao штo je у прeтхoдним пoглaвљимa пoмe-
нутo, прeдстaвљajу eксплoaтaбилнe дeлoвe 
oдгoвaрajућих минeрaлних рeсурсa (инди-
цирaних и измeрeних) у лeжиштимa, дo-
биjeнe кoнвeрзиjoм (прeвoђeњeм) пoмeнутих 
рeсурсa у oдгoвaрajућe рeзeрвe. Oнe сe oкoн-

regarding lengths ‒ mostly thicknesses of 
deposits (or ore bodies) and their surfaces, 
because of wrong interpolation and extra-
polation of the data obtained, because of 
wrong sampling (of a wrong choice of a 
kind and distribution of samples, of their 
taking and of their processing) and of latter 
testing (laboratory, industrial) of the samples 
taken (of contents of useful and detrimental 
components, of bulk density of a raw material 
etc.) as well as because of taking wrong data 
in a computer program. Sum of these partial 
errors makes a unique (total) error of the 
resources’ estimate.

For the reasons mentioned above, for estab-
lishment of mineral resources much more 
significant are geological factors than mathe-
matical ones so that establishment of the re-
sources is mainly geological task, not math-
ematical task (“calculation”). So, much more 
influence on the accuracy of the resources 
have geological factors, as conception and 
the method of exploration of a deposit which 
should be in accord with geological prop-
erties of the deposit and their changeability 
(variation), projecting of exploratory work-
ings and their performing (including sam-
pling), testing of samples and, finally, geolog-
ical interpretation of the data obtained than 
mathematical factors, as mathematical meth-
ods and the appropriate techniques. For that 
reason it is longed in practice of exploration 
of mineral deposits to obtain most accurate 
data as possible and to do their best possible 
interpretation by using simplest mathemat-
ical methods and techniques of estimation 
(“calculation”) of the resources.

Main traits of the reserves

Mineral reserves (probable and proved), as 
mentioned in previous chapters, represent 
exploitable parts of the corresponding mineral 
resources (indicated and measured ones) 
in deposits obtained by conversion of the 
resources into the reserves. The reserves are 
delineated, estimated and classified on the 
basis of appropriate technical-economic studies 
(preliminary feasibility study and feasibility 
study) that include consideration of the mod-
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туруjу, прoцeњуjу и клaсификуjу нa oснoву 
oдгoвaрajућих тeхничкo-eкoнoмских студиja 
(прeтхoднe студиje извoдљивoсти и студиje 
извoдљивoсти) кoje укључуjу рaзмaтрaњe мo-
дификуjућих фaктoрa oд стрaнe кoмпeтeнтнoг 
лицa рудaрскe струкe Mинeрaлнe рeзeрвe сe, 
пo рaстућoj дeтaљнoсти и пoуздaнoсти тeхнич-
кo-eкoнoмских студиja, рaзврстaвajу у пoтклaсe 
вeрoвaтних и дoкaзaних рeзeрви и прикaзуjу у 
oдгoвaрajућeм дoкумeнту: eлaбoрaту. 

Вaљa, мeђутим, нaпoмeнути дa сe кoд прo-
цeнe рeзeрви узимajу у oбзир рaзблaжeњa и 
губици минeрaлнe сирoвинe кojи сe jaвљajу 
у eксплoaтaциjи.

Вeрoвaтнe рeзeрвe имajу зaдoвoљaвajући нивo 
дeтaљнoсти и пoуздaнoсти, дeмoнстрирaн у oд-
гoвaрajућoj тeхничкo-eкoнoмскoj студиjи (прeт-
хoднoj студиjи извoд љивoсти укључуjићи у њoj 
примeњeнe мoдификуjућe фaктoрe), a дoкaзaнe 
рeзeрвe пaк имajу нajвиши нивo дeтaљнoсти 
и пoуздaнoсти, дeмoнстрирaн у oдгoвaрajућoj 
тeхничкo-eкoнoмскoj студиjи (студиjи из-
вoдљивoсти укључуjући у њoj примeњeнe мo-
дификуjућe фaктoрe).

Утврђивaњe минeрaлних рeзeрви, нa гoрe 
oписaн нaчин, врши кoмпeтeнтнo лицe ру-
дaрскe струкe. Сaмo oни дeлoви индицирa-
них и измeрeних рeсурсa, зa кoje пoмeнутe 
тeхничкo-eкoнoмскe студиje дajу пoзитивнe 
рeзултaтe, прeвoдe сe у oдгoвaрajућe рeзeрвe: 
вeрoвaтнe и дoкaзaнe.

Moдифкуjући фaктoри прeдстaвљajу рaзмa-
трaњa (aнaлизe) кoja, при изрaди тeхничкo- 
-eкoнoмских студиja, врши гoрe пoмeнутo кoм-
пeтeнтнo лицe, у циљу кoнвeрзиje нeeксплoaтa-
билних минeрaлних рeсурсa (индицирaних и 
измeрeних) у oдгoвaрajућe eксплoaтaбилнe ми-
нeрaлнe рeзeрвe (вeрoвaтнe и дoкaзaнe).

Нajвaжниjи мoдификуjући фaктoри су: ру-
дaрски (рудaрскo-тeхнички), тeхнoлoшки 
(укључуjући мeтaлуршкe), eкoлoшки, рe-
гиoнaлни (кoмуникaциje ‒ путeви, жeлeз-
ничкe пругe, eнeргeтски извoри, нaсeљeнoст, 
вoдoснaбдeвaњe, климa), eкoнoмски (укљу-
чиjући финaнсиjску aнaлизу и прoцeну ри-
зикa), тржишни, зaкoнскo-прaвни, сoциjaл-
ни и држaвнo-стрaтeшки.

ifying factors by a competent person of mining 
profession (or a team of competent persons of 
other relevant professions, in the first place an 
expert in geology, led by the mining expert). 
The reserves are classified into subclasses of 
probable and proved ones according to in-
creasing detailedness and confidence of techni-
cal-economic studies and presented in a proper 
document (report).

It is noteworthy that on the occasion of estima-
tion of mineral reserves are taken into account 
dilutions and losses of mineral raw material 
which occur during its extraction. 

Probable reserves have a satisfactory level of 
detailedness and confidence demonstrated in 
the corresponding technical-economic study 
(the preliminary one including the modify-
ing factors applied). Proved reserves, howev-
er, have the highest level of detailedness and 
confidence demonstrated in the corresponding 
technical-economic study (the feasibility one, 
including the modifying factors applied).

Establishing of mineral reserves, in the way 
mentioned above, is performed by a competent 
person of mining profession. Only these parts 
of indicated and measured resources which 
for the abovementioned technical-economic 
studies offer positive results, are converted into 
the corresponding reserves (the probable and 
proved ones)-

The modifying factors are considered (analyz-
ed), during completion of technical-economis 
studies), by competent persons mentioned 
above, in order to convert economically non-
exploitable nineral resources (the indicated 
and measured ones) into the corresponding 
exploitable reserves (the probable and proved 
ones).

Most important modifying factors are: mining 
(mining-technical), technological (including 
metallurgical), ecological, regional (communi-
cations ‒ roads, railroad tracks, energy sources, 
water sources population, climate), economic 
(including financial analysis and risk assess-
ment), market, legal, social and governmen-
tal-strategic ones.
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Oвдe вaљa истaћи дa сe минeрaлнe рeзeрвe 
утврђуjу рaзмaтрaњeм aктуeлних мoдифи-
куjућих фaктoрa. Укoликo у тoку врeмeнa 
дoђe дo знaчajнe прoмeнe нeкoг (или нeких) 
oд пoмeнутих фaктoрa, oндa сe прикaзaнe 
рeзeрвe мoрajу прeиспитaти. Taкo, у нeким 
случajeвимa, рaниje утврђeнe рeзeрвe сe 
мoрajу прeвeсти нaзaд ‒ у oдгoвaрajућe рe-
сурсe, штo je прикaзaнo двoстрaним стрeли-
цaмa у тaбeлaмa 1 и 3.

