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[7IaCHMKA ITYO/IMKOBAHY Cy HajOo/be paHrMpaHu pagosa Ha Kon-
rpecy, usysumajyhu nocnenmu pag.

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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INNOVATIVE PROCESSES FOR THE RECOVERY OF RARE
AND RARE EARTH ELEMENTS FROM COMPLEX ORES
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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 1.75x10” V/m; pulse fre-
quency 375 Hz; pulse duration 50 ns); DBD
(leading edge of the pulse duration 250-300
ns; pulse duration 8 ps; voltage amplitude 20
kV; pulse frequency 16 kHz); ultrasound (fre-
quency 20+1.65 kHz; oscillation amplitude
2.5-5 um) 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

6

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.
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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)

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

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.

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/dm?, ratio of solid mineral phase to
leaching solution (S:L) 1:20, mixing speed
500 min™; ash and slag waste — temperature
130°C, duration 3 hours, nitric acid concen-
tration 7.2 mol/dm? S:L ratio 1:10; mixing
speed 500 min™'; molybdenum concentrate —

temperature 130°C, duration 5 hours, nitric
acid concentration 3.2 mol/dm?, S:L ratio
1:10, mixing speed 500 min’, 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 £ =60 sec.
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Table 1, Effect of HPEMP and DBD on the leaching performance of eudialyte concentrate

Average REE Increase in REE
Treatment conditions Recovery, % recovery, % 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 89.9 924 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 (30s) 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 . Recovery, % REE recovery, % Increase in REE recovery, %
conditions b min Ce La Nd
No treatment 439 48.3 45.6 64.0 50.2 -

0.5 44.0 48.5 46.8 66.3 51.2 1.0
HPEMP 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
5 56.0 47.5 53.2 65.3 54.3 4.1
US (water) 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 (HNO,) 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-
8

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.
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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.
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ECOLOGY, DESTRUCTION

3AIITO OBA TEMA

Hexke pymapcke akTMBHOCTM HECTPYIHO U He-
HNaX/bUBO BoheHe Mory cTBOpUTM IpO6IEM y
okpyxewy. Ilocnenniie Hemaxmwe HUCY YBeEK
UCTe, HUTY Cy OfMaxX BUJ/bUBE.

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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Jla 6u carnefgaBame yTHLaja pyapcKux pajo-
Ba Ha )XMBOTHY CPeAMHY OM/I0 MEpUTOPHO, HO-
TpeOHa je BUIlleeTallHa MY/ITUVICHUIUIVHAPHA
CTPYYHOCT, a HaJ30p CTama CpefuHe Y 30HU
yTHUIdja PyAapCcKuUX pajioBa, Mopa IONA3UTH
o (yrBpbenor) mpupopHor ¢ona. Carnena-
Bame CTalba HACTAJIOr IO, YTHUIajeM pyAap-
CKMX pajioBa U pelllelha 3a OTKIambame WIN
ybnakaBame Mocieguiia, obyxBaTa IUIQHM-
pame ¥ IpaBoOBpeMeHO crpoBoherma Mepa Oa-
JIaHCa PYJAapCKUX aKTMBHOCTY, 3alLITUTE, HeTe
u ypebema mpezena eKCIIoaTalMOHOT MOJbA.
Y carnmacjy ¢ tum, Beh y ¢asu npojekroBama
OTBapama PYHNHUKA, HEONXOHHO je AedyHM-
CaTy KOHIEMLNjy 3aIITUTe KUBOTHE CpefuHe
U JVUHAMMKY crpoBobemwa. To Huje craTnvaH
- mpobyeM IIOCTOjaHOT CTama, Beh mpobiem
BMUIILIE/IELIEHN]CKOT Tpajarba ¥ HEMUHOBHUX aM-
OMjeHTa/HUX IPOMEeHa TP)XUIITA, eKOHOMUje,
HOJINTUKE, 3aKOHCKe ¥ HOPMAaTVUBHE perya-
TUBe, YpOaHU3Ma, COLMjATHUX U EKOMOMIKUX
3axteBa, uth. [lakie, 3alITUTa >KUBOTHE M
pajHe CpefiHe je MHTePAKTVBHA, BUIIE3HAYHO
OCeT/bUBA, CTIOKEHA, I CTPYYHO BMCOKO 3aX-
TEeBHA TeMa.

KommnnexkcHocT npo6nema, Mmoryha moBpuHocT
Y AMjalHOCTMLIM ¥ pelllaBamby, HEIOBOJbHA I10-
ceeheHOCT mpoO/IEMy, CKpOMHA CTPYYHOCT
HOCMOL|A 3a/IaTKa U NIPUTHCLM jaBHOCTU TIPO-
0/1eMaTMYHO MOTUBNCAHM ¥ CTPYYHO HeyTe-
MeJbeH, CTBApajy 3aTETHYTOCT U KOH(INKTHE
cUTyalyje Koje HaHOCE €KOHOMCKY INTETy U
ycrnopanajy passoj [1,3,5].

YTULAJM PYOAPCTBA HA JKMBOTHY I
PAIHY CPEIVHY

Pe30/myTHO, )KUBOTHY CpeIMHY PyAaPCTBO MOXKe
YIPO3UTM Ha jefilaH Off HAuVHA: UCUPNbUEAIbE
pecypca, pazaparve u 3azahusarve cpeoute [1].

Excnnoaranmja MuHepaTHUX CMPOBMHA OfjBHja
ce asHoO, Te ce ¥ YTUIIAj) Ha )KUBOTHY Cpefu-
Hy MCTOBeTHO reHepminy. HndepeHnupame
€KONIOIKMX YTUIIdja TEXHOJOUIKMX IIpoleca
eKCIIoaTanuje u mpepaje YBpCTUX MUHepas-
HIJIX CPOBIHA, 3aXTE€BAJI0 611 MHOTO OOVMHMjI
a HeBaKaH TEKCT. 3aTO Cy Y OYHKIMjU TeMe
pajia 1 LeIOBUTH]ET carieflaBaba Mpobema, y
HACTaBKYy IIpMKa3aHa o0e/eXjuMa yTUIaju Ha
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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



C. Byjuh, M. Padocasmwesuh, C. Ilonasdep, Ynompeba exonozuje y decmpykuuju pyoapcmea, (11-21)
S. Vuji¢, M. Radosavljevié, S. Polavder, Use of Ecology for the Destruction of Mining, (11-21)

JKMBOTHY U PajHy CpelNHe K/bYYHUX pyHap-
CKMX aKTMBHOCTU: T€OJIONIKO MCTPAKMBaIbe,
€KCIUIoaTallija M IpUIpeMa MYHEpaTHUX CU-
poOBMHA 1 OfjIaTarbe jaIoBMHE.

Teonowiko ucmpanusarbe TPETXOAU €KCIIOA-
TalMjyi MUHEPATHUX CUPOBMHA, IIOCTYIIHO je 1
(asHo ycroB/beHO (peam3anuja HapegHe dase
UCTpaXVBama 3aBVICHU Off MCXOAa IPETXOMIHE)
U OYTOTPAjHO Off IIPOCIEKIVjCKUX, reodpuamd-
KUX [0 JeTa/bHUX TeOJIOIIKUX UCTPaKUBamba
- WUCTpaXHMM OylIemeM, IOA3eMHUM VN
KOMOVHOBaHMM UCTPXHUM PajjOBMMa, Y30p-
KOBambeM, MHCUTY U JTaOOpaTOPUjCKUM VCIIN-
TUBAabIMA, CUHTE3€ Pe3y/ITaTa, OlieHe, enbopa-
LMje, KOHTPOJIe U IPOBepe, UTH,.

[eonomKknM MCTpa>KHUM PafoOBMMa He fierpa-
Aypa cé 1 HE KOHTaMMHMpa 3€M/bUIITE, I HE
KBapu Bu3yenHM edekar kpajonuka. ITonsem-
HUM UCTPA’)KHUM paJoBMMa M3BECHE KOINYIN-
He OTKOITHE jaJIOBe CTEHCKE Mace OJIaXy ce Ha
noBpHM TepeHa. To cy majna ofjiaraammira,
He Memajy MOpdoIornjy TepeHa, a peKyaTn-
Balllja je JIaKo M3BOJ/bMBA, HMj€ MaTepUjaJIHO
3axTeBHa, Hajuelrhe HIje HI TOTpeOHA MOLITO
je mpupopa croHTaHo 1 epukacHo obassba. le-
HepaM30BaHa oljeHa edeKaTa re/IOMKNX JIC-
TPAXHIMX PafIoBa IO OKPYXXEHe, CBOJM C€ Ha
KOHCTATAIjy [ia je ped O eKOJIOLKM Oe3ase-
HOj aKTUBHOCTH [1,2].

Ilodsemna excnnoamayuja He Herpajupa 3e-
M/bUIITHE HOBPH_II/IHe I HE OCTAaB/ba HETraTVBaH
BU3Ye/THUX eeKaTa, IITO je IT0CeOHO 3HAYAjHO
3a ypbane u 3amTnheHe mpefene Kao LITO Cy
HAallVIOHAa/THN U HapKOBI/I anpone, TypI/ICTI/I‘IKI/I,
PeKpealnoHn LieHTpH, barbe, MCTOPUjCKU CIIO-
MeHnnun, apxeonouu(a HajIasymTa UTH. ITomro
ce eKCIUIOATALIOHN PAfoBM M3BOAie Y ByOMHM
T/Ia, HEMA TEXHOJIOIIKMX YTUIIAja Ha OKPYyXKerbe,
Kao ILITO Cy cemsMmuku epexTy, Oyka, Iparin-
Ha, racoBy uTy. Hexemenu edextn Mory 6utn:
orpaHnYeHe IIpoMeHe MOpQOIoruje Kao Imocre-
[uIe CIeTama TepeHa, VICHYLITambe Y aTMocde-
Py MCTPOIIEHOr jaMCKOT BasjyXa, MCIylITarba
pysHmuke Bofie moBehane MmHepammsaiuje y
OTBOpPEHN! BOJIOTOK, IIOTEHINja/HO 3araheme
HOfi3eMHe BOfie Y KOHTAKTy ca ()IOTalMjCKOM
janmoBuHOM KopuirheHOM 3a 3aITymaBame jaM-
CKUIX IIpOCcTOpHUja UTH. [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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THospwumncka excnnoamayuja, faHAC TOMU-
HMpajyhy 06/1uK eKcIvroaTanyje MUHepajTHIX
crpoByuHa, Behe je moTeHIMjaTHOCTN 3a TPO-
61eMe ekoolIKe Impupoze. UnmeHnIa je u fa
ce OBOM OOJIMKY eKCIUIOaTaluje IPUIINACYje
C€ MHOTI'0O BHMIII€ HETAaTUBHOT HETO LITO CTBap-
HO jecTe. Pa3nmosm HeraTuBHe nIeplennuje cy:
BU3yelTHN e(eKart, 3ay3Mambe U Jlerpafiupame
3€M/bUIITA, IIOITYM/b€HNX IIOBPIINHA UTA. 3a-
6opaBrba ce, He 3Ha WM He >Ke/lu Ja 3Ha, fia je
merpajanuja moppiyHe 3axsaheHe ekcrioa-
TAaVIOHVIM paZlOBMIMa IIPUBPEMEHA, Ja CE€ MOXKE
YCIIENIHO PpEBUTA/IN30BaT 1 PEKYITUBUCATIU.

Op TexHonoruje MOBPIIMHCKE €KCIIIOaTaly-
je, 3aBuce mparehm yrumaju Ha OKONMHY U
Tpajarbe BUXOBOT JenoBama. Kox MuHMpama
TO Cy cem3MW4KM edekTy, Oyka, Bas[gyll-
HU yhapy, npammHa u racosu. Kop yrosapa,
TPAHCIIOPTA, JIEMOHOBaka pyAe ¥ OfjIarama
jaloBuHe, TO Cy Oyka, NpaliyMHa U U3LYBHU
racoBy M3 MOTOpa 3a IIOKpeTame MalllHa U
ompeme, Moryha je 1 ImpamniMHa Kojy IOfyDKe I
pasBejaBa I10 OKOJIMHMA BeTap.

YTuiaju pysapckux pajjoBa Ha O/1VDKy U IMpy
OKOJIMHY HOBPIIMHCKIX KOIIOBAa MaHUQECTYjy
ce: 3ay3VMambeM 3€M/BMINTA, IIPOMEHaMa MOP-
¢ororuje TepeHa, ofiIarameM jaJIOBIHE CTBapa-
BbEM CTepI/I)'IHI/IX HOBpH_U/IHa, VI3MELITAalkhEeM
BOOOTOKOBaA, MOI‘th/IM MI/IKpOKHI/IMaTCKI/IM HpO-
MeHaMa, MoryhoM WHMIVjalIu3anyjoM epo-
3VIOHUX npoueca, CHIDDKaBalkbEeM HIUBOA U HpO—
MeHaMa peXMuMa CTpyjamba IOJ3eMHUX BOJA,
IojaBe IoMepamba T/1a, IPeKy/ia TaHIlA ICXpaHe
U PYTUX [IpOMeHa OMoLieHO3e, MUTpalija I1o-
Hy/lanyje, USMeIITambe Hace/ba, MHAYCTPUjCKIX
objexaTta, apXeoJIOLIKMX 1 ICTOPUjCKUX CIIOMe-
Huka uth. OBu epekTu 3aBuCe O KaKpaKTepu-
CTUKA pajjHe CpefilHe, Off IPYMeHeHe TEXHIKE
VI TEXHOJIOTUje eKCIUIoaTauuje, of cajipkaja u
CTamba Y OKPYXXEWY, a Ipe CBera Off CTPYYHOT U
MOPAJTHOT OfHOCA MEHAIMEHTa PyAHMKA IIpeMa
3alITUTHU )XUBOTHe U pagHe cpenuHe. [IpaBuia
HeMa, YTULIj! U OC/IeNNLe Memajy ce Of, PyZ-
HVKa 0O py;u—mxa, IIO/IOKHI Cy HpOCTOpHI/IM
U BPEMEHCKIM ITIPOMEHAMA, YeCTO CTOXaCTUYHO
360T KOMIUIEKCHOCTY OJJHOCA Y CCTEMY IPYUPO-
la — YOBEeK — TeXHMNUKA U TexHosoruja [1,4].

Pasnukyje ce o6uM ¥ MHTE3NUTET yTHUIdja Ha
JKUBOTHY U PajjHy CPelVHY MOBPLIMHCKE €K-
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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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CHHOﬁTaLU/IjC €HEPrEeTCKNX, HEMETA/IMIHUX U
META/IMIHNX MIHEPpATHNX CUPOBYHA.

[ToBpmMHCKa eKcIioaranyja HeMeTaandHUX
MUHEPATHUX CUPOBMHA Y IPUHLMITY HeMma
3Ha4YajHMju nopemehajHM yTuiaj Ha XUBOTHY

" pagHy CpeanHy.

[TOBpUIMHCKYM KOIOBY METAINYHUX MUHEpPAI-
HJX CMPOBJHA I YI7ba, 3HATHO Beher 3axBaTa y
IUTaHy ¥ 110 AyOuHM, y MPUHIUITY aHTPOIIOTe-
HO JeBacTUpajy 3eM/bMiuTe. 3HATHA KOMMYMHA
pysHmuke u (IOTAIMjCKe jaJOBMHE 3axTeBa
afleKBaTaH HEMOHMjCKYM IIPOCTOP 3a CMeLITaj,
IITO MOXX€ YTULIATV Ha KOMIIOHEHTEe eKOCHCTe-
Ma — BereTanyjy, efaoH, MOBPIIMHCKe U MOf-
3eMHe Boje UTH. [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]

Cnuxa 1, Pyoapcxu 6acen Kony6apa, Ilospuurcku kon yema ,Tamnasa 3anaouo nomwe”,
ucmpancHu apxeonowiky padosu [1]

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

Crnenn¢uyHOCT MHTepaKlyje MOBPIINHCKE
eKCIUIoaTalje 1 apxeosoruje, objammyBa je
CTApOM KMHECKOM IOCTIOBULIOM ,,Huxkada ce
He 3HA 3auimo je Hewmo 006po”. [la Huje TO-
BpILIMHCKe eKCIUIoaranyje, fJanac 6ucMo 6mmm
yckpaheHM 3a Bullle 3HAYajHMX APXEOTOLIKIX
HaJ1asyIlITa, CauKa 1.

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.
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Axo ce u3ysMe QroTHpalbe pyJie U AeIIOHOBalbe
¢roraryjcke jaoByHe, K0 TEXHOIOUIKIX CeT-
MeHaTa KOjyi HUCY yBeK IpaTHOLy MOBPUINH-
cKke (MM TOf3eMHE) eKCIUIoaTalje, reHepa-
NMM30BaHM 3aK/by4YaK je Ja ce MOBPUIMHCKOM
€KCIUIOATALljoM y NIPUHLMIY He CTBapajy
TOKCUYHM NPOJYKTU HUTU Ce pafHa CpefuHa
KOHTaMMHUpa. [lerpajaumja mnoBpIIKMHA 3a-
xBaheHMX pyHapcKuM pajioBMa je IpUBpeMe-
Ha. Bpahawe npupopguux ¢dynkuumja mpocro-
Py U3BOAM Ce OMOJIOIIKOM PeKYITUBAILNjoM,
yCIOCTaB/balbeM HOBUX Cajip)Kaja, HaMeHa U
€KOHOMCKIX BPEeHOCTH, C/IMKa 2.

ITo0sooHa excnnoamayuja je 3HATHO Mambe 3a-
CTYIUbEHA Y OHOCY Ha IOBPIIVMHCKY Y IOfI3eMHY
excrtoatanyjy. HeratuBHy exomomku edektu
JAHAIIBUX TEXHOJIOIMja MOABOJHE eKCIIoaTa-
I1je CBOJie Ce Ha: MEXaHM4KO 3aMY/bJBatbe BOJIe
y HETIOCPEJHOj 30HM PajioBa, 3aBVMICHO Off MIHe-
pajHe CMpPOBUHE Koja ce oTKomasa Moryhe je u
noseharme MyuHepanusanyje Bope [2,5].

bywomuncka excnnoamayuja saysuma u fe-
Tpajiupa Majie IOBpLIMHE 3eM/bUILNTA, HeMa
Oyke, IpallVHe, M3IYBHUX TacoBa, HeMa ja-
JIOBUHeE, a IeTleo U LI/baKa Kao IPOAYKTH ca-
ropeBama KoJ IOfi3eMHe racudukalyje yrpa,
OCTajy IOX 3eM/bOM, UTH. Ycen pAeduiyra
CTEHCKe Mace y JIeXUILITY HacTajie TOKOM eKC-
nIoaTanuje, Moryhe cy nojase cierama u Mamwa
TPYCHa IIOMepaiba TepPeHa, JIOKaJIHe IIPOMeHe
CTpyjaiba MOI3eMHE BOJie, ¥ 3aBUCHO Off IIpU-
MemeHe TeXHO/IOTHje Jerpafyipame MabyX I10-
BpILINMHA Ha KOjuMa ce popMupajy TaoKHNUIN.

