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PYIE U PYOHULIV KOCOBA VI METOXMUJE

ORES AND MINES IN KOSOVO AND METOHIJA

Crno6onan Byjuh
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Ceeromup MakcumoBuh

Pygapcku unciauiiyiu beoipag

slobodan.vujic@ribeograd.ac.rs

DOI: 10.25075/BM.2018.01

Slobodan Vuji¢
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Caxerak: Pyoro 6ozamcmeo Kocosa u Memoxuje je peanan, cmpamewku 3Ha4ajan Kanuman 4uja 6peOHoOCH pacme
3602 sucoke u cee eehie ucupnerocmu murepanHux pecypca y Eeponu u uiupe. BpeoHosarve MunepanHo-cuposuHcKoz
komnnexca Kocosa u Memoxuje je 6uniesnauHo, 6eoMa 3axXmeeHo, He Modxe ce ynpouifieHo ceo0umu camo Ha nokasa-
merve KAo uimo cy pesepee, ca0piucaju KOPUCHUX KOMNOHEHINU Y PYOU UL eHA MPeHymHa MPiUUHa 6peOHOCHH, 6e3
caenedasarea ceux onpedemwyjyhux napamemapa. Pao je noceehen pyorum pecypcuma Kocosa u Memoxuje u r1xo060j
eKCnIamauujy, npe céeza Mo cy 6euKe pesepee yeroa no6ovHe 3a NOBPULUHCKY eKCHI0AMM AUy, nonumuHepane pyoe
000jeHUX U nTIEMEHUIMUX MeMana, HeMemanuure MUHepanHe CUPoOBUHe U MepMoMuHepae 600e.

Kipyune peun: pyoe, pyonuuu, Kocoso u Memoxuja

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

Keywords: ores, mines, Kosovo and Metohija

YBOJ

Pynno 6orarctBo je Mmeby BakHUM, 4aK K/bYyIHO
Ba)KHMM JJaHAIIBIM IMTabyMa BesaHuM 3a Koco-
BO U MeToxujy. PacripaBe 1 TEKCTOBM Y jJaBHOCTH O
pyaHoM 6orarctBy Kocosa n MeToxuje onrepehe-
HJ Cy HENPOBEPEHMM J HEIOY3[JaHMM IIOfjalii-
Ma, IPOTMBPEYHUM OlleHaMa IeHepPUCAHUM BMIIe
eMolLljaMa Mame CTpy4Holily, IIOrpelH!M mpu-
CTYIMMa ) HelO3HaBalbeM MUHepPaTHO-CHPOBIH-
CKOT KOMIIZIEKCa, CTaTMYKMM IOCMATpambeM HeHe
HOTEHI[Uja/THOCTH, KOHCTPYKIIMjOM ,apryMeHara“

INTRODUCTION

Mineral wealth is one of the most important, even
crucial current issues related to Kosovo and Meto-
hija. Discussions and publications about the min-
eral wealth of Kosovo and Metohija are burdened
with unverified and unreliable data, contradictory
estimates made more emotionally and less expertly,
wrong approaches and lack of knowledge about the
mineral and raw material complex, static observa-
tion of its potentiality, construction of “arguments”
by counting closed and active mines, their capaci-
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npebpojaBarbeM 3aTBOPEHNX 1 aKTUBHUX PYJHMKA,
IbVIXOBUX Kallal[UTEeTa, KOHTPAJUKTOPHUM Bpef-
HOBAIbeM PYJHMX pecypca, HecaI/lefaBarmbeM 3Ha-
Jaja pypHor 6mara Kocosa n MeToxuje y HalyoHaI-
HoM 1 MebhyHapopgHOM KOHTeKCTY, MTH. OBaj ycKo-
TI0jacHY KOHIJIOMepaT MMIIPOBU3alllja II0CTOjaHo ce
morpabyje nesuHpoOpMalMjamMa KojuMa ce je3aByniiie
Hallla HayKa, CTPYYHOCT 1 3HaIbe, CEPBUPAjy HEUCTH-
He O PUSMIMMA TeOJOMIKNX VICTPaKMBakha PAaBHUM
KOILIKapPCKMM XasapiuMa, 0 GaCHOCTIOBHVM y/ararbu-
Ma y TeOJIOLIKA MICTPaKMBalba U OTBapaiba PyIHM-
Ka, 0 Hamoj ¢puHaHCHjckoj Hemohy 1 cmrgHoO. 1w
je aMHesMja 1 YCIIaBaHOCT Jia ce He OMCMO CeTVIN U
IpefaTope Ha pyAHO 60raTcTBO OMeny y Hamepit.[1]
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ties, contradictory evaluation of mining resources,
disregarding the importance of the mineral wealth
of Kosovo and Metohija in the national and interna-
tional context, and more. This narrow-minded con-
glomerate of improvisations has been continuously
upgraded by disinformation that denies our sci-
ence, expertise, and knowledge, serves falsehoods
about the risks of geological exploration equaling
them to gambling hazards, about lavish investments
in geological exploration and opening of mines,
about our financial impotence, and so on. The goal
is amnesia and somnolence in order for us not to
remember and hinder predators in their intention
to get ore wealth. [1]

TYMAY / LEGEND:

Yram/ Coal

Pb, Zn, Ag, Au, (V, In,
Cd, Ge, TI, Ga, Sn)
Ni
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CEBEPHA MAKEJOHITA
NORTHERN MACEDONIA

Cnuxa 1, Jlescuwuma u nojase munepanqux cuposura Ha Kocosy u Memoxuju
Figure 1, Mineral deposits and occurrences in Kosovo and Metohija [1]

BpenHoBame MUHEPaTHO-CUPOBMHCKOT KOMILIEKCA
je BUIe3HAYHO, CTPYYHO O30M/BHO U 3aXTEBHO ITH-
Tambe, He MOXKe Ce YIIpOoITheHo CBOANTY Ha HUBENETY
NOKa3aTe/ba Kao HITO Cy KOMMYMHA, CafipXKaj KOpH-
CHE KOMIIOHEHTE M TP)KMIIIHA BPEJHOCT CUPOBUHE,
6e3 carenaBara CBUX ONpefesbyjyhnx mokasaTerba
— eHepreTCKMX, VHAYCTPUjCKMX, MyTHMX, MHppa-
CTPYKTYPHMX, BOJIONIPUMBPEAHNX, JieMOTPaCKIIX,
COLMja/THNX, 3/IPaBCTBEHNX, IMIKOJICKUX, KYNTYPHUX,
PETVOHATIHYX ¥ IPYTUX, 6e3 carefaBara 3Havyaja 3a

Evaluation of the mineral and raw material com-
plex is a multifaceted, professionally serious and de-
manding issue; it cannot be reduced to the level of
indicators such as the quantity, the content of a useful
component, and the market value of the raw material,
without considering all the determining indicators -
energetic, industrial, road, infrastructure, water man-
agement, demographic, social, healthcare, education,
cultural, regional and other, without allowing for the
significance for the security and safety of the country,
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CUTYPHOCT 1 6e36€THOCT 3eMJbe, 32 Mamby OCET/bU-
BOCT Ha IeONOIUTIYKA IIPeBUPaIba, CIO/bHE YTHUIIAje,
32 HEe3aBUCHOCT U CYyBePeHOCT 3eMibe. [3]

Pymun norennujamu Kocosa u MeTtoxuje cy Hec-
TIOPHM, TO Cy NIPe CBETa BENMKE pe3epBe JIMTHNUTA
MOBOJ/PHMX YC/IOBA 3a €KCIIOATalMjy, TOMMMIHE-
panHe pyzie 000jeHNX U IIEMEHNTUX MeTana, He-
MeTa/Nn4He MMUHEPaaHe CUPOBUHE M TePMOMMHE-
pane Bope.

PynHo 6orarctBo KocoBa m Meroxuje je peanas,
CTpaTEIKM 3HAa4ajaH KaIlMTall 4ija BPEJHOCT pacTe
ca cBe BehOM MCLPIIEHOCTN MUHEPATHUX pecypca
Espore.[1]

PYIIE M PYTHULIVI KOCOBA 1
METOXMUJE

o 1999. Ha KocoBy 1 MeToxmju eKcIioaTucase cy
pyZe onoBa, IMHKa, cpebpa, 3/1aTa, HUK/IA, aTyMN-
HIjyMa (6OKCHUT), XpoMa, MarHesnTa, a3becTa, Kao-
JIMHA, OTleKapCKe MUHEPajIHe CUPOBMHE, TePMOMH-
HepajiHe BOJie U yrajb, ciuka 1. Perucrposane cy
II0jaBe MHAMjYMa, TePMaHUjyMa, FajljyMa, TaIujy-
Ma, KafiMujyMma, Kanmaja uth,.[2]

Yram

Ilo pacnpocTupamwy 1 KoMM4YMHaAMa Haj3HAdajHUjU
pecypc je yram, pacpocTupe ce Ha 0kKo 60% moBp-
mnHe Teputopuje Kocosa n Meroxuje, cnuxe 1 u 2.
3axBaspyjyhnu ucrpaxusamumMa 6pojHIX MUHepaI-
HUX CUPOBMHA Ha YIbOHOCHOM IIofpyyjy, Kocos-
CKO-METOXMjCKM yI/beH! OaceH (IOjefMHY ayTOpK
pasnBajajy ra Ha Tpu 6acena: Kocoscku, [JpeHnyakn
u MeToxmjcKn), TeOnOLIKM je fOOPO MCTpakeH, Ha-
POYUTO Y 06OIHUM JIeTIOBUMA. YI/beHM OaceH rpa-
i€ jesepCcKy CefIMEHTH II/IMOLIeHa, YTab je IpBeH-
CTOT MM KCUIMTCKOT U 3eM/bacTor Tuma. Je6sp1Ha
yI7beHor cr10ja je 40-50 m, y menoBuHa 6aceHa IpeKo
100 m, c710j y 06711Ky GaHKOBa 3aJIeXKe Off MCKTUEbEha
Ha [OBPIIVHM TepeHa 1o fy6uHe oko 300 m.[4]

IIpoceyna poma TOIJIOTHA BPESHOCT POBHOT
yrpa je 7.950 kJ/kg, mpouemene reomomke pesep-
Be cy 12,5-14 Munmjapgy TOHA, MM €HEPreTCKU
eKBUBAJIEHT 2,37-2,65 Muamjapgu ToHa Hadre.
Ha capjammem H1BOY motpouiwe yrba 'y Cpouju,
eKcIoaTabuiHe pesepBe yrba KocoBcko-mero-
XMjckor 6aceHa JOBOJbHE Cy 3a HapemHux 180-200
roguHa.[1]

IToozemna excnnoamauuja yemwa: IloueTkoM mpo-
IUIOT BeKa jefaH of HajBehmx cprckmx MHAY-
crpyjanania Mutomr Casunh 610 je mpBU BIaCHUK
Tema yribeHoT 6aceHa Ha mpocTopy of Kocoscke
Murtposune no Kagannka. Capunh je 1921. dop-

for lower vulnerability to geopolitical turmoil, external
influences, for independence and sovereignty of the
country. [3]

The mining potentials of Kosovo and Metohija are
indisputable; they primarily include all vast reserves
of lignite favorable for exploitation, polymineral
ores of non-ferrous and precious metals, non-me-
tallic mineral raw materials, and thermal mineral
water.

The mining wealth of Kosovo and Metohija is a real,
strategically significant capital with value growing
due to the high and ever-increasing exhaustion of
mineral resources in Europe. [1]

ORES AND MINERALS IN KOSOVO
AND METOHIJA

Until 1999, minerals of lead, zinc, silver, gold, nick-
el, aluminum (bauxite), chromium, magnesite, as-
bestos, kaolin, brick mineral raw materials, thermal
mineral waters, and coal were exploited in Kosovo
and Metohija, Figure 2. The occurrences of indium,
germanium, gallium, thallium, cadmium, tin, and
more have been recorded. [2]

Coal

By distribution and quantities, the most signifi-
cant resource is coal, spreading over about 60%
of the territory of Kosovo and Metohija, Figures
1 and 2. As a result of research of many mineral
raw materials in the coal-bearing area, the Koso-
vo-Metohija coal basin (some authors separate
it into three basins: Kosovo, Drenica and Meto-
hija), is geologically well explored, especially in
peripheral parts. The coal basin is built of lake
sediments of Pliocene; the coal is of xylite and
or lignite type. The coal layer is 40-50 m thick,
in some parts of the basin over 100 m thick; the
bank-shaped layer stretches from the surface
wedging out to a depth of about 300 m. [4]

The average lower heat value of open pit coal is
7,950 kJ/kg; the estimated geological reserves are
12.5-14 billion tons (energy-equivalent to 2.37-2.65
billion tons of oil). At the present level of coal con-
sumption in Serbia, the exploitable coal reserves of
the Kosovo-Metohija basin are sufficient for the
next 180-200 years. [1]

Underground coal mining: At the beginning of the
last century, one of the greatest Serbian industrial-
ists, Milo§ Sav¢ié, was the first owner of a part of
the coal basin in the area from Kosovska Mitrovica
to Kacanik. In 1921, Sav¢i¢ formed the Mining-In-
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Mupao Pymapcko-mHAyCTpujcKO — aKIMOHApCKO
npymreo Kocosa, 6una je To HajBeha akiyoHap-
cka kommnanuja y Cp6uju o JIpyror cBeTCKOr para.
IMopopuue Capunh m Anosuh orBopmie cy pya-
HuK KocoBO ca Iof3eMHOM eKCIIIOaTalijoM, M3-
rpajiuie XU4apy 3a IPeBO3 yITba Off )KeNe3HUMUKe
cranute y O6umnhy, repmoenexrpane (= 50 kW)
U IPBY PYAHUUKY cTaMbeHy Kononujy. Pynuux Ko-
coBoO je mo 1940. mpousseo 647.127 t yrva. lo [Ipy-
TOT CBETCKOT paTa OTBOPEHA Cy jOII /IBa PYy[HNUKA,
Cubosar 1930. xpatko je pagno u mponsseo 990 t
yI/ba, M MajIu MOBPIIMHCKM Kol Anekcanjap 1937,
HeMa IT0JaTaKo O HbeTroBOj IPOM3BO/IbIA.

ITocne [Ipyror cBeTckor para oTBOpeH je 1948. pyx-
HyK Kpymesar, y pynauky Crnbosary oHOBO je To-
KpeHyTa IpousBofitba 1952, pynark Hosa jama oTBO-
peH je 1955, a Myxanep ba6byur 1970. ITocre noxapa
(HajBepoBarHUje caboTaxa) y pysHumma Kpymre-
Bar 1 KocoBo, o0ycraB/beHa je mpousBopma 1968.

Op 1922. no 1988. xafa je mocnenmy PySHMK ca
HOJI3eMHOM eKcIUToaranujoM Maxarep babyu 3a-
TBOpeHa, Ha KocoBy 1 MeToxuju 1mog3eMHOM €Kc-

dustrial Joint Stock Company of Kosovo, which
was the largest joint stock company in Serbia be-
fore World War II. The Sav¢i¢ and Acovi¢ families
opened Kosovo mine with underground mining,
built a cable car for transferring coal from the rail-
way station in Obili¢, thermal power plants ( =
50 kW) and the first mining residential colony. By
1940, the Kosovo mine produced 647,127 t of coal.
Two other mines were opened before World War
II, Sibovac in 1930 that worked briefly and pro-
duced 990 t of coal, and small open pit mine Alek-
sander in 1937 (there is no data on its production).

After World War II, Kru$evac mine was opened
in 1948, mine production was restarted in Sibovac
mine in 1952, and Nova jama and Muhadzer Babus
mines were opened in 1955 and 1970, respectively.
After the fire (most likely sabotage) in Krusevac and
Kosovo mines, production was stopped in 1968.

From 1922 to 1988, when the last mine with un-
derground mining MuhadZzer Babu$ was closed,
close to 10 million tons of lignite was excavated
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Cnuxka 2, Pyonuyu yemwa
Figure 2, Coal mines

Tymau: 1-Kocoso, 2-Kpyuesair, 3- Myxartep babyur, 4-Cubosar, 5-Iobpo Cerno, 6-Benahesar, 7-Cn6osan
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Cnuxka 3, IIpou3seodra yera y pyoHUUUMa ca noo3emHom excnioamavujom, 1922-1988.
Figure 3, Production of coal in mines with underground mining, 1922-1988

IUIOATALjOM OTKOIIAHO je 6/1u3y 10 MuimoHa ToHa
murHnTa. Ha oTkonaBamy kopuinheHa je KoMopHa
MeToJja BeoMa HUCKOT JMCKopyIIhemeM JIeXMINTa,
Of LIe3feceTX TOfMHA YBOAM Ce€ METOfa cCa 3a-
pywasameM. [Ipoussonma pymHUKA yI/ba C MOJ-
3eMHOM €KCIUIOATAIMjoM TpaduyKy je MpuKasaHa
Ha cnmukama 3 u 4. Y Buille HaBpara o6aB/baHa je
MOJIepHI3al}ja jaMa HOBOM OIIPeMOM U yBOoDhemweM
HOBMX €KCIUIOATallMOHMX TeXHOJor1ja.[2]

by underground mining in Kosovo and Metohija.
It’s used chamber method of excavation with very
low utilization of the deposit, from the sixties
is introduced a caved goaf method. Production
of coal by underground mining is graphically
shown in Figures 3 and 4. On several occasions,
pits were modernized with new equipment and
the introduction of new exploitation technolo-
gies. [2]
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Cnuxa 4, 36upHa npoussodra yewa pyoHuKa ca nodsemHom excnaoamavujom Ha Kocosy u Memoxuju, 1922-1988
Figure 4, Collective production of coal in mines with underground mining of Kosovo and Metohija, 1922-1988
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Ilospuiurcka excnnoamayuja yemwa: VIHTe3UBU-
pameM JleTa/bHUX TeOJIOIIKIX MCTPasK/Baba YI/bO-
HOCHOT 6aceHa, 1952-1956, usBeleHe Cy mpuIIpe-
Me 3a oTBapambe mospumtHckor koma (ITK) Jobpo
Ceno m rpagmy mpsor 6r0ka TepmoenekTpane
KocoBo A cuare 65 MW (KocoBo A:1962. mpBa
dasa 65 MW, satum 611okoBu 1964. 125 MW, 1970.
200 MW, 1971. 200 MW, 1975. 210 MW, ykymnHo
800 MW. Kocoso b: 2x300 MW, usrpajma mnodena
1977). OtBapame I1K Jo6po Ceno npojekToBaHOT
KannureTa 3,6 MUIMOHA TOHA yI/ba TOAMIIIbE 3a-
moyero je 1956. a mpBe TOHe yI/ba IIPOU3BEMIEHE
1961, cnuka 5.

Open pit mining: By intensifying the detailed geo-
logical investigations of the coal-bearing basin in
1952-1956, preparations were made for the open-
ing of open pit mine (OPM) Dobro Selo and the
construction Thermal power plant Kosovo A of a
65MW (Kosovo A: 1962 first phase up to 65 MW,
then blocks 1964 125 MW, 1970 200 MW, 1971
200 MW, 1975 210 MW, total 800 MW. Kosovo B:
2x300 MW, construction started 1977). The open-
ing of OPM Dobro Selo of the annual designed
capacity of 3.6 million tons of coal began in 1956,
and the first tons of coal were obtained in 1961,
Figure 5.
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Cnuxa 5, IIpouseoorwa IIK JJo6po Ceno, 1956-1999.
Figure 5, Production of OPM Dobro Selo, 1956-1999

Ha IIK Io6po Cemo oxm 1956. mo 1999. ortko-
maHo je 153.027.274 m’ janmoBwHe M Tpou3Be-
neHo 129.742.164 t yr/pa, IPOCEYHO TOAUILIEE
3.089.099 t yrpa, Hajeha mpousBopmwa 5.158.019
t yrpa ocTBapeHa je 1998, cnmmxa 5. Koeduuujen-
Ta OTKpMBKe IpocedHe BpegHocTum 1,18 m’/t,
Bapupa usmeby 0,57 u 2,72 m’/t, cnuka 7. [2]

Orapawe IIK BemaheBan samouero je 1964,
a mpomsBofama yrba 1969. o 1999. orkoma-
HO je 164.585.567 m’ jajoBuHe ¥ IpPOU3BEIEHO
98.100.441 t ymma. IIpoceyHa ropuima Ipo-
usBoxma yrpa IIK Bemahesar je 3.164.530 t ,
Hajseha mpomsBogma 6.465.234 t yr/pa ocTBa-
peHa je 1988, cimuxa 5. KoepuunjeHT oTKpuBKe
mpocevyHe BpegHcoTH 1,68 m*/t Bapmpa usmeby
0,81 u 3,79 m?3/t, cnuka 6.

IoBpimnHCKOM eKcImoaTanujom off 1956. 1o 1999.
Ha KocoBy u Meroxuju, oTkonaHo je 317.612.841
m® jajloBMHe U IIpousBeneHo 227.842.605 t yrba, crmm-

10

153,027,274 m’ of tailings was excavated, and
129,742,164 t of coal was produced in OPM Dobro
Selo from 1956 to 1999 (an average of 3,089,099 t of
coal annually), and the highest production of coal
amounting to 5,158,019 t was recorded in 1998, Fig-
ure 5. The average stripping ratio of 1.18 m?*/t varies
between 0.57 and 2.72 m?/t, Figure 7. [2]

The opening of open-pit mine Belacevac and coal
production therein began in 1964 and 1969, re-
spectively. By 1999, 164,585,567 m® of tailings was
excavated, and 98,100 t of coal was produced. The
average annual production of coal was 3,164,530
t, the highest production of 6,465,234 t of coal was
recorded in 1988, Figure 6. The average stripping
ratio of 1.68 m?/t varies between 0.81 and 3.79 m?/t,
Figure 6.

From 1956 to 1999 in Kosovo and Metohi-
ja, 317,612,841 m’ of tailings was excavated and
227,842,605 t of coal was produced using open-pit
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Ka 8, eHepreTcKy eKBMBaeHTHO 39.972.387 t HadTe, ca
IPOCEYHVM Koedu1jeHTOM OTKpyBKe 1,39 m?/t, mmto
je 3a EKOHOMIUKY €KCIUIOATalyjeé BeOMa 3HA4ajHO U
3HATHO TIOBOJbHMj€ ¥ OTHOCY Ha MOBPLINMHCKE KOIIOBE
y Kocromaukom 1 KonmybapckoM yrpeHoM baceny.[2]

mining, Figure 8, energy-equivalent to 39,972,387 t of
oil, with the average stripping ratio of 1.39 m*/t, which
is, in terms of exploitation economics, very significant
and significantly more favorable relative to open-pit
mines in Kostolac and Kolubara coal basins. [2]
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Cnuxa 6, IIpoussoowa IIK Benahesau, 1964-1999.
Figure 6, Production of OPM Belalevac, 1964-1999

OrtBapame IIK Cubosan 3amouero je jyma 2007, a
cHabJieBame TepPMOEIeKTPaHa yI/beM Ca OBOT IMOBP-
IIMHCKOT Koma cenreMbpa 2010. ITpousBopma Ha
noBpumHcKyM konosuma JIo6po Certo 1 benahesan
obycTaBbeHa je 2012.

Op 1922. o 1999. mo3eMHOM 1 TIOBPIIMHCKOM €K-
croatanujoM Ha KocoBy m MeTtoxuju mpoussesie-
HO je 237.563.665 t yI/ba, €HepreTCKU eKBUBAJIEHT
45.078.494 t Hadre. Y Bpeme embapra, CaHKIUja U
Opojunx mpyrux Cpbuju HaMeTHYTHX IIpo6eMa,
3axBa/byjyhu CTPYYHOCTH ¥ IIOKPTBOBAHOCTH 3aII0-
cnennx y KocoBckum pyHumma, nHxemepuma Ju-
peK1iyje 3a Mpou3BoILY yriba EnexTponpuspene Cp-
6Ouje, oneparuBHOM 0co6py 13 Komybape, Kocromiia,
Tomre n pyrux npenyseha, ox 1991. o 1999. mpous-
BefleHO je 61.524.334 t yr/ba U OTKOIIAHO 67.655.836
m® janmosuse, op tora ITK Jo6po Cemo 35.943.509
t yrba u 40.347.419 m’® janosuse, a ITK Bemahesar
25.580.825 t yrpa 1 27.308.417 m* janosure. [2]

o 1964. na IIK [To6po Cemo Ha OTKOmaBamy U
yTOBapy OTKPMBKe U YI/ba aHTa)KOBAHNU Cy Oarepu
KalllKapy 3anpeMyHe Kamuke 2,3 — 4,6 m® (IlIko-
ma E-25, EKI-4 u EKT-4,6) u gper/ajuu sanpeMute
kanmke 4 m® (EIII-4/40), a Ha TpaHCIIOPTY IIMHCKA
CUCTEM Ca BaroBM) 3allpeMMHe 25 m’ 3a OTKPUBKY,
50 m’ 3a yra/b M JIOKOMOTMBaMa Ha €JIeKTPUYHM
IIOToH papgHe TexxuHe 70 t.

The opening of OPM Sibovac started in July 2007,
and the supply of thermal power plants with coal
from this open-pit mine began in September 2010.
Production in open-pit mines Dobro Selo and Be-
la¢evac was suspended in 2012.

From 1922 to 1999, underground and open-pit min-
ing in Kosovo and Metohija produced 237.563.665 t
of coal, which is energy-equivalent to 45.078.494 t of
oil. During the embargo, sanctions and many other
problems imposed on Serbia, thanks to the expertise
and dedication of the teams of the Electric Power
Industry of Serbia, consisting of engineers from the
Directorate for Coal Production and machine opera-
tors from Kolubara and Kostolac, from 1991 to 1999
61,524,334 t of coal was produced and 67,655,836
m® of tailings was excavated, of which 35,943,509 t
of coal and 40,347,419 m® of tailings in OPM Dobro
Selo, and 25.580.825 t of coal and 27.308.417 m?® of
tailings in OPM Belacevac. [2]

Until 1964, at the OPM Dobro Selo on excavation
and loading overburden and coal, were used exca-
vators, digger bucket volumes 2.3 - 4.6 m* (Skoda
E-25, EKG-4 and EKG-4.6), drrag-line volume 4
m® (ES-4/40), and on the transport locomotive
haulage system, with wagons of volume 25 m?® for
overburden, 50 m* for coal and locomotives with
electric drive weighing 70 t.
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Cnuxa 7, Bapuparwe xoedpuyujenmu omxpusxe Ha IIK JJoo6po Ceno u bBenahesay,
Figure 7, Variation of stripping ratios in OPM Dobro Selo and Belalevac
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Cnuxa 8, 36upna npoussoowa IIK [Hob6po Ceno u benahesauy, 1956-1999.
Figure 8, Collective production of OPM Dobro Selo and Belaéevac, 1956-1999

On 1964. o obycaTBe pajjoBa Ha IOBPUIMHCKUM
konosuma JJob6po Ceno u Bemahesan, 6wumo je
aHT@)XOBaHO 19 poropHux Oarepa: mer 6Garepa
SRs-470.15/3.5; met 6Garepa SRs-470.20/3; deTu-
pu barepa SRs-1300.26/5; nBa 6arepa SchRs650;
no jepaH Garep SRs-470.17/15, SRs-400.14/1 u
SchRs250 (mosajmben us Komybap). AHraxosa-
HO je 8 omarada 1 13 caMOXOJHMX TpaHCIIOpTe-
pa: mBa ommarada ARs-B2500x50; jeman opmarau
ARsB3000x50; Tpu opmaragya A2RsB4400x60+BRs;

12

From 1964 to the suspension of works on open-pit
mines Dobro Selo and Beladevac, 19 bucket-wheel
excavators were engaged: five excavators SRs-
470.15/3.5; five excavators SRs-470.20/3; four exca-
vators SRs-1300.26/5; two excavators SchRs 650; one
excavator SRs-470.17/15, one excavator SRs-400.14/1
and one excavator SchRs 250 (borrowed from Kol-
ubara). There were 8 belt conveyor spreaders and
13 self-propelled belts employed: two spreaders
ARs-B2500x50, one spreader ARsB3000x50, three
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n 1Ba A2RsB5200x55 + BRs; 11 caMOX0ogHUX TpaHC-
noptepa BRs-1200.29/32 n pgBa BRs-1600.29.1/31.
YKynHa fy>XKMHa TpaHCIOpTepa ca Tpaka MIMpHU-
He 1000, 1200 , 1400, 1600 u 1800 mm 6ua je 55
km. Ha usBobewy momohnux papgosa xopuirhenn
cy Oarepu fperiajHu 3ampeMyHe Kamnke 5-10 m’
(EIII-5/45, 6/45 and 10/70).

IIpepada yema: IlapanenHo ca OTBapameM IIOBp-
IMIMHCKNX KOIIOBA VI TEPMOE/IEKTPaHa, OfBujaje Cy
npuipeMe 3a u3rpagy objexara npepape yrba. Og
1964. no 1972. usrpabena cy:

CYIDAPA 1, xamanurera 600.000 t cymeHnor
yIba ropuuime, usrpabena 1964. 3a morpebe
JKenesape Cxonbe. VicmocTaBusio ce a IUTHUT U3
CyILIape TeXHOJIOLIKN He ofiroBapa JKenesapn.

[TocTpojeme 3a racuduKanujy yrba, FOAUIIHET Ka-
nanuTera 480 MIIVOHA HOPMaTHMX M’ Y¥CTOT raca
tortorHe mohu 14.500 — 16.500 kJ/m’, rpaznma 3a-
novera 1965. TexHomoIIKa CTPYKTypa MOCTpOjema:
reHepaTop ca KOHJEH3aLMjoM I IIOCTPOjerbeM 3a
Tep, jeIMHNUIIA 3a IPOM3BOJIbY raca ¥ IOCTPOjerbe
3a mpeunnhaBame raca. YKenesapa Ckorbe cHa6-
TeBaja ce racoM M3 OBOT IIOCTPOjea TacOBOIOM
nyrum oko 80 km. Ha oBaj kpax racoBopa KacHuje
Cy nmpuK/bydeHu pabpuka kpeua y Kauanuxy, rpag-
cka TomnaHa y Ilputunn un Asorapa. Ha gpyru
Kpak racoopa nsrpabhen ka Kocosckoj Mutposu-
1 32 cHabfieBame Tperrde, Koja rac Huje KOPUCTH-
7a 3060T HEITPUNIPEM/BEHOCTY CBOjUX MHCTANAIIN]a,
npukspydeHa je Pabpuka MOLNHKOBAHOT MMa Y
Byuntpny.

TonnaHa, KammanurTeTa MMJIVIOH TOHA TEXHOJIOIIKE
nape ropuime, usrpabena je 1970. Texuomnomrka
CTPYKTypa IIOCTpOjemba: [jBa KOT/Ia HOMUHAJIHOT
kamanurera o 120 t/h mape, npurucka 96 bara,
TeMIleparypa mperpejatne mape 535°C; e Typbu-
He, jelHa IPOTUB IIPUTMCHA Ca T€HEPATOPOM CHare
16 MW, ppyra KOHJ€H3allMOHA Ca JiBa PeryiicaHa
optysuMama 12 v 7 bara u reneparopom chare 25 MW.

[TocTpojerse 3a TPOM3BOAIY KUCEOHMKA 1 a30Ta,
ImymreHo y papj 1970, Kamaumrer: KuceoHuk 12.000
m’/h uncrohe 96% wmu 50 m*/h uncrohe 99,5%; asot
12.000 m*/h uucrohe 97,5% wmm 10.000 m*/h uncrohe
99,99%.

IToctpojeme 3a npeunihaBame Boe 3araheHe de-
HosoM, KananureT 100 m*/h sarabhene Bope - ynas-
Ha KoHIleHTpanyuja ¢enona 4000 mg/l, mymreno y
pan 1970. KonueHnrtpauuja geHoma y BOgy HaKOH
npeunithaBamwa 1 mg/l.

Asotapa, rpagma 3amodera 1967. a mymTeHa y
npobun pap 1972. TexHonomka CTPyKTypa: IIO-
cTpojeme 3a (PaKUMOHY [ecTWIaLujy raca (m3
HOCTpojera 3a racuukaumujy), MoCTpojeme 3a

spreaders A2RsB4400x60+BRs and two spread-
ers A2RsB5200x55+BRs; 11 self-propelled belts
BRs-1200.29/32 and two self-propelled belts BRs-
1600.29.1/31. The total length of 1000, 1200, 1400,
1600 and 1800 mm wide conveyor belts was 55 km.
On auxiliary works they were used excavators drrag-
line volume 5-10 m? (ES-5/45, 6/45 and 10/70).

Coal processing: Parallel to the opening of the open
pit mines and thermal power plants, preparations
were made for the construction of coal processing fa-
cilities. From 1964 to 1972, the following were built:

Drying plant I, with the annual capacity of 600,000 t of
dried coal, built in 1964 for the needs of Skopje iron-
works. It turned out that the lignite from the drying
plant was not technologically suitable for the iron-
works.

Coal gasification plant, with the annual capacity of
480 million of normal m* of pure gas with a heat
capacity of 14,500-16,500 kJ/m? the construction
started in 1965. Technological structure of the
plant: condensing generator with a tar plant, gas
production unit, and gas treatment plant. Skopje
ironworks was supplied with gas from this plant
through an 80 km long pipeline. The lime factory in
Kacanik, the city heating plant in Pristina and the
nitrogen plant were later connected to this branch
of the pipeline. The galvanized sheet metal factory
in Vucitrn was connected to the second branch of
the gas pipeline, built toward Kosovska Mitrovica
for the supply of Trepca that did not use gas due to
their lack of preparation in installations.

Heating plant, of the annual capacity of million tons of
technological steam, was built in 1970. Technological
structure of the plant: two boilers with the nominal
capacity of 120 t/h of steam, 96 bar pressure, super-
heated steam temperature 535°C; two turbines, one
of counter-pressure type with a 16 MW generator, the
other condensing with two 12 and 7 bar controlled ex-
traction ports and a 25 MW generator.

Oxygen and nitrogen production plant, commis-
sioned in 1970, oxygen capacity: 12.000 m*/h of
96% purity or 50 m*/h of 99.5% purity; nitrogen ca-
pacity 12.000 m*/h of 97.5% purity or 10,000 m*/h
0f 99.99% purity.

Phenol-contaminated water treatment plant, with a
capacity of 100 m’/h of contaminated water - inlet
phenol concentration 4000 mg/l, commissioned in
1970. Phenol concentration in water after purifica-
tion 1 mg/l.

Nitrogen plant, the construction started in 1967,
and the plant was commissioned in 1972. Techno-
logical structure: fractional gas distillation plant
(from gasification plant), ammonia synthesis
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CHHTE3y aMOHNjaKa, IIOCTPOjere 3a IPOU3BOAILY
a30THE KICE/IMHE U ITIOCTPOjerbe 3a IPOU3BOAIY
KpeYHOT aMOHIjyM HuTpara ca 27% asota. IIpojek-
TOBAHM KaNalUTEeTH HUCY HUKaJla JIOCTUTHYTH,
IpOU3BO/ibA je yIIaBHOM Omma Mama 3a 50%. ¥
IIOCTPOjelby 33 aMOHMjaK HU TO HUje OCTBapeHO,
u3yseB npo6bHux 1000 t, 32 MPOM3BOAIGY BelITay-
kor hyOpmBa amoHmjak je HabaB/baH OF APYIUX
npousBobau. Pasnosu oakBor crama cy 6pojHu,
paz asoTape je IOTIYHO 00yCTaB/beH KpajeM 0caM-
TeceTUX roflyHa IPOLIJIOT BeKa.

Cymapa 1ii, xamarurer 600.000 t cymeHor yrpa ro-
myse, fleissner-oB mocTymax cymrersa, nsrpabeHa je
1972. 3a norpebe moCTpojersa 3a racuuKanyjy yrba.

o HATO arpecuje 1999. npoussopimy 1 Ipepapny
yI/ba TEXHOJOMLIKU 1 OPTaHM3AL[MIOHO 00jef1EbaBaio
je JaBHo mpenysehe ITospumucku komosyu Kocoso
- O6mmnh, xao meo mocmoBHOT crcteMa Emektpo-
npuspenie Cpbuje. IIporon oko 200 mmKemepa 1
IPYTMX BUCOCKO 0OPA3OBaHMX CTPYUEbaKa, BUILE OFf
4.000 TexHMuapa, KBAIMPUKOBAHUX PafHUKA U Py-
KOBAOIa MallliHa CPIICKe HAI[VIOHA/THOCTH, JI0BEO je
110 IPOM3BOAHOT Konarca. [Iponssonma yrpa 2000. y
opiHOCY Ha 1998. 6mia je marba 270%.

OnoBoO M IIMHK

Jyxno op KomaoHnuka, Ha mpoctopy of Jlemoca-
Buha o ITpmmtune n Hosor Bpma, 6ypHa reo-
JIOIIKa IPOIUIOCT OCTaBWIa je y Hacnehe 6pojHa
JIeXWIITA Py/a 010Ba, IMHKa, cpebpa 1 3/1aTa, Cu-
Ka 9. 300T BMIIe/IeIIeHNjCKOT 30CTaHKA y/arama y
reofIolKa MCTPakKMBama, Caflalllibe CTarbe MIHE-
PaTHUX pecypca 060jeHNX U IVIEeMEHUTUX MeTana
KocoBa 1 MeToxuje Huje IOy3aHO CarlefyuBo, I0-
ceOHO TPOCTOPHUX NapaMeTapa, KOMMYMHA U ca-
Ip>Kaja KOPMCHUX KOMIIOHEHETH y PyZlaMa, Te HeMa
cMucra flaBaTy nponese pesepsu. C gpyre cTpane,
IpOIleHa 3aCHOBAaHA Ha T€OJIOMIKMM MHMKATOPU-
Ma, MICKYCTBY M PaHMjUM Cas3HarbMMa, JONyILITa
YOIIIITEHN 3aK/by4aK Jja je Be/MKa MUHEPaTHO-CH-
POBMHCKA IOTEHIMjATHOCT HOApyYja.[3]

Ha oBom pymocHOM moppydjy, Tpafuuja eKCIio-
aTalyje pyfa 0/10Ba, LMHKA, cpebpa u 3/1aTa joce-
xe o Pumckor fo6a u cpegmwosexoBHe Cpouje.
Mopepan pasBoj noumme 1924. ¢ ucTpaxuBamuma
MMHEPaTHO-CUPOBUHCKE MOTeHIMjanHocT Tperye
u ¢dopmupameM KoMmaumje Trepéa Mines Limited
1927. y BmacHmmTBy 6puTaHCKOr Kammrama. Otsa-
pameM pygHrka Crapy Tpr, Ha ToKaIMjy pygHIKA 113
Cpefber Beka, IPON3BOLba je moderna 1930.[2]

3a 70 roguHa, of 1930. mo 2000, y Tpemun je
IpoMu3BeleHO OKO 36 MUIMOHa t pyne ¢ mpo-
CeYHMM cappkajeM onosa 5,9%, numuka 3,9%
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plant, nitric acid production plant, and plant for the
production of lime-ammonium nitrate with 27%
of nitrogen. The designed capacities were never
achieved; the production was mostly lower by 50%.
In the ammonia plant not even 50% was achieved,
with the exception of the test 1000 t, for the produc-
tion of artificial fertilizers ammonia was purchased
from other manufacturers. The reasons for this sit-
uation are numerous; the work of nitrogen plant
was discontinued entirely at the end of the eighties
of the last century.

Drying plant II, with the annual capacity of 600.000
t of dried coal, the Fleissner drying process, built
in 1972 for the needs of the coal gasification plant.

Until the NATO aggression in 1999, the production
and processing of coal were technologically and or-
ganisationally merged in public enterprise Open Pit
Mines Kosovo - Obili¢, as part of the business system
of the Electric Power Industry of Serbia. The perse-
cution of about 200 engineers and other highly ed-
ucated experts, more than 4,000 technicians, skilled
workers and machine operators of Serbian national-
ity, led to a production collapse. Coal production in
2000 was 270% lower compared to 1998.

Lead and zinc

South of Kopaonik, in the area from Leposavi¢ to
Pristina and Novo Brdo, the turbulent geological past
has left the heritage of numerous deposits of lead, zinc,
silver and gold ore, Figure 9. Due to the decades-long
lack of investments in geological exploration, the
present state of mineral resources of non-ferrous and
precious metals in Kosovo and Metohija is not reliably
observable, especially in terms of spatial parameters,
quantities and content of useful components in ores,
so it makes no sense giving estimates of reserves. On
the other hand, an assessment based on geological
indicators, experience, and prior knowledge allows a
general conclusion that the mineral-raw material po-
tential of the area is significant. [3]

In this ore-bearing area, the tradition of exploitation
of zing, silver and gold ore minerals can be traced
back to the Roman era and medieval Serbia. Mod-
ern development began in 1924 with the research of
mineral and raw material potentials of Trep¢a and
the establishment of Trep¢a Mines Limited company
in 1927, owned by British capital. With the opening
of Stari Trg mine, at the location of a medieval mine,
production began in 1930. [2]

For 70 years, from 1930 to 2000, about 36 million tons
of ore were produced in Trep¢a with an average content
of lead 5.9%, zinc 3.9%, and silver 85 g/t. 2,143,515 t



C. Byjuh, M. Padocasmwesuh, C. Makcumosuh - Pyde u pyonuyu Kocosa u Memoxuje, 5-24
S. Vujié, M. Radosvljei¢, S. Maksimovié - Ores and Mines in Kosovo and Metohija, 5-24

u cpebpa 85 g/t. [Ipousseneno je 2.143.515 t
MeTana onosa u 1.414.975 t umuka. IIpocedyna
TofMIIba IPOU3BOAKHa Ouia je 514.552 t pyzne,
HajBeha 702.718 t ocTBapeHa jel984. a Hajmama
10.712 t 1993. ¥V pBa mepuopja, [Ipyru cBeTckm
pat u mocnenma gekajga 20. croneha, mpoms-
BOAMA je Ouma 3HaYajHO Mama, cnuke 10 u 11.
C HajehuMm cagpxajem onosa 12,6% oTKomaHO
je 1931. 292.281 t pyne, a 1994. ¢ HajHIDKUM ca-
npxajem 2,28% 32.475 t. C Hajehu cagpxajem
nuHka 8,8% orkomano je 1932. 481.001 t pyne, a
¢ HajHmwkuM 1,77% 1986. 647.078 t pyzme. Bpe-

of lead metal and 1,414,975 t of zinc metal were pro-
duced. Average annual production was 514,552 t of
ore, the highest quantity of 702,718 t was recorded in
1984 and the least of 10,712 t in 1993. In two periods,
World War II and the last decade of the 20" century,
the production was significantly lower, Figures 10 and
11. 292,281 tons of ore with the highest lead content
of 12.6% was excavated in 1931, while 32,475 t of ore
with the lowest lead content of 2.28% was recorded in
1994. 481,001 t of ore with the highest content of zinc,
8.8%, was excavated in 1932, while 647,078 t or ore
with the lowest zinc content of 1.77% was recorded in
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Cnuxka 9, Pyonuyu, gpnomauuje u memanypuixa nocmpojera Tpenue na Kocosy u Memoxuju
Figure 9, Mines, flotations and metallurgy plants of Trepca in Kosovo and Metohija [1]

Tymau: 1-Pynuuk Beno Bppo, 2-Pypuuk JKyra mpmnna n nospumHcky Kor Komopuh, 3-Pynuux phar, 4-®noranuja
Jlentocasuh, 5-Tonmonmnia onosa 3seyan, 6-Pygank Crapu Tpr, 7-Onotanuja ITpeu Tysen, 8-Padunaryja mymaka KocoBcka
Mmwrposnia, 9-Pygauk Ajsammja, 10-Pyganiy Kvmana n bagosan, 11- Pygaux Hoso Bppo, 12-®noTanuja bagosar.
Legend: 1 - Belo Brdo mine, 2 - Zuta prlina mine and Kopori¢ open pit mine, 3 - Crnac mine, 4 - Leposavi¢ flotation, 5 -
Zvecan lead smelter, 6 - Stari Trg mine, 7 - Prvi Tunel flotation, 8 - Kosovska Mitrovica zinc refinery, 9 — Ajvalija mine, 10
- Ki$nica and Badovac mines, 11 - Novo Brdo mine, 12 - Badovac flotation.
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MEHCKM IIOCMATPaHO Off mo4eTKa pagoBa 1930.
7O JaHac, cajp>kaj MeTana y pyAu IMaja, UfeH-
TUYHO TPEHJOBUMaA y cBeTy, cnuka 12. ITope-
mehn 1npsy (1930-1939) u mocnepwy (1990-
2000) mpousBOAHY feKany, caukKa 13, cagpxaj
MeTasa y PyAM Maiby je TpU ImyTa.

1986. Observed by a timeline from the beginning of
the works in 1930 to the present, the metal content in
the ore has dropped, identically to the world trends,
Figure 12. Comparing the first (1930-1939) and the
last (1990-2000) production decade, Figure 13, the
metal content in the ore is three times lower.
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Cnuxa 10, Tpenua, npoussodra pyode, 1930-1997.
Figure 10, Trepca, production of ore, 1930-1997
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Cnuxa 11, Tpenua, npouseedrwa Pb u Zn, 1930-1997.
Figure 11, Trepca, production of Pb and Zn, 1930-1997
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Figure 12, Trepca, contents of Pb and Zn in the ore, 1930-1997
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Cnuxa 13, Tpenua,0ecemozoouwrou npoceunu caopxaju Pb, Zn u yxynuoe memana y pyou, 1930-1997.
Figure 13, Trepca, ten-year average contents of Pb, Zn and total metal in the ore, 1930-1997

Y cucremy Tpenede Ha KocoBy u Mertoxuju cy
jour gBe rpyme pygHUKa, Ha jyry Ajsanuja, Kuui-
Huua, bagosan n Hoso bppo ca sajepuuukom
¢noranujom y bagosny xanauurera 600.000 t
pyZe roguuime, a Ha ceBepy beno bppo, pna,
Kyra IIpnuna u Konopnh, ¢ pnoranujom y Jle-
nocasuhy npojextoBaHor kananurera 350.000 t
pyZne rofuiimse, TpeHyTHO (roTanuja npepabhyje
100-120 xumapa t pyne roguume. Ha nokanuja-

In the Trepca system in Kosovo and Metohija, there
are two other groups of mines, Ajvalija, Ki$nica, Bado-
vac and Novo Brdo in the south with a joint flotation
in Badovac with the annual capacity of 600,000 t of
ore, and Belo Brdo, Crnac, Zuta Prlina and Kopori¢
in the north with a flotation in Leposavi¢, with the de-
signed annual capacity of 350,000 t of ore; currently,
the flotation processes 100-120 thousand t of ore an-
nually. At the locations of these mines, the exploitation
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Ma OBUX pyJHMKAa eKCIUIoaTaljja pyma 0060jeHnx
U TJIEMEHUTUX MeTajla M3BOJM Ce C IIPEeKMUOMMa Off
cpenmer Beka 1 puMcko poba. ITocre [Ipyror cBet-
cKor pata, pygHuk beno bpro nmpousseo je 3.580.156
t pyzie ¢ IpoceyHMM cafpskajeM onosa 5,48% u uHKa
4,48%, pypHux Lpnary 1.826.821 t pyge ¢ mpocedHuM
cagpkajeM onoBa 4,68% u nuHKa 2,45%, pymHUK
JKyra Ilpmuna 732.641 t pyme ¢ mpoceuyHMM cajip-
KajeM oroBa 2,88% u uuHKa 2,50%, a pygHux Kono-
puh 2.312.019 t pyze ¢ mpoceyHNM cappskajeM 0/10Ba
2,22% n uuHKa 2,25%, cmke 14 n 15.Y pynu pynHu-
ka Berno Bppo mpoceyan canpykaj MeTana je Hajpehn
9,96%, a HajHku 13 Komopuha 4,47%, cimka 16. 11
3a pyfie OBUX PyJHIMKA KapaKTePUCTUYaH je Iaf, cajp-
XKaja MeTany, civka 17.[1]

of non-ferrous and precious metal ores has been car-
ried out with interruptions since the Middle Ages and
the Roman era. After World War II, Belo Brdo mine
produced 3,580,156 t of ore with an average content of
lead and zinc of 5.48% and 4.48%, respectively, Crnac
mine produced 1.826.821 t of ore with an average con-
tent of lead and zinc of 4.68% and 2.45%, respectively,
Zuta Prlina mine produced 732,641 t of ore with an
average content of lead and zinc of 2.88% and 2.50%,
respectively, and Kopori¢ mine produced 2,312,019 t of
ore with an average content of lead and zinc of 2.22%
and 2.25%, respectively, Figures 14 and 15. The highest
average metal content of 9.96% was recorded in Belo
Brdo mine ore, while the lowest was from Kopori¢,
4.47%, Figure 16. The ores of these mines as well are
characterized by a drop in metal content, Figure 17. [1]
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Cnuxa 14, IIpoussodwa pyde y pyoHuyuma beno Bpoo, Liprau, XKyma Ipnun u Konopuh, 1949-1999.
Figure 14, Production of ore in mines Belo Brdo, Crnac, Zuta Prlina and Kopori¢, 1949-1999

Y npyroj nonosunu 20. Beka 6110 je BuIlle OpraHu-
3aI[MOHVIX [I0Be3VBalba VI PasfiBajatba PyIHIKA O/I0-
Ba I UMHKA. Y MOjeIMHIM IIePUOANMA CBU PYAHULN
onosa ¥ imHKa 'y Cpbujn 6mmu cy y cactaBy Pymap-
CKO-MeTa/IypLIKO-XeMMjcKor koMbuHara Tperrda,
TO je IIO3UTUBHO YTULIA/IO Ha y/larama y reoIomKa
MCTPaKVBaba, ILIMPEbe MIHEePaTHO-CHPOBUHCKE
6ase, MOJIepHM3ALIVIjY, USTPA/ELY V1 PA3BO]j PYSHUKA.

AnyMuHujyMm — 60KCHT

Y 6mmsunn Kmnue na magmnaama [pe6Hudke mra-
HIHE Y 30HM NTpOMeH/bMBe mupuHe 0,5-3 km, ny-
1He 0Ko 15 km, perncrposaHo je 20 coumBacTux
jexumra OO0KCUTA, JUjaCHOPHOT THIIA, CIOXKEHe
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In the second half of the 20" century, there were
more organizational mergers and separations of lead
and zinc mines. In some periods, all lead and zinc
mines in Serbia were part of the Trep¢a Mining and
Metallurgical-Chemical Combine, which had a posi-
tive impact on investments in geological exploration,
expansion of the mineral-ram material base, modern-
ization, construction and development of mines.

Aluminum - bauxite

In the vicinity of Klina on the slopes of the Grebnik
Mountain in a 15 km long zone of variable width of
0.5-3 km, there are 20 lens deposits of bauxite, of di-
asporic type, complex geological structure, wedging
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Pynuuk / Mine

Cnuxa 16, IIpoceunu cadpsxaju Pb, Zn u yxynnoz memana y pyoama
pyonuka beno Bpoo, Lipruay, Kyma Ipnuna u Konopuh, 1949-1999.
Figure 16, Average contents of Pb, Zn and total metal in the ores of
mines Belo Brdo, Crnac, Zuta Prlina and Koporié, 1949-1999



C. Byjuh, M. Padocasmwesuh, C. Makcumosuh - Pyde u pyonuuyu Kocosa u Memoxuje, 5-24
S. Vujié, M. Radosvljei¢, S. Maksimovié - Ores and Mines in Kosovo and Metohija, 5-24

—_ T
=]
< 0 —— Pb/1 Znfl | ——Pbi2 Zn/2
= y 11
2 5 . ———Pb/3 Zn/3  ——PbM Zn/4
e T~ - -
51 | .
= - A “ra |
R | el
Zz LN/
— |I
5 L | I
g 3 = AT T
= . N N A N
L] N1 I
E‘ AT L f | \ ER
I - N
] A N ALY
. AN SN N
2 S [ P v U
1 S S Ny ] Tt
0
I I - e e e e R - e R I R e - O =
S now v i O O O W B - - - - - 0o 0 o o o &
258588983928 2222228888888837¢

TomguHa / Year

Cnuxa 17, Cadpacaju Pb u Zn y pyoama pyoHuxa beno Bpoo,
Lpnauy, XXyma Ipnuna u Konopuh, 1949-1999.
Figure 17, Contents of Pb and Zn in the ores of mines Belo Brdo,
Crnac, Zuta Prlina and Koporié, 1949-1999

reorouke rpabe, samerama o 200 m. Kposuny
U TIOAVHY JIEKMIITA rpajie Kpeumamy. Campixaj
ALO, je 46 - 48%, SiO, 2 - 4%, canpxaj Fe O, je
nosehaH. 3a 0Baj TMI 6OKCKTA TEXHOMOTH]je HAIINX
¢dabpuka rmnHuLe HuCy Omre npumarobete, ma je
KOMIUIETHa IIPOM3BOAHA OCTBapeHa IIOBPIINH-
CKOM €KCIIIOaTalljoM U3BOXKeHa y PymyHmjy.[2,3]

Huxn

HOBP]_HI/IHCKOM eKCl'[}'IoaTaIH/IjOM aBa CUJIMKAT-
HO JIaTEpUTCKA JEXKMINTA HUKAA [aBHMIIA KOf
[Tpumture u Inoroarm, pymoM je cHabmeBaHO
nocrpojewe ¢peponnkia y Inorosuy. Op 1988. mo
1994. mpousseneno je 3.191.497 t pyme cappiKaja
uukiaa 1,082-1,25%, ciuke 18 u 19. [2,3]

Xpom

CupomaliHe XpOMUTCKE pyfie OTKOIIaBaHE Cy Y
‘HakoBuukom macuBy - pymHuk lesa, bpesosnu-
1y, y OpaxoBaykoM MacUBY, OTKPMBEHO BUIIE Off
80 mojaBa /IeXMINTA, ¥ Ha jOII HEKOMMKO JIOKaIMja
Ifie Cy IOBPEMEHO OTKOIIABAHE Maje KOMMYMHE.
Y mocTpojemy 3a KOHIIEHTpalyujy CHpPOMAIIHUX
XPOMMTCKUX py#a y pyAHUKY [leBa xop Hakosuie
rofuiIme je npepabusano oko 15.000 t. YkymHo je
oTtkomaHo Butie ox 500.000 t xpomutcke pyze.[2,3]
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out up to 200 m. The roof and floor layers of the de-
posit consist of limestone. The content of AL O, is 46
- 48%, Si0, 2 - 4%, the content of Fe,O, is increased.
The technologies of our alumina factories were not
adapted to this type of bauxite, so the complete pro-
duction achieved by open pit mining was exported
to Romania [2,3]

Nickel

Open pit mining of two silicate lateritic nickel ore
deposits of Glavnica near Pristina and Glogovac
supplied a ferronickel plant in Glogovac. From
1988 to 1994, 3,191,497 t of ore with a nickel con-
tent of 1.082-1.25 % was produced, Figures 18
and 19. [2,3]

Chromium

Poor chromite ores were excavated in Pakovi-
ca massif - Deva mine, in Brezovica, in Orahovac
massif, with more than 80 occurrences of deposits
discovered, and several other locations where small
quantities were occasionally excavated. In the plant
for the concentration of poor chromite ores in Deva
mine near Djakovica, about 15,000 tons were pro-
cessed annually. More than 500,000 tons of chro-
mite ore was excavated in total [2,3]
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Cnuxa 19, Cadpcaj Ni y pyou
Figure 19, The content of Ni in the ore
HujaTomMurn Diatomite

JlexuinTa AujaTOMUTa MM JUjaTOMEjCKE 3eMibe
Jamanu, ParkoBun u Pagoctn y 6nusunn cy Opa-
xoBna. Ilponemene pesepse pmjatommra Merto-
xmjckor 6aceHa cy 25 MWIMOHA TOHa, off dera 21
MuInoH Parkosum.[2,3]

Ocrane MHIHEpaTHE CUPOBUHE.

JlexxuiuTa KaonnHa, a30ecTa, MarHe3uTa, KBapIHoT
iecKa, TeEpMOMUHED/IAaH BOJie UTH. Ha oApy4jy Ko-
coBa n Metoxuje, MMajy Takohe eKOHOMCKY 3HaUaj.

The deposits of diatomite or diatomaceous earth
Danjani, Ratkovci and Radosti are located near
Orahovac. The estimated reserves of diatomite in
the Metohija Basin are 25 million tons, of which 21
million is in Ratkovci. [2,3]

Other mineral raw materials
Deposits of kaolin, asbestos, magnesite, quartz sand,

thermal mineral water, etc. in the territory of Kosovo
and Metohija are also economically significant.
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YIIATAIbA V1 KOPVICTU

ExkcnmoaTtanmja MuHepanHux cuposuHa Ha Kocosy
u Metoxuju xao un y Cpbuju u JyrocnaBuju, Benu-
KM YCIIOH UMara je y Apyroj monosyuunu 20. Beka. Ha
KocoBy n MeTtoxmju roguiime ce y IpOCeKy eKc-
I10aTNcano oxko 20 MMIMOHA TOHA MUHEpaJTHUX
CMpOBMHA pasnuynTe BpegHocT. [loysgana Bpen-
HOCHa IIPOIleHa OBe IPOM3BOJ€ HIfje I3BOJ/bIBA,
BIIIIE je pasjiora, IIpe CBera TO je IPOMEH/bUBOCT
IeHa 6ep3aHCKMX NMPOM3BOJAA IOMYT 000jeHMX 1
IJIEMEHUTHX MEeTajIa, YCTIOB/beHOCT 1ieHa MUHEpa-
HUX CHPOBJMHA Kao LITO je yrasba, COLMjaTHNIM, Ma-
KPOEKOHMCKMM ¥ HNONUTUYKMM MHTEPecMa, yTh-
11ajy MHTepeca JIOKATHMX 3ajeqHuLa UTx . [1]

MunepanHo-cupoBrHCKU KoMinekc Kocosa n Me-
TOXUje J]a0 je OTPOMaH JONMPUHOC pelllaBakby 3aIlo-
CTTIEHOCTH, COIMjaTHNUX Mpo6/eMa, Mofy3arma CTaH-
Tappa XMBOTa, 006pasoBama, pasBoja My THe nMHpa-
CTpPyKType, ypbaHuU3sanuje, cTaMOeHe M3rpajibe,
pa3Boja eKCTPAKTUBHE MHAYCTPUje U CIINYHO.

ITponena je ga je y nepuopy on JIpyror cBeTcKor para
1o xpaja 20. croreha, nuBectnpano 10-11 munujap-
IV [o7apa y: reo/lollKa UCTPaKMBamba, OTBAPama,
oIpeMarma U PasBoj PYAHMUKA, HAOABKY OIpeMe I
MallliHa, yBoDheme HOBMX TEXHOJIOTHjA, USTPAfY
UHPPACTPYKTYpe U IOTUCTUKUX PYFHUUKIUX CUCTe-
Ma, U3Tpajby (roTalyja, cernapanuja, HoCTpojerba
3a uninheme 1 Opepajy yriba, HOCTPOjerba 3a Tacu-
¢buKauujy yrpa, usrpafmy MHTEPHUX MyTeBa, Ha-
IIOjHUX €/IEKTPO €HEPIeTCKUX CUCTEMA, PEeryIaLyjy
BOJIHMX TOKOBa, UTJ. YCK/IOIly OBMX MHBECTUIMja
cy u cBa npareha ynarama HeOIXofia 3a IOKpeTambe
PYOHMYKE IPOM3BOMibE, M3IPaiha JKebe3HMUKE,
HyTHe, cTaMOeHe U BOJOIpPUBpeNHe MHPPACTPYK-
Type, ylarama y 3/IpaBCTBO, LIKOJICTBO, KYITYpY,
HayKy, 3alITUTy >KMBOTHE CpelMHe, apXeoyorujy,
U3[JaBauKy [eITHOCT, CIOPT, UTA. [1]

3AK/BYYAK

MunepanHo-cupoBMHCKM ToTeHIMjamu  Kocosa
u MeToxuje cy HeclopHO 3Ha4yajHU. To ce ofHOCK
Ha 0JIOBO, LIMHK, Cpebpo, 3/1aTo, HUKJI, MarHesuT,
OOKCHT, a TIpe CBeTa Ha BeMKe pe3epBe NUTHNUTA
C BEOMa IOBO/bHMM JIXWIIHYM YCTIOBUMA 3a €K-
crmoaranyjy. Ped je o KonMunMHaMa 3Ha4ajHUM IO
CBETCKMM MEPUIMMA, Cafjallllby HOTPOIILY yI/ba Y
Cp6uju oBe KOMUYMHE YI/ba MOIJIE Jia OAMUPYjY
180 mo 200 roguHa. [1]

OnroBop Ha MUTalbE f1a /I je PYFHO OOraTCTBO pas-
nor oruMar-a Kocosa 1 MeToxuje, JeTMMUYHO JIEKU
y YMIEHNIN [ je CTelleH MCI[PIeHOCTV MIHepal-
HUX pecypca BehnHe 3emapa EBpolie BeoMa BUCOK.

22

INVESTMENTS AND BENEFITS

The exploitation of mineral resources in Kosovo and
Metohija, as well as in Serbia and Yugoslavia, rose
considerably in the second half of the 20™ century.
About 20 million tons of mineral raw materials of
different values were exploited annually in Kosovo
and Metohija. Reliable valuation of this produc-
tion is not feasible, for several reasons, primarily
the variability in prices of stock products such as
non-ferrous and precious metals, the conditionality
of prices of mineral raw materials such as coal, then
social, macroeconomic and political interests, the
influence of local community interests, etc. [1]

The mineral and raw material complex of Koso-
vo and Metohija has made a considerable contri-
bution to solving employment, social problems,
raising standards of living, education, develop-
ment of road infrastructure, urbanization, hous-
ing construction, development of extractive in-
dustry, etc.

It is estimated that in the period from World War
II to the end of the 20™ century, $ 10-11 billion
was invested in geological exploration, opening,
equipping and development of mines, procure-
ment of equipment and machinery, introduction
of new technologies, construction of infrastruc-
tures and logistic mining systems, construction of
flotations, separations, plants for coal treatment
and processing, coal gasification plants, construc-
tion of internal roads, power supply systems, reg-
ulation of water flows, etc. These investments
include all accompanying investments necessary
for initiating mining production, construction
of railway, road, housing and water management
infrastructure, investment in healthcare, educa-
tion, culture, science, environmental protection,
archeology, publishing, sports, etc. [1]

CONCLUSION

The mineral and raw material potentials of Koso-
vo and Metohija are indisputably significant. This
refers to lead, zingc, silver, gold, nickel, magnesite,
bauxite, and primarily vast reserves of lignite with
very favorable deposit conditions for exploitation.
These are quantities significant by world standards;
the current coal consumption in Serbia could be
supplied by these quantities of coal in the following
180 to 200 years. [1]

The answer to the question whether ore wealth is the
reason for seizing Kosovo and Metohija lies partly
in the fact that the degree of exhaustion of mineral
resources in most of the European countries is very
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Y3 OBy UMIbEHUILY, TY CY T€OMONMUTUIKIAY, BOjHU U
IpYyTy IPUKPUBEHU pasno3n. Mulbema cMo fia Cy
y OBOM KOHIJIOMEPATy MUHEPAIHU PECYPCU 0301b-
Ha mo6yna 3a otumare Kocosa 1 Metoxuje. [1]
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high. With this fact come geopolitical, military and
other hidden reasons. We are of the opinion that
mineral resources in this conglomerate are a severe
motive for seizing Kosovo and Metohija. [1]
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Caxerak: KeanumamueHo, adek6amuo U ycnewHo peuiasaree OUn0 Kaxeoz npoouemy y eeoMexanuuxom npo-
jexmosarwy He3amMucnueo 6e3 noy3oame u cuzypHe K6AHMUMAMUEHe KApaxmepusayuje MexaHuKux c60jcmasa
U HANOHCKOZ CMArba CmeHcKe mace. Y npusoz mome udy y pady npuxasana ucmpaiusarod, novesuiu 0o
omKonasarea pyoHux pesepsu koje cy 6une “3apobmere” y Manum pyoOHULUMA, NPeKo MyHenad Ha Ay Monymesuma
00 HAUUOHANHOZ 3HAUAA U NOO3EMHUX eNleKIMPanad, na cée 00 3HAAJHUX eKOHOMCKUX, eKOTOUKUX U COUUJATTHUX
egpexama Ha HAjMOOePHUjeM NOBPULUHCKOM KONY Y 3eMbU.

K)I)y‘{]-le peun: HanoHcKo cmatrve, CMeHCcKa Mmaca, ONMmumanHo npojeKmHo peuierve

Summary: To a qualitative, adequate and successful decision to any geoengineering problem without a reliable
and secure quantitative characterization of the mechanical properties and the strained state of the rock mass is
unthinkable. In support of that research results shown in the paper, starting with the mining extraction of the
‘abandoned” reserves in the small mines, proceeding through the national highway tunnel sites and underground
power station and ending with the significant economic, environmental and social effects in the most modern open
mine in the country prove it. .

Keywords: stress state, rock mass, optimal design solution

YBOJ

Y cBOjoj mpaKcy, NHXXembep reOMeXaHN4ap 3apaBo
HACTOj! [ja MCITYHN JBA PAa3/M4INTa 3aXTeBa:

Y pymapcTBy - [ia ce M3y3Me Jieo CTeHCKe Mace Koja
Cafip>K11 MIHEpPAJIHY CUPOBIHY KaKo 01 ce MCKOpPH-
CTU/Ie pyfHe pesepBe 6e3 HapylLIaBarba IPYPOJHOT
MeXaHMYKOT CTala OKOJIHE PyJHe Mace

Y reoTexHMIM - [ja CIIPeYN YHUIITaBatbe KOHCTPYK-
TUBHUX elleMeHaTa rpaheBuHCKuX objexara ycien
ryOMTKa OTIIOPHOCTH, Y YCIOBUMA IpUMEIbere
TEXHOJIOTHje U3Tpajibe, a ia Py ToMe He fjobe o

INTRODUCTION

In his practice the geoengineer actually seeks two
alternative goals:

In mining - to destroy part of the rock mass,
containing the mineral to absorb the mineral
deposits without disturbing the natural mechanical
state of the surrounding ore zone rock mass

In geotechnics - to prevent destruction by loss
of resistance of the structural elements of the
building construction equipment in the condition
of building construction technology not to change
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IIpoMeHe MeXaHMYKUX CBOjCTaBa CTEHCKe Mace Y
HEIOCPeTHOM OKPY KeIby.

Y obe HaBefieHe CHTYyaIMje T€OMEXaHMYKO CTarbe
IPMPOJHOT-THOTEHOT CHCTeMa, CTEHCKAa Maca y
HETIOCPETHOM ~ OKPY)KEHY/TeOMHKEmhepCKa  JTOKa-
nuja (Host mass/Geoengineering site - HM/GS) je
ozipeh)eHO HATIOHCKMM CTambeM I CTambeM AepopMa-
nuja (SSC) osor cucrema [1, 2, 3]. OcHoBHU dak-
Topu Koju oapebyjy SSC u reoMexaHNMUIKy OTIOp-
HocT cucrema HM/GS cy ynipaB/byBy 1 HeynpaB/bi-
BU ¥ MOTY ce KOMOUHOBaTH y cnefiche rpyrre:

e MexaHMYKa M CTPYKTypHa CBOjCTBa CT€Ha
KOje Tpajie CTEHCKy Macy y HeIOCpeIHOM
OKpYXerbY,

o Hamoncko crame (IpMMapHO - HPUPORHO M
CeKYHJapHO - 13a3BaHO) CTEHCKe Mace

e VYTIumaju mojenyHUX TeXHOJOWKMX ¢aKTopa
y pymapcTBy w/wam rpaheBUHapCTBY Koju
TOBOJie IO HU3a IeOMEXaHWYKMX IIPOMEeHa U
[ojaBa KOjii Cce OOMYHO HAsMBAjy ‘peaxunuja
CTeHCKe Mace’.

CaBpeMeHa reoMexaHIKa pacIosaxe ca fo6po pas-
BUjeHUM MeTOflaMa 1 TeXHMKaMa 3a 1aboparopuj-
CKy M MH-CUTY KBAaHTUTATUBHY KapaKTepusalujy
IpBe fiBe HeympasbuBe rpyme dakropa [4]. IIpo-
neHa u mpegsubame peakiuja CTeHCKe Mace 1
13a3BaHOT HAIIOHCKOT CTama U AedopMaliyja rope
HaBeJEHOT CHUCTeMa Ce JaHAaC BpILIM HA OCHOBY
IIPOKO IPUMeheHIX HyMepPUUKIX METO/Ia 33 aHa-
3y [5,6]. Ha Tp>xuity cy goctymHu 1o6po pas-
BMjeHM IporpaMcKu makeru 3a 2D u 3D nymepuy-
KO MOJennpame Koju 1MMjy MOryhHOCT mmMpoke
IpYIMeHe y TIpeMETHOj 00/MIaCTIL.

Ceaxu HM/GS cucrem je cnenuduyan 10
Te€0JIOLIKOj CTPYKTYPH, CBOjCTBUMA, CTPYKTYPHUM
KapaKTepuCTMKaMa U cTamby HamoHa. Ca fipyre
CTpaHe, OCET/bMBOCT METO/Ia 32 HyMEPUYKO MOje-
upame y CMUCIY IOY3JaHOCTH, CUTYPHOCTU U
TaYHOCTM KBaHTM(UKaLMje CaMOr HYMepUYKOr
Mogena ¢y foOpo 1mosHare. Y TOM CMUCTTY, METOJIE,
OoIpeMa I METOHOJIOTHja HUXOBE IIPMMEHEe 3a
reoMeXaHM4Ky KapaKTepusalujy CTeHe Cy IocTaje
3HAYajHO NPUCTyIIAYHMLje.

Y 4maHKy Cy oIncaHe MeTofie ¥ TEXHUKe IPUMembeHe
32 MH CUTY Mepeme HAllOHAa Yy PYIHMUIMMA, Kao 1
pas/IndnTa reOTEXHMYKA OIIPeMa 3a OBe IOoTpebe.

METOJIE 3A ICTPAJKVMBAILE CTAIBA
HATIOHA CTEHCKE MACE

V3 pasHOBPCHOCTM MeTOJa pa3BMjeHMX 3a Ty
HaMeHY, OBJie pasMaTpaMo I'PYIy MeTOfia Mepema
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the mechanical condition of the equipment
surrounding rock mass.

In both situations mentioned the geomechanical
status of the natural-thyogenic system an
“Host mass/ Geoengineering site” (HM/GS) is
determined by the stressed strain condition (SSC)
of this system [1, 2, 3]. The underlying factors
that determine the SSC and the geomechanical
resistance of the system HM/GS are manageable
and non-manageable and can be combined in the
following groups:

e The mechanical and structural characteristics
of the rocks building the host mass

o The stress condition (naturally and induced) of
the rock mass

e The effects of technological impacts in
the mining and / or building inducing a
series of geomechanical processes and
phenomena usually called “reaction of the
mass”.

Modern Engineering Geomechanics has well-
developed methods and techniques for laboratory
and in-situ quantitative characterization of the
first two unmanageable groups of factors [4]. To
evaluate and predict the reaction of the mass and
the induced stressed strain condition(SSC) of the
mentioned above system, today widely applied
are the numerical methods of analysis [5,6].
Well-developed software are available on the
market for 2D and 3D numerical modeling with
the possibility of wide application in the subject
area.

Any HM/GS system is specific in geological
structure, properties, structural characteristics
and stress condition. On the other hand, the
sensitivity of the methods for numerical modeling
according to reliability, safety and accuracy of
quantification of the numerical model, is well
known. In this sense the methods, the equipments
and the methodology of their applications for
the geomechanical characterization of the rocks
became essential.

The article describes methods and techniques
applied to in situ stress measurements in mines and
various geotechnical equipments.

METHODS FOR THE STUDY OF THE
STRESS CONDITION OF THE ROCK MASS

From the diversity of developed for this purpose
methods here we considere the methods of the
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medopmanyja koje cmo mpumeHmnu [7,8]. Osa
TpyIa MeTOJja Ce 3aCHIBA Ha Mepemby fedopMariija
ompyre Koje ce ocnobabhajy y MaceHOM eleMeHTy
HPYIMKOM JIeTMMIYIHOT VI TOTAJTHOT patepehema
HallOHa NIPMMEHOM TeXHMKE YHIepLIOPMHI/OBep-
nopunr. HakoH wusBobema ekcrepuMeHTa, pa-
YyHQajy Ce MHTe3NUTET M OpMjeHTalyja HallOHa Ha
OCHOBY M3MepeHMX fAedopMalyja U KapaKTepy-
CTMKA OIPYyTe II0 MaTeMaTHYKOj TeOPMjU e/TacTh4-
HOCTH. Y 3aBMCHOCTY Of IIpO6JIeMa KOjii Ce pelaBa,
Mepera ce BpIlle Ha IOBPLIMHY M/UIU Y JFyOUHM
CTeHCKe Mace ofroapajyhom Meromom. CBakoM
Mepery IPeTXOofiuIa Cy pelpe3eHTaTBHA JMICTpa-
XKMBawba y Wby ofpebuBama cBojcTaBa CTeHCKe
Mace y 30HM aHammse IpobieMa U Koja Cy Kac-
HIje BepuduKOBaHe Ha MepHUM JIoKalujama. Ha
cmvkama 1 u 2 je far meMaTCKM IIpUKa3 IpUMeHe
TII0jelTHAX METOZa Mepema.

deformation class applied by us [7,8]. They are
based on on measuring the deformations of the
spring back of the shape of a mass element in its
partial or total discharging from the operating
stresses  through undercoring / overcoring
techniques. After the experiment, magnitudes
and orientation of the stresses are calculated
according to the measured deformations and spring
characteristics according to the Mathematical
Theory of Elasticity. Depending on the problem
that is solved measurements are made on the
surface and/or in depth of the rock mass with the
corresponding method. Each measurement is
preceded from a representative study to determine
the characteristics of the problem area from the
rock mass and is verified at the measuring locations.
On figures 1 and 2 are shown the main application
schemes of the types of methods.

Cnuxa 1, Meitioga 3a meperse
HAUOHA HA UOBPUIUHU CULEHCKe Mace

Figure 1, Method for measuring
the stress on the surface of the rock
mass

Crnuxa 2, Metioge 3a meperve
HalloHa y gyOuHU CllleHCKe Mace
Figure 2, Methods for measuring
the stress in depth of the rock
mass
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MEPEILE HAITIOHCKOT CTAIbA
Y PYOAPCTBY

Pypuuk ITnakamanma

Y samagHOM fleny eKCIIOaTallMOHOT 110/ba pe3epBe
pyze y pysHoM Teny “10” ce Hamase Ha JyOUHU OF
150 MeTapa MCIOJ MOBPUINHE, TOK Yy PYJHOM TelLy
“20”, Koje ce Ha/asy CEBEPOVCTOYHO OFf PYAHOT Te/la
“10”, pesepBe pyne ce Hanmase Ha JyouHu of 120 m.
Y mogapyujy pynsHor tema “10” ce, Kao mocmeguLa
IpYMelbeHe TeXHONOIMje eKcItoaTanuje, ¢Gop-
MIIpa IIpasaH [IPOCTOp — KOMopa 1o KybuHe of 140
m, U ca nospumrHOoM of 10 000 m> 3a ocurypame
KOMOpe OCTaB/beHa Cy [iBa CTy6a - IperpagHu cTyo,
paBaH cTy6 gyxmHe 60 m, myprHe 8 m U BUCHHE
34 m u gpyru nperpaguu cty6 myr 50 m, mmpox
10 m u Bucok 10 m. llumeBn cTyanje cy mepeme
HallOHa y CTEHCKOj Macu KOja OKpPY)Kyje aHau-
3MpaHoO MOipydje, Kao U HAIlOHa y cTy6oBMMa, ca
IIPOIIEHOM IbJMIXOBE HOCUBOCTM.

METHODS FOR MEASURING STRESS
CONDITION IN MINING

Underground mine for complex ore Plakalnitsa

In the western part of the mine field the reserves
in the orebody 10 at a depth of 150 meters from
the ground, as well as a ore body 20 10 at a depth
of 120 meters located NE from the first 10. In the
ore body area 10 consequently from the system of
operation an empty space is formed, bedding at a
depth of 140 meters, and with area 10 000m?’. For
insulation of the void two pillars are left - barrier
pillar, level pillar with dimensions 60 meters long,
8 meters wide and 34 meters high and the second
panel barrier with dimensions respectively- 50
meters long, 10 meters wide and 10 meters high.
The objectives of the study are measuring the stress
in the rock mass surrounding the problem area, as
well as stresses in the pillars with an estimate of the
carrying capacity.

Cnuka 3, Doorstoper
gegopmomettiap ca ypehajem 3a
opujeniayujy u uocilasmarse y
MepHy OYULOIUHY

Figure 3,The deformometer
doorstopper with an orientation
device and delivery in the
measuring bore

oL

gl
N

Cnuxa 4, Hanouu y cmy6osuma a-pagtu cmy6, 6-60uHu cmy6
Figure 4,Stresses in the pillars a-level pilar, b-side stop pillar
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CTeHCKy Macy y HeIOCPefIHOM OKpY>Kemwy Ipef-
CTaB/bajy CEMMEHTHU KOMIUIEKCH JJONMOMUTA U
KaJIIUTHUX ponmoMuTta. edopmaroHa m Mexa-
HIYKA CBOjCTBA y30paKa CTeHa Cy crefieha:

Uspcroha Ha mpuTHCcak o, = 80 + 110 MPa, uBp-
croha Ha ncresame 0, = 6 + 10 MPa, xoxesuja C =
8 =+ 10 MPa, yrao yHyTpaumer Tpemwa ¢ = 32 + 36°,
[Toaconos koe¢puumjent v = 0,25 + 0,31 u Mmoxyn
enmactuyHocty E = 4 - 6 GPA. Himke BpegHOCTHM
OIHOCE Ce Ha CTeHe U3 pygHor Tema “20”. Mepema
HallOHa Cy BplIeHa ca MeTofoM ~Doorstopper”
[7]. Hedopmomerap ca po3eToM eneKTPOOTIIOP-
HVIX MEpPHMX TpakKa je 3a/lell/beH Ha JHO OYIIOTIHe
y K0joj ce BpmM Mepeme. Hakon Tora ce Bpmm
moparaHo Oyueme 1 (opMupa jesrpo 3ajefHo ca
IZedOpMOMETPOM Koje ce ofBaja Off CTEHCKe Mace.
Haxon pactepehema ce m3Bomu ppyra cepuja
Mepemwa 1 onpebyjy ce emactuune gepopmanuje y
IVUbY M3padyHaBama MHTe3UTeTa HaroHa. [ledop-
MOMeTap je IpUKa3aH Ha CIuIu 3.

Tensop HaroHa ce 0BOM MeTOA0M ofipebyje HakoH
Mepemwa y Tpu Mebyco6Ho ympasHe 6ymornHe. Y
XOPM3OHTATHUM OYIIOTMHAMA USBpILIEHA CY YeTH-
pu Mepemba ca pactepehermeM Ha [yOUHM Off jefHOT
70 IeT MeTapa, 0K Y BepTUKATHUM - J1Ba Mepema
Ha 1,5 m 3,2 merpa. Mepema moKasyjy ha Mak-
CMMaJIHU [7IABHY HAIlOH ¥IMa a3MMYT IIPaBLia Off V =
30° jyrosamajiHO Off 3€HUTHE OCe U USHOCK O, = 4,7
MPa, a usmepeHa BenuunHa je Beha of reocratuy-
ke 3a 15 - 20%. XopusoHTa/HU HANOHU: 0, = 4,2
MPa ca asumyTtom v = 210° u o, = 3,1 MPa (v =
100 - 105°). OpHOC NOjeHNX KOMIIOHEHTH! I10Jba
HAIIOHA je y pagMepu 0: 0,: 0,= 1,5: 1,3:1.

Mepemwe HallOHa y HperpajHUM CTy6OBUMaA W3-
BpIIEHO je y OyIIOTMHaMa KOjii Cy IOCTaB/beHe
y HpaBly HUXOBe JY>KMHe, Ha JIeBOj M [ECHOj
cTpaHu ca 5 pactepehema. Pesynratn Mepema y
OyIIOTMHAMA TIPVUKA3aHY Cy Ha CIMIIN 4.

Ha ocHoBY nmogaTtaka U3 MH CUTy Mepema yTBphe-
HU Cy cTBapHa onTepehema, HOCHMBOCT U (pakTOpU
curypaoctu. OBfie Tpeba HAIIOMEHYTM U UMEbe-
HUIY [ia CY YV TOAPYYjy IIPBOT IperpajHor cryba
IpUIIpeM/beHE Pe3epBe pyde y pyAHoM Temy ‘107
Oue GnOKMpaHe, y KOJIMYMHAMA KOje OATOBapajy
KallallXTeTy PyJHMKA 3a 1Ba Mecelja. Mopenmpame
npomene CCIJ y cTyby NpmimkoM OTKOIIaBama
pe3epBM M3BpILIEHO je Ha OCHOBY IOpe HaBefe-
HUX pe3ylITaTa. YBUIOM Y pe3ylrare MOJeIuparma
yodeHo je ma he oTkomaBameM pesepBu gohm fo
(dbopMupama HaIIOHCKOT CTama Koje je Mame o 80%
off HocuBOCTH CTy6a ca pakTopoM curypHoctu 1,55
U CTabWIHMM cTameM. HakoH myxer pasmarpama,
OTKOIIaBambe Pe3epBl je YCIIeITHO U3BPIIEHO.