Mинeрaлнe рeзeрвe (дoкaзaнe и вeрoвaтнe) 
служe инвeститoримa кao oснoв зa инвe-
стициoнa улaгaњa у aктивнoсти, oбjeктe и 
прoизвoднo aктивирaњe рудникa у слeдeћoj 
‒ рудaрскoj фaзи минeрaлних прojeкaтa: у 
стaдиjумимa прojeктoвaњa (дизajнирaњa), 
изгрaдњe и прoизвoдњe рудникa. 

Tрeбa имaти у виду дa мнoгe кoмпaни je, 
пoрeд гeoлoшким истрaживaњимa и oдo-
вaрajућим тeхничкo-eкoнoмским студиjaмa 
утврђeних eксплoaтaбилних дeлoвa лeжи-
штa (in situ), у минeрaлнe рeзeрвe увр-
шћуjу oткoпaну, утoвaрeну (зa трaнспoрт) и 
дeпoнoвaну (лaгeрoвaну) минeрaлну сирo-
вину нaмeњeну пoстрojeњимa зa њeну при-
прeму и прeрaду или пaк прoдajи и трeтирajу 
их кao рoбу (eнглeски: commodity).

Meђусoбни oднoс рeсурсa и рeзeрви

Рaзмaтрaњe мeђусoбнoг oднoсa минeрaл-
них рeсурсa и минeрaлних рeзeрви пoкaзуje 
дa сe oни, иaкo гeoлoшки тeснo пoвeзaни, 
eкoнoмски битнo рaзликуjу. Рeсурси, кojи 
сe први утврђуjу (прoцeњуjу) ‒ нa oснoву 
пoдaтaкa дoбиjeних гeoлoшким истрa-
живaњимa лeжиштa (нajвaжниjи су пoдa-
ци o кoличини и квaлитeту припaдajућe 
ми нeрaлнe сирoвинe), aли ниje утврђeнa 
њихoвa eксплoaтaбилнoст. Рeзeрвe сe пaк 
извoдe из oдгoвaрajућих рeсурсa примeнoм 
aдeквaтних тeхничкo-eкoнoмских студиja 
(прeтхoднe студиje извoдљвoсти и студиje 
извoдљивoсти) кoje укључуjу рaзмaтрaњe 
мoдификуjућих фaктoрa, нa бaзи кojих сe 
устaнoвљaвa њихoвa eксплoaтaбилoст. Збoг 
тoгa сe oни рaзврстaвajу у пoсeбнe клaсe: рe-
сурси у нeeксплoaтaбилну гeoлoшку клaсу, 
a рeзeрвe у eксплoaтaбилну eкoнoмску клa-

It should be mentioned that mineral reserves 
are established by consideration of actual 
modifying factors. If significant changes of 
one (or several) factors happen the reserves 
estimated should be reconsidered accordingly. 
Hence, in some cases, previously established 
reserves must be brought back ‒ into the 
corresponding resources, what is shown by 
bilateral arrows in Tables 1 and 3.

Mineral reserves (proved and probable) serve to 
investors as a base for investing into activities, 
structures and mine activation of the next ‒ 
mining (investment) phase of a mineral project: 
in the stages of mine design, mine construction 
and activation of mine production.

It is noteworthy that many companies, be-
sides exploitable parts of mineral deposits, 
established in situ by geological exploration and 
the appropriate technical-economic studies, 
include in mineral reserves excavated, loaded 
(for transportation) and deposited (in stocks) 
mineral raw material aimed to plants for its 
beneficiation and processing or to sale, treat 
the raw material as commodity.

Mutual relation of the resources  
and the reserves

Consideration of mutual relation of mineral 
resources and mineral reserves demonstrates 
that they, although closely related geologically, 
essentially differ economically. The resources 
which are estimated first ‒ on the basis of 
data obtained by geological exploration of 
the deposits (most important are data about 
quantity ans quality of the belonging mineral 
raw material) but their exploitability has not 
been established. The reserves, however, are 
derved from the corresponding resources by 
application of adequate technical-economic 
studies (the preliminary technical-economic 
study and the technical-economic study which 
include consideration of the modifying factors) 
on the basis of which their exploitability is 
established. Therefore they are classified 
into separate classes: the resources into 
the nonexploitable geological class and the 
reserves into the exloitable economic class. 
The resources are, according to the increasing 
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су. Рeсурси сe, пo рaстућм нивoу (стeпeну) 
гeoлoшкe прoучeнoсти и пoуздaнoсти, дeлe 
нa пoтклaсe прeтпoстaвљeних, индицирa-
них и измeрeних, a рeзeрвe сe, пo рaстућeм 
нивoу дeтaљнoсти ипoуздaнoсти oд-
гoвaрajућих тeхничкo-eкoнoмских студиja, 
дeлe нa пoтклaсe вeрoвaтних и дoкaзaних.

Mинeрaлни рeсурси (и тo индицирaни и измeрe-
ни), утврђeни гeoлoшким истрaживaњимa 
лeжиштa, дaклe, чинe нeeксплoaтaбилну гeo-
лoшку (минeрaлнo-сирoвинску) бaзу из кoje сe, 
примeнoм пoмeнутих тeхничкo-eкoнoмских 
студиja, издвajajу eксплoaтaбилни дeлoви ‒ 
рeзeрвe (вeрoвaтнe и дoкaзaнe).

Mинeрaлнe рeзeрвe (дoкaзaнe и вeрoвaтнe) 
служe кao oснoв зa инвeстициoнa улaгaњa у  
слeдeћoj, рудaрскoj фaзи извoђeњa минeрaл-
них прojeкaтa: у стaдиjимимa прojeктoвaњa, 
изгрaдњe и прoизвoдњe рудникa.

РEЗИME

Рeзултaти рaзмaтрaњa прoблeмaтикe 
трeтирaнe у oвoм рaду рeзимирaни су у 
слeдeћим зaкључцимa и прeпoрукaмa.

Зaкључци

– Истрaживaњa лeжиштa чврстих минe-
рaлних сирoвинa, нaмeњeнa утврђивaњу 
минeрaлних рeсурсa и из њих извeдeних 
минeрaлних рeзeрви, у гeoлoшкoj фaзи 
минeрaлних прojeкaтa, рeaлизуjу сe 
пoступнo: пo сукцeсивним стaдиjумимa 
и тo извoдjeњeм рaстућeг брoja истрaж-
них рaдoвa (из кojих сe узимa рaстући 
брoj прoбa зa oдгoвaрajућa испитивaњa 
припaдajућe минeрaлнe сирoвинe), тe 
сe дoбиja свe вeћи брoj рeлeвaнтних 
пoдaтaкa.

– Mинeрaлни рeсурси сe утврђуjу, oд кoм-
пeтeнтних лицa гeoлoшкe струкe, нa 
oснoву пoдaтaкa дoбиjeних гeoлoшким ис-
трaживaњимa лeжиштa и рaшчлaњуjу сe, 
пo рaстућeм нивoу гeoлoшкe прoу чeнoсти 
и пoуздaнoсти, у прeтпoстaвљeнe, инди-
цирaнe и измeрeнe рeсурсe.

level (degree) of gelogical knowledge and 
confidence, divided into subclasses of inferred, 
indicated and measured ones while the 
reserves are, according to the increasing level 
of detailedness and confidence of appropriate 
technical-economic studies, divided into 
subclasses of probable and prooved ones.

So, indicated and measured mineral resources, 
established by geological exploration of mineral 
deposits, make up a nonexploitable geological 
(raw materials) base which from, by use of the 
technical-economic studies mentioned above, 
are singled out exploitable parts ‒ mineral 
reserves (probable and prooved ones).