IIpunpema munepannux cuposuna (IIMC) je
rOTOBO HeM30eXHa TeXHOJNMOIIKa ¢asa y eKc-
IJI0aTallVj)i METAIMYHUX MMUHEPATHUX CUPO-
BMHA, NPUCYTHA je M y eKCIUIOATAlVjU YITba
YKOIUKO ce yrasp uncty. HectpyuHo u Heopnro-
BOPHO Bobeme Ipolieca, OBaj CErMEHT pyHap-
CTBa MOXKE YYMHUTY IOTEHILMja/THO OIACHUM
3a OKO/IMHY, a OC/IenIie Cy AYTOTpajHe U Be-
oMa mTeTHe. CaBpeMeHM (PIIOTAVCKY CHCTe-
MM BUCOKO CY IIOY3[jaHU, CUTYPHM U1 €KOJIOIIKI
6e36ennn. Excriecu Koju cy ce IOBpeMEHO JI0-
rabanu, moTBphyjy Aa je y TEXHONOLIKOM /1aH-
Iy YOBeK HajHeIoy3aHuja Kapuka [1].

Oonazarwe janosuxe HacTale eKCIUIOATAINO-
HUM pajjoBUMa, U3 NocTpojewa 3a [IMC, nm
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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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TIeTTe/Ia U [I/bAKe 13 TEPMOETIEKTPAHA, TIPEICTaB/ba
3HaYajaH MHKEHEPCKN MPOO/IEM Y €KOJIOIKOM 1
€KOHOMCKOM cMucny. Ha moBpumHcKuM Koro-
BJIMA jaJIOBMHA Ce OJUIKe BaH KOHTYPeE, YHyTap
KOHTYpe WM KOMOMHOBAHO [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]

Cnuxa 2, Pyoapcku 6acen Konybapa, pacaduux u sohwak Ha janosuuimy
Iospuwurckoe kona yemwa ,,ITowe ]« [1]

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

Oparame BaH KOHType IOfipasyMeBa 3aysu-
Maib€ HOBMX 3€M/bUIITHYUX ITOBPIINHA, HITO €KO-
JIOWIKM ¥ €KOHOMCKM TIPEIHOCT Jjaje Ofi/IaTary
yHyTap KoHType. Kopg msocrajama Mepa 3a-
MTUTE Of/IarajinimTa cy HOTCHHI/Ija}IHI/I n3BOpHU
npanmHe. OBakBe MOTyhHOCTM TIpeBEHTMBHO
ce OTK/Iamajy aJIeKBaTHOM CHMHXPOHM30BAaHOM
pexyntuBanmjoM. Iloxxe/bHO je TpeTmpame ja-
JIOBMHCKOT Marepujajia Kao ,TeXHOreHe MIHe-
pajHe CUPOBMHE’, TO KOHBEpTYje jaJIOBUHY 13
TPOIIKOBHE y NPOMUTHY KaTerOpujy U yMamyje
He)Xe/beHY eKOJIOIIKY MOTEHIIMjaTHOCT.

3a pasnuKy of pPyJAHMYKE jaJlOBUMHE HacTaje
€KCIIJIOATAllMOHUM DPaJJOBMMa, KOja Ce MOXe
ofy1araTM Ha OMIO KOM IIOTOJHOM MECTY, ja-
noBuHa n3 IIMC noctpojewa y npuHIumIy ce
OIyIaKe y M30/I0BaHe IIPOCTOPE, MPUPOLHO
IIOTOfIHE, Ka0 IITO Cy HIP. lelpecuje U yBase,
W BelwITauky usrpabenn u cmmano. ®nora-
IIMjCKa jallOBMHA ce Y OOMMKY Iy/IIe Xuppa-
YIMYKM TPaHCIOPTYje Ha jalOBUIITE, Ife ce
TaJlOXKemheM pasfiBaja TeyHa M YBpCTa (asa;
Teuna ¢asa - Bozia, y IpMHIUITY Ce PeLUK/INpa
¥ TIOHOBO KOPUCTH y (IOTALVjCKOM IIPOIIecy,
MOJKe Ce MPENyCTUTH MCIapaBamy WU MOC/Ie
npeunirhaBama UCITYCTUTH Y BOJOTOKOBE.

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.
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JECTPYKLIMJA PYIAPCTBA

PynapcTBo Kao jegHa off HajcTapUjuX /bYACKNAX
IeIaTHOCTH, Off CBOjMX II0Y€eTaKa IIpe OKO 0caM
MIWIEHUjyMa, CyodaBa ce ca Ipobr1eMoM ody-
Bamba XMBOTHe cpeiuHe. Jla oBaj mpobiem mpa-
TU PYIAPCTBO U 1A Cy JbYAM Off JABHMHA CBECHU
ETOBOT YTHUIIAja ¥ 3HaYaja FOBOPE VICTOPUjCKI
3aIUCH.

Arpuxosna Ha IpuMep y cBoM jeny ,De Re
Metallica” 1556. nnumte: ,IIpomusHuyu py-
dapckux pacoea apeymeHmyjy ceoj cmas
mume wimo, HaA600HO, Konare pyoe onycmo-
uwyje noma, ceve uiyme u edjese, .... 6Un0 3a
nodsemue objekme, pyoapcke ypehaje, 6uno
monmete pyde, beckpajHo 3axmesajy 0peo.
Ceuerve 2ajesa u uiyma paseoHu nmuye u 3ge-
pu 00 Kojux mMHoze Cyie 408eKy 3a YKYCHY
xpany. cnuparee pyoe mpyje nomoxe u pexe,
y6uja unu npozoxu puobe ....". lakme, npobrem
HUje HOB, TEXHMKA U NPUPOJA, MHAYCTpUja
U Ipefieo, Y IPUHIUIY CY OAYBEK y CYIpOT-
CTaB/BEHOM OJIHOCY.

Amu Arpuxkona objaurmasa u moTpeby 3a py-
HapcTBOM: ,Pydapu eehium denom packonasajy
2ope Koje He 0OHOCe HUKAK6e Nn0dose U Koje ce
Hanase Ha HennoOHum mecmuma. Illmema 00
pyoHuKa He npesasunasu wmemy 00 0pyux
n0CnI08a 408eKd, He208UX HAcewa U 2padosd, 00
80jHUx Oejcmasa ...”.

OBe peun Kao Aa Cy micaHe JaHac, yKasyjy Ha
KOHQIMKT pyfgapcTBa M MOOOPHMKA ,4MCTe
npupoge”. Ha HempuxBaT/bMBOCT He3Hama
Kao apryMeHTa, O IIOTpeO) CTPYYHOr TyMa-
4ema PyAapCcTBa, 00jeKTUBHOM carjlefjaBamby
HOC/IeANIIA Y KUBOTHOj CPeIVHN, I U O 3a-
LITUTH, PEKYITUBAUVjU U PpeBUTANIU3aALUjU
ekcroaranyjoM omrehenor mpenena. Arpu-
KOJIMHE pedyy KOMHIVUPAjy ca MUIUbEHEM
fla ce Py#apcTBO ¥ J[aHAC IIpO3yBa BUIIE U
yemrhe Hero mITO 3a TO ¥Ma OIPABIAHUX pa3-
jIora.
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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, industryand landscape, in principle,
have always been in an opposing relationship.

By Agricolas 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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MuHepanHe CHpPOBUHE Cy HEOOHOB/BUBU pe-
cypcu, 6e3 BUX HeMa CyBepeHNTEeTa 3eM/be
HUTY TEXHOJIOIIKOI HampeTka. [la ymm caBpe-
MeH YOBEeK MO>Ke 3aMUC/IUTI XXMUBOT 6e3 eek-
TpUYHE €Hepruje, TOIIMX IPOCTOpUja 3UMIU,
Mo6uHOr TenedoHa, TeneBu3opa, KyhHe u
padyyHapcKe TeXHUKe, IPEBO3HMX CpelCcTaBa
(ayromob6mia, 6poyioBa, >Kele3HNuIle, aBIOHA),
pasHMX HampaBa ¥ MallMHA ¥ [PYIUX TeX-
HIYKO-TE€XHOJIOIIKMX YTOZHOCTY JlaHAIIbeT
BpeMeHa, 4nje pahame mounme y pygHALMMA
yI7ba, ypaHujyMa, HadTe u raca, pyaa reoxba,
0akpa, 0/10Ba, LMHKA, aJyMMHUjyMa, HUKIIA,
nuTHjyMa, cpebpa, 3/ara, IIaTuHe, CYINLIN)y-
Ma, HeMeTana UTH. [7TacoBM MpOTUB eKCIIIoa-
Talyje eHepreTCKUX MMHEePaTHNX CUPOBYHA 1
TepMOEJIEKTPaHa, YTUXHYIM OM OfjMax IOCIe
IpecTaHKa IPOM3BOJbE M CHaO/leBamba e/IeK-
TPUYHOM ¥ TOIUIOTHOM EHEpPrujoM JIOMOBa,
¢dabpuka, 60HNIIA, IIKOTA UT,., @ HAjITTACHU)I
TOBOPHIILY 3@ ,,HETAaKHYTY IPUPOAY~ MOCTAIIN
Ou HeMM.

JlaHac je Ha crienn cBe3Hame. CBesHajyhu Ha oc-
HOBY IIOC/IOBHVX, IOMUTUYKIX Y IPYTUX JINMYHUX
WIN 33aJaTVX MHTEPECHUX MOTMBA, OCIIOpaBajy
OHO ILTO He 3Hajy. Y IOACTULakby TAKBOT OIHOCA
yZleo MMa IpUPOZa U MIMPYHA cafipyKaja eKOJIOLI-
Ke TeMaTyKe Koja cBe3Hajyhum o6e36ebyje amnbu
a 6e3 TocenuIa HeO;TOBOPHO VIMIIPOBU3Y]Y 1
U3HOCE HEVICTVHE.

Exonouiku ecHad, He 3Hajyhm mnn He >xenehn
fla 3Ha fla Cy TeoJIOIIKa MCTP>KMBama eKO-
nomky 6e3aseneHa u 6e3 063upa Ha UCXO[,
MHBEHTAPCKM KOPUCHA aKTUMBHOCT 3a 3€MJbY,
ymosopasa fa he TepeH Ha KoMe ce U3BOfe JC-
TPaXXHU PaJiOBY OIYCTOIITH U TOCTATY 6€3BO-
IaH. [Ja Huje mTeTe Koja ce OBAKBUM UCTYIN-
Ma IpaBU APYLITBY, KApUKATypanmHo 6u 6mio
rlefaTn ecHadIuje ¢ LUrapeToM y yCTHMMa
TOKOM IIpOTecTa IpoTuB 3arabuBama Baspmy-
Xa CHa/bMBambeM yI/ba y TepMOe/IeKTpaHaMa,
VIV C HAKMTOM Off 3/1aTa Ha ce6M y IMpOTecT-
HOM KasMBaimy IIPOTUB eKCIUIoaTauuje pyaa
IUVIEMEHUTUX MeTana. BpXyHaln ,KOMIeTeH-
nyje“ cBe3Hajyhux cy pacipaBe 0 €KOTOLIKIM
acCIeKTVIMa eKCIUIoATLHje YI/ba, Pya 000jeHnx
¥ IUVIEMEHUTUX MeTasla, TUTUjyMa, OOpPHUX MM-
Hepasa UTH,., Ha KOj/Ma je HEMOXKE/bHO IIPUCY-
CTBO PYHapCKVX CTPyYHbaKa.

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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la 6u ce oBakBa OfCTymama (Hecrmopasy-
M1) u3beraa, MOpaMo ce YyTH, CaclyLIaT U
NPUXBAaTUTH Jja je Moryhe ycrioctaBuTyu 6amanc
usMeby eKoNOKMX, IPUBPEIHO-eKOHOMCKIX
U PasBOjHUX LubeBa ApywTsa. IIpuras mper-
IIOCTaB/ba II03HaBame (Ha3HOCTU TeOJIONI-
KO-PYHapCKUX aKTMBHOCTH, CTPYYHOCT, aHa-
JIMTUYHOCT, 00jeKTMBHOCT, M Jja INOC/IeAuIe
MOry OuTy ybrmakeHe MM OTKIOHEHE TOKOM
usBohema pajoBa, CMHXPOHN30BAHOM 3allTH-
TOM >KMBOTHE U1 pajJiHe CPeiNHe U MOCTEKCIIIO-
TAIOHUM ypebemeM mpeperna.

3AK/bYYAK

Henndopmucanomhy, nectpyuHomhy, Hero-
3HaBabeM PYAApPCKUX TEXHOJIOLIKMX IIpoLieca,
JOMMHALIMjOM BU3YeNHe Ieplenuuje, GopMu-
pa ce IOBPIIHA C/IMKA O YTUIA]Y PYAAPCKUX pa-
I0Ba Ha )KMBOTHY CPeJHY, U3BOAY HOTPeLIHa
OlleHa U 3aK/bydln. Vcxomu ¢y KOHPIUKTI 1
HepeasTH! eKOJIOLIKM 3aXTeBIL.

Pynapcke TexHomornje HeraTMBHOT €KOIOIIKOT
HOTeHIMjasa, mTeTHe edekTe octaBuhe camo
YKOJIMKO Cé OCHOBHM U JIOTUCTUYKY TIPOIeCH
HEOJTOBOPHO /I HECTPYYHM BOJie, IOTPEIIHO
IpUMeIbYjy UM He CIPOBOJie Mepe 3allTHUTe.
Jlaxsie, eKOMIOIIKY ITpar To/epaHIMje He CMe ce
IPEKOPAYNTH.

Y TOM KOHTEKCTY, 4eCTO C/IyIIaHM TePMUHMU
»3€7IeH0 Py0apcmeo’, ,3eneHa mpaHauyuja“ u
CINYHO, Ty0e JOTUMYKY YIIOPY, CMICA0 U CBOJiE
Ha [Ipa3He pedn.
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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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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 CIRIKOVAC, 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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«Cirikovac» is used for the disposal of ash
and slag from the Thermal Power Plants
«Kostolac B1 and B2». At SM «Klenovniky,
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-
rently 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.
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Figure 1, Locations of surface mines “Klenovnik”, “Cirikovac” 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 “Cirikovac” 6 - External landfill SM “Cirikovac”,

“DRMNQO” 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 Bl 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 construction
technology with all constructive parameters, as
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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
“Bl 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.

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

“CIRIKOVAC” 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 “Cirikovac”, 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 “Cirikovac” 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 “Cirikovac” 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 “Cirikovac” 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 “Cirikovac”. Activities
on the formation of cassette 1 related to the
depositing of ash and slag were carried out in
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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
“Cirikovac”, 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.
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Figure 3, Projected final contour of SM “Cirikovac”, 2012 [1]

Legend: 1 - Northern slope of SM “Cirikovac”;
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
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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.



D. Milosevié, N. Makar, Z. Prastalo, V. Colakovié, P. Stjepanovié, Multiple Utilization of the Internal Landfills
of the Kostolac Coal Basin in the Function of Repurposing of Land[fill Space (23-29)

g L cidl
BN T A 1. = ol RN
B aiEked” SYERE SRR R 0
. & = A ¥ i e
S - 2y : 3 2
sl /IR SR Qb
@) .'r' iy ! e
= '_ I‘ II
g? i ] ;.r??“
@b f ==/,
._f; BTN ol
OTy
@_ . i
S

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 develop-
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.
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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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Abstract: Underwater exploitation of coal, gravel and sand on the Kovin mine is performed within the approved
exploitation field in which the reserves of mineral raw materials allow exploitation until 2024. The subject of this
article is expanding current exploitation zone within coal field “A” of Kovin's deposit.

Key words: UNDERWATER EXPLOITATION, EXPLOITATION FIELD, EXPANDING

INTRODUCTION mately 10 km downstream and approximately
20 km by land roads (across the place Gaj) from

Kovin coal mine and deposit are located on the the town of Kovin. The coal deposit “Kovin®

Danube River coast, at a distance of approxi- 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 Bavaniste®; 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.

32



B. Jovanovié, N. Makar, 1. Filipov, B. Radi¢, Analysis of the Possibility of Expanding the Exploitation Field of the Kovin Mine (31-34)

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 Bavaniste®

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

. Geological reserves | Feasible reserves (m?) Exploitation reserves
Sediments 5 N
(m?) (m?) (t)

Sand (s1) 11.907.900

Gravel (g) 18.891.500 17.946.900
Overburden Sand (s2) 5.037.200

z 35.836.600 35.836.600

Coal (¢) 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:

K = T(Vs1+Vs2+Vg) _ 35.836.600m3
o Ve 14.306.500 t

=2,5m?/t

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

_ YV 14306500t

= ———— = 35,8 years.
Qg  400.000 t/year

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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- 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.
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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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a) b)

<)

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:
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- 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/m’, the
maximum throw is expressed by:

L=143d-(q-0.2), (m) (1)

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

The optimum size of the rock thrown is given by:
¢ =0.1-d%, (m) )

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:

L =260-d*,(m) 3)

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

Throw (m)
10001

500+

-1 -2-3-5 1 2 3 510 Hole diameter

— } 1\\\ \l \\\ Xﬂ :‘(’:zes)

0 F=r—rrr
0.001 0.0

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]

Fatal and nonfatal injuries
Activity or cause
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.
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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]

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.
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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]

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 MKk3 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]

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-
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Figure 6, Initiation of blasting charges covered

with blasting mats [16]

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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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], Ol 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.
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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 y (where y

44

=0 to 1) and class j as a measure of mentioned
quality (wherej=1ton=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:

ES = tjatys s H(j=1)
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A'=0¢iznys s O¢=5)s 1(j=6)> 1(j=7)>

'B'=0(=1)s s 0(j=a), 1(j=5)> O(j=6)» O¢j=7);

'C'= 021y s Oiz3ys 1j=ays 0gj=s)> -+ Ogj=7)s

D'=0¢=1, 0=2) 153> Oj=ay> -+ O(j=7);

"E'=1mys 1(j=2),0(j=3)> - O(j=7)3

b
Ju(x) 1 o ‘D’ ' ‘B’
1
T JAY
(x|
0.6
0.4 /
e
) / /
0 1 2 3 4 5
x(j)

Figure 2, Fuzzy sets [7]

The data representing PP, which are used in the FM are in
numerical form. They 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 x) is mapped in the fuzzy number X (2):

X=0/"4", tpiy/'B', ey 'Cl 01D, 01'E"

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].

JAJ

—
6 7
SAi = max {min(WH,, AF,, T4;, TC,)} (3)

The analysis observes 4 PP
(WH, AE 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 (¢) of the screening com-
position model as:

2)

Je :(j(ﬂWH)C Y Juarye I urg)e +f(ﬁ1’(.“)€)’#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

Table 1. Data for analysis, referent values

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.