The host rock mass represents a sedimentary
complexes from dolomites and calc dolomites. The
deformation strength properties of rock samples
presented are as follows:

Compressive strength o =(80+110) MPa, tensile
strength 0,=(6+10) MPa, cohesion C=(8+10) MPa,
angle of internal friction ¢=(32-36") °, Poisson’s
ratio v =0,25-0,31 and elastic modulus (also known
as modulus of elasticity) E=(4-6)GPa. The lower
values refer to the rocks from the ore zone 20.
Measurements of the stresses are done with the
option doorstopper [7]. The deformometer with the
rosette of the tensoresistors is glued to the bottom
of the measuring borehole. The core is formed with
the deformometer which is separated from the rock
mass. After unloading second reports are made and
elastic deformations are determined to calculate the
magnitudes of the stresses. The deformometer is
shown in Figure 3

The tensor of the stresses by this method is
determined after measurements in three mutually
perpendicular boreholes. In horizontal boreholes
were made in four unloadings at a depth of one
to five meters, in the vertical - two measurements
at 1.5 and 3.2 meters. The measurements show
that the maximum main principal stress has been
diverted from the zenith axis at 30 southwest and
is B1=4.7 MPa, the measured magnitude exceeds
the geostatic with 15-20%. Horizontal stresses:
B2=4.2 MPa with azimuth A =210" and B3=3.1
MPa (A=100-105). The distribution of the field is in
proportion (B1:B2:B3) - 1.5:1.3:1.

Measurement of stresses in the barrier pillars are
made of gate ways running along their length, on
their left and right sides of 5 unloadings. The results
of the boreholes are shown in Figure 4.

According to the data from the in situ measurements
the actual loadings, loading capacity and safety
factors were determined. In this place it can
be noted also the fact that in the area of the
level barrier pillar, in ore body 10 prepared ore
reserves were blocked, equal to the capacity of
the mine for two months. Modeling of the change
of SSC on the pillar when encroachment of the
reserves was done on the above results. The
modeling survey found that enchroachmenent
would result in a stress less than 80% from
loading capacity with safety factor 1.55 and
sustainable condition. After long hesitation
the various blocked reserves were encroached
successfully.
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VicnntuBame reoMexaHmyKe
curyanuje y pysHuxy Komasa

Pynuux Komrasa je jennuu y seMsby KOju IPOU3BO-
mu rurc. Coj rumnca je npoceyte ge6pune 19 m,
HpOTeXe Ce Y MpaBIly MCTOK-3allaf, MOJ Harub6om
ox 6 - 16° u sanexe o fyb6une ox 250 mo 300 m.
CreHCKM Macy y HeNOCpeJHOj OKONMHU YNHe
JIAIIOpLY C IpUMecaMa Kpedmaka u rnnHe. Kon-
KPETHO, MI3HAJ, C/I0ja KOPMCHE CUPOBMHE Ha AyOu-
HI of, 0Ko 200 m Hajasy ce BOJJOHOCHMU CJI0j KOju
ob6e36ebyje cHabmeBare BOLOM Yy TOM NOAPYY]y.
ITopen Tora, TepeH M3HAJ, €KCIJIOATALMOHOT 10/ba
je IVIOZHO T/IO Ha KOjeM je pasBMjeHa MHTEH3MBHA
I0J/bONIPMBpEHA NIPON3BOAMa. bnsnna pexe Jly-
HaB 1 O7Iaro sajerame TepeHa y IIPaBIy KOPUTa
peke yKasyjy fia je OTpeOHO IPYMEHUTH CTpOre
KpUTepUjyMe y Luby ClledaBaiba Cjerama MoBp-
IIMHE TePEHa, Kao MoCIeula PyJapcKuX pajoBa.

Jlexxumire je mosHato ckopo 50 rogyuHa. Y 0CHOBI
ce TIIpUMemyje KOMOPHO-CTyOHa MeToja eKc-
IwIoaTanyje y3 gopmupame cTyboBa ca pasindn-
TUM paclopefioM:

o OTKomaBameM ce y KOHTUHYUTETY GOpMUPajy
cTy6OBM M He3alymeHe KOMOpe, HAaKOH dera
ce TOjefMHN CTYOOB) OTKOIABAjy, a 3a0CTAIN
cTyboBu cy pacrmopebenu y obnuky denupa
IIpU YeMy ce KOMOope 3alybaBajy;

o OrxomaBameM ce (OpPMUPajy paBHOMEp-
Ho pacnopehern cry6oBM, KBajpaTHOT
WIM TPaBOYTaOHOT IIOIPEYHOr IIpeceka, U
HesalymheHe KoMope U C1.

3amymaBambe KOMOpAa Ce BpUIM XUJPO3aCUIIOM
Ca IIeCKOM, KOji ce OTKomasa u3 JlyHaBa, Ipema
IPeTXOJHO OIJMCAHO] METOAM OTKOIaBama Ipn
yeMy je CTelleH uckopuinhema IUIICa Kao KOpHU-
CHe MUHpaJHe CUPOBMHE Manmy - Mamu oj 30%.
W3 Tor pasmora ce roguMHaMa BPIIM CEKyHIApHA
eKCIToaTanyja TUIca u3 CTy6oBa y OTKOMAHUM
menoBuMa exuinTa. Kao mocnemuia mperxopHor
Cy Cce y MHOTUM CTy60BI/IM TojaBuJIe MyKOTMHE, TOK
Cy ce MojefHM CTYOOBM IIOTIYHO YPYLIVIN, & IITO
CBE 3aje/[HO yKasyje Jia Cy IIOjeIUHNU JEeNOBU eKC-
IUTOATAL[IOHOT II0jbad ¥ TPAHMYHOM CTamby CTabmiI-
HOCTI. Y BUIIIE HaBpaTa Cy BpllI€eHe U3MEHE I ITpjIa-
robaBama MeTOfle eKCIUIOaTalljeé y CeBepOUCTOU-
HOM U LIEHTPA/THOM Jie/Ia PYJHMUKA I7Ie j€ JOILIIO JO
3apylaBama CTyb6oBa, ca TEHIEHLMjOM LIMperba
omrrehera Ka IIOBPIIHY TePeHa Y II0jaBM CJIeTamba.

Y numby mpoydaBama U IpoOlLleHe IeoMeXaHUYKOT
CTama y PYJHUKY, CIIPOBEJiEH je OICeXaH IMIPOorpaM
UCTPAXNBaIba, IPU YeMY je IIPMOPUTET AT VH-CU-
Ty MeTOJlaMa MICIIMTUBalba:
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Investigation of the geomechanical
situation in Koshava mine

Koshava mine is the only one in the country
which produces gypsum. The gypsum layer has
an average thickness of 19 m, it stretches east-
west direction, it has a slope 6-16° and bedding at
a depth of 250 to 300 m. The host rocks are marl
stone with inclusions of limestones and clays.
Specifically, over bed/stratum about 200 m depth
is situated aquiclude horizon that provides water
supply in the area. In addition, the field above the
mine field is a fertile soil where intensive farming
is being developed. The proximity to the Danube
River and the slight displacement of the terrain to
the river bed impose rigid security requirements
of the Earth's surface shrinkage, as a result of
mining operations.

The deposit is almost 50 years old. Basically
applied is key-room system with panel
preparation with different options:

e Continuous rib room pillar and unfilled
chambers, with partially taken ones,
encroached comb-shape pillars and filled
chambers;

e Byevenlyspaced square or rectangular pillars
and unfilled chambers and etc.

For the filling of the chambers is used a hydro
filling with sand excavated from the Danube
River, together with the already described, the
low mining extraction - less than 30% gypsum is
a fact. This is the reason why secondary mining
of gypsum has been applied in the years from
pillars in already exhausted areas. As a result a lot
of the pillars cracked, there are also completely
destroyed these are signs of the presence of
parts of a mine field in the borderline. Multiple
adjustments are made in some area failures in
northeast and central part of the mine, the latter
with deeds on the surface.

To study and evaluate the geomechanical situation
in the mine, a large-scale research program has
been carried out, with priority being given to in-
situ characterization methods of:

a) Strength and deformation properties of the
gypsum varieties in laboratory conditions

b) Determining of the above characteristics in
natural conditions
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a) uspcrohe u AeQOPMALMOHUX CBOjCTaBa pas-
JTMYUTUX BPCTa TUIICA Y TabOPaTOPUjCKMM yC-
TIOBMMa,

b) ompehusame uBpcrohe m medopmammonUx
CBOjCTaBa y IPUPOISHIM YC/IOBYIMA,

C) meduHICabe CTPYKTYPHIX CBOjCTABA V1 FeOMeXa-
HIYKA KTacuuKariyja mojefyHIX 30Ha,

d) “uH cury” mcrpakuBare HANOHCKOT CTamba y
CTEHCKOM MacCHBY,

€) mapaMeTapcke HyMepuyKe CTYAMje.

JIabopaTopujckuM HUCIUTHBamUMa je yTBpbheHa
yBpcroha Ha IPUTHCAK TUIICA OFF 0,=10-13MPa.y
Wby TIOTBPAIe pe3y/iTaTa 1abopaTOPUjCKUX UCIIN-
TUBamba YBPCcTOhe Ha IIPUTHCAK CY, Y CeBepo3araf-
HOM U jyrosamagHOM [ely c/oja KOpMCHe
CUpOBMHe, popMMpaHa IpU3MATUYHA TPOOHA Tea
numensnja 400x400x400 mm of obe BpcTe ruIca,
(UHO3PHOT U Cpefbe3pHOT Tuica (ca IIKOo/bKaMa).
Hagepena mpo6Ha Tena cy onrtepehena BepTukan-
HIM onTepehermeM, ca KOHCTAHTHMM IIPMpPALITajeM
cune po noMa. OBUMM MCHUTHUBABUMA je IIOT-
BpheHa penmaTMBHO Mana BPeSHOCT YBpcTOhe Ha
nputucak rumnca u oxpehenn mapamerpu pgedop-
MaIIOHMX CBOCjTaBa. 3a morpebe oapehuBama
CTPYKTYPHUX CBOjCTaBa y MCTUM 30HaMa Cy W3-
OymieHe cy ucTpaxkHe OymornuHe. Kao pesynrar
ONMCAHUX VICTPAKMBAA, €KCIIJIOATALMOHO I0Jbe
je mpeMa TreoMeXaHMYKMM KapaKTepUCTMKAMa, Of
3amajia IpeMa UCTOKY, I10Jie/beHO Y YeTUPH 30He. Y
ceBepOo3aIaHOM Jie/ly Cy U3BefleHa Meper-a HallOH-
CKOT CTara IPUMEHOM “[OOpCTOmNIep” METOHEe U
MepemeM Y XOPU3OHTATHOj OYIIOTHHIL.

Pesynratm Mepema yKasyjy Ha TO Ja je Mak-
CMMaJIH/ IJIABHYU HAIIOH y OBOj 30HY IPUOIVDKHO
BEPTUKA/IAH U Jla MMa UHTEe3UTET off 0 = 11 - 12
MPa, ca asumyTOM npaBLa of v = 4°. MuHuManuu
XOPM3OHTA/IHY HAIIOHM CY y omcery o, = 5 - 6 MPa.
VIsmepeHe BpegHOCTH HaloHa Cy Behe of HamoHa
on Buenexxeher crenckor macmpa. OBfie Tpeba
HaIlOMEHYT! Ja Cy M3MepeHe BPeJHOCTV HAIlOH-
CKOT' CTama IOC/Iefula Py#sapckmx pasosa. CBnu
mobujeHy pesynTaTy KopuurheHM cy 3a IpOLeHY
HOCMBOCTY CUCTeMa CTY0O0Ba 1 KOMOpPa, Kao 1 yTHU-
I]aj 3acHIlaBamba OTKOIIAHOT IPOCTOPA U IPOIEHY
CTeleHa reoOMeXaHN4IKor pusuka [9].

Ha ocHOBy crpoBefieHUX HCTpakuBama pnedu-
HJMCAH je IIOCTYIAK 3a IeOMEeXaHWYKY HpOILeHy
yTHLaja HPEIOKEHOT KOHLEIIMjCKOT pellierba
32 pallOHAIM3alMjy TEXHOMOTMje€ OTKOIIaBamba Ha
IIPOMEHY HAIlOHCKOI CTamba, OJHOCHO HoBehame
HOCHBOCTHU CTy0OBa IIPOMEHOM HUXOBOT OOJIMKA.
Vcnutusamwuma cy obyxsaheHm pasimumtii of-
HOCH MIMpPUHA/BUCHHA CTYOOBA, U1 JOKA3aHO je [a

¢) Definition of structural characteristics and
geomechanical classification by areas

d) Investigating in situ the stressed condition of
the rock mass

e) Parametric numerical studies

Laboratory tests establish the strength of
gypsum of 10-13 MPa. For verification in the
Northwestern and Southwest parts of the bed/
stratum in both varieties of gypsum - finely
grained and medium grained gypsum (shellfish)
were performed studies as cut into prisms
with dimensions 400x400x400 mm, which are
loaded with a vertical load, passed stepwise, till
destruction. The experiments confirmed the
relatively low gypsum strength and indicated
features in its deformation behavior. In defining
the structural characteristics in the same
areas test holes were drilled. As a result of the
described investigations, the mine field is
divided from the west to the east into four zones
according to its geomechanical condition. In the
northwestern part, experiments were carried
out on the measurement of the stresses with
the doorstopper variant, by measurements in
horizontal borehole.

Measurement data indicate that the maximum
main voltage in the zone is vertical and has a size
of o =11-12 MPa, diverted from the earth’s axis
4°. The minimum horizontal stresses are in the
range 0, =5-6 MPa. The measured stresses exceed
those of the overlying rocks. It should be noted
here that the measured stresses are parameters
of the induced field by the mining activities.
All the results obtained were used to assess the
resistance of the pillars and the chambers, as
well as the filling effect and the degree of the
geomechanical risk [9].

A geomechanical justification has been
developed after the described studies conceptual
design for rationalization of mining technology
by changing the stressed condition, respectively
increasing in the bearing capacity of the pillars
by altering their shape. The variation of the width
/ height ratio has been investigated, and it has
been proven that in massive square pillars with
a width exceeding 3-4 times the height of the
pillar (the same ratio for the mining chambers),
the relatively low gypsum strength will be
compensated. The option permits local border
break down of the roof, over the encroached
space, in the rocks is formed a vault over which
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he, xop MacMBHUX cTy6OBa IOIIPEYHOT IpeceKa
y 0OMMKy KBafpaTta U LIMpMHe Koja mpenasu 3 - 4
IyTa BUCHHY CTy0a (MCTY OJHOC je 1 3a pyHapcKe
KOMODe), pellaTUBHO HUCKa YBpcToha Ha IpuTHUIjaK
rurca 6uTy KomneHsobana. OBakaB IIPUCTYTI JOBO-
IM [0 IojaBa JeNMMUYHOT JIOKA/THOT 3apyllaBamba
CTpOIIa M3HAJ, OTKOIAHOT IPOCTOPA, IpK 4eMy ce
(dbopmupa cBOf, a CTEHCKa Maca y BUIIUM Je/I0BIMa
KpOBJMHe OCTaje cTabunHa. TexHosomka IIeMa
OIMCaHe BapMjaHTe NIPMKa3aHa je Ha C/IMIN 5.

the overlying rock mass remains sustainable.
The technological scheme of the described
variant is presented in Figure 5.

Cnuxa 5, lllemamcku oujazpam npednosxcere mexnonozuje (a) u uiema excnaoamauuje Hazuéa (6)
Figure 5, A schematic diagram of the proposed technology (a) and a mining scheme of the stope (b)

McnutuBamwe moryhHocTH nojaBe ropckor
yaapay pysHunuMa MagaH noma

EkcrimoaTanyoHo 1mosbe ce Hamasm y jy>KHOM Jiemy
mnanuHe Pomomny, vma mospmmHy of 3000 km? n
obyxsara 50 cycegHux nexmira. [10,11].

JIexxmimrTa cy MarMaTCKor Tula. JIeXXnmra cy xKud-
Ha JI/JJIM Cy MeTacoMAaTCKa, KITYHa Cy HOJ; Harnoom
o1 70-90° u yobuuajere cy mohnoctu o 3 - 3,5 m,
IOK Cy IlerMaTuTCKa Jexuurra MohHocTu 1o 10 m.
Jlexxuuite je 6MIO HOJ MHTEH3UBHUM TEKTOHCKUM
YTULaj/IMa 1 Pa3/ie/beHO je Ca YeTUPY ITTaBHA Pacefa.
CreHe y MCTpa>KMBaHUM PyJHUIIMMA CY jefipe, KpTe
un enactuyHe. CIpOBENEH je penpe3eHTaTUBaH
06uM TabOpaTOPUjCKMX UCHNUTUBAKA y CKIALy ca
npenopykama ISRM-a [4]. Ha cmunu 6 npuxasaHe
Cy IOKalje NCIMTUBAHUX Py/IHMUKA.

Uspcroha Ha IpUTHCaK jy)KHUX PYSHMKA je Beha of
0, =166 - 186 MPa n BpefHOCTIMA MOJTy/Ia €/1aCTI Y-
HocTu off E > 7.4 GPA, ok y ceBepHMUM JjeTOBUMaA
PYAHMKA OBU ITapaMeTpy MMaAjy Mame BPeJHOCT.
VicTpaxkuBama HAIIOHCKOT CTama Cy M3BpILIEHA Y
nBe ¢ase. IIpBa dasy je umHMIA PEeKOHCTPYyKLHUja
[I0/ba HAIlOHA Ha OCHOBY TEKTOHCKO-(PU3NYKIX
nopataka [13,14]. OBom aHamm3oM je yTBpheHa
OpuMjeHTalMja ¥ MHTE3UTET TEKTOHCKMX HaIlloHa.
MaxcuManHu TEKTOHCKM TPUTUCAK O, OpUjeH-
THCaH je cyOMepuiujalHo, Kao LITO je IpUKa3aHo
Ha cnuuy. [Ipyra ¢asa je 6uma ekcriepuMeHTanHa y
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Investigation of the danger of rock burst
in the mines of the Madan mine field

The mine field is located in the southern part of the
Rodopi mountain, it has an area from 3000 km?* and
includes 50 nearby located deposits. [10,11].

The deposits are igneous. The ore deposits are
veined and / or metasomatic, the veins are pitching
(70-90°) the predominant ones are 3-3.5 m thick
and up to 10 m thick pegmatites. The deposit has
undergone intense tectonic effects and is broken
by four system bearing faults. The rocks in the
studied mines are healthy, brittle and elastic. A
representative volume of laboratory tests according
to the ISRM requirements were made [4]. Figure 6
shows the location of examinined mines.

The compressive strength of the southern mines
is higher is 166-186 MPa, more fragile are E>
7.4 GPa, as in the northern these parameters
are smaller. The study performed on the stress
condition is done at two stages. The first is by
field reconstruction by techno physical data
[13,14]. This analysis established the action of
tectonic stresses. Maximum Tectonic Pressure
or is oriented sub- meridional, as shown
in the figure. The second stage is experimental
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Cnuxa 6, Ilonosxaj ucnumusate pyoe koja ce ekcnioamuuie y pyoHuyuma Maoan
Figure 6, Location of the examinined ore exploited in the mines of the Madan mine field

OKBUPY Koje cy opipeheHn: MHTe3UTETH U MpPaBLu
HAIIOHA Y aHA/IM3UPAHUM PYFHULVIMA, CIIOCOOHOCT
CTeHa [ja aKyMyampajy M Harmno (eKCIIO3MBHO)
ocnobabajy rehopManinoHy eHeprujy Kao mocaesu-
I1a IIpUMerbeHe PyAapcKe TeXHOJIOIHje Y /by IIPO-
IleHa HMBOa pusuka. MehycoOna 6suHa pygHuKa
omoryhaBa f1a ce Ha OCHOBY TyMauerba TOOMjeHIX
pesy/ITaTa U3BOJE YOIILITeHU 3aKk/bydn [16,17].

Pesynratn Mepema cy npukasanu y Tabemn 1, jok
Cy JIOKaluje Ha KOjuMa Cy M3BefleHa MCTPaskuBambha
npukasane Ha Cnuun 6.

OpHoc mojeflHMX KOMIIOHEHTM IIO/ba HAaIlOHa 3a
CEBEpHE PyHUKE je y pasmepu 0: 0,: 0,= 2,9: 1,7
1, 3a jy>kHe pyJHMKe Taj OJHOC je 0: 0,: 0, = 3,4
2,7: 1. CBe u3MepeHe TpaBUTALMOHE KOMIIOHEHTE
HAaIlOHa OfICTYIIajy Off BepTHKaIHe oce of, 10° o 24°
u Behe cy o TexxuHe Buienexxehux creHa, a mro
je Takobe TUIMYHO 3a MO/ba HAIIOHA CA CTOXKEHUM
MehycoOHUM yTuIlajeM IrpaBUTALMOHE CUJIE U TEK-
TOHCKMX CUJIA KOje Je/yjy Y CTEHCKOj Macu.

Y3 BenuKe BPeJHOCTY I0Jba HAIIOHA Ha CTEHAMa,
Ipyru HajBaXHUjU (PaKTOp je HUXOBA CKIOHOCT
Ka II0jaBM TOpPCKMX yaapa. IIpoljeHa pusuka of
T0jaBe TOPCKUX yAapa M3BPIIEHA je 3a CBAKU PYH-
HUK IOHa0co6. 3a oBe morpebe cy kKopuurheHe
HajouTHMje 1 Hajueirhe xopuirheHa cBojcTaBa, a
TO Cy KOHI[eHTpauuja nedopMallioHe eHepruje
SED u ungpexc penatuBHe uBpcrohe RSI 3a mH-

in order to determine the magnitudes and the
direction of stresses in the problem mines,
the ability of the rocks to accumulate and to
give away explosion-like deformation energy,
induced by mining technology to assess the
risk level. The near distance of the mines allows
a generalized interpretation of the obtained
results [16,17].

Measurement data are shown in Table 1, the
locations of the studies are also indicated in Figure
6.

The ratio between the components 0, :0,:0, for the
northern mines is 2,9:1,7:1 for southern that ratio
is 3,4:2,7:1. All measured gravitational components
are deviated from the vertical axis from 10° to 24°
exceed the weight of the overlying rocks, which is
also tipical of stress fields with complex interaction
between the gravitational force and the tectonic
forces operating in the rock mass.

Along with the high stress on the rocks, the second
most important factor is their tendency to the risk
of rock burst. The evaluation of the risk of rock
burst has been done for each problem mine. The
main and most applied characteristics are used.
These are the Strain energy density SED and the
Relative strength index RSI for a stress index SI
and the brittleness index BI [10,15,16]. These
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IeKC HaIoHCKOT cTama SI um mnpekc xproctu BI
[10,15,16]. OBa cBojcTBa cy yTBpheHaHa OCHOBY
pesynTaTa IpeTXOfHO OIIMCAHNX Tab0PaTOPUjCKIX
Y VIH CUTY UTPAKVBatba N3BeJleHNX y PySHUIIMA U
KOjU Cy IIpMKasaHu y Tabenn 2.

characteristics are determined by the results of the
described laboratory and in situ studies from the
mines and are shown in Table 2.

Tabena 1, Pesynmamu in situ ucmpaxuearoa

Table 1, Results from in situ studies

I'maBHm Hamonm / Main stresses

Pypuumu / Mines o o

[MPa] | [MPa]

o
[Mlga] Komenrap / Comment

Cesepun / Northern 11-15 7-9

4-5 |0, Bepukanmau / vertical

Ma:

Jyxwuu / Southern 20-24 13-19

6-7 |0, xopusontanau / horizontal

IIpukasany nogauny ykasyjy /jla CTeHe U3 jy>KHUX
PYAHMKA MMajy BUCOK PUSMK Off II0jaB€ TOPCKUX
ylapa U CEeMSMUIHOCTH, IOK Cy CEBEPHU Dy[HUIIN
y Cpenmoj Kateropuju pusmka [15,16]. [Tpukasann
IHOJalM HOTBpheHy cy mojanuMa o OBMM I0jaBaMa
Y PYAApCKOj ImpaKcu. Y PySHMLMMA Ha CEBepy Cy
3abe/ie)keHa M3HEHaJHA 3apyllaBama, JIOK Cy Y
PYAHNMILIMMA Ha jyTy 3abe/e>keHa iBa C/Iy4daja Iojase
IMHAMIYKOT 3apylllaBamba Koju Cy Takohe nmpukasa-
HJ Ha CIMLN. Y jy>KHUM pygHULIMMA y Gasu n3paje
OPUIPEMHUX PajloBa M pajioBa Ha OTKONABakby
yOUeHM Cy TaKo3BaHU “TIpekypcopu’ [18] — mojasa
IYKOTMHA, JbyCambe, Iylkerame. Kako ce mpu-
OmKaBaMO 30HM KOHIIEHTpallije HaIlOHa, OBM
¢denomenu ce mojayasajy. OBo je y Behoj mepn
yodyeHo y pysHuky bopmesa, rge mocroju Mo-
ryhHocT mojaBe pacnojaBama m3BabeHor jesrpa,
KaKo je IPMKA3aHo Ha CIAMULH 7.

Data show that with high risk of rock burst and
seismicity are the rocks from the southern mines,
while the northern mines are in the middle
category [15,16]. Data show are confirmed from
incident data in mining practice. In the northern
mines, sudden failures have been documented,
while in the south mines there are two cases
of areas of dynamic destruction which are also
indicated in the figure locally. In the south mines
at the stage the preparation of preparatory and cuts
works the so-called “precursors” are shown[18]
- cracking, scaling/blowing, firing. Approaching
the stress concentration zone these phenomena
are intensifying. This is more established for the
Borieva mine, where still at perational diseing there
is a risk of the extracted core, as documented in
Figure 7.

Tabena 2, Pesynmamu in situ ucnumuearoa
Table 2, Results from in situ studies

Pypnux / Mine

Kpurepujym / Criteria

SED

[kJ/m’] RSI SI BI

Tomyam Ilamac - ceBep

Golyam Palas - north

0.98 0.39 | 6.9 4.2

l'onyam Ilanac - lumos [lon

Golyam Palas - Dimov Dol

0.93 0.38 | 6.92 7.8

Koncku gon

1.84 044 | 7.1 | 11.22

Konski dol
Kpanes pon

1.86 043 | 7.36 | 11.29
Kralev dol
bopnesa

2.36 041 | 7.29 | 13.36
Borieva
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Ha ocHoBy ommcanmx saxTeBa U ysuMmajyhu y o6-
3Mp YTHUIAj IpVMemeHe MeTOofie OTKOIaBamba U
MMHEPCKMX PajioBa, M3BpIIEHa je KOMIUIEKCHA KaTe-
ropusalyja pygHUKa y KOjUMa Cy youeHe HaBefieHe
npobeMaTNyHe II0jaBe, Kao IITO je IPUKA3aHO Y
tabemu 2. Ha crmim 8 rpadpurikm ¢y mpykasaHy Mexa-
HI3MI [10jaBe JIOMA Y TIOjeIMHUM IpyIiaMa PyJHIUKA.

Mexaunamu nojase JloMa cTeHCKe Mace [10] npen-
CTaB/beHM Cy Meropornorujom Stress Path, koja ce
KOpUCTK Y fyOOKuM pysHuumma [6] sa npensubarse
TUIIOBA JIoMOBa. HakoH aHanmmse ommMcaHMX uc-
Tpa)XnBamba, MEHallepyMa pPyIHMKa Yy KOjI/IMa cy
yodeHe HaBefieHe IpOOIEMaTNYHe II0jaBe faTe Cy
eMIVpMjCKe IperopyKe 3a ONTUMM3ALNjy W/WIN
cMameme eekaTa yTUllaja IpuMerbeHe TEXHOIOTHje
excrmoatanyje Ha CCII n Ha cucrem BM/pypmapcko
nozpyyje. To je sarmpaBo jegyHa rpymna ¢akropa, Koja
je HaBefleHa Ha II0YETKY, @ Ha KOjy MOXKEMO Y TULIATH.

Based on the described requirements and taking
into account the impact of applied minig metods
and blasting works a complex categorization has
been carried out of the problem mines, it is shown
in Table 2. On Figure 8 are shown graphically in
groups of mines the mechanisms of failure.

The mechanisms of failure of the rock mass [10] are
represented by the Stress Path methodology, used
in deep mines [6] to predict types of failures. After
a summary analysis of the described studies, to the
managers of the problem mines are given empirical
recommendations for optimizing and/or reducing
the effects of technological impacts of SSC on the
system BM/mining area. This is actually the only
group factors listed at the beginning which can be
managed.

Cnuxa 7, Pacnojasarve jesepa
Figure 7, Core discing

Tat6ena 3, Kamezopuja ceomexanuukoe pusuxa
Table 3, Category of the geomechanical risk

Pynuuk / Mine

Kpurepujym / Criteria

TNonyawm Ilanac - ceep
Golyam Palas - north

Husax / low

T'onyam Ianac - Jumos [lon
Golyam Palas - Dimov Dol

HHU3aK 10 ymepeH / low to moderate

Koncku gon

IpoceyaH / average

Konski dol

Kpaner mon _

Kralev dol Bucok / high

Bopuesa .
Borieva BeoMa BHCOK / very high

l'eoTexHmuka omnmpemMa
3a MEpPE€HE€ HAMOHCKOT CTamba

In situ mcTpakuBama HAIOHCKOT CTamba 3a OBE
noTpebe IPBEHCTBEHO MOMPasyMeBajy NPUMEHY
Mepema Ha CT0OO0JHUM MOBpPIINHAMa. Y HAaCTaBKy

Measurement of stresses in geotechnical
equipment

In situ studies of stress in this direction is the priority
application of the measurements of the free faces.
Described below, experiments have been made
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Crnuxa 8, Mexanuszam 1oma cmeHcke mace y UCNUMUBAHUM PYOHULUMA
Figure 8, Mechanism of failure of a rock mass in the examined mines

Cy OIIMCAHU eKCIIEPUMEHTV KOju Cy W3BefeHM
IPYIMEHOM C/IOXKEeHe U HAIIpefjHe Bep3lje MeTofie
u oprosapajyhe ompeme [20], xoja mma cnenehe
METPOJIONIKE U TEXHOJIOIIKE MPETHOCTH:

o IlpmMemena je BUIIEKOMIIOHEHTHa pPO3€Ta
Koja omoryhyje Behn 6poj He3aBUCHUX Meperba
IIpNINTKOM MSBObeH:a CBAaKOI' MCIIMTMBAamaA
1 KojoM ce mobuja CKyIl IojiaTaka Koju OMO-
ryhasajy cratucTuuky aanusy. [19,21]

o HampaspeH je BuIne6asHy MOOMIHM eKCTEH-
30MeTap 3a Mepeme IoMepama nsMehy maposa
Ta4yaka y pasmuauTyM npasunma [23], Te je ca
oBuM ypebajem mocturnyro pasapajame ¢asa
Oylera 1 Meperba.

e MexaHnyKe KOHCTaHTe CTEHCKE Mace Ha Mep-
HUM MecTyMa ce ofpebyjy momohy xmpapay-
JIMYHOT K/IAIIA KOjU je KOHCTPYMCaH 3a OBE
notpebe (Buau ci1. 1)

o PasBujeH je HOBU MOfel 3a 06pagy pesynrara
Mepemwa U pas3BujeH je oprosapajyhm PSRM
IPOTPaMCKI ITaKeT 3a 06pany mogaTaka [21]

o HampesmpeH je 1eo Hu3 momohHe ompeMe 3a
peanusanmjy OBUX UCIIUTUBAbA

Merony ncnuTnBama Koja je OBJie ONycaHa Kapak-
TepuIlle jefHOCTAaBHOCT, TEXHOJIOIIKA peIlerha U
TIOCTyMaK n3Bohema Koju omoryhasa msBoheme ric-
IATVBaba ca 00a IOCTYIIKA, YHIEPLIOPMHI-0Bep-
copunr. Opa Meroma omoryhaBa oppebuBame
IIPOMEHE HAITOHCKOT CTarba CTEHCKE Mace Y3 TOofaT-
Ha Mepema Ha Io3nIyjaMa Koja ce Beh kopucre 3a
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by a complex advanced version of a method and
related equipment [20], which has the following
metrological and technological advantages:

e A multi-component rosette was introduced,
providing an increased number of
independent measurements with which a
set of data allowing for statistical evaluation
is accumulated in the separate experiment.
[19,21]

e A multibased mobile extensometer has been
constructed for movement between pairs of
points in random directions [23] with the
device is achieved separation of the phases of
drilling and measurement.

e Determined is the mechanical constants of
the rock mass at the measuring locations/
places by a created for that purpose hydraulic
jack (see fig 1)

e A new interpretation model of the
measurement results has been developed and
a corresponding PSRM software has been
developed for processing them [21]

e Set of auxiliary equipment for the realization
of the experiment was created

The variant described characterizes by simplicity,
technology and performance, allows experiments
on both circuits (under-overcoring). The method
makes it possible to determine the variation
of the stresses of the rock mass, by additional
measurements in the stations used for momentary
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ofipebuBame TPEHYTHOr HANIOHCKOT CTama. [19,
21]. HMedunncana Bepsmja Merome pacrepehema
je TIOSUTMBHO MOTBpheHa MCIUTMBaWmVMA M MOT-
BpheHa y maboparopujuMa 3a MeXaHUKY CTEHa,
KaKo y 3eM/bM, TaKO ¥ MHOCTpaHCTBY. CXOIHO
TOMe, BeHa MOTyhHOCT ImpUMeHe je JoKasaHa 1 y
PasIMYINTUM TEPEHCKVUM MCIUTHUBABIIMA, Kao IITO
je mpuKasaHO Ha cauuu 9.

stress determinations. [19, 21]. The created version
of the unloading method has been positively
tested in rock mechanics laboratories in the country
and abroad. Consequently, its suitability has been
proven in various field measurements as shown in
Figure 9.

Cnuxa9, a - Koncmpyxyuja 6emoncke obnoze / concrete lining construction; b - nospuiuna cmere
Figure 9, a rock surface; c- mpancnopmmuu nuckon y pyoHuxy / transport mine tunnel

Mepen-e HAaOHCKOT CTamba y TYHelIy ayTonyTa

CnpoBeieHO je MCTPakKMBambe HAIOHCKOT CTama
rpyle elleMeHaTa 06/0Te TyHe/Ia ayTONyTa Ca JBe
LieB) ca pacTojameM naMeby oca ox 50 m. Tynenn
I/IMajy 00K IIOTKOBULE U ITIOBPIINHY IIOIIPEIHOT
mmpeceka o 76 m* Jle6/prHa coja Bumenexehnx
CTeHa y HajBuieM jieny nsnocu 80 merapa. CreH-
CKa Maca y K0joj cy TyHemu usrpabenn cacroju ce
Off KOHTJIOMepaTa, apIYINTa, KBapIMTa U pUInTa.
CreHe Cy [IeNMMIYHO PaclajjHyTe U HepaBHOMeEP-
HO Cy pacmopeheHe y BepTUKamHOM HPOQIITY.
Kputuaay eneMeHTN 06710Te Ha/mase ce y MOAPYYjy
I7le Tpaca Merba IIPABOIMHMU)CKI IIPaBall M IIPOJIa-
31 KPO3 TEKTOHCKY 30HY. Mepema ce Bplle y moj-
rpabeHoj TyHe/ICKOj LieBM ca HaMepoM Jia ce Ofipe-
mun CCIJ y TyHenckoj o603y 1 mpoMeHe Koje ce
jaB/pajy ca mpuOMVDKaBameM Yea [pyre TYH/ICKe
IIE€BM TOKOM M3rpajgmbe. EKCHCPI/IMCHTI/I Cy n3Bepe-
HY Y [Ba CerMeHTa o0Jore, KOju Cy jefaH Hacy-
IpOT JIPYTOT, M y Koje Cy yrpabeHa mo mBa MepHa
ypebaja. VsBpmeHa cy ABa IMKIyca Mepema fia
6u ce ofpenyo YTWIAj HAINpefjOBama M3Tpafmbe
TyHenma Ha Beh yrpabheny moarpamy. Mepemnma je
yTBpheHo /la Cy KOMIIOHeHTe HepaBHOMEpHe U fia
je pacrofiesia HaITOHCKOT CTalba HEXOMOT€Ha, 9aK I
Y MCTOM €/IeMEHTY MOJrpajjHe KOHCTpyKUuje. Bep-
TUKQ/IHM HAIIOHU O, Cy C€ KPeTalu y Pacrony of 6
1o 8 MPa Ha mecnoj u op 3,1 no 4,9 MPa na neBoj
crpanu TyHena. Behe BpenHocTHu cy y 60Ky 06710-
re, KOjJI Ce Ha/lla3) ca CIIO/bHe CTpaHe y OHOCY Ha

Measurement of stresses on a highway tunnel

There has been a study of the stress state of a
group of lining elements of two pipe highway
tunnel, with the distance between the axes 50
m. The tunnels have a horseshoe shape and a
76 square meter section. The thickness of the
overburden rocks in its highest part is 80 meters.
The rock mass that hosts the tunnels consists of
conglomerates, argillites, quartzites and philites.
The rocks are weakly weathered and unevenly
alternating in the height lithologies. The problem
lining elements are in a region where the track
changes the rectilinear character and crosses a
tectonic zone. The measurements are made in
the built-in tube and are intended to determine
SSC on the tunnel lining and its amendment by
approaching the face of the second pipe to be
built. The experiments were done with two lining
segments with built in two opposite measuring
stations for a segment. Two measurement cycles
were performed to measure the impact of the
progress step of the built tunnel on the built-
up support. Measurements identify uneven
component and non-homogeneous distributions
of stresses even in the same element of the lining
structure. Vertical stresses ou are in the range of
6-8 MPa vs 3.1 to 4.9 Mpa, respectively on the
right and left sides. Larger values are in the walls
of the lining, external to the pillar. Horizontal
voltages vary from 1.5 to 2.7 Mpa, but they
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cry6. XopnsoHTanHu HamoHu ce kpehy ox 1,5 o
2,7 MPa, anu ce takobhe pasnukyjy 1mo kapaxrepy.
Y mpyrom IMKIyCy Mepemba, pacnofiesna HalloHa y
TPeHYTKy Mepema je 6ula CIMYHa Kao y HPeTXOf-
HOM Mepemy, allil ce MHTe3UTET HaloHa nosehao
usmehy 20 u 30%. Y cBUM OBUM CrydYajeBMMa
CClI-a, mpopauyHM TOKas3yjy fia MoArpaja TyHena
sampxaBa uBpcrohy. [obujeHu pesyaratu cy
kopuuthenn 3a mpensubame npomena y CCLI u
HpOLIeHY HOCHBOCTY M CTAaOMTHOCTVM Ha OCHOBY
aHa/IM3a METOJOM KOHAUHNX eJleMeHara [2, 22].

ExcnepumeHTanTHa MCTPAKMBAKHa MPUPOTHOT
ToJba HallOHA CTEHCKe Mace Y 30HM peBep3n6m-
He Xupgpoenexkrpane Yaup

PeBep3n6mnna xunpoenekrpana Yaup npepcrasba
DJIaBHM O0jekaT 3a IIPOM3BOIIY eIeKTPUYHE
CTpyje y OKBUPY KOMILIEKCA XUApoeneKTpaHa ben-
mekeH-Cectpumo y Byrapckoj. Ilpema mpojexry
MOJI3eMHE e/IeKTpaHe IJIaHMPaHa je U3TPajiiba JiBe
BeMKe nopiseMHe Komope. IIpBa, koja je HasBaHa
“MalIMHCKa Xana, je gyxuHe 112 m, mmpune 25
m u BucuHe 43 m, a npensubena je 3a yrpagmwy
YeTHpU peBep3nOUIHA XUAPOTeHepaTopa, YKYIIHe
caare 900 MW. JIpyra xomopa, Koja je mapanen-
Ha ca IIpBOM, uMa jguMmeHsuje 96 m x 13 m x 20
m, a IIPOjeKTOBaHa je 3a TPaHCPOPMATOPCKU Jieo.
lsmebhy oBe mBe koMope je mpenBuben cTy6 mm-
puHe of 30 m. OBe koMope Tpeba Ia ce U3rpaje Ha
my6uHm of 340 m off MOBpPIINHE.

CreHcka Maca je msrpabeHa o YBpCTUX IpaHNTa
Ca MaCMBHOM CTPYKTYPOM, a CTEHCKU MaCUB IIpO-
JKMMa KBapLIHO-IerMaTuTcKa xuia. CTeHcKy Macy
npecella ¥ Tpylla pacefja Ca PEelaTMBHO MajluM
aMIUIMTyJaMa UM KOjU HUCY 3aHA4YajHO IIOpEMETH-
M CTEHCKY Macy. IIpucyTHa cy yeTupu cucrema
IyKOTMHA, KOju Cy NapajenHu ca paceguma. Jyx
HOjeIMHMX IIyKOTMHA J[j0/1a3u [i0 IpolehnBama
HOJj3eMHe BOJie Koja JIeyje arpecBHO Ha OeTOH.
IIpema reonmomkuM ImoOfanyMa, CTEHCKa Maca je
yjelHaYeHe NUTONIOTHje, ali je TOfie/beHa Y JiBe
sone. Ha cmmuym 10 mpukasaH je myiaH jioKanuje
KOMOpA Ha KOME Cy O3Ha4Y€EHE JIBE 30HE.

[IpBy 30HY uMHe CTeHe Koje MMajy uBpcTohy Ha
npurncak 6" = 150 — 160 MPa, fiok cy y Apyroj
30HM CTEHe Ca MamiM BPeJHOCTUMA, 0, = 120 -
130 MPa.

VcTpaxkuBama cy 06aB/beHa y OKBUPY IIMIOT XOJI-
HIKa, Koju je m3pabhen Ha 10 MeTapa msHaj CBOfA
KOMOpe Koja je IIPOjeKTOBaHa 3a MAIIMHCKY Xaiy.
OnpehnBame BemmumHe ¥ pacriofiesie TPUPOTHOT
HAIlOHCKOT CTama je M3BpIIeHa npema crefehem
pemocneny:
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are also different in character. In the second
measurement cycle, the current stresses remain
similar in distribution, but increase in magnitude
between 20 and 30%. In all these cases SSC,
calculations show and lining retain resistant. The
results obtained are used to predict changes in the
SSC by FEM analysis and resistance assessment
(2, 22].

Experimental study of the natural field of stresses
of the rock mass in the area of Pumped Storage
Hydro Power Plant Chaira

Chaira PSHPP is the main electrical production
structure which formed the hydroelectric complex
Belmeken-Sestrimo in Bulgaria. According to the
underground power station project the construction
of two large-scale underground caverns is planned.
The first, called a machine “hall” with a length of
112 m, a width of 25 m and a height of 43 m is
provided for installation of four reversible hydro
generators, with a total power of 900 MW. The
second cavern, which is parallel to the first one,
has dimensions 96 m x 13 m x 20 m, respectively is
designed for a transformer compartment. Between
the two chambers is intended to have a 30 m pillar.
The two caverns are set at a depth of 340 m from
the surface.

The rock mass is made of solid, solid granites with
a massive structure as the rocks are implemented
quartz pegmatite streak The rock mass is
undisturbed from bundles of faults with relatively
small amplitudes. There are four systems of cracks
in it, oriented according to the faults. Some of the
cracks drain water that is aggressive to the concrete.
According to the geological data the rock mass is
with uniform lithology, but it is devided into two
areas. Figure 10 shows a plan for the location of the
design caverns where the two areas are marked.

In the first area, the rocks are with compressive

strengthﬂcﬂy=150—160 MPa, while those in the
second area are with lower performance & *=120-
130 MPa.

Researches has been done in a pilot project, driven/
built 10 meters from the chamber arch designed for
the machine area. The determination of the nature
and distribution of the natural field is carried out in
the following sequence:
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Figure 10, Plan of the cavern location

PexoHncrpykumja mameo pebedpa Ha OCHOBY TeK-
TOHCKMX M (U3MYKUX IOJIaTaKa O PACIOfenn U
KUHeMaTVIL pYINTYpHUX IoMepama [13,14,25].
OsBa mpenMMMHapHa aHanM3a oMoryhmia je aHamm-
3y pacriofierie TeKTOHCKMX HAaIloHa 1 ofipebuBarme
opujeHTauyje [ejCTBA MAKCUMMA/JIHOI TEKTOHCKOT
HAIIOHA Ca TIPaBLEM CEBEPO3AIIajl-jyTOMCTOK, Kao LITO
je mpmKkasaHo Ha cruy. HakoH oBe nmpenMuHapHe
HpolieHe M3BPIIEH je 00WIasaK jIoKalyje, y3uMarbe
y30paKa I CIUTHBakbe y30paKa, nsabpaHa je ormpema
U JIoKarje Ha Kojuma he 6urn yrpahenn ypebaju 3a
opipehuBarbe MHTE3NTETA M OPUjeHTALMOHN]je HAlIOHA.
Yky1Ho je kopuiheHo yeTnpy MepHa ypebaja, 1Ba 3a
CBAaKy 30HY CTEHCKOT Macuba (crvka 8). 3a Meperbe
MHTe3UTETa ¥ OpMjeHTalje KOMIIOHEeHaTa IPUPOf-
HOT HAIlOHCKOT CTama IpVMeIbeHe Cy IBe MeTofie
ca pacrepehermeM. 3a Meperbe IyOMHe CTEHCKe Mace
KopuiheHa je yHMBep3aHa TEH30pCKa OIpeMa,
Hpou3BefieHa y CUOMPCKOM Ofie/belby Pycke akaiemMuje
Hayka. OBa onpema omoryhasa ozipehuBame TeH30pa
HaroHa y CK/Iafly ca JIMMaHOBOM IIeMOM, BUIM CITUKY
1. JInneapue medopmatiyje ce Mepe nepopMOMETPOM
yrpabeHuM y mmIoT-GyLIOTMHY MajIor IIPeYHHKA,
HaKOH 4era ce Bpiy pacrepeheme momohy texuuxe
OBEpIIOPUHT], IIPU YeMy ce T001ja eNeMeHT Y 0b/u-
Ky IMIMHApPA, @ 3aTUM Ce Mepe elacTidHe fiedop-
Malyje HaKOH peJlakcalyje MaTepujaia, Kao LITO je
npuKasaHo Ha iy 11. Ha ucroj ey nprkasan
je JIumanoB gedopmomeTap.

Reconstruction of the paleo field on tectonic
physical data on distributionand the kinematics
of the rupture disturbances [13,14,25]. This
preliminary analysis provides the availability
of tectonic stresses, orientation of action of
maximum tectonic stress in the direction
northwest-southeast as shown in the figure.
After this preliminary assessment and visit,
sampling and testing of samples, the choice of
equipment and locations of orientation stations
was made. They are they are four in number,
two per area (figure 8). To measure the size and
orientation of the components of the natural
field two methods of unloading are applied.
To measure the depth of the rock mass an
universal tensor equipment was used, produced
in the Siberian ward of Russian Academy of
Sciences. It allows determination of the tensor
of stress according to Leeman’s scheme see
figure 1. Linear deformations are measured
with deformometer installed in pilot borehole
with small diameter after unloading through
overcoring technique the element whose elastic
recovery deformations are measured has the
shape of a cylinder, as shown in Figure 11. On
the same figure, the Leeman’s deformometer is
shown.
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Cnuka 11, Meitioga niotiiiyHol pacitiepehersa Jlumanosa wema
Figure 11, Method of the full unloading Leeman s scheme

Jpyra mpuMemeHa MeTOfla je MeTOfja 3a Mepembe
HaIloHa y 60KOBMMa VICTPKHOT XOIHMKA, Kao IITO
je IPeTXOIHO ONMCAHO, NPMMEHOM IIOCTYIIKA YH-
mepuopunr. Obe MeTofie ce TIPUMebYjy He3aBUCHO
Ha CBakoj mokauuju. CBUM MCHUTHUBABUMA je Bp-
IIEHO Meperhe TeKTOHCKOT HAIIOHCKOT cTama. IIpe-
I7Ie]l pe3yiTaTa, Kojy yKasyje fa ce Iofauy foouje-
HI noMohy ob6e Merofe Mepema OOpo CIaxy, je
Takobe mpukasaH Ha cuny 8.

[TpupopHo nospe HamoHa je popmupano Mehycoo6-
HUM YTHI[AjeM TPaBUTAIVOHOT M TEKTOHCKOT
HAIIOHCKOT CTalba, 8 IeroBa paclofena o0 :0,:0, je
nmpoMeH/pMBa y ofHocuMa (1,4+2,3):(1,6+2,8):1 u
y CBUM MepemlMa BepTMKaTHA KOMIIOHEHTa OfI-
CTyIIa Ofi TPaBUTAIMOHE KOMIIOHEHTE IOJ, YITIOM
of, 35°-70° 3a mojeguHavyHa MepHa MecTa. Pesyn-
tatu ¢y kopuithenn 3a mogenupame CCL] xako 6u
Cce TIOMOIJIO MH)KeHhePCKOM IPOjeKTOBaby CCTeMa
moprpabuBama koMope 1 yTBphuBame ayMeHsuja
MIOjefIMHNUX e/ieMeHaTa Mofrpajie.

Mepeme HaIIOHCKOT CTamba
y crerckoj macu IIK Enanure

IMospumuckn Kom Enarure je jeman o HajBehmx
HOBPIIMHCKMX KOIIOBa 6aKapHe pyfe, KalaluTera
on mpeko 12 munmona tona. Kao mocneguua my-
TOpOYHe eKCIUIOaTallyje, PYJapCKM pajoBU Cy y
HOTIIYHOCTH 3aBMCHY Of “eykacHOCTH mocTojehe
TPAHCIOPTHE MIeMeé Ha IIOBPIIMHCKOM KOIIYy.
Pa3BojHMM IpOrpaMoM pyAHMKA IpenBubeHo je
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The second method applied is the stress
measurement method on the walls of the exploratory
gallery, as described above, undercoring variant.
Both methods are applied independently in each
location. All experiments establish tectonic stresses.
The summary of the results (with good agreement
with both measuring methods) is also shown in
Figure 8.

The natural field is formed by the interdependence
between gravitational and tectonic impacts,
its distribution o: 0,0, is changed in ratios
(1,4:2,3):(1,6:2,8):1 in all measurements the vertical
component is deviated from the ground one at an
angle 35°-70° for individual measuring places. The
results are submitted for SSC modeling to help the
engineering project to determine the type of lining
system of the cavern and determining the size of its
elements.

Measurement of the stresses in the
rock mass in the open-cast mine Elatzite

The open-cast mine Elatzite is one of the largest
open-cast mine for copper ore, with a capacity
of over 1.2 million tons. As a result of long-term
exploitation the mining works are in depth the
~efficiency of the existing mine’s transport scheme.
Its development program has been designed to
project an incline tunnel for transporting the ore by
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Ja ce M3pajii TPAHCIIOPTHU HUCKOI 33 TPAHCIIOPT
pyZie TPaHCIOPTEPOM ca TpakoM. TpaHcopTHM
HJICKOII C€ Hajlasyl y CEBEPOMCTOYHOM JeNy, U3BaH
KOHTypa nexxumTa. Huckon je mpas, gyxuHe 560
MeTapa I HOIPEYHOT IIpeceKa y 061Ky HOTKOBUIE
u noBpuHe 106 m?. OpujeHTanuja oce TyHena je
y mpaBIy cesepa (v = 357°) u majjoM ox 9° y mpas-
11y jyr-cesep. Ha cimum 12 je mpukasaH TeOnOMIKN
IpoduI ca TPacoM TYHeNIa.

belt conveyance. The transport tunnel is located in
NE part, outside the contours of the ore body. The
tunnel is straight, has a length of 560 meters and
cross section 106 m?, and its shape is horseshoe. The
axis orientation of the tunnel is north (357°) and is
inclined in the direction SN 9°. Figure 12 shows a
geological section and the track of the tunnel.

50 106

ROO=75%
RMR=E8 +
0=1439

+

Weathered
granadiorities

Technogenic
embankment

Cnuxa 12, Teonouiku npogusn y 30Hu npojekrmosanoe HUCKona
Figure 12, A geological section of the project area.

CreHCKYy Macy Ha Tpacy HICKOIIA YMHE WCTU
JIMTOJIOLIKY THUIOBM CTeHa - amdubonnTcku
n  aMbuOOIUTCKO-OMOTUTHN  TPAHOAMOPUTH.
ITpema cTemeHy CeKyHapHUX IpOMeHa M IIpH-
CYTHOCTM IIyKOTWHA IO JYXXUHM, CTEHCKa Maca
je mopjemeHa Ha 1eT 30Ha of, MI mo MV, a koje cy
osHavyeHe Ha ¢y, 3ony M III mpepncrasrba Tek-
TOHCKM TopemeheHM cTeHCKM MacuB opMUpaH
o7 KOMajia TpaHOAMOpPUTA M KOpHMTA. Macus
je W3fe/beH CHUCTeMNMMa IYKOTMHA Ca BEeIMKUM
VITIOM 3ajleralba M BUXOB OpOj M yYecTanocT ce
nosehaBajy, ol IBa Ha IOYETKY [I0 IIeT Ha Kpajy
TyHeJIa. 3a moTpede OBOT UCTPaKUBamba U30ylIeHe
Cy ucTpaxkHe OyIIOTWMHe, M3 KOjUX je M3JIBOjeHa
pelpe3eHTaTMBHA KOMMYMHA Y30paKa CBMX BPCTa
CTeHa 3a JeTa/bHa TabopaTopyjcKa VICIUTUBA®bA U
CTPYKTYPHY KapaKTepH3alljy CBaKe Off HaBeJJeHIX
30Ha CTeHCKe Mace [26].

3a morpebe MH CUTY IpOy4YaBamba CTamba CTEHCKe
Mace yrpaheHe cy 7Ba MepHa MHCTPYMEHTa, KOji
Cy IIOCTaB/b€HNU Y MPABIY OCE HICKOIIA 1 Iapajes-
HO YeJly HMCKoIa. 360T YMIbeHNLe fla Ce HYCKOII
Ha/la3y Ha MaJoj AyOMHM, MepHa MecTa ce Hajlase
y 30HHM cTeHCKor MacuBa MI, rje ce ouekyje na he
ce jaButy Hajehe BpegHOCTM HamoHa. Mepema Cy
U3BPIIeHa METOJIOM overcoringa, ¢ Behum MepHUM
TpakaMa y I/by HoBeharma TauHOCTM M IIOY3/jaHO-
CTU CBaKOT IOjefuHavYHOr Mepera. Ha cmunu 13 je
IpMKa3aH OCHOBHU eKCTeH3oMeTap, a mopehemem

The rock mass within the tunnel is one and the
same a lithological rock type - varieties -
amphibole and amphibolebiotyte granodiorites.
By degree of secondary changes and cracking
in length, the rock mass is divided into five
sections indicated in the figure from M I to M
V. M III is a technogenic embankment of packed
rock pieces granodiorites and hornfels. The
massif is cracked by bundles of highly inclined
and with increasing number and density (two
at the beginning, five at the end of the tunnel)
crack systems. For the purpose of the study
exploratory drillings were developed, from
which a representative volume of samples was
obtained of all varieties of rocks for detailed
laboratory structurally characterizing each of
said areas [26].

To study the state of the rock mass in situ two
measuring stations are developed, two measuring
stations, oriented along the axis and the face line
of the tunnel. Because of its shallow bedding, the
measuring sites are located in the MI area, where
maximum stresses are expected. Measurements
were performed using the overcoring method,
with increased measurement bases to increase
the toxicity and reliability of the individual
measurement. Figure 13 shows the very basic
extensometer, and the comparison between Figures

41



B. Msanos - Ilo3nasare HANoHCKoz CMara y CHIEHCKOj Mact 0CHO8A 3 ONEMUMANHA NPOjeKMHA Peterva y pyoapcmesy u 2eomexHuuu, 25-46
V. Ivanov - Knowledge of the Stress state of the Rock Mass is the Basis for Optimal Solutions in Mining and Geotechnics, 25-46

cmvka 13 u 7 Mory ce younty pasnuke usmeby nse
TexHMKe pactepehema undercoring 1 overcoring.

Mepemnma je yTBpheHO fla mobe HaloHa MMa
HeyjeHadeHe KOMIIOHEHTe IIPY YeMy HajBIIIe yTH-
11aja MMajy KOMIIOHEHTe TeKTOHCKOT HamoHa. Of-
HOC HamnoHa je 3: 2: 1. MakcuMa/THy HalloOH je MHTe-
sureta 0, = 5 MPa, Jiok je 0,, Takohe, XOpnu3oHTanHO
opujeHTUCaH (260°), @ MMHMMAa/THY IVIABHY HAIIOH je
BEPTUKAIHM Ca MHTE3UTETOM 0, = 1.44 MPa.

13 and 7 illustrates the differences between the two
unloading techniques undercoring/overcoring.

Measurements  establish an  non-uniform

component field with domination of tectonic
components. Stress distribution is 3: 2: 1. The
maximum stress is 5 MPa, o, is also horizontally
(260°) directed, and the minimum main voltage is
the vertical o, = 1.44 MPa.

Cnuxa 13, Mepetve depopmayuja enacmuunum pacmepehervem Ha meproj 1okauuju/mecmy
Figure 13, Mesurement of the deformations of elastic recovery on the experimental site/landing

[TornyHa 1 clmo>keHa TeoMeXaHMYKa KapaKTepusa-
LJja CTEHCKe Mace Koja je M3BpIIeHa Ha OCHOBY
CIIpOBEIEHUX Mepema, TeONOUKUX IofaTaka M
IapaMeTapa OTIIOpa Tpema Cy KopuinheHn 3a KOH-
CTPYKIMjy T€OMEXaHMYKOT MOJie/la CUCTeMa CTEH-
CKe Mace y HEIOCPEe/IOM OKPY>Kelby / TPaHCIOPTHU
uuckon (HM/TT) u usbop Merome 3a HyMepud-
KO Mojenupambe. Ilapamerpcke Hymepuike aHa-
Nu3e Cy M3BpIIeHe IIpOrpaMckuM makeToM Phase?
i SLIDE (W). Opabpanu mporpamMcku IaKeTn,
nopey HOOPMX KapaKTEPUCTHKA IOAPKABAjy MO-
ryhnoct IMPORT/EXPORT 3a nupeKTHy pasmeHy
noparaka, dnMe ce nosehasajy moryhnocTn ana-
mmse. Ha cnmuuy 14 mpukasaHu Cy pesynTaTy aHa-
JM3e CTAOMITHOCTHU HUCKOIIA M KOCHHE IOPTaIa.
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The achieved complete and complex geomechanical
characterization of the rock mass the geological
data and the geometry of friction have been used
to construct a geo-mechanical model of the system
host mass / transport tunnel and a HM / TT and the
choice of numerical modeling methods. Parametric
numerical studies have been carried out with the
softwares Phase % and SLIDE (W). The selected
software in addition to their good characteristics
are compatible with the included option IMPORT/
EXPORT for direct exchange of the data array, thus
increasing the possibilities of the analysis. Figure 14
shows two solutions for the stability of the tunnel
and the slope of the portal.
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Cnuxa 14, Ananusza cmabunHocmu a - HUCKona 6 — Kocuxe nopmana
Figure 14, Analysis of the stability a- on the tunnel b - the slope of the portal

CnposefieHa C/I0)KEHAa TeOMEXaHMYKa MCTPaKMBarba
y TOI/Iefly BPCTe U 00MMa y HOTITYHOCTHU OATOBapajy
3axXTeBMMa M IIpernopykama CBeTCKe OpraHmsanyja
3a MexaHMKy creHa ISRM u msrpajmwy tyHema VITA
AWTEC, u ucre cy xopuitheHe IpUIMKOM U3pafie
U peanmsanyje mpojexTa. Kao pesynrar omrummsa-
1je TPAHCTIOPTHOT CHCTeMa Ha MOBPLIMHCKOM KOITy
“Elatzite” fo cafa je TPaHCIIOPTOBAaHO IPEKO 75 Mu-
JIMIOHA TOHA pyZe, Bulle Off 2,3 MIIMOHA TOHA/KM, 1
Ha Taj HAYMH je U3BpILIEHa ylTesa of IpeKko 14 mu-
JIMOHa TOHa ropusa u npeko 50.000 MmoTop catu pajga
MOTOpa flaMIepuMa y pysHukKy. CMmarbeHa je eMucuje
IITETHMX FacoBa Yy JIOKAJIHOM €KOCHCTEMY 32 IIPEKO
240 xmupajia TOHA.

TepeHcKa Meperme HaIlOHA y Tely OpaHe

VsBpiena cy MH CuTy Meperba HalloHa. Mepema cy
u3BefleHa y Temy 6eToHCKe xmppoenekTpaHe Caja-
Ho-CymeHcka. Mepema Cy U3Be/u CTPydmaly 13
JIabopaTtopuje 3a MCTpa>kuBambe ¥ IPOLEHY CTamba
creHCKe Mace VIHcturyTta 3a pymapcrBo Cubup-
CKOT ofie/berba Pycke akajiemuje Hayka. Mepeme Ha
C106OHNM TIOBPILIMHAMA HA OPaHM U HA 3UOBUMA
KOMOpa y IIOJZHOXjy OpaHe HpUMemeHa je IpeT-

The complex geomechanical studies carried out
fully correspond to the type and volume of the
requirements of the world organizations of rock
mechanics ISRM and tunnel construction ITA
AITES, and were used in the development and
implementation of the project. As a result of the
optimization of the transport system of open
mine Elatzite up to now over 75 million tons of
ore have been transported, more than 2.3 million
tons/km and over 14 million tons of fuel have
been saved and over 50,000 / hour engine work
on mining dumpers. The not emitting harmful
emissions in the local ecosystem are over 240
thousands of tons.

In situ measurement of stresses of the dam wall

Test measurements of the stresses were performed.
The measurements were made on the concrete wall
of the Hydro Power Plant Sayano-Sushenska. They
were carried out by experts from Laboratory of
diagnosis and state of the rock mass at the Mining
Institute in the Siberian ward of Russian Academy
of Sciences. For the measurements of the exposed
surfaces on the dam wall and walls of galleries at
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XOJJHO OIIMCaHa MeTOfa YHJepLOpuHI. Mepema
cy msBplleHa moMmohy poseTa MepHUX Tpaka ca
BehuM pacrojamyma msmehy MepHmMX Tauaka Ha
KpajeBlMa po3eTa 1 BehuM mpedHnKoM OyIoTIHe
[19]. HakoH ymopefHe aHamuse ¥ OLieHE pe3yll-
TaTa JOOUjeHNX NIPUMEHOM pPasIUIUTUX METOJa,
OBJle OIMCaHa MeTOJIa je IperopydyeHa 3a UH CUTY
Mepema onrTepehema y eleMeHTUMa HaBeeHe XM-
Ipo-oIpeMe.

3AKJbYYAK

Hema cymme fja je KBaIMTaTMBHO, afIeKBaTHO U
YCIIeNIHO pelllaBame OMI0 KakBOT NIpobmeMy y
reoMeXaHNYKOM IPOjeKTOBalkY He3aMICINBO 6e3
MOYy3/laHe U CUTYpHe KBAaHTUTaTHBHE KapaKTepusa-
IMje MeXaHMYKUX CBOjCTaBa JM HAIlOHCKOI CTama
CTeHCKe Mace. Y IPMJIOT TOMe My ¥ OBJie IIPMKasaHa
UCTPaXMBama, IOYEBIIM Off OTKOIaBama pYJ-
HUX pe3epBU Koje cy 6mie “sapobmene” y Manum
PYAHMIIMMA, ITPEKO TYHe/Ia Ha ayTOIyTeBMMa Off
HAaIlMOHAJTHOT 3HAa4Yaja M IIOfI3EMHUX eJIeKTPaHa,
Ia CBe [0 3Ha4ajHUX €KOHOMCKMX, €KOJIOIIKNX U
conyjaHNx eekara y HajMOJepHUjeM HOBPIINH-
CKOM KOTIy Y 3eM/bJ. Y OBOM I IPYTMM 0bjaBjeHuM
PajoBMMa Ha OBY TEMY, ayTOp CMAaTpa Jia je CBaKM
npo6eM IIpe Hero IITO je TOCTA0 TeXHOTEHOJIOMI-
KI, EKOHOMCKY, €KOJIOLIKY WJIU OWIO KOju IPYTIH,
YCTBapy y IOYeTKy OMO TeOMeXaHMYKM IpoOyeM.
PasouapaBajyha je uumeHuIa, ocuM HEKONUKO
u3yseTaka Koji Cy OBJie OIMCAaHM, [ja Ce Y IPaKCH,
MOXJia 360T HeJloBOJ/bHE MH(DOPMICAHOCTY 1/MIN
cmabor pasyMmeBama eKOHOMCKE JVICIIATMBOCTH,
reoMeXaHNJKa UCTPaKIBaha He M3BOJIe Y OTpe6-
HOM KBINTETy ¥ OOMMY, Ila Ce 4aK ¥ y HEKUM
CnyYajeBMMa IIOTIYHO U 3aHeMapyjy. Y MCTO
BpeMe, TabopaTopujcKa, TEPEHCKa M aHAMUTUYKa
reoMexaHM4Ke MCTPaXMBamba, Koja ce IpUMembeHa
y CKTafy ca Haj6o/bMM MCKYCTBMMA U TIPaKCU U
IpeTXofe IOjefVIHUM IIpOjeKTMMa, oMoryhasajy
TOHOIEhe KBaJIUTETHUX M JIOTMYKUX OJTyKa.
ItaBuite, y TEXHMYKO] MOKYMEHTALUju 3a IOje-
IvHe objexTe Koja je ypabeHa off cTpaHe CBETCKU
IpU3HATUX Ipeny3eha HaBelieHe Cy CBe HEONIXOHE
nponenype 3a IojefMHe IOCTYIKe M MEeTOfe, Kao
U noTpebaH 00MM IreOMeXaHNYKUX UCTPAXKVBAba,
Koje cy mpuxBaraheHe Kao CTaHAP/, 1 M3BOJE Ce Y
cBakofiHeBHO]j mpakcy. OBo je Ipasalj Koju 6u cBu
Tpebanu fa mpaTmmo.
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the base, and the described variant is applied by
unloading the undercoring technique. A measuring
rosette with increased distances between the points
and the diameter of the borehole was used [19].
After comparative analysis and evaluation of results
between different methods, the method described
here is recommended for in situ measurements
of the loaded elements of the mentioned hydro-
equipment.

CONCLUSION

The author has no doubt that the path to a
qualitative, adequate and successful decision to
any geoengineering problem without a reliable
and secure quantitative characterization of the
mechanical properties and the strained state of
the rock mass is unthinkable. The presented here
studies, starting with the mining extraction of
the “abandoned” reserves in the small mines,
proceeding through the national highway tunnel
sites and underground power station and ending
with the significant economic, environmental and
social effects in the most modern open mine in the
country proveit. In thisand other publications on the
subject is set the author’s position, that any problem
that has arisen before it becomes technogenic,
economic, ecological or any other problem is with
geomechanical genesis. It is disappointing with a few
exceptions as described, that in practice, perhaps
due to uninformation and / or poorly understood
economy geomechanical studies are not performed
in the required type and volume, even in some
cases are neglected. At the same time, laboratory,
field and analytical geomechanical studies in the
best practices precede and logise the decisions of
the particular project. Moreover, in the documents
of structures of the world-wide organizations there
are intended procedures for the type, methods and
volumes required geomechanical requirements,
which are accepted and performed as a standard in
practice. This is the trend we shall follow.



B. Msano6 - [103nasatve HANOHCKO2 CHAA Y CIMEHCKO] MACU 0CHOBA 3 ONtMUMANHA NPOjeKMHA peulerba y Pyoapcmey u 2eomexHuuu, 25-46
V. Ivanov - Knowledge of the Stress state of the Rock Mass is the Basis for Optimal Solutions in Mining and Geotechnics, 25-46

JIMTEPATYPA / REFERENCES

10.

11.

12.

13.

14.

15.

16.

Tpy6eukoit K.H. u gp ,,JopHbit Hayku ycBoe-
HIe U coxpaHeHue Hafp semnun MATH, 1997.

ViBaHoB B., ,leomexaHmMYHa JIOTMCTMKA Ha
MOA3eMHUs JOOUB Ha IIOJIE3HU M3KOIAEMI,
Hayyna xoH¢epeHIua o ImopzeMeH OOUB,
IeBun, 2008.

Hun T R.E. Geotechnical
Investigation, Handbook, 2005.

Engineering

The complete ISAM suggested methods for
Roch Characterisation. Testing and Monitoring:
1974-2006, IRSM TNG, Ankara, 2007.

Numerical Methods in Rock Mechanics -
review, Int.] of RM,4, 2002.

Board Metal “Use of Numerical Modeling for
Safe and cost-effective Mine Design. Stability
assessment and Support Dimensioning, R.M.,
12, 2005.

Typranusos VA ,,OcHOBY MeXaHMKV TOPHbI
nopop’, Henpa, 1989.

Fairhurst C. “Stress estimation in rocks: a brief
history and review”, Int.J of RM, 40, 2003.

Logistics for increasing the efficiency for
Gypsum production at the Koshava deposit,
ITOJEKC, 2008.

B.MBaHoB 1 pp ,leomexanmyHa olieHKa Ha
pynHuk ,Komasa“, Amxus HVC, MI'Y, 199.

B.ViBanoB ,JI3cnegBaHe Ha OIIaCHOCTTa OT
CKa/HU yAapu mpu paspaborBaHe Ha MapaH-
ckoto pyaHo none’, MI'Y, 09, C6.xoxnannu, C,
2009.

B.VBaHOB ,leoMexaHMYHa OlLlEHKA Ha PYJHUK
»JdamoB pon, Mapancko pynHo mone, C6.50-
knanu, cB 11, C, 2007.

B.VIBaHOB ,,/lucKyBaHeTO Ha COH/JaYKHATA A/IKa
— VHAMKATOP 3a IPEHATeTHATOCT ¥ MHAYLMU-
paHa CeM3MMYIHOCT Ha BMecTBamys Macus ' 11
HTK, C6.noxmanu, Jesnn 2010.

benos ,,MeToauyeckne peKoMeHJALMM IO
n3y4eHM1o ropuapox nopom MP 41, BHUII,
M.1987.

Blith EG.H “A geology for engineers” 7%
edition, 1988.

Wang J.A “Comprehensive prediction of rock
burst based on analysis of strain energy in
rocks”, TUST, 2001.

17.

18.
19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Lee S.M. et al “Analysis of rock bursts that
have occurred in a waterway tunnel in Korea”,
SINOROCK, 2004.

Hoek E. Rock Engineering, AA Balkema, 2005.

Szwedzci T. “Precurcors to Rock Mass Failure
in Underground Mines” Arh mine Sci, vol 53,
2008.

VBanos B. ,,PasButue Ha MeTofia Ha pa3ToOBap-
BaHe 3a in situ reoMeXaHNYHU U3CTEABAHNUA"
Int Conf, 2010.

Ivanov V. et al “Deformation Measurement
with the Method of Partial stress relief and
Geomechanical Proceeding of the results’,
FMGM, Zurich, 1983.

MBanos B, C.H.Ilomos ,IlmannposanaHue
eKCIIepYMeHTa TIPU U3MEPEHUN HAIpeKeHUN
METOOM YaCTUYHOI pasrpysku’, CO.Tpynu,
NTICO AHCCCP, HoBocnbupck, 85.

MBanoB B, ,ExcreHsomerpp 3a MHOIO-
KOMIIOHeHTHO m3MepBane, Ilatrenr HPB
Ne38443/1984.

Ivanov V. et al ,,Multibasis Extensometer for

Measurement of Displacements at PSRM of
Rock structure’, VI congress of ISM, Harrogate,
UK 1985.

Ivanov V. et al “Evaluation of the stress state
of cast-in-place underground structures by
FEM analysis and in situ measurements.
Field Measurement in Geomechanics’,
Proc.S.Sakurai, Kobe university, Japan
ALKEMA, 1988.

Herget G., “Stresses in Rock’, BALKEMA,
Brookfield, 1988.

VBanos B, B.ByToB ,,[eomexaHnyHa XapaKre-
pusaums Ha CKalauTe ¥ BMECTBAIIMs MAacUB B
pajfoHa Ha TPAHCIIOPTHUS TYHENT Ha PYTHUK
Emanure” , cn.MuHHO [eno u reomorus, 7-8,
2014.

Omnapun B.H., ,3akmioyeHne o pesyaTarax uc-
IUTAHUM T€OMEeXaHMYeCKMX MEeTOJOB OIpefie-
JIeHNs HAaIPpeXXVMHUM B 6eToHe II0THHbO Cas-
Ho-Ilymmrenckoit '9C, HoBocubupck, 2010.

45



m PYINAPCKU TJIACHUK N
BULLETIN OF MINES

1903.

YU ISSN 0035-9637

(CXV) 1-2

HACTAHAK 1 TEKTOHCKA CBOJCTBA AYPMUTOPCKOI
QOJIMIITHOI KOMIUIEKCA U B1XOB YTHULIAT HA
CTABMJIHOCT KOCHHA

FORMATION AND TECTONIC PROPERTIES OF THE DURMITOR
FLYSCH COMPLEX AND THEIR IMPACT ON SLOPE STABILITY

Anekcannap ['onujanuH

Aczenyuja 3a Hao3op Had mpycumimem buX

acogolijanin88@gmail.com

DOI: 10.25075/BM.2018.03
Aleksandar Golijanin

Market Surveillance Agency of BiH

acogolijanin88@gmail.com

Caxxerax: JJypmMumopcku ¢paumiHu KomMniexc npedcmasinva Mohiny eeonouwky Gopmauujy popmupary y nepuo-
0y ceHorckoe kama 2optoe kpede ( K,’). Osa numonowixa popmayujaa uma m3e. Jlunapcku npasay, npyscarea,
C3-JU, u nouurve 00 cjeseproanbarcke mabse u npocmupe ce y KoHmuryumemy 00 kpajrux oujenosa cjesepo-
sanaone Bocre. Cedumenmu 0ypmumopckoe gauma cy jous 00 HAjpaHujux ucnumueara nooujevenu y 0uje
payuje: kapbonamny ( 'K23, °K,’, °K,’ u °K,’) u njeckosumy unu cunuyuoxnacmuuny (‘K;). Iloopyuje nucma
Tayxo OI'K COP] nodujemeto je Ha mpu mekmoHcke jeduHule u mo: CrnapoupHo2opcKy, Kyuky u 0ypMumopcky
MeKMOHCKY jeOUHULY.

Kipyune peun: oypmumopcku ¢pau, Hacmanax Gauuia, meKmoHcKa c60jcmea, CrabumHocm KocuHa

Summary: The Durmitor flysch complex represents a powerful geological formation, formed in the period of the
Upper Cretaceous Senonian Stage (K*). This lithological formation spreads in the so-called Dinaric direction (NW-
SE). It starts in the North Albanian Plateau and spreads continuously to the far northwest of Bosnia. Since the
earliest explorations, the Durmitor flysch sediments have been divided into two facies: carbonate ('K}, °K}, °K}’
and °K’) and sandy or siliciclastic (*K,’). The area of the BGM SFRY, sheet Gacko is divided into three tectonic
units: Old Montenegro, Ku¢i and Durmitor.

Key words: The Durmitor flysch, flysch formation, tectonic properties, slope stability

YBOJ

[Mojam “pypMmuTOpCKM ruII“ IPBY je, Y HAILY reo-
JIOLIKY IUTepaTypy, yBeo 3apuja bemnh 1948. rop.
ITox oBuM mojmom Bemmnh nogpasymujesa mohuy
reosoliky ¢popmanujy GopMmupaHy y TOKy CeHOH-
ckor Kata ropme kpefie ( K,*), mo nexum ayropuma
(Ha TIpenasy ropme Kpefie y IajeoreH), 1 Koja Ha
jYTOUCTOKY TOUMEbE Off CjeBpHOanbaHCKe Tabme u
Ilyxanu 3oHe y AnbaHuju, 3aTuM ce IpoCTHUpe Ipe-
Ko cpepuuber aujena Ipue Tope, cjeBeponcroune
XepLerosnHe, IpeKko cpefme bocne ma cee o me-

INTRODUCTION

The term “Durmitor flysch” was first introduced into
local geological literature in 1948 by Zarija Be$ic.
Besi¢ uses this term to refer to a powerful geolog-
ical formation, formed during the Upper Creta-
ceous Senonian Stage (K.?) (according to some au-
thors formed at the turn of the Upper Cretaceous
to Palaeogene), which starts in the south-east with
the North Albanian Plateau and the Cukali zone in
Albania, spreads across the central part of Monte-
negro and the north-east Herzegovina, then across
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HOT cjeBepo3anafiHor sujena. To je reHepaaHO am-
Hapupacku mpasar 6acera C3- JUL. Vime je zobmma
mpeMa mnaHuHu JJypmurop, umje cy C3 mapuHe
usrpaheHe off OBUX CTeHa.

O reHesu QUIIHKX CefiluMeHaTa, IIOCTOjU HU3 Ca-
OMNINTEHa, HAYYHUX M CTPYYHMX pajloBa, M HeKa
INTamba Cy pjellleHa Ha 3afoBo/baBajyhy HauuH,
JIOK Cy HeKa IuTama ocTana oTBopeHa. OCHOBHI
pasnosu cy penaTMBHO Majla Hace/beHOCT, PeTKI
Iy TEeBH, /I CBAKAKO, I YMIHEHNIIA [Ia CY UCTPaXKN-
Bama y OKBUPY uspasie OCHOBHE TeoJIoNIKe KapTe
(OI'K) 1: 100 000, 3a mucrose: [llaBuuk, YKabpak,
Tauxo n HeBecume, paguie pasnnunre ekuie, pas-
JIMYNTEe OpTaHM3alyje U IITO HUje M3BpIIeHa CUH-
TeTH3anyja (ycarjanaBame) pesynrara.

Y oBOoM caommTemy ce pasMarpajy OCHOBHA IIN-
Tama reHe3e ¥ TeKTOHCKMX OJHOCA, IIpuje cBera y
Wby BUXO0Be Kopernaluje ca cTabumHourhy Kocu-
Ha. 300r PacIoNIoKMBOT IIPOCTOPA, HPEBACXOJHO
he ce pasmaTtparu QruIIHY CenVMEHTH Ca IPOCTO-
pa xoju 3axBara muct OT'K COPJ Tamko.

ITpBa mcTpa)kuBarma OBOT IPOCTOPA JATHPAjy joII
ox 1880. A. Bittner (1880). [Totom je 3. Beunh, gao
BeoMa 3HavajaH JONPUHOC IIPOYaBamby oBe (IINII-
He cepuje. OH je y mepuony, o, 1948. o 1959, npo-
y4aBao TeKTOHCKY cTpykTypy Lpne Iope u VcTtou-
He XeprerosuHe. V3meby ocTaror je koHCTaTOBaO
Jla Cy Ha OBOM IIOZIPYyYjy Kao Haj3Ha4ajHMje TEKTOH-
CKe II0jaBe, 3aCTyI/beHe HaBnake. M. Mupkosuh n
M. Kanesnh, 3ajenHo ca cBOjUM HCTPa>KUBAYKUM
tumoBuMa aytTopu OT'K COPJ nmuct K 34-26 Tan-
Ko, pasmjepe 1:100 000. ITpema orjeHn ayTopa OBOT
pajia, OHI Cy CMHTE30M pe3ynTaTe NOTafallmbUX
UCTpaXVBamwa, Jalu HajjacHujy pudepeHIjanmjy
ceqyMeHaTa JlypMUTOPCKOT (IMIITHOT KOMIIZIEKCA.
Cpakako Cy 3Ha4ajHa 1 cxBaTawma M. [lumurpuje-
Buha, ca capafHMIVIMa, KOjJ je Takole BpIINO CUH-
Te3y pe3y/iTaTa reoIOIIKMX KapTypara Ha IelIoM
HOfpyYjy cemuMeHTaloHor OaceHa. HajHoBuje
aHanM3e pesynaTara CTApOCTH CeflMeHaTa JypMMu-
TOpCKOT Qruina ofpeheHe cy Ha OCHOBY HaHOIITaH-
KTOHa Ha 29 ysopaka, TokoM 2015. y3eTux cjeBepHO
op Tanka, mokasyjy mopey ropioKpegHe I Ha jyp-
cko-kpenny (J,K), amu n maneonencky (Pc) crapoct
cepumenata (Jomosuh b., hopuh C., 2016).

HACTAHAK IYPMUTOPCKOT
OJIMIITHOI KOMIUTIEKCA

HypMuTopcku (pmIIHu KOMIUIEKC, Kao mTo je Beh
HaIJIallIeHO, JIMa JUHAPCKY IpaBal npyxama: C3
- JW. Tlounme Ha jyTy off cjeBepHO anbaHcke Tabme
n 138 llyKamu 30He M IPOCTHMpPE Ce CPeNUIIEmBIM
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the central Bosnia all the way to the northwestern part
of the country. Generally, this is the Dinaric direction
of spreading (NW-SE). The formation was named af-
ter the Mount Durmitor, with its northwestern slopes
composed of these rocks.

There are a series of reports, scientific and profession-
al papers about the genesis of the flysch sediments and
some issues have been resolved in a satisfactory man-
ner, while other issues remain open. The main reasons
for this are: relatively small population, sparse road net-
work and certainly the fact that the research within the
framework of creating the Basic geological map of SFRY
(BGM) at a scale of 1:100 000 for the sheets: Savnik, Za-
bljak, Gacko and Nevesinje was conducted by different
teams and different organizations, and the synthesis
(harmonization) of the results was not performed.

This paper examines the fundamental issues of genesis
and tectonic relations, primarily in order to correlate
them with the stability of slopes. Due to the available
space, the paper will primarily examine the flysch sed-
iments in the area covered by the BGM SFRY, sheet
Gacko.