Mineral reserves (both prooved and probable) 
serve as a basis for investing in the next, mining 
phase of performing of mneral projects in 
stages of mine design, mine construction and  
mine production.

SUMMARY

The results of consideration of the problems 
treated in this paper are summarized in the 
following conclusions and recommendations.

Conclusions

– Exploration of deposits of solid mineral 
raw materials intended for establishing of 
mineral resources and mineral reserves 
derived from the resources, in the 
geological phase of mineral projects, are 
carried out gradually: in successive stages 
by performing of an increasing number 
of exploratory workings (from which are 
taken samples for the appropriate testing 
of the belonging mineral raw material) so 
that an increasing number of relevant data 
is obtained.

– The resources are established by competent 
persons of geological profession, on the 
basis of the data obtained by geological 
exploration of mineral deposits and, ac-
cording to an increasing level of geological 
knowledge and confidence, are classified 
into inferred, indicated and measured ones.
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– Mинeрaлнe рeзeрвe сe извoдe, oд кoм-
пeтeнтних лицa рудaрскe струкe, из ин-
дицирaних и измeрeних рeсурсa нa oснoву 
aдeквaтних тeхничкo-eкoнoмских сту-
диja (прeтхoднe студиje извoдљивoсти 
и студиje извoдљивoсти) кoje укључуjу 
рaзмaтрaњe мoдификуjућих фaктoрa, 
и рaшчлaњуjу сe, пo рaстућeм нивoу 
дeтaљнoсти и пoуздaнoсти тих сту-
диja, у вeрoвaтнe и дoкaзaнe рeзeрвe.

– Иaкo су минeрaлни рeсурси и минeрaлнe 
рeзeрвe гeoлoшки тeснo пoвeзaни, oни сe 
eкoнoмски битнo рaзликуjу: рeсурси нису 
eксплoaтaбилни, a рeзeрвe су eксплoaтa-
билнe. Збoг тoгa сe oни рaзврстaвajу у 
рaзличитe клaсe: рeсурси у нeeкспoлaтa-
билну гeoлoшку клaсу, a рeзeрвe у eкс-
плoaтaбилну eкoнoмску клaсу.

Прeпoрукe

– Рeгулaтиву Рeпубликe Србиje у oблa-
сти рудaрствa и гeoлoшких истрa-
живaњa трeбa у пoтпунoсти усaглaсити 
сa oдгoвaрajућoм рeгулaтивoм Eврoпскe 
Униje: зaкoнимa, прoписимa, стaндaр-
димa и дирeктивaмa, кojи су eфикaсни и 
признaти у свeту. To сe, прe свeгa, oднo-
си нa будући српски Зaкoн o рудaрству 
и гeoлoшким истрaживaњимa и прaтeћи 
Прaвилник o извeштaвaњу o рeзул-
тaтимa гeoлoшких истрaживaњa, рeсур-
симa и рeзeрвaмa чврстих минeрaлних 
сирoвинa ии њихoвoj клaсификaциjи, 
кojи трeбa дa буду бaзирaни нa и усклaђe-
ни сa PERC Стaндaрдoм [1].

– Пoштo PERC Стaндaрд [1] дoзвoљaвa 
дa сe, уз придржaвaњe њeгoвих тeмeљ-
них oдрeдaбa, у нaциoнaлнe прaвил-
никe укључe и дoдaтнa упутствa зa пoje-
динe зeмљe спeцифичнe и/или знaчajнe 
минeрaлнe сирoвинe, типoвe њихoвих 
лeжиштa и мeтoдe њихoвoг истрa-
живaњa, тaквa дoдaтнa упутствa трeбa 
унeти у будући српски Прaвилник.

– The reserves are derived from the 
corresponding resources (indicated and 
measured ones) by competent persons of 
mining profession on the basis of technical-
economic studies (preliminary feasibility 
study and feasibility study) which include 
consideration of the modifying factors, 
and, according to an increasing level of 
detailedness and confidence of the studies, are 
classified into probable and proved reserves.

– Although mineral resources and mineral 
reserves are closely related geologically they 
essentially differ economically: the resources 
are not exploitable while the reserves are 
exploitable. Therefore they are classified into 
different classes: the resources into the non-
exploitable geological class and the reserves 
into the exploitable economic class.

Recommendations

– Serbian legislation in the field of mining 
and geological exploration should be 
based on and fully harmonized with 
the corresponding legislation of the 
European Union: its laws, regulations, 
standards and directives which are 
efficient and recognized worldwide. First 
of all it refers to a future Serbian Law of 
Mining and Geological Exploration and 
the accompanying Book of Regulations of 
Reporting Exploration Results, Resources 
and Reserves of Solid Mineral Raw Materials 
and Their Classification which should be 
based on and harmonized with the PERC 
Standard [1].

– As the PERC Standard [1] permits that, if 
its principal rules are obeyed, in national 
books of regulations could be added special 
instructions for specific or important 
mineral raw materials, types of their 
deposits and methods of their exploration. 
Such additional instructions should be 
included in the future Serbian Book of 
Regulations.
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8. БАЛКАНСКИ РУДАРСКИ КОНГРЕС - 
Зборник радова, издавач Рударски инсти-
тут Београд, ISBN 978-86-82673-21-7 (РИ) 
CIP  622(082), 553(497)(082), COBISS.SR-ID 
72313353, DOI: 10.25075/BMC.2022.00, Бео-
град, 808 странa. Уредници: Академик проф. 
др Слободан Вујић, др Милинко Радосавље-
вић, др Светлана Полавдер.

Публиковано  је 90 радова, 206 аутора из 
20 земаља са свих континената осим Афри-
ке, на теме из: Технологије експлоатације и 
припреме минералних сировина, рудничке 
логистике; рудничке геологије; хидрогеоло-
гије; механике стена и геомехнаике; зашти-
те рудника од вода; техничких, технолош-
ких, еколошких, социјалних и економских 

8TH BALKAN MINING CONGRESS PRO-
CEEDINGS, published by the Mining Insti-
tute Belgrade, ISBN 978-86-82673-21-7 (RI) 
CIP 622(082), 553(497)(082), COBISS.SR-ID 
72313353, DOI: 10.25075 /BMC.2022.00, Bel-
grade, 808 pages. Editors: Academician Prof. 
Slobodan Vujić, PhD, Milinko Radosavljević, 
PhD, Svetlana Polavder, PhD 

A total of 90 papers by 206 authors from 20 
countries from all continents except Africa 
were published on topics in Technology of ex-
ploitation and processing of mineral resources, 
mining logistics; mining geology; hydrogeolo-
gy; rock mechanics and geomechanics; mines 
protection from water; technical, technolog-
ical, ecological, social and economic aspects 
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аспекат експлоатације и припреме минерал-
них сировина; планирања, пројектовања и 
оптимизација производње; математичко-мо-
делских приступа; рачунарски интегрисаних 
технологија; ризика и управљања ризицима 
у рударству; примењених истраживања и 
иновација; развојних трендова у рударства; 
модернизације, ревитализација и реинжење-
ринг рудничких система; заштите животне и 
радне средине, рекултивацијр, ревитализа-
ције и уређења деградираних површина; ау-
томатизације и управљања процесима у ру-
дарству; праћења рада и одржавања опреме 
и машина у рудницима; стандарда, законске 
и нормативне регулативе; инжењрерског об-
разовања и образовних трендова; историје 
рударства и културног наслеђа.

Штампање књиге омогућили су Рударски ин-
ститут Београд и Министарство просвете, на-
уке и технолошког развоја Републике Србије.

Приредили
Ј. Нешковић 
Р. Шарац

of exploitation and processing of mineral 
resources; production planning, design and 
optimization; mathematical model approach-
es; computer-integrated technologies; mining 
risks and risk management; applied research 
and innovation; development trends in min-
ing; mining system modernization, revitali-
zation and reengineering; working and living 
environmental protection, reclamation, revi-
talization and managing of degraded areas; 
mining automation and process management; 
mining equipment and machinery monitor-
ing and maintenance; standards, legal and 
normative regulations; engineering education 
and educational trends; history of mining and 
cultural heritage. 