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
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The operational parameters are mapped into the
Y - j coordinate system (Figure 1). Classes j=1
and j=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

0.8
0.56 .0.6
(046 55
0.2
O 705 oat  Ti77 413 1649 1835 2021
1305
Figure 3, Fuzzy sets for parameter WH
(for RL52)
I
). ‘”_ 08 A /\
0.6 £—N\
02902 / ;
0.2 /
0 /
0.6293 0.6881 0.7470 0.8058 0.8647 0.9235 0.9824

0.8810

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

(Ui = 0-54and i, = 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: . .., = (0/A; 0/°B; 0.54/°C, 0.46/°D;,
O/E); 4y = (0.12/°A} 0.88/°B, 0/°C; 0/°D;
O/E); fhyy ysy = (0.29/°A% 0.71/°B, 0/°C; 0/°D;
O/E); fhy s, = (07°A3 0/B, 0/°C, 1.0/’ D}, 0/E);

1

A

0.8 \

0.6 / '\

0.4 / |

0.2 .
0.12
0.1 : / / v/

808 7.1 6.1 520 4.24 328 232

4.37

Figure 4, Fuzzy sets for parameter AF

(for RL52)
0.8
0.6 v/ \
0.2 /
0 £ ) -
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82.46

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

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

0 0
0 0
My res2 = (0, 0, 0.54, 0.46, 0)x| 0 0
0 0
11

The next step is a fuzzy composition of the
fuzzy relations. The number of combinations
that need to be formed is C = 7*=2401. For each
combination for which every 1 # 0 outcomesJ (4)
is calculated. Further, seek the minimum value
of membership functions among outcomes; and
finally, outcomes are grouped by value J. The
final expression for the machine Liebherr RL52
membership function can be presented as:

Urrsy =(0, 0, 0, 0.54, 0.29, 0, 0)

0 0 1 1
01 00
1 0 00
00 00
00 00

=(0, 0, 0.46, 0.54, 0, 0, 0)

To obtain a final grade, it is necessary to
carry out the process of identification with
»best-fit“ method, where the membership
function y 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.

(0j21)-0(j=2)-0 =3+ 0-54 j—4).0.29 ;5).0 ;)0 ;=) ) = (0.127/ 4, 0219/ B, 0.360/C, 0.167/ D, 0.127/ E)

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

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-

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.

1 Ee b o 'E* 5
0o ENBEE 0.12830 0.12438
08 : 4
0.7
ot < 2 026580 | [31463 S
05 ¢ 3.0525 LR b {6 29603
0.35986 034455
04 2
0_3 'B‘
0.31203 ‘B’
02 021938 0.18350 1
0.1 ‘A’ A’ A’
0 0.12696 0.12831 0.12437 0
Liebherr RL52 Dressta SB60 Dressta TD25 CS-3
Figure 6, Results of the analysis
CONCLUSION LITERATURE

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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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

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-

49



50

I L. Bolundu, Gold: Properties, Minerals, Alloys and Uses (1), (50-56)

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
thata 1 m* 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/cm’, 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/cm’) and the highest is osmium (22.59
g/cm?).

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 (AuTez): Au - 43,6%, Te — 56,4%,
Ag - 1%.

- Silvanit [(AuAg),Te ]: Au - 34,37%, Ag -
6,27%, Te — 59,36%.

- Nagydgit [Pb,(PbSb).S (AuTe),]: Au - 8,18%,
Te - 15,89%,

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

- Krennerit (Au,AgTe,): 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 Sdcdramb 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 nagyagite in 1845 by the
Austrian naturalist Franz Miiller, 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-

Younger rocks or
sediments

of erosion

Metamorphic rocks containing
gold - quartz veins

Tertiary sand(stone)
or gravel (conglomerate)
produced by first period

Pleistocene

terrace gravel

Gnld at base of terrace gravel
and streambed gravel

L 1 to S km

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.

Gold at base of Tertiarg gravel

A.,///////

7

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
L. 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.

Table 1, Gold content in a carat

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).

Carats 24 22 20 18 16 14 12 10 8 6 4 2
% Au 99,99 191,67 | 83,34 | 75,01 | 66,68 | 58,35 | 50,02 | 41,69 | 33,36 | 25,03 | 16,7 | 8,37
Thousandths | 999 | 917 | 833 750 667 584 500 417 337 250 167 84

Silver and copper are the main metals with
which gold is alloyed, but it can also be alloyed

different shades:

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 %o) -
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 %o) - Europe, Australia, New Zealand; -

Au 8k - Germany.

GOLD ALLOYS FOR JEWELRY

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

plating.

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

giving it up.

gold jewelry is made of 18 carat alloys, with 9

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%.

- Black gold: White gold plated by rhodium

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
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DENTAL GOLD ALLOY

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

Table 2, Dental gold alloys standardized in Germany

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

Type Gold, % Silver, % Platinum, % Palladium, % Copper, % Zinc, %
A 87,5 11,5 - 1.0 - -
75,8 15,0 1,4 33 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
MO 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/mm?, a density of 15.6—
17.4 g/cm’ 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

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

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).

Country Reserves, t Country Reserves, t Country Reserves, t
USA 8133 Portugal 383 Venezuela 161
Germany 3358 Kazakhtan 368 Philippines 156
Italy 2452 Uzbekistan 337 Singapore 154
France 2436 Saudi Arabia 323 Brazil 130
Russia 2302 United Kington 310 Sweden 126
China 1948 Lebanon 287 South Africa 125
Switzerland 1040 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 (C,H,AuNaO.S) or aurothio-
glucose (C,H,,AuO,S) 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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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 ait, 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 (SO,) 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 SO, 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 SO, 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 Pozarevac, in the Branicevo
District, about 2.5 km from the Danube banks,
and about 11 km from the city of Pozarevac,
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) m’/h 1.469.000
Flue gas flow rate (STP, wet gas) m?*h 1.830.530
Flue gas flow rate (realni 170 °C) m’/h 2.970.000
H,O (STP, wet base, oxygen ) Volumetrically % 19,75
O, (STP, dry gas) Volumetrically % 8,0
SO, (STP, dry gas) Volumetrically % 11,46
Concentration SO, (STP, dry gas, 6% O,) mg/Nm’ 7.661
Concentration of ash (STP, dry gas, 6% O,) mg/Nm’® 50
Concentration SO, (STP, dry gas, 6% O,) mg/Nm? 50
Concentration HCI (STP, dry gas, 6% O,) mg/Nm’ 50
Concentration HF (STP, dry gas, 6% O,) mg/Nm’® 30
Table 2, Design parameters of the outgoing flue gas

Parameter Unit Block B1/B2

Concentration SO, (STP, dry gas, 6% O,) mg/Nm? <200
Concentration of ash (STP, dry gas, 6% O,) mg/Nm’® <30
Concentration of droplets in the flue gas at the outlet of the droplet eliminator mg/Nm’ <75
Flue gas temperature at the entrance to the chimney °C ~66.2
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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 (SO,) 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 SO, from the flue gas
through the reaction that takes place between
SO, and the reagent, i.e. sorbent from the sus-
pension. Hydrogen chloride (HCI), 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:

CaCO, + S0, +2H,0 +1/20, > CaS0, -2H,0+CO,

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 SO, absorption, so neutral-
ization is a key part of the wet flue gas desul-
furization process. The SO, absorption process
taking place in the absorber is the process of
SO, transition from the gas phase into the lig-
uid phase. With the absorption of SO, 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:

CaCo, + 2HCl < Ca?+2Cl + CO,+H,0
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The neutralization reaction in the wet flue gas
desulfurization process can be shown as follows:

H+OH — H0

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:

HSO, +1/20,, — SO, ? + H*

SO,” +1/20,, — SO,
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CHIMNEY

N CrIVNEY |

FLY ASH

WATER

LIME
SUSPENSION
TANK

BALL MILL

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.

GYPSUM
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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-
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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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Figure 2, Gypsum disposal cassette 1

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.

The underground and sur-
face water landfill protection \

system serves to evacuate

these waters from the landfill 2N
and comprises:

- drain carpet,

=
[o]
— drain channels, E

H s oslun,lmssal'l'rsl e

- perimeter channel OK-1,
- leachate drain system,

— water collector.

Figure 4 shows the site plan

N
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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]

62

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
(HCI 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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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.

Key words: SOLIDIFICATION, ADDITIVE, BY PRODUCTS, DISPOSAL, INDUSTRIAL PLANTS

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 Na,Fe (SO,),(OH),
and Na,Fe(SO,),(OH)-3H,0) [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
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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:
Ca0O, CaClZ~HZO, KNO,, NaHSO, and KHSO B
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° 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 “Lagisa” (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 CaCO,.In the
TPP Kosovo ash, the content of CaO (35-40%)
also prevails, but with a higher content of SiO,
(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), , which in the presence of CO, from
the air, forms CaCo, . 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:

67



J. Neskovié, P. Stjepanovié, N. Milojkovié, D. Lazi¢, K. K. Jankovic, Solidification / Stabilization Technology
of by Products (Ash) from Power Plants, (65-71)

a) CaO + H,0 = Ca(OH), + heat

b) CaO +H,0 + CO, = CaCO, + H,O + heat

c) Ca(OH), + CO, = CaCO, + H,O + heat

d) Ca(OH), +SiO, + H,0 =xCa0 ySiO, z H,O

e) Ca(OH),+A1,0,+H,0=xCaOyAl1,0,zHO

f) Ca(OH),+ A1,0, + SiO, + H,0 = xCaO yA1,0, zS8iO, wH,O
g) Ca(OH),+SO+ A1 0,+H,0 =xCaO yA1,0, zCaSO, wH,O

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), 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-
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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 SiO, and AL O, 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 SiO, + ALO, + Fe O,
[26]. The content of calcium in FA class F varies
from 1 to 12%, mainly in the form of Ca(OH),
i CaSO,.

Seglija 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 (GGBEFS).
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.

Nominal Unit Cost (Per CY) - Material Source Distance

$20.00
— L
. ’
% $18.00 .
2 $16.00 ' ;
© 1 . m— ™
g $14.00 . ‘ —
N . — — - = =Cement
2 $12.00 ——— -—
] R S — — =GBFS
@ 81000 o mmem—===7F - = (CKD
S $8.00 A == = Quick Lime
= ’ LT P
£ 3600 +— LKD
§ 400 4=
S 4
T $2.00
2

SOOO T T T T

0 100 200 300 400 500

Roundtrip Distance (miles)

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 9.6 574 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
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by market availability, production capacities,
transport costs (local producers), price, the
most favorable characteristics for solidifica-
tion, i.e. stabilization.
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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].
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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 7, Dependence of one-axial compressive strength after 28 days
of ageing on water and quick lime content for ash mixture

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),
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), binder was 24.4°C.

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

Dependence of one-axial compressive strength after 28 days of ageing ofash
mixture with on percentage of water and additive
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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)z;
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), 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), 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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Caxerak: Y pady je pasmompena npobnemamuka
ymephuearoa MUHEPATHUX Pecypca U pesepsu y sie-
HUMMUMA UEPCIUX MUHEPATHUX CUPOSUHA, UAMO
npedcmaema 2nasHu 3a0amax eeonouike dasze u3-
soherwa munepanHux npojexkama. Vemaxuymo je
0a ce pecypcu u pesepse, UAKO 2e0NIOUAKU 1ECHO
106e3aHU, eKOHOMCKU OUmHo pasnuxyjy. Pecypcu ce
ymephyjy Ha ocHogy nodamaxa O00OUjeHUX 2e0N0Ul-
KUM ucmpaxcuearouma nexcumima (HajeaxcHuju cy
0 KOZMUMUHU U Keanumemy npunaodajyhe munepante
Cuposure), anu ce HA 6a3u MUX NOOAMAKA He MOdHe
YCMAHOBUMU HUX08A eKCNOAMAOUnHOCH; pesepee
ce nax u3eode u3 odeosapajyhux pecypca npumeHom
A0eK8aAMHUX MeEXHUUKO-eKOHOMCKUX cmyoduja (koje
YKBYUyjy pasmampare moouguxyjyhux gaxmopa)
HA 6a3u KOjux ce ycMaHo6/bABA HUX08A eKCNI0Ama-
bunHocm. 3602 moea ce OHU pas3spcmasajy y nocebre
Knace: pecypcu y Heekcnioamaounty 2eonouiky Knacy
(ca nomknacama npemnocmasbeHUX, UHOUUUPAHUX
U USMePeHUX pecypca), a pesepee y eKcnnoarmaounny
eKOHOMCKY Knacy (ca NOmKAACama 6eposamHux U
doxasanux pesepeu). [lobujeru pesynmamu pesumupa-
HU CY y Pene6aHmMHUM 3aKbyHUuMa U npenopykama.

Kbyyne peunm: MMHEPAJIHM PECYPCU, MMHEPAJI-
HE PE3EPBE, JIEJXMIITA, YBPCTE MMHEPAJIHE CH-
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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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POBMHE, TEOJIOIIKA JVICTPAJKMBAIbA, IJIABHA
OBEJIEXJA, TEXHNYKO-EKOHOMCKE CTYIMJE, MO -
OUKYJYRU PAKTOPH, KIIACUOPMKOBAIBLE, 3AK/bYY-
L1, ITPETIOPYKE

ICAL EXPLORATION, MAIN TRAITS, TECHNICAL-ECO-
NOMIC STUDIES, MODIFYING FACTORS, CLASSIFICA-
TION, CONCLUSIONS, RECOMMENDATONS

YBO/[,

Y1BphuBame (mpolemiBame Off CTpaHE KOM-
IeTEHTHIIX JIMI[a) MUHEPATHIX Pecypca I U3 HhUX
M3BETIEHVIX MUHEPATHUX Pe3epBU Y JIeXKMIITAMA
YBPCTUX MMHEPAHNUX CHPOBNMHA (MMHEpaTHUM
JIOKUIITIMA) TIPefICTaB/ba [IABHY 3afjaTaK MICTpa-
KUBamba y TeoyIoMIKoj a3y usBobera MuHepa-
HUX TIpojeKaTa (y LIMpeM CMMCIY: PYHRapCKuX
HOAyXBata), Kako y cBeTy Tako un 'y Cpbuju. 360or
TOTa CMO Y Pajiy ieTa/bHIje PasMOTPU/IV IOMeEHY-
Ty TpoO/eMaTuky, a jobujeHe pesynTare CMO
TPYKa3a/IM y HapeIHMM IIOI/IaB/bJIMA.

Y oBoM papy cy KopuinheHu Iofamy u3 pee-
BaHTHMX CBETCKUX KOfleKca 1 cTaHgapaa [1, 2,
3, 4, 5], u3 3akoHcke perynatuBe Pemy6mke
Cp6uje [6] u 6usuie COP Jyrocnasuje (7, 8],
u3 my6/MIMKoBaHuX pagosa [9, 10, 11, 12, 13, 14,
15, 16] n u3 mpaxkce.

NCTPAKVIBAIbA MVMHEPAJTHNX
JIEKMIITA Y IJBY YTBPHUBAA
PECYPCA U PE3EPBY, U3BEIIITABAILE
O JOBUJEHUM PE3VIITATVIMA U
PETYJIATVBA

Y 0BOM MOINaB/bY PasMOTPEHM CY: MCTpa-
KUBaba JIEKNUIITA YBPCTUX MHEPATHUX CHU-
pOBUHA HaMeleHa YTBphHUBamby MUHEpaTHNX
pecypca 1 pesepBH, M3BelITaBame O [0OMje-
HVM pesyaTaTMa u ofrosapajyha perynatusa
(momaha m cBercka).

HcrpaxkuBama HaMemeHa
yrBphuBamy pecypca u pesepsu

Munepamay IpojeKTH, KOju MMajy 3a 3afjaTak
yTBpbhuBame pecypca 11 pe3epBU Y MIHEPaTHIM
JIeXMIITVMA Y IVBY OIPXKIBe eKCIUIOATaLje jie-
JKUIITa (OZHOCHO TeXHWYKM epMKacHe, eKOHOM-
CKI TIpOUTAOIIIHE, @ eKOJIOUIKN IPUXBAT/bVBE
eKCIUIoaTallyje yTBpheHX pe3epBH) Y CafiallIbyM
YCIIOBYIMA, IO TIPABIITY Ce M3BOfE IIOCTYIIHO, Y /1BE
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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 acceptable exploitation of the reserves
established) in present conditions are, as a rule,
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(ase: IpBOj, reoIOMIKOj (ICTPA>KHO]j VTN TIPEVH-
BECTUILIVIOHOj) ~ Off CTPaHe HOCUJIALIA TeO/IOIIKIX
VCTPXMBamkba ¥ JAPYroj, PyAapckoj (MHBecTu-
IMIOHOj) - Off CTpaHe HOCUIAL[A eKCIUIoaTalyje
JIOXMINTA, ¥ TO CAMO aKO Cy y TeOJIOIIKOj (asu
IOOVIjeHN TIO3UTVIBHU Pe3y/ITaTH.

leonomka ¢asa ce, Mo IpaBUIy, U3BOAM Y
YeTUpPU CYKLECUBHA CTafiujyMa: MHULMjasl-
HYM CTaJMjyM PeKOTHOCIMpama M HapegHe
CTamyjyMe IpOCIeEKIyje, MPeTXOfHUX (reHe-
PIHUX) MICTPaXMBamba M JIeTA/BHUX MCTpa-
KMBamba. Y CBaKOM HapeJHOM CTafiljyMy
u3Boju ce cBe Behm Opoj McTpaxHUX pagoBa
(n o cBe rymhoj Mpexxn), Kojum ce yrBphyje
KO/IMYMHA MUHEpalHe CUPOBVHE, U y3/Ma Ce
cse Behn 6poj mpoba, YnjuM MCIUTUBAbEM Ce
yTBpDhyje KBa/mMTeT MIHEpaTHe CUPOBIHE Y JIe-
JKUIITY Koje ce uctpaxyje. Ha ocHoBy nobuje-
HMX TI0fjaTaKa KOMIIETEHTHO JIMIIe TeOJIOIIKe
cTpyke (ca oparosapajyhoM nuijeHIom) yT-
BpDhyje (mpouemwyje) MuHepanHe pecypce Koje,
no pactyheM HuBOy (CTemeHy) TIeO/OLIKe
IpPOY4YEeHOCTU ¥ IIOY3[JaHOCTY, Pa3BpCTaBa y
HOTK/Iace MPETIOCTaB/beHNX, MHAVLUPAHNUX U
U3MepeHMX pecypca. VIHunypane u usMepeHe
pecypce, HAKOH IIPYMeHe aleKBaTHIX TeXHNY-
KO-eKOHOMCKMX CTpyauja (IIpeTXomHe CTyfuje
U3BOI/BMBOCTY U CTYA¥je MW3BOJ/BYBOCTN),
KOje YK/bY4yjy pasMarparme Momudukyjyhmx
(axTOpa, KOMIETEHTHO JIMLE PYJapcKe CTpyKe
(ca oproBapajyhom nuijeH1iom) npeBopy (KOH-
BepTyje) y oarosapajyhe pesepse: o pacryhem
HMBOY JIeTa/bHOCT! U IOY3IaHOCTY OBUX CTY-
Iuja - y BepoBaTHe U JOKa3aHe pe3epse.

Pynapcka ¢asa ce m3BogM y Tpu CyKILeCHBHa
cTafujyma: CTafujyM IIpojeKToBama (mm3aj-
HMpama) PyJHUKA, CTAVjyM USTPajiibe PySHUKA
U CTafyjyM Npou3BOAme pygHMKa. Cragmjymm
pyzmapcke dase, Kao 1 moceOHa reosomIKa 1UCTpa-
JKVBamba KOja ce U3BOJE Y CTa[iUjyMy IIPOU3BOLbE
PYAHMKa (eKCIUIOATalIOHa UCTPKUBAbA) CY ¥
OBOM pajiy HaBeJleHM, a/IVl HICY pa3MaTpaHM jep
HICY 00yxBaheHM TPeTpPaHOM TEMOM.

