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CPIICKA AKAJEMUJA HAYKA 1 YMETHOCTU

Cro TpupieceT 1 IeT TOAMHA HENPUCTOjHE UTPE KOja He IT03Haje TPaHu1ie

SERBIAN ACADEMY OF SCIENCES AND ARTS
One hundred and thirty-five years of indecorous game that knows no bounds

Cno6opan Byjuh
PYIAPCKU MHCTUTYT BEOTPATI
slobodan.vujic@ribeograd.ac.rs

HeBuppusoct pynapcke Hayke y CpIckoj axa-
IeMMji HayKa I YMeTHOCTHU Tpaje Off IeHOT OC-
HuBamwa 1887. roguHe, oy BpeMeHna Jbybommpa
Knepuha, nnxemwepa pypmapcrsa, jegHor on 14
yreMmebuTeba CpIcKe Kpa/beBCKe aKajeMluje
(manmac CAHY), ocHuBaua IIKO/Ie MEXaHUKE U
LIKOJI€ MAIIMHCTBA Ha YHUBEP3NUTETY y beorpa-
ny. [lo cajia HujelaH Of BeceTaK IPeNJIOKEHNX
PYBApCKMUX CTpydmbaka HUje YAOCTOjeH YIaH-
cteay CAHY.

OBy HepasyMHy unMmbeHNLy renepuiie Onerpeme
TeXHINYKNX HayKa, Y KOjeM TeXHITUKe HayKe 0e3-
YC/IOBHO 3acTymajy ocobe m3 QyHIaMeHTan-
HNUX HayKa (dusymKa, MeXaHMKA, eleKTPOMer-
HETM3aM, HAHOTEXHOJIOTMja, MHTEeINTeHIja
MHCeKaTa, MUPUHYAHO KYIMHAPCTBO U CIL),
TEIIKO BUJI/BMBUX Pe3yATaTa y MHXEHEpPCTBY
M TEXHMYKUM HayKaMma. Opebeme II0CTOjaHO
3a001/1a31 Hay4yHy, CTPYy4YHY M MOpaaHy oba-
Be3y IOfljeJHAKOT yBa)KaBama CBMX 001acTH
TeXHMYKMX HayKa. KaHOumaTH yCKOIIOjaCHOT
Mubea MIPOTEXNUPAjy ce IPeAIo3uMa 1 Kazia 3a

DOI: 10.25075/BM.2021.01

Slobodan Vuji¢
MINING INSTITUTE BELGRADE
slobodan.vujic@ribeograd.ac.rs

The Serbian Academy of Sciences and Arts has
been refusing to acknowledge the mining sci-
ence ever since its establishment in 1887, the
time of Ljubomir Kleri¢, mining engineer, one
of the 14 founders of the Serbian Royal Acade-
my of Sciences (now SASA), the founder of the
School of Mechanics and the School of Mechani-
cal Engineering at the University of Belgrade. So
far, none of the dozen proposed mining experts
has been honored to be a member of SASA.

This is due to the Department of Technical
Sciences going against the grain, by having tech-
nical sciences unconditionally represented by
fundamental sciences (physics, theoretical me-
chanics, electromagnetism, nanotechnology,
insect intelligence, rice dishes, etc.) people with
hardly visible results in engineering and tech-
nical sciences. The Department has constantly
been avoiding the scientific, professional, and
moral obligation to respect all technical science
fields equally. The narrow milieu candidates are
favored in proposals even when the proposers
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IpeAMeTHY Hay4yHy 001acT mpemtaradu (mort-
NVUCHUIM pedepaTa) HEMajy KOMIIETEHTHOCT.
Ha HemaBHMM m36opuma excriepty 3a Gpusnky
CBOjoM cTpyuHoIhy cToje n3a mpeyiora KaH -
mata, a Ofiesberbe MofIp)KaBa, 3a 00/IaCTI: eHep-
reTMKa, 3aIliTUTa MHGOPMALVja Y IIPUBATHOCT,
MeTaIypruja, HAaHOTEXHOJIOTMja M HAHOCTPYK-
Type KepaMMYKUX Marepujaja HayKe O MarTe-
pyjanuMa, eneKTPOXEMMjCKO VHKEmEPCTBO,
Koposuja 1 3amrtuta utA. CBe3Hame je caBpe-
MeHa I10jaBa U HUje CBOjcTBeHO camo Ofe/berby
TeXHMYKMX HAYKa, Y CyCeHOM Ofie/belby Ieoo-
31 Ca CPelIbOIIKO/ICKMM IO3HaBameM (Qu3MKe
U MaTeMaTuke OJIy4yjy o usbopy dusnuyapa
U MaTeMarnyapa (IIpeTIocTaBKa BJMCOKe Hay-
yHe pedepeHTHOCTM), a OBYU TaK, 6e3 MKaKBUX
LIKOJICKMX IIPE3HAba U3 TE€0JIOTNje, OIYIYjy O
u360py reonora. OBM eNM30[HM IIPYMEPY HUCY
ycaM/beHH, aJI¥ OHM IIOKA3Yjy [ia CY Ofie/berbCKI
n360py, Kao K/byYH! 32 IPOXOJZHOCT, CBEJIeHNI
Ha 1oroz6y ocnmobobeHy mpuHIMIa Koje Ha-
JTaXXy HayKa U CTPYKa, T€ OTKPUBAjy CAMOBOJbY
Y TOTIIYHY NOTOHY/IOCT M30OPHMX IPMHIVIIA
CAHY.

IToBomoM opip>kaHuX U360pa y AkageMuju i ay-
TUCTUYHOT OfHOCA ITpeMa PyfapcKoj HayLl, ay-
Top je 27. centem6bpa 2021. ynytuo nucmo (Ha
Koje HUje 00MO OATOBOP Te Ce CTOra cMarpa
orBopennM) [Tpencenuumrsy CAHY cnepgeher
cazpxKaja:

Iowmosano IIpedceonummeo CAHY,

10800 obpaharwa cy uzbopu y unancmeo CAHY
2021. e00une, a Momue HeobjaubUE 00HOC
CAHY npema pyoapcmey. He 3nam 0a nu cmo
y cmarby 0a ce uyjemo, CAcIyumamo u pasymemo,
cmpyka xojoj npunadam, kojoj cy epama CAHY
3ameopena 00 ocnusara CKA, obasesyje da sam
ce obpamum.

Y sesu ca usboprom epahom u usbopom y unau-
cmeo CAHY 2021. 200uHe suuie je numarva:

Ha ysuo jasnocmu nuje crmasmwena epaha ceux,
eeh camo kanoudama Koju cy 006unu nOOPpUIKy
odemerva. Oso omeapa cymrwy y 00jeKmuHoCH
u360pHO2 paHeuparba U NPUKPUeara 00 jas-
Hocmu dena uzbopwe epahe. Ako je y usboprom
NoCMynKy ceée MpaHcnapeHmHo, 00jeKmusHo,
KOpexmHo, 3amo ce HA 06dj HauuH nobyhyje
pasepadra noseperoa?

(paper signatories) are not competent in the sub-
ject scientific field. In the recent elections, phys-
ics experts stood behind the candidate proposal,
supported by the Department, for the following
areas: energy, data protection and privacy, met-
allurgy, nanotechnology and ceramic nanostruc-
tures, materials science and engineering, electro-
chemical engineering, corrosion and protection,
etc. Omniscience is a modern phenomenon and
is not unique to the Department of Technical
Sciences. Namely, in the neighboring depart-
ment, geologists with high school knowledge of
physics and mathematics decide on the physicist
and mathematician member election (assuming
high scientific references). These, in turn, lack-
ing any school knowledge of geology, decide on
the election of geologists. These episodic exam-
ples are not isolated but show that the depart-
ment member elections, as key to being elected
a member, are reduced to a bargain lacking prin-
ciples imposed by science and profession, they
reveals the arbitrariness and complete sinking of
SASASs electoral principles.

On the occasion of the elections held at the
Academy and the disparaging attitude towards
mining science, on September 27, 2021, the au-
thor sent the following letter (to which he did
not receive a reply and is therefore considered
open) to the SASA Presidency:

Dear SASA Presidency,

the reason for writing this letter is the elections to
the SASA membership in 2021, and the motive is
the abstruse SASAS attitude towards mining sci-
ence. I do not know if we are able to hear, listen
to and understand each other; the discipline to
which I belong, and to which the doors of SASA
have been closed since the founding of SRAS,
obliges me to address you.

There are several questions regarding the candi-
dates” credentials and the election to the SASA
membership in 2021:

Not everyone’s credentials were made available to
the public, but only of the candidates who received
the department support. This raises doubts about
the objectivity of the election ranking and the con-
cealment of parts of the credentials from the public.
If everything in the election procedure is transpar-
ent, objective, fair, why is trust violated in this way?
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Pesynmamu odemervckoe enacarwa 00jasmeHu
cy y onesHoj wimamnu (Jawnac, ITonumuka) npe
OKOHUAA NPU20BOpHOZ nepuodd. Yak u da je y
numarey HOpMAanHa s0euuKa epewika y npouve-
Oypu u360pHoz nocmynka, oHa 00eCMULUBABA
103U HA Npueosope U PapcuuHo omKpusa Hao-
MEHOC ¢ NOPYKOM jasHocmu 0a cy 00e/bervCKU
npeodno3u HeoCnopusy, a NaemeHumocm uoeje o
npuzosopy 00600u 0o nopyze.

00 epemena Jbybomupa Knepuha (1887), dunn.
unxc. pyoapcmea (jedan je 00 ymememumerna
CKA (CAHY), ocHugau uixosne mexaHuxe u uKo-
ne mawuncmea Ha Ynueepsumemy y beozpady),
00 danac Hujedan 00 Oecemak npednazaHux py-
dapckux cmpyuroaka Huje y0ocmojen unaHcmea
y CAHY. be3 o6jauirbusoz 002060pa 060 je nopa-
sasajyha uureenuya.

Jlecumumno je He nosHasamu pyoapcmeo, a 0a au
je nezumumHo He npusHasamu pyoapcky HayKy
U y HesHarwy je 6pedHosamu u ocnopasamu? Vc-
nocmaesea ce 0a je my 1eeumumHOCH NPUY UM u-
71a cebu enuma HAoO enurmom y HAyyu, 3aKsorve-
Ha aymopumemom 30arwa CAHY u Heynummom
CBe0UMEH3UOHATTHOM aymoHomujom, be3 ocehaja
obasese NoOwMoBarba onuimez u nocebHoz, noceo-
HO2 U Onuimes, pasymesarba U 002060PHOCU npe-
Ma c6UM HAY*HUM 0071aCMUMA N00jeOHAKO.

KopucHo je nodcemumu ce. Pyoapcmeo je no-
énawtheno oa je docmueHyhuma ucnucano uc-
MopuUjy MexHUUKUX HAyKa U nouemaxa uH-
Hervepckoe 06pazosarea. Pyoapcke ursicervepcke
wikone usHeopune cy 6pojHe HayuHuKe, 6e1UKA-
He mehy Kojuma cy HajsHamenumuju Muxaun
JIomonocos, Muxajno IIynun, Hobenosuu Mo-
puc Ane (exonomuja), XKopiw Ilapnax (Ppusu-
ka), Xameppu lejsu (npedceonux bpumarckoe
Kpamwesckoz Opyuimea) usymumern je pyoapcke
cu2ypHoCHe 1amne, HA36aHe NO He2080M UMEH).

Pydapcka Hayka Huje canoHcka HAyKa, teHy cm-
6apanavxy eHepeujy wupoxKoz cnekmpa meopuje
u npaxce He pasymejy u He mozy oomepasamu
CATIOHCKU  HAYYHUUU YCKOZ (PYHOAMEHMATHOZ
ycmeperva. Y epedHosarvy HaAy4Hux 00NpuHoca
y pyoapcmey Huje npumeHmU6a Mempuka Ha-
yKa koje cy y mememuma pyoapcmea, Kao uio
cy usuka, mexanuxa, mamemamura, HAyKa
0 mamepujanuma, eneKmpomazHermuka umo.,
00HOCHO MempuKa 3acHOBAHA HA PYHKUUOHAT-
HUM NpuHyUNUMAa cenapauuje — npebpojasara

The results of the departmental voting were pub-
lished in the daily press (Danas, Politika) before
the end of the objection period. Even if it is a
formal logical error in the election procedure, it
makes the call for objections meaningless and
farcically reveals arrogance, sending a message to
the public that department proposals are indis-
putable, and ridicules the considerate purpose of
objections.

Since the time of Ljubomir Kleri¢ (1887), BSc
in mining (he is one of the founders of SRAS
(SASA), the founder of the School of Mechanics
and the School of Mechanical Engineering at the
University of Belgrade), to date, none of the doz-
en proposed mining experts has been honored
with membership in SASA. Without a reasonable
answer, this is a devastating fact.

It is legitimate not to know mining, but is it le-
gitimate not to recognize mining science and to
value and dispute it in ignorance? It turns out
that the science superelite has availed itself of
this legitimacy, shielded by the SASA institu-
tional authority and indisputable all-dimen-
sional autonomy, without a sense of obligation
to respect the general and special, special and
general, to understand and consider all scientif-
ic fields equally.

Recalling is useful. Mining is privileged to have
achievements that have written a history of tech-
nical sciences and the beginnings of engineering
education. Mining engineering schools claim
many scientists, giants, including most renowned
Mikhail Lomonosov, Michael Pupin, Nobel
laureates Maurice Allais (economics), Georges
Charpak (physics), Humphry Davy (president
of the British Royal Society), inventor of mining
safety lamp named after him.

Mining science is not a salon science. Its creative
energy of a wide range of theory and practice
is not understood and cannot be measured by
salon scientists of a narrow fundamental orien-
tation. The metrics of the sciences underpinning
mining, such as physics, mechanics, mathemat-
ics, materials science, electromagnetics, etc., i.e.,
metrics based on functional principles of sepa-
ration — counting pre- and post- sieving works,
citations, and other relevant indicators, are not
applicable in evaluating scientific contributions
in mining.
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HaopeuwlemHux u noopeuwlemHux paoosa, uuma-
ma u Opy2ux penesaHmHux noKasamesna.

ITym 0o Hayunoe dena y pyoapcmay 800u 00 npo-
6nema (Hayure uHOuKayuje) 00 peuierba u 00Ka3a-
Ho2 ucxo0a. Vicmpascusarea cy uecmo 0yzompajna,
Heu36ecHa, PecypCHO CI0HeHA U 3aXmesHa. Y 060m
npovecy paharoa H06802 eeHepuuLy ce U 0CHO8e 3a
nucare u nybénuxosaree paoosa. Jlaxne, pesynmam
UCMPANUBarba npemxoou paody, a He obpamHo. Y
basama popmupanum cenexmusHum npahervem
ozpanuteroz 6poja uzsopa 3602 jeauuKux u Opy2ux
bapujepa 6pojHU 3HAUAJHU HAYYHU YACONUCU U3
pyoapcmea Hucy obyxeahenu, a y OeknapucaHoj
epynu 3a pyoapcmeo 63% Huje us pyoapcmea. Osa
peannocm makohe ynosopaea Ha mo 0a ce HOpMa-
musu 8pedH08aba 0ONPUHOCA Y PYOAPCKO] HAY U
He M02y c600uUmuU HA NYKO npebpojasarve jeduHuua
no npegepuparum 6asama nooamaxa.

Hawa pebpenoupana enuma mexHuukux Hayka
y CAHY;, uszybmwete cnocobHoCmU 3a XApMOHU3A-
uujy, mo He 6uou. 360z popmamupanux usbop-
HUX 3a0amaxa, 6eposamHo ymuyajHoz nopexsa,
npumervyje ce npasuno ,ja meéu - mu meHu’,
eeoma youmueo u y usboproj epahu 3a 2021. Pe-
6peHOUpaHAa enuma xueu y 060j u 00 0ee cpeou-
He ca y0enom u pyoapcmea, a NOHAULA ce KAo 0a
npunada Hexom opyzom ceéemy, He xajyhu 3a no-
cr1eoue c60jux 00NPUHOCA MEXHUUKUM HAYKAMA.

Kao mana enusoda y eamepemeHcKOM O00HOCY
usbopre obecnyhenocmu pyoapcmea y CAHY,
JIUYHO UCKYCMB0 nokasyje 0a 3a u360pHy npo-
X00HOCM HAY4HU O0ONPUHOCU MO2y OUMU KOH-
mpanpooykmueHu, me 0a cy npegepeHmuuju 00-
npuHocu yckonojacte ycmepernocmu. Ha npumepy
MOjux euule NOHOBLEHUX KAHOUOAMYpa, mo je
6u0mUB0 Y Kausajyhoj npomermpusocmu o0Hoca
noopuixe (6poja enacosa) u penesaHmuux pege-
penmuux napamemapa. Takeom uzpom mosxce ce
nodecumu da Hu Hobenosa nazpada nuje dosomn-
Ha 3a npujem y CAHY u nocmusice 0a je He8a#HO:
6umu uHocmpanu unax Pycke axademuje Hayka
U nem cCMpyKo8HUX HAUUOHATTHUX U MehyHapoo-
HUX HAYYHUX aKademuja, no4acHu 00Kmop, ay-
mop 400 ob6jasmwenux paoosa, 29 monozpaguja,
14 cmpyunux nybnuxayuja u yybenuxa, 759 yu-
mama, 44 nayuna npojexma, 200 ycnewiro pea-
NU308AHUX UHOYCMPUjCKUX npojexama, cedam
omeopeHux pyoHuka, Oumu y ypeoHuwmsey u
47AHCMBY Y U30a8A4KUM casemuma nem mehy-
HAPOOHUX HAYYHUX YACONUCA, Y4ecmeosamu y
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The path to a scientific paper in mining leads
from the problem (scientific indication) to the
solution and proven outcome. Research is often
lengthy, uncertain, resource-wise complex, and
demanding. This process of giving birth to some-
thing new also generates the grounds for writing
and publishing works. Thus, the research result
precedes the paper, not the other way around.
Due to language and other barriers, numerous
significant scientific mining journals are not in-
cluded in the databases formed by selective fol-
lowing of a limited number of sources, and in the
declared mining group, 63% of them are not from
the mining field. This reality also warns that the
standards for evaluation of contributions in min-
ing science cannot be reduced to a mere counting
of units in preferred databases.

Having lost the ability to harmonize, our re-
branded elite of technical sciences at SASA fails
to see that. The formatted nature of election tasks,
probably of some authoritative origin, shows that
the rule “scratch my back, and I'll scratch yours”
holds and is very noticeable among the 2021
election candidates. The rebranded elite lives in
and on this setting which is contributed to by
mining, among other things. However, it acts as
if belonging to another world, not caring about
the consequences of its contributions to technical
sciences.

As a minor episode in the timeless electoral dis-
enfranchisement of mining at SASA, personal
experience shows that scientific contributions
can be counterproductive for being elected and
that narrow-range orientations are preferable.
The example of my repeated candidacy shows
this in the sliding variability of the support
(number of votes) to relevant reference parame-
ters ratio. In such a game, one can set a param-
eter that not even the Nobel Prize is enough for
admission to SASA and make being a foreign
member of the Russian Academy of Sciences
and five professional national and international
scientific academies, honorary doctorate holder,
author of 400 published papers, 29 monographs,
14 professional publications and textbooks, 759
citations, 44 scientific projects, 200 successfully
implemented industrial projects, having opened
seven mines, being a member of editorial and
publishing boards of five international scientific
journals, a participant in the establishment of
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ocHusarwy kameodpe u 1a60pamopuje 3a Marmema-
MU1Ko M00€N0BAtbE U CUCMEMCKO UHIeHePCIBo
y pydapcmay umo.

Tewixo je uckouumu u3 cmeapHocmu, anu 3apao
jacne odpehenocmu, KopekmHocmu npema Kau-
oudamuma u npeonaza4uma, 3apao u3bezasaroa
HeNnompeOHUX Hecnopasyma, y jasHum no3usuma
3a npednazawe xanoudama cneyudukayuju yc-
7106a mpeba nPuopysUmu u ycnose yckonojacHe
ycmepeHocmu.

Y CAHY, kao umcmumyyuju 00 Hajeehez Ha-
UUOHANHOZ 3HAYAjA KOja ce MOpa 4yeamu, pe-
KoHCmpyKuuja usbopre napadueme u peuiasarve
Opyeux npobnema moxce ce yCheuiHo U36ecmu Ka-
NUMAnHUM PEMOHIMOM €A 000p0 OCMULUbEHUM
XABAPUJCKUM ANI20PUMMOM.

Y Beoepaoy,
27.09. 2021.

Cpoauto,
Cno6odan Byjuh

a department and laboratory for mathematical
modeling and systems engineering in mining,
and other achievements irrelevant.

It is challenging to move beyond reality, but
for the sake of precise specification, fairness to-
wards candidates and proposers, for the sake of
avoiding unnecessary misunderstandings, the
narrow-range orientation condition should be
added to the specification of conditions in public
calls for proposing candidates.

In SASA, as an institution of the greatest na-
tional importance that must be preserved, the
electoral paradigm reconstruction and solving
of other problems can be successfully done by a
complete overhaul with a well-designed system
crash algorithm.

In Belgrade,
September 27, 2021

Sincerely,
Slobodan Vuji¢
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YBO/[],

ITocne II cBeTckor para, y IJlaHOBMMA ob6HOBe
OIIYCTOLIEHE U Pa3OpeHe 3eM/be, PYAApPCTBY je,
Kao0 OCHOBHOj IPUMBPEJHOj TpaHM, JaT CTpa-
TEIIKM IpropuTeT. 3axBabyjyhu moreniyja-

PREFACE

Following the IT World War, mining, being the
principal branch of industry, was given strate-
gic priority in the plans for reconstruction of
the ravaged and devastated country. Thanks
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JMMa MMHepalHUX CUPOBUHA, CIMKa 1, y Beo-
Ma OCKYZHMM MaTepMjalHUM, TeXHIYKO-TeX-
HOJIOIIKMM ¥ KaJpOBCKMM YC/IOBMMA OJMax
II0 OKOHYakby paTa Io4esa je 0OHOBa Py[HMKA.
obpo mcrmanupaHe u CTPy4HO BoDeHe ak-
TUBHOCTHU, IIOfIp>)KaHEe €HEPrUjoM €HTy3Mjas-
Ma, IIperajallTBa, Ofpullaba U yHLapHUIITBA,
pesyntupane cy 6p3oM OOHOBOM pyAHUKA U
IOKpeTambeM eKCIUIoaTalyje IIOMMMeTaIny-
HUX py/Ja M yI/ba Ha HOAPYYjy AyTOHOMHE IO-
kpajue Kocoa u Meroxuje (KuM): Tpemua
Pynuuk Crapu tpr (1945), Bero 6ppo (1949),
baposan (1951), Hoo 6pmo (1952), Ajsanuja
(1952), Kumnnna (1953), Te pygHMKa 1M0oA3eM-
He ekcruroaranuje yr/pa Kocoso (1945), Kpy-
mesar (1948) u Cubosay (1952). YV ekcmio-
aTalyju yI/ba BEIMKU TEXHONOLIKM VICKOPaK
HanpasbeH je 1956. orBapameM IlospiumHcKor
koma yr/pa [lobpo ceno. EdukacHoct o6HOBe
HOCTOjehMX pyZHMKa U YCHEIIHOCT OTBapama

CPBEMJA / SERBIA

to the potentials of mineral resources, Figure
1, restoration of the mines started immediately
upon termination of the war, under extremely
scarce financial, technical and technological, as
well as labour conditions. Well-designed and
expertly operated activities, supported by the
energy of enthusiasm, hard work, selflessness
and efficiency, resulted in rapid reconstruc-
tion of the mines and start of exploitation of
polymetallic ores and coal at the areas of the
Autonomous Province of Kosovo and Metohi-
ja (K&M): Trep¢a mine of Stari Trg (1945),
Belo brdo (1949), Badovac (1951), Novo Brdo
(1952), Ajvalija (1952), Ki$nica (1953), as well
as the underground coal exploitation mines of
Kosovo (1945), KruSevac (1948) and Sibovac
(1952). The coal exploitation has made a major
tecnological berakthrough in 1956 by opening
the Surface mine of Dobro selo. Efficiency in
reconstruction of existing mines and successful

u
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Cnuxa 1, Jlexcuwma munepannux cuposuna (C. Byjuh, 2021)

Figure 1, Deposits of min
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eral resources (S. Vujic, 2021)
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U IOKpeTama pajja HOBUMX pyfAHMKa Ha KuM
Buzyu ce y noBehamwy 6poja aKTMBHMX PyIHMKA:
CTAaTUCTUYKMU I7TIelaHO, Y IpBUX 10 roguna npo-
CEYHO je jeflaH PYAHMK TOJUIIIbE 3aI0YNIbAO
pan. IloBehame Opoja aKTMBHMX pYFHMKA,
JAKO jOII YBEK Y BEOMa OCKY[JHMM MaTepuja-
HUM U TEXHMYKMM YCIOBUMA, IIPATHO je pacT
npoussoamwe. Op 1950. go 1960. npoussonma
MUHepanHux cupouHa Ha KuM mnosehana je
3a 27,56%, cnuke 2 n 3.

PA3BO]

KpajeMm mrecte fierieH1je MIHepaaTHO-CUPOBYH-
CKJ KOMIDIEKC ITIOCTYITHO y/Iasy y a3y TeXHUY-
KO-TEXHOJIOIIKe Hafirpajiibe, pa3Boja 1 YCIIOHA.
VuBecTupa ce, ynarama y pylapcTBO Cy Be/u-
Ka, YBOJIe Ce HOBe, IPOJYKTUBHUje, 6e30eqHmje
U NOy3/laHMje eKCIUIoaTalioHe TEeXHOJOTuje, Y
eKCIIJIoaTallMjy yI/ba TEXMIITE ce IoMepa Ka
MIOBPUIMHCKO] eKcIutoaTauuju. bpso ce mocru-
XKY MMIIpeCUBHM pe3ynTaTu: Beh cpennHoM ce-
TaMyieceTHX rOfjMHA Hallle PyAapCTBO PAaHIMpa
ce IpeMa HajpasBUjeHNjUM MMHEPAHUM €KO-
HoMUjaMa cBeTa [2]. PesyaTaTu Hucy cinydajuu,
VICTOPUjCKA YMIbEHMIA Jja je PYAApCTBO jaKo
y jakoj ap>kaBu ¥ 0OpaTHO ¥ OBOM IIPUIMKOM
IoKasazna ce UCTMHUTOM. ITpoMuibeHnM ma-
HMpameM, OATOBOPHMM BobemeM, KOOpAuHa-
LMjOM ¥ HaJi30pOM peanmsannje KOMIIEKCHUX
CTPYYHUX AaKTUBHOCTHM [pP>KaBa IIOCPENCTBOM
CBOjUX HAy4YHUX, Pa3BOjHOUCTPAKMBAYKUX U
IIPOjeKTHNUX MHCTUTYILMja BOAU Pa3BOjHU IIPO-
LleC CEeKBEeHILIMja/HO JIOTMYHMM KOpall¥iMa Of
HayYHUX, T€0/IOMIKNX, TEXHUYKO-TE€XHOIOIKIX
UCTPXMBalba U MCIUTUBAIbA, IIPOjeKTOBalba,
IO OTBapaiba, M3TPajiibe M PasBoja PYAHMUKA,
OJJHOCHO MMHEPATHO-CYPOBMHCKOT KOMIITIEKCa
KuM. Ipaduiy Ha cnmukama 2 u 3 To noTBphyjy.
YKynHa IpousBofimba MUHEPATHUX CHUPOBMHA
Ha KVIM mporpecuBHo je pacrna: 1950. u3Hocu-
na je oko 1,4x10°t, 1960. oxo 1,74 x10°t, a 1985.
6mm3y 16x10°t. Vismeby 1950. u 1960. pact pyx-
HIYKe IIPOU3BOAIbe 6110 je 27,56%, a y mepuony
1960-1985, 3axBas/pyjyhu mpe cBera mpenacky
Ha IOBPHIMHCKY €KCIIZIOaTallMjy yI/ba, IpON3-
BOJiIba MIMHepPaTHUX cupoBuHa Ha KuM mo-
Behana je 821,29%.

opening and start of operation of new mines in
Kosovo and Metohija is evident in increase of
the active mine numbers: statistically speaking,
an average of one mine per year started oper-
ation in the first 10 years. Increase in number
of active mines, even under still very scarce
financial and technical conditions, resulted in
production growth. Between 1950 and 1960,
production of mineral resources in K&M in-
creased by 27,56%, Figure 2 and 3.

EVOLUTION

By the end of the sixth decade the mineral re-
source complex had gradually entered the stage
of technical-technological upgrading, devel-
opment and expansion. Investment were being
made, with high amounts put into mining, new,
more productive, safer and more reliable ex-
ploitation technologies were being introduced in
coal exploitation the focus was shifted towards
surface exploitation. Soon the impressive results
were achieved: as early as the mid-seventies our
mining was ranked among the most developed
mineral industries of the world [2]. The results
were not haphazard, the historical fact that
mining is solid in a solid state, and vice versa,
proved true in this instance. By well-designed
planning, responsible managing, coordinating
and supervising of implementation of complex
expert activities, the state, through its scientific,
research-developmental and design institutions,
has been managing the development process by
sequentially logical steps, from the scientific,
geological, technical and technological research
and examination, design, to opening, construc-
tion and development of mines, that is, mineral
resource complex of K&M. The graphs in Figure
2 and 3 confirm this. Total production of miner-
al resources in K&M has grown successively: in
1950 it amounted to cca. 1,4x10°t, in 1960 cca.
1,74 x10°t, while in 1985 it approached 16x10°t.
Between the years of 1950 and 1960 the growth
of mining production reached 27,56%, while
the period 1960-1985, primarily due to transi-
tion to surface exploitation of coal, the produc-
tion of mineral resources in K&M increased by
821,29%.
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Cnuxa 2, [Ipoussoorwa munepantux cuposura Ha KuM, 1950-1995. (C. Byjuh, 2021)
Figure 2, Production of mineral resources in K&M, 1950-1995. (S. Vuji¢, 2021)
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Cnuxka 3, Pacm npou3seoorwe MUHepanto-cuposUHcKoe KOMNIeKCa
Ha KuM no nemozoouwrum nepuoouma, 1950-1995. (C. Byjuh, 2021)
Figure 3, Production growth in mineral resource complex
of K&M through five-year periods, 1950-1995. (S. Vujic, 2021)
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MHBECTUIMJE

IIpoueHa je fa je y 0OHOBY, U3rpajmy U pas-
BOj MIMHEpa/HO-CUPOBMHCKOT KoMIuiekca All
KuM y nepuopy ox xpaja II cBerckor para fo
Kpaja XX croneha muBectmpano 10-11 mwu-
mmjapau gonapa [3]. To cy KOMIIEKCHO CTPYK-
TyMpaHa yJlarama y IpoCIeKLMjcKa U fieTa/bHa
reo/IOLIKA UCTPAXKMBAA, U3BENEHO je oKo 600
km mcrpaxuux 6ymornua, oko 130 km mop-
3eMHUX UCTPAKHMX objexara — XOfJHMKA, OKa-
Ha, YCKOIla ¥ HMCKOIIA, Ha CTOTMHAMa XM/baJa
y3eTHUX y30paka 1abopaToOpMjcKM Cy MCIUTaHA
MMHepaJIollKa, IeTporpadcka, reoXeMUjcKa,
bUsMYKOMeXaHNYKa, TOIUIOTHA U IpyTa CBOjCT-
Ba CTeHCKMX MaTepujana. OBO je caMo IOYeTaK,
MHBECTHPalbe je HACTAB/beHO Y KOHTUHYUTETY
yaaramyMa y: XUIporeosIouiKa, MHKembepCKo-
reosionika, reopusmyka, TepeHcka u mabopa-
TOPUjCKAa TeXHMYKA ¥ TEXHOJIOIIKA MCTPAXKU-
Balba U MCOUTNBAMA, Y IIPOjeKTOBaMbe, OTKYII
3eM/bMIITA, OTBapame M M3TPaby PYAHMUKA,
olpeMarme ¥ HabaBKy oIpeMe J MalllHaA, U3-
rpafiby pyAHUYKe MHQPACTPYKType M JIOTHC-
THKe, CKIAUIIHNX IIPOCTOPa, OfjIarajniiTa 1
IeIoHMja, KOMIIPECOPCKUX, IIYMIIHUX U TPaHC-
HOPTHMUX CUCTEMA, TIOCTPOjera 3a ProTannjcky
KOHI[eHTpalnjy, 3a cemapanuje, 3a uuinherse,
npepajy u racuuKalnmu;jy yrba, racoBoja 1 pas-
BOJJHE MPeXe, TePMO-elIeKTPOeHePreTCKUX I10-
CTpOjeba, U3TPaliby NPUK/bYYHUX U MHTEPHUX
IIyTeBa, HAIIOjJHUX M PA3BOJHUX e/IeKTPOeHep-
TeTCKIX IIOCTPOjerba, PeTyIaLnjy BOGHUX TOKO-
B, y/Iarame y obpasoBame Kagposa UTH. bpoj-
HU Cy ¥ IPYTY TPOILKOBY KOjy IIpaTe OTBapaibe
PYZIHUKA, KaO LITO Cy TPOLIKOBY U3T'PAJitbe U/II
Jorpaje >KeJe3HNYKe, IyTHe, cTaMOeHe I
BOJIONIPMBpEIHE MH(PACTPYKType, yIarama y
OPYWTBEHN CTaHAApPH, 3[PaBCTBO, ILIKOJICTBO,
KYITYPY, 3aLlUTUTY KUBOTHE CPeiMiHe, apXeoJlo-
TUjy, U3[JaBauKy [e/IaTHOCT, CIIOPT UTH,

HAYYHU, CTPYYHY M OBPA3OBHU
IOIPUHOCH PA3BOJY

OrpoMHa Jip)KaBHa y/larama y 0OHOBY U pasBoj
MMHEpaTHO-CUPOBUHCKOT KoMItekca Ha KuM
HOZIp>)KaHa Cy CTPy4HOIINy, 3HaWeM U cTBapa-
JTAYKOM €HepIrMjoM PyHapcKMUX, TeONOUIKUX U
CTpy4mbaKa IPYTUX CTPYKa, IIpe CBera MHCTUTY-
umja us beorpapa.

INVESTMENTS

Estimated investment in restoration, con-
struction and development of the mineral
resource complex of the Autonomous Prov-
ince of Kosovo and Metohija in the period
from the end of II World War to the end of
XX century is 10-11 billion US Dollars [3].
These are complex-structured investments
in prospective and detailed research, around
600 km of exploratory wells, around 130 km
of underground research facilities - hallways,
windows, raise and winse were executed, as
well as laboratory research of mineralogical,
petrographic, geochemical, physicomechani-
cal, thermal and other properties of hundreds
of thousands of taken samples of geomateri-
al. This was only the beginning, investments
were continued into: hydrogeological, engi-
neering-geological, geophysical, field and lab-
oratory technical and technologcal research
and examination, in design, land purchase,
mine opening and construction, equipping
and purchase of equipment and machines,
construction of mine infrastructure and logis-
tics, warehousing facilities, disposal areas and
landfills, compressor, pumping and transport
systems, facilities for flotation concentration,
separations, cleaning, processing and gasifi-
cation of coal, gas pipeline distribution net-
work, thermal-electric energy facilities, con-
struction of connecting and internal roads,
power supply and distribution plants, water
flow regulation, investing in labourforce ed-
ucation, etc. There are numerous other ex-
penses following mine opening, such as con-
struction costs, or railway, road, housing and
waterworks infrastructure, investing in social
standard, healthcare, education, culture, envi-
ronmental protection, archaeology, publish-
ing activity, sports, etc.

SCIENTIFIC, EXPERT AND EDUCATIONAL
CONTRIBUTION TO DEVELOPMENT

Huge state investments in restoration and de-
velopment of the mineral raw materials com-
plex in K&M have been supported by expertise,
knowhow and creative energy of the mining, ge-
ology and other science expertise, primarily of
Belgrade institutions.
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IIpumep je Pypapckm mactutyT Beorpan, xoju
je Kao cTpaTelllKyi HOCKUJIALL MHXXeHmhePCKe Kpe-
aTVBHE aKTMBHOCTHI Pa3Boja jyTOCIOBEHCKOT U
cprckor pygapcrsa of 1960. mo 2000. 61o aH-
ra)xoBaH Ha uspagu 1.430 npojexra 3a pygHIKe
KuM. Ilpema npojextuma Pyrapckor MHCTUTY-
Ta OTBOPEHM Cy U M3TpabheHn Wi KanuTanaHo
PEKOHCTpyMCaHM pygHMIM yIba bemahesary
u Jlobpo ceno, ceu pymsuuiy PMXK Tpemua
(Crapm tpr, beno 6ppo, Lpnan, Ajsanuja, Hoso
6pno, Kumnnia, bagosan uta.), pyaHunm Mar-
Hesuta Jomem, CrpesoBue, 6okcurta Kiuna,
HuKkma Ynkaroso, ImaBuia n 6pojuu apyru. Ilo
npojektuma Pypmapckor mHCTUTYTa M3rpahene
cy ¢noranyje Jlemocasuh, ITpBu tynen n ba-
IoBall, IOCTpojere cemapanyje [onemnr, 6pojHa
oJjIarajuuiTa 1 fenonuje. Pynapckm MHCTUTYT
je 6MO KpeaTMBHM OC/IOHAI] pa3Boja 1 IepMa-
HEHTHO je IIPy’>Kao Hay4yHY, UCTPAKUBAUKY,
VHOBAILVIOHY, Pa3BOjHY M IIPOjEKTHY MOAPILIKY
MJHepaITHO-CUPOBMHCKOM KoMiuiekcy Cpouje
Ha KuM. llumeBn oBe capaziibe HayKe 1 pyAap-
CKe IpMBpefle OCTBapMBAHU CY pe3yaTaTuMa
Kpo3 OpojHa yHanpebemwa ponsBoje, pa3Boj
u yBobheme HOBUMX IPOAYKTUBHUjUX, Oe30e-
OHUJUX U MOY3[aHMjUX eKCIUIOATAlMOHNX TeX-
HOJIOTHja, PEMHXXEIbePUHT eKCIIoaTaLMOHNX
3axBara yc/eJj CMaibema CaJpKaja KOPUCHMUX
KOMIIOHEHATa y pyZlaMa 1 JPYTUX OorpaHNyenba,
nosehame eHepreTcke 1 eUKACHOCTY yTPOLIKA
MaTepujaHNX pecypca, nosehame epukacHoc-
TU BEHTUTALMOHMX CHCTEMA, 3aLUTUTE >KUBOT-
He ¥ pajJiHe CpefyHe, 3alUTUTEe Of MOA3eMHUX
BOJA UTH, [6]

ITpumep Karegpe 3a mpumpemy MUHEpaTHUX
CMPOBMHA IOJATHO OC/IMKABA IIPY)KEHY HAYYHY,
UHKeHhePCKy ¥ 00pa3soBHY IOAPILIKY MUHepaI-
HO-CHPOBMHCKOM KomItekcy Ha KuM. Kareznpa
je jemHa o TpujieceTak Karefapa Pymapcko-reo-
nomKor ¢akynaTeTa YHUBepsureTa y beorpany,
KOje Cy y JIOMEHY CBOj/X HayYHUX U CTPYIHMX
KOMIIeTEeHIIMja Takohe Oume aHra)koBaHe y pe-
IIaBamy OPOjHUX TeO/TOUIKNX, PYAAPCKUX, €KO-
JIOIIKMX, TEXHIYKIX, TEXHOJIOIIKIX, MY/ITUAMC-
IVIUIMHAPHUX, 00Pa3OBHUX M IPYTUX 3ajaTaka
u npobnema Ha KuM. [lo 1992. ox 337 guruio-
MUpaHUX CTy#eHara Ha Karenpu sa mpumpemy
MVHEPAHUX CUPOBMHA, 75 je IUIUIOMUpPAsIo Ha
TeMaMa y Be3! ca MOCTYIIMMa U IpoliecuMa y
IpepajiHIM IIOCTpojemuMa 1 GaoTanujama Ha
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Mining Institute Belgrade is an example, en-
gaged as a strategic subject of engineering crea-
tive activity of development of Yugosav and Ser-
bian mining between 1960 and 2000 on 1.430
mine projects in K&M. According to the Min-
ing Institute coal mines were opened and con-
structed or capitally reconstructed in Belacevac
and Dobro selo, all the mines of Mining, Met-
allurgical and Chemical Plant Trepca (Stari Trg,
Belo Brdo, Crnac, Ajvalija, Novo Brdo, Ki$nica,
Badovac, etc.), magnesite mines of Goles, Stre-
zovce, bauxite in Klina, of nickel in Cikatovo,
Glavica, and many other. According to designs
of the Mining Institute the flotations were built
in Leposavi¢, Prvi Tunel and Badovac, separa-
tion plant in Goles, numerous disposal sites and
landfills. The mining institute used to be the
creative basis for development and has perma-
nently provided scientific, research, innovation,
development and project support to the mineral
resource complex of Serbia in K&M. The goals
of this cooperation between science and mining
industry were reached through results of nu-
merous production advancements, evolvement
and introduction of new, more productive, saf-
er and more reliable exploitation technologies,
re-engineering of the exploitation operations
due to reduction in contents of useful compo-
nents in ores, and other restrictions, increase
of energy and financial resource consumption
efficiency, increase in efliciency of ventilation
systems, protection of living and working envi-
ronment, protection against underground wa-
ters, etc. [6]

The example by the Department for Mineral
Processing additionally represents the offered
scientific, engineering and educational support
to the mineral raw materials complex in K&M.
The Department is one of the thirty depart-
ments of the Mining and Geology Faculty of the
Univeresity of Belgrade, also engaged, within
the domain of their scientific and expert com-
petencies, in resolving numerous geological,
mining, environmental, technical, technolog-
ical, multidisciplinary, educational and other
tasks and problems in K&M. Until 1992, out of
337 undergraduate students at the Department
for Mineral Processing, 75 of them graduated
with the thesis on prcedures and processes in
processing plants and flotations in K&M. The
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KuM. Kartegmpa je ycmemHo peanmsoBaja Mc-
Tpa)KMBaiba y OKBUPY LIeCT HayYHMX IIpojeKara
u 24 mabopatopujcke cryauje. OpbparmeHo je
HIECT MAarMCTapCKMUX Te3a M HIeCT JOKTOPCKMUX
mucepranyja. Y MehyHapogHMM Yacommcm-
Ma M Ha Hay4YHMM CKYTIOBMHA CAOIILITEHO je 1
00jaB/beHO 55 HayYHUX U CTPYIHMX PajjoBa Ta-
kobe ca TeMaMa M3 IpuUIpeMe MIHEPaTHNUX CU-
poBuHa pynHuka ca KuM. [6]

OBM cerMeHTHM IIPMKa3y Npy)KeHe Hay4He, MH-
KembepcKe ¥ 06pa3oBHe MOfpPIIKe 0bjalImbaBajy
OCHOBY €KOHOMCKE yCIeIIHOCTY pygHuKa KuM
y YCHOBUMMa OWITPE CBETCKE KOHKYpPEHLUje.
Jlaxe, pymHMIIM Cy TP>KUIIHO OM/IVM YCIIEIIHN
3axBa/byjyhyl y Be/INKOj MepM aHTaXOBamwy U
HOZIPLIIY HAYYHUX, MHXXEHEPCKUX ¥ 00pa3oB-
Hux noreruyujana Cpbuje. Tako je ocTBapeH u
APYWTBEHN LWb Jla YIOXKEHe MUNIMjapfe HoJa-
pa y MUHepamHO-CUPOBUMHCKM KoMminekc KuM
Oymy cBpcuCcXofiHe.

[TosHaro je fa meHe 00OjeHUX M IUIEMEHUTUX
MeTasia Kao 6ep3aHCKMX CUPOBIHA OCIIITYjy 3a-
BIUICHO Off TDXKVUIITHNX IPUINKA, T€OMOIUTUIKIX
IpeBVparba, BOjHNMX CYKoOa, ApP)KaBHMX yapa,
HEPETKO Off INIEKYy/aluja MOHOIIONMNCTA U Of
MHOTUX [PYTUX YMHWIALQA. Y MEPUOAuMA BEO-
Ma HMCKUX IIeHa MeTasa Ha 6ep3y py[HUIM Ha
KuM cy, u nopep HUCKOT cafip)Kaja MeTasna y py-
flaMa, OIICTaja/y 3aXBa/byjyhy HMOApLIIM ApiKa-
Be. Jla 611 ce 3Hayaj MOZIPIIKe JAp)KaBe pasyMeo,
nojCceTUMO Ja je y pyau u3 CTapor Tpra oTKo-
manoj nsmehy 1980. n 1998. mpoceyaH cazpxaj
MeTasa (07I0BO+IMHK) 6110 5,48%. Y Bpeme Kasja
je Crapyum Tprom yIpasjbajia KOMIIaHMja ,,[repca
Mines Limited”, a mo je 1930-1940, mpoceyan
cafp)Kaj MeTaza 'y pyay M3HOCHO je 16,44% v,
ynopenHo, 61o je 300% Behn.

PE3VJITATV YMECTO 3AK/bYUKA

Y npBoj nonosyHu mpomtor croneha mo kpaja
IT cBerckor para Ha KuM oTkomano je oxo 10
MWIXOHA TOHA MUHEPaJTHUX CUPOBUHA, a of 11
CBETCKOT paTa Jjo Kpaja croneha 415 munmona
TOHAa MMHEPA/THNX CUPOBMHA PAa3ININTOT KBa-
muTeTa U BpegHOCTH. OfHOC IPOM3BOAME 32
OBa fiBa nepuoja je 1:41,5 mmu, npoLeHTyanHo,
y BpYToj MojoBMHM npourior croneha mponsse-
neHo je 4.150% BuIlle MMHEpPaTHUX CHPOBMHA.

Department successfully executed research as
a part of six scientific projects and 24 labora-
tory studies. Six master theses were defended,
as well as six doctoral disertations. 55 scientific
and expert papers were announced and pub-
lished in international publications and in sci-
entific conferences, also with topics from the
mineral processing of mines from Kosovo and
Metohija. [6]

These segmented displays of offered scientif-
ic, engineering and educational support pro-
vide explanation for the basis of economic ef-
ficiency of the K&M mines under conditions
of harsh global competition. Therefore, mines
have achieved market success greatly due to en-
gagement and support of scientific, engineering
and educational potentials of Serbia. Thus was
reahed the social goal of purposeful investment
of billions of US dollars in the mineral resource
complex of K&M.

Prices of coloured and precious metals as stock
exchange resources are known to oscillate de-
pending on market circumstances, geopolitical
turmoils, military conflicts, coups, often due to
monopolists speculations and many other fac-
tors. During periods of very low prices of metals
on the exchange the K&M mines have, despite
low content of metals in ores, survived due to
state protection. To understand the importance
of state suport, let’s remind that the Stari Grad
ore excavated between 1980 and 1998. had an
average metal content (lead+cink) of 5,48%. At
the time when Stari Trg was managed by the
»Irep¢a Mines Limited” company, in the peri-
od 1930-1940, the average conent of metals in
the ore reached 16,44% or, comparatively, 300%
more.

RESULTS INSTEAD OF CONCLUSION

In the first half of the previous century an ap-
proximate amount of 10 million tons of mineral
resources were excavated until the II World War,
and 415 million tons of mineral resources of var-
ios quality and value between the I World War
and the end of the century. The ratio of produc-
tion in the two periods was 1:41,5 or, in percent-
ages, 4.150% of mineral resources more were pro-
duced in the second half of the previous century.
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OBaj mokasaTe/p HeynuTHO yryhyje Ha uumbe-
HUILY 12 je MIHepaJHO-CUPOBMHCKU KOMILIEKC
KuM nyH pasBojHUM 3aMax MMao Kao YKJIOIUbe-
HU [le0 MUHEpaTHO-CUPOBMHCKOI KOMIIIEKCa

Cp6uje n COPJ.

[IpennsHa mporeHa BpegHOCTM 30MpHe IIpo-
usBopame off Il cBeTckor para jjo kpaja croneha
H1je Moryha u3 Buire pasyora. [TponsBopgma je
OCTBapyUBaHa y yTOM BpEMEHY, Iy>KeM Off I10/1a
croneha, y KojeM Cy ce Memanu NpUPOSHIM, eKC-
IUIOATALVIOHM, TP>KUIIHY, MOHETapHH, Oep3aH-
CKI, IOJIMTUYKY, JPYWITBEHN U APYTU YCIOBU
BaXHM 33 BpeJHOBambe MIUHEPATHUX CUPOBIHA.
OBo ce mpe cBera ogHOCH Ha pyje 000jeHnx u
IJIEMEHUTUX MeTaja, JOMUHAHTHOT BpPeJHOC-
HOT yJiefia y CTPYKTYPU eKCIITIOATUCAHUX MUHE-
panuux cuposuHa Ha KuM. Kapa cy y nuramy
JINTHUT KaO €HEepreHT 1 BehrHa HeMeTan4YHUX
MIUHEPATHUX CUPOBMHA KaO CUPOBMHE Off JIO-
KaJIHOT 3Ha4aja, IieHe Cy, Y BpEMEHY O KojeM je
ped, 4ecTo OO/MMKOBaHe IIOf YTHUIIAjeM IIOMM-
TUYKKX U COLjMja/THUX MHTepeca.

HeymutHO je pa je MMHepajTHO-CUPOBMHCKU
koMiiekc KuM mMao sHavajHy ymory y pema-
Bamy COIMja/THNX Ipo6IeMa M 3aIl0C/IeHOCTH,
y HOAM3amby CTaHAApfia XMBOTA, 06pasoBama,
Ky/IType, CIIOpTa, M3Tpajme IyTeBa, ypOaHM-
3anuje, craMbeHe rpajime, W3Tpajbe U pas-
BOja €KCTPAaKTMBHEe MHAyCTpuje uth. IIpnmep
je KocoBcka Murposuua koja je, 3axsapyjyhu
PYHApCTBY, CpeIMHOM IPOIUIOT BeKa ybpaja-
Ha MeDy rpajoBe ca HajBMIINM CTaHZAPAIOM Y
CoPJ.
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This index undeniably points to the fact that the
mineral resource complex of K&M had experi-
enced full momentum of evolution as an integral
part of he mineral resource complex of Serbia
and the Socialist Federal Republic of Yugoslavia.