The first exploration of the area dates back to 1880.
(Bittner, 1880). Later on, Besi¢ made a significant
contribution to studying the flysch series. On sever-
al occasions from 1948 to 1959, Besi¢ researched the
tectonic structure of Montenegro and Eastern Her-
zegovina. Among other conclusions, he ascertained
that overthrusts are the most significant tectonic phe-
nomena present in this area. Mirkovi¢ and Kalezi¢,
with members of their teams, created the BGM SFRY,
sheet K 34-26 Gacko at a scale of 1:100 000. For the
purpose of realization of this project, they synthesized
the results of all the previous researches and, by the
subjective opinion of the author of this paper, made
the clearest differentiation of the Durmitor flysch
complex sediments. The views of Dimitrijevi¢ and his
associates are also important, since they also carried
out the synthesis of the results of geological mapping
in the entire area of the sedimentation basin. The re-
sults of the latest analysis of the age of the Durmitor
flysch sediments have been determined on the basis
of nannoplankton in 29 samples taken during 2015
in the area north of Gacko. Besides the Upper Creta-
ceous, the samples contained the sediments of the Ju-
rassic-Cretaceous (J, K) as well as the Palaeocene (Pc)
age (Jolovi¢ & Cori¢, 2016).

FORMATION OF THE DURMITOR
FLYSCH COMPLEX

As previously stated, the Durmitor flysch complex
spreads in the so-called Dinaric direction: NW-SE. It
starts in the south with the North Albanian Plateau
and the so-called Cukali zone and spreads across the
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mujenom llpue Iope, mabe NpeKo CjeBepOMCTOYHE
XepuerosuHe 1 cpenibe bocHe 3aBpiuaBa ce y Bpio
YCKOM TI0jacy Ha KpajibeM cjeBeposamnany bocae. Oba
¢dopmanyja ¥Ma pasIMUUTY IMPUHY Y 1Ije/IOKYITHOM
CBOM PacIpOCTpambelby, AV HUTTje He TyOu KOHTH-
HYUTET CBOT IIpy>kKamba. Taj IpoCTOpHI ONIOXKa] je yc-
JIOB/bEH OO/IMIKOM ITyOOKOT TOPHOKPETAIIEjCKOT POBa
y koMe ce ¢yt cTBapao. (3. bemnh, 1983). Hajsehy
HIMPUHY oBa (opMarija uMa Ha Hoapydjy UeMepHa
y Vlctounoj Xepuerosunu, of oko 15km, ok Hajyxu
mvo Hanasy ce Ha Teputopuju Lpre Tope, y nogpydjy
Inscke mrannue (Tonopos mo — Kpcran), raje je un
Maiba Off jeJHOT KIM/IOMETpa.

HypMmuropcku ¢ ce cactoju 13 MohHOr Hu3a
CNojeBa, KOjU Ce€ Yy OCHOBU DPUTMUYKU CMjeIbYjy.
Hajseha e67p1Ha je y moppyuyjy micta OI'K - Tanko
rzie je eOpuHa v mpexo 800m. I[Tperusuujy nebmu-
Hy (dopManuje TEIKo je YTBPAUTH, 360T yopaHO-
CTM KOja je IOC/befylle M3y3eTHE ITOCTIE€HETCKE
TEKTOHCKE aKTUBHOCTH, yC/Ie[l KOje Ccé KOHCTaTyje
IIOHaB/barba C/I0jeBa Ny K BEPTUKA/IHE JIMHIjE.

Herpje y macTpuxty y CapajeBckoj curmonn (M
Oumutpujesuh), HacTyma KpaTak, anu 6ypaH Ie-
PMOJI TEKTOHCKUX MOKpeTa. Behnna ayropa HasuBa
OB€ IIOKpeTe eENMPOTreHNM, IOl IT0Ka3yjy fia je y
TO BpHjeMe CIIPaHO U IpeTanoxeHo Buile of 1000
MeTapa Hacjara, Tako fla Cy ce Ha IOBPIIMHU Te-
peHa IojaBUIM YaK U Tpujacku cepuMenTn. Ilpuje
HOBe TPaHCrpecje TBOPEeBUHE Cy U yOpaHe, IITO ce
Hajbo/be 3amaka Ha CjeBEPOMCTOYHVM IafMHaMa
JaBopoBuUX Bpx0Ba, UCTOYHO of [aTaukor nospa (M.
Jumutpujeuh, 1995).

Hacranak JlypMuTOpCKOT (IMIIHOr KOMIIIEKca
Besyje ce 3a T3B. AyCTPUjCKY OPOTeHY ¢asy.

CrojeBn oBe QruIITHE cepuje CMjeIITEeHN CY Y jeiHOj
U3PasNToj ferpecujyu (TeKTOHCKOM POBY), M3ITyKe-
HOj, a PeTaTMBHO Y3aHOj, KOja HUje HacTaja JyX
pacjenia, HETro je MOCT/belMIla XOPM3OHTATHNUX Kpe-
Tama Maca, aK/Ie, OHa je MOC/befiuIa TMKaTNBHE
rekroHuke. Ha noppyujy mucra lanxko OI'K COPJ, jy-
rosarajfHa TpaHMIIa OBOT (/INIIa, IpeMa TUTOH-Ba-
JIeH/IVjCKIM KPedhallliMa, BeoMa je KpUBY/aBa, Kao
HITO je IPMKa3aHO Ha CIMLM 1, M HECYMIBbJBO O3Ha-
JaBa 06amy Mopa, y KOMe ce JIEIOHOBAO [yPMUTOP-
cxnt ¢y Ta obajcka nMuHMja BeoMa je pasBljeHa,
a pa3sBMjEHOCT je MOC/befula Jyre ¥ MHTEH3VIBHE
eposuje obascke muHuje (abpasuje) Mopa y Kome ce
crBapao ¢ /InHuja Koja je Ha TepeHy jacHO yo-
wbyBa perbedoM 1 GuIIHNM Oa3aTHIM KOHITIOMe-
patyma, (IIpeTajoXKeHN TOPHOjYPCKM (TUTOHCKIM)
Kpeumain), (3. bemnh, 1983).

Y TOKy MacTpMXTa, BPJIO OYPHO, Y3 HAIJIO TOHEHE
OaceHa 1 femoHOBambe HaszanHe 6710KOBCKe daruje
npeko pasyheHor pepeda, Homasy [o TanoXKema.

central part of Montenegro, continuously spreading
across the north-east Herzegovina and central Bos-
nia to end in a very narrow belt in the far northwest
of Bosnia. This formation has a different width in its
overall spreading, but it doesn't lose the continuity of
spreading. Its spatial position is conditioned by the
shape of a deep Upper Cretaceous graben in which the
flysch was formed. (Besi¢, 1983). The formation has a
maximum width in the area of Cemerno in Eastern
Herzegovina, where it is about 15 km wide, while the
narrowest part is located on the territory of Montene-
gro, in the area of Mount Piva (Todorov Do - Krstac),
where the width is less than 1 km.

The Durmitor flysch consists of a powerful series
of layers, which rhythmically alternate in general. It
reaches its maximum thickness of over 800 meters
in the area covered by the BGM SFRY, sheet Gacko.
It is difficult to determine the exact thickness of the
formation due to folding, which is a consequence of
extreme post-genetic tectonic activity. Due to this
activity, the layers repeat along the vertical line.

At one time during the Maastrichtian, there was a
short but turbulent period of tectonic movements
in the Sarajevo Sigmoid (Dimitrijevi¢, 1995). Most
authors regarded these movements as epeirogenic
and the data show that over 1000 meters of deposits
were washed away and resedimented at that time,
so even the Triassic sediments appeared on the sur-
face of the terrain. Before the latter transgression,
the formations were folded, which is best observed
in the north-east slopes of the Mount Javor peaks,
east of Gatacko Polje (Dimitrijevi¢, 1995).

The formation of the Durmitor flysch complex is re-
lated to the so-called Austrian orogenic phase.

Layers of the flysch series are located in a distinct
cavity (graben), which is long and relatively nar-
row. It did not form along the fault, but as a result
of the horizontal mass movement. Therefore, the
cavity is a consequence of plicative tectonics. In
the area covered by the BGM SFRY, sheet Gacko,
the southwestern border of the flysch towards the
Tithonian-Valanginian limestones is very curved,
shown on figure 1, and it undeniably marks the
coastline of the sea in which the Durmitor flysch
was deposited. The coastline is well developed and
its development is a consequence of a long-lasting
and strong erosion of the coastline (abrasion) of the
sea in which the flysch was formed. The coastline is
clearly visible in the terrain with its relief and basal
flysch conglomerates - resedimented Upper Jurassic
(Tithonian) limestones (Besi¢, 1983).

During the Maastrichtian, a very turbulent sedi-
mentation occurred due to sudden sinking of the
basin and deposition of the basal block facies over
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Ja je eposuja Hamaganma M pasapaza Kpedmake 3a
BpujeMe cTBapama ¢uiia, Koju Cy Oumm Herfgje
IyX obane, OUUTU Cy HOKasu MHOTY OCTaLlM py-
IuCcTa y cnojeBuMa (prmiia, Koju €y 4ecTo y cacTa-
BY H0OpO IleMeHTOBaHUX Opeda, aji ce Haase 1 y
IIMHOBUTO-IjECKOBUTHUM CJIOje€BYMA.

[Tpema mONIOXKAjy CEeAMMEHTA, MOXKXEMO 3aK/byINTI
ca JOCTa CUI'ypHOCTH, Jia Cy OBe aKyMy/lalyje Ha-
CcTasIe ycielt IprHOCa MaTepyjaja IJIAXOBUTUM pje-
YMIaMa WM MOTOLVMA YMjiU Cy TOKOBU (OyjudHN
TOKOBM), Ovyn Kpatku. CrypaHy Marepuja, 003u-
POM Ha KpaTaK TPaHCIIOPT, Huje yoOsbeH Beh je Ta-
JIOX€EH y BUAY APOOVHE, ONHOCHO [MjareHe30M Cy
HacTaje 6pede. CacBMM je jacHO Jja Cy TV BOJJOTOLN
JOMA3U/IN Ca KOIIHA KOje je JIeXalo jyrosamagHo
Off oBOTI' (UIMITHOT MOPCKOT 6aceHa, a TO je faHa-
IIEBY [IPOCTOP KPEeUHadKo [JOMTOMMUTCKOT IINPO-
KOr Tojaca wiaHuHa. Taxkohe Tpeba HarmacuTy fa
Ce OBAj TEKTOHCKM POB - CEAVMEHTAIVOHN GaceH,
010 CMjelITeH Yy TUTOHCKVIM KpedmhalyiMa TOpHe
jype (J,), Ha cjeBepoMCTOYHOM OOOMY CEHOHCKMX
KpedrbaKa U JOTTOMUTA.

CennMenTe (IMIIHOT KOMIUIEKCA, jOLI Off PaHUX
ucrmTuBama 3. bemnh je mopujemmo y peuje da-
uje: KapOOHaTHe U IjeCKOBUTe (CUIMIIMKIACTIY-
He).

Kap6onaTtHu ¢t je npegoMunanTas Ha J3 060-
Iy 6aceHa U cacToji ce IPETEXHO Off KapOOHATHIX
TypoupnTa. CummuukiactuyHa (mjeckoBura) da-
LMja Ipajyl IPETEXHO CjeBEPOMCTOYHO IIOApYydYje
(mict Tanko OTK COPJ). CexBeHle cy Beoma
pasHonuke. [payBake 11 aJleBpONUTH CY IIABHU /-
TOTUIIOBY, CKOPO CBYTJIje ca MPUCYTHNM Kap6oHa-
THMMa, JOK CYy MUKPOKOHIJIOMEpPATH U IjeCKOBUTH
nanopuy noppebhenn.

KacHujuM mncrpaxmpamuma, a HajBUINe IPUIN-
koM n3page OI'K COPJ, cenymeHTN BypMUTOPCKOT
¢duia mopvje/beHN Cy y HeT CYHepIIO3UIIMOHUX
IaKeTa, KOHKOPJIAaHTHO IIopehaHMX jemaH IIpeKo
IPYTOL, Iije IPBOj KapOOHATHO] Cepujy IIpUIIAfiajy
npsa tpu makera ('K, K%, *K*) nox mjeckosuroj
VUIY CYIMLMKTACTUYHOj palyjy IIpUIIafia YeTBPTY
(*K.?), mox meTy CyneprosuiMOHM MaKeT HpuIaja
Takohe kap6onarHoj cepuju(’K,’). Mima cxaparama
Ta Cy OBU IAKETH IOCIMjefula CeayMeTalYIOHNX
ycnoa (M. Inmutpujesuh 1995).

[TaneotpaHcmopT je y oBe ABUje darjyje caBuM pas-
mauT. Y Kpeumadkoj dauuju maneoTpaHcopT ce
OZIBMja0 YIJIABHOM Yy IIPaBIly Ka CjeBepo3amnajy JOoK
je y CMIMLIMK/IACTUMYHOj OfBMjao yIJIABHOM IIpeMa
jYTOUCTOKY.
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the dissected relief. Obvious evidence of the ero-
sion that hit and destroyed the limestones along
the coastline during the formation of the flysch are
numerous rudist remains in the flysch layers, which
often compose cemented breccias, but can also be
found in clayey-sandy layers.

By the position of the sediment, we can conclude
with a fair degree of certainty that these accu-
mulations formed due to deposition of materials
by impetuous streams or creeks with short flows
(torrential flows). Due to the short transport, the
washed material is not rounded, but is deposit-
ed in the form of debris, i.e. diagenesis formed
breccias. It is clear that these watercourses came
from the land lying southwest of the flysch sea
basin, which is presently an area with a wide
limestone-dolomite mountain range. It should
also be noted that this graben (sedimentation ba-
sin), was located in the Upper Jurassic Tithonian
limestones (J,), on the northeastern ledge of the
Senonian limestones and dolomites.

Since the earliest explorations, Bes$i¢ has divided the
flysch complex sediments into two facies: carbonate
and sandy (siliciclastic).

The carbonate flysch is predominant in the south-
western edge of the basin and mostly consists of
carbonate turbidites. The siliciclastic (sandy) facies
predominantly composes the northeastern region
(the BGM SFRY, sheet Gacko). Sequences are very
diverse. The main lithotypes are greywacke and silt-
stones with carbonates present almost everywhere,
while microconglomerates and sandy marlstones
are subordinate.

Through later researches and, most of all, during
creation of the BGM of SFRY, the Durmitor flysch
sediments were divided into five superposition
packages, concordantly arranged one over the oth-
er, where the first carbonate series includes the first
three packages ('K ?* *K ’ *K*’) while the sandy or
siliciclastic facies covers the fourth package (‘K,’)
and the fifth superposition package also belongs to
the carbonate series (°K’). It has been suggested
that these packages are the result of sedimentation
conditions (Dimitrijevi¢, 1995).

Palaeotransport is quite different in these two fa-
cies. In the limestone facies, palaeotransport was
mainly directed towards the northwest, while it was
mainly directed towards the southeast in the silici-
clastic facies.
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JIMTOCTPATUTPA®CKN CACTAB
JYPMUTOPCKOTI ®JIMIIA U TUIIO-
B KOHCTPYKIMJA TEPEHA

®ymiHa cepuja, Kao IITO je To Bel HarmaleHo, mo-
YeJla ce CTBAPATHU y TOKY CEHOHA, OFHOCHO TOPIber
mactpuxta. OBa dopmanja ¥Ma BeoMa BEIUKY
MohHocT (fe6/puHa je n go 800m), a mupKHa je
oxi Mame of 1 km (rpanuma nsmeby Lipae Tope un
Bocue u Xepuerosune), 5o oko 15 km (JIuct OTK
Tanxo).

Y nujenmoBuMa rpje je TEKTOHCKA IPaHMIN, IITO
ce BUIM HA CIMIM 1, IPeKo cefMMeHara J[ypMu-
TOPCKOT (MIIa HaBYYEeHM CY CpPeHeTPUjacKIL,
TOPHOTPUjAcKN WIN HaK jypckn cepmymentn. Ca
acrieKkTa OBOT Pajja HajsHA4YajHMjU je YeTBPTU CY-
[IeprIo3NIOHN TakeT ma he my u 6urn nocsehena
HajBeha maxma.

LITHOSTRATIGRAPHIC COMPOSITION
OF THE DURMITOR FLYSCH
AND TERRAIN CONSTRUCTION TYPES

As noted above, the formation of the flysch series
started during the Senonian, i. e. the Upper Maas-
trichtian. This is a mighty formation. Its thickness
varies up to 800 meters, while the width varies from
slightly less than 1 kilometre (at the border between
Montenegro and Bosnia and Herzegovina) up to 15
kilometres (BGM SFRY, sheet Gacko).

In the area of the tectonic boundary, shown on fig-
ure 1, the Middle Triassic, Upper Triassic or Juras-
sic sediments are thrust over the Durmitor flysch
sediments. From the perspective of this paper, the
fourth superposition package is the most important
and it will be given the greatest attention.

Cnuxa 1, Hlemamcku npuxkas pacnpocmpareerod KOHCMpyKkuyuja mepena y noopyujy layxoz
Figure 1, Schematic representation of distribution of the terrain constructions in the area of Gacko

Basanne kpeumauke Opede M KOHITIOMepaTu
('K,?) mpezicTaBibajy IpBM CyNepIO3UIIMOHY TIAKET
AypMUTOPCKOTr (UIMIIA ¥ IPUNAAajy KapOOHATHO]
cepuju.

Basal limestone breccias and conglomerates
('K,?) represent the first superposition package of
the Durmitor flysch and they belong to the car-
bonate series.
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CnojeBute 6pue u kpeuwannu (°K,’) usgsojenn cy
Kao IPYIM CYIEPIO3ULMOHN TaKkeT u usrpabeH je
HPETeXHO Off KapOOHATHUX CefMMeHaTa U IpUIa-
Ia KapOOHATHO] Cepuju ;YPMUTOPCKOT (hrimiia.

Bpeue, kxpeumany u manopuu (°K *) mpencrapmajy
Tpehy maker cefuMeHaTa, KOjU yjemHO 3ay3MMajy
U HajBehe pacmpocTpamere y OKBUPY IIPOCTOpa
koju marpabyje gypmuropcky ¢iunI u mpunanajy
KapOOHATHO]j CepuUjI.

ITjeckoBUTO - /TaNIOPOBUTA cepMja AYPMUTOP-
cxor ¢pmuma (‘*K°), mpumaga cuAMIUKIACTUYHO]
cepuju ¥ pasBUjeHa je y CjeBepos3allajHNUM uje-
noBuMa Koje 3aysuma muct lanko OI'K COPJ, y
ropmeM ToKy pujeke CyTjecke, n3mehy Bonyjaka u
Jle6puinuka, y arapuma cena Yemepso, Tpropuja u
Wsropu. To cy tunuann cegumentn duura. [Ipen-
CTaB/bEHU CY MMUKPOKOHITIOMEPATHMa, IpayBaKa-
Ma, aJIeBpPONMTUMA ¥ JIAIIOPLMMa, 3aTMM HEUITO
pjebe ce mojaBipyjy Kpeumauke Opede, IjeCKOBUTH
U JTATIOPOBUTH Kpedrbaliy.

5K 3 3
Bpeue, kpeumanu u manopuu ( °K?), npumnazajy
Takobe KapOOHATHOj cepyju, U NPenCTaB/bajy IHo-
CTbeJIbM, T TTAKeT IyPMUTOPCKUX (IIMIIHUX Ce-
JVIMEHaTa.

TEKTOHCKA CBOJCTBA
JYPMUTOPCKOT OJIMITHOT KOMITJIEKCA

Ca rnegmmTa ONIUTE F€OTEKTOHCKE IIOfjefie IOf-
pyyje xoje usrpabyje BypMuTopcku ¢GruIIHu KOM-
ek mpunaza JuHapuauMa, Kao 1moce6Hoj reo-
TeKTOHCKO] jemuuuiy (M. Jumunrpujesuh, 1995).
OMUImHM CEAMMEHTM Ha pasMaTPaHOM HOAPYYjy
(OI'K Tanxo 1:100000), y OKBUPY OBe TeOTEKTOH-
CKe jeuHULe Tpunafajy T3B CapajeBcKoj CUTMOu-
mu. Y oBOM IOAPYYjy BUI/BUB YTHULAj HA OOMUK U
opujenTannjy CapajeBcke CUTMON/Jie, IMaa je Ko-
Topcka TpaHcdepsana. Ha ocHOBY pernHamHo-reo-
JIOIIKMX MCTPaXKVBaba, IpOoyYyaBarmbeM IeOTOLIKOT
cacTaBa I CTPYKTYPHMX 00O/IMKa pa3BUjeHMX Ha Te-
peny (OI'K Tanko), oBo moapydyje je mofje/beHo Ha
TPU TEKTOHCKe jefluHMIe, uayhm oy jyrosamaja ka
cjeBepoucToKy 1 T0: Cmapoyprozopcka, Kyuka n
Lypmumopcka mexmoncka jedunuua. 3a oBaj pag
nocebaH 3Hayaj uMa Kydka TeKTOHCKa je[VHUIIA,
jep Cy CemVIMEHTM JyPMUTOPCKOT (IIVIIHOT KOM-
IJIEKCa yIIPaBO CMjeIlTEHN Y 1b0j. Kydka TekToHCKa
jenuHNIIa HaBy4YeHa, IIPMKasaHa Ha CIIMLM 2, je ca
CjeBEepOMCTOKA INIPEKO CTapOLPHOTOPCKE TEKTOH-
CKe jeflMHuIE, OYX HOCTa MapKaHTHE peBepCHe
nucnokanyje (1).
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Layered breccias and limestones (°K.’) are dis-
tinguished as the second superposition package,
mainly composed of carbonate sediments. They be-
long to the carbonate series of the Durmitor flysch.

Breccias, limestones and marlstones (°’K,’) repre-
sent the third package of sediments. They take up
most of the space within the area that constitutes
the Durmitor flysch and belong to the carbonate
series.

Sandy-marly Durmitor flysch series (‘K,’) belongs
to the siliciclastic series. It formed in the northwest-
ern area covered by the BGM SFRY, sheet Gacko, in
the upper stream of the Sutjeska River, between Vo-
lujak and Lebrsnik, in the villages of Cemerno, Tr-
torija and Izgori. These are typical flysch sediments,
composed of microconglomerates, greywacke, silt-
stones and marlstones, while limestone breccias
and sandy or marly limestones rarely appear.

Breccias, limestones and marlstones (°K°) also
belong to the carbonate series and they represent
the last, fifth package of the Durmitor flysch sedi-
ments.

TECTONIC PROPERTIES
OF THE DURMITOR FLYSCH COMPLEX

From the perspective of the general geotecton-
ic division, the area that constitutes the Durmitor
flysch complex belongs to the Dinarides as a dis-
tinct geotectonic unit (Dimitrijevi¢, 1995). The
flysch sediments in the examined area (BGM SFRY,
sheet Gacko, 1:100 000) within this geotectonic unit
belong to the so-called Sarajevo Sigmoid. In this
area, the Kotor transversal had a visible impact on
the shape and orientation of the Sarajevo Sigmoid.
Based on regional geological research, as a result of
studying the geological composition and structural
forms developed in the terrain (BGM SFRY, sheet
Gacko), the area is divided into three tectonic units
heading from the southwest to the northeast: the
Old Montenegro tectonic unit, the Kuci tectonic unit
and the Durmitor tectonic unit. The Kudi tectonic
unit has an exceptional significance for this paper,
since the sediments of the Durmitor flysch complex
are located precisely in it. The Ku¢i tectonic unit
was thrust, as shown on figure 2, from the north-
east over the Old Montenegro tectonic unit, along
the imposing reverse dislocation (1).



A. Tonujanun, Hacmanax u mexmorcka c60jcmea 0ypmMumopckoz pauuiroe Komnuekca u wiuxos ymuyaj Ha cmabuntocm kocuna, 47-58
A. Golijanin, Formation and tectonic properties of the durmitor flysch complex and their impact on slope stability, 47-58

10km

Cnuxka 2, Texmoncka ckuya ucmpasroz npocmopa (M. Mupkosuh 1980)
Figure 2, Tectonic sketch map of the exploration area (Mirkovié, 1980)

Tymau / Legend: o3Haka TeKTOHCKMX jenmHuua (T.j.) / tectonic unit (t. u.) designations, A — cTapoLpHOropcka
/ the Old Montenegro t. u., B — kyuka / the Kuci t. u., C -gypMuTopcka TeKTOHCKa jefununa / the
Durmitor t. u., 1 - 4e/1o HaB/IaKe Ky4Ke T.j. HABY4eHe IPEKO CTapolpHOropcke T. j. / the overthrust front
of the Kuci t. u. thrust over the Old Montenegro t. u., 2 — Yeo HaBlaKe FypMUTOPCKe T. j. HAByUeHe IPEKO
Ky4Ke TeKTOHCKe jeauuuie / the overthrust front of the Durmitor t. u. thrust over the Kudi t. u.

ITagHy yrao noBpimHe JyX Koje je M3BpIIEHO Ha-
BJIaYerbe, y CjeBepo3anaiHOM fiMjesTy IpOoCTUpama
OBe peBepcHe AMCIIOKalMje je 61aXky Hero y jyro-
3amagHoM 1 u3Hocu of 20° mo 30°. Tepen Kyuxe
TEKTOHCKE jeJVHUILIE je TEKTOHCKM BeoMa C/IOXKEH.
JacHO ce mctuyy noppydja usrpabena on xap6o-
HAaTHMX CelMMeHara U noppydyja usrpabhena op ce-
HOHCKMX CefjJIMeHaTa JypMUTOpCKor ¢mma. Y
okBUpy Kyuke TeKTOHCKe jefuHUIlE, HA MOAPYYjY
usrpaheHOM o ZypMUTOPCKOT ¢ymiia M3BOjeHa
Cy [Ba OMTHa MeracTpyKTypHa oOMuKa: eamauxu
cuHKnuHopujym n cunknunana Toooposoe dona. l'a-
Ta4YKY CUHK/IMHOPUjyM 00yXBaTa LIMPOK IIPOCTOP
on lanka 1 ABTOBIIA Ha jyrosamany un ToBapHuie
n Bomyjaka Ha cjeBepOMCTOKY. Y jyrosamagHoM
IVjerny IpeoB/lafiaBajy CefVIMEHT! KapOoHaTHe ce-
puje rmina, KOK CYIMIMKIACTUYHU CENUMEHTHU
(mjecKOBUTO-TTAIIOPOBUTA CepUja) MpPeoBIafaBajy
y cjeBepoucroyHoM pujeny. IIpexo oBux cemu-
MeHaTa HaBy4YeHM Cy CeIVMMEHTH Tpujaca U jype,
JypMutopcke TeKToHcKe jemyuune. Ha mopgpydjy
Bpatapa y monmuuu pujeke CyTjecke, jacHO je BU-
I/BMBO 4e/lIO HaBJIaKe, OGHOCHO KOHTAaKT usMeby
CpefbeTPMjacKMX MaCMBHUX KpeumbaKa, U JypMu-
TOPCKOT (IMIIHOT KOMIUIEKCA. Jyro3anagHo KpUIo
raTauykor CMHK/IMHOpujyMa marpabyjy cemumenTn
IIpBa TPU CYIEPIO3NIIMOHA MTaKeTa JyPMUTOPCKOT

Descent angle of the surface along which the thrust
occurred ranges from 20° to 30° in the northwest-
ern part of the reverse dislocation and it is milder
than in the southwestern part. The Ku¢i tectonic
unit terrain is tectonically rather complex. The areas
composed of carbonate sediments and the areas
composed of Senonian sediments of the Durmi-
tor flysch stand out clearly. Within the Kuci
tectonic unit, there are two distinguished mega-
structures in the area composed of the Durmitor
flysch: the Gacko Synclinorium and the Todor-
ov Do Syncline. The Gacko Synclinorium cov-
ers a wide area between Gacko and Avtovac in
the southwest and Tovarnica and Volujak in the
northeast. In the southwestern part, carbonate
flysch series sediments prevail, while siliciclas-
tic sediments (sandy-marly series) prevail in the
northeastern part. The Triassic and Jurrasic sed-
iments of the Durmitor tectonic unit are thrust
over these sediments. In the area of Vratar in
the Sutjeska river valley, the overthrust front
i.e. the contact between massive Middle Trias-
sic limestones and the Durmitor flysch complex
is clearly visible. The southwestern wing of the
Gacko Synclinorium is composed of sediments
of the first three superposition packages of the
Durmitor flysch (the carbonate series), while
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¢dmmia (kapb6oHaTHa cepiija), OK CjeBEpOUCTOIHO
Kpuao usrpabyjy cemuMMeHTM 4eTBPOr CyIepIo-
3UIVIOHOT TaKeTa (CHIMIIMOKIACTUYHA cepuja). Y
jesTpy JIeXe CeRMMEHTH IIeTOT CYIEePHIO3UI[IOHOT
nakera (°K’).

CjeBeponcTo4HO Kpumo Iaraykor CHHKIMHO-
pujyMa msrpahyjy cemMMeHTH 4YeTBpPTOI CyIep-
TO3MIMOHOT MakeTa ¢mumHor kommexkca (*K.7)
IpefCTaB/beHM  KOHITIOMEpATNMa TIpayBaKaMma,
Hjenryapuma 1 Jarnopuyuma. Y OKBUPY OBOT ITaKeTa
PpasBMjeHN Cy MHOTOOPOjHM HAa6OPHY 06U, T/je
ce pacIoH Kpuia kox Habopa kpehe ox 1m ma mo
JeceTak MeTapa. Y je3rpy CMHK/IMHOPHUjyMa Cy pas-
BUjeHV CeJVIMEHTV IeTOr NakeTa (HIMIIHOT KOM-
mexca (°K’). TIpeko cemmmenara mypMmUTOPCKOT
(IuIIHOT KOMIUIeKca Kojyu Ipumaznajy 138. Kyukoj
TEKTOHCKO] jeIVHUIIN, Ca CjeBEPOUCTOYHE CTPaHe,
HaBYYeHM Cy TPHUjacKU U jypCKM Kpedmalyu Ryp-
MUTOPCKe TeKTOHCKE jeHIILIE, YK Tpace JypMu-
TOpPCKe HaBJIaKe.

Y jyroucrounom pujeny Koju saxsaTa nucT lanko
OI'K COPJ, cemuMeHTH JyPMUTOPCKOT (uina
rpazie cunkanHany Togoposor fonma. Vsrpabyjy je
cemumenTn Tpeher makeTa (UIMIIHOT KOMIUIEKCA.
Cunxnunana TogopoBor f1o/a craja y rpymy Kocux
Habopa. Bepreniia je jyrosamagHor cMjepa u kpehe
ce oxo 18°.

CTABMJIHOCT KOCMHA
Y IYPMUTOPCKOM OJINITY

Kao mro je Beh HarmamieHo, 360r pacronoXxmnBor
npocTopa pasmarpahe ce caMo CefUMEHTM UeT-
BpTOT Cynepnosuimonor nakera (*K’). Ilpu tome
3a IoTpebe pasMaTpama YCIOBa U3pajie, OFHOCHO
crabmnmsanyje KocuHa, 6uhe xopumrhexa metono-
joruja geduHICaba MOfieNia — KOHCTPYKIUja Tepe-
Ha Kojy cy mpemoxxwin J. [lepuh, JI. Boxxunosuh
u J. ytuh. OBaj maxeT cnojeBa, y reOTEXHNYKOM
Tornexy, je osHaueM kao KT-4, cauniseH je ofi: KOH-
rIoMepara, TpayBaka, Ijelrdapa u jamnopara (reo-
TeXHUYKMX cpefnHa). Ha cmmum 3a mpukasana je
¢dororpaduja magune, a Ha 36 MIEMATCKU je HPU-
KasaH pacliopes; CpeivHa y KOHCTPYKIIW]j/ TepeHa,
y Bpeme cefuMeHTanuje. Mehytum 36or mocrre-
HETCKUX TeKTOHCKUX IIOKpeTa, KOHCTPYKIjuje Te-
peHa cy usgebeHe 6pojHIM HAOOPHUM 06MMINMa,
ca pacIoHOM KpuIa Habopa of 1m ma 1o feceTak
Mmerapa. 36or Tora cy, 3a morpebe geduHMCamA
CTAaOMTHOCTM KOCHHA, HEOIXOfIHA [eTa/bHa Teo-
TeXHNMYKA UCTPKUBAKbA, KOJ KOJUX Ce HapOouuTa
maxma nocsehyje xapTupamy TepeHa, OZHOCHO
HOpeJ cacTaBa CpeflHa, AY>KHY MaXxiby Tpeba 06-
paTUTU CTPYKTYPHUM eIeMEHTMMA U HApOYUTO
IbVIXOBOM IIPOCTOPHOM IIOJIOXKAjy.
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the northeastern wing is composed of sediments
of the fourth superposition package (the silici-
clastic series). Sediments of the fifth superposi-
tion package (°K,’) lie in the core.

The northeastern wing of the Gacko Synclinori-
um is composed of sediments of the fourth su-
perposition package of the flysch complex (*K ),
comprised of conglomerates of greywacke, silt-
stones and marlstones. Numerous folds devel-
oped within this package, where the folds span
ranges from 1 metre up to a dozen metres. In the
Synclinorium core, sediments of the fifth super-
position package (°K,’) of the Durmitor flysch
developed. The Triassic and Jurrasic limestones
of the Durmitor tectonic unit are thrust over the
sediments of the Durmitor flysch complex be-
longing to the so-called Ku¢i tectonic unit from
the northeastern side, along the Durmitor over-
thrust line.

theastern part covered by the BGM SFRY, sheet
Gacko, sediments of the Durmitor flysch compose
the Todorov Do Syncline. It is composed of sedi-
ments of the third superposition package of the
flysch complex. The Todorov Do Syncline belongs
to the group of inclined folds. The vergence direc-
tion is south-west and the vergence angle is around
18°.

SLOPE STABILITY
IN THE DURMITOR FLYSCH

As previously stated, due to the available space
this paper will examine only the sediments of the
fourth superposition package (‘K,*). For the pur-
pose of examination of the conditions for construc-
tion and stabilization of slopes, the methodology
of defining the models - terrain constructions as
proposed by Peri¢, Bozinovi¢ and Suti¢ shall be
used. In geotechnical terms, the package of layers
designated as KT-4 is composed of: conglomerates,
greywacke, siltstones and marlstones (geotechnical
environments). Figure 3a shows the photograph of
the slope, while figure 3b shows a schematic pres-
entation of the environments layout in the terrain
construction at the time of sedimentation. Howev-
er, due to post-genetic tectonic movements, the ter-
rain constructions are divided by numerous folds
with a span ranging from 1 metre up to a dozen
metres. Therefore, for the purpose of defining the
slope stability, detailed geotechnical examinations
are required, with particular attention given to the
terrain mapping, i.e. besides the composition of the
environments, due attention should be paid to the
structural elements and particularly to their spatial
position.
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KT-4

Cnuka3, / Figure 3

Tymau / Legend: a - ITaduna usepahera 00 cmecnkux maca njeckosumo-nanoposume cepuje (*K;’) -naouna je y
UenuHu CMabUIHA, LMo je noceduya nPoCMopHoZ NONOKAjd cPpeduHd, a aKkmusaH je npovec cnupara |/ A slope
composed of rock masses of the sandy-marly series (*K.?). The slope is generally stable, as a result of spatial position of the
environments; the washing process is active,b - Cxemamcku npuxa3 koncmpxyuje mepena KT-4: pumuuno cmersusaroe
NAACMUMHUX, K8ASUNTIACHMUYHUX U KPIMUX CPeOUHA je 3HAUAJHO ca CAaHo8Uwma cmabuntocmu kocuxa. Mcmo
MaKo cy 3HAYAjHU U 2eOMeMPUjcKU eeMeHmu (BUCUHA U HAZUO), KAO U NPOCMOPHU NO0KA] cpeduta (Ycno8meH
mexmonckum nokpemuma) | A schematic presentation of the terrain construction KT-4: rhythmic alternation of
plastic, quasiplastic and brittle environments is significant in terms of the slope stability. Geometric elements (height and
inclination) are equally important, as well as spatial position of the environments (conditioned by tectonic movements).

CrabiIHOCT KOCMHA y TepeHNMa CAuUbEeHUM Of
OBe KOHCTPYKIIMje, IIpe CBera 3aBMCHU Of reoMe-
TPUjCKUX KapaKTepUCTMKa (BUCMHe ¥ Harmoa),
IPOCTOPHOT IOJIOKAja CpeArHa Koje, 360T reHeT-
CKMX U IIOCTTeHeTCKMX yTHIaja GUTHO yTmdy Ha
KapaKTepUCTUKe MPUPOJHOT Haruba, pebpuHe
TelTyBMjaTHOT TIOKpMBaYa 1 eTyBUjaTHe 30He pac-
najiama, MojIoXKaja CTPYKType OCHOBHE CTHUjeHCKe
Mace IpeMa KOCHHM, IMTO/IOLIKOT CacTaBa, XUIPO-
JIOIIKMX IPUINMKA, CEU3MUYKE aKTUBHOCTM, YTH-
1jaja TeXHOTeHUX nponeca uth. Kaga cy y nuramy
IpBa TPU MaKeTa (IMIIHIX CeAMMEHATa KOjU K-
Hafiajy KapOOHATHOj (armji, MOXKe ce KOHCTATo-
BaTH [a Cy KOCUHE yITTABHOM CTaOUIHE, Te 1a Huje
OMI0 3HAYAJHUUX YTUIAja TEKTOHCKUX ITOKpeTa
Ha OBe Ce[[IMEHTE U 1a OHY YITTaBHOM €I3UCTUPAjy
Ka0 XOPU3OHTA/IHY, CYOXOPM3OHTATHN VTN KOCK
C7I0jeBM PA3MMYNTUX KAapOOHATHUX CefUMEHATa y
Ie6/p1M CT10jeBMMa WM GaHKOBMMA.

[maBHe mojaBe HECTAOMITHOCTH Ce jaB/bajy Y Cemu-
MEHTUMa Koje Ipajii YETBPTHU CYNEepPIO3ULIVOHU
naket, n37BojeH kao KT-4 Mopmen KoHCTpyKiuje
TepeHa, KOji je 610 TOKOM HaB/aderha TPUjaCKUX
KpedmaKa IpeKo GIMIIHUX CeMIMEeHATa, U3/I0XKeH
jaKMM TE€KTOHCKMM IIPOLIECHMA, ¥ YCIbe]] HUXOBOT
IejctBa hopmupao ce Bemuky 6poj Habopa pasnu-
YUTOT 06/IMKA U IUHMEH3Mja. YCIbell OBUX Ipolieca
II0JIOXKAj CTPYKType OCHOBHE CTHjEHCKE Mace je Ha
KpaTKMM PacTojarbliMa BEOMa IIPOMjeIb/bUB Y Ofi-

The slope stability in terrains composed of this con-
struction primarily depends on geometric charac-
teristics (height and inclination), spatial position
of the environments which, due to genetic and
post-genetic impacts, significantly affect the char-
acteristics of the natural inclination, thickness of
the diluvial covering and the eluvial decomposition
zone, the position of the basic rock mass structure
in relation to the slope, lithological composition,
hydrological conditions, seismic activity, the im-
pact of technogenic processes, etc. As for the first
three packages of the flysch sediments belonging
to the carbonate facies, it can be concluded that
slopes are generally stable; there was no significant
impact of tectonic movements on these sediments
and they mainly exist as horizontal, subhorizontal
or inclined layers of diverse carbonate sediments in
thicker layers or banks.

Major forms of instabilities occur in sediments
composed of the fourth superposition package, des-
ignated as KT-4 model of the terrain construction,
which was exposed to strong tectonic processes
during the thrust of the Triassic limestones over the
flysch sediments and, due to their impact, a large
number of folds of different shapes and dimensions
formed. Due to these processes, the position of the
basic rock mass structure is highly variable at short
distances in relation to the position of a slope itself,
and thus significantly affects its stability. If the ba-
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HOCY Ha IIOJIOKaj caMe KOCMHE, Teé Ha Taj HauMH
3HAYajHO yTUYe U Ha HeHY CTaOMIHOCT. Y yCIOBU-
Ma Kajla CTPYKTypa OCHOBHE CTMjeHCKe Mace Tajia
HI3 TTafIHY, CTaOMTHOCT TocTojehe KocuHe je 3Ha-
YajHO yrpoXKeHa, Ha cmmKaMa 46 u 4r. Kaga cTpyk-
Typa najia Ka YHYTPalIkbOCTI MOXKEMO KOHCTaTo-
BaTH Jia je MaiMHa CTabVITHa, TIPUKA3aHO HO CIMIIN
4a. TakoDe kapa je momoxaj c0jeBa XOPM30HTANAH,
HajiMHa je CTabM/IHA, IPUKa3aHO Ha CIIMLY 4T.

sic rock mass structure descends down the slope,
stability of the existing slope becomes significantly
imperiled, shown on figure 4b and 4d. When the
structure descends towards the interior, it can be
concluded that the slope is stable, shown on figure
4a. Also, the slope is stable when the position of the
layers is horizontal, shown on figure 4c.

Cnuxa 4, YTuIaj HaunHa 10jaB/buBaba M IIPOCTOPHOT M0/I0XKaja C/IojeBa Ha
CTabMIHOCT KOCMHA — a U C IOBO/baH, b 1 d) HemoBo/baH

Figure 4, Impact of the mode of occurrence and spatial position of the layers on the
slope stability: a and ¢ - favorable impact; b and d - adverse impact

3AKIbYYAK

HypMuTOpCKy QUIIHM KOMIIIEKC MMa T3B. AMHAp-
CKII TIpaBal] Ipy>XKama, OFHOCHO oBa ¢opManyja y
reorpa)cKoM CMUCITy Ma r'eHepajIHM [TpaBal] Ipy-
>kamba C3-J1.

Osa murornomka gopmanuja uMa pasjinduTy Lin-
PMHY Y 1Ije/IOKYITHOM CBOM PacCIIpOCTDPambembe, alu
HUIZje He Iy6) KOHTMHYUTET CBOT IIpy)Xama. Ta
IberoBa MMPIMHA KAo U I0JI03j Y IPOCTOPY, OATO-
Bapajy 0O/MuKy Jy6O0KOT TOPHOKpPeTaIiejcKOT poBa y
koMe ce i cTBapao (3. beumrh, Teonornja Ipue
Tope, reotekToHMKaA U Hajeoreorpaduja, 1983).

CrojeBM JYPMUTOPCKOT (MIMIIHOT KOMIUIEKCa
CMjelITeHN Cy Yy jefHOM M3PasUTOM YAyO/bemy
(TEeKTOHCKM POB), ZYTauYKOM @ PENaTUBHO Y3aHOM,
KOj! HUje II0CTA0 YK pacjefia, HETro je IMOoC/hbeuna
XOPM3OHTA/IHUX KpeTama Maca, Jakje, yNO/IIHa je
MOC/bEINIIA TUIMKATVBHE TEKTOHMKE.

CepnmenTe (PIUIIHOT KOMIUIEKCA, jOILI OFf PAaHMX VC-
mutuBama 3. benmth je nogyjenuo y geuje damyje:
KapOOHATHe U TjeCKOBUTe (CHIMIUKTACTIYHE).

CenVMeHTV [ypMUTOPCKOT (PIMIIHOT KOMIDIEK-
ca JieXXe epO3MOHO-AMCKOPAAHTHO MPEKO PasHUX
JIMTOCTPATUTPAPCKUX jeANHNIIA, TIOYEB Off TOPbET
TpHujaca I1a 3aK/bYYHO Ca IOBYM MaCTPUXTOM.

Ha o0CHOBY permoHamHO-TeOTOLIKIX MCTPasKU-
Bamba, IPOyYaBameM Ie0/IOIKOT cacTaBa I CTPYK-
TYPHMX 00/IMKa Pa3BMjeHUX HA TepeHy Koje 3aXBaTa
mict Ianiko OTK CDPJ, oo moppydje je mogjerbeHo
Ha TPU TeKTOHCKE jefVHIIIE.
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CONCLUSION

The Durmitor flysch complex spreads in the so-
called Dinaric direction, i.e. in terms of geography,
general direction of spreading of the formation is
NW-SE.

This lithological formation has a different width in
its overall spreading, but it doesn’t lose the conti-
nuity of spreading. Its width and its spatial posi-
tion correspond to the shape of a deep Upper Cre-
taceous graben in which the flysch was formed.
(Besi¢, 1983: Geology of Montenegro, geotectonics
and palaeogeography).

Layers of the Durmitor flysch complex are locat-
ed in a distinct cavity (graben), which is long and
relatively narrow. It did not form along the fault,
but as a result of the horizontal mass movements.
Therefore, the cavity is a consequence of plicative
tectonics.

Since the earliest explorations, Besi¢ has divided the
flysch complex sediments into two facies: carbonate
and sandy (siliciclastic).

The Durmitor flysch complex sediments lie ero-
sionally and discordantly over various lithostrati-
graphic units, starting from the Upper Triassic and
concluding with the Lower Maastrichtian.

Based on regional geological research, as a result of
studying the geological composition and structural
forms developed in the terrain covered by the BGM
SERY, sheet Gacko, the area is divided into three
tectonic units.
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Y ycnoBuMa Kajia CTPYKTypa OCHOBHE CTHjeHCKe
Mace Taja HU3 IAfVHY, CTAOWIHOCT MajyHe je
YTPOXKeHa, JOK y YCIOBMMa Kaja je I1aj OCHOBHE
CTHjeHCKe Mace CYIpOTaH Of Maja MajyiHe U maja
y 6pio, CTabWIHOCT MajuHe Hitje yTpoXKeHa Tj. Ma-
IVHa je cTabuHA.

Kapa je mono»xaj OCHOBHe CTMjeHCKe Mace IpuMa-
PaH, OJHOCHO Kafla Cy C/I0jeBM XOPU3OHTa/IHY, CTa-
OMITHOCT MajyHe HUje YTPO)KeHa.
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If the basic rock mass structure descends down the
slope, stability of the slope becomes imperilled,
while in circumstances where descent of the basic
rock mass is opposite to descent of the slope and
descent into the hill, stability of the slope is not im-
perilled, i.e. the slope is stable.

When the position of the basic rock mass is prima-
ry, i.e. when the layers are horizontal, stability of the
slope is not imperilled.
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Caxkerak: Vcmo kao u y I deny osux npoyuasara (Tanuuh, 2018), kpucmanozpagcko-xemujcke kapaxmepuc-
muxke cpanepuma u3 pyoroe nexcumima Kuxcesax cy xopuwhene 3a nopeherve ca odeosapajyhum xapaxmepuc-
mukama Hekux opyzux pyonux nexcuwma: llynwa Cmujena-Bpckoso, /leue, Cenanau, Tpenua, Jareso, Ipe-
uuya, L]pseenu Bpee u Ilpnay. Osu nodauu cy xopuuihienu 3a oopehusatve ycnoea nocmanka u ynopehusanu cy
ca pesynmamuma 0o6ujenum nomohy opyaux u pasnuuumux memooa u munepana. Koncmpyucana je I onyuja
uemeopo-Komnorenmnoz a,-FeS-P-t dujazpama. 3a ynompeby o6axeoz oujazpama 00607pHO je camo uspawyHamu
Oumensujy jedunuure henuje (a,) u 0dpedumu cadpsaj FeS komnonenme ucnumuearoz chanepuma, a 3amum Ha
0CHO8Y MUX 8pedHOCY 00peOUMU memMnepamypy u npumucax weeo6oz nocmarra. Osaj oujazpam o6u ce mozao
npuspemero Kopucmumu 00K ce He caKyne NpeuusHuji U KOMHAEMHUJU nodayu Koju 6u yHANpeousnu rwezosy
PYHKUUOHATHOCI U 00KA3ATIU UTIU eBEHIMYANIHO ONOBPNIU He208y 8pedHoc. Mehymum, npenumunapHo 00-
Oujenu pesynmamu memnepamypHux 6peoHOCU y 060M pady cy NO3UMUSHU U 0xpadpyjyhu 3amo wmo eenuxa
sehuna ysopaxa noxasyje noxknanarse ca pesynmarmuma koju cy 006ujenu nomohy opyaux memooda/munepana
U MHO20 ¢y 6o y 00HOCY Ha oHe 0obujere nomohy Kullerud-ose (1953) kpuse. Jobujernu npumucyu 3a Huice
memnepamype cy Hajéeposammilje HeUmMo UL 00 PeanHux, Wmo je maxohe 006po NOZHAMO U3 NPeMXOOHUX
Jumepamyprux nooamaxa, anu cy maxohe muozo 6omu 00 oHux 000ujerux nomohy jeonauune u oujazpama
koju cy npukasanu Lusk u Ford (1978). Ouuenednu cy marve unu euuie pasaudumu ycnosu nocmanka 3a ucnu-
musaue cpanepume u3 pasIUHUMUX pyoOHUX JIEHUUIMA, KAO U 3a NPOYHABAHA PYOHA Tlexuma maxohe, a Koju
Cy y 080M pady nodemweHu y mpu spyne: HUCKO, cpedrbe U BUCOKO MemMneparnypHu peeuoH.

Kibyune peun: Kusxesax, cpanepumu, kpucmanozpacko-xemujcke kapakmepucmuxe, 2eomepmomempuja, ze-
obapomempuja

Summary: Same as in the I part of these investigations (lancic, 2018), crystallographic-chemical characteristics
for sphalerites from the ore deposit KiZevak were used for the comparison with the corresponding characteristics
of some other ore deposits: Suplja Stijena-Brskovo, Lece, Selanac, Trepéa, Janjevo, Precica, Crveni Breg and Crnac.
These data were used for the determination of the formation conditions and they were compared with the results
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obtained by other and various methods and minerals. It was constructed I option of the four-component a -FeS-P-t
diagram. For use of such diagram it is only enough to calculate the unit cell dimension (a ) and obtain the content
of the FeS component of the studied sphalerite, and then at basis of that values to determine the temperature and
pressure of its origin. This diagram could be temporary used until more precise and complete data will be collected
to advance its functionality and to approve or eventually disapprove its validity. However, preliminary obtained re-
sults of the temperature values in this paper are positive and encouraging because the great majority of the samples
show an agreement with the results which were obtained by other methods/minerals and they are much better than
that obtained by Kullerud’s (1953) curve. Obtained pressures for lower temperatures are most probably something
higher than real, which is also well known from the previous literature, but also much better than that obtained
by equation and diagram which were presented by Lusk and Ford (1978). There are obvious more or less different
formation conditions for the studied sphalerites from the various ore deposits, and for the studied ore deposits, as
well, which are in this paper separated into three groups: low, middle and high temperature region.

Key words: KiZevak, sphalerites, crystallographic-chemical characteristics, comparisons, geothermometry, geo-

barometry

YBOJI

Y 1 geny oBux npoy4asama (Tamnh, 2018), 27 yso-
paka cdanepura ca pasIUMUTUM [VMEHsMjaMa je-
muHmaHux henmja n FeS cappikajuma je aHammsupa-
Ho. Kprncranorpagcko-xemMujcke KapaKTepUCTHKe
ctareputa 13 pygHor nexuita Kivkesak (Tarunh,
2004; Tanunh n Cygap, 2004 u 2005) cy ymopebu-
BaHe ca OArosapajyhum ms Hekux APyrux pymHUX
nexuurra: lymwea Crujena-Bpckoso (Jamkosuh u
Jankosuh-Munocasmesuh, 1955); Jlene, Cemanar,
Tpenua, Jaweso, [Ipeuniia u Lpsenu bper (Kpcra-
HoBuh u Kpcranosuh, 1962); u Upnar (Hukomih
u 1p.,1978). OBu mogauy cy takobhe kopumthenn 3a
NpeIMMIHAPHO Pa3MaTparbe y Be3! yCIoBa HaCTaHKa
¥ yKa3yjy fia 11 ce pa3Iy4uTyi IpoydaBaHu cajepu-
TV ¥ PY[HA JISKUIITA MOI/IU [OAEUTH Y TPU TPyIIe:
HIICKO, CPefiibe VI BUCOKO TeMIIEPATyPHY PETUOH.

Hapasme, cBu mobujenu pesynraru cy ynopebusa-
HM ca pesylATaTuMa Kojyu Cy HOOMjeHU JPyruM 1
PasIMYUTMM METOfaMa M MUHepanuMma. Ycrep, 3a-
Ha)XeHNX KOHQIMKATa M OfICTYIIamba, 3aK/by4eHO
je ma ce Kullerud-osa (1953) kxpuBa u jenHaunHa 1
Iujarpam Koju cy npuxasamu Lusk u Ford (1978)
MOTY CMaTpaTy YIJIABHOM HEIPUKIAJHUM U He-
IPUXBAT/bUBMM 3a ofipehrBame reHese chanepura.
Kullerud-osa (1953) xpusa 6u morna 6utn genu-
MIYHO ITPUXBAT/b/Ba 32 ofipehuBame TeMIepaType
caMo KOJI TIPMPOJHMX y30paKa Koju Cy Bp/Io 61y
wy npecenajy muayje 1 u/vmu 3 vHa Criy 2 (Tan-
unh, 2018). Haume, oBe Be MeToze ce 3aCHUBAjy
Ha opipebuBamy P-t (P-mpurucax, t-TemmneparyTa)
yCIoBa HacTaHKa caepuTa UCK/bYINBO U3 Cafp-
’Kaja mpucyTHe FeS xoMmmonenTe.

Ca gpyre cTpane, chaZiepuTH U3 Pa3IMIUTUX PY/-
HUX JIOXNIITA Ca CIMYHUM cafjpKajuma FeS xom-
IIOHEHTN C€ KapaKTEpUIIy Ppas3sanInTuM OVIMEH-
3MjaMa jeVIHMYHUX hemyuja koje 6u Morie nma, y
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INTRODUCTION

In the I part of these studies (Tanci¢, 2018), 27
sphalerite samples with various unit cell dimensions
and FeS contents were analyzed. Crystallograph-
ic-chemical characteristics of sphalerites from the
ore deposit Kizevak (Tanci¢, 2004; Tanci¢ and Su-
dar, 2004 and 2005) were compared with the cor-
responding from some other ore deposits: Suplja
Stijena-Brskovo (Jankovi¢ and Jankovi¢-Milosavl-
jevi¢, 1955); Lece, Selanac, Trepca, Janjevo, Precica
and Crveni Breg (Krstanovi¢ and Krstanovi¢, 1962);
and Crnac (Nikoli¢ et al., 1978). These data were also
used for the preliminary reconsideration about the
formation conditions and indicate that various stud-
ied sphalerites and ore deposits could be separated
into three groups: low, middle and high temperature
region.

Furthermore, all of the obtained results were com-
pared with the results which were obtained by
other and various methods and minerals. Because
of the observed conflicts and deviations, it was
concluded that the Kullerud’s (1953) curve and
equation and diagram which were presented by
Lusk and Ford (1978) could be consider as mostly
inappropriate and unacceptable for determination
of the sphalerite genesis. Kullerud’s (1953) curve
could be partially accepted for the temperature de-
termination only for the natural specimens which
are very near or intersect lines 1 and/or 3 at fig-
ure 2 (Tanci¢, 2018). Namely, these two methods
are based at determination of the P-t (P-pressure,
t-temperature) formation conditions of sphalerite
exclusively from the content of the present FeS
component.

On the other hand, sphalerites from the differ-
ent ore deposits with similar contents of the FeS
component are characterized with different unit
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CK/Iafly ca TUMe, YKaXXy Ha pasmmuure P m/mmm t
ycnoBe HacTaHKa. O63MpoOM Ha Ty UMHbEHUIY, Y
OBOM pajiy je IpoydaBaHa HOBa MOTyhHOCT, T.j.
oruuja I yeTBopo-kommoHeHTHOT a -FeS-P-t nuja-
rpama 3a ofpehuBame HBUXOBOT IIOCTaHKA, 3aTO
To je y I geny oBux npoydaBama (Tanunh, 2018)
IIPETIIOCTAB/bEHO Ja AUMeH3Nje jemuHndHe henuje
caneprta MOry 6MTH Off KOPUCTM 33 TeOTepMO-
MeTpujy u reobapomerpujy. OBaj gujarpam 6m ce
MOTao IpMBPEMEHO KOPUCTUTH JOK Ceé He CaKyIle
IpeLV3HMjU ¥ KOMIUIETHUjI TIOALM Koju O yHa-
HpeMIN HeroBy (YHKLUMOHATHOCT M JOKasasn
VIV €BEHTYAIHO OIOBPI/IM HETOBY BPEJHOCT.

3atuM, cBU HoOujeHu pesynratu cy ymnopebusa-
HU M, 3ajefHO ca pe3y/lTaTMMa Koju Cy HBoOujeHu
npyrum Meropama u MuHepamMa (Kullerud, 1953;
Bethke n Barton, 1971; Rye m Czamanske y Field
u Moore, 1971; Lusk n Ford, 1978; Ohmoto u Rye,
1979; Wiggins u Craig, 1980; Tanunh u gp., 2001;
Janexxnh u gp., 2003 u 2004), 3atum Kopuithenn
Ia 61 ce JOCTUINIM NPUOIVDKHY YCIOBU IOCTAHKA
OBUX chazepnTa 1 PyJHUX JTEKUIITA.

KonayHo, MOHOBO Cy pasMaTpaH; 3aK/bydLM
Tanunh-a u Cygmap-a (2005) u Tanunh-a (2018) o
yrunajy X(Fe,Mn,Cd)S cagpxaja Ha onpebusame
TeMIleparype 1 mputucka y nopehemy ca Fe u FeS
cafipKajuma.

PE3YJITATH U JUCKYCHUJA

1. M3paga 4eTBOPO-KOMIIOHEHTHOT
a,-FeS-P-t ntujarpama (omuuja I)

ITpeTx0nHO VM3HETV KOHTPAaJVIKTOPHY pe3yITaTy
(Bumeru Ha mpuMep: Toulmin u fp., 1991; Vaughan,
2006; Tanunh, 2018; u mureparypa yHyTap) Hare-
pajia Hac je 5a pa3MOTPMMO Heke HoBe MoryhHocTu
3a ofgpehuBame ycmoBa HacTaHKa canepura, Tj. Ha
u3pajy 4eTBOPO-KOMIOHEHTHOT a -FeS-P-t nuja-
rpama. OBakaB JyjarpaM je KOHCTPYMCaH KOMOU-
HOBakbeM pe3y/TaTa 00MjeHX BPeHOCTH 32 a, U
FeS canprkaja n3 Tabena 1-4 v mpoMeHa n3 Barton-a
u Toulmin-a (1966), koje cy IpencTaB/beHe Kao -
Hyje 1 u 3 Ha Cmunym 2 (Tanunh, 2018), ca excrpa-
HOMUPaHVM IIPOMEHaMa IIPUTHCKA M TeMIlepary-
pe vy ogHocy Ha FeS cappyaje us Toulmin-a u pip.
(1991, cnuka 2, c. 1040) u Balabin-a u Sack-a (2000,
cnmka 5, c. 937).

[Tpumersena cy nBa IPUCTYIIA 3a U3PAAY AMjarpa-
Ma:

1. IlpBa mpeTHOCTaBKa je la Cy TeMIepaTypHe IIpo-
MeHe IIpaBe JIMHIje KOje ce CeKy IOfL IPaBUM YITIOM

cell dimensions which could, according to that,
indicate to the different P and/or t formation
conditions. Regard to that fact, in this paper it
was studied a new possibility, i.e. option I of the
four-component a -FeS-P-t diagram for the deter-
mination of their formation, because in the I part
of these studies (Tanci¢, 2018) it was presumed
that the sphalerite unit cell dimensions could be
useful for the geothermometry and geobarometry.
This diagram could be temporary used until more
precise and complete data will be collected to ad-
vance its functionality and to prove or eventually
disapprove its validity.

Then, all of the obtained results were compared
and, together with the results which were ob-
tained by other methods and minerals (Kullerud,
1953; Bethke and Barton, 1971; Rye and Czam-
anske at Field and Moore, 1971; Lusk and Ford,
1978; Ohmoto and Rye, 1979; Wiggins and Craig,
1980; Tanci¢ et al., 2001; Janezié et al., 2003 and
2004), were then used to achieve the approximate
formation conditions of these sphalerites and ore
deposits.

Finally, it was again reconsidered the conclusions
by Tanci¢ and Sudar (2005) and Tanci¢ (2018) of
the influence of the X(Fe,Mn,Cd)S contents to the
determination of temperature and pressure in com-
parison with the Fe and FeS contents.

RESULTS AND DISCUSSION

1. Construction of the four-component
a,-FeS-P-t diagram (option I)

Previously exposed contradictory results (see for
examples: Toulmin et al., 1991; Vaughan, 2006;
Tancié, 2018; and references within) forced us to
considerate about some new possibilities for the de-
termination of the sphalerite formation conditions,
i.e. by construction of the four-component a -FeS-
P-t diagram. Such diagram was constructed by
combining the results of the obtained values for a,
and the FeS contents from tables 1-4 and variations
from Barton and Toulmin (1966), presented as lines
1 and 3 at figure 2 (Tanci¢, 2018), with the extrap-
olated pressure and temperature variations by the
FeS contents from Toulmin et al. (1991, Figure 2, p.
1040) and Balabin and Sack (2000, Figure 5, p. 937).

There were used two approaches for constructing
the diagram:

1. First supposition is that the temperature varia-
tions are straight lines normal at the intersections to
the lines 1 (marked as interrupted lines for temper-
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y OfHOCY Ha /HMje 1 (0O3HadeHe Kao UCIpeKuaHe
JIHUje 3a TeMIlepaTypHe BPeZHOCTY Ca HOpMasl-
HJIM CJIOBMMA Y enurcama) 1 3 (03HadeHe Kao Tay-
KacTe JIMHIje 3a TeMIIepaTypHe BPeSHOCTH ca HOp-
MaJIHVIM C/IOBMMa y IPABOYTAOHNUIIMMA) Ca CTIVKe 2
(Tanunh, 2018), koja je mpukasaHa Ha cnuiy 1; u

2. Jlpyra mpeTnocTaBKa je fa Cy Te TeMIepaTypHe
NpOMeHe KpMBe JIMHMje KOje Ce CEKy IOJ IIPaBUM
YIJZIOM Yy OBHOCY Ha IMHU]Y 1, a7y ca MCKPUB/bEHNM
MIPAaBIMIMA M Ca HEKMM CPENIbMM BPEJHOCTUMA I10-
MepeHNUM Ka oxiroBapajyhoj muamju 3 ca cnmke 1, a
Koja je mpukasana Ha Crumm 2.

Excrpanonucanu nputrciu of 10, 8, 6, 4, 2 n 1 kbar
u3 Toulmin-a et al. (1991) cy nmpukasaHu ca HOpMas-
HJM CTIOBMMA Y e/IUIICaMa Ca VICIPEKUIaHM JIVHIja-
Ma 3a IMHKjy 1; U ca HOPMAJTHUM C/IOBMMA Y IIPaBOy-
TaOHMIVIMA Ca TAYKACTVM JIMHYIjaMa 3a IMHIJY 3.

Excrpanonycany mputuciy og 10, 7.5, 5 1 2.5 kbar-a
u 1 bar n3 Balabin-a u Sack-a (2000) cy npuxaszanu
Ca UTa/IMK CJIOBMMA Yy €MIICaMa Ca MCIPEKUIaHNM
JIMHUjaMa 323 JIMHU)Y 1; ¥ ca UTanuK C/I0BUMA Y TIpa-
BOYI'QOHMIMIMA Ca TAYKaCTUM JIVMHMjaMa 3a JINHU)y 3.

Ciuxke 1 n 2 cy Takobe fonymene canepuruma ca
a,-FeS-t kapakTepucTnKama Koju Tpecelajy, Wiu
cy Bpio 6musy, mauje 3 (Tanci¢, 2018), u ogHOCe
ce Ha IIpenM3Hje ofpehuBame TemmepaType.

Ca crmike 1 MO)Ke ce BUZIETH [ia je Ha BUIUVM TeMIIe-
paTypaMa yTHI[aj IPUTUCKA Matbi HEro Ha HUCKMM
TeMIlepaTypaMa Ha KOj/Ma je ca 3HayajHUM U pac-
tyhum edpexrom. ITpema ToMe, UMHY ce f1a CY IPUTUC-
1y vcton, oko 4 kbar-a ogrosapajyhu sa cdanepute
Koju cy Hactanmu usHap oxo 400 °C. Ca gpyre cTpaHe,
ucropi, oko 300 °C 1 ca mopacToM HPUTKUCKA U3HAJ
0KO 6.5-7 kbar-a jacHo je ma ce pasnuka usmeby mpu-
POZIHIX y30paKa 1 Tab0paTOPUjCKIX eKCIIepUMeHaTa
nosehasa. Hanwme, HajBehe Hecnaramwe nsmeby mpu-
POIHIX y30paKa, Teoplje U eKCIepyMeHaTa ce Hasla-
31 y 00/1aCTI HUCKMX TeMIepaTypa ¥ BUCOKUX IpH-
Trcaka. [lakiie, 0BO Cy ITIABHM PAsJIos Ca 3HaYajHNUM
yTHULIAjeM Ha IPeTXORHO HaBemeHy nebary (Toulmin
u fip., 1991; Vaughan, 2006; u Tanunh, 2018).

Cnuka 2 Bullle 3a/j0BO/baBa KOMIIpOMIUCe u3Mehy
IPUPOSHMX U JTaOOpaTOPUjCKUX y30paka U 3a-
KPUB/BEHOCTH M3OTEPMHMX ¥ M300apHMX MHIjA
pacTBOpa Koje Cy HeOIXOfHe U3 TepMOAMHAMUY-
kux npopadyHa (Toulmin u gp., 1991). Tpebano
6u Takohe HaIOMEHYTM Ha je HPWINYHO TEIIKO
KOHCTPYMCAT! TaKaB AujarpaM 6e3 KOMITIeTHUjUX
nopataka 1 6e3 Buile canmepuTCKUX y3opaka Kop
kojux cy Beh oppebhenn a,, FeS, P u t; u ca TakBum
HopjanyMa Koju 61 iajbe IOTBPAIU HBeroBy Bpef-
HocT. IIpema ToMe, 0Baj ujarpam Ou ce mpuBpeMe-
HO KOPYICTVO CBe JIOK Ce He IIPYKYIIe IPeLV3HIjY U
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ature values with normal letters in ellipses) and 3
(marked as dotted lines for temperature values with
normal letters in rectangles) from Figure 2 (Tan¢i¢,
2018), which is presented at figure 1; and

2. Second supposition is that those temperature
variations are curved lines normal at the inter-
sections to the line 1, but with curve directions
and with some average values shifted to the line
3 corresponding from figure 1, which is presented
at figure 2.

Extrapolated pressures of 10, 8, 6, 4, 2 and 1 kbar
from Toulmin et al. (1991) are presented with nor-
mal letters in ellipses with interrupted lines for the
line 1; and with normal letters in rectangles with
dotted lines for the line 3.

Extrapolated pressures of 10, 7.5, 5 and 2.5 kbar and
1 bar from Balabin and Sack (2000) are presented
with italic letters in ellipses with interrupted lines
for the line 1; and with italic letters in rectangles
with dotted lines for the line 3.

Figures 1 and 2 are also supplemented with
sphalerites of the a -FeS-t characteristics which
intersects, or are very near, to the line 3 (Tanci¢,
2018), relatively to the more precise temperature
determination.

From figure 1 it can be seen that at higher tem-
peratures pressure effect is smaller than at low
temperatures where it is with the considerable
and increasing effect. Accordingly, it seems that
the pressures bellows of about 4 kbars are ad-
equate for the sphalerites formatted above of
about 400 °C. On the other hand, under about
300 °C with increasing pressure over about 6.5-7
kbars it is clearly that the difference between the
natural specimens and laboratory experiments is
increasing. Namely, the greatest conflict between
the natural specimens, theory and experiment is
in the region of low temperatures and high pres-
sures. Therefore, those are the main reasons with
considerable influence to the previously men-
tioned debate (Toulmin et al., 1991; Vaughan,
2006; and Tancié, 2018).

Figure 2 more satisfied compromises between the
natural and laboratory specimens and curvatures
of the isothermal and isobaric solvus lines which
are necessary from the thermodynamic calcu-
lations (Toulmin et al., 1991). It should be also
mentioned that it is quite difficult to construct
such diagram without more complete data and
without more sphalerite specimens with already
determined a, FeS, P and t; and with that data to
further verify the validity of it. Therefore, this dia-
gram could be temporary used until more precise
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Cnuka / Figure 1, Excmpanonayuja npu-
MUCAKA Ca MeMnepamypHum npomena-
ma u3 Toulmin-a u 0p. (1991) u Balabin-a
u Sack-a (2000) ca dumeH3zujom jedu-
Huune henuje (a,) ca FeS cadpmajuma.
Jlunuje: 1. Barton u Toulmin (1966); u
3. Tanuuh (2018). IIpomene memnepa-
mype cy npasonunujcke / Extrapolated
pressures by temperature variations from
Toulmin et al. (1991) and Balabin and
Sack (2000) with the unit cell dimension
(a,) by the FeS contents. Lines: 1. Barton
and Toulmin (1966); and 3. Tanci¢ (2018).
Variations of temperature are linear

Cnuka 2, Excmpanonayuja npumuca-
KA ca memnepamypHum NpoMeHama u3
Balabin-a u Sack-a (2000) ca oumen-
3ujom jedunuune henuje (a,) ca FeS cadp-
scajuma. JTunuje: 1. Barton u Toulmin
(1966); u 3. Tanuuh (2018). IIpomene
memnepamype cy KpUsoAUHUjcKe

Figure 2, Extrapolated pressures by
temperature variations from Balabin and
Sack (2000) with the unit cell dimension
(a,) by the FeS contents. Lines: 1. Barton
and Toulmin (1966); and 3. Tanci¢ (2018).
Variations of temperatures are curved

63



II. Tanuuh - Iopeherve kpucmanozpadcko-xeMujckux Kapakmepucmuxa canepuma us pyonoe nexcuwima Kusegax... 59-73
P. Tanc¢i¢ - Comparison of the Crystallographic-Chemical Characteristics of Sphalerites from the KiZevak... 59-73

KOMIUIETHUjU HOJAIY KOjU OU YHAIIPENUIN Hero-
BY (DYHKIMOHATTHOCT U JOKA3a/Il VIU eBEeHTYaTHO
OIIOBPIJIN HeTOBY BPEIHOCT.

Takobe, TemmeparypHe kpmBe (usorepme) Ou
MOIVIe OUTH HELITO pasan4nTujer 06/1mKa u nosuo-
XKaja, ITo OV TaK/Ie YTUIAIo U Ha 06/muK nsobapa.
Y ckmagy ca M, onnuja I 4eTBOPO-KOMIIOHEHT-
Hor a -FeS-P-t mujarpama nacranma us cnmke 2 (vc-
[IpeKujaHe IMHUje Ca TayKaMa) je IpeyIoKeHa I
npukaszaHa Ha Cnuny 3, fok he o Hekum gpyrum
omnyjamMa 6UTy JUCKyTOBaHO y 6ynyhum npoydva-
BambIMa Koja Cy U ja/be Y TOKY. a Koja he 6mty Hak-
HaJHO 00jaB/beHa.
a, [A]

A
5.424

and complete data will be collected to advance its
functionality and to prove or eventually disap-
prove its validity.

Also, temperature curves (isotherms) could be of
something different shape and positions, which
would therefore affected to the shape of isobars.
According to that, the Option I of the four-com-
ponent a -FeS-P-t diagram derived from figure 2
(interrupted lines with dotts) is proposed and pre-
sented at figure 3, while some other options will be
discussed with further studies which are still in pro-
gress and published afterwards.
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2. OppehuBama TeMneparypa U NpUTHCAKA Ha-
CTaHKa, Mopehemse ca APyruM nojanumMa u pas-
marpame yrunaja X(Fe,Mn,Cd)S canpxkaja Ha
JOOMjeHE TIOIaTKe

OBowM npummkoM KopuinheHa je cvka 3 3a mpolte-
HY TeMIlepaType U IPUTHUCKA 32 Y30pKe KOjit Majy
nopiaTke 3a a, FeS n X(Fe,Mn,Cd)S (r.j. Tabene 1-4
of Tanunh-a, 2018) KOHCTPYKIMjOM CITUKe 4.

Ca cnuke 4 mory ce ofpenuMTu Temreparype-t,
(y °C) n mpurucka-P, (y kbar) nacranka csaxor
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2. Determinations of the temperatures and
pressures of formation, comparison with other
data and reconsideration about influence of the
Y(Fe,Mn,Cd)S contents to the obtained data

For this occasion it was used figure 3 for the tempera-
ture and pressure estimations for the specimens with
the data of a , FeS and X(Fe,Mn,Cd)S (i. e. Tables 1-4
by Tanc¢i¢, 2018) by construction of figure 4.

From figure 4 it could be determined temperature-t,
(in °C) and pressure-P, (in kbars) of formation for
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y3opka. IIpolemeHa cTaHfapiHa feBujaluja je-
nuHnvHe hemje je kopuinhena 3a mporeHy omcera
TemIlepaType U NPUTHUCKA, T.j. 1beTOBY JeBUjaLiljy.
OsBu mopany cy npukasann y tabemama 1 (ca FeS
cappxajuma) 1 2 (ca X(Fe,Mn,Cd)S campxajuma)
3ajefHO Ca MOfallMMa KOji Cy HOOMjeHM APYruM
MeToflaMa/MIHepannma, T.j. t-t, u P -P, (Tanuwuh,
2018). Ha TakaB Ha4lH ce MOYXe IPOBEPUTH Bajba-
HOCT J0OMjeHNX MOfaTaKa, YaK MaKo OBe TeMIlepa-
Type He MOpajy 06aBe3HO OUTU UCTe Kao OHe Koje
Cy IpolieleHe U3 IapareHe3a CUNIMKATHUX MIUHe-
paja, MOfiela M3OTOICKUX dpaKinja, WK FPYTUX
He3aBICHIUX BUJI0BAa TEPMOMETPHje 3aCHOBAHMX Ha
morabajuMa Umju ce OHOC Ha PaBHOTEXY care-
puta He Moxke gokasaru (Toulmin u mp., 1991).

every one specimen. The estimated standard devia-
tion of the unit cell is used for the estimation of the
temperature and pressure range, i.e. its deviation.
These data are presented at tables 1 (with the FeS
contents) and 2 (with the X(Fe,Mn,Cd)S contents)
together with data which were obtained by other
methods/minerals, i.e. t,-t and P -P, (Tanci¢, 2018).
At such manner it could be checked the validity of
the obtained data, even that these temperatures
may not necessarily be the same as that estimat-
ed from the silicate mineral assemblages, isotopic
fractionation patterns, or other independent means
of thermometry based on events whose relation to
sphalerite equilibration cannot be demonstrated (T
oulminetal, 1991).
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Tabena 1, Odpehere memnepamype u npumuciyu 3a pyoHa nexcuwima Jleve, Illynmwa Cmujena-bpcxoso,

P Tancic - Comparison of the Crystallographic-Chemical Characteristics of Sphalerites from the Kizevak... 59-73

Lpnay, Cenanau, Kuxesax, Tpenua, Jareso, IIpeuuna u LJpsenu bpee. Kopuwhenu cy FeS cadpxcaju
Table 1, Determined temperatures and pressures for the ore deposits Lece, Suplja Stijena-Brskovo,
Crnac, Selanac, Kizevak, Trepca, Janjevo, Precica and Crveni Breg. The FeS contents were used

Pynno nexumre

VY3opax

Crveni Breg

Ore deposit Sample % FeS 14, |t K E P, tu Py
Jlene I 5,4050(1) | 0,88 | 29 24,53 2543 2,5
Lece
- 5,4099(1) 5,53 170 16,60 | 135+3 6

llymsa Crujena- | senenkactu

 Bpexoso greenish 5408(1) | 2,91 | 100 20,90 80420 5,5+1,5

Suplja Stijena

“Brskovo 5,409(1) 5,13 160 17,23 | 115420 6%1,5
KYTH 5,409(1) 543 170 16,76 | 120+20 6+1
yellow
MPKI
brown 5,414(1) 9,76 280 10,55 |285+20 7+0,5
TaMHU
dark
Hpnan, Ky 54119(5) | 1,24 | 41 | 113 23,87 105+10 80,5
Crnac yellow
XIYIT” 5,4123(5) 2,17 71 2220 |130+10| 8,5+0,5
yellow
Syt 5,4124(5) 2,14 71 | 108 22,25 [130+10|  8,5+0,5
yellow 5,4133(5) 2,63 85 | 106 21,39 | 160+10 9+0,5
XIYIT” 5,4126(5) 3,38 110 | 103 20,10 [160+10| 8,5+0,5
yellow
- 5,415(1) 5,78 180 | 186 16,21 | 250420 101
yellow
KYTU
yellow 5,418(1) 9,27 270 | 186 11,19 |350+15 10+1
KYTU
yellow
Cenanany 5,4182(1) | 15,52 | 410 4,09 41543 4
Selanac

0 15.611b-y | 54186(6) | 2,22 | 71 | 210 22,11 250+10 1240.5
m

15.611b-r | 5,4195(6) | 12,28 | 340 | 214 | 491/419" | 583/465 | 7,47 40549 6.5

15.623y | 54186(4) | 2,12 | 68 | 176 | 468/259 | 950/446° | 22,28 245+8 12+0.5

% . | 690m | 15604b | 54189(4) | 8,17 | 240 | 374 12,70 35047 10

m

g5 15.640b-b 17,25 | 450 | 432 2,55 465 2.5

g

2 M 15.635y | 54184(6) | 1,29 | 41 | 132 | 464/242° | 871/368" | 23,78 225+10 12+0.5

10 15.633y | 54185(5) | 1,67 | 53 | 214 |388/194 |457/145 | 23,09 2409 1240.5
m
15.634b | 54187(5) | 4,53 | 145 | 320 | 544/355" | 512/248 | 18,19 29549 1240.5
15.629b | 5,4190(5) | 6,39 | 195 | 215 | 491/343" | 937/595 | 15,28 33048 11.5+0.5
Tperra 54214(1) | 18,73 | 485 1,38 505+3 1,5
Trepca
Jareso 5,4223(1) | 18,83 | 485 1,30 525+3 1,5
Janjevo

Tpewua 5,4225(1) | 19,85 | 510 0,58 545+3 0,5
Precica

Lpsenn bper . .

5,4239(1) | 22,59 | 560 -1,04 | 600+3/550+3 | -1,5/0,5

" - kopurosaHo 3a npurucax/corrected for the pressure
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VI3 Taberne 1 MOXe ce BUETH fa CY OYUITICTHY BUIIIE
VIV Malbe Pas/IMyiTy YCTIOBM HAaCTaHKa Cdaepura
U3 PA3IMYUTUX INPOYYABAHMX PYSHUX JIEKMNIITA.
OHM ce MOTY OJIeNINTY Y TPU TpyTIe-pernoHa:

1. Hucko rtemneparypHu perumoH (<200 °C) 3a
canepure us pygHux nexumra Jleue (t o 25+3
mo 135£3 °C; P ox 2,5 o 6 kbar-a); Illymsa Cruje-
Ha-Bpckoso (t ox 80+20 mo 12020 °C; P op 5,5+1,5
mo 61 kbar-a); u Lpnar (t og 10510 o 160+10
°C; P op 8+0,5 7o 9+0,5 kbar-a);

2. Cpenme TemnepaTypHu peruoH (on 200 go 450
°C) sa canepure us pyguux nexumra [lymba
Crujena-Bpckoso (t=285%20 °C; P=7+0,5 kbar-a);
IpHar (t ox 250+20 mo 350115 °C; P=10+1 kbar-a);
Kwmxkesak (t og 22510 mo 40549 °C; P on 6,5 1o
12+0,5 kbar-a); u Cenanan (t=415+3 °C; P=4
kbar-a); u

3. Bucoko temneparypHum pernon (>450 °C) sa
canepure n3 pygHux nexuimra Kikepak (t=465
°C; P=2,5 kbar-a); Tpemua (t=505+3 °C; P=1,5
kbar-a); JameBo (t=525%3 °C; P=1,5 kbar-a); IIpe-
uynna (t=545+3 °C; P=0,5 kbar-a); u I]psenu bper
(t=600+3 °C; P=-1,5 kbar-a). OBpe 6u Tpebaso Ha-
TIOMEHYTH Jja 611 ce IPUTICAK 3a chanepuT U3 pyp-
Hor nexxuirra [Ipsenu Bper Mopao kopurosaTu 3a
HajMame 1,5-2 kbar-a y TOSUTHBHY BpeJHOCT, LITO
CHIDKaBa TeMIlepatypy 3a oko 40-50 °C. [Jakre, fo-
6ujeHo je oko 550 °C 3a P=0,5 kbar-a.

[Topebhemem Temmeparypumx pesynrara (t,) sa
pynHa nexumTa Jlene, Ilymma Crujena-bBpcko-
Bo, Cenanan, Tpemua, Jameso, [Ipeunta u Ilpse-
H1 Bper ca pesyrratnma Koju cy go6ujeHN IpeKo
Kullerud-ose xpuse (t,), jo6ujeHo je 5 pasmuanTux
1 6 CIMYHUX BPEJHOCTMU.