[Tomena reonomke ¢ase Ha cragujyme Ie-
NMMCXOJHA je M ca HAayyHOT M ca IIpaKTUd-
Hor acrekTa. OHa omoryhaBa f#a ce, Ha Kpajy
HOjeAVHUX CTapujyma, yropebyjy reomou-
KM TIPOjeKTOM (I/TaHOM) TPOTHO3VMPAHU
pe3yITaTu U HeroBuUM u3BobhemeM HobOujeHn

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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pesy/iTaTH, TaKo fla ce CBaKM HapefHM CTa-
IVjyM 3aIllO4YHE Ca HEOIXOJHMM KOpeKlyujama
TeOJIOMIKOT IIPOjeKTa WM Ce MaK o0ycTapjba
IEroBa Ja/ba peanusanyja (YKOIMKO Cy fIo-
OujeHn pesy/nTaTH HETaTUBHI).

VicTpaskuBarba MIUHEPATHIX IeXKUIITA KPO3 CBe
cTajjyMe reojionike ¢ase MOITIABUTO Ce BpIIe
KOJ, BeJIMKIMX Y T€OJIOLIKY CTIOXKEHUX JIEXKUIITA,
HOBOIIpOHaheHNX WM HEJZOBO/BHO VICTpaXKe-
Hux. Koj Mamyux ¥ Ieo/olKy jefHOCTaBHMX
JIEXMIIITA YECTO Ce MOjeAVHN CTAfVjYMU CIIajajy
(Hmp. cragujymMu mpocrekuyje ¥ IPeTXOFHUX
UCTPaKMBaIba, MPETXOHUX M [IeTa/bHUX MC-
TPaKMBamba) Pajiul YIITele BpeMeHa 1 CMamberba
TPOILKOBA, &I CaMO aKO OB3j IOCTYIAK Jaje
3ajjoBojbaBajyhe pesynrare.

Y crapujymy peKorHOCLMpama W3BOIM Ce
omepalyja peKOTHOCIMpamwa u3abpaHor pe-
TVMOHA ca pe3yNTyjyhoM MuHepareHeTCKOM aHa-
JM30M - y LWbY UAeHTU(UKOBama IMOApPyYja
ca TIOBMIIEHOM MUHEPAJHOM IIOTeHIMjajl-
Howhy (TepcHeKTMBHMX HOApydYja) y Kojuma
he ce BpumTy mpocnekiyja. Y ToM, MHULIMjATI-
HOM CTaiujyMy reojioliKe ase IPUKYIUbajy
ce, CENIEKTYjy M aHAIM3UPAjy MOJALM paHUjUX
IpOy4YaBarma M UCTPaKMBaba (ITeONOIIKIX, Ieo-
(UBMYKIX, TeOXeMUjCKIX 1 Ta/BUHCKE IeTeKIyje
— HApO4MTO CIIELMjaTHUX aBUOHCKMX U CaTe/IUT-
CKUX CHUMaKa, YK/by4yjyhu KOHTpO/IHE TepeH-
CKe oIlcepBalyje 1 IpoBepe, Kao 1 Kopuiheme
[POHOBA), IO, PYKOBOACTBOM KOMIIETEHTHOT
JMLA TeoJIolIKe CTpyKe. MIMHepareHeTcka aHa-
7132 MOXKe JIa YKaKe Ha [I0CTOjarbe MUHEPATHIX
KOHILIEHTpalyja y MepCIeKTUBHUM OPyYjUMa.
360r HUCKOT HMBOA TEOJIOIIKE IPOYYEeHOCTH
UAeHTI(UKOBAHNUX MIEPCIIEKTYBHIX IOApYyYja 1
HOY3aHOCTY NocTojehyx mopjaTaka y OBOM CTa-
AUjyMy ce He MOTY JOOUTV MIHEPAJIHU Pecypcu,
HEro ce CaMo [Iajy ,Pe3ylITaTV MCTPaKUBama'
(v, IpenM3Huje, pe3yITaTi PEKOTHOCLIMPAha).

obujeHn pesynTatu ce NpUKasyjy y OATO-
BapajyheM TOKyMeHTY (Te0/I0IIKOM M3BeLITajy
0 PEKOTHOCLIMPamby Ca MUHEPAreHeTCKOM aHa-
NM30M TIOTEHIIVjaTHOCTH) Ha OCHOBY KOjer ce,
YKOJIMKO Cy Pe3y/ITaTy I03UTUBHIY, IIPOjEKTYjy
(mmaHMpajy) M M3BOfie VICTPRXXHU PajoBU Y
HepCHeKTUBHMM TOApyYjuMa y cregehem cra-
IVjyMy NIpOCIeKLyje.
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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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Y crapgujymy mpocrekiyje, y MIeHTU()UKOBAaHOM
HepCIeKTUBHMM  TOfipy4YjuMa ce  00aB/bajy
TeOJIOLIKMM IIPOjeKTOM IpefBuheHa reo/nomka,
reopusdKa 1 reOXeMIjcKa UCTPKUBabA U 13-
BOJIe MICTP>KHM PAJJOBU Marber 00MMa, OITIABUTO
HOBPIIVHCKN pajioB (PacKoIy, POBOBM, KaHAJIN)
U ucTpaxkHe OyotyHe. VI3 Tvx pajjoBa ce y3umajy
npobe 3a MCIUTUBabe KBaMTeTa Ipumnajajyhe
MJHEpa/IHe CUPOBMHE - CBE Y LW/by JIOLVpaiba
U IPyOOT OKOHTYpUBaa MUHEPAIHUX KOHIICH-
Tpalyja y UACHTU(PUKOBAHNM IepPCIeKTVBHIM
noapyyjuMa u gobujara IpBUX MOfiaTaka o OUT-
HMM 0COOMHaMa THX KOoHLieHTpauyja. Ha ocHOBY
IoOMjeHNX pesy/iTarTa ce IpoLierbyje a U HeKa Off
IbMX, IIPBEHCTBEHO Y IIOITIeAy KONMMYMHE M KBa-
JMTeTa IpuIaajyhe MyHepaltHe CMPOBIHE, IIPef-
CTap/ba JIOKMIITE, Y KOjeM KOMIIETEHTHO JIMLie
TeoJIoIIKe CTpyKe yTBphyje MuHepanHe pecypce,
KOje OKOHTYPYje, IpolLeryje 1 Knacudukyje Kao
IPeTIOCTaB/beHe pecypce.

360r Majior 6poja UCTPAKHUX PafoBa I U3 IBIUX
y3eTux mpoba, HUBO I'eO/IOLIKe IMPOYYEeHOCTH
U TMOY3[aHOCTM y OBOM CTajMjyMy je 3HaT-
HO HIJDKV HETO Y HapeJHOM CTafiujyMy IperT-
XOOHMUX (TeHepalHMX) MCTPaXNBamwa, TaKO
ma ce y oprosapajyhoj TexHumhko-eKOHOMCKO]
crypuju (ctymmju moryhHoctm), Koja uma
OPMjeHTALMOHY KapaKTep, He MOTY IpuMe-
HUTK MoinuKyjyhn dakropu n He MOXe Bp-
Ty npesobhere (KOHBep3nja) MeTIOCTaB/be-
HIX pecypca y BepoBaTHe pesepBe. 3a TO je
HEOINIXOJHO Jla Ce, JA/bUM UCTPAXVBABIIMA,
IPEeTIOCTAaB/bEHN PeCcypcy YHalpefe y MWH-
IULJpaHe pecypce, 4Mja je KOHBep3uja y
BepoBaTHe pesepse Moryha.

IIperniocraB/beHn pecypcu ce MPUKa3yjy y Of-
roBapajyhem reoonIKoM n3BeIITajy O IIPOCTIeK-
uuju u y mparehoj crymuju moryhHocTu 1
CITy>Ke 3a IIPOjeKTOBarbe 1 13Bohere OpojHIjIX
UCTPaKHUX PafIoBa Y HApPEIHUM CTafyjyMuMa
(IpeTXOHMX M [IeTa/bUX UCTPAKUBAA) Y LIWBY
Hobujama MHANIVPAHKX Y USMEPEHNUX pecypca.

Y cragumjymMmma IpeTXOfHUX (TeHepasHNX)
Y [eT&/bHNUX MCTPaXKMBama WU3BOLU Ce Be-
NUKY 6poj pasIMUNTUX MCTPAKHMUX PajoBa
(mpaheHuMx cucremMaTcKuMm ompobaBameM)
npenBubheHNX OArOBapajydnMM  IeOIOMIKUM
IPOjeKTOM: HOBPIIMHCKM pafoBy (packommn,

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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POBOBM, KaHaIM, MCTPaKHA OKHA, VCTPaX-
He eTake), UCTPaXHe OYLIOTVHE M IOI3eMHU
pamoBy (MCTpaXHM MOTKOIMW, VICTPAKHU HU-
CKOIIM) U3 KOjuX ce Job6ujajy momanm o Out-
HUM OCOOMHaMa MCTPaKMBAHOT JISKUIITA
(pacmpocTpameny - XOPU3OHTAIHOM U Bep-
TUKAIHOM, OO/IUKY, IPY>Kamwy U Majy; fedmbu-
HJ, MVMHEPAIHOM U XEeMUjCKOM CacTaBy U
3aIIpEMIHCKOj Macy MMHEepajaHe CUPOBUHE)
U IbMIXOBOj NIPOMEH/bMBOCTH, KOjU CIIyXKe Kao
OCHOB 3a BaIMJHO yTBphuBame rpaHmna je-
XKMIITA, KA0 M 32 OKOHTYpUBame, NPOLeHY 1
KIacu@uKoBambe MIUHEPATHIX pecypca (y uH-
AULVIPaHe U U3MepeHe) Y JIeKMIITY.

[Tomany foOMjeHN M3 WU3BEJEHMX MCTPax-
HUX pagoBa (ykmydyjyhm ogprosapajyha mc-
NUTKBamba y3eTux Ipoba), Koju MOpajy omurtu
pelipe3eHTaTUBHM (Ia MMajy 3amoBosbaBajyhy
TAYHOCT ¥ IOY3JAaHOCT), pa3MaTpajy ce Of
CTpaHe KOMIIETEHTHOT JIMI]a TeO/IOLIKe CTPYKe,
KOje OKOHTypyje M IIpoLemyje MUHepa-
He pecypce y UCTPOXVMBAHOM JISKUIITY M,
npema pactyheM HUBOY (CTeleHy) reo/olIKe
IPOYYEeHOCTU ¥ IIOY3[JaHOCTY, KIacuQUKyje
UX y mHAunupaHe u usMmepene. OBe pecyp-
ce, IIOTOM, Ha OCHOBY OAroBapajyhmx rex-
HIYKO-eKOHOMCKUX CTyfuja (Koje YK/bY4yjy
pasMarpame (BepoBaTHe M JloKazaHe). Bama,
mehyTuMm, ucrahu fa ce kKo mpoueHe pesep-
BU, OCUM MUHEPaJTHEe CUPOBMHE YCTAHOB/bEHE
UCTPOKHUM pafoBuMa y aexumrty (in situ),
y3uMajy y 003up pasbnaxema 1 ryounm Koju
ce jaB/bajy NPV €KCITIOATALV] .

MuHepanHu pecypcu, Kao M U3 HBUX U3Be-
JiecHe MUHepalHe pe3epBe, Y rope IOMEeHY-
TUM TEOJIOIIKVM ¥ TeXHMYKO-eKOHOMCKMM
NOKYMEHTHUMa, IIPUKa3yjy ce TeKCTYalTHo,
rpa¢puuky (Ha Kaprama, IUVIaHOBMMA, IIPO-
¢unuma u gujarpammma) u HymMepuuku (y
jemmHMuama Mace: t, kg, g/t win y jeguHuIN
3anpemMuHe: m?).

V3BemTaBame 0 foOMjeHIM pe3yITaTNMa
u ogroBapajyha perymarusa

Bynyhn ma cy mo YcraBy Peny6muke Cp6uje
pyaHa 6orarcta (Kao M CBa Apyra IIpUPOAHA
OoraTcTBa) Ap)KaBHA CBOjUHA, HOCHOLM VICTpa-
KVBalba MVHEPATHNX CUPOBUHA Y JTXMUIITAMA
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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: m?).

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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Ha teputopuju Cpbuje (koMmanuje, Ipenyser-
HUIM) - KOj)i IOCEeRYjy HO3BOJY 3a TeOJIOIIKa
UCTpaXuBamwa y oppeheHoM mpocropy - wnc-
TPKHOM IIPOCTOPY, 3aKOHCKU [6] cy ob6aBe3sHn
Ia mobujeHe pesy/nTaTe NMEPUOANYHO IPUKA3Yjy
Yy a[eKBaTHUM U3BEWITajUMa  (TOIMILIVIM,
3aBpIIHOM) ¥ [IOCTaB/bajy pecOpHOM MuHU-
crapctBy (MMHMCTapCTBY pyfapcTBa U eHep-
TeTUKe), OJHOCHO IIOBEPEHOM HAaJJIeKHOM
OpraHy IIOKpajuHe, 3a Iperiel, ¥ eBUIECHL;Y.
Haxon 3aBpmHor msBemiraja o 00aB/beHUM
TeOJIONIKMM MCTPa’KMBambMMa HOCHJIALL MICTUX
uspabyje emabopar o yrBphenum (mporiere-
HJMM) MVHEPAJHUM pecypcuMa ¥ pesepBama
U JIOCTaB/ba Ta pecopHOM MuHMCTapcTBYy, Of-
HOCHO HAJUI&KHOM IIOKPjIHCKOM OPraHy, KOju
y3 CTpy4Hy HOMOh eKCIIepTCKUX PafHNX TPyId,
00pa3oBaHMX MOCEOHMM aKTOM pecopHOr Mu-
HNUCTpa (OJHOCHO HAJJIOKHOT IOKPajIHCKOT
opraHa) pa3Marpajy, npuxsarajy (Wm onoujajy)
u Bepudukyjy npuxsaheHe pecypce 1 pesepse,
KOje ce eBUJIEHTUPAjy U YK/bY4Yjy y Ap>KaBHU
6wnanc. 3a npuxsaheHe u BepudukoBaHe pecyp-
ce U pe3epBe u3Jaje ce ofrosapajyha nmorspaa.

BepudukosaHe MuHepanHe pesepse (okazaHe
u npatehe BepoBaTHe) y JIOKUILITY CIyXe Kao
OCHOB 32 M3JlaBarbe KOMIIaHUjaMa ¥ IIpefy3eT-
HMLIMIMA JO3BOJIE 32 eKCIIOATallNjy TUX pe3ep-
B Y OKBUMPY IIPOjeKTOBAHOI eKCIIIIaTa-
UMoHor mnoma. Ilpu Tome mpmopurer umajy
OHU KOjI CY, K0 HOCHOIM Ie0/IOUIKMX UCTpa-
XKMBamba UCTa YCIEIHO 00aBMU/IN U IPOMICHO
BepuduKoBanu fobMjeHe pesepse 1 pecypce.

Hocnouy reoomkux ncTpaxpama MIUHepaI-
HIUIX JIOXMIITA jaBHO 003HaIbYjy foOMjeHe pe-
3y/lTare y BUALY COKETVX IpyKas3a 1 MHdopMa-
yja y pasaMyuuTvM MefujuMa (IITaMIaHNUM,
€IeKTPOHCKVIM) HAMEHEeHNX VHBECTUTOPMMA,
HOTEHIMjaTHUM VHBECTUTOPMMA M HMXOBUM
caBeTHMIMMa, Oep3ama, 6aHKamMa 1 CBMMa
3a/[HTEPECOBAHUM 3a MIHEPA/THI IIPOjeKar.

3a u3BelITaBambe O pe3yITaTVMa MCTPAKMU-
Balkba MUHEPATHUX JIOKUIITA U YTBphHeHUM
MMHEpaTHUM pecypcuMa M pesepBama y
JaHaIlllbe BpeMe y CBETy Ce HajBMIle KOPUCTe
nntepHanoHamay CRIRSCO Template [2],
unju je esporcku wiad PERC Cranpmapp [1], i
knacndukanuja Yjepumwennx Hanuja - 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], xoju cy mehycobHo ycarmamenn. Hanme,
IoKasaHMM pesepBama u3 [1,2] ogrosapa kop
111 u3 [3], BepoBaTHUM pesepBaMa - Kof 112,
M3MEpPEHNM pecypcuMa - Kof, 221, mupunupa-
HUM pecypcuMa - Kof, 222, IpeTIoCTaB/beHUM
pecypcuma - Kog 223, a pe3ynTaTMa UCTpa-
>kuBama 13 [1,2] - xog 334 us [3].

Knacudukanmja Yjegumennx Hanwja [3] mpu-
MeI€eHa je Ka0 OCHOB 32 HallOHa/He K/Iacu-
¢duKaluje MUHEPAIHUX pecypca M MUHepas-
HMX pe3epBM MHOTUX 3eMa/ba (HHp. y Kunum,
Vupuju, Mekcuky) a mpuMersyje ce 1 KoJj CBUX
MIHEpaTHUX IIpojeKkaTa Koje pUHaHCUpa OBa
CBETCKa OpraHusanyja.