It is impossible to make an accurate estimate of
the cumulative production value between the
Word War II and the end of the century, for
several reasons. The production was executed
throughout a long period of time, longer than
half a century, with an interchange of natural,
exploitational, market, nonetary, stock exchange,
political, social and other conditions of signifi-
cance to the valuation of mineral resources. This
primarily applies to coloured and precious metal
ores, a dominant value factor in the structure of
exploited mineral resources in K&M. Speaking of
lignite as an energy source, as well as the major-
ity of nonmetallic mineral resources, being a re-
source of local significance, the prices have, in the
period in question, often been formed under the
influence of political and social interests.

The mineral resource complex of K&M unde-
niably played an important role in resolving of
social issues and unemployment, in boosting
the standard of living, education, culture, sport,
road construction, urbanization, housing con-
struction, construction and development of of
extractive industries, etc. Kosovska Mitrovica
is an example of this, ranked among the towns
with the highest standard of living in the in the
Socialist Federal Republic of Yugoslavia in the
mid-last century, due to mining.
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Caxkerak: [Ipoyec enobanusayuje u mpansuyuje,
2e0NONUMUYKO npecmpojasaroe y ceemy cyomu-
MUY YCNoCmasvare KOHMpose HA0 crpameud-
KU 3HAYAJHUM eHepeemcKUM MUHEPATTHUM CUpO-
suHama. Hecmo uckasaHo a HeapeymeHmosaHo
Kpuierve OeMOKpamuje U exonouikux npuHuuna
6uno je 00607baH NpPedycnos 3a npedysumarse ,,Kp-
cmawkux” noxooa npomus oopeheHux emarma, a
HUX06€ HAUUOHATIHE BPEOHOCU U 602amcmea busu
cy omyhusanu u cmaemwenu y pyHkuujy océajaua. Y
Esponu mo je 6uo cnyuaj ca Peny6nuxom Cpoujom,
Kojoj je Ha nepPuoar HauuH, 00 cmpare eTUKUX
cuna, Ha Kocosy u Memoxuju odysem Hajeehu
Oeo eHepeemcKkux u opyeux cuposura. IIped mako
030UBHO 00ecnpasvery U OCUPOMAULEHY 3eMby
NOCMABUIO ce BULle CIPAMEWKUX Numared, a y
paody je ananusupano numarve Koje ce 0OHOCU HA
cmamyc uHoycmpuje yera ca OKynupaHom jymHom
nokpajuxom u 6e3 roe [1].
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Abstract: The processes of globalization and
transition, geopolitical realignment in the world
sublimate the establishment of control over stra-
tegically essential energy minerals. Frequent and
unsubstantiated violations of democracy and
environmental principles were a sufficient pre-
condition for going on a crusade against certain
countries. Their national values and wealth were
alienated and put into conqueror service. In Eu-
rope, this was the case with the Republic of Ser-
bia, which was treacherously deprived of most of
its energy and other raw materials by the great
powers in Kosovo and Metohija. Such a severely
disenfranchised and impoverished country was
faced with several strategic issues. The paper an-
alyzed the issue related to the coal industry status
with and without the occupation of its southern
province [1].

Key words: REPUBLIC OF SERBIA, KOSOVO AND
METOHIJA, REINTEGRATION, COAL
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YBO/,

PymapcTBo je yTunano u yrude Ha TOKOBE MC-
topuje, genehu cynbuny Hapopa 1 ap>xasa. [lo-
HOCIJIO je pa3Boj, HallpeaK 1 671arocrame, aam
U y3pOKOBajIo KOH(QIVKTe, paToBe, Hecpehe u
cTpajama. Ha ncropmjckoj TpajekTopuju cpi-
CKOT pyAapcTBa Iepnoan Hajsehnx pasBojHMX
yCIIOHA ¥ JOCTUTHYha Cy cpeimy Bek U fpyra
nonosnHa XX Beka. EKBMBaneHja OBUX BU-
IIEeBEKOBHO JIVICTAHTHMX Hepuofa objalrmuba
je pasyMeBameM pyflapcTBa Kao CyIICTPYKType
LUMBUIN3alyja, Kao MaTepyjaTHe OCHOBE PUB-
PeNHOI, HAy4YHOI, TEXHMYKO-TEXHOJIOIIKOT,
0Opa3oBHOL, KYITYPHOL, [yXOBHOL, OIILITET
IPYLITBEHOT pasBoja [2].

AKo jenHoj ipxaBy oTyhuIn TakBe pecypce oTe-
BIINM JI€O IbeHe TEPUTOpUje HACWIHUM ITyTeEM,
OHJIa CU je OfiBOj1O U of mpumnazajyher ceexo-
nuKor passoja. To je ynpaso cinydaj ca KocoBom
u MeToxujoM, jy>KHOM CPIICKOM ITOKPjHOM.
ITocraspa ce muTame y KojeM IPaBIy Aajbe fie-
JIOBaTM KaKo 61 ce Taj mpoctop Bparno Cpouju
a 1a To Oyge MUpHUM IIyTeM, 6e3 paToBa 1 Ha-
CUJIHE aKTMBHOCTM HEKMX 3allaflHUX 3eMaba. Y
6muckoj 6ymyhuoctu To Huje moryhe, am Huje
HEJOCTIDKHO.

Yram na KocoBy n MeToxmju jefia je off HajsHa-
YajHUjUX MMHEPATHO-CUPOBMHCKUX pecypca
U 3aXTeBa MOCeOHY MaXKiby aKo ce UMa y BUAY
CTpaTellKM 3Ha4aj y eHepretuuu Pemy6rmxe
Cp6uje. 3Hauaj je Behu jep ce pagu o pesepBama
JUTHUTA KOje crafajy Meby Hajsehe y EBponm.

HAIIMMOHAJIHV 3AXTEBI

Cpbuja uma Beh 3HauajHa JMCKyCTBa CTeYeHa
yBobemeM embapra of CTpaHe 3alafHUX 3e-
Ma/ba. 3eM/ba je OIICTala caMo 3axBaspyjyhu
eHepreTckoj 6e3begHocTy 1 mosbonpuspenu. To
cy ympaBo pecypcu Kojuma Cpbuja pacriomaxe
y BOBOJBHO]j MepH, Te Hifje O1Ia YCIOB/beHa YBO-
30M.

EnextpmyHa eHepruja npousBefieHa U3 TUTHU-
Ta je U jasbe 6e3 KOHKYpeHIMje 1 HajjepTuHMja
je 3a morpomade y Epponmu. Y mpoussopmn
TUTHUTA U eNleKTpuuHe eHepruje y Cpbuju
y4ecTByje BeluKM Opoj 3alOC/IeHNX 1 jOII TO-
JIMKO 3aIIOCTIEHMX KOjU NPYXKajy MOAPLIKY TOj
npousBofimu. CaMo y CEKTOPY yI/ba 3arocie-
HO je mpeko 15.000 pagHuKa, a U3 KOCOBCKMX
PyAHMKaA IpoTepaHo je 4.356 pafiHuKa CpIICKe
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INTRODUCTION

Mining has influenced and continues to influence
the course of history, sharing the destiny of nations
and states, bringing development, progress, and
prosperity, but also causing conflicts, wars, acci-
dents, and suffering. On the historical trajectory of
Serbian mining, the periods of the most remarkable
rises and achievements are the middle and second
half of the XX century. The equivalence of these
centuries-long distant periods can be explained by
understanding mining as a substructure of civiliza-
tions, as the material basis of economic, scientific,
technical and technological, educational, cultural,
spiritual, and general social development [2].

Depriving a state of such resources by forcibly
stealing a part of its territory means separating
it from the corresponding widespread develop-
ment. This is precisely the case with Kosovo and
Metohija, the southern Serbian province. The
question is which direction to act in to return
that area to Serbia, by doing it peacefully with-
out wars and violent activities of some western
countries. It is impossible in the near future,
though not unattainable.

Coal in Kosovo and Metohija is one of the most
important mineral resources and requires spe-
cial attention, bearing in mind the strategic im-
portance in the energy sector of the Republic of
Serbia. What is more, it boasts lignite reserves
that are among the largest in Europe.

NATIONAL REQUIREMENTS

Serbia already has significant experience gained
from imposed embargoes by Western countries.
The country has survived only thanks to energy
security and agriculture. It was these resources
that Serbia had at its disposal to an extent suffi-
cient for not being conditioned by imports.

Electricity produced from lignite is still unri-
valed and is the cheapest for consumers in Eu-
rope. A significant number of employees partici-
pate in and support the production of lignite and
electricity in Serbia. More than 15,000 workers
were employed in the coal sector alone, and
4,356 Serbian workers were expelled from Koso-
vo's mines. Now, they partly provide services to
other production units in the “Electric Power
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HanyoHanHocTu. Cafia jefHUM Je/IoM NPYy>Kajy
yCayre OCTaauMM IPOM3BOLHMM jefMHUIIaMa
y »Enekrponpuspenu Cpbuje”. Haryonanun
3aXTeB jecTe ¥ yOp3aHO CIipoBOheme ekomom-
KIX 3aTeBa uMajyhm y Bupy ga je To 3arabu-
BauKa JIeJIATHOCT KOja Tpaky IoceOHa MHBeC-
THUIIMOHA yJIararma ¥ KOHCTAaHTHO y0/Ia)kaBambe
IPUCYTHNUX eKOTOUIKUX IpobneMa. [JuHaMuka
TaKBe aKTMBHOCTM Moryha je y 3aBUCHOCTU Of
pacronoxmuBux gomMahmx 1 cBe MamuX CTpa-
Hux nHBectuuuja. CrpaHe MHBeCTULIMje HUCY
BUIIIE JOCTYITHE 32 HA0aBKy OIlpeMe 3a eKCIIIO-
aTalyjy yI/ba I U3rpajiby TEPMOENIEKTpaHa Ha
yrasb. C mpyre cTpaHe, Huje Moryhe ozpkatn
HE3aBJMICHOCT JJp>KaBe aKo Ce IPEBacXOJHO He
KOPICTe COIICTBEHM €HepreHTH. lek ca mu-
XOBMM HECTAaHKOM HEMMHOBHOCT je uhm Ha
caBpeMeHe yBo3He TexHonoruje. Takobe je mo-
TpeOHO 3AITUTUTU TPXKUIITE paja U eKOHO-
MUjy Off pasHUX ,CIO/bHUX IpUTHCcaKa’. Moxxe
Iohy KO BeMMKUX COLMjaTHUX HeMMpa.

INOJIMTNYKO-EKOHOMCKO
CTAILE Y EBPOIIN

ITonuTNIKO-eKOHOMCKO CTame y CBeTy U IIO-
ce6bHo y EBponn ce HemszocTaBHO, y Behoj mmn
Mamoj MepH, pedriexTyje Ha ctame y Cpouju.
3BelKa ce opyXjeM Ha rpanunu Pycuje n Yk-
pajuiHe, HeyjeHaYeH je pa3Boj 3eMajba YIaHNIA
EY, neke cy nocrane Bemku py>xxuunu (Ipuxa,
HInmanwuja, [Topryran, I/ITam/[ja), a Benuka bpu-
TaHuja je Hanyctwaa EY. Ilojagane cy teHsuje
usMehy Tpu enturera y bocun n Xepuerosusu,
yuecTasie Cy IpOBOKalllfje CPICKOT KMBJba Ha
KocoBy n Metoxuju y3 HeyjeqHadyeH IPUCTYI
MmehyHapozmHe 3ajegHNIIe KOja OfpakaBa IIO-
ceOHO HeraTymBaH opjHOC npema Cp6uju n Pe-
ny6mmuym Cprckoj. Bennk 6poj nsbernuiia npe-
nasuo je EBpory. Hajsehu 6poj mponasu kpos
Cp6ujy. Tepopuszam y EBpomnu mocraje ckopo
CBaKOJIHEBHMIIA.

I[TIOBAJIHE [IOCTABKE

TBOPpLM €KOIOLIKOT Xaoca Cy JMPUTOBaHU KOM-
IjyTepCKU MOJENN, a He CTBAPHOCT. IIpema Haj-
HOBUjUM InofauyuMa 42% Hay4dHUKa He Bepyje
ma CO, n3asuBa KIMMaTCKe TIPOMEHE Jby/ICKUM
aKTMBHOCTMMA. Pycku Hayynuuu cy npe 25 ro-
avHa o6jaBmnM ma, mpu noctojehem cremeHy
3araheHocTi, 3eM/ba He MOXKe OMTHU yrpo>KeHa

Industry of Serbia” Another national require-
ment is the accelerated implementation of envi-
ronmental requirements, bearing in mind that
this is a polluting activity that requires special
investments and constant mitigation of existing
environmental issues. Available domestic and
decreasing foreign investments condition the
dynamics of such activity. Foreign investments
are no longer available to purchase equipment
for coal exploitation and construction of coal-
fired power plants. On the other hand, it is im-
possible to maintain a country’s independence if
it does not primarily use its own energy sources.
Only their disappearance would make resorting
to modern imported technologies inevitable. It
is also necessary to protect the labor market and
the economy from various “external pressures.”
This could entail great social unrest.

POLITICAL AND ECONOMIC
SITUATION IN EUROPE

The political and economic situation in the world,
especially in Europe, inevitably reflects on the situ-
ation in Serbia, to a greater or lesser extent. Powder
kegs on the border between Russia and Ukraine,
uneven development of EU member states, some
countries falling into great debts (Greece, Spain,
Portugal, Italy), Great Britain leaving the EU. Ten-
sions between the three entities in Bosnia and Her-
zegovina have intensified, and provocations aimed
at Serbs in Kosovo and Metohija have become
more frequent, with an uneven international com-
munity approach, reflecting a particularly negative
attitude towards Serbia and the Republic of Srps-
ka. Vast numbers of refugees have flooded Europe,
most of them passing through Serbia. Terrorism is
becoming almost commonplace in Europe.

GLOBAL BACKGROUND

The creators of ecological chaos are direct-
ed computer models, not reality. According to
the latest data, 42% of scientists do not believe
that CO, causes climate change through hu-
man activities. Russian scientists announced 25
years ago that with the current pollution level,
the Earth could not be endangered for the next

23



C. Maxcumosuh, )XX. [Ipawmano, P. llapau, Peunmezpayuja npocmopa Kocosa u Memoxuje enepeemcka 6ydyhrocm Peny6nuxe Cpbuje, (21-30)
S. Maksimovi¢, Z. Prastalo, R. Sarac, Reintegration of Kosovo and Metohija as energy future of the Republic of Serbia, (21-30)

HapenHux 10.000 ropmua. Illta ce TO pmecuno
nocrne camo 25-30 roguHa? Ibyjopk TajMmc je ce-
TaMpieceTX TOfIMHA MPOIIJIOra BeKa HajaBJby-
BAO TOYeTaK yiefleHor noba. IleTHaecTn Bek je
upeHTn4aH ca XX BeKoM, a XX BeK je Impora-
IIeH HajTOIUIMjMUM 300T Jby/CKMX 3arahuBaukmx
AKTUMBHOCTH. YecTo je MPUCYTHO UCKPUBI/bEHE
uctTuHe o yrby. Y EBponm msa ceera croju
Hajseha HeBmasuHa opraHmsanuja EBpomcka
donpanmja 3a KIMMaTCKe IpOMeHe (eleKTpud-
Ha eHepruja 6es yrma). [ToTpebHo je mupeme
OOHOB/BMBUX M3BOpA €HEPrUje YPaBHOTEXUTHU
ca KOHBEHLIMja/THUM M3BOPUMA.

EBPOIICKA ®OHIOAIMJA 3A
KIIMMATCKE ITPOMEHE U ITAPVICKA
KOHOEPEHIIMJA O KIIMIMATCKVM ITPO-
MEHAMA JIOBMPAJY ITPOTHB YIJbA U
TEPMOEJIEKTPAHA HA YTAJb

Exonoruja je mocrasa MHCTPYMEHT IOIUTUYAPA Y
EBpormn. MHcncTupa ce Ha BenmkuM puHaHCHjC-
KVIM y/TaTambyMa Y JeKapOOHU3AIjY 1 IeCyMIIO-
pusanujy u ysoherme HOBIX CKYIMX TeXHOTOTUja
y HajkpaheMm poky. [Tox mputickoM Benmku 6poj
3eMaJba HajaBUO je€ CMatbetbe IIPOU3BO/IbE YITha.
OBakBe MCXUTpPEHE aKTMBHOCTH JIOBENE CY O
eneprercke kpuse y EBpormm. Cmameme npous-
BOJIbe yI/ba U €NEeKTPUIHE €HPIVje, IPeCTaHaK
pajja IOBPIIMHCKMX KOIIOBA M TEPMOENIEKTpa-
Ha Ha yra/b fioBelnmhe /IO eHepreTCKuMx Kpusa
M [MPEeKTHOT MOpacTa He3arnocneHocTn (OKo
1.000.000 y Espom, 10.000 y Cpbujn).

EKCIUIOATALIMJA YIJbA 'Y CPBUJN

Y oxsupuma JII ,Enexrponpuspena Cpbuje”
roguilitbe ce mpousBeme 47 x 10° t murHuTa
(97,5% yxynHe mpomsBopme yrba y Cpbujn):
Orpanaxk Pb Kony6apa 30 x 10°t, TE-KO ,,Koc-
tomay,” 9 x 10° t u JII ,KocoBo” — O6unuh 8 x
10° t. Mamy nponssopmy peamn3yjy JII 3a mox-
3eMHY eKCIUIOATalujy yI/ba ,PecaBuma” — 0,75
x 10° t, u mogBOmHA eKCIIIoaTanmja yrmpa ,Ko-
BuH - 0,25 x 10° t. YBO3 MpPKOT 11 KaMeHOT yI/ba
je oxo 0,8 x 10° t. Y CcTpPyKTypM IpOM3BOAME
momaher yr/pa IUTHUT ydecTByje ca 99%, a Ka-
MEHU M MPKM yrajp ca csera 1%. Y cTpykTypu
¢uHaTHe TIOTPOIIbEe 32 eHEpPreTCKe CBpXe UH-
#ycTpuja ydecTByje ca 46%, momahuHcTBa ca
46%, a octanu cexropu ca 8%. Pesepse nuruura
y Kony6apu n Kocroniy npu oBoj auHamMmun
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10,000 years. What happened after only 25-30
years? In the 1970s, the New York Times marked
the beginning of the ice age. The 15th century is
identical to the 20th century, and the 20th cen-
tury was declared the warmest due to polluting
human activities. The truth about coal is often
distorted. The largest non-governmental organ-
ization, the European Climate Foundation (elec-
tricity without coal), stands behind everything
in Europe. The spread of renewable energy
sources needs to be balanced with conventional
sources.

EUROPEAN CLIMATE FOUNDATION
AND PARIS CLIMATE CHANGE
CONFERENCE LOBBYING AGAINST
COAL AND COAL-FIRED THERMAL
POWER PLANTS

Ecology has become an instrument of European
politicians. They insist on significant financial
investments in decarbonization and desulfur-
ization and the introduction of new expensive
technologies in the shortest possible time. Un-
der pressure, many countries announced a re-
duction in coal production. Such hasty activities
have brought about the energy crisis in Europe.
Reducing coal and electricity production and
abandoning open-pit mines and coal-fired ther-
mal power plants will lead to energy crises and a
direct increase in unemployment (about 1 mil-
lion in Europe, 10,000 in Serbia).

COAL EXPLOITATION IN SERBIA

Within the PE “Electric Power Industry of Ser-
bia” 47 x 10° t of lignite is produced annually
(97.5% of total coal production in Serbia): in
branch RB Kolubara 30 x 10° t, TE-KO “Kostol-
ac” 9 x 10° t and PE “Kosovo” - Obili¢ 8 x 10°
t. Lower production is reported by the Public
Enterprise for Underground Coal Exploitation
“Resavica,” 0.75 x 10° t, and underwater coal ex-
ploitation “Kovin,” 0.25 x 106 t. Brown and hard
coal imports are reported at about 0.8 x 106 t. In
the domestic coal production structure, lignite
participates with 99%, and hard coal and brown
coal only with 1%. In the structure of final con-
sumption for energy purposes, industry partici-
pates with 46%, households with 46%, and other
sectors with 8%. With this exploitation dynam-
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o« Centembpa 1990. 2.250 HIumrapa 3amocrne-
HIX Ha MOBPIINHCKMM KOIOBUMa ,KocoBo” -
O6unnh fajy oTkas Ha CBOjUM paiHUM MeCTH-
Ma ¥ Ha KOIIOBMMa OcTaje camo 250 pajHuKa
cpricke HaumoHanHoctu. OpraHusyje ce mpo-
M3BOJhA CaMO Ha MCKOIIY YI/ba U TO Y IIPBOj
CMEHIL.

360r HeocTaTKa HOTpebHe pajiHe CHare Ha KO-
coBcknM KomoBuma, EIIC opranusyje momoh
cTpyuHUX KazipoBa u3 Konybape, Kocronua un
Hupexnuje sa npoussoamy yrba EIIC.

Ilopen kupHamoBama pajjHMKa Off CTpaHe
YUK (12 KOCOBCKMX pafIHMKa CpIICKe HaIVO-
HaTHOCTHje yOujeHo), y HOBPIIMHCKY Kol be-
nahesan 6auene cy u npse 6om6e 13 HATO
aBJOHA.

Yenenuio je nporepuBame HeaTbaHCKUX pajl-
HIKa Ca PaJHUX MECTa U Ofly3uMarbe CBe II0-
KpeTHe 1 HeIIOKpeTHe MMOBMHe. bes mocia
ocrazno je 4.356 pagHMKa CPIICKE HALVIOHAJI-
HOCTI.

ITOBPIIMHCKN KOII CMBOBAIL

[ToBpumucky kot Cubosali je 3amMeHa 3a IOBp-
mmmHcKe komoBe Jlo6po ceno m bBemahesar.
IIpousBopma yriba 3anouera je 2010. Togymma
pousBoAma yrba o 2001. mo 2007. xperana ce
on 4,7 x 10°t o 6,5 x 10°t. Og 2008. mpoceyHa
TOIMIIbA TIPOU3BOAMA YI/ba M3HOCK 8 X 10°t.
Teonouike pesepBe nurHuTa Ha nAeXUmTy Cu-
6oBar n3noce 990 x 10° t, a ekCII0aTabMIHO je
830 x 10°t.

Cauxa 1, Ilospuuncku xon Cubosay
Figure 1, Open-pit mine Sibovac

o Pressed by the KLA, many Shiptars left their
jobs.

o In September 1990, 2,250 Shiptars employed
in “Kosovo” Obili¢ open-pit mines resigned
and only 250 Serbian workers remained in the
mines. As a result, production was organized
only on coal mining in one shift.

o Due to the lack of the necessary workforce at
the Kosovo mines, EPS arranged for assistance
by sending professional staff from Kolubara,
Kostolac, and the EPS Coal Production Direc-
torate.

o Apart from worker kidnapping by the KLA (12
Kosovo workers were killed), the first bombs
from NATO planes were dropped on the Be-
la¢evac open-pit mine.

« Non-Albanian workers were expelled and all
movable and immovable property was confis-
cated. 4,356 Serbian workers lost their jobs.

SIBOVAC OPEN-PIT MINE

The Sibovac open-pit mine is a replacement for
the Dobro Selo and Belacevac open-pit mines.
Coal production started in 2010. Annual coal
production from 2001 to 2007 ranged from 4.7 x
10°t to 6.5 x 10°t. Since 2008, the average annual
coal production has been 8 x 10° t. Geological
lignite reserves at the Sibovac deposit are 990 x
10° t and 830 x 10° t are exploitable.

Cauxa 2, Tepmoenexkmpana Kocoso b
Figure 2, Kosovo B Thermal Power Plant
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Tabena 4, AkmusHu pyOHUYU U naaHUpare pekoHcmpyxuyuje do 1975 [6]

Table 4, Active mines and planned reconstructions until 1975 [6]

ITnanupana BpennocT nnBecTnnmje BE:J 3anaoccr;ey1[{;1x
ITocTojeha IIPOU3BO/A HAKOH | PYAAapCKMX objekara o 6'e1<Tp]ZSap patehe
Hasus pygauka TIpOU3BOJHHa PEKOHCTPYKIIMje PCII ) o );( 65
Mine name Existing production | Planned post-recon- | Value of investment in Y
s . . . i Number of employees
x10°t/god. struction production mining facilities in mining facilities
6. >
x10%t/god. RSD support services
6 Dob.
JSISOFZ‘;;T)O / Dobro 3,6 45-50 npexo 1,6 x10°
: 3a II0CTH3ambe
Benahesan / Beladevac y Usrpajimbu TIPON3BOJIIbe 3.500
(1964.) 1t under construction 5,5-6,0 over 1,6 x10° to achieve
' 3,5 planned production
Ykymso / In total 7,1 10,0 - 11,0 - 3.500

Tabena 5, Ilocmojehu u nnanupanu kanayumemu mepmoenexmpana na Kocosy u Memoxuju y 1975 [7]

Table 5, Existing and planned thermal power plant capacities in Kosovo and Metohija in 1975 [7]

ITocrojehe / Existing:

Al 65 MW 1962.
A2 125 MW 1965.
A3 200 MW 1970.
A4 200 MW 1971.
A5 210 MW 1975.
Ykymso / In total: 800 MW

ITnanupane / Planned:

TE Kocoso II / TPP Kosovo II 2x300 + 3x500 = 2.100 MW
TE Kocoso III / TPP Kosovo III 6x500 = 3.000 MW

TE Kocoso IV / TPP Kosovo IV 3x500 = 1.500 MW
Ykymso / In total: 9.800 MW

ITorpebno yrpa / Coal Required: 72,9 x10° t

*Msrpabena je Cymrapa I
kamanureTa 600.000 t/rop.

(1962.) n Cyurapa II ucror
KamauuTeTa 1972.

*Dryer I with a 600,000 t/year
capacity was built (1962) and Dryer
II of the same capacity in 1972.

*IToctpojetve 3a rucudu-

Jo 1975. peanmn3oBaHo je camo 7,5% o Moryher nmoreHuujana y MHCTaaMCAHOj
cHasu. IlepcrektyBa je Ouma ma ce mopey 3a/j0BO/bera NOTpebe Jyrocnasuje
06e36eu 1 M3BECHA KOJMMYMHA €eKTPUYHE eHepruje 3a morpebe: 3amanHe
Hewmauxke, Vicroune Hemauke n YCCP.

By 1975, only 7,5% of the potential installed capacity was achieved. The perspec-
tive was to provide a certain amount of electricity for the needs of West Ger-
many, East Germany and Czechoslovakia, in addition to meeting the needs of

Kaljy yI/ba, KallalureTa
480 Mm1.MeT.Ky6./TOg.

*Coal gasification plant,

480 million m*/year capacity.

Yugoslavia.

IEPMO Ol 1975-1999.

Osaj nepuop kapaxrepuiry cnegehn gorabaju:

« Hajseha npousBopama yr/ba 11 jaloBIHe Ha KO-
COBCKMM KOIIOBMMa OCTBapeHa je 1988.

« [Tepuop embapra pgoseo je mo mopemehaja y
(YHKIMOHNUCAY IPON3BOJHIX CUCTEMA.

« YuecTase cy caboTaxke Ha py#apcKoj ompemMu
Off CTpaHe MNINTAPCKUX PaHIKA.

« 36or nmpurucka YUK muorm Iunrapm Ha-
IIyILITajy CBOja pajiHa MECTa.
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PERIOD FROM 1975 TO 1999

This period is characterized by the following
events:

« The most significant production of coal and
tailings in Kosovo mines was recorded in 1988.

« The embargo period disrupted the functioning
of production systems.

« Sabotages of mining equipment by Shiptar
workers became more frequent.
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o Centembpa 1990. 2.250 HlIumrapa 3amocre-
HIX Ha MOBPIINHCKMM KOIoBUMa ,KocoBo” -
O6unuh fgajy oTkas Ha CBOjUM pafiHUM MeCTH-
Ma ¥ Ha KOIIOBMMa OcTaje camo 250 pajHuKa
cpricke HaumoHanHoctu. OpraHusyje ce mpo-
M3BOJbA CAMO Ha MCKOIIY YI/ba U TO Y IIPBOj
CMEHIL.

360r HefocTaTKa HOTpebHe pajiHe CHare Ha KO-
coBcknM KomoBuma, EIIC opranusyje momoh
cTpyuHUX KafipoBa u3 Konybape, Kocronua un
Hupexnuje sa npoussoimy yrba EIIC.

Ilopen kupHamoBama pajHMKa Off CTpaHe
YUK (12 KOCOBCKMX pafIHMKa CpPIICKe HaIlJO-
HaTHOCTHje yOujeHo), y HOBPIIMHCKY Kol be-
nahesan 6auene cy u npse 6om6e 13 HATO
aBJOHA.

Yenenuio je nporepuBame HeaTbaHCKUX pajl-
HIKa Ca PaJHUX MECTa U Ofly3UMarbe CBe II0-
KpeTHe 1 HeIlOKpeTHe MMOBMHe. bes mocia
ocrasno je 4.356 pagHMKa CPIICKE HALMIOHAJI-
HOCTIL.

ITOBPIIMHCKN KOII CMBOBAIL

[ToBpumucky ko Cubosali je 3amMeHa 3a IOBp-
mmmHcKe komoBe Jlobpo ceno m bBemahesar.
IIpoussopma yriba 3anouera je 2010. Togumma
pousBoAmba yrba o 2001. mo 2007. xperasna ce
on 4,7 x 10°t mo 6,5 x 10°t. Ox 2008. mpoceyHa
TOIMIIbA TIPOU3BOAMA YI/ba M3HOCK 8 X 10°t.
Teonouike pesepBe nurHuTa Ha nAeXUmTy Cu-
6oBar n3noce 990 x 10° t, a ekCII0aTabMIHO je
830 x 10°t.

Cauxa 1, Ilospuuncku xon Cubosay

Figure 1, Open-pit mine Sibovac

o Pressed by the KLA, many Shiptars left their
jobs.

o In September 1990, 2,250 Shiptars employed
in “Kosovo” Obili¢ open-pit mines resigned
and only 250 Serbian workers remained in the
mines. As a result, production was organized
only on coal mining in one shift.

« Due to the lack of the necessary workforce at
the Kosovo mines, EPS arranged for assistance
by sending professional staff from Kolubara,
Kostolac, and the EPS Coal Production Direc-
torate.

o Apart from worker kidnapping by the KLA (12
Kosovo workers were killed), the first bombs
from NATO planes were dropped on the Be-
la¢evac open-pit mine.

 Non-Albanian workers were expelled and all
movable and immovable property was confis-
cated. 4,356 Serbian workers lost their jobs.

SIBOVAC OPEN-PIT MINE

The Sibovac open-pit mine is a replacement for
the Dobro Selo and Belacevac open-pit mines.
Coal production started in 2010. Annual coal
production from 2001 to 2007 ranged from 4.7 x
10°t to 6.5 x 10°t. Since 2008, the average annual
coal production has been 8 x 10° t. Geological
lignite reserves at the Sibovac deposit are 990 x
10° t and 830 x 10° t are exploitable.

Cauxa 2, Tepmoenexkmpana Kocoso b
Figure 2, Kosovo B Thermal Power Plant
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JABHO ITPEJY3ERE ,, KOCOBO” -
OBMJINR TIOCIJIE 1999.

AIIKocoso u Meroxwuja je 1999. Pesomynmjom Ca-
Beta Oesbennoct OYH 6p. 1244 craB/beHa mof,
mebhyHapopny ympasy, a JITTIK ,,KocoBo” — O6u-
mmh omy3eTo je mpaBo kopuihera 1 pacronarama
LI€/IOKYITHOM HEIIOKPETHOM /1 TIOKPETHOM MIMOBH-
HOM. PaHuIm cpIicke 1 Heal0aHCKe HAI[VIOHAI-
HOCTH IIPOTEPAHN Cy Ca CBOjUX PaJHUX MeCTa, I1a
M3 THX pasjiora oBo npenysehe He o6aBpa CBOjy
OCHOBHY JMIeaTHOCT (IIPOM3BOAY U Ipepajy
ympa). Op jyHa 1999. paguuium JIT ITK ,,Kocoso”
— O6wmh, xojux je Taga 6mno oko 4.356, kao u
npyra gsa JI1 ca Kocosa n MeToxuje, mpumajy 3a-
papy ozt 60% cBoje 3apajie Kojy 611 MMau Jia Cy Ha
cBOjUM 6uBLIMM papHKUM MectuMma. Op 2002. mmo-
YJEbe IIIXOBO PAJIHO aHT'KOBAIbe Ha OfIP)KaBakby
¥l PEMOHTVMA Ha CBUM IOBPIIMHCKVIM KOIOBMMA
u TepmoeniekTpanama EIIC.

3AK/bYYAK

busma conujanuctuyka Jyrocmaeuja, a IIO-
Hajeuire Cp6uja, ynmymnasamu cy y KocoBo u
Meroxujy 1,5 Mmwmmona fonapa gHeBHO. Meby
HajBeha yarama crajajy ynarama y Usrpagmy
IIOBPLIMHCKMX KOIIOBA YI7ha ¥ TEPMOEIEKTPAHa.

ITpema Pesonymmju 1244 cBe pygHO 60raTcTBO
KocoBa u Meroxuje 6110 je mop jypucavk-
nyujom YaMuka. llled Yamuka bepnap Kymnep
710 je KOCOBCKUM AjbaHIMMa IIPABO Ja BbUMe
pacnonaxy HesaBucHo ox Cp6uje. To je oTBO-
puao BpaTa HmojeaMHMM Bopehmm monmmTmya-
pUMa ca 3amaja fa, mopef gp>KaBHUX MHTepe-
ca CBOjMX 3eMaJjba, 030M/bHO IIOpajie 1 3a CBOje
nn4yHe OM3HNC MHTepece. YecTo cy ce Takse
aKTUBHOCTM OfiBMjajie M OABUjajy ce Yy CyKoOy
nHTepeca n3Mehy Bogehux samagHux apxaba,
a ¥ IOjelNHMX TIOJIMTHYapa U OM3HUCMEHa.

Yerynnu xoje tako3saHa Braga Kocosa 1 Me-
TOXMje Jaje MojefMHNM 3ammafHuM pupmama cy
Ha mTeTy Cpbuje n omoryhaBajy HEKOHTPOIIN-
CaHO payboBame CBVX 3HAYajHUX MMHEPATHNUX
cupouHa. Ha oppxaBamy HoBomsrpaheHmx
cucrema papuhe mHOCTpaHe ¢upme. Bemmk
Opoj CPIICKMX ¥ HeambaHCKUX PaJHUKA OCTAO je
n octahe 6e3 mocna.

Cpbuja he mopatu fa ofpskaBa BUCOK HUBO
IPOM3BOJIIbE €IEKTPUYHE eHepruje U3 yI/ba ca
komnoBa y Konybapu n Kocronuy y Bpo Hemo-
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PUBLIC ENTERPRISE “KOSOVO” -
OBILIC FOLLOWING 1999

In 1999, AP Kosovo and Metohija was placed
under UN interim administration by the UN Se-
curity Council Resolution no. 1244, and PE PK
“Kosovo” - Obili¢ was deprived of the right to
use and dispose of all its immovable and movable
property. In addition, Serbian and non-Albani-
an workers were expelled from their jobs, so for
these reasons, this company does not perform its
core business (coal production and processing).
Since June 1999, the workers of PE PK “Kosovo”
- Obilic, of which there were about 4,356 at the
time, and the other two PEs from Kosovo and
Metohija, had received 60% of their salary from
former jobs. Since 2002, they have been engaged
in maintenance and repairs at all open-pit mines
and thermal power plants of EPS.

CONCLUSION

Former socialist Yugoslavia, and mostly Serbia,
pumped 1.5 million dollars a day into Kosovo
and Metohija. Among the most significant in-
vestments are investments in the construction of
open-pit coal mines and thermal power plants.

According to Resolution 1244, all the mineral
wealth of Kosovo and Metohija was under the
jurisdiction of UNMIK. UNMIK chief Bernard
Kouchner has given Kosovo Albanians the right
to dispose of it independently of Serbia. This
has opened the door for some leading Western
politicians to seriously work on using it for their
state interests but also their personal business
interests. Such activities have often taken place
and are taking place in a conflict of interest be-
tween the leading Western countries and indi-
vidual politicians and businessmen.

The concessions the so-called Government of
Kosovo and Metohija gives to certain Western
companies are to the detriment of Serbia and
allow uncontrolled plundering of all important
mineral raw materials. Foreign companies will
work on the maintenance of the newly built sys-
tems. A great number of Serbian and non-Alba-
nian workers have lost their jobs.

Serbia will have to maintain a high level of elec-
tricity production from coal from the Kolubara
and Kostolac mines in very unfavorable condi-
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BO/bHUM YC/IOBMMa yYMeCTO Jila KOPUCTHU CBOje
pecypce Ha KocoBy u Metoxuju. To je gupex-
TaH HEIIOBO/baH YTUIAj HA IbeHY €HEepPreTCcKy U
He CaMO eHepreTcKy HesaBUCHOCT. CarnefiaBuin
3Havaj camo nurHuTa Ha KocoBy m MeToxmju,
TOBOJBHO jé JIa Ce JoHEeCe 3aK/bYYaK Jja je IofieNna
KocoBa n Mertoxuje TpajHO ofipuliame Of He-
IPOLCHNBIX eHepreTcKux cruposuHa Cpbuje.
Jla 6u ce moHeKsIe cayyBajM M ITOBPATUIN MM-
HepanHO-CUPOBUHCKM pecypcu Kocosa u Me-
TOXUj€e, peMHTEerpalLyja HeMa aJITepPHATUBY.
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OHOA ce MOxce CX6AMUMU ca KAKEUM ce npobre-
muma cpehy npojexkmanmu u pyoapcka onepa-
musea. ITocebHa naxcroa je noKnoweHa peuiasarey
HeCMaOUNIHOCMU  YHYMPAUIHUX 007IAATTUIUMA
Koja cy 4ecmo 271aeéHU Y3poK omemared u 3ayc-
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Abstract: Most of the open pit coal mines in PE
Elektroprivreda Srbije have exploited the most
favorable coal reserves with decades of pro-
duction. Current coal production takes place
in very complex mining and geological condi-
tions: ever deeper mines, high water stratified
coal and its variable geometry. If we add the
proximity of large and numerous smaller rivers,
high population density and developed infra-
structure, then we can understand what kind
of problems project engineers and mining staff
face. Special attention is paid to resolving the
instability of internal landfills, which are often
the main cause of disruption and cessation of
coal production. With the aim of overcoming
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maemarea npoussoorwe yeva. Ca yumem npesa-
3unanera U peulasara Npemxo0Ho UIOMEHUX
npobnema Pyoapcku uncmumym u3 beozpaoda je
Ha 3axmes meHayumenma EIIC-a, 2020. uspabuo
cmyoujy noo Hazusom: ,Cmyouja cmabunusa-
Uuje yHympauwirbux 007A2AnUWMA Npocmopa
Ilomwa B/1] 3a nompebe oonazara omxpuske ca
IIK Iomwe E*. Pao ce ynpaso o0HocuU HA npenosHa-
arve jeOHoz 00 mozyhux peuterva Koju mozy damu
noy30an 00NPUHOC y peuiesarby 08Ux npobuema.

Kipyune peum: ITOBPIIMHCKM KOII, OJIJIATA-
JIMIITE, JAJIOBMHA, UHVULIJAJIH HACHUIIL, CTA-
BVJIHOCT

and solving the previously exposed problems,
the Mining institute from Belgrade, at the re-
quest of EPS management, prepared a study in
2020 entitled: “Study of stabilization of inter-
nal landfills of Field B / C for the purpose of
disposal of overburden from the open pit mine
Field E”. The paper deals exactly with the iden-
tification of one of the possible solutions that
can make a reliable contribution to overcoming
these problems.

Key words: OPEN PIT MINE, LANDFILL, TAILINGS,
INITIAL EMBANKMENT, STABILITY

VYBOJ]

Pymapcku 6acen Komy6apa je najsehm mpo-
usBobau yrma y ,Enexkrponpuspenn Cpbuje”
n Peny6mum Cpbuju ca TOOMINIBOM IIPOMU3-
BogwoM 30x10° t. HemaBHU mpectaHak paja
nospumHcKor koma Ilome ]I ybpsao je orBa-
pame nospumHCKuX Konosa [Toe E u PagpeBa
1 ycroB1o nosehame mpoussopmbe yryba Ha IIK
[Tome 1] u [Tomwe I.

IIK Ilome 11 Hamasu ce y KpajibeM MCTOYHOM
ey Komybapckor 6aceHa 1 pecTaB/ba HacTa-
BaK Hajcrapujer nospiumHckor koma Iloma b.
Yuyrpamme opnaranumre 11K Ilomwe I ncru-
4e ce Kao noceban npobnem. Paju ce o mmpem
IIPOCTOPY KOju ce Hajmasy Hajsehmm jenom Ha
HekagammbeM 1K ITome b 1 menmnmuyno Ha ITK
ITowe 1I. HanpepmoBame OTKOIaBarma M OfJIa-
rama ofiBuja ce mpema 3amapy, npema I1K Ilome
E [2].

YuyTtpamme ognarammumre 11K [ome b u ITome
L1, orpaHnYeHo je PPOHTOM PyHAAPCKUX pafio-
Ba Ha YIJbE€HOj €Ta)ky Ha 3amajy, CEBEPHOM 3a-
BPIIHOM KOCKHHOM, MCTOYHO [I0 Kpaja IIPOjeK-
TOBAHOT OJjarajauimTa I JY)KHOM I'paHNIIOM
HOBPILIMHCKOT Koma. [IpmbmkHe puMeH3uje
ognmarammmra cy 4.500 m pgyx ceBeposa-
naz-jyroucTok u 1.200 m ceBepoucToK-jyrosa-
naz. IIpocedna BuCKHHA OJJIOKEHE jaTOBUHE je
OKO 35 m y IJeHTPa/IHOM JIe/ly Ofi/larajInIluTa 1
10 m o o6ogy [2].
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INTRODUCTION

Kolubara mining basin is the largest coal pro-
ducer in Elektroprivreda Srbije and the Republic
of Serbia with an annual production of 30x10° t.
The recent closure of the Field D open pit mine
accelerated the opening of the Field E and Radl-
jevo open pit mines and caused an increase in
coal production at the open pit mines Field C
and Field G.

The open pit mine Field C is located in the very
eastern part of the Kolubara basin and is a con-
tinuation of the oldest open pit mine of Field B.
The internal landfill of the open pit mine Field
C stands out as a special problem. It is a wider
area that is mostly located on the former open
pit mine Field B and partly on the open pit mine
Field C. The progress of excavation and dispos-
al is taking place towards the west, towards the
open pit mine Field E [2].

The internal landfill of the open pit mines Field
B and Field C is bounded by the front of mining
works on the coal bench in the west, the finishing
slope in the north, the end of the projected landfill
in the east and the boundary of the open pit mine
in the south. The approximate dimensions of the
landfill are 4,500 m along the northwest-southeast
direction and 1,200 m along the northeast-south-
west direction. The average height of the deposit-
ed tailings is about 35 m in the central part of the
landfill and 10 m along the perimeter [2].
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Cnuxa 1, IIpeznedna kapma ucmouroz dena Konybapckoz yerooHocHoe bacexa [2]
Figure 1, Overview map of the eastern part of the Kolubara coal basin [2]

Tymau: 1 - Otkonsu GpoHT (0TKpUBKa 1 yram); 2 - Opraranuure (janmosuHa); 3 - Pexa Ileruran;
4 - [IK Ilome A; 5 - IIK Iloswe b; 6 - IIK Iome 1I; 7 - I1K Iome [I; 8 - I1K Iome E; 9 - Cananyonn npocrop
Legend: 1 - Excavation front (overburden and coal); 2 - Landfill (tailings); 3 - Pe$tan River;
4 - Field A; 5 - Field B; 6 - Field C; 7 - Field D; 8 - Field E; 9 - Remediation space.

[Ipo6eM yHy TpalImber OfIara/nIITa je BAIIeC-

TPYK [2]:

- Henmpunpem/beHa mommHa oOfjlarajamiura 3a
[peHNpabe OITIOKEHNX Maca;

- HecenextusHO ofyiarame jaHOBI/IHe;

- HemoBomHO ofBozimeHa jamoBuHa y GpPOHTY
HaIpeloBama pyJapcKuX pajoBa;

- Heedukacha 3amTnra ofjaranmimra of yTH-
1]aja IOBPIIMHCKUX BOZA BaH I YHTAp KOIIa.

HaBepenn mpo6neMy y3poKoBamyu Cy BUCOKY
3aBOJII€HOCT OJIaTalMINTA, HMBO IIOfI3EMHE
Bofle Ha BeheM geny je 613y nospiunHe. Oma-
Ta/INIITA jaJIOBYHE Y ICTOYHOM Jiely Komybap-
cKkor 6aceHa He PACIIONAXy JOBOJBHUM IPOC-
TOPOM 3a JOfIaTHO MHBECTUIIMOHO Ofijlarare
janmosuHe 13 HoBoT IIK Iloswe E. ITpuctynuno ce
aHa/mM3M MOryhHOCTM HajBUIIema mocTojeher

There are numerous problems regarding the in-
ternal landfill [2]:

- Unprepared floor of the landfill for drainage of
deposited masses;

- Non-selective tailings disposal;

- Insufficiently drained tailings in the front of
the progress of mining works;

- Ineffective protection of landfills from the im-
pact of surface waters outside and inside the
mine.

These problems have caused high flooding of the
landfill, the groundwater level is mostly close to
the surface. Tailing disposals in the eastern part
of the Kolubara basin do not have enough space
for additional investment disposal of tailings
from the new open pit mine Field E. The anal-
ysis of the possibility of exceeding the existing
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yHyTpauer opjaranumTa Ha IIK Ilome b u
ITome LI.

Tpebarno je pemwntu Tpu npobema:

- CrabuwmmsoBatu  mocrojehe
(MHULVjaTHY HAaCKII);

oTarajiniiTe

- CrabwimsoBary HajBuIlee mocrojeher of-
aarajamyuaira (Ha]_IBI/HHeH)e I/[HI/IH]/IjaHHOF Hacun-
ma);

- IloBehatn HocmBocT mocrojehe moBpuMHE
OIIaTa/IMIITA 3a JOJATHO OfjIararme (HajgBI-
meme nocrojeher opgmaranmira).

IIpe cnpoBobema CBUX TEXHONOWIKMX 3axBaTa
HOTPeOHO je y MOTHYHOCTU PelINTH CBe Ipo-
O1eMe KOju Cy Be3aHM 3a 3aLITUTY KOMa Of
HNOBPIIMHCKUX Y OA3€MHMX BOJIA.

OIIIITN YCJIOBM HA TEPEHY

QpoHT HampefoBama pPYHAPCKMX pajjoBa Ha
OTKOIIaBamy yIha MMa cMep ceBep-jyr. Ha ce-
BEPHOj CTpaHM KOIIa, yrab MCKINbaBa BepTH-
KanHo. HajHiokm je y cpepuinmeM Jieny Koma
U IOTOM CTPMO MCK/INIbABA Y CEBEPHOM [IeTy.
ITpuMeTHa cy /OKaMHA KAM3MUILTA HAa eTaKaMa.
Ha gHy Komla KOHCTaTOBaHO je [ja ce BOJa YI/NaB-
HOM aKyMy/Iupa TIPaBUTAIMjOM Ca OTKOIIHOT
¢$poHTa 1 oApydYja M3BaH KOIIA, JOK MabI [Ie0
IOJIasy U3 YHyTpallmer oftarammmra [2]. Kako
je ofIara/jnIITe HOBPIIMHCKOT KOIIa OKapaKTe-
pPMCaHO Kao 3aBOJHEHA CPeAVHA, OuYMUINIefHA
OIIACHOCT je Y MOryhHOCTU IT0jaBe K/IM3NIITA I
tenuira Behux pasmepa, mTo 61 ce HEIIOBOb-
HO Opa3WIO Ha OfJIaTa/IMIIHY M OTKOIHY Me-
XaHM3anujy Ha yrpy. Ilpema TpenyTHOj curya-
LIVIj}l Ha TepeHY, pafloBI Ha eKCIUIOATALjI YI/ba
CY Y BMPEKTHOM KOHTaKTy ca YHYTpPallmbIM
offaranuumTeM. TakBO CTame y3pOKOBalo je
msMemitatbe bTO cucrema Ha yHyTpallme
onaraymmite I1K Ilospe II. HacTtaBak opjarama
Ha yHyTpammweM opnaraaumry IIK Iome b u
ITomme 1 ompaBpaH je TeK HAaKOH CIIPOBENEHOT
IpeNofoBO/IbaBakba U M3pasie CTabMIM3aImo-
HIX o0jekaTa.
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internal landfill on the open pit mines Field B
and Field C was performed.

There were 3 problems to be solved:

- Stabilize the existing landfill (initial embank-
ment);

- Stabilize the superelevation of the existing
landfill (superelevation of the initial embank-
ment);

- Increase the bearing capacity of the existing
landfill surface for additional disposal (superel-
evation of the existing landfill).

Before carrying out all technological interven-
tions, it is necessary to completely solve all prob-
lems related to the protection of mines from sur-
face and ground waters.