[Topehewem TemmepaTypunx pesyntara (t,) 3a
pynsHo nexumTe LlpHal ca pesynaTaTuMa Koju cy
no6ujenu npeko Kullerud-ose xpuse (t,), mobuje-
He Cy CBe paslIM4uTe BPEJHOCTHM Ca 3HAYajHO Be-
JMKUM Hecnmaramuma 3a FeS cagpikaje, kao mro je
npukasaso y tabenu 1. Huxonuh u mp. (1978) cy
To6WUIM IBe JOMMHAHTHE (paKiyje: IpBy ca 64,5%
cajip>kaja 1 ca TeMIlepaTypoM HacTaHka of 220 °C,
u pyry ca 16,5% cappikaja u ca TeMIlepaTypoMm
Hactanka off 330 °C. [lobujene Temneparype t,, of
105+10 1 160+10 °C cy y MHOrO 60750j carmacHoc-
T ca t, temmeparypama on 113 u 106 °C koje cy
nobujene n3 Cu cappxaja (Wiggins u Craig, 1980),
a caMuM TUM U 00jeKTUBHIje Hero OHe Koje Cy Jo-
6mmn Hukomh u ap. (1978). Ca mpyre cTpaHe, mo-
pebermem TemmepaTypHux pesynrtara (t,,) 3a pyaHo
nexniure LIpHai ca pesyrratuma Koju cy gobuje-
uu ipexo Kullerud-ose kpuse (t,), no6ujene cy cse
cmrune BpepHocTr 3a X(Fe,Mn,Cd)S canpxaje,
IpUKa3aHo y Tabemn 2.

From table 1 it can be seen that there are obvious
more or less different formation conditions for the
sphalerites from various studied ore deposits. They
could be separated into three groups-regions:

1. Low temperature region (<200 °C) for sphalerites
from the ore deposits Lece (t from 25+3 to 135+3
°C; P from 2.5 to 6 kbar); Suplja Stijena-Brskovo (t
from 80+20 to 120420 °C; P from 5.5+1.5 to 6+1
kbar); and Crnac (t from 105+10 to 160£10 °C; P
from 8+0.5 to 9+0.5 kbar);

2. Middle temperature region (from 200 to 450
°C) for sphalerites from the ore deposits Suplja
Stijena-Brskovo (t=285+20 °C; P=7+0.5 kbar);
Crnac (t from 250+20 to 350%15 °C; P=10=+1
kbar); Kizevak (t from 225+10 to 405+9 °C; P
from 6.5 to 12+0.5 kbar); and Selanac (t=415+3
°C; P=4 kbar); and

3. High temperature region (>450 °C) for sphalerites
from the ore deposits Kizevak (t=465 °C; P=2.5
kbar); Trepc¢a (t=505+3 °C; P=1.5 kbar); Janjevo
(t=525+3 °C; P=1.5 kbar); Prelica (t=545+3 °C;
P=0.5 kbar); and Crveni Breg (t=600+3 °C; P=-1.5
kbar). Here it should be mentioned that the pres-
sure for sphalerite from the Crveni Breg ore deposit
must be corrected for at least 1.5-2 kbar to the pos-
itive value, which decrease temperature for about
40-50 °C. Therefore, it is obtained about 550 °C for
P=0.5 kbar.

By comparison of the temperature results (t, )
for the Lece, Suplja Stijena-Brskovo, Selanac,
Trepca, Janjevo, Precica and Crveni Breg ore
deposits with the results obtained by Kullerud’s
curve (t ), there were obtained 5 different and 6
similar values.

By comparison of the temperature results (t,) for
the Crnac ore deposit with the results obtained by
Kullerud’s curve (t), there were obtained all dif-
ferent values with considerable large disagreement
for the FeS contents, table 1. Nikoli¢ et al. (1978)
obtained two dominant fractions: one with 64.5%
content and with formation temperature of 220 °C,
and second with 16.5% content and with formation
temperature of 330 °C. The obtained temperatures
t,, of 10510 and 160+10 °C are in much better
agreement with the t, temperatures of 113 and 106
°C obtained from the Cu contents (Wiggins and
Craig, 1980), and accordingly more objective than
that obtained by Nikoli¢ et al. (1978). On the other
hand, by comparison of the temperature results (t,,)
for the Crnac ore deposit with the results obtained
by Kullerud’s curve (t,), there were obtained all sim-
ilar values for the X(Fe,Mn,Cd)S contents, shown in
table 2.
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Tabena 2, Odpehere memnepamype u npumucyu 3a pyoHa nexcuwima Lpnay, u Kuscesax.

Kopuwhenu cy Z(Fe,Mn,Cd)S cadpxcaju

Table 2, Determined temperatures and pressures for the ore deposits Crnac and Kizevak.

The % (Fe,Mn,Cd)S contents were used

Pynno nexumire VY3op ak
Ore deposit Sample % %(Fe,Mn,Cd)$ t P, to P,
Lpran Ky 5,4119(5) 6,62 205 14,94 195£10 | 7,540,5
Crnac yellow
”‘1Y1T“ 5,4123(5) 8,49 250 12,25 230+10 740,5
yellow
Ky 5,4124(5) 9,86 285 10,42 250+10 60,5
yellow 5,4133(5) 10,04 290 10,19 275+10 60,5
”‘1Y1T“ 5,4126(5) 10,40 300 9,73 265+10 60,5
yellow
—— 5,415(1) 12,53 345 7,19 335+20 5,5
yellow
KYTU
yellow 5,418(1) 17,67 460 2,20 440420 2,5
KYTU
yellow
670 15.611b-y | 54186(6) 6,10 190 15,72 340+8 11£0,5
m
15.611b-r 5,4195(6) 16,05 425 3,60 44549 3,5
15.623y 5,4186(4) 6,06 185 15,78 340+7 11+0,5
¥ 690m 15.604b 5,4189(4) 11,16 315 8,79 390+7 7
/M
g5 15.640b-b / 21,42 540 -0,42 525 1bar
g s
2 15.635y 5,4184(6) 4,77 150 17,81 295+10 | 11,5+0,5
10 15.633y 5,4185(5) 5,03 160 17,39 30549 11,5+0,5
m
15.634b 5,4187(5) 8,17 240 12,70 350+8 10
15.629b 5,4190(5) 9,75 280 10,56 375+8 8,5

Coaneputu u3 pygHor nexumra KipkeBak mo-
UMby Ca KPUCTAIM3aljoM Ha oko 465 °C u 2,5
kbar-a (ysopak 15.640 mpxo-1ipH1). OBa Temuepa-
TypHa BPEJHOCT Ce M3BAHPENHO CIIaXxe ca gobuje-
HoM BpepHomhy op 475 °C 3a apCeHOIMPUTCKY
TeOTePMOMETPI)Y U3 CYCEJHOI PYAHOT JIEKMIITA
CacraBun (Tanumh u gp., 2001; Janexwh u ap.,
2003 n 2004), a Taxobe u ca t, (450 °C) u t, (432
°C). ToxoM pasper mpoljeca KpucTaausanyje TeM-
neparypa OIajia, JOK IIPUTUCAK pacTe, il CKOPO
CUTYPHO He 10 BpegHOCTH Of 12+0,5 kbar-a, xoja je
JICYBMIIIe BYCOKa. Pa3nosu 3a cyMmy Kop BpefHO-
CTH Koje Cy Buie of 6,5-7 kbar-a 3a remneparype
uctoy oko 300 °C cy IpeTX0nHO 0fjallbeny, a IITo
je Takobe off 3Hauaja 3a pygHa nexxuTa Jlene, Ily-
wba CrujeHa-bpckoso n IlpHam.

Cnepehn ysopum us pymHor nexminra Kimpkesak
uMajy takohe Bpso 1obpo crarame usmeby:

-t,, m t, (Wiggins n Craig, 1980): 15.633 xyTtn
(td1:24Oi9 °C; t,=214 °C); 15.611 Mpko- XyTH
(t, =250+10 °C; t,=210 °C); 15.634 mpiu (t, =295+9
°C; t,=320 °C); 1 15.604 mpxu (t, =350+7 °C; t =374

°C);
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Sphalerites from the Kizevak ore deposit begin with
crystallization at about 465 °C and 2.5 kbar (speci-
men 15.640 brownish-black). That temperature val-
ue is in excellent agreement with the obtained val-
ue of 475 °C for the arsenopyrite geothermometer
from the neighboring ore deposit Sastavci (Tanci¢
et al., 2001; Janezi¢ et al., 2003 and 2004), and also
with t, (450 °C) and t, (432 °C). During the further
crystallization process temperature decreases, while
the pressure increases, but almost certainly not to
the value of 12+0.5 kbar, which is too high. Rea-
sons for suspicion at the values higher than 6.5-7
kbar for the temperatures bellow about 300 °C are
previously explained, and what is also considerable
for the Lece, Suplja Stijena-Brskovo and Crnac ore
deposits.

Following specimens from the Kizevak ore deposit
has also very good correlation between:

-t,, and t, (Wiggins and Craig, 1980): 15.633 yel-
low (t,=240+9 °C; t,=214 °C); 15.611 brown-
ish-yellow (tdIZZSOiIO °G; t,=210 °C); 15.634
brown (t, =295+9 °C; t,=320 °C); and 15.604 brown
(t, =350+7 °C; t,=374 °C);
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-t,, n t, (Bethke u Barton, 1971): 15.635 xyTtn
(t, =225+10°C; t,=242 °C); 15.623 xcyn (t, =245+8
°C; £,=259 °C); 1 15.629 mpKku (t, =330+8 °C; t =343

°C); n

-t, u t,, (Bethke u Barton, 1971): 15.634 mpxu
(t,,=2959 °C; t, ,=302+53 °C); n 15.611 mpxo-up-
Benn (t,,=405%9 °C; t, =442+23 °C).

4,5
IIpema ToMe, cBu y3opum cdaneputa U3 pygHOT
nexumra KipkeBak nmajy Beoma Ho6po crarame
usmeby t, ¥ Temmeparypa Koje Cy mobujene apy-
ruM MeTofilaMa/MuHepanuma. Ca apyre cTpase,
nopehermem TeMIepaTypHux pesynrara (t, ) ca pe-
3ynTatuMa Koju cy pobujenn mpeko Kullerud-ose
kpuse (t), mobujeHe Cy caMo fJBe CIMYHE Bpef-
Hoctu 3a %(Fe,Mn,Cd)S cagpxaje (ysopuu 15.611
MpKO-LpBeHN 1 15.640 MpKo-LpHU Yy Tabemu 2).
Takobe, mojegyHM y30pIy OKA3yjy 3HaYajHe pas-
nuke usMebhy t , U T, IIITO MOXe yKasyuBaTy MM Ha
nomry ofpen6y Mn cafpskaja, Wiy Ha HEPaBHOTEXY
usmeby coanepura u raneHuTa.

Jo6ujene TemmepaTypHe BPeHOCTH 3a PyIHA Je-
sxumrta Tpermya u ITpeunia-Ilpsenn Bper (Asa-
J1a) Cy y Bp/IO BOOPOj caracHOCTY ca KoOVjeHUM
BPEIHOCTMMA 13 Te0TepMOMeTpHje apCeHONMPUTA
(Tanuwh u gp., 2001; Janexxuh u mp., 2003 u 2004)
ox oxo 485 °C 3a pynHo nexuurte Tperya u 510 °C
3a pygHo nexxumte Llpsenn bper.

Ounrnenno je pacy t, ut, (artakobemt, ut,) cko-
PO MCTOBETHM KOJ y30paKa Koju IpeceLajy Uiu cy
Bp/o 013y OCHOBHe JIMHMje, Kao LITO je IpHKa-
3aHO Ha CluLM 4, JOK Ce KOJ OCTaIMX Hec/larama
ysehasajy ca ymamenomhy o ocHOBHe nMHMje.

Kopn Behune mobujennx nputucaka (P, and P,)
IIOCTOje Be/IMKa Heclarama ca OHMMa KOju Cy Jio-
OujeHN U3 jefHAYMHA 1 AMjarpama Koje Cy mpencTa-
sumu Lusk n Ford (1978)-P, u P, (tabene 1 un 2).
llobujene P, BpemHOCTN Cy MHOTO O0jeKTMBHHUje
Hero P, kop nBazmecer ysopaka. P, u P, BpenHocTn
CY CKOpO IofijefHaKe 3a pyfHa nexxnumrTa CenaHan,
Tpemnya, Jameso, Ilpeunna u Lpsenn bper (mer
y30paka) 1 3a iBa y30pKa U3 pygHux nexuinra [p-
Han 1 KiokeBak (ca HajBehmm capprkajuma FeS), a
IITO je HajBepOBaTHIje YC/Ie], IbIX0Be TeMIlepaType
noctanka nsHap 350 °C. Hagame, P 1, BDEHOCTH Cy
MHOTO 06jekTuBHMje o7 P, 32 4eTpHAECT y3opaka, a
P, u P, cy ckopo nogjefiHaky camo 3a 1iBa y30pKa.

Coanepur us pyguor nexuiura LlpHar je jeman
y3opak koju je ¢pakuyonncan (Hukonuh u mp.,
1978), n crora je nputucak (P, ) ca manom Bapuja-
myjoM (T.j. of 8+0,5 go 10+1 kbar-a).

I[Ipoceune onpehene Temmeparype (t, nt,,) u mpu-
tuctm (P, u P ) U3 cBUX mpoyyaBaHux y3opaka 3a
pynHa nexumra Jlene, llympa Crujena-bpckoso,

-t,, and t, (Bethke and Barton, 1971): 15.635 yel-
low (t,=225+10 °C; t,=242 °C); 15.623 yellow
(t,=245%8 °C; t,=259 °C); and 15.629 brown
(t, =330+8 °C; t,=343 °C); and

-t, and t,, (Bethke and Barton, 1971): 15.634
brown (t,=295+9 °C; t,=302+53 °C); and 15.611
brownish-red (t, =405+9 °C; t,=442423 °C).

Therefore, all of the sphalerite specimens from the
Kizevak ore deposit have very good correlation
between t, and temperatures obtained with other
methods/minerals. On the other hand, by compar-
ison of the temperature results (t, ) with the results
obtained by Kullerud’s curve (t,), there were ob-
tained only two similar values for the X(Fe,Mn,Cd)
S contents (specimens 15.611 brownish-red and
15.640 brownish-black at table 2). Also, some spec-
imens have the considerable difference between t,
and t,, which could indicate either to a bad determi-
nation of the Mn contents, or either to disequilibri-
um between sphalerite and galena.

Obtained temperature values for the Trep¢a and
Precica-Crveni Breg (Avala) ore deposits are in very
good agreement with the obtained values from the
arsenopyrite geothermometry (Tanci¢ et al., 2001;
Janezi¢ et al., 2003 and 2004) of about 485 °C for the
Trepca ore deposit and 510 °C for the Crveni Breg
ore deposit.

It is obvious that t, and t, (and also t, and t) are
almost the same for the samples which intersects or
are very near to the base line, shown on figure 4,
while for the others disagreements are increasing
towards the farness from the base line.

For the mostly obtained pressures (P, and P,)
there are large disagreements with that which was
obtained from equations and diagrams presented
by Lusk and Ford (1978)-P and P, (tables 1 and 2).
The obtained P,, values are more objective than P,
for twenty samples. The P, and P, values are almost
the same for the Selanac, Trepca, Janjevo, Predica
and Crveni Breg ore deposits (five samples) and for
two samples from Crnac and Kizevak ore deposits
(with highest FeS content), which is most probably
due to their formation temperature over 350 °C.
Furthermore, P,, values are more objective than P,
for fourteen samples, and P,, and P, are almost the
same only for two samples.

Sphalerite from the Crnac ore deposit is one sample
which is fractioned (Nikoli¢ et al., 1978), and con-
sequently pressure (P, ) is with little variation (i.e.
from 8+0.5 to 10+1 kbar).

The average determined temperatures (t, and t,)
and pressures (P, and P) from all of the studied
samples for the ore deposits Lece, Suplja Stije-
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Ilpuan u KiokeBak cy npukasase y tabenu 3. Pagu
nopebetba, oBu mopany fobujern npexo Kullerud-
oBe (1953) kpuBe 1 jefHauNHe U Aujarpama Koju cy
npesenroBamu Lusk u Ford (1978) xop Tanumh-a
(2018) cy Taxkobe momatu y Tabenut 3 u 03HaYeHN ca
t, > t, P, and P "

d1’ d1

na-Brskovo, Crnac and Kizevak are presented at ta-
ble 3. For the comparison, these data obtained with
Kullerud’s (1953) curve and equation and diagram
which were presented by Lusk and Ford (1978) at
Tancié (2018) were also added at table 3 and marked

witht, 't P,"and P "

Ta6ena 3, Ipoceure odpehere memnepamype (t, ut, ) u npumucyu (P, uP,)
3a pyona nexcuwma Jleue, Ilynma Cmujena-bpckoso, Lpnay, u Kuxesax

Table 3, Average determined temperatures (t, and t,,) and pressures (P, and P )
for the ore deposits Lece, Suplja Stijena-Brskovo, Crnac and Kizevak

Pynmno nexwumre . . . .
Ore deposit tdl Pdl sz tdl Pdl tdz sz
Tlene 8043 4.0 / 100 20 / /
Lece
lynwa Crujena-bpekoso. | 5050 | 6041 1 / 178 516 / /
Suplja Stijena-Brskovo
Hpran 184+12 | 89+0.6 | 284+13 | 58404 | 118 >19 305 9
Crnac
1O JIGKITHITE 31249 | 10.0+0.3 | 37448 | 82402 | 178 >16 276 >11
whole deposit
670m 328+10 | 9.2+0.2 | 39248 | 7.2+02 | 206 >14 308 >9
g E 690m 35348 | 8.2+0.2 | 418+7 | 6.0+0.2 | 253 >12 317 8
%.9 710m 27249 | 11.9+0.5 | 33149 | 10.4+02 | 108 >20 208 >14
g s
Z
> Ky 23749 | 120405 | 31349 | 113405 | 54 >23 165 17
yellow
MPHH 34949 | 9.1+0.3 | 404+8 | 6.7+0.1 | 240 >13 332 8
brown

CxopHO mpoceyHuM ofipebeHym rtemmeparypama,
IIpMKa3aHNX y Tabem 3, Kao U APyruM HOjefHay-
HVIM BPeJHOCTUMa, IIpUKasaHo y Tabemu 1, mpoy-
JaBaHa Py/jHa JIeKWIITA Cy ITOfle/beHa Y TPU IpyIIe:

1. Hucko TemnepatypHu pernos (<200 °C) 3a pygHa
nexxuira Jlene, lllynba Ctujena-bpckoso u LpHary

2. Cpepnme Temneparypuu peruoH (on 200 go 450
°C) 3a pynHa nexuniura Kivkepak u Cenanai; u

3. Bucoko temueparypHu peruos (>450 °C) 3a pygHa
nexxuTa Tperrda, Jamweso, [Ipeunma u Lipsenn bper.

Haurrh u 1p.,1998) cy mpoydaBanu M30TOICKK
cacTaB CyMmmopa y cyadupuMa pygHOT JIeXMINTa
KmxeBak. FbuxoBuM mpoyuaBamyma yTBpheH je
yckn S BapujalMoOHM MHTEpBaa KOJ TaJleHuTa
(2,19 %o), camepura (1,70 %o) u muputa (1,36 %o)
KOjU yKasyje Ha CTaOUIIHe yCIOBe y XUAPOTEpMa-
HOM cucreMy (y3aK TeMIIepaTypHM OIICeT), a ILITO
je y BpIo f06poj carnacHOCTY ca pe3ynTaTuma y
oBoMe papy (T.j. o 225 go 465, mpoceuro 312 °C).
Hobujene npoceune 8*S BpenHocru us paga JaH-
ruh-a u gp., 1998, tabene 1 u 2, cy uckopuuthene
3a IIPOLIeHy TeMIlepaType OBOT PY/HOT JIEKMUIITA y
OBOM pajy (T.j. yIJIaBHOM ca XOpM30OHTa Ha 690m,
360r Tora mTO je Beh1Ha HBUXOBUX IPOYYaBAHUX
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According to table 3, the average determined tem-
peratures, as well as to the other individual values,
table 1, the studied ore deposits are separated into
three groups:

1. Low temperature region (<200 °C) for the ore de-
posits Lece, Suplja Stijena-Brskovo and Crnac;

2. Middle temperature region (from 200 to 450 °C)
for the ore deposits Kizevak and Selanac; and

3. High temperature region (>450 °C) for the ore
deposits Trepca, Janjevo, Prec¢ica and Crveni Breg.

Dangi¢ et al. (1998) studied isotopic sulfur com-
position of sulfides from the Kizevak ore deposit.
With their studies it was determined narrow &*S
variation interval at galena (2.19 %o), sphalerite
(1.70 %o) and pyrite (1.36 %o) which indicate to
the stable conditions in the hydrothermal system
(narrow temperature range), and in a very good
agreement with the results in this paper (i.e. from
225 to 465, average 312°C). Obtained average §*S
values from paper by Dangi¢ et al. (1998, Tables
1 and 2) were used for estimating the tempera-
ture of this ore deposit in this paper (i.e. mainly
for the horizon at 690m, because the majority of
their studied samples (6) is from that horizon, one
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y3opaka (6) ca TOT XOPM30HTA, jefiaH je ca XOPU30H-
Ta Ha 670m 1 ABa ca XOpu3oHTa Ha 710m, 1. a.).

IIpBo, 3a mpoueHy TeMmueparype KopuiheHa
je xammOpaloHa KpuBa JaTa of cTpaHe Rye u
Czamanske (1969) xop Field u Moore (1971, Cnu-
ka 6). IIpepauynare cy pasmuke usmeby onrosa-
pajyhux MuHepamuyux mapoBa: c¢anepuT-rae-
HuT  (A=4,910-2,975=1,935), nwmpwur-chanepur
(A=6,700-4,910=1,790) u tupur-ranenut (A=6,700-
2,975=3,725). OBu noganyu cy gabe KopuiheHu 3a
Zobujame TeMIepaType IOCTaHKa of oko 350 °C,
IITO je y M3BaHPENHO] CAIIACHOCTY ca HOOMjeHOM
BpepgHourhy 3a XOpu3oHT Ha 690m ox 353+8°C, npu-
KasaHo y Tabenn 3.

Ipyro, xopuutheH je perpecuoHu nspas AaT of
crpae Ohmoto u Rye (1979) sa ompebusame
TeMIleparype IyTeM CanepuT-raleHuT pasinKe
(A=1,935). Ha oBakaB HauuH, HoOMjeHa je TeMIle-
parypa o 341 °C, mTo je Takobe y usBaHpenHoj
CaIJIaCHOCTM Ca NPEeTXONHUM IIpoydyaBamMMa 3a
XOpU30HT Ha 690m.

JobujeHe pasnuke y TeMIeparypaMa 13 pPyRHOT
nexumra Kimkesak o 272+9 pgo 353+8 °C Hucy
MHOTO M3pa)keHe, IITO je Takobhe y caracHocTy ca
mobujeHUM pesynaTaTiMa of, cTpaHe [lanruh u fp.
(1998) 1 Cymap (2001 u 2003).

Kao mTo ce Moxe BUIeTH, OOMjeHN Pe3ynTaTH n3
IPeJIOKEHOT YeTBOPO-KOMIOHEHTHOT JMjarpama
Cy IO3UTVBHY ¥ 0Xpabpyjyhu 36or Tora mro Bemn-
ka BehnHa y3opaka mokasyje MHOTO 06jeKTVBHIje
noypatke off oHUX fobujennx momohy Kullerud-ose
(1953) xpuBe M jemHauMHe M AUjarpaMa Koju Cy
npepcraswmm Lusk u Ford (1978). OBo je mposepe-
HO mopebemeM ca pesynrarima Koji ¢y goOujeHm
MHOI'IM APYIrM Me€TOJaMa ! MMHEpaanMa.

Ca crmuxe 4 1 u3 Tabena 2 11 3 MOXKe ce 3aK/bYIUTH ia
2(Fe,Mn,Cd)S cagpskaju HICY Off KOPUCTH 3a 06jeK-
THMBHE 3aK/byuKe, 300T TOra LITO ITOKA3yjy 3HAYajHO
Bulie fobujere TeMueparype (A=100 °C 3a LlpHar n
A=55-76 °C 3a KmxeBak) u Hipke mputucke (A=3,1
kbar-a 3a Lpuar n A=0,7-2,4 kbar-a 3a KiokeBax),
Hero OHM Koju ¢y gobujenn n3 FeS campixaja, a mto
je y Bp7o 06poj CarIaCHOCTH Ca MPETXOAHUM IIPO-
y4aBamuma (Scott, 1973; Toulmin u mp., 1991; Tan-
urth u Cygap, 2005; u Tanunh, 2018).

3AKJbYYAK

spabena je um mpemnoxena I ommmja deTBO-
po-kommoHeHTHOT 2 -FeS-P-t mujarpama. 3a ko-
puinheme OBaKBOT [yjarpaMa JOBOBHO je CaMo
fla ce U3pavyHa AMMeHsMja jenuHudHe hemuje (a))
u fa ce gobuje cappxaj FeS kommoHeHTe mpoy4a-

is from horizon at 670m and two from horizon at
710m, a. r.).

First, for the estimation of temperature it was used
calibration curve by Rye and Czamanske (1969) at
Field and Moore (1971, Figure 6). There were recalcu-
lated the differences between the corresponding min-
eral pairs: sphalerite-galena (A=4.910-2.975=1.935),
pyrite-sphalerite (A=6.700-4.910=1.790) and py-
rite-galena (A=6.700-2.975=3.725). These data were
further used for obtaining formation temperature
of about 350 °C, what is in excellent agreement with
the obtained value for the 690m horizon of 353+8°C
(Table 3).

Second, it was used the regression expression
by Ohmoto and Rye (1979) for the temperature
determination by the sphalerite-galena differ-
ence (A=1.935). At such manner, it was obtained
temperature of 341 °C, which is also in excellent
agreement with previous studies for the 690m
horizon.

Obtained differences of temperatures from the
Kizevak ore deposit from 272+9 to 353+8 °C are
not much pronounced, what is also in agreement
with the obtained results by Dangi¢ et al. (1998) and
Sudar (2001 and 2003).

As it could be seen, the obtained results from pro-
posed four-component diagram are positive and
encouraging because the great majority of samples
show more objective data than that obtained by
Kullerud’s (1953) curve and equation and diagram
which were presented by Lusk and Ford (1978).
This is checked with comparison with the results
which were obtained by many other methods and
minerals.

From figure 4 and tables 2 and 3 it can be con-
cluded that the X(Fe,Mn,Cd)S contents are not
useful for the objective conclusions, because they
show considerable higher obtained temperatures
(A=100 °C for Crnac and A=55-76 °C for Kize-
vak) and lower pressures (A=3.1 kbar for Crnac
and A=0.7-2.4 kbar for Kizevak), than that ob-
tained from the FeS contents, and in very good
agreement with the previous studies (Scott, 1973;
Toulmin et al., 1991; Tan¢i¢ and Sudar, 2005; and
Tancié, 2018).

CONCLUSION

It was constructed and proposed I option of the
four-component a -FeS-P-t diagram. For use of
such diagram it is only enough to calculate the unit
cell dimension (a)) and obtain the content of the
FeS component of the studied sphalerite, and then
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BaHOT cdajepuTa, a fla ce 3aTMM Ha OCHOBY THUX
BPEHOCTY OffpefiyI TeMIlepaTypa U MPUTHUCAK Ibe-
rOBOI HacTaHKa. [loOMjeHM pesynTaTu Cy IO3M-
TUBHU M oxpabpyjyhu ycnen Tora mito je Benmka
BehVHa TeMIlepaTypHUX BPEIHOCTH 3a PyHHA Jle-
xknmrta Jlene, Hlynma Crujena-bpckoso, 1pHarii,
Kmxesak, Cenanan, Tpemnya, Jameso, [Ipeunna n
Lipsenn bper y carmacHOCTH ca pe3y/nTaTMMa Koju
Cy BobujeHu [pyTUM MeTofiaMa/MUHepaIiMa, a Ta-
xobe cy 1 60/bM Of OHUX KOjy Cy HOOMjeHM IPEKO
Kullerud-ose (1953) xpuBe. JobujeHn mpuTUCIu
3a HIDKe TeMIlepaType Cy HajBepoBaTHUje HEIITO
BUIIM HETO IITO je TO y CTBAPHOCTHM, alu Takobe
MHOTO 0O0/bM HEro OHM KOju Cy JOOMjeHM IIpeKo
jemHauMHe ¥ Ayjarpama Koje cy mpepcraBmiu Lusk
u Ford (1978).

OunrnenHy Cy Marbe VM BUIIE PasINndNTU yC/IOBA
IIOCTAaHKa 3a UCIUTHBaHe cajepuTe M pasImunTa
PYyZiHA JIEKMINTA, KOjU Cy MOJE/hEeHN Y TPU TpyIe:
HIICKO, CPeJithe ¥ BICOKO TeMIIEPAaTypPHU PETMOH.

ITorspheno je ma X(Fe,Mn,Cd)S cappxaju Hucy og
KOPUCTH 3a 00jeKTMBHe 3aK/byduKe 300r TOra ILITO
I0Ka3yjy 3Ha4ajHO BUIlle JOOUjeHe TeMIlepaType 1
HIDKe TIPUTHUCKE Off OHUX KOji Cy KOOUjeHM IpeKo
FeS cappikaja.

Iobujenn nomauy MOTBphyjy mpermocraBke gare
op crpane Tanumh-a (2018), T.j. ma cy muMeHsuje
jemuunune henmje (a ) Beoma BaxkHe, a ia chaneput
MOXKe OVTH Off KOPMCTHU 3ajeJHO U Kao Te0TepMo-
MeTap 1 Kao reobapomerap.

JIMTEPATYPA / REFERENCES

1. Balabin, A. 1., Sack, R. O., Thermodynamics of
(Zn,Fe)S sphalerite: a CVM approach with large
basis clusters, Min. Mag., 64, 2000, pp. 923-943.

2. Barton, P. B., Jr., Toulmin, P., Phase relations
involving sphalerite in the Fe-Zn-S system,
Econ. Geol., 61, 1966, pp. 815-849.

3. Bethke, P. M., Barton, P. B., Jr., Distribution of
Some Minor Elements between Coexisting Sulfide
minerals, Econ. Geol., 66, 1971, pp. 140-163.

4. Dangi¢, A., Sudar, S., Cei, B., Zhu, W., Isotopic
composition of sulfur in sulfides in the Pb-Zn ore
deposit Kizevak (central Serbia), 13" Congress of
the Geologist of Yugoslavia, book III, Petrology,
mineralogy, geochemistry, Herceg Novi, 1998,
pp- 161-169, (in Serbian with English Summary).

5. Field, C. W., Moore, W. J., Sulfur Isotope Study
of the “B” Limestone and Galena Fissure Ore
Deposits of the U. S. Mine, Bingham Mining
district, Utah, Econ. Geol., 66, 1971, pp. 48-62.

72

at basis of that values to determine the temperature
and pressure of its origin. The obtained results are
positive and encouraging because the great major-
ity of temperature values of the samples from the
Lece, Suplja Stijena-Brskovo, Crnac, Kizevak, Se-
lanac, Trepca, Janjevo, Precica and Crveni Breg ore
deposits show an agreement with the results which
were obtained by other methods/minerals, and
also they are better than that obtained by Kuller-
ud’s (1953) curve. Obtained pressures for lower
temperatures are most probably something higher
than real, but also much better than that obtained
by equation and diagram which were presented by
Lusk and Ford (1978).

There are obvious more or less different formation
conditions for the studied sphalerites and various
ore deposits, which are separated into three groups:
low, middle and high temperature region.

It was confirmed that contents of the X(Fe,Mn,Cd)S
are not useful for the objective conclusions because
they show considerable higher obtained tempera-
tures and lower pressures than that obtained from
the FeS contents.

The obtained data confirmed suppositions by
Tanci¢ (2018), i.e. that the unit cell dimensions (a )
are very important, and that sphalerite can be useful
together as a geothermometer and as a geobarom-
eter.

6. Janezi¢, V., Tanci¢, P. and Dimitrijevi¢, R., X-ray
investigations of arsenopyrites from some ore
deposits of Serbia, Bulletin of Geoinstitute, 38,
2003, pp. 119-127.

7. Janezi¢, V., Tanéi¢, P., Dimitrijevi¢, R.,
Arsenopyrite characteristics from the Crveni
Breg, Rudnik and Sastavci ore deposits
(Serbia), 32" International Geological
Congress, Scientific Sessions: abstracts
1-220, G15.03 Crystal structures of minerals:
topology and classification, Florence, Italy,
2004, pp. 42-32.

8. Jankovi¢, S., Jankovi¢-Milosavljevi¢, R., The
iron content and formation temperature of
sphalerites in some Yugoslavian ore deposits,
Transactions of the Geological and Mining
Faculties, 3, 1955, pp. 19-23. (in Serbian with
German Abstract).



I1. Tanuuh - Ilopeherve kpucmanozpagcxko-xemujckux kapaxkmepucmuxa chanepuma u3 pyonoe nexcuwima Kuxesax... 59-73
P. Tanc¢i¢ - Comparison of the Crystallographic-Chemical Characteristics of Sphalerites from the KiZevak... 59-73

. Krstanovi¢, 1., Krstanovi¢, M., Change in unit cell

dimensions of sphalerites with the Fe content,
and the temperature of formation of some of
ours sulphide ore deposits, V Consultations of

the Geologists in SFRY, II, Belgrade, 1962, pp.

10

I1.

12.

13.

14.

15.

16.

17.

7-10, (in Serbian with English Abstract).

. Kullerud, G., The FeS-ZnS system: A geological
thermometer, Norsk Geologisk Tiddskrift, 32,
1953, pp. 61-147.

Lusk, J., Ford, C. E., Experimental extension
of the sphalerite geobarometer to 10 kbar, Am.
Min., 63, 1978, pp. 516-519.

Nikoli¢, D., Cvetkovi¢, Lj., Puri¢, S., Sphalerite
from the Crnac Pb-Zn ore deposit, IX Congress
of the Yugoslavian Geologists, Sarajevo, 1978,
pp- 409-415, Sarajevo. (in Serbian with English
Summary).

Ohmoto, H., Rye, R. O., Isotopes of sulfur and
carbon, In: Geochemistry of Hydrothermal Ore
Deposits, Barnes, H. L. (ed.), J. Wiley and Sons,
1979, pp. 509-567.

Scott, S. D., Experimental calibration on the
sphalerite geobarometer, Econ Geol., 68, 1973,
pp. 466-474.

Sudar, S., Contents and distribution of the micro-
elements at the ore minerals of the Pb - Zn ore
deposit Kizevak, Magistrature theses, Faculty
of Mining and Geology, Belgrade, 2001, (in
Serbian)

Sudar, S., Geochemistry of micro and macro
elements in sphalerites of the Pb - Zn ore deposit
Kizevak (Raska, Serbia), Bulletin of Geoinstitute,
vol. 38, Belgrade, 2003, pp. 87-100.

Tanci¢, P., Relationbetweenthe crystallographical
parameters and the FeS and CuS contents at
sphalerites from Kizevak, XII Conference of the
Serbian Crystallographic Society, Proceedings,
Kragujevac, 2004, 44 p.

18.

19.

20.

21.

22.

23.

24.

Tanci¢, P., Comparison of the crystallographic-
chemical characteristics of sphalerites from the
Kizevak ore deposit with some other deposits,
Part I: Preliminary reconsideration about
their formation conditions, Bulletin of Mines,
Belgrade, 2018, pp. 101-117.

Tanc¢i¢, P., Sudar, S., Crystallographicaly-
chemical characteristics of sphalerites from
the polymetallic Pb-Zn ore deposit Kizevak
(Raska, Serbia), Annual of University of
Mining and Geology “St. Ivan Rilski”, Vol. 47,
Sofia, Bulgaria, 2004, pp. 159-163.

Tanci¢, P., Sudar, S., Crystallochemicaly
investigations of the sphalerites from the
polymetallic Pb-Zn ore deposit Kizevak,
Bulletin of Geoinstitute, vol. 40, Belgrade,
2005, pp. 123-140.

Tanci¢, P., Dimitrijevi¢, R., Janezi¢, V.,
Arsenopyrites from some ore deposits of Serbia,
IX Conference of the Serbian Crystallographic
Society, Proceedings, Belgrade, 2001, 35 p.

Toulmin, P., III, Barton, P. B., Jr.,, Wiggins, L.
B., Commentary on the sphalerite geobarometer,
Am. Min., 76, 1991, pp. 1038-1051.

Vaughan, D. J., (ed), Sulfide Mineralogy and
Geochemistry, Reviews in Mineralogy and
Geochemistry, The Mineralogical Society of
America, Virginia, USA, 61, 2006, 714 p.
Wiggins, L. B., Craig, J. R., Reconnaissance
of the Cu-Fe-Zn-S system: Sphalerite phase
relationships, Econ. Geol., 75, 1980, pp. 742-
751.

73



m PYJIAPCKU TJIACHUK N
BULLETIN OF MINES 1903.

YU ISSN 0035-9637 (CXV)1-2

OCOBEHOCTU XEMUMICKOI' CACTABA PYIHUUKUNX BOJIA PYJHUKA
VYI'JbA ¥V KAPITATO-BAJIKAHUJIUMA NCTOYHE CPBUIJE

CHARACTERISTICS OF CHEMICAL COMPOSITION
OF MINE WATERS FROM COAL MINES
IN THE CARPATHO-BALKANIDES OF EASTERN SERBIA

DOI: 10.25075/BM.2018.05

Bpanko Munanunosuh Branko Miladinovi¢
Teonowixu 3a600 Cp6uje Geological Survey of Serbia
branko.miladinovic@gzs.gov.rs branko.miladinovic@gzs.gov.rs

Caxerak: XudpoxemMujcka Ucnumuearba no03eMHux 6004 K0ja cy NpuKazana 08uUM paodom, useedeHa cy y ceum
yemwoHocHum bacenuma Kapnamo-6anxanuda ucmoure Cpouje, koju cy mpeHymHo y excnioamayuju. Paou ce
0 pyoHUuUUMAa MpKoz yerba Jacenosau, pyoruyuma Pembac-a, Coko, boeosuna, JIyoHuua u pyoHuxy aumpayuma
Bpuwika Yyxa. VMichumusane cy nodsemie 600e y crieHama noejnarme u noouHe ye/bOHOCHe cepuje, kAo U Y
YeIbOHOCHO] CepUju U CAMOM Y2rbOHOCHOM XOPUSOHMIY.

3a cmene nodune u noename ye;poHOCHe cepuje, KapakmepucmuuHe cy nodsemte 600e XUOPoxapOOHAMHo-
KATUUJyMCKO2 cacmasa u masne MuHepanusayuje. Y yeroOHOCHO] cepuju U yerbOHOCHOM XOPU3OHIMY, 600e
cy XUOpoKapOOHAMHO-HAMPUJYMCKO2 cacmasa, 6ucoke munepanusavuje 0o 2560 mg/l u ca nosehanom
KOHUEMPAayujom Mmemana.

Ocrosnu npoyec opmuparea osaxsoe xemujckoz cacmasa noosemuux 60da (HCO -Na), noped jorcke usmere
(Ca-Na), jecme decyngpamuzayuja y npucycmsy 6axmepuja, 3a wma je Heonxo0aH U3eop 0peaHckux mamepuja
(yeam), cynpamuux joua, anu u nocmojare anaepobue cpedure HA WiMa ykasyje nojasa memana y eacHom
cacmasy 600e.

Y ucnumusanum 600ama nocmoju npasunna usmena xemujckoe cacmasa. Ca munepanusayujom pacme caopiucaj
Hampujymosux joxa (uspazuma xkopenayuja), kao u koeguyujerm rNa/rCa. 3602 cnoxeroe xemujckoe cacmasa,
pyonuuke 600e Cetrvckoe Pyoruka umajy cynpammuy acpecu8Hocm Ha pyoapcke KOHCMpPyKuyuje y jamu, a y pyoHuKy
Jly6Huua nocmoju amorujauHa azpecusHocm.

ITocmojarve xuopoxemujcke 30HATHOCMU NOO3EMHUX 6004 Y KAPCIMHOM akeudepy naneopemweda yerboHOCHe cepije,
ykasyje Ha ychopete npouece 60003ameHe U 0ce0eHOCU y POPMUPAtLY NPUNUBA PYOHUHKUX 6004.

Kibyune peun: kapnamo-6ankanudu, , yeamw, pyoHuuka 8004

Summary: Hydro-chemical tests of groundwater presented in this paper have been performed in all coal basins
of the Carpatho-Balkanides of eastern Serbia, which are currently in exploitation. These are the brown coal mines
Jasenovac, Rembas, Soko, Bogovina, Lubnica and the anthracite mine Vrska Cuka. Groundwater was examined in
the walls of the roof and the floor of the carbonaceous series, as well as in the carbonaceous series and carbonaceous
horizon itself.

Groundwater of the hydrocarbonate-calcium composition and low mineralization is characteristic for the walls
of the roof and floor of the carbonaceous series. In the carbonaceous series and the carbonaceous horizon, water
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is of a hydrocarbonate-sodium composition, of high mineralization up to 2560 mg/l and with increased methane
concentration.

The basic process for the formation of such a chemical composition of groundwater (HCO,-Na), in addition to ion
exchange (Ca-Na), is desulfurization in the presence of bacteria, for which a source of organic matter (sulphate) is
necessary, as well as sulphate ions, and the presence of anaerobic which is indicated by the appearance of methane
in the gas composition of water.

In the tested waters there is a correct change in the chemical composition. With mineralization, the content of
sodium ions (extreme correlation) increases, as well as the rNa/rCa coefficient. Due to the complex chemical
composition, the mine waters of the Senjski Rudnik have sulphate aggressiveness on the mining structures in the pit,
and in the Lubnica mine - there is ammonia aggression.

The existence of a hydro-chemical zoning of groundwater in the karst aquifer of the paleo surface of the carbon
series indicates the slow process of water-exchange and the peculiarities in the formation of the inflow of mine

waters.

Key words: carpatho-balkanides, coal, mine water

YBO[,

Excrnmoaramnyja kaMeHNX ¥ MpKUX yr/beBa y Kap-
maro-6ankanuauma ncrouHe Cpbuje, obaspa ce
TPEHYTHO y LIIeCT YIJbOHOCHUX OaceHa. [ly>x 3amay-
Hor obopa KapraTto-6ankaHnza, OTKOIaBa ce yrab
y JIOKUIITY JaceHOBal| U jIeXumTyMa Pembac-a,
3aTVM Y LieHTpa/HOM fieny Kapmaro-6ankanupa y
nexymrnMa Coko, borosuna u Jly6HuIta, n mcTod-
HOM o6opy Kaprnato-6ankannupa y JeXAIITY yI/ba
Bpmika Yyka mpukasaHo Ha cauuu 1. Jlexumire
yrba Bpmiaka Yyka je HajcTapuje, npumaza nujacy
(J,), nexxumre boroBuHa je oMMromeHcKe CTapocTu
(O)), a cBa ocTanma MEXMUINTA yI/ba Cy MMUOIEHCKE
crapoctu (M).

Y oxkBUpPY HaBeleHMX JIEKUILTA, aKTUBaH je II0 je-
IaH PYyAHUK yI7ba, oCuM y baceHy Pembac-a rie cy
y pany 4erupu jame: CTpMmocCTeH, Jenosall, PaBHa
Peka, Cemcku Pygnuk.

Ekcrmoarannone pesepse yrba cy Hajsehe y e-
xumty Coko (38,3x10° t). VcroBpemeHo, jama
pyaHuka COKO je TpPeHYTHO HajoBOAIeHMja ca
npuwmsnmMa of, Q=33 I/s [6]. Xunpoxemujckum
UCINTUBAbBIMa PYSHUYKUX BOfIA Y CBUM aKTHB-
HMM PyJHMIMMA Ha npoctopy Kapmaro-6ankanu-
ma ncroune Cpbuje, yrepbeHo je ma cy y yrboHOC-
HOj cepMju U YI/bOOCHOM XOPU3OHTY, pOpMUpaHe
HOJI3eMHE BOJIe CIOYKEHOT XeMIjCKOT CacTaBa.

T'EOJIOIIKE M XMAPOTEOJIOIKE
KAPAKTEPVCTUKE JIEXXMIITA YITbA

Y baceHy JaceHOBLa, YIJbOHOCHA Cepuja je ropme
muorencke crapoctn (M,). IToce6uo obenexje
OBOM IIPOCTOPY Jaje Pupamcko-KpenosbuH-
CKO-CeIbCKa 30Ha pacefara IPUKA3aHO Ha CIMLMU
2, KOja je yC/IoBIUIa KpeTatbe HaB/laKe Me3030jCKIX
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INTRODUCTION

Exploitation of hard and brown coal in the Car-
patho-Balkanides of eastern Serbia, is currently be-
ing carried out in six coal basins. Along the western
rim of the Carpatho-Balkanides, coal is excavated
in the Jasenovac deposit and the Rembas deposit,
then in the central part of the Carpatho-Balkanides
in the Soko, Bogovina and Lubnica deposits, and
the eastern periphery of the Carpatho-Balkanides
in the coal deposit Vrska Cuka shown in the figure
1. The coal deposit Vréka Cuka is the oldest, it be-
longs to Lias (J,), the Bogovina deposit is of the Ol-
igocene age (Ol), and all other coal deposits are of
the Miocene age (M).

Within the mentioned deposits, one coal mine is
active, except in the Rembas basin where four pits
are in operation: Strmosten, Jelovac, Ravna Reka,
Senjski Rudnik.

Coal exploitation reserves are the largest in the
Soko deposit (38,3x10° t). At the same time, the pit
of the Soko mine is currently the most drained, with
inflows from Qmax=33 /s [6]. By hydro-chemical
tests of the mine waters in all active mines in the
area of the Carpatho-Balkanides of eastern Serbia,
it has been established that, in the carbonaceous
series and the carbonaceous horizon, the ground-
waters of the most complex chemical composition
were formed.

GENERAL GEOLOGICAL AND
HYDROGEOLOGICAL CHARACTERISTICS
OF COAL DEPOSITS

In the Jasenovac basin, the carbonaceous series is
of the late Miocene age (M,). A special character-
istic of this area originates from the Ridanj-Krepol-
jin-Senjski-Rudnik fault zone shown in the figure
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Crnuxa 1, Teoepagpcku nonoxaj axmusHux pyonuxa yema y Kapnamo-6ankanuouma ucmoune Cpouje
Figure 1, Geographical position of active coal mines in the Carpatho-Balkanides of eastern Serbia

KpedmaKa IIPEKO MUOIIEHCKE YI/bOHOCHE cepuje
[5]. Tleneopermed yr/bOHOCHO] cepuju IMHE ayTOX-
TOHM I[pBeHN nepmcku neurdapu (P), kapOonarae
crene tpujaca ([T, )T, T,!) u jype (J), xao u an-
me3uti (o). CaM yI/beHHU CJI0j je HOfie/beH CIojeM
ruHe febpbuHe 2-7,8 m Ha [iBa [ea.

Y Xupporeosnomkom Iorjeny, HajsHadyajHuje Ipu-
NMBE PYJHUYKMX BOJA Yy Pyfapcke pajioBe, yc-
JIOB/baBajy KapCTHE MOJI3EMHE BOJIE KOje Ce IPEHN-
Pajy U3 a/IOXTOHMX KpeurbaKa II0B/IaTe yI/bOHOCHE
cepuje mpmkasaHo Ha cmmuu 3. Ha dopmupame
NPUINBA, 3HAYajaH yTUIIAj MMajy U CTapu pygmap-
CKM PaJIOBM KOjU Ce HE ONBOMIIbaBajy. YKYIIHM IIPU-
JIMBU PYSHMYKUX Boja y mepuopy 2007-2012. ro-
AMHe, OCLWIMPAIN Cy y rpannijama 3-10,2 I/s [6].

2, which caused the movement of the Mesozoic
limestone cover over the Miocene carbonaceous
series [5]. Paleo surface of the carbonaceous series
is made of autochthon red Permian sandstone (P),
carbonate walls of Triassic (,T,, ,T,, T,") and Juras-
sic (J), as well as andesite (a). The carbonic layer
itself is divided by a clay layer of 2-7,8 m thickness

in two parts.

In hydrogeological terms, the most important in-
flows of mine waters into mining works are condi-
tioned by karst groundwaters that are drained from
the allochthonous limestone shelves of the carbo-
naceous series shown in figure 3. Old mining works
that are not drained also influence the formation of
inflows. Total inflows of mine waters in the period
2007-2012 oscillated within the limits of 3-10,21/s [6].
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JaceHoBay,
| Jasenovac |

Cetscii Pyanuk :
Senjski Rudnik|

DYAHWK MPKOT yrrba
brown coal mine
DYAHWK KameHor yriba
black coal mine

SN
7650 000

| KpajuHcka HaBnaka (CeBepuHcka HaBnaka)
Kraina cover (Severin cover)
Il JeawHwnua Bpuka Yyka - Mupou (Jorbu gaHyGujaH)
Unit Vrska Cuka - Miroc (Botton danubian)
Ily  Brok Bpuwke Yyke /Block Vrska Cuka
Il Bnok Mupoua / Block Miroc
Jenmnnua Ctapa nnaxwHa - Mopey (Topky paHybujax)
Unit Stara Planina - Porec (Top danibian)
Ill; CraponnaHuHcku Aeo jeauHuULEe
Stara Planina part of the unit
Ill; Mopeykn geo jeauHule
2 Porec part of {he unit
IV Kyuajcka jeauHuua / Kucaj unit
V4 TynuHndko - Tenolka jeauHuua
Tupiznica - Tepos unit
V5 Tumodka epyntueHa oBnact
Timok eruptive area
V3 Kyuajcka jequnuua / Kucaj unit
V4 Xomorbcku kpuctanu (FeTcka Haenaka)
Homolje krystalline (Get cover)
V5 JenuHuua Camatbal - Cyea nnasuHa
Unit Samanjac - Suva Planina
IVs Topheayka jegnHmua (HaBnaka)
Gornjane unit (cover)
V' NyxHndka jeguauua (Kpajuwre)
Luznica unit (Krajiste
VI Hasnaka Tym6a-lNeHkjoBun / Cover Tumba-Penkjovci
VIl CynpareTcka jeguHuUa (HaBnaka)
Supraget unit (cover)

VIl4 Jedinica Ranovac - Poruznica - Vlasina
Unit Ranovac - Poruznica - Vlasina

Cnuxa / Figure 2, JIokauuje nexcuuima KameHux u MPKUX y2xe6a yHymap u3080jeHux CrpyKmypHux jeduHuua
Kapnamo-6ankanuda ucmoune Cpbuje no Kpcmuhy (2003) / Locations of deposits of hard and brown
coal within the separated structural units of the Carpatho-Balkanides of eastern Serbia according to Krsti¢ (2003)

Y pecaBcko MopaBckoMm 6Gaceny (Pembac), yp-
TOHCKM Kpedmalll ¥ JAlMTOAH[IE3UTH OJIUrolle-
Ha, 4yHe najeopebed yr/boHoCcHOj cepuju. Cama
YIJbOHOCHA Cepuja IPMIIafia 110 cTapocTu Oypaura-
ny u xensety (M,% M,'). Yribenu cnoj xoju ce Ha
IOjeIMHMM MeCTMMa pac/iojaBa Ha [Ba WIM TPK
C710ja, JIeXKU Ipeko 6aszanHe rpybo KIacTU4YHe ce-
puje. TloBnary yrpeHor cimoja usrpabyjy nanopumu
¥ TTIVHIIN.

Ycnen cnoxxeHuX TEKTOHCKMX ITpolieca Koju Cy ce
OZBMja/IM Ca HaB/layereM IEPMCKMX Ielryapa, mo-
BJIaTHA CE€pUja YIbEHOT CJI0ja jé 4eCTO TEKTOHCKU
penyKoBaHa, a y IIOjeAMHOM [IeI0OBMMA je HOILIO U
70 peflyKIMje ¥ CaMOT YI/bEHOT C/10ja. 3aTo ce JaHac
L[PBEHN IIEPMCKM NEUIYapy WIN jyPCKU Kpeurmbalu
cpehy y camoj moBaTyu yrbeHor cioja [7].

Y XMEPOreo/IoIKOM IIOITIeRy, LpBeHe IepMCKe
merrdape Kapakrtepuine caba BOZOOOWIHOCT ca
T=2,29-6,53x10° m?/s [12].

Hajsnavajuuju yrmiaj Ha npuamBe y pyJgapcke
npoctopuje jame CTpMOcTeH 1 JenoBal, NUMa
KapCTHa M3JjaH Koja je opMmpaHa y yproHCKUM
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In the Resava-Morava basin (Rembas), Urgonian
limestone and dacitoandesites of the Oligocene,
make the paleo surface of the carbonaceous series.
The carbonaceous series itself belongs to the Burdi-
galian and Helvetian age (M,* M."). The carbonate
layer, which is split into two or three layers in some
places, lies across the basal roughly clastic sedi-
ments. The roof of the carbonate layer is made out
of marl and claystone.

Due to the complex tectonic processes that took
place with the pulling of Permian sandstones, the
roof series of the carbon layer was often tectonical-
ly reduced, and there was also the reduction of the
carbon layer itself in some parts. Therefore, today,
red Permian sandstone or Jurassic limestone meet
in the roof of the coal layer itself [7].

In the hydrogeological sense, the red Permian
sandstones are characterized by poor water-redun-
dancy T=2,29-6,53x10° m*/s [12].

The most significant influence on the inflow into
the mining sites of the Strmosten and Jelovac pits,
has a karst aquifer that was formed in the Urgon-
ian limestone of the paleo surface of the carbona-
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Jacenosauxu nomox
Jasenovac river

Si
64,06

Cnuxka 3, lema dopmuparea npunusa pyoHuuxux 600a y pyoHuky mpkoe yemwa Jacernosay, M — yeronocHa
muouercka cepuja; | — kapbonammua cepuja jype (aymoxmon); T — mpujacku xpeurvayu (anoxmom); Haenaxa
Figure 3, Scheme of formation of the inflow of mine waters in the brown coal mine Jasenovac M-carbonaceous
Miocene series; J-carbonaceous Jurassic series (autochthon); T-Triassic limestones (allochthon); cover

KpeumallyMa Iajeope/bedha YIJbOHOCHE cepuje.
PypapckyuM papoBuMa MCIOZ JIOKQJIHOT €pO3UO-
Hor 6asyca BogHmykor moroka u pexe Pecase, oBu
Kpeumaly Cy 3axpaheHU Ha JY>KVMHU Of TIpeKo 2
km. Tume je ycroB/beHO ApeHMpame KapcTHe 13]a-
HI Koje je y nepuopy 1996-2012. rog., usHOCHIO y
pacnony Q=1-301/s [6]. KoedunujenT rpancmucu-
OMTHOCTM Kpedmaka y 30HU pyfapckor okHa SIO-1
je T=1,25x10"* m?/s [8].

Ha oBogmenoct nexumra yrba Cemckn Pynnuk,
HajBehn yTuiaj nMa KapcTHa nsfaH GopMupaHa y
HO/IBOjEHMM MacaMa aJl0XTOHUX KpedyraKa TUTO-
Ha Koje ce jaB/bajy y IOBJATM OBOT JeXuira [9].
Kpeumaka maca CreHke Kofj Hace/ba Cemckn Pyn-
HIK je 3axBaheHa pymapckmm mpocropujama jame
Cemcku PygHUK 1 TUME Cy yC/TOB/bEHU IPUIUBU
Koju ¢y y nmepuopa 1987-2012. roguue ocumnmpanu
on 3,7 mo 13,6 /s [6].

YrpoHocHa cepuja y 6aceny Coxo je cpeimbe Mu-
omeHcke crapoctu (M,) M Nexu TpaHCrepUCBHO
IPEKO Me3030jCKIMX KapOOHATHMX TBOPEBMHA.
YITbOHOCHM XOPM3OHT IOpeER, ClI0ja MPKMX yI/beBa
npoceute pebpune 23 m, usrpabyjy u mamoposu-
TO-IIECKOBUTE IJIMHE, JallopOy U yIJb€BUTE ITINHE
[1]. TIoBaTHM XOPU3OHT YIJBOHOCHE Cepuje je Ipef-
CTaB/beH IEeCKOBUTUM I/IMHAMA, JTAIOPLUMA, YI/be-
BUITUM ITIMHaAMa "I TAHKNM HpOCIIOjIH/IMa IIe€CKOBa.

Y XU[pOTeoNOIIKOM IIOITeRy, YI/bOHOCHa MUO-
IIeHCKa cepuja MpefcTaB/ba c1abo BOJOHOCHY cpe-
AuHY ca KoedujeHTOM (QuaTpanyje y rpaHuLaMa
k=1,1x107-1,1x10° cm/s u TpacMUCUOMTHOCTI O

ceous series. Due to the mining works under the
local erosion base of the Vodnik creek and the Re-
sava river, these limestones are affected at a length
of over 2 km. This caused the drainage of the karst
aquifer which in the period 1996-2012 was in the
range of Q=1-30 /s [6]. The limestone transmissi-
bility coefficient in the mining shaft zone SIO-1 is
T=1,25x10"* m?/s [8].

The drainage of the coal deposit Senjski Rudnik is
mostly influenced by the karst aquifer formed in
the split masses of Tithonian allochthon limestones
which occur in the shelves of this deposit [9]. The
limestone mass of Stenka near Senjski Rudnik is
encompassed by the mining sites of the Senjski
Rudnik pit and that caused the inflows which in the
period 1987-2012 went from 3,7 up to 13,6 1/s [6].

The carbonaceous series of the Soko basin is of the
mean Miocene age (M,) and lies transgressively
through Mesozoic carbonate products. The carbo-
naceous horizon, in addition to the layer of brown
coal with an average thickness of 23m, is buildt by
marl-sandy clay, marl and coal clay [1]. The roof
horizon of the carbonaceous series is represented
by sandy clays, marls, coal clay and thin layers of
sands.

In a hydrogeological sense, the carbonate Miocene
series represents a poorly water-bearing environ-
ment with k=1,1x107-1,1x10° cm/s and T=6,2x10"
8-4,9x10° m?*/s [2]. Lesser phenomena of ground-
water in mining works are related exclusively to the
lens of the sand and the fault zone.
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T=6,2x10%-4,9x10° m?/s [2]. Mamwe mojaBe IOf-
3eMHUX BOJIa Y PYHApCKMM paJoBMMa Cy Be3aHe
MICK/bYYMBO 3a COYMBA II€CKA U PacelHe 30He.

HajsHavajauju yTumaj Ha OpuUIMBe PYJHUYKUX
Bofa y jamy pysHuka COKO MMa KapCTHa M3JjaH.
OmHa je ¢dopMupaHa y yproHCKMM KpedmbaIliMa
IYX jy>KHOT 06071a TeXXWIITa yI/ba. Pymapcke mpo-
CTOpHMje Cy Ha 3Ha4ajHOM IIPOCTOPY U3BeJEHE KPO3
oBe kpeumbake (TN-1z, VN-1z, ETN-12 u ngp.) n
TUMe Cy M3a3BaHU NPUIMBU U3 KapCTHE M3JIaHU
KaKo je IprKasaHo Ha ¢y 4. OBO je TpeHyTHO
HajOBOJILEHMjJI PYJHMK yI/ba Ca aKTMBHOM €eKC-
mwroatanujoM y Kapmaro-6ankaHupyuma MucTOuHe
Cpb6uje [6].

The most significant influence on the inflow of mine
waters into the pit of the Soko mine has a karst ag-
uifer. It is formed in the Urgonian limestone along
the southern edge of the coal deposits. The mining
sites are in a significant area derived through the
following limestones (TN-1z, VN-1z, ETN-12 etc.)
thus causing the inflows from the karst aquifer (fig-
ure 4). This is currently the most drained coal mine
with active exploitation in the Carpatho-Balkanides
of eastern Serbia [6].
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Cnuxa 4, Jujaepam npunuea kapcmuux nodsemuux 6ooa y pyonux Coxo, 2012-2013.
Figure 4, Chart of inflows of karstic groundwaters into the Soko mine during 2012-2013

Jlexxumre yriba boroBuHa je OMUromeHcKe CTapo-
ctu (OL) n bopmupano je y iBa pasiBojeHa momba:
3aIaIHO ¥ MICTOYHO TO/be. Y 3aNajfHOM IIOJbY, eKc-
IIJI0ATalMja MPKOT yIJba je 3aBplueHa 1995. rogu-
He. Y MCTOYHOM IIOJbY, Maneopebed YIBOHOCHO]
cepyju YMHe BYyK/IaHOTeHe TBOPEBIHE TOPIbe Kpefie
(BK.?). Y yrmoHOCHOj cepuju ce jaBrbajy iBa yIbeHa
CJI0ja, IpYU YeMy JomU (ITTaBHY YI/beHU CI0j) MMa
KOHTMHYAJTHO PacIpoCTpamebe. YIbeHU C/I0jeBI
cy mehycobHo pasgBojenu cepujom nanopana [4].

IIpexo onmmroueHcke yr/bOHOCHE cepuje, TpaHC-
IPeCUMBHO JiexXe Maahy ceuMeHTH Koju IO CTa-
POCTHM OfITOBapajy TOpHeM MMOILEHY U IUINOLeHy
(M,,P]).

Hajsnavajuuju ytunaj y dbopmupamy npuansa
PYAHMYKUX BOJa Y PYAHMKY BorosmHa-1cTOYHO
Iojbe, YCIOB/baBajy IOfI3EMHE BOJie Koje ce Jpe-
HUPajy 13 NOB/IATHNUX CeJUMeHaTa YI/bOHOCHE Ce-
puje. Panu ce 0 myKOTMHCKOj M3gaHu Koja je ¢pop-
MUpaHa y KOHITIOMepaTuMa 1 30MjeHoj U3faHu y
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The coal deposit Bogovina is of Oligocene age (OL,)
and it is formed into two separate fields: the west-
ern field and the eastern field. In the western field,
the exploitation of brown coal was completed in
1995. In the eastern field, the paleo surface of the
carbonaceous series consists of the volcanogenic
creations of the Late Cretaceous period (6K,*). In
the carbonaceous series there are two coal layers,
with the lower (the main coal layer) having a con-
tinuous distribution. Coal layers are separated by
a series of marls [4].

Through the Oligocene carbonaceous series,
young sediments, which according to age corre-
spond to the Late Miocene and Pliocene, lie trans-
gressively (M,,Pl).

The most significant influence in the formation of
the inflow of mineral waters in the Bogovina-east-
ern field is conditioned by groundwaters which are
drained from the roof sediments of the carbona-
ceous series. These include a creviced aquifer that
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neckosuma (M,,Pl). ITpunusu pynHudkux soaa y
nepuony 2011-2012. rop., Bapupanu cy of 4,9 fo
8,7 1/s [6].

Jlexxmiure yrpa JlybHnna npumajga mo CTapocTu
cpeamwem muorneny (M,'). ITaneopemed yrmonoc-
HOj Cepuju YMHe CTeHEe TOpHe Kpefe U TO BY/IKA-
woxmactutu (0K’) m ampgesmrcko-BynKaHOTe-
HO-cemmenTHe cTene (K *7).

YIJbOHOCHM XOPU3OHT YMHE [Ba C/I0ja YI/ba KOju
Cy pas/iBojeHM nanopuma gebpuHe u go 60-70 m.
TpaHcrpecMBHO IpeKO YIJbOHOCHE cepuje, Jexe
CeIVIMEHTY CPeber Y TOPHher MIUOLeHa (M2,3).

Y XUAPOTeOIOIIKOM HOITIERY, TeKNUIlTe yryba JIy6-
HUIA je ca HajMawmboM BogoobwiHouhy of cBUX
aHa/mM3MpaHux nexumra yrba Kapmaro-6amka-
Hupa ucrouHe Cpo6buje [6]. IlykotmHcka u3paH
Koja je opMupaHa y Ielmrdapmma U Jarmopuyuma
YIJbOHOCHE CepHje, YCIOB/baBa jaKo Majie IPUINBe
PYAHMYKMX BOJA Y PYAApPCKe PajioBe U TO MUCIIOJ,
0,2 1/s (2012-2013. rop.).

Jlexxumte kaMeHor yrba Bpmika Yyka (meo Mara
Yyka), KapaKTepuile C/IO)KeHa TeHe3a YI/beHWUX
clojeBa, a moce6HO obenexje My fAaje MHTEH-
3VBHA IUIMKAaTMBHA U PYNTypHa TEeKTOHMKa [4].
YI/bOHOCHA cepyja je mjacke cTapocTu febpiHe
Koja Bapupa oj 140 no 170 m. ¥V ocHoBu je ms-
rpabyjy kourmomeparu, 6pedo-KOHITIOMEpATH 1
KpYyITHO3pHM IelI4Yapu. Yrmmeru XOpM3OHT 4YMHE
TPU CJI0ja yT/ba KOjU Ce IPaHajy M MPUTOM CY jaKo
IIpoMeH/bUBe fie6/buHe. Y TTOBIATH YI/bEHOT XOPH-
30HTAa C€ jaB/bajy aleBPUTH Pa3BUjeHN Y ,,[PECTEH-
cK0j” dasy, 3aTUM DIVMHIY, Helrdapy, MKPYBIN
U TIECKOBUTM Kpeumalu. BpojHuM yspy>xHuM un
HONpPEeYHMUM pacefuMa 1 JUCIOKalMjaMa Y OFHOCY
Ha aHTUK/IMHAIHY CTPYKTypy Bpmke Yyke, yrmbo-
HOCHa cepHja je ucIpecerana, a Mamy 1 Behu cko-
KOBH u3Mehy packomafaHUX TEKTOHCKMX 6I0KO-
Ba, JJOBENM Cy JIO IeHMBeNalje yI/beHUX CI0jeBa
[11.

Y XUJpOTeOJIONUIKOM TIOTTIEAY, YI/bOHOCHA cepluja
IpeJcTaB/ba XMAPOTeOIOmN KOMIIIEKC BOJOIPO-
IyCHUX U BOJOHENpPONyCHMUX cTeHa. [TopzeMHe
BOJle 113 BOJOIPONYCHUX TBOPEBMHA (KOHITOMe-
paru, Opedo-KOHITIOMepaTH, ellrYapy 1 MeCKOBU-
TY Kpeumallll), YCTI0B/baBajy IpUINBeE ¥ pyAapcKe
pafioBe y BUAY MamUX MPOLypUBama I Kalama.
Hajsuavajuuju npunusu ox Q=0,6 1/s [6], jaBmajy
cey yckorry U-50 (k.215). Yrpyuyjyhn u goruraje
U3 CTapUX PyFApCKUX pafoBa (PyAapcko OKHO
»ABpamnia”, opt K.121,6), yKyHU IPUITUBHA PYE-
HIYKMX BOfia Y pyAHUKY Bpuika Uyka cy penatus-
HO yjegHadeHu 1 n3Hoce oko 1,3 1/s (2001-2012.).

was formed in conglomerates and a compact aqui-
fer in sands (M,,Pl). Inflows of mine waters in the
period 2011-2012 went from 4,9 up to 8,7 I/s [6].

The coal deposit Lubnica belongs to the mean Mi-
ocene, according to its age (M,'). The paleo surface
of the carbonaceous series consists of Late Creta-
ceous walls such as volcaniclastic (6K,?) and ande-
site- volcanogenic - sedimentary walls (K,>?).

Carbonaceous horizon consists of two coal lay-
ers which are separated by marls whose thickness
goes up to 60-70 m. Sediments of Late and Mean
Miocene (M, ,) lie transgressively along the carbo-
naceous series.

In hydrogeological sense, the coal deposit Lubnica
has the least water-redundancy of all the analyzed
coal deposits of Carpatho-Balkanides of eastern
Serbia [6]. The creviced aquifer which is formed
in sandstones and marls of the carbonaceous se-
ries, causes very few inflows of mine waters into
the mining works and they are below 0,2 /s (2012-
2013.).

The hard coal deposit Vrska Cuka (a part of Mala
Cuka), is characterized by a complex genesis of
coal layers, and a special characteristic is provid-
ed by the intense plicated and ruptured tectonics
[4]. The carbonaceous series is of Lias age and of
thickness which goes from 140 to 170 m. In its
foundation, it is made of conglomerates, breccia
conglomerates and large-scale sandstones. The
carbonaceous horizon consists of three layers of
coal which spread out and are of very variable
thicknesses. In the roof of the carbonaceous ho-
rizon there is fly ash developed in the ,Gresten”
phase, as well as claystones, sandstones, shales
and sandy limestones. Compared to the anticline
structure of Vr§ka Cuka, the carbonaceous series
is intersected by numerous longitudinal and trans-
verse faults and dislocations, whereas bigger and
smaller leaps between torn tectonic blocks, led to
the denivelation of coal layers [11].

In hydrogeological sense, the carbonaceous series
represent a hydrogeological complex of permea-
ble and water-repellent walls. Groundwaters from
the permeable creations (conglomerates, breccia
conglomerates, sandstones and sandy limestones),
cause inflows into the mining works in the form
of minor leaking and dripping. The most signif-
icant inflows from Q=0,6 1/s [6], appear in raises
U-50 (k.215). Including inflows from old mining
works (mining shaft ,, Avramica’, ort k.121,6), total
inflows of mine waters in the Vrika Cuka mine are
relatively uniform and they are about 1,3 1/s (year
2001-2012).
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PE3YIITATU XN JPOXEMMJCKMX
NCIIUTUBAILA PYJHNUYKMX BOJJA

XUApoXeMMjCKUM UCIATUBABMMA Y PYAHULIN-
Ma ympa Kapmaro-6ankanmpa ucroune Cpb6uje,
HofljefHaKy TPeTMaH Cy MMaJjie CBe PyJHIYKE BOJie,
KaKO OHE KOje ce jaB/bajy U3 CTeHa YyIJbOHOCHE ce-
puje, Tako U U3 OKONHUX CTeHa. PesynTatm oBmx
JCIUTMBama Cy yKasaja Jja HajCIOXEeHUjU XeMMuj-
CKM CacTaB MMajy HOf3eMHe BOfie Koje ¢y popMu-
paHe y YIJbOHOCHOM XOPM3OHTY IIPMKa3aHO Ha
cmuny 5. OBe Bofie Y KaTjOHCKOM CacTaBy IIpHUIIa-
Ilajy HaTPUjyYMCKOj TPYIIM, @ Y aHjOHCKOM XUJPO-
KapOOHATHO] WY CY(ATHO] TPYIINL.

ITo xancu¢uxanuju AneKuHa, pagy ce YITaBHOM
0 BOflaMa Koje Cy: HCOS-Na, SO4-Na, SO4-Mg-Na,
SO,-HCO,-Mg-Na nmu Cl-Na tuma, ca MuHepanu-
3aI1joM Koja o6muHo mpenasu 1000 mg/l xako je
npukaszaHo y Tabenn 1. [llema dpopmupara oBak-
BOT' XeMUjCKOT CacTaBa PYFHMYKUX BOJA y IOJ-
PY4Yjy aHanM3MpaHUX JIEXUIITA yI/ba, IPUKA3aH je
CIIUKOM 6.

HCO4100%ekv

Cl SO,

100%ekv

[!H]"..v.k\'

RESULTS OF HYDRO-CHEMICAL
TESTS OF MINE WATER

Hydro-chemical tests in the coal mines of the Car-
patho-Balkanides of eastern Serbia, equally treated
all mine waters, those that emerge from the walls
of the carbonaceous series, as well as the ones from
neighboring walls. The results of these tests pointed
out that the most complex chemical composition is
in the groundwaters which are formed in the carbo-
naceous horizon shown in the figure 5. These wa-
ters, in cationic composition, belong to the sodium
group, and in anionic - to the hydrocarbonate or
sulphate group.

According to the Alekin classification, these are
mostly waters which are: HCO,-Na, SO,-Na, SO,-
Mg-Na, SO,-HCO,-Mg-Na or CI-Na type, with
mineralization which usually exceeds 1000 mg/l
shown in the table 1. Scheme of the formation of
such a chemical composition of mine waters in the
area of analyzed coal deposits, is shown in the figure
6.

Ca 100%ekv

Z

® 3

Na+K Mg
100%ekv 100%ekv

Cnuxa 5, Pepeos Oujazpam ucnumusanux pyoHU4KUx 6004 y 1esUMMuma
yema Kapnamo-6ankanuda ucmoune Cpouje
Figure 5, Fere’s diagram of tested mine waters in coal deposits of
Carpatho-Balkanides of eastern Serbia

Tymau / Legend: 1.pygHudKe Bofie 13 OBIATHYUX CTeHA YI/BOHOCHOT XOpU30oHTa / mine waters from the roof walls of the
carbonaceous horizon, 2. Bofe 13 yr/bOHOCHOT X0pu3oHTa / waters from the carbonaceous horizon, 3. Boge 13 cTeHa 1o-
muHe / waters from the walls of floors

@opmupame OBaKBOT XeMMjCKOT CacTaBa Py/HIY-
KIX BOJIa je IPBEHCTBEHO BE3aHO 3a cmabe GpuaTpa-
LIJIOHE KapaKTePUCTUKE YI/bOHOCHE Cepuje U CIIO-
puX IIpolieca BOf03aMeHe KOjI Ce OfiBIjajy y BbMMa.
OBO ce Toce6HO OITHOCH 3a JIeTIOBE JIKUIITA YI/ba
KOjJI Ce Hajlase VCIIOf] IOKaJTHNX ePO3UOHMX Oasuca
MOBPIIMHCKMUX TOKOBA. JejaH Off KapaKTepUCTH4-
HUjUX IIPMMePa CTI0>KEHOT XEMUjCKOT cacTaBa PyJi-
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The formation of such a chemical composition of
mine waters is primarily related to the poor filtra-
tion characteristics of the carbonaceous series and
the slow process of water-exchange that occur in
them. This particularly relates to the parts of coal
deposits that lie beneath the local erosion bases

of surface flows. One of the more prominent ex-
amples of the complex chemical composition of
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Tabena 1, OcHo6HU napamempuy XeMujckoe cacmasa UCHUMuUEaHux
pyoHuuxux eoda y Kapnamo-6ankanuduma ucmoure Cpbuje

Table 1 Basic parameters of the chemical composition of the tested

mine waters in Carpatho-Balkanides of eastern Serbia

XeMI/[]'CKI/[ napamerap pH MI./[Hepa'JI. Na'+K* | Ca* | Mg |HCO | $0* a | No- Tepnoha
Chemical parameters Mineralis. ? * * | Hardness

Pymauk yrpa / Coal mines mg/l °dH
Jacenosaiy / Jasenovac (kora/level m
I[Tosnara / Roof (400) 6,9 248,8 6,0 74,2 12,4 | 2574 12,6 17,0 4,0 13,2
Yrsb. xopus. / Coal bed (256) 6,6 647,2 23,8 145,8 | 48,6 | 531,3 160 7,7 7,0 31,6
Yrsb. xopus. / Coal bed (180,6) | 7,69 742,3 21,27 | 130,0 | 49,9 | 282,4 | 395,7 4,9 1,7 29,8
CrpmocTeH / Strmosten
ITosnata / Roof (287) 7,4 236,7 14,9 61,34 | 10,33 | 247,66 | 7,97 12,0 | 8,42 10,95
Yrsb. xopus. / Coal bed (45) 6,8 1113 253,46 |160,32| 19,45 |1037,0 | 145,03 | 21,27 | 3,51 26,88
IMogmHa / Floor (45) 7,95| 436,29 165,07 | 21,04 | 20,06 | 372,1 | 32,48 | 14,18 | 0,46 7,56
Iopuna / Floor (45) 7,76 | 408,18 65,98 | 84,88 | 9,12 |423,35| 14,05 | 22,68 | 3,27 13,94
Jenosair / Jelovac
ITosmara / Roof (287) 7,4 311,66 20,85 | 81,7 | 13,4 | 366 8,4 53 | 0,92 14,45
Vb, xopus. / Coal bed (265) 7,6 1139,5 426,5 18,7 25,4 |1220,0| 47,5 18,3 0,5 8,43
IToxyua/Floor (190,7) 7,3 313,3 8,72 98,4 5,02 |324,52| 18,18 14,2 91 14,92
Cemcku Pypnux/Senjski Rudnik
ITosnata / Roof (439) 7,67 340,0 22,31 | 81,16 | 24,32 | 268,4 | 52,17 | 26,94 | 1,09 16,94
Vrp.xopus. / Coal bed (331) 7,87 1381,2 381,8 54,1 | 34,04 | 500,2 | 648,5 | 14.18 | 2,59 15,4
IMoguua / Floor (222) 8,30 | 14234 501,4 | 45,08 | 37,69 |1579,9| 24,0 | 26,94 | 11,34 | 14,98
Coko/Soko
ITosnata / Roof (380) 7,61 251 3,2 85,8 7,5 | 2855 1,9 9,2 | 2,57 13,7
Yrp. xopus. / Coal bed (201) | 7,90 1611 514,7 | 38,1 | 36,5 | 854,0 | 344,5 | 163,1 | 94,2 13,7
Yr/b. X0pu3. / Coal bed (84) 7,96 2490 966,5 24,0 10,3 |2037,4| 271,93 | 127,6 | 87,8 5,7
borosuna / Bogovina
ITosmnata / Roof (200) 7,5 383,61 64,63 | 74,14 | 12,03 | 427,0 1,30 17,72 | 2,8 15,13
Vb, xopus. /Coal bed (4,9) 8,2 761,2 299,07 | 18,5 2,12 | 756,0 | 44,5 25,2 3,7 3,1
V. xopus. /Coal bed (15,2) 7,5 1399 452,24 157 9,69 1236 | 140,7 31,5 4,5 242
JIy6unua / Lubnca
ITosmara / Roof (209) 7,6 198,8 6,1 54,0 9,7 | 158,6 | 35,0 16,0 - 9,8
Yrsb. xopu3. / Coal bed (68) 7,0 2560 716,5 169 | 90,5 | 2880 | 1283 | 394 | 59 44,8
Yrb. x0pu3. / Coal bed (65) 7,6 2074 644,9 124 48 708 244,5 | 664,8 | 108,6 28,5
Bpmka Yyka/Vrska Cuka
TTosnata / Roof (290) 7,1 392,8 40,2 77,4 | 26,2 | 402,6 | 29,1 19,9 2,0 16,8
Yrsb. xopus. / Coal bed (209) 6,7 1484,6 54,9 232,0 | 142,0 | 732,0 | 680,0 12,8 2,9 65,1
Yrsb. xopus. / Coal bed (121,6) | 7.1 2190,9 407,3 | 233,5 | 137,5 | 1811,9| 500,0 17,7 | 3,76 64,3

HUYKMX BOAQ, YIBpheH je y pyAHUKY aHTpaunmTa
Bpmika Yyka npukasano Ha cimnm 7.

Pynuuyke Bome ca HajBMIIOM MMHEpPaIM3aIjoM
u T0 off 2190 mg/l, KoHCTaTOBaHe Cy y CTapuM py-
JAPCKUM PafloBMMa KOjy Ce HaJla3e MCIIOf, IOKaTHOT
eposIOHOT 6asyca ABpaMIJKor mortoka (k.121). ¥V
TOM JIelly BIajiajy OTE€XaHM IPOLIECH BOJO3aMEHE,
a PyJHUYKe BOJie Cy XUApOKapOOHaTHe Kilace M ca
nosehaHnM cajip)kajeM joHa cy/ndara yceq oKcupia-
1y1je CyMIIOpa y yI/by. Y KaTjOHCKOM CacTaBy IIPEOB-
nabyjy joHu Hatpujyma, npyukasaHo y Tabemn 1.

KapakTepncTiaHy pyMepy MOCTOje 1 Y ISKNIITY
yrba CtpmocTeH, Jenmosar n Coko, Te ce IpIIBI

the mine waters was determined in the anthracite
mine Vr$ka Cuka shown in the figure 7.

Mine waters with the highest mineralization of
2190 mg/l, were found in old mining works that
are located below the local erosion base of the
Avramica stream (k.121). In this part, difficult pro-
cesses of water-exchange are dominant, and mine
waters are of a hydrocarbonate class and with an
increased content of ion sulfate due to oxidation
of sulfur in coal. In cationic composition, ions of
sodium prevail, shown in the table 1.

Characteristic examples could be found in the coal
deposits Strmosten, Soko and Jelovac, where the in-
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Cnuxka 6, Illema nojase xuopoxemujckux munosa pyoHUUKUx 600a
¥ PYOHUUUMA KAMEHUX U MPKUX Yerbesa uctmoure Cpouje
Figure 6,Scheme of the occurrence of hydro-chemical types of mine waters
in the mines of hard and brown coals of eastern Serbia

Tymau / Legend: I - nmosata yr/poHoCHe cepuje / roof of coal beds, II - yrponocHa cepuja / coal beds, Ila - yriboHOCHM €10j
/layer of coal, III - moguna yreoHocHe cepuje / floor of coal beds

PYEHMYKNX BOfia GOPMMPajy Ha PauyH JpeHuparma
KapcTHOr akBu(epa. 3a 0Baj akBudep, KapaKTepu-
CTUYAH je XUAPOKapOOHATHO-KaMLUjyMCKM THUIIA
BOfla Maje MuHepammsanyje. Mebhytum, 6mmke
KOHTAKTy ca yIJbOHOCHOM cepujoM, YTBpheHo je fa
Hofi3eMHe BOjie MMajy HeIlTO APYTaduji cacTas U fla
IpUITafiajy XMAPOKapOOHATHO-HATPUjYMCKOM THUITY.

Maaa Hyxa
Mala Cuka

400 —

300 4

flow of mineral waters is formed due to the drainage of
the karst aquifer. For this aquifer, a hydrocarbonate-cal-
cium type of water with a low mineralization is charac-
teristic. However, by inspecting a carbonaceous series
closely, it was determined that groundwaters had a little
bit of a different composition and that they belonged to
the hydrocarbonate-sodium type.