Mu cmarpamo ma Cpbuja, Kao eBpOIICKa 3eM/ba,
CBOjy PerylaTuBy y oO/IacTV TeOJIOLIKVX JCTpa-
XKIMBama ¥ pyJapcTBa Tpeba Ja ycaraach ca of-
rosapajyhom perynatusom EBporicke Yauje: 3ako-
HJMMA, KONEKCMMa, IPOICKMA, CTaHJApPAVMA,
IVPEKTVBaMa, KOji Cy eUKacHM ¥ IIpU3HATH
y csety. To ce ogHOCK Ha 3aKOH O PyHAPCTBY U
TeOIOIIKYM VICTpaKuBabuMa Perryormike Cpouje
[6] n Ha mweroBe MOJ3aKOHCKe aKTe (IIpe CBera Ha
Oynyhm IIpaBWwiHVMK 0 M3BeLITABAIY O Pe3y-
TATMMA TeOJIOMKNX VCTPAXKUBAMG, PeCypcuMa
U pe3epBAMA UBPCTUX MUHEPATHVX CUPOBUHA
U BUX0B0j KIacuduKamji) Koje Tpeba XapMo-
HusoBatu ca na"espornckuM PERC Crangapnom
[1]. [ToTomH je, kao wraH ,,CRIRSCO dammrpe’, y
cBery umpoko mnpuxsahen (of crpaHe Bomehux
PYHApPCKUX KOMITaHMja, 6aHaKa, IHBECTULIVIOHVX
¢donmoBa, Oepsu, APKAaBHUX OpraHa M JPYIUX
3HauajHMX MHCTUTYIMja BehyHe 3emaspa). OBOj
»>baMumju“ Have pyIIajiajy joI 1 ayCTPajcKu
JORC Code, xanapcku CIM Guidelines, amepyy-
ku SME Guidelines, jyxuoapprakn SAMREC
Code, pyckn NAEN Code n fpyry HalyioHamHu
koziekcy u craupapmu. Y PERC Cranpappay (kao
n 'y octaym wiaHoBumMa CRIRSCO ,,pammmje”)
Zate Cy TeMesbHe ofpenide (MUHMMYM CTaHZAPAA,
TIPENopyKa U YIIYTCTaBa) 3a M3BEIITaBabe O pe-
3yNITaTMMa VMCTPXMBAHa, MUHEPATHUM pecyp-
CUMa VI MYHEPaTHUM pe3epBaMa, &Il ce HOCHO-
IJIMa VICTPOKMBamba ¥ Off IUX aHTaKOBaHVM
CTpyumballyMa JIajy 3Ha4YajHa OB/alrdera (y3 of-
roBapajyhy oAroBOpHOCT) 3a KpeaTuBaH IPUCTYII
Y OPUTVHAJIHA pelllerba KOf| IUIAHMpamba JCTpa-
XKIBamba, BIXOBOI M3Bohema 1 MHTepIpeTalyje
IoOMjeHuX pesynTaTa.
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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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Baxno je ncrahu ga PERC Cranpapz [1], kao n
CRIRSCO Template [2], no3BospaBajy na ce, y3
IpUAP)KaBathe HVXOBUX JICTOBETHUX TeMe/b-
HVMX ofjpenaba, y HaLMOHAIHE IIPaBITHUKE
yK/byde ¥ HeKa JOJaTHA YIIyTCTBA 3a HOjefuHe
3eM/be CrieLuuyHe /MM 3Ha4ajHe MIHepas-
He CUPOBVHE, TUIIOBE HVXOBUX JIEKNUIITA 1
MeTOfie BJXOBOT MCTPaXMBamba, alyu IOf yC-
JIOBOM Jia Ta JOJATHA YIYTCTBA HUCY Y KO-
3UjU ca HEKOM Off TeMe/bHIX Offpefiaba OMeHY-
THX KofeKca. TakBa oflaTHA YIIyTCTBA CBAKaKO
Tpeba yHetn y 6yayhu cpricku [IpaBunHuk.

Y akryenHoM 3akoHy [6] camo AemMMM4HO je
npuxsahen PERC Standard [1], a jour yBek Huje
foHeT rope noMeHyT HoBM [IpaBumHuk. Cro-
ra ce y mpakcu kopuctu crapu [IpaBumHuxk [7]
BesaH 3a 3akoH [8] 6msme CDP Jyrocmasuje,
KOji je 3actapeo 1 mpeBasubeH (caumibeH je 3a
TY COLMja/IICTUYKY APXKaBy), IITO IPOY3POKyje
Be/IVKe IpoOjIeMe, HApOUUTO Y KOMYHUKAIUjU
Ca MHOCTPAaHVMM MHCTUTYLMjaMa, KOMIIaHMjaMa
¥ CTpy4mbanyMa. 360r Tora je HeOIXOJHO JJOHO-
ILIere HOBOT, CaBPeMEeHOT CpIICKOT [1paBuiHuKa,
xapmonmsosaHor ca PERC CranpapnoM (unju cy
IJIABHM €JIeMeHTH [IPYUKa3aHu y Tabem 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.

Pesynraru
HCTPAXKNBAMA
Exploration results

MUHEPAJITHU
PECYPCU
MINERAL
RESOURCES
'
Pactyhn HIBO [permocraBibeHH
F€0JIOLIKE POYYEHOCTH Inferred
U TI0Y3/1aHOCTH S
Increasing level of i WHauunpanu
geological knowledge . Indicated
and confidence |
E Wsmepenn
! Measured
\

MUMHEPAJIHE
PE3EPBE
MINERAL
RESERVES

BepoBarne

Probable

Jlokazane

Pa3marpame pyaapcKux, METaTypLIKUX, EKOHOMCKUX, TPKHUIIHHUX, IPABHUX,
EKOJIOIIKHX, COLIMjATHUX U ApkaBHUX (akTopa (Moaudukyjyhux daxropa)
Consideration of mining, metallurgical, economic, marketing, legal,
environmental, social and governmental factors

Prooved

\

Momndukyjyhu dpaxropu
Modifying factors

»
»

Tabena 1, I'enepannu 00HOC usmely pe3yamama ucmpaixusdared, MUHEPATHUX PECYPCA U MUHEPATIHUX
pesepsu, no PERC Cmandapdy [1]

Table 1, General relation between exploration results, mineral resources and mineral reserves according
to the PERC Standard [1]
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[TpaBunHuk [7] campu feTa/bHa yIyTCTBa
3a CcIpoBobeme MCTPKHOT Ipoleca KOf jie-
KMINTa YBPCTUX MUHEPATHUX CUPOBMHA,
KaKo 3ajefHMYKa (3a CBe CUPOBUHE) TaKO U
noce6Ha ynyTcTBa (3a 43 3HaYajHe CUPOBUHE).
OBa ymyTcTBa ce ORHOCE Ha IPOjeKTOBambe 1
u3Boheme MCTPaXHUX pafjoBa, OmpobaBame
¥ VCOUTVBAale MIHEpalTHe CUPOBWHE, VT-
BphuBame ,pe3epBu CUPOBMHE y JIEXUIITY,
KIacuUKaILujy 1 KaTeropusanujy yrephennx
»pe3epBI" U Bobheme eBUJieHIMje O BhUMa.

Cxopnno IIpaBunuuky [7], ,pe3epBe” 4BpcTUX
MMHEpaTHUX CUPOBMHA Ce, IIpeMa CTeIleHY
MCTPXEHOCTU MU CTeNeHy II03HaBama Ofi-
roBpajyhe MuHepanHe CUpPOBIHE, Pa3BpCTaBajy
y Kareropuje A, B, Cp Cz, D n Dz, a, 3aBJCHO
on MoryhHOCTM peHTabWIHe eKCIUIoaTalyje,
»pesepse” A, BiC, kareropuje ce pa3sBpcraBajy
y K/1ace OMIaHCHMX ¥ BaHOVIAaHCHMX.

»Pesepse” A, B u C, xareropuje ce mpopa-
4yHaBajy“ ,pesepse” C, Kareropuje ,Ipo-
uemwyjy,a “pesepse” D, u D, kareropuje ,,mpet-
nocTas/bajy . Hajsehe mosBospeHe rpemke Kox
LIIPOpadyHa pe3epBu‘ (3ampaBo IMpOLieHe pe-
cypca u pesepBu) u oarosapajyhe Beposar-
Hohe (moysgaHOCTM) BUXOBOT yTBphuBama
npomucaHe cy: 3a A kareropujy +15 % (ca
BepoBaTHOhoM 85%), 3a B kateropumjy +30%
(ca BepoBaTHOhOM 70%) 1 3a C, Kareropujy
+50% (ca BepoBaTHOhOM 50%).

CrermeH MCTpakeHOCTH exuiIta oxpebyje ce
OZHOCOM YTBpheHUX ,pe3epBM Kareropuja
A+B//A+B+C..

Koy akTyenHNX MIHepaTHUX ITpojeKaTa y CBETY
ce 00MYHO TpaXky ja HajBehe 03BO/bEHe Ipellike
u oprosapajyhe BepoBatHohe (mmoysmaHoCTN)
HpolieHe pecypca Oyly y MHTepBamyMa: 3a
usMepeHe pecypce +10-15% (ca BepoBarHOhOM
85-90%), 3a mHAMLIMpaHe pecypce +15-30% (ca
BepoBaTHOhOM 70-85%), a 3a IIpeTIOCTaB/beHEe
pecypce £50-70% (ca BepoBatHOhOM 30-50%).

Tpeba umatu y BUAY fia je jyrocioBeHCKa pe-
Ty/IaTVBa Y IIOTTIEly MUHEPATHUX ,,pe3epBu” [7,
8] 6ua caummeHa 10 yIJIeny Ha ofroBapajyhy
perynatuBy Tapammer Cosjerckor Casesa [4]
ykpydyjyhn y woj kopuinhene nebununmje,
KIacuUKaLujy M TepMUHONOTH)Y, Y KOjOj He
88

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, C, C,, D, and DZ) which, accord-
ing to the possibility of profitable exploitation, are
divided into balance and out-of-balance.

“Reserves” of categories A, B and C, are “calcu-
lated” “reserves” of C, category are “estimated”
and “reserves” of D, and D, 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 C, £50% (at
the probability of 50%).

The degree of exploration of a deposit is deter-
mined by the relation: A+B/A+B+Cl1 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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¢duryprpa mojam (M TEpMUH) ,,pecypcu’ Hero
je uctn obyxsahen mojMoM (M TepMMHOM)
»pesepse”. Y perynmatusu norome Pycke Qenepa-
mmje - NAEN Code [5] sagprxaHe cy o3Hake 3a
HaIlpe]l HaBefleHe KaTeropuje, alm Cy UXOBe
meduHmije n Kmacudukanuja yckmahene ca
CRIRSCO Template [2] xmacuduxanmjom: Ha
IIPETIIOCTAaB/beHe, VHAMIIMPAHe 1 M3MepeHe pe-
Cypce 11 Ha BEpOBaTHe U [IOKa3aHe pe3epBe.

Ho, Bajpa HanloMeHyTU [1a je, IOpe, HaBENEHNX
HepfocTaTtaka, [IpaBuiHKK 7] ogurpao 3HavajHy
YJIOTY Y UCTPa)KMBaIbY, OLIeHN, K/IaCU(DUKOBaIbY
U eBUJIEHTMPAIbY MUHEPATHUX CUPOBMHA U Y
HeKaJjalmwoj Jyrocnasuju u'y Cpoujn.

Ta6ena 2 ipukasyje Kopenanujyusmeby ,,pesep-
B YBPCTUX MUHEPATHNUX cUpoBuHa (A, B, C,
C,, D, u D, xareropuje) us IIpasunnuka [7] u
pe3y/iTaTa MCTpaKMBamba, MIHEPATHNUX Pecyp-
ca u MyuHepanHux pe3pesu n3 PERC Standarda
[1] (u3 mpemnoxxeHor cprckor IIpasunHuka:
14, 15), xao u Kapry (Mary) mUXOBe KOHBep-
3uje. OBa KapTa KOHBep3uje je moTpebHa Kasja
ce pa3MaTpajy U KOpKUCTe oAV paHujux (13
npyre nonosuHe XX Beka 1 moyerka XXI Beka)
TeOJIOIIKMX UCTPAXKVMBAKbA MUHEPATHUX JIe-
xuta y Cpbuju u JyrocnaBuju.

I'maBHM enemMeHTH mpegyIoXXeHor cprckor IIpa-
BUIHIVKA [14, 15] npukasanu cy y Tabenu 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, C,C, D, and D)) 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.

Tabena 2, Kopenayuja usmehy “pesepeu’ uspcmux MuHepanHux cuposuxa u3 jyeocnoserckoe Ipasunnuxa (7]
se3anoe 3a 3axon [8] u pesynmama ucmpaxusarod, MUHepanHux pecypca u munepantux pesepsu us PERC
Cmandapoa [1] yceojerux y npednoxcerom cpnckom Ipasunmuxy [14, 15] u kapma (mana) wuxose KoHgep3uje

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

PERC Cranpapn [1] MuHepanHy pecypcn MmuHepanHe pesepse
¥ Ha eMy 6asnpan Mineral resources Mineral reserves
TIPeJJIOT CPIICKOT Pesynratn
ITpaBunuuka [14, 15] UCTPaXMBatba
TRC Standar . - IT -
/ PERC Standard [1~I Rcsults‘ol Pe::xCMTaB Vnguuupanu | Vsmepenn | Beposarhe | [lokasame
and the proposal of exploration ) Indicated Measured Probable Prooved
the Serbian Rulebook Inferred
based on it [14, 15]
PesepBe YBpCTUX MUHEPATHNUX CUPOBIHA

Jyrocnosenckn cerves of solid mineral raw materials

Reserves of solid mineral raw materials
ITpaBunuuk [7]
BesaH 3a 3akoH [8] / ITorennujanne [Morenumjanne Banbunancue bunancue
Yugoslav Rulebook [7] Potential Potential Out-of-balance Balance
rela he Law (8
related to the Law [8] D, D, c, C, AB C, AB
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Tabena 3, lemamcku npuxa3 enasHux enemeHama npednoxeroe cpnckoe IIpasunHuka o u3seummasaroy
0 pe3ynmamuma UCHpaiueared, MUHePAIHUM Pecypcuma u MuHepanHum pesepsama, npema [14, 15],
ca donyHama aymopa

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

MUHEPAJIHU TTIPOJEKTU / MINERAL PROJECTS

DA3E, CTAIUIYMU
PHASES, STAGES

JOBUJEHU PE3VJITATU
RESULTS OBTAINED

JOKYMEHTHU
DOCUMENTS

T'EOJIOLIKA ®A3A
GEOLOGICAL PHASE
Cragujymu

Stages

CraaujyM peKorHOCIHpamba
Reconnaissance stage

Craaujym npocnexuyje
Prospecting stage

Pesynratu uctpaxuBama (pPEKOrHOCIUPAbHA)
Results of exploration (reconnaissance)

IIpernocraBibenu pecypcu
Inferred resources

I'eonomku u3BeTaj
Geological report

I'eonowrku n3BeTaj
u Crynuja
moryhHocTH
Geological report and
Opportunity study

I'eonomku enabopar
u [Iperxonna crynuja
H3BOJBHBOCTH
Geological study and
Preliminary feasibility
study

TE

I'eonomku enabopat
u Crynuja
N3BOJJBHBOCTH
Geological study and
Feasibility study

Cra/injyM NpojeKToBamba pyIHHKa
Mine design stage

Craaujym U3rpaimbe pyaHuKa
Mine construction stage

CraaujyM Ipou3BOIHE PyAHHKA
Stage of mine production

Nuanmmpann BeposaTtHe
G Crajiujym IPETXOIHIX UCTPAKHUBAHA [PECYPCH MF p» DesepBe
Stage of preliminary exploration Indicated Probable
resources W reserves
MF -
— -~
-~
-~
V'
M3mepenu Joxazane
CranujyMm neTalbHUX HCTPaKMBamba |pecypcH MF _p pesepse
~ . . N
Stage of detailed exploration Measured Prooved
resources reserves
v
PYJIAPCKA ®A3A
MINING PHASE
Craaujymu
Stages

Jloka3aHe 1 BepoBaTHE pe3epBe
Prooved and probable reserves

Jloka3aHe 1 BepOBaTHE pe3epBe
Prooved and probable reserves

JlokazaHe 1 BEpOBaTHE pE3EpPBE
Prooved and probable reserves

WuBectuimonu (pynapckm)
IpojeKaT
[nvestment (mining) project
HuBectuiiony (pyaapckn)
IpojeKaT
Investment (mining) project
HuBectuionu (pynapckn)
HpojeKaT
Investment (mining) project

Tymaw: G - Pactyhm HUBO reosollKe HPOYYEHOCTV (CTeNleH MCTPAKEHOCTH) JIOXKMIITa UM HOYy30aHOCHU 000ujeHux
nooamaxa; TE - Pactyhu HUBO (CTeleH) [eTa/lbHOCTU U 1OY30aHOCU MexHUuKo-ekoHomckux cmyouja; MF - Mopudu-

Kyjyhu pakropu.

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.

Vmajyhu y BuAy BenuuymHe HaIpes MOMEHY-
THX [03BO/bEHMX Tpelllaka, Hifje Pa3oXKHO [ja
Ce MVHEpaIHV PeCypcH 1 MUHepaJiHe pe3epBe
IpuKasyjy mnpeumsHuM nudpama (Hmp. 1
939.811 t), Beh ce oHe 3a0KpyXyjy Ha IIpBY
3HavajHy nudpy (1 940.000 t).
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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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ITTABHA OBEJIEXXJA 1 MEBhYCOBHI
OJJHOC PECYPCA U PE3SEPBI

Y 0BOM IOI7TAB/bY PasMOTpPEHM Cy I/IaBHA
oberexxja MUHEPATHNX pecypca M MUHepa-
HIX pe3epBl 1 BbUXOB MehycobHu ogHOC.

I'naBHa o0enerkja MIHepaTHNX pecypca

MpuHepanHy pecypcy, Kao ILITO je Y HIPeTXOf-
HJM TIOI/IaB/bMMA [IOMEHYTO, IIPEfICTAB/bajy OHe
Jie7IOBe JIOXKMINTA Y KOjUMa Cy M3BEEHMUM MC-
TpaXUBawbyMa [OOMjeHN IIOBO/BHY Pe3y/ITaTH
y TIOITIefly HBUXOBUX OUTHMUX OCOOMHa (Kapak-
TEPUCTIKA), TIpe CBera y HOITefy KOJMUNHe U
KBa/ITeTa Ipuianajyhe MuHepanHe CHpOBUHE,
I HUje YCTAHOB/bEHA IbMXOBA eKCIUIOaTa-
OMIHOCT (M3BOIUBMBOCT TEXHWYKM edUKacHe,
eKOHOMCKM ~ TpoduUTabMiIHe a  eKOJIOLIKK
IPUXBAT/bUBE EKCIUIOATALMje Y CafallibiuM yC-
noBuMa). Ha 6asy mopataka MCTpaxupama, y
JIOXHULITY Ce MUHEPAIHY Pecypcu OKOHTYPY]Y,
IPOLIeHYjy U KIacUUKyjy: y HOTKIace Iper-
IIOCTaB/bEHNX, HANIVIPAHNUX U USMEPEHNX pe-
Cypca M TIpuKasyjy y ofrosapajyhemM moxymeH-
Ty (M3BelITajy WM enabopary) U TO Of CTpaHe
KOMIIETEHTHOT JIAIIA TeOJIOLIKe CTPyKe. Y TOM
JIOKYMEHTY Ce fiaje 1 OCBPT Ha rocTojehe mopaTke
0 TeO/IOMKNM (MIHEpPATIOMIKO-1eTporpad ek,
CTPYKTYPHO-TEKTOHCKMM,  XV/JPOTEOJIOLIKIM,
VIH)KEHePCKO-TEO/OLIKIM 1 IPYTUM peleBaHT-
HIM) OCOOMHAMa JIOKMINTA, KO U O IPUBPES-
Ho-reorpadckuM (MHQPACTPyKTypHUM, eHep-
TeTCKUM, TPXKMIIHUM U JPYTUM peeBaHTHUM)
KapaKTepYCTMKaMa IIpe OKOJIMHE JIeKMIITA.

Tpeba mmatu y Bumy fma mopamy fobujeHu
UCTpaKMBambMMa MUHEpaTHUX JIeMIMIITa ca-
IpKe Hems30exxHe TpellKe 300T Mame-BUILe
yHa/beHMX TadyaKa OICepBaliyje, Mepema MIN
Y30PKOBamba, Kao U 360T HBIXOBOT Cy0jeKTUB-
HOT VMHTepnpeTupama. MebyTum, Te rperke
MOpajy OUTM y [03BO/bEHVM TpaHMI]aMa Ja
Ou ce mocTMINA 3a/j0BOJ/baBajyha TayHOCT U
HOY3/IaHOCT HOOVjeHMX pe3yTara.