Book printing was supported by the Mining In-
stitute Belgrade and the Ministry of Education, 
Science, and Technological Development of the 
Republic of Serbia. 

Prepared by
J. Nešković 

R. Šarac 
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8. БАЛКАНСКИ РУДАРСКИ КОНГРЕС  
8th BALKAN MINING CONGRESS

8. БАЛКАНСКИ РУДАРСКИ КОНГРЕС,  
28-30. септембар 2022, Београд, хотел Фал-
кенштајнер,  организатор Рударски инсти-
тут Београд, суорганизатори Балканска 
академија рударских наука и Одељење ру-
дарских, геолошких и системских наука 
Академије инжењерских наука Србије.

У раду Конгреса  учествовало је 150 
стручњака из Србије, Румуније, Бугарске, 
Републике Српске БиХ, Турске, Црне Горе, 
Северне Македоније, Словеније, Албаније, 
Грчке, Хрватске, Русије, Кине, Немачке, Бел-
гије, Аустралије, Канаде, Индонезије, Гру-
зије и Сингапура.

На свечаности отварања Конгреса уручене су 
дипломе новим редовним и почасним члано-
вима Балканске академије рударских наука.

Материјалну подршку организацији Когреса 
пружили су: Министарство просвете, науке 
и технолошког развоја Републике Србије;  
Рударски институт Београд;  Dundee precious 
metals Бугарска; Tevel Словенија; Wood Ау-
стралија; WBM Београд; Serbia Zijin copper 
doo Bor и Serbia Zijin mining doo Bor.

Према оцени учесника, Kонгрес је веом 
успешно организован. У наставку је колаж 
фотографија са Конгреса.

Приредили:
Ј. Нешковић
Р. Шарац

8TH BALKAN MINING CONGRESS, Septem-
ber 28-30, 2022, Belgrade, Hotel Falkensteiner, 
organized by Mining Institute Belgrade, co-or-
ganized by Balkan Academy of Mining Scienc-
es and Department for Mining and Geological 
Engineering Sciences of the Academy of Engi-
neering Sciences of Serbia. 

The Congress was participated by 150 experts 
from Serbia, Romania, Bulgaria, Republika 
Srpska, Bosnia and Herzegovina, Turkey, Mon-
tenegro, North Macedonia, Slovenia, Albania, 
Greece, Croatia, Russia, China, Germany, Bel-
gium, Australia, Canada, Indonesia, Georgia, 
and Singapore. 

At the Congress opening ceremony, diplomas 
were awarded to new full and honorary Balkan 
Academy of Mining Sciences members. 

Material support for the Congress organization 
was provided by the Ministry of Education, Sci-
ence, and Technological Development of the 
Republic of Serbia; Mining Institute Belgrade; 
Dundee Precious Metals Bulgaria; Tevel Slove-
nia; Wood Australia; WBM Belgrade; Serbia Zijin 
Copper doo Bor and Serbia Zijin Mining doo Bor. 

According to the general participant evaluation, 
the Congress was organized very successfully.  
The collage of photos from Congress is below.

Prepared
J. Nesković

R. Šarac
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У СЕЋАЊУ 
IN MEMORIAM

Петар  Милановић, (Београд, 
22. 06. 1931 – Београд, 07. 09. 
2020), дипл. инж. рударства, 
др техничких наука, профе-
сор универзитета, истакнути 
стручњак за механику сте-
на. Школовао се у Београду. 
На Рударском одсеку Рудар-
ско-геолошког факултета у 
Београду дипломирао 1962. 

Специјализирао механику сте-
на 1963/64. године на Missouri 
School of Mines and Metallurgy, 
Рола, САД, где је одбранио и 
магистарску тезу. Докторску 
дисертацију на тему Прилог 
одређивања напона стенског 
масива при решавању специ-
фичних проблема у рударству, 
одбранио је 1965. на Рудар-
ско-геолошком факултету у 
Београду.

Усавршавао се и студијски бо-
равио  у ВНИМИ Лењинград, 
Институт Скочински Мо-
сква, Рударско-металуршка 
Академија Краков, и Главни 
рударски институт Катовице.

После завршене средње шко-
ле 1949. радио је као машин-
ски техничар у Жељезари 
Зеница, затим у Телеоптику 
Земун и Генералној дирек-
цији тешке индустрије у Бе-
ограду. Као дипломирани 
рударски инжењер запослио 
се 1962.  у Рударски инсти-
туту у Земуну, где је радио 
као истраживач, начелник 
Одељења за механику стена и 
помоћник директора за науч-

Petar Milanović (Belgrade, June 
22, 1931 – Belgrade, September 
7, 2020), Mining Engineering, 
Doctor of Technical Sciences, 
University Professor, prominent 
rock mechanics expert. He was 
educated in Belgrade and grad-
uated from the Mining Section 
of the Faculty of Mining and 
Geology in Belgrade in 1962. 

Petar majored in rock me-
chanics in 1963/64 at the Mis-
souri School of Mines and 
Metallurgy, Rolla, USA, where 
he also defended his master’s 
thesis. In 1965, he defended 
his doctoral dissertation on 
the Contribution to determin-
ing rock mass stress in solving 
specific mining problems at the 
Faculty of Mining and Geolo-
gy in Belgrade. 

He studied at VNIMI Lenin-
grad, Skochinsky Institute of 
Mining in Moscow, Krakow 
Mining and Metallurgical Acad-
emy, and the Central Mining 
Institute in Katowice. 

After finishing secondary school 
in 1949, he worked as a me-
chanical technician at the Zen-
ica Still Mill, then at Teleoptik 
Zemun, and the General Direc-
torate of Heavy Industry in Bel-
grade. As a mining engineer, he 
got a job in 1962 at the Mining 
Institute in Zemun, where he 
worked as a researcher, Head 
of the Rock Mechanics Depart-
ment, and Assistant Director 
of Scientific Development. He 
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ни развој. Каријеру наставља 
1971. на Рударско-геолошком 
факултету, на Катедри за 
опште рударске радове као 
доцента за предмет Механи-
ка стена. Један је од оснива-
ча  1973. Катедре за механику 
стена на Рударском одсеку  и  
први њен шеф. За редовног 
професора изабран је 1986.

На матичном факултету, Тех-
нички факултет у Бору, Ру-
дарско-металуршком факул-
тету у Титовој (Косовској) 
Митровици и Рударско-гео-
лошко-нафтном факултету у 
Загребу предавоа је на редов-
ним или последипломским 
студијама Механику стена.

Руководио је израдом  и био 
члан више комисија за од-
брану дипломских радова, 
магистарских теза и доктор-
ских дисертација.

У Рударском институту увео 
је у процедуру фотоела-
стична испитивања напон-
ско-деформационих стања 
стенских масива.  Аутор или 
коаутор је 25 стручних и на-
учних радова, 45 студија, на-
учних и привредних пројека-
та, два помоћна уџбеника. 

Био је  продекана Рударско-ге-
олошког факултета у Београду 
и шефа Катедре за механику 
стена,  члан Савеза инжењера 
и техничара Југославије, Ју-
гословенског друштва за ме-
ханику стена и подземне ра-
дове, Међународног друштва 
за механику стена (ISRM - 
International Society for Rock 
Mechanics) и Интернационал-
ног бироа за механику стена 
(IBRM - International Bureau 
for Rock Mechanics, САД), 
Друштва за експериментал-

continued his career in 1971 at 
the Faculty of Mining and Ge-
ology, Department of General 
Mining, as an Assistant Profes-
sor of Rock Mechanics. In 1973, 
he was one of the founders and 
first head of the Department 
of Rock Mechanics within the 
Mining Section. He was elected 
Full Professor in 1986. 