ABpamuyxu nonox
Avramica river

200

100

Crnuxa 7, Illema xudpozeoxemujckoe modena nexcuwima anmpavuma Bpuxa Qyxa
Figure 7, Scheme of the hydrogeochemical model of the anthracite deposit Vrska Cuka

Tymau / Legend: 1. TBOpeBuHe jome Kpepe / creations of the Early Cretaceous, 2. kpeumanu manmMa / limestones of Late
Jurassic, 3. TBopeBuHe forepa / creations of Middle Jurassic, 4. yriboHOCHa cepuja mujaca / the carbonaceous series of Lias

Y morneny capp)kaja MMKpoeneMeHaTa y MCIUTH-
BAaHMM PYAHMYKIM BOJAMA, KOHCTATOBAH je perta-
TUBHO Ma/m 6poj eneMeHaTa ca mosehaHnum Bpen-
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Regarding the content of microelements in the ex-
amined mine waters, a relatively small number of
elements with increased values was found. Max-
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HOCTMMa. MaKCUMasIHU cafpkaju rBoxba cy KoH-
CTaTOBaHM y PYAHUUYKMM BOJaMa PyAHNKa Bpiika
Yyka — notkor ,,CB. Hopbe“ (Fe=6,1 mg/l). IBoxxhe
Y PYAHMYKUM BOfjaMa Ipaty U MaHTaH, a HajBehu
cafipxaj je peructpoBaH raxkobe y pysHuKy Bpuika
Yyka (Mn=0,167 mg/l).

bes 063mpa Ha BeNMUKy IIOKPET/BUBOCT apceHa (As)
y npupopu [10], y pyAHUYKUM BofiaMa je KOHCTa-
toBaH g0 0,247 mg/l (pysHux borosusa). Ornoso je
MaKCMaJIHO KOHCTaToBaHo of Pb=0,024 mg/1 (pyn-
HUK JenoBal), crpoHiyjyM Sr=5,01 mg/l (pymHux
Jly6unna), mitujym Li=0,762 mg/] (pynuux JIyounu-
1a), arymmuaujymM Al=4,45 mg/l (pynuux borosuna).

IOVICKYCUJA PE3VJITATA

Ha ocHOBY fo6ujeHnx pe3ynrata XUAPOXeMUjCKUX
UCTIUTHBaba PYAHMYKMX BOJA, KOHCTATOBaHE CY
oppebene npaBwIHOCTY Y pOpMUpay XeMMjCKOT
cacTaBa, C TUM Jia je 3a YIJbOHOCHY CepMjy Kapak-
TepPUCTIYAaH HATPUjyMCKI U Cy/I¢aTHU TUI BOJA U
IIOBMIIEHA MUHEpaIM3anuja.

3a ocHOBHM TIpoliec popMupama XUAPOKApOOHAT-
Ho-Harpujymckor tuna Bona (HCO,-Na), mopern
joncke nsmene (Ca-Na), BaXkaH je 1 IIpoIiec iecyn-
¢arusanyje y mpucycTBy 6aktepuja 3a IITa je He-
OIIXOfIaH M3BOP OPraHCKMX MaTepuja (yrap), Cyil-
(aTHMX joHa, /K 1 IOCTOjatbe aHAePOOHe CpefiHe
Ha IITa yKa3yje IojaBa MeTaHa y TaCHOM CacCTaBy
Bofie. Imemajyhn y mpoduny ox mospiunHe TepeHa
Ia Impema Ay6/bMM JelOBMMa YITbOHOCHE cepuje,
VICIIMTUBAHE BOJE IION/IEXY HPOMEHU XeMMjCKOT
cacTaBay npasny (1):

Ha npumepy ucnuTuBaHuX PyJHUYKUX BOJA PYyA-
Huka COKO, ITOCTOj} MPaBMIHA M3MEHA XEMUjCKOT
cacraa [3. Ca MuHepanMsanujom, pacte ca fyou-
HOM Cafip)kaj HaTPUjyMOBUX joHa (M3pasuta Kope-
nmanuja R=0,93), xao u xoepuuujent rNa/rCa (He-
JIMHeapHa Kopernalyja) IpMKasaHo Ha CIIUIN 8.

XuppoxeMujcka IPaBUIHOCT y (popMupamy Xu-
IpOKapOOHATHO-HATPUjYMCKMX PYSHMYKUX BOZA
y nexxnmry yr/ba Coko, pukasas je cmmkom 9. Ca
RByO6MHOM pacTe MuUHepanusaluja Boje u nosehasa
Ce CajpyKaj joHa HaTpUjyMa Kao Pe3y/NTaT jOHCKe
nsmene Ca-Na.

imum iron content was found in the mine waters
of the Vrska Cuka mine — undermine ,,Sv.Djordje*
(Fe=6,1 mg/l). Iron in mine waters is followed by
manganese, and the highest content was also found
in the Vr$ka Cuka mine (Mn=0,167 mg/1).

Regardless of the high mobility of the arsenic (As)
in nature [10], in mine waters, it was 0,247 mg/l
(the Bogovina mine). Lead is maximally found
from Pb=0,024 mg/1 (the Jelovac mine), strontium
Sr=5,01 mg/I (the Lubnica mine), lithium Li=0,762
mg/l (the Lubnica mine), aluminum Al=4,45 mg/l
(the Bogovina mine).

DISCUSSION OF THE OBTAINED RESULTS

Based on the obtained results of hydro-chemical
tests of the mineral waters, certain regularities in
the formation of chemical composition have been
established, with the sodium and sulphate types of
water and increased mineralization being charac-
teristic for the carbonaceous series.

For the basic process of formation of hydrocar-
bonate-sodium type of waters (HCO,-Na), besides
the ionic exchange (Ca-Na), the process of desulfu-
rization in the presence of bacteria is also impor-
tant, for which a source of organic matter (carbon)
is necessary, as well as sulphate ions, and an anaer-
obic environment as indicated by the occurrence of
methane in the gas composition of water. Looking
from the surface of the terrain and toward the deep-
er parts of the carbon series, the investigated waters
are subject to metamorphism of the chemical com-
position in the direction (1):

On the example of tested mine waters of the Soko
mine, there is a correct change in the chemical com-
position [3]. Along with mineralization, the content
of sodium ions increases with depth (distinct corre-
lation), as well as the coefficient rNa/rCa shown in
the figure 8.

Hydro-chemical regularity in the formation of hy-
drocarbonate-sodium mine waters in the coal de-
posit Soko, is shown in figure 9. With depth, the
mineralization of water increases, and the content
of sodium ions increases as a result of ionic excha
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Cnuxa 8, Kopenayuonu dujazpam 3asucHocmu Mmuxepanusayuje u konyempayuje jona nampujyma (a) u mute-
panuzavuje u koed. rNa/rCa (6) 3a ucnumusare 600e céux munosa uzdamu y nexcuwmy yewa Coko
Figure 8, The correlation diagram of dependence of mineralization and concentration of sodium ions (a)
mineralization and coefficient rNa/rCa (b) for tested waters of all types of aquifers in the coal deposit Soko [3]

ITocrojame XuppoOXeMMjcKe 30HATHOCTU ITOJ3€EM-
HUX BOJa Yy KapcTHOM akBudepy mHaneopebeda
YI/bOHOCHE CepHje, KOCTaTOBaHa je y JIEeKNIITAMA
yrpa Crpmoctes, JenoBan n Coxo. ITpumep mo-
CTOjarba OB€ 30HAJIHOCTU Y IOAPYYjy JEKUINTE
yrba CTpMOCTeH, IprKasaH je Ha crmin 10.

HemnocpenHo y3 yI/bOHOCHY cepHjy, Y KAPCTHOM aK-
Budepy (y mojacy okBupHe mupute 60 m), Ioctoje
jako yCropeHM IpolLiecy Bofo3aMeHe 360r CeKyH-
JApHOT ITIMHOBUTOT MaTepMjana Koju MCIYIbaBa
KapcTUQUKoBaHM IpocTop [6]. YV ToM fieny, jaBibajy
ce pellaTMBHO Maly NPWINMBY PYSTHMYKMX BOfia U3
kapcTHor akBudepa. [Topen metamopdusanuje xe-
MHjCKOT CacTaBa IOJj3eMHMX BOfIa KOj/ ce BPLIN y
OBOM I10jacy, IOCTOjM 1 YTHIIAj Melllamba ca BojaMa
U3 yIJbOHOCHE cepuje, Ta ce Tako jaBba HCO,-Na
TUI BOZA KOjM MHAye HUje KapaKTepUCTUYaH 3a
KapCTHY akBudep.

3Hayaj CIpPOBEEHMX XUAPOXEMMjCKUX WCIUTHU-
Barba Ce OITIefla ¥ Y yO9aBamy arpeCUBHOCTY PYJ-
HIYKNX Boja. IbuxoBo fejcTBO Ha pymapcke KOH-
CTpyKIIuje y jaMu Huje moxkerbHO. Tako je yrBpheno
Jla PyAHMYKE BOJIe KOje Ce jaB/bajy M3 yI/bOHOCHOT
xopusoHTa y nexumry Cemwcku PymHuk (peBup
JIunos Jeo, k.331), uMajy cpenmy cyndarHy arpe-
cuBHOCT. Cappxaj jona cyndara y pyAHIUYKOj BOAY
je SO,?=648,50 mg/l npuxasan je y rabemn 1. Ipa-
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The existence of the hydro-chemical zoning of
groundwater in the karst aquifer of the paleo sur-
face of the carbonaceous series was found in the
coal deposits Strmosten, Jelovac and Soko. An ex-
ample of the existence of this zoning in the area of
the coal deposit Strmosten, is shown in figure 10.

Directly with the carbonaceous series, in karst aq-
uifer (in the band of an approximate width of 60 m),
there are extremely slow water-exchange processes
due to the secondary clay material that fills the karstic
space [6]. In that area, there are relatively small inflows
of mine waters from the karst aquifers. In addition to
metamorphization of the chemical composition of
groundwater in this band, there is also the influence
of mixing with waters from the carbonaceous series,
so there could be found the HCO,-Na type of water
which is not usually distinctive for the karst aquifers.

The significance of the conducted hydro-chemical
tests is also reflected in the perception of the aggres-
siveness of the mine waters. Their effect on the mining
structure in the pit is not desirable. It has thus been
established that mine waters that emerge from the
carbonaceous horizon in the Senjski Rudnik deposit
(shaft Lipov Deo, k.331), have medium sulphate ag-
gressiveness. The content of ion sulphate in the mine
water is SO, ?=648,50 mg/l shown in the table 1. Lim-
it values of this isolated aggressiveness of mine wa-
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Crnuxa 9, Illema memamopdusayuje nodemHux 600a y noopyujy nexcumwma yemwa Coko
Figure 9, Scheme of metamorphism of groundwaters nin the area of the coal deposit Soko

Tymau / Legend: 1. anyBujon / alluvium, 2. yr/poHOCHA MuoOLjeHCKa cepuja / carbonaceous Miocene series,

3. yI/BOHOCHN XOpU30HT / carbonaceous horizon, 4. yproucku kpeusanu / Urgonian limestones, - - pacen / fault
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Cnuxka 10, Illema xudpoxemujcke 30HATHOCMU NOO3EMHUX 8004 Y KAPCIMHOM
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Figure 10, Scheme of hydro-chemical zoning of groundwaters in the karst aquifer
of the paleo surface of the coal deposit Strmosten
Tymau / Legend: 1.yr/poHOCHA MIOLIeHCKa cepuja / carbonaceous Miocene series,
2. yproHcKu Kpeumbariy (maneoperbed yrboHocHe cepuje) / Urgonian limestones (paleo surface of the carbonaceous series),
3. mepmcku nenrdapy (amoxToH) / Permian sandstones (allochthon), 4. HaBnaxka / cover
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HIYHE BPEJHOCTM OBE€ M3[BOjeHE arpecUBHOCTHU
PYEHMYKVX Bofa je 600-3000 mg/l. 3navajHy ymo-
ry y opmupamy SO,-Na Tuma mojseMHux Bofa y
OBOM JIEKIIITY, Ma IOPEeN OKCUTALIMje YI/ba M MH-
TEeH3VBHA OKCUJaluja Cynduaa y aHaesuTuMa Koju
ce HajIase y jeJHOM Jiely Taeoperbeda yI/bOHOCHe
cepuje.

AMOHNjaYHY arpecMBHOCT MIMajy PYHUYKE BOJIE Y
jamu JIy6uuia. OBe Bofie Ce jaB/bajy Y OTKOIIHOM
xopunky OH-4 (k.65), a capkaj aMOHMjyM joHa ce
xpehe n ;0 NH,=108,6 mg/l mpukasano y Tabemn 1.

3AK/bYYAK

XupoXeMujcKUM ~ MICOUTUBAbUMA  PYIHUYKUX
BOJIa KOje Ce jaB/bajy y jaMaMa aKTMBHUX PYJHMKA
yrpa y Kapmato-6ankanuauma nctoune Cpbuje,
yTBpbeHe cy onpebene mpaBumHOCTM y IOjaBIBU-
Bamby. Y OJHOCY Ha IIOAMHY U IIOBJIATY YI/bOHOCHE
cepuje, pySHUYKE BOJI€ HACIOXKEHMjET XEMUjCKOT
cacrapa (HCO,-Na, SO,-Na, SO,-Mg-Na, SO, -
HCO,-Mg-Na wmn Cl-Na tuna n Mmunepannsamuje
Hajuenthe mpexo 1000 mg/l), jaBmajy ce y yr/pboHoC-
HOM XOPM3OHTY M3 KOT' Ce BPILUN HEeIOCpefHM OT-
KON yI/ba. YTBpheHo je ma monseMHe Bofie Y TOM
memy, HOmIexy mpoluecy Metamopdusanuje. Ca
IyO6MHOM, y VICIMTUBAaHMUM BOJaMa ca MMUHepann-
3alMjoM pacTe cajipKaj HaTPUjyMOBUX jOHA Kao 1
koedunujent rNa/rCa.

Cno>xeHu XeMMjCKI CacTaB OBUX BOJIa C€ UCIIO/baBa
Y HEKMM C/Ty4ajeBUMa Y BOMIM arpeCUBHOT JIejCTBA Ha
py#mapcke koHCTpyKuuje y jamu. Y Cemcxom Pypun-
Ky, PyBHIYKe BOJie ¥IMajy Cy/IdaTHy arpecBHOCT, a
y pynHuky JIly6HuIa nspaxkeHy aMOHMjaqHy arpe

Y KpeumalyMma Imaneope/beda yI/bOHOCHE cepuje,
HOCTOjM  XUIPOXEMMjCKA 30HATHOCT IIOf3€MHIUX
Bofia. Y cmabo BOJOIIPONYCHOM II0jacy Kpedrbaka
V3 VIJbOHOCHY cepujy (mmupute oko 60 m), jaB/pa
ce HCO,-Na tum Bofia, NITO HEABOCMUCIIEHO TIOT-
Bpbyje Aa y beMy MOCTOj1 yCIIOpeHM NPOoIiec BOJO-
3ameHe. To je ucToBpeMeHO 1 fo6ap MHAMKATOP fia
ce y TOM JieNy PyfapcKux npocTopuja, Hehe jaButn
3HAYajHMjU IPUIMBY PYSTHUYKUX BOJla Y OGHOCY Ha
IIVPY IIPOCTOP TJie je 06MIHO POpPMMpPaAH jaKo 13-
JalllaH KapCTHY akBudep.
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ters are 600-3000 mg/l. Significant role in formation
of the SO,-Na type of groundwaters in this deposit,
has, along to coal oxidation, the intense oxidation of
sulfides in andesites which could be found in one part
of the paleo surface of the carbonaceous series.

Ammonia aggression could be found in mine wa-
ters in the Lubnica pit. These waters appear in the
excavation corridor OH-4 (k.65), and the content of
ammonium ion goes up to NH,=108,6 mg/l shown
in the table 1.

CONCLUSION

Hydro-chemical tests of mine waters which appear
in pits of active coal mines in the Carpatho-Balka-
nides of eastern Serbia, determined a certain accura-
cy in occurrence. With regard to the roof and floor
of the carbonaceous series, mine waters of the most
complex chemical composition (HCO,-Na, SO,-
Na, SO,-Mg-Na, SO,-HCO,-Mg-Na or Cl-Na type
and of mineralization usually over 1000 mg/l), can
be found in the carbonaceous horizon from which
the coal is directly excavated. It has been established
that groundwaters in this area are subject to the met-
amorphic process. Along with depth, in the tested
waters with mineralization, the content of sodium
ion increases as well as the coefficient of rNa/rCa.

The complex chemical composition of these waters
is expressed in some cases in the water of aggressive
effect on the mining structures in the pit. In Senjski
Rudnik, mine waters have sulphate aggressiveness,
and in the Lubnica mine - distinct ammonia aggres-
sion.

In limestones of the paleo surface of the carbona-
ceous series, there is a hydro-chemical zoning of
groundwaters. In the poor permeable belt of lime-
stones, in addition to the carbonaceous series (about
60 m wide), there is an HCO,-Na type of waters,
which unambiguously confirms that there is a slow
process of water-exchange. At the same time, it is a
good indicator that in this part of the mining sites
there will be no significant inflow of mine waters in
relation to the wider area, where usually a very rich
karstic aquifer is formed.
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Caxetak: Y pady cy npukasana HAjHOBUJA 2e0N0WKA UCMPANUBAbA Jleuwima onekapcke enue ,,lapajesay,
Hcemok “ko0 Hosoe Beueja. [nune kposuHckoe npooyKmusHoe c0ja, 0802 nexcuuima excnaoamuuiy ce 00 2008. eo-
OuHe Kao cuposuHa 3a npousoorwy upena Ionema uz Hosoe beueja. Osa ucmpaxcusaroa ycmepena cy Ha noOUHCKU
NPOOYKMUBHU C10] TleHUMMA Koju 00 cada Huje eKCNI0amanyuoHo 3axeamar 3602 0800reHOCMU padHe cpeduHe.
Teonowixum ucmpascHum padosuma no 0y6uHu, 0emamwHo je npoyder Opy2u aesPUmcKo - eIUHOBUMIY KOMNTIEKC
Koju ce nnanupa 3a excnnoamauujy. Jobujenu pesynmamu nomephyjy 0a keanumerm mMuHepante cuposuHe 0020-
8apa cmanoapouMa 3a npoussootvy upena. Y paody je 0am caxem npuxas pesymmama UcHpaxusarod.

Kmbyune peun: ceonowixa ucmpaxcusarea, enuna, onexapcka cuposuna, lapajesey, ucmox, Ilonem Hosu beuej

Summary: In this paper, the latest geological study of the “Garajevac Istok” brick clay deposit near Novi Becej is
presented. The clay of the overlying productive layer of this deposit has been exploited by Polet from Novi Becej since
2008 for raw material for the production of roof tiles. This study is focused on the underlying productive layer of
soil, which has not yet been exploited due to the abundance of water in the working environment. Detailed studies
by depth of the second alevrite-clay complex planned for exploitation were carried out. The obtained results confirm
that the quality of the raw mineral materials meets the standards for tile production. This paper summarizes the
results of the studies.

Key words: geological study, clay, raw clay brick material, Garajevac istok, Polet Novi Becej

YBO[I

Y JIeXUINTY OIeKapcKe IvHe ,lapajeBar VcTok™ He-
maneko o, HoBor beueja, moBpimHcKe eKCIyroaTanmo-
He paztose u3Bopu VI'K Ilonet ox 2008. ropuse, 360r
cHa0JleBarba CBOjIIX IIOTOHA MUHEPATHOM CPOBUHOM.

Y reonomkoM morneny mwupe IOApYydje JAeKMUIITA
HpeACTaB/ba fleO 3aBPIIHNX WIAHOBA ,Bapormrke®
Tepace ca jeJHOCTaBHOM TreoJomKoM rpahom u
IpefCcTaB/ba CeAMMEHTHO, C/I0jeBUTO CyOXOpM30H-

INTRODUCTION

Surface exploitation of the “Garajevac Istok” brick
clay deposit near Novi Becej has been performed by
IGK Polet since 2008 for the purposes of supplying
their production plants with raw mineral materials.

In geological terms, the broader area of the deposits
is one of the final members of the “Varogka” terrace
with a simple geological structure and represents a
sedimentary, layered subhorizontal deposit. Surveys
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Ta/lHO nexumTe. VcTpaxnpama neXXniTa BplieHa
cy cucremarcku of, 1984. no 2011. rogune. Ha ocHo-
BY TUX UCTpaXKVBamwa Pyfapcko-reonommky ¢akym-
TeT, YHUBepsuTeTa y beorpany, 2011. rogune, ypa-
muo je mocnenmsy EmabopaT o pesepama omekap-
CKMX CHPOBMHA Y TeXUIITY ,,[apajesar Vctox“ [1].

Excrmoranuja nexxumra o6asspa ce o 2008. roau-
He. C 0031poOM [ia Cy OBepeHe pe3epBe KPOBMHCKe
IPOYKTUBHE CepMje OINeKapCKe CUPOBUHE CKOPO
UCLpIUbEHE IIOCTOjM IOTpeba 3a HpOIIMpPUBABEM
pe3epBl, OJHOCHO 3a HOBMM McTpakuBamwuma. C
KOMIUIEKCHUM 3aJJaTKOM T'eO/IOIIKNX VCTPAXKIBabha
U IpOjeKTOBama aHTaXOBaH je Pymapckm mHCTH-
TyT u3 beorpaga. ¥ npyroj monosune 2018. rogune
U3BefleHa Cy JieTa/bHa Teo/IOIIKa UCTpaXkKBamba Je-
KVIIITA [T0 Ty OVHY, VICIIUTAHY CY XMAPOTeOJIOLIKI 1
VHYXEEePCKO-TEOTOIKY YCIOBY Y PajIHOj CPEIVIHMA,
yTBpheH KBajuTeT MUHepajHe CUPOBMHE, IIpopa-
YyHaTe pe3epBe JPYTor aeBPUTCKO - TIMHOBUTOT
KoMIlIeKca. Pesynratu fmeTa/bHUMX HCTpakKMBamba
npukasanu cy y Enabopary o pecypcuma u pesep-
BaMa [2]. Y papy je maT KpaTak IpuKa3 Hena OBMX
pesynTara Koju ce OJHOCH Ha FeO/IOIIKe KapaKTepHu-
CTUKe JIOKUIITA Y KBA/JIUTET CUPOBMHE.

T'EOJIOIIKA I'PABA JTEXKMIIITA

Teonomky rpaby mmpe oxonmHe nexuumra ,la-
pajeBan VcTok“ umHe KBapTapHe TBOPEBUHE KOje
JIeKe TIPEKO TOPHONATYAVHCKUX (IUIMOLEHCKIX)
cnojesa [TaHoHCKOr 6aceHa. Y OKBUPY KBapTapHUX
CelMeHaTa, 110 CTApOCTM MOTY Ce M3[IBOjUTH TI/Ie-
UCTOLIEHCKM ¥ XOJIOLeHCKN cepyuMeHTH. Ilnencro-
LIeHCKe CefiIMEHTe YMHe: IOMULVKINYHM PEeYHU
CeMIMEHTH, PEeYHO-0APCKM, PEUHU CeAUMEHTH I
peuHu cepyMeHTH Tepace (7 m - 12 m penaruBHe
Bucune). CefuMeHTN HajMIabe XomolieHCKe eroxe
IpefiCTaB/beHN CYy alyBMja/IHUM CEIUMEHTUMA U
cybpedHnM 6apcK1M TBOpeBMHaMa [3,4].

Jlexxnure ,,[apajeBary McTok®, HacTano je y OKBupy
pedHIX CelMMeHTa Tepace, Koja je pa3BujeHa y da-
IVj¥ KopuTa ¥ aLuju OBOJHHa, 32 BpeMe IJIeNCTO-
LIeHCKe (BUpMCKe) eroxe. Y reojonikoj rpahu camor
JIOXUINTA Of MOBPILIMHE TePeHa U3JBOjeHN Cy Crle-
mehyt TUTOMONIKY YIaHOBY: JIECHY KOMIIEKC, IPBU
a/IeBPUTCKO - IJIMHOBUTY KOMIUIEKC, ITIMHOBUTO
a/IeBPUTCKY TIECKOBM, [IPYTU a/IeBPUTCKO-T/IMHOBU-
TU KOMIUIEKC U ITOIMHCKY aJIEBPUTY U IIECKOBH [5].

Jlexumite 3axBaTa MOBpIIMHY Of 341.555 m?* uma
006/IMK HEIIPaBUIHOT [IO/IMTOHA M3AY>KEHOT Y IIPaB-
1y CC3-JJU, ny>xune 800 m, mupuxe 500 m.

JleTa/bHa reosIolIKa MICTPAXXNMBAba, Ca LWBEM Jle-
¢duHMCamba KOMMYMHE U KBA/TUTETa OMEKapCKe CH-
poBuHe BpuieHa cy of, 1984. no 2011. rogune. Js-
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of the deposit have been carried out systematically
from 1984 to 2011. Based on these studies, the
Faculty of Mining and Geology of the University of
Belgrade made the last Study on the reserves of raw
clay brick materials in the deposit “Garajevac Istok”
in 2011. [1].

Exploitation of the deposit has been carried out
since 2008. Given that the certified reserves of the
productive series of raw clay brick material are
almost exhausted, a need for the expansion of the
reserves has arisen, that is, for new studies to be
conducted. In the second half of 2018, geological
studies of the deposit by depth were carried out,
the hydrogeological and engineering-geological
conditions of the working environment were
examined, the quality of the raw mineral material
was determined and the reserves of the second
alevrite-clay complex. The results of the detailed
studies are shown in the Study of the resources and
reserves [2]. The paper presents a brief review of
a portion of these results regarding the geological
characteristics of the deposit and the quality of the
raw material.

GEOLOGICAL SETTING OF THE DEPOSIT

The geological structure of the broader area
of the “Garajevac Istok” deposit consists of
quaternary formations which lie on top of the
Pliocene strata of the Pannonian Basin. Within
quaternary sediments, Pleistocene and Holocene
sediments can be distinguished by their age.
Pleistocene sediments include: polycyclic river
sediments, river-swamp, river sediments and river
sedimentation terraces (7m -12m relative height).
The sediments of the youngest Holocene era are
represented by alluvial sediments and sub-river
swamp formations [3,4].

The deposit “Garajevac Istok”, was created within the
river sediments of the terrace, which was developed
in the riverbed facies and flood facies, during the
Pleistocene era. In the geological structure of the
deposit itself, the following lithological members
can be distinguished: the loess complex, the first
alevrite-clay complex, the clayed alevrite sand, the
second alevrite-clay complex, and the underlying
stratum alevrites and sand [5].

The deposit has a surface area of 341.555 m2 and
the shape of an irregular polygon elongated in the
direction of NN'W-SSE, 800 m long, 500 m wide.

Detailed geological studies, with the aim of defining
the quantity and quality of the raw clay brick
materials, were carried out from 1984 to 2011. 27
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Oy1IeHO je 27 UCTpaKHMX OYIIOTUHA, NCKApTUPAHO
je ykymHo 476,80 m jesrpa, usBplleHa Cy 1aboparo-
PHUjcKa NCIINTHBAba MIHEpaIHe CPOBUHe (TI0jenu-
HayHe 1 KOMIIO3UTHe Ipobe). Pymapcko reomomkn
(bakynteT, YHuBepsurera y beorpagy 2011. roguse,
ypanuo je Enabopar o pesepBaMa OIEKapCKMX CH-
POBMHA y NeXMIITY ,,lapajeBan VcTok mpn demy
je xopumheHa cBa PacmonoXuBa JOKYMEHTaIuja.
Osum EmabopaTom oBepeHe Cy 6MIaHCHe pesepse
B xaTeropuje y yKymHOM U3HOCY OF 3.959.956 t [1].

JocapanmmoM ekcrvioaranyjoM, y Behem penmy re-
KMIITA OTKOIAH je JIECHN XOPU3O0HT I IIPBY aJIEBPUT-
CKO-T/IMTHOBUTY KOMIUIEKC [0 C/I0ja I/IIHOBUTO ajleB-
PUTCKIMX ITeCKOBa. VICIIof 0BOT C/10ja HaIasMm ce IPyTu
QJIEBPUTCKO - IIMHOBUTYI KOMIUTIEKC KOjJ je ¥ IPeTXOf-
HoM Enmabopary, 360r HICKOT CTelleHa YICTPayKeHOCTH,
TpeTUpaH Kao BaHOWIACHY [0 JIKUINTA, C/IUKa 1.

HajaoBujum ucrpaxmpamuma Pygapckor MHCTUTY-
Ta JIOKUIITE je UcTpaxkeHo o 30,50 m ny6une. Vs-
Oy1IeHo je 13 MCTpaKHMX OYILIOTHHA, TEONOLIK je
cuuMibeHO 250,40 m jesrpa, ypabena cy maboparo-
PUjCKa NCIUTUBAIbA TOjeIMHAYHIX U KOMIIO3UTHUX
mpo6a. 360r XMAPOreONOUKNX OINTAa U y3UMamba
y30paka 3a IOTyMH/YCTPUjCKAa UCIUTUBakba KBa/Il-
TeTa MUHepaJIHe CHPOBMHe, ypaleH je packorL

Ha ocHOBy mo6mjeHMX pesynrata M paHMjUX
casHamwa, AePVHICAH je [PYTU aleBPUTCKO - TIIN-
HOBUTH CJIO0j, OJHOCHO I'€O/IOUIKM YC/IOBU PACIpo-
CTpamera MUHEPaNHe CUPOBUHE Y NEXUIITY, yT-
BpheHe cy OMmaHCHe pesepBe U KBaIUTET OIeKap-
CKe CHpOBUHe, YTBpheH Ha OCHOBaMa IIOTIYHOT
THOIITOBaa CTaHAAp/la Y OBOj 0OIACTH.

80 | | G118
70
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exploratory wells were drilled, 476.80 m of cores
was charted out, and laboratory testing of raw
mineral materials (individual and composite tests)
was performed. The Faculty of Mining and Geology,
University of Belgrade, in 2011, made a Study on the
reserves of raw clay brick materials in the deposit
“Garajevac Istok” deposit in 2011, using all of the
available documents. This Study certified the B class
balance reserves in the total amount of 3,959,956 t

(1].

The loess horizon and the first alevrite-clay complex
have been dug up to the layer of clay alevrite sand
in the majority of the deposit with the exploitation
so far,. Below this layer there is another alevrite-clay
complex, which was treated as off-balance part of
the deposit in the previous Study, due to the low
level of research conducted on it, Figure 1.

The latest studies performed the Mining Institute
examined the deposit down to the depth of 30,50 m.
13 exploratory wells were drilled, 250,40 m of cores
were geologically scanned, individual and composite
laboratory tests were performed. An exploratory
cut was made for the purposes of hydro-geological
experiments and sampling for semi-industrial tests
of the quality of the raw mineral materials.

The second alevrite-clay layer was defined On the
basis of the obtained results, that is, the geological
conditions of the distribution of raw mineral material
in the deposit, the balance reserves and the quality
of the raw clay brick material were determined,
based on the principles of full compliance with the
standards in this field.
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Cnuka 1, Kapakmepucmuuru npousn Kkpos nexcuuime

Figure 1, The characteristic profile throughout the deposit

Tymau / Legend: 1 — xymyc / humus, 2 - Hacun (mombenn npen) / embankment (broken roof tiles), 3 — necan xommekc
/ loess complex, 4 — npBY a7eBPUTCKO-ITIMHOBUTY KoMIDTeKc / first alevrite-clay complex, 5 - I/IMHOBUTO- a/IeBPUTCKI
neckon / clay-alevrite sand, 6 - gpyru aneBpuTCKO-I/MMHOBUTY KoMIlIeKc / second alevrite-clay complex, 7 — moguackn
aneBputu 1 meckoy / underlying stratum alevrites and sand, 8 - ncrpaxkua 6ymornsa / exploration well, 9 - rpaunia ex-
croatanyosor noska / the limit of the exploitation field
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T'EOJIOIIKE KAPAKTEPMCTHMKE
I[MTOAMHCKOTI ITPOAYKTVBHOT CJIIOJA

TTofMHCKY TIPOYKTUBHM CJI0j, OFHOCHO HAPYIU
QJIeBPUTCKO - IIMHOBUTY KOMILIEKC, YIHE CUBE I/~
He Ca CHBVIM 3aI/IEeHNM a/leBpuTuMa. Bricoke je 1o
Cpeftbe ITACTUYHOCTH, €A IIPOCTIOjLIMMA 1 COYMBH-
Ma a/IeBpITA U 3aI/INIbeHNX IeckoBa. OBe cefyMeH-
Te KapaKTepHuIlle IIPUCYCTBO KapOOHATHIX KOHKpe-
nuja, okcupa Fe n o6mpe ocrataka pocune dayre.

[ToBnaTy aneBpUTCKO - IVIMHOBUTOT C/I0ja YMHU
C710j TIMHOBUTO - aJeBPUTCKMX IIECKOBA, Cpefibe
me6sprHe 3,6 M KOjJ UCK/INEbaBa Y ICTOYHOM JIeTy
nexumra. YTBpheHo je ma MOAMHY IIMHE dYuHe
aJIeBPUTY M IIECKOBU cuBe 0oje, febpuHe 1,0 m 1o
14,5 m xoju cy nmorBpheHu y cBUM UCTpakxHUM Oy-
IIOTMHAMA.

GEOLOGICAL CHARACTERISTICS OF THE
UNDERLYING PRODUCTIVE LAYER

The underlying productive stratum, or second
alevrite-clay complex, consists of gray clay with
gray clayed alevrites. It is of a medium to high
plasticity, with intercalations and lenses of alevrite
and clayed sand. These sediments are characterized
by the presence of carbonate concretions, Fe oxide,
and an abundance fossilized remains of fauna.

The overlying layer of the alevrite-clay layer consists
of a layer of clay-alevrite sand, with the average
thickness of3.6 m which is wedged in the eastern part
of the deposit. It was determined that the underlying
layer of the clay consists of alevrites and gray sand,
with a thickness ranging from 1.0 m to 14.5 m which
has been confirmed in all exploration wells.
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Figure 2, 2D Model of the overlying layer of the second alevrite-clay complex

Ha crmiy 4 mpukasase ¢y mpoMeHe fie6/bIHe aleB-
PUTCKO - ITIMHOBUTOT CJI0ja y IEXKMUIUTY ,,[apajeBars
Vcrok“, Kao mro ce ca cimke 4 Bugu mebpuHa
IPOAYKTUBHOT C/I0ja je CKOpO yjefiHaueHa. MuHu-
ManHa yrBpbeHa fe6puHa M3HOCK 2,7 M, a MaK-

94

Figure 4 shows the thickness model, and Figures
2 and 3 show the models of the overlying and
underlying layers of the alverite-clay layer in the
“Garajevac Istok” deposit. As can be seen in the
figure 4, the thickness of the productive layer
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cumanHa 8,6 m, JOK IpocevHa feb/piHA Y IpaHu-
IjJaMa pe3epBU MMHepasiHe CMPOBMHE M3HOCHU 5,46
m. V3pBajame APYyror aleBPUTCKO - ITIMHOBUTOT
KOMII/IEKCa Kao OIeKapcKe CUPOBUHE Y JISKUILITY
M3BPLIEHO je Ha OCHOBY cajp)kaja KapboHaTa, Ie-
CKOBUTE M T/IMHOBUTEe KOMIIOHeHTe. IIpumeHOM
CTaH[apJHNUX MeTofa 3a MCIUTUBame KBanuTeTa
yTBpbeHo je ja KBaMTeT OIEKapCKe CUPOBUHE 3a-
IOBO/baBa IpoMMcaHe CTaH/Apfe 3a BUXOBY IpU-
MeHY Y MHAYCTPUjU LIpeTIa, a IpopadyHaTe pe3epBe
Cy HOBO/bHE 3a HapengHux 12-15 roguHa excrioa-
Tanuje.

is nearly uniform. The minimum determined
thickness is 2.7 m, and the maximum is 8.6 m,
while the average thickness of the raw mineral
material reserves is 5.46 m. The separation of the
second alevrite-clay complex as raw clay brick
material in the deposit was based on the content
of carbonates, sand and clay components. Through
the use of standard methods for quality testing, it
has been determined that the quality of the raw
clay brick material meets the prescribed standards
for its application in the roof tile industry, and the
calculated reserves are sufficient for the next 12-15
years of exploitation.
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Cnuxa 3, 2]] Moden nodure 0pyzoe anespumcko - enuHosumoz komnnexca M
Figure 3, 2D Model of the underlying layer of the second alevrite-clay complex
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Cnuxa 4, 2D Moden debpute 0pyz02 anespumcko - eIUHOBUMO2 KOMNIIEKCA
Figure 4, 2D Model of thickness of the second alevrite-clay complex

3AK/bYYAK

Jlexxumire omekapcke rmHe ,lapajeBan JcTok®
JeTa/bHO je TeOJIOIIKM MICTPaXKEHO Y APYroj HOJo-
ByHM 2018. ropuHe. ITo3UTUBHY NCXOAHM pe3ynTa-
T VICPOXUBaba APYror aJIleBPUTCKO - IIMHOBUTOT
C/I0ja CTBOPM/IM Cy OCHOBY 3a aHa/IM3y PaLMOHAl-
He eKCIIoaTaliije U IPOjeKTOBarbe II0BPUIMHCKOT
KOIa y 3axBary 1o gyounn. To orBapa MoryhHocT
eKCIIoaTallyje IJIMHE Ha OBOM JIOKAJMUTETy Ha-
pennux 12-15 roguHa, noce6HO 3HaYajHO 360T He-
3axBaTama M Heflerpafyparba HOBMX IIOBPILINHA,
KpaTKe TPaHCIIOPTHE TPajeKTopuje POBHE CUPOBM-
He, Matbe eMIICHje U3[[yBHUX TacoBa U CJI.
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CONCLUSION

The “Garajevac Istok” brick clay deposit was
thoroughly geologically examined in the second half
of 2018. The positive results of the second alverite-
clay layer have created the basis for the analysis of
its rational exploitation and the designing of the
open cut mine with excavation by depth. This opens
the possibility of the exploitation of clay for the next
12-15 years at this site, especially important due to
the non-excavation and non-degrading of the new
surfaces, the short transport routes for the raw
material, less exhaust gas emissions, etc.
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Caxerak: Y pady je npukaszan $asu no2uuku mMooen npoveHe cueypHocmu GyHKUUOHUCAIA MexaHu3aylje Ha
nospuUHCKUM Konosuma nueHuma. Moden cunmemu3yje napamempe noy30aHocmu, no200HOCHU 1 NOOpuLKe
oopiasary ca yumem cuzypHoe PyrxyuoHucara. Kao mepa ynompebroe keanumema, cueypHocm QyHKUuoHu-
Carba NOjMOBHO ce 00HOCU HA PACHOIONHUBOCH thexHUUKo2 cucmema. Vza pada cnedu HACMABAK HA 08Y MeMY,
pao Ipumena pasu noeuukoz Mo0enosara K00 oyeHe CUypHOCMU PYyHKUUOHUCAIA MeXaHUu3ayuje HA Nosp-
WUHCKUM KONOBUMA, Y KOMe CY U3JIONEHU NPUMepU NPpaKmu4He npumere mMooesna.

Kibyune peun: ¢pasu noeuxa, ynompebnu xeanumem pyoapcke mexanusayuje, 00picasaive pyoapcke mexamu-
3ayuje, noysoarocm paoa.

Summary: This work attempted to show a logical model of evaluation for the dependability of mechanisation on
open pits of lignite. The model includes synthetized parameters of reliability, maintainability and maintenance
support in order to provide safe functioning. The dependability as concept relates with the availability of the tech-
nical system as a measure of the quality of service. This work continues in the paper Application of fuzzy logical
modeling when assessing the dependability of mechanization on open pits mines, relating with this subject including
described examples of the model application in practice.

Key words: fuzzy logic, quality of service of the mining mechanisation, maintenance of mining mechanisation,
work reliability.

YBOJ

JKuBotHn LU/IK}IYC TEXHNYKUX CHUCTEMA 06yXBa'
Ta IUIAHMpalbe, IIPOjEKTOBAIbe, IPOU3BOAY (13-
rpaamy), Kopuinherbe, Ofp>KaBame M pacXofoBatbe.
Hakon opmpebenor Bpemena papma, 6e3 o63upa Ha
KOHCprKLU/ij " KBAJINTET M3rpafibe, €KCIIoara-
J187(0) (0] Bol')e}be " Ofp’KaBaib€, TEXHMYIKN CUCTEMU
rybe olepaTuBHe MOTEHLMjae Y HPOLEeCy Ka OT-
micy. Ounosoduja ca HaydMM OCHOBAMa CUCTEM-

INTRODUCTION

The life cycle of technical systems includes their
planning, designing, manufacture (construction),
use, maintenance, and wears out. Technical sys-
tems lose their operational potentials in the pro-
cess of writing off after the working cycle, regard-
less construction and building quality, exploitation
running or maintenance. After the Second World
War with intensifying development of the reliabil-
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CKOT IIPYCTYIIA Y YIPaB/balby KMBOTHUM LIUKITYCOM
MalnHa, paba ce TokoM 1 HakoH JIpyror cBeTcKor
paTa, ca MHTEH3MBHUM pas3BojeM Teoplje MOys[a-
HOCT) ¥ CPOJHVX HAy4YHUX JVMCLUUIUIMHA. PasBuje-
HMU CY, WIN CY Y PasBOjy ¥ MOJNIV Ha PyradyujuM
OCHOBaMa, HIIP. Ha JUHAMIYKOM IIPOIPaMUpamy 1
TEOpMjy 3aMeHe, Tj. TPOILIKOBHOM IpyHuymy [1], Ha
npahemy paga MalnHa y peamHOM BpeMeHy [2] ut.

Ca pasBojeM Teopuje MOY3ZAHOCTI HAydHA MCTpA-
JKMBama Ha OBOM IIO/bY TEKY Y HEKOIMKO IIPaBala,
HIIp. jeiaH ce 6aBY OHOCOM ITOY3[aHOCTIL U CTpaTe-
rvje ofpXKaBama [3], APyrM OFHOCOM IOY3AaHOCTI
¥ )KUBOTHOT IIVIK/Tyca ManmHa [4], Tpehu ogHOCOM
CMarberheM TPOIIKOBA U MTOO0bIIakha ehUKACHOCTI
ofipXKaBama [5], 4eTBPTY OFHOCOM IIOY3HaHOCTU U
TPOLIKOBA >XMBOTHOT IUKIyca [6], meTH 1oyspa-
Howhy u nojaBoM 3amMopa [7], IecTH OHOCOM II0-
Y3IAHOCTY U KOHCTPyKIMje MamHe [8] nty.

CurypHocT (YHKIMOHMCamba KOHLEINIMjCKY  je
medunucan ISO-IEC crangapmom [9], kao Hajmor-
IOYHMjUM OIMCOM PacHONOXMBOCTU TEXHUYKOT
cucTeMa, OJHOCHO Mepe YIOTpeOHOr KBaauTeTa.
O6yxBara IIOY3[JaHOCT, IIOTOJHOCT Ofp>KaBarba 1
JIOTUCTUYKY MOZIPUIKY OfIp>KaBamby.

[Tpo6neM MMIIeMeHTaLIMje CHUHTe3HUX (PeHOMEHa,
Kao IITO je CUTYPHOCT (PYHKIIMOHMCaba TeXHNIKOT
CHCTEMa, je Y HeIOCTOjaby jefVHCTBEHO nedu-
HJCAHOT aJTOPUTMa M MaTEeMAaTHMYKOT MOfENa 3a
IpaKTUYHe IIPMMEHE U pellaBaba.

VY papy je mprkasaH MoOfeN 3a OLIEHY CUTYpPHOCTHU
(YHKIMOHCamba PyJapCKIX MalllVHA KOje ce KOPHC-
Te 32 IOMONHe pajioBe y crrelpyuHMIM U TEIIKVM yC-
JIOBMIMA pajiHe CpeiHe Ha TIOBPIIMHCKIM KOIIOB/IMA
nurHMTa. Ped je 0 MallmHaMa MHIYCTPUjCKe CepujcKe
IPOM3BOMIIbE, YMja YCIIEMIHOCT pajia 3aBYUCH Off IIpa-
BIJIHOT 1360pa, OBHOCHO Off IIOTOfHOCTY MAIIIIHE 3a
Paj y ycmoByMa KOHKpeTHe pajiHe cperyHe. Ha dasu
JIOTMYKVIM OCHOBaMa IIOCTAB/bEH je BUIIEIIapaMeTap-
CKI MaTeMaTW4K/ MOfeN Koju oMoryhaBa CHHTe3y
HOYS[AHOCTI Pafia, IOTOGHOCTH U OAPIIKE OfpiKa-
Balby, Ca LIVJbeM CUTYPHOCTY (YHKIVIOHNCAKbA.

KOHIEIIIIVMJA MOJEIA OLJEHE
CUTYPHOCTU ®YHKIIMOHNMCAIbA

[MaprujanHe MmOKasaTe/be CUTYPHOCTM (PYHKIILO-
HICalba MallMHa 1 Buxose MebysaBrucHOCTH Ofi-
JIMKyje HemoTmyHa oppeheHOCT, BUIIE3HAYHOCT
U peNaTMBHOCT. Mep/bMBOCT IOKasaTeba je OIl-
[IVIOHa, MOXe OUTM MeTpuuKa min BepbanHa (exc-
nepTcke oneHe). JIBa cy OCHOBHa MOJA/ITOPUTMa
Yy aITOpPUTMY MaTeMaTUMYKOT MOJieNa CUTYPHOCTH
¢GyHKIMOHMCabA MalIMHA: IofanropuraM ¢asu
IpOIO3NIMja IapLUjaTHUX II0Ka3aTe/ba (IIOy3za-
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ity theory and similar scientific disciplines, there
has emerged the philosophy embedded in the
science of systemic approach to the life cycle of
machines. There have also been developed mod-
els based on different approaches such as dynam-
ic programming and replacement theory ie. cost
principle [1], on line monitoring of the machine
work [2] etc.

Scientific explorations in this filed run in several
different directions regarding development of the
reliability theory, and one, for example, deals with
ratio between reliability and maintenance strategy
[3], other with reliability and life cycle of machines
(4], third with expenditures and maintenance effi-
ciency improvement [5], fourth with reliability and
the life cycle costs [6], fifth with reliability and ex-
haustion [7], sixth with reliability and machine de-
sign [8] etc.

Dependability is conceptualised in the ISO-IEC
standard [9], as the most comprehensive descrip-
tion of the availability of a technical system, or
measure of quality of service. It includes reliability,
maintainability and maintenance support.

The problem of the synthetic phenomena imple-
mentation, such as dependability of technical sys-
tem functioning, is in the lack of uniformly defined
algorithm and mathematical model for application
and solutions in practice.

This paper illustrates one evaluation model for
dependability of the mining machines that are
used for assisting works in specific and severe
conditions in the work environment on the open
pits of lignite. These are machines of the industri-
al and serial manufacture the successful work of
which depend on correct selection and suitability
of such machine for work in the given work en-
vironment. There is established a multi-parame-
ter mathematical model based on the fuzzy logic
that synthetises reliability of work, maintainabil-
ity and maintenance support in order to provide
dependability.

EVALUATION MODEL CONCEPTION
OF DEPENDABILITY

Partial indicators of the dependability of the ma-
chines and their inter-connectedness are character-
ised with insufficient determination, ambiguity and
relativity. The indicators measuring is optional. It
can be metric or verbal (expert evaluations). There
are two main sub-algorithms in the mathematical
model algorithm of dependability of the machines:
sub-algorithm of fuzzy propositions of partial indi-
cators (reliability, maintainability and maintenance
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HOCT, TIOTO/IHOCT Ofip>KaBamba, TOTYICTUYKA ITOJpII-
Ka ofp)KaBamy) U mogaaroputaM ¢asy KOMIO3M-
1yje (CMHTe3e) maplyjamHuX [T0Ka3aTesba, CIMKa 1.

Cutyanuona aHaiausa

IMpukynmame mogaTaka \

CUT'YPHOCT ®YHKIHUMOHHUCAIA

support) and sub-algorithm of fuzzy composition
(synthesis) of the partial indicators, Figure 1.

Data collection

DEPENDABILITY

Situation analvsis TIOV3OAHOCT / RELIABILITY
y ' TMOI'OAHOCT OJIP’KABAA / MAINTAINABILITY
1 JIOTUCTUYKA TTIOJAPLIKA OAPY)KABABY / MAINTENANCE SUPPORT
1
: Mepenu nopanu Ekcneptcka onena
N Measured Values Expert Judgments ’
(" N
CrarucTrdka o0paja nojaraxka
Statistical data processing, Knacudukanumja momartaka
Teopuja BepoBaTHOhe Data classification
\Theor\/ of probability. _ )
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e s N
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®azu kommosumja (max-min) da3u 3aKkbyuuBaABHE
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\ . J
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Best-ﬁtmemna I/IHeHTI/Iq}I/IKaHI/Ija
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JIuni suctiuuka 6pegHociil
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OILIEHA CUT'YPHOCTU ®YHKIITMOHUCABA
DEPENDABILITY EVALUATION
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\ 4
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Mogen ognyuusarea / Decision model
Vipasmwarwe oupemom / Asset management
L Oumiumuszayuja cuctiema / Optimization system )

Cnuxa 1, Aneopumam gazu mooena 3a oueHy cuzypHocmu GyHKUUOHUCAA MAUMUHA
Figure 1, Algorithm of fuzzy model for evaluation of the model for dependability of the machines

[Tponosunuja: 3a Kpeupame a3y MOfena u cer-
MeHTa 3a ¢asy JOIMYKO 3aK/bydMBambe KOJ IIpO-
IleHe CUTYPHOCTH (YHKI[MOHMCama MauyHa (D),
meuHMITY Ce IMHTBUCTUYKE IPOMEH/bUBE Iap-
LVja/IHUX IIOKa3aTe/ba noysganoctu (R), mapame-
Tapa IOrOJHOCTY ofip>kaBama (M) m jmormcTmuke
HOfpIIKe ofpKaBama (S). Y oBoM Mofeny, n3bop
je Ha 1eT [10] TpoyraoHux ¢asu (IMHIBUCTUYKIUX)
HPOMEH/BUBUX: ©JIOLLE», GIPUXBAT/BUBO», OIPO-
CE€YHO», <>,t[06p0>> " ©OQJINYIHO>>, CIVIKA 2.

Propositions: In order to create the fuzzy model
and segments for the fuzzy logical conclusion in
estimation of dependability of the machines (D),
there are defined linguistic variables of the partial
indicators of reliability (R), maintainability pa-
rameters (M), and maintenance support (S). This
model offers selection on the five [10] triangle fuzzy
(linguistic) variables such as ,poor”, ,acceptable’,
»average’, ,good”, and ,excellent’, Figure 2.
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A
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Cnuxka 2, IIpuka3s $asu npomeHmusux y Mooesny cuzypHocmu @yHKyUOHUCAA MAUUHA
Figure 2, lllustration of fuzzy variables in the model of dependability of the machines

Y 3aBucHoctu of |t dasu 6poj (FN) moxe ma ce
IIpeNCTaBy:

FN=(u

Y ucToj popmu MOry ce IpefCTaBUTI Y JIMHIBUCTIY-
ke poMerspyBe (H). Ilpumep: ako je H = ojome»,
p=1s3aj=1,u=0253aj=2,u=03aj=3,4,5.

®dasu IIPOMEH/bMBE Ca C/INIKE 2, MOTy €€ 3aIIMCaTy Kao:

wotite / poor” = (1/1, 0.25/2, 0/3, 0/4, 0/5);

PRLRRY

Depending on pt the fuzzy number (FN) can be pre-
sented as:

s By )- (1)

In the same form can be presented the linguistic
variables (H). Example: If the H = ,,poor”, u = 1, for
j=1,u=0.25"forj=2,u=0,forj=3,4,5.

Fuzzy variables can be written:

2)

L TIpUXBAT/BUBO / acceptable” = (0.25/1, 1/2, 0.25/3, 0/4, 0/5);
»IpocedHo / average” = (0/1, 0.25/2, 1/3, 0.25/4, 0/5);
»I06po / good” = (0/1, 0/2, 0.25/3, 1/4, 0.25/5);

»ommuaHo / excellent” = (0/1, 0/2, 0/3, 0.25/4, 1/5).

dasuduxammja: Pasuduxanuja kao TpaHcpopma-
IMja yIasHMX IapaMerapa y ¢asy BPeJHOCTH, MMa
CBOja IIpaBWJIa. Y HallleM CIy4ajy mokasarebu R u M,
TedVHICaHN Ha OCHOBY Teoplje MOY3aHOCTH, (a-
suduKaiyjoM ce TpaHchopmuity y dasu GpyHkumje
noysgaHocty R(f) u morogHoCcTH ofpkaBamba M(T).
YasHM Tofalyl y TMHTBUCTUYKOj (POPMU, Y HAIleM
CITy4ajy TO Cy eKCHepTCKe OlieHe MOJpPIIKe OfpyKa-
Bamy (S), mpeBogie ce y ¢pasu HyMepidKe BPeIHOCTI.

dasuduxoBame KyMyIaTBHE BPEMEHCKH 3a-
BucHe ¢ynkuuje: Weibull-oBa mBomapamerapcka
pacmopena je jemHa opn Hajuemrhe kopuurheHmx
pacIofiena y MH>KeepCTBY MOY3AHOCTIL U OfPyKa-
Bamba, 3aTO LITO 3axBa/byjyhu mapamerpy o6nmka
(B) n mapamerpy pasmepe (1) mokpuBa Bure ¢e-
HOoMeHa [11].
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Fuzzification: Fuzzification as transformation of
the input parameters in the fuzzy value has its own
rules. In our case the indicators R and M are defined
on the basis of the reliability theory and by fuzzifi-
cation they are transformed into the phase of relia-
bility function R(f) and maintainability M(t). The
input data in the linguistic form, in our case that
are expert evaluations of the maintenance support
(S) and they are translated into the fuzzy numeric
values.

Fuzzifying of the cumulative time depending
function: Weibull two-parameter distribution is
one of the most applied distributions in the engi-
neering of reliability and maintenance because it
covers several phenomena [11] thanks to shape pa-
rameter (B) and scale parameter (n).
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B

f t ?‘}_'E
Vnasuu mopany y Mojen Cy usMepeHM nepuoau
MammmHeypagyt=1,...,f MyOTKa3yT=1,.., T,
Ha ocHoBY 0BUX NofaTaka m3padyyHaBa ce PpyHK-
[Mja rycTiHe oTKasa [12]:

Ipapumm ¢ynkuuje ryctmHe otkasa f(t) 3a
Weibull-oBy pacmiogeny, y 3aBUCHOCTU Off Bpefi-
HOCTH IapaMeTpa [} mpuKasaHu Cy Ha CIMIM 3.
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Input data are measured in the machine working
period t = ¢,... t_and in the period of failure T =T,
... 7. Based on these data it is calculated the failure
density function [12]:

Graphs of the failure function f{t) for the Weibull
distribution, depending on the parameter values of
B are shown in Figure 3.
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Cnuxka 3, Ipaguyu dynxyuje zycmune omkasa f(t) u cpeorwe epeme /
Figure 3, Graph of failure density function f(t) and mean time T

Manupamwem ¢ynkuuja f(t) n f(t) Ha p-j, camka
2, po6wujajy ce R u My dasu o6muky (1). OpHo-
COM j I peayiHOr BpeMeHa f, OMHOCHO T, CEEKTYjy
ce ¢asu 6pojeBn mpema j-BpeSHOCTUMA Kao Mepe
IOY3JaHOCTY J HOTOZHOCTY OfIp)KaBaiba, CIMKa 4.
EBupenTupany nepyony MammHe y pagy 3a R cie-
me ox npBe j=1 (majmomuje) go mete j=5 (Haj60sBE)
CeKBeHIIe, a BpeMe OTK/Iamarba 0TKasa 3a M, 06p-

Mapping the functions f(¢) and f(t), the Figure 2,
results in R and M in the fuzzy form (1). Relation
of j and real time ¢, or T, selects the fuzzy numbers
according to j values as measure of reliability and
maintainability, Figure 4. Recorded periods of the
machine in work for R continue from the first j=1
(the poorest) to fifth j=5 (the best) sequence, while
time for the failure remove for M is reverse from j=5

A
I'l(R} Jonie HPHXEITJEHED HPOCeIHO ,U,UGIJU CUJIHYHO
poor acceplable average good excellent
1,00
0,75
0,50 F-- : 3 =
0,25 == , =
/ \h“\‘
0 >
1 2 3 4 5 ]
t f } i — "
467 9435 18402 27370 36337 t(mh)

Cnuxka 4, IIpoyec manuparea yHxyuje eycmure no200HOCMU 00piHasarba Ha Gasu ckynose
Figure 4, Mapping process of the maintainability density function on fuzzy sets
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HyTO Of j=5 (Hajmyxe Bpeme) no j=1 (Hajkpahe),
cmuka 4. OBakaB IPUCTYII MOXe CTBOPUTH IIPO-
OmeM Kop Majior Opoja Mepema 3060r Heoysna-
HOCTM CTaTUCTIYKOT Y30pKa.

dasndpukoBambe TMHIBUCTUYIKNAX BPETHOCTH - €KC-
nepTcKe npoueHe: Excrieprcke omeHe Gpopmupajy ce
aHKEeTHVM YIMTHUIMMA TOCTaB/bEHUM CTPYYIballi-
Ma OATOBOPHNM 3a eKCIDIOaTalyjy mMammsa. Opnro-
BOPH, OJHOCHO OIleHe, Kao JIMHIBUCTUYKE, OHOCHO
BepOajIHe IIPOMEH/BIBE, [I0KA3aTe/byl Cy CUTYPHOCTH
(YHKIVOHNCaba U JIOTUCTUYKE IIOZIPIIKE OfpyKa-
Bamy (S) MalHa. Y IPYHINITY, Maja TO MOXe OUTH
U ipyradnje, omeHe cy off 0 o 1, anmm Tako fia je 36mp
oteHa 1. Ha ocHOBY mapLujamHMX OIleHa aHaTUTH-
Yapa (IIpernopywhyB MUHUMYM je IeT aHa/INTI9apa)
Zobyja ce KOHaYHa OLieHa S 3a TOCMATpaHy MAIJHY:

(the longest time) to j=1I (the shortest time), Figure
2. Such approach can make a problem with small
number of measurements due to unreliability of the
statistical sample.

Fuzzifying of the linguistic values - expert esti-
mations: Expert estimations are usually formed by
the questionnaires submitted to experts responsible
for the machine exploitation. Answers, or evalua-
tions, as linguistic or verbal variables are indicators
of the dependability and maintenance support (S)
of the machines. In principle, although it could be
different, estimates are from 0 to 1, but the sum of
the score is 1. Based on the partial evaluations of
analysts (recommended minimum is five analysts)
there is obtained the final evaluation S for the ob-
served machine:

§ =(S,,- ommano /excellent; S, - nobpo / good; S, - mpoceuro / average;
Sgn - IPMXBAT/BUBO / acceptable; S - MOLIE / poor) (4)

rzie je: S, yHKUMja NPUIIA/IHOCTY 32 IMHTBUCTIY-
Ke IIPOMEH/bIBE I IIPECTaB/ba OXHOC 301pa OlieHa
(»omm4HO', ... , Lyome”) y npunagajyhoj mepu n
YKyIHOT 6poja aHamuTH4apa.

KoHauHa oljeHa ITOKasaTe/ba JTOTUCTUYKE TIOfPIIKe
ofpkaBama (S) Manypa ce Ha ¢asyu CKymnose CHu-
rypHocTy QyHKUMOHNUCama (D), cmuka 2, Kako 61
OuIa MHTeTpUCaHa Y CUHTE3HY oLieHy (1).

Mopen ¢asu 3aK/byunBarmba, max-min Mojell KOMIIO-
syje: Criert popmuparbe cuHTesHOr fuzzy max-min
MOJie/Ta Kao KOMIIO3M1Mje IapIiyjaTH/X IlapaMeTapa.

Whereas: S, is belonging function for the linguistic
variables and it represents relation between summa-
ry of evaluations (,excellent’, ..., ,poor”) in the cor-
responding measure and total number of analysts.

The final evaluation of indicators of maintenance
support (S) is mapped on the fuzzy sets of depend-
ability (D), Figure 2, in order to be integrated into
the synthetic evaluation (1).

Fuzzy conclusion model, max-min model of com-
position: There follows the fuzzy max-min model
as composition of the partial parameters.

D. = max{min (R, M, S)} (5)

(I) Heduanury ce basu 6pojpsu R, M, u S, mpexo
(dyHKIVje IpUIIaTHOCTY W U K1ace j = 1 o n:

(I) Defined are fuzzy numbers R, M, and S, through
belonging function p and class j = I to n:

R = (Moo My Brguosy)s M, = (e oo Bygge oo Bygues)s S = (Bgpoeeo Bggon oo gy _s) (6)

(II) dyuxumje mpumagHocT Mory umaryu Meby
cobom C = n* = 5° = 125 xombuHanuja. CBaka KOMOU-
Hal[Vja IPeJICTaB/ba MPAKTUYHO jeffHy oLeHy D, (5):

Dc: [HR(j:I,..,,n:S)’ Marg=1, ..., n=s Ms(i=1,

(IIT) Ako ce y 0631p y3My camo BPETHOCTH KOje 3af10-
BO/bABAjy YCIOB |,/ ¢ (= tounes) 0, mobujajy ce 1cxony o
(0=1 g0 O, rze je O C). CBaku mcxop 1Ma ofrosapajyhe
upent¢Karmone Bpentoct (IV) u (V) 3a mpopauyH.

(IV) 3a cBaxky KOMOMHALMjy C payyHa Cce BPEJHOCT
], 3a0Kpy>KeHa Ha 1]efo6POjHY BPEIHOCT:

104

..4,n:5):|

(IT) Belonging functions can have among them C =
n® = 5% = 125 combinations. Each combination rep-
resents one evaluation D, (5):

,3acBako / foreach ¢=1-C (7)

(IIT) When take into account only values satisfying
the condition y, \, ¢, 5 # 0 the outcomes are 0 (o
=1to O where O C). Each outcome has correspond-
ing identification values (IV) and (V) for calculation.

(IV) For each combination c there is calculated val-
ue Jc rounded to whole number value:
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J.= Ve  dgane ¥ Jiugd 13>

Ifie je: j_- Kmaca Kojoj mpurmaja ogrosapajyhu dasu
6poj (6) 3a mocMaTpaHy QyHKIV)Y IPUTIAJHOCTH 1
fiaTy KoMOMHaNujy ¢, npu 4emy je j =1,..,n=>5.

(V) 3a cBakmu Mcxof Tpaku ce MUHMMAJIHA Bpef-
HOCT [, .V BekTopy D_(7), Ha cnepehu nauns:

MIN, = min{y,

()0 pM(j)a’

(VI) Vicxonu ce rpynuury npema BefHoctu /. bpoj
OBaKBIX Ipyma Moxe 6uty 0 1o n=>5.

(VII) ¥V cBakoj rpymu ucxopa (VI) Tpaku ce max-
cuMmainHa BpefHOCT Meby mpentuduxoBanum Mu-
HuMymnma (V):

MAX, = max{MIN,, ..., MIN,, ..

OueHa curypHocT! QyHKIMOHMCAA TOCMAaTpaHe
MamHe fo6mja ce y popmu:

w, = (MAX_,

Upentnduxanuja: Iws nocrynka upeHTuduU-
Kaluje je Tpecnmkasame uspasa D, (11) mpema
koHOurypanuju ¢asu cKymosa, ciamka 2. ,,Best-fit”
meton, [10], kopuctu ce 3a Tpanchopmanujy D,y
dopmy Kkoja je edMHMCAHA CTEIIHOM IPUIIAJHO-
CTM: ,,JIONIE, ,TIPUXBAT/BUBO’, ,,[IPOCEYHO’, ,,JI0-
6po”, ,OMIMYHO". MeToa KOpUCTH pacTojame d,
usmehy D, mobujeHo «max-min» KOMIIOSMINjOM
(12) n cBakor op D, nspasa, cruka 2.

Model of Assessing for the Dependability of Mechanisation..., 99-106

(8)

whereas: jc — class that certain fuzzy number be-
longs to (6) for observed belonging function and
given combination ¢, whilej =1, ..., n=5.

(V) For each outcome there is observed the minimum
value i, in vector D _(7), in the following way:

)

Hyy,)> 32 cBako / for each o =10 O.
(VI) Outcomes are grouped in accordance with val-
ue ] . Number of such groups can be from 0 to n=5.

(VII) In each group of outcomes (VI) is requested
the maximum value among identified minimums
(V):

10)

. MIN_}, , 3a cBako / for each j = o

Je?

Safe functioning evaluation for the observed ma-
chines is obtained in the form:
) = (Hpgpe-os Hpgpeeos Hpes) (11)

Jj=n=5

Identification: The aim of the identification proce-
dure is to copy the expression D, (11) in accordance
with the configuration of the fuzzy sets, Figure 2.
The ,,Best-Fit” Method [10] is applied for the trans-
formation of D, into the form defined by the belong-
ing grades: ,poor”, ,acceptable’, ,average’, ,good’
and ,excellent” The method uses distance d, between
D. and obtained ,,max-min” values by the composition
(12) and each of D expressions, Figure 2.

Mm

d;(D;,H;) =

s

-
1
=1

o o
>

’ mpuxBat/p1BO / acceptable

H, = {* ogmrano /excellent

I3 »

>

e je: W, - nedunmMcano y cKIamy ca u3pasom (2).

IITo je u, 6nusice i-moj nureUCMUUKO] NpOMEHbU-
60j, Matbe je d. PematusHO pacrojare y dasu ckymy
«, Y OHOCY Ha HajMarbe d, USHOCH:

rae je: d. . - HajMame pacTojarmbe Mehy d.

e
= o5
Ef:lai

5;

i=1,..,5 iﬁ-:i

{H'}.D _.II-"!'}-H}zxj = 11 .15;

mobpo / good %, “ mpoceuHo / average °,

o

noute / poor’}, (12)

whereas: (¢, - is defined in accordance with expres-
sion (2).

As u, is closer to i linguistic variable, the d, is small-
er. Relative distance in the fuzzy set « in relation
with the smallest d,is:

(13)

Whereas: d, . - is the shortest distance among d..

(14)

i=1
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PenarusHa pacTojama ce HOpManu3ayjy:

CurypHocT (QyHKIVOHMCama MallHe HAedUHuca-
Ha JIMHTUCTUYKMM IIPOMEH/BMBUM, CIMKA 2, UCKa-
3aHa je 3pa3oM:

Relative distances are normalised:

Dependability of the machines defined by the lin-
guistic variables, Figure 2, is expressed by the quo-
tation:

D, ={(B,=1,"poor”), (B, =2 acceptable”), (B,= 3,” average”), (B,= 4,'good”),(B=5,excellent”)} (15)

3AK/BYYAK

[Tpukasauyu MoOfeN OlieHe CUI'YPHOCTU (PyHKIMO-
HICamba MalllMHa, (OPMUPAH je Ha OCHOBaMa (a3
JIOTMKe, IITO HOfpasyMeBa ¢asudukanyjy: QpyHk-
I11ja TOy3JaHOCTY J TTIOTOIHOCTH OffpyKaBaba, eKC-
HEePTCKYX OlleHa JTOTMCTIYKe IO PIIKe OfiPXKaBamby
u a3y JIOTMYKO 3aK/by4uBame. Y pany Koju CIenn,
IeMOHCTpYpaHa je IpyMeHa 1 JaTa OLeHa IIpuU-
MEH/BUBOCTY OBOT MOJIE/ICKOT IpuCTyIa. TecToBU
U3BeJleHY Ha IIOMONHUMM MallyHaMa IIOBPILINH-
CKIX KOIIOBa JIUTHUTA, oMoryhaBajy reHepanmsa-
IMjy 3aK/byYaKa 1 OlleHa.
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Cakerax: Ha npumepuma dosepa, Kao Hajueuthe aneaiosanux Mawmuna Ha ussoherwy nomohnux padosa Ha
nospuiurckum konosuma yzma Enexmponpuspede Cpouje, y pady je noxasana npumena $asu 102u4xoz mooena
oueHe CUypHOCU PYHKUUOHUCAA MeXAHU3AUUje Y PYOHULUMA.

KibyuHe peuir: npumena gasu nozuxe, pasu 10eu1ko mooenosatrve, CUypHoCm PyHKYUOHUCAA MeXaHU3AYU]e,
dosep, nomohHu padosu.

Summary: On examples of dozers, as the most commonly engaged machines for the performance of auxiliary
works on open pits of coal of Electric Power Industry of Serbia, this paper shows the application of the fuzzy logical
model of assessment for the dependability of mechanisation in mines.

Key words: application of fuzzy logic, fuzzy logical modeling, dependability of mechanization, dozer, auxiliary works

YBOJ

OBo je mokasHu HacTaBak paga Pasu noeuuKu mMo-
Oen oueHe CueypHOCMU PYHKUUOHUCAA MeXAHU-
3ayuje Ha NoBpWUHCKUM Konosuma. [losepu Kao
HajOpojumje u Hajontepehennje momohue mMamnne
Ha [OBPILIMHCKMM KOIIOBMMA yI/ba Enexrponpus-
pene Cpbuje, OCTYXUIn Cy y pajy 3a JeMOH-
cTpauujy npumeHe ¢asu JOIMYKOT MOJENOBaiba
KOfj, OLjeHe CUTYPHOCTI (PyHKIMOHMCAbA MAIIIVHA.
Pasjtor 1360pa 1o3epa je BUILIETOfMIIIbe CICTeMAT-
cko mpaherbe BHIXOBOT pajia 11 OfipKaBarba, 00MM 1
[OY3aHOCT MPUKYIUbEHNX [OfATaKa.

INTRODUCTION

This is a representative continuation of the paper
»Fuzzy logical model of assessing for the dependabili-
ty of mechanisation on open pits”. Dozers as the most
numerous and most loaded ancillary machines on
the open pits of coal of Electric Power Industry of
Serbia, have served in this paper for the demonstra-
tion of application of fuzzy logical modeling when
assessing the dependability of machines.The reason
for selecting dozers is systematic monitoring of
their work and maintenance over the years, and the
scope and reliability of the collected data.
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OueHa curypHocty QyHKIMOHMCaba MallnHa 6a-
3Mpa ce Ha aHa/MM3M NoysfaHocTy (R) 1 MOrofHo-
CTHU ofipxaBama (M) Ha OCHOBY BpeMEHCKe CIMKe
CTamba MAIlMHA, U JIOTMCTUYKE MOJpIIKe Ofp>Ka-
Bamy (S) Ha OCHOBY €KCIIEPTCKIX OIleHa ¥ eKCIUIoa-
TallMju U Ofp>KaBarby MallliHA.

Pagu xoHTHMHYuTeTa mpahema 1 naxiier pasyme-
Bamba M3/I0)KEHOI, KOPMCHO je, 4aK ¥ HeOIIXOZHO
360r mMo3nBama Ha QYHKIIUje 1 U3pase, yCIIOCTaBN
Besy ca panoM ,Pasu noeuuku Mooesn oyere cuzyp-
HOCIU (PYHKUUOHUCAWA MeXAHU3Aulje HA noep-
WUHCKUM KONosuma’.

M3B50P JO3EPA

Ha moBpmmHCKMM KoNoBMMa yrba EnexTponpus-
pene CpOmje KopucTy ce BMIe THUIIOBA [j03epa.
[Taxxwy hemo 3agpkary Ha MalIMHAMA AHTAKOBA-
HuM y Pymapckom 6aceny ,Komy6apa”, mosHarux
nponssobaua Liebherr, Stalowa Wola u Caterpillar.
/13 MOCITOBHYX pas3/iora, OpUTMHATHE O3HAKe MOjie-
7Ta fo3epa oBMX ImpomsBohada 3aMemeHe Cy O3Ha-
KaMma:

IMPOM3BOBAY  MOJEJ

JIO3EPA JO3EPA
A Al, A2
B B1, B2

C C1,C2

Penocnen oBux 03Haka Huje €KBMBaJe€HTaH PeMoO-
creny HaBefleHMX mpousBobava. Ha moBprumHckum
xoroBuMa Pynapckor 6acena ,,Komy6apa” mosepu
nponssobaya A y excrutoaTanuju cy 11 roguHa, a
nponssobaua B u C ocam rogmHa.

YIIASHU [TIOJALIVL - BPEMEHCKA
CJIVIKA CTAIbA - EKCITEPTCKA OLIEHA

Bumeropymmsum npaheweM papfa josepa, Ipu-
KyIUbeHM) Iofany, obpabenn u cucreMarnsoBaHy
y Tabenama 1 u 2, HOCTY>XUIN Cy 3a geduHNCambe
Weibull-oBe pacnopene, QyHKIuje MOY3JaHOCTHU,
(dyHKIIVje IOrOTHOCTI Ofip)KaBamba, Cpefber Bpe-
MeHa JI0 OTKa3a J Cpefiibel BpeMe y OTKasy, Ipu-
KazaHN y Tabenama 3 u 4. Y OLleHM JIOTMCTUYKE
HOJpLIKe Ofp>KaBamby Jj03epa YU4eCTBOBAJIO je IIeT
eKcIlepaTa, OlieHe Cy IIpyKasaHe y Tabenn 5.
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Assessment dependability of machines is based on
the analysis of reliability (R) and maintainability
(M) based on the temporal image of the condition
of machines, and maintenance support (S) is based
on the expert assessment in exploitation and main-
tenance of machines.

In order to continue the monitoring and enable
easier understanding of the stated matter, it is use-
ful and even necessary for calling upon the func-
tions and phrases, to establish a link with the paper
»Fuzzy logical model of assessing for the dependabili-
ty of mechanisation on open pits”.

SELECTION OF DOZERS

Several types of dozers are used in open pits of
coal of Electric Power Industry of Serbia. We
will keep our attention on the machines engaged
in the ,Kolubara” Mining basin, by the famous
manufacturers Liebherr, Stalowa Wola and Cat-
erpillar. For business reasons, original marks of
dozer models of these manufacturers are replaced
by the marks:

DOZER DOZER
MANUFACTURER ~ MODEL
A Al, A2
B B1, B2
C CL,C2

Order of these marks is not equivalent to the order
of the mentioned manufacturers. In the open pits
of the ,Kolubara” Mining basin, the dozers of the
manufacturer A have been exploited for 11 years,
and the dozers of manufacturers B and C for eight
years.

INPUT DATA - TEMPORAL IMAGE
OF CONDITION - EXPERT ASSESSMENT

Over the years of monitoring the work of dozers,
the collected data, which is processed and systema-
tized in tables 1 and 2, served for defining Weibull’s
distribution, reliability function, maintainability
function, mean time to failure and mean time in
failure, shown in tables 3 and 4. Five experts took
part in the assessment of dozer maintenance sup-
port, the assessments are shown in table 5.