Jlyroropuiimsa MCKyCTBa CTeUeHa ICTPKIBAEM
BE/IMKOT 6poja JIeXMIITA PasINdUTUX MIHEpPa-
HMX CMPOBMHA, KaKO y CBETy TaKO M KOJ Hac,
TI0Kas3as1a cy ia ce Hajeherpenike kop yTBphyBarma
MUHEPAJIHUX pecypca jaB/bajy 300T HeaJeKBaT-

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):
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HOT IIPOjeTOBarba M/WM 13Bohera MCTPasKHMIX
PajioBa, TIOTPELIHNX Meperba (Ha TepeHy MM Ha
oprosapajyhuM rpaduykuM Ipuio3uma): Jy-
KVHa - Ipe cBera fie6/p1Ha (MoOhHOCTH) exxuiiTa
OfIHOCHO PYHHMX Te/la U HUXOBUX IIOBPIIVHA,
300T TIOrpelIHe MHTEpIIOJAlje M eKCTparosa-
yje JoOMjeHuX TIofaTaka, 300r ITOrpelIHOr
ompob6asama (1360pa BpcTe 1 pacropefa npoba,
IbJIXOBOT y3MMama 1 00paje) U HOTOBmUX VIC-
NNUTHBamba (1ab0PATOPUjCKUX, VHAYCTPUjCKIX)
y3eTux mpoba (campaja KOpUCHe KOMIIOHEHTe
¥ LITeTHUX KOMIIOHEHATa, 3alIPEMIHCKeE IyCTIHE
MJHepaHe CUPOBVHE UT, ), Ka0 ¥ 300T Iorper-
HOT YHOIIIeHa JOOVjeHNX ofjaTaKa y KOMITjyTep-
CKU IIporpaM. 36Mp OBMX MapLMjaHMX IpelIaka
YYHM jeNMHCTBeHY (YKYIIHY) TPeIKy yTBpheHnx

pecypca.

/3 rope HaBefeHMX pasjora, 3a yrBphuBame
MIUHEPIHMX pecypca MHOIO Cy 3HadajHUju
TeO/IOIIKY HEero MaTeMaTudkyu akropy, Te je
yTBphuBame pecypca IpeBacCXOfHO TI'€OJIOLIKM
3afaTaK (reosolIKa MpolieHa), a He MaTeMaTny-
KU 33/jaTaK (MaTeMaTH4ky IpopavyH). Tako, Ha
Ta4HOCT yTBphuBama pecypca ganeko ehu ytu-
113j IMajy Teo/IoKM (paKToOpH, Kao IITO Cy: KOH-
LeMyja ¥ METOfIMKa MCTPaKMBaba JIEKMUIITA
(xoje Tpeba ma 6yny yckmahene ca 6GuTHUM 0co-
OVHaMa JIeXMIIITA Y FbJIXOBOM IIPOMeH/bIBOIIINY),
IPOjeKTOBabe MCTPaKHUX pajJioBa, HbUXOBO
usBobemwe (ykpydyjyhm ompobaBarbe), mcru-
TVBalbe Y3eTUX IpoOa M, KOHAYHO, IeOJIONIKa
MHTepIIpeTanyja HoOMjeHUX IIOfjaTaka, Hero
MaTeMaTn4ky (paKTopy, Kao IITO Cy: padyH-
CKe MeTofie U ofiroBapajyhe Texumke. 360r Tora
ce y TIpaKCcH TeXU 3a TUM [ja Ce MCTPaXKMBatbeM
JIeKUIITA OOUjy IITO TAYHUjU MOZALM U Jia ce
VI3BPLIN IITO BEPOJOCTOjHNja bJIXOBA I€ONOIIKa
MHTepIpeTalyja, a ja ce IOTOM IIpYMeHe LITO
jEMHOCTaBHMj€ MaTeMaTU4IKe METOMIEe ¥ TEXHMKE

yrBphuBama (,mpopadyHa“) pecypca.

I'naBHa o6enekja MIHepaTHNX pe3epBU

MunepanHe pesepBe (BepoBaTHe M JIOKa3aHe),
Kao IITO je Y NMPeTXOfHNM IIOITIaB/bJIMa IOMe-
HYTO, IPENCTaB/bajy eKCIUIOATabu/IHe [e/oBe
ofiroBapajyhux MuHepamHux pecypca (MHAU-
IVPaHNX ¥ V3MEpPEeHNX) Y JISKUIITUMA, JO-
OujeHe KOHBep31joM (IpeBohereM) HOMEeHYTIX
pecypca y oxroBapajyhe pesepse. OHe ce OKOH-
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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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TYPYjy, TpOLEwYjy M KIacUUKYjy Ha OCHOBY
OZiroBapajyhMx TEeXHMYKO-eKOHOMCKMX CTYAuja
(IpeTxopHe CTyAMje M3BOIUBMBOCTY Y CTY/Mje
U3BOIBYMBOCTH) KOje YK/bY4yjy pasMarparme Mo-
mudukyjyhux daxropa o cTpaHe KOMIIETEHTHOT
ML py#apcKe CTpyke MuHepanHe pesepse ce,
10 pacTyhoj ZeTa/bHOCTI ¥ HOY3/JAHOCTY TeXHIY-
KO-€KOHOMCKVIX CTYJIMja, PasBPCTaBajy y IIOTKJ/IACe
BEPOBATHUX U JOKa3aHMX pe3epBU U IPUKA3Yjy ¥
oziroBapajyheM IOKyMeHTY: efabopary.

Baspa, MehyTum, HamoMeHyTH #a ce KO Ipo-
IieHe pe3epBU y3UMajy y 0063up pasbmakerma 1
ryouLy MuHepanHe CUPOBUHE KOjU Ce jaB/bajy
Y eKCIUIOaTalju.

BepoBarHe pe3epBe 1Majy 3a/j0Boj/baBajyhyt HUBO
TeTa/bHOCTY U TIOY3,aHOCTH, IEMOHCTPUPAH y Ofi-
roBapajyhoj TeXHMUKO-eKOHOMCKOj CTY/uj (TIpet-
XOJJHOj CTY/IjJ MBBO/BMBOCTY YK/BYUyjuhu y 10j
npruMereHe Moindukyjyhe paxrope), a mokasane
pesepBe IaK MMAjy HajBUILM HVBO JIET&/bBHOCTU
U TIOY3[aHOCTH, JIeMOHCTPUPaH y OfroBapajyhoj
TEXHUYKO-eKOHOMCKOj  CcTymuju  (cTymmju  ms-
BOJBMBOCTY YK/BY4yjyhul y 10j IIpuMerbeHe MO-
mudukyjyhe daxrope).

YTBpbuBame MUHEpaTHNUX pe3epBU, Ha rope
OIMCaH HauMH, BPIIM KOMIIETEHTHO JIULiE PY-
mapcke crpyke. CaMo OHM e7IOBU MHAMIIMPA-
HUX U M3MEPEHNX pecypca, 3a Koje IIOMeHyTe
TEXHUYKO-E€KOHOMCKE CTYAMje 1ajy IIO3UTHBHE
pesyinTare, IpeBoOie ce y oaroBapajyhe pesepse:
BEPOBaTHE U JJOKa3aHe.

Mopmxyjyhu dakropu mnpencraBpajy pasma-
Tpama (aHau3e) Koja, IpY M3Pajyl TEXHUIKO-
-eKOHOMCKVIX CTYAMja, BPILV TOpe TOMEHYTO KOM-
TIeTEHTHO JILIE, Y LI//bY KOHBep3ije HeeKCIIoaTa-
OWIHNX MVHEpATHMX pecypca (MHAMLIMPAHUX U
M3MepeHNX) y OfiroBapajyhe ekcryioaTabiiHe Mu-
HepajiHe pe3epBe (BepoBaTHe 11 IOKa3aHe).

Hajaxxunju mopudukyjyhu dakropu cy: py-
mapcky (pyZapcKO-TeXHUYKM), TeXHOIOLIKY
(ykpydyjyhm Meramypiike), eKOTOIIKM, pe-
rMOHAMHN (KOMyHMKAIje - IyTeBM, XKeles-
HIYKe [IPyTe, eHePreTCKI M3BOPY, HACE/bEeHOCT,
BOJIOCHa0fieBabe, K/IMMa), EKOHOMCKHI (YKIbY-
ynjyhu ¢puHaHCKjCKY aHaMN3y 1 TPOLeHY pu-
3UKa), TPXKUIIHY, 3aKOHCKO-IIPaBH, COLMja-
HJL V1 AP>KaBHO-CTPATELIKIL.

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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Ospe Baba ucrahu ma ce MuHepanHe pesepse
yTBphyjy pasmarpameM aKTyelTHUX MOAUPM-
Kyjyhux ¢akropa. YKonmko y TOKy BpeMeHa
mobe 1o 3HavajHe MpoMeHe HEKOT (MM HEKMUX)
Off TIOMeHYTUX (PaKTOpa, OHJA Ce NpMKa3aHe
pesepBe MOpajy IpencnuTaTin. Tako, y HeKuM
caydajeBuMa, paHuje yTBpheHe pesepBe ce
MOPpajy IpeBecT! Hasaf - y ofiroBapajyhe pe-
cypce, IITO je IPUKa3aHO ABOCTPAHNM CTPE/IN-
nama y tabenama I u 3.

MuHepanHe pe3epBe (fjoKasaHe U BepOBaTHE)
CTy>Ke VHBECTUTOpMMA Kao OCHOB 3a UHBe-
CTUIMOHA y/laramba y aKTMBHOCTY, O0jeKTe U
IPOM3BOJHO aKTUBMpalbe PygHMKa y cefehoj
- pymapckoj ¢asy MUHEpPaTHMX IIpojeKkarta: y
CTapujyMMMa IIpOjeKToBama (Ju3ajHuparma),
U3Tpajiibe U IPOU3BOAIbE PYSHMKA.

Tpeba mmat y BUAY Ja MHOTe KOMIIaHIje,
Hopey; TeONIOUMIKMM WUCTPaXMBambUMa U OJ0-
BapajyhuM TeXHMYKO-eKOHOMCKMM CTyAujaMa
yTBpheHNX eKCII0aTabMIHUX [ie/loBa JIeXKM-
wra (in situ), y MuHepalnHe pesepBe YBp-
mwhyjy oTKomaHy, yroBapeHy (3a TpaHCIOPT) U
IeIIOHOBaHy (JlarepoBaHy) MUHEPATHY CUPO-
BUHY HaMeHeHy IIOCTPOjemblIMa 3a beHy Ipu-
IIpeMy U IIpepajly WU aK IPOJajyu U TPETUPAjY
UX Kao poOy (eHrnmecku: commodity).

Mebhyco6Hu ogHOC pecypca u pesepBu

Pasmarpame MehycobHor omHoca MuHepasn-
HJX pecypca U MIHepalHNUX pe3epBy IOKasyje
la Ce OHU, MAKO TeOJIOLIKM TeCHO IOBE3aHI,
eKOHOMCKM OMTHO pasnukyjy. Pecypcnm, koju
ce mpBu yTBphyjy (mpolemyjy) - Ha OCHOBY
mojaraka JoOMjeHMX TeOJIOIIKMM JICTpa-
KUBaWbUMa JIOKNINTa (HajBOXHUjU Cy IHOfa-
M O KOMMYMHM M KBaIUTeTy Ipumajajyhe
MJHepalHe CHUPOBMHE), alu HHuje yTBpheHa
IBUX0BAa €KCIUI0aTabJIHOCT. PesepBe ce mak
M3BOJie U3 OfiroBapajyhux pecypca npuMeHOM
aJleKBaTHUX TeXHUYKO-eKOHOMCKUX CTYHMja
(npemxoone cmyouje u3so0meocmu u cmyouje
U3600/6UBOCIU) KOje YKIbywyjy pasmamparoe
moouguxyjyhux ¢akmopa, Ha 6a3m Kojux ce
YCTaHOB/baBa HIXOBA €KCIIOATaOMIOCT. 3602
moea ce OHU pa3epcmasajy y nocebHe knace: pe-
cypcu y HeekcnioamabunHy 200Ky Kacy,
a pesepee y eKcnnoamabunHy eKoHOMCKY Kia-
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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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cy. Pecypcu ce, no pacmyhm Husoy (cmeneny)
2e07I0UiKe NPOYHeHOCMU U NOY30aHOCU, Oerle
Ha NOMK7IACe NPEMNOCMasLEeHUX, UHOULUPA-
HUX U U3MepeHux, a pesepse ce, no pacmyhem
HUBOY  O0emamHOCMU  UNOY30aHOCMU  O0-
eosapajyiux mexHuuKo-eKOHOMCKUX cmyouja,
deste Ha NOMK/IACE BEPOBAMHUX U JOKAZAHUX.

Munepantu pecypcu (u mo uHouyuparu u usmepe-
HU), ymepheHu 2e0NOuKUM UCHpPatUBatbUMA
neHcUmma, 0akse, HUHe HeeKCH/I0amabunHy 2eo-
JIOWKY (MUHEPaTHO-CUPOBUHCKY) 6a3y U3 Koje ce,
NPUMEHOM NOMEHYMUX MEXHUYKO-eKOHOMCKUX
cmyouja, u306ajajy eKchaoamabunHy 0enosu -
pesepee (8eposamHe u 0okasaHe).

MuHepanHe pe3epBe (fjoKasaHe U BepOBaTHE)
CITy>Ke Ka0 OCHOB 32 MHBECTUIIMOHA y/Iarama y
cnenehoj, pynapckoj ¢pasu nsBobhemwa MuHepai-
HIX IIpOjeKaTa: y CTafujMyMa IIpOjeKTOBamba,
U3TpaJiibe U IPOU3BOAIbE PYSHMKA.

PE3VIME

Pesynmamu  pasmampawa  npobremamuxe
mpemupane y 080M pady pesumupanu cy y
cnedehium 3aKmyuyuma U npenopyxKama.

3akbyynn

- Vcmpanueara nexcumima uepcrmux MuHe-
PATHUX CUPOBUHA, HAMEHEHA ymephusarby
MUHEPATTHUX Pecypca U U3 HUX U36e0eHUX
MUHEPATHUX pe3epeu, y 2e0nowKoj ¢asu
MUHEpanHux Hnpojexama, peanusyjy ce
NOCMYNHO: NO CYKUECUBHUM CTNAOUjyMUMA
u mo ussodjervem pacmyhee 6poja ucmpas-
Hux padosa (u3 kojux ce y3uma pacmyhu
6poj npoba 3a odeosapajyha ucnumuearva
npunadajyhe muHepanHe cuposuHe), me
ce Oobuja cee eehu 6poj penesaHmHux
nooamasa.

- Mumnepanuu pecypcu ce ymephyjy, 00 xom-
NeMeHMHUX YA 2eosiouike Cmpyke, Ha
0CHOBY nodamaka 000UjeHUX 2e0/I0UKUM UC-
mpajusarUMa JIeHUWMa U pawunaryjy ce,
1no pacmyhem HUBOY 2e0710UIKe NPOYHEHOCTNU
U NOY30aHOCMU, Y NPEMNOCaBbeHe, UHOU-
yupaHe u usmepeHe pecypce.

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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Munepantne pesepse ce u380o0e, 00 KOM-
nemeHmHuUX iuya pyoapcke cmpyxe, u3 uH-
OUUUPAHUX U USMEPEHUX Pecypca Ha OCHOBY
a0eKBamHUX MexXHUUKO-eKOHOMCKUX CImy-
ouja (npemxooHe cmyouje U36800/bUBOCU
u cmyouje u3800/bUBOCMU) KOje YKbYUYjy
pasmampare mooupuxyjyhux ¢akmopa,
u pawunawyjy ce, no pacmyhem Husoy
0emamHOCMU U NOY30aHOCMU MUX CHYy-
ouja, y seposamme u dokasaHe pesepae.

Mako cy munepanHu pecypcu u MuHepanHe
pesepée 2e0nOUKY MecHO NO6e3aHU, OHU ce
eKOHOMCKU OUMHO PA3NIUKY]Y: pecypcu HUCY
eKCnI0amabuntu, a pesepee cy excnuoama-
6unme. 3602 moea ce OHU pasépcmasajy y
pasnuuume Knace: pecypcu y Heekcnosnama-
6unHy 2e0nOWiKy Kracy, a pesepee y eKc-
nn0amabunIHy eKOHOMCKY Kacy.

IIpenopyke
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PerymatuBy Pemy6muke Cpbuje y obma-
CTM pyHapcTBa M TeONOIIKMX WCTpa-
XKMBama Tpeba y MOTITYHOCTH yCarlacuTy
ca ofrosapajyhom perymarusom EBporncke
YHuje: 3aKOHMMa, IPONNCKMMA, CTaHZAp-
IMa ¥ JUPEKTUBAMA, KOju Cy eDUKACHY U
npusHaTyu y ceery. To ce, mpe cBera, OffHO-
cn Ha 6ymyhm cprickm 3akoH o pymapcTBy
VI T€OTIOIIKIM UCTPAXVMBA®BVMa 11 mpatehn
[IpaBWIHUK 0 MW3BeNITABAKY O pe3yil-
TATUMA Te0TOMKIX VICTPAXKUBAA, Pecyp-
CHMA U pe3epBaMa IBPCTUX MMHEPATHUX
CUPOBMHA VM BUXOBOj Kiacudukanujm,
Koju Tpeba ja 6yny 6asupanu Ha n ycknabe-
Hu ca PERC Cranpappom [1].

[Tomro PERC Cranpapn [1] mosBorpaBa
[a ce, y3 NpUJp)KaBame HEroBUX TeMelb-
HUX ofjpefaba, y HaIOHa/lHe IpPaBUI-
HIJIKe YK/byde U I0fjaTHa YIYTCTBa 3a Hoje-
IVHe 3eM/be creluuYHe U/WIM 3HaYajHe
MUHEPATHE CUPOBUHE, TUIIOBE HUXOBUX
JIEKUINTA Y METOfIe HUXOBOT UCTpa-
XKVBama, TaKBa JOJAaTHA YIYTCTBa Tpeba
yHern y 6ynyhu cprcku ITpaBunHuk.

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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HUX BOfia 1 0 Ommancy Tux pesepsu. Cnyx6eHn
nct COP Jyrocrnasuje 6p. 53/1977. / Law on
the Unique Manner of Determining, Recording
and Collecting Data on Reserves of Mineral
Raw Materials and Groundwater and on the
Balance of Those Reserves. Official Gazette of
SER Yugoslavia no. 53/1977.

Vimuh M.: Teonmomky OCHOBM IpopayyHa
pesepBM MUHEpAJHMX CHPOBMHA. Pamosu

10.

11.

12.

13.

14.

VIII Mebhynapopue xoudepennmje Hemera-
m 2009, bawa Bpyjiu, 2009, cp. 68-73. / 1li¢
M.: Geological bases of calculation of mineral
reserves. Proceedings of the VIII International
Conference Nonmetals 2009, Banja Vrujci,
2009, pp 68-73.