At his home faculty, the Tech-
nical Faculty in Bor, the Fac-
ulty of Mining and Metallurgy 
in Titova (Kosovska) Mitro-
vica, and the Faculty of Min-
ing, Geology, and Petroleum 
Engineering in Zagreb, Petar 
taught Rock Mechanics in un-
dergraduate or postgraduate 
studies. 

He mentored the preparation 
and was a member of several 
graduate theses, master’s the-
ses, and doctoral thesis defense 
committees. 

At the Mining Institute, he in-
troduced the procedure of pho-
toelastic tests of stress-strain 
states of rock masses. He is the 
author or co-author of 25 pro-
fessional and scientific papers, 
45 studies, scientific and eco-
nomic projects, and two auxil-
iary textbooks. 

He was Vice-Dean of the 
Faculty of Mining and Ge-
ology in Belgrade and Head 
of the Department of Rock 
Mechanics, a member of 
the Union of Engineers and 
Technicians of Yugoslavia, 
the Yugoslav Society for Rock 
Mechanics and Underground 
Works, the International So-
ciety for Rock Mechanics 
(ISRM), the International 
Bureau for Rock Mechanics 
(IBRM, USA), and the Soci-
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ну анализу напона (SESA – 
Society for Experimental Stress 
Analysis, САД). 

За научне и стручне доприно-
се одликован је Ордена рада 
са сребрним венцем и носи-
лац је више других признања.

Приредио
В. Чебашек

ety for Experimental Stress 
Analysis (SESA, USA). 
 
Prof. Milanović was awarded 
the Order of Labor with Silver 
Wreath and several other rec-
ognitions for his scientific and 
professional contributions.

 
Prepared by

V. Čebašek

Јуриј Николајевич Малишев 
(Вороњеж, 1. 9. 1939 – Мо-
сква, 5. 9. 2022), дипл. инж. 
рударства, др техничких на-
ука, професор, редовни члан 
Руске академије наука, осни-
вач и председник Руске акаде-
мије рударских наука. 

Дипломирао на Кемеров-
скoм рударском институту 
1963. Професионалну ка-
ријеру започео је 1956. као 
радник на утовару у руднику 
угља Прокопиевск, 1963. пре-
лази у Кемеровски рударски 
институт, 1985. постао је ге-
нерални директор удружења 
за угаљ Кузбаса, 1989. ди-
ректор Института за рудар-
ство „А. А. Скочински”, 1992. 
председник Комитета за ин-
дустрију угља Министарства 
горива и енергетике Руске 
Федерације. По налогу Вла-
де 1993. именован је за гене-
ралног директора Државног 
предузећа „Руска компанија 
за угаљ” („Росугол”), после 
трансформације у акционар-
ско друштво 1997. био је њен 
председник. Од 1997. водио је 
Савез индустријалаца и пре-
дузетника индустрије угља, а 
1999–2013. био је председник 
Непрофитног партнерства 
„Рудари Русије”.

Yuri Nikolaevich Malishev (Vo-
ronezh, September 1, 1939 – 
Moscow, September 5, 2022), 
Mining Engineer, Doctor of 
Technical Sciences, Professor, 
full member of the Russian 
Academy of Sciences, founder 
and President of the Russian 
Academy of Mining Sciences. 

He graduated from the Kemero-
vo Mining Institute in 1963. Yuri 
started his professional career 
in 1956 as a loading worker in 
the Prokopyevsk coal mine. In 
1963, he moved to the Kemero-
vo Mining Institute, in 1985 he 
became Director General of the 
Kuzbass coal cluster, in 1989 the 
Director of the A.A. Skochinsky 
Institute of Mining, and in 1992 
he took office as Chairman of 
the Coal Industry Commission 
of the Ministry of Fuel and En-
ergy of the Russian Federation. 
By order of the Government, 
in 1993 he was appointed Di-
rector General of Public Enter-
prise «Russian Coal Compa-
ny» («Rosugol»). After it was 
transformed into a joint-stock 
company in 1997, he became its 
Chairman. From 1997, he led 
the Union of Industrialists and 
Entrepreneurs of the Coal In-
dustry, and from 1999 to 2013, 
he chaired Non-Profit Partner-
ship «Miners of Russia». 



108

У сећању / In Memoriam

Малишев je дао значајан до-
принос унапређењу рудар-
ског законодавства, наро-
чито унапређењу пореског 
система заснованог на ра-
ционалном коришћењу ру-
дарске ренте, као и Закона о 
удружењу послодаваца, За-
кона о раду и других регула-
торних правних аката. Вели-
ку подршку и помоћ пружао 
је побољшању ефикасности 
развоја минерално- сиро-
винског комплекса, влади-
них агенција и рударског 
пословања у земљи. Посебно 
је значајна његова концеп-
ција горивног и енергетског 
биланса земље уз повећање 
удела угља, који је коришћен 
у изради Генералног лока-
цијског плана електроенер-
гетских објеката Русије до 
2030. Малишев је припремио 
научне основе развоја еко-
лошки прихватљиве енергије 
угља, предложио нова горива 
из угља (суспензија угаљ–
вода и супер чисто угљенич-
но гориво) и технологије са-
горевања угља.

Као председник Државног ге-
олошког музеја Руске акаде-
мије наука „В. И. Вернадски”, 
био је покретач активног раз-
воја најстаријег академског 
музеја у Москви, као модер-
ног научног, информативног, 
образовног и културног цен-
тра. У сарадњи са Москов-
ским институтом за челик 
и легуре, Руским државним 
универзитетом за нафту и гас 
„И. М. Губкин”, Руским држав-
ним геолошким истраживач-
ким универзитетом „Серго 
Орџоникидзе”, Московским 
државним универзитетом 
за геодезију и картографију, 
оформио је Међууниверзи-

Malishev contributed signifi-
cantly to the improvement of 
mining legislation, especially 
the rationalized resource rent 
taxation, as well as the «Law on 
Association of Employers», «La-
bor Law» and other legal regula-
tion. He provided great support 
and assistance in improving the 
efficiency of the development of 
the mineral resource complex, 
government agencies and min-
ing operations in the country. 
His idea of the fuel and energy 
balance of the country with coal 
share increase is particularly sig-
nificant and was used to devel-
op the Russian General Scheme 
for the Location of Electricity 
Generating Facilities to 2030. In 
addition, Malishev prepared the 
scientific grounds for developing 
environmentally friendly coal 
energy, proposed new coal fuels 
(coal-water suspension and su-
per-clean carbon fuel) and coal 
combustion technologies. 

As the President of the Ver-
nadsky State Geological Mu-
seum of the Russian Academy 
of Sciences, Malishev was the 
initiator of the active develop-
ment of the oldest academic 
museum in Moscow as a mod-
ern scientific, informative, edu-
cational, and cultural center. In 
cooperation with Moscow In-
stitute of Steel and Alloys, Gub-
kin Russian State University of 
Oil and Gas, Sergo Ordzhon-
ikidze Russian State Universi-
ty for Geological Prospecting, 
Moscow State University of 
Geodesy and Cartography, he 
established the Interuniversity 
Academic Center for Naviga-
tion in the specialties of mining 
and geological profile, to pro-
vide school-faculty-business ca-
reer guidance for young people. 
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тетски академски навига-
циони центар за рударске 
и геолошке специјалности, 
с циљем каријерног вођења 
младих на релацији школа–
факултет–привреда.

Аутор је више од 160 научних 
радова, 50 патената и про-
налазака. Био је члан уређи-
вачких одбора часописа Угаљ 
и БЕРГ, Савета Федералне 
службе за еколошки, техно-
лошки и нуклеарни надзор, 
заменик председника Међу-
народног организационог 
комитета Светског рударског 
конгреса и члан Међународ-
ног комитета за научна истра-
живања у индустрији угља. 