1. Jazoouh Kpynuh, M. Tanacujesuh, C. Byjuh - [Ipumena gasu nozuuxoz moOenosarea 00 ovyeHe cueyprocmu dyuxyuonucara 107-120

Tabena 1, Bpemena 0o omka3sa (cnpemHocmu 3a pad) dosepa (t)

Table 1, Time to failure (up time) of dozers (1)

Mamnna / Machine

Al A2 Bl B2 Cl1 C2
t (mh) t (mh) t (mh) t (mh) t (mh) t (mh) t (mh) t (mh)

1 972 57 | 20940 1 782 57 | 19541 1 2257 1 2894 1 1904 1 467
2 1159 58 | 21300 2 1530 58 | 19788 | 2 2625 2 3196 2 4443 2 3901
3 1457 59 | 21684 | 3 2384 59 | 20100 | 3 3072 3 4172 3 6374 3 4319
4 1655 60 | 22107 4 3025 60 | 20375 | 4 4937 4 4633 4 8095 4 4815
5 1755 61 | 22548 | 5 3280 61 | 20659 | 5 6361 5 6164 5 10733 5 5583
6 2145 62 | 22945 6 3571 62 | 20954 | 6 7651 6 7236 6 11855 6 5647
7 2697 63 | 23309 7 4106 63 | 21313 7 8547 7 8160 7 14011 7 6956
8 2999 64 | 23503 8 4736 64 | 21630 | 8 9875 8 8658 8 15233 8 8065
9 3190 65 | 23732 9 5997 65 | 21895 | 9 10171 9 9253 9 16586 9 10094
10 3456 66 | 24017 | 10 6246 66 | 22197 | 10 | 10472 | 10 9565 10 | 17227 10 10935
11 4366 67 | 24300 | 11 6483 67 | 23167 | 11 11196 | 11 10102 | 11 | 17951 11 11853
12 4397 68 | 24599 | 12 6610 68 | 23518 | 12 | 12683 12 10627 | 12 | 18385 12 12478
13 4730 69 | 24904 | 13 6678 69 | 23812 | 13 | 13123 13 11529 | 13 | 18784 13 14553
14 5510 70 | 25261 | 14 6989 70 | 24582 | 14 13804 14 11896 | 14 | 19196 14 14869
15 5946 71 | 25569 | 15 7668 71 | 24810 | 15 | 14212 15 12174 | 15 | 19528 15 15592
16 6309 72 | 25972 | 16 8257 72 | 24889 | 16 | 14601 16 | 15434 | 16 | 19919 16 16032
17 6601 73 | 26137 | 17 8532 73 | 24969 | 17 | 15011 17 16069 | 17 | 20712 17 17344
18 6961 74 | 26523 | 18 8920 74 | 25273 | 18 | 15892 18 17011 | 18 | 21077 18 18096
19 7356 75 | 26903 | 19 9290 75 | 25542 | 19 | 16044 19 17719 | 19 | 21462 19 18478
20 7750 76 | 27653 | 20 9359 76 | 25644 | 20 | 16207 | 20 | 18274 | 20 | 21848 | 20 18826
21 7771 77 | 27885 | 21 9611 77 | 26012 | 21 17561 | 21 19464 | 21 | 22090 | 21 19247
22 7873 78 | 28154 | 22 9911 78 | 26109 | 22 | 17961 | 22 | 20538 | 22 | 23467 | 22 19665
23 8244 79 | 28429 | 23 10281 79 | 26261 | 23 | 19105 | 23 | 21042 | 23 | 23892 23 19984
24 8595 80 | 28824 | 24 10839 80 | 27334 | 24 19523 24 | 21197 | 24 | 24418 24 20414
25 8951 81 | 29117 | 25 11118 81 | 27519 | 25 | 19870 | 25 | 21538 25 21039
26 9132 82 | 29491 | 26 11419 82 | 27823 | 26 | 20342 | 26 | 22250 26 | 21484
27 9529 83 | 29865 | 27 11814 83 | 27937 | 27 | 20820 | 27 | 22584 27 | 22623
28 9807 84 | 30136 | 28 12027 84 | 28544 | 28 | 21230 | 28 | 22925 28 24096
29 10005 | 85 | 30604 | 29 12239 85 | 28749 | 29 | 21784 | 29 | 23344
30 11322 30 12374 | 86 | 28966 | 30 | 22304 | 30 | 23688
31 11661 31 12622 87 | 29151 | 31 | 22544 | 31 | 24053
32 12035 32 12971 88 | 29435 | 32 | 22959 | 32 | 24394
33 12224 33 13518 89 | 29521 | 33 | 23282 | 33 | 25104
34 12283 34 13822 90 | 29673 | 34 | 23621 34 | 25401
35 12609 35 14073 | 91 | 29707 | 35 | 23880 | 35 | 25653
36 13054 36 14312 92 | 29768 36 | 26074
37 13458 37 14522 93 | 29978 37 | 26441
38 13739 38 14625 94 | 30157 38 | 26890
39 14689 39 14635 95 | 30232 39 | 27691
40 14948 40 14768 | 96 | 30297 40 | 28098
41 15198 41 15274 | 97 | 30567
42 15627 42 15471 98 | 30793
43 16052 43 15750 99 | 30959
44 16419 44 16288 | 100 | 31065
45 16807 45 16337 | 101 | 31310
46 17126 46 16649 | 102 | 31589
47 17473 47 16946 | 103 | 31919
48 17797 48 17195 | 104 | 32371
49 18381 49 17265 | 105 | 32805

50 18702 50 17462 | 106 | 33897

51 19077 51 17780 | 107 | 34965

52 19348 52 18208 | 108 | 35189

53 19608 53 18740 | 109 | 35552

54 19666 54 18768 | 110 | 35742

55 20086 55 18886 | 111 | 36260

56 20210 56 19292 | 112 | 36337

Tymau / Legend: mh - moto h / moto h
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Tabena 2, Bpemena omxkasa dozepa (1)
Table 2, Down time of dozers ()

Mamuna / Machine

Al A2 Bl B2 Cl C2
7 (h) 7 (h) 7 (h) 7 (h) 7 (h) 7 (h) 7 (h) 7 (h)

1 4 57 3674 1 12 57 2830 1 4 1 8 1 56 1 16
2 8 58 3694 2 16 58 2838 2 12 2 48 2 120 2 20
3 32 59 3738 3 24 59 2846 3 20 3 56 3 132 3 92
4 64 60 3766 4 30 60 2862 4 28 4 64 4 188 4 100
5 80 61 3786 5 36 61 2878 5 220 5 192 5 196 5 288
6 100 62 3818 6 52 62 2894 6 226 6 196 6 316 6 296
7 104 63 3846 7 62 63 2926 7 238 7 204 7 324 7 400
8 106 64 3894 8 376 64 2962 8 246 8 236 8 364 8 416
9 114 65 4022 9 380 65 2972 9 270 9 252 9 372 9 424
10 146 66 4074 10 392 66 2982 10 382 10 268 10 516 10 448
11 158 67 4118 11 418 67 2994 | 11 550 11 412 11 540 11 458
12 286 68 4206 12 704 68 3006 12 554 12 424 12 550 12 546
13 294 69 4366 13 712 69 3054 | 13 570 13 464 13 566 13 554
14 310 70 4374 14 716 70 3174 | 14 626 14 476 14 576 14 562
15 330 71 4434 15 726 71 3214 | 15 634 15 676 15 672 15 778
16 366 72 4450 16 742 72 3246 | 16 666 16 684 16 682 16 786
17 446 73 4538 17 750 73 3478 17 694 17 728 17 702 17 796
18 470 74 4554 18 758 74 3486 | 18 706 18 800 18 744 18 810
19 486 75 4578 19 906 75 3498 | 19 718 19 808 19 756 19 820
20 590 76 4614 20 1006 76 3510 | 20 854 20 816 20 940 20 830
21 694 77 4650 21 1014 77 3522 | 21 862 21 824 21 948 21 844
22 846 78 4714 22 1022 78 3638 | 22 882 22 834 22 964 22 854
23 850 79 4738 | 23 1038 79 3646 | 23 894 23 844 23 972 23 860
24 856 80 4750 24 1054 80 3846 | 24 914 24 940 24 1022 24 870
25 864 81 4831 25 1062 81 3854 | 25 946 25 990 25 974
26 932 82 4855 26 1070 82 3866 | 26 962 26 1000 26 990
27 948 83 4871 27 1110 83 4102 | 27 990 27 1112 27 1070
28 996 84 4903 28 1142 84 4112 | 28 998 28 1122
29 1164 85 4973 29 1176 85 4120 | 29 | 1150 29 1172

30 1188 30 1198 86 4320 | 30 | 1158 30 1190

31 1192 31 1214 87 4330 | 31 1214 31 1200

32 1196 32 1438 88 4350 | 32 1230 32 1220

33 1324 33 1456 89 4388 | 33 | 1246 33 1276

34 1660 34 1472 90 4586 | 34 | 1254 34 1314

35 1668 35 1484 91 4602 | 35 1266 35 1442

36 1684 36 1496 92 4614 36 1450

37 1700 37 1536 93 4710 37 1514

38 1804 38 1560 94 4722 38 1690

39 1848 39 1580 95 4734 39 1706
40 1880 40 1600 96 4738 40 1762
41 1920 41 1800 97 4742
42 2144 42 1812 98 4750
43 | 2148 43 1832 929 4776
44 | 2158 44 1878 100 | 4780
45 2178 45 1888 101 4784
46 2238 46 2344 102 | 4794
47 | 2266 47 2352 103 | 4986
48 | 2346 48 | 2396 | 104 | 5018
49 | 2406 49 | 2408 | 105 | 5194

50 2414 50 2416 106 | 5234

51 2446 51 2424 107 | 5284

52 2558 52 2540 108 | 5516

53 | 2582 53 | 2680 | 109 | 5536

54 3322 54 2746 110 | 5558

55 3342 55 2766 111 5590

56 3638 56 2806 112 | 5590
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Table 3, Dozer reliability parameters
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Mamnna / Machine B n T [mh]
Al 1.33 18917.94 17387.48
A2 1.74 23028.31 20506.71
Bl 1.44 19448.95 17671.31
B2 1.72 20501.51 18275.05
Cl 1.81 19861.54 17654.92
C2 1.34 16904.30 15497.86

Tabena 4, [lapamempu nozooHocmu 00pxasarea 003epa
Table 4, Dozer maintainability parameters

Mammna / Machine B 1 T [h]
Al 0.90 2791.33 3009.05
A2 1.43 3081.93 2800.24
Bl 1.44 840.10 761.80
B2 1.15 934.11 889.09
Cl1 1.52 637.88 575.18
Cc2 1.00 738.09 738.09

Tabena 5, Excnepmcke ouene (S) noeucmuuxe noopuike 00piasarwy 003epa
Table 5, Expert assessments (S) of dozers maintenance support

Mammna / Machine Excrepr / Expert x i )
Ouena / Rating 1 2 3 4 5 5
a 05 0.4 0.4 0.26
b 08 0,3 0,5 0.6 08 0.60
Al S ¢ 0.1 0.2 0.1 0.2 0.12
d 0.1 0.02
e
a 0.6 0.6 0.5 0.34
b 0.8 0.3 0.2 0.4 0.9 0.52
A2 S c 0.2 0.1 0.2 0.1 0.1 0.14
d
e
a 1 1 1 0.9 1 0.98
b 0.1 0.02
Bl S [¢
d
e
a 0.9 0.9 0.9 0.8 1 0.90
b 0.1 0.1 0.1 0.2 0.10
B2 S [¢
d
e
a 1 1 0.9 0.9 1 0.96
b 0.1 0.1 0.04
Cl S C
d
e
a 0.8 0.9 0.8 0.9 1 0.88
b 0.2 0.1 02 0.1 0.12
C2 S C
d
e

Tymau / Legend: a - ogmuano / excellent, b - go6bpo / good ,
¢ - mpoceyHo / average, d - mpuxBaTpuBO / acceptable, e - omre / poor.
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Pesynrate mpukasaHe y Tabemu 5 mojacHuhemo
KopuinhemeM oljeHa IPBOT eKCIEPTa, KOjU je Ma-
mHy Al oreHno ca 0o6po y Bucunu 80%, npoceu-
Ho 'y Bucunu 10% u npuxsammuso y Bucunum 10%;
MalHy A2 ca 006po y Bucunu 80% u npoceHo y
BucuHn 20%; MammHy Bl ca orieHOM 007u4HO y BU-
cuHM 100%; Mammny B2 ca oonuuro y Bucuan 90%
u 006po y Bucunu 10%; mammuy Cl ca oleHOM
o0nuuHo y BucuEn 100%; Mammuy C2 ca OIleHOM
o0nuuno y Bucunu 80% u 0o6po y Bucyuu 20%. Ha
OCHOBY OlL|eHa CBUX eKCIlepaTta GpopMimpa ce KOHad-
Ha olleHa S, MIyCTpaluje pajyu y3SMIMO 33 IpUMep
MamunHy Al:

We will clarify the results shown in table 5 by us-
ing the assessments of the first expert, who graded
machine Al with good to the extent of 80%, average
to the extent of 10% and acceptable to the extent of
10%; machine A2 with good the extent of 80% and
average to the extent of 20% ; machine B1 with grade
excellent to the extent of 100%; machine B2 with ex-
cellent to the extent of 90% and good to the extent of
10%; machine C1 with grade excellent to the extent
of 100%, and machine C2 with grade excellent to the
extent of 80% and good to the extent of 20%. Based
on the assessments of all experts, the final grade S
is obtained, for the purposes of illustration, we are
taking machine A as an example:

(S,). = ((1x0.5) + (1x0.4) + (1x0.4)) /5= 0.26
(S,),= ((1x0.8) +(1x0.3) + (1x0.5) + (1x0.6) + (1x0.8)) / 5= 0.60
(S,).=((1x0.1) + (1x0.2) + (1x0.1) + (1x0.2)) / 5=0.12

(S,),= (1x0.1))/5=0.02

(S,),= Huje pecucmposaro | not registred

I7ie je: a - ORIMYHO, b - §obpo , ¢ - mpoceyHo, d -
IPUXBAT/BUBO , € - JIOLIe

OBuM noctynkoM popMupaHe Cy KOHaYHe OLieHe S
¥ OCTa/INX MAIIMHA.

DASNDPUMKATIMTA

Y tabemu 1 yownbuso je najet =467 hsaj=1,
a t =36337 hsaj=>5, onHocHO fja Hajkpahu
uHTepBan paga 467 h uma mammza C2, a HajgyXu
36337 h mammna A2. Vismely oBe fiBe excTpemHe
BpeHOCTH, Meby BpegHOCTM 3a t U3padyyHaBajy ce
JIVHeapHOM MHTepHomanujom: j=2,t=9435h; j=
3,t=18402h; j=4,t=27370 h.

Bpennoctu f§ u 17, Tabena 3, gedpunniry GyHkyjy f (¢)
¢asu rpadudxor mprkasa Kao Ha ¢y 1 3a Mamm-
Hy Al. [oBpumua npunmagHocty ¢yHKuyje f (f) Ha
OBOj C/IMLY, THOZe/beHa Ha a3y MOACKyIoBe (7oule,
NpUXeamsmuso, ... ,00/U4HO), IOKasyje MOKPUBEHOCT
¢asu mopckymoBa: souse ca 98%, npuxsammwUso ca
90%, npoceuro ca 78%, 006po ca 47% n 00nuuHO ca
37%. OBU mapaMeTpu Cy OCHOBA 3a M3padyyHaBarbe
TIOKas3aTe/ba MOY3IaHOCTY, 3a MAINHY Al usHoCe:

where is : a - excellent, b - good, ¢ - average, d - ac-
ceptable, e - poor.

Through this procedure, the final assessments S of
the other machines are also formed.

FUZZY FICATION

Table 1 clearly shows thatt = =467hforj=1,and¢ _
= 36337 h for j = 5, i.e. that the machine C2 has the
shortest interval of operation 467 h, and that the ma-
chine A2 has the longest interval of operation 36337
h. Between these two extreme values, inter-values for
t are calculated by linear interpolation: j = 2, t = 9435

h; j=3,t=18402h; j=4,¢=27370 h.

Values f§ and #, table 3, define the function f () of
graph phases, like on figure 1 for machine Al. The
surface of function f (¢) in this figure, divided into
fuzzy subgroups (poor, acceptable, ... , excellent),
shows the coverage of fuzzy of subgroups: poor with
98%, acceptable with 90%, average with 78%, good
with 47% and excellent with 37%. These parameters
are the basis for calculating the indicators of reliabil-
ity, and for machine A1, those are:

@ (R,) =0.37/(0.37+0.47+0.78+0.90+0.98) = 0.11
¢ (R,), =0.47/(0.37+0.47+0.78+0.90+0.98) = 0.14
@ (R,). =0.78/(0.37+0.47+0.78+0.90+0.98) = 0.22
@ (R,), =0.90/(0.37+0.47+0.78+0.90+0.98) = 0.26
g (R,), =0.98/(0.37+0.47+0.78+0.90+0.98) = 0.28

pR),+uR),+puR) +uR),+puR,) =1

112



1. Jazoouh Kpynuh, M. Tanacujesuh, C. Byjuh - IIpumena gasu nozuuxoz moOenosarea 00 ouyeHe cueyprhocmu dyuxyuonucaroa 107-120
Dragica. Krunié, M. Tanasijevié, S. Vuji¢ - Application of Fuzzy Logical Modeling when Assessing the Dependability 107-120

I7ie je: a - OBIMYHO, b - §obpo , ¢ - mpoceyHo, d - where is : a - excellent, b - good, ¢ - average, d - ac-
IPUXBAT/BUBO , € - JIOLIe ceptable, e - poor.
3
u (R) some [IPUXBATJ/BMBO  IPOCEYHO 1106po OJITTHYHO
poor acceptable average good excellent
1.00 17~ -
N\ / 1\ VAN VA RN /
/N7 \ N7
0.75 =~ / -
/ X X X X
/ N
050 1= 7= 7T\ Tt
/ \L/ \|/ / N\
025 1-- -
VAN VALY VAR ~
0 Vi NT 17 NT 17 A} .
1 2 3 4 5
467 9435 18402 27370 36337 t (mh)

Cnuxa 1/ Figure 1, IIpuxas ¢asu ckynosa gymxuuje eycmune noyszoanocmu 3a mawuny Al / Display of fuzzy
sets of the reliability density function for machine Al

Crpykrypa ¢asu HoacKyIa 00nuuHo 3a MamHy Al: Structure of fuzzy subgroup excellent for machine Al:

R

Al,a = [

1->0; 2-0; 3>0; 4-0,25; 5>1]

a eroBa crelyduIHa BpefHOCT je: And its specific value:

Rywon= [(0x0.11); (0x0.11); (0x0.11); (0.25x0.11); (1x0.11)].
CrrennduaHe BpegHOCTH CBUX (pasy TOCKYIIOBA I10- Specific values of all fuzzy subgroups of reliability of
y3maHocTy MaiyHe Al nprkasase cy y Taberm 6. machine A1 are shown in table 6.

u(R,)=1[035,0.39,0.32,0.22,0.15].

Tabena 6, Cneyuguune spedHocmu pasu nodckynosa noysoanocmu mawume Al
Table 6, Specific value of fuzzy subsets of reliability for machine A1l

Orena ]
R) .
y ( Ratmg 1 2 3 4 5
0.11 a 0.00x0.11 0.00x0.11 0.00x0.11 0.25x0.11 1.00x0.11
0.14 b 0.00x0.14 0.00x0.14 0.25x0.14 1.00x0.14 0.25x0.14
0.22 c 0.00x0.22 0.25x0.22 1.00x0.22 0.25x0.22 0.00x0.22
0.26 d 0.25x0.26 1.00x0.26 0.25x0.26 0.00x0.26 0.00x0.26
0.28 e 1.00x0.28 0.25x0.28 0.00x0.28 0.00x0.28 0.00x0.28
YR 0.35 0.39 0.32 0.22 0.15
VlctuM TOCTYIKOM M3padyHaTe Cy cHenyududHe The same procedure is used to calculate the specif-
BpenHOCTH a3y MOACKYIIOBA MIOY34aHOCTI 3a OC- ic values of fuzzy subgroups of reliability for other

Tajie MallIMHE: machines:
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22)

C2

I[Tpema nopanuma 13 Taberne 2, y aHaIM3y HOTOJHO-
CTU Oip)KaBarba Ha OCHOBY ITOTPEeOHOT BpeMeHa 3a
OTK/amarbe oTKasa: 7, =5590hsaj=1,a7 =4
hsa j = 5. BpegHocTn usmely excrpema: j =2, 7=
4194h; j=3,7=2797h; j=4, T=1401 h.

dasn¢uxoBaHe BPeTHOCTM IIOACKYIIOBa IapaMe-
Tpa IOTOJHOCTY Ofip’KaBatba MallllHa:

y( =[0.25, 0.33, 0.35, 0.28, 0.20]
u (R, )=1[0.32,0.38,0.33,0.23, 0.15]
# (R,,) = [0.28, 0.36, 0.35, 0.26, 0.17]
p (R.)=1[0.21,0.29, 0.29, 0.26, 0.33]
u (R_)=1[0.36,0.41, 0.31, 0.20, 0.12].

According to the data from table 2, in the analysis of
maintainability and based on the necessary time for
removal of failure: 7 =5590 h forj=1,and 7

=4 h for j = 5. Values between extremes: j=2,7=
4194h; j=3,7=2797h; j=4,7=1401 h.

Fuzzification values of subgroups of parameters of
machine maintainability:

u(M, ) = [0.11,0.16, 0.26, 0.40, 0.45]
u(M,) = [0.14,0.22, 0.33, 0.38, 0.33]
u(M,,) = [0.00, 0.02, 0.13, 0.46, 0.72]
u(M,,) = [0.00, 0.00, 0.09, 0.48, 0.76]
u(M,,) = [0.00, 0.01, 0.09, 0.43, 0.79]
u(M_,) = [0.00, 0.03, 0.14, 0.44, 0.72].

Onene nOrucTNYKe NOAPIIKE OfpKaBatby MalllHa
npyKaszaHe ¢y y Tabemu 5. 3a MammHy Al 3a oreHy
0071U4HO, TIOKasaTe/b HpumagHocty je 0,26, dasu
HOZICKYTI:

Assessments of maintenance support machine are
shown in table 5. For assessment excellent for ma-
chine A1, the indicator of belonging is 0.26, fuzzy
subgroup:

= [1>0; 205 3505 4>0,25; 5>1],

a crienmuuHa BpegHOCT a3y MOACKyIIa 00UYHO:

and specific value of the phases of subgroup excellent:

S = [(0x0.26); (0x0.26); (0x0.26); (0.25x0.26); (1x0.26)].

ALa,026

Y Tabenu 7 mpukasaHe Cy CTPyKType U crienudu-
YHe BpeNHOCTM (pasu IIOACKYIOBA JIOTMICTUYKE
HOJIpIIKe Ofp>KaBamby MalHe Al.

Table 7 shows the structures and specific values of
the fuzzy subgroups of maintenance support for
machine Al.

u(s,,) =10.01, 0.05, 0.28, 0.70, 0.41].

Tabena 7, Cmpyxmypa u cneyuigutte 6pe0HOCHU Hasu noocKynosa roeucmuyxe noopuike

ooprcasary maviure Al

Table 7, Structures and specific values of fuzzy subsets of maintenance support for machine Al

o | f
1 2 3 4 5

0.26 a 0.00x0.26 0.00x0.26 0.00x0.26 0.25x0.26 1.00x0.26
0.60 b 0.00x0.60 0.00x0.60 0.25x0.60 1.00x0.60 0.25x0.60
0.12 C 0.00x0.12 0.25x0.12 1.00x0.12 0.25x0.12 0.00x0.12
0.02 ol 0.25x0.02 1.00x0.02 0.25x0.02 0.00x0.02 0.00x0.02
0.00 e 1.00x0.00 0.25x0.00 0.00x0.00 0.00x0.00 0.00x0.00

2S 0.01 0.05 0.28 0.70 0.41
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Crennduyne BpenHOCTH a3y MOACKYIIOBA Iapa-
MeTpa S 3a ocTaje MallMHe:

u(s,,)
WSy,
B2
WS,
(O

®asu 3aK/bydakK — MOET Max-min KOMIO3UIje:
Manmua Al mocayxkuhe 3a objammeme. Pasu-
¢bukoBann mapamerpu nopckynosa U(R, ), u(M, )
u (4(S,,) OCHOBa Cy CMHTe3He IIpOlieHe CUTYPHOC-
T QYHKIMOHMCaka MaluHe (D). Y oBoM cyu4ajy,
y HOCTYIKY max-min Mofgeiacke obpage, moryhn
6poj xombuHaruja (C) ca uctuM 6pojeM mcxopa
(D) je 125 (C=5°=125). IIpBu ncxon 3a KOMOU-
wanujy 1-1-1 je D, =[0.35 0.11; 0.01], J_ =
(1+1+1) / 3 =1, a HajMara BPETHOCT MCXOfA min,
., = 0.0L Moryhe kom6unauyje 1 UCXORHN pe3yI-
TaTy OaTu Cy 'y Ta6em/1 8, MUHVMa/IHE BPEOHOCTU
O3HAYeHe Cy Ae0/bMM C/IOBMMA, a MAKCUMAJHE Cy
OCCHYCHE. MCXOHI/I Cy Irpy1ncany npeMa BeIn4InHn
J (1, 2, 3, 4, 5). [Ipema mapameTtpuma u3 tabese 8,
Ha OCHOBY KpUTepMjyMa max-min ¢asu ImomcKym
¢dbyHKIMje curypHOCTY (QYHKIVMOHUCAKba MAllHe
Al uma 06muK:

Specific values of fuzzy subgroups of S parameter
for other machines:

(S,.) = [0.00, 0.04, 0.27, 0.64, 0.47]
(S, ) = [0.00, 0.00, 0.10, 0.27, 0.99]
u(s, ) = [0.00, 0.00, 0.03, 0.33, 0.93]
(S...) = [0.00, 0.00, 0.01, 0.28, 0.97]
(S.) = [0.00, 0.00, 0.03, 0.34, 0.91].

Phase conclusion - model max-min composition:
Machine A1l will serve for the purposes of expla-
nation.  Fuzzification parameters of subgroups
#(R, ), u(M, ) and u(S, ) are synthetic assessments
of dependability of machine (D). In this case, in the
process of max-min model processing, the possible
number of combinations (C) with the same num-
ber of results (D) is 125 (C=5°=125). The first re-
sult for the combination 1-1-1is D, , =[0.35; 0.11;
0.01], J,,,= (1+1+1) /3 = 1, and the smallest value
of the result is min,_ = 0.01. Possible combinations
and results are shown in table 8, minimal values are
marked with bold letters and maximal values are
highlighted. Results are grouped according to value
J(1,2,3,4,5). According to the parameters from ta-
ble 8 and based on the criterion max-min, the fuzzy
subgroup of function dependability of machine Al
has the following shape:

u(D, ) =1[0.05,0.26, 0.39, 0.39, 0.22].

Tabena 8, Mawuna Al, moeyhe kombuHayuje u UCXO0HU Pe3yAMamu max-min aHanuse
Table 8, Machine A1, possible combinations and results of max-min analysis

Kom6uHarmja Kom6uHarmja

J Combination H J Combination H
1 1 1 0.35 0.11 0.01 3 3 3 0.32 0.26 0.28

1 1 1 2 0.35 0.11 0.05 3 3 4 0,32 0.26 0.70
1 2 1 0.35 0.16 0.01 3 4 1 0.32 0.40 0.01
2 1 1 0.39 0.11 0.01 3 4 2 0.32 0.40 0.05
1 1 3 0.35 0.11 0.28 3 4 3 0.32 0.40 0.28
1 1 4 0.35 0.11 0.70 3 5 1 0.32 0.45 0.01
1 1 5 0.35 0.11 0.41 3 5 2 0.32 0.45 0.05
1 2 2 0.35 0.16 0.05 4 1 3 0.22 0.11 0.28
1 2 3 0.35 0.16 0.28 4 1 4 0.22 0.11 0.70
1 2 4 0.35 0.16 0.70 3 4 1 5 0.22 0.11 0.41
1 3 1 0.35 0.26 0.01 4 2 2 0.22 0.16 0.05

) 1 3 2 0.35 0.26 0.05 4 2 3 0.22 0.16 0.28
1 3 3 0.35 0.26 0.28 4 2 4 0.22 0.16 0.70
1 4 1 0.35 0.40 0.01 4 3 1 0.22 0.26 0.01
1 4 2 0.35 0.40 0.05 4 3 2 0.22 0.26 0.05
1 5 1 0.35 0.45 0.01 4 3 3 0.22 0.26 0.28
2 1 2 0.39 0.11 0.05 4 4 1 0.22 0.40 0.01
2 1 3 0.39 0.11 0.28 4 4 2 0.22 0.40 0.05
2 1 4 0.39 0.11 0.70 4 5 1 0.22 0.45 0.01
2 2 1 0.39 0.16 0.01 5 1 2 0.15 0.11 0.05
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Vcrum nocrynkoM feyHycanm ¢y ¢$asu MofcKymo-
BI CUTYPHOCTIU q)yHK].[I/IOHl/IcaH)a OCTa/IMX MallIMHAa:

2 2 2 0.39 0.16 0.05 5 1 3 0.15 0.11 0.28
2 2 3 0.39 0.16 0.28 5 1 4 0.15 0.11 0.70
2 3 1 0.39 0.26 0.01 5 2 1 0.15 0.16 0.01
2 3 2 0.39 0.26 0.05 5 2 2 0.15 0.16 0.05
2 4 1 0.39 0.40 0.01 5 2 3 0.15 0.16 0.28
3 1 1 0.32 0.11 0.01 5 3 1 0.41 0.26 0.01
3 1 2 0.32 0.11 0.05 5 3 2 0.15 0.26 0.05
2 3 1 3 0.32 0.11 0.28 5 4 1 0.41 0.40 0.01
3 2 1 0.32 0.16 0.01 1 5 5 0.35 0.45 0.41
3 2 2 0.32 0.16 0.05 2 4 5 0.39 0.40 0.41
3 3 1 0.32 0.26 0.01 2 5 4 0.39 0.45 0.70
4 1 1 0.22 0.11 0.01 2 5 5 0.39 0.45 0.41
4 1 2 0.22 0.11 0.05 3 3 5 0.32 0.26 0.41
4 2 1 0.22 0.16 0.01 3 4 4 0.32 0.40 0.70
5 1 1 0.15 0.11 0.01 3 4 5 0.32 0.40 0.41
1 2 5 0.35 0.16 0.41 3 5 3 0.32 0.45 0.28
1 3 4 0.35 0.26 0.70 3 5 4 0.32 0.45 0.70
1 3 5 0.35 0.26 0.41 3 5 5 0.32 0.45 0.41
1 4 3 0.35 0.40 0.28 4 2 5 0.22 0.16 0.41
1 4 4 0.35 0.40 0.70 4 3 4 0.22 0.26 0.70
1 4 5 0.35 0.40 0.41 4 3 5 0.22 0.26 0.41
1 5 2 0.35 0.45 0.05 4 4 3 0.22 0.40 0.28
1 5 3 0.35 0.45 0.28 4 4 4 0.22 0.40 0.70
1 5 4 0.35 0.45 0.70 4 4 5 0.22 0.40 0.41
2 1 5 0.39 0.11 0.41 4 5 2 0.22 0.45 0.05
2 2 4 0.39 0.16 0.70 4 5 3 0.22 0.45 0.28
2 2 5 0.39 0.16 0.41 4 5 4 0.22 0.45 0.70
2 3 3 0.39 0.26 0.28 5 1 5 0.15 0.11 0.41
3 2 3 4 0.39 0.26 0.70 5 2 4 0.15 0.16 0.70
2 3 5 0.39 0.26 0.41 5 2 5 0.15 0.16 0.41
2 4 2 0.39 0.40 0.05 5 3 3 0.15 0.26 0.28
2 4 3 0.39 0.40 0.28 5 3 4 0.15 0.26 0.70
2 4 4 0.39 0.40 0.70 5 3 5 0.15 0.26 0.41
2 5 1 0.39 0.45 0.05 5 4 2 0.15 0.40 0.05
2 5 2 0.39 0.45 0.05 5 4 3 0.15 0.40 0.28
2 5 3 0.39 0.45 0.28 5 4 4 0.15 0.40 0.70
3 1 4 0.32 0.11 0.70 5 5 1 0.15 0.45 0.01
3 1 5 0.32 0.11 0.41 5 5 2 0.15 0.45 0.05
3 2 3 0.32 0.16 0.28 5 5 3 0.15 0.45 0.28
3 2 4 0.32 0.16 0.70 4 5 5 0.22 0.45 0.41
3 2 5 0.32 0.16 0.41 5 4 5 0.15 0.40 0.41
3 3 2 0.32 0.26 0.05 5 5 4 0.15 0.45 0.70
5 5 5 0.15 0.45 0.41

The same procedure is used to define the fuzzy sub-

groups of dependability of the other machines:

u(D,,) = [0.04,0.25,0.33, 035, 0.28]
u(D,,) = [0.00, 0.10, 0.32,0.38, 0.23]
u(D,,) = [0.00, 0.03, 0.33, 0.36, 0.26]
u(D,,) = [0.00,0.01,0.28, 0.29, 0.33]
u(D_,) = [0.00, 0.03, 0.36, 0.41, 0.20].

Hedasuduxamyja: [Tohumo ox mammue Al, koHau-
Ha [POLIEHA CUTYPHOCTY (PYHKIMOHNUCAIbA MAIIIHE

d(D,, ) Tpanu ce Ha eleMeHTMMA MOfICKyMa D:
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| &
. | N 2
dy(Dpy ) = !Z(ﬂiﬂﬁbl_-“ja] =
N

= /(0.05 — 002 + (0.26 — 0)% + (0.39 — 0) + (0.39 — 0.25)% + (0.22 — 1)? = 0.922

OBo je mpolieHa 3a oljeHy a (Of/IMYHO), 3a OCTane This is the assessment for the grade a (excellent), for
oreHe b, ¢, d n e (§o6po, mpoceyHo, IPUXBAT/BUBO, other grades b, ¢, d and e (good, average, acceptable,
JIolile) KOHaYHe MIPOlleHe CUTYPHOCTH QYHKIIVOHM- poor) the final assessments of dependability for ma-
cama Mamnte Al xpehy ce: chine A1 are:

d,D,,,)=0.680; d,(D,, ) =0.665 d,(D,,,)=0.89% d (D, )=1120

AlLd

3ad  =d,aunp usnoce: Ford  =d,aand ffamount to:

. a, 0722
TEUER @ 0.7224+0.978 + 1+ 0.740 + 0.594

= 0179

1 1
T d,/d, 0.922/0.665
@,=0.978; a,=1; a,=0.740; a = 0.594.

@, 0.722

£,=0.242; f.=0.248; $,=0.184; £8.=0.147.

ITpouena curypHocTy QyHKIMOHMCAbA MatHe Al: Assessment of dependability of machine Al:

D,,=[(0.179>a), (0.242-b), (0.248->c), (0.184->d), (0.147-¢)]

Tabena 9, IIpoyene cueypHocmu PyHKyUOHUCAILA 003€pa
Table 9, Assessment of dependability of dozers

Mamuna Orena / Rating
Machine a b c d e
Al 0.179 0.242 0.248 0.184 0.147
A2 0.199 0.238 0.227 0.185 0.150
Bl 0.198 0.266 0.226 0.163 0.147
B2 0.209 0.264 0.225 0.155 0.147
Cl 0.239 0.243 0.210 0.156 0.151
C2 0.189 0.280 0.234 0.153 0.144
Victum noctymikoM feduHMCaHe CY IIPOLIeHe CUTYP- The same procedure is used to define the assess-
HOCTH QYHKLMOHMCAba CBMX MalllMHa, Tabena 9. ments of dependability of all machines, table 9.

; YE L B-C; 0179-5+0.242 -4+ 0248 -3 +0.184-2 +0.147- 1
AT EE R 0.179 + 0.242 + 0.248 + 0.184 + 0.147 -

[TonnepucameM olieHa 13 Tabesne 9, HIIP. 3a MallN- By weighting the grades from table 9, e.g. for ma-
HY Al: chine Al:
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Iobujajy ce mpolieHe MOTOfHMje 3a carlefaBarbe
TeHJICHIIMje U aHAIU3y CUTYPHOCTY (YHKIVIOHU-
cama MalllMHa, C/IMKa 2.

Pesynraru orete (Tabema 9 u cmika 2) ykasyjy Ha
THIOCTOjarbe JICTE TeHIEeHLVje 1 OMICKOCT OlieHa CU-
TYPHOCTH yHKIMOHNCarba ManyHa tina B u C. Ose
MalllVHe ¥IMajy BUILIE OLieHE Off Mallll{He TUIa A.

Orjerte curypHOCTH (PYHKIMOHMCAbA aHAIM3UPAHIX
MauHa npedepupajy ka “zo6po” fo “mpocedHo” u
°OINYHO

HajBumm HyBO curypHOCTH (YHKIMOHMCARba MMa
MaiyHa Cl, ca KOHLIEHTPAL/joM OLjeHa OKO “Ho6po”
Io “ommnyHO’. MalliHa je HajTIoy3[aHja 1 HajKBasI-
TeTHIje Oip>KaBaHa.

JIpyro paHrupaHa II0 HMBOY CUTYPHOCTH (PyHKIIO-
HCama je MallyHa B2, ca KOHILIEHTpaljoM OLieHa
0KO “11o6po” 1o “TIpocevHo’.

Ha HajHIbKeM HUBOY CUTYPHOCTH (DYHKIIMOHNCAA je
MalHa Al, ca KOHIIEHTPAIIjoM OLieHa OKO “Ho6po”
Io “mpocedno”. CrnabocTy Ko OBe MallliHe Cy TTOTOf-
HOCT OfjpKaBarba ¥ JIOTMCTUYKA ITOPIIKA OfjP>KaBaIby.

4.00

the grades more suitable for displaying the tenden-
cies and analysis of dependability of machines are
obtained, figure 2.

Results of assessments (table 9 and figure 2) imply that
there is the same tendency and similarity of grades of
dependability of machines type B and C. These ma-
chines have higher grades from the machine type A.

Assessments of dependability of the analyzed ma-
chines range preferably towards ,good” to ,average”
and ,excellent’.

The highest level of dependability belongs to machine
C1, with the concentration of grades around ,good”
and ,excellent” The machine is the most reliable and
the maintained with the most quality.

The second machine according to the level of depend-
ability is machine B2, with the concentration of grades
around ,good” and ,average”.

The lowest level of dependability belongs to machine
Al, with the concentration of grades around ,good”
and ,’average” The weakness of this machine is main-
tainability and maintenance support.

b)

Cnuka 2, Yiopegna ananusa
UCXOGHUX pe3ynilaiia

a) ilongepucarvem, b) na 6azu
flojeguHauHux oyena, c) Ha b6asu
KOHAYHUX OYeHd CULYPHOCUIU
@ynKkyuonucarba mawuna

Figure 2, Comparative analysis of

3.12 315 321 3.23 3.26 3.22
3.00 § ‘E ?—
2.00 —
1.00 —
0.00
Al A2 B1 B2 C1 Cc2
30
20
(%)
10
0
Al A2 Bl B2 C1 Cc2
BoannuHo / excellent 0 pobpo / good
npoceyHo / average B npuxsaT/bMBo / acceptable
@ nowe / poor
100%
50%
0%
Al A2 B1 B2 Cc1 Cc2
BopnnuHo / excellent B zobpo / good

npoceyHo / average

Elnowe / poor
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of machines
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AHAJIVI3A PE3VJITATA 1 3BAKJbYYAK

Ananusa curypHocTu (QYHKIMOHNCama U IIOKa-
3are/ba paja MallnHa ymyhyje Ha KOpeKuujy yipa-
B/balbd MEXAHM3AL[MjOM, Y TPUHIIUITY TO Ce OHOCK
Ha TIO/INTHUKY Ofjp)KaBaba, NAEHTHVKALIY 1 [Aujar-
HOCTMKY He[IOCTaTaKa, KPUTUYHUX OTKasa nty. Mo-
TieTI je eMOHCTPMpAH Ha pyMepy IOMONHMX pyfap-
CKIIX MallIVHa — [J03€pPa, Ca ACIEeKTa IPYMEeH/bUBOCTI
OrpaHnderba HeMa, MOXKe Ce MOJjeffHaKO YCIIeIIHO
IPUMEHUTH Y CIMYHMUM aHantu3amMa OUIO KOT Tex-
HIYKOT CHCTeMa Y PYAapCTBY U MHAycTpuju. Ilpeny-
CJIOB YCIIEIIHOCTY IIPUMEHE je JOBO/BHOCT, TA4HOCT
¥ TIOY3[QHOCT yIasHMX Iofaraka. IIpegHocT dasu
JIOTMYKOT MOJIE/IOBalba je XMOPU/IHA, MAHNITY/TATYBHA
¥ VHTerpatiBHA (UIeKCHOVIIHOCT TpeMa IIOfaliMa,
6e3 0631pa Ha IPUPOLY TOFATAKA.
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Caxxetak: Pyonux 3a n00800Hy excnnoamauujy yema Kosun je pyoapcku objexam y Kojem uenoKynHa nospuiuna
Kao u céu 00jekmu KOHCMAHMHO ce Kopucme y PYHKYUjU npoussoore yeroa u ocmanux ceoumerama. [laxne
Hema den08a Kona Koju cy 00cmuenu Hueo passoja 0a je mozyhe spuumu pexynmusauujy 6e3 6ojasnu da he ce
pyoapckum padosuma Hapywumu pekynmusucana nospuiuna. OmxonHu gponm je cmanmo y $asu npomere
C80je KOHMYpe WMo je y OUpeKmHoj OUHAMUYKO] 6€3U Ca NIIAHUPAHOM OUHAMUKOM 01KONAasard. Y ueHmpantoj
30HU PYOHUKA 8PUALL Ce npunpema yeiba U Huje mozyhe spuiumu pekynmusayuore padose 3002 MaHunynayuje
PpyoHuuKom, anu u mexanusayujom mpehux nuya. TanoxHuue, Mana Ha cesepy u 6enUKA HA UCHOKY, Huje mozyhe
pexynmusucamu 3602 CrManHoe NPUUEA XUOPOMEUIA6UHE PASTIUYUINOZ CACMABA KAO U U3Y3UMAbA MAMepujana
u3 ucmux. Cepxa 0000H02 HACUNA OKO 6euKe MANONHULE U MPAHCNOPMHOZ Nyma HaA jyzy je mpancnopm
mamepujana u o0pucasara nocmojehux objexama na maxohe, Huje moeyhe spuumu pexynmueayuoxe padose.
3602 ceeea 0602a nnanuparve peKkymmusayije, a HAPOHUMO rbeHe OUHAMUKE je U3PAZUIMO CTI0KEeH NPOouec y
Kojem je nompebHo npamumuy OUHAMUKY pa3éoja kona. IInawcko yxnanare OuHamuke pexynmusayuje y
OUHAMUKY paseoja Kona, nompebHo je sanouemu nodenom Ha GyHKYUOHATHe 30He Koje hie ce pexynmusucamu
10 3aspuiemKy rwuxose PyHKuyuje.

Kipyune peun: Pyonux Kosun, pexynmusayuja,pasna pekynmusayuja

Summary: The Kovin underwater coal mine is a mining site the entire surface of which, along with all of its
facilities, is constantly used for the production of coal and other sediments. No part of the pit has reached a level
of development which enables recultivation without fear of the mining works disturbing the recultivated surface.
The front of the mining site is constantly in the process of changing its contour, which correlates directly and dy-
namically with the planned excavation schedule. Coal preparation is done in the central zone of the mine and
recultivation works cannot be performed due to the manipulation of the mine’s and third party machinery. Two
settling basins, a small in the north and large in the east, cannot be recultivated due to the constant inflow of
hydromixtures of varying composition and the extraction of materials from them. The purpose of the peripheral
embankment around the large settling basin and the transport route in the south is the transport of materials
and the maintenance of the existing facilities, and as such it is also does not allow for recultivation work. Due
to all of this, the planning of the recultivation, and especially of its schedule, is a very complex process in which
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needs to follow the schedule of the development of the pit. The planned integration of the recultivation schedule
into the schedule of the development of the pit should start with a division into functional zones to be recultivat-

ed upon the completion of their functions.

Key words: The Kovin mine, recultivation, phase recultivation

YBOJ

PexynruBucame pygapckux KOIOBa je ca aclleKTa
3alITUTE >KMBOTHE CPefJHe M3y3eTHO OUTaH cer-
MEHT OAP>XMBOT pasBoja CpeiluHA Ife je MpeTex-
Ha IPUBpPEJHA JIEMATHOCT eKCIJIoaTallMja MIHe-
panHux cuposuHa. Kama 61 ce uekao 3aBpImeTax
OTKOIIaBala IeJIOKYITHUX KONMYMHA MUHEpPaAs-
HUX pecypca, 9ije OTKOIIaBame IIOHEKa] MOXe Jia
Tpaje fielleHNjama, a 61 ce 3aI0Yenno ca PeKyaTHu-
BalijoM, [IeBaCTUPalbe U3BOPHOI TEPEHA MOITIO
OU MMaTM HecarjiefuBe IIOC/IeAMLe IO >KUBOTHY
CpeuHy y ONVKOj OKOMMHM PYAApCKUX objekara.
3aTo je off M3y3eTHOT 3Hayaja y CaMUM PyHapCKUM
IIPOjeKTUMA MPEeABUTETI CUHXPOHNU30Babe PEeKY/I-
TUBALIMOHNX pafloBa U IMHAMIUKe OTKOIIaBaa MI-
HepaHNX pecypca, Kako 611 ce ca peKy/ITuBaIujoM
Jena JerpagypaHyx MOBPIIMHA MOITIO 3alIOYeTH Y
IITO paHMjoj pasy eKkcIoaTanyje. YKOIUKO je 3a
(bYHKIMOHMCabe TIPOM3BOHOT ITpoIieca IToTpedHa
LIe/IOKYIIHA MOBPIINMHA jeSHOT PyHapcKor 06jexTa,
YTONMKO je M yK/Ialame peKylITMBalMje y JuHa-
MUKY pa3Boja KOIIa CJIOKEHVj! IIpolLiec Koju Tpebda
pasMaTrpaTy ca BUIIe acIekara. Y oBoM papy he ce
Ha IIpMMepy PY/IHMKA 3a NOJIBOJIHY €KCIIOATal M)y
yrpa KoBuH, npuxasaru moryhHocTt nepunncama
PEKYITUBALMIOHMX 30Ha, Koje he 6uTy nmosesane ca
(YHKIMOHATHIM 30HaMa Ha pygHuky. HakoH mpe-
CTaHKa pajia QyHKIMOHATHe 30He Ha PYJAHUKY yC-
nenyia 6U eHa peKyITHBAIMja Ha OCHOBY Kapak-
TEPUCTUKA CAMOT TePeHa ¥ KapaKTepa IPeTXOJHIX
panoBa koju ¢y pabeHn y Toj 30Hu.

30HE PEKY/ITMBALIMJE

[Tocrojehe cTame Ha KOIIY je CKJIOI M3BOPHOT CTarba
TepeHa U M3MEHEHMX YC/I0Ba HACTaaUX eKCIIIoa-
TalMjoM MUHepanHux cuposuHa. IIpe pymapckux
papoBa y npuobanHoj 3ouu [lyHaBa 6uie cy pas-
BujeHe OWbHe 3ajegHMIe IIymMa MeKux jauirhapa
(Bp6e u Tomosne) u myme TBpAuX muithapa (xpacra
JIyKBbaKa), Ipe Kpuewa y LWbYy pasBoja pynpap-
ckux pagosa. Cajja Ha KONy MMaMO CTame fia ce
YHyTap KoIla pyJapCcKIM PajjoBMMa CIIpedaBa pas-
BOj nocrojehux OWpHMX 3ajefHuIa U3 Ipuobdamba
HyHaBa. Y 30HaMa Ha KOjuMa HeMa MHTEH3MBHMX
pafoBa, y LIeHTPAJHOj 30HU BEIUKEe TAJI0KHUIE,
30HM 4 Ha cMuM 1, eBUJIEHTAH je pacT IPUPOJIHE
3ajefiHMIle Tpcke. Hacumnm Koma cy M3gUTHYTH 1O
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INTRODUCTION

From the standpoint of environmental protection,
the recultivation of mining sites is an extremely im-
portant segment of the sustainable development of
environments in which the main industrial activity
is the exploitation of mineral deposits. If recultiva-
tion was to be started only after the excavation of
the entirety of the mineral deposits was completed,
the mining of which can sometime take decades,
the devastation of the original terrain could have
immeasurable consequences on the environment
around the mining facilities. This is why it is excep-
tionally important to plan out the synchronization
of recultivation works and the schedule of mineral
deposit exploitation in mining projects, so that the
recultivation of the degraded surfaces could begin
in the earliest stage of exploitation possible. If the
production process requires the entire surface of the
mining pit in order to function, the integration of re-
cultivation into the schedule of the development of
the pit is that much more of a complex procedure
which requires consideration from multiple angles.
This paper showcases the potential for defining rec-
lamation zones which coorrespond to the functional
zones of a mine on the example of the Kovin under-
water coal mine. After work the operation of a func-
tional zone of the mine has ceased, its recultivation
would be based on the characteristics of the terrain
itself and the type of works previously carried out in
the particular zone.

RECULTIVATION ZONES

The existing condition of the mining pit is the result
of the original state of the terrain and the altered con-
ditions created by the exploitation of mineral depos-
its. Prior to the mining works in the coastal zone of
the Danube, plant communities in the form of decid-
uous softwood (willow and poplar trees) and hard-
wood (European oak) forests developed there before
they were deforested in order to develop mining op-
erations. Now the mining work at the pit prevents
the development of the existing plant communities
from the Danube coast. In the zones with no inten-
sive work, in the central zone of the large settling
basin, zone 4 in Figure 1, the growth of a natural
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HMBOA M3HAJ, MaKCUMATHMUX UCTOPMjCKUX HUBeTIe-
ta JlyHaBa, ma y gocajiallimbeM Tpajamby eKCIIoaTa-
I1je Hije OUJIO TI/TaB/berha YHyTap KoIa. 30Ha OKO
HACUIIA je Y CTaJTHOM KOHTAKTY Ca BOJIOM HIDKET
VUYL BUILET HMBOA.

ITo 3aBpIIETKY eKCIIIoaTaIyje yI/ba Ha OBOM KOIIY,
Ha MeCTy TIOABOJHOT Koma ocTahe MOTOIbeHa
nospurHa (jesepo) ca KocuHOM obane ox 20° o
22°[1]. OBa moBpIINHA je IPUOIVDKHO IpaBOyra-
oHor obOnuka. Bogena mospuHa he oOyxBaTnTu
npocrop ofi oko 140 ha. IIpoceuna fy6uHa jesepa
he 6utn o 6 m Ha ceBepy, 1o 33 m Ha Kpajy ex-
CIIOATAIMOHOT ToJ/hba. HakoH OTKomaBama yI/ba,
CBUX 3a/IMXa IbYHKA OJIJIOKEHNX Ha jy’KHOj CTpa-
HIM KOTIa ¥ HATJI0OXKEHOT YI/ba Y OIBOJHOM KaHAITy
U TalIOKHUIM Kom he MOOMTVM KOHaYHy KOHTYPY.
Texnnuka pexyntuBanuja he 6utn nsppurena mma-
HMpameM 3aBPITHMX OTKOIHUX pajioBa Ha Ofi/la-
Ta/IMIITy NUbYHKA M y TaMOKHUIM u Hehe 6mty
HOTPeOHO BPIINTY TEXHUYKY PeKyITUBALUy Y
nyHOM 06MMYy, Beh caMo HUBeNmcame TepeHa JIo
KOHAUHIX KOTa.

Kako je mpoliec oTKoIaBama Ha OBOM PYJHUKY Be-
OMa C/IOXKEH, Y CMUCITY [ia HAKOH OTKOIaBaka MMU-
HepajIHUX Pecypca, N/byHKA U YI7ba, CIeM IPOLeC
paszBajaba yI/ba Ha (¢pakiiuje y HOCTPOjermy 3a
IPUIIPEMY, [Ia TaTOXKekha CUTHUjUX (paKuuja, IITO
Y 3aBUCHOCTH Off BpEMEHCKMX yCI0Ba MOXKe Jla Tpaje
Iy>XM BPeMEHCKM TIepyof], IIOCTyNaK AedyHycama
IVHAMUKE U TI0YeTKa PEKyNTMBalije je CTOra BU-
IIECTPYKO CTIOXKEH 3a/laTaK. YC/IOBYU CPEMIHE, CTatbe
JIOKaIje mocie o6ycTaBe pyJapcKuX pajioBa 1 TUMe
CTBOpPEHa OlpaHUYera, Cy HajBaXKHMjU yCMepa-
Bajyhu unHMOIM IpU U360PY 30HA pEKyITUBALje.

Yknamame pekyntusalyje y mocrojehe pamose je
U3Y3eTHO CIIOKEH IIPOoIleC y KojeM je TToTpe6HO ca-
IJIefaTy ¥ aHa/IM3MpaTU BUILE KPUTEpUjyMa KakKo
6u ce 06MO KBalUTETaH IPENIOr Kao OKBUD 3a
peBUTaNM3alNjy OBOT IPOCTOpA HAKOH €KCII/I0aTa-
1uje yrba. HajBakHMju pasmMaTpaHu KpUTEpUjyM
je MMHaMIKa eKCIJIoaTalje IeXUINITA, 3aTUM Bpe-
MEHCKO Tpajarbe eKCIUIoaTaliyje MojefHNX (PyHK-
IMOHa/THUX 30HA, CMepHuMIle fjare y moctojehum
IUTAHCKUM VM yPOQHUCTUYKUM JOKYMEHTIMA, Kao 1
KIMMAaTCKe KapaKTepPUCTHKE.

Ysumajyhn y 063up OcCHOBHe cMepHMIe IUIAHN-
paHor pasBoja ommruHe Kosmu [3], a Bomehn
padyHa fia cy Ha more3y Kosun - M. baBanumre
- Ty6oBali, y IpeTXOfHOM IIEPUOLY OTKPUBEHE Be-
JINKE pe€3€pBE€ KBAJIMTETHOT JINTHUTA Y M3HOCY O
270.000.000 t Ha MpegMeTHOM TIOAPYY]jy Ce, U3y3eB
objexara 3a pernoHaIHO BOOCHabeBamwe baHaTa,
Y Hap€THOM AYTOpOYHOM IIE€PpMNOAY HE MOTY IVIaHN-
paTu fpyru o6jexTu.

community of reed is evident. The embankments of
the mining pit have been raised up to a level above
the maximum historical water levels of the Danube,
and as such, there has been no flooding of the pit
in exploitation work performed so far. The zone
around the embankment is in constant contact with
water of a lower or higher level.

Upon the completion of the exploitation of coal in
this mine, the submerged surface (lake) with coastal
slope ranging between 20° to 22° [1] will remain at
the site of the underwater mine. This surface has an
approximately rectangular shape. The aquatic sur-
face will cover an area of around 140 ha. The aver-
age depth of the lake will be 6 m in the north, up to
33 m at the end of the exploitation field. After the ex-
cavation of the coal, all the gravel reserves deposited
on the south side of the pit and the coal settled in the
drainage channel and the settling basin, the mining
pit will assume its final contour. Technical recultiva-
tion will be carried out by planning the final excava-
tion work at the gravel disposal site. The settling ba-
sin will not require full technical recultivation, only
leveling the ground to the final level.

Seeing as the excavation process in this mine is
very complex, in the sense that the excavation of
mineral deposits, gravel and coal is followed by the
process of the separation of coal into fragments in
the preparation plant and the sedimentation of the
smaller fragments, which, depending on the weath-
er conditions, can take a longer period of time, the
process of defining the schedule start of recultiva-
tion is an all the more complex task. The environ-
mental conditions, the location of the site after the
mining works have been finished and the limita-
tions created by it are the most important deciding
factors in the selection of the recultivation zones.

Synchronizing recultivation with the existing works
is an extremely complex process which requires the
examination and analysis of many criteria in order
to arrive at a quality proposal of a plan for the revi-
talization of this area after the coal exploitation is
finished. The most important criterion considered is
the site exploitation schedule, the time duration of
the exploitation of the individual functional zones,
the guidelines given in the existing planning and
urban planning documents, and the climatic char-
acteristics.

Taking into account the basic guidelines of the de-
velopment plans of the Kovin municipality (3), and
the fact that large reserves of high quality lignite in
the amount 0f 270,000,000 t have been found in the
Kovin — M. Bavaniste — Dubovac area, other than
the facilities for the regional water supply of Banat,
no other facilities may be planned in the subject
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Bpro je BayKHO HamoMeHyTH fia je mpefBubeny mpo-
CTOP Jieo MIVpeT MoApYyYja MpefBrbheHor Kao IMoTeH-
I/ja/THO MaKpPOPEIMOHATHO M3BOPHIIITE BOJE.

OCHOBHe CMepHMIIe KOje Ce MOTY IpPeNo3HaTH Y
DOCTYIHUM IUTaHOBUMa [3], [4] pasBoja ommrrune
KoBuH koja ce T4y npocTopa pynHuka cy cnepehe:
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dopMyparme SaMTUTHUX 3€MEHUX II0jaceBa
nyx caobpahajuuia, kaHama, OKO KOMyHa-
HUX objexaTa U JAp., HOCEOHO HA NPaBLY AY-
Barba JOMIHATHIIX BETPOBY;

3alTUTM LIyMa M HIYMCKMX 3eM/BUINTA, Kao
U CTaOVIHOCTH IIYMCKUX eKOCHCTeMa, Tpeba
ATy IIPUOPUTET ¥ oceOaH 3Havaj 360T OIIITe
YTPO>KEHOCTH Off MHOTUX OMOTUYKUX 1 abuo-
TUYKMX YMHWIAIA, a7y M 300T 3Havaja OIIIITe-
KOPMCHUX (yHKIIMja IIlyMa U beHe I7106aHe 1
OCHOBHE HaMeHe;

Y OHIITMHM HUCY HOBOBPHO McKopuitheHe
MOTyhHOCTM 3a pasBoj IIUeIapCTBa, Te je Heo-
IIXOMHO Y CBUMM CTpPATELIKVM OIIpe€le/bebMa
ucrahm pa mocroje mobpu ycnoBu 3a pasBoj
OBOT BIJIA TPOU3BOJIbE;

KoHumenmuuja pasBoja ImymMa ¥ IIYMCKOT
3eM/bMIITa y OKBUPY [IpocTOpHOr IIaHa Moz-
pasyMeBa mosehamwe MoBpIINHA 107 IIyMaMa,
yHarpebeme mocrojehnx mryma u muxoBo Ko-
puinheme y cKIajly ca eKOMTOMKUM IPYHIUIIN-
Ma I yC/IOBMMA 3aIITHUTe IPUPOJE, Y3 OCTBa-
pUBaIbe 3aTUTHUX, KyITypPHO-COLMjaTHUX U
IPOU3BORHUX PYHKI[M]a;

MapuHe npecTaBbajy, ca CTAHOBUINTA Mebhy-
HapopHe 1 pomahe HayTW4Ke TypUCTUYKe
Tpa)Kibe, HEONXOJaH Cafip>Kaj HayTUUYKOT TY-
pusMa, a takobe 3axBapyjyhu cB0joj yHK-
LUjJ ¥ OIpeM/beHOCTM oMoryhaBajy u mupy
TYPUCTUYKY IIPOMOLMjY IOfpyYja Ha KOjuMa
Ce Hajase;

Pa3Boj moBHOT TypusMa 1 ¢gaBopusosame (o-
Tocadapuja 11 TocMaTpamba ITUIIA;

ITo/bONPMBPEIHOM 3eM/BUIITY KOje je KO-
puirheHo 3a eKCIUIOATALjy MIHEPATHNUX CU-
pOBIHA IIPOjeKTMMa PeKyITHBaLuje JaTu Ha-
MeHY OMCKY IpebalimeM cTamy;

ITox puOONIOBHMM TYpM3MOM HOLpasyMeBa
ce Bullle 0O/IMKa OPraHU30BAHOT CIIOPTCKOT 1
TYPUCTUYKOT pubonoBa Ha orBopeHuM ([ly-
HaB, KaHaJIN), 3aTBOPeHVM BofjaMa (pubmary,
jesepa), 6110 Ha CIOOOTHUM JIOKaIUTETHMA
VI OpraHU3OBAaHUM PUOOTIOBHUM PpEBUPU-
Ma. OBaj BuJ] TYpUCTIUYKe TIOHYJIe TIOCTaje CBe
aKTYe/lHUjJ KaO OCHOBHA IIOHYZA 3a cBe Behn
6poj clienujamM30BaHNX TYPUCTUYKUX areH-

area for the forseeable longterm future.

It is very important to note that the planned space
is a part of a wider area envisaged as a potentially
macro-regional water source.

The basic guidelines that can be identified in the
available plans [3], [4] for the development of Ko-
vin’s regarding the area of the mines include:

The formation of protective windbreaks along
roads, canals, communal facilities, etc., espe-
cially in the direction of the dominant winds;

The protection of forests, forest lands, and
the stability of forest ecosystems should be
given priority and special significance due to
the threat posed to them by many biotic and
abiotic factors, and because of the importance
of the functions of forests and their global and
basic purposes;

The municipality has not properly utilized the
potential for the development of beekeeping,
and it is necessary to emphasize in all strate-
gic decisions that there exist good conditions
here for the development of this type of pro-
duction;

The concept of the development of forests and
forest lands within the Spatial plan includes
increasing the area covered by forests, im-
proving existing forests and their use in ac-
cordance with the environmental principles
and terms of nature protection, with the real-
ization of protective, cultural, social and pro-
ductive functions;

From the point of view of the demands of
international and domestic nautical tourism,
marinas represent the necessary nautical tour-
ism content and, thanks to their function and
equipment, they allow for greater touristic
promotion of the areas where they are located;

The development of hunting tourism, favor-
ing photo safaris and bird watching;

Restoring the original purpose of the agricul-
tural land used for the exploitation of mineral
deposits with recultivation;

Fishing tourism includes several forms of
organized sport and tourist fishing on open
(Danube, canals) and closed waters (fish-
ponds, lakes), either at open locations or or-
ganized fishing areas. This form of tourism
offer is becoming more and more popular as a
basic offer provided by an increasing number
of specialized travel agencies, but it can also
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1[uja, anyu Mo)Ke OUTK U HOJATHMU Canpskaj 60-
paBKa;

e CHOpPTCKO-peKpeaTMBHI TYpU3aM;

e BaxkHa je M3rpajma, peKOHCTPYKLMja U OCaB-
peMemaBame ONMIITHHCKMX (JIOKa/lTHNX) IIyTe-
Ba, 4nMe he ce cTBOpNTH IpeycIoBY 3a 6P
PasBoj MambUX Hacesba y ONLITHHIA

[Tnanckm fpokymeHTH ymyhyjy fia ce seM/buiTe y
OynyhHOCTM KOpMCTM Y HO/BONPUBPEAHE CBpXe,
IITO Ha OBOM IpocTopy Hehe 6utu moryhe 360r
TOTa IITO KO 30Ha BOJJOCHA0/eBaba He MOXKe OUTH
TpeTMpaHa NEeCTULUUMA ¥ OCTa/MM 3aIUTUTHUM
cpegctBuMa. Y mpuobamby JlyHaBa Ha JIOKaImju
IUIAHMPAHOj 3a MapuHy, Moryhe je uspagutu objex-
Te Y GYHKIMjM TypusMa, CIIOPTa U peKpealyje, mTo
je HajmpuXBaT/bMBMja MOTYhHOCT peBUTaNM3aLMje
oBor noxpyyja y 6yayhHoctu. Mebytum, 360r ouy-
Bama MPMPOJHNUX eKOCHUCTeMa, Hije Moryhe rpajmu-
T 06jeKTe 3a Ipymny HpodeCcHOHaTHNX CIIOPTCKUX
JellaBara Kao LITO Cy CTaiMOHU, JBOpaHe, carle,
KOMIUIeKCH 6a3eHa, Beh CIOPTCKM KOMIUIEKCH Y
KOj/IMa JOMMHMpA 3e/IeHIIO, Kao ITo cy Behe jaBHe
ITApKOBCKE U LIyMCKe MOBPIUINHE, TOBPLIMHE J3JIe-
TUINTA, KOje He UBNCKYjy moce6Ho marpahene mmm
oIpeM/beHe TOBPIINHE 1 00jeKTe, a yIOTIYHeHe Cy
TPUM CTa3aMa, CTa3aMa 3a MIEeTHY Y BOKIbY OUIMK-
7, Be49MjuM UTPAIMIITIMA, TIOBPIIMHAMA 33 OBMOD,
KaMIIOBalbe, TEPEHE 3a CIIOPTCKY OpMjeHTaLNjy U
eBeHTya/THO UIPaIMIITeM 3a Majie crioprose. To cy
CIIOPTCKeE MOBPIINHE 3a CAMOVMHUIIVjaTBHE aKTHB-
HOCTV KOPUCHUKA, Y CMUCTTY CIIOHTaHe peKpeanyje
IHOjefMHALIA U IPYIIa, KOju 3axTeBajy Behe vy Bprio
Be/MKe KOMIIJIEKCE 3eM/bUILTA.

Vmajyhm y Bumy mosuTusHe edexTe Koje IIyma
uMa, a u npema IIpocTopHOM IIaHy ONMITHMHE
Koy [3], jemaH of IpMOPUTETHMX 3ajiaTaka je
noBehare crermeHa mryMoBUTOCTM mOfpydja. ITo-
Behame cTelleHa ITYMOBUTOCTY MOpa 6uTn aKuuja
IIVper 3Hadaja, CipoBobeHa y capafibii ca Jpyrum
cybjexTnMa, y3 MaKCUMaIHO Kopuinherme TeXHId-
KIX, KaJpPOBCKMX ¥ €KOHOMCKUX IOTEHIIMjaIa.
3aro je u moTpe6HO TIpEIBUIETI Y LM/bY PEKYITH-
Bal[yje OBOT IIPOCTOpa cafmwy Apseha u mmbpa.

Pynapckn o6jexat Koju moctoju u Koju he mocroja-
TU O 3aBPIIETKY OTKOIaBama yI/ba HUje Moryhe
TPETMPATH Kao 3aTBOPEH, IOLITO IIOCTOje BeIMKe
KO/IMYNHE yI/ba Koje je Moryhe oTkomaTy, ma ce He
Moke ca curypHouthy TBpauTu Koje he mospriun-
He OUTU IUTaHMpaHe 3a HAKHAJHO OTKOIABame I
HIfje JIOTVYHO BPLINTY PeKYITUBALU]y USTPALHOM
objekara y Koje 61 6ua yro)xeHa 3Ha4ajHa HOBYA-
Ha cpenctBa. Takobe, Bpro je 6utHO u Ko he 6uTn
3aKOHCKI BJIACHVK OBOT HOJPYYja, IIa Huje Moryhe
IUIAHMPATY MHBECTUIIMOHA y/Iarama y npojekre. Ha

serve as additional content of a stay;
e Sports and outdoor recreational tourism;

e The construction, reconstruction and modern-
ization of municipal (local) roads is import-
ant, it creates the preconditions for the faster
development of smaller settlements within the
municipality.

The planning documents indicate that the land is
to be used for agricultural purposes in the future,
which will not be actually possible in this area see-
ing as it is a water supply zone and as such, may
not be treated with pesticides and other protective
agents. Tourism, sports and outdoor recreational
facilities can be built on the Danube coast, at the
location planned for the marina, these being the
most acceptable potential options for the revitaliza-
tion of this area of the future. However, due to the
preservation of natural ecosystems, facilities for a
number of professional sports events such as sta-
diums, halls and pool complexes may not be built.
Instead, sports complexes dominated by greenery,
such as larger public parks and forested areas, pic-
nic grounds which do not require specially built or
equipped spaces and facilities, complete with fit-
ness trails, walking and cycling paths, children’s
playgrounds, resting, camping and sports areas and
potential pitches for smaller sports may be con-
structed. These are sports areas for the self-initiat-
ed activities of its users, meaning the spontaneous
outdoors recreation activities of individuals and
groups which require large to very large complexes
of land.

Bearing in mind the positive effects provided by
forests, and according to the Spatial plan of the
Kovin municipality [3], one of the highest priority
tasks is to increase the amount of forested areas.
The increase in the degree of forestation must is
task of greater importance and reach, to be car-
ried out in cooperation with other entities, with the
maximum use of the technical, staff and economic
resources. The planting of trees and shrubs for the
purposes of recultivating this area must be planned.

The mining site which currently exists and will
continue to exist after the completion of the coal
excavation cannot be treated as closed, as there are
large quantities of coal that to be dug up, so it is
not possible to state with certainty which areas will
be planned for additional excavation and as such,
recultivation by way of the construction of facilities
into which significant amounts of money would be
invested into is illogical. In addition, who will be
the legal owner of this area is also very important,
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OCHOBY CBera HaBefIeHOT IIOTPeOHO je neduHmcaTn
(GYyHKIVOHA/IHE 30He YHYTap IPOCTOpa PyAHUKA
KaKo 611 ce MOIVIO IUTAHVPATH FIXOBO PeKYITIBU-
came. To je mpukasaHo Ha ety 1 ny tabenn 1 [1].

Tabena 1, Jezpadupare nosuiure u 6yoyha namena
Table 1, The degraded areas and their future purposes

and as such, it is not possible to plan project invest-
ments yet. Based on all of the above, it is necessary
to first define the functional zones of the mining site
in order to plan their recultivation. This is shown in
Figure 1 and in Table 1 [1].

ITpoctop
Area

Tlospmmua Haunn pexyntusanuje
Surface (ha) Method of recultivation

[TnaTo papuoHnIie AeIIOHNj€e YI/ba 1 IO3UIIVja

Pexyntusanuja - [1naTo 3a cnoprcke

basin zone

EXC noctpojema / The coal depot workshop’s 9,70 cagpxaje / Recultivation - Sports content
platform and the position of the EHS plant platform
3ona Bermke Tanoxuuue / The large settling 32.00 AyTopexynaTuBanuja Tpcka /

Autorecultivation reed

Ilentpanuu feo Benuke Tanoxuuie / The central
part of the large settling basin

PexynTuBanmja MeIOHOCHUM BpCTama /

10,70 o . . .
Recultivation with melliferous plant species

Jlernonnje mecka 1 MUBYHKA, IPNOGAIHI 1e0 Y3
JyHas, fieo y3 eKcruroaTanuoHo noke / Sand and
gravel depots, coastal part along the Danube, part
along the exploitation pit

Ayropexynrusanuja u nosehame nryMmcknx
190,00 3ajegHuia / Autorecultivation and
increasing forestation

EKcIIoaTanmoHo mosbe U pyKaBali IpeMa IyHaBy
/ Exploitation pit and the inlet to the Danube

140,00 Jesepo / Lake

YKYIHO/TOTAL

382,40

Cnuxa 1, 3one pexynmusayuje Ha pyoHuxy Kosun

Figure 1, Recycling

Zone at the Kovin mine

Tymau / Legend: 1-IIpnasna cao6pahajunia / Access road, 2-30Ha Ha K0joj Cy cafia CMELIITeHe pajyo-
HIUIIA, IIOCTPOjerba 3a mpepafy u fenonuje / Zone where the workshop, processing plants and depots are
now located, 3-KpyHa o6oguor Hacumna oko tTanoxuute / Crown of the peripheral embankment around the
settling basin, 4-Ilentpanuu geo Benuke tanoxuute / Central part of the large settling basin
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['maBHa 06aBesa pyfapcKor o6jeKTa je mpyMeHa 3a-
KOHCKe 06aBese PyHMKA Jia ce IerpajypaHy IIpo-
CTOp BpaTH y cTame ja ra je moryhe kopuctutu Ha
€KOJIOLIKY [IPUXBAT/BUB HAYMH, /TN U [ja C€ PEKY/I-
TUBalLlMja U3Bele Ha HA4MH KaKo Oy IpocTop 6110
HOTIIYHO Oe30efaH 3a KOpMUCHMKe uctor y 6ynyh-
Hoctu. OBo he 6TV U3BENEHO TEXHMYKOM PeKYII-
TUBALMjOM Y L[W/bY HUBeEUCabha HOAPYYja KaKo 61
ce usberyie BelMKe HAIJIe IPOMeHe BUCHHCKE pas-
JIKe Ha CAMOM TepeHY, a OMOJIOIIKOM PeKYITHBa-
L11jOM Ja ce JOIIpUHece M3rpaitby O/bHe 3ajeHN-
e Koja he omoryhutu pyHxumonmcame oBor npo-
CTOpa y M3MEHhEHNM YCIIOBYMA HAKOH OTKOIIaBamba
MMHepanHuX cupoBrHa. CafjtbOM HEMHBAa3MBHUX
OW/BHUX KyITYpa, gonpunehe ce femMMIYHO Ky/-
THBUCAlbY IPOCTOPA Ifie Cy Ce 00aB/bas PysapcKut
PafIOBM KaKo 61 ce MOrao pasBMUTH IIPOCTOP 3a MH-
TEH3VBHMjJM OaB/berbeM ITIeNapCTBOM 1 6e30eIHIM
6aB/bermbeM peKpeaTyBHIM aKTMBHOCTIMA.

3a pexpearujy 611 peBacXoiHO MOIVIA Jia ce KOpH-
ctu mocrojeha caobpahajuuna Koja je M3gUTHyTa HA
BIICUHY +74 m, I1a je MOTyhHOCT IUIaB/bemba Te CTase
CBefieHa Ha Hajmamy Moryhy mepy. Kako je n3pabena
Off YBPCTOT MaTepujasia, BPJIO je Tako Moryhe ypamu-
TI CTa3y 3a TpYambe ¥ OMUMKIMCTIYKY CTasy, yCIer
yera Oy 61710 Moryhe na ce pasByje U3/IeTHIUYKM IIPO-
crop, Koju 6u mopen rpahana KosruHa Morm kopu-
ctuty U noceruoun us beorpapna, ITanyesa, Bpuia,
Bere Lipkse utx. ITyT 1o oBe u3IeTHNUKE LienHe 611
Tpe6asIo IOIPABNTY, ILITO je y CK/Ialy ca FeHepaTHIM
npemioroM y IIpoctopHoM miany ommrise KoBuH.
CaprpboM LIyMCKMX KynTypa ca ydeurheMm Bpcra ca
jecTMBMM IUIOTOBMMA JIONPUHENo 6y mnosehamwy nu-
BepsuTeTa opHUTOdayHe 11 ayHe AVB/BAYN LITO OU
ce MOIVIO MICKOPUCTUTH Y CTBapamy MoryhHoctn 3a
opraHusoBame Gorto cadapuja, jeIHOTHEBHNX €KC-
Kyp3uja 11 9acoBa y IPUPOJIN.

TIPVMHLINII PEKYITUBAIIVJE

[IpyHnun pexynTuBanyje CBOAM C€ Ha IIOfENy
KOIa Ha (YHKILMOHA/IHE [e/IMHE 1 PEKYITUBALN]Y
IIOjeIMHMX 30Ha HAKOH ITPECTaHKa Pajia IOjeJHIX
CerMeHara KoIla. Je3epo Koje Hacraje Hehe 6utn
npenmet obpajie y OBOM pajy.

DyHKIMOHATHE 30He Ha KOITy Kao IITO je p1Ka3a-
HO Ha cunn 1, cy cnepiehe:

1. Tlpunasua caobpahajuna;

2. 3o0Ha Ha K0joj Cy cajia CMellTeHe pajOHMIA,
HIOCTpOjera 3a Ipepajy U IeTIoHuje;

KpyHa o6opHOr HacuIIa OKO TATIOXKHILIE;

4. HeHTpaTIHI/I JO€0 BEC/IMKE TAJTTOXKHUILIE.

The main obligation of the mining facility is the
adherence to the legal obligation to restore the de-
graded area to a state which can be used in an en-
vironmentally sound manner and but to ensure that
the recultivation is carried out in such a way that the
area is completely safe for its future users. This will
be done via technical recultivation, leveling the area
in order to avoid major changes in the height differ-
ence of the terrain itself, and by way of biological
recultivation which will contribute to the creation of
a plant community, enabling the functioning of this
area under the conditions altered by the mining of
mineral deposits. The planting of non-invasive plant
species will contribute to the partial cultivation of
the area where the mining operations were being
carried out, so that an area intended for intensified
beekeeping activities and safe outdoor recreational
activities may be developed.

The existing road that was elevated to the height
of +74m could be used for outdoor recreation, as
the potential of the flooding of this route was re-
duced to the lowest possible extent. As it is made
of solid material, it would be very easy to convert
into a running or cycling path, which would also
make the development of a picnic area a possibility,
one that could be used by visitors from Belgrade,
Pancevo, Vrsac, Bela Crkva, etc. The road to this
picnic area should be improved, which lines up
with the general proposals in the Spatial plan of
the Kovin municipality. The planting of forest plant
species along with species with edible fruits would
contribute to the increase in the diversity of the bird
and wild game population, which could be used to
create opportunities for organizing photo safaris,
field trips and classes in nature.

THE PRINCIPLE OF RECULTIVATION

The principle of recultivation comes down to the
division of the mining pit into functional units and
the recultivation of the individual zones after the
operation of the individual segments of the mining
pit have ceased. The lake which will be created will
not be subject to of the recultivation in this paper.

The functional zone zones as shown in Figure 1 are
as follows:

1. Access road;

2. The zone in which the workshop, processing
plants and depots are currently located;

3. The crown of the peripheral embankment
around the settling basin;

4. The central part of the large settling basin.
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IMTPMJIASHA CAOBPARAJHUITA

JemuHa cyBo3eMHa Be3a ca PYZHMKOM KOjoM ce
o6aBipa LienoKyIHY caobpahaj mma je Bpno 6utHO
oBy cao6pahajunny ouyBatu u 3a 6ygyhe name-
He oBor mpocropa. Ca 6e30eJHOCHOTr acIeKTa
Ienu ce Ha IBe leoHuIie. IIpBa mouerHa fy>knHe
1.260 m je ycrBapu Hacum usmeby gBe Benuke
BOJIeHE MTOBPIINHE, Ca jeflHe CTpaHe peka [lyHas,
a ca IpyTe je3epo Koje 0CTaje HAKOH eKCIlJIoaTa-
nuje fyouHe oko 33 m u Bpro 036umbHa ca bes-
6ennocHor acmekTta. Ha oBoM peny caobpahaj-
HIUIle HEOIIXOJHO je MPaTUTU IpPOMeHe Ha Hacl-
Iy HajMame TPU TOfjMHEe HaKOH obycTaBe pajo-
Ba, KaKo He OM JomJIO 70 Werosor omrehema
XUApoepo3njoM, momro he ce KOPpUCTUTH 3a ca-
obpahaj moTopuux Bosmna. Pexynrusanuja he
ce obyxBatutu cagmoM fpBeha u mubma ca obe
CTpaHe IyTa KakKo 61 ce IOAUITA BU3YeNHA 1
¢dusuuka 6apujepa, us 6e36eZHOCHUX pasiora,
mpeMa BOJIEHUM IIOBPIIMHAMa Kao LITO je MpMu-
KasaHo Ha cmuny 2 [5]. OBaj geo myTa je mupu-
He 12 m ma je moryhe ypaguTtu 3amTuTHy 10jac
OBaKBOT Tmma ca obe cTpaHe myra. OcTarak
HIPUCTYIIHOT IIyTa /10 30He Ha Kojoj he 6utu us-
rpabenn cagpskaju 3a pekpearnujy, 6uhe ogBojen
Ol OKOJIHOT ITPOCTOPa KOj! je HaMekeH 3a ayTo-
peKyITUBaNN]jy, ApBOpesoM Huckor apseha 6es
cajme mnbpa 13 pasyora IITO je OBaj 1eo MyTa
HEILITO YU OKO 8 m. Ynas Ha Kom 6u Tpebao
ma Oyme orpaHMYeH paMIIOM Koja 61 cipedniia
HeoByamheH ynasak, M oHa OM IOCTOjana JOK
Ie7I0 MOApyYje He 61 NMPOPYHKIMOHNCATIO KA
6esbemHa 1enMHa.

THE ACCESS ROAD

The only land connection with the mine which facili-
tates all of the traffic to and from it. This road is very
important to preserve for the future purpose of this
arca. From the safety point of view, it is divided
into two sections. The first initial section with a
length of 1.260 m is actually an embankment be-
tween two large bodies of water, the river Danube
on one side and on the other the lake which will
remain after the exploitation is completed, with
of a depth of about 33 m. It poses a very serious
issue from the safety point of view. In this part
of the road, the changes on the embankment will
need to be monitored for at least three years after
the mining operations have ceased, so that it is not
damaged by hydraulic erosion, as it will be used
for motor vehicle traffic. The recultivation will
include planting trees and shrubs on both sides
of the road in order to raise a visual and physical
barrier towards the water surfaces for safety rea-
sons as shown in Figure 2 [5]. This section of the
road is 12m wide and as such, it would be possi-
ble to create this sort of protective vegetation belt
on both sides of the road. The rest of the access
road to the zone where the outdoor recreational
facilities will be built will be separated from the
surrounding area intended for autorecultivation
by a row of low trees without the planting of any
shrubs, due to the fact that this part of the road is
slightly narrower, about 8m. Entry to the mining
pit should be restricted by a ramp which would
prevent unauthorized entry and which would exist
until the entire area was fully operational as a safe
zone.

Cnuxa 2, Ilonpeunu npecex sauimurmHoez nojaca eezematije
Figure 2, Cross-section of the protective vegetation belt
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30HA HA KOJOJ CY CAJA CMEIITEHA
PAIVIOHUIIA, IIOCTPOJELA
3ATIPEPALIY M JETTOHUJE

Osa 30Ha Koja je moBpuHe 9,7 ha 6uhe peBuramso-
BaHa M3rPaEboM ObjeKaTa 3a peKpearyjy Koju ce 11o-
TITYHO YK/IaIajy y OBaKBY IIpUPORHY 3ajenuuty. Ty he
6wty cripaBe 3a BeXKOarbe, 3eM/baHM TEPEHN 3a CIIOp-
TCKe aKTMBHOCTY KOju OV 6MIM ONpeM/beHM HeoIl-
xopHMM cpaBama (ynbar, TpeHaKHe CripaBe UTH.).
HajBaxHuje je Ipe BpIller-a ITpeHaMeHe 0Baj IPOCTOP,
OYNCTUTH Off, CBUX ObjexaTa Koju Buile Hehe 6utn y
byHK1LWjK, Ka0 U Off OTIIAZHOT MaTepyjaia Kojy OCTa-
He HAaKOH HpomsBoime. OBa mosuuyja je omabpaHa
3a U3pajy CIOPTCKUX Cafpkaja M3 pasjora IITO je
nocrojehe MecTo yToBapa cupoBute y 6ap>xe Moryhe
HPENpOjeKTOBATY Y MPUCTAHMUIITE YaMalia M Majux
OpomoBa KojiMa Oy KOPVCHUIIM MOITH Ja Joby 1o
OBOT ITpocTopa, opex Beh nocrojehe caobpahajunie.
Ogaj mpocTop he 61TH peKyNTHBICaH Ha HAYVH Jia Ce
110 0607y OBe 30He Iocaay BIUCOKO ApBehe munrhapa
Kao BpcTa rpanute koja he ogsajatu 6ynyhy xynru-
BIICaHY 30HY, Off 30He ayTopeKynTusanyje. JyxuHa
o60jHe /IMHMje OBOT II0jaca HEPABIIHOT OOJIKA, Ha
kojeM he ce cagutu mpsehe, nsnocn 1.960 m. Jpsehe
he 6uru mocaheno y popmu gpBopena. OBa 30Ha he
OWTYM 3aTpaB-EHA CETBOM TPaBa 1 OfjpXKaBaHa KOCU-
60M 1110 611 Tpebao fa 6yae HaJIXKHOCT HajOIVDKer
KOMYHAJTHOT TIpefiy3eha Koje 61 BpIIMIIO OfjpyKaBakbe
X nospumHa. [IpensubeHo je MecTMMMUYHO TOf-
cahuBatbe rpymalyja MMCTONaTHOT IMb/ba Kao IITO je
HPUKa3aHO Ha MLy 3.

THE ZONE IN WHICH THE WORKSHOP,
PROCESSING PLANTS AND DEPOTS
ARE CURRENTLY LOCATED

This area with a surface of 9,7 ha will be revitalized
by the construction of outdoor recreational facilities
which fit perfectly within this natural community.
These will include exercises machines and natural
soil pitches for sports activities that will have all of
the necessary equipment (for football, exercise ma-
chines, etc.). The most important tasks to compete
before the repurposing of this area are the removal
all of the facilities which will no longer function
and the elimination of the waste material which has
remained from the production plant. This position
has been selected for the development of sports
facilities because the current site used for loading
raw material onto barges can be repurposed into a
port for boats and small ships which would serve
to allow users to reach the area, in addition to the
already existing road. As part of the recultivation of
this area, tall deciduous trees will be planted along
its perimeter to serve as a kind of border separating
the future cultivated zone from the autorecultiva-
tion zone. The length of the circumferential line of
this irregularly shaped border along which the trees
will be planted is 1.960 m. The trees will be planted
in rows. This zone will be grassed by sowing grass
and maintained by mowing it, for which the closest
utility company would be responsible. The planting
of groups of deciduous shrubs as shown in Figure
3 is also planned.

Cnuxa 3, Hauun cadre no 0600y cadauitve 30He ca 06jekmuma
Figure 3, Planting method around the perimeter of the current zone with the facilities
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Kpyna 0600102 Hacuna oko manoxHuye

Kpyna o6onHor Hacuma oko Tanoxxuute 6uhe mpe-
TBOPEHaA y CTa3y 3a BOXBY Ouiukia (6e3 mosesu-
Bama ca MehyHapogHOM OMIIVKIMCTUYIKOM CTa30M
KOja TaHTMpa OBO MoApydje) u TpuM crasy. OBaj
nyT Huje npensuben 3a caobpahaj MmoropHux BO-
31J1a, OCUM 32 BO3MJIA KOja CIy>Ke 32 OfIp>KaBarbe
IpOCTOpa M BO3M/IA XUTHUX Cry>x6u. OBa KynTu-
BlCaHa IlenHa 61mhe ofBojeHa Off OKOJHOT IIPO-
CTOPa KOjU je HaMEIbEeH 3a ay TOPEKY/ITUBaLN)y, -
BOpPeZIOM cpefitbe BucoKor apseha. OBaj TpeHaXKHM
Ieo (TpuMm crasa) 6mo 61 GopMupaH Kao KpyxxHa
CTasa OyXXuHe IieHTpanHe nuHuje 2.840 m. ITytem
off 195 m, oBa cTasa je II0BE3aHa ca 30HOM Ca CIIOp-
TCKMM CafpyKajuma.

Y oBy cBpxy npensubeHa je caima pBopena apseha
ymuhapa cpenbe BrcrHe. OyHKIMja ojaca je Be3n-
Bambe 3eM/BMINTA U YUBpIIThBambe KOCHHA.

Llenmpanuu deo senuxe MmanoxHuye

OsBa 30Ha Koja je mpemBubeHa 3a cafiby Mefo-
HOCHUX BpcTa Ombaka uma moBpiunHy of 10,7 ha.
OBo 61 Tpebano fa Oyae 30Ha y K0joj 61 ce Hampa-
BJO IIPOCTOP 32 IOfM3athe HIBOA IT4elapcKe Ipo-
U3BOJbE IIOLITO OM y Ty 30HY Kaja ce pasBuje y
IIYHOM CMUCITY 61710 Moryhe JOBO3UTH KOIIHNIlE Ha
IIYe/Ibe UCIallle, Koje 011 ca fpyre cTpaHe IIOMOI/Ie
OIpallVBaby y pasBojy IyHe Bereraryje. Takobe,
IIOLITO Ce Ha OBOj OBPIIVHI Pa3Blija Be/NKa KO-
4yHA IJIO0BA BENMKM OpOj IITHIIA U KUBOTUE:A 611
IPOHAIIIIO 0a3y MCXPaHe Y OBAKO PEKyITUBUCAHO]
3oH1. KomrHntte 611 ce ;0Bo31mIe 060HNM HACUIIOM
HajaBOM TPaHCIIOpTa Kako 61 ce ob6e3benmmu 6e3-
GefHM YCTIOBY 3a CBe KOPUCHIUKE IIPOCTOPA.