GENERAL CONDITIONS IN THE FIELD

The front of the progress of mining works on coal
mining takes place in the north-south direction.
On the north side of the mine, the coal wedges
vertically. It is the lowest in the central part of
the mine and then steeply wedges in the north-
ern part. Local landslides can be noticed on the
benches. At the bottom of the mine, it is stated
that the water mainly accumulates by gravity
from the excavation front and the area outside
the mine, while a smaller part comes from the
internal landfill [2]. As the open pit mine land-
fill is characterized as a flooded area, the obvi-
ous danger lies the possibility of landslides and
mudslides of larger dimensions, which would
adversely affect the landfill and excavation ma-
chinery. According to the current situation in
the field, coal mining works are in direct contact
with the internal landfill. Such a condition was
caused by the relocation of the ETS system to
the internal landfill of the open pit mine Field D.
Continuation of disposal at the internal landfill
of the open pit mines Field B and Field C is jus-
tified only after the pre-drainage and construc-
tion of stabilization facilities.
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Cnuxa 2, IIK Iomwe L] - akymynucana 600a
y HOMcuYu o0nazanuwima, 1.09.2020. [2]

Figure 2, Open pit mine Field C - accumulated water
in the landfill foot, Sept. 1, 2020 [2]

AHAJIM3A HACTAHKA KJIIM3MIITA

[TojaBe HeCTaOMIHOCTM BELITAUYKM HACTAIUX
KOCMHA TIIpefiCTaB/bajy pesynrar mnopemehaja
paBHOTeXe y Ipupoau. PemraBame oBUX Ipo-
O1eMa y pyHapcTBY 3axTeBa aHalIn3y, UCTpa-
JKUBA4YKM paj, u36op, nmpumeHy u mnpaheme
MeTozosnoruje crabummsanyuje. IIpouec paga Ha
HOBPIIMHCKOM KOITy yC/IOB/baBa fla ce pajjHe KO-
CMHe eTa)ka J 3aBpILIHE KOCUHEe ITOBPIIVHCKOT
KOIIa KOHCTAHTHO M3BOJie Y IPOMEH/BMBIM YC-
noBuMa [2]. KocrHe ofjioxkeHe janoBuHe Haja-
3e ce y CTaOWIHOM cTamy (He KIM3ajy ce U He
00py1IaBajy) CBe LOTIIE, JOK y BUMa II0CTOjI 3a
TO JOBOJ/bHA YHYTpAIlllha Be3a [4].

ITosnaBame cBoOjcTaBa M cacTaBa TepPeHa Ha
KOMe je [OLIO JI0 T0jaBe KIM3UILTA Cy BeoMa
OUTaH yC/IOB 3a IIPeIIO3HaBalbe Pas/iora HaCTaH-
ka. Ha 6a3u Tux moparaka yrephyjy ce edpukac-
He CaHallMOHe Mepe. 3aXTeB je Jja ce OfIara-
NMIITE CAHMPA HajjePTUHUjUM ¥ TEXHONOMIKA
HajjeJHOCTaBHUjUM CaHALIMOHMUM ITOCTYII/MA.
PasnuauTy cy yspouy HecTaOVIHOCTY OfjIara-
JUINTA: KOCUHE Cy CTPMe U BUCOKE, IIOf[IHA Off-
JIarajIMIITa MMa HEOBO/BHY HOCUBOCT, BUCOKM
NOPHU TIPUTUCLM, HEJOBO/bHA OfIBOMEHOCT
OTKOmIaHe janoBrHe. HaBenenn yspoun mory ga
JieTyjy TojelMHaYHO, a MOTy U Mel)ycoOHO moBe-
3ann. Of HaYMHA HUXOBOT JIe/IOBAMba 3aBUCYU U
n360p CaHAIMOHNX Mepa.

CananmoHe Mepe ce MOTy TOJENNUTH Ha: Jpe-
Ha)KHe, TIOTTIIOPHE IIpOMeHe reoMeTpuje KOCH-
Ha, IPMMeHa KOHCTPYKIMja U apMupame T/a.

Cnuxa 3, Pyuesu Ha cesepHoj epanuyu
IIK Ilomwe b nod Oejcmeom eposuje [2]

Figure 3, Landslides of the northern border of
the open pit mine Field B caused by erosion [2]

LANDSLIDE FORMATION ANALYSIS

The instability of artificial slopes is the result of
an imbalance in nature. Solving these problems
in mining requires analysis, research, selection,
application and monitoring of the stabilization
methodology. The process of work on the open
pit mine causes the working slopes of the bench-
es and the finishing slopes of the open pit mine
to be constantly performed in changing condi-
tions [2]. Slopes of deposited tailings are in a
stable condition (they do not slide and do not
collapse) as long as there is a sufficient internal
connection in them [4].

Knowing the properties and composition of
the terrain on which the landslide occurred
is a very important condition for recognizing
the causes thereof. Based on these data, effec-
tive remedial measures are determined. It is
required that the landfill be rehabilitated by
the cheapest and technologically simplest re-
mediation procedures. The causes of landfill
instability are various: the slopes are steep and
high, the floor of the landfill has insufficient
load-bearing capacity, high pore pressures, in-
sufficient drainage of excavated tailings. These
causes can act individually, but they can also be
interconnected. The way they act also influenc-
es the choice of remedial measures.

Slope remediation measures are classified
into: drainage, supporting, construction-ge-
ometric and connecting (reinforcement).
When it comes to open pit mines, three key
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Kazia cy y nuTamy noBpHUIMHCKM KOIIOBM Y€CTO
ce IIOCTaB/bajy TPU K/bY4Ha IUTama: KONNKA ce
CTaOMJIHOCT 3aXTeBa, 3a KOjii BPEMEHCKM IIe-
PMOJ, M KONUKO je TIpY CTabWIN3aLyjy KOCHHe
npuxBar/buBa IieHa?! OBa TpM IuUTama Ipef-
CTaBJ/bajy OCHOBHM IIPO6J/IeM Ha MOBPUIMHCKAM
KOIIOBMMa, a IbMIXOBO PelIaBabe jé KOMIPOMUC
usMehy curypHocTy, LieHe ¥ BpeMeHa.

Hajuenthn moctynum 3a cananmjy mmm Io-
OopIIae CTAOOHOCKBOT T4, @ KOjU YK/BYUYjy
pasnuyuuTe TEXHOJOIIKE Mepe KojuMa ce IIO-
BehaBa IpOMyCT/BMBOCT 1/WmM MOOO/BLIABAjY
yBpcroha 1 geopmanona cBojcTBa T/1a cy [2]:

- YrpahuBamwe BepTMKANTHUX ApeHaXka, LI/bYH-
YaHM IIUIIOBU U BEPTUKAIHE IPeHa)KHe TpaKe
(wick-drains) sa ybpsame KoHcomupanuje y
pazMjamTHOM U BepTHKamHoM cMepy. ITocry-
TaK je ofrosapajyhu kapa je yruijajua nyouna
cmabo Hoceher T1a Benmka (5 m go 30 m);

YrpahuBame XOPU3OHTAJHUX [JpPEeHAKHUX
pebapa 3a yOp3ame BepTUKaTHE ¥ XOPU3OH-
Ta/He KOHCONMVJauMje ¥ 3a MobosplIame OT-
MOPHOCTM C/TAOOHOCUBOT C/I0ja HA CMUIIAMbeE.
[Toctynak je ogrosapajyhm kapma je yruiajHa
Ry6uHa cTabOHOCKBOT T/Ia CPa3MepHO Masla;

3aMeHa c71TabOHOCKBOT T/Ta 60/BYIM MaTepUjaoM.
ITocrymaxk je ofrosapajyhu xazga je yrunajaa fy-
OuHa c71abOHOCHBOT T/Ia CPa3MePHO Masla;

[Tobospirarse YBpcTOhe CMTabOHOCKBOT T/1a IIPU
CMULIABY IIOCTYIILMIMA Ay OMHCKOT MEeKTHParba
(jet -grouting mmmnoBm) Wi FyOMHCKe XeMUjcKe
crabwmsanyje (kpeunu ummnosu). ITocTymim
cy oprosapajyhmu kapna je yruiajua gyouna cma-
6oHOCUBOTr T/1a Beymka (5 m 1o 30 m);

- [To6orpmmame uyBpcrohe cmaboHOCHMBOr T
IOCTYILMMA JOAATHOT 30ujama (JUHAMUYKO
KOMIIpUMMpabe, TeIIKO Habujarmbe, HyOMHCKO
Bubpupame). Iloctynmu cy oprosapajyhu y
IIPOIYCHUjUM, HEXOMOT€HMM 3eM/baHUM Ma-
TepujaluMa, Kao LITO Cy CUTHU Ilecak U He-
KOHTPOJIMCaHa BeIITauKa HaCUIIamba;

[To6ospiame yBpcTOhe MOBpIINHE TEME/BHOT
T/Ia apMUpambeM ITOMONY reoCHHTeTHKA;

Y moce6HMM cy4yajeBuMa Kajia OIVCAHVM II0-
CTyHIMMa Huje Moryhe ocurypary XoMoreHo
106 0/bIIarke CBOjCTBA TEME/BHOT T/IA Y IUIAHU-
PaHMM POKOBMMA, HACUIIN MOTY Jia C€ Tpafie u
Ha cabujeHNM My OyIIeHNM IIUIIOBIMA;
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questions are often asked: how much stabil-
ity is required, for what period of time and
what is the acceptable price when stabilizing
the slope? These three questions represent a
basic problem in open pit mines, and their
solution is a compromise between safety, cost
and time.

The most common procedures for remedia-
tion or improvement of low-bearing soil, which
include various technological measures that
increase permeability and / or improve the
strength and deformation properties of the soil
are [2]:

- Installation of vertical drainages, gravel piles
and vertical wick drains to accelerate consol-
idation in the radial and vertical direction.
The procedure is appropriate when the inflow
depth of low-bearing soil is large (5-30 m);

- Installation of horizontal drainage ribbed pipes
to accelerate vertical and horizontal consolida-
tion and to improve the shear strength of the
low-bearing layer. The procedure is appropri-
ate when the inflow depth of low-bearing soil
is relatively small;

Replacing low-bearing soil with better mate-
rial. The procedure is appropriate when the
inflow depth of low-bearing soil is relatively
small;

Improving the strength of low-bearing soil
during shear by deep grouting procedures (jet
grouting piles) or deep chemical stabilization
(lime piles). The procedures are appropriate
when the inflow depth of low-bearing soil is
large (5-30 m);

Improving the strength of low-bearing soil by
additional compaction procedures (dynamic
compression, heavy compaction, deep vibra-
tion). The procedures are appropriate in more
permeable, inhomogeneous earth materials,
such as fine sand and uncontrolled artificial
embankments;

Improving the strength of the foundation soil
surface by reinforcement using geosynthetics;

In special cases, when the described proce-
dures cannot ensure a homogeneous improve-
ment of the properties of the foundation soil
within the planned deadlines, embankments
can also be built on compacted or drilled piles;
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- [IpyumeHOM KOMOMHOBaHUX U TOCEOHUX IIO-
CTyIaKa.

CrabunHoCT ofmaranuuiTa 3a ofgpeheny rexHo-
JIOTHjy pafia Ha OfIaraly 3aBJUCY IPBEHCTBEHO
of (UBMYKO-MEXaHNYKUX OCOOMHA janoBHU-
He (3aMpeMHMHCKa Maca, Cafip>kaj Bjare, rpa-
HY/IOMETPUjCKU CaCTaB, KOXe3Mja, YHYTpalllkbe
Tpeme, KOHCUCTEeHLM)ja, eTaCTUYHOCT ¥ 4YBp-
croha Ha cMMIIame) y mopeMeheHOM cTamy 1 1I0-
nvHe (TeMe/bHOT T/1a) Y HeropeMeheHOM cTamy.
Kapa mopgyna opyraraymmTa npuma onrepeheme
OJI/IO>KEHMX Maca He CMe OUTY CK/IOHA K/IN3amY,
HApOYNTO AKO je HAarHyTa y IpaBIy HaIpefro-
Bama ojarammumTa. HocuBocT mopiore Mopa
OuTH TaKBa Jja mpumu, ocuM ornrepehema omo-
JKEHIX Maca U CUJIe KOje CTBapajy AMHaMUYKU
IPUTUCAK IIPU HAIIpeoBamky pajoBa Ha ofjIa-
ramy 1 ¢popmupamy KocuHa [1]. Ha tepennma
I7ie je M3pakeHa CemsMMKa MOTPeOHO je YKby-
YHUTH ¥ OBaj IIapaMeTap. Y MpaKcu Cy IpUCyTHA
YecTa MOTUCKVUBaWba 1 APyru obmmiu gedop-
Manuje moayHe (yHyTpaume ofmarammmre [TK
Ipmuo, Orpanak TE-KO , Kocroman®). Ommrra
KapaKTepUCTMKA CIIO/bAllIbMX OfIarajIyIITa
HAaIlMX IOBPHIMHCKMX KOIIOBA yITha, jecTe Ja
CYy UM IOfiJIOTe IPEeTe>KHO IINHOBUTE MIN aTy-
BUjajIHe, IIpY 4eMy ce AedopMucame KOCHHA I
VICTVYICKVBaMe T/Ia U3 MOJIOre BPLIM Y OOINKY
BUIIe TajlacHUX y3Bumiema [3]. Ontepehemy
Maca jalioBiHe Tpeba oAty ¥ Macy ofjiarada
Ka0 ¥ TPaHCIOPTHUX CPeACTaBa Koja U3a3nBajy
KOHCTAaHTHe BUOpaluje TOKOM paja.

[ToBeharbe HOCMBOCTH MOXKe Ce U3BECTH [PEeHN-
parbeM Kao U IPOMEHOM BUCHHE TI0je[ITHUX eTa-
xa. CBaka etaxka omjaranuiirta Tpeba a Oyme
y CTamby fia IPUMU 1 HOCK onTepeherbe BULIMX
eTaka. ¥ TOM KOHTEKCTy IOTpebHO je mctahmu
ia je mpBa eTaka /[0 IOJVHE, TeMe/bHOT TIa,
HajBuuie ontepeheHa. To 3axTeBa mpeBacxof-
HO [UCUUIUIMHOBAHO Boleme TeXHOIOUIKOT
mpoljeca Ojfyiarama jasoBuHe Koje omoryhasa
Op30 36mjarbe 1 IUIAHMpare MMOBPLIVHE OfIa-
Ta/IUIITa pajy OpyKer OTHIamba aTMOCEPCKUX
Boja [1].

HajnoBo/pHuja BucuHa etaka omoryhyje mak-
cumanHo Kopuinheme IIpou3BogHMX Moryh-
HOCTH OfijTaraya (BUCMHY U Harnb KocuHe), Koja
npousniasy U3 mpopadyHa crabunnoctn. Kop
ucTor Harmba KOCMHe AYOMHCKe eTaxke OfjIa-

- Application of combined and special proce-
dures.

Landfill stability for a particular landfill tech-
nology depends primarily on the physical and
mechanical properties of the tailings (bulk den-
sity, moisture content, particle size distribution,
cohesion, internal friction, consistency, elasticity
and shear strength) in the disturbed state and the
floor (foundation soil) in the undisturbed state.
The soil of the landfill foundation under the load
of deposited masses should be stable, especially if
the slope is in the direction of progress of works.
The load-bearing capacity of the foundation must
be such that it receives, in addition to the load of
the deposited masses, the forces that create dy-
namic pressure during the progress of works on
the disposal and formation of slopes [1]. In ter-
rains where seismicity is pronounced, it is neces-
sary to include this parameter as well. In practice,
there are frequent pushes and other forms of floor
deformation (internal landfill of the open pit
mine Drmno, the branch Kostolac Thermal Pow-
er Plants and Mines). A general characteristic of
the external deposits of our open pit coal mines is
that their foundations are predominantly clayey
or alluvial, with the deformation of slopes and the
displacement of soil from the foundation being
performed in the form of several wavy elevations
[3]. In addition to the load of tailings masses, we
should take into account the weight of the stacker,
as well as the means of transport that cause con-
stant vibrations during operation.

The load-bearing capacity can be increased
by drainage, as well as by changing the height
of certain benches. Each bench of the landfill
should be able to accept and carry the load of the
higher benches. In this context, it is necessary
to point out that the first bench, that goes to the
floor, to the foundation soil, is the most loaded.
This requires primarily disciplined management
of the technological process of tailings disposal,
which enables fast compaction and planning of
the landfill surface for faster drainage of atmos-
pheric precipitations [1].

The geometry of the slope of the benches rep-
resents a condition for the maximum use of the
working possibilities of the stacker. At the same
inclination of the slope of the deep bench of the
landfill, by increasing the content of clay com-
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raaumra, nosehameM cagpkaja ITIMHOBUTHX
KOMIIOHEHT!M BUCHMHA ofarammimTa he ce y
Mam0j Mepy CMABUTH, a/li caMo Jio ofpebene
KPUTUYHE BUCKHE, Kajia Ce yrao Harmba Harjio
cMamyije [1].

AHAJIN3A YCJIOBA KOJU ITPETXOE
CAHAIMIM YHYTPAIIILET OIIJIATA-
JIMHOITA

AHanu3oM yHyTpalliber OfjIaTalyIITa yTBphe-
HO je [la Cy y HelIpaBWIHOj CMHK/IMHAMM HajBeha
ontepehema opnoxeHe jamoBuHe. Koncrarta-
nyja ce 6asypa Ha JUTONOTVjU TepeHa, 3aje-
ramy yI7ba, Kao 1 1e0/bJHY OfI/I0KEHe jaToBIHe.
Vimajyhm y Bupy 3nauaj moryher kopuinhemwa
BIICOKOIIPOJIYKTMBHE MeXaHM3aluje KOjoM pac-
T0JIa>Ke TIOBPIIMHCKM KOII, HeKa CKPOMHa CBeT-
CKa MCKYCTBa KOja ce OIHOCe Ha CTabMIu3anujy
YHYTpallllber Ofi/IaTa/lNIITa, YyOp3aHy AMHAMMU-
Ky usBobema pajioBa, IpOLeHy TPOLIKOBA U3-
rpajiibe objekaTa IpefoBObaBatba I 3aIITHUT-
HOT MHMIMjaJTHOT HACUIIA, TIPOjeKTAaHTU Cy ce
OIpefenuIu 3a KOPUCHUKY IIPENO3HAT/bUB
objekaT, MHMLIMjaTHY HacuI [2].

OCHOBHU MOJie/1 IPOjeKTHOT pelllea 6asupaH
je Ha IpUMEHM Mepa M IIOCTYIaKa caHaluje
KakKo Oy ce JOCTUI/IN 3aKOHCKU 3axTeBU (pak-
TOpa CUTYPHOCTH U 00e30elMo HacTaBaK Ko-
puinherma yHy Tpallliber Ofi/Iara/INIITa 3a JOAT-
Hu cMetaj janosuHe ca IIK Ilorme E. Jenna on
IPBUX HJieja Koja je OBIe pasMaTpaHa je o6es-
Geguty cTabuiHOCT mocrojeher ommaramimra
U TPEeHYTHU II0JIOXKAj pajioBa y ofHocy Ha IIK
ITope E xako 6u ce Ha BpeMe OCUTYpao HacTa-
BaK OfiflaTama ¥ HaJBUIIEI€ YHYTpaIlber Off-
nmaranuiuTa. IIpojekTHOM JOKyMeHTanujoM 3a
I1K ITome LI nepunucaHo je pacrojame GppoHTa
PajioBa Ha yI/by Y OTHOCY Ha HOXMILY OfITIOXKe-
HOTr Marepujana of 250 m. Kako 6u ce y 30Hu
IIPOjeKTOBAHOI MHUIMja/THOT Haculla CTBOPU-
7V YCJIOBYU 3a Ip€HMpambe OJJIOKEHMX Maca Ha
HOZIVHY U TIOCTaB/babe TreoMpeske 3a mosehame
HOCHBOCTH ITIOJMHe, MOTPebHO je y QyHKuuju
reoMeXaHM4Ke CTaOVIHOCTM OCTAaBUTH II0jac
I7TaBHOT YI/bE€HOT C7I0ja Ha KOHTAKTY ca IOAM-
HOM M pacTepeTUTV CeBEepHy KOCMHY Koja je
jemauM penom Beh popmupano xamsumrre. Ha-
KOH M3pafie JPEHAKHOT CHCTeMa y MOOVIHU U
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ponents, the height of the landfill will decrease
to a lesser extent, but only up to a certain critical
height, when the angle of inclination decreases
sharply [1].

ANALYSIS OF THE CONDITIONS PRECED-
ING THE INTERNAL LANDFILL REHABIL-
ITATION

The analysis of the internal landfill established
that the highest loads of the deposited tailings
were in the irregular syncline. The statement is
based on the lithology of the terrain, coal de-
posits, as well as the thickness of the deposited
tailings. Having in mind the importance of pos-
sible use of highly productive mechanization at
the disposal of the open pit mine, some modest
world experiences related to the stabilization
of the internal landfill, accelerated dynamics
of works, estimation of construction costs of
pre-drainage facilities and protective initial
embankment, the project engineers opted for a
facility familiar to the user, the initial embank-
ment [2].

The basic model of the project solution is based
on the application of remediation measures and
procedures in order to meet the legal require-
ments of safety factors and ensure the continued
use of the internal landfill for additional storage
of tailings from the open pit mine Field E. One of
the first ideas discussed here is to ensure the sta-
bility of the existing landfill and the current posi-
tion of the works in relation to the open pit mine
Field E in order to ensure the timely continuation
of disposal and the superelevation of the internal
landfill. The project documentation for the open
pit mine Field C defines the distance of the coal
works front in relation to the foot of the deposited
material of 250 m. In order to create conditions in
the zone of the projected initial embankment for
drainage of deposited masses on the floor and set-
ting up a geogrid to increase the load-bearing ca-
pacity of the floor, it is necessary for the purpose
of geomechanical stability to leave the section of
the main coal seam in contact with the floor and
relieve the northern slope, which is partly already
formed landslide. After the construction of the
drainage system in the floor and the installation
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II0CTaB/balba FeOMPEKe, CTBAPAjy Ce YCIOBU 32
U3IPaJiby MHUIIV]ATHOT HacuIIa.

TEXHOJIOIIKNM IIOCTYITAK CAHAIIMJE

TexHoNMONIKY TOCTYTIAK OfifTaTama y GyHKIMI
dbopMupama MHNIMjaTHOT HACUIIA U HAIBU-
IIera YHYTPALIWmer OIaTa/INIITa, ITOApPa3y-
Mé€Ba IIPUMEHY Beh OIMMCAHMX AKTUBHOCTU U
pasMaTpaH je ca BUIIe aclleKara. AHanIM3upa-
Ha je aKTyeJHa CUTYyallUja Ha MOBPIINHCKOM
KOITy, AMHAMMKa eKCIIIOATallyje, PAcIIOIoXI-
BOCT onlpeMe I tb€HM KOHCTPYKTIVBHI ITIapaMe-
Tpu, pacnopen bTO cucrema, nopgsora ca Koje
Ou ce BpIINJIO Of/Iaratbe, BpCTa MaTepujasa of
Kora OV ce M3rpajmo CTabunmmsanyonn obje-
Kart, fle6/pMHA Cr1ojeBa. Y3eBIuu y 063up fa he
VHMILYja/THY HAaCcUII IpeTpreTu Hajsehe omre-
peheme, npensubeHa je merosa usrpajgmwa ofi-
JIarameM IIecKa y BUIIIe c/IojeBa Off 6 m (HaKOH
cabujama eTaxke cy 5 m) . Oprarad Hampeznyje
opnaxxyhu mace ncnper [2].

Ha ocHOBy cutyanuje Ha TepeHy, YCBOjeHUX
KOHCTPYKTMBHMX IlapaMeTapa M pes3ynTara
reoMeXaHMYKUX IIpopadyHa, Ofjjlarambe Ha
YHYTpAlllleM OIJIara/INIITY je peasuheHo fa
ce BpILINM Y MPOAY>KeTKY MHULIMjaTHOT HacUIIa
ca HanpepioBameM npema IIK Ilome E, mpopgy-
JKaBambeM eTaXKHUX paBHM Ha k+65 m u k+80
m [2].

of the geogrid, conditions are created for the con-
struction of the initial embankment.

TECHNOLOGICAL PROCEDURE
OF REMEDIATION

The technological procedure of disposal for the
purpose of forming the initial embankment and
the superelevation of the internal landfill implies
the application of the already described activities
and is considered from several aspects. The anal-
ysis included the current situation at the open
pit mine, dynamics of exploitation, availability of
equipment and its structural parameters, layout
of the ETS system, foundation from which dis-
posal would be performed, type of material from
which the stabilization facility would be built, as
well as layer thickness. Taking into account that
the initial embankment will suffer the greatest
load, its construction is planned by depositing
sand in several layers of 6 m (after compacting
the benches are 5 m). The stacker progresses by
depositing the masses in front of it [2].

Based on the situation on the terrain, adopted
structural parameters and the results of geome-
chanical calculations, it is envisaged that the dis-
posal at the internal landfill shall be done in the
extension of the initial embankment with progress
towards the open pit mine Field E, by extending
the bench levels to k+65 m and k+80 m [2].

Cnuxa 4, IIpunyunujenta wiema cmabunuzayuje ynympauvez oonazanuuma [2]
Figure 4, Principal layout of internal landfill stabilization [2]

Tymau: A - [IK Ilome A; E - ITIK Ilome E; 1 - HeoTkonanu yrarm; 2 - [IpeHasknu cucrtem; 3 - Hagrpazgma nHUIMjamHOT
Hacua; 4 - VInnuujanuu Hacu; 5 - Hagsuineme nHnnujanHor Hacumna; 6 - Heotkoman yrasp; 7 - [IpetxonHo opnoxxeHa
janmoBuHa-moctojehe opraranumre; 8 - Hagsuierse mocrojeher ognarammumra.

Legend: A - Field A; E - Field E; 1 - Unexcavated coal; 2 - Drainage system; 3 - Upgrade of the initial embankment;
4 - Initial embankment; 5 - Superelevation of the initial embankment; 6 - Unexcavated coil; 7 - Previously disposed
tailings - existing landfill; 8 - Superelevation of the existing landfill.
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Cnuxa 5, Texnonoeuja oonazara Ha yHympauirvem oonazanuumy [2]
Figure 5, Disposal technology at the internal landfill [2]

Tymau: A - [IK ITorse A; E - ITIK Tlore E; 1 - TpenyTHa cutyauuja; 2 - opMupame MHULMjaTHOT Hacuma; 3 - Hagsuierme
MHMIVjaTHOT Hacuma;4 - HagBuuiewe opmaranuira 1o k+155 m; 5 - Hagsuiuewe ofraranuurra 1o k+185 m.

Legend: A - Field A; E - Field E; 1 - Current situation; 2 — Formation of the initial embankment; 3 — Superelevation of the
initial embankment; 4 — Landfill superelevation up to k+155 m; 5 — Landfill superelevation up to k+185 m

HacraBak opyrarara jaJIoByHe Ha YHY TPAIlbeM
opnaramnuty npensuben je popmupamem Bu-
IIMX eTXHNUX paBHM ca KoTama: k+65 m, k+80
m, k+95m, k+110 m, k+125 m, k+140 m, k+155
m, k+170 m n k4185 m. AHann3a reoMexaHuy-
KUX pesy/iTara IIOKasyje Aa Ce HaBHUIIEHeM

Continuation of tailings disposal at the internal
landfill is envisaged by the formation of higher
bench levels with the following elevations: k+65
m, k+80 m, k+95 m, k+110 m, k+125 m, k+140
m, k+155 m, k+170 m n k+185 m. Geostatic anal-
ysis shows that by the superelevation of the initial

Marepujan / Material Wnenrudukarop / Identifier v (KN/m?) C (kKN/m?) [XQ)
Omnoxenn marepujan / Isposed material 18 16 7
Vramn / Coal | 12 100 30
Imna / Clay 17,5 0 12
IMecak / Sand 18 10 26

1,435

]
=

Cnuxa 6, IIpecex eeocmamuuke ananu3se HakoH u3epare uHUKUjanHoz Hacuna [2]
Figure 6, Cross-section of geostatic analysis after construction of the initial embankment [2]
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VHNLYjaJTHOT Hacuma u (opMMpameM eTaxa
yHyTpaurmer ofnaranuira npema [1K Ilope A
noctioke Beha crabunnocr [2].

3AK/bYYAK

Hakon ananmmse ycnmoBa Ha TepeHy, YCBOjeHUX
KOHCTPYKTVMBHMX IIapamMeTapa KopuinheHux y
TOKYMEHTAIVjJ, BeUHICAHN CY APEHAKHY CHC-
TeM, IOCTYIIIY M3IPpajiibe MHULMjaTHOT HacHIIa,
ErOBO HAZIBUIICHE JI HAJBUIICHE IIPETXOTHO
dbopmmpanor omraranmmra. Perema cy y KOHTH-
HYUTETY IpOBepaBaHa I'eOMEXaHWYKUM IIpoOpa-
YyHVUMa Kako Oy ce yTBpAWIe TpaHNYHe BUCUHE
Ofl/Iarama 1 IIpopadyHao CMelITajHu pocTop. le-
OMeXaHMYKe aHa/Iu3e Cy yTUIajie Ha CMep Harpe-
ToBarba ¥ HAYMH Ofi/Iaramba ja/ToBMHCKMX Maca.

Cae HaBefieHO, 06e30ehere c1ob6omHOT pocTopa
u3Mehy HEOTKOIIAHOT YI7ba ¥ HOXKULIE OfIOKEHNX
Maca, IpefofBO/iibaBatbe, OjauaBarbe MOVHE Te-
OMPEXOM, U3pajia MHULVja/THOT HACUIIA, HAfIBU-
1IeH-e MHULIMjaTHOT HACUIIA 1 HaJBUIIIehe TIpeT-
XOJfHO (pOPMUPAHOT YHYTpALIbeT OfIara/InINTa,
IpefiCTaB/bajy PefoCiiel] oliepanyja Koje Tpeba
peanm3oBaTy Kako OU ce OCTBapuIa HberoBa CTa-
OwM3anyja 1 UCIyHNO 3aXTeB 3a OfjIarambe JI0-
maTHe janmoBuHe. [la/buM HarpeoBameM QpoHTa
pajoBa Ha MCKOIIABAIbY ja/IOBMHE U yI/ba, IIpeMa
IIK Ilome E, crBapajy ce ycmoBu 3a AMCHMIUIN-
HOBaHO IPOLEAYPa/IHO OfIarame ja/IOBMHCKIX
Maca popMupameM HIDKe OJIarajiiiiHe HUBe-
nete k+65 m, 11IT0 61 Ce TIO3UTUBHO OIPAa3UIO Ha
HACMABAK HAOBUUIEHA 00TIONEHE jaTI0BUHE.
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embankment and formation of the benches of the
internal landfill towards the open pit mine Field A,
greater stability is achieved (Fs=1,435), Figure 6.

CONCLUSION

After the analysis of the conditions in the field and
the adopted constructive parameters used in the
documentation, the drainage system, as well as the
procedures for the construction of the initial em-
bankment, its and the superelevation of the previ-
ously formed landfill were defined. The solutions
were continuously checked by geomechanical cal-
culations in order to determine the disposal level
limits and calculate the storage space. Geomechani-
cal analyzes influenced the direction of progress and
the way of disposing of tailings masses.

All of the above, provision of free space between
the unexcavated coal and the foot of the deposit-
ed masses, pre-drainage, strengthening the floor
with geogrid, construction of the initial embank-
ment, superelevation of the initial embankment
and superelevation of the previously formed in-
ternal landfill, is a sequence of operations that
need to be carried out in order to achieve its stabi-
lization and meet the requirement for disposal of
additional tailings. Further progress of the front
of tailings and coal excavation works towards the
open pit mine Field E creates conditions for dis-
ciplined procedural disposal of tailings masses
by forming a lower landfill level line of k+65 m,
which would have a positive effect on the contin-
uation of the superelevation of deposited tailings.
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Abstract: Deepening of surface coal mines in
RB Kolubara and Kostolac and the presence of
a large number of river flows in the exploitation
area and in the immediate vicinity cause a large
inflow of groundwater. The presence of surface
and groundwater requires timely and constant
protection of mines against surface and ground-
water. Frequent and very consequent landslides
in tailings landfills require special engagement
of surface exploitation technologists, hydroge-
ologists and geo-mechanics in solving the men-
tioned problem. The paper aims to present some
of the applicable solutions that can provide a
basic groundwork for achieving stabilization of
internal landfills at surface lignite mines in RB
Kolubara and Kostolac.
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YBO[

Iospmmucky kot Iospe-1] mpepcrabba HacTa-
BaK nospumHckor kona Ilowe-b u Hajcrapujer
nospuinHckor komna ITopa-A y PB Kony6apa. Op,
IoYyeTKa pajloBa Ha €KCIUIOaTallMju OTKPUBKE,
1952. u yr/ba, 1956. Ha OBMM ITOBPUIMHCKNUM KO-
MOBMMa OTKOIAHO je 260,7 x 10°m® janoBune un
98,6 x 10°t yr/pa 3ak/py4HO ca 2018.

Ha mospmmunckom xomy Ilome-b, y mepuogy o
1969. mo 1973., gonasuo je 1o rnojaBe Kunsama
OIJIO)KEHMX Maca, YCJefl 4era je IPOM3BOAIba
OuIa 3HAYajHO yMameHa.

Topuue 2006. momiyo je fo K1M3ama BeuKe KO-
JMYMHE jaJIOBUHCKMX Maca Ha YHYTpallibeM
opnaramumty Ilo/ka-b. 3oHa KnMsama jaToBuH-
CKMX Maca je 61Ia mmpoka oko 800 m, a ayra
2000 m. OTKpuBeHN yI/beHU 010K je 6o mpe-
KpUBEH CJI0jeM janmoBuHe feb/puHe off 10-35 m
(cnuka 1). TlojaBa kmmsumTa je mMpoy3poKoBa-
JIa CMamerbe IPOoM3BOJIbe yI/ba 3a 50% y 2006.
TOJVIHMY, A OfI/Tarakb-€ jaJIOBUHE je Y MOTIIyHOCTH
U3MEIITEHO Y MPOCTOP CYCENHOT MOBPIIMHCKOT
xoma [lome-II [1]. Cananuja xamM3umTa Bplre-
Ha je TI0 MeTofI HeMauke ¢upMe Xyeckep, Koja
je peanmusoBaHa KOHCOMMJALMjOM MaTepujaja

INTRODUCTION

Surface mine Polje-C represents an extension
of the surface mine Polje-B and the oldest sur-
face mine Polje-A in RB Kolubara. Since the
beginning of works on the exploitation of over-
burden in 1952 and coal in 1956, 260.7 x 106
m? of tailings and 98.6 x 106 t of coal have been
excavated at these surface mines until 2018.

At the surface mine Polje-B, in the period from
1969 to 1973, there used to occur landslides of
disposed masses, as a result of which produc-
tion was significantly reduced.

In 2006, a large amount of tailings mass-
es slipped at the internal landfill Polje-B. The
slipping zone of tailings masses was about 800
m wide and 2000 m long. The discovered coal
block was covered with a layer of 10-35 m thick
tailings (Figure 1). The occurrence of landslides
caused a reduction in coal production by 50%
in 2006, and tailings disposal was completely
relocated to the area of the neighbouring sur-
face mine Polje-D [1]. Landslide remediation
was performed according to the method of the
German company Huesker, which was realized
by consolidating the landslide materials in the

Cnuxa 1, Janosurcke mace ynympauirvee oonazanuwima Iome-b 3ampnasajy
8000CAOUPHUK U HEOMKONAHU Yearb, usgop:0oxkymenmavuja EIIC-a, 2006.

Figure 1, The tailings masses of the internal landfill Polje-B cover the water
reservoir and unexcavated coal, source: EPS documentation, 2006
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K/IM3UIITA Y 30HM KOHTAKTa YHYTpAIIbET Off-
JIara/IMIITa ¥ OTKOIIABaHOT yI7/beHOT 6710Ka [2].

[Ipumemena meropa je 6asupaHa Ha IOOOJB-
Iy FeOTeXHNYKMX MapaMeTapa 3aBOJHEHOT
OJJIaTa/INIITA, MCTUCKNBAKBEM BOJie YIPafHoOM
BEPTMKA/THUX APEHOBA J HAHOLIEHEM [OHJAT-
HOT onTepehema M3HAJ TpeTUpaHe MOBPIINHE.
IIpumemeHa MeTOfA fana je IOSUTUBHE pe3yIl-
TarTe, aJM TPajHy CTAOMIN3AIjy OfTaTa/INIITa
Tpebano je OCTBAPUTHU M3MEHEHOM TEeXHONO-
TMjOM OJJIaTama U IPETXOJHOM M3pajioM Ape-
HOKHUX KaHaJIa y HOAMHM oftaraammra [3].
[Toce6an mpo61eM mpecTaB/ba CMambeHa HOCH-
BOCT yHyTpaumer ofraraanmTa Iloma-b, koju
Ce HajjacHMje MOrao yOUMTM Kafia je 3aro4eso
omnaratbe HoBuM IV BTO cucremom. Op 1mo-
JeTKa pajia OfjIaray je ofylarao camo myOMHCKe
6mokose, kpehyhu ce mo ,curypHoj jy>xHoj
TPaHMIM IOBPIIMHCKOr Koma. Hakon kpaher
BpeMeHa paja 300T BeINKOT IOFHOXUYHOT
K/IM3amba IPOy3pOKOBAHOT HEJOBO/BHOM HOCH-
BOLINy YHYTpallmber OIarajIMIITa, Ofjararme
je MOpajIo OUTM 3ayCTaB/beHO U M3MEIITAaHO Ha
cycenHy noppmnHcKy Ko Ilome-/I.

Y3POLV HECTABMJIHOCTU
YHYTPAIIILET OIJTATAJIMIIITA

3a pasnmuky of ocranux genoBa Komybapckor
yI/beHOT 6aceHa KOJ KOjUX Ce Y IOAVHM yI/ba
Ha/la3yM IeCaK Ha eKCIUIOATALlMOHUM II0/bMMa
A, b u 11 y mogunu yrba je 3acTyIljbeHa I/IMHA
U T/IMHOBUTH IIeCKOBY, 0e3 ajlekBaTHO ypahene
OpeHa)Ke Y HOAJI03M U Tely OfIarajIyIITa, IITO
YYHY [ HOPHU NPUTHUCLU aKyMy/IMpPaHe BOfie
y Tely OfIarajyuINTa IpPeNcTaB/bajy CTaJHU
U3BOP HECTAOWIHOCTM U KIM3ama OJJIOKEHNUX
Maca. Kaga ce ToMe fjoga ma yr/beHu Coj uma
reHepanHy mazg of 3% IO IpaBIly HaIpeno-
Bama, 3a IOCIeAUIy MMaMO IIPUCYTHY HecTa-
OVIHOCT YHYTpAIlber OfyIaTaIMIITa § CKOPO
LIeJIOM BEKY eKCIUIoaTallje Ha CBa TPU IIOBp-
mmHcKa Korna [4]. ITopex HaBezeHoOT, Ha CTabWI-
HOCT YHYTpAllber OfiIara/IMINTA HeTaTUBaH
YTULAj je MMajia U IpUMeb/BaHa TEXHOIOIMja
paza ca JUpeKTHUM IpebalBambeM OTKPUBKE
Y OTKOIIAHM HEJOBOJ/bHO OfIBOAIEbEHM IIPOCTOP.

Ha ynyrpammem opnmarammury Ilomwe-I mnspa-
XKEH je Ipo6reM HeCTaOMTHOCTM OfIOKEHMX

contact zone of the internal landfill and the ex-
cavated coal block [2].

The applied method is based on improving the
geotechnical parameters of the flooded landfill,
by squeezing out water by installing vertical
drains and applying additional load above the
treated surface. The applied method gave pos-
itive results, but the permanent stabilization of
the landfill should have been achieved by the
changed disposal technology and the previous
construction of drainage canals on the floor of
the landfill [3]. A special problem represents
the reduced load-bearing capacity of the in-
ternal landfill Polje-B, which could have been
most clearly noticed when the disposal by the
new IV BTO system began. From the begin-
ning of the work, the dumper deposited only
deep blocks, moving along the “safe” southern
border of the surface mine. After a short time
of operation due to a large sub-wire slipping
caused by insufficient load-bearing capacity
of the internal landfill, the disposal had to be
stopped and relocated to the adjacent surface
mine Polje-D.

CAUSES OF INTERNAL LANDFILL
INSTABILITY

Unlike other parts of the Kolubara coal basin
where the floor of the coal contains sand in
the exploitation fields A, B and C, the floor of
the coal contains clay and clayey sands, with-
out adequate drainage in the base and body of
the landfill, which makes pore pressures of the
accumulated water in the body of the landfill
a constant source of instability and sliding of
disposed masses. When we add to this that the
coal layer has a general decline of 3% in the di-
rection of progress, we have as a consequence
the present instability of the internal land-
fill in almost the entire life of exploitation at
all three surface mines [4]. In addition to the
above-mentioned, the stability of the internal
landfill was negatively affected by the applied
work technology with direct transfer of the
overburden into the excavated and insufficient-
ly drained space.

The problem of instability of the disposed masses is
expressed at the internal landfill Polje-C due to the
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Maca 300T HeIOBO/bHO e(PMKACHO peIeHor CuC-
TeMa IIPeOfIBO/ibaBarba 1 OfJIararba OTKPUBKE.
OnoxeHe Mace IMPETXOTHO YCUTHbEHE JVPEeKT-
HMM TpebalyBameM, CTa/THO Cy U3JIOKeHe YTH-
11ajy MOBPIIMHCKNX U NTOJ3eMHMX Boja. IpaBura-
IIMIOHO OTHIL]aibe BOJA Ca ITOBPILVIHE OfjIara/IAIITa
je CIpedeHo MoCTojarmbeM OPOjHMX fieripecuja Jic-
IyEHMX BOJIOM U3 KOjMX Ce BPIIM HellpecTaHa
uHUITpaLMja Boie Y OJIOKeHe Mace (CmKa
2). O6ozHY KaHA/MM U HOjeAVHY aKTUBHM BOJIO-
cabupHmiy 4nja QyHKIMja je ombOpaHa Koma u
YHYTpaILber OfyIara/IMIuTa of OyjUdHNX BOJA ca
OKOJIHOT C/IMBHOT IIOfipy4ja ¢y Behum femom o6-
PYLIEHN, VICITYEbeHU BETeTALVjOM VIV HEIOCTAjy.

insufficiently efficient solution of the pre-drainage
system and the overburden disposal. The disposed
masses, previously crushed by direct transfer, are
constantly exposed to the influence of surface and
groundwater. Gravitational outflow of water from
the surface of the landfill is prevented by the ex-
istence of numerous depressions filled with water
from which water is constantly infiltrated into the
disposed masses (Figure 2). Peripheral canals and
some active water reservoirs whose function is to
defend the mine and the internal landfill from tor-
rential water from the surrounding drainage basin
area are mostly collapsed, filled with vegetation or
missing.

Cnuxka 2, Akymynayuja so0e Ha yHympauireem oonazanuuimy Ilome-IT (jyn 2020.)
Figure 2, Water accumulation at the internal landfill Polje-C (July 2020)

SAIITUTA YHYTPAUIGED
OLJIATAJIVIIITA O ObOHMX BOJJA

[Tonmaszehn of unmwennIe ga ce y MOpQOoIomKom
cMucny yHyTpauibe omnaranumre 1K Ilompe-11
Hajlasy Ha JHY ,4alle“ Ka KO0joj TPaBUTUPAjy
HOBPIIMHCKe Bofie OyjUYHOr KapaKTepa ca Be-
nukor obopHor ciuBHOr moppyyja (~3 km?)
HOTPeOHO je IPUCTYINUTH PelllaBalby OBOT MH-
JKemepCKor npobnema [5].

IIpojekTHuM peutermeM npegsuba ce mpuxsa-
Tame NOBPIINHCKIX BOJA Ca CEBEPHOT CIMBHOT
noppydja obopuuM kanamuma OK-1 u OK-2 u
cripoBobeme 1o Bopgocabupuuka BC ca mymm-
HoMm crannioM IIC. Boma 3 BomocabupHuMKa
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PROTECTION OF THE INTERNAL
LANDFILL AGAINST PERIPHERAL WATER

Starting from the fact that in the morphological
sense, the internal landfill PK Polje-C is located
at the bottom of the “cup” towards which sur-
face water of a torrential character gravitates
from a large peripheral drainage basin area (~3
km?), it is necessary to approach solving this
engineering problem [5].

The project solution envisages the reception of sur-
face water from the northern drainage basin area
through the peripheral canals OK-1 and OK-2 and
the directing to the water reservoir VS with the
pumping station PS. Water from the VS water res-
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BC npenymnasahe ce y mocrojehm opBopHu
ka"an K-1 nmoumpan nopen nmyra Crapa MOH-
Taka — Mupocapli Koju ce ynuBa y pexy Ty-
pujy (cnuka 3). 3a mpuxBaT NOBPIINHCKUX BOJA
KOje Ce C/IMBajy ca MCTOYHOI CIMBHOL MOAIpyYja
npensuba ce uspaga obopgnor kanama OK-3
KOj¥ IPUKYIUbEHE BOJe OBOAY Y IOfi3eMHY Oe-
TOHCKY Tajepujy py>xuHe 420 M u jame y 10-
ToK Iymesan u pexy Ilemran. IIpe nsnmsama
BOJIe Y IIOfI3eMHY O€TOHCKY Tajiepujy HoTpe6HO
U3BPUINTY UCIIUTUBAME HheHe IMPOIYCHOCTYU 1
aKo je moTpe6HO 06aBUTY rpah)eBUMHCKY peKoH-
CTPYKLMjy U TIOIpaBKy. TepeH Ha jy>kHOj Tpa-
HUIY YHYTpAIlIbeTr OfilarajnIluTa IIaja of paj-
HOT Tofipydja npema penu Ilemrran ma ce ca re
cTpaHe He npezBuba nuspaja objexara samruTe
o7 060IHIX BOJA.

C o063upoM fma cy objexTu 3aimrtute of 0060f-
HIIX BOJa TPAjHOT KapaKTepa IOTPeOHO je JHO
U CTpaHe KaHajla M BOJOCAOMpPHUKA OOIOXM-
TV XU[POV3OTALMOHNM MatepujamoM (6eto-
HOM, Tpakama 1 C1.). Ha feonnnama rge cy
nanoBu KaHana Behu op 3% xaHame usrpagutn
ca MamUM IIagoBMMa HPI/IMeHOM KaCKaga y3
3QLITUTY MPECUIIHNX MecTa Off eposuje obma-
TalkbeM KaME€HOM WU HEKUM CTa6I/I}'IHI/IM MarTe-
pujanom. O60fHN KaHaIM Cy TpPAIe3HOr IIOI-
peYHOr Ipeceka.

SAIITUTA O] ATMOCOEPCKHMX BOJJA

Ha mpoctopy yHyTpammer opaarainiiTa
MICTOYHO Off 30He cTabuamsanuje Xyeckep-a
KOju je XMIICOMETPUjCKM HVDKM y OJHOCY Ha
pexy Ilemran 6uhe usrpaben gpenaxun ka-
Han [IK-1 ca BomocabupHuiuma B-1 u B-2.
Boga mpukynspeHa y ceBepHOM BOJOCAOVMpPHII-
Ky B-1 he ce mpenymnaBaTu y BogocabupHuk
BC u pame y pexy Typujy, ok he ce Boge u3
BojocabupHnuka B-2 mpemymmaBatu y peky
[Memran. HpenaxHu kxanan [OK-2 he mpu-
KyIbeHe BOJIe OABOANTH Ha jyT Y BOfocabup-
HUK B-3 opaxne he ce mpenymmaBatu y pexy
ITemran (cnuka 3).

Ha mpocTopy yHyTpalumer ofjaraauiTa Koju
JIEXKM XUIICOMETPUjCKI BUILE Y OHOCY Ha PeKy
ITemran 6uhe uspabhen ppenaxun kanan JJK-3
Koju he mpuKyIsbeHe BOJje TPAaBUTAIVIjCKU Off-

ervoir will be pumped into the existing drainage
canal K-1 located next to the road Stara montaza
- Mirosaljci, which flows into the river Turija (Fig-
ure 3). For the reception of surface water that flows
from the eastern drainage basin area, the con-
struction of the peripheral canal OK-3 is planned,
which takes the collected water to an 420 m long
underground concrete gallery and further into the
stream Gusevac and the river Pestan. Before out-
flow of water into the underground concrete gal-
lery, it is necessary to perform a permeability test
and, if necessary, perform constructional recon-
struction and repair. The terrain on the southern
border of the internal landfill falls from the work-
ing area towards the river Pestan, so the construc-
tion of facilities for protection against peripheral
water is not planned on that side.

Since the facilities for protection against pe-
ripheral water are of a permanent character, it
is necessary to cover the bottom and sides of
the canal and water reservoir with waterproof-
ing material (concrete, strips, etc.). On sections
where canal falls are greater than 3%, canals
should be constructed with smaller falls by us-
ing cascades while protecting spillways against
erosion by covering them with stone or some
stable material. The peripheral canals are of
trapezoidal cross section.

PROTECTION FROM ATMOSPHERIC WATER

In the area of the internal landfill east of the
Huesker stabilization zone, which is hypso-
metrically lower in relation to the river Pestan,
a drainage canal DK-1 with water reservoirs
V-1 and V-2 will be constructed. The water
collected in the northern water reservoir V-1
will be pumped into the water reservoir VS
and further into the river Turija, while the
water from the water reservoir V-2 will be
pumped into the river Pestan. Drainage canal
DK-2 will take the collected water south to
the water reservoir V-3, from where it will be
pumped into the river Pestan (Figure 3).