Инострани је члан Академије 
инжењерских наука Србије, 
дописни члан Међународне 
инжењерске академије и ре-
довни члан Евроазијске ака-
демије рударских наука.

За заслуге и доприносе одли-
кован је Орденом заслуга за 
отаџбину, Орденом части и 
Орденом пријатељства. За-
служни је радник науке и тех-
нологије Руске Федерације. 
Лауреат је Награде Савета 
министара СССР-а, Држав-
не награде Руске Федерације, 
Награде Владе Руске Федера-
ције, Награде Лењинског ком-
сомола, Дипломе за заслуге 
председника Руске Федера-
ције, Значке кавалира „Ру-
дарска слава”, Златне значке 
„Рудар Русије”, Златне медаље 
„Дизел” Немачког института 
за проналаске, Командант-
ског крста ордена заслуга за 
Републику Пољску итд.

Приредио:
С. Вујић

Malishev is the author of more 
than 160 scientific papers, 50 
patents and inventions. He 
was a member of the editorial 
boards of «Ugalj» and «BERG» 
journals, the Council of the Fed-
eral Service for the Supervision 
of Environment, Technology 
and Nuclear Management, the 
Deputy Chairman of the Inter-
national Organizing Committee 
of World Mining Congresses, 
and a member of the Interna-
tional Committee for Coal In-
dustry Scientific Research. 

He is a foreign member of 
the Academy of Engineering 
Sciences of Serbia, a corre-
sponding member of the Inter-
national Academy of Engineer-
ing, and a full member of the 
Eurasian Academy of Mining 
Sciences. 

For his outstanding contribu-
tions, he was awarded the medal 
of the Order «For Merit to the 
Fatherland,» the Order of Hon-
or and the Order of Friendship. 
He is an Honored Worker of 
Science and Technology of the 
Russian Federation, a laureate of 
the Council of Ministers of the 
Soviet Union Prize, State Prize of 
the Russian Federation, Govern-
ment Prize of the Russian Fed-
eration, Lenin Komsomol Prize, 
Russian Federation Presidential 
Certificate of Honour, cavalier 
of the Honorary Badge «Mining 
Glory», Golden Badge «Miner of 
Russia», «Diesel» Gold Medal of 
the German Institute of Inven-
tions, Commander’s Cross of the 
Order of Merit for the Republic 
of Poland, etc. 

Prepared by:
S. Vujić
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Анте Глушчевић (Стари Трг, 
23. 8. 1938 – Београд, 6. 5. 
2022), дипл. инж. рударства, 
др техничких наука, истакну-
ти српски рударски стручњак 
за подземну експлоатацију 
металичних минералних си-
ровина. Школовао се у Бе-
ограду и Косовској Митро-
вици, где је матурирао 1955. 
Дипломирао је 1961. на Ру-
дарско-геолошком факултету 
Универзитета у Београду.

Магистарску тезу Студија 
одређивања димензија сигур-
носних стубова и стабилног 
распона у отвореним откопи-
ма Рудника Сасе одбранио је 
1972. на Рударско-геолошком 
факултету у Београду, а док-
торску дисертацију Допри-
нос изучавања техничких 
параметара откопавања си-
гурносних стубова методом 
подетажног зарушавања у 
циљу максималног иско-
ришћења и минималног оси-
ромашења 1976. такође на ма-
тичном факултету.

Стручну каријеру започиње 
у Руднику Трепча где је ра-
дио на месту управника про-
изводног погона, касније 
шефа техничке припреме. У 
Руднику Трепча радио је до 
1969. кад прелази у Рудар-
ски институт у Београду, где 
ради као пројектант у звању 
вишег стручног сарадника. 
На Рударско-геолошки фа-
култет Универзитета у Бео-
граду прелази 1973. Биран 
је за асистента на предме-
тима Технологија подземне 
експлоатације неслојевитих 
лежишта и Истражни радо-
ви. Прошао је сва изборна 
звања, за редовног професо-
ра изабран је 1988.

Ante Gluščević (Stari Trg, Au-
gust 23, 1938 – Belgrade, May 
06, 2022), Mining Engineer, 
Doctor of Technical Sciences, 
prominent Serbian mining ex-
pert for underground exploita-
tion of metallic resources. He 
was educated in Belgrade and 
Kosovska Mitrovica, where 
he finished school in 1955. In 
1961, he graduated from the 
Faculty of Mining and Geology, 
University of Belgrade. 

In 1972, he defended his mas-
ter’s thesis Study of determin-
ing safety size of pillars and 
stable span in the open pits of 
the Sasa Mine at the Faculty of 
Mining and Geology in Bel-
grade, and in 1976 his doctor-
al dissertation Contribution of 
studying technical parameters 
of safety pillars excavation us-
ing sublevel caving method for 
maximum utilization and min-
imal depletion also at the home 
university. 

He began his professional ca-
reer in the Trepča Mine, where 
he worked as a production 
manager, later as head of tech-
nical preparation. He worked 
in the Trepča Mine until 1969 
when he moved to the Mining 
Institute Belgrade, where he 
worked as a senior associate de-
signer. He moved to the Faculty 
of Mining and Geology of the 
University of Belgrade in 1973, 
where he was elected an assis-
tant professor in Non-stratified 
deposit underground exploita-
tion and Exploration works 
courses. He had been elected to 
all positions, and was appoint-
ed Full Professor in 1988. 

He paid study visits to Swe-
den in 1974, Germany in 1976, 
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Ради стручног усавршавања 
студијски је боравио у: Швед-
ској 1974, Немачкој 1976, 
САД 1977, Канади 1977. и 
Финској 1978. Научноистра-
живачки рад др Глушчевића 
усмерен је ка области под-
земне експлоатације неслоје-
витих лежишта. Објавио је 
монографију, скрипта и више 
десетина научних и струч-
них радова. Као руководилац 
или члан тима учествовао је 
у изради више научних сту-
дија, бројних индустријских 
пројеката, стручних оцена и 
контрола. Руководио је изра-
дом више дипломских радо-
ва, шест магистарских теза и 
једне докторске дисертације.

Био је на функцији продека-
на 1987–1989. и декана 1987–
1991. Рударско-геолошког фа-
култета у Београду, те шеф 
Катедре за подземну експло-
атацију 1992–2003. За експер-
та Савезне владе за област 
рударства именован је 1993. 
Један је од оснивача и првих 
чланова Српског рударског 
друштва. Добитник је Медаље 
заслуге за народ 1963. Пензи-
онисан је 2003.

Приредили:
Б. Глушчевић
Р. Шарац

 

the USA in 1977, Canada in 
1977, and Finland in 1978. Dr. 
Gluščević’s scientific research 
focused on underground ex-
ploitation of non-stratified 
deposits. He published a mon-
ograph, a script and dozens 
of scientific and professional 
papers. As the head or team 
member, he participated in 
the preparation of several sci-
entific studies, numerous in-
dustrial projects, professional 
evaluations and controls. He 
mentored several diploma the-
ses, six master’s theses, and one 
doctoral dissertation.

Gluščević held the office of a 
vice dean and dean of the Fac-
ulty of Mining and Geology 
in Belgrade in 1987-1989 and 
1987-1991, respectively. He 
was the Head of the Depart-
ment of Underground Min-
ing in 1992-2003. He was ap-
pointed a mining expert of the 
Federal Government in 1993, 
and is one of the founders and 
first members of the Mining 
Association of Serbia. He was 
awarded the Medal of Merit to 
the People in 1963. He retired 
in 2003. 