Vinmnh M.: IlprmeHa pesynrara reoJOLIKUX JC-
TpaKUBamba JIKUIITA YBPCTUX MUHEPATTHUX
CupoBMHA y pymapcTBy. Texnuka: Pymapctso,
reojioryja M Metamypruja, 71b (2017) 2, crp.
204-211. / Tli¢ M.: Application of the results of
geological research of deposits of solid mineral
raw materials in mining. Technique: Mining,
Geology and Metallurgy, 71b (2017) 2, pp. 204-
211.

Ili¢ M.: On the use of geological exploration data
in mineral projects. Journal of Environmental
Geology, vol. 2, London, December 2018, pp.
61-63.

Vmnh M., IlaBnosuh B., Bykac P, Bepnh Y.:
YnopenHa aHanu3a Hallle ¥ CBETCKMX KJIacu-
¢duKanuja MUHEpPATHUX Pe3epBU M pecypca U
IpesIor 3a MHOBMpakbe U ycKnahusarme Harle
knacudukanuje. Pagosu VIII Mebhynaponne
koHpepeHuuje Hemerann 2009, Bawa Bpyjuu,
2009, ctp. 56-67. / 1li¢ M., Pavlovi¢ V., Vukas
R., Belji¢ C.: Comparative analysis of our and
world classifications of mineral reserves and
resources and a proposal for innovation and
harmonization of our classification. Proceedings
of the VIII International Conference Nonmetals
2009, Banja Vrujci, 2009, pp. 56-67.

Vnuh M., Jenenkosuh P., Cumuh B., Bykac P,
Cajuh [I.: IIpemmor knacudukanyje MuHepa-
HIX pecypca U pesepBU y CKJIOIY HOBe 3aKOH-
CKe peryJaTuBe 13 OOJIACTM TeONOMIKUX JIC-
TpaXuBamwa U pygapctBa y Cpbuju. Pagosu
MebynapogHor ~ caBeroBama  IIporpamu
CTpaTeruje yIpaBbalkba MUHEPATHUM pecyp-
cuma Peny6muke Cp6buje, 3matubop, 2011,
cTp. 240-254. / 1li¢ M., Jelenkovi¢ R., Simi¢ V.,
Vukas R., Saji¢ D.: Proposal for classification
of mineral resources and reserves within
the new legislation in the field of geological
research and mining in Serbia. Proceedings of
the International Conference Programs of the
Mineral Resources Management Strategy of the
Republic of Serbia, Zlatibor, 2011, pp. 240-254.

Vnuh M., Jenenkosuh P., Berpuh Y.: ['enepan-
HI OCBPT Ha HpaBI/ITIHI/IK (0] ]/I3BeHITaBaH)y (6]
pe3y/ITaTiMa TeONOLIKMX MCTPaXMBama, pe-
CypcMMa M pe3epBaMa YBPCTUX MUHEPaTHUX
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Munoje Vinuh, O ymephusary Munepantux pecypca u pesepsu y IEXUmmuma 46pcrmux MuHepantux cuposuna (79-98)
Miloje Ili¢, About Establishing of Mineral Resources and Mineral Reserves un Deposits of Solid Mineral Raw Materials (79-98)

CUPOBVHA U BUXOBOj Knacudukanuju. Pagosn
X Mebynapopue kondepennuje OMC 2012,
3matnbop, 2012, cTp. 79-96./ Ilic M., Jelenkovic
R., Belji¢ C.: General review of the Rulebook on
reporting on the results of geological research,
resources and reserves of solid mineral raw
materials and their classification. Proceedings
of the X International Conference OMC 2012,
Zlatibor, 2012, pp. 79-96.

Ili¢ M., Vukas R.: On the harmonisation of
Serbian classification and accompanying
regulations of resources/reserves of solid

16.

minerals with the PERC Standards. European
Geologist No. 41, Brussels, May 2016, pp.
26-30.

Bykac P.: IlpubmmkaBamwe mogaraka o pesep-
BaMa YBPCTVUX MMHEpaJIHUX CUpOBuHa Perry-
6mke Cpbuje MehyHapomHUM cTaHmapauMa.
Texamka, CaBe3 uHXemepa u TexHndapa Cp-
6uje, K. 5,2000. / Vukas R.: Approximation of
data on reserves of solid mineral raw materials
of the Republic of Serbia to international
standards. Tehnika, Association of Engineers
and Technicians of Serbia, Vol. 5, 2000.



m PYIIAPCKU T'JIACHUK H
BULLETIN OF MINES

1903.

YU ISSN 0035-9637

(CXIX) 1

KIBUTE / BOOKS

8" BALKAN
MINING

L |

CONGRESS

PROCEEDINGS

(e

8. BAJIKAHCKIM PYIAPCKM KOHIPEC -
360pHuUK pajoBa, M3gaBad Pymapcky MHCTH-
TyT beorpap, ISBN 978-86-82673-21-7 (PU)
CIP 622(082), 553(497)(082), COBISS.SR-ID
72313353, DOI: 10.25075/BMC.2022.00, beo-
rpaf, 808 cTpaHa. Ypeguuun: AkageMuk npod.
np Cno6opman Byjuh, np Munnuko Pagocasbe-
Buh, ap Csetnana [Tonmasaep.

[Ty6nukoBano je 90 papmoBa, 206 ayTropa u3
20 3emaspa ca CBUX KOHTMHeHaTa ocuM Adpu-
Ke, Ha TeMe 13: TexHO/MOIMje eKcrioaTanmje u
IpUIpeMe MUHEPATHUX CMPOBMHA, PySFHUYKE
TIOTUICTUKE; PYJHIYKE T€0/IOTH]je; XUAPOreoyo-
IMje; MeXaHMKe CTeHa U TeOMeXHalKe; 3alITH-
Te PYAHMKA Of BOAA; TEXHUIKUX, T€XHOJOLI-
KIX, €KOTIOMIKUX, COLMjaTHUX ¥ €KOHOMCKUX

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 Vuji¢, PhD, Milinko Radosavljevi¢,
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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acIleKar eKcIioaTauuje U MpuipemMe MuHepar-
HUX CUPOBVHA; IUIaHMPAaIba, IPOjeKTOBamba U
ONTUMM3aLIMja IPOU3BO/Ihe; MATEMAaTUIKO-MO-
JENICKUX TIPUCTYIIA; pa4yHapCKY MHTErPUCAHNX
TEXHOJIOTMja; PU3MKA U YIIpaBjbarba PU3NLIMIMA
Y PYAApCTBY; NPUMEEHUX MUCTPKMUBarma U
VHOBalMja; pasBOjHUX TPEHJOBA Yy PyAApCTBa;
MOJiepHM3alVje, PEBATAIM3ALja U PEUHKEbe-
PVIHT PYSHUYKMX CUCTEMA; 3aLITUTE XKUBOTHE U
pajfiHe cpenuHe, PeKy/ITUBALMjP, PEBUTA/IM3a-
nuje u ypehema ferpagupannx NOBpIINHA; ay-
TOMaTH3alyje U yIpas/batba IpoLecuMa y py-
mapcTBy; mpahema pajja u offp)KaBama Onpeme
VI MalllMHA y PYAHULIMMA; CTaHJAPAA, 3aKOHCKE
Y HOpMaTUBHE PeTy/IaTuBe; MHXemPepcKor 00-
pasoBama 1 00PAa3OBHMX TPEHJIOBA; MCTOpHje
pymapcTBa ¥ KyATypHOT Hacneba.

[lITamMname Kbure omoryhmm cy Pymapcku ns-
ctutyT beorpan 1 MyHUCTapCcTBO MPOCBETE, Ha-
yKe U TeXHOJIOLIKOT pa3Boja Perry6mike Cpouje.

IIpupenunu

J. HemkoBuh
P. Illapan

100

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. Neskovié
R. Sarac
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8. BAJIKAHCKUM PYJAPCKHM KOHI'PEC
8" BALKAN MINING CONGRESS

8. BAJIKAHCKN PYIOAPCKM KOHIPEC,
28-30. centeMbap 2022, beorpan, xoren Pai-
KeHIITajHep, opraHusatop Pymapckm mHCTH-
TyT beorpaj, cyoprammsaropn bankancka
aKaZieMuja pymapckux Hayka u Opepeme py-
DApCKUX, TEOJNIOIIKMX M CUCTeMCKMX HayKa
Axanemuje naxemepckux Hayka Cpouje.

Y papmy Kourpeca  yuectBoBano je 150
cTpyumaka u3 Cpbuje, Pymynunje, Byrapcke,
Penry6rmuke Cpricke buX, Typcke, Llpue Tope,
CeBepre Maxkenonnje, CrnoBennje, AnbaHuje,
Ipuxe, XpBarcke, Pycuje, Kune, Hemauke, ben-
ruje, Aycrpanuje, Kanane, Vingonesuje, Ipy-
suje u CuHramypa.

Ha cBewanoctu orBapama Konrpeca ypydene cy
IUITIOMe HOBUM PE€NOBHMM U TIOYAaCHUM WIAHO-
BIMa basikaHcKe akafieMije pylapCKIX HayKa.

Marepujanny nogpiky opraamusauuju Korpeca
Opy>XUan cy: MUHICTapCTBO MPOCBETE, HAyKe
M TEeXHOJIOUIKOr pas3Boja Pemy6muke Cpouje;
Pymapcxn nactutyT Beorpay; Dundee precious
metals Byrapcka; Tevel Cnosenuja; Wood Ay-
crpaimja; WBM Beorpap; Serbia Zijin copper
doo Bor u Serbia Zijin mining doo Bor.

IIpema ouenm ydecHmka, KoHrpec je BeoMm
YCHENTHO OPTaHM30BaH. Y HACTABKY je KOMaX
dororpacduja ca Konrpeca.

Ipupenymn:
J. HemukoBuh
P. Illapan,

8™ 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. Neskovi¢
R. Sarac
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Y ceharwy / In Memoriam

Y CERAIBY
IN MEMORIAM

Ilerap Munanosuh, (beorpan,
22. 06. 1931 - Beorpag, 07. 09.
2020), puIUL. VIHX. PyfapcTBa,
Ip TeXHMYKUX HayKa, Ipode-
COp YHUBEP3UTETA, ICTAKHYTI
CTPyYlbaK 3a MEXaHUKy CTe-
Ha. IlIkonoBao ce y beorpany.
Ha Pypapckom opcexy Pymap-
CKO-TeOJIOMIKOT (pakynrTera y
beorpapy pummommpao 1962.

Cnenyjansupao MEXaHUKY CTe-
Ha 1963/64. roguHe Ha Missouri
School of Mines and Metallurgy,
Poma, CAJ, rie je onbpaHno u
MAarucTapcKy Tesy. JJOKTOpCKy
oucepTauyjy Ha TeMmy Ilpunoe
odpehuearba HANOHA CMEHCKO?
macuea npu pewiasarey creyu-
Puunux npobnema y pyoapcmay,
ombpanmno je 1965. Ha Pymap-
CKO-TEOJIOMIKOM ~ (paKynTeTy y
beorpany.

YcaBpuraBao ce u CTyAujcKu 60-
pasuo y BHVMMN Jlewunrpag,
Mucturyr CxoumHcku  Mo-
CKBa, Pymapcko-MeTamypiuka
Axapmemuja Kpakos, u I'maBan
pymapcku uHCTUTYT KatoBuie.

ITocne 3aBpueHe cpefjbe KO-
ne 1949. papuo je ka0 MalIMH-
cku texumyap y sKemesapu
3enuna, satum y Teneontuky
3emyH u leHepanHOj mMpek-
IUjI TellIKe MHAyCTpuje y be-
orpagy. Kao punmommpanm
PYJApCKM MHXXeep 3aloCIno
ce 1962. y Pypmapcku mHCTU-
TYTy y 3eMyHY, Ifie je pajguo
Ka0 MCTPaXkKMBay, HadelTHUK
Opemema 3a MEXaHUKY CTEHA U
NOMONHUK JiVIpeKTopa 3a Hayd-

Petar Milanovi¢ (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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HU pa3Boj. Kapujepy HactaBba
1971. Ha Pygapcko-reonomkom
¢daxynrery, Ha Karempnm 3a
OMIITE pYJAapcKe pajioBe Kao
TolleHTa 3a IpeaMmeT Mexanu-
Ka CTeHa. JeflaH je off OCHMBa-
ya 1973. Karegpe 3a MeXaHMKy
cTeHa Ha PymapckoM oficeky 1
npBY BeH Ied. 3a pefoBHOT
npodecopa nzabpat je 1986.

Ha matuunom ¢axkynrery, Tex-
Huukn ¢akynrer y bopy, Py-
[lapCKO-MeTaTypIIKOM (aKy-
tery y Turosoj (KocoBckoj)
Mutposunu n Pypgapcko-reo-
nourko-HaTHOM QakynTery y
3arpeby npezaBoa je Ha pefioB-
HUM WM TOCTEUIIIOMCKIM
cryaujamMa MexaHUKyY CTeHa.

PykoBoayo je uspagom u 6mo
YjlaH BUIE KOMUCMja 33 OfI-
OpaHy JMIUIOMCKMX PpajioBa,
MarucTapcKux Tesa U JOKTOp-
CKUX JycepTaluja.

Y PymapckoM MHCTUTYTY YBEO
je 'y mpouenypy doroena-
CTUMYHA MCIOUTUBaKka HAIOH-
CKO-Te(pOPMALVIOHNX  CTamba
CTEHCKUX MacuBa. AyTop MK
KOayTop je 25 CTPY4YHUX U Ha-
YYHUX pajioBa, 45 CTyiuja, Ha-
YYHUX U IPUBPENHUX IIPOjeKa-
Ta, ABa IOMOhHa ylI6eHuKa.

buo je npopexana Pynapcko-re-
onoukor ¢axynrera y beorpagy
u meda Karegpe 3a MexaHuky
creHa, wiaH CaBe3a MHXembepa
U TexHu4apa Jyrocmasuje, Jy-
TOCTIOBEHCKOT JIPYIITBA 3a Me-
XaHUKY CTeHa U TOJ3eMHe pa-
nose, Mebynapogsor ppyuirsa
3a MexaHuky creHa (ISRM -
International Society for Rock
Mechanics) n VutepHanumonan-
HOTr' OMpoa 3a MeXaHMKy CTeHa
(IBRM - International Bureau
for Rock Mechanics, CAJ),
JlpymTBa 3a  eKCIlepYMEeHTal-

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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Hy aHa/m3y HamoHa (SESA -
Society for Experimental Stress
Analysis, CA]I).

3a Hay4He U CTPy4He JIONPUHO-
ce oymkoBaH je OppieHa pasia
ca CpeOpHUM BEHLIEM Y HOCH-
71a1l je BUILe IPYTUX IPU3Hama.

IIpupempno
B. Yebarnrex

Jypuj Huxomajesua Mannies
(Bopomex, 1. 9. 1939 - Mo-
CKBa, 5. 9. 2022), mUIIIL. MHX.
PyAapcTBa, Op TEXHUYKMX Ha-
yKa, mpodecop, pefoBHN YIaH
Pycke akapgemuje Hayka, OCHM-
Bad I IIpeficefHMK Pycke akape-
MHje PyJApCKMX HayKa.

Hunnomupao Ha Kemepos-
CKOM PYHApCKOM WHCTUTYTY
1963. IIpodecmonanny ka-
pujepy samodeo je 1956. xao
PajiHUK Ha YTOBApY y PYAHUKY
yrba Ilpokonmesck, 1963. npe-
nmasu y KemepoBcku pymapcku
MHCTUTYT, 1985. mocTao je re-
HepajTHU JUPEKTOP YApPYKermba
3a yrasp Kysbaca, 1989. nu-
pexrtop MHcTuTyTa 3a pynap-
cTBO ,A. A. CxounHckn’, 1992.
npencenauk KomureTa 3a MH-
BycTpujy yrba MuHMCTapCcTBa
ropuBa u eHepretuke Pycke
@epepanyje. Ilo Hanory Bra-
me 1993. uMeHOBaH je 3a reHe-
panHor aupekTopa Jp>kaBHOT
npenyseha ,Pycka xommnanmja
3a yram  (,Pocyron”), mocme
TpaHchopMalje y aKIMoHap-
CKO pymTBO 1997. 610 je meH
npencenauk. Ox 1997. soguo je
CaBes uHAyCTpHjasana u mpe-
My3eTHUKA MHYCTpPUje yI/ba, a
1999-2013. 610 je mpenceHNK
HenmpodurHor mapTHepcTBa
»Pymapu Pycuje”.

ety for Experimental Stress
Analysis (SESA, USA).

Prof. Milanovi¢ was awarded
the Order of Labor with Silver
Wreath and several other rec-
ognitions for his scientific and
professional contributions.

Prepared by
V. Cebasek

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».
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Manuies je fao 3Ha4ajaH Jo-
npuHoc yHampebewy pygmap-
CKOT 3aKOHOJABCTBAa, HApo-
yuTo yHanpebewy mopeckor
CUCTeMa 3aCHOBAaHOI Ha pa-
IVIOHAJIHOM Kopuurhewy py-
JapcKe peHTe, Kao 1 3aKOHa O
yApYXemy MocnofaBana, 3a-
KOHA O pajiy U IPYTUX peryna-
TOPHMX IIpaBHMX akaTa. Bemm-
Ky NMOAPIIKY ¥ 1moMoh mpyskao
je mobospuIamy e(UKACHOCTI
pasBoja MMHEpAalHO- CHUPO-
BUHCKOT KOMIUIEKCa, BJIajiy-
HUX areHlyja ¥ PyAapCKor
nocnoBama y sembn. Iloce6HO
je 3HayajHa IberoBa KOHILEIl-
I[VIja TOPUBHOT ¥ €HEepPreTCKOr
6unaHca 3em/be y3 nosehame
yZena yI/ba, Koju je kopuirhen
y uspagu I[eHepamHor joka-
IVjCKOT' IIaHA eJIeKTPOeHep-
reTckux objekata Pycmje po
2030. Manuiues je NpUIIPEMIO
Hay4YHe OCHOBE pa3BOja eKo-
JIOLIKY NIPUXBAT/bUBE €HEpIyje
yI7ba, IPEIJIOKIO HOBA TOPYBA
u3 yrba (cycreHsmja yramb-—
BOJIa 11 CyIep YMCTO YI/beHNY-
HO TOPMBO) U TEXHOJIOTHje ca-
ropeBama yI/ba.

Kao npencegunx [Ip>xaBHor re-
onolKor myseja Pycke akape-
MIje HayKa ,,B. V1. BepHamcku,
6110 je IOKpeTay aKTUBHOT pas-
BOja HajcTapujer aKajgeMCKOr
Myseja y MockBu, Kao Mofep-
HOT Hay4HOT, MTH(POPMATUBHOT,
06pa30BHOr ¥ KYITYPHOT LieH-
Tpa. Y capangmu ca Mockos-
CKUM MHCTUTYTOM 3a YelNK
u nerype, Pyckum pp>xaBHuUM
YHUBEP3UTETOM 3a HaTY U rac
»VI. M. Iy6xun’, Pyckum pxaB-
HUM TeOJIOLIKMM MCTpaKuBad-
KM YHUBep3UTeTOM ,,Cepro
Oprironnknnze”, MOCKOBCKUM
Op>KaBHUM  VHMBEP3UTETOM
3a reofie3njy u KapTorpadujy,
odopmuo je Mebhyynusepsu-

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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TEeTCKM aKafleMCKM HaBUTa-
LVOHM IIEHTap 3a pyJapcke
U TEONOWKE CHELMjaTHOCTH,
C IWbeM KapujepHOT Bobema
M/IQIVX Ha pelalyjy ILIKOJIa—
¢daxynTeT-npuBpena.