In the area of the internal landfill, which lies
hypsometrically higher in relation to the riv-
er PeStan, a drainage canal DK-3 will be con-
structed, which will gravitationally drain the
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Figure 3, Facilities for protection of landfills against water

Tymau: 1 - O6onuu xkanan OK-1; 2 - O6opunu kanan OK-2; 3 - O6onuu xanan OK-3; 4 - Kanan K-1 nmopep myTa;
5 - penaxxuu kaHan [JK-1; 6 - [Ipena>xan xanan [1K-2; 7 - Ipenaxxuu kaHan [1K-3; 8 - Peka [lemran;

9 - 3oHa crabunusanyje Xyeckepa; 10 - Konrypa yHyrpauimer optaranmira; 11 - [TonsemHa 6eToHCKa ranepuja
Legend: 1 - Peripheral canal OK-1; 2 - Peripheral canal OK-2; 3 - Peripheral canal OK-3; 4 - Canal K-1 by the roadside;
5 - Drainage canal DK-1; 6 - Drainage canal DK-2; 7 - Drainage canal DK-3; 8 - Pestan River;

9 - Huesker stabilization zone; 10 - Contour of the internal landfill; 11 - Underground concrete gallery

Bogutu y peky Ilemran (6e3 mpenymmaBama)
[6]. I peHa)XHN KaHA/IU Cy TPAIe3HOT MOIpey-
HOT IIpeceKa.

IOPEHAJXA Y 30OHU ITPEJOIJTATAJTVIIITA
Y 3oum mpepomaranuinTa npensuba ce uspa-

ma cnepehnx mpenaxHux objexata: [lomuHCKM
npenaxxun kauanu (II]T), o6omgun kanamu KJ
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collected water into the river PeStan (without
pumping) [6]. The drainage canals are of trape-
zoidal cross section.

DRAINAGE IN THE PRE-LANDFILL ZONE

The construction of the following drainage fa-
cilities is planned in the pre-landfill zone: Floor
drainage canals (PD), peripheral channels K]
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u KC, Bogocabupuunu BC-1, BC-2 u BC-3 n
npeHaxHu posoBu [IP-1 u JIP-2. OcHoBHe Ka-
PaKTepUCTMKE CBUX HaBeIeHUX JIPEHaXKHUX
objekara mpukasaHe cy y Tabemu 1 a nokaruja
objekaTa Ha crmiy 4.

[Mogmucku ppenaxun kanamu (I11) 6uhe wms-
rpaheHM HAaKOH MCKONaBama INABHOT YI/bEHOT
C/I0ja Ha IPUIIPeM/bEHO] TOaVHM. VIsHan mopmH-
CKUX JIpeHaXHMX KaHama Ouhe msrpaben mHu-
L[VIja/THV HACUII Y HaZIBUIIEbe ITPeNO/Iara/IiInTa.
OB kaHa/m IpKKyIUbahe ¥ OBOAUTY MOf3EMHE
BOJI€ KOje Ce M3 PEHMPajy U3 IIONVHCKIX 3aI/Iibe-
HIIX TIECKOBa, BOJIe KOje JOTEKHY U3 YHYTPALIFbET
OJ/IarajMINTA U NpefoIarammiuTa. Bone ncrexme
U3 HMOAVMHCKMX JPEeHaXHMX KaHama ofopuhe ce
30MpHMM KaHa/IMMa 1o BofocabupHuka BC-1 yo-
LMPAHOI HA HAJHVDKO] TAYKM CUHK/IVHAJIE OflaK/Ie
he ce mpenrymmnaBaru y pexy IlernraH.

HemnocpenHo npe 3aTpriaBama jaJIoOBHOM JJHO 1
cTpaHe ApeHaXHUX poBoBa JIP Tpeba 06moxu-
TU T€OTEKCTMIOM U MCIYHUTU CUTHO JIOM/be-
HVIM KaMeHOM M OIpaHuM nbepnaydom 1o Bu-
cuHe 1,5 m. Jpenaxne poBose [IP u nmopguucke
npeHaxxHe kanase [1]] Tpe6a moBesaTn KaHamm-
Ma VCIYEHUM JPEHOKHOM UCITYHOM.

OYBMHCKO JPEHUPAIGE YHYTPAIIGED
OIJIATAJIVIITA

Openaxxun kanamu (JJK) mopen dyHkiuje on-
Bobera MOBPIINMHCKUX BOfIa M CIIpeYaBamba 3a-
Oapema Ha YHYTpaIllbeM OIJIATa/IMIITY CITyXe
U 3a [[peHparbe N0Jj3eMHNX BOJIa 13 TIOBPILIH-
CKOT C710ja 1o ByOuHe Off 5 m 4uMe ce CTBapajy
IIOBO/bHYU TeOMeXaHMYKM YCTIOBH 32 Jla/be ofIa-
rame jaJIoOBMHeE.

Ha ocHOBy mosHaTumx BpemHOCTM Koeduiiuje-
HaTa uaTpanuje Ky6/bUX flefoBa YHYTpALIber
opmaramuiuta Ilome-11 MoXke ce 3aK/bydnTy Aa
OfiBOfifbaBambe¢ IPABUTALMOHNM OyHapuma Huje
U3BOJUBMBO. 3aTO Ce 3a MyOMHCKU IpeHMparbe
YHYTpALIber Of/Iara/IMIITa IPeTaxy ApeHaxK-
HIf BaKyM cucteMu uspahenu of BakyMm OyHapa
(ejexTopa).

Bakym OyHapu (ejekTopiu) MMajy IpUMEHY Y cpe-
AMHAMa Ca MajJoOM BOJONpoNycHouhy MOmyT

and KS, water reservoirs VS-1, VS-2 and VS-3
and drainage trenches DR-1 and DR-2. The ba-
sic characteristics of all listed drainage facilities
are shown in Table 1 and the location of facili-
ties in Figure 4.

Floor drainage canals (PD) will be construct-
ed after excavation of the main coal layer on
the prepared floor. An initial embankment and
super-elevation of the pre-landfill will be con-
structed above the floor drainage canals. These
canals will also collect and drain groundwa-
ter drained from the floor clayey sands, wa-
ter flowing in from the internal landfill and
pre-landfill. The water flowing out of the floor
drainage canals will be drained by collecting
canals to the water reservoir VS-1 located at
the lowest point of the syncline from where it
will be pumped into the river Pestan.

The bottom and sides of drainage trenches DR
should be covered with geotextile and filled
with finely crushed stone and washed gravel up
to a height of 1.5 m, just before backfilling with
tailings. Drainage trenches DR and floor drain-
age canals PD should be connected by canals
filled with drainage filling.

DEEP DRAINAGE OF THE INTERNAL
LANDFILL

In addition to the function of surface water
drainage and prevention of clogging at the in-
ternal landfill, drainage canals (DK) are also
used for drainage of groundwater from the sur-
face layer to a depth of 5 m, by which are cre-
ated favourable geo-mechanical conditions for
further tailings disposal.

Based on the known values of the filtration
coefficients of the deeper parts of the internal
landfill Polje-C, it can be concluded that drain-
age by gravity wells is not feasible. Therefore,
drainage vacuum systems made of vacuum
wells (ejectors) are proposed for deep drainage
of the internal landfill.

Vacuum wells (ejectors) are used in environ-
ments with low water permeability, such as
sludge or dusty-clay sand. Vacuum wells (ejec-
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My/ba JWIV MPALIMHACTO-IIMHOBUTOT IlecKa. Ba-
KyM OyHapu (ejeKTopiu) ce KOPUCTe 3a OJBOJ[Hba-
Bambe y CIy4ajy Kajja Cy HMBOM IIyMIIama IIpe-
ny6oKu 3a urnoduITepe a KaraunuTeTy LpIremha
npemMany fa 61 ce KOPUCTUIIE eleKTPUYHe HOf-
BOJHE IIyMIIe Kao KOJj K/TACMYHNUX JYOOKNUX fipe-
HaOKHMX OyHapa. Ha ny6unama Behum on 45 m

tors) are used for drainage when pumping lev-
els are too deep for needle filters and pumping
capacities are too small to use electric under-
water pumps as in classic deep drainage wells.
Ejector systems become inefficient at depths
greater than 45 m to 50 m. Unlike electric un-
derwater pumps, ejectors can pump a mixture

Tabena 1, OcHosHe Kapaxmepucmuke OpeHAXHUX o0jekama y 30Hu npedoonazanumma
Table 1, Basic characteristics of drainage facilities in the pre-landfill zone

Hasus IIpodun | IorpebHa me-
. . Huso ax- . . .
objexta | O3Haka Jlokanuja Hamena TUBHOCTI objexTa XaHM3anuja Perymujent
Name of the | Mark Location Purpose . Profile of Necessary Recipient
- Activity level . L
facility the facility | mechanization
Hajnmka kora IIpeysumame Bofie U3 Huje 3
onHe OIIMHC eHa bare; er/aj
BC-1 TIOAM TTOAMHCIUIX AP CHAKHIX rpaben Tpamesan TP APETIAH | peya Memran
The lowest ele- KaHasa . Dragline exca- . .
VS-1 . . . Not con- | Trapezoidal Pestan River
vation point of | Taking water from the vator
. structed
= o the floor floor drainage channels
g .=
= © C .
z g epepra Ko [Tpukynma Bozie Huje ns- Xuppaynmdanmu
=3 cuHa )
S O BC-2 noTtexse n3 kanana KC rpaben Tpanesun 6arep Pexa Typuja
g = OfyIarajIMIITa . . . A
3 8 VS-2 Collects water flowing Not con- | Trapezoidal | Hydraulic exca- Turija River
g= Northern slope from the KS canal structed vator
& = of the landfill
Jy’Ha KocuHa [puxymnma Bofe Huje ns- Xuppaynnaam
BC-3 oJly1ara/nIiTa nmoTekte u3 kaHanma KJ rpaben Tpanesun 6arep Peka Ilemran
VS-3 | Southern slope | Collects water flowing Not con- | Trapezoidal | Hydraulic exca- |  Pestan River
of the landfill from the KJ canal structed vator
Ilepuxynma Bosie Koje ce Bomocabup-
Jy’XHa KOCMHa | ClMBajy mpeMa MHIMja- Huje us- Xuppaymmaan | HukBC-3 u peka
K] Ofi/IarajIMIITa HOM HacuITy rpaben Tpanesun 6arep [Temrran
Southern slope | Collects water that flows Not con- | Trapezoidal | Hydraulic exca- | Water reservoir
«©
E E of the landfill | towards the initial em- structed vator VS-3 and the riv-
S bankment er Pestan
s
53 ceBepHe
£ = Alyx ceseptn [lepukymmba Boge Koje ce Bopocabupauk
o & rpaHulie ofija- . . .
8 5 A CNUBajy IpeMa MHIjas- Huje uns- Xuppaynnaau BC-2 u pexa
A KC Alone the HOM HacuITy rpaben Tpanesun 6arep Typuja
KS & Collects water that flows Not con- | Trapezoidal | Hydraulic exca- | Water reservoir
northern - ;
towards the initial em- structed vator VS-2 and the riv-
border of the bankment er Turija
landfill )
[Tpuxynma Bofie ca
I'maBHM yr/beHM | MCTOYHOT rpaBuTanyoHor | Huje us- .
. . barep npernaju
JIP-1 crnoj nofpydja rpaben Tpanesun Drasline exca Pexa Ilemtan
- DR-1 | The main coal Collects groundwater Not con- | Trapezoidal gvator Pestan River
g & layer from the eastern gravita- structed
Z -
g5 E tional area
L
52
£ = Janosuna ns- [Tpukymba nogsemMHe
A g HaJl [IIABHOT | BOJie M3 MCTOYHOT rpaBu- | Huje us- .
A R . barep npernaju
HIP-2 | yrmenor cnoja TaLMOHOT MOfIpyYja rpaben Tpanesun Dracline exca Pexa Ilemrtan
DR-2 | Tailings above Collects groundwater Not con- | Trapezoidal gvator Pestan River
the main coal | from the eastern gravita- structed
layer tional area
[Tpukyrba nogsemMue
b5 v PUKYILA HOA3EMH Bomocabup-
& & ITopyHa ras- BOJI€ 113 HONMHCKIX .
S Huje uns- Xuppaynmmuan | HukBC-1 1 pexa
= ZE o HOT yIJbEHOT | I1€CKOBA ¥ YHYTpAlIiber
S g8 I . rpahen Tpamesan 6arep Ieurran
S 29 g croja of/IarajnInTa . ) .
ZELS S PD Not con- | Trapezoidal | Hydraulic exca- | Water reservoir
EE S The floor of the | Collects groundwater .
g 239 . structed vator VS-1 and the riv-
= 2@ main coal layer | from the floor sands and .
i er Pestan
internal landfill
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Cnuxa 4, [Tpenaxcru objexmu y 30HuU npedoonazanumma

Figure 4, Drainage facilities in the pre-landfill zone

Tymau: 1-Vunnyjanau Hacur; 2-Tlopuackn apenakun kanam I1JT; 3-O6opun xkanan KJ; 4-IIpenasxkuu pos IP-1;
5-Ipenaxxuu pos JJP-2; 6-O6onuu kanan KC; 7- Oca cunkmmnane; 8-KoHTypa yHyTpalumer ofnaramiira; 9-Peka Iemran

Legend: 1-Initial embankment; 2-Floor drainage canals PD; 3-Peripheral canals KJ; 4-Drainage trench DR-1; 5-Drainage
trench DR-2; 6-Peripheral canal KS; 7-Syncline axis; 8-Contour of the internal landfill; 9-Pe$tan River

1o 50 m ejeKTOp CUCTeMMU IOCTajy HeeUKACHIL.
3a pasnmKy off eIeKTPIYHIX MOBOTHIX ITyMIIN,
ejeKTopy Mory 6e3 MKaKBOT Ipo6jeMa IyMIIaTi
MeIlIaBJHY Ba3JyXa ¥ BOJIe, a aKO je BPX OyIIoTH-
He 3anedahen, Taia he BakyM cTBOpeH fiejcTBOM
IyMIIalba MOOO/BIIATY TPABUTALIOHO JIPEHN-
pame npeMa GpuITepcKoM Aeny OyHapa.

OBaj mocTymak JyOMHCKOT JpeHMpama Mopa
ce IIPeTXONHO eKCIIePMMEHTAHO IIpOBepu-

of air and water without any problems, and if
the top of the bore is sealed, then the vacuum
created by the pumping action will improve the
gravitational drainage towards the filter part of
the well.

This deep drainage procedure must be pre-
viously experimentally tested in the exper-
imental field and studied in detail from all
aspects of efficiency, required drainage time
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T Ha ONMUTHOM IIO/bY M [€Ta/bHO U3YYUTHU
ca CBUX aclekara e(pUKacHOCTY, MOTpeOHOT
BpeMeHa JpeHMpama 1 eKOHOMMYHocTu. Ha
yHyTpaumweM ofarannuty IIK Iome-11 ejek-
Top OyHapm 6u ce yrpabuBanu o mybuue of
30 m ca npeuHuKoM Oymiewma P146 mm u yr-
pagmoM OyHapcke KOHCTPYKIMje YHY TPaIlber
IpevyHMKa He Mamer off ¥100 mm Ha uujeM
BPXY Ce II0CTaB/ba HABOj 3a €jeKTOPCKU CUCTEM.

3AK/bYYAK

Jla 6u ce cTBOpM/IN TIOBO/BHM XUJPOTI€OIONI-
KI ¥ MHXKEhEePCKOTeOIONIKY YCIOBM Jla Ceé Ha
yHyTpaurmbeM opnaramuiuty IIK Ilorme-11 op-
naxy pagatHe mace ca IIK ITowe-E, norpe6Ho
je peamm3oBaTV KOMIIJIEKCHE pPajjoBe Ha W3-
rpafmpy objekaTa 3alTUTe Of HOBPIIMHCKUX U
noj3eMHMX Boja. Ha ocHoBy aHanuse pacnosno-
JKIBe JJOKYMEHTaljije IPENo3HaT! Cy y3poLu
HeCTaOM/IHOCTM  YHYTpAIUbeT —OfjjIarajIiiiTa
IIK Ilome-11 y mpupogHuM KapaKTepucTuKama
npocropa (CMHKIMHAMIHY OOJVK, BOJOHENpPO-
IyCHa M II0J HarnboM IIOAJIOTa OfjjIarajIyINTa
y NpaBlly HalpefloBarba Ojjlarama M eKCIIoa-
Talyje, MeCKOBUTO-ITIMHOBUTY OJJIOKE€HM Ma-
Tepujaa) Kao M OfCYCTBO IPeO/iBObaBaba 1
HEJIOBO/BHO OfpsKaBame Inocrojehux objexara
ofiBoAmaBama. IIpemnoxena Merosa cTabum-
3allMje OfiIarajIMIITa 3aCHUBA Ce€ Ha CaJiejCTBY
IpeHa)ke 4YUTABOT IIPOCTOpa U (opMupama
HOBe QUrype Ofl/IOXKeHe jalloBMHe Y QYHKIVU
3aycTaB/barba Jja/ber K/M3ama M CTBapama yc-
JI0Ba 3a HajBUIIeme nocTojeher opmaramimra.
BuienaMeHCKM TIpeJIOKEHM JPEHaXKHU CHC-
TeM IPOCTOpA YHYTpalllber OfJlaraanira 6muo
6u y yHkumju 3amrurte KoHType mocrojeher
OJyIaTa/InIITA Off IPU/IMBA IOBPIIMHCKUX BOJIA,
3aTUM BOJja KOje IMPEKTHO IaJiHy Ha IOBPIIN-
HY OJI/TarajinIlTa, Kao U [peHMparba OTKpUBEHE
HOIMHE IJIABHOT yI/beHOT croja. Ilpennoxene
Mepe ca IPeofiBO/iIbaBabeM 1 OBOMbaBAEM
yMamuie 61 mpo6ieM yTuIlaja MOBPUIMHCKNX
U TOA3eMHHMX BOJa Ha CTAaOMJIHOCT ofjIara-
mmmta. [ToTpe6HO je cripoBecTV JoOfjaTHa XM1-
IpOTEO/IOIIKO-TEOMEXaHNYKA  MCTPaKMBama
u OnaroBpeMeHy M3TpafuTy OyHape UCIIpef,
¢bpoHTa HampefoBama pPyJapCcKUX pagoBa. Y
HaJBMIIee NocTojeher yHyTpalImer opjara-
JMImTa KO0 KOoTe +185 m ommoxuno 6u ce oko
165 mMmmmona m’ jamosuHe. IlpemmoxeHe ak-
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and economy. Ejector wells would be installed
at the internal landfill PK Polje-C to a depth
of 30 m with a drilling diameter of @146 mm
and the installation of a well structure with an
internal diameter of not less than ©¥100 mm,
on top of which a thread for the ejector system
is placed.

CONCLUSION

In order to create favourable hydrogeological
and engineering-geological conditions for the
disposal of additional masses from PK Polje-E
to the internal landfill PK Polje-C, it is nec-
essary to realize complex works on the con-
struction of facilities for protection against
surface and groundwater. Based on the anal-
ysis of available documentation, there have
been recognized the causes of instability of
the internal landfill PK Polje-C in the natu-
ral characteristics of the area (syncline shape,
waterproof and sloping landfill base in the
direction of advanced disposal and exploita-
tion, sandy-clay disposed material) as well as
the absence of pre-drainage and insufficient
maintenance of the existing drainage facilities.
The proposed method of landfill stabilization
is based on the cooperation of drainage of the
entire area and the formation of a new figure
of disposed tailings in the function of stopping
further landslides and creating conditions for
super-elevation of the existing landfill. The
multi-purpose proposed drainage system of
the internal landfill area would be in the func-
tion of protecting the contour of the existing
landfill against surface water inflow, then wa-
ter that falls directly on the landfill surface,
as well as drainage of the exposed floor of the
main coal layer. The proposed measures with
pre-drainage and drainage would reduce the
problem of the impact of surface and ground-
water on the stability of landfills. It is neces-
sary to conduct additional hydrogeological
and geo-mechanical research and construct
wells ahead of the front of the advancement of
mining works in a timely manner. About 165
million m* of tailings would be disposed of
in the super-elevation of the existing internal
landfill up to the elevation point of +185 m.
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Abstract: Open-pit lignite mines in Public En-
terprise “Electric Power Industry of Serbia” are
facing increasingly unfavorable groundwater and
surface water impact. Such a problem leads to a
significant drop in tailings excavation and is re-
flected in increased coal humidity and its planned
availability. The paper analyzes the effects that
can be obtained by reducing the total moisture in
coal by only 1%.
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YBO/[

Y npousBommy eeKTpuuHe eHepruje y Pemy6-
muym Cpbuju yrasb ydecTsyje ca mpeko 70%. To-
mpuube ce y Emexrponpuspenn Cp6uje (EIIC)

INTRODUCTION

Coal participates in the production of electrici-
ty in the Republic of Serbia with over 70%. The
Electric Power Industry of Serbia (EPIS), RB
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npoussezie 39x10° t yrpa: Pymapcku 6acen (PB)
Konybapa 30x10° t, TepmoenekTpaHe — KOIIOBY
(TE-KO) Kocromary 9x10° t. HajnoBos/pHuja te-
JKUIITA yI/ba Ca FeOJIOMIKOr M PYHApCKO-TEXHO-
nowkor acrekta y Komy6apu n Kocronity cy kpos
BUILENELEHNjCKI paji OTKOIIAHA VIV Cy TIPefl KPaj
eKcIioaranyje. AKTMBHM HOBPHIMHCKM KOIIOBM
cy ny6pu, ca moBehaHNM OHOCOM ja/IOBUHE TIpe-
Ma YIJby. Yrab je CBE BUILE PAC/IOjeH, a MOfI3eM-
He BOJle Cy CBe BMIIIE M3PaKeHe Yy KPOBMHCKOM,
MeDyC/I0jHOM U TIOVIHCKOM BOJOHOCHOM CJIOjy.
Hocapamma MpoOjeKTaHTCKA pellleba Ha pella-
Baly IIpo0/ieMa OJIBOfiHaBarba IOBPLIMHCKIX
KOIIOBA HICY C€ peajn3oBana y HOTIIyHOCTM.
Hexka cy notmyHo M3ocTasa mwin Cy JYMHAMUYKK
KaCHWIA, HAPOUYMUTO KaJia je y NUTamy Ipefofi-
BOJ[IbaBambe Korosa. OfjBojbaBambe KOIoBa 6110
je MaprMHa/JM30BaHO HE CaMO Y MHBECTUPAIby
objexara ofBofmaBama Beh 1 y 00y 1 usbopy
KaJpoBa, 1360py OIpeMe U HEHOM OfIp)KaBamby.
360r TAaKBOI HPNCTyIA HA ITOBPIIMHCKUM KO-
MIOBMMA YITha OIAJIA je IMPOW3BOJIbA jalIOBUHE U
TOBEJIEHO je Y IUTalbe UCIyIbelbe IIaHa IIPOou3-
BOJIIbE yI7ba 32 TEPMOeJIEKTPaHe. Y pajy CMO aHa-
mm3upany eeKkTe CMarbeba Biare y yrjby 3a 1%.

CTABE OIBOIBEHOCTM HA
INOBPIIMHCKNM KOITIOBVMMA EIIC

Burenernennjcku npo6seM Ha HOBPUIMHCKUAM
KOIIOBMMa JINTHNUTA jecTe IUXOBO Heedukac-
HO 0JiBOJIbaBatbe. To ce IpPeBacXoHO OfHOCK
Ha IIpeflofiBOJbaBame pafHe cpenuHe. /IuHuje
OyHapa ce He dopmupajy 6marospemero (2-3
rOfIVHe IIpe VICKOIIaBatbha jaJIOBIHE) NI Ce JINK-
BUMPAjy IIpe POKa IMXOBOT IIJITAHUPAHOT Jiefo-
Bama. V3rpagma expana Ha IIK [IpmHoO jour Hu
IIPOjeKTaHTCKM HUje JeduHUCaHa, a PyJapcKu
pajoBu ce yopsaHo npubnmxasajy [JyHasy.

Y ucrounom peny Pb Kony6apa 360r HetoBo/bHe
OJIBOZIE€HOCTY OBPIIMHCKIUX Konosa [lome E u
ITome 11 MpUCYTHO je BUIIETOANIIEE CMabEHhe
MIPOM3BOMIbE OTKPUBKE. YTPOXKEHU Cy ITaHMpa-
Ha IIPOM3BO/IIba YI/ba U 1erOB KBa/IUTET. Bennku
Opoj objekara OfjBOfibaBaba YHyTap U BaH KOIIa
Hije nsrpaheH mpema IPOjeKTHOj JOKYMeHTa-
IVIj¥ VTN je 3aITyINTeH U Hije Y HAMEHCKOj QyHK-
nuju (m3ocTano ckpahuBame OyHapa U BIXOBO
NOHOBHO aKTVBMpPAe; BONOCAOMPHUIN  JIC-
IYBeHN My/beM Y HeOfiroBapajyhux auMeHsnja;
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Kolubara and TE-KO Kostolac annually pro-
duce 39x106 t, 30x106 t, and 9x106 t of coal,
respectively. The most favorable coal deposits
from the geological and mining-technological
aspects in Kolubara and Kostolac have been ex-
cavated through decades of operations or are
nearing the end of life span. Active open-pit
mines are getting deeper and have increased
tailings to coal ratio. Coal is increasingly strat-
ified, and groundwater is increasingly found
in the roof, interlayer and bottom aquifers.
Previous design solutions to drainage prob-
lem of open-pit mines have not been fully
implemented. Some were completely lacking
or dynamically late, especially when it comes
to predrainage of mines. Mining drainage has
been marginalized not only in the investment
in drainage facilities but also in training and
selection of personnel, selection of equipment
and its maintenance. Due to such an approach,
the production of tailings at open-pit coal
mines has decreased and the fulfillment of the
coal production plan for thermal power plants
is questioned. This paper analyzed the effects of
reducing moisture in coal by 1%.

DRAINAGE CONDITION ON OPEN -
PIT MINES OF EPIS

A decades-long problem with open-pit lignite
mines is their inefficient drainage. This pri-
marily refers to the pre-drainage of the work-
ing environment. Well lines are not formed
in time (2 to 3 years before tailings excava-
tion), or are eliminated before their planned
operation. The construction of screens on PK
Drmno has not even been design-defined yet,
and mining works are rapidly approaching the
Danube.

In the eastern part of RB Kolubara, due to
insufficient drainage of open-pit mines Field
E and Field C, there is a multi-year reduc-
tion in overburden production. The planned
coal production and its quality are at risk. A
great number of drainage facilities inside and
outside the mine were not built according to
the project documentation or were neglect-
ed and out of intended order (no shortening
and their reactivation of wells, water reser-
voirs filled with sludge and of inappropriate
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00O7IHY KaHa/IM 3apyIIeHN, [Ie/IOM M 3aTpIIaHl;
HeoziroBapajyhe myMmIiHe cTaHuIle U II€BOBOJM;
HepjocTajyha npareha onpema, npurasay myTe-
B1). CBe HaBeleHe HeOBO/BHO 00aB/beHEe aKTYB-
HOCTH OfIpakaBajy ce Ha HeJ03BO/bEHO IIPUCY-
CTBO C7I000/IHE BOJIe U1 YKYIIHE BJIare y jaloBMHNI
u yoby. Kananuretn Ha nojegunanm 6arep-rpa-
ka—omarad (BTO) cucremnma cy npenosnossbe-
HU ¥ He JOCTIDKY ce OmIaHCHpaHe BPeFHOCTHI
HEOIIXOfIHE 32 OTKPUBae YI/ba.

Kop oTkomaBama, TpaHCIOPTA 1 TPeTMaHa yI7ba
Ipo06JIeM je jOII 3aXTeBHUjM Kaja je y MUTABY
ykymHa Byara. [Topen npo6iema ca mpociojuu-
Ma IJIMHe, Ty Cy ¥ NIpo6ieMu ca BOZOHOCHUM
MebycojHUM mecKoBMMa KOjU YITIAaBHOM HIUCY
YOIIIITe VIV HUCY AOBO/BHO 3axBaheHu mo-
CTYIIKOM IIpeiOiBOfbaBama. [IpobmeM je u ot-
KOIIaBalbe YI/beHe IOfieTaXe N0 IUIaHyMa, IO-
ceOHO aKo Huje pellleH Ipob/eM yTullaja IoBp-
IIMHCKYUX BOJA ¥ IeHO Melllatbe ca MPOC/IOjIu-
Ma yrpa. Jly)ke 3aycTaB/bame TpaHCIOTepa Ha
YI7bY 32 BpeMe Be/IVIKVX Ma/jaByHa (KIIIIa, CHeT)
nosehaBa mpucycTBo c1o6ofgHe BOfie 1 YKYITHE
BJIaTe y yI/by. Y KOHTAKTy ca HajMamwOM KO-
YITHOM IpOCyIojaka ¢popmupa ce ,,671aTo” ¢ HIUC-
KOM TOIUIOTOM CaropeBama. TakaB yrap He cMe
OuTn ucroBapeH y mpujemae 6ynkepe TE mpu
AupeKkTHOM TpeTMaHy. OH ce 1o IpaBuIy OfIa-
xe Ha fenionujy TE n nsmaxxe nmpupopgHoOM cy-
IIeHY Y IOBO/bHYjeM HaKHaJHOM Kopuinhemy.

TEXHMNYKO-TEXHOJIOIIKE MOI'YhHO-
CTV CMAIBEIbA YKYITHE BJIATE

[TpenonBofaBameM U OfBOJIbABABEM IIO-
TpeOHO je CTBOPUTH HEONIXOIHE YC/IOBe 3a eu-
KacaH paf nmocrojehe KOHTMHYya/THe MeXaHM3a-
nyje BUCOKOT KamanureTa. Ca KpoBUHE U IIO-
[MHe yI/beHe eTake MOpajy OUTK MCYIIeHe CBe
aKyMyJ/ialyje, a [paBUTAllIOHe BOJe yCMepeHe
BaH eKCIUIOATal[MIOHOT IpocTopa (cnuke 1 u 2).

KopumrhemeM reoonKor, TeXHOTOUIKOT U XU-
IPOTeO/IOIKOT Mofiena Moryhe je Beoma edu-
KaCHO TIPaTUTU KBAJUTET yI/ba U y ofipehennm
HepUOAVIMA BPILINTY CEeTIEKTMBHO OTKOIABambe.
Joumr koHKpeTHuje Moryhe je caBpeMeHMM Mu-
KPOTaJIaCHUM MepereM YTBPANUTY YKYIIHY B/Iary
Y YI/bY 1 10 OTpeOu 6/1aroBpeMeHO MHTEePBEHM-
CaTM 10 IUTakbY Ia/ber yIpaB/baba KBATUTETOM.

size, circumferential channels partly ruined
and buried, inadequate pumping stations and
pipelines, missing supporting equipment,
access roads). All this underperformance
is reflected in the unacceptable presence of
free water and total moisture in tailings and
coal. The capacities of individual cross pit
spreader systems have been halved and the
balanced values necessary for coal detection
have not been reached.

The problem in excavating, transporting, and
treating coal is even more demanding when
it comes to total moisture. In addition to clay
intercalation, the problem is also aquifer in-
terlayer sands, which are mostly not, or are
not sufficiently affected by the pre-drain-
age process. Excavating the coal sublayer to
the substructure is also a problem, especial-
ly if the problem of the surface waters effect
and its mixing with coal intercalation is not
solved. Prolonged conveyor standing on coal
during heavy rainfall (rain, snow) increases
the presence of free water and total moisture
in the coal. In contact with even the smallest
amount of intercalation, “mud” with lower
heating value is formed. Such coal must not
be unloaded into hoppers of the TPP in direct
treatment. As a rule, it is disposed of at the
TPP landfill for natural drying and more fa-
vorable subsequent use.

TECHNICAL - TECHNOLOGICAL POSSIBIL-
ITIES FOR REDUCING TOTAL HUMIDITY

Predrainage and drainage need to create the
necessary conditions for efficient operation of
existing high-capacity continuous machinery.
All accumulations must be drained from the
roof and floor of the coal floor, and gravitational
waters must be directed outside the exploitation
space (Figures 1 and 2). \

Using geological, technological and hydrogeo-
logical models makes it possible to monitor coal
quality very efficiently and perform selective ex-
cavation in certain periods. More specifically, it
is possible to determine total moisture in coal
with modern microwave measurements and,
if necessary, timely intervene to allow further
quality management.

57



C. Maxcumosuh, )X. IIpawmano, P. llapay, Ymuuaj npedodsodrwasara u 00600rmasara nosPUUHCKUX KON06A NuzHUmMa... (55-62)
S. Maksimovic¢, Z. Prastalo, R. Sarac, The impact of predrainage and drainage of lignite open-pit mines... (55-62)

Cnuxa 1, Iospuuncku xkon IHomwe-/],
nianym b6azepa SchRs 630
Figure 1, Open-pit mine Field-D,
substructure of excavator SchRs 630

y Inepnony MamwlX rajiaByHa U IIOBUIIEHE TEM-
nepaType OTKOIIaBajy Ce IapTuje yI/ba HIDKE
KazopuuHocTy. [la 61 ce TakBa TeXHOJOIWja
peann3oBaa, HOTPeOHO je IPEeTXOTHO OTKPU-
TV 6ap TOIMIIEGY IIPOM3BOIGY YI7ba, A TO HOJ-
pasymeBa 0/1aroBpeMeHO IIPEIO/IBOIbABAMbE
jamoByHe M3HaJ yI/ba, MehycnojHMX meckoBa u
HajMame 2-3 m nopnHe (cmka 2).

OTkonmaHm yrab ce TPAHCIOPTYje eTaKHUM
TPAHCIIOPTepUMa KOjU Cy M3JIOKEHU aTMOC-
depckyM majaBMHaMa. Y CIy4ajy IUIAaHCKOT
3ayCTaB/balba TPAHCIOPTEPM Ce IPETXOTHO
IpasHe, a y CIy4ajy Ay>KeT CTajama IpasHe ce
Ofl aKyMy/IMpaHe Bofie KpaTKVIM pajoM 6e3 yTo-
Bapa yr/ba. CBYM OCTa/M TPAHCIIOPTEPH [0 Spo-
OmnaHe, MM YTOBAPHOT MeCTa Y BaroHe, MOTY
OUTV TOKPUBEHM VIV MMAajy UCTU CTAaTyC IpuU
najaBMHaMa Kao M eTayXHM TPaHCIIOPTEPH.

Opnarame yrba Ha PySHUYKY JIETIOHUjY Koja je
U3/I0KeHa aTMOCepCKMM IajjlaBMHaMa IOf-
pasymMeBa KOHTUHYA/IHO aHI'@)KOBaIbe OJIIOXKe-
HOT yI/ba (36ujame). Tume ce cipeyaBa MHOWII-
Tpanyja Bofie 110 AyOMHY, a Y TeTHeM IIePUOLY
camoymasna. Y pasBMjeHUM PYHApCKMM CHCTe-
MJMa 4eCTO Ce yrab [iellOHYje Y MOKPUBEHUM
ckaagumTMa (cnmka 3). 3a murauTe ca Behum
cafip)ajeM CyMIIOpa TO HUje Cy4aj.

TpancropT yr/ba BaronuMa u JieroHuje TepMo-
elleKTpaHa M3JIOKEHNU Cy aTMOCHEepCKUM yTu-
IajuMa, any TO M37Ia3y U3 Jiela OATOBOPHOCTH
HOBPIIMHCKUX KOIIOBA ¥ HIje IIPefIMeT aHa/In3e

y OBOM pafy.
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Cnuxa 2, Ilogpuuncku kon /[pmHo, 6ucox
HUBO NOO3EMHUX 600A Y JATOBUHCKO] emadiC

Figure 2, Open-pit mine Drmno, high
groundwater level in the tailings level

In lower precipitation and elevated temper-
atures period, batches of lower heating value
coal are excavated. For such technology to be
realized, it is necessary to previously remove
at least the annual production of coal, which
means timely predrainage of tailings above
coal, interlayer sands and at least 2 m to 3 m of
bottom (Figure 2).

Excavated coal is transported by floor con-
veyors that are exposed to precipitation. In
the case of a planned stop, the conveyors are
previously emptied, and in the case of a longer
standstill, they are emptied of the accumulat-
ed water by short work without coal loading.
All other conveyors to the crushing plant or
wagon loading point can be covered or have
the same status in case of precipitation as
floor conveyors.

Disposal of coal at a mining landfill that is ex-
posed to precipitation implies continuous dis-
posed coal compaction. This prevents deep
water infiltration and self-ignitions in the sum-
mer. In developed mining systems, coal is often
deposited in covered storages (Figure 3). This is
not the case for lignite with a higher sulfur con-
tent.

Wagon transported coals and thermal power
plant landfills are exposed to weather influences,
but this is beyond the responsibility of open-pit
mines and is not the subject of analysis in this

paper.
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EOEKTU CMAIBEILA BIIATE Y YIJbY

Cazipxaj Bnare y yI/by CMamyje lberoBy TOIJIO-
Ty caropesama. [py6a Bara Hacraje y yIrby us
OKOJIMHE IIPM OTKOIIABalbY, TPAHCIOPTY U OfJIa-
ramy Ha JIe[IOHMje.

Y 3aBUCHOCTM Off KapaKTePMCTHKA I€ONTOMKNX
JIMTOTIOLIKNMX WiaHoBa Moryhe je moctihu oaro-
Bapajyhe edexre onBopmeHoCT (Y IPOLEHTY
CTBAapHOT cajjp>kaja Bofie):

EFFECTS OF REDUCING MOISTURE IN COAL

The moisture content of coal reduces its heat-
ing value. Coarse moisture is created in the coal
from the environment during excavation, trans-
port, disposal at landfills.

Depending on the characteristics of geological
lithological members, it is possible to achieve
appropriate effects of drainage (as a percentage
of the actual water content):

o SO, Sl .

Cnuxa 3, I[lokpuseno cknaduwme yena y Umanuju

Figure 3, Covered coal storage in Italy

- 1o 10% 3a cnojese yriba,

- 10 10% 3a HUCKO IIPOIYCT/bUBE CUCTEME,
- 1o 50% 3a mecax,

- 10 80% 3a nbyHaK.

Hocagamma MCOUTUBamba KBajIUTeTa YI/ba Y

KOMybapckoM OaceHy M3BpIIEHA Ha BEINKOM

6pojy OymIoTuHa ¥ ca yI/beHMX eTaka, 3a CBa

TPU eKCIUIoaTallMoHa C/1oja, fama cy ciepehe

cpentbe BpegHoCTH [1]:

-y moBMaTHOM cnojy I — Bmara 57,10%, memeo
15,04%,

-y mmaBHOM cnojy II — Bmara 46,00%, memeo
15,33%,

-y moguHcKoM cnojy III — Brara 42,15%, nemeo
19,42%.

Y kocTonmaykoM 6aceHy cpefbe BpeFHOCTH B/Ia-
re u rererna cy cnepehe [1]:

- Yy IpyroMm cnojy — Bnara 38%, neneo 23%,
- y rpehem cnojy - Bara 40%, memeo 18%,

- up to 10% for coal seams,

- up to 10% for low permeability systems,
- up to 50% for sand,

- up to 80% for gravel.

Previous coal quality tests in the Kolubara basin
performed on a great number of boreholes and
on coal levels, for all three exploitation layers,
gave the following mean values [1]:

- in the top layer I - moisture 57.10%, ash 15.04%,

- in main layer II - moisture 46.00%, ash 15.33%,

- in the bottom layer III - moisture 42.15%, ash
19.42%.

In the Kostolac basin, the average values of
moisture and ash are as follows [1]:

- in the second layer - moisture 38%, ash 23%,

- in the third layer - moisture 40%, ash 18%,

- average values of moisture and ash for B + C1
reserves are: moisture 40.3%, ash 17.3%.
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- Cpefitbe BpefHOCTM Briare u memnena 3a b+I1
pesepse cy: Bnara 40,3%, nerreo 17,3%.

Crnepehe carefaBame Bjlare y yI/by OGHOCK Ce
Ha ONajlalbe Bjare no (asama ekcIvroaTanuje.
Op modyeTka ekcijioaranuje o IeTe TOfUHE
BJIara ce y yr/by cMaibyje 3a Buie off 1%. Op
meTe /10 JeceTe TOAMHE TO CMameme je Behe of
3%, a of jeceTe rofyHe Ia 10 Kpaja eKCIuIoaTa-
IVje cMameme Biare je Behe ox 4% [3].

Y TpaHyNIMCaHOM YIJbY je PasaM4mUTO IIPUCY-
cTBO Byare u nenena. HajMamy Biary uma yrasp
rpanynanuje of -30 go +0 mm, a morom o -400
mm BJlara je pelaTMBHO yjegHadeHa. Kapa ce
pajiu o Temeny, beroBo NPUCYCTBO Y YI/by pacTe
OJl KPYTIHUX K/Iaca IIpeMa CUTHUM.

Ha orkomaBamy jaoBuHe Ipo6eM M3paxkeHe
BJIQKHOCTH j€ jOII MOCIeNVYHUjU. Y 3HayajHoj
MepU MOXK€ YTUILATH Ha KallallUTaTUMBHO M Bpe-
MEHCKO MCKopuIIheme OCHOBHE MeXaHM3alyje,
(YHKIMOHATHOCT MHPPACTPYKType YHYTap KO-
OB, CTAOVWTHOCT OfjIara/jmiuTa, rnosehano xa-
Oabe CBUX poTHpajyhux ereMeHaTa Ha OCHOBHO)]
u noMohHOj MexaHM3anyju, epUKaCHOCT CepBU-
ca, IPMMOIIPefajy 3alI0CTIEHNX, TIOBpeTie Ha pafy.
Bumeropnmme cMameme peannsanyje OTKOmIa-
Barba jaJIOBMHE JJOBEJIO je O PeAyKLMje y OTKO-
MaBamby yI7ba ¥ IPOMEH/BMBOCTY KBaIUTETA.

EOQEKTV CMAIBEBA 1% BIIATE Y YIJbY

Amnanusa je pabena 3a jefHy royiHy OTKOIIaBamba
yI7ba Ha MOBpUIMHCKUM KonoBuMa Pb Kony6apa
u Koctomnar. 3a cpefmu cafpikaj Bare 1 mernesna
3a 06a baceHa ycBojeHe cy BpeHocTH: 3a Kormy-
6apy (Bmara W = 50% u rerreo P = 15%), Kocro-
nax (Bmara W = 40% u nienieo P = 17%). Cpepnma
BPE[HOCT TOAullIibe IPOMU3BOAIE yIba 3a Pb
Kony6apa nsnocu 30x10° t, a 3a TE-KO Kocro-
mar 9x10° t. Ha ykymHO peanmsoBaHy cpefmby
TOIMIIILY IIPOU3BOJY YI/ba 1% cMarmerba Bare
usHocu 3a Pb Kony6apa 300.000.000 1, a 3a TE-
KO Kocromar; 90.000.000 1.

Capmpkaj mare (W) u memena (P) oppebyje
IOY TOIUIOTY caropeBama muranta. OBa 3aBu-
CHOCT je cratuctuuku oppehena u uspadyHasa
ce permauujom [2]:
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The following consideration of coal moisture
refers to a decrease in moisture by phases of ex-
ploitation. From the beginning to the fifth year
of exploitation, coal moisture decreases by more
than 1%. From the fifth to the tenth year, the
reduction exceeds 3%, and from the tenth year
until the end of mine lifespan, decrease in hu-
midity is greater than 4% [3].

The presence of moisture and ash differs in
granular coal. Coal of - 30 + 0 mm granulation
has the lowest moisture level and then up to -
400 mm moisture is relatively uniform. When
it comes to ash, its presence in coal grows from
large to small classes.

The problem of pronounced moisture is even
more consequential when excavating tailings.
It can significantly affect basic machinery’s ca-
pacitive and time utilization, functionality of
infrastructure within mines, landfill stability,
increased wear of all rotating elements on basic
and supporting machinery, service efficiency,
shift handover of employees, and occupational
injuries. In addition, many years of reduction
in tailings excavations have led to reduced coal
mining and variable quality.

EFFECTS OF 1% COAL MOISTURE
REDUCTION

The analysis was performed for one year of coal
mining at the open-pit mines of RB Kolubara and
Kostolac. The following values were adopted for
the average moisture and ash content for both
basins: for Kolubara (moisture W = 50% and ash
P = 15%), Kostolac (moisture W = 40% and ash
P = 17%). The average value of annual coal pro-
duction for RB Kolubara is 30x10° t and 9x10° t
for TE-KO Kostolac. On the total realized average
annual coal production, 1% reduction in mois-
ture amounts to 300,000,000 1 for RB Kolubara,
and 90,000,000 1 for TE - KO Kostolac.

The moisture content (W) and ash content (P)
determine the lower heating value of lignite.
This dependence is statistically determined and
is calculated by relation [2]:
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Jomwa Tomnora caropeama (ITC) = 25.400 -
275 x W - 270 x P (kJ/kg)

Kapa ce oBaj nspas npumMenn Ha konose Komy-
6ape n Kocronia, no6ujajy ce cnenehe BpenHo-
CTHU JIOHb€ TOIIOTe caropeBama (Tabena 1):

Lower heating value (DTS) = 25,400 - 275x W -
270 x P (k] / kg)

The following lower heating values are obtained
when this expression is applied to the Kolubara
and Kostolac mines (Table 1).

Tabena 1, IToseharve dorve monnome cazopesarva nuzHUmMa cmarbervem énaze 3a 1%
Table 1, Increasing the lower heating value of lignite by reducing moisture by 1%

Biara / nemeo IToBehame [JTC
OTC Moisture / ash 3a 1 % cmamema Biare
Hasus orpanka caropeBame (%) Increase in heating value
Branch name Lower heating by 1% decrease
value 50/15 49/15 40/17 39/17 in moisture
(kJ/kg)
Kony6apa / Kolubara (kJ/kg) 7.600 7.875 - - 275
Kocromary / Kostolac (kJ/kg) - - 9.810 10.085 275

3a ucrapaBame jeHOT JIUTpa BOfie IOTPeOHO
je morpommnTty 2.604 kJ/1. 3a ykynHy Konmmamuny
Bofe o 0ko 300.000.000 1 cagpsxane y konybap-
CKOj TOAMIIIHOj IIPOM3BOMILY TUTHUTA IOTPed-
Ha KOMMYMHA TOTITIOTe U3HOCHU:

To evaporate one liter of water, it is necessary to
consume 2,604 kJ/1. For the total amount of wa-
ter of about 300,000,000 I contained in the Kol-
ubara annual lignite production, the required
amount of heat is:

300.000.000 1 x 2.604 kJ/1 = 781.200.000.000 kJ = 217.000.000 kWh

3a KOCTOJIQYKY rOANIIY IPON3BOAY IMTHUTA
M3HOCH:

For Kostolac’s annual lignite production:

90.000 1 x 2.604 kJ/1 = 234.360.000 k] = 65.100 kWh

CMamemeM Biare y yrby 3a 1% Ha IMOBpPIINH-
ckuM konoBuma EIIC Cpbuja 6u nmaa Ha pac-
nonaramy 282.000.000 kWh enexrpuyune enep-
IMje LWITO OAroBapa MOTPOIIkK Off 2,5 MaHa.
Taxobe 6u ce no6ue 3HaYajHe yiuTee Ha Ipe-
Bo3y yrpa 3a TE ,,Huxona Tecna” y BpegHOCTH
280.000 t xomuKo 4mHY 1% Boze MV IPUOIVIK-
Ho 187 Bo3oBa (mmpoceyHa TexxnHa Bo3a 1.500 t).

3AK/bYYAK

[ToBpmmHCcKa exkcroaTanyja muranTa y Cpoujn
Hanas3y Ha cBe Behe mpernpexe y ocTBapyBamy
KOHKYPEHTHOCTM Yy OJHOCY Ha JIpyre U3BOpe
eHepruje. bmsuHa peynnx TokoBa 1 cBe Beha
M3JAIIHOCT ¥ Ae6/bVHA BOJOHOCHMX C/I0jeBa 3a-
XTeBa MOTITYHO U CTaOVI/THO IIPeIO/IBObaBabe
U OfIBOJIIbaBarbe IOBPIIMHCKIX KOIIOBA.

By reducing coal moisture by 1% in the open-pit
mines of EPIS, Serbia would have 282,000,000
kWh of electricity at its disposal, which cor-
responds to a consumption of 2.5 days. In ad-
dition, significant savings would also be made
on coal transport for TPP Nikola Tesla in the
amount of 280,000 tons, which is 1% of water or
approximately 187 trains (average train weight
1,500 tons).

CONCLUSION

In Serbia, open-pit exploitation of lignite en-
counters increasing obstacles in achieving
competitiveness over other energy sources.
Proximity to rivers and increasing abundance
and thickness of aquifer layers requires com-
plete and stable predrainage and drainage if
open-pit mines.
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CMamserbe Biiare y yriby 1 jaroBuuu 3a 1% je mu-
HOPHaA y OJHOCY Ha MOIyhHOCTM Koje Ipy»ka ca-
BPEMEHO PYyHApcTBO. XOMOreHMsauyja yrba U
eVKacCHO TIPeIO/IBO/IbaBatbe U OIBOMIABAE
nospumHcKyx Korosa EINC cy cymrtnna ofpxu-
BOCTY ¥ KOHKYPEHTHOCTH JIMTHUTA Y OJHOCY Ha
IIpyTe pacHoyoXxuBe eHeprente y Cpouju.

Hanexo Behn epexTy MOry ce OCTBapuUTH! aKO Ce
npo6IeM cMameba BJIare aHa/lIusupa Kaja je y
MTamkby OTKOIIaBambhe ja]'IOBI/IHe, bEH TPAHCIIOPT
U oflarame Ha OIJIAra/INIINTA, UMajyhu y Bumy
HeofiroBapajyhy pacmonoxmBocT OumaHcupa-
HOT yI7ba.
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Reducing moisture in coal and tailings by 1% is
insignificant given th e possibilities provided by
modern mining. Coal homogenization and ef-
ficient predrainage and drainage of EPIS open-
pit mines are the essence of sustainability and
competitiveness of lignite over other available
energy sources in Serbia.