Hunamuka cadre

IIpBo je moryhe pexynrusmcat o6OfHM HaCHUII
OKO TAJIOXKHMUIIE, TO je MCTOYHM He0o KOIla Ife je
06uM cao6pahaja 1 pajoBa TOKOM eKCIUIOATalyje
HajMamwy na he un npumkom obycTaBe pajoBa MH-
teHsurer pgorabama Oury HajHwku. HakoH Tora
O4eKyje ce M IIpecTaHaK pajia Ha U3y3MMarby MaTe-
pujaia u3 BelMKe TAJTOXKHULE, Ia je Moryhe ussp-
IIMTH PEKYATUBALNjy Te 30He. 1o mpecTaHky paja
[IOCTpOjerba 3a IPepajy yI/ba U HBUXOBO] JEMOH-
TaXM MOryhe je peKyITuBUCATY U [€0 LieHTpaIHe
30He I7Ie Ce cafja Ha/la3e PafjyioHNI[A 1 IIOCTPOjerba
3a mpepapy. PexynruBanuja npucrynse cao6pahaj-
Hute he ce paguTu Ha Kpajy Kaja ce M3BpIIe He-
MOHT)Ke U TPAHCIIOPT OIIpeMe, N3BO3 CBUX KOMN-
YJHA [€TIOHOBAHOT II/bYHKA.
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The crown of the peripheral embankment
around the settling basin

The crown of the peripheral embankment around
the settling basin will be turned into a cycling path
(without connecting to the international cycling
path which passes through this area) and a fitness
trail. This path is not intended for motor vehicle
traffic, except for vehicles used for the maintenance
of the area and emergency vehicles. This cultivat-
ed unit will be separated from the surrounding area
intended for autoreculturation by a row of medium
height trees. This fitness section (the fitness trail)
would be built as a circular track with a central line
the length of 2.840 m. This trail would be connect-
ed to the sports area via a 195 m long path.

A row of medium height trees is planned to be
planted for this purpose. The function of this row is
to bind the soil and slopes.

The central part of the large settling basin

This zone, which is intended for the planting of
melliferous plants, has a surface area of 10,7 ha.
This should be the zone in which the area for the
increase of the level of beekeeping activities will be
made. When fully developed, the area would allow
for beehives to be brought there for bees to forage,
which would in turn help in the development of the
vegetation by pollinating. In addition, as a large
amount of fruit would develop in this area, a large
number of birds and animals would also find them-
selves a great feeding spot in this recultivated zone.
The hives would be brought via the peripheral em-
bankment along with an announcement in order to
ensure the safety of all of the users of the area.

Planting schedule

The peripheral embankment around the settling
basing could be recultivated first, this is the eastern
part of the mining pit where the volume of traffic
and mining operations is the smallest and as such,
tis is where the intensity of activity will be at its
lowest when the operations cease. Following that,
the work on the removal of material from the large
settling basin is expected to be completed next, al-
lowing for the recultivation of this zone. After the
cessation of the coal processing plants’ operation
ceases and their demolition, part of the central zone
where the workshop and processing plants are cur-
rently located could also be recultivated. The recul-
tivation of the access road would be done last, after
of the dismantling and transport of all equipment
and all of the deposited gravel.
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3AKJbYYAK

Y uwey yckmahyBama AMHAMUKE IIPOU3BOEHE
yI7ba M OCTA/INX CeAMMeHaTa Ha PygHuKy KoBuH n
peKyITHBaIje MOjeANHNX 30Ha Ha PYAHUKY IITO
je 3aKOHCKa o6aBe3a CBAaKOT pyfapcKor objekTa,
ypabena je mopena Ha ¢yHKIMOHamHe 30He. OBe
30He NAKO AMHAMIIKI 3aBIICE je[fHA Of APYTe NMajy
jacHe TpaHMIle M BpeMEHCKO Tpajarbe 70 3aBpIIeTKa
€KCIUIoaTalje I1a je Ha OCHOBY TUX KapaKTepUCTH-
Ka Moryhe IUIaHMpaTy HBUXOBO PEeKYITHUBUICAIbE,
KaKo 3aBpllIHe KOHType 1 nocabhene Bpcre gpseha
u mnbma He 6u 6unn omrehenn Henpensubennm
aKTUBHOCTVIMA YHYTap IOjeiVHIX 30Ha.
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Caxerak: 3ajednuuko odnaesare nenena, wibake u 2Unca uma 3Hamme nPedHOCMU y 00HOCY HA docadauityy
MeXHON02Ufy HWUX0802 0080jeHoe o0nazarba. Ilosumuenu edexmu ce 02nedajy y 3HAMHO cMAGUTHUjem
AKYMYTIAUUOHOM NPOCIOPY, jedpmurujem ynazarwy u 3HAMHO CMAbEHOM He2AMUSHOM YMUUAjy HA HUBOMHY
cpeduny. Kako 6u ce mexnonozujasajednuuxoe 001a2ara ycneuiHo pazéusa, HeOnXo0Ho je npe C6UX UCmpaicusatoa,
ypadumu xapaxmepusauujy mamepujana. Cadauitoum UCNUMUBAUMA, NPUMEHOM CMAHOAPOHUX Memoda,
AHAUSUPAHL CY Y30pUU nenena wivake u eunca yzemu u3 Tepmoenexmpane Kocmonay b (TEKO B). Pesynmamu
MUX UCHUMUBALA NPUKAZAHU CY Y 080M PAdy.

Kipyune peun: neneo, wimwaka, eunc, y3opkosarve, 3ajednuuxo oonazawe, TEKO b

Summary: The joint disposal of ash, bottom ash and gypsum has significant advantages over the previous
technology of their separate disposal. Positive effects are reflected in a much more stable accumulation area, cheaper
investment and significantly reduced negative impact on the environment. In order for the joint disposal technology
to evolve successfully, it is necessary to do characterization of the material prior to all the research. Current tests,
by applying standard methods, current test are performed by applying standard methods on fly ash, bottom ash
and gypsum samples from Thermal Power Plant Kostolac B (TEKO B). The results of these tests are presented in
this paper.

Key words: ash, bottom ash, gypsum, sampling, joint disposal, TEKO B

YBOJ INTRODUCTION

Currently, our thermal power plants generate 5-7
million tons of ash and bottom ash, of which over
90% is deposited on the already formed landfills.
By introducing flue gas desulphurization (FGD),
another million tons of gypsum will be produced
annually, which is an additional problem if it
does not find safe placement on the market. The
international BREF documents for large combustion

TpeHyTHO ce y HaMM TepMoOe/leKTpaHaMa TeHe-
puiie 5-7 MWIMOHA TOHA IleTlefia U IIbake, Off Yera
ce mpeko 90% opnaxe Ha Beh ¢opmmpane perno-
HUje. YBobeweM OfcyMIIOpaBama AVMHUX IacoBa
(OAT), ropuinme he ce mpopykoBaTy jol MUINOH
TOHa I'MIICAa IITO IpEACTaB/ba JOJATaH IpobieM
VKOJIMKO Ce 3a Ipera He Hahe curypaH IjracMaH Ha
Tpxxumty. Mehynapomana BPE® pokxymeHTa 3a

133




J. Hewxosuh, I1. Cmjenanosuh, K. Kony Janxosuh []. Jlasuh V. Josanosuh - Kapakmepusauyuja nenena, wiwake u eunca 3a nompebe paseoja..., 133-145
J. Neskovié, P. Stjepanovié, K. Konc Jankovié, D. Lazié, I. Jovanovic - Characterization of ash, Bottom ash and Gypsum for the Development..., 133-145

Benuka noxumra (Reference Document on Best
Available Techniques for Large Combustion Plants,
European Commission, 2006.) mpenopyu4yjy 3ajex-
HIYKO OfifTaraibe Ieresna, Mijbake U TUIICA KOjU He-
Majy fa/by IpMMEHY, Y OGHOCY Ha TEXHOJIOTH]Y M-
XOBOT OfIBOjEHOT OfiIarama. Y OBOM MCTPaKUBalby
3ajeHMYKO OfjIarame Ielesa, LbaKe ¥ TUICA
yTumano 61 MoBo/bHMje Ha CTAOMIHOCT JeTOHMje,
3HaYajHO 6J CMABLIIIO TOYETHA y/IaTama y CUCTeMe
TPAHCIIOPTA U OJIarama, alu 61 JOBeIo U Jio HOo-
3UTMBHUX €KOOIIKNX epeKara.

Pymapcku mHCTHTYT U3 Beorpana, 3a moTpebe nHO-
BaIlMOHOT IpojeKTa MuHucTapcTBa Hayke, Ipo-
CBeTe U TEXHOJIOIIKOI PasBoja, U3BPLINO je HajHO-
BUja UCTPa)kMBambha KOja Ce OJHOCE Ha Pa3BOj TeX-
HOJIOTHj€ 3ajeHMYKOT Ofjjlarama Iernesna, IUbake 1
rUIica y TepMoeNieKTpaHaMa. Y OBOM Pajjy NpuKa-
3aHA je KapaKTepu3allja y3opaka Ielesa, I/baKe
u runca, ysetux u3 TEKO b, ogrocHo yTBpbene cy
(usNIKO-XeMujcke 0COOMHe IPYMEHOM CTaHMApf-
HIX METOJA UCIIUTHUBamba. [1]

KPATKMN OIIMC TEXHOJIOIIKOT ITOCTYIIKA
I[MPUKYIUBbAIDBA IIEIIEJIA, HUbAKE M TUIICA

TeXHONOMIKOM IpOLieCYy TpPUKYIUbAMka IIeriena
IPETXOU IIPOLEC CaropeBarma yIr/ba Y JOXKMUIITY
KOT/Ia, Ka0 ¥ IPOLeC U3/Bajarba Iernena momohy
enexktpodunarepa (oTmene/puBane). Ilemeo ce us-
IBaja 13 KaHa/Ia AMMHUX [4aCOBa, U3 00a poTaIuo-
Ha 3arpejada Basgyxa (JIYB) u mueymaTcku TpaHc-
HOPTYje KO CUIIOCa 3a Iereo.

[Ipaka je jou jemaH MpoOM3BOJ, KOjU je pe3ynTar
caropepama yI/ba y KOTJIOBMMA. Y CBAaKOM OFf /iBa
KOT/Ia, Behe yecTuIe 3 ocraraka caropeBama, Koje
HICY yxBaheHe Kao Memeo y eleKTpopuirepuma,
majlajy Kao I/baka Ha JBe CHMeTPUYHO ypebene
obofHe pelleTKe Y JiomeM fleny korma. Ha kpajy
CBaKe pelleTKe, I/baka Majja y jefaH off JBa CuMe-
TpUYHO ypebheHa pacxiajjHa TaHKa WUCIOJ, KOT/IA
(xparepa), Koju cmyXe 3a M3ABajame IUbake. V3
Kpallepa ce CUCTEMOM TPAHCIIOPTHUX TPaKa LIJba-
Ka TPAHCIIOPTYje WIM Ha yTOBap y KaMMOHE VN Y
IpoOMINIly Koja YCUTHaBa II/aKy Ha KpymHohy
ycrop 10 mm. [2]

Vcnymrame AUMHOT raca U3 Ipoleca carope-
Bama y arMocdepy BplIu ce Kpo3 auMmmak. IIpe
I/ICHYIHTaI—I)a Kp03 OVMBAaK, OMMHU rac ce Hpe—
yymrhaBa y eeKTpodIITEPCKOM IOCTPOjemy 3a
KOHTPOIIY YeCTU4YHOT 3aral’)eH,a, " 3aTUM y I10-
CTpOjely 3a OACyMIIOpaBalbe AMMHUX TIacoBa
(O[IT), xoje omoryhasa koHTpony emucuje SO,.
OBaj mocTymak OfCyMIIOpaBama OMMHUX racoBa
je BJIaKHU Kpe4maK-TUIC IIOCTYIAK, ca Kpedma-
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plants (Reference Document on Best Available
Techniques for Large Combustion Plants, European
Commission, 2006.) recommends the common
disposal of ash, bottom ash and gypsum, which
have no further use, in relation to the technology
of their separate disposal. In this study, the joint
disposal of ash, bottom ash and gypsum would have
a more favourable impact on the landfill stability, it
would significantly reduce the initial investment in
transport and disposal systems but would also lead
to positive environmental effects.

The Mining Institute in Belgrade, for the needs of
the innovation project of the Ministry of Education,
Science and Technological Development, has
carried out the latest research related to the
development of technology of joint disposal of ash,
bottom ash and gypsum in thermal power plants.
In this paper, the characterization of samples of
ash, bottom ash and gypsum, taken from TEKO B,
is presented, i.e. physical-chemical properties were
determined using standard test methods. [1]

A BRIEF DESCRIPTION OF THE
TECHNOLOGICAL PROCESS OF
COLLECTING ASH, BOTTOM ASH AND
GYPSUM

The technological ash collection process is preceded by
the coal combustion process in the boiler furnace, as
well as the process of ash separation using electrostatic
precipitators. The ash is separated from the flue gas
duct, from the both rotary air pre-heaters (LUV) and
is transported pneumatically to the ash silo.

Bottom ash is another product that is the result
of combustion of coal in boilers. In each of the
two boilers, larger particles from the combustion
residues, which are not caught as ashes in
electrostatic precipitators, fall off like a bottom
ash on two symmetrically arranged perimeter
grids in the lower part of the boiler. At the end
of each grid, the bottom ash falls into one of two
symmetrically arranged cooling tanks beneath the
boiler (scrapers), which are used to extract bottom
ash. Bottom ash is transported from the scrapers
by the conveyor belt system either to loading into
trucks or to a crasher which chops the bottom ash
up to the size below 10 mm. [2]

The discharge of flue gas from the combustion
process into the atmosphere is carried out through
a chimney. Before the discharge through the
chimney, the flue gas is purified In high voltage
dicharge facility for the control of particulate
pollution, and then in the flue gas desulphurization
(FGD) plant, which enables the control of the
emissions of S0,. This flue gas desulphurisation
process is a wet limestone-gypsum process, with
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KOM Kao COpOEHTOM M THIICOM Kao KpajBuM HY-
CIIPOIYKTOM.

ITyryjyha dunrepcka Maca rurca u3 30He VCIIMpama
YIas| y 30HY MCYIIMBarba ¥ KOHAYHO Ce IIPecuIa Ha
TPaKy 3a TPaHCIOPT OCYIIEHOT TUIICa IpeMa CKIIa-
mumTy. Ocymreny rutic (ca oko 19% Brare) ce TpaHc-
HOpTYje IpeMa CKIaIUINTy IUIICa, OfAK/Ie Ce OTIpe-
Ma CIIO/bHMM KOPYCHVILIMMA VTN Ha JIeNOHujy. [3]

Y30PIM 3A VICITTVIBAIBA

Y30pKkoBame je jelaH Ofi HajOMTHUjUX KOpaka y
IpoLecy KapaKTepusalyje MUHEPATHUX CUPOBU-
Ha, 360T TOTa je MPaBWTHO Y30PKOBahe Off CYIITUH-
CKOT 3Ha4aja 3a Jo01jatbe KOMIUIETHIX IIOlaTaKa o
HEKOM MaTepujay.

ITocrynak ysopkoBama Iemena LU/bake U TUICa, Y
TEKO b je npunarohen ycmoBuma Ha TepeHy Kao 1
CUPOBMHI KOja ce y30pKyje. MeTofa y3opKoBama
je M3abpaHa Ha OCHOBY TEXHOJIOLIKOT IIpOLieca y
HIOTOHY TEPMOENIEKTPAHE.

Ysumame ysopaka Iemena M IIUbake BPIIEHO je
PYYHO, TOKOM jelHe CMeHe, Y IIeprofy off 8 yacosa
y jeflHaKMM BPeMEHCKMM MHTepBa/lNMa, 0K je 3a
noTpebe y3opKkoBama rmrica 610 MOHTVMPAH MOH-
TaXHO-JIEMOHTa)XHN Y30pKMBau momohy kojer je
y30pak Takohe y3VMMaH y jeIHaKMM BPeMEHCKUM
MHTEepPBa/INMa y TOKY jeliHe CMeHe.

[Tocne onpehenor Bpemena notpe6HoOr 3a xmabhere
MaTepujajia, Ha JIMI[y MeCTa je BplIIeHa XOMOT€HN-
3alUja CBAaKOI y3eTOI y30pKa, ckpahuBame y3o0-
paKa U IaKoBambe y KOJMYMHY IIPOINCAHOj 3a Ty
BPCTy MaTepujaia.

Y30pKoBabe eeKTPOPUITPCKOT [elIefia je BPLIEHO
Ha PeBMU3MOHUM OTBOPMMA M3HAJ, XMAPAYINIKIX
ejeKTopa, Ha 0CaM MEePHUX MeCTa a Y30pLU KOT-
JIOBCKOT IIeIleJIa Y3eTH Cy ca [jBa MepHa MecTa, Ha
PEBU3MOHOM OTBOPY HEIOCPERHO IIpe T3B. ,9ajHN-
ka“, (Cnuka la) u 6)).

limestone as sorbent and gypsum as the final by-
product.

Traveling filter mass of gypsum goes from the
rinsing zone into the drying zone and it is finally
poured onto the belt for the transport of dried
gypsum to the warehouse. Dried gypsum (with
about 19% moisture) is transported to a warehouse
of gypsum, from where it is dispatched to external
users or to a landfill. [3]

TEST SAMPLES

Sampling is one of the most important steps in the
process of characterizing mineral resources and
therefore proper sampling is essential for obtaining
complete data on some material.

The process of sampling ash, bottom ash and
gypsum in TEKO B is adapted to the field conditions
as well as to the raw material which is sampled.
The sampling method was selected based on the
technological process in the power plant.

Ash and bottom ash sampling were carried out
manually, during one shift, in the period of 8 hours
at equal time intervals, while the assembly and
disassembly sampler, by which the sample was
also being taken at equal time intervals during a
single shift, was installed for the needs of sampling

gypsum.

After a certain amount of time needed for cooling
the material, homogenization of each sample taken,
shortening of the samples and packaging in the
quantity prescribed for this type of material were
performed on the spot.

Sampling of fly ash was carried out at the inspection
panels above the hydraulic ejectors at eight
measuring points and the samples of boiler ash were
taken from two measuring points, at the inspection
panels right before the so-called “teapot’, (Figures
la) and b)).

Cnuxal, Mecma Ha Kojuma cy y3umanu y30puu nenesna
Figure 1, The sites where ash samples were taken

Tymau / Legend: a) enexrpodunrepckor memerna / fly ash, 6) kormoBckor nemnena / boiler ash
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Y3opKoBambe IIJbaKe je BPIIEHO ca Tpake Ipe Ipo-
Ijeca YCUTHaBabha, OJJHOCHO IIpe pelieTKe U fpo-

6unuie (cnmka 2).

Sampling of bottom ash was carried out on the belt
before the grinding process, that is, before the grid
and crusher (figure 2).

Cnuxa 2, Mecmo Ha KoM je y3em y30pax uivake
Figure 2, The place where a bottom ash sample was taken

IToropHo MecTo 3a y3sumarbe y3opaka I'Iica je Tpa-
Ka KOja TPaHCIIOPTYje OCYLIEHN) TUIIC IO CK/Tajia Ha
KOjy jé 3a Ty CBPXY IIOCTaB/beH MOHTa)KHO JIEMOH-
Ta)KHY Y30pKuBad (c/mKa 3).

A suitable place for sampling gypsum is a conveyor
belt that transports dried gypsum to a storage
facility where an assembly and disassembly sampler
is installed for this purpose (figure 3).

XHPOIHKIIOH
hydrocyclone

BOIIA 32 HCITHPAbe
flushing water

BaKyM Gunrep

MECTO Y30DKOBambha

vacuum filter

sampling place
TpaHCIIopTep \

transporter (: — ij

|

CKITaf THIIca
gypsum stack

¢unTpar
filtrate

Cnuxa 3, lllemamcku npukas mecma y30pKoéarea 2unca
Figure 3, Schematic representation of a gypsum sampling site

METOJE VCIIUTVIBAIbBA

Kapakrepusanuja ysopaka HofipasymMeBana je Ofi-
pebuBame OCHOBHUX (N3NIKO-XEMMjCKUX OCO-
OuHa Iernera, MbaKe U TUIICA ¥ TO: YKyIIHe BJIare,
IPaHyJIOMETPUjCKOT cacTaBa Y30pKa, HaCUIIHE U
3alpeMIHCKe Mace, criennaHe Mace, crennud-
HE€ NIIOBPUINHE N XeMI/IjCKOI‘ cacTaBa CTaHOAPAHUM
Merofama. [Ipunpema y3opaka U cBe aHamu3se Cy
ypabeHe y maboparopujama Pymapckor MHCTUTYTa.
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TEST METHODS

Characterization of samples implied determination
of basic physical and chemical properties of
ash, bottom ash and gypsum: total moisture,
granulometric composition, tapped and bulk
density, specific mass, specific surface area and
chemical composition by standard methods. The
preparation of samples and all analysis were done
in the laboratories of the Mining Institute.
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Cappikaj BIare MCHMUTAH je HA HOMA3HUM Y30p-
LVMa [Ipe HUXOBE KapaKTepyusaluje, CYLIeHeM Y
cyuaniy Ha 105°C 1o KoHCTaHTHe Mace. [4]

OpnpebuBame rpaHyTOMeTPUjCKOT cacTaBa je Bp-
IIIEHO IIPOCejaBalbeM Ha CTaHAapAHMM Jaboparo-
pujckuM cutuma. IlpocejaBame je 06aB/bEHO pyd-
HO, Ha cuTtuMa cepuje tnia Laboratory Test Sieve
Endecotts LTD London England n DIN. [11]

W3 rpanynoMeTpujckor cactaBa moryhe je oppe-
mntu xoedunujent yaudopmuoctu (Cu). Koe-
¢unujeHT yHUPOPMHOCTH IOKasyje HYMEPUUKY
BPEJHOCT jeHOINYHOCTY 3PHA Y Y30PKY 1 F001ja
Ce PauyHCKVM ITyTeM, IPH Y4eMy:

CU - deo/ le

d,, - ebextusHa xpymHoha 3pHa, off Kojer je 10%
MaTepujaja y y30pKy Make Off OBe KpyIHohe;

d,, - nomMrHaHTHa KpymHOha 3pHa, off Kojer je 60%
Marepujaia y y30pKy Mame Off OBe KpymHohe

(CU<5 - jemHonmuyaH cactas, 5<C <15 - ymepe-
HO jepHOMMYaH cacras, C >15 - HejenHOMMYAH
cacra). [5]

OnpebuBame HacumHe Mace y3opaka je BpIIEHO
MepemweM Maca y3opaka y mocysu snpemuse 11 mpe
u noce 36ujama. IlocTynak je omnmcaH y cTaHfap-
my. [11] Pesynratu cy mpukasanu rpadyyKim.

Cnenuduyne mace y3opaxa cy onpehene momohy
crak/ieHor nukHOMerpa. [locTymak je ommcad y
cranpapny. [11] Bpemnoctu cnenmdnynmnx maca
y30paka Cy npuKasaHe rpaduyKi.

Cnenuduyna noBpmmnHa Marepujana (IOBpLIIMHA
jemuHMIIe Mace) je BaXKHa, jep ce HheHMM MepemeM
mpare Ipolecy xmppaTanuje un ouspurhaBara a
moryhe je KOHTPOJIMCATV MHOTE TEXHOJIOIIKE IIPO-
nece. [6,7] Cnenudnyna MoBpIIMHA je MepeHa Ha
ypebajy 3a ogpehusame crnenmduyne mospuvHe
T3B. briejHoBOM nepmeabumumerpy. [11]

XeMujcKu cacTas y3opaka ofpebeH je cranmapaHumM
aHaJIM3aMa 3a OBy BPCTy cupoBuHa y Jlaboparopuju
3a yBpcTa ropusa Pymapckor mHcTuTyTA. [12]

PE3YJITATU 1 IVICKYCUJA

OnpebuBameM cafipskaja Blare y HoIasHUM y30p-
1Ma, yTBpheHo je fla cpefa BPETHOCT YKYIIHe
BJIare y y30pLMMa Lubake msHocu 44,1%, y ysop-
nyMa runca 19,4%. Enexrpo-gunrepcku mermeo je
HPaKTUYHO CYB, 6€3 BJIare y OICery TaYHOCTHU Me-
pema Mace.

The moisture content was tested on the starting
samples prior to their characterization, by drying in
adryer at 105°C to the constant weight. [4]

The determination of the granulometric
composition was performed by sieving on standard
laboratory sieves. The sieving was done manually,
on the series of sieves such as Laboratory Test Sieve
Endecotts LTD London England and DIN. [11]

The uniformity coefficient (Cu) may be
determined from the granulometric composition.
The uniformity coefficient shows the numerical
value of the grain uniformity in the sample and is
obtained by the following calculation, whereby:

(1)

d . - the effective grain size, of which 10% of the

10
material in the sample is smaller than this size;

d, - the effective grain size, of which 60% of the
material in the sample is smaller than this size

(CU<5 - uniform composition, 5<CU<15 -
moderately uniform composition, C >15 - non-
uniform composition). [5]

Determination of the bulk mass of the samples was
done by measuring the mass of the samples in a
11 container before and after the compaction. The
procedure is described in the standard. [11] The
results are shown graphically.

Specific masses of samples were determined using
a glass pycnometer. The procedure is described in
the standard. [11] The values of the specific masses
of the samples are shown graphically.

The specific surface area of the material (the
surface area of the mass unit) is important because
its measurement keeps track of the processes of
hydration and hardening, and it is possible to
control many technological processes. [6,7] The
specific surface area was measured on the device
for determining the specific surface area, on the so-
called Blaine Air Permeability Apparatus. [11]

The chemical composition of the samples was
determined by standard analysis for this type of
raw materials in the Laboratory of Solid Fuels of the
Mining Institute. [12]

RESULTS AND DISCUSSION

By determining the moisture content in the initial
samples, it was determined that the mean moisture
content in the bottom ash samples was 44,1%, and
in the gypsum samples 19,4%. Ash is practically dry,
without moisture within the range of the accuracy
of the mass measurement.
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IpanynomeTpujckm cacTtaB y3opaka IpHUKasaH je
IpeKo MaceHor ydeinha kmaca kpynHohe y Tabena-
Ma 1, 2 u 3. KymynaTtuBHe KpuBe OficeBa U IIpoceBa
y3opaka Ilenerna, lybake ¥ TUIICa Cy IPMKa3aHM Ha
cnukama 4, 5 n 6.

The granulometric composition of the samples is
shown by the mass fraction of the bulk classes in
Tables 1, 2 and 3. Cumulative curves of oversize and
undersize of the samples of ash, bottom ash and
gypsum are shown in Figures 4, 5 and 6.

Tabena 1, Ipanynomempujcku cacmag y3opka nenena
Table 1, Grain size distribution of an ash sample

Kaace kpynHohe / size class,
d (mm)
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Cnuxa 4, Kymynamusua kpuea 00cesa u npocesa y30pka nenena
Figure 4, Cumulative curve of oversize and undersize of an ash sample

Tymau / Legend: 1) xpuBa oficeBa / oversize curve,
2) xpuBa npocesa / undersize curve, 3)qupexTHa kpysa / direct curve

Kao 1mTo ce ca cimke 4 MO)Ke BULETHU CPeEbY IIped-
HUK 3pHa nenena (dsr) msHocu 0,13 mm a ropma
rpannyHa KpymnHoha (ggk) 0,43 mm. ITpucycrso
cuTHUX Knaca kpymaohe -0,150+0 mm y y30pky
eeKTPODIITEPKOT Telena n3HocK 67,92%.
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As can be seen from Figure 4, the mean diameter of
the ash grain (dsr) is 0,13 mm and the upper limit
bulk (ggk) is 0,43 mm. The presence of small bulk
classes -0,150+0 mm in the sample of a fly ash is
67,92%.
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Ca KkyMynyTaBHe KpMBe IIpoceBa Koja je IpUKa3aHa
je Ha CIUIM 5 MOXKe Ce OUUTATU CPefbI IPEIHUK
3pHa (dsr) u ropwa rpannyHa Kpynaoha (ggk) xoju
3a y3opak 1upake usHoce: dsr=0,65 mm, ggk=3,8
mm. OppebuBameM rpaHyIOMeTPUjCKOr cacTaBa
y30pKa IIbake yTBphHeHO je NMpUCYCTBO CUTHUX
knaca -0,150+0 mm op cBera 9,22%.

From the cumulative curve of the undersize shown
in Figure 5, the mean diameter of the grain (dsr) and
the upper limit bulk (ggk) can be read out, which
for the sample of a bottom ash are: dsr=0,65 mm,
ggk=3,8 mm. Determination of the granulometric
composition of a bottom ash sample revealed the
presence of small classes -0,150+0 mm of only 9,22%.

Tab6ena 2, Ipanynomempujcku cacmaeg y30pka wipake
Table 2, Grain size distribution of a bottom ash sample

Kaace kpynHohe / size class,
d (mm)

m Xm| Xm?

- 6,30 +
- 5,00
- 3,35
. 2,00
. 1,18
- 0,60
- 0,42
- 0,30
- 0,20
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- 0,06
- 0,05
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Cnuxka 5, Kymynamusna kpusa o0ceséa u npocesa y30pka uipaxe
Figure 5, Cumulative curve of oversize and undersize of a bottom ash sample

Tymau / Legend: 1) xpusa oficeBa / oversize curve,
2) kpuBa npocesa / undersize curve, 3)aupexraa kpusa / direct curve

Cpenmy mpeynuk spHa (d ) m ropma rpaHmdHa
kpymHoha (ggk) 3a ysopak rumca msHoce: d _=0,26
mm, ggk=0,56 mm (cnuxka 6). [Ipema npuxazanum

The mean grain diameter (dsr) and the upper limit bulk
(ggk) for the gypsum sample are: d_=0,26 mm, ggk=0,56
mm (figure 6). According to the results shown, it can
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pesyaTaTMa MOYKe Ce YOUMTH [ je 110 Y30paK IUIl-
ca maceHor ydernha kmace kpymnaohe -0,063+0 mm.

be noticed that the entire sample of gypsum is a mass
fraction of the bulk class -0,063+0 mm.

Tabena 3, Iparnynomempujcku cacmae eunca
Table 3, Grain size distribution of a gypsum

Klase krupnoée / size class, m Tm| Tmi
d (mm) (%) (%) %)
.............. 085 100,00
............ 14’43 99315
........... 34’58 85357
........... 57’21 65342
........... 77’78 42:79
........... 90’12 22722
........... 95’06 9788
100,00 4,94
100 r\‘
0 ¥ X -
4 P,
80 + \ /
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30 + //
10 £l 4
F ool \
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Cnuxka 6, Kymynamuena kpusa o0ceéa u npocesa y30pka eunca
Figure 6, Cumulative curve of oversize and undersize of a gypsum sample

Tymau / Legend: 1) xpuBa oficeBa / oversize curve,

2) kpuBa npocesa / undersize curve, 3)aupexraa kpusa / direct curve

Ha ocHOBy foOujeHNx pesynrara U3 rpaHylIoMe-
TPUjCKOT cacTaBa ofipeheH je xKoedunmjeHT yHNU-
dopmuoctu (Cu). Kao mrro cMo mcraknmm Koe-
¢unujeHT YHUPOPMHOCTY TIOKasyje HyMepUyKy
BPEHOCT jeTHONMMYHOCTH 3PHA Y Y30PKY U Tobuja
C€ Pa9YyHCKUM IIyTEM:

VspauyHaro je Aa y30pax rernesa nma KoeuumjeHT
yuudopmuocT 2, mbaka 0,5 u rurc 3,75. C 063u-
POM fia cy HobMjeHe BPEHOCTH UCIIO 5, MOXe ce
3aK/bYYUTH JIa CE PAJIM O jeJHONIMYHOM CacTaBy KOf
CBMX MCIIUTUBAHUX y30paKa.

On the basis of the obtained results, the uniformity
coefficient (Cu) was determined from the
granulometric composition. As we have pointed
out, the uniformity coeflicient shows the numerical
value of the grain uniformity in the sample and is
obtained by the following calculation: C, =d /d,,

It was calculated that the ash sample had uniformity
coeflicient 2, bottom ash 0,5, and gypsum 3,75.
Since the values obtained are below 5, it can be
concluded that this is a uniform composition in all
the tested samples.

C,=d,/d,

U
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Hacumae Mace ysopaka fo6ujeHe MepemeM Maca
y3opaka y mocyau sampemuHe 1l mpukasane cy
Ha cynym 7. O4MITIeAHO je [ia y30paK ruica uma
HajBehy HacUITHY Macy Kako y pacTpecuTOM TaKo 1
y 301jeHOM CTaby, HEIITO HIKe BPEHOCTY CY KOJ,
y30pKa Iemena JOK HAaCUITHA Maca y30pKa I/bake

rinc / gypsum

wreaka / bottom ash

neneo/ ash

The bulk density of the samples obtained by
measuring the mass of the samples in a 1 liter
container is shown in Figure 7. It is obvious that the
gypsum sample has the largest bulk density in both
the loose and compact state, somewhat lower values
are in the ash sample, while the bulk density of the

m 36ujeHo / compact

EpacTpecuto/ loose

0 200

800 1000 1200

600

g/dm?

Cnuxa 7, Hacunue mace y30paxa y 30UjeHoM U pacmpecurmom cmaroy
Figure 7, Bulk density of samples in a compact and loose state

MMa HajHIDKY BpefgHOCT. [JobujeHe BpemHOCTH CY
Y CaITIaCHOCTH Ca pe3yATaTuMa IpaHylIoMeTpHjcKe
aHanmse.

BpennocTy cienudpuyHuX Maca y3opaka Cy IpuKa-
3aHe Ha oy 8. Hajpehy crenuduany macy nma
y30pak IUbake 1 usHocH 2,11 g/cm?, 3aTvm mermeo
ca 2,1 g/cm’, MoK HajMamy BPETHOCT MMa y30paK
rumca 2,09 g/cm®.

nc / gypsum

neneo / ash

bottom ash sample has the lowest value. The values
obtained are in accordance with the results of the
granulometric analysis.

The values of the specific mass of the samples are
shown in Figure 8. The largest specific mass has
a sample of bottom ash and it is 2,11 g/cm?, then
comes ash with 2,1 g/cm’, while the smallest value
has a gypsum sample 2,09 g/cm’.

gfcm?

Cnuxa 8, Bpednocmu cheyuguute mace y3opaxa
Figure 8, Values of the specific mass of samples

141




J. Hewxosuh, I1. Cmjenanosuh, K. Kony Janxosuh []. Jlasuh V. Josanosuh - Kapakmepusauyuja nenena, wiwake u eunca 3a nompebe paseoja..., 133-145
J. Neskovié, P. Stjepanovié, K. Konc Jankovié, D. Lazié, I. Jovanovic - Characterization of ash, Bottom ash and Gypsum for the Development..., 133-145

CrerpydurdHa MOBPILVHA je MEpeHa Ha Y30PKY IleIena
¥ TuIica VisMepeHa BPEIHOCT CIIeIyi(iIHe TOBPILIN-
He 3a Ilerieo u3Hocy 2350 cm?/g a 3a rumc 3550 cm*/g
mrro norBphyje nmomarak fa ca mosehamem ¢uHohe
pacTe 1 BpeQHOCT crerudyiHe IOBPIINHE.

3a moTpebe XeMMjCKUX MCIUTUBaba y3opaka (op-
MUpaH je KOMIIO3UTHM y30paK Ileresna Koju ce
cacTojao of 94% enexrpoduiarepckor u 6% KoT-
JIOBCKOI' IIellefla, CYBMM MelllalbeM y aboparo-
PMjCKOj MEIIA/INLIM Y TPajalby Of IIeT MUHYTA.

Peaknuja: kucena / Reaction : acidic
Axtusan CaO (%) = 0,20 / Active CaO (%) = 0,20

Peaximja: jako kucena / Reaction : very acidic
Axtusun CaO (%) < 0,20 / Active CaO (%) < 0,20

Tabena 4, Xemujcku cacmas y3opxa nenena
Table 4, Chemical composition of an ash sample

The specific surface area was measured on a sample
of ash and gypsum. The measured value of the
specific ash surface area is 2350 cm?/g and of the
gypsum is 3550 cm?*/g which is confirmed by the
fact that the increase in the fineness increases the
value of the specific surface area.

For the chemical analysis of samples, a composite
ash sample consisting of 94% fly ash and 6% of
boiler ash was formed by dry mixing in a laboratory
mixer for five minutes.

Reaction : acidic
Active CaO (%) = 0,20

Reaction : very acidic
Active CaO (%) < 0,20

T'yonrak
SiO, Fe, O, ALO, CaO MgO SO, P,0, TiO, Na,O K,O | xapemem* /loss
of ignition
52,38 11,37 19,59 8,41 2,15 1,72 | 0,06 | 0,76 0,31 1,02 2,45
Peaxnnja: jako 6asHa / Reaction : very basic Reaction : very basic
Tabena 5, Xemujcku cacmas y30pka uibake
Table 5, Chemical composition of a bottom ash sample
I'yourak

SiO, Fe,0, ALO, CaO MgO SO P,0, TiO, Na,O K,0 Kapemem™ /
loss of ignition
37,10 7,29 16,01 5,54 1,66 1,86 0,04 0,51 0,07 0,63 29,17
Tabena 6, Xemujcku cacmas y3opka sunca
Table 4, Chemical composition of a gypsum sample
I'yourak
Sio, Fe,0, ALO, Ca0O MgO SO, P,0, TiO, Na, O K,0O sKapemeM* / loss
of ignition
0,96 0,10 3,06 | 2529 | 0,04 41,78 0,01 0,06 0,89 0,28 27,06

[Tpema VIHTepHAIMOHANHOM CHUCTeMY Kaacuguka-
11je, TofieNIa eeKTPOIITEPCKOT IIeTIeNIa, BPLIM ce
Ha npuHIMIy cazpxaja SiO, i AL O,. [Tpema T0j Kr1a-
cnuKanyju eneKTpoPUITEPCKI Iereo MOXKe Ja ce
CBpCTa y YeTHPY OCHOBHE TPYIIe: a/TyMOCUIMKATHY
(tun I), cunukarno-anymmsatau (tun II), cyngar-
Ho-ankanaay (tumn I11) u kanmurcku (tun IV).

Tum I je amymocunmmKkaTHEN 1 KOJ, KOTa je MaceH! Off-
Hoc cappxaja okenpma SiO,/ALO, >2, canpxaj CaO
Matbu off 15%, moxk ce canpxaj SO, Huje meduHMCaH.

CunukarHo-anymyHatHY (tun II), mpu wemy je op-
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According to the International Classification
System, the division of fly ash is carried out
based on SiO, and Al O,. According to this
classification, fly ash can be classified into four
basic groups: aluminosilicate (type I), silicate-
aluminate (type II), sulfate-alkaline (type IIT) and
calcite (type IV).

Type I is an aluminosilicate with a mass ratio of
oxide content SiOZ/AIZO3 >2, CaO content less than
15%, while the SO, content is not defined.

Silicate-aluminate (type II), with the ration SiO,/
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Hoc Si0 /Al 0,<2, canpxaj CaO mamwnu of 15%, a
cazpkaj SO, Mawu of, 3%.

Cyndarno-ankanan (tun III), xoju cagp>xu Buire
ox 15% CaO u Buize ox 3% SO,, 1ok MaceHu OIHOC
SiO, n AL O, nuje nedunncan.

Kamumrckn (tum IV) ca Bucokum cappxajem CaO
(>15%) u HUCKUM cappkajeM cyndara (<3%), mpu
gemy ce oxHoc SiO,/Al O, Takobe e medunmmIe.

(8]

Ha ocHOBY cafjalmsx pe3y/nTaTa XeMUjCKOT cacTa-
Ba UCHUTUBAHNUX Y30PaKa, jaCHO ce BU/M fia MeTeo
TE ,Kocroman b“ mpunaga Tumy I, rae je: SiO, ca
52,38%, canpxaj okcupma SiO,/AL O, >2, a sadrzaj
CaO je 8,41%.

lI’baka je yrmaBHOM MHepTaH MaTepujan. Ha meny
XeMI/IjCKy AKTMBHOCT AMPEKTHO yTN4Y€ BEININHA
3pHa u cazipxaj SiO, n Al O, xoju je 3HaTHO Mambu
HeTO y Ierneny. Benuku ry6urax »xapermbeM, a cCaMuM
THUM I cafpxaj yrbeHnka (C) y Iupary, Moxe 1uMa-
TU HEraTMBaH YTHUIAj HA MeXaHM4IKe ocobnHe Me-
IIaBJHe IIpe CBera Ha IPUTHCHY YBpCTOhy.

Canpxaj SiO, y runcy mnsnocn ucrnop, 1%, ok cy
spenHoctn AL O, n Fe O, HibKe y oflHOCY Ha I/ba-
Ky. CaO je mpucyran ca 25,29%. Cnobogan CaO y
TOKY XUJpaTalyje JOBOAY 1O IOpacTa 3alpeMyHe I
IpY IIPOPAYYHY cacTaBa MelllaBIHE BEOMa je BayKHO
to mpensupetn. CutHuje dectune CaO Opxe xu-
Ipupajy 1 Tafia xugparamnuja cnobogror CaO Hema
Beher HeraTUBHOT fiejcTBa y MelIaBUHIUL. [9]

3AK/bYYAK

Ha penpeseHTaTMBHMM IONAa3HMM y30pLMMa HYC
IpoflyKaTa caropeBama TEPMOEHEPreTCKOr II0-
crpojema TEKO b m3BpiieHa cy amekBaTHa /a-
6oparopujcka MCIMUTVMBama (QUIMIKO-XEMUjCKIX
KapaKTepUCTHKa y30paka. [In/b OBUX NCIMTHBamba
je ma ce medpuHMIIE 1 TTO6OJBITA TEXHOOTHjA 3ajefi-
HIYKOT Ofi/Iararba Iernea, MbaKe 1 IUICca KOju Kao
TaKBJ HeMajy IIJITACMAaH Ha TP KMUIITE.

KomnileTHa KapakTepusalMja IOMA3HUX Y30paKa
je Ouia TIoMTa3Ha OCHOBA 32 fla/ba MCIIUTUBAKA KOja
Cy CIIpOBefieHa Y OKBMPY VIHOBaIMOHOT MPOjeKTa.
»Pa3BOj TeXHONOIMje 3aje[HNYIKOr Ojjlarama IIe-
IefIa, IIUbaKe ¥ TUIICA U3 TePMOeNeKTPaHa y LUby
Ho00/bIIaka eKOTOMKIX I eKOHOMCKIX Iep¢op-
maHcu“ MuHMCTapCTBa IPOCBETe, HayKe M TEXHO-
JIOLIKOT pa3Boja, 6poj 391-00-16/2017-16/25, 2017.

PesynTaTu THX HCTpaKuBama NOTBpDyjy dnmme-
HUILY Jla TIOCTYMAK 3ajefHMYKOr Ofjlarama Ilere-

ALO,<2, CaO content less than 15%, and SO,
content is less than 3%.

Sulfate-alkaline (type III), which has more than
15% CaO and more than 3% SO,, while the mass
ratio of SiO, and Al O, is not defined.

Calcite (type IV) with high CaO content (>15%)
and low sulfate content (<3%), whereby the SiO,/
Al O, ratio is also not defined. [8]

Based on the current results of the chemical
composition of the samples tested, it can be clearly
seen that the ash TPP “Kostolac B” belongs to Type
I, where: SiO, with 52,38%, the content of oxide
SiO,/AL,O, >2, and the content of CaO is 8,41%.

Bottom ash is mostly inert material. Its chemical
activity is directly affected by the grain size and the
content of SiO, and AL,O, which is considerably
smaller than in ash. The large loss by loss of
ignition, and therefore the content of carbon
(C) in the clay, may have a negative effect on the
mechanical properties of the mixture, primarily on
the compressive strength.

The content of SiO, in gypsum is below 1%, while
the values of ALLO, and Fe O, are lower compared to
bottom ash. CaO is present with 25,29%. Free CaO
during hydration leads to an increase in volume and
it is very important to predict that when calculating
the composition of the mixture. Smaller particles of
CaO hydrate more quickly and then the hydration
of free CaO has no greater negative effect in the
mixture. [9]

CONCLUSION

On the representative initial samples of by-products of
the combustion of the thermal power plant TEKO B,
adequate laboratory tests of the physical and chemical
characteristics of the samples were carried out. The aim
of these tests is to define and improve the technology of
joint disposal of ash, bottom ash and gypsum, which as
such have no placement on the market.

The complete characterization of the initial samples
was the starting point for further testing carried
out within the Innovation Project “Development
of the technology of joint disposal of ash, bottom
ash and gypsum from thermal power plants in
order to improve the ecological and economic
performance” of the Ministry of Education, Science
and Technological Development, number 391-00-
16/2017-16/25, 2017.

The results of these studies confirm the fact that
the process of joint disposal of ash, bottom ash and
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gypsum significantly contributes to the reduction
of the environmental impact which is shown in the
latest work. [10]

J1a, MbaKe U TUIICA 3HATHO [JOIPUHOCH CMAaIbery
yTHILaja Ha )XUBOTHY CPEVHY ILIITO je IPUKa3aHO Y
HajHOBUjeM pagy. [10]

JINTEPATYPA REFERENCES

144

Kocrosuh H.-pykoBopgwian mpojekra u
Ip., PasBoj TexHomoruje sajeHMYKOT OfijIa-
rama Iernesna, ybake M TUIICA U3 TepMoe-
JIeKTpaHa y /by HOOO/bIIaa €KOMOIIKIX
U eKOHOMCKMX Iepdopmancy, 6poj 391-
00-16/2017-16/25 VIHOBaMOHM IpOjeKaT
MunucrapcTBa IpocBeTe, HayKe ¥ TeXHO-
JIOILIKOT pa3Boja, beorpan, 2017, 15 cTp.

Crjenanosuh I1.-pykoBogmnan u gp., Vs-
BEITaj O Y30pPKOBalkby ¥ KOHTPOTHMUM
MepemrMa Ha CUCTeMY 3a INIPUIIPEMY I
TpaHcnopt nenena u mbake TEKO b u fre-
nonuju nemnena Ha IIK , hupukosan®, Py-
TApCKU MHCTUTYT, beorpan, 2011, 28 cTp.

Munosanosuh B.-pykoBopmnan mpojex-
ta; ITocTpojeme 3a oficyMIiopaBame AuUM-
HUX racosa, Eneprompojekr Enten a.m.,
beorpagp, 2015, 169 cTp.

Tomanern P, Mertone ncnuruBama MIuHe-
pamHNX CHpOBNHA y IIpUIIpeM MMHEpaI-
HUX CUPOBMHA, Pymapcko-reonomknu da-
KynreT, beorpan, 2000, 315 cTp.

Ramunh H., Teopujcku ocHoBuU mpumpeme
MUHEpaJTHUX CUPOBUMHA, Pymapcko-reo-
noutku paxynret, beorpag, 1990, 496 ctp.

Matryumnosnh T., Bp6oc H., Umxemwep-
CTBO MUHepaNHuX Be3usa, DakynreT Ke-
MUjCKOT MHXXEHepCTBa U TEXHONIOTHje,
2011, 96 cTp.

Tpudynosuh II., 3exosuh M., Bykano-
suh H, Pymapcku matepujami, PT®, beo-
rpanm, 1999, 404 ctp.

JoBanosuh V., Byrapun M., Marganuno-
Buh C., IIperyen caBpeMeHNX CBETCKUX NC-
TpaKiBama O KapaKTepucTrnkama neteher
Terena Kao CeKyHlapHe MUHEepasHe CUPO-
BuHe; ieo 1, DOI:10.5937/MMEB1302147],
Mining & Metallurgy Engineering Bor,
bpoj 2, str. 157-166, 2013.

Vinuh U., marucrapcku pag ,,MoryhHoct
[pUMeHe MUKPOHU3UPAHOT U KITaCHPaHOT
eNeKTpOUITEPCKOT TIerea Kao afiuTuBa
3a IIPOM3BOALY IpaheBMHCKMX MaTepuja-
nma®, 2009, 124 cTp.

Innovation project of the Ministry of
Education, Science and Technological
Development, number 391-00-16/2017-
16/25 “Development of the technology
of joint disposal of ash, bottom ash and
gypsum from thermal power plants in order
to improve the ecological and economic
performance’, Mining Institute Belgrade,
2017, manager Kostovi¢ N, pp 15.

Report on sampling and control
measurements on the system for the
preparation and transport of ash and
bottom ash from TEKO B and ash dumps
to SM “Cirikovac”, Mining Institute
Belgrade, 2011, manager Stjepanovi¢ P,
pp 28.

Flue gas  desulphurization  plant,
Energoprojekt entel a.d. Belgrade, 2015,
manager Milovanovi¢ b, pp 169.

Tomanec, R., Methods of testing mineral
resources in the preparation of mineral
resources, Faculty of Mining and Geology,
Belgrade, 2000, 315 p

Cali¢, N., Theoretical basis of preparation
of mineral resources, Faculty of Mining
and Geology, Belgrade, 1990, 496 p

Matusinovi¢, T., Vrbo,s N., Engineering
of mineral binders, Faculty of Chemical
Engineering and Technology 2011, 96 p

Trifunovi¢, P, Zekovi¢, M., Pukanovié, N.,
Mining materials, Faculty of Mining and
Geology, Belgrade, 1999, 404 p

Jovanovi¢, I, Bugarin, M., Magdalinovi¢,
S., An overview of contemporary world
research on the characteristics of fly ash
as a secondary mineral resource; part 1,
doi:10.5937/MMEB1302147], Mining &
Metallurgy Engineering Bor, Number 2,
2013, pp. 157-166.

Ili¢, 1., master’s thesis, “The possibility
of using micronized and graded fly
ash as additives for the production of
construction materials, 2009, 124 p



J. Hewxosuh, I1. Cmjenarosuh, K. Kony Jauxosuh []. Jlasuh V. Josanosuh - Kapakmepusauuja nenena, wiwaxe u eunca 3a nompebe paseoja..., 133-145
J. Neskovié, P. Stjepanovié, K. Konc Jankovié, D. Lazié, I. Jovanovic - Characterization of ash, Bottom ash and Gypsum for the Development..., 133-145

10. ITasnosuh M., Turos M., Ilerxkosuh C.,

11.

12.

Hemkosuh J., Crjemanosuh II., Yrtumaj
Bas[yIIHOI CTPyjalba Ha Be3MBHA CBOj-
CTBa TIelleNa, /baKe M afjuTHBa, Pymap-
CKM ITIaCHMK, 2018, y mramnn

Cranpapan: SRPS B.B1.018/2005, SRPS
B.B8.030/1986, SRPS EN ISO 17892-
3:2016, SRPS B.C8.026/1966

Cranpapprae merone (EPA 3052:1996 u
EPA Method 6010C:2007)

10.

11

12.

Pavlovi¢, M., Gigov, M., Petkovi¢, S,
Neskovi¢, J., Stjepanovi¢, P, The influence
of air flow on the binding properties of
ash, bottom ash and additives, Bulletin of
Mines, 2018, in press.

Standard: SRPS B.B1.018/2005, SRPS
B.B8.030/1986, SRPS EN ISO 17892-
3:2016, SRPS B.C8.026/1966

Standard methods (EPA 3052:1996 and
EPA Method 6010C:2007)

145




m PYJIAPCKU TJIACHUK N
BULLETIN OF MINES 1903.

YU ISSN 0035-9637 (CXV)1-2

YTULA] BASOYIIHOI CTPYJAIbA HA BE3VIBHA CBOJCTBA
ITEITEJIA, IVJBAKE M1 AIIMTVBA

THE INFLUENCE OF AIR FLOW ON THE BINDING PROPERTIES
OF ASH, SLAG AND ADDITIVES

DOI: 10.25075/BM.2018.11

Mapkxo ITaBnosuh Marko Pavlovi¢
Muxajio ['uros Mihajlo Gigov
Canppa IletkoBuh Sandra Petkovié¢
Jacmmna HemxoBuh Jasmina Neskovié¢
[TaBne CrjenanoBuh Pavle Stjepanovié¢
Pygapcxu unciauiiym beoipag Mining Institute Belgrade
marko.pavlovic@ribeograd.ac.rs marko.pavlovic@ribeograd.ac.rs

Caxerak: ExoHomcku u exonouiku npuxeammpusuju mpemman Hyc-npooykama cazopesarbd yemvd U3
mepmoenekmpana y 00HoCy Ha 3ace0HO 0071a2atbe 0271e0d ce Y HUX080M 3ajedHUMKOM 00/1a2atey WMo je y cknady
ca penesanmuum oupexmusama EY u domahom peeynamusom. 3a 3aje0Huuku Ha4uH 001a2ara HeEONXo0Ho je
ymapoumu mehycobnu ymuyaj nenend, wvaxe u a0umuséa Ha noOOwLUIANbE Be3UBHUX CE60jCMABA MEUIABUHE,
Kako 6u 6uno moeyhe dedunucamu ocHo8He napamempe HeONXo0He 3a e8anyauujy mozyhux mexnonozuja
007102atba U YC6ajaAba ONMUMATIHE MEXHOTIO2Uje 30 CneyuduUHe YCniose, npe céeed y HAULUM MepMOeneKmpanama.
Y pady cy npuxazanu pesynmamu UCHUmueara ymuydaja 6as0yuiHoz cmpyjarbd HA 007I0NeHy MeUasuHy
nenena, wipake U AOUMUBA CUMYNAUUJOM PEATTHUX YCI064 Y 6A30YULHOM MYHETY, HAMEHCKU KOHCMPYUCAHOM
3a npeomemua ucnumusarwa y Pydapckom uncmumymy, y Jlabopamopuju 3a 3aumumy xueomue u paoHe
cpedune. Mchumanu cy y3opuu ca pasnudumum cacmasom nemehez nenena, Komsuoéckoz nenend, uimaxe u
aoumuea (CaO u Ca(OH),) padu ymephusarwa onmumantoz capiaja adumuea u 600e y MeuasuHu nenena
U wipake, kao u oopehusarba ymuyaja 6azdyuine cmpyje Ha paséejasarve 00noxeHoe mamepujana. Vizepuiena
cy Mepera maceHux KoHuenmpauuja PM, cycnendosanux wecmuuya u oama je ynopeona aHanusa ymuuaja
Komnpecuje nemehez nenena, adumuea u caopxicaja 60de Ha cmenen emucuje PM .

Kipyune peun: neneo, wimwaka, adumusu, 6asoyuinu mymen, PM 0 oonazarpe

Summary: Economically and ecologically acceptable treatment of by-products of combustion coal from thermal
power plants, compared to separate disposal, is reflected in their jointmdisposal which is in accordance with the
relevant EU directives and domestic regulations. For the joint way of disposal, it is necessary to determine the
mutual impact of ash, slag and additives to improve the binding properties of the mixture, in order to be able
to define the basic parameters necessary for evaluating possible disposal technologies and adopting the optimal
technology for specific conditions, primarily in our thermal power plants. The paper presents the results of testing
the effects of air flow on the deposited mixture of ash, slag and additives by simulating real conditions in the
wind tunnel, specially designed for the subject tests in the Mining Institute, in the Laboratory for environmental
protection and occupation safety. Samples with different composition of fly ash, boiler ash, slag and additives (CaO
and Ca(OH),) were tested to determine the optimal content of additives and water in the mixture of ash and slag,
as well to identify the influence of wind velocity on the dispersion of the deposited material. Mass concentrations
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of PM

10

suspended particles were measured and a comparative analysis of the impact of the compression of fly ash,

additives and water content on the PM,  emission level was made.

Keywords: ash, slag, additives, wind tunnel, PM , disposal

YBO[

ITocrojehn cucreM opmmarama IpomyKara caro-
peBama Ha CBUM JeTIOHMjaMa T€PMOE/TEKTpaHa y
Cpbuju je XumpayIn4yKy TPAaHCIOPT MeIlIaBIHe Ie-
Iefia, I/baKe U BOJIe ca OJHOCOM YBPCTE VM TEYHE
¢daze Y:T-1:10 (perxa xuppomemaBuna) u 4:T-1:1
(rycra xupgpoMenaBuHa). JJogaBame afuTIBa OBOj
MeIIaBMHM 3aXTeBa CMambembe KOMMINHe BOJie Koja
ce KOPUCTH 33 TPAHCIOPT, a TO 3HAYAjHO yTUIE HA
cMamelbe 3arahyBama Bas[yxa, BOJOTOKOBA, OKOJI-
HOT 3eM/BUINTA U eKocucTeMa u noBehasa crabut-
HOCT JIeTIOHUje€.

3a yrBphuBame MehycobHor ofHoca 1 yTuiaja me-
I/, LIUbaKe M aANTNBA Ha 000/blIae BE3VBHIX
CBOjCTaBa MeIIaByHe, eUHICAHN CYy OCHOBHMU
IapaMeTpy HEONXOLHM 32 YCBajaibe OITMMAjHe
TEXHOJIOTMje OfjIarama 3a crenuguiHe ycrIoBe Ha
JlelIOHMjaMa HAIIVX TePMOEIeKTPaHa.

Pamn oppebuBama onrumanHor maceHor ydvenrha
Ielea, HUbAKe, afiMTVBA M BOJE y MeELIABIHI,
OWI0 je HEONXOJHO CTBOPUTHM TakBe naboparo-
pujcke ycnose Koju he mTo mpubmvpkHuje CuMym-
paty ycnoBe Ha geronuju. ClierjyjasHo 3a Ty HaMe-
HY KOHCTPYJMCAH je 1 Ka/MOpycaH BasayLIHNU TYHe
KOju cuMynupa Op3uHe CTpyjamba Basgyxa of 1 m/s
of 5 m/s, ca ypebajuma xoju omoryhasajy Mepema
KOHIIEHTpaIMje CyCHeHJ0BaHuX dectnia PM
(decTnua mpamHe NMpevHVKa Mamer of 10 um)
U YKYIHUX cycrieHfoBaHux dectyuna (TSP - ,total
suspended particles“), kao u Mepema penaTuBHe
B/IXKHOCTY ¥ TeMIIEpaType.

3arabuBaun npucyTHM y aMOMjeHTHOM Ba3[yXy,
mpe cBera pecmypabmine dectuie (particulate
mater —~PM) 1Majy HeraTMBHO JIejCTBO Ha J/bYZICKO
3gpaspe. O 2010. rogmHe cpricka perynatusa [1]
HPOIINCYje MOHUTOPUHI fBe (pakiuje decTHIa
HOPUCYTHUX Y Ba3AyXy, Mamux of 2.5 pm (¢punux
qecTuIa, PMZ‘S) 7 Mambux o 10 um aepopyHaMmy-
KOT TpeyHuka, PM , y umju cactas mopen ¢puHmx
JecTHIA yase 1 rpybe decTulie Koje Cy U3 oIcera
of 2.5-10 um [2].

METOIE VCITUTUBAIbA
Mepeme yKynHux cycriengosannx dyecruma (TSP)

3a MHIMKATOPCKA Meperba KOHLIeHTpalija CyCIeH-
mosaHux yectuna (TSP) y peannoM BpemeHy (mg/
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INTRODUCTION

The existing system of disposing combustion
products at all landfills of thermal power plants
in Serbia is hydraulic transport of ash, slag and
water mixtures with solid to liquid phase ratio S:
L - 1: 10 (low-density hydromixture) and S: L -1:
1 (high-density hydromixture). Adding additives
to this mixture requires a reduction in the amount
of water used for transport, and this significantly
influences the reduction of pollution of air, water-
courses, surrounding land and ecosystem and in-
creases landfill stability.

To determine the mutual relationship and the effect
of ash, slag and additives on the improvement of
binding properties of the mixture, the basic param-
eters necessary for adopting the optimal disposal
technology for specific conditions at our thermal
power plant landfills have been defined.

In order to determine the optimal mass fraction
of ash, slag, additives and water in the mixture,
it was necessary to create such laboratory condi-
tions that would simulate the conditions at the
landfill as close as possible. A wind tunnel simulat-
ing air flow rates of 1 m/s to 5 m/s, with devices
allowing measurement of the concentration of sus-
pended particles PM,  (particles of dust of diameter
smaller than 10 um) and total suspended particles
(TSP), as well as measurement of relative humidity
and temperature, was designed and calibrated par-
ticularly for this purpose.

Pollutants found in ambient air, primarily respira-
ble particles (particulate matter - PM) have a nega-
tive effect on human health. Since 2010, the Serbian
regulation [1] has prescribed monitoring of two
fractions of particles present in the air, smaller than
2.5 pum (fine particles, PM,,) and smaller than 10
pum of aerodynamic diameter, PM,, the composi-
tion of which includes, in addition to fine particles,
coarse particles ranging from 2.5-10 um [2].

METHODS

TSP measurements

For indicator measurements of the concentration of
suspended particles (TSP) in real time (mg/m’), a
MicroDust device (Casella Cel-712 PRO, UK) was
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m?), kopuiheH je ypebaj MicroDust (Casella Cel-
712 PRO, UK) xoji Ka0 MepHU IPMHIVII KOPUCTH
MeTORy pacunama ceernocty (lightscattering). ITpe
IOYeTKa Mepera BpIlleHa Cy IofelllaBatba Hy/ITe 1
“span” BpenHOCTH. VIHTepBaI Mepema 6uo je 1 s, a
Hepuof, ycpenaBama 1 qac. Ypebhaj je 61o mosniu-
oHupaH 130 cm HuU3 CTPyjy Basfyxa off CeKLuje 3a
Y30pKe Ha BUCVMHM Off 25 cm.

Mepewe KoHueHTpanuje yectuma PM, |

YsopkoBame PM,  uecTuija BpLIEHO je CEKBEH-
nyjanHuM y3opkusadeMm (Sven Leckel KAR8 +
MVS6, Hemauka), Koju pajgy Ipy HOMMHAIHOM
npoToky of 2,3 m’/h. Pesynratu mepemwa ce us-
pakaBajy y ug/m’ rje je 3ampeMmHa Bas[gyxa faTa
npyu aMbujeHTaNHUM yCaoBMMa. Maca dectuua je
onpebeHa BarameM QuaTepa y CTpOro KOHTPOIN-
CaHMM YCTIOBMMa, IIPe U ITOCTIe Y30pKOoBama. Ynctu
¢dunTepn on KBapuHMX BaakaHa (kmaca T293; 47
mm; Sartorius, Hemauka) cy KOHAMIIMOHMPAHN Y
IpoCTOpMju 3a Bare mpy Temieparypu (20 = 1) °C
U PeaTUBHOj BIaXKHOCTH (45-50) % mpe 1 HaKOH
y30pKoBama y nepuopny of 48h. Gunrepu cy satum
BaraHy Ha aHanmuTU4Koj Bary (Sartorius CPA 225
D-0CE, Hemauka) nBa nyra y mHrepBany of 12h
[3], mpu 4eMmy pasnmka y Macu IpU y3aCTOIIHOM
Baramy Quitepa Huje cMena 6uru Beha ox 40 pug.
Durrepn cy 3atuM ybadeH!U y JIOKMUIITE [/IaBe 3a
Y30pKOBae, U y30PKOBaIbe je CIPOBENEHO IIpU
KOHCTQHTHOM IIPOTOKY Of 2,3 m*/h y Toku jegHor
cara. OuaTep ca y30pKOM je KOHIMLMOHVPAH MMI-
HuMyM 48h, a 3aTM BaraH Ha aHaJIMTUYKO] Baru y
uHTepBanuMa off 24h no 72h, npu yemy pasnuxa y
macy untepa Huje cmena npehn 60 pg. Konen-
Tpauuja CycreHgoBaHux vecrtuua PM, - je uspa-
YyHaTa Kao pasnuka y Macu mameby mpasHor u
¢bunTepa ca y30pKOM IOE/BEHOT Ca Y30PKOBAaHOM
3aIIPeMMHOM KOja IpeJicTaB/ba IPOU3BOJ, 3aaTOr
IIPOTOKA ¥ BpEMeHa Y30PKOBama:

o=

Ife je:

C — KOHIIeHTpaIyja, ug/m’

m, — Maca QunTepa ca y30pkoM, g

m_ - Maca gucror Gpuntepa, pg

@, — TIPOTOK BasyyXa Py aMOMjeHTaTHIM YC/IOBY-
Mma, m’/h

t — BpeMe y30pKoBama, h

VspauynaBame cTenieHa eMucCHje
CYCIIEeHIOBaHUX YeCTIIa

Crenen emncuje PM,  oxpehyije ce na ocHOBY yrnas-
Hor (M, ) U M3Ia3HOT (n}out) MaceHor ¢yKca Kpo3
oppebeny sanpemnny (SxDxV). IToBpiunna u3Bo-

my

Pa

used which applies the light scattering method as a
measuring principle. Before the start of the measure-
ment, zero and span values were set up. The meas-
urement interval was 1 s and the averaging period
was 1 hour. The device was positioned 130 cm down-
stream of the air current from the sample section ata
height of 25 cm.

PM1 , measurements

Sampling of PM, | particles was carried out by a se-
quential sampler (Sven Leckel KAR8 +MVS6, Ger-
many), operating at a nominal flow of 2.3 m*/h. The
measurement results are expressed in pg/m® where
the air volume is given at ambient conditions. The
weight of particles is determined by weighing the
filter under strictly controlled conditions, before
and after sampling. Clean quartz fiber filters (class
T293; 47 mm; Sartorius, Germany) were condi-
tioned in the weighing room at a temperature (20
+ 1) °C and relative humidity (45-50)% before and
after sampling for a period of 48h. The filters were
then weighed on the analytical balance (Sartorius
CPA 225 D-0CE, Germany) twice at an interval of
12h [3], provided the difference in weight in suc-
cessive filter weighing should not exceed 40 ug.
The filters were then inserted into the sampling
head, and sampling was carried out at a constant
flow of 2.3 m*/h for one hour. The sample filter was
conditioned for a minimum of 48 hours and then
weighed on the analytical balance at 24 to 72h in-
tervals, provided the difference in filter weight was
not to exceed 60 pg. The concentration of suspend-
ed particles PM,  is calculated as the difference in
weight between the blank and the sampled filter
divided by the sampled volume determined as the
flow rate multiplied by the sampling time:

— M,

Toat M

wherein:

¢ - concentration, pg/m’

m, - mass of the sampled filter, ug

m_ - mass of the blank filter, ug

@, - air flow at ambient conditions, m3/h
t - sampling time, h

Calculation of dust emission rate
The PM  emission level is determined based on
the input (m, ) and the output (m_ ) mass flux

through a certain volume (WxDxH). The emis-
sion source area (A) is determined as a product
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pa emucuje (A) oppebyje ce xkao pOU3BOL AYXN-
ne (D) u mupune (S), 10k V mpencTapmba BUCHHY
Ba3[yIIHOT TYHeIa. MaceHn 6yIaHC 32 KOHTPOTHY
3anpeMUHy gaje creneH emucuje (E).

of length (L) and width (W), while H repre-
sents the height of the wind tunnel. Mass bal-
ance for the control volume gives the emission
rate (E).

1
E= E(ﬂlour_ﬂlin} (2)

Macenu ¢nykc ce oapebyje Ha OCHOBY BepTUKaI-
Hor mpo¢ua KoHuerTpanuje yectuia (C) u 6p3u-
He (u) Kao:

The mass flux is determined on the basis of the ver-
tical particle concentration profile (C) and velocity
(u) as:

H
Meoyr = J‘I} CourlipyV dz (3)

H
Min =J‘ CinugmVdz 4)
o

LITO Jiaje:

which gives:

H
1
E= EJ; {Couruﬂur - Cinuin} dz (5)

AKo ce IPeTIIOCTABM /la je U = U, TaKo ce fobuja
jemHauMHa 3a cTerneH emucyje yectuca (E, pug/m?s)
Ha OCHOBY MCIIMTHe NOBpIINHE (A):

If we assume that u_ = u,_, it is easy to obtain the
equation for dust emission rate (E, ug/m?s) based
on the test area (A):

b
E = C.Pa'-’flﬂ' XU X {V " E} (6)

rfie je b Bucuna Ha xo0joj ce mepu (0,17 m 3a PM, ),
a u 6p3nHa cTpyjarba Basgyxa.

BA3IYIIHM TYHEJ

Cumynanuja peanHNUX YCIOBa peann3oBaHa je y
MPaBONMHUjCKOM IMOTHCHOM Ba3[yIIHOM TYHENY,
IIPMKA3aHOT Ha CIMLM 1, KOjU je OCMMIL/bEH U KOH-
cTpyucan y Pymapckom mnctutyTy. Basgyumnn Ty-
HeJI ce cacToju of cnefehX KOMIIOHEeHTH:

®  aKCHja/IHU BeHTWIATOP ca PpeKBEeHTHNUM pery-
JTaTOpPOM;

CeKIMja 32 KOHIMIIVOHMPAe POTOKA BasyXa;
CeKIlMja 3a ycMepaBabe IPOTOKA BaslyXa;
CeKLMja Ca y30pLMMa;

CeKIlMja 3a Mepembe U Y30pPKOBarbe.

HyXuHa TyHema MSHOCM 5,5 m ca HONPeYHNUM
npecexkoM of 0,25 m? OpHOC Hy>XMHe M BMUCUHE
U3HOCK OKO 11 IITO 3HA4ajHO Ipeasyu MUHUMAI-
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where b is the height at which measurement is done
(0.17 m for PM, ) and u is air flow velocity.

WIND TUNNEL

The simulation of real conditions is realized in a
straight-line blow-down type wind tunnel, shown
in Figure 1, which was designed and constructed
in the Mining Institute. The wind tunnel consists of
the following components:

axial fan with frequency inverter;
airflow conditioning section;

airflow straightening section;

sample tray section;

section for measurement and sampling.

The tunnel length is 5.5 m with a cross-section
of 0.25 m? The length to height ratio is about 11
which significantly exceeds the minimum value for
development the boundary layer [4]. The measure-
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HY BpefHOCT 3a ¢popMupame IpaHNIHOr C10ja [4].
Mepeme 6p3nHe BpieHO je anemoMeTpoM DA4000
(Janmannja, XpBaTcka) ca MepHUM orcerom of, 0,3
m/s go 35 m/s (£1%). AHeMOMeTap je IOCTaB/beH
Y CEeHTpa/HOj ocu Ha BucuHM of 0,25 m u 175 cm
HU3 CTPYjy BasfyXa ofi KOHIMAMOHepa IPOTOKa,
Kao LITO ce BUAM Ha crmun 1.

3a oppebuBame mpoduaa Op3uHa y IOIPEYHOM
IIpeceKy TyHe/Ia U3BPIIEHO je MPEXKHO Meperbe Op-
31He cTpyjama ca ITuto-IIpaHTI0BOM COHIOM Y TpM
oce IO IeT MepHUX Tadaka (YKymHo 15 tavaka) [5].

ment of velocity was carried out with an anemom-
eter DA4000 (Dalmatia, Croatia) with a measuring
range from 0.3 m/s to 35 m/s (+ 1%). The anemom-
eter is positioned in the central axis at a height of
0.25 m and 175 cm downstream from the airflow
conditioning section, as seen in figure 1.

A grid measurement of flow velocity with the Pitot-
Prandtl probe in three axes with five measuring
points each (a total of 15 points) was performed to
determine the velocity profile in the cross section of
the tunnel [5].

Cnuxka 1, V3ened sasoyuinoz myHena
Figure 1, Design of the wind tunnel,

Tymau / Legend: 1 — axcujanuu Bentunarop / axial fan, 2 — kouguumonep nporoka / flow conditioning section, 3 - cek-
I11ja 3a ycMepaBatbe poToka / flow straightening section, 4 - Mepeme 6p3uHe cTpyjama / wind velocity measurement, 5 -
cekumja ca ysopiuma / sample tray section, 6 — Meperbe Bare 1 TeMieparype / temperature and humidity measurement,
7 — ceKIMja 3a Mepembe 1 y30pKoBame / sampling/measurement section, 8 — mepemwe TSP / TSP measurement, 9 - Mepeme
PM,, / PM, measurement

Y30PIM 3A VICITUTUBAIBA

Ileneo u 1mbaka Koju 4MHE OCHOBY y30PKa KOju je
UCIIMTVBAH y BasfyLUIHOM TYHENTy Cy y30PKOBaHMU
U3 TIOTOHA TePMOEHEPTeTCKOT TOCTpojera Tepmoe-
nextpane Kocromac b1. ITopep nemnena u nrpaxe Ko-
puuthen je n agutus, a y Jlaboparopuju 3a npurnpe-
My MMUHEPATHMX CUPOBMHA Pyapckor mHCTUTYTA je
U3BpIIIeHa KapaKTepu3allnja CBUX y30paka [6].

IMTPUITPEMA Y30OPAKA
3A VICIIMTVIBAIGE BE3SVIBHIX CBOJCTABA

Ysopuu neteher memnesna, KOTTIOBCKOT TeTIeNa, IIJba-
ke u agutuBa (CaO wm Ca(OH),) mpeTxoaHo fe-
GbyHMCaHNX KOMYMHA, Y CYBOM CTalby, MELIaHN Cy
y 1ab0paTOpMjCKOj MELIATNIIN § TPajamby Of 5 M-
HyTa. CyBMM KOMIIOHEHTaMa JlofiaTa je ojpehena
KOJIMYMHA BOJIE U MEIabe je HaCTaB/beHO 3a joIl 5

TESTING SAMPLES

The ashes and slag that form the basis of the sample
tested in the wind tunnel are sampled from Kostol-
ac B1 Thermal Power Plant. Additive was used in
addition to ash and slag, and all the samples were
characterized in the Laboratory for preparation of
mineral raw materials of the Mining Institute [6].

PREPARATION OF SAMPLES
FOR TESTING BINDING PROPERTIES

Samples of fly ash, boiler ash, slag and additives
(CaO or Ca(OH),) in previously defined quantities,
in a dry state, were mixed in a laboratory mixer for
5 minutes. Dry components were added a certain
amount of water and mixing was continued for
another 5 minutes after which the sample was left
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MMHYTA HaKOH Yera je y3opak ocrab/beH 30 MUHY-
ta. HakoH Tora y3opax je mpebaueH y cyj 3a KOM-
IIpecujy MpUIpeM/beHOT Y30pKa (KasyIl AYMeHsuja
50x25x2cm), a IOTOM je cabujeH mpuTuckom o 120
kN/m? Kanymnu ca y3opunma Cy MO3UILIMOHUPAHN
cekumju (my>xuHe 1,5 m) Kao LITO je MPUKa3aHO Ha
cmyny 2. Y UCTOj CeKLIMjM BPLIEHO je MEPEH-e TeM-
nepaType U pelaTMBHE BIAXKHOCTY TEPMO-XUIPO-
metpoM (Comet T3510).

for 30 minutes. After that, the sample was trans-
ferred to the metal trays (50x25x2cm), and then
it was compressed using a pressure of 120 kN/m?.
The metal trays were positioned in the section (1.5
m long) as shown in Figure 2. In the same section,
temperature and relative humidity were measured
usinga thermo-hygrometer (Comet T3510).

Cnuka 2,Cekyuja ca y3opyuma
Figure2, Sample tray section

Ila 61 ce MCTpaXkmo yTucaj KOMIIpecyje Ha crabu-
NM3aLUjy OJIOYKEHe MEUIaBMHE TETea M IUbaKe
npunpems/beHo je 10 ysopaka. CacTaB ucnmTuBba-
HIIX y30paKa IpKKasaH je y tabemn 1.

Ta6ena 1, Cacmas ucnumusanux y3opaxa
Table 1, The composition of the investigated samples

Ten samples were prepared to investigate the effect
of compression on the stabilization of the deposit-
ed mixture of ash and slag. The composition of the
tested samples is shown in Table 1.

JIerehu neneo Bopa Koronosciu IIpaka
V3opak 6p. CaO Ca(OH) memneo
Fly ash Water 2 . Bottom ash
Sample No. content (%) content (%) (%) (%) Boiler ash content (%)
content (%)
U1l 73 15 - - 6 6
U2 70 15 - 3 6 6
U3 70 15 3 - 6 6
U4 73 15 - - 6 6
U5 78 10 - - 6 6
U6 76 10 - 2 6 6
u7 75 10 - 3 6 6
U8 65 20 - 3 6 6
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MMPUKA3 U IVICKYCHUJA
PE3YJITATA VICITUTUBAIbA-

ITpema Baxehoj Vpembm [1] pHeBHa MaceHa
KoHCeHTpacuja PM | cycmeHfjoBaHUX 4ecTuca He
cMe nipehy rpaHNYHY BpegHOCT off 50 ug/m’ Buime
of 35 myTa y jefHOj Ka/leHJapcKoj TOAMHNI. 3a Ka-
JIEH/IAPCKy TOAMHY TPAaHMYHA BPEJHOCT U TOJe-
paHTHa BpegHOCT 13Hoce 40 pg/m’.

Y HemoCTaTKy IrpaHMYHE BPEJHOCTM €MUCH]e, JO-
6ap mokasate/b 610 je ymopehusame poOumjenHux
BPENHOCTI Ca HYATUM BPEJHOCTMMA KOHCEHTpa-
unja yectuca PM (ysopax UO) koje cy u3mepene y
Bas3[yIIHOM TyHeny 6e3 y3opaka.

Crenen emucuje PM | decTuija mspadyHar je Kao
pasnrka PM & usMepeHUX KOHCEHTpauuja u Hyil-
tux PM, BpemHOoCcTH. MakcumanHa BPETHOCT Off-
noca E,  /E xopumihena je 3a TPOCEHY Be/TINHe
IIpeKOpayeHNX BPEJHOCTU eMucHja. Pesynraru cy

IpuKa3aHy y Tabemn 2.

Ta6ena 2, Bpeorocmu emucuje PM,  u maxcumanre epedrocmu E,

RESULTS AND DISCUSSION

According to the current Regulation [1], the daily
mass concentration of PM, suspended particles
must not exceed the limit value of 50 pg/m® more
than 35 times in one calendar year. For one calen-
dar year, the limit value and the tolerant value are
40 pg/m’.

In the absence of a site-specific dust emission rate
limit, a useful gauge of the significance of the emis-
sion rate across the boundary can be made by com-
paring this to the background dust emission rate
(sample UO0).

The dust emission rates were calculated for PM10
from the PM10 measured concentrations after sub-
traction of the background concentrations. The
maximum value of the EPM10/E0 ratio was used
to estimate the magnitude of the cross-boundary
emissions. The results are shown in Table 2.

./E, 00noca

M

Table 2, The values of the PM10 emission rates and maximum values of the E,  /E ratio

Y3opax 6p.
Sample No.

bpsuna crpyjama
Wind velocity (m/s)

PM10

(ug/m’s) E,,,/E, (max)

1

0,6

uo

3,3 --

13,8

2,7

Ul

9,9 4,8

13,9

1,1

U2

3,3 1,9

8,0

1,1

U3

3,3 1,9

8,4

0,6

U4

9,9 20,8

286,6

34

U5

13,2 5,9

29,9

2,7

U6

10,1 4,8

22,0

2,1

u7

9,9 3,8

18,6

1,6

U8

8,1 2,8

W UNWIF VW NW(R|U[W|[=UN[W|—=U|W|[— U [W]|—]|uU W

16,4
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Kao mro ce Bupu u3 pesynraTa NpUKasaHUX y Ta-
6enu 2, Bpeinoctu emucuje PM | moehasajy ce ca
nosehameM O6psune crTpyjama. MakcuManHa Bpefi-
HOCT Eleo/Eo ozHOCa je 3a ysopak U4 (6e3 agurusa
U KOMIIpecHje), a HajHIDKa BPeJHOCT je 3a Y30pKe
U2n U3 (15% H,0 n 3% agutusa Ca(OH),n CaO).

YTUIA] KOMIIPECUJE JIETERET
ITEITEJIA HA EMUCU]Y PM, |

300—[

As can be seen from the results shown in Table 2,
PM, emission rate increases with increasing wind
velocity. The maximum value of the E || /E ratio is
for the U4 sample (no additives and compression),
and the lowest value is for samples U2 and U3 (15%
H,0 and 3% additives Ca(OH), and CaO).

THE INFLUENCE OF COMPRESSING OF THE
FLY ASH ON PM10 EMISSION RATE

= U1 kompresovan | compressed
|—e— U2 nekompresovan / uncompressed

250

PAIO (ug/m’s)

Brzina strujanja / wind velocify (m/s)

Cnuxa 3, Emucuja PM, y o0Hocy Ha 6p3ury cmypujarea
sempa 3a KOMNPecosame U HeKOMHpecosare y3opKe
Figure 3, PM,  emission rate vs. wind velocity for
compressed and uncompressed samples

Moxxe ce BUeTHU Jia KOMITpecoBatbe neTeher mere-
71a MMa 3Ha4ajaH yTucaj Ha emucujy PM,  xop 6psu-
He BeTpa Behe o1 3 m/s.

YTUIA] AIMTVBA HA EMUCH]Y PM,

20 -

It can be seen that fly ash compression has a signif-
icant impact on PM,  emission rate at wind veloci-
ties greater than 3 m/s.