AyTop je Bumte of, 160 HayuHuMX
pamoBa, 50 maTeHaTa M IIpO-
Hamasaka. buo je wran ypebhnu-
BayKMX ofbopa yacommca Yeazm
u BEPI, Casera ®epnepanHe
cmyx0e 3a eKOJOIIKM, TeXHO-
TOIIKM ¥ HYyK/I€ApHM HaM30D,
3aMeHMK TpeficefiHuka Meby-
HApOJHOT OpraHM3aIMOHOT
komuTeTa CBETCKOT PyHapcKOT
KoHTpeca 1 wiaH Mebynapon-
HOT KOMMTETA 32 Hay4YHa UCTpa-
KVBamba y MUHAYCTPUjU yIba.

MHocTpanu je unan Akafiemuje
UHXewepckux Hayka Cp6uje,
pmomvicHM 4wiaH Mebynaponne
VHXXEIhepPCKe aKaZieMuje U pe-
IOBHM 4naH EBpoasmjcke axa-
JeMuje PyfAapCcKuX HayKa.

3a 3acmyre 1 JOIPUHOCE OfIN-
koBaH je OppeHoM 3aciyra 3a
oray6uny, OpaeHoM dYacTu u
OppeHoMm mpujaTte/bcTBa.  3a-
CIIY>KHM je paJiHUK HayKe U TeX-
Honmoruje Pycke @epnepaunje.
Jlaypear je Harpame Cabera
muHuctapa CCCP-a, [IpxaB-
He Harpafie Pycke ®enepanyje,
Harpape Brmapme Pycke ®enepa-
unuje, Harpape JlewmHcKor KoM-
comona, Jlumiome 3a 3acmyre
npenceganka Pycke ®enepa-
umje, 3Hauke Kapammpa ,Py-
JapcKka cmaBa’, 37aTHe 3HAYKe
»Pynmap Pycuje”, 3natne menaspe
»dusenr” Hemadykor mHCTUTyTa
3a TIpoHanacke, KomaHpaHT-
CKOT KpCTa OpfieHa 3aciyra 3a
Penry6rmuky ITorbeky n.

IIpupenmuo:
C. Byjuh

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. Vuji¢
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Anre Imynruesuh (Crapu Tpr,
23. 8. 1938 - beorpap, 6. 5.
2022), ouIUL. MIHX. PyHapcTBa,
Ip TeXHUYKUX HAYKA, UCTAKHY-
TU CPIICKM PYIAPCKM CTPY4HhaK
3a TIOA3EMHY eKCIUIOATallljy
MeTaTNYHUX MMUHEpaTHuX CHU-
posuHa. IllkonoBao ce y be-
orpany u Kocosckoj Mutpo-
BUIIY, THie je MaTypupao 1955.
Hummomupao je 1961. Ha Py-
lapCKO-TEOIOMIKOM (aKy/NTeTy
Yumsepsurera y beorpany.

Marucrapcky Tesy Cryamja
ofipehuBama ayMeHsMja curyp-
HOCHUX CTy6oBa 1 CTaOMIHOT
pacIoHa y OTBOPEHUM OTKOIIM-
Mma Pynnuka Cace om6panuo je
1972. Ha Pymapcko-reononkom
¢axynrery y beorpany, a mok-
TOPCKYy puceprauujy Hompu-
HOC M3y4YaBamba TEXHMYKUX
IapaMeTapa OTKOIIaBamba CHU-
TYPHOCHUX CTy0OBa MeTOHOM
MOeTAXKHOT ~ 3apylllaBama Y
IWbY MaKCUMAJHOT  MCKO-
puirhewa ¥ MUHUMATHOT OCK-
pomarera 1976. Takobhe Ha Ma-
TUYHOM (aKy/ITeTy.

CTpyuHy Kapujepy 3aloumibe
y Pymuuky Tpemua rme je pa-
[MO Ha MeCTY yIpaBHUKA IIPO-
U3BOJHOT IIOTOHA, KacHUje
meda TeXHNUYKe mpuripeme. Y
Pymuuxy Tpenua paguo je fo
1969. xap mpenasu y Pypap-
CKU MHCTUTYT y beorpany, rme
pajy Kao MPOjeKTaHT y 3Bamby
BUIIEI CTPYYHOI CapajiHMKA.
Ha Pypapcko-reomouku ¢a-
Kynrer YHuBepsurera y beo-
rpagy npenasu 1973. bupan
je 3a acucreHTa Ha IIpefiMe-
TMMa TexHo/morMja moaseMHe
€KCIUIOaTalyje HeC/I0jeBUTUX
nexumra u VictpaxxHu pajo-
Bu. IIpomao je cBa m3bopHa
3Bamba, 3a PEOBHOT Ipodeco-
pa usabpas je 1988.

Ante Gluscevi¢ (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 Trep¢a Mine, where
he worked as a production
manager, later as head of tech-
nical preparation. He worked
in the Trep¢a 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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Pagyu crpy4yHOr ycaBplaBama
cTyaujcku je 6opasuo y: IlIBen-
ckoj 1974, Hemauxoj 1976,
CAIl 1977, Kanagu 1977. u
Ounckoj 1978. Hayunomcrpa-
XuBadyky pap ap Dimymrdesmha
ycMepeH je Ka 001acTi Iof-
3eMHe eKCII/IoaTalyje Hecnoje-
BuTuX nexumra. O6jaBuo je
MOHOTpadu;jy, CKpUIITA U BUIIIE
JeceTMHAa HAy4YHUX U CTPYyY-
HuXx paposa. Kao pykosopnmnarn
VI 4YIaH TMMa Y4€CTBOBAO je
y M3pajy BUILE HAYyYHUX CTY-
Iuja, OPOjHUX MHIYCTPYjCKUX
IpojeKaTra, CTPYYHUX OLleHa U
KOHTposa. PykoBoamno je nspa-
[IOM BMIIE JUIZIOMCKMX Pajio-
Ba, IECT MAr¥CTapCKUX Te3a 1
jenHe OKTOPCKe fucepranuje.

buo je Ha QyHKLUjU TpofeKa-
Ha 1987-1989. u nekana 1987-
1991. Pypmapcko-reonorkor ¢a-
Kkynreta y beorpagy, Te med
Katenpe 3a mopsemMHy eKcInio-
aranmjy 1992-2003. 3a excriep-
ta CaBe3He Bmajge 3a oOmacr
pymapcTBa uMMeHOBaH je 1993.
JemaH je on ocHMBa4Ya M IPBUX
ymaHoBa CpIICKOT pyHapcKor
npymTsa. JobuTHuK je Memabe
3acmyre 3a Hapop 1963. Ilensu-
oHucad je 2003.

IIpupemmunn:
B. InyurueBuh
P. IlTapar,

the USA in 1977, Canada in
1977, and Finland in 1978. Dr.
Glusc¢evi¢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.

Gluscevi¢ 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. Gluécevic
R. Sarac
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HAparan BopheBuh (bajunna,
23. 5. 1949 — beorpan, 7. 4.
2022), murl. WHX. pyIapcTBa,
Ip TEXHWYKUX HayKa, YHHBEP-
suteTcku npodecop. Illkomo-
Bao cey Tperrun, HosoMm bpny,
Jlenty, Anexcuniny u KocoBckoj
Mutposunnu. Pagno je roguny
JaHa y AJIeKCMHaYKMM PY/IHU-
IyMa yI/ba Kao TexHudap. Ha
CmMmepy 3a pynapcka Mepema
Pynapcko-reonoukor ¢aky-
TeTa YHuBep3urera y beorpa-
Iy IUIUIOMUpao je 1974.

Marucrapcky Tte3y IIposepa
CTOXaCTUYKUX  3aKOHMUTOCTU
ynerama IOTKOIIAHOT TepeHa
MOJENCKUMM  VICHUTHUBAIbMMA
opbpanno je 1986, a mokrTop-
cky puceptanujy Oodpehusatrve
napamemapa nomepareda Nom-
KONnaxoe mepena y pyoHuuuma
Yeroa ca n003eMHOM eKCnI0ama-
Uujom, ca MOCeOHUM OCBPTOM
Ha pyflapCKe 3aKOHE M TeXHUY-
Ke HOpMaTuBe Yy JyrocimaBuju
1989. Ha MaTYHOM QaKyITEeTY.

IIo punnommpamy paguo je y
Cnyx61 pymapckmx Mepema
Pymnuka Tpemua, a 3atum y
Cnyx61 pymapckmx Mepema
MEK Kocromai. 3a acucrtenrta
npuIpaBHuKa nsabpas je 1980.
Ha Karenpu 3a pymapcka mepe-
ma Pymapcko-reonomxor ¢a-
Kynrera y beorpany, a HakoH
omdpaHe  Marucrapcke —Tese
n3abpaH je y 3Bame acHCTeHTa
3a npenMer Pypmapcka Mepemsa.
ITpomao je cBa M360pHa 3Bama,
3a pemoBHOr Ipodecopa usa-
OpaH je 2007. Kao xoHOpapHM
HACTAaBHIUK JIP)KA0 je HaCTaBy Ha
TexumakoMm dakynreryy bopy n
Ha PaKynTeTy TEXHUYKMX HayKa
y Kocosckoj Mutposuiiu.

Crpyunn u Hayuyuu pag [I.
Hophesnha opujenTncan je xa

Dragan Dordevi¢ (Bajcina,
May 23, 1949 - Belgrade, April
07, 2022), Mining Engineer,
Doctor of Technical Sciences,
University Professor. Dragan
was educated in Trepcéa, 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 Trep¢a 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. DPordevic’s professional and
scientific work was focused
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PYOApCKMM MepemuMa, Io-
cebHO Ka mpobremMuma IO-
Mepama MOTKOIAHOT TepeHa I
samTuT objekaTa off yTuIaja
PYBAapCcKMX pajioBa. AyTOp
UM KoayTop je Buie of 60
Hay4dHNX M CTPyYHUX pajoBa.
Y4ecTBOBao je y peanmsauyjn
BHUIIE€ HAYYHUX W IIpUBPEN-
HUX 1pojekata. Koayrtop je
mBe MoHorpadcke Imy6mmKa-
uuje, IpaKTUKyMa U CKpuUIIaTa
3a mpegmer Ilomepame mOT-
KOIIAHOT TepeHa U 3aIlTUTA
objexara off pylapCcKVX pajioBa.

bro je menTop wim 4man Ko-
MICHja 3a U3pajy U OfOpaHy
BUIIE€ OUIVIOMCKUX pajoBa Ha
CMepy 3a pyaapcka Mepema,
YJlaH KOMMUCHja 3a OfOpaHy
MarucTapcKux Tesa 1 ofbOpaHy
BOKTOPCKMX JycepTanuja.

Y Bume Mangata 6mo je med
Katempe n Cwmepa 3a pypap-
CKa Mepema. buo je wuman
MebynapogHor ppymTBa 3a
pyHapcKa Mepema, YIaH Hero-
Bor IIpencepnumrea n Komnu-
cuje 3a IIOMeparbe IMOTKOIMAHOT
TepeHa. buo je 4ian YrnpasHor
ogbopa PBb Komybapa 2001-
2004. n wraH Pemy6muke Ko-
MICHje 32 TI0JIarabe CTPY4YHOT
uctmta n3 Pymapckux mepema.
Ilensmonmucao ce 2014.

IIpupemmmn:

A. Innuh

A. Munymunosuh
P. lllapay,

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.

Dordevi¢ 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. Gani¢

A. Milutinovi¢
R. Sarac
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Cno6opaun Jumurpujesuh (Jle-
ckoBal, 5. 11. 1942 — Beorpag,
9. 5. 2022), pumL. MHX. py#ap-
CTBa U JMIUL VHX. reofesuje,
Ip TeXHWYKMX HayKa, YHUBEp-
suterckn  npodecop. IlIxo-
JI0Bao ce y pogHOM rpapny. Ha
Pymapcko-reonomkom  ¢akyn-
tery y beorpamy, ma Cmepy
3a py#apcKa Mepema, JUILIO-
Mupao je 1966. Ha I'eomerckom
oficexy IpabeBunckor ¢akyn-
TeTa YHuBepsurera y beorpa-
Iy AUIUIOMMPAO je u3 obmactu
IIpUMebeHe reogesuje. Apxu-
TEKTOHCKM (paKy/ITeT yIICcao je
1963, a Caobpahajun dakynrer
1972. n anconsupao 1980. Pagu
ycaBpllIaBama CTYAMjCKH je 60-
pasuoy [Ipesneny 1972. u Bume
IIyTa Ha Pypmapcko-reomomkom
yauBepsurery y Codujn.

Marucrapcky Tesy MoeyhHocmu
o00pehusarba epamynomMempujcKoe
cacmaea  0OMUHUPAHe  CHeH-
CKe mace HA NOBPUAUHCKUM KO-
nosuma  omozpamempujckom
Memodom Meperoa HA OCHOBY
7IA00PAMOPUJCKUX  UCHPANUBA-
a 006paruo je 1980, a dokmop-
cky Oucepmauujy Vcnumusare
edukacHocmu U MavHOCMU
KAacuuHoz, — mepecmpuukoz U
aepogomozpamempujckoe  CHU-
Marba NOBPUIUHCKUX KONoea y
3A8UCHOCMU 00 TeXHO7I02Uje OM-
Konasarba ofopanmo je 1986. Ha
MAaTIYHOM (aKy/ITeTy.

Y 3Bame acMCTEHTa 3a IIPeIMET
Pymapcka mepema Ha Pypap-
CKO-T€OJIOIKOM  (aKyITeTy
n3abpaH je 1969. [Tpomao je cBa
1300pHa 3Bama, 32 PEJOBHOT
npodecopa usabpan je 1999.
IlpepaBao je m Ha Bumoj
reofleTCKOj KoM y beorpany.

Hayyna u crpyyHa opujen-
ranumja  C. [Jlumurpujesnha

Slobodan Dimitrijevi¢ (Le-
skovac, November 05, 1942 -
Belgrade, May 09, 2022), Min-
ing Engineer and Engineer 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-
tic 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. Dimitrijevi¢’s Scientific and
professional work focused on
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ycMepeHa je Ka IpUMEHHU
reofiesuje y pymapcTBy. AyTop
umm kKoayrop je 80 HaydyHuUX
U CTPy4HUX pajioBa, ayTop
ylOeHMKa U KoayTop 4YeTupu
MoHorpaduje. Y4ecTBOBao je
y peanusanyjy BUIIe HAYYHUX
U VHJYCTPUjCKUX TIpOjeKaTa u
cTypuja.

PykoBomyo je wm3pamoM win
610 YIaH KoMucuja 3a ofopany
BUIIE JUIUVIOMCKUX pajoBa,
MarucTapcKux Te3a U JOKTOp-
CKMX HAucepTanmja Ha Pynap-
cko-reosomkoM u IpabeBun-
ckoM ¢axynrery y beorpapy.

buo je med Cmepa u Karegpe
3a pyfapcka Mepema Ha Pynap-
CKO-T€O/IOMKOM  (aKy/ITeTy,
9/1aH Komucuja MuHmcrapcrsa
3a rpabheBunapcro, MuHnK-
CTapCTBa 3a NMPUBPERY U 4IaH
Komucuje 3a nonarame cTpyuy-
HOT JCIIMTa 3a CTUIIAME JIU-
LIeHIl€ 3a MHXXEHEPCKY reofie-
3ujy. IlensnoHnucas je 2008.

IIpupemmmn:

A. Ianuh

A. Munymunosuh
P lllapay,

Tawa Xa¢uep Jby6enosuh
(3ajeqap, 25. 12. 1964 - beo-
rpag, 10. 12. 2022), AUIUL. MHX.
reojioruje, OATOBOPHM Capaj-
HMK 3a KBanuTeT y Jlaboparo-
puju 3a reomexaHuky Pymap-
ckor nHcTuTyTa beorpaz.

IlIkonoBana ce y pofHOM Ipa-
ny. HactaBuna je mopopguyny
TpafMLVjy U 3aBpLINIIA CTyfuje
reonoruje Ha Pymapcko-reo-
nomkoM dakynrety y beorpany,
cmep TeoTexHnka 1989. roguse.
ToBopmna je pycku u eHITIECKU
jesuk. HakoH saBpIeHUX CTY-

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. Ganié

A. Milutinovi¢
R. Sarac

Tanja Hafner Ljubenovi¢ (Za-
jecar, December 25, 1964 - Bel-
grade, December 10, 2022),
Engineer 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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Iuja IOCBETU/IA Ce IMOPOML
7o 1998. ropuHe Kaja je modena
Ia pagu y Pynapckom mactury-
Ty y JlabopaTtopuju 3a reomexa-
HUKY, TJie je CTacajaa y BPCHOT
CTy4IbaKa 3a IPUMEIbEHA Teo-
TEXHMYKA UCIINTNBAbA.

AyTOp WIM KOayTop je BuIle
CTPYYHMX pajioBa, OpOjHNUX
enabopara 1 CTyauja 3a pypap-
CTBO 1 rpab)eBMHAPCTBO M OKO
Xwbagy 71abopaTOpPUjCKUX W3-
BELITaja.

Ionm meHMM pykoBopcTBOM Jla-
6oparopuja 3a TeOMEXaHUKY je
3a IIeCT Mecelyl aKPeNTOBaHa,
IITO je OMO BENMKM IORyXBaT
¢ 003upoM Ha 0OMM aKTUBHO-
CTH U HOTPeOHUX JOKyMeHaTa.
Papuna je Ha yBobemy HOBUX
CTaHfjapia, Kao M Ha OcaBpe-
MemaBamy J1aboparopuje 1
yBohewy HOBux Metoma. Cu-
creM kBanuTeTa y Jlabopato-
PUju 32 TeOMEXAHUKY JIOBENa je
Io HajBuier HyBoa. VI mopen
TeIlIKe [YTOTpajHe 6ONeCcTH, 10
IOCTIEAbEr [JaHa pajuia je Ha
ynanpehemwy  Jlabopatopuje.
TakBa Oop6eHOCT, cHara u
eHepruja fyxa peTko ce cpehy.

buna je unan Capesa nnxemepa
u texundapa Cpbuje, [Ipymrsa
3a MexaHmMKy creHa Cpb6uje,
Unxemwepcke xomope Cpbuje
u VIacTuryTa 3a cTaHmappusa-
1jy Cpbuje.

Kapa nam je Temko, meHa xpa-
OpoCT U peun ,Huje jol BpeMe
3a IJIaKambe” MOTHUBMIIY Jla Ha-
CTaBMMO CTBapaaliTBoOM, IIO-
HOCHM HITO CMO je MMaJIN.

IIpupenuna:
C. Jankosuh

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.
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