Far greater effects can be achieved if the mois-
ture reduction problem is analyzed for tailings
excavation, transporting and disposing at land-
fills, given the inadequate availability of bal-
anced coal.
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USE OF VETIVER PLANTS IN STABILIZATION
SLOPES AND RECULTIVATION OF SURFACE MINES
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Caxerak: Hapywena cmabunnocm oo0naea-
TUWMA HA NOBPUIUHCKUM Konosuma yerba y Cp-
OUju HeeamueHo ymuue Ha MHoze acnexme yHk-
yuonucarwa enexmponpuspeoe Cpouje. [Ipobnemu
ca yHympawrum oonazanummuma y Hajeehem
o6umy uspaxcenu cy Ha IIK Jlpmno, IIK Ilomwe L]
u IIK Ilowe []. Ha xonosuma je 06aj Heeamuséan
YMUYaj MonuKo upaxieH 0a cy y Hekum MomeH-
muma 30602 HecmaOUIHOCMU 00/ALAIUWMA HA
nojeduHum objexmuma O6UIU YcnopeHu npovecu
excnnoamauuje, a Ha IIK Ilowe b 6una je 3ayc-
maemweHa npoussodrwa yermwa. Ilpojexmosarve 00-
NIA2ANUIAMA HA NOBPUAUHCKUM KONO8UMA mpeba
npunazooumu Knumamckum npomenama. Cee
8uUUle CY NPUCYMHe Be/iliKe NA0A6UHe Y KPamKom
8pemeHy Koje ce HajHenoeomwHUje 00paxasajy Ha
pacmpecume mace oo0naeanuwma. 3awmuma
00 NOBPUUHCKUX U NOO3EMHUX 800a HA 007142a-
nuwmuma mopa bumu eduxaco ypahena kaxo
He 6u dowi10 00 HAPyUIaearea cmpyKmype 00mo-
seHux maca. Texronoeuja omxonasarea janoeu-
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Abstract: Disturbed stability of dumps in
open-pit coal mines in Serbia negatively
affects many aspects of the Serbian power
industry’s functioning. Problems with internal
dumps are most pronounced in PK Drmno,
PK Polje C, and PK Polje D. This negative
impact is so pronounced that at some points,
due to dump instability at some facilities, the
exploitation processes are slowed down, and
at the Polje B substation, coal production was
even discontinued. Dump design should be
adapted to climate change. There is increasing
heavy precipitation in short time periods,
most unfavorably affecting loose dumped
mining waste. Protection against surface and
groundwater in dumps must be adequate so
as not to disturb the dumped mining waste
structure. The tailings excavation technology
should also provide selective dumping and even
the formation of protective embankments in
front of the dump movement trail, if necessary.
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He mpeba 0a 06e30edu U ceneKMUBHO 0071azarve,
no nompebu u popmuparee 3AUMUMHUX HACUNA
ucnped @pponma Hanpedosara 00n1aAATUMMA.
Haxkon 3aspwemxa oonazarwa mozyha cy dooam-
Ha Haosuwierba o0nazanuuima 3602 Hedocmamia
cmMeumajHoe npocmopa unu Heka 0pyza npomeHa
Hamene. To 3axmesa noousarbe HUB0A CrAOUTHO-
cmu u Hocusocmu oonazanumima. Buoumnicerve-
puHe Oaje moeyhHocm O0a ce NPUMEHOM HeKUX
6umaxa, y pady je mpemupana mpasa semusep,
06e36e0u cmabunHocm 00a2anumma, anu U exo-
HOMCKA KOPUCM.

Kbyune pewm: BETMBEP, IMOBPIIVMHCKM KOII,
CTABWJIHOCT, OJIIATAJIVIIITE, JAJIOBUHA, K-

3UIITE

After the dumping, dumps can be additionally
raised due to the lack of capacity or other
conversions. This requires raising the levels
of stability and load-bearing capacity of
dumps. Bioengineering gives an opportunity
to apply some types of plants to ensure
dumps’ stability and also economic benefits.
The paper considered vetiver grass.

Key words: VETIVER, OPEN-PIT MINE, STABILI-
TY, DUMP, TAILINGS, LANDSLIDE

YBO/[,

Ha moBpmmHCKMM KONMOBMMA KOMyb6apcKor u
KOCTO/IAYKOTr OaceHa HecTabVIHA OfIarajmIiTa
cy orpanudanajyhu dgaxTop 3a ctabunny un 6e3-
OegHy ekcrroaranujy yr/pba. Mo)ke ce KOHCTa-
TOBaTM Jla Cy KaracTpodanHe momase 2014.
IONATHO Hapyuuae IPBOOUTHE CTPYKType
YHYTpPALIbMX Ofl/IaTa/INIITA, KOje Ce JIO JaHaC Ha
HEKJM KOIIOBVIMa HMCY KOoHcomupoBare. Takobe,
Ha YHYTpallIbMM OJiIarajIMIITAMA YCrIef, KOH-
conupanyje TepeHa [Ioaasyu [0 MopacTa HUMBOA
NO3€MHMX BOJJa, IITO BEOMa HETaTUBHO yTHUYE
Ha KOHCONMMJALMjy L€IOKYIIHE Mace oOjjIara-
muiira [8]. OpraranuinTa ce IpojeKTyjy Ha MCTH
Ha4MH Kako je To pabeno mpe 2014. Cmarpamo
7ia je HOTPeOHO YBEeCTV HOBMHE Y IIPOjeKTOBabe
OBOI TIpoIleca pyjapcke mpoussopmwe. OrpaHak
EIIC-a TE-KO ,,Kocronan” nsppumo je mpobHa
UCTPaXKMBalba Ha YHYTpallIbeM OfIarajuIuTy
y UMby CTabuansanyuje, BepTUKaTHUM ILIbYH-
YaHMM JIPEHOBMMA, M Ha MajJIOM IPOCTOPY Y
OJHOCY Ha JuMeH3Mje ofnaranuira. Ilokasamo
ce Jla CKyIle TeXHOJIOTHje HMje ONPaBJaHO Mpu-
MEHWTH 3a TTapIija/THO pellaBambe CTabMTHOCTH
OfiTara/InIITa MMajyhy y BUAy KOHKYPEHTHOCT
U eKOHOMCKY ONPaBJAaHOCT €KCIIOaTalyje JINT-
HUTA.

Y Komybapu, Ha yHyTpallbeM OIaraluIITy
IIK ITome LI, Crypujom n3 2020. npuxasaHo je
pelerme KojuM ce, M3pasioM ofrosapajyher cra-
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INTRODUCTION

Unstable dumps in the open-pit mines of
the Kolubara and Kostolac basins are a
restricting factor for stable and safe coal
exploitation. Catastrophic 2014 floods
can be said to have further disrupted
the original structures of their internal
dumps, which have not been consolidat-
ed in some mines to date. Also, in internal
dumps, due to ground consolidation, the
groundwater level increases, which has a
very adverse effect on the consolidation of
the entire dump content [8]. Dumps are
designed in the same way as it was done
before 2014. Therefore, we believe it is
necessary to introduce innovations in the
design of this mining production process.
The EPS branch, TE-KO «Kostolac,» did
trial research on internal dump stabiliza-
tion using vertic al gravel drains, but in a
small scale considering the dump size. It
turned out that expensive technologies are
not justified for partial solution of dump
stability, having in mind the competitive-
ness and economic justification of lignite
exploitation.

In Kolubara, at the internal dump of PK
Polje C, a 2020 study showed a solution
that ensures sliding contents stopping by
appropriate stabilization embankment. It is
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OunmsannoHor Hacuma, obesbehyje saycrapparme
Maca Koje Knn3ajy. VisBoau ce nmocrojehom mexa-
HM3AIMjOM U JbYACTBOM, Y3 MYHVMAJTHA y/Iaramba
y FeOTeXHIYKe MaTepujaie 3a Mo6osblIambe HOCK-
BOCTU U cTabumHocTu [6].

Jlakite, y caMOM IIOYeTKY IIPOjeKTOBaba Ofijlara-
JIIITA HOTPeOHO je MpefBUeTU IPYMeHe MeTO-
Ia koje he omoryhmrty uspany crabumHnx ona-
ramira. [Ipe cBera, HOTpe6GHO je M3paanTIL Ape-
Ha)kKHe 00jeKTe y IOAVHI OfIara/INIITa, BPIINTH
CeJIEKTVBHO OfjIarame TeO/OUIKNX C/I0jeBa IIO
penocneny koju omoryhaBa mosehamwe crabum-
HOCTY, IIOBPEMEHO M3PaMUTV CTaOuIN3aloHe
6ememe koju Hehe omoryhuty moxperame jano-
BMHCKMX Maca. [IpyMeHOM peKynTuBanuje u us-
60poM KBalIUTeTHNUX OM/BHMX BpCTa Tpeba oMo-
ryhuty f1a ce 1e/10KyIIaH IPOCTOP reOMeXaHMIKN
06e36en 1 a ce CTBOPe YCIOBM 33 PeKYITUBA-
LVjy WIX [OJATHO HaJBUIIEbe OJ/IarajniiTa
yC/lell HefloCTaTKa CMEIITajHOT IIPOCTOpa, Kao
mTo je o cnyyaj Ha [IK Ilome 1] y Pb Kony6apa.

Jemna o BpcTa Koja HUje 3aCTyIUbeHa Ha HaIllleM
IPOCTOPY, @ BeOMa LIMPOKO e KOPUCTH 3a pellla-
Barbe MHOTOOPOjHMX €KOIOIIKVX I MHXEHEePCKIX
npobreMa y Be3u ca 3eM/BMINTEM M BOJOM, jec-
Te 6ubKa BeTuBep. PaHmje mosHara xao Vetiveria
zizanioides L.Nash, cama pexmacupukoBana y
Chrysopogon zizanioides L.Roberty, 6psopacrtyha je
BYILIETOIMII A 6M/bKa ca OOVIMHMM, TYCTUM 1 [Ty-
OOKIM KOPEHCKUM CYCTEMOM 1 jaKOM CTaO/bUKOM.
To je HemHBa3MBHa OWbKa KOja ycrieBa y TpOIIC-

performed with existing machines and man-
power, with minimal investment in geotech-
nical materials to improve load-bearing ca-
pacity and stability [6].

Therefore, at the very beginning of dump
design, it is necessary to envisage the ap-
plication of methods that will allow the
construction of stable dumps. It is primar-
ily necessary to make drainage facilities in
the dump floor, perform selective disposal
of geological layers in an order that allows
increasing stability, and occasionally make
stabilization embankments that will contain
the movement of tailings. Reclamation and
the selection of quality plant species should
allow geomechanical securing of the entire
space and creating conditions for reclama-
tion or additional raising of dumps due to
lack of capacity, as is the case at PK Polje C
in RB Kolubara.

One of the species that is not represented in
our area, and is widely used to solve numer-
ous environmental and engineering soil and
water related problems, is the vetiver plant.
Formerly known as Vetiveria zizanioides
L.Nash, now reclassified to Chrysopogon
zizanioides L.Roberty, it is a fast-growing
perennial plant with a large, dense and deep
root system and strong stem. It is a non-in-
vasive plant growing in tropical and sub-
tropical regions to the borders with temper-

Cnuxka 1, Ceemcka Oucmpubyyuja akmueHux npozpama 3a mpagy semusep 4]

Figure 1, Worldwide distribution of active vetiver grass programs [4]
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KM U CYITPOIICKMM IIpefie/IMa, IpoTexyhm ce o
TpaHMNIie ca yMEPEHNM KIMMATCKMM 30HaMa. Y EB-
ponu ce raju y lllmanuju, Ilopryrammju, Vitanmju,
@pannyckoj u Typckoj.

KAPAKTEPUMCTUKE BETVIBEP TPABE

BeTuBep Tpase mocenyjy jak, ryct u 1y60K KOpeH-
CKM cucTeM. 3aTe3Ha yBpcToha Kopema je 1/6 of
Mekor 4enmyka (75 Mpa) u no6ospiraBa uspcrohy
1a 332 45%. KopeH pacTte BepTMKalHO, [OCTHU-
xyhu nybuny ox mpeko mer meTapa. Viciperre-
TaHOCT KOPEHCKOT CHCTeMa CTBapa OTPOMHE, TyC-
Te U jaKe IO3EMHE ,,3M/I0BE’, KOjI 0jadaBajy T/Io.

YHOC XpaH/BMBMX CacTOjaKa U Bjare 3 Behux my-
6uHa T7Ma omoryhaBa OTIIOPHOCT Ha e€KCTpeMHe
cyure. Takobhe, BeTuBep TpaBa ynuja u Tonepuiie
TOKCMYHOCT TeLIKVX MeTasa, XepOunmaa, necTu-

ate climates. In Europe, it is grown in Spain,
Portugal, Italy, France, and Turkey.

VETIVER GRASS CHARACTERISTICS

Vetiver grasses have a robust, dense and deep
root system. The tensile strength of the roots
is 1/6 of mild steel (75 MPa) and improves soil
strength by 45%. The root grows vertically, reach-
ing a depth of over five meters. The intertwined
root system creates huge, dense and strong un-
derground «walls», which strengthen the soil.

The intake of nutrients and moisture from
greater soil depths gives the plant resistance
to extreme droughts. Also, vetiver absorbs and
tolerates the toxicity of heavy metals, herbi-

Cnuxka 2, ITpuka3 dyxuHe kopeHa 6umke 6emusep

Figure 2, View of the vetiver root length

mypa u oMoryhaBa caHanujy u oOHaB/bame Tia,
a MO)Ke ce KOPMCTUTH M 3a CaHMpame 3araheHnx
OTIIAJHMX BOJ.

JemHa o KapaKTepUCTUKA BETUBEPA je OTIIOPHOCT.
Ycnesa y pasHuMM 3eM/BMINTHMMA: IIECKOBUTHM,
C/TaHMM, BOJIEHMM, BJMCOKO KOHTAMUHUPaHUM,
€KCTPEMHO KJCEIVM U a7KaJTHUM (pH 3,3-12,5).
Y cramy je ga mogHece Ny>KM Iepuof, MOIJIaBa 1
cyma. ITpexxus/baBa TeMIepaTypy OBpPLINMHE T/Ia
opt -15° C m Temneparypy Basgyxa ofi 55° C. Beru-
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cides, pesticides and enables soil remediation
and renewal. It can also be used for polluted
wastewater remediation.

One of its characteristics is resistance. It can
grow in a variety of soils: sandy, saline, watery,
highly contaminated, extremely acidic and
alkaline (pH 3,3-12,5). It can withstand long
periods of floods and droughts. It survives soil
temperatures of -15° C and air temperatures of
55° C. Vetiver is resistant to diseases and pests,
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Bep TpaBa OTIOPHA je Ha 6O/eCTV ¥ IUTETOYNHe
0K IeHa KPyHa pacTe UCIIOf, ITOBPIINHE, KaKo 61
ce 3alITUTI/IA Off IOXKApa, Mallle ¥ TaKerba.

3a pa3/mky ofi BehyHe OcTaIuX TpaBa, BeTUBEP VIMa
JIACT OO/IVIKA JIATVHIYHOT C7I0Ba V, ca MCTaKHYTUM
cpenmbuM pebpoM Koje MOXKe Jja KOHTPOJIVIIIE OT-
Bapame WM 3aTBapame JUCHMX noBpuHa. [lox
BJIOKHVM VI MOKPUM YC/IoBMMa jminhe ce oTBa-
pa, LITO pe3yaTHpa BUIIMM CTOIIaMa TPaHCIMpa-
nyje. Ilox cyBum ycmosuMa yvmrhe ce 3aTBapa, IITO
pesynTHpa HIDKOM CTOIIOM TpaHCIMpalyje y LUby
odyBama Biare. Betusep je OM/bka Koja Iokasyje
BPXYHCKe KapaKTepUCTMKE pacTa ¥ MO>Ke HapacTu
710 3 m BUCHHE.

Beoma Ba)kHa KapaKTepUCTHKA BETUBEPA CY Hero-
BI jaKy, YBPCTU U TyCTY JIMICHATY M3faHuy. Pagu
Ce O BMILECTOAMIIBUM ,4YyIaBUM TpaBaMa Koje
CTBapajy TyYCTY >KMBY Orpajly Kajia ce cajie 6mmsy.
Betusep je y cramy fma pacumna eHeprujy BeTpa u
BOJIe LITO 3a IOC/ENUILY MMa YCIIOpaBame IOBP-
IIMHCKOT oTniaja. IlogHocy 6psmHe oTmmaja of
5 m/sec u KoHTponuile Tedewe Bome. CrpeuaBa
eposujy cefyMeHaTa 1 y MCTo Bpeme nosehasa mH-
dbunrpanujy Bome y sempynmty. OBa TpaBa IjBeTa,
any He Jaje ceMe, IITO 3HAa4M J1a je CTePUIIHA, Of-
HOCHO HMje KOPOB.

VHOCcTpaHa MCKyCTBa IOKa3yjy ha O6upKa OIC-
Taje 4aK U y IOTOIUbeHUM ycnoBumMa. Ornenyma
je TpaBa BeTMBepa 3acabeHa y My/beBUTH Ilecak
U Y My/bEBUTO IJIMHEHO T/IO. Y TOKY TP Mecela
IIOCMaTpara OTKPUBEHO je ja BETUBEP MOXKe IIpe-
JKMBETU II0J] YCIOBMMAa IIOTOIUBEHOCTHI. BeTusep
TpaBa 3acal)eHa y My/beBUTOj IIMHM U MY/bEBU-
TOM IIeCcKy Hapacia je 1o 109 cm, ogHocHo 114 cm
3a Tpu Mecena. Jly>K1MHa KopeHa ropacia je 28 cm
Y MY/bEBUTOM IIeCKy U 13 cm y My/beBUTO] IIN-
HJ TOKOM TOT nepuofia. OTKpUBEHO je ia BEeTUBep
MOXKe IpeXnBeTy ca HuBouMa pH Koju Bapupajy
of 4,6 1o 7,7 M eNeKTPUYHOM IIPOBO/bMBOIINY
(EC) y pacmony oz 0 o 15,9 ds/m.

ITPVIMEHE

Hocaanima MCTpaKIBamba Cy MOKa3aja fia je OBy
OwbKy Moryhe KOPUCTUTM Y MHOIMM OOJacTMMa
y KojuMa Iocroju mnorpeba ma oppebenn objextn
MIMajy CTaIaH OO/IMK U rabapuTe 1 ia Cy AYTOTpajHI
6e3 003mpa Ha Crojpalllibe YTULAje 1 yTHULdje Bpe-
MEHCKIX KapakTeprcTtuka. OBakse objexre cpehemo

while its crown grows below the surface to
protect against fire, grazing and trampling.

Unlike most other grasses, vetiver has a
V-shaped leaf, with a prominent middle
vain that can control the opening or closing
of leaf surfaces. The leaves open under hu-
mid or wet conditions, resulting in higher
transpiration rates. Under dry conditions,
the leaves close, which results in a lower
transpiration rate to preserve moisture. Vet-
iver is a plant that exhibits excellent growth
characteristics and can grow up to 3 m in
height.

A significant vetiver characteristic is its strong,
firm, dense leafy shoots. These are perenni-
al «shaggy» grasses that create a dense hedge
when planted close together. Vetiver can dis-
sipate wind and water energy, which results
in surface runoff slowing down. It withstands
runoft speeds of 5 m/sec and controls water
flow. It prevents sediment erosion and at the
same time increases water infiltration into the
soil. This grass blooms, but does not produce
seeds, which means that it is sterile, i.e. it is
not a weed.

Foreign experience shows that the plant
survives even in submerged conditions.
Vetiver grass was planted in muddy sand
and muddy clay soil in an experiment.
During three months of observation, it was
discovered that vetiver could survive under
submerged conditions. Vetiver grass plant-
ed in muddy clay and muddy sand grew to
109 cm, or 114 cm in three months. The
roots length increased by 28 cm in muddy
sand and 13 cm in muddy clay during that
period. It was found that vetiver can sur-
vive with pH levels ranging from 4,6 to 7,7
and electrical conductivity (EC) ranging
from 0 to 15,9 ds/m.

APPLICATION

Previous research has shown that this plant
can be used in many areas where there is a
need for certain facilities to have a constant
shape and size and to be long-lasting regard-
less of external influences and weathering. For
example, we find such facilities in mining, traf-
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y obmactu pymapcTBa, usrpajmu caobpahajue mH-
bpacTpyKType, peryncamy BOGOTOKOBA, M3IPafbi
HAaCHIIA Pa3/IMINTIX TabapyTa i HaMeHa UTH.

JIHOCTpaHa MCKyCTBa IIOKasyjy ja je ymorpeba
BeTUBEpa y CBPXy CcTabmiyusalyje KOCKHa BeoMa
norogHa. ITpumepn n3 Banrnapenra, rue cy py-
IIea HacKIla BeOMa 4YecTa I10jaBa, MOKasazna Cy
fla TPAAMIMOHATHY HAYVHY 3a 3aIUTUTY HaCUIIa,
Kao IITO je ymoTpeba 610KoBa Off IjeMEeHTHOT Oe-
TOHa, 06710Ta Off KaMeHa WM ApBeTa, reoBpeha,
reoTeKCTIMA, HUCY Tommko edukacHu. Taxobe,
OBe MeTOJie 3alITHTe HacKIa Cy BeoMa cKyte. Vc-
TpaKUBalba y OBY CBPXY IIOKasaja Cy fia je 4Bp-
croha Ha cMuIame, T, MaTpuIle T/Ia yKOpermeHe
BeTUBEpoOM, 1,8 myTa Beha of oHe oro/pbeHor TiIa.
XopusonTtanHa medopmanuja Ipu CMULEAKY S,
T/Ia YKOPEHEHOT BETUBEPOM je OKO 5,5 myra Beha
Of1 OHE OTOJbEHOT TIA.

Takobe, McIUTUBAHO je UPEKTHO CMUIlalbe Ha
y30pIMMa T/Ia 3a pas/IndnTe caip>kaje KopeHa (o
0% mo 12% cyBe Mace 3eMJ/be Iy>KIMHE KOpeHa 2,54
cm 1o pa3nMinTM HOpMa/IHM Hallp€3amliMa,
1j. 075 10,96 50 19,98 kPa). Pesynraru ucnurnpama
MOKasanu Cy Jia je T 3eM/bUIITA YKOPEHEHOT
BETUBEPOM OKO 1,4 myra Behe op oros/beHoOr T4,
y 3aBMCHOCTI Of IIPOLIEHTa Cafip’kKaja KOpeHa.
XopusonranHa medopmanmja 8  Tma ykopeme-
HOT BeTMBepoM IoBehaa ce oko 2,2 myTa y mo-
pebemy ca oro/beHnM sembuinTeM ca nosehamem
cajpkaja kopeHa ca 0,5% Ha 12%. UBpcroha Ha
CMMIIAbe Bapypa ca IOPAcTOM CajprKaja Kope-
Ha. MebyTtnuMm, yrBpbeHo je ma ce uBpcroha Ha
cvmiame (T ) mosehama ca mosehamem cazp-
Xaja KopeHa 0 9% ykopemeHor Taa. MehyTnm,
CHara ce cCMamIIa IIpM BeheM cagpikajy KopeHa.
CympotHo ToMe, 8, ce moBehasao ca mosehamem
cagpxaja kopena. Takobe cy cposeneHnu Tecro-
BII [VMPEKTHOI CMUIIama Ha J1ab0paTOpyjCKUM
y30opLyMa T/Ia IPUIPEM/bEHUM Ca PasINIUTUM
Ay>X1HaMa KOpeHa y pacnony oy 1,25 cm o 5 cm
Ol pas3IMINTYIM HOPMATHMM HampesamuMma (Tj.
ox 10,96 mo 19,98 kPa) ca 6% cagpyaja KopeHa.
Pesynratu ncnutmBama moKasaam Cy Jja je 4Bp-
croha Ha cMuIame T THda YKOPEHEHOT BETH-
BepoM OKo 1,4 myTa Beha on oHe oro/peHOr TIA.
Cmrano TOMe, 8, T/Ta YKOPEeIheHOT BeTUBEPOM I10-
BehaBa ce oko 3 myTa y nopehemwy ca oropeHnM
3eM/BMIITEM 32 IOBehame my>k1He KopeHa ca 1,25
cmHa 5 cm [1].
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fic infrastructure construction, watercourses
regulation, construction of embankments of
various sizes and purposes, etc.

Foreign experience shows that vetiver is very
suitable for use in slope stabilization. Exam-
ples from Bangladesh, where embankment
collapses are very common, have shown that
traditional embankment protection, such as
the use of cement concrete blocks, stone or
wood paneling, geobags, geotextiles, is less
effective. Also, these methods of embank-
ment protection are costly. Studies for this
purpose have shown that the shear strength,
ey Of the matrix of vetiver-rooted soil, is 1,8
times higher than that of bare soil. The hori-
zontal shear deformation §,  of vetiver-root-
ed soil is about 5,5 times greater than that of
bare soil.

Also, direct shear was examined on soil sam-
ples for different root contents (from 0% to
12% of dry mass of soil with a root length
of 2,54 cm under different normal stresses,
i.e. from 10,96 to 19,98 kPa). The test re-
sults show that the t__ of the vetiver-root-
ed soil is about 1,4 times higher than that
of bare soil, depending on the root content
percentage. The horizontal deformation §
of the vetiver-rooted soil increases about 2,2
times compared to bare soil with an increase
in root content from 0,5% to 12%. Shear
strength varies with increasing root content.
However, shear strength (t__) was found to
increase with increasing root content with up
to 9% of rooted soil. However, the strength
decreased with higher root content. In con-
trast, 8, increases with increasing root con-
tent. Direct shear tests were also performed
on laboratory soil samples prepared with dif-
ferent root lengths ranging from 1,25 cm to 5
cm under different normal stresses (i.e. 10,96
to 19,98 kPa) with 6% root content. The test
results show that the shear strength t_  of
vetiver-rooted soil is about 1,4 times higher
than that of bare soil. Similarly, 8, of veti-
ver-rooted soil increases about 3-fold com-
pared to bare soil when root length increases
from 1,25 cm to 5 cm [1].
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Pymapckum papoBuMa NpoM3BOAM Ceé OIPOMHA
KOJIMYMHA jaJIOBMHE, IbIIXOBO OfiTarame 1 HUBe-
nmanyja JerpajupaHux IOBPILIMHA U3NCKYje Be-
OMa BEJIMKY IaXKiby NPMINKOM IIPOjeKTOBamba 1
IpopadyyHa KOHAYHVX JJMMeH3Mja OBUX objekaTta.
3HauajHo noBehame KOMMYMHE OTKOIIAHE jalIOBM-
He MOCIIeIbYIX TOfIYHA pe3y/ITupao je ehoM Bu-
CMHOM JIeTIOHNja, Ie/IVIMUYHO 1 360T OrpaHNdYeHe
TOCTYIHOCTM 3eM/buiITa. CXOIHO TOMeE, CTBO-
PE€Ha je OIACHOCT Of [10jaBa KIM3UIITA Ha JEIO0-
HIjaMa, epo3Mje ¥ Pa3HUX II0BE3AHNX €KOTOUIKMX
npob6nema, ciuke 3 u 4.

Mining works produce a huge amount of tail-
ings. Consequently, their dumping and leve-
ling of degraded surfaces requires great care
when designing and calculating the final di-
mensions of these facilities. In recent years, a
significant increase in the amount of excavat-
ed tailings has resulted in higher dump levels,
partly due to limited land availability. Conse-
quently, there is a risk of landslides, erosion
and various related environmental problems,
Figures 3 and 4.

Cnuxa 3, Eposuja cesepre eparuye IIK ITowe b [5]
Figure 3, Erosion of the PK Field B northern border [5]

360r pasHMX HeCTAOMTHOCTYM Ha KOIOBUMA, Te-
OMexaHMYKa CTaOMIHOCT [JielIOHMja Y MOCIeNbe
BpeMe NpUBJIauy MMOCeOHY MaXKby KaKo KOf Hac
Tako 1 mpom cBeta. CTabMIHOCT KOCMHA U Te-
HepajlHO PYAHMYKMX objeKaTa MPUINYHO je Ba-
JKHa 3a Oe3belaH paji y pyAHMIMMA U OKO HUX.
Ha cninkama 3 n 4 npukasaHu cy mpumepy 10Mo-
Ba TepeHa KOJ| HaC U y CBETY.

Capma Bereralyje jefiHa je o MMpoKo Kopuurhe-
HMX TeXHVKa 3a KOHTPOJIy eposuje U CcTabuimsa-
nuje Harnba penonmja (Akers u Muter 1974), a
THME ¥ 3a Ofip’KaBame €KOJIOIIKE PaBHOTEXE Y
HOPYYjy IZie ce PyapCKy 00jeKaT Haasu.

C 063upoM Ha y/Iory pacTa BereTaiuje Ha IMafNHN
OJIATA/TNIIITA, [I€JCTBA MOTY OUTHU XMPOreO/IONIKa
u MexaHm4ka (Cherubini n Geiasi 1997); c 063upom

Due to various instabilities in mines, the ge-
omechanical stability of dumps has recently
attracted special attention both in our coun-
try and worldwide. The stability of slopes and
generally of mining facilities is critical for
safe work in and around mines. Figures 3 and
4 show examples of terrain fractures in our
country and in the world.

Vegetation planting is a widely used erosion
controlling and dump slope stabilizing tech-
nique (Akers and Muter 1974) which main-
tains ecological balance in the area of the min-
ing facility.

Given the role of vegetation growth on the
dump slope, it can have hydrogeological and
mechanical effects (Cherubini and Geiasi
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Cnuxa 4, Cesepna kocuna IIK Rupuxosay, [5]
Figure 4, North slope of PK Cirikovac [5]

Ha XUZIPOTEOJIOIIKO MIejCTBO, KOPEHM BeTreTalyje
UTPajy BaXKHY Y/IOTY y MOOO/BIIAKY CTAOVTHOCTI
IeTIOHNje KOHTPOIMINYhy IpecpeTame KUIIHUIIE
U eBallOTPAHCIMpaLyje ¥ pe3ynTyjyhn cMmameme
nopHor nputucka (Hussain 1995), nox je mexanud-
KO JI€jCTBO 3ay3BpaT 0jayasio JEMOHMjy KOpeHuMa 1

1997); hydrogeologically, vegetation roots play
an important role in improving dump stabil-
ity by controlling rainwater interception and
evapotranspiration and resulting in reduced
pore pressure (Hussain 1995). In mechanical
terms, they strengthen dump and increase

Failure
TN S T L]

Cnuxka 5, [Ipunyun ousputhusarea kocuna eemusepom

Figure 5, The principle of vetiver strengthening of slopes
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nosehao uBpcTohy cMunama MaTepujana 3a oja-
ratbe. OBa aKTMBHOCT je YCKO IIOBe3aHa Ca IyCTH-
HOM, [yOMHOM ¥ CHaroM KOpeHa O1jbaKa.

Anaym3ama je yTBpheHo /ja je ITaHTaXka BETUBEpPO-
Be TpaBe y CTamy fa rnoseha ¢axkrop curypHocTn
Haruba HacKIa OKo 1,5 IyTa y OffHOCY Ha OTrO/beHO
sem/buiITe. VI3 Tecta eposuje youasa ce fia ce epo-
3Uja MOXKe CMambUTH IVTAHTQKOM BETMBEPOBe Tpa-
Be. YKYITHO CMaIbetbe epo3lije BeTVBEPOBOM TPAaBOM
je 71% y ogHOCY Ha oro/beHo 3emsbyiITe. KOHa4HO,
Mo>ke ce pehy fa ITaHTaka TpaBe BeTUBEpa MOXe
3aIUTUTUTY HACUII Off KUIIHE epo3yje M IUIUTKUX
K/IM3ama Matepyjana [1].

Texnomoruja tpase Betusep (BI'T), y cBoM Haj-
vermheM OO/MNKY, jeJHOCTABHO je YCIIOCTaB/bakbe
KpyTe BeTUBepOBe TpaBHare Oapujepe, y 00mm-
Ky JKIBE Orpajie, IIOIPEYHO Ha IIpaBall JIefioBarba
kmsymra. Kajja ce mpaBUIHO IPUMEHH, TEXHOJO-
rmja je edrkacHa Ha agyHaMa off Marbe of 1 1o mpe-
ko 100%. Ilopen Tora, meroB MacUBHM KOPEHCKU
cucreM nosehahe uBpcrohy cMuiama 11a. Betusep
je TpaBa, ycrpaBHe cTab/buKe BUCKHE o 1,2 m.

dumping material shear strength. This activity
is closely related to plant roots’ density, depth,
and strength.

Analyzes have shown that the vetiver grass
plantation can increase the safety factor of the
embankment slope by about 1.5 times com-
pared to the bare land. The erosion test shows
that erosion can be reduced by planting veti-
ver grass. The overall reduction in erosion by
vetiver grass is 71% compared to bare land. Fi-
nally, vetiver grass plantation can protect the
embankment from rain erosion and shallow
material sliding [1].

In its most common form, vetiver grass tech-
nology (VGT) simply implies the establish-
ment of a rigid vetiver grass barrier, in the
form of a hedge, transverse to the landslide
direction. The technology is efficient on slopes
of less than 1 to over 100% when properly ap-
plied. In addition, its massive root system will
increase the soil shear strength. Vetiver is a
grass with erect stems up to 1,2 m tall.

Cnuxka 6, [Ipumep ouspuihusara kocuna cucmemom semusepa

Figure 6, Example of vetiver system strengthening of slopes

TpaBe ce cmarpajy pactyhum yceBuma 1 Mory
CIY>KUTM 3a paHy BereTanujy. TpaBe MMajy mo-
3UTKBHE eeKTe Ha PyAHUYKA 3eM/bUILITA Y MOTY
HOPY>KUTU CYIEpUOPHY TOJIEPAaHLMjy Ha CYIy,
HICKe XpaH/bUBE CACTOjKe Yy Ty M Jpyre Kiu-
MaTcke crpecose. KopeHm Tpasa cy BIaKHAacTH

Grasses are considered growing crops and
can be used for early vegetation. Grasses
have positive effects on mine soil and can
provide superior tolerance to drought, low
nutrient content in the soil and other climat-
ic stresses. Grass roots are fibrous and can
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U MOT'Y YCIIOPUTU €PO3Njy, a IbUXOBE TEHIEHIje
dbopmupama T1a Ha Kpajy CTBapajy CjI0j opraHc-
KOT T/Ia, CTaOM/IN3Yjy 3eM/bMIITE, YYBajy BIAry y
TJIy ¥ MOTY C€ TAKMUYUTHU Ca KOPOBUTUM BPCTa-
Ma. [ToueTHM moxpusay Mopa omoryhutu pasBoj
PasIMUNTUX CaMOOAPKMBUX OW/BHUX 3ajefiHM-
na. JIpsehe Moxke mNoTeHIMjamHO MOOOJBIIATI
3eM/BMIITE Kpo3 OpojHe Ipolece, YKby4yjyhu
ofipKaBame MM moBehame OpraHckMx Mare-
puja y Ty, 6uomomky ¢ukcanujy asora, yHOC
XpaH/bMBMX CacTOjaKa OFO3[0 U JOCer Kopema
HOfi3eMHe 3e/bacTe Beretaiyje, moseharu nuom-
TPALVjy U CKIAVILITe e BOfie, CMabUTI IyOUTaK
XPaH/BMBUX CaCTOjaKa €pO3UjOM M MCINPAIbE,
no6ospiaTy Gpusnyke 0CoO6MHe T/Ia, CMabUTY KN~
CeJIOCT T/1a ¥ MO6O0JbIIATY OVMOJIOMIKY aKTUBHOCT
Tra. Hajuenthe ce y oBe cBpxe Kopucre Tpase ca
nocrojeher 1okanuTeTa, ami 1 HeMHBa3UBHE KyI-
Type Koje ce KOHTPOJIMCAaHO pPasBUjajy y LUIbY
KyITUBUCAaa ¥ HobomIIama mnocrojeher Tia,
a Koje He IOTUYY ca TOT IOAPYy4YMja, MOTY JIOHE-
i MHore Genedure [7]. Takobe, npsehe cTBapa
HOBa CaMOOAP>KMBa ropma T1a. Cre/be OMbaka
U M3Ty4eBMHe KOpeHa oMoryhaBajy KpyxKeme
XpaH/pMBMX cactojaka fo 1ra (Pulford m Vatson
2003) [2]. Kaga ce carepajy KapakTepuUCTUKe U
jemHe M pyre OWbHe 3ajegHuIle, MOXe ce pehu
a je BeTUBep CyOMMMaIyja MO3UTUBHNUX Kapak-
TepucTuKa obe 3ajemHuiie. BetuBep cuctem ce
KOPUCTM 33 CaHalMjy PYlapCKMUX OfilarajiMIITa y
Jy>xnoj Abpuun, Kunn, Tajnanny n Aycrpanuju.
Y ceBepoucrodHoM peny Aycrpanmje (mpxaBa
KBuncrenp) kopuihemwe BeTuBep Tpase je Beo-
Ma IIPUCYTHO 33 KOHTPOJy eposuje U CeUMEeHTa
OTKPMBKe PyJHMKA YI/ba y IIeHTPaJHOM U jyTroMuc-
TOYHOM JIe/Ty, KaO U 32 KOHTPOJIy epo3ije BeTpOM
y PYBHMKY 371aTa Ha ceBepy. 3acaji BeTUBepa Kao
OCHOBHe OW/bKe BMCOKO je epuKacaH y pexabu-
JIMTALMjY jallOBMHE Y LIEHTPAJIHOM JIely Jp>KaBe,
KaKO HOBE TaKo ¥ crape jajoyHe. OBOM OM/bKOM
U3BPILIEHO je PeKYITUBICabE ja/IOBUHE OEHTOHNU-
ta y jy>)kHoM Keuncnenny [3]. OBa 6upka 6u Mo-
I71a Ia ce IPMMEHM U Ha KOIIOBMMA Y cacTaBy JII
EIIC, mpe cBera Ha KOIIOBMMa KOju MIMajy BeIMKa
OflTaraJIMIITa Ha KojuMa Buile Hehe 6uTu famer
OJl/1arama, a Koji I0Ka3yjy N3BeCTaH CTEIEeH Hec-
tabunHocTy (yHyTpalue opnaramuire [TK [Ip-
MHO, yHyTpaumwe opmaramuute [IK Ilome I n
MHOT'a JIpyTa Ofi/IaTa/INIITa).
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slow down erosion, and their tendency to
form soil eventually creates a layer of organic
soil, stabilizes the soil, stores moisture in the
soil and can match weed species. The initial
cover must allow the development of various
self-sustaining plant communities. Trees can
potentially improve soil through a number
of processes, including maintaining or in-
creasing soil organic matter, biological ni-
trogen fixation, bottom nutrient uptake and
underground root vegetation reach, increase
water infiltration and storage, reduce nutri-
ent loss by erosion and leaching, improve soil
physical properties, reduce soil acidity and
improve soil biological activity. Most often,
locally existing grasses are used for this pur-
pose, but also non-invasive cultures which
do not originate from that area and are de-
veloped in a controlled way for existing soil
cultivation and improvement purposes, can
bring many benefits [7]. Also, trees create
new self-sustaining topsoils. Plant stems and
root exudates allow nutrients to circulate to
the soil (Pulford and Watson 2003) [2]. When
considering the characteristics of both plant
communities, vetiver can be said to be a subli-
mation of the positive characteristics of both
communities. The Vetiver system is used for
the rehabilitation of mining dumps in South
Africa, China, Thailand and Australia. In the
northeastern part of Australia (Queensland),
vetiver grass is widely used to control ero-
sion and sediment of coal mine overburden
layers in the central and southeastern part
and control wind erosion in the gold mine in
the north. Plantations with vetiver as a ba-
sic plant are highly effective in rehabilitating
both new and old tailings in the central part
of the country. This plant was used to reclaim
bentonite tailings in southern Queensland
[3]. It could be used in mines within JP EPS,
especially in mines with large dumps where
there will be no further dumping, and which
exhibit a certain degree of instability (inter-
nal dump of PK Drmno, internal dump of PK
Polje C and many other dumps).
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3AK/bYYAK

OmpaBfaHOCT IpuMeHe BeTuBepa Tpeba mo-
TBPAUTY Ha CIIO/bAIIEUM U YHYTPAUIBUM OfI-
JaTa/IMIITAMA Ca aCHeKTa CTabMTHOCTY M HOCH-
BOCTY, PEYHUM KOPUTMMA U ITyTEBUMA KOjI Ce
HajTa3e y HeIoCpenHoj 6mmsuam konosa. Ocnm
IbETOBE TEOTeXHMYKe ePUKACHOCTH, Y IPOIeCy
pekynTuBanuje Tpeba pasMOTPUTH M KOMep-
IVjaJTHy CTpaHy, Kao MOryh 13Bop 0OHOB/bUBE
eHepruje. [TosuTuBHe KapaKTepUCTHKe OBe Tpa-
Be oMoryhyjy pasHoBpcHe mpumeHe. [loTpe6HO
je M3BPUINTY UCIINTUBAA y IM/BbY MOTYhHOCTH
IpUMeHe OBe TpaBe y HalllM KIMMAaTCKNM yc-
JI0OBMMa, Majia McKycTBa u3 Hemauke u JleTo-

HIIje 0Xpabpyjy.
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CONCLUSION

The justification for the use of vetiver should be
confirmed in external and internal dumps in
terms of stability and load-bearing capacity, in
riverbeds and roads located in the immediate
vicinity of mines. In addition to its geotechnical
efficiency, the commercial aspect in the recla-
mation process should also be considered as a
possible source of renewable energy. The posi-
tive characteristics of this grass allow for a varie-
ty of applications. It is necessary to do testing to
verify the use of this grass in our climatic condi-
tions, although the experiences from Germany
and Latvia are encouraging.
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Caxerak: [Ipukasan je xeanumem ambujenmantoe
6a30yxXa HA NPOCMopy nexuwima 60pHUX MUHepana
uckara, Koje ce HANA3U y UCMOUHOM Oery JapaHoon-
cKoe mepuyujapHoe bacena, Ha OecHoj obanu J6pa.
Ananusom cy obyxeahenu y3opuu ca vemupu mepHa
Mecma, y30pKo6aru y MoKy nemux u 3UMCKUX meceti
2018-19. 200une. Ha cea vemupu mepHa mecma mepere
cy ykynue manoxte mamepuje, pH epedrocm, xao u
caopxaj mewikux memana y yKynHUM mManoxHum
mamepujama (Pb, Cd, Zn, As). Ha 06a mepHa mecma u3-
8pUlEHA je aHAnu3a cyMop-0UoKcUoa, asom-ouokcuoa,
uahu u cycnendosarux wecmuuya PM, . Caznedasaroem
dobujenux pesynmama, Ha 0cH08Y 00206apajyhe 3aKoH-
cKe pezynamuse, ymeheHo je 0a ¢y UCHUMUBAHU y30p-
UU 6a30yXa N0 AHATUSUPAHUM NAPAMEMPUMA, OCUM
no usmepenum konuenmpavujama PM, (vecmuunux
mamepuja marox 00 10 ym), y epanuyama nponuca-
HUX epanuuHux epeoHocmu. JlobujeHu pesynmamu
ucnumuearea mpeba 0a Nociysxe Kaxo 6u ce ymspouo
oupexman ymuyaj 6yoyhe excnnoamayuje 60pHux
MUHepana Ha Keanumen 6a3o0yxa.

Kibyune peun: AMBUJEHTAJIHU BA3/TYX, BOPHI
MUVHEPAJIY, JIEXXMIITE IIMCKAIbA, JAPAHJJOJI-
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Abstract: The paper presents ambient air quality
in the area of Piskanja boron mineral deposits, lo-
cated in the eastern part of the Jarandol Tertiary
Basin, on the right bank of the Ibar River. The anal-
ysis included samples from four measuring points,
sampled during the summer and winter months of
2018-2019. Total atmospheric deposition, pH val-
ue, and heavy metal content (Pb, Cd, Zn, As) in
total atmospheric deposition were measured at all
four measuring points. In addition, sulfur dioxide,
nitrogen dioxide, soot, and PM particulate mat-
ter were analyzed at two measuring points. Con-
sidering the obtained results and applicable legal
regulations, the tested air samples were found to be
within the prescribed limit values by the analyzed
parameters, except for the measured PM,, concen-
trations (particulate matter less than 10 ym). The
obtained test results should contribute to determin-
ing the direct impact of future exploitation of boron
minerals on air quality.

Key words: AMBIENT AIR, BORON MINERALS, PI-
SKANJA DEPOSIT, JARANDOL BASIN
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YBO/]

Jlexxumire 60opHMx MuHepana Ilnckama Hama-
31 ce Ha JiecHOj obamm VI6pa, y MCTOYHOM [ieny
JapaHmornckor 6GaceHa y HENOCPeNHO] OMM3MHU
Haceba bapeBan, ommtmna Pamika. Japanpon-
CKU TepLyjapHu 6aceH Iofe/beH je pekoM Vbap
Ha /IBa fle/la: MCTOYHN — IVCKAIBCKIY, Y KOjeM ce
Hayasy yexuiTe 6opara Iluckama, 1 3amagHu
— japaHJOJICKM, Y KOjeM Ce Hajlase MarHe3;uTCKa
nexuTa bera crena n boposak, nexxuire yrba
Japanpmo, nexwuure MuHepama 6opa y ITo6pby
U TojaBe OopHe MuHepammsaumje y Pacrmomo-
Buhuma. Y reHeTckoM cmmcry mexumre Ilnc-
Kama (OPMMPAHO je y HEOTeHOj, CENVIMEHTHO]
cepuju JapaHIO/ICKOT 6aceHa y 4ifjoj ce Helocpe-
HOj O/M3MHY 110jaB/bYjy 1 Behe Mace BY/IKaHCKMX
CTeHa aH/Ie3UTCKOT, JALUTCKOT ¥ (PeHOMIALINTCKOT
cactasa. C 00311poM Ha TO JIa je Cei¥IMEeHTHA cepuja
IIOKPMBEHA a/TyBUja/THMM TBOPEBMHAMA U XyMYC-
OM, Ha IIOBPIIVHY TePEHa OBE CTEHe YITIABHOM CY
HeJIOCTYITHE HeTIOCPeHOM OIaXamy [1, 2].

[Toyerak mcTpakuBama OOpPHUX MUHepaaa y
OBOM JIKMILUTY JaTupa jomr of 1987. ropmue,
kaga je npenmysehe ,J6apcku pymHunm” Haby-
IO C710j GOpHUX MuHepana fiebbyHe 3,5 m,
Ha gyounu op 306,7 no 310,2 m. Ox Tor nepuopa
1O [aHaC, y BUILE HaBpaTa, BpIIEHA Cy JleTa/bHa
TeosIolIKa VICTPXKMBaba ca IybeM feduHucama
KOJIMYMHE 1 KBa/IUTeTa KOpJCHe KoMIoHeHTe. Ha
OCHOBY IOOMjeHVX pe3y/iTaTa OLIIEHO je fla ce
HOTeHIMjaIHe pe3epBe 6opata y nexxumry IInc-
Karba ITpoLebyjy Ha rpeko 7.500.000 Tona kBam-
TEeTHMX OOPHMX MMHepasa (KOJeMaHNT, YIeKCUT,
HpOOEPTNT), Ca CPelUM Cafp)KajeM KOpUCHe
KOMIIOHeHTe off 0Ko 36% B,O, [3]. 36or Bicokor
cafipKaja KOpMCHE KOMITOHEHTE JIEKMINITE je T1/Ia-
HMpPaHO 3a ekcIvtoatanyjy. Kako 6m ce yrBpano
IUpeKTaH yTuilaj Oymyher pymHMKa Ha KBaIu-
TeT IVIABHMX IIapaMeTapa >KMBOTHE CpeflMHe, Ha
HOZIPYYjy JIeXMINTA BpLIEHa Cy MCHOUTUBaM-a
»TPEHYTHOT CTakba KBOTHE CpeiuHe [4].

Y oxBUpY HaBe[leHUX UCIINTUBAbA U3BPILIEHA j&
Y aHa/lN3a KBa/INMTeTa aMOMjeHTaTHOT BasJyXa
Ca YeTUPM PasIUYKUTE JOKalMje, Ha IIPOCTOPY
HIpeIMEeTHOT JIeXMITa. Pesynratu TMX mcom-
TUBakba IPUKa3aHN Cy y 0BOM papmy. Ha cmunu
1, mpuKasaHa je 10Kaluja MeCTa y30pKOBatba.
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INTRODUCTION

The Piskanja boron mineral deposit is located
on the right bank of the Ibar River, in the east-
ern part of the Jarandol Basin in the immediate
vicinity of the Baljevac settlement, municipal-
ity of Raska. Jarandol Tertiary Basin is divid-
ed by the Ibar River into two parts: eastern -
Piskanja, accommodating the Piskanja boron
deposit, and western - Jarandol, with Bela stena
and Borovak magnesite deposits, Jarando coal
deposit, boron mineral deposit in Pobrde and
boron mineralization occurrences in Raspopo-
vi¢i. In genetic terms, the Piskanja deposit was
formed in the Neogene, sedimentary series of
the Jarandol Basin, in the immediate vicinity
of which there are larger massifs of volcanic
andesitic, dacite and phenodacite rocks. Giv-
en the sedimentary series covered with alluvial
formations and humus, these rocks are most-
ly inaccessible to direct observation in surface
terrain [1, 2].

The beginning of boron mineral research in
this deposit dates back to 1987 when “Ibarski
rudnici” company drilled a 3.5 m thick layer
of boron minerals at a depth of 306.7 to 310.2
m. Ever since, detailed geological research
has been carried out on several occasions to
define the quantity and quality of the useful
component. Based on the obtained results, the
potential borate reserves in the Piskanja de-
posit are estimated at over 7,500,000 tons of
quality boron minerals (colemanite, ulexite,
probertite), with an average content of useful
component of about 36% B,O, [3]. Due to the
high useful component content, deposit ex-
ploitation is planned. In order to determine
the direct impact of the future mine on the
quality of the main environmental parame-
ters, the environment was “as is” tested in the
deposit area [4].