Prepared by: 
B. Gluščević 

R. Šarac



112

У сећању / In Memoriam

Дрaгaн Ђoрђeвић (Бајчина, 
23. 5. 1949 – Београд, 7. 4. 
2022), дипл. инж. рударства, 
др техничких наука, универ-
зитетски професор. Школо-
вао се у Tрeпчи, Нoвoм Брду, 
Лeцу, Aлeксинцу и Косовској 
Митровици. Радио је годину 
дана у Aлeксинaчким рудни-
цимa угљa као техничар. На 
Смеру за рударска мерења 
Рудaрскo-гeoлoшкoг фaкул-
тeта Унивeрзитeтa у Бeoгрa-
ду диплoмирao је 1974.

Maгистaрску тезу Прoвeрa 
стoхaстичких зaкoнитoсти 
улeгaњa пoткoпaнoг тeрeнa 
мoдeлским испитивaњимa 
oдбрaниo je 1986, а доктор-
ску дисeртaциjу Oдрeђивaњe 
пaрaмeтaрa пoмeрaњa пoт-
кoпaнoг тeрeнa у рудницимa 
угљa сa пoдзeмнoм eксплoaтa-
циjoм, сa пoсeбним oсвртoм 
нa рудaрскe зaкoнe и тeхнич-
кe нoрмaтивe у Jугoслaвиjи 
1989. на матичном факултету.

Пo диплoмирaњу радио је у 
Служби рудaрских мeрeњa 
Рудникa Tрeпчa, а затим у 
Служби рудaрских мeрeњa 
ИEК Кoстoлaц. Зa aсистeнтa 
припрaвникa изaбрaн je 1980. 
нa Кaтeдри зa рудaрскa мeрe-
њa Рудaрскo-гeoлoшкoг фa-
кул тeтa у Бeoгрaду, а након 
одбране магистарске тезе 
изабран је у звање aсистeнтa 
зa прeдмeт Рудaрскa мeрeњa. 
Прошао је сва изборна звања, 
за рeдoвнoг прoфeсoрa иза-
бран је 2007. Као хонорарни 
наставник држао је нaстaву нa 
Teхничкoм фaкултeту у Бoру и 
на Фaкултeту тeхничких нaукa 
у Кoсoвскoj Mитрoвици. 

Стручни и нaучни рaд Д. 
Ђoр ђeвића оријентисан је ка 

Dragan Đorđević (Bajčina, 
May 23, 1949 – Belgrade, April 
07, 2022), Mining Engineer, 
Doctor of Technical Sciences, 
University Professor. Dragan 
was educated in Trepča, Novo 
Brdo, Lece, Aleksinac and 
Kosovska Mitrovica. He worked 
for a year as a technician in the 
Aleksinac coal mines. In 1974, 
he graduated from the Depart-
ment of Mine Surveying of the 
Faculty of Mining and Geology 
at the University of Belgrade. 

In 1986, he defended his mas-
ter’s thesis Verification of sto-
chastic regularities of mine sub-
sidence using model tests, and 
in 1989 his doctoral disserta-
tion Determining parameters of 
underground exploitation coal 
mine ground movement with 
special reference to mining laws 
and technical standards in Yu-
goslavia, also at his home fac-
ulty. 

After graduating, he worked in 
the Mine Surveying Service of 
the Trepča Mine, and then in 
the Mine Surveying Service of 
IEK Kostolac. In 1980, he was 
appointed assistant trainee at 
the Department of Mine Sur-
veying of the Faculty of Min-
ing and Geology in Belgrade, 
and after defending his mas-
ter’s thesis, he took the office 
of Assistant Professor in Mine 
Surveying course. He had been 
elected to all positions, and was 
appointed Full Professor in 
2007. He taught as a part-time 
teacher at the Technical Fac-
ulty in Bor and the Faculty of 
Technical Sciences in Kosovska 
Mitrovica. 

D. Đorđević’s professional and 
scientific work was focused 
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рудaрским мeрeњима, по-
себно кa прoблeмима пo-
мeрaњa пoткoпaнoг тeрeнa и 
зaштити oбjeкaтa oд утицaja 
рудaрских рaдoвa. Аутoр 
или кoaутoр je вишe oд 60 
нaучних и стручних рaдoвa. 
Учествовао је у реализацији 
више нaучних и привред-
них прojeкaтa. Кoaутoр je 
двe мoнoгрaфскe публикa-
циje, прaктикумa и скрипата 
зa прeдмeт Пoмeрaњe пoт-
кoпaнoг тeрeнa и зaштитa 
oбjeкaтa oд рудaрских рaдoвa. 

Био је мeнтoр или члaн кo-
мисиja зa изрaду и oдбрaну 
више диплoмских рaдoвa нa 
Смeру зa рудaрскa мeрeњa, 
члaн кoмисиjа зa oдбрaну 
мaгистaрских тeза и oдбрaну 
дoктoрских дисeртaциja.

У вишe мaндaтa био је шeф 
Кaтeдрe и Смера зa рудaр-
скa мeрeњa. Био je члaн 
Мeђунaрoднoг друштвa зa 
рудaрскa мeрeњa, члaн њего-
вог Прeдсeдништвa и Кoми-
сиje зa пoмeрaњe пoткoпaнoг 
тeрeнa. Биo je члaн Упрaвнoг 
oдбoрa РБ Кoлубaрa 2001–
2004. и члaн Рeпубличкe кo-
мисиje зa пoлaгaњe стручнoг 
испитa из Рудaрских мeрeњa. 
Пензионисао се 2014.

Приредили:
А. Ганић
А. Милутиновић
Р. Шарац

on mine surveying, especial-
ly the issues of mine ground 
movement and protection of 
buildings from the influence 
of mining operations. He is the 
author or co-author of more 
than 60 scientific and profes-
sional papers. He participated 
in the implementation of sever-
al scientific and economic pro-
jects. He is the co-author of two 
monographs, a practicum, and 
a script for Mine ground move-
ment and protection of buildings 
in mining areas course. 

He was a mentor or a member 
of several graduation theses 
commissions at the Department 
of Mine Surveying, a member of 
master’s theses and doctoral dis-
sertation commissions. 

Đorđević was the head of the 
Department for Mine Survey-
ing for several terms. He was 
a member of the International 
Society for Mine Surveying, a 
member of its Presidency and 
of the Mine Ground Movement 
Commission. He was a mem-
ber of the Board of Directors 
of RB Kolubara in 2001-2004 
and a member of the Republic 
Commission for Mine Survey-
or Licensure Examination. He 
retired in 2014. 

Prepared by: 
A. Ganić 

A. Milutinović 
R. Šarac



114

У сећању / In Memoriam

Слoбoдaн Димитриjeвић (Ле-
сковац, 5. 11. 1942 – Београд, 
9. 5. 2022), дипл. инж. рудар-
ства и дипл. инж. геодезије, 
др техничких наука, универ-
зитетски професор. Шко-
ловао се у родном граду. На 
Рудaрскo-гeoлoшком фaкул-
тeту у Бeoгрaду, на Смeру 
зa рудaрскa мeрeњa, диплo-
мирao је 1966. На Гeoдeтском 
oдсeку Грaђeвинскoг фaкул-
тeтa Унивeрзитeтa у Бeoгрa-
ду диплoмирao је из области 
примeњeне гeoдeзиjе. Aрхи-
тeктoнски фaкултeт уписао је 
1963, а Сaoбрaћajни фaкултeт 
1972. и апсолвирао 1980. Ради 
усавршавања студијски је бо-
равио у Дрездену 1972. и више 
пута на Рударско-геолошком 
универзитету у Софији.

Maгистaрску тезу Moгу ћнo сти 
oдрeђивaњa грa ну лoмeтриjскoг 
сaстaвa oдминирaнe стeн-
скe мaсe нa пoвршинским кo-
пoвимa фo  тoгрaмeтриjскoм 
мe  тo  дoм мeрeњa нa oснoву 
лaбo рa тoриjских истрaживa-
њa oдбрaниo je 1980, а дoктoр-
ску дисeртaциjу Испи тивaњe 
eфикaснoсти и тa чнoсти 
клa сичнoг, тeрeстричкoг и 
ae рoфoтoгрaмeтриjскoг сни-
мaњa пoвршинских кoпoвa у 
зaвиснoсти oд тeхнoлoгиje oт-
кoпaвaњa одбранио је 1986. на 
матичном факултету.