INFLUENCE OF ADDITIVES
ON PM,, EMISSION RATE

|-m— U1 kompresovan / compress:
|- U215% H,0, 3% Ca(OH),

—A— U3 15% H,0, 3% Ca0
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Brzina strujanja / wind velocity (m/s)

Cnuxa 4, Emucuja PM, | y 00nocy Ha pasnuvume munose adumuea
Figure 4, PM,  emission rate vs. wind velocity for different type of binder



M. Hasnosuh, M. Tueos, C. Ilemxosuh, J. Hewikosuh, II. Cmjenarosuh - Ymuyaj 6as0yuinoz cmpyjareda Ha 8e3usHa ce0jcmea nenena, wimwpake u adumuea 147-157
M. Pavlovié, M. Gigov, S. Petkovié, ]. Neskovié, P. Stjepanovic - The Influence Of Air Flow On The Binding Properties Of Ash, Slag And Additives 147-157

Moxxe ce KOHCTAaTOBAaTH fla [IOfATaK afuUTHBa Jie-
teheM memneny 3Ha4ajHO cMamwyje emucujy PM, , a
crenied emucuje PM ce He Mema ripu kopuihemwy
CaO kao amuTMBa y OfHOCYy Ha Kopuinheme

It can be noted that adding additives to fly ash sig-
nificantly reduces PM10 emission rate, and the lev-
el of PM10 emissions does not change when using
CaO as an additive relative to using Ca(OH), as a

Ca(OH), xao aguTnBa. binder.
DENGE e vATES T
HA EMUCHJY PM, 10
20 -
—=— U7 10% H,0, 3% Ca(OH),
18 | e U2 15% H,0, 3% Ca(OH), ya
16 [~ U820% H,0, 3% Ca(OH), .
¥ 4
144 >4 3 P
— S
12 Y &
‘Q e e
Ty 4
E -~
w8 / ,_,_A/ ®
6 A
L
44 A
F _.'
2- [/’
(s
0 T T % T s T E T
1 2 3 4 5

Brzina strujanja / wind velocity (m/s)

Cnuxa 5, Emucuja PM, | y 00HOCY Ha 6p3uny cmpyjarea 6empa 3a pasnuuume caopicaje 600e
Figure 5, PM,  emission rate vs. wind velocity for different water content

VI3 pesynTarta TIpMKa3aHMX Ha CAUIM 5, MOXe Ce From the results shown in Figure 5, it can be con-
KOHCTAaTOBaTM Jia Cy HajHWke emucuje PM  mo- cluded that the lowest PM10 emission rates were
6ujeHe ca calipkajeM auTUBa Off 3%. . obtained with a binder content of 3%.
VTULIA] KOMMYNHE AIUTVIBA INFLUENCE OF ADDITIVES
HA EMVICUJY PM ON PM, EMISSION RATE
10
30

B U1 15% H. 0, bez veziva / wio binder

- U2 15% H,0, 3% Ca(OH),

25 - |—A—U915% H,0, 5% Ca(OH),

1= U5 10% H,0, bez veziva / wio binder
—4— U6 10% H,0, 2% Ca(CH), 7 *

209 | -4 U710% H.0, 3% Ca(OH), ; '

% | P
£
2 154
= -
g i
w 10 4 A
.

u & T
2 3 4
Brzina strujanja / wind velocity {mis)

-

Cnuxa 6, Emucuja PM, | y 00HOCY Ha 6p3ury cmpyjara 3a KOnu4uHe adumuea

Figure 6, PM ,, emission rate vs. wind velocity for different binder content
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Kao mro ce Moxxe BUieTH Ha CIUIM 6, HajHVDKA
crenen emucuje PM,  mobuja ce xama ce kopu-
CTHU OIITMMAJHMU cajip>Kaj Boge of 15% u agurnsa
3%, ITosehame capprkaja afuTHBa HEMa 3HavYajaH
yTucaj Ha crenen emucuje PM —mpu 6psunu
CTpyjama BeTpa MamoM Off 3 m/s.

3AK/bYYAK

OCHOBHM IIWJ/b OBOT MCIINTHBAMKA je 610 Ja ce yT-
Bp/IM yTNCAj €BEHTYaTHOT pas3BejaBarba YecTUIIA
OJI/IOKEHOT MaTepyjajia Ha BasfAyX M 3eM/bUILTE.
VsBpiIeHO je MCINMTMBame CTEIleHa eMcHje de-
CTUIIAa Ha 8 pasnMUUTUX y30paKa IIpU pasauydiu-
UM Op3uHama cTpyjama BeTpa (1, 3 m 5 m/s).
Crenen emucuje npu Kopuihemwy CaO kao apu-
TUBA TOTOBO je MIEHTUYAH Kao Ipy Kopuirhemwy
Ca(OH),, mox mosehame canpxaja Bogie ca 15%
Ha 20% (apuTuB 3%) HeMa yTHCaj HA CTEIIEH eMU-
cuje PM, . Takobe, noseharwe KonmmumHe afutuBa
(IpM KOHCTAaHTHOM Cajp)kKajy BOJe) HeMa 3Ha-
YajaH yTHCaj Ha cTeneH emucuje PM, mpu 6psuun
CTpyjama BeTpa MamoM Off 3 m/s.

Vimajyhy y Bufy rope IIoMeHyTO, MOXe Ce 3aK/by-
YUTH []a je ONTUMAJIHU Cafip>Kaj afinTuBa 3%, a oIl-
TUMAaJIHU cafipKaj Boje 15%. Ysopuu ca onTumarn-
HUM caJp>kajeM aJUTHUBa M Bofe He IoBehaBajy
HY/IT€ BPEJHOCTU eMICHje PM10 Buie ox 1,9 myra,
HITO C€ Ca acCleKTa 3allTUTe >XMBOTHE CpefiiHe
MOXKe CMaTpaTH Kao 3a/joBo/baBajyhu pesysnrar.

OBaj pajp je IpoucTeKao U3 aKTUBHOCTY BE3aHUX
3a MHOBAIMOHM IIpOjeKaT MmuHuUcCTapcTBa IIpO-
CBeTe, HayKe J TEXHOJIOLIKOI pa3Boja, 6poj 391-
00-16/2017-16/25 nop HasuBOoM ,,Pa3Boj TexHo-
JIOTHje 3ajelHMYKOr Ojjlararba IleleNa, Ijbake U
TUIICA U3 TepMOeJIeKTpaHa y LM/bY IOOO/bIIaba
eKOJIOLIKUX U eKOHOMCKIUX epdopmancu’.

JIMTEPATYPA / REFERENCES

1. VYpemba o ycmoBuMa 3a MOHUTOPUHT 1 3aXTe-
BUMa KBanuTeTa Baznyxa, Cy>k6eHy ITTacHUK
Penry6nmke Cpb6uje, 6p. 11/10, 75/10 n 63/13.
/ Regulation for air quality monitoring and air
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11/10, 75/10 and 63/13),

https://www.chem.bg.ac.rs/~grzetic/predavanja/
Osnovi%20hemije%20atmosfere%20i%20
zagadjivaci%20vazduha/SUSPENDOVANE%20
19%20RESPIRABILNE%20CESTICE%20U%20
URBANIM%20SREDINAMA..pdf

156

As can be seen in Figure 6, the lowest level of
PM10 emission rates is obtained when the optimal
water content (15%) and additive content (3%) is
used. Increasing additive content has no signifi-
cant impact on PM10 emission rates at wind ve-
locities lower than 3 m/s.

CONCLUSION

The main objective of this study was to determine
the impact of possible dispersion of particles of
deposited material on the air and land. The dust
emission rates was investigated on 8 different sam-
ples at different wind velocities (1, 3 and 5 m/s).
The emission rates when using CaO as an additive
is almost identical to that of using Ca(OH)2 while
increasing the water content from 15% to 20% (ad-
ditive 3%) have no influence on the PM10 emis-
sion rates. Also, increasing the quantity of addi-
tives (at constant water content) has no significant
impact on PM10 emission rates at wind velocities
less than 3 m/s.

Bearing in mind the above, it can be concluded
that the optimal additive content is 3%, and the
optimal water content is 15%. Samples with opti-
mal content of additives and water do not increase
the background PM10 emission rates more than
1.9 times, which can be considered a satisfactory
result from the aspect of environmental protec-
tion.

This paper arose from the activities related to
the innovation project of Ministry of Education,
Science and Technological Development, num-
ber 391-00-16/2017-16/25 titled: Development of
technologies of joint disposal of ash, slag and plas-
ter from thermal power plants aimed at improving
ecological and economic performances.

SRPS EN 12341:2015, Basmyx am6ujenra
- CranpappgHa TIpaBMMeTpMjCKa MeTOHa Me-
pema 3a onpehusanje PM, wm PM, , mace-
He KOHI[eHTpaluje CYCIeH[OBAaHNUX 4YeCTHU-
ua, MHceturyT 3a cranpappmsauujy Cp6uje,
2015. / Ambient air - Standard gravimetric
measurement method for the determination
of the PM10 or PM2,5 mass concentration of
suspended particulate matter
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I[IOHAPHMX M3BOpa - Py4HO 1 ayTOMATCKO OfI-
pebuBame 6p3He U 3aPEMIHCKOT IIPOTOKA Y
nepoBoiuMa - [leo 1: Pyuna pedepenTHa Me-
tofa, VIHCTUTyT 3a crangappusanyujy Cpbuje,
2013. / Stationary source emissions - Manual

and automatic determination of velocity and
volume flow rate in ducts - Part 1: Manual
reference method

Hemxosuh, J., Crjemanosuh, II., Jlasuh, [I.,
Kowury Jaukosuh, K., JoBanosuh, V1., Kapakre-
pusanuja Ierena, Mbake M TUIICA 3a MOTpe-
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/ Characterization of ash, bottom ash and
gypsum for the development of the technology
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350PHUK PAJOBA MEBY-
HAPOOHOI CHMIIO3U]Y-
MA PYJAPCTBO U T'EOJIO-
IMJA JAHAC, OpranusaTopu
U M3JaBauy Pymapckn mHCTUTYT
beorpan, bankancka axkagemuja
PYZApCKUX HayKa U AKafemuja
uIKemepcknx Hayka Cpouje.
VIsBpumHM OpraHmusaTop u 13-
maBad Pymapckm mnctutyT Be-
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(P11) CIP 55(082), 622(082),
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[Itamname Krbure omoryhmm
cy Pymapcku wmuctMTYT beo-
rpaji, MMHKMCTapCTBO IPOCBETE,
HayKe J TeXHOJIOLIKOTI pa3Boja
Penry6mke  Cp6uje, Huesker
Synthetic GMBH, Germany,
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Ypepuuuu: Axagemuk mpocd. ip Crnobonas Byjuh, ap
Muwmnako Pagocasmpesnh, ip Ceenana [Tonasnep n
ap Ceeromup Makcumosuh.

CumrnosujyM je oppykaH 4. fienieM6pa 2018. ropuse y
Beorpapy. Teme ckyma: mojizeMHa, ITIOBPLIMHCKA, TIOT-
BOJIHA, KOMOVHOBaHa EKCIIOATallVja MUHEPATHIX
CHPOBJHA, eKCIUIoaTanyja HaTe U raca, IpuipeMa
MIHEepaTHNX CUPOBIHA, TIOTUCTIYKY PyIHIYKY IIPO-
Tiecy, reonoryja (pyaHIYKa, MHKehepcKa U XUApore-
0JI0TMja, TeOMeXaHMKa, reoM3NKa 1 fIp.), 3allTUTA
JKIBOTHE ¥ PajiHe CpefVHe, PeKyITHBalja, PeBU-
tamusanyja u ypebhemwe AerpajypaHnx NOBPILINHA,
€KOHOMMKA MIHEePATHO-CYPOBIMHCKOI KOMIIZIEKCa,
MaTeMaTNIKO-MOJE/ICKM HPUCTYIM U PAaduyHAPCKN
MHTETPJCaHe TEeXHONOTYje, CTAH/IAPAM, 3aKOHCKA U
HOPMAaTMBHA DeTy/IaTVBa, PUSHIM U YIpaB/bambe
pusnima, obpasoBame PyFAPCKUX U TE€OMTOMIKIX
CTPYUbaKa, PYJapCTBO U apXeoJIoruja.

IIpupenuo: Bragan Yanosuh
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GEOLIOGY TODAY

1l international symposinm

L Vit
8. Polavder, S Maksimoyic

Beorpan [ Belgrade

[ ¢ '

PROCEEDINGS OF THE
II INTERNATIONAL SYM-
POSIUM MINING AND
GEOLOGY TODAY, Organ-
izers and publishers Mining
Institute Belgrade, Balkan
Academy of Mining Sciences
andAcademy of Engineering
Sciences of Serbia. Executive
organizer and publisher Min-
ing Institute Belgrade, ISBN
978-86-82673-14-9 (PU), CIP
55(082), 622(082), COBISS.
SR-ID 270601228, DOI prefix
10.25075/81.2018, 294 pages.
The printing of the book was
provided for by the Mining In-
N stitute of Belgrade, the Minis-
try of Education, Science and
Technological Development of
the Republic of Serbia, Huesk-
er Synthetic GMBH, Germany, Derdap services AD
Kladovo, Flipping FRP LLC Belgrade, Elektroluks
012 LLC Pozarevac and Energotehnika — Juzna Bac-
ka LLC Novi Sad.

Editors: Academician Prof. Dr. Slobodan Vuji¢, Dr.
Milinko Radosavljevi¢, Dr. Svetlana Polavder and
Dr. Svetomir Maksimovi¢.

The symposium was held on December 4, 2018 in
Belgrade. The themes of the meeting were related to
the: underground mining, surface mining, under-
water mining, combined mining, then the exploita-
tion of oil and gas, preparation of mineral resourc-
es, logistical mining processes, geology (mining ge-
ology, engineering and hydrogeology, geomechan-
ics, geophysics, etc.), protection of the living and
working environment, reclamation, revitalization
and regulation of degraded areas, the economics of
the mineral material complex, mathematical-model
approaches and computer integrated technologies,
standards, legal and normative regulations, risks
and risk management, education of mining and ge-
ological experts, as well as mining and archeology.

Prepared by: Vladan Canovi¢
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Oparana Xusoruh, TEO-
JIOTUJA VITbEBA, Vuu-
BepsuteT y beorpamy Py-
TapCKO — TeoyIOIKY (aKyI-
TeT, €IeKTPOHCKO U3Jambe,
ISBN  978-86-7352-333-0,
2018, 229 cTp.

Kmura Teonormja yrmesa
HaMemeHa je Kao YHOeHUK
CTy[leHTMMa  CTYJMjCKOT
nporpama leonoruja u Te-
opusmka Pymapcko - reo-
nomKkor ¢axynrera YHU-
BepsureTa Yy Deorpany,
MOTY je KOPUCTM Kao HpU-
PYYHVK U CTPYYHalu ApY-
rux npodua.

Kmura obyxsara Imormas/pa
Koja o6pabyjy mednuunnjy
U TIOJIeITY yI/beBa IpeMa 110-
PEKITy OpraHCKe CYICTaHIle
U paHIy, HOJETy U CacTaB .
MaKpOCKOTICKMX ~(TMTOTH-
HIOBM) ¥ MMKPOCKOIICKYX (Mallepasiy) KOMIIOHeHaTa
yI/beBa. Y TOCeOHMM MOITIaB/bUMA TPUKA3aHM CY yC-
JIOBY HACTaHKa yI/beBa, €BOTTYIIMja )KMBOT CBETa KOja
je off 3HaYaja 3a CTBaparme yI/beBa KPO3 TeONOIIKe
eroxe, TUIIOBU MOYBapa 1 TINTOTUIIOBY YI/ba KOjU Ce
y ®1Ma cTBapajy. [lame cy obpahennu mporecn xap-
6oHudukanmje ox TpecetHe Pase, IPEKo CTBaparba
MPKUX ¥ KaMeHMX YITbeBa, IO aHTpaluTa 1 rpadu-
Ta. Y JajbeM TEeKCTy IpMKasaHa je MmpobaeMaryka
VIJbeHUX CJI0jeBa, cepuja, popmannja u 6aceHa, Kao
u knacuuKaiyja yr/bOHOCHUX OaceHa. IIpo6e-
MaTrKa GM3MYKUX U XeMUjCKUX CBOjCTaBa yI7beBa
KOja Cy JIMpeKTHa IOC/Teflia BIUXOBe TeHese, Kao
M TeXHONIOIIKMX 0cobuHa obpabhena je y mocebHnM
IIOITIaB/bMIMA, Y KOjUMa CYy IIPMKa3aHM HajBaXKHUjU
HapaMeTpy KBaJIMTETA yI/ba Ca eKCIePYMEHTaTHUM
mpolefypaMa 3a mUxoBo ofpebusame u dopmy-
Jle 3a BUXOBO U3padyHaBame. IIperien 1 OCHOBHE
KapaKTepUCTUKe 6aceHa MPKUX ) KaMeHUX yI/beBa
Cp6uje mpuKasaHM Cy y OCTEbEM MOITIaBIbY.

IIpupenuma: Ceernana Ilonasgep
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Dragana Zivoti¢, GEOL-
OGY OF COAL, Univer-
sity of Belgrade, Faculty
of Mining and Geology,
electronic edition, ISBN
978-86-7352-333-0, 2018,
229 pp.

The book Geology of coal
is intended for students
attending the Geology
and Geophysics study
program at the Faculty of
Mining and Geology of
the University of Belgrade
and can also be used as a
manual for experts of oth-
er profiles.

The book covers chapters
dealing with the definition
and classification of coal
according to the origin of
the organic substance and
the ranking, distribution
and composition of macroscopic (lithotypes) and
microscopic (macerals) components of coal. The
individual chapters deal with the conditions for the
formation of coal, the evolution of the living world,
important for the formation of coal through the ge-
ological epochs, the types of wetlands and the coal
lithotypes formed in them. Also discussed are the
carbonification processes from the peat phase, over
the formation of brown and hard coal, to anthracite
and graphite. The following text shows the problems
of coal layers, series, formations and basins, as well
as the classification of carbon basins. The problems
of the physical and chemical properties of the coal,
which are the direct consequence of their origina-
tion, as well as of their technological characteristics,
are discussed in individual chapters, showing the
most important parameters of the quality of coal
with the experimental procedures for their deter-
mination and the formulas for their calculation. The
overview and basic characteristics of the basins of
brown and hard coal of Serbia are presented in the
final chapter.

Prepared by: Svetlana Polavder
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SHAYAJHNIA JOTADBAIJN Y 2018.
SIGNIFICANT EVENTS IN 2018

XXIX MEBYHAPOJHU KOHI'PEC O ITPUIIPEMU MUHEPAJIHUX CMPOBUHA Mocksa, 17 - 21.
centem6Opa 2018, 1061 yaecHuk u3 45 3emaspa, 80 cecuja, 31 yBogHo m3narame, 338 pedepara, 102 mocrepa.
Uznoxo6a: ,,IMPC 2018-EXPO, PymapcTBo 1 mpumnipema MHHEpaTHIX cupoBuHA™, 16 — 18. cenrrembpa 2018.
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XXIX INTERNATIONAL MINERAL PROCESSING CONGRESS Moscow, September 17-20, 2018, 1061
participants from 45 countries, 80 sessions, 31 keynote lectures, 338 reports, 102 posters. Exhibition: «IMPC
2018-EXPO, Mining and Mineral processing «, September 16 - 18, 2018.
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3nauajuu doeahaju y 2018. / Significant Events in 2018

PYOAPCTBO U TEOJIOTMJA OAHAC, II mebynapomuu cumnosujym, opp>xkaH y Beorpamy 4. meuemb6bpa
2018, opranmsatopu Pymapcku mHcTuTyT beorpapn, bankaHcka akameMmuja pyfapckux Hayka U AkxafieMuja
MHXemepcKx Hayka Cponje. Y 360pHMKY pajjoBa Ha 294 cTpaHe my6imkoBaHA 32 pajia, 92 ayTopa us 9 seMaspa.

-

MINIG AND GEOLOGY TODAY, II International Symposium, held in Belgrade December 4, 2018,
organizers Mining Institute Belgrade, Balkan Academy of Mining Sciences and Academy of Engineering
Sciences of Serbia. In the Proceedings of the 294 pages published 32 papers, 92 authors from 9 countries
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3nauajuu doeahaju y 2018. / Significant Events in 2018

YHUBEP3UTET V BEOI'PAIY ®AKVIITET 3A OU3NUKY XEMUIY, 27. 09. 2018, Mp Muxajino
['uros, qurut. ¢pus. Xem., capajHuk Pymapckor nHctutyTa Beorpan, onOpaHno TOKTOPCKY AMCEpTAIHUjy ca
TEMOM ,,Y THIIaj TEPMHYKOT, YJITPa3BYYHOT U MUKPOTAJIACHOI T10Jba Ha M30TEPMHY KHHETHKY (hOpMHUparba
¢ynepona”, mentop ap bopusoj Anunahesuh, penosuu npodecop Paxynrera 3a GU3MIKY XeMUjy.

UNIVERSITY OF BELGRADE FACULTY OF PHYSICAL CHEMISTRY, 09/27/2018, Mr Mihajlo Gigov,
graduated phys. chem., research associate of the Mining Institute of Belgrade, defended a doctoral dissertation
with a topic “Effect of thermal, ultrasound and microwave field on isothermal fullerol formation”, mentor Dr
Borivoj Adnadevi¢, full professor at the Faculty of Physical Chemistry.
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HAYYHU U CTPYYUHU CKYIIOBU
SCIENTIFIC AND PROFESSIONAL MEETINGS
HajaBa / Announce

VIl BALKAN MINING CONGRESS
VIl BANIKAHCKU PYOAPCKU KOHIPEC

HELD IN THE YEAR OF MARKING 60 YEARS OF THE WORK OF MINING INSTITUTE BELGRADE
OAPXABA CE Y TOANHWN OBENEXABAHA 60 TOANHA PALA PYAAPCKOI MHCTUTYTA BEOTPAL

Belgrade, Serbia / Beorpag, Cp6uja
24-26 V1 2020

ORGANIZER / OPFTAHU3ATOP

MINING INSTITUTE BELGRADE
PYOAPCKU MHCTUTYT BEOTPAL

Co-organizers / cyopraHusaTtopu

Department of Mining, Geological and Systems Sciences
of the Academy of Engineering Sciences of Serbia
Operbetbe pyfapcKmx, reoNoWKMX U CUCTEMCKMX HayKa
AKaZemunje NHKerbepcKnx Hayka Cpbuje

Balkan Academy of Mining Sciences
BasnkaHcKa akagemuja pyaapckmx Hayka

DETAILED INFORMATIONS
OETAIbHE MH®OPMALIMJE

www.ribeograd.ac.rs
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Hukonaj HuxomaeBuy MemHu-
KoB (Mocksa, 25. 07. 1938. - 2. 06.
2018), muru. PyBapCKu MHXemep,
Ip TEeXHUYKMX HayKa, YHUBEP3MU-
TeTCKY IIpodecop, HAyYHUK CBET-
CKOT T71aca, 4iaH Pycke akagemuje
HayKa,1997, wuHOCTpaHu  4YmaH
AKaJieMlje MHXeHhepCKUX HayKa
Cpbuje (AMHC), 2009, nmovacHu
ylaH bankaHcke akazemuje py-
JApCKuX Hayka, 2017.

Poben je y mopopguuu Bopeher
PYHApCKOT CTpydYmaka UM HayJHMU-
Ka Hwkomaja BcmmeBnya Merb-
HUKOBa, WIaHa AKafieMMje HayKa
CCCP-a, To je BepOBaTHO OIIpe-
mempyjyhe yTumano Ha usbop mpo-
¢decuje cuna. Ilocrme saBplIeHMX
cryguja 1960. Ha MOCKOBCKOM
PYFBAapCKOM MHCTUTYTY,  MIaju
MebHIKOB He KOPUCTH TPUBUTIE-
Tuje Koje My IIpy>Ka yIJIe[, ¥ ayTO-
puTeT oI, ofpude ce Komdopa
BeJIETPajiICKOT JKMBOTA M  Of/Ia-
su fma pagu y Coxonoscko-Cap-
6ajckuj pygapcku kombuHar y Ka-
saxcrany. Byayhu nayunnk Bpaha
ce y MockBy 1962. n samounbaBa
y wmHCTUTYT I[umporsermer, rne
CTHYe IparoljeHa NHKemhepCcKa uc-
KyCTBa Ha IIPOjeKTMMa PyJHMKA:
Hopwmckn kom6buuar, banxarr,
31UpjaHOBCK, Yer-Kamenoropc,
Epmener u gp.

Op 1965. mo Kpaja >KMBOTA, CBY
CBOjy KpeaTMBY M CTBapanadky
€HEPIrujy IOCBETUO je PYAapCTBY
pagehu y Amartutuma Ha ceBepy
Pycuje (Mypmancka ob6mnact,Ko-
na momyoctpso). Popmupao je n
IOAMIA0 JAHAC BUCOKO YITIEHY

(CXV) 1-2
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Nikolai Nikolayevich Melnikov
(Moscow, 25/ 07/1938. - 2/06/2018),
graduated mining engineer, Dr.
of technical sciences, university
professor, a world-class scientist, a
member of the Russian Academy
of Sciences, 1997, a foreign mem-
ber of the Academy of Engineering
Sciences of Serbia (AESS), 2009, an
honorary member of the Balkan
Academy of Mining Sciences, 2017.

He was born in the family of the
leading mining expert and scien-
tist Nikolai Vasilevich Melnikov, a
member of the Academy of Scienc-
es of the USSR, which was proba-
bly what influenced the choice of
his son’s profession. After gradu-
ating at the Moscow Mining In-
stitute in 1960, young Melnikov
does not use the privileges of his
father’s reputation and authority,
he renounces the comforts of met-
ropolitan life and goes to work in
the Sokolovsko-Sarbajsk mining
complex in Kazakhstan. The fu-
ture scientist returns to Moscow in
1962. and employs himself in the
Giprocvetmet Institute, where he
gains valuable engineering experi-
ence on mining projects: Norilsk
Combine, Balhash, Zirjanovsk,
Ust-Kamenogor, Erdenet and oth-
ers.

From 1965. until the end of his
life, he devoted all his creativity and
creative energy to mining in the
Apatity in the north of Russia (Mur-
mansk region, Kola Peninsula). He
founded and raised what is today a
highly respected scientific establish-
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HayuHy Kyhy Pymapcku mucTHTYT
Konckor nayuyHor menTpa Pycke
aKJieMuje HayKa.

OCHOBHM NIpaBLM Hay4YyHE ¥ Hay4-
HO-OpraHM3alliOHe  JeTaTHOCTHU
akagemuka H. H. MemHukosa cy
TeopHjcKa ¥ TpUMembeHa UCTpa-
JKMBama MHTEIPUCAHOT pasBoja
MMHEPATHO — CUPOBMHCKOT KOM-
IUIeKCa U CTpaTelIKor Kopuihema
noAseMHUX Tnpocrtopa. Iberosu
Haj3HAYAjHUjU HAy4YHM [OIPUHO-
CU OJJHOCE Ce Ha TeOPHUjy MPjeKTO-
Bama U IUIaHUPama y PyHAapCTBY,
yHanpebemwe 1 pa3sBoj HOBUX pe-
CYPCHO IITeUbUBMUX M €KOIOUIKM
0e3b6eHNX TeXHOJOIMja 3a U3-
Bobemwe pagoBa y TeWIKUM yC/IO-
BuMa. OCHMBAY je Hay4yHe MIKONIe
KOMIUIEKCHOT eKOJIOIIKY M36aaH-
CUPaHOTI OCBajarba JIEXMUIITA MIU-
HepaJTHUX CUPOBMHA Y CIOXKEHUM
PYAapCKO-T€ONIOMIKIM  YCIOBUMA,
U jeINHCTBEHE ILKOJIE MOJ3eMeHe
usrpajmbe objekara 1 kopumherma
MOJI3€MHUX ITPOCTOPa 3a HYKJIEp-
Hy €HEPreTHKY M OJjlarame paju-
OAKTUBHOT OTIAJa.

Crpapanauko Hacnebe akamemuxa
MebHukoBa yK/bydyje npeko 300
Hay4HNUX pajjoBa, yKbydyjyhu 21
monorpadujy. Jlaypeat je 6pojHux
Ap>KaBHUX OJ/IMKOBarba, Harpaja
U IpU3HaMba.

buo je mpujare> Cpbuje, BuCO-
KO je TIOIITOBAO CPIICKM Hapof,
CBOjUM ayTOPUTETOM YTUIA0
je M 3Ha4YajHO [OIPMHEO YCIIO-
CTaB/balby M pas3BOjy HayuyHe U
cTpyuHe capagme usmeby Pycuje
un Cpbuje. Kao roctu Opemema
PYBApCKMX, TEONOWKUX U CHU-
cremckux Hayka AVIHC, akape-
MUK Me/bHUKOB I HeroBa CyInpy-
ra Cpernana, ofgpxxannu cy 2009.
3amakeHa, Mu3yseTHo mocehena
npefgaBama y PexkTtopary VYHu-
Bepsurera y beorpagy. 3a Ha-
YYHO €0 U JOIPMHOC HAy4IHOj
capagwmu Cpbuje u Pycuje, axa-
nemuky Huxkomnajy Hukomnaesuuy
MemHUKOBY pmope/beHa je 2016.
[ToBerpa Axagemuk Jbyb6omup

ment - the Mining Institute of the
Kolsky Scientific Center of the Rus-
sian Academy of Sciences.

The basic directions of the sci-
entific and scientific-organiza-
tional activity of academician N.
N. Melnikov are theoretical and
applied research of the integrated
development of the mineral-raw
materials complex and the stra-
tegic use of underground space.
His most important scientific con-
tributions relate to the theory of
design and planning in mining,
the advancement and develop-
ment of new resource-saving and
environmentally safe technologies
for performing works in harsh
conditions. He is the founder of a
science school for a complex eco-
logically balanced acquisition of
mineral deposits in complex min-
ing-geological conditions, and a
unique school of underground
construction of facilities and the
use of underground spaces for nu-
clear energetics and the disposal
of radioactive waste.

Creative heritage of academician
Melnikov includes over 300 scien-
tific papers, including 21 mono-
graphs. He is a laureate of numer-
ous state decorations, awards and
recognitions.

He was a friend of Serbia, had
high respect for the Serbian peo-
ple, with his authority he influ-
enced and significantly contrib-
uted to the establishment and
development of scientific and
professional cooperation between
Russia and Serbia. As guests of
the department of mining, geo-
logical and systematic sciences
AESS, academician Melnikov
and his wife Svetlana, held nota-
ble and extremely visited lectures
at the Rectorate of the University
of Belgrade in 2009. For the sci-
entific work and the contribution
to scientific cooperation between
Serbia and Russia, academician
Nikolai Nikolayevich Melnikov
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Knepuh. Tum mnosopom, mpu-
KITaJjaH TeKTc mnocBeheH mwemy
objaBmeH je y Pymapckom rmac-
HuKy, No. 1-2, Vol. CXIII, 2016,
str. 107-108.

IIpupenno:
Cnob6opan Byjuh

Momunno CumonoBuh, (Apanbe-
noBaty, 1923 - Beorpaz, 1999), guru.
UHXK. PYAApCTBa, AP TEXHMYKIX
Hayka, pefoBHU Npodecop YHU-
Bepsurera y beorpanmy, mcTakHyTH
CTPyYmaK ¥ IIPUBPETHUK. Ydec-
Huk HapopHoocnobopyauke 60p-
6e. IIkonoBao ce y Apanbenosuy
n beorpamy. Crymuje pypmapcTsa
sapio 1951. Ha Pymapckom da-
KynTeTy TexHI4Ke BelMKe LIKOTIe Y
beorpany. Jlokropcky mucepranujy
Kanavyumem nospuurckoz omxona
JUeHUMA Kao PyHKUUja mpoukosa
npumapre monsiome 3a cazopesaroe
u npepady, onOpPaHNO Ha MATUIHOM
¢axynrery 1968. mpern KoMmycujoM
npodecopa: Bemumup Mutytuso-
Buh, bpanko Drynraesuh, [I. Bemrg-
koBuh.

CTynmjcky Wi Ha ycaBpIIaBamiMa
6opasuo je y Hemuxoj, CCCP-y, Ye-
xocnosaukoj, CAJl, Kanazn, [pyxoj,
Typcxoj, Ilombckoj, Aycrpanuju, Vn-
IV AT,

[To mumnommpary usabpan je 3a
acucrenra Ha Katezpu 3a excriioa-
Tanyjy HadTe U IPUPOIHOT raca Ha
matuaHoM  akynrery. IIpement-
TeH je 1952. 3a IMaBHOI MHXXemepa
ITpemyseha 3a mcrpaxxse pasoBe U
my6uHcKo Oyiuerse y CapajeBy, a 3a-
TVIM 32 AVPEKTOpPa 3a eKCIUIOATaLjy
U mpunpemy mpoussonte y Had-
taracy y Hosom Cagy. Y Pymapcko
€HEPreTCKO MHAYCTPUjCKU KOMOM-
Har Komy6apa mpemasu fa pamm
1957, Kao yIpaBHMUK MOBPUIMHCKMAX
KOIIOBA, ITIABHU MHKEHep TEeXHITI-
Ke TIpUIIpeMe, TeXHUYKY JYPEKTOp,
U reHepaHK fupekTop KommoOHara.
Ha Pygmapcko-reonomkom axymn-
TeTy YHuBep3uteTa y beorpapgy, 3a
BaHpenHor mpocdecopa usabpaH je
1964. a 3a pegosHor 1970. Jenan je
Of yTeMe/bUTe/ba HaydHe 1 00pasoB-

was awarded the Academician
Ljubomir Kleri¢ Charter in 2016.
On this occasion, a suitable text
about him was published in the
Bulletin of Mines, No. 1-2, Vol.
CXIII, 2016, pp. 107-108.

Prepared by:
Slobodan Vuji¢

Momcilo Simonovi¢, (Arandelovac,
1923 - Belgrade, 1999), BSc in Min-
ing, PhD in Technical Sciences, a full
professor at University of Belgrade, a
prominent expert and businessman.
He was a participant of the People’s
Liberation War. He was schooled
in Arandelovac and Belgrade. He
graduated from mining studies in
1951 at Faculty of Mining of High-
er Technical School in Belgrade. He
defended his doctoral dissertation.
The capacity of surface excavation of
lignite as a function of costs of prima-
ry heat for combustion and processing
at his home faculty in 1968 before
the committee of professors Velimir
Milutinovi¢, Branko Glusc¢evi¢, D.
Velickovic.

He went to study and development
visits in Germany, the USSR, Czech-
oslovakia, USA, Canada, Greece,
Turkey, Poland, Australia, India, etc.
After graduation, he was elected a
teaching assistant at the Department
for Exploitation of Oil and Natu-
ral Gas at his home faculty. He was
transferred in 1952 to be the chief
engineer of the Enterprise for ex-
ploration works and deep drilling in
Sarajevo, and then the director for
exploitation and production prepa-
ration in Naftagas, Novi Sad. He
moved to Kolubara Mining Energy
Industrial Plant in 1957 as the man-
ager of open-pit mining, chief tech-
nical preparation engineer, technical
director, and general manager of the
Plant.

At Mining and Geological Faculty of
University of Belgrade, he was elect-
ed as an associate professor in 1964
and a full professor in 1970. He is one
of the founders of the scientific and
educational field at his home faculty,
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He 00/acTy Ha MaTMYHOM (baKysn-
tery, CMepa 3a e/IeKTPOTEXHUKY U
MAILVHCTBO Y PYJAPCTBY, YMjUM je
Pa3BojeM YCIIEIIHO PYKOBOIMO [0
oy1acKa y neHsujy 1989.

Kao pykoBopmmaly Ha BICOKO OJIrO-
BOPHUM MECTVMa Yy NIPUBPEIH, Kao
Kpearop, IIaHep, KOHCY/ITaHT, Kao
OIlepaTMBHM PYKOBOIM/IALL PyHap-
CKO-€HEPreTCKNX objekara, [ao je
3HaYajHe [IONPMHOCE M3IPANIbU U
Pa3BOjy €leKTPO — EHEePreTCKOr CH-
crema Cpbuje. PykoBoauo je nHBe-
CTULIIOHOM M3TPa/IlbOM U PasBOjeM
3OpY>XEHOT  eeKTPO-IIPUBPENHOT
npenyseha Cpouje, 1965-1975. Ay-
TOPUTETOM, YITIEIOM, CTpy4HouIhy
onpeferbyjyhe je yTiao u ydecTso-
Bao y uspagu Crpareruje eHepreT-
ckor passoja Cpbuje, IIpocropror
wiana Cp6uje, Cryauje norteHiyja-
JIa eHePreTCKIX MUHEpPaTHMIX CHPO-
BuHa KocoBa 1 Metoxuje, UTH.
OcumM y eHepreTui 3HaYajHUje Ha-
y4He JIONIPMHOCE [A0 je y Teopuju
OarepoBama, JieTepMUHALY PYA-
HMYKMX MAIIVHCKMX CTPYKTYpa, Y
UCTPOKUBABJMA  eKCIUIOATAINO-
HOT BeKa KalMTaJIHUX 1 TTOMOhHIMX
PYBApCKMX MAIlMHA UTH,

AyTop 1 KoayTop je 215 HayuYHUX 1
CTPYYHUX PafioBa MPeNCTaB/bEeHNX 1
06jaB/beHNX Y 3eM/BU VI HOCTPAH-
CTBY, 6 CTPYYHVX KIbITA, YIECTBO-
Bao je y MICTpaKMBamblIMa BIIIIE Ha-
YUHMX TIpOjeKTa M m3paam GpojHNX
IIPUBPESHMX IIPOjeKTa U CTyMja.
Kwure Bazepu, oonaeauu u mpamc-
NOPMHU MOCTOBU HA NOBPUUHCKUM
konosuma, 1967, byndosepu, ckpe-
nepu u nocmpojerva 3a 0youHcko 6y-
uierbe HA NOBPUIUHCKUM KONOBUMGA,
1967, Ipaunu mpaHcnopmepu Ha
NOBPUUHCKUM OmKonuma, 1968, ns-
nama Pymapckor nncuryta beorpap,
Cpedcmea sienesHuuKoe u aymomo-
6usnCcko2 MPAHCNOPMA HA NOBPULUH-
ckum omxonuma, 1972 u Mawwume 3a
Konarbe U MPaHcNopm 0mKonaHoz
mamepujana u nocmpojerva 3a 0y-
OuHcKo OyuleHje HA NOBPUIUHCKUM
omkonuma, 1982, bazepu, 1987, ns-
Hama Pymapcko-reornomkor ¢akym-
TeTa beorpan, npBe KmbuUre U3 0BUX
obmactT Kopi Hac, JelieHMjama Cy
CIy)Xe y 00pasoBamy CTyieHaTa U
UHXerbepa pyfapcTBa.

3HayajaH JIONPUHOC CPIICKOj py-
JAPCKOj MHXXEHEPCKO] HIKOIM 1

of the Department of Electrical Engi-
neering and Mechanical Engineering
in Mining, the development of which
he successfully led until retirement in
1989.

As a manager at highly responsible
positions in the economy, as a crea-
tor, planner, consultant, as the oper-
ational manager of the mining and
energy facilities, he made significant
contributions to the construction and
development of Serbias electro-ener-
gy system. He headed the investment
construction and development of the
United Serbian Electric Power Indus-
try, 1965-1975. With his authority,
reputation, expertise, he had a deci-
sive influence on the development
of the Energy Sector Development
Strategy of Serbia, the Spatial Plan
of Serbia, the Study of the Potential
of Energy Mineral Raw Materials of
Kosovo and Metohija and so on.

In addition to the energy sector, he
made significant scientific contri-
butions in the theory of excavation,
determination of mining machine
structures, research of the exploita-
tion life of capital and auxiliary min-
ing machines, etc.

He is the author and co-author of
215 scientific and professional papers
presented and published in the coun-
try and abroad, 6 professional books;
he participated in research of several
scientific projects and numerous eco-
nomic projects and studies.

Books Excavators, disposers and
transport bridges on surface mines,
1967, Bulldozers, scrapers —and
deep-drilling machines on surface
mines, 1967, Belt conveyors on open-
pit mines, 1968, published by Mining
Institute Belgrade, Means of railway
and automotive transport on open-pit
mines, 1972 and Machines for excava-
tion and transport of excavated mate-
rials and deep drilling rigs on open-pit
mines, 1982, Excavators, 1987, pub-
lished by Faculty of Mining and Ge-
ology, Belgrade, are the first books in
these fields in our country and have
been used in education of mining
students and engineers for decades.
He made a significant contribution
to the Serbian mining engineering
school and education of generations
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o6pasoBamy reHepaliyja CTyfieHaTa
U VIHXKEepa PyflapcTBa Jao je Kao
npodecop Ha mpeaMmery Mauiure
34 NOBPUIUHCKY epKCNIoamauusy,
Kao KpeaTop HACTaBUX IUIAHOBA U
TporpaMa, Kao MeHTOp Ha M3paju
OpOjHNUX JMIUIOMCKVX pajioBa, Ma-
TUCTAPCKUX Te3a U JJOKTOPCKIIX J-
ceprauuja.

IInpox je omyc aHT@XXOBara MPod.
Cumonosnha, 6mo je pexan Py-
TApCKO-TEOTIOMKOT  (paKynTeTa y
Beorpapny, med Cmepa u Karempe
3a eIeKTPOTEXHMKY ¥ MAIIVHCTBO
Yy PYHBapcIBy, WiaH OpOjHMX [O-
Mahux u MebyHapogHuX HaydHMX
U CTPyYHUX acoLMjaliyja, OpraHu-
3aTOp U YYEeCHMK Y pajiy CTPY4HMX
U HayYHMX KOH(epeHIja, WiaH
€KCTIEPTCKIX KOMICHja, KOHCYITaHT
U CaBeTHUK Y Ap>KaBHUM MHCTUTY-
ujama.

3a JiorpuHOCe TIPUBPENY, HAYLM U
MHKEHEPCKOM IIKO/ICTBY, OJINKO-
BaH je OpfieHOM pajia ca cpebpHUM
BeH1eM, OpfieHOM pafia ca 37aTHIM
BeHIleM, OpJieHOM ca IIpBEHOM 3a-
craBoMm 1 Oppenom PermybGrmke ca
cpebpHyM 3paumma. [JoOUTHUK je
OpOjHIMX IIpU3HAMA, IIOBE/bA, IUIA-
KeTa, 3aXBa/IHNLIA, jyOrIapHux obe-
JIeXja ¥ HOBYaHUX Harpapa. Kanmu-
ToBaH je 3a ywaHa CpIICKe aKafleMija
HayKa Il yMETHOCTIL.

Ipupemumn:
Jparan Urmwarosuh
Cno6onan Byjuh

Bpanucnas Tenuuh (3ajeuap, 06.
07. 1924. — Beorpap, 21.10.1990.)
IMIUL. MHX. PyJapcTBa, [p TexX-
HUYKNX HayKa, PeNOBHU Ipode-
cop YrusepsureTa y beorpapy,
Boiehn cTpyumak 3a Ton3eMHy
€KCIZIOAaTalMjy  CJIOjeBUTUX  Jle-
Kumra. YyecHuk Hapopnoocro-
6opuauxe 6opoe.

[IIkonoBao ce y pOJHOM TIpajiy.
Hunnomupao je 1950. Ha Pypap-
ckoM ¢akynrery TexHUuKke Bemuke
mkosne y beorpany, a mOKTOpcKy
mucepaTunjy  Ymuudj  KoHuyeH-
mpayuje pada Ha kanayumem u
eKOHOMUKY 1N003eMH02 OMKONa-

of mining students and engineers as
a professor of Open-pit mining ma-
chines, as a creator of curricula, as a
mentor in the preparation of numer-
ous graduation theses, master theses,
and doctoral dissertations.

The scope of engagement of Prof.
Simonovi¢ is wide. He was the dean
of Faculty of Mining and Geology
in Belgrade, the head of the Depart-
ment for Electrical Engineering and
Mechanical Engineering in Mining,
a member of numerous national and
international scientific and profes-
sional associations, the organizer and
participant in professional and scien-
tific conferences, a member of expert
commissions, a consultant and an
advisor in state institutions.

For contributions to the economy,
science and engineering education,
he was awarded the Order of Labor
with Silver Wreath, the Order of La-
bor with Golden Wreath, the Order
with Red Banner and the Order of
the Republic with Silver Rays. He
won numerous awards, charters,
plaques, certificates of appreciation,
jubilee markings and money awards.
He was a candidate for the member
of the Serbian Academy of Sciences
and Arts.

Prepared by:
Dragan Ignjatovi¢
Slobodan Vuji¢

Branislav =~ Genci¢  (Zajecar,
06/07/1924 - Belgrade, 21/12/1990)
BSc in Mining, PhD in technical
sciences, a full professor at Univer-
sity of Belgrade, a leading expert
for underground exploitation of
layered deposits. He was a partici-
pant of the People’s Liberation War.
Branislav attended school in his
hometown. He graduated in 1950
from Faculty of Mining of Higher
Technical School in Belgrade and
defended his doctoral dissertation
The effect of concentration of work
on the capacity and economics of
underground excavation of layered
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8arba CI0je6UMUX IEHUUIMA YeTba
opbpanno 1970. na Pymapcko-re-
onomkoM ¢axynrery (PI'D) Yanu-
BepsuTeray beorpasy npen komu-
crjom mpodecopa: Bemmup Mu-
nytuHoBuh, Bpanko Inyuraesnh n
VBo Tpammyx.

Kao nmxemep pajino je Ha pyKoBO-
IOHMM noctoBuMa y KibaxkeBaukum
pysHuIVMMa yI/ba, PyiHuKy yripa
Jyukoan (Komy6apa). Y 3asopy
3a HyK/IeapHa U I'eO0JIOIIKa MCTpPa-
X1Bama y bBeorpagy, ob6asmao je
Iy>XHOCT pykoBopuona Opemberba
3a UCTpakHe pajose, 1951-1961,
Ca 3a/JaTKOM MCTPaKUBama U U3-
rpagme Pyguuka ypanmjyma Kan-
Ha U TIOCTPOjerba 3a Ipepagy pyne
y TabpoBuuiu. Ha PI'O-y je kao
XOHOpapHM HacTaBHMK 1960/1961.
ofipaBao Bexbe U3 IpeaMeTa
Omeaparwe u memode nod3emHoz
U nospuiuHcKo2 omkonasarea. Vis-
6opom 3a moueHTta 1961. mpemasu
y cTanHM paau ogHoc Ha PT'® kxao
HacTaBHUK Ha npeamery OcHosu
excnioamayje, 3aTUM U Ha Ipefi-
MeTy Memode nod3emHoz 0mMKoO-
naearba Cn0jesUMux JeHumma.
Y 3Bame BaHpe#HOT Ipodecopa
OupaH je 1971, a 3a pemoBHOT
npodecop 1976. buo je med Ka-
Tepe 3a MOJ3eMHY eKCIIOaTallljy
cnojeBuTuX nexumra 1970-1988,
jemaH je opm yrememurema Cwme-
pa 3a IOfI3EMHY €KCIUIOATallljy
JIOXMIITAa ¥ HacTaBe O MeTofaMa
MOI3EMHOI  OTKOIIABama  CjIoje-
BuTUX nexnimra. Kao mpodecop
U pyKOBOAM/IAILl u3paje OpOjHMX
TUIIZIOMCKMX M CIIEIMjamUCTUYKUX
pasioBa, MarucTapCKuX Te3a i JOK-
TOPCKUX JucepTaluja, yTULAo je
U JIONIPMHEO NOAM3AKY U IPajiibyu
CPIICKe IIKOJ€ pYJApCKOT MH-
skemepcTa. IleHsnonmcan je 1989.
AyTtop je OpOjHMX HAayYHUX U
CTPYYHMX PajioBa IPeJCTaB/bEHNX
U 00jaB/beHNX y 3eM/BU U MHO-
cTpaHCTBY U 5 kmwura (Omkona-
satve cnojesa yerwa mane 0ebmuHe,
PI'®, Beozpad, 1967; OcHosHe Ka-
pakmepucmuxe U NPUHUUNU NOO-
3eMHe eKkcnioamayuje aeIUmma
HykneapHux cuposuna, PI'D, beo-
2pad, 1969; Texwonmowiku npovecu

coil deposits in 1970 at Faculty of
Mining and Geology (FMG) of
University of Belgrade before the
committee consisting of profes-
sors Velimir Milutinovi¢, Branko
Gluscevi¢ and Ivo Trampuz.

As an engineer, he worked on
managerial positions in Knjazevac
coal mines, Junkovac coal mine
(Kolubara). At the Institute for
Nuclear and Geological Research
in Belgrade, he headed the Explo-
ration Department, 1951-1961,
with the task of researching and
constructing Kalna uranium mine
and the ore processing plant in
Gabrovnica. At the FMG he was
a part-time teacher in 1960/1961
holding tutorials in Opening and
methods of underground and open-
pit surface excavation. Having been
elected assistant professor in 1961,
he was employed on a permanent
basis at FMG as a teacher on the
Basics of Exploitation, and then on
the Methods of underground exca-
vation of layered deposits. He was
elected an associate professor in
1971 and a full professor in 1976.
He was the head of the Department
for Underground Exploitation of
Layered Deposits 1970-1988, one
of the founders of the Department
for Underground Exploitation
of Deposits and of the course on
Methods of underground excava-
tion of layered deposits. As a pro-
fessor and supervisor of a number
of graduate and specialist papers,
master theses and doctoral dis-
sertations, he influenced and con-
tributed to the development and
raising of the level of the Serbian
mining engineering school. He re-
tired in 1989.

He is the author of numerous sci-
entific and expert papers present-
ed and published in the country
and abroad and 5 books (Excava-
tion of small-thickness coal layers,
FMG, Belgrade, 1967; Basic char-
acteristics and principles of un-
derground exploitation of nuclear
material deposits, FMG, Belgrade,
1969; Technological processes of
underground exploitation layered
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noodsemHe excnaoamauuje cnojesu-
mux nexcuwma, 1 0eo - Pydapcku
uncmumym Beoepad, 1971, II u
III deo - 3a600 3a usdasarve yuybe-
Huxka, Beoepad, 1972). PykoBoamno
je MHOTMM IIpOjeKTMMa UCTPaXkKu-
Bama, eKCIUIoaTallje yIiba 1 ypa-
HMjyMa, M3pajie MHBECTULMOHMX
Imporpama, CTyiuja, eKCIepTusa,
CTPYYHUX OIl€Ha U JpyTe CTPyuHE
NOKyMeHTaluje.

VHXembepcKNM 1 HayYHUM JIeTIOM,
ydenthem y Kpempamwy mpomuca
U 3aKOHa 3a PYHapCTBO, Y pella-
BamUMa OPOjHUX PYFHUYKIUX IIPO-
6rema u yBobema HOBUX, edpuKac-
HUjUX 1 6e30eIHIUjMX TeXHOIOTHja
Y PYGHUIIMMA ca IOfI3eMHOM €KC-
IIJIOATALIV]OM, YTULA0 je Ha Pas3Boj
CPIICKOT PyAapcTBa y IPYyroj Moso-
BrHU XX BeKa.

3a [ompMHOCe HayIV, HMpPUBPERN
U IIKOMM PYHApCKOT UHXKemep-
cTBa ofMKoBaH je OpneHoM 3a-
cryra 3a Hapon u OppieHOM paja.
Jo6UTHUK je OPOjHMX IIpU3HAHA,
IJIaKeTa, TIO0BE/ba, 3aXBalHMUIA U
jyounapHux obenexja.

IIpupepmno:
Cno6opas Byjuh

Yemomup Makcumosuh (Bpmua,
Tomoma, 20.05.1938 - Jlasapesar,
03.07.1998), AuIIL. MHX. pyfapcTBa,
Mp TeXHWYKUX HayKa, MCTAKHYTU
CTPy4maK 3a IOBPIIMHCKY eKC-
I/I0ATLjy MUHEPaTHUX CUPOBMU-
Ha. IlIkonoBao ce y Apanbernosiy.
Crynuje pymapcTBa 3aBpLIMO  je
1964. Ha Pygapcko-reonomkom da-
KynTeTy YHUBepsuTeTa y beorpa-
my. Marucrpupao je na temu ,,Of-
BOf[fbaBame IOBPIIMHCKOT KOIIa
Pynuuka 6akpa Majnanmex 1971.
Ha MaTM4YHOM (aKy/ITeTy.

ITocne saBpmieHux CcTymmja 3a-
nocmo ce 'y Pynmuky Oaxpa
Majpannek, rpe je pPYKOBOAMO
CexTopoM 3a pasBoj. ¥ Pymapcko
€HEeprecTKO MHAYCTPUjCKM KOM-
6unar Komyb6apa OpraHusaryona
jemmHmua ,TaMHABCKM KOIOBI',

deposits, Part I - Mining Institute
Belgrade, 1971, II and III part -
Institute for publishing textbooks,
Belgrade, 1972). He led or partic-
ipated in the development of nu-
merous projects for exploration
and exploitation of coal and urani-
um, investment programs, studies,
expertise, expert assessments, etc.
By his engineering and scientific
work, participation in the creation
of regulations and laws on mining,
solutions to numerous complex
practical problems and the intro-
duction of new more efficient and
safer technologies in mines with
underground exploitation, he in-
fluenced the development trends
of Serbian mining in the second
half of the 20th century.

For contributions to science,
economy and school of mining
engineering, he was awarded the
Order of Merit and the Order
of Labor. He received numerous
awards, plaques, charters, certif-
icates of appreciation and jubilee
markings.

Prepared by:
Slobodan Vuji¢

Cedomir Maksimovi¢ (Vrmda,
Topola, 20/05/1938 - Lazarevac,
03/07/1998), B.Sc. in Mining, MSc
in Technical Sciences, a prominent
expert on surface mining of mineral
raw materials. He went to school in
Arandelovac and graduated Faculty
of Mining and Geology, University
of Belgrade in 1964. He was award-
ed a magister degree for the thesis
on “Drainage of Majdanpek Copper
Mine Open Pit” in 1971 at the same
Faculty. After completing his stud-
ies, he was employed in Majdanpek
copper mine, where he headed the
Development Sector. Afterward, he
started working in Miining Energy
Industrial Plant Kolubara, Organi-
zational unit “Tamnavski mines” in
1975 on operational and manage-
ment positions: supervisory engi-
neer, technical manager of mining

173




174

Ceharve / In Memoriam

npenasy fga pagyu 1975. Ha omnepa-
TYBHUM ¥ PYKOBOJHMM MeCTVMa:
HAJ30PHY MH>KeHep, TEXHUYKH py-
koBopmial, Pymapcke omepaTuse,
IJIaBHM MHXKewep Pymapcko-rpabe-
BUHCKe CIy>X0e M MHBECTUIMOHE
usrpagme. Ilpeysuma 1979. myx-
HOCT fiupekTopa bupoa 3a npojek-
TOBalbe I MIHKeHmepyHT y JIasapes-
y. On 1984. o ofyacka y meH3ujy
1997. 06aB/mao je AY>KHOCT I/IaB-
HOT MHKemepa 3a KOOPAMHALM]Y
Tpajilbe TepMOENeKTpaHe 1 PYyJHNU-
Ka y OCHMBamy ,,Komybapa b Y6.
Cryzujcku je 6opasuo y ITo/bckoj,
Hemaukoj, 3am6uju, CCCP-y.
Aytop u xoaytop je Beher 6poja
CTPYYHMX ¥ HAyYHUX PafioBa IIpef-
CTaB/beHNX 1 06jaB/beHNX Y 3eM/bU
Y MTHOCTPAHCTBY.

Kao mpencennnk Kommcuje 3a Tex-
HIYKO-TeXHOJIOIIKe Hayke Perry-
Ommuke 3ajenHuile 3a HayKy Cpouje,
ayTOPUTETOM U 3ajlarameM OIlpe-
nepyjyhe je yruiao ma Munucrtp-
cTBO 3a HayKy Pemyb6muke Cpbuje
omobpu 1974. cpencrBa (27.000
$ US) Pymapcko-reonomkom da-
Kynrery y Beorpagy s3a HabaBKy
111apcKOr pavdyHapCKOr CHUCTeMa
Wang 2200.

3amakeHa Cy HberoBa aHIa)KOBarba
U Ha IPYTUM IIO/bUMa: 610 je WiaH
OpojHMX CTPYKOBHUX U JpPYIITBe-
HUX OpraHusaluja, IpeceHNK
OK MajpaHmek, y4ecHUK y CcIe-
JICONIOIIKNM ~MCTPaKUBalbVUMa I
IopunpemMu 3a mocetuorne Pajkose
nehnue kox Majpanneka, wian Vs-
BpLIHOT of6opa Perrybnuuke 3ajern-
HILIe HayKe, YIaH IpefiCeTHUIITBA
CaBesa MHXXemepa ¥ TeXHMYapa
Cpb6uje, uran Casera Pygapcko-re-
onomkor akynrera y Beorpany,
yraH YmpasHor ombopa PK Ko-
nybpa, cekperap JyrocIoBEeHCKOT
KOMMTETA 33 TIOBPUIMHCKY eKCILIO-
aTalyjy MMHEPAJTHUX CHPOBMHA,
yraH OpraHusalyoHor ogbopa 3a
npumnpeMy XI cBeTCKOT pyAapcKor
KoHrpeca y beorpany. 3a cTpy4se u
IpYLITBeHe IOIMPUHOCe HOCU/IALL je
BUILIe HaTpajia ¥ IpU3HAIba.

IIpupepmno:
Cno6opas Byjuh

operations, chief engineer of min-
ing and construction service and
investment construction. In 1979 he
became the director of the Design
and Engineering Bureau in Laza-
revac. From 1984 to the retirement
in 1997, he was on the position of
the chief engineer for coordina-
tion of construction of a thermal
power plant and mine during the
establishment of “Kolubara B” Ub.
He went to study visits in Poland,
Germany, Zambia, the USSR. He is
the author and co-author of a larg-
er number of professional and sci-
entific papers presented and pub-
lished in the country and abroad.
Being the president of the Com-
mission for technical and techno-
logical sciences of the Republican
Community of Science of Serbia,
his authority and commitment
definitely influenced Ministry of
Science of the Republic of Serbia
to approve funds ($ 27,000 US) to
the Faculty of Mining and Geolo-
gy in Belgrade for the purchase of
the digital computer system Wang
2200 in 1974.

His engagements in other fields are
also noteworthy: he was a member
of many professional and social
organizations, the president of FC
Majdanpek, a participant in spele-
ological research and preparation
of Rajko’s cave near Majdanpek for
visitors, a member of the Executive
Board of the Republican Commu-
nity of Science, a member of the
Presidency of the Association of
Engineers and Technicians of Ser-
bia, a member of the Council of
Faculty of Mining and Geology in
Belgrade, a member of the Board of
Directors of FC Kolubara, the sec-
retary of the Yugoslav Committee
for Surface Mining of Mineral Raw
Materials, a member of the Organ-
izational Board for the preparation
of the XI World Mining Congress
in Belgrade. He received several
awards and recognitions for pro-
fessional and social contributions.

Prepared by:
Slobodan Vuji¢
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Mujo Kpemmnh (ITapceno, Tysna,
1932 - Beorpag, 2017), guruiomu-
PaHU MHXembep PyAapCTBa, AP TeX-
HUYKMX HayKa, YIJIEOHU CTPydmaK
3a eKcIIoarauujy yrpa. lllkonosao
ce y Tysm. Crymuje pymapcTBa
3appumo 1959. Ha Pypapcko-reo-
7omKoM (aKynTeTy YHUBep3uTe-
Ta y beorpany. Marucrapcky tesy
ombpanno 1969. Ha Pymapckom
¢daxynrery Tysma YHusepsutera
y CapajeBy, a JOKTOPCKY JjyicepTa-
1y 1981. Ha Pymapckom dakynre-
Ty YHuBepsuteTa y Tysmn.

Papno je mecerak ropuHa y Pymuum-
Ky MpKor yr/ba baHoBuhnu Ha orme-
PaTVBHMM ¥ PYKOBOJHUM JY>KHO-
ctuMa: ynpaBHUK jame Owmasuhu,
pyKoOBOM/IALl TpyIe 3a pasBoj U
IIPOjeKTOBalbE, Y ITIABHYU MHKEIbEP.
Y Cno>xeHoj opraHusanyju pygHm-
Ka yrpa Kpeka-banosrhu un Cro-
>KeHoM mpenysehy pymHuim yrpa
bocue u Xepiieropuse, pyJHIYKIM
CHCTEMMMa Ca JleceTHHaMa X1basia
3aIIOCTIEHNX U TIPOM3BONIOM JIO
15 MUIMOHA TOHA yI/ba TOUIIIbE,
00aB/ba0 IY’)KHOCTM: TMOMONHMK
TEXHUYKOT JIMPEKTOPa pYHUKA,
pyKoBopmIal cmyxbe pasBoja, au-
PEKTOp 3a INPOM3BONY, TEXHUY-
KUl JIUPEKTOp, MOTHPEeJCETHUK U
HpefICeNHNK TTOCTIOBOIHOT 0f60pa.
Papny xapujepy saspuno je y beo-
rpajy, Ha Jy>KHOCTU CEKpeTapa 3a
eHepreTuKy y IIpuBpenHoj komopu
Jyrocnasuje.

AyTOp WIM KOayTOp je BMuIIe
CTPYYHUX U HayYHUX pajioBa U Op-
TaHU3ATOp HEKOMNKO noMahmx u
MehyHapoOIHUX HayYHUX M CTPyd-
HUX CKYTIOBa.

3a mpuBpegHe M CTPY4HE NONpPU-
Hoce ofyInKoBaH je OppeHoM pafia
ca 3JIATHUM BeHIeM, HOOMTHUK
je OpOjHMX TIpM3HAIA U TTOYACHU
yaH Vmkemepcka akagemuja Cp-
ouje.

IIpupepmno:
Pagomup Mutnh

Mijo Kresi¢ (Parselo, Tuzla, 1932
- Belgrade, 2017), Bachelor of Sci-
ence in Mining Engineering, Doc-
tor of Technical Sciences, a reputa-
ble coal mining expert. Mijo went
to school in Tuzla. He graduated
from Faculty of Mining and Geol-
ogy at the University of Belgrade in
1959. Afterward, he defended his
master thesis at Faculty of Mining
in Tuzla, University of Sarajevo,
and his doctoral dissertation at
Faculty of Mining at the University
of Tuzla in 1969 and 1981, respec-
tively.

Mijo worked for ten years in the
Banovici Coal Mine on operational
and management positions: Oma-
zi¢i pit manager, development and
design team leader, and chief engi-
neer. In the Kreka-Banovi¢i Coal
Mine holding organization and
the Bosnia and Herzegovina Coal
Mines holding company, mining
systems with tens of thousands of
employees and annual production
of up to 15 million tons of coal, he
worked as an assistant technical di-
rector of the Mines, head of devel-
opment department, production
director, vice president and presi-
dent of the Board of Directors. He
finished his career in Belgrade, as
an energy secretary at the Cham-
ber of Commerce of Yugoslavia.
He is the author or co-author of
several expert and scientific papers
and the organizer of several na-
tional and international scientific
and professional meetings.

He was awarded the Order of Labor
with a golden wreath for economic
and professional contributions, re-
ceived numerous awards and was
an honorary member of the Engi-
neering Academy of Serbia.

Prepared by:
Radomir Miti¢
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Munomy6 Ip6osuh (Jyununthu,
Cjennna 09.06.1927 - Dbeorpap
21.07.2018), mumi. MHX. pymap-
CTBa, Y CBETY IO3HAT M IPU3HAT
CTpy4YlaK 3a IPUIIPEMY MINHe-
panuux cuposuna (IIMC), nemo-
HOBaIbe jaJIOBMHE U3 IOCTPOjerba
3a [IMC u nereher memema us
TepMoeneKkTpaHa. Cpefmy KO-
ny saspmno je y Hosom Ilasapy,
punnoMupao je 1954. rox. Ha Py-
TapCKO-TeO/MOMKOM  (aKyITeTy
Yuusepsurera y beorpany.
ITpodecronanuy xapujepy Besao
je 3a [Be opraHmsanuje Koje je
TOXXMB/bAaBAO Ka0 CBOj APYTU IOM,
Pynuuk 6axpa Majmannex u Py-
napcku MHCTUTYT beorpap. Ilo-
CNIefbUX JleceTaK TONMHA pajfino
jé y COIICTBEHOj KOHCYITaHTCKO]j
¢upmu boposar.

ITocne s3appmieHux CcTyamja u
obaB/peHe TIpakce Yy Benukoj
bpurannju, ca rpymoMm cBOjux
Kojera MJIaiuX UHXemepa of
1955, ka0 mpBU ympaBHUK ¢r1o-
Taluje a 3aTUM Kao TEXHUYKMU
OUPEKTOP pajy¥ Ha IIPOjeKTO-
Bamby 11 M3rpamby PyqHuKa 6akpa
Majpaunex (PBM), jeman op Haj-
MOZEpHUjUX PYJHMKA Y CBETY y TO
BpeMe. 3HaIbeM, €HTY3MjasMOM U
KpeaTuBHOIINY y IIpojexTe yHOCH
HalIpeJHa TEXHMYKO-TEXHOIOUIKA
pewema. PesynraTy HuCy M30CTa-
7Y — TPEBAsUILIN Cy IIAHMpaHe
TeXHO-eKOHOMCKE II0Ka3aTelbe.

Y Pynapckm muctutyT bBeorpap
ponasu 1963, rge pagm go 1994.
Ha pPYKOBOJZHMM MeCTUMaA: pPy-
koBoaunal, Opememe 3a 6Gakap,
ynpasHuk 3asoga 3a IIMC, 3ame-
HUK fupekTopa 3a MehyHaponue
npojekte. TokoM oBOr Iepuopa,
3HayajaHe JOIIPMHOCE Jla je Kao:
IVIPEKTOP ¥ CAaBETHMK Ha BUIIE Of]
20 mpojekara u3 [IMC-a, rmaBHu
mpojekTaHT Qrortaunje PynHuka
6axpa Majpanmex kamarurera 11
MIIMOHA t/Topniumbe 1 Tpu dase
excrausuje (1960-1980), rmaBHU
mpojekTaHT rortaunje PynHu-
Ka 6axpa Bemuku Kpusem kama-
yureTa 4 MMIMOHA t/TOfMIIE-€
(1980-1982), rmaBHM TIPOjeKTAHT
U PYKOBOAMJIALl IIPOjeKTa BUILE

Miloljub  Grbovi¢  (Dunisi¢i,
Sjenica  09/06/927 - Belgrade
21/07/2018), B.Sc. Mining, was
world-renowned expert in the field
of minerals processing and mining
tailings and power plant fly ash dis-
posals. Mr Grbovi¢ completed high
school in Novi Pazar and in year
1954 graduated from Faculty of
Mining and Geology at the Univer-
sity of Belgrade.

His professional career was close-
ly linked to two organizations that
he accepted as his second home:
Majdanpek Copper Mine and the
Mining Institute of Belgrade. Over
the last ten years he worked as an
independent consultant through his
own firm Borovac.

After graduating from university
and completing his work experience
in England, in 1955 Mr Grbovi¢ was
appointed with a group of young
graduate engineers to Majdanpek
Copper Mine project where he held
the position of its first process plant
superintendent and then a techni-
cal director to manage the design
and construction of a new copper
mine Majdanpek, one of the most
modern mines in the world at that
time. Their enthusiasm, knowledge
and creativity resulted in the most
advanced technical solutions being
applied at the mine, as well as ex-
cellent commercial outcomes that
exceeded expectations.

After moving to the Mining Institute
Belgrade in 1963, he worked in the
senior management and executive
positions until 1994: as the Head of
the Copper Group, Manager of the
Minerals Processing Department
(Zavod 2) and as the Institute’s Dep-
uty Director for International Pro-
jects. During this period some of his
remarkable achievements include
the following: Project Director and
Advisor on over 20 minerals pro-
cessing projects around the world;
Design Manager for the Majdan-
pek copper mines 11Mt/a process
plant and subsequently for its three
expansion stages (1960-80); Design
Manager for Veliki Krivelj copper
mines 4Mt/a process plant (1980-
1982); Design and Project Manager
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on 15 droTaumjckux jamoBuuita
U HeNeIuuTa TepMOeTeKTpaHa
IMPOM Jyrocnasuje, SUPEKTOP
IIpOjeKTa TPy IMeleNNnIITa TePMO-
efleKTpaHa y YexocnmoBaukoj Ha
OpuHIMNy “Kbyd y pyke” (1981-
1994), pykoBopgumal, UCTPaKK-
BAYKOI' TMMa 33 Pa3BOj TE€XHOJIO-
ruja unnrhema yrpa, UTH,.

Oupmy bopoBan 3a  KOHCYyII-
TAHTCKe YCIIyre OCHOBao je 1994.
opjentuinyhu ce Ha pasBoj, MHO-
Balyje ¥ IPOMOLMjy HOBUX Te€X-
Homoryja 3a ummhemwe yr/ba HU-
CKOT KBaJNUTeTa, a 3a mHoTpebe
MHOCTPAaHUX K/IMjeHaTa ypajguo je
BHIIIe CTYAMja U IpojekaTa 3a Oa-
Kap M 371aTO.

AyTop m koayTop je mpeko 100
HayYHMX U CTPY4YHMX pajioBa
IpeJCTaB/beHUX U 00jaBbeHUX y
3eM/bJ U MHOCTPAHCTBY, U ayTOP
8 mareHara M3 IpUIIpEME MeTa-
JMVYHUX U €eHePTreTCKUX MMUHepas-
HUX CUPOBMHA — 06a/1acTi Kojoj je
CTBapaalliTBOM, 3HAKEM 1 €Hep-
rujom ocato mocsehen mo kpaja
KUBOTa, oTBapajyhm u rpapehn
HoBe nyTeBe y [IMC-y. 3a HayuHe
U CTpy4He JIOIIPMHOCE HOCHUIAL] je
BlIIIE IIPU3HAIbA.

IIpupepmno:
Bpanncmas [p6osuh

Kocra Maxkap (Cupay, Ocjek,
15.11.1924 — Kocronar, 25.12.2018),
AUIUL. VIHDK. PynapCTBa, MCTAKHYTU
PYHApCKU CTPy4maK, HYro TOMV-
Ha TeHepamHu pupekrop WHpy-
CTPUjCKO-€HEePreTCKOr  KOMOMHaTa
»Kocromar“. Kpajem 1941. ca mo-
poauuoM n3berao je of HEMAauKMX
OKyIaTopa u ycrama y Jagax xop
ponbuny mo Mmajum. IlIkonosao ce
y pomHoM Mecty, Ocjexy 1 Yauxy.
Crynuje pygapcrsa 3aBumo je 1952.
Ha PymapckoMm ¢axynrery Texnmuke
Be/Ke HIKosie y beorpany.

On pumioMmpama [0  OfjTacka
y meHsujy pagmo je y Mnpy-
CTPUjCKO-€HEPreTCKOM KOMOUHATY
»Kocrormar, Ha oneparuBHNM 1 py-

for the over 15 mine tailings facili-
ties and fly ash disposals in former
Yugoslavia; Director of projects on
a “turnkey” basis for three major
power plant fly ash disposals in for-
mer Czechoslovakia (1981-1994);
Leader of the research team for the
development of coal-cleaning tech-
nology, etc.

Since 1994, he provided consultan-
cy services through his own com-
pany Borovac, mainly related to the
development of a new low-quality
coal cleaning technology. He also
worked on studies for copper and
gold projects for foreign customers.
Mr Grbovi¢ was the author or
co-author of over 100 papers pre-
sented and published around the
world, and author of 8 patents in
the field of processing of metal-
lic and energy minerals - the area
he remained inspired with. With
his creativity and knowledge, and
dedication to his work that never
wavered, even well into his senior
years, he paved the way for many
industry professionals and made
significant contribution to the min-
erals processing industry. He holds
numerous awards and recognitions
for his professional achievements.

Prepared by:
Branislav Grbovi¢

Kosta Makar (Sira¢, Osijek,
15/11/1924 - Kostolac, 25/12/2018),
BSc. in Mining, a prominent min-
ing expert, longtime general man-
ager of the Industrial and Energy
Plant “Kostolac”. At the end of 1941,
he and his family fled from German
and Ustasha occupation to Cacak
to his relatives on the mother’s side.
He studied at his hometown, Osijek,
and Cacak. He graduated from Fac-
ulty of Mining of Technical High
School in Belgrade in 1952.

From graduation to retirement, he
worked in the Industrial and Ener-
gy Plant “Kostolac”, on operational
and managerial tasks: he was the
manager of Kostolac open pit, the
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KOBOJHIM 3ajlaliMa: 610 je yIpas-
HMK TIOBpIIMHCKOT Koma Kocromari,
TEeXHIYKN JUPEKTOP PY[HUKA, 3a-
MEHVIK TeHePaTHOT TUPEKTOPA, a Off
1967. mo omacka y meHsujy 1989.
r epanHu gupexrop KombuHara.
Bpeme meroBor pykoBobema je
BpeMe USIpajitbe, PasBoja U BeM-
KOT TIPOM3BOJHO — TEXHOJOILIKOT
ycroHa VIHycTpujcKO-eHepreTCKOr
koMbyHata ,Kocroman®, Mopep-
Husaiyje nocrojehux m yBoberma
HOBUX PYJHUYKMX TEXHONOTHja,
OTBapama IOBPIIMHCKUX KOIOBa
ymba ,,KmeHoBHux®, ,;huprkosar”
n ,JIpMHO®, Msrpanie TepMOeeK-
TpaHa, ,,Koctomair“ A (610xoBu 100
u 210 MW) u ,,ipmuO0“ (B2 610K
no 348,55 MW). 3HauajaH pmompu-
HOC pa3BOjy €IeKTPO-eHEePreTCKOT
cucrema Cpbuje fao je 3amarameM
U CTaBOBMMA O HOTpebM OpraHm-
3allIOHOT  00jeqMbaBarma PON3-
BOJ[Ibe YI/ba 11 e/IEKTPUYHE eHepIuje,
U 0 3Hauajy popMuparma 3IpyKeHe
enekTpornpuspene Cpbuje.
AyTopuTeTOM, YITIEOM, MHKEHep-
CKOM CTpydHolihy yTunao je u
nomorao pasBoj Kocromnua kxao mo-
IepHO YpOaHU30BAHOT —TIPafiCKOT
Hacerba. Benuky 6pury 3a samtutiu
JKVMBOTHE CpefVHe IOCeOHO je Mo-
Ka3MBao WHCUCTUPAmeM Ha pe-
KyITUBaLVji, PEBUTANM3ALMU U
ypebemwy pymapckum pajjoBuma fe-
TpajMpaHyX MOBPILINHA.
[Tocsehenouhy ynanpehema u pas-
BOja IOBPLIMHCKE €KCIUIoaTalyje
yI/ba, TIPOUSBONIbE  EIEKTPUYHE
eHepruje 1 usrpajme Kocromma Ha-
cerba, YIIIAO je y yereHAy u octahe
CBETao IpMMep CBMMA 3 yI/Ie.

3a IONpMHOCe CTPYYHOM, IIPUBpE-
HOM U [IPYLITBEHOM Pa3BOjy OfLIN-
koBaH je: OpfieHOM 3aciyra 3a Ha-
pox mpyror pena, OpaeHoOM 3acyra
3a Hapoy ca CpeOpPHNMM BeHILIEM U
OpreHoM pajia ca IIPBEHOM 3acTa-
BoM. Hocmnan je 6pojHux apyrux
HpY3HamA.

IIpupenuo:
Cno6opan Byjuh

technical director of the mine, the
deputy general manager, and from
1967 until retirement in 1989, he
was the general manager of the
Plant.

The time of his management is the
time of construction, development
and great production and technolog-
ical rise of the Industrial and Energy
Plant “Kostolac”, the modernization
of the existing and introduction of
new mining technologies, open-
ing of open pit mines “Klenovnik’,
“Cirikovac” and “Drmno’, con-
struction of thermal power plants,
“Kostolac” A (100 and 210 MW
blocks) and “Drmno” (two blocks
of 348.5 MW). He gave a significant
contribution to the development of
the electro-energy system in Serbia
by advocating for the need for or-
ganizational unification of produc-
tion of coal and electricity, and the
importance of forming the United
Serbian Electric Power Industry.

By his authority, reputation, engi-
neering expertise, he influenced
and helped the development of Ko-
stolac as a modern urbanized city
settlement. He showed great care
for protecting the environment, in
particular by insisting on the recul-
tivation, revitalization and regula-
tion of mining works on degraded
surfaces.

By his commitment to the im-
provement and development of
surface mining of coal, production
of electricity and the construction
of the Kostolac as a settlement, he
became a legend and will remain a
bright example to everyone.

He was awarded the Order of Mer-
it for the people (second order),
Order of Merit for the people with
silver wreath and Order of Work
with red flag for contributions to
professional, economic and social
development. He is the holder of
numerous other awards.

Prepared by:
Slobodan Vuji¢
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Pagmumno O6pamouh ([Toxa-
pesan, 17.03.1932 - beorpagp,
01.02.2019), IMIUI. MHX. T€O0JO-
ruje, Op TEeXHHMYKUX HAyKa, JC-
TaKHYTU CTPy4YIbaK 3a TeoMexa-
Huky. llIxonoBao ce y IToxxapesiry.
Ha Teonmomkom opcexy, CMmep 3a
UHXEHEPCKY TeO0NOTNjy U XUIPO-
reonorujy, Pymapcko-reonmomkor
¢daxynrera YHusepsurera y bBeo-
rpagy, gumamupao 1959. JToktop-
CKy pucepTauujy Ymuuyaj npomene
PUBUUKO-MEXAHUMKUX — KapaKme-
pucmuxka janosume ycned 00ndzarwa
Ha cmaburHocm  007d2anumma
NOBPUIUHCKUX 0MKONA OfOPaHNO
je Ha mMatuuHOM (akynrety 1979.
npes KomucujoM npogecopa: Ile-
tap Mmnnanosuh, Bopucnas Cna-
cojesuh, Hukomna Hajnanosuh
ITocne 3aBHIeHUX CTyAuja pagmo
je Kao : MHKemep y mabopatopuju
3a MeXaHMKy Tna Jupekumje 3sa
usrpanmwy nyresa Peny6muke Cp-
6uje Crenojesai, 1959-1960; nH-
JKemep 3a KapTUpame UCTPasKHUX
6ymornnHa Hadrarac Hosu Cag,
1961-1962; acucTeHT 3a MEXaHUKY
T/Ia ¥ 3eM/baHe DPajioBe YHUBEp-
sutera y Humy, Texuuuku da-
Kynret, [pabeBuncku oncek, 1962
- 1965; n y Pynapckom MHCTUTYTY
beorpan, 1965-1999, capagHuk
u pykosopmnan Jlaboparopuje 3a
reoMexaHuky, 6mo je u momoh-
HUK IMPEKTOPA 32 HAYYHM PasBoj,
1995-1999.

Ha xpahum ycaBpuraBamwuma nnm
cTynujcku 6opasuo je y: Yexocro-
Baykoj Mocrt u Ilpar, 1961,1974 u
1983; Hemauxoj Dpajbepr,1966,
Hpesnen u JIajnnur, 1967; ITombckoj
BapmaBa, Bpouma, um Kpaxkos,
1975; CCCP-y Kujes 1978.
HajsHauajHuje cTpyuyHe M Hayu-
He JONPUHOCE A0 je Yy UCTPaKM-
BamUMa ¥ MCIUTUBamUMa ¢u-
3MYKO-MEXAHMYIKUX M TEXHUIKUX
KapaKTepMUCTUKa CTEHCKUX Maca, ¥
IpOyYaBamy CTAOMITHOCTU KOCHHA
MOBPIIMHCKMX KOIOBA U Ofiflara-
JIUIITA, M Y UCTPAXKUBAIY APYTUX
npob6eMa 13 IreOTeXHIKe, TeoMe-
XaHIKe, MeXaHMKe CTeHa 1 TIa.
AyTop mnu xoayTop je 97 HayuHUX
U CTPYYHMX PajZioBa IPefiCTaBIbe-

Radmilo Obradovi¢ (Pozarevac,
17/03/1932-Belgrade,01/02/2019),
BSc. in  Geology, PhD in
Technical Sciences, a prominent
expert in geomechanics. He stud-
ied in Pozarevac. He graduated
in 1959 from the Department of
Geology, Division for engineering
geology and hydrogeology, of Fac-
ulty of Mining and Geology, Uni-
versity of Belgrade. He defended
his Doctoral dissertation The effect
of changes in physical and mechan-
ical characteristics of mine dumps
caused by depositing on the stabili-
ty of open pit mine disposal sites at
the same Faculty in 1978 before the
Commission of the professors: Pe-
tar Milanovi¢, Borislav Spasojevi¢
and Nikola Najdanovic.

After completing the studies,
he worked as an engineer in the
Laboratory for Soil Mechanics
of Direction for construction of
roads of the Republic of Serbia Ste-
pojevac, 1959-1960; an engineer
for mapping exploratory boreholes
Naftagas Novi Sad, 1961-1962; an
assistant for soil mechanics and
earthworks of University of Nis,
Faculty of Technical Sciences, De-
partment for Construction, 1962
- 1965; and in Mining Institute of
Belgrade, 1965-1999, as an associ-
ate and manager of the Laboratory
for Geomechanics; he was also the
assistant director for the scientific
development, 1995-1999.

For short training or study vis-
its, he went to: Czechoslovakia,
Most and Prague, 1961, 1974 and
1983; Germany, Freiberg, 1966,
Dresden and Leipzig, 1967; Poland,
Warsaw, Wroclaw, and Krakow,
1975; the USSR, Kiev 1978.

His most important professional and
scientific contributions were given
in the research and testing of physi-
cal-mechanical and technical char-
acteristics of rock masses, in studying
the stability of slopes of open pits and
landfills, and in the research of other
problems in geotechnics, geome-
chanics, rock and soil mechanics.
He is the author or co-author of
97 scientific and professional pa-
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HMX 1 06jaB/beHUX Y 3eM/bU U MHO-
CTPaHCTBY, 7 MOHorpaduja, yde-
CTBOBAO je y UCTpakKuBamyuma 15
Hay4YHUX IIpOjeKTa 1 y uspagu 45
IpUBPEJHMX NPOjeKTa. 3a CTPyd-
He U Hay4YHe JIOTIPUHOCE JOOUTHUK