As part of these tests, the ambient air quality
was analyzed from four different locations in the
subject deposit area. The results of these tests are
presented in this paper. Figure 1, shows the sam-
pling site location.
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MATEPUJAJI I METOJE VICITUTVIBAILA

VcrmTyBame KBaliTeTa aMOMjeHTATHOT Ba3lyXa,
Ha IIPOCTOPY JIeXMIITa 60pHUX MuHepama ITnc-
Karba, 00aB/beHo je y merbeM (4. VI 2018 - 4. VII
2018) m 3mmckoMm (17.12019 - 16.112019) neproxny.

Gornji Milanovac

TEST MATERIAL AND METHODS

Ambient air quality in the Piskanja boron min-
eral deposit area was tested in the summer (June
4, 2018 - July 4, 2018) and winter (January 17,
2019 - February 16, 2019) periods.
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Cnuxka 1, Jlokayuja y3opkosarea

Figure 1, Location of sampling

Y3opkosawe je uzepuieHo Ha uemupu mepHa
Mmecma, npu uemy ce 600UNO pauyHa O Hace-
Jb€HOCMU, KA0 U O NPOCMOPHOj NOKPUBEHOCIU
nodpyuja nexcuuwima (Tabena 1).

Ha cBa yeTnpy MepHa MecTa, Ha 6a3y MeCeYHOT
Y30pKOBamba, M3BPIIEHO je Mepeme YKYIHUX
Ta/lIo>KHUX Matepyja u pH BpegHOCTH. ¥V yKynI-
HVIM TaJIOKHIM MaTepujama ofpebeH je cafpikaj
remkux merana (Pb, Cd, Zn, As). Tokom ucmu-
TUBAHOT IIepMOJia, Ha JiBa MepHa Mecta (MM6,

Sampling was performed at four measuring
points, taking into account the population
and the spatial coverage of the deposit area
(Table 1).

At all four measuring points, total atmospher-
ic deposition and pH values were measured by
monthly sampling. In addition, heavy metal
content (Pb, Cd, Zn, As) was determined in
total atmospheric deposition. During the test-
ing period, at two measuring points (MMS6,
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Tab6ena 1, Onuc mecma y30pko6arba u KoopouHarme
Table 1, Description and coordinates of sampling point

OsnHaka MEPHUX MeCTa

Mecra y30pKoBama

Kooppunare / Coordinates

Marking of measuring Sampling point N E
MM6 [Topomiyna xyha / Family house 4323 14.50 2039 00.37
MM?7 [Topomryna xyha / Family house 4322 52.50 20 38 55.80
MMS8 [Topopyuna kyha / Family house 4322 44.90 2039 16.90
MMO9 IMopopuyna xyha / Family house 4322 42.57 20 38 38.25

MM?7), 24-9acOBHUM Y30pKOBameM M3BpIlIeHa
je M aHammM3a CyMIOP-IMOKCHU[A, a30T-JMOK-
cnpa u 4yabu, DOK Cy cycneHfjoBaHe 4YecTHIle
PM , mepene 15 fana y meceny.

Jlonupare, y30pKoBambe U Meperbe mapaMeTrapa
Ha TepeHy ¥ y /1ab0paTOPMjCKUM YCTIOBMMA
o6aBuo je Pymapcku mHcTMTYyT M3 Beorpapa.
OppebuBame cafpkaja TemKMX MeTama y
TaJIOKHMM MaTepujaMa ypajguo je VIHCTUTYT
Morn p.0.0. Crapa IlasoBa. AHammsa ysopaka
Ba3JyXa BpILEHA je IpeMa CTaHIapAuMa U aKpe-
IUTOBAaHMM METO[AMA.

3amtura Basgyxa op 3arahema y Cpbuju je pe-
Ty/IiCaHa 3aKOHCKUM 1 TTOJ3aKOHCKUM aKTVMa:
3akOHOM O 3aIITUTU Basayxa [5] um Ypenbom
O YClTOBMMa 3a MOHMTOPMHT ¥ 3aXTeBMMa
KBa/ITeTa Basfyxa [6] rme cy, usmeby ocraor,
meduHMCAaHM YCTOBM Mepera, Kao U TpaHud-
He BpEeIHOCTM KOHIIEHTpaluje IIOIyTaHaTa
yckmabenn ca saxtesuma EY. Y Bopgmuy 3a rpa-
HIYHEe BPEIHOCTY YeCTMYHUX Martepuja, CBet-
cka 3upactBeHa opranusanyja (WHO - World
Health Organization) Huje mpommcama momu
HIMBO KOHI[EHTpalyje YeCTUYHMX MaTepuja yc-
TI07] KOjeT HeMa YTHIjaja Ha 3[paB/be Y0BeKa, Beh
je pana oppebene cmepHute u npenopyke. Cmep-
HII[e Hyfle IperopydeHe HUBOE M3I0KEHOCTHI
dectuiama PM, u PM, , 030HY, a30T-guroKcnpy
¥ CYMITOP-AMOKCHLY, KaO 1 Mepe 3a IIOACTULIAbEe
IPOTPeCHBHOT TO0OO/bIIIalba KBA/MUTETa Ba3Ayxa
U CMameme yTuIjaja 3arahema Ha 3gpasibe [7, 8].

PE3YJITATU 1 JMICKYCHJA

Ha cmmkama 2-8 mpuxasanm cy pesyaraTu
Mepera VCIUTUBAHNX IIapaMeTapa 3a JIETHY U
3UMCKY CE30HY, IOK Cy CTaTUCTUYKM IIOKa3aTe/by
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MM?7), sulfur dioxide, nitrogen dioxide, and
soot were analyzed by 24-hour sampling,
while PM,  particulate matter was measured
15 days a month.

Locating, sampling and measuring parameters
in the field and in laboratory conditions were
performed by the Mining institute Belgrade.
Heavy metal content in sediments was deter-
mined by Institut Mol d.o.o. Stara Pazova. The
air samples were analyzed according to stand-
ards and using accredited methods.

Laws and bylaws regulate the protection of
air from pollution in Serbia: the Air Protec-
tion Act [5] and the Decree on Conditions for
Air Quality Monitoring and Requirements
[6] which defines, among other things, the
measurement conditions and the concentra-
tion limits of pollutants harmonized with EU
requirements. In the particulate matter limit
values guidelines, the World Health Organi-
zation (WHO) did not prescribe a lower par-
ticulate matter concentration threshold below
which there is no impact on human health but
gave certain guidelines and recommendations.
The guidelines offer recommended levels of
exposure to PM, and PM_,, ozone, nitrogen
dioxide, and sulfur dioxide, as well as meas-
ures to encourage progressive improvement in
air quality and reduce the impact of pollution
on health [7, 8].

RESULTS AND DISCUSSION

Figures 2-8 show the results of measuring the
tested parameters for the summer and winter
seasons, while the statistical indicators are giv-
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matu y Tabemama 2-5. YV mctum Tabenmama cy,
nopebewa pamu, mate n I'B (rpanmdne Bpep-
HOCTM) 4YMje Cy KOHI[eHTpalyje HeduHucaHe
YpenboM o ycmoBrMa 3a MOHUTOPYHT U 3aXTe-
BUMa KBa/lMTeTa Basfyxa [6].

Cpenme fHeBHE KOHIIEHTpalLlje CyMIIOP-AMOK-
cupa Ha MepHuUM Mectuma MM6 n MM7 He
MpeKopavyjy TpaHMYHE BPENHOCTM, a HUCY
3aberte)xeHe HI eKCTPEMHO BYCOKe KOHI[EHTpa-
uuje, cuke 2 u 3.

AHamusoM pmoOuMjeHuX pesyaTaTa MOXe Ce
3aK/bYYUTH 1A CY MAKCHMaTHe BPeJHOCTHU KOH-
uentpanuje SO, usMepeHe y NETHhEM MEPUOTY.
MaxkcuManHa fJHEBHa KOHILeHTpauuja op 13,4
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en in Tables 2-5. In the same tables, GV (limit
values) are given for comparison purposes, the
concentrations of which are defined by the De-
cree on Conditions for Air Quality Monitoring
and Requirements [6].

The average daily concentrations of sulfur di-
oxide at MM6 and MM7 measuring points do
not exceed the limit values, and no extremely
high concentrations were recorded, Figures 2
and 3.

By analyzing the obtained results, it can be con-
cluded that the maximum values of SO, concen-
tration were measured in the summer period.
The maximum daily concentrations of 13.4 ug/

3umcku nepuox / Winter period

B Jlermu neprox / Summer period

e
Jan 22
Jan 28
Feb 02
Feb 07
Feb 12
Feb 16

Jlarym mepema / Date of measurement

Cnuxa 2, Cpedwe onesre konuenmpayuje SO, na meprom mecmy MMG6, y nemmwem u 3umckom nepuody

Figure 2, Average daily concentrations of SO, at MM6 measuring point in summer and winter periods

pg/m?’3abenexeHa je Ha MepHOM MecTy MM7, a
12,3 ug/m’ Ha MmepHOM MecTy MMS6. [ToBumieHe
KOHI[eHTpalllije Y IeTHheM IepIOJy L0BOJe ce Y
Be3y ca 3arahuBaunma Koju ce Hamase y 6musn-
HM IIpeIMeTHOT JiexxumTa. To ce mpe csera ofi-
HOCH Ha Cemapalujy yrba y bapesiy, kao u Ha
IIeTIOHMjY CUTHOT, OTHAHOT yI7ba KOjY Cafp>Kiu
0KO 42% memnena [ 9].

Cpenme [HeBHe KOHI[eHTpalyje a30T-AMOK-
CHIJia, TOKOM LIeJIOT MEPEeHOT Ieprofa, e cy
3HATHO JCIIOf] TPAaHMYHMX BPEJHOCTU KOje Cy
npornucane Ypen6om [6].

m’ and 12.3 ug/m® were recorded at MM7 and
MM6 measuring points, respectively. Elevated
concentrations in the summer period are asso-
ciated with pollutants located near the subject
deposit. They primarily refer to the coal separa-
tion in Baljevac and the landfill of small, waste
coal containing about 42% of ash [9].

During the entire measuring period, the average
daily concentrations of nitrogen dioxide were
significantly below the limit values prescribed
by Decree [6].
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Cnuxa 3, Cpedrve onesre konyernmpayuje SO, na meprom mecmy MM?7, y nemrvem u 3umckom nepuooy

Figure 3, Average daily concentrations of SO, at MM7 measuring point in summer and winter periods

Tabena 2, Cmamucmuuxu nokasamenu SO, Ha meprum mecmuma MM6 u MM?, y nemroem u 3umckom nepuody

Table 2, Statistical indicators of SO, at MM6 and MM?7, measuring points in summer and winter periods

MepHo MecTo Jletwu nepuop / Summer period 3umckn nepuon / Winter period
Measuring pOint CS[‘ Crmn Cmax Csr lel‘l Cmax
MM6 < 10,0 < 10,0 12,3 < 10,0 < 10,0 < 10,0
MM7 < 10,0 <10,0 13,4 < 10,0 < 10,0 < 10,0

Ipanuuna spedrocm / Limit value (C,,) = 85 pg/m’

MakcumanHa cpefitba JJHEBHa KOHIIEHTpaluja
oz 11,3 ug/m’ nsmepeHa je Ha MepHOM MeCTy
MMS6 y 3umckoMm u ox 10,0 pg/m’ y nermem
HEPUONY, MOK Cy OCTaje BPEJHOCTU 3HATHO
HIDKE.

Cpenme fHeBHe KOHIeHTpanuje yahu Ha Mep-
HuM MecTMa MM6 1 MM7 H11 y jenHOM niepuo-
Iy Mepemba He Ipe/la3de MaKCYMAaHO 103BOJ/beHe
KOHIIEHTpanuje, CIMKe 6 n 7.

MakcumanHa JHEBHa KOHIIEHTpanuja of, 26,7
pg/m?® 3abenexxkeHa je y 3MMCKOM IEpMOAY Ha
MepHOM MecTy MM7, 1mTO je jour yBeK y TpaHu-
IJaMa 03BOJbeHMX BpegHOCTH. Takobe ce Moxe
3aK/bYYNTH Ja Cy 3HATHO Behe KOHIleHTpamuje
vyabu 3abenexxeHe y 3MIMCKOM II€PUOAY IITO Ce
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The maximum average daily concentration was
measured at MM6 measuring point as 11.3 ug/
m’ in winter and 10.0 pg/m’ in summer, while
other values were significantly lower.

The average daily concentrations of soot at MM6
and MM7 measuring points do not exceed the
maximum allowed concentrations in any meas-
uring period, Figures 6 and 7.

The maximum daily concentration of 26.7 pg/
m® was recorded in the winter at MM7 meas-
uring point, which is still within the permitted
values. It can also be concluded that significantly
higher soot concentrations were recorded in the
winter, which is explained by the combustion of
organic matter in individual furnaces.
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Cnuxa 4, Cpedre onesne konyenmpayuje NO, na meprom mecrmy MMG6, y nemrwem u 3umMCckom nepuody.

Figure 4, Average daily concentrations of NO, at MM6 measuring point in summer and winter periods
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Cnuxka 5, Cpedre onesne kornyenmpauuje NO, na meprom mecmy MM?7, y nemroem u 3umckom nepuooy

Figure 5, Average daily concentrations of NO, at MM7, measuring point in summer and winter periods
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Tabena 3, Cmamucmuuxu noxasamenu NO, na meprum mecmuma MM6 u MM?, y nemrem u 3umckom nepuooy

Table 3, Statistical indicators of NO, at MM6 and MM?7, measuring points in summer and winter periods

MepHo MecTo Jletwu nepuop / Summer period 3umcku nepuop, / Winter period
Measuring point C C C C C . C
MMo6 49 <30 7,4 4,2 <3,0 11,3
MM?7 4,9 <30 10,0 3,8 <30 7,0

Ipanuuna speorocm | Limit value (C,,) = 85 ug/m’

_ 300 4

o

]

2]

G

S 250 -

kS 3umcku niepros / Winter period
g n A
‘g 20.0 - Jletmu nepuog / Summer period
1]

5~

34

2 £ 150

2=

S

=

-% 10.0 4

]

=

550

=

ot

]

4

o
=
| —
June 28 [
| —

June 04
June 10
June 16
June 22
et
Jan 22
Jan 28
Feb 02
Feb 07
Feb 12
Feb 16

Jlatym mepema / Date of measurement

Cnuxa 6, Cpedrve OHesHe KoHueHmpayuje uahu Ha mepHom mecmy MM6, y nemroem u 3UMCKOM nepuody

Figure 6, Average daily concentrations of soot at MM6, measuring point in summer and winter periods
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Cnuxka 7, Cpedre OHesHe KOHUeHmpayuje yahu na meprom mecmy MM7, y nemrwem u 3UMCKOM nepuooy

Figure 7, Average daily concentrations of soot at MM7, measuring point in summer and winter periods
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objalmbaBa caropeBambeM OPraHCKUX MaTepuja y
MH/IMBUIYaTHYM JIOKMUIITAMA.

KoHneHTpanmje cyclieHTOBaHNX YeCTHLIA Be/Iu-
uyne 10 um (PM, ) TOKOM neTHer nepnosa, Ha
o6a MepHa MecTa, 61yIe Cy MICIIOJ IPOIMCAHUX
TPaHNYHNUX BPEJHOCTU. AHAMM30M pe3y/iTara
yTBDeHO je fia je TOKOM 3MIMCKOT IIep1ofia JTHEB-
Ha TpaHM4Ha BpenHOoCT PM, mpekopadeHa Tpu
JlaHa Ha MepHOM MecTy MM6 1 mrect jaHa Ha

Concentrations of PM, during the summer
period, at both measuring points, were below
the prescribed limit values. The analysis of the
results showed that during the winter period
the daily limit value of PM,  was exceeded for
three days at MM6 measuring point and six
days at MM7 measuring point, Figures 8, 9.
The maximum concentration was measured
at MM7 measuring point and was 85.3 pg/m°.

Tabena 4, Cmamucmuuxu noxazamernu uahu Ha meprum mecmuma MM6 u MM7, y nemrvem u 3UMCKOM nepuooy

Table 4, Statistical indicators of soot at MM6 and MM?7, measuring points in summer and winter periods

MepHo MecTo Jlerwy nepuop / Summer period 3umcku nepuop / Winter period
Measuring point C C C C C

MMb6 <20 <20 7,5 <20 <20 12,2

MM7 <2,0 <20 3,8 4,9 <20 26,7

Iparuuna speorocm / Limit value (C,,) = 50ug/m’

MepHOM MecTy MM7, cnuke 8, 9. MakcumainHa
KOHLEHTPALMja U3MEPEHA je HA MEPHOM MECTY
MM?7 un usHocuna je 85,3 ug/m’.

lsmepene nosehaHe BpegHOCTM CyCIIeHTOBa-
Hux yectuna PM , y suMckoMm niepuopy, Ha 0Boj
noKauuju y Hajsehoj mMepu mcramoxeHe cy us
nereaa VHAMBUAYATHUXV KyhHMX TOXUIITA U
Y IMPEKTHOj Cy BE3M Ca CaropeBarbeM OPTaHCKUX
ropuBa y VHAMBMAYIHUM [oMahmHCTBuMA.
Bpennocr emncuje PM  3aBucu u op Basmyui-
HIIX CTPYjamba, OTHOCHO of 6p3uHe BeTpa [10].

Y Tabenu 6 mpuKasaHy Cy pe3y/l1TaTi Mepema, Ha
CBa YeTMpM MepHa MecTa, clefiehux napamerapa:
pH BpemHOCTM, YKYIIHMX TaJOXXHUX MaTepuja
(YTM), cappxaja Temknx Metana (Zn, Pb, Cd,
As) y yKYIIHUM TalIOKHUM MaTepujaMa. Y OK-
BUPY uCTe Tabeje faTa je MaKCUMAaJHO JO03-
BO/beHa BpeHOCT (M/IB) 3a ykyn

BpemHOCT yKYIHMX Ta/JIOKHUX Martepuja, Ha
IpeIMETHOM IIOAPYYjy, 61uae cy y rpaHuIaMma
IpPONMUCAaHNX Ype#boM O yCIOoBMMa 3a MOHH-
TOPMHT M 3aXTeBMMa KaBa/juTeTa Basfgyxa [6].
ToxoM mepuopma Mepemwa, Ha CBa YeTUpPU Mep-
Ha MeCTa, KOHI[eHTpalllja TATOKHUX MaTepuja
Kperasa ce 42,0-61,3 mg/m? Ha laH y 3MCKOM
u 85,5-153,4 mg/m? Ha IaH y JIeTHEM NIepUOLY.

The elevated measured values of PM, in the
winter period at this location are mostly precip-
itated from the ashes of individual household
furnaces. Therefore, they are directly related to
the combustion of organic fuels in households.
The value of PM, emission also depends on air
currents, i.e., wind speed [10].

Table 6 shows the measurement results at all
four measuring points of the following pa-
rameters: pH value, total atmospheric deposi-
tion (TAD), heavy metal content (Zn, Pb, Cd,
As) in total atmospheric deposition. Within
the same table, the maximum allowable con-
centrations (MAC) for total atmospheric dep-
osition is given.

The value of total atmospheric deposition
in the subject area was within the limits pre-
scribed by the Decree on Conditions for Air
Quality Monitoring and Requirements [6].
During the measurement period, at all four
measuring points, the concentration of atmos-
pheric deposition ranged from 42.0-61.3 mg/
m? per day in winter and 85.5-153.4 mg/m* per
day in summer. The
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Cnuxa 8, Cpedrve onesre konyenmpayuje PM, , na meprom mecmy MMG6, y nemroem u 3uMCKOM nepuody
Figure 8, Average daily concentrations of PM, , at MMG6, measuring point in summer and winter period
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Cnuxa 9, Cpedrve OHesre konyernmpayuje PM, na meprom mecry MM?7, y nemroem u 3umckom nepuooy
Figure 9, Average daily concentrations of PM, at MM7, measuring point in summer and winter period

Ypen6a o ycrmoBrMa 3a MOHUTOPYVHT M 3aXTeBIMA
KB/JIUTETa BasfyXa He IPOINMCYje MaKCUMas-
HO J]03BO/beHE BPeJHOCTY HaBeJieHNX MeTajia y
YKYIIHUM TaJIOKHUM Matepujama [6]. lobujene
BPEIHOCTI MOTY fia IOCIY>Xe 3a Ipahemwe yTu-
maja 6ynyhe excruroaramyje Ha KBamuTeT Bas-
IyXa IIpeMeTHOT HoApyYja.
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Decree on Conditions for Air Quality Moni-
toring and Requirements does not prescribe
the maximum allowable quantity of these
metals in total atmospheric deposition [6].
The obtained values can be used to monitor
the impact of future exploitation on the area’s
air quality.



M. Padocasmesuh u op., Keanumem ambujemantoe 6a30yxa Ha nokanumemy nexcuwima 6oprux munepana Iuckaroa ko0 bamwesya na VMopy (75-87)
M. Radosavljevic et al., Ambient air quality at Piskanja boron mineral deposit near Baljevac on the Ibar river (75-87)

Tabena 5, Cmamucmuuky nokaamesnu 3a CycneH008arHe Hecruiye Ha MepHUM Mecmuma
MM6 u MM?7 y nemtvem u 3uMCKOM nepuody

Table 5, Statistical indicators for particulate matter at MM6 and MM?7, measuring
points in summer and winter periods

Mepo MecTo Jletwy nepuop / Summer period 3umcku nepuop / Winter period
Measuring point C C C C C C

MM6 17,6 3,6 28,6 39,1 16,2 72,7

MM?7 19,9 2,2 36,1 48,2 24,2 85,3

Ipanuuna speorocm | Limit value (C,,) = 50ug/m’

Tabena 6, Pesynmamu mepera pH epeonocmu, YTM u mewxux memanay YTM

Table 6, Results of pH, TAD and heavy metal in TAD measurements

Mepro Jlerwu nepuop / Summer period 3umcku nepuop, / Winter period
MeCTO

M X
e;zfrftmg pH |UTM | Zn | Pb | Cd | As | pH |UTM| zn | Pb | Cd | As
MM6 747 | 94,1 | 14,64 | 3,44 | <0,07 | 0,92 | 6,12 | 61,3 | 856 | 4,43 | <0,07 | 0,92
MM?7 7,03 | 855 | 10,68 | 6,63 |<0,07 | 0,77 | 598 | 51,1 |12,99| 5,42 |<0,07 | 0,77
MMS8 593 | 153,4 | 7,73 | 5,03 [<0,07 | 1,59 | 5,18 | 49,0 | 4,38 | 3,48 |<0,07 | 1,59
MM9 561 | 107,1 | 560 | 1,59 |<0,07 | 0,82 | 54 | 42,0 | 841 | 2,44 |<0,07 | 0,82

Maxkcumanua meceura 0o0380mena koHuenmpayuja / Maximum monthly allowable concentration = 450 mg/m>*day

3AK/IbYYAK

3a ympap/barbe KBAIUTETOM BasjgyXa Ha HEKOM
IOAPYY)jy HEOIXOQHO je IPATUTU KOHLIEHTpaluje
sarahyjyhux marepuja, kapakTeprucTudHe 3a u3Bope
3arahema Tor mozppydyja. YTuijaj HEKOT IpojeKTa Ha
JKVMBOTHY CpeIMHY He MOXKe Jja Ce YTBPAy 6€3 VICTIN-
TUBaba KBA/IMTETa )XMBOTHE CPEIMHE TIpe MOYeTKa
pagja npojekra. VI3 Tor pasnora BpleHa Cy MCIN-
TUBaba KBA/IMTETA Bas[yXa Ha MOJIPYYjy NEKMIITA
6opHyx MuHepama IInckama, Ipe IIOYeTKa eKc-
IUI0aTaluje. Y30pKOoBambe je BPLIEHO TOKOM JIETIbe U
3MMCKe Ce30He ca YeTMPY MepHa MecTa pacriopehena
TaKO Jia IIPOCTOPHO MOKPUBAjy TIOAPYYje JTEXKMUIITA.
Anamsom cy obyxsahenu cefehy mapameTpu: cym-
HOP-IMOKCH]I, a30T-AMOKCHA, dYal), cycrmeHpoBaHe
gectuie PM | 1 ykynHe TanoxHe marepuje. Y yKy-
IIHMM TAJIOKHVM MaTtepujaMa ofpehe je  campikaj
TelmKux Merana: Zn, Pb, Cd u As.

CONCLUSION

To manage air quality in an area, it is neces-
sary to monitor the concentrations of pollut-
ants, characteristic of the sources of pollution
in that area. The environmental impact of a
project cannot be determined without exam-
ining the environment quality before the start
of the project. For that reason, air quality was
tested in the area of the Piskanje boron min-
eral deposit before exploitation. Sampling was
performed during the summer and winter
seasons with four measuring points arranged
so as to cover the entire deposit area. The anal-
ysis included the following parameters: sulfur
dioxide, nitrogen dioxide, soot, PM and total
atmospheric deposition. The content of Zn,
Pb, Cd and As heavy metals was also deter-
mined in the total atmospheric deposition.
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Pesynratm wmcnmtmBama IOKasalmuM Ccy fa am-
OujeHTamHN BasgyX Ha IPEAMETHOM HOAPYY]Y,
y VCOUTUBAHOM IIepuofy, Huje 6uo ontepehen
IPEKOMEPHUM  KOHLIeHTpallMjaMa  MEpEeHMUX
napameTapa. AHa/IM3MPaHN IIapaMeTpy, OCUM U3-
MepeHe KoHlleHTpauuje PM , He mpenase rpaHny-
He BPEJHOCTM IIPOIMCaHe YpenboM O yClIoBMMa
32 MOHMTOPMHTI U 33aXTeBMMa KBajMTeTa BasfyXa.
[ToBuien cappxaj PM  Hekonmko maHa y TOKY
3UMCKOT Iepuosia, Ha o6a MepHa MecCTa, JJOBO-
IM ce y Be3y ca caropeBambeM OPraHCKOI TOpMBa
Yy MHAVMBMJYATHUM JIOKUIITMMA. Mepema Koja
Cy CrpoBefieHa UMajy 3a Lywb npaheme yTuijaja
Oynyhe excrroatanuje 6GOpHUX MMHepana Jie-
xumra [Tnckama Ha KBa/IMTeT Ba3ayxa Kako 6u ce
HeraTVBHY e(eKTY eKCIUIoaTalyje CIPedIn U
CBe/IM Ha MUHUMYM.
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The test results showed that the subject area’s
ambient air was not burdened with excessive
concentrations of the measured parameters in
the examined period. Except for the measured
PM10 concentration, the analyzed parame-
ters do not exceed the limit values prescribed
by the Decree on Conditions for Air Quality
Monitoring and Requirements. Elevated PM |
content for several days during the winter pe-
riod, at both measuring points, is associated
with the combustion of organic fuel in indi-
vidual furnaces. The measurements carried
out are aimed to be used in monitoring the
impact of future exploitation of boron miner-
als at Piskanja deposit on air quality to prevent
or minimize the adverse effects of exploitation.
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YBO/,

IIpouecm MOKpOr OfCyMIIOpaBama JUMHUX
racoBa Ha TEPMOEHEPIeTCKUM IIOCTPOjerbu-
Ma 3axTeBajy NPUIIPEMY CyCIIEH3Mje KpedrbakKa
ompeheHMx KapaKTepUCTMKa Be3aHNMX 3a Xe-
MUjCKY CacTaB, peaKTUBHOCT U ofipeheny rpany-
nanujy. 3aXTeBaHa KpymHoha Kpedmaka IOCTH-
e Ce YCUTHaBameM, IPOO/bebeM 1 M/IEBEHEM.

Ycutmasame pyie je TeKyhu eKOHOMCKM 3aiaTak
3a HayKy ¥ MHAYCTpHjy. Y 0OIMacTu pymapcrTBa,
33 yCUTH-aBambe pyJe [0 IpojeKToBaHe KpyIl-
Hohe IOTpe6HO je yTPOIINTH HajBHUILIe eHepIje,
3HATHO BMIIIE HETO 3a CB€ OCTajle Ipolece Ipu-
npeme 1 KoHIleHTpanyje. Ca Tor acleKTa, y cBe-
Ty ca OTpaHMYEHVM M3BOPMMA €HepIuje, BeoMa
je OMTHO Ha ce NpeABMAM MOTPOIIkA eHepruje
Yy MHIYCTPUjCKMM IpouecuMa. Enepruja Heom-
XOfiHa 3a Ipo0/berbe U MIIeBebe IPeCTaB/ba ce
BonposnM pagHuM nHAekcoM u oppebyje ce mo-
mohy bonpoBor Tecta MesbuBocTy, y boHoBoM
MJIMHY ca KyrJaMa. Hberosa BpeHOCT je Kapak-
TepUCTUKA Pyfie ¥ CIY>KU 33 IM3ajHUpAIbe MH-
IYCTPUjCKMX IIOCTPOjetba 3a YCUTHbABAIbE.

Bounpos pagun nnpexc Wi ogpebyje ce cumymnu-
pameM CyBOT 3aTBOPEHOT LIMKTyCa MJIeBEba 10
yCHocTaB/bamba QUPKyIaTUBHE mapxxe of, 250%,
y crenujamHoM naboparopujckoM BoHpoBoM
winny. Oppebusame BongoBor pagHor mHpe-
Kca je CTIOKeH IIOCTYIAK 3a KOjy Cy HEOIIXO[HIL:
crienujaHu  BOHMIOB /1ab0OpaTOpMjcKM MIIVH,
oko 10 kr y3opka kpymnohe -3,326+0 mm, 06y-
4eHO 0cob/be 3a pajt 1 usBoheme 7-10 muxiryca
MJIeBema JI0 YPaBHOTEXema Iporeca. [5]

DOHIOB pajgHM MHHIEKC IpefcTaB/ba eHeprujy
Koja je moTpeOHa 3a yCUTHaBabe jefjHe KpaTKe
ToHe (907 kg) Heke cupoBUHe, ca TeOpeTCKM bec-
KOHauHe KpynHohe Ha kpynHohy 80% -100 mm.
/13 oBe nedpmHUIMje ce 3aK/byUyje ja PafiHU UH-
mexc Wi Huje MaTepyjasHa KOHCTaHTa, Beh ce
Mema ca IPOMeHOM KpyInHohe IpousBoaa Mje-
Bewa. OBaj eMmMpujcku MeTof obaB/ba ce Ha
CTaHZIapAM30BaHOM MJIMHY Ca KyIJlaMa JIIMeH-
3uja 304,8 x 304,8 mm ca 70 o6pTaja y MUHYTH.
YHyTpalIma IOBpLIMHA MIVHA je ITIaTKa M CBYU
yrnoBu cy 3ao6menn. [llapxa mepyhux Tena y
M/IMHY je Takobe cTaHfapAM30BaHa, ca jacHO
mepuHMcaHUM OpojeM Me/pyhmx Tenma (Kyrmm)
U jacHO JepMHMCAHUM IPEYHNUKOM U TO: [6, 7]
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INTRODUCTION

Wet flue gas desulphurization processes at ther-
mal power plants require preparing a limestone
suspension of specific characteristics related to
chemical composition, reactivity, and granula-
tion. The required limestone size is achieved by
crushing and grinding.

Ore crushing is an ongoing economic task for
science and industry. In mining, ore crushing
to the projected size requires the most energy,
significantly more than in all other preparation
and concentration processes. From this aspect,
it is critical to predict energy consumption in
industrial processes in a limited energy source
world. The energy required for crushing and
grinding is represented by the Bond work in-
dex and is determined using the Bond grinda-
bility test in the Bond ball mill. Its value is an
ore property and is used in industrial crushing
plant design.

The Bond work index Wi is determined by
simulating a dry grinding locked cycle until
achieving 250% circulating load in a special
laboratory Bond ball mill. Determining the
Bond work index is a complex procedure that
requires a special Bond ball mill, about 10 kg
sample sized -3.326 + 0 mm, trained staff, and
7-10 grinding cycles to balance the process.

(5]

The Bond work index represents the energy
required to grind one short ton (907 kg) of
raw material, from a theoretically infinite size
to 80% - 100 mm size. From this definition, it
can be concluded that the working index Wi
is not a constant due to change in the size of
the grinding product. This empirical method
is performed on a standardized 304,8 x 304,8
mm ball mill at 70 rpm. The inner mill surface
is smooth with rounded corners. The grinding
body load in the mill is also standardized with
a specified number of balls of defined diameter:
6, 7]
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[Tpeunuk Kyre (mm)
Ball diameter (mm)

36.83
29.72
254
19.05
15.49

[IpopadyyHara moBpumIMHA [poO/bera M3HOCU
0.543 m?, a mMaca cBMX KyI/iM Tpeba Jja M3HOCU
20125 g. IIpe modeTKa MCNUTHUBAA je IIPOBE-
peHa mrapxa Kyrm. Takobe je mposepena n
Maca cBUX Ky VsmepeHa je maca op 20165
g. Pasnmuka op 40 g je kopurosaHa. [Torpe6Ho je
HaIIOMEHYTH Jja Ce OIIUTU pafie ca CYBUM y30p-
1[VIMa, TO jeCT 0Baj IIOCTYIaK II0JipasyMeBa CyBI
HaylH MIeBema.

Y30PLN 3A ICITUTUBAIbA

JIaboparopuju 3a mpurpeMy MIUHEpPaTHUX CUPO-
BIHA y PymapckoM MHCTUTYTY JOCTaB/bEHU CY
Y30pIM KpedmaKa KOjii ce KOpUCTe y IMpoLecrMa
OiCyMIIOpaBama y TepMoeneKTpaHama Kocrosmarg
u YrpeBUK pasu onpehuBama bongosor pagHor
uHypiekca. Tpe6a HaITOMEHYTH [ja HaPYIOLY HUCY
MOCTaBIJIV T€OJIOIIKE TIOJATKe O JSKUINTIMA Ha
KOjMMa Ce BpIIY eKCIUIOaTalyja KpedrmbaKa.

METOJE NCIINTVIBAIbA

VcnutuBame je moppasymepano oppebhuBame
YKYIIHe BJ/Iare, IPaHyJIOMETPUjCKOT cacTaBa U
HaKoH Tora ofipehuBame bornoBor pagHor nH-
IeKca.

Cagpyxaj Bjare JMCINTAH je HA JOCTaB/beHNM
y3opLumMa, cyllemeM y cymHnny Ha 105°C go
KOHCTaHTHe Mace. [8]

OpnpebuBame rpaHyIOMeTpPUjCKOT cacTaBa BpIle-
HO je IIpocejaBambeM Ha CTaHJApAHVUM /1aboparo-
pujckuM cutuMa. IIpocejaBarbe je 06aB/beHO pyd-
HO, Ha cuTuMa cepuje tumna Laboratory Test Sieve
Endecotts LTD London England n DIN. [3, 4]

MN3BOBEA OITNTA 3A OJPEDVIBAILE
BOHIOBOI PAITHOT MMHJJEKCA

ITonasHa komM4MHa y30pKa ca KOjoM ce 3aro-
4ynmbe onnuT usHocu 700 cm’, msMepeHa y mabo-

Bpoj kyrmu (kom)
Number of balls
43
67
10
71
94

The calculated crushing area is 842 inch?, and
the ball load should be 20125 g. Before the test
start, the number of balls and the ball load
was checked. The 20165 g load was measured.
The 40 g difference was corrected. Note that
the experiments are done with dry samples,
that is, this procedure involves a dry grinding
method.

TEST SAMPLES

Samples of limestone used in the desulphuriza-
tion processes in TPP Kostolac and TPP Uglje-
vik were delivered to the laboratory for mineral
processing at the Mining Institute to determine
the Bond work index. Note that the Clients did
not submit geological data of the limestone ex-
ploiting deposits.

TEST METHODS

The test involved total moisture, determining
the particle size distribution and then determin-
ing the Bond work index.

The moisture content was tested on the starting
samples prior to their characterization, by dry-
ing in a dryer at 105°C to the constant weight.

(8]

Particle size distribution was determined by the
sieving method on standard laboratory sieves.
Sieving was manual, on Laboratory Test Sieve
Endecotts LTD London England and DIN series
sieves. [3, 4]

PERFORMANCE OF BOND WORK INDEX
DETERMINATION EXPERIMENTS

The initial amount of the sample was 700 cm’
measured in the laboratory beaker. The beaker
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paTopujcKoj MeH3ypu. MeH3ypa ce mocTaBu Ha
ypebaj 3a BepTuKamHo cTpecame. Y MeH3ypy ce
IoZaje y30paK CBe JIOK ce He CTabunmayje 3arnpe-
MmHa o 700 cm’. ITocre Tora ysopak ce mpo-
cejaBa Ha CTaHJJAPJIHO] Cepuju TabOPATOPHjCKIX
cuta jia 6u ce oppenyo napametep Fy ) koju npep-
CTaBJba OTBOP CUTa Kpo3 Koje mpohe 80% momas-
HoT y3opka. [Tocne npocejaBama Ha CTaHAPIHO]
Cepujy CUTA Y30PaK je CIIpeMaH 3a MJIEBEbE.

Y cBuM ommrtuma KopuirheHo je cuTo OTBOpa
0.212 mm 3a mpocejaBarbe y30pKa Ipe LUKIY-
Ca MJIEBEmA, Kao I 33 IIPOCEjaBatbe CaM/IEBEHOT
IPOU3BOJA.

Ha moueTky onmTa, Ipe IpBOT LMK/Iyca Mile-
Bewa, onpeben je ymeo kmace -0.212+0 mm
(BpepnocT al). [IpBu nukIyc MaeBema obaBba
ce ca 100 o6praja ManHa. CaMieBeH) IIPOU3BOT,
ce U3BaJu U3 MIMHA U npoceje Ha cuty 0.212
mm. Knaca -0.212+0 mm ce u3Mepu Ha Baru
(mpencrasipa BpefHOCT bl). 3aTNM ce n3pavyHa
npupamraj kiaace -0.212+0 mm (b1 - al).

3a HapegHM LVKIYC M/IE€BEHa U3JBOjU C€ y30-
pak mMace bl n mpoceje Ha cuty 0.212 mm. Maca
Knace -0.212+0 mm y HOBOM y30pKY IIpefcTa-
B/ba BPEJHOCT a2 KOja je OCHOBA 3a M3pavyyHa-
Bame Opoja o6pTaja y cnenehem nukiycy me-
Bera. 3a CBaKM LUK/IYC M/IEBEba M3PavyyHaBa
ce 6poj 06pTaja Ha OCHOBY IIpUpAIlTaja KIace
-0.212+0 mm 13 npeTXOZHOT LMUK/yCa M/IEBebha
fa 61 ce cuMynupana Kpy)xHa mapxa og 250%
KOja ce IpUMelbYyje Y MHAYCTPUjCKUM IIOrOHMMA
KaJja M/IMH Pajiyi 3ajeJHO ca KIacKPUKATOPOM.

Ha xpajy cBakor umkiayca MjeBema u3padyHa-
Ba ce mHpekc Gbp koju mpencraBba ,,Mebu-
BocT” pyze. Kaza ce y mocmenma Tpu muxiyca
BpenHoCT nHpekca Gbp crabunusyje, ysuma ce
cpenba BpegHOCT mocieftba Tpu Gbp nHmekca,
a pagHM MHJeKC 110 BoHAy uspadyHaBa ce mpe-
Ma cnepiehem obpaciy:

is placed on a vertical shaker. The sample was
added to the beaker until the 700 cm?® volume
stabilized. The sample was then sieved on a
standard series of laboratory sieves to deter-
mine the F, ) parameter, representing the sieve
opening at which 80% of the initial sample
passes. After sieving, the sample was ready for
grinding.

In all experiments, a 0.212 mm sieve was used to
sieve the sample before the grinding cycle and
sieve the ground product.

At the beginning of the experiment, before the
first grinding cycle, the -0.212 + 0 mm feed size
(al value) was determined. The first grinding
cycle was performed with 100 mill rotations, af-
ter which the ground product was taken out of
the mill and sieved on the 0.212 mm sieve. The
-0.212 + 0 mm feed size was measured on the
scale (representing b1 value). Then the -0.212 +
0 mm increment of size fraction (bl - al) was
calculated.

For the next grinding cycle, a sample of bl mass
was separated and sieved on a 0.212 mm sieve.
The -0.212 + 0 mm feed size in the new sample
represented a2 value and was the basis for calcu-
lating the number of rotations in the next grind-
ing cycle. For each grinding cycle, the number
of rotations was calculated based on -0.212 +
0 mm increment of size fraction from the pre-
vious grinding cycle to simulate 250% circular
load applied in industrial plants when the mill
works together with the classifier.

At the end of each grinding cycle, the Gbp index
was calculated, representing ore grindability.
When the Gbp index value stabilized in the last
3 cycles, the mean value of the last 3 Gbp indices
was taken, and the Bond work index was calcu-
lated according to the following expression:
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P - orBOp cuTa Ha KojeM ce 06aB/ba MpoOCejaBame
[IOJIa3HOT ¥ CaMJIEBEHOT y30pKa Y MUKPOHUMA,
(0.212 mm = 212 pm)

Gbp - nuHZEKC MEBMBOCTH PyJie

F,,- KpynHoha y MUKpOHMMa NP1 K0joj ce mpocejaBa
80% momasHor ysopka

P,,- xpymHOoha y MUKpOHMMA ITPM KOjoj ce ITpocejaBa
80% camreBeHOT MaTepujaa [2]

Hagenenn o6pasan uspadynasa bounos pajgn
MHJIEKC 110 KPaTKOj TOHM (st) Kojy je moTpe6HO
npebanuty y kWh/t.

PE3VIITATU N JVICKYCHUJA

C 0631poM Ha TO fla CY IOCTaB/bEHN Y30PIIN U3
TE Kocronau 1 u3 TE Yr/beBUK OMIM BIa>KHu,
61710 je TOTPeOHO OCYIINTH MX O KOHCTAaHTHE
Mace. YTBpheHo je 1a cpefiiba BpeTHOCT YKyIIHe
Brare y y3opky TE Kocronan nsnocn 0,58% a
y ysopuuma TE Vrmwesux 0,3%. Y3opuu cy 3a-
TUM XOMETeHM30BaHM TaKO Jja je HaIpaB/beH
KOMITO3UTHM Y30PaK 3a Jja/ba MCIUTUBAMA.
KomnosuTHu ysopak je ycuTmaBaH Ha KpyI-
Hohy 100% -3.35+0 mm, ImTO NpecTaB/ba ynas
y orut onpehuBamwa boHmOBOT pafHOT MHTEKCA.
Y3opak je mocye ycuTmaBama XOMOT€HM30BaH
U U3MIBOjEH je KOHayaH y30PaK 3a UCIUTUBAIE
BonpoBor pajiHor MHJEKCa METOIOM 1IIaX 1107ba.

IpanynoMeTpujcKku cacTaB IIOJIa3HOT Y30pKa
KpeumaKa Koji ce KOPUCTY 3a OfICYMIIOpaBaibe
y TE Kocronan b1 u B2, 3anpemune 700 cm?,
IIpMKas3aH je Ha cayuy 1.

100.00

P, -is selected test size in microns (0.212 mm =
212 pm)

Gbp - is the grindability at steady state condition

E,, - is the 80% passing feed particle size in microns

P, - is the 80% passing product particle size in mi-
crons [2]

The above expression calculates the Bond work
index per short ton (st) to be converted to
kWh/t.

RESULTS AND DISCUSSION

Since the delivered samples from TPP Kostolac
and TPP Ugljevik were wet, it was necessary to
dry them to constant weight. It was determined
that the mean moisture content in the samples
from TPP Kostolac was 0,58% and samples from
TPP Ugljevik was 0,3%. They were then homog-
enized to form a composite sample for further
testing. Next, the composite sample was commi-
nuted to 100% - 3.35 + 0 mm size, which was
an input for the Bond work index determining
experiment. After comminution, the sample was
homogenized, and the final sample was isolated
for determining the Bond work index chess field
method.

The particle size distribution of the initial sam-
ple of limestone used for desulphurization in
TPP Kostolac B1 and B2, with a volume of 700
cm’, is shown in Figure 1.
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Cnuxa 1, Ipanynomempujcku cacmas nona3noz y3opka Kpeurbaxa Koju
ce kopucmu 3a oocymnopasaive y TE Kocmonay, b1 u b2

Figure 1, The particle size distribution of the initial sample of limestone
used for desulphurization in TPP Kostolac BI and B2
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Ca cnuke 1 ounran mapamerap F, msnocu 2565
um. Ha y30pKky je 06aB/beHO YKYITHO LIECT Iiy-
KJIyca MJIeBeba Koju Cy npukazanu y Tabemn 1.

From Figure 1 the read F, parameter is 2565 um.
A total of six grinding cycles were performed on
the sample, which are shown in Table 1.

Tabena 1, Pesynmamu ucnumusarea borndosoe padHoe undexca
Table, 1 The Bond work index test results

Hukmyc
MJIeBebha ai bi bi - ai Xi Gbp
Grinding cycles
I 138.8 304.9 166.1 100 1.66
II 40.0 318.2 278.2 177 1.57
III 43.0 380.7 337.7 184 1.83
v 53.3 332.7 279.4 151 1.85
\% 45.2 332.8 287.6 153 1.88
VI 40.6 322.0 281.4 152 1.85
Ime je: Where:
ai - komnmunHa kmace -0.212+40 mm y y30pky mpe ai - undersize product -0.212 + 0 mm in fresh feed
MIICBEIHA, bi - undersize product -0.212 + 0 mm after mill cycle
bi - xomruina wrace -0.212+0 mm y camrteserom bi-ai - particle size -0.212 + 0 mm growth in mill cycle
HPOU3BORY,

bi-ai - mpupamitaj knace -0.212+0 mm y gaToMm 1u-
KITyCy MJleBema,

Xi - 6poj 06pTaja MIMHA y JATOM LIMKITYCY MIEBeha,

Gbp - nupexc merprBocty Gbp = (bi - ai) / Xi

Cpenmwa BpenHocT nngekca Gbp IV, V u VI nu-
Kiryca usHocu 1.86.

Cpenma Bpemnoct mapamerpa P 1V, V u VI
mukinyca oppebeHa je ca rpadukoHa IpaHyso-
METPUjCKOTL cacTaBa KOjI je IIPMKasaH Ha C/ILM 2.

100.00

Xi - number of mill rotations in cycle
Gbp - Grindability index Gbp = (bi-ai)/Xi

The mean Gbp index of IV, V, and VI cycles is
1.86;

The mean F,, parameter of IV, V, and VI cycles
was determined from the particle size distribu-
tion chart shown in Figure 2.
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Cnuxa 2, Ipanynomempujcku cacmas camnesenoz mamepujana usz IV, V.u VI yuxnyca

Figure 2, Particle size distribution of ground material from IV, V, and VI cycles
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Bpengnoct mapamerpa P, msnocu 177 pum. The F, parameter value is 177 pym.
Don/i0B pagHy MH[IEKC Ha OBOM Y30PKY M3HOCH: The Bond work index on this sample is:
Wi = 14.08 kWh/st ogaoCcHO
Wi =1.102536 x 14.08 = 15.52 kWh/t

IpanynomeTpujcku cacTaB IIOJIA3HOT Y30pKa The particle size distribution of the initial sam-
Kpeumaka Koju ce KOPUCTY 32 OJCyMIIOpaBambe ple of limestone used for desulphurization in
y TE YrmeBux (ysopak 1), sanpemune 700 cm’, TPP Ugljevik (sample 1), with 700 cm?® volume,
IIpMKa3aH je Ha cauuu 3. is shown in Figure 3.
100.00
90.00 T pgcee!
80.00 / (liz)defs'ze
70.00 //lr Fgo = 2584um
g} 60.00 / E
g 50.00 / :
% 40.00 / :
g 30.00 :
- 20.00 // E
10.00 :
0.00 :
0 OTsop CV:ILTa | Sieve opening (mm) 2 FBO 3
Cnuxa 3, Ipanynomempujcku cacmas nona3Hoz y30pKa Kkpeurbaka Koju
ce kopucmu 3a oocymnopasare y TE Yemwesux (y3opax 1)
Figure 3, Particle size distribution of the initial sample of limestone used
for desulphurization in TPP Ugljevik (sample 1)
Ca cnuke 3. ounran mapamerap F, msnocu 2584 From Figure 3 the read F, parameter is 2584 pm.
um. Ha ysopky je 06aB/beHO yKYIHO fieBeT 1u- A total of nine grinding cycles were performed
KITyca MyIeBeba Koju Cy mpukasann y Tabermn 2. on the sample, which are shown in Table 2.

Tabena 2, Pesynmamu ucnumusarea bonoosoez paoroe urdexca
Table 2, The Bond work index test results

e wieness | bi bi-a Xi Gbp
I 131.8 308.0 176.2 100 1.76

II 38.0 300.4 262.4 167 1.57

III 43.0 332.2 289.2 184 1.57

v 38.0 353.6 315.6 187 1.68

\Y% 41.2 341.2 300.0 173 1.73

VI 40.4 352.6 312.2 179 1.74

VII 40.7 336.4 295.7 167 1.77

VIII 40.0 334.3 294.3 165 1.78

IX 39.0 334.1 295.1 165 1.78
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ITpoceuna BpegHocT Gbp mHAeKca MeBUBOCTHI
VII, VIII n IX uuknyca nusnocu 1.78.

[Ipoceuna Bpegnoct napamerpa P VIL, VIII n
IX nuxiryca mmeBerma usHocu 162.87 pm.

The mean Gbp index of VII, VIII, and IX cycles
is 1.78.

The mean F, parameter of VII, VIII, and IX
grinding cycles is 162.87 pm.
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Cnuka 4, Ipanynomempujcku cacmas camneseroz mamepujana us VIIL, VIII u IX yuxnyca

Figure 4, Particle size distribution of ground material from VII, VIII, and IX cycles

BOHI[OB pafgHM MHAEKC Ha OBOM Y30PKY M3HOCH:

The Bond work index on this sample is:

Wi =13.81 kWh/st
Wi =1.102536 X 13.81 = 15.22 kWh/t

IpanynoMeTpujcku cacTaB IIOJIa3HOT Y30pKa
KpedmaKa KOjJ cé KOPUCTH 3a OfICYyMIIOpaBaIbe
y TE Yrmesux (ysopak 2), sanpemune 700 cm’,
IIpMKa3aH je Ha Cauuu 5.