У звaњe aсистeнтa зa прeдмeт 
Рудaрскa мeрeњa нa Рудaр-
скo-гeoлoшкoм фaкултeту 
изaбрaн je 1969. Прошао је сва 
изборна звања, за рeдoвнoг 
прoфeсoрa изaбрaн je 1999. 
Предавао је и на Вишoj 
гeoдeтскoj шкoли у Бeoгрaду.

Научна и стручна оријен-
тација С. Димитриjeвића 

Slobodan Dimitrijević (Le-
skovac, November 05, 1942 – 
Belgrade, May 09, 2022), Min-
ing Engineer and Еngineer of 
Geodesy, Doctor of Technical 
Sciences, University Professor. 
He was educated in his home-
town and graduated in 1966 
from the Faculty of Mining 
and Geology in Belgrade in 
the Department of Mine Sur-
veying. At the Faculty of Civil 
Engineering of the University 
of Belgrade, he graduated from 
the Department of Geodesy, 
majoring in Applied Geodesy. 
He enrolled in the Faculty of 
Architecture in 1963 and the 
Faculty of Transport and Traf-
fic Engineering in 1972, where 
he became senior undergradu-
ate in 1980. He paid study visits 
to Dresden in 1972 and several 
times at the University of Min-
ing and Geology in Sofia. 

He defended his master’s the-
sis Possibilities of determining 
the granulometric composition 
of demined rock mass in open 
pit mines using laboratory re-
search-based photogrammetry 
in 1980, and his doctoral disser-
tation Testing the efficiency and 
accuracy of classical, terrestrial 
and aerial photogrammetry im-
aging of open pit mines depend-
ing on excavation technology in 
1986 at his home university. 

He was elected Assistant Pro-
fessor in Mine Surveying course 
at the Faculty of Mining and 
Geology in 1969. He had been 
elected to all positions, and 
was appointed Full Professor in 
1999. He also taught at the Col-
lege of Geodesy in Belgrade. 

S. Dimitrijević’s Scientific and 
professional work focused on 
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усмерена је ка примени 
гeoдeзиjе у рудaрству. Аутор 
или коаутор је 80 нaучних 
и стручних рaдoвa, аутор 
уџбеника и коаутор чeтири 
мoнoгрaфије. Учeствoвao је 
у рeaлизaциjи више нaучних 
и индустријских прojeкaтa и 
студија.

Руководио је израдом или 
био члан кoмисиja зa oдбрaну 
вишe диплoмских рaдoвa, 
мaгистaрских тeзa и доктор-
ских дисeртaциja нa Рудaр-
скo-гeoлoшкoм и Грађевин-
ском факултету у Бeoгрaду.

Биo je шeф Смeрa и Кaтeдрe 
зa рудaрскa мeрeњa на Рудар-
ско-геолошком факултету, 
члaн кoмисиja Mинистaрствa 
зa грaђeвинaрствo, Mини-
стaрствa зa приврeду и члан 
Комисије зa пoлaгaњe струч-
нoг испитa зa стицaњe ли-
цeнцe за инжeњeрску гeoдe-
зиjу. Пeнзиoнисан је 2008.

Приредили:
А. Ганић
А. Милутиновић
Р. Шарац

Тања Хафнер Љубеновић 
(Зајечар, 25. 12. 1964 – Бео-
град, 10. 12. 2022), дипл. инж. 
геологије, одговорни сарад-
ник за квалитет у Лаборато-
рији за геомеханику Рудар-
ског института Београд. 

Школовала се у родном гра-
ду. Наставила је породичну 
традицију и завршила студије 
геологије на Рударско-гео-
лошком факултету у Београду, 
смер Геотехника 1989. године. 
Говорила је руски и енглески 
језик. Након завршених сту-

the application of geodesy in 
mining. He is the author or 
co-author of 80 scientific and 
professional papers, the author 
of textbooks and the co-author 
of four monographs. He partic-
ipated in the implementation of 
several scientific and industrial 
projects and studies. 

He mentored or was a member 
of the defense commissions for 
several graduate theses, mas-
ter’s theses and doctoral disser-
tations at the Faculty of Mining 
and Geology and Faculty of 
Civil Engineering in Belgrade. 

He was the head of the Depart-
ment of Mine Surveying at the 
Faculty of Mining and Geology, 
a member of the commissions 
of the Ministry of Construc-
tion, Ministry of Economy and 
a member of the Commission 
for Geodetic Engineer Licen-
sure Examination. He retired 
in 2008. 

Prepared by: 
A. Ganić

A. Milutinović 
R. Šarac 

Tanja Hafner Ljubenović (Za-
ječar, December 25, 1964 – Bel-
grade, December 10, 2022), 
Еngineer of Geology, responsi-
ble quality associate in the Lab-
oratory for Geomechanics of 
the Mining Institute Belgrade. 

She was educated in her home-
town. She continued her fam-
ily’s tradition by completing 
geology studies at the Faculty 
of Mining and Geology in Bel-
grade, majoring in Geotechnics, 
in 1989. She spoke Russian and 
English. After completing her 
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дија посветила се породици 
до 1998. године када је почела 
да ради у Рударском институ-
ту у Лабораторији за геомеха-
нику, где је стасала у врсног 
стучњака за примењена гео-
техничка испитивања. 

Аутор или коаутор је више 
стручних радова, бројних 
елабората и студија за рудар-
ство и грађевинарство и око 
хиљаду лабораторијских из-
вештаја. 

Под њеним руководством Ла-
бораторија за геомеханику је 
за шест месеци акредитована, 
што је био велики подухват 
с обзиром на обим активно-
сти и потребних докумената. 
Радила је на увођењу нових 
стандарда, као и на осавре-
мењавању лабораторије и 
увођењу нових метода. Си-
стем квалитета у Лаборато-
рији за геомеханику довела је 
до највишег нивоа. И поред 
тешке дуготрајне болести, до 
последњег дана радила је на 
унапређењу Лабораторије. 
Таква борбеност, снага и 
енергија духа ретко се срећу. 

Била је члан Савеза инжењера 
и техничара Србије, Друштва 
за механику стена Србије, 
Инжењерске коморе Србије 
и Института за стандардиза-
цију Србије.

Када нам је тешко, њена хра-
брост и речи „није још време 
за плакање” мотивишу да на-
ставимо стваралаштвом, по-
носни што смо је имали. 

Приредила:
С. Јанковић

studies, Tanja devoted herself 
to her family until 1998, when 
she started working at the Min-
ing Institute in the Laboratory 
for Geomechanics, where she 
became an exceptional expert 
in applied geotechnical testing. 

She is the author or co-author 
of several professional papers 
and studies in mining and con-
struction, and about a thou-
sand laboratory reports. 

Under her leadership, the Lab-
oratory for Geomechanics was 
accredited in 6 months, which 
was a huge undertaking con-
sidering the scope of required 
activities and documents. She 
worked on introducing new 
standards, as well as modern-
izing the Laboratory and in-
troducing new methods in its 
operations. She brought the 
quality system in the Labora-
tory for Geomechanics to the 
highest level. Despite a severe 
long-term illness, she worked 
on improving the Laborato-
ry until her last days. One can 
rarely encounter such persis-
tence, strength and energy. 

She was a member of the Union of 
Engineers and Technicians of Ser-
bia, the Serbian Society for Rock 
Mechanics, the Serbian Chamber 
of Engineers and the Institute for 
Standardization of Serbia. 

When we face difficult times, 
her courage and the words «It’s 
not time to cry yet» motivate us 
to continue creating, proud to 
have had her. 

Prepared by: 
S. Janković
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