100

The particle size distribution of the initial sam-
ple of limestone used for desulphurization in
TPP Ugljevik (sample 2), with 700 cm? volume,
is shown in Figure 5.
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Cnuxa 5, Ipanynomempujcku cacmas nonasHoe y30pka Kpeurnaka Koju ce
kopucmu 3a oocymnopasarwe y TE Yerwesux (y3opak 2)

Figure 5, Particle size distribution of the initial sample of limestone used for
desulphurization in TPP Ugljevik (sample 2)
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Ca cnuke 5. mapamerap F, usnocu 2462 um. Ha From Figure 5 the read F, parameter is 2462 pym.
Y30pKy je 06aB/beHO feceT Iukayca MieBema A total of 10 grinding cycles were performed on
Koju cy npukasanu y Tabemn 3. the sample, which are shown in Table 3.

Tabena 3, Pesynmamu ucnumusarea bondosoz paonoe unoexca

Table 3, The Bond work index test results

Hhmeryc Myenersa ai bi bi - ai Xi Gbp
Grinding cycles
1 147.0 3294 182.4 100 1.82
II 47.3 304.7 257.4 154 1.67
111 45.2 337.7 292.5 169 1.73
v 46.2 346.4 300.2 162 1.85
\Y% 51.9 335.1 283.2 149 1.90
VI 48.6 324.9 276.3 147 1.87
VII 46.5 340.6 294.1 149 1.97
VIII 58.5 325.0 266.5 136 1.95
IX 53.4 324.7 271.3 140 1.93
X 46.6 327.5 280.9 145 1.93
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Cnuxa 6, Ipanynomempujcku cacmas camnesenoz mamepujana us VIIIL IX u X yuxnyca

Figure 6, Particle size distribution of ground material from VIII, IX, and X cycles

IIpoceuna Bpepnoct mapamerpa Py VIIL IXuX  The mean F,, parameter of VIII, IX, and X
IIVIKITyca MJIeBeba M3HOCK 172.3 pm. grinding cycles is 172.3 pum.
BoH/i0B pagHM NH/EKC Ha OBOM y30pKy n3Hocu:  The Bond work index on this sample is:

Wi = 13.47 kWh/st
Wi =1.102536 X 13.47 = 14.86 kWh/t

3AK/bYYAK CONCLUSION
Vcnutusawe Boumosor pagHor nunekca usBp-  The Bond work index tests were performed on
LIIEHO je Ha y30pLyuMa Koju ¢y Hapyunouu gocra-  samples delivered by the client to the Mining

B Pygapckom mHcTuTyTy 1.0.0. Hapyunmoun  Institute. The client did not submit geological
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HIVICY JOCTaBI/IM T€OJIOLIKE ITOJATKE O JIeKMIITH -
Ma Ha KOjMMa ce BPILIM eKCIIOATalyja Kpedrba-
Ka. [Tpukasane BpegHocti bonmosor pajHor NH-
mexca kpehy ce ox 14.86 kWh/t go 15.52 kWh/t.
Y crpy4noj nmuteparypu [1, 2] BpegHOCcT BoH-
JOBOT paJHOT MHJEKCa 3a KpedrmaK usHocu 14
kWh/t, mTo je mpocedaH pe3ynTaT CIUTUBAbA
Ha PasIM4YuTUM JISKUIITHMA KpedmbaKa Koja cy
u3BplleHa npe puile off 30 rognHa. BpegHoctn
Koje Cy ITpMKas3aHe OJHOCe Ce CaMO Ha JOCTaB/be-
He Y30pKe M MOTY Jia TIOCITy>Ke Kao ITOKasaTelb Jla
TBPJVIHA MMHepajHe CUPOBUHE MOXKe fia Oype
CaMO OpMjeHTALVIOHN IIOKa3aTe/b O MOTPOLIBLY
€JIEKTPUYHE eHepruje.
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data of the limestone exploiting deposits. The
shown Bond work index values range from
14.86 kWh/t to 15.52 kWh/t. In literature [1,
2], the Bond work index value for limestone
is 14 kWh/t, and it is the average result of
tests on various limestone deposits performed
more than 30 years ago. The values shown re-
fer only to the delivered samples and can in-
dicate that mineral hardness can only serve as
an indicative measure of electricity consump-
tion.
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Iosnawhenu cmo wmo cmo nosHasanu u ca-
pahusanu euwe OeueHuja ca 00ajeHOM CPNCKOZ
pyoapcmea, jedHum 00 ymemermwumena Pydapcko-
eeonowikoe  pakynmema  Yuueepsumema Y
Beoepady u cpncke wikone o npunpemu mMuHepars-
HUX cuposuna. [lyeyjemo my HeusmepHy 3axean-
HOCM 3a 0e710 KOjuM je cpncko pydapcmeo, HayKy,
UHIKeIePCBO U WKOLY 2pA0uo HA HAjeULEM HU-
80y suuie 00 cedam OeyeHuja.

We are honoured to have known and cooperated
with over the decades with the doyen of Sebian min-
ing science, one of the founders of the Mininig and
Geology Faculty of the University of Belgrade and
the Serbian school of mineral processing. We stand
in his debt with ultimate gratitude for his work em-
bedded in development of Serbian mining, science,
engineering and education at the highest level for
more than seven decades.

Beozpad, 29. maj 2013.
Belgrade, May 29, 2013
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Op IOparmma [Ipamkuh, npodecop Yumep-
surera y beorpapny, jenaH je o yreme/bureba
Pynapcko-reonomkor ¢akynarera M OCHUBaYa
CPIICKe IIKOJIE O IPUIIPEMM MMHEpPaTHUX CHU-
poBuHa (Yxuue, 14. janyap 1926 - Beorpan,
21. jynu 2021). HberoBo Hay4HO, MHXXEHEPCKO
1 06pa3oBHO jieno yrpabeHo je y ycIoH, pa3Boj
¥ OCTBAPEHO Y CPIICKOM PYAAPCTBY JipyTe I0JI0-
BiHe XX Beka.

Y poHOM rpajly 3aBpIINO je OCHOBHY U CPENIbY
mkony. Ha Pymapckn opcex Texumuxor daky-
TeTa y beorpany ymmcao ce mkomncke 1946/47.
ropyHe. [Inmmomupao je 1951. rogyuee n 3amoc-
mmo ce Ha Karenpu 3a nmpunpemMy MUHepanTHUX
CpoBMHA MaTHYHOT akynTera. Kao nmwkemep
capafiHuUK pajuo je no 1954. rogune, Kaga je
n3abpaH 3a acUCTeHTa 3a mpenMmer IIpunpema
MUHEPATHUX CUPOBMHA. Y NE€PUORY MapT—jyHNI
1957. ropuHe 60pasuo je y boxymy kox np @.
B. Majepa Ha ycaBplaBamy y u3ydaBamy de-
HOMEHa OIUTPMHE pacnojaBama. [JOKTOpPCKy
pucepranujy ,Ilpumor mpoy4asamy yTuiiaja
cacTaBa MMHepajHe CUPOBMHE Ha IIOJIEOHN
0poj ¥ TOK KpyBe MOfIeOHNX OpojeBa y Ipolecy
rpaBUTAlVjCKe KOHIIEHTpalMje y MallyHM Ta-
noxxuunui mop MeHTOpcTBOM Ipod. np BHype
Jlemmha opbpanno je oxtobpa 1960. ropmue.
VicTpaxuBamyMa y OKBUPY HOKTOPCKE AMcep-
Tallyje a0 je 3Ha4YajaH TeOPUjCKM U NPAKTUYHA
IOTIPMHOC MHTEPIIpeTalMju ¥ Kopuihemy mo-
KasaTe/ba OLITPMHE PacojaBara IpaBUTaLVjC-
KOM KOHIIEHTPAIVjOM KOPUCHMX M HEKOPUCHUX
KOMIIOHEHaTa MMHEPaTHMUX cupoByHa. OBUM
UCTPaKMBambMMa JIOIIA0 je /0 CasHama Ja ce
IapaMeTpH OMITPUHE PACcI0jaBamba Ha 6a3n pas-
7mKa GU3NIKUX 0COOMHA Y PU3NIKIM IIO/BYMA,
ocuM Kofi ymimihema yrba, MOTY KOPUCTUTU U
KOl TPaBUTAIIVjCKe KOHIIEHTpalje APYTUX MU-
Hepa/IHUX CUPOBUHA. 3a JIOL[eHTa Ha IIPeMeTY
VnpycTpujcku mporecyu nmpuiipeMe MuHepal-
HIX CMPOBVHA 13a0paH je 1o OfOpameHoj JOK-
TOpCKOj pucepranuju 1960.

3axBapyjyhu mpodecopy Jlemnhy, cBom Be-
JMKOM Yy4MTe/by U ocHuBauy Karezpe 3a mpu-
IpeMy MMHepaqTHMX CUPOBMHA, MapsbuBouhy
U BemMKoM TocBehenomhy mkomy u Haym,
Op3o je yHampebumBao m mmpmo opraHmsa-
I[MOHA, MCTpaXkMBayKa M II€JArolllKa 3Haiba.
ITpepmer Ilpunpema MMHEpaTHUX CUPOBMHA
III, 1j. IIpojekTOBameE MOCTpOjerba y IpUIpeMu
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Dragi$a Draski¢, PhD, Professor of the
University of Belgrade, is one of the founders of
the Mining and Geology Faculty and creator of
the Serbian school of mineral processing (UZice,
14th January 1926 - Belgrade, 21st July 2021).
His scientific, engineering and educational leg-
acy was inbuilt in the evolution, development
and was realized through Serbian mining of the
second half of the XX century.

He graduated from primary and secondary
school in his hometown. Was enrolled with
the Department of Mining of the Technical
Faculty of Belgrade in school year of 1946/47.
He graduated in 1951 and was employed at the
Department of mineral processing of the origi-
nal faculty. He worked as associate engineer until
1954, when he was elected as Assistant Professor
on the subject of ,Mineral processing®. In the
period March-June of 1957 he was visiting with
EV.Meyer at the Bochum University for spe-
cializing and reearch studies of the exfoliation
sharpness phenomenon. He defended his doc-
toral dissertation ,,Contribution to the study of
impact of the composition of mineral resources
on the dividing number and flow of the dividing
number curve in the process of gravity concen-
tration in the settling machine” under mentor-
ship of PhD Professor Pura Lesi¢ in October of
1960. His research in the doctoral dissertation
provided a significant theoretical and practical
contribution to interpretation and use of exfoli-
ation sharpness indices by gravity concentration
of useful and useless mineral resource compo-
nents. This research brought him to the findings
that parametres of exfoliating sharpness based
on difference in physical characteristics in phys-
ical fields, except for coal purification, can be
used in gravity concentration of other mineral
resources. He was elected as Assistant Professor
on the subject of ,Industrial processes of min-
eral processing®, upon defending the doctoral
dissertation in 1960.

Thanks to his great teacher, Professor Lesi¢,
founder of the Department of mineral pro-
cessing, he quickly upgraded and spread or-
ganization, research and pedagocial knowl-
edge with his diligence and great dedication
to the school and the science. On Professor
Les$ié retirement, Draski¢ takes over the sub-
ject of ,,Preparation of mineral resources III



C. Byjuh, H. Ranuh : IIpogecop Jpaeuwia Jpawikuh, (99-107)
S. Vuji¢, N. Calié : Profesor Dragisa Draski¢, (99-107)

Y naysu VI konoxeujyma o npunpemu MuHepanHux cuposund, Pyoapcko-zeonowxu
paxynmem Beoepad 2001. / During the break of the VI colloquium on the mineral
processing, Faculty of Mining and Geology, Belgrade 2001.

Croje, cneBa Ha fiecHo / Standing, from left to right: Prof. Dr. Stevan Pustri¢, Prof. Dr. Stevan Markovic,
Prof. Dr. Nadezda Cali¢, Prof. Dr. Dusan Salati¢, Prof. Dr. Slobodanka Krstovi¢, Dr. Issa Ovais, Jordan

MUHepamHUX cupoBuHa [pamknh mpeysuma
1966. rongnHe, ogmackoM npodecopa Jlemnha y
neHsujy. 3a BaHpefHOr mpodecopa nsabpaH je
1967. ronune, a 3a pegoBHOr 1974. roguHe.

Canpodecopuma Hypowm Jlenmhem u CreBaHoM
MapkoBuhem y4yecTBOBaO je y OCHUBambY
Karempe u CMmepa 3a mpumpemMy MMHEPaTHUX
cupoBuHa Ha Pymapcko-reononkom ¢akyntery
YunBepsurera y beorpapy n ocHuMBamy CpIricke
IIKOJI€ O IIPUIIPEMI MUHEPaTHUX CUPOBMHA.

Buo je HacTaBHUK OpOjHUM reHepalyjaMa CTy-
IeHaTa pyJapCTBa, Fe0/IOTHje i MeTaIyprije To-
KOM BMILEJIEIIEHNjCKOT pajla Ha YHUBEP3UTETY.
PyxoBommo je m3spafioM IMIUIOMCKUX pafioBa,
MaruMCTapCKUX Te3a ¥ JOKTOPCKMX Jucepra-
uja. Y pagy ca cTy[eHTUMa IMUPHO je BACIIUTHE
VI HACTaBHE OKBNPE, OJp)KaBao KOHTAKTe, IIpa-
THO paji y 1abopaTopuju, pyKOBOLUO CTPYIHIM
IIyTOBalbMMa U €KCKyp3ujama, KOOPHAMHMPAO
JIETIbY NMPAKTUYHY HACTABY, MHULMPAO U IIOfI-
CTUILIA0 JIPYLITBEHM >KMBOT M/IafiuX KOJIera.
Pagu cTtunama CTpydyHe CUTYPHOCTH, CHEIN-
(UYHNX MCKYCTaBa ¥ HOBMX 3Hama, MJIAfe je

i.e, ,Plant design in preparation of mineral
resources” in 1966. He was elected Associate
Professor in 1967, and full-time Professor in
1974.

Together with Professors Pura Lesi¢ and Stevan
markovi¢, he participated in founding of the
Department and Course of mineral processing
at the Faculty of Mining and Geology of the
University of Belgrade, and founding of Serbian
school of mineral processing.

He was a teacher to numerous generations of
students of mining, geology and metallurgy,
in the course of several decades of work at the
University. He supervised creation of gradua-
tion papers, master theses and doctoral disserta-
tions. Working with students, he expanded ed-
ucational and teaching boundaries, maintained
contacts, monitored laboratory work, super-
vised professional trips and excursions, coor-
dinated summer practise, initiated and encour-
aged social life of young colleagues. In order to
help acquire professional confidence, specific
experiences and know knowledge, he regularly
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PeNOBHO YK/bY4MBao y TUMCKM PaJj Ha peajnsa-
UMj¥ MCTPaXKMBAYKNX, Pa3BOjHMX, MHOBALMO-
HUX VM MHJYCTPUjCKUX IIpOjeKaTa.

Hlyro ropymHa pyKOBOAMO je MOC/IENUITIOMCKIM
CTyAujaMa ¥ JIp>)Ka0 HacTaBy Ha OBOM HIUBOY
CTyauja M3 IpenMeTa IpaBuTanmjcka KOHIIEH-
tpaunja. Pykosopnmo je 15 ropmua Karegpom sa
IPUIIPEMY MUHEPATHUX CHPOBMHA U JNOIIPUHEO
yHanpebemy mweHOT pajla, OcaBpeMebaBaby Ha-
CTaBHOT IIpolleca, onpemary uTh. [lopen penos-
Hux o6aBesa Ha Katempy u y HacTaBy, 06aB/bao
j€ MY>)KHOCT PYKOBOAMOIIA ¥ 3aMEHMKA PYKOBO-
muola Pymapckor oficexa, Te 610 HpefiCelHMUK
Casera dakynTera 1 y iBa MaH/laTa IPOJieKaH.

involved them in teamwork on realizing of re-
search, development, innovation and industrial
projects.

For a number of years he presided over post-
graduate studies and gave lectures at this level
of studies in ,Gravity concentration He was
head of Department of mineral processing for
15 years and contributed to advancement of its
operation, modernizing of the teaching process,
equipping, etc. Beside regular Department and
teaching duties, he acted as Head and Deputy
Head of the Department of Mining, as well as
Chairman of the Faculty Council and twice as
Vice Dean.

C Hpaeanom Opaxcosuhem oupexmopom Pydapckoe uncmumyma, Beoepad 29. 5. 2013.
With Dragan Drazovic Director of the Mining Institute, Belgrade, May 29, 2013.

OcyM Ha MaTU4YHOM (PaKYITEeTy, HEKOIMKO FOIM-
Ha Jp>Kao je HacTaBy Ha Pynapcko-reonomkom
¢daxynreryy lltuny us npegmera IlpojekroBarme
HIOCTPOjerba y PUIIPEMI MUHEPATHUX CUPOBU-
Ha. 3a pakynrer y Ity meroso aHraxoparme
IpeBasuIasiwiIo je HacTaBHM 3Hayaj 300r IIO-
mohu kojy je mpyxmuo y dpopmupamy Karegpe 3a
IPUIIPEMY MUHEPATHUX CUPOBIHA.

JenuHCTBEHO MCKYCTBO U3 TPAaBUTALMjCKe KOH-
neHTpanyje Jlpamkuh je ycremHo npuMersnu-
Ba0 Y pellaBamby MHAYCTPUJCKMX IIpoOreMa,
O YeMy CBEJOYE HHErOBM PAJOBM Ha OBy TeMY.
KapakrepucTiHo 3a mera, UCTpaKMBauKe aKTHB-
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Except for his original faculty, for several
years he taught at the Faculty of Mining and
Geology in Stip, on the subject of ,,Plant de-
sign in preparation of mineral resources®. His
engagement at the Faculty of Stip exceeded the
teaching effects, due to the assistance he pro-
vided in founding of the Department of min-
eral processing.

Draski¢ applied his unique experience in
gravity concentration in resolving industrial
problems, which is documented in his works
on this topic. Characteristic of him, he always
channelled his research activities towards in-
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HOCTM YB€K je KaHa/IMCA0 Ka MHJyCTPUjCKIM IIpY-
MeHaMa, OJJHOCHO IIpMMeHaMa y IIOCTpOjerblMa
32 TIIpUIIPEMY MUHEPATHUX CUPOBMHA. YCIIEHIHO
je IpefBOAMO IIPOjeKTaHTCKE TUMOBE Y M3PAIu
OpojHUX CTyAMja M IIpojeKaTa 3a MHAYCTPHUjY, a
3a IErOBO VIMe BE3Yjy ce 3Ha4ajHa IIOCTPOjerba 3a
IpUIIPeMy OJIOBO-LIMHKOBMX pygna: Jlemocasuh,
Kpusa ®eja — bmaropar, Ilpeu Tynen Tpemua,
HoBo 6ppo, Jlene, Topanuna y Makenonuju, 3a
PEKOHCTPYKIMje (IOTALMjCKUX IOCTpOjera Y
bopy, Pygauxy Pyguux, Cace y MakenoHuju ut,.,
Ka0 1 HEKOJIMKO IIOCTPOjerba 32 HeMeTaIMIHe MU-
HepaJIHe CHpOBUHe 1 uniherbe yIba.

ar NG
Dragisa
Draskic

INDUSTRLJSKA
PRIMENA
PRIPREME
MINERALNIH
SIROVINA

Victiye ce u meroBo aHTaXkoBarbe I JOIPUHOCK
y dopmupamy 3aBojia 3a MpUIpeMy MUHEpPaI-
HUX cupoBuHa Pymapckor uncturyra Beorpap.
JenaH je off HekonuIMHE Tpodecopa BU3MOHAP-
CKUX TIOTJIEla M CXBaTakha O JIaJIEKOCEKHOC-
TV 3HaYaja HAayYHOI, 0OPa3oBHOI U (QYHKINO-
Ha/IHOI Cllajarba y jeAMHCTBEHY MHCTUTYLUjY
Pynapcko-reonomxor ¢akyntera u Pymapckor
MHCTUTYTa y Beorpapny.

I pauiknh je ayTop 0ko CTO HayYHUX ¥ CTPYIHMX
pajioBa, CAOMIUTEHUX U IyONIMKOBAHNX Y 300p-
HuyMa goMahux n MmebhyHapopHMX HaydHMX
CKyTIOBa 1 y BofiehyM HayYHIM Yacomcyma.

dustrial applications, that is, to application in
plants for mineral processing. He successful-
ly lead project teams in creation of numerous
studies and projects for the industry, his name
is associated to significant plants for prepara-
tion of lead-zinc ores: Leposavi¢, Kriva Feja
- Blagodat, Trepca First Tunnel, Novo Brdo,
Lece, Toranica in Macedonia, to reconstruc-
tion of flotation plants in Bor, The Rudnik
mine, Sase in Macedonia, etc, as well as sever-
al plants of nonmetallic mineral resources and
coal purification.

Hacnosua cmpana xiwuee Vindycmpujcka
npumena npunpeme MUHePAIHUX CUPOBUHA

Cover of the book Industrial
Application of Mineral Processing

His engagement and contribution is also
prominent in forming of the Institute of min-
eral processing of Belgrade Mining Institute.
He is one of the few professors visionary in
views and understanding of advanced impor-
tance of the scientific, educational and func-
tional joining of the Faculty of Miniing and
Geology and Belgrade Mining Institute into a
unified institution.

Dragkic¢ is the author of a hundred scientific and
professional papers, announced and published
in the paper corpus of local and international
scientific conferences and in leading scientific
publications.
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Benuko, jefHCTBEHO HayYHO U CTPYYHO UCKY-
CTBO 13 IIpUIIpeMe MMHEPalTHUX CUPOBIHA IIpe-
HEO je y KIbJTe, HaMeleHe He CaMo CTyJeHTHMa
PEeNOBHUX, TOCTENMUIVIOMCKUX M JIOKTOPCKUX
cTyauja, Beh n ucTpakuBauyMma M MHXeHepu-
Ma y MIHAYCTpUju:

VMHOYCTPUJCKA ITPMMEHA IIPUIIPEME
MMHEPAJIHUX CMPOBMHA I,
V3maBauko-MH(OPMATUBHY LIEHTAp CTYAEeHATa
beorpap, 1975.

MHIYCTPUJCKA IIPYIMEHA TIPUITPEME
MIMHEPAJTH/X CYMPOBMHAII,
Pynapcko-reonomknu ¢akynrer YHuBepsureTa
y beorpany, 1986.

I[TPUIIPEMA HEMETAJIMYHNX
MIMHEPAJTHVX CPOBIMHA,

(ca J. [TaBmunom), Pymapcko-reonomkn
¢dakynrer YHuBepsutera y beorpany, 1997.

3amakeHe [IOIPMHOCE PYAAPCTBY, PYAAPCKO]
HAyIJ, VIHXXEHEPCTBY U 00pasoBamy flao je
IIMPUM aHTaKoBameM. [lompuueo je pany
CaBesa MHXXemepa ¥ TeXHMYapa pyflapcKo-Te-
O7IOLIKE ¥ MeTanypliKe CTpyKe Jyrocmasuje,
HI3 TOAMHA OMO je ceKpeTap ¥ MOTIPeCceTHNK
Cagesa. VHumnupao je u ydecrsosao y popmu-

He conveyed the substantial, unique scientific
and professional experience in application of
mineral resources to books, intended not only
for students of basic, postgraduate and doctoral
studies, but also for researchers and engineers in
industry.

INDUSTRIAL APPLICATION

OF MINERAL PROCESSING I,
Student publishing and information
centre of Belgrade, 1975.

INDUSTRIAL APPLICATION

OF MINERAL PROCESSING II,
Faculty of Mining and geology

of the University of Belgrade, 1986.

PREPARATION OF NONMETALLIC
MINERAL REOURCES,

(with J. Pavlica), Faculty of Mining and
geology of the University of Belgrade, 1997.

He contributed visibly to the mining, the min-
ing science, engineering and education by
his broad engagement. He assisted in work of
the Association of Engineers and Technicians
of the mining-geological and metallurgy of
Yugoslavia, for a series of years he was Secretary
and Vice-Chariman of the Association. He initi-

Ha ceeuanocmu ypyuera Ilosemwe ,Axademux /bybomup Knepuh”, Kny6 nocnanuxa
Beoepad 29. maj 2013. / At the ceremony of awarding the Charter "Academician
Ljubomir Kleri¢", Club of Deputies Belgrade, May 29, 2013.

C neBa Ha ecto / From left to right: Prof. Dr. Branko Kovacevi¢, Prof. Dr. Slobodan Vujié, Prof. Dr. Nadezda Cali¢.
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Y naysu mehynapooroz cumnosujyma Pydapcmeo u eeonoeuja danac, beoepad, 2017.
During the break of the International Symposium Mining and Geology Today, Belgrade, 2017.

C xonerama / With colleagues: Pavle Spasojevi¢ and Radomir Miti¢

pamy JyroCmoBEHCKOT KOMHUTETA 3a NPUIIPEMY
MUHepaJHUX CUpoBuHa 1971. rogmue u 6umo
IEroB IpBU IpeficefiHMK. To cy ropmue nsy-
3eTHO IIopHOT pazma Komurera, obenexeHe
3HAYajHUM aKTMBHOCTVMMA, OPOjHMM HayYHUM
U CTPYYHUM CKyIOBMMa, MehyHapogHoM Hayu-
HOM capanwoM uth. Kao wian MebynapopHor
KOMMTETA 3a IPUIIPEMY MUHEPATHUX CUPOBU-
Ha, IPEJCTaBIbao je JyroC/IaByjy Y OBOM TeNy.

Kaojeman ogyremerpurerba Pygapcko-reonomkor
¢axynrera YHuBepsuteray beorpazmy u jefan op
OCHJMBaya CPIICKe LIKOJIe O IIPUIIPEMY MIHepaI-
HUX CMpOBUHa, mpodecop [pamknh npunapga
IPUBWIETOBAHOj IVOHMPCKO] TPYIM CPIICKUX
PYBApCKUX cTpydmaka. [pajumm cy Hamry Hayd-
HY U CTPY4HY MICAO0 Of TeMe/ba VI IOJVI/IM je Ha
HajBUIIN HIBO TOKOM JpYyTe IojoBMHe XX BeKa.
PymapcTBy, moce6HO NpunpeMyu MUHEpPATHUX
cupoBuHa, [Ipamkuh je 6mo normyHo nocsehew.
IIpBu cycpeT ca HOBUM reHepalyjaMa CTyfieHaTa
3aII0YMIHA0 je peurMa: ,,CBOjy CTpyKy Tpeba Bo-
JIeTH, )KMBETH 32 By ¥ OMTH MOIITEH IpeMa 1Hb0j .

CrBapayayky >kap 3afp)kao je o Kpaja Xu-
BOTa. JIako y MO3HMM rofjuHaMa, aay KpeIKor
cehama, BeMKOT MCKYCTBA, 3HaWa ¥ HEYINT-
He JXe/be Jla IIOMOTHe, Y4eCTBOBAO je Kao pe-

ated and oparticipated in forming od Yugoslav
Committee for mineral processing in 1971, and
was its first Chairman. Those were the years
of extremely fruitful years for the Committee,
marked by important activities, numerous sci-
entific and professional gatherings, internation-
al scientific cooperation, etc. As a member to the
International Committee of mineral processing,
he represented Yugoslavia in this organization.

As one of the founders of the Faculty of Mining
and Geology of the University of Belgrade and
one of the initiators of Servbian school of min-
eral processing, Professor Draski¢ belongs to a
priviledged pioneer group of Serbian mining
experts. They built on our scientific and expert
thinking from its foundations, and elevated it to
the ultimate level during the second half of XX
century. Dragki¢ was fully dedicated to mining,
particularly the preparation of mineral resourc-
es. He used to begin his encounters with new
generations of students with the words: ,,You
should love your profession, live for it and treat
it fairly”

Having kept his creative zeal until the end of life,
although at his old age, still strong in memory,
rich in experience, knowledge and undeniable
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Benewxa npod. Ipawxuha y sesu monoepagpuje Munepanno-cuposurcku komnnekc Kocosa u Memoxuje,
Beoepaod, kpaj jyna 2021. / Note by Prof. Draskic in connection wit the monograph Mineral and Raw Material
Complex of Kosovo and Metohija, Belgrade, end of June 2021.

neHseHT y pabamy MoHorpaduje Munepanto-
cuposurcku komnnexc Kocosa u Memoxuje.
Haskanoct, Hmje foyeKkao fla yriefa mMsmIasak
KIbJUT€e U3 HITaMIIapuje.

IIpeparan je 3a wiaHa CpIicke akajeMije Hay-
Ka 1 ymeTHocTH. HekopektHocT Cpricke akafie-
MUje HayKa IIpeMa py/lapCKoj HayLy MCIIO/beHa
je n mpema npodecopy Hpamxuhy. ¥ oko 135
rofyuHa of ocHuBama CpIicke Kpa/beBCKe aKa-
memuje, Ipodecop je jenaH Off leceTak HAIIuX
BJICOKO YITIEIHUX PYHAPCKUX CTpy4lbaKa KOju
HHje YI0CTOjeH YIAHCTBA.

3a JompuHOCE HAaylM, MHXKEHepCTBY U 00-
pasoBamy HOCMal je mpusHama CaBesa MH-
JKemepa U TeXHM4Yapa Jyrocnasuje, Pygapckor
uHCTUTYTa beorpaxm, Pymapcko-reomomkor
¢dakynrera beorpag m Apyrux MHCTUTyLUja
" pyfHuKa. buo je moyacHm wian Akagemuje
UHXemepcKux Hayka Cpouje (2004) n npsu
naypear IloBeme ,Axamemuk Jbybomup
Knepuh” 3a xwuBoTHO Aeno y Haynm (2013)
Opemema pyfapCcKmx, reolOMKNX U CUCTEM-
CKMX HayKa AKajeMuje MHXemhepCKUX HayKa
Cpb6uje.
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desire to help, he acted as reviewer in creation
of the monograph ,,Mineral resource complex of
Kosovo and Metohija“. Unfortunately, he did not
live to see the book being released from print.

He had been nominated to become a member of
the Serban Academy of Science and Arts. Unfair
treatment by the Serbian Academy of Science of
the science of mining was manifested by ignorance
of Professor Draski¢, as well. In about 135 years
since the Serbian Royal Academy was established,
the Professor is one of the ten of our highly reputed
mining experts that were not granted membership.

For his contribution to science, engineering and
education, he was awarded recognition by the
Association of Engineers and Technicians of
Yugoslavia, Belgrade Mining Institute, Mining
and Geology Faculty of Belgrade, and other in-
stitutions and mines. He was an honorary mem-
ber of the Academy of Engineering Sciences of
Serbia (2004) and first laureate of the ,, Academic
Ljubomir Kleri¢” Charter of life’s work in sci-
ence (2013) and the Department of Mining,
Geology and Systemic Sciences of the Academy
of Engineering Sciences of Serbia.
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Illesgecetn pobenpman Py-
TApCKOT MHCTUTYTa MHCIIN-
pucao je ayTopa Jia UCTPaXKn
IpPOIITIOCT Koja obaBesyje u
YNMIbeHNIe O JOCTUTHYhyMa
u pgonpuHocuMa VIHCTUTYTa
CPIICKOM DPYJApCTBY, pyAap-
CKOj HayLMl ¥ MHXKEIEePCTBY.
Pesynrar je mpem Hama, a
HaMepa HeynuTHa - Ja ce
cayyBa of 3abopaBa MIeCT
JeleHnja y MHOTO 4eMy je-
IVHCTBEHOT CTBapa/iallTBa.
IIpukasoM BuLIefeLeHN]C-
KOT Hay4yHOI ¥ CTPY4HOT
paga u pocturHyha reHepa-
1yja pysapcKuX U CTpydmba-
Ka Jpyrux o06macTu ayTop
Kopenuile pesynrare Pymap-
CKOT MHCTUTYTA Ca pa3BojeM
CaBPEMEHOT CPIICKOT pyJjap-
CTBa, HayKe U MHXXemhepCTBa.
Monorpaduja Huje KOHBEH-
IIVIOHA/THa Hay4YHa ITyO/InKa-

nuja, Beh crenuduyHo, cajip>kajHO 0cOOEHO
Hay4HO [Ie/I0, KOJi Hac 3aHeMapeHe MCTOPMOr-

paduje pymapcTaa.

country.

The 60th birthday of the Min-
ing Institute has inspired the
author to explore compelling
facts regarding the achieve-
ments and contributions of
the Institute to Serbian min-
ing, mining science and engi-
neering in the past. The result
is presented before us, and the
intention is unquestionable
- to rescue from oblivion six
decades of unique creativity.
By presenting decades of sci-
entific and professional work
and achievements of genera-
tions of mining and experts in
other fields, the author corre-
lates the results of the Mining
Institute with the development
of modern Serbian mining,
science and engineering. The
monograph is not a conven-
tional scientific publication,
but rather a specific, compre-

hensive singular scientific work, a historiogra-
phy of mining which has been neglected in our
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bpojuy Hay4HM, TEXHMYKM M TEXHOJIOLIKM Jie-
tapy, 6ubmorpaduja ca 6mmsy 7.300 jemm-
HuIa, GOTO-JOKyMeHTanyja u Apyru ¢axTo-
rpadcKyM IPUIO3M CBefj0Ye O OCTBapemMMa
MucturyTa of ocHuBama o gaHac. MoHorpa-
¢duja ykasyje Ha TO fa Cy, Y CyoyaBamy ca ca-
BpeMEHMM }3a30BMMa U IPOOIeMIMa, BaKHI
nocBeheHOCT CTPyILH, CTa/THO NPeUCINTIBAE,
CTPY4YHO Yy3[M3aibe, BepOBambe y COICTBEHE
IoTeHuyjane, a ga ynora Pygapckor mHCTUTY-
Ta, Ka0 HOCHMOL|A KpeaTHBHe MOJpIIKe pas3Bojy
pyZapcke MHAyCTpUje, HayKe M MHXKeHhePCTBa,
OCTaje IIOCTOjaHa M OIIPaBJaBa CMICA0 HETOBOT
nocrojawa. MoHorpaduja HaM je IOACETHUK Jja
He 3abopaBuMo, a 6ynyhnum renepanmjama 6uhe
MHCIMpalyja 1 IIyToKa3 3a HoBa focTurayha.

HacTajame oBe KibNUre 3aXTeBajio je MHOTO
ymeha, epyunmje, CTpy4HOT ¥ HAYYHOT Ay TOPH-
TeTa, OTPOMHY IOCBeheHOCT, eHeprujy, mo3Ha-
Bame /byiu 1 porabaja, Te mcrpajuoct. Temxo
je 6MI0 mOhM O MHOIMX IOfaTaka, YMIbEHMN-
1ja, U3ABOJUTU M CIOJUTH BaKHUje CEKBEHIIE,
PEKOHCTPYMCAaTH AaKTMBHOCTM ¥ forahama us
urect fienieHnja VincTuTyTA.

Y BenukoM M 6OraToM HayuYHOM U VIHXKeHep-
CKOM OIlyCcy ayTopa akafiemyuka Byjuha Huje
JIaKO TIPENO3HATI MeCTO OBe MOHorpaduwmje, anu
3a CPICKO PyJapCcTBO U VIHCTUTYT heH 3Ha4aj
je HecyMmbMB. Jako je Tpajame Hyke of mona
croneha, MoHorpaduja je umak fouvia y mpa-
BO BpeMe fla cadyBa Off 3a00paBa YMHEHNUIIEe O
VHCTUTYLUjI KOja je 06eexnIa CpICKO U jyro-
CTIOBEHCKO PyHapcTBO HOBUjer noba. Ha Tome
BENIMKY 3aXBa/IHOCT IyTyjeMO ayTOpY.
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Numerous scientific, technical and technolog-
ical details, a bibliography with nearly 7,300
items, photo-documentation and other factual
contributions testify to the achievements of the
Institute from its founding until this day. The
monograph indicates that, in the face of mod-
ern challenges and problems, a commitment to
the profession, constant reviewing, professional
development, belief in one’s own potentials are
important, and that the role of the Mining In-
stitute, as the provider of creative support for
the mining industry, science and engineering,
remains constant and justifies the meaning of its
existence. The monograph is a reminder for us
not to forget, and it will be an inspiration and a
signpost for new achievements for future gen-
erations.

The creation of this book required a lot of skills,
erudition, professional and scientific authority,
great dedication, energy, knowledge of people
and events, and perseverance. It was difficult to
obtain much of the data, facts, to single out and
connect more important sequences, to recon-
struct the activities and events from six decades
of the Institute.

It is not easy to recognize the place of this mon-
ograph in the large and rich scientific and en-
gineering opus of the author, the academic Vu-
ji¢, but for Serbian mining and the Institute, its
significance is undeniable. Although the peri-
od of duration is more than half a century, the
monograph came at the right time to preserve
from oblivion the facts about the institution that
marked Serbian and Yugoslav mining in recent
times. For this reason, we owe a great deal of
gratitude to the author.
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[TojaBam o6mMuM  HOBUjeET
BpeMeHa /la UCTOPMja IOUNIbe
IZie, Kajja ¥ KaKo KOMe OfiTOBa-
pa, HACM/THO M3MUIIJbAE JIC-
TiHe 1 pancupuKoBame IMpo-
UIJIOCTH, MOTMBUCano je 11
ayTopa U YeTHPU pelieH3eHTa
a y Hacnehe ocTaBe aprymeH-
TOBAHO CBEJlOYEIbe O BpeMe-
Hy M JocTuUTHyhmma cprcke
pyZlapcKe M TeOOIIKe MPUB-
pere, HayKe M MHXeHmepCTBa,
HITO Ce He MOXKe IOPULATH
HIU 3abopaButu. MoHorpa-
¢ujom mpen Hama, HacTaIOM
OBOTOAMIIBYM — MHTEH3UB-
HUM pafioM KOMIIETeHTHMX
MO3HaBa/lalla MCTOPUjCKOT U
CaBpPEeMEHOT KOHTEeKCTa M-
HEepaTHO-CUPOBUHCKOT KOM-
mwiekca CpOuje, ucnymeHa je
Hay4YHa, CTPy4YHa U MOpajaHa
obaBe3a mpeMa VICTUHU O MU-
HEepaJTHO-CUPOBUHCKOM KOM-
mwekcy Cp6uje Ha KocoBy u
MeToxujn.
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One of the manifestations
of recent times that history
begins wherever, whenever
and however it suits a per-
son, the forced fabrication of
truths and falsification of the
past has motivated 11 authors
and four reviewers to leave a
legacy of argumentative tes-
timony regarding the period
and achievements of Serbian
mining and geological econ-
omy, science and engineer-
ing which cannot be denied
or forgotten. The monograph
before us, created in two years
of intensive work by compe-
tent experts on the historical
and modern context of the
mineral raw material complex
of Serbia, fulfills a scientific,
professional and moral ob-
ligation to the truth regard-
ing the mineral raw material
complex of Serbia in Kosovo
and Metohija.

nenturer cprckor pymapcTBa yTkaH je y  The identity of Serbian mining is woven into
CIIOHY fBa HajmpocneputeTHuja mepuopa:  the link between the two most prosperous pe-
cpenmwoBekoBHe Cpbuje n Cpbuje gpyre nomo-  riods: medieval Serbia and Serbia in the second
BUHE IIPOLUIOr BeKa. Beprukana ca kopenuma  half of the last century. The vertical dimension
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cTapuM O/1M3y jemHOT MuIeHujyma moTBphyje
KOH3JMCTEHTHOCT Tpajama, MCTOPUYHOCT Ipa-
BIJIA ,,jaKa Jp>KaBa — jaKO py4apCcTBO, OFHOCHO
jaKo pyapcTBO — jaka Ap)kaBa’ U MICTOPUjCKO
npaBo Ha Kocoso u Metoxujy. Ilpukas muHe-
panHo-cupoBMHCKOT Komiiekca Cpbuje Ha Ko-
coBY 1 MeToxuju HOBOT BpeMeHa He 61 6uo ca-
MOCBOjaH 6e3 NCTOpUjCcKe BepTuKase. 3aTo je Ha
CaMOM IIOYETKY y YBOJHOM Jiely MOHorpaduje
CaXeTO IIpMKasaHa MCTOpMja CPIICKOT pyAap-
CTBa Of] Cpefiiber BeKa JI0 HalleT BpeMeHa.

KoMmmekcHa MaTepuja O MUHEpPaTHO-CUPO-
BMHCKOM Kominekcy Kocosa m Meroxmje mo-
KYMEHTOBAaHO CTpPy4YHO je obOpabena, 6orato
rpadMuKy WIyCTpOBaHA M 3a IIMPU KPYT 4U-
Tajalla IpernefHo CUCTeMAaTH30BaHA y OcaM
TEMAaTCKUX oOfiefbaka: VIcTopujcka BepTMKaia
CpIICKOT pymapcTsa; leomomka rpaba moppyyja
KocoBa m Metoxuje; Teonoruja m mcrpaxu-
Bamba JIeKNIITA, eKCIIIoaTalija 1 Ipepaja pyja
obojeHrx Metana; [eonoruja 1 MUCTpakyMBamwa
yrpeHux 6acena KocoBo, Metoxuja u Ipenn-
11, eKCIvIoaranyja, ynirheme u racuuxanyja
yI7ba; [eomoruja ne>xxuiira u eKCrioaTaluja He-
MeTa/lINYHNX MUHEPATHNUX CUPOBMHA; XMUOPO-
TeOJIOIIKY IIOTeHIIMjaIM, TepMaJIHe ¥ TEPMOMMU-
HepanHe Bofie; OOHOBA, pasBoj U ypyLIaBame
pymapctBa Ha KocoBy m Mertoxuju; Peanmusa-
nyje ca 6ubnmorpadcKoM NIMCTOM Ha K0joj je
1.430 mpojekara Pymapckor nncturyra beorpap,
u 37 npojexara leosaBoa u TeomncruryTa ns
beorpapa. Ha kpajy kmbure npumo>xeHe cy KparT-
Ke pajiHe 6morpaduje ayTopa M pelieH3eHaTa,
Ka0 U MHJEKC K/byYHUX pedl.

Pap Ha mpunpemu u nucamwy MoHorpaduje 3a-
XTeBAo je MOTIIyHY yIyheHOCT 1 BUCOKO CTPYY-
HO TO3HaBambe MUHEPATHO-CUPOBMHCKOT KOM-
mekca. HemocraTtak cpebene jokymenTanuje u
HICAHMX U3BOpaA C/IMYHe efabopaliyje cTBapao
je Temkohe y mpumpemMm U IMCamby MOHOTpa-
¢uje. Ha cpehy, ce mpemnpeke cy ycrenrHo cas-
JajiaHe, a pe3ynaTaT Ipef HaMa — jefMHCTBEHO
HAy4HO Jeo, TpajHe (akrorpadcke m mCTo-
PpUjCKe BPEIHOCTI.
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with roots nearly a millennium years old con-
firms the consistency of duration, the historic-
ity of the rule “strong state - strong mining, or
strong mining - strong state” and the historical
right to Kosovo and Metohija. This presentation
of the mineral raw material complex of Serbia in
Kosovo and Metohija in recent times would not
be self-sufficient without the historical vertical.
Therefore, at the very beginning, the introduc-
tory part of the monograph summarizes the his-
tory of Serbian mining from the Middle Ages to
the present.

The complex expert matter regarding the miner-
al raw material complex of Kosovo and Metohija
is documented and processed by professionals,
richly graphically illustrated and clearly sys-
tematized for a wider circle of readers in eight
thematic sections: The historical vertical of Ser-
bian mining; The geological structure of the
area of Kosovo and Metohija; The geology and
exploration of deposits, exploitation and pro-
cessing of non-ferrous metal ores; The geology
and research of coal basins in Kosovo, Metohija
and Drenica, exploitation, cleaning and gasi-
fication of coal; The geological deposition and
exploitation of non-metallic mineral raw mate-
rials; Hydrogeological potentials, thermal and
thermo-mineral waters; The reconstruction,
development and collapse of mining in Kosovo
and Metohija; Project realizations with a bib-
liographic list of 1,430 projects of the Mining
Institute Belgrade and 37 projects of the Geo-
zavod and Geoinstitute from Belgrade. At the
end of the book, short biographies of authors
and reviewers are added, as well as an index of
key words.

The work on the preparation and writing of the
monograph required complete understanding
and highly professional knowledge of the min-
eral raw material complex. The lack of organized
documentation and written sources of similar
elaboration created difficulties in the prepara-
tion and writing of the monograph. Fortunately,
all obstacles have been successfully overcome,
and the presented result - a unique scientific
work, with long-lasting factual and historical
values.
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3AITAJKAIBE
CRITICAL REVIEW
Bpanko Munh

Branko Ini¢

Mounorpaduja Cprcko pyaapcTBO U reojoruja
y Aapyroj nonosuHu XX BeKa, y U3famy AKa-
IeMuje MHXemepckux Hayka Cp6ouje, Matnie
cprcke u Pypapckor nHctutyTa beorpap, beo-
rpap, 2014, 634 crp., TaKBOr je cafip)Kaja, I0-
pyKe, oOuMa 1 3HaYaja 3a CPIICKO PyHapCTBO,
reosIoTHjy ¥ UCTOPHUjY, fa 3acClIyXyje HIUPOKY
HaXKIby.

Mene je samHTepecoBaa CTapoCHa CTPYKTypa
75 aytopa MoHorpaduje. [la 1 je oBO muTame
BpeIHO MaXKe? MucimM fja jecte 3aTo IITO OT-
KpMBa CTeIleH reHepaumjcke (He)CIpeMHOCTH
Jia ce IPUXBaTU U M3HeCe CIIOXKEH 3aZlaTakK Kao
IITO je MNCame OBAKBOI MOHOTpadcKor fena,
U3y3eTHE Hay4dHe U CTpPy4YHE 3aXTE€BHOCTU U
UCTPaKMBadKe UCTPAJHOCTU (IPUKYIUbAme U
obpama dakrorpaduje, NCTpaxKUBamba, aHAIN-
3a I IUCame TPpajaln Cy Ay>Ke Off IeT TOAVHA).
O4eknBaHoO je f1a je CHPeMHOCT 3a peanusanujy
OBaKBMX 3aJlaTaka Ha CTpaHM BUTATHOCTU U
Behe cTBapanauke eHepruje, OMHOCHO Ha CTpa-
HU Mabux ayropa.

[Tocmarpajyhu cTapocHy CTPyKTypy ayTopa, yc-
JIOBHO TIOfie/beHy y TpM rpyme (mpBa — pohern
msmeby 1926. u 1946; npyra — pobenu usmeby
1947. 1 1956; Tpeha — pohenn nocre 1957), morao
caM /IO HeOYeK/MBAHOT Ca3Hamba: y IIPBOj IPYIIN je
42,7% ayTopa, y apyroj 29%, a y tpehoj 28,3%.

Y ckmagy ca oBOM HeodeKuBaHoIIhy je u mpo-
ceyHa crapocT 15 penesenara op 78,4 roguHe:
66,7% 6uno je y neBeroj feueHuju, a 33,3% y
CeMOj IelleHNju )KUBOTA.

ITpomsunasm pma cy cTBapanadky TepeT Ha-
CTajama MOHOrpaduje IMOFHENN ayTOPU IIOOf-
MaK/IMX TOIMHA M C TUM y Be3U IOCTaB/ba Ce
HMTame: IITa jé PA3/Ior TaKo Mase (TOTOBO CUM-
6omruke) 6pojuanocty maahux ayropa?

Serbian Mining and Geology in the Second Half
of the 20th Century monograph, published by
the Academy of Engineering Sciences of Serbia,
Matica Srpska and the Mining Institute Bel-
grade, Belgrade, 2014, in 634 pages, has such
content, message, scope, and significance for
Serbian mining, geology, and history that it de-
serves wide attention.

I was attracted by the age structure of 75
Monograph authors. Is this question worth
considering? I believe it is, because it reveals
the level of generational (un)willingness to
take up and deliver a complex task of writing
such a monograph of extraordinary scientif-
ic and professional complexity that requires
research perseverance (collection and pro-
cessing of facts, research, analysis, and writ-
ing took more than five years). It’s only to
be expected that vitality and greater creative
energy, that is, younger authors, would be up
to the task.

Observing the author age structure, condition-
ally divided into three groups: first, born be-
tween 1926 and 1946; second, born between
1947 and 1956; third, born after 1957, I came to
an unexpected knowledge: 42.7% of authors are
in the first group, 29% in the second, and 28.3%
in the third.

In line with this surprise is the average age of 15
reviewers: 78.4 years - 66.7% were in their ninth
decade, and 33.3% in the seventh decade of life.

It turns out that the creative burden of writing
the Monograph was borne by the authors at an
advanced age. In this regard, the question arises:
What is the reason for such a low (almost sym-
bolic) number of younger authors?
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Y msberaBamy HpPeTIOCTABKY U YOIIITEHOCTH
pasjalllbera OBe 3aTOHETKe ITIOMOIJIN Cy pasro-
BOPM ca BUIIIe BPXYHCKIUX [TI0O3HaBalala pygap-
CTBa I Te0JIoTHje, yYeCHMKA Y IICalby OBe MOHO-
rpaduje. Hemoze/beHO Mulberbe CBUX je fa Cy
pasnosy CTpy4Ha HeCIPeMHOCT, HeylryheHocT
U HesauHTepecoBaHOCT. OBe Tpu HelpujaTHe
peun objalImbaBajy MOCTAaB/bEHO MUTAHbE, Al
Cy IMjarHOCTUYKM BaXKHMje 32 KpPUTUYIKO Care-
JlaBabe CaBPEMEHOI CTPYYHOT oOpasoBama 1
MOTMBMCAHOCTY TAKO IIPOAYKOBaHMX KaJpOBa.
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Conversations with several top mining and
geology experts, participants in writing this
Monograph, helped avoid making assumptions
and generalizing the explanation of this riddle.
Everyone’s undivided opinion is that the rea-
sons for this are professional unpreparedness,
ignorance, and lack of interest. These three un-
pleasant phrases explain the question posed but
are diagnostically more significant for a critical
review of modern vocational education and the
motivation of thus produced staff.



Y CERAILY
IN MEMORIAM

Bopucnas Cnacojesuh (IIpma-
BOp, 25. ¢ebpya 1913 - be-
orpasi, 14. centembap 1989),
JIUL VHX. PYAAPCTBa, YHUBEp-
3UTETCKU Tpodecop, UCTAKHY-
TV CPIICKY PYAAPCKY CTPYUIbaK.
IITko/moBao ce y poORXHOM Tpafy,
a CTyAuje pymapcTBa 3aBpILINO
1939. Ha Pymapckom opcexy Tex-
HIYKor dakynreray Jby6/pann.
V3yseTHO 06pa3oBaH, FOBOPHO
je PYCKM, eHITIeCKW, HeMadKIn,
YK Vi CIOBEHAYKY je3NK.

Ho II cBerckor para u TOKOM
para pajguo je y pyAHMLIMMA
ucroude Cpb6buje. ITocme para
y MuHucrapcTBy pymapcrsa
OHP] mosepeH My je ceKTop
00HOBe I IIOKpeTama IpPON3-
BOJIIE PYSHMKA HeMeTaIMIHNX
MIHEepaTHNX CUPOBUHA. 3a IIO0-
MohHMKa MUHUCTpa pyfapcTBa
Cpbuje nmenoBaH je 1946. Op
1949. o 1951. 6mo je Ha AyX-
HOCTMU IJIABHOT MHXXemepa lene-
panHe gupekuuje 3a yramb Cp-
6uje. Topuue 1951. mocraB/beH
je 3a TeHepaJHOI [UpeKTopa
Komy6ape. ITocnie jenanaect ro-
[VMHA ycIelHor pafa, n3 Komy-
Oape mpenasy Ha MeCTO BUIIET
caBetHrnka y Cekperapujar 3a
ungycrpujy CP Cpbuje u ucro-
BPEMEHO je Ha QYHKIV)U TIpef-
ceganka CaBeTa 3a PyHapcTBO
n metanyprujy y Ilpuspennoj
komopu Cpbuje. Op 1966. no
1969. pagyuo je Kao CaBEeTHUK Y

Borislav Spasojevi¢ (Prnjavor,
February 25, 1913 - Belgrade,
September 14, 1989n his home-
town and graduated in mining
in 1939 from the Mining De-
partment of the Technical Fac-
ulty in Ljubljana. He was highly
educated and spoke Russian,
English, German, Czech, and
Slovenian.

Before and during World War
11, Borislav had worked in the
mines of eastern Serbia. After
the war, the Ministry of Mining
of the Socialist Federal Repub-
lic of Yugoslavia entrusted him
with the sector of non-metallic
mineral raw material mines re-
newal and restarting. He was
appointed Assistant Minister of
Mining of Serbia in 1946. From
1949 to 1951, he was the Chief
Engineer of the Serbian General
Directorate of Coal. In 1951, he
was appointed Director-General
of Kolubara. After eleven years
of successful work, he moved
from Kolubara to the position of
senior advisor in the Secretariat
of Industry of Serbia and at the
same time chaired the Council
on Mining and Metallurgy in
the Serbian Chamber of Com-
merce. From 1966 to 1969, he
worked as an advisor in the Yu-
goslav Chamber of Commerce
representative office in Berlin in
East Germany.
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npezctaBHuITBy  [IpuBpenne
KoMope JyrocnaBuje y VicTo4HOj
Hemaukoj y bepnuny.

Ha npemor Pymapcko-reonomni-
Kor (akynTeTa YHUBep3uTeTa
y bBeorpagy 1969. usabpan je
3a YHMBEpP3UTETCKOI IIpode-
copa IO MO3MUBY, Te IpeIasu
ma paan Ha Qaxynrer. [Ip>kao
je HacTaBy Ha CBUM HUBOUMA
CTyauja U3 mpenMeTa TexHOMO-
IVja IOBPIUMHCKE €eKCIlIoara-
uuje. Ilo gomacky Ha @axkynrer,
ca capaJHMIMMA JIOLEHTOM Jp
Bykom PapmeBnhem um acucren-
™ima Papomupom Cummhem n
Cno6opganom Byjuhem, ocHusa
Cwmep (1971) u Karenpy (1973)
3a MOBPIIVHCKY eKCIUIOaTalujy
YBPCTUX MMHEpAHNX CUPOBU-
Ha, y TO BpeMe jelNHI NH>Kerep-
cko-06pasoBHM TpodwI  TOT
CHEeLVjaMCTUYKOT yCMepera Ha
pyBapcknm axynaTeTmMay Jyro-
cmaBuju. Ilokpehe ca capaguu-
I¥IMa TIOC/IEIUTITIOMCKe CTYfuje
HayyHe o6macty IloBprmHCcka
€KCIUIOaTalja JIeKUIITA YBp-
CTMX MUHEPAJHUX CHPOBUHA.
Pesynratn oBux Hamopa 6p3o cy
eKCIIOHVMPAHU IIPeKO CIIelyjaIn-
3allMja 1 y pasMeH! capajiHMKa,
IOBODembY YITIeTHNX CTPYdIbaKa,
YCIIOCTaB/bakby HAayuHe capajiibe
ca OpOjHMM VMHCTUTYLMjaMa U3
CBeTa, OIOpaH BUILIE MAaTUCTap-
CKIIX Te3a, JOKTOPCKVX AMcepTa-
IVja, OpraHM3aLyjy 1 ydenrhy Ha
HAyYHVM CKYIOBVIMA Y 3eM/BI 1
MHOCTPAHCTBY WTA. JefaH je Of
OCHMBA4a U IIPBU IIPEACENHNK
Kommrera 3a MOBPLIMHCKY eKc-
mnoaranyjy CaBesa MHXKemepa
U TeXHMYapa Jyrocnasuje.

Opn ocuusama Pypapckor un-
cruryra beorpag (1960) pno
ofracka y mensujy (1978) 6uo
je CaBeTHUMK 3a IIOBPIUMHCKY
eKCIUIOaTanyjy. Y9ecTBOBao je
y u3pagy OpOjHMX CTYAMjCKUX

At the proposal of the Fac-
ulty of Mining and Geology
of the University of Belgrade,
he was elected a university
professor and started work-
ing at the Faculty in 1969. He
held Open-Pit Mining Tech-
nology courses at all levels of
studies. After coming to the
Faculty, with assistant pro-
fessor Dr. Vuk Radevi¢ and
associate professors Radomir
Simi¢ and Slobodan Vuji¢,
he co-founded the Course
(1971) and the Department
(1973) for open-pit solid
mineral exploitation, at that
time the only engineering
and educational profile of
that specialization at mining
faculties in Yugoslavia. Bo-
rislav initiated postgradu-
ate studies of open-pit solid
mineral deposit exploitation
with his associates. It was
not long before the results
of these efforts were seen in
specializations and exchange
of associates, bringing dis-
tinguished experts, scientific
cooperations with numerous
institutions worldwide, de-
fending several master’s the-
ses, doctoral dissertations,
organizing and participating
in scientific conferences in
the country and abroad, etc.
He was one of the found-
ers and the first chair of the
Committee for open-pit
mining of the Union of En-
gineers and Technicians of
Yugoslavia.

Borislav was an open-pit min-
ing advisor from the founding
of the Belgrade Mining Insti-
tute (1960) to his retirement
(1978). He participated in the
preparation of numerous ex-
pert studies and assessments,
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eKCIIepT3a 1 OIeHa, y U3paan
Y CTPY4YHO] KOHTPO/M OPOjHMX
IpojeKara, Ipe CBera IOBPILIIH-
CKe eKCIUIoaTalyje yI/ba.

Hocunan je Buime opmmko-

Bama ¥ OpOjHNX NpM3Hama 3a

JOIIPMHOCE PYHAAPCKOj HayLu,

UHKEHEepPCTBY 1 00pasoBamy.

3acmyXHM ¥ IIOYACHM je YIaH

CaBe3a MHXembepa I TeEXHM4Yapa
Jyrocnasuje.

[Tpupenunm

Cnob6ognasn Byjuh

Tomncrnas Illy6apanosuh

Munan IIBerxkoBmuh (IITwum,
20. oktobap 1936 - Beorpan,
7. janyap 2021), AWIUL WHX.
pyHapcTBa, p TEXHUMYKMX Ha-
yKa, UCTAKHYTM CTPY4UmaK 3a
TeOMEXAHUKY U MEXaHUKY CTe-
Ha. IITkonoBao ce y Jaroguuu n
Hemy. Ha Ieonmomxkn opcex Py-
lapCKO-TeOJIOMIKOr  (paKy/TeTa
y beorpapy ymmcao ce 1956, a
Hocsie Jipyre TOAMHE CTYynMja
Impemao je Ha Pymapckm opicexk,
Ize je purioMupao 1963.

Marncrapcky Tedy Uspcroha
Ha TPUTHUCAK Y 3aBUCHOCTU O
reOMeTPUjCKUX OONMNKa U HbU-
XOBMX OfIHOCA Ha y30pLMMa
KaMeHe comu pyiHuka Tymam
opbpanno je 1972. na Pypmapc-
koM axkynrery y Tysnm, a fok-
Topcky pamcepranujy Edexrn
N1ab0PaTOPUjCKUX MCIIUTUBAHA
KPTUX Marepujana y QyHKIVju
IVIMeH3Mja y3opka 1977. Ha Py-
JApCKO-METATYPUIKOj  aKajle-
muju y Kpakosy, [lombcka.

Papy cTpy4HOr ycaBpIaBama 1
yIIO03HaBamba J1abOPaTOPMjCKIX
MeTofla Mepema OopaBno je
y MHCTUTYTUMA ¥ Ha ¢akyn-
tetuma: 'y Pycujum  (Mocksa,
1963, 1990; Jlewunrpaz, 1972),

in the preparation and expert
control of numerous projects,
primarily for open-pit coal min-
ing. He held several decorations
and numerous recognitions for
his contributions to mining sci-
ence, engineering, and educa-
tion. He was an honorary mem-
ber of the Union of Engineers
and Technicians of Yugoslavia.

Prepared by
Slobodan Vuji¢
Tomislav Subaranovi¢

Milan Cvetkovié (Stip, October
20, 1936 - Belgrade, January 7,
2021), BSc in Mining, PhD in
Technical Sciences, prominent
geomechanics and rock me-
chanics expert. Milan was edu-
cated in Jagodina and Celje. He
enrolled in the Geological De-
partment of the Faculty of Min-
ing and Geology in Belgrade in
1956. After the second year of
studies, he switched to the Min-
ing Department, where he grad-
uated in 1963.

He defended his master’s thesis
Compressive Strength Depending
on Geometric Shapes and Their
Relationships on Rock Salt Sam-
ples of the Tusanj Mine in 1972 at
the Faculty of Mining in Tuzla,
and his doctoral dissertation Ef-
fects of Laboratory Tests of Brittle
Materials for Sample Sizing Pur-
poses in 1977 at the Academy
of Mining and Metallurgy in
Krakow, Poland.

Milan visited institutes and uni-
versities in Russia (Moscow,
1963, 1990; Leningrad, 1972),
Czechoslovakia (Prague, 1968;
Ostrava, 1972), Poland (Katow-
ice, 1971, 1976; Krakow, 1971,
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YexocnoBaukoj (IIpar, 1968;
OcrpaBsa, 1972), ITockoj (Ka-
toButle, 1971, 1976; Kpakos,
1971, 1975/76, 1990), CAJI
(Oeusep, 1974) u ®paniyckoj
(Dontenbno - Ilapms, 1976,
1979).

Y Pypumky Jobpma - Kpeka
panuo je mo 1966. kaga npenasu
Ha Pymapcku ¢akynrer y Tys-
7 T7e je m3abpaH 3a aCUCTEHTa
Ha IpefMeTy MeXaHMKa CTeHa.
Kapujepy 1969. nactaBba Ha
Pymapcko-reonomkom  daky-
TeTy YHuBepsurera y beorpa-
Iy Kao aclCTeHT Ha IpelMeTy
MexaHuka creHa. ¥ TO Bpeme
Ap>Xao je HacTaBy Ha MCTOM-
MeHOM IIpeiMeTy Ha Pypap-
CKO-MeTa/TlypIIKOM (aKyITeTy
y bopy 1 ncrypenom opememy
Pymapcko-reonomxor — daky-
TeTa U3 beorpaga y Kocosckoj
Mutposuuu. Ha Pynapcko-reo-
nouKoM (akynTeTy YHUBEpP3U-
TeTa y beorpamy npomao je cea
n300pHa 3Bambka, a 32 PEOBHOT
npodecopa usabpan je 1991.
Ilensuonucas je 2002.

Hajsnauajumje cTpyyHe u Ha-
y4HE JOIpMHOCE JJa0 je y NC-
TpaXnBamyMa (PUMIKO-MeXa-
HIYKIX VI TEXHUYKUX CBOjCTaBa
CTEHCKMX Maca, Y IpOydaBarby
CTaOM/IHOCTM KOCMHA IOBp-
IIMHCKMX KOIOBA M OJyIara-
JIUINTA, CTAOVMITHOCTH IIOf3eM-
HIX o0jeKara UTH.

AyTop miau Koayrtop je 49 Ha-
YYHMX M CTPY4YHMX pajjoBa
06jaB/beHMX U TIPeCTaB/bEHNX
y 3eM/bM ¥ MHOCTPAHCTBY, TPU
MOHOTpaduje, y4ecTBOBaO je y
UCTpaXMBAIbMMa IIECT Hayy-
HIUX IIpojeKaTa M y uspagu 66
VHIYCTPUjCKMX TIpOjeKaTa U
CTyAMja. 3HAYAjHO je HOIPUHEO
oIpeMarby I YCIIOCTaB/bakby Op-
raHmsanyje pasa Jlaboparopuje
32 MEXAaHUKy CT€Ha JM TeoMe-

1975/76, 1990), USA (Denver,
1974) and France (Fontaineb-
leau - Paris, 1976, 1979) for
professional training and to
learn about laboratory meas-
urement methods.

He had worked at the Dobrnja
- Kreka Mine until 1966, when
he was elected an assistant pro-
fessor of Rock Mechanics at the
Faculty of Mining in Tuzla. He
continued his career at the Fac-
ulty of Mining and Geology of
University of Belgrade, and was
elected an assistant professor
in Rock Mechanics in 1969. At
that time, he taught the same
course at the Faculty of Min-
ing and Metallurgy in Bor and
the satellite unit of the Belgrade
Faculty of Mining and Geology
in Kosovska Mitrovica. After
having all electable titles at the
Faculty of Mining and Geology;,
University of Belgrade, he was
elected full professor in 1991.
Milan retired in 2002.

He made the most significant
professional and scientific con-
tributions in researching phys-
ical-mechanical and technical
properties of rock masses, in
the study of the open-pit mine
and landfill slope stability, un-
derground structure stability,
etc.

He was the author or co-author
of 49 scientific and professional
papers published and presented
in the country and abroad, and
three monographs. He partici-
pated in researching six scien-
tific projects and preparing 66
industrial projects and stud-
ies. He has made a significant
contribution to outfitting and
organizing the Laboratory for
Rock Mechanics and Geome-
chanics of the Mining Depart-
ment of the Faculty of Mining
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XxaHuKy Pypmapckor opnceka Py-
IapCKO-TEeOJIOMIKOr  (paKy/nTeTa
Yumsepsurera y beorpany.

buo je wram MebynapogHor
ApYIITBA 32 MEXaHMKY CTEHa,
I pymTBa MHKemepa M TeXHU-
yapa pymapcke, Teo/IoLIKe 1 Me-
TaJIypIIKe CTPyKe Jyrocmasuje,
IpymTBa 3a MeXaHUKY CTeHa
u nopzeMHe pagose Cpbuje, Te
npencenHuk CaBesHe KOMU-
cmje 3a M3pajy CTaHjapfa U3
obmact MexaHuka creHa. 3a
Hay4yHe U CTPy4HE [IONIPMHOCE
U3 MeXaHJKe CTeHa TOOUTHIUK je
BHIIIE IPU3HAA.

[Ipupenno
Bragumup Yebarek

NBan Axen (Beorpanm, 8. pe-
nembap 1932 - 25. menembap
2020), mUIUL. MHX. PyAapcTBa,
Ip TexHMYKMX Hayka. Illkomo-
Bao ce y pogHoM rpapny. Crynuje
pymapcTBa 3aBpiuno je 1959. na
Pynapcko-reonomkom  dakyi-
teTy y beorpapmy. JokTopcky
fyicepTanyjy opbpaHMo je Ha
Pynapcko-reononiko-Had THOM
¢axynrery y 3arpe0y.

Y Pymapcko-eHepreTcKo-nHAyc-
TpujckoM kombunary Komyba-
pa paano je 1958-1962. y jammn
JyHKOBa1] Ha OIEPATUBHUM MH-
JKEILEPCKMM  TIOC/IOBMMA:  Kao
ACUCTEHT YIPABHMKA, YIPABHMIK
u med npoussopme. Kapujepy
HacTaBba y PymapckoM mHCTH-
TyTy y bBeorpany y 3asomy s3a
BEeHTW/IALMjY M 3alITUTY, Kao
HPOjeKTaHT, Bofehu mpojekTaHt
u ynpaBHMK Ofie/berba 32 BEHTH-
nmanyjy u sawruty. Jognae 1980.
npenasu y PymHuk ypanmujyma
JKuposckn Bpx y CrnoseHuju,
I7le Kao TeXHUYKM JMPEKTOP
pamu mo 1983. M3 CroBeHuje

and Geology, University of Bel-
grade.

Milan was a member of the In-
ternational Society for Rock
Mechanics, the Union of Engi-
neers and Technicians of Min-
ing, Geology and Metallurgy of
Yugoslavia, the Society for Rock
Mechanics and Underground
Works of Serbia, and the Chair
of the Federal Commission for
Standards in Rock Mechanics.
He won several awards for his
scientific and professional con-
tributions in the field of rock
mechanics.

Prepared by
Vladimir Cebasek

Ivan Ahel (Belgrade, December
8, 1932 — December 25, 2020),
BSc in Mining, PhD in Techni-
cal Sciences. He was educated in
his hometown and graduated in
mining in 1959 from the Faculty
of Mining and Geology in Bel-
grade. He defended his doctor-
al dissertation at the Faculty of
Mining, Geology, and Petrole-
um Engineering in Zagreb.

He worked on operational engi-
neering at the Kolubara Mining,
Energy, and Industrial Complex
from 1958 to 1962 in the Junk-
ovac pit: as assistant manager,
manager, and head of produc-
tion. He continued his career at
the Belgrade Mining Institute in
the Department of Ventilation
and Protection as a designer,
chief designer, and manager of
the Department of Ventilation
and Protection. Then, in 1980,
he was hired in the Zirovski vrh
uranium mine in Slovenia as a
technical director until 1983.
From Slovenia, he returned to

119



120

Y cehatwy / In memoriam

ce Bpaha y Pymapcko-eneprer-
CKO-MHAYCTPUjCKM  KOMOMHAT
Kony6apa, rze je y Pauynapckom
ueHTpy y JlasapeBuy pagmo 1o
TICH3VOHNCAbA.

AytTop u xoayTop je Beher 6poja
CTPYYHMX ¥ HAyYHUX pajioBa
CAOIIIITEeHNX ¥ IYOIMKOBaHMX
Ha goMmahum u mMehyHapogHuM
HAy4YHUM CKYIIOBMMA ¥ Y 4aco-
HJICYIMA, IPETeKHO TEXHO-EeKO-
HOMCKe TeMaTIKe U 13 0671acTy
BpeHOBamba PyJHMKA Y TpaH-
3UIIVIOHOM TIepHOZY. Y4ecTBO-
BaO je M PYKOBOAMO V3PaZioM
OpojHNX TIIpOjeKaTa BeHTWIA-
Lyje pygHuKa.

buo je wiaH 6eorpafcKor Kpyra,
pemakuyje mucra Penybnuxa u
KOJTYMHICTa JHEBHUKa [JaHac u
Honumuxa. baBno ce cnukap-
CTBOM, 01O je Be/IMKM JbyOUTEsb
nseha. Hocwan je Buiue mpu-
3Hama 32 JIOIIPMHOCE PYIAPCTBY.

VsBop moHOrpaduja
Pyoapcku umncervepu Cpouje
y 19. u 20. sexy

JKusopapn JTazapeBuh (3aje-
qap, 19. HoBeMbap 1935 - Beo-
rpag, 30. okrobap 2021), gumr.
VIHX. PYZJapCTBa, AP TeXHUYKUX
Hayka. [IIkosoBao ce y pogHOM
rpagy. Ha Cmepy 3a npunpemy
MUHEpATHNX CUpOBMHA Py-
IapCKO-TEeOJIOMIKOr  (paKy/nTeTa
Yuusepsurera y beorpany nu-
miomupao 1962.  JIoKTOpcKy
fucepTanyjy opOpaHMo je Ha
Pynapcko-reononiko-HadTHOM
¢axynrery 3arpe0y.

Y 3aBopy 3a mpumpemy MMHe-
panmHuxX cupoBuHa Pymapckor
MHCTHUCTYTa y beorpany, o mn-
IVIOMMpama 0 OfiTacka y IIeH-
3Mjy, Pajuo je Ha IIOCTOBMMA:
pedepeHTa, CTPYYHOT CapajHu-

the Kolubara Mining, Energy,
and Industrial Complex to work
at the Computer Center in Laza-
revac until retirement.

Ivan is the author and co-au-
thor of many professional and
scientific papers presented and
published at domestic and inter-
national scientific conferences
and in journals, mainly on tech-
nical-economic and transition
period mine valuation subjects.
In addition, he participated in
and managed the development
of numerous mine ventilation
projects.

He was a member of the Bel-
grade Circle, the editorial board
of Republika newspaper, and a
columnist for Danas and Politika
dailies. He practiced painting and
was very fond of flowers. He was
the holder of many recognitions
for contributions to mining.

Source monograph Mining
Engineers of Serbia in the
19" and 20" centuries

Zivorad Lazarevi¢ (Zajecar, No-
vember 19, 1935 - Belgrade, Oc-
tober 30, 2021), BSc in Mining
Engineering, PhD in Technical
Sciences. Zivorat was schooled
in his hometown. He graduated
from the Department of Miner-
al Processing at the Faculty of
Mining and Geology, University
of Belgrade, in 1962. He defend-
ed his doctoral dissertation at
the Faculty of Mining, Geology,
and Petroleum Engineering in
Zagreb.

He worked from graduation to
retirement at the Institute for
Mineral Processing of the Min-
ing Institute Belgrade as a clerk,
expert associate, senior expert
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Ka, BUILET CTPYYHOT CapajHMKa
VI CTPY4YHOI CaBETHMKA. JegHO
BpeMe 610 je HauenmHMK Temarke
0071acTM 3a OJI0BO M IIMHK, [V-
PEKTOp HAay4HOT pasBoja I 3aMe-
HUK yTIpaBHMKA 3aBOJA 3a Ipu-
IpeMy MUHEpaTHMX CHPOBUHA.
O6aB/bao je M AY>KHOCT JVPEK-
TOpa 3a HayyHM paj Pymapckor
MHCTUTYTA ¥ PYKOBOJIVIO peasty-
3alMjOM YTOBOPa O W3Ipajiibu
pY[HUKA 371aTa y Bypmm.

AyTop mm koayTop je 6pojHMX
CTPYYHMX ¥ HauHMX pajioBa.
Hocuman je Bume mnpusHama
M Harpaja 3a JoIpuHoce y 00-
NacTy TIpUIPeMe MUHEpPaTHUX
CHPOBMHA.

VsBop moHOrpaduja
Pyoapcku urncervepu Cpouje
¥y 19. u 20. sexy

Apam Manrmh (Jby6osuja, 22.
okTobap 1942 — Beorpag, 15. Maj
2021), mumn. MHX. Teororuje,
Ap TEXHUYKMX HAYKa, YHUBEP-
suteTckn npodecop. Cpenmy
Teormomky TeXHMYKy LIKOITY
3aBpmmo je y beorpamy. Ha Py-
JIApCKO-TeOTIOKOM  (hakynreTy
YuuBepsurera y beorpapmy, Ha
CMepy €KOHOMCKe TeoJoruje,
pumiomupao je 1962. Marmc-
TPUPAO je Ha MaTMYHOM (paKyI-
Tery 1975. Ha TeMu U3 reoxemuje
XUJpOTEPMAJIHE aznrepanyje
CTeHa, a JOKTOPMPAO Ha IpO-
671eMy 13 TeoxeMuje anTeparyje
CTEHA OKO PYyJia U eBOITYLUjU XU~
ipoTepMasiHe aKTMBHOCTH.

Crynmjcku je 6opasno y: Pycuju
(MockoBCKU IpKaBHU YHUBEP-
suteT JloMmoHOCOB 11 VHCTUTYT
3a eKCIepYMEHTA/IHy MMHepa-
norujy AH CCCP), Hemaukoj
(Yausepsurer y lerunreny),
®pannyckoj (LlenTap 3a ncrpa-
JK/Barba y NeTPONOIVjU U Teo-

associate, and expert advisor. He
was also the head of the Lead and
Zinc Unit, the scientific business
development director, and the
deputy manager of the Institute
for Mineral Processing. He also
held the office of scientific direc-
tor of the Mining Institute and
managed the implementation of
the Burma gold mine construc-
tion contract.

Lazarevi¢ is the author and
co-author of numerous profes-
sional and scientific papers. In
addition, he holds several rec-
ognitions and awards for con-
tributions in the field of mineral
processing.

Source monograph Mining
Engineers of Serbia in the
19" and 20" centuries

Adam Dangi¢ (Ljubovija, Oc-
tober 22, 1942 - Belgrade, May
15, 2021), BSc in Geology, PhD
in Technical Sciences, univer-
sity professor. He finished the
Geological and Technical High
School in Belgrade and grad-
uated from the Department of
Economic Geology of Faculty
of Mining and Geology, Uni-
versity of Belgrade, in 1962.
He received his master’s degree
from the home faculty in 1975
on geochemistry of hydrother-
mal alteration in rocks and PhD
on geochemistry of alteration in
ore surrounding rocks and evo-
lution of hydrothermal activity.

Adam studied in Russia (Lo-
monosov Moscow State Uni-
versity and the Institute of Ex-
perimental Mineralogy of the
USSR Academy of Sciences),
Germany (University of Gottin-
gen), France (Research Centre
of Petrology and Geochemistry,
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xemuju, Hancu) u Mabapckoj
(Teoxemmjcka — MCTpaXmBavKa
naboparopuja, byaummernra).

Paguo je y Teonomkom saBopy y
CapajeBy 1968-1970, Te Ha Py-
IApCKO-TEOIOMIKOM (paKyITeTy
Yumsepsurera y beorpany, mo
omnacka y nensujy 2008. IIpo-
Iao je cBa M30OpHA 3Bama Of
aCUCTEeHTAa JI0 peoBHOT mpode-
copa. buo je rocryjyhn mpode-
cop YHusepsutera BuckoHcuH
(CAI, 1990) ux.

Ha ocHOBHMM cTynmjamMa Ap>Kao
je HacraBy M3 mpengmera leoxe-
muja, leoxemmja MuHepamHUX
nexumra 1 Mertoge y reoxe-
muju. VHnnupao je yBobeme
¢bakynTaTuBHOr TpenMera [e-
oNorMja M 3alUTUTA >KMBOTHE
cpenvue. Ha Ynusepsurery y
IIpumtyay, Ha Pypmapcko-Tex-
HomomkoM ¢akyntety y Kocos-
ckoj Mwurposuny, 1982-1993.
[P’Kao je HacTaBy M3 IpefMeTa
Teoxemuja. Op ocHuBama Kare-
npe 3a reoxemujy 1990. mo op-
7acKa y meHsujy 61o je mweH mred,
kao u med Cmepa 3a meTposno-
rujy u reoxemujy, Cmepa 3a re-
OXeMHjy Ha TOC/IEUIIOMCKUM
crypujama, me¢ Jlaboparopuje
3a reoxemujy (1989-2008) urz.

AyTOp mam KoayTop je oko 250
Hay4YHMX U CTPyYHUX PaJoBa.
Y4ecTBOBaO je MMM pyKOBOAMO
peanusanmjoM  MCTpaKMBarba
Ha BMILIE HAy4YHMUX IIpoOjeKara
U IIeT CTyAuja 3a morpebe MH-
nycrpuje. PykoBonuo je Buie-
TOOVIIEBYM — MYITUAVCIUIIIN-
HapH/MM Hay4YHMM IIPOjeKTOM
MunncrapcTBa Hayke leoxe-
MUjCKI, XUJIPOTE€OJIOIIKHY, IIEJ0-
JIOIIKM U T€OMEeJVILIMHCKY CTa-
TyC XXMBOTHe CpefiuHe OaceHa
JlynaBa — mpoy4aBama cucreMa
peka — cemuMmeHT - akBudep
- CIMBHO MOApYYje, y 4Mjoj je
peanusanuju y4ecTBoBasmo 26
MCTPa’KMBAYa U3 IIECT HAyYHUX

Nancy), and Hungary (Geo-
chemical Research Laboratory,
Budapest).

He worked at the Geological
Survey Institute in Sarajevo
from 1968 to 1970 and at the
Faculty of Mining and Geol-
ogy at the University of Bel-
grade until retirement in 2008.
Adam held all electable titles
from assistant professor to full
professor. He was a visiting
professor at the University of
Wisconsin (USA, 1990). He
taught undergraduate courses
in Geochemistry, Geochemis-
try of Mineral Deposits, and
Geochemistry Methods. He
initiated the introduction of
the elective course Geology
and Environmental Protection.
At the University of Pristina,
Faculty of Mining and Tech-
nology in Kosovska Mitrovica,
he taught Geochemistry from
1982 to 1993. He headed the
Department of Geochemistry
from its founding in 1990 to his
retirement, as well as the De-
partment of Petrology and Ge-
ochemistry, the Department of
Geochemistry in postgraduate
studies, the Laboratory of Geo-
chemistry (1989-2008), etc.

Adam was the author or co-au-
thor of about 250 scientific and
professional papers. He partici-
pated in or led research in sev-
eral scientific projects and five
studies for industry needs. He
also led a multi-year multidisci-
plinary scientific project of the
Ministry of Science, Geochem-
ical, hydrogeological, pedologi-
cal, and geomedical status of the
Danube basin environment - a
study of river systems - sediment
- aquifer - catchment area, par-
ticipated by 26 researchers from
six scientific institutions. In ad-
dition, for several years, he was



Y cehatwy / In memoriam

VHCTUTYLMja. Bume ropmua
6110 je Hay4HM caBeTHUK [eonH-
ctutyTa y beorpany, except 3a
re0XeMIjy U 3aIUTUTY >KUBOTHE
cpennte CaBe3sHOT MMHNCTap-
CTBa 3a HAayKy, Pa3Boj 1 )XMBOT-
Hy cpepnny (y CPJ), pykoBopu-
JIaI VIV CAapaJHUK Ha Hay9IHUM
npojexTMa CaBe3HOT MMHMC-
TapCcTBa 32 HAYKY, pasBoj U XKI-
BOTHY CPeVIHY ¥ PerryOImIKmx
MMHUCTApCTaBa HaykKe, pymap-
CTBa I €HepreTIKe UTH.

PykoBopguo je wuspagom wmm
610 WIaH KOMICHja 32 Off0paHy
OpOjHMX IUIUIOMCKUX pajioBa,
MarucTapcKux Tesa U JIOKTOP-
CKMX JICepTallija Ha MATUYHOM
dakynrery, Ha Paxynrery 3a
¢usnuky xemujy 1 MenuiyH-
ckoM (akynTeTy YHUBep3uUTEeTA
y beorpany, kao u na Ilpupon-
HO-MaTeMaTN4KoOM (aKynTeTy
Yumsepsurera y Humry.

brno je mpencepnuk CaseTa
MaTUYHOT  (paKyaTeTa, WIAH
Crpyune Kommcuje 3a XeMujy,
bu3nuKy xemujy m 6moxemujy
Yuusepsurera y beorpany, mor-
npencegHuk Komucuje 3a cran-
mapme kBamureTa Bofila Cabes-
HOI' MHCTUTYTAa 3a CTaHJApPHE,
KOYPe[JHMK dacomnuca leonouiku
2IACHUK, YIAH PENAaKIMOHNX
ombopa uacommca [leonowiku
ananu banxarckoz nonyocmpea
u Padosu Ieourncmumyma. buo
je Ilpemcepnmk JlpymrTsa reo-
JIOIIKMX MH>Xeepa U TeXHMYa-
pa Cpb6uje (ITENTC) u ypen-
HJK JICTOMMEHOT OM/ITeHa.
Hocwunar je Buine nmpusHama 3a
Hay4yHe U CTpy4YHe JOIpPUHOCE.
3a mommcHOr ulaHa AKajeMmuje
MHXemepcknx Hayka Cpo6uje
usabpaH je 2018.

VsBop npepyior 3a
IOIVCHOT WiIaHa AKafemuije
UHXemepcKuX HayKa Cpouje

a scientific advisor to the Geo-
institute in Belgrade, an expert
in geochemistry and environ-
mental protection of the Fed-
eral Ministry of Science, De-
velopment, and Environment
(FRY), manager or associate in
scientific projects of the Federal
Ministry of Science, Develop-
ment, and Environment and
Republic Ministries of Science,
Mining and Energy, etc.

He mentored or was a mem-
ber of the commissions for the
defense of numerous gradua-
tion theses, master’s theses, and
doctoral dissertations at the
home faculty, Faculty of Phys-
ical Chemistry and Faculty of
Medicine of the University of
Belgrade, as well as the Faculty
of Science and Mathematics at
the University of Nis.

Adam was the chair of the home
Faculty Council, a member of
the Expert Commission for
Chemistry, Physical Chemistry,
and Biochemistry of the Univer-
sity of Belgrade, vice president
of the Water Quality Standard
Commission of the Federal In-
stitute of Standards, co-editor of
the Geological Gazette, member
of the editorial boards of the
Geological Annals of the Bal-
kan Peninsula and Geoinstitute
Works. He was the chair of the
Society of Geological Engineers
and Technicians of Serbia and
the editor of their bulletin. He
was the holder of several rec-
ognitions for scientific and pro-
fessional contributions. He was
elected a corresponding mem-
ber of the Academy of Engineer-
ing Sciences of Serbia in 2018.

Source proposal for
correspondent member Academy
of Engineering Sciences of Serbia
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Mwunan Iumkuh (Beorpagn, 30.
Maj 1953 - 12. HoBembap 2020),
AuIUL. rpal). nHXemep, Ip Tex-
HUYKUX HayKa, YHUBEP3UTET-
cku mpodecop. Illkomosao ce
y pogHom rpapy. Ha Cwmepy
3a xupporexHuky IpabheBun-
ckor (paxynreTa YHMBep3uTe-
Ta y beorpagy pummomupao je
1978. Maructpupao je u HOK-
TOpUpao Takohe Ha MaTUYHOM
daxkynrery.

Iberosa crpy4yHa 1 Hay4Ha Ka-
pujepa TECHO je IOB€3aHa ca
MHucTuTyTOM 32 BOJOIPUBPERY
»Japocnas Yepuu” y DBeorpa-
Iy, TAe je y OKBUpY 3aBogja 3a
Mo3eMHE BOJie OCHOBao Ipymy
3a 3alITUTY BOJA M pajiuo Ha
3aIUTUTY U caHaLuju 3arahennx
M3BOPUILTA NToA3eMHe Bofe. Ha
(GYHKLUjM TeHepasHOT AMpeK-
Topa VIHCcTuTYyTa 32 BOBONIpPUB-
peny »JapocimaB Yepun” 6uo je
op, 1999. no xpaja 2017.

Ha ®akynrery TeXHMYKUX Ha-
yka YHusepsurera y Hosom
Capy y 3Bame pefoBHOT IIpode-
copa m3abpan je 2013. JIp>kao
je HacTaBy Ha OCHOBHVM CTY-
nujama u3 npepmera OCHOBHU
IPUHUUIN YIPaB/baiba BOJaMa
n Kopumtheme, samrura n ym-
paB/bame IOf3eMHUM BOZIaMa,
a Ha JOKTOPCKMM CTYAMjaMa Ha-
CTaBY M3 IIpefiMeTa YIIpaB/baibe
IOfI3EMHMM BOflaMa M TpaHC-
HOPT MaTrepuje MOJj3eMHOM BO-
TOM.

Hajsnauajunje crpyyHe u Ha-
y4HE JIONPMHOCE Jlao je y MC-
TpaKuBamblUMa CTpyjamba IIOf-
3eMHMX BOJAa Y apTeCKUM WU
cybapTecKuM W3JjaHMMA, Ca-
Morpeuninhasajyhux mpoueca
npy  GUITpayju MOA3EeMHNX
BOJIa, PasBOjy U IPUMEHM IIO-
CeOHMX MeTofla y eKCIIIoaTa-
LVjJ TIO3EMHVX BOJIA, y 3aIlTH-
T M pereHepanyjy U3BOPUILITA

Milan Dimki¢ (Belgrade, May
30, 1953 — November 12, 2020),
BSc in Civil Engineering, PhD
in Technical Sciences, univer-
sity professor. He was educated
in his hometown and gradu-
ated from the Department of
Hydraulic Engineering at the
Faculty of Civil Engineering,
University of Belgrade, in 1978.
He also received his master’s and
doctoral degrees from his home
faculty.

Milan’s professional and scien-
tific career is in close connection
with the “Jaroslav Cerni” Water
Institute in Belgrade, where he
founded the Water Protection
Group within the Groundwa-
ter Institute and worked on the
protection and remediation of
polluted groundwater sources.
From 1999 to the end 0f 2017, he
was the Director-General of the
“Taroslav Cerni” Water Institute.

He was elected full professor at
the Faculty of Technical Scienc-
es, University of Novi Sad, in
2013. In undergraduate studies,
he taught Basic Water Manage-
ment Principles and Groundwa-
ter Use, Protection and Manage-
ment, and in doctoral studies,
he held courses in Groundwater
Management and Groundwater
Matter Transport.

Milan made the most signifi-
cant professional and scientific
contributions in researching
groundwater flows in arte-
sian and subartesian aquifers,
self-purifying ~ processes  in
groundwater filtration, devel-
opment and application of spe-
cial groundwater exploitation,
groundwater sources protection
and regeneration, and water re-
sources management methods.

He was the author and co-au-
thor of more than 220 scien-
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IIOJ3EeMHMX BOfla, Te Y YIIpa-
B/balby BOTHMM PeCypCcHMa.

AyTop u xoayTop je Butite of; 220
HayYHNUX U CTPYYHUX PpajioBa,
13 mormas/ka y MOHOrpadujama,
MoHorpaduje  MmebhynapopHor
3Havaja U ayTop MoHorpaduje
HalMIOHA/IHOT 3Ha4aja. Pyko-
BOJIMO je MCTpaKMBamblMa TpU
CTparelKa IpojekTa MuHuc-
TapCTBa HayKe. Y 9eCTBOBAO W/II
PYKOBOIMO MU3pazioM Ipeko 50
CTYJUja, JleCeTaK MHBECTUIINO-
HO-TEXHUYKMX IIpOjeKaTa, BUIIIe
IUIAHCKMX MOKYMEHaTa M eKc-
neptusa. PykoBoguo je ctpyd-
HUM HafI30pOM M U3TPailbOM
fleceTak objekara.

3HauajaH [OIPMHOC Ja0 je
IpujeMy U INKOJIOBakby Ma-
IMX CTpydmaka. Pykosopmo je
M3PafioM ILECT NOKTOPCKUX I1-
cepranyja 1 JeceTak Marucrap-
CKIX Te3a.

buo je mpencemnmx Cprckor
IpYIITBA 3a 3aLITUTY BOJ, 3a-
MeHVK Imeda penmeranuje Cp-
6uje y MebhynaponHoj komucujn
3a 3awtuty JlyHaBa, IIOTIIPEN-
cenHuk Ipyme 3a ympapmame
HOA3EMHUM BOfjaMa U WIAH Jie-
neranuje Cp6uje y Mebynapop-
HOM yapyXemy 3a Bozie (IWA)
UTH.

3a Hay4yHe M CTpy4He [OIpU-
HOCe HOCHUIAL je BUILE IIpPU-
3Hamba, Oppaena bermor anberna 11
crernieHa, l[loBeme ,,Hpoq)ecop
np Bojucmas K. Crojanosnh”
Vopyxema  yHUBEP3UTETCKUX
npodecopa 1 HayuHnka Cpbuje
utp. Ha npepor Opnemema py-
JApCKUX, TeOJIOMIKIX VM CUCTeM-
CKMX HayKa 3a JIONMCHOT 4/IaHa
AxafieMuje MHXEEPCKIX Hay-
ka Cpbuje usabpas je 2015.

VsBop mpepyior 3a
TOIVICHOT 4/aHa AKajieMyuje
MHXembepCKIx Hayka Cpbuje

tific and professional papers,
13 chapters in monographs,
monographs of international
importance, and a monograph
of national importance. He led
the research of three strategic
projects of the Ministry of Sci-
ence. He participated in or man-
aged the preparation of over 50
studies, a dozen investment and
technical projects, several plan-
ning and expert documents. In
addition, he managed the expert
supervision and construction of
a dozen buildings.

Milan has made a significant
contribution to the admission
and education of young experts.
He mentored six doctoral dis-
sertations and a dozen master’s
theses.

He was the president of the
Serbian Association for Water
Protection, the deputy head of
the Serbian delegation to the In-
ternational Commission for the
Protection of the Danube River,
the vice president of the Ground-
water Management Group, and
a member of the Serbian delega-
tion to the International Water
Association (IWA).

He was the holder of several
recognitions for scientific and
professional contributions, the
Order of the White Angel of the
second degree, the “Professor Dr.
Vojislav K. Stojanovi¢” Charter
of the Association of University
Professors and Scientists of Ser-
bia, etc. At the proposal of the
Department of Mining, Geolog-
ical and Systems Sciences, he was
elected a corresponding member
of the Academy of Engineering
Sciences of Serbia in 2015.

Source proposal for
correspondent member Academy
of Engineering Sciences of Serbia
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Crno6ogan Kuexesuh (Apumpe,
29. mapr 1951 - beorpap, 20. 11.
2021), [UIUL MHX. T€0NoTuje, ap
TeXHMYKNX HayKa, YHMBEP3U-
TeTcku 1pocgecop. Ilkomosao
ce y 3emyny. Ha Cmepy 3a peru-
OHaJIHY Teonorujy Pymapcko-re-
O/IOMIKOT (paKy/nTeTa YHUBEP3U-
teTta y beorpany punnommpao je
1979. Ha matuuHoM akynrety
Maructpupao je 1983, a pmok-
topupao 1991. Op 3aBpuIeHNX
OCHOBHMX CTYAiMja IO OJIacKa
y nieHsujy 2016. pagno je Ha Ma-
tiyHOM (akynrery. Ilpormao
je cBa M300pHa 3Bamba, 3a peo-
BHOT IIpodecopa 6upat je 2003.

Ha cBuM HuBOMMa crynmja Py-
IApCKO-TeOIOMIKOr  (haKynTeTa
Yuusepsureta y beorpany mp-
’Kao je HacTaBy M3 IIpefMeTa:
Wctopujcka reonornja, CrpaTtn-
rpa¢uja Cpbuje n Popmaryona
reonoruja. PykoBoguo je uspa-
IOM BUILE JUIUIOMCKUX Paio-
Ba, MarUCTapPCKNUX Te3a, YeTUPU
JIOKTOPCKe JiyicepTaliyje.

AyTOp MM KOayTop je oko 120
HAy4YHUX U CTPY4YHMX pajoBa,
Tpu MoHorpaduje u aBa yube-
HuKa. HajsHavajHmje Hay4yHe
VI CTpy4YHe J[OIpPMHOCE Jjao je
UCTpOKUBabMUMa y 001acTu
pEermoHasHe reoIornje U reofu-
HaMJKe Teplyjapa ¥ KBaprapa,
Te 3amtute reonacneha Cpouje.
3Ha4yajHy CTPy4Hy IOfIpLI-
Ky TIPY)Kao je Kao capajJiHuK
Yy XMAPOTeONIOIIKNM, TIeoTeX-
HUYKUM, TeOPU3NIKUM U ap-
X€OJIOIIKNM UCTPAKMBAKIMA,
Kao M y MCTPaXMBamMMa Jie-
JKUINTA MUHEPATHMAX CUPOBMHA.
Y4ecTBOBAO je y peannsanujama
BUILIE Hay4YHMX IIpOjeKara M-
HJCTapCTaBa HayKe, 3allTUTe
JKUBOTHE CpeJIMHE U PylapCTBa
U eHepreTuke, kao u MebyHa-
ponHor npojexta IGCP 3a xope-
Janyjy HeoreHa 'y Esponm.

Slobodan KnezZevi¢ (Arilje,
March 29, 1951 - Belgrade, No-
vember 20, 2021), BSc in Geol-
ogy, PhD in Technical Sciences,
university professor. He was ed-
ucated in Zemun and graduated
from the Department of Re-
gional Geology at the Faculty of
Mining and Geology, University
of Belgrade, in 1979. He received
his master’s degree in 1983 and
his PhD in 1991. After gradu-
ating and up to his retirement
in 2016, he worked at his home
faculty. After having all electable
titles, he was elected full profes-
sor in 2003.

He taught Historical Geology,
Stratigraphy of Serbia, and Geo-
logical Formation at all levels of
studies at the Faculty of Mining
and Geology, University of Bel-
grade. In addition, he mentored
many graduation theses, mas-
ter’s theses, and four doctoral
dissertations.

He is the author or co-author
of about 120 scientific and pro-
fessional papers, three mono-
graphs, and two textbooks. He
has made the most significant
scientific and professional con-
tributions to research in regional
geology and Tertiary and Qua-
ternary geodynamics, and the
protection of Serbian geoherit-
age. He gave significant profes-
sional support as an associate in
hydrogeological, geotechnical,
geophysical, and archaeologi-
cal studies and mineral deposit
research. He participated in the
implementation of several sci-
entific projects of the Ministries
of Science, Environmental Pro-
tection and Mining and Energy,
and the international IGCP pro-
ject for the Stratigraphic Corre-
lation of Neogene in Europe.
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Papgno je Ha mpojekTmma oc-
HOBHMX TeOJIOIIKMX KapaTa
Cpbuje pasmumuuTmx pasme-
pa, Teonouike kapre JInbuje n
KomrmekcHe reosnolike Kapre
okomHe bBeorpapma (1:10.000).
YuecTBOBao je y m3pagama re-
OJIOLIKMX TOJIora 3a ypbaHumc-
TUYKO IUIaHMpame beorpasa
n CwmepnepeBa, 3a bpse mpyre
Cpbuje, nopzeMHe >Kelle3HUY-
Ke cTaHuie ByKoB CIIOMEHUK,
beorpag nHa BoOmM, OcTpyx-
HIYKU MOCT, MocT nipeko Afie,
3a ca”auMjy Kiamsumra Mocra
cnobone xop, Hosor Capa, Ty-
Hen Crpaxkesutia, Tynen Illa-
pome kop CaBuia uTA. 3ama-
JKeHe MHXKemepCcKe JONpUHoce
[A0 je y UCTpaKUBAIbMMA JIe-
JKUIITA MUHEPATHUX CUPOBU-
Ha, MT0CeOHO 32 IIeMEHTHY VH-
IYCTPUjY, M Y XMUTOT€ONOUIKIM
UCTpaxMBamwyMa beorpazmckor
M3BOPUIITA, BOJOCHAOMEBaba
Ipouxke nr.

YV mBa manpgara (2011-2015)
pyxoBoguo je Karempom sa
ucropujcky reonorujy u Je-
IIAPTMAHOM 32 PETMOHaJIHY Te-
OJIOTHjy MaTMYHOT (aKy/iTeTa.
buo je nmpencenuuk HapgsopHor
oz6opa IIpuponmadkor myseja
Cp6uje (2007-2016).

Hocwmnar je Buire npusHama 3a
CTpyYHE M Hay4yHe JONpUHOCE
u JKyjoBuhese Harpaze (1999)
3a pasBoj reonoruje. Ha mpen-
nor Opnebera pyapcKux, reo-
JIOWKMUX M CUCTEMCKUX HaykKa,
3a JIONMJCHOT 4IaHa AKaJeMuje
MHXemwepcknx Hayka Cpouje
usabpaH je 2013.

MsBop npepyior 3a
TOTIMCHOT 4laHa AKajieMuje
MHKemepcKux Hayka Cpouje

Slobodan worked on projects
of developing basic geological
maps of Serbia of various scales,
geological maps of Libya, and
complex geological maps of Bel-
grade surroundings (1: 10,000).
He participated in the prepara-
tion of geological surveys for
urban planning of Belgrade and
Smederevo, for high-speed rail-
ways of Serbia, Vukov spomenik
underground railway station,
Belgrade Waterfront, Ostruznica
Bridge, Ada Bridge, for repair-
ing the landslide of the Liberty
Bridge near Novi Sad, Strazevi-
ca Tunnel, Saronje Tunnel near
Savica, etc. He made notable en-
gineering contributions in min-
eral deposits research, especially
for the cement industry, and in
the hydrogeological research of
the Belgrade spring, Grocka wa-
ter supply, etc.

He headed the Department of
Historical Geology and the De-
partment of Regional Geology
of his home faculty in two terms
(2011-2015). In addition, he
was the Chair of the Superviso-
ry Board of the Natural History
Museum of Serbia (2007-2016).

Slobodan was the holder of
many recognitions for profes-
sional and scientific contribu-
tions and the Zujovi¢ Award
(1999) for geology development.
At the proposal of the Depart-
ment of Mining, Geological, and
Systems Sciences, he was elect-
ed a corresponding member of
the Academy of Engineering
Sciences of Serbia in 2013

Source proposal for
correspondent member Academy
of Engineering Sciences of Serbia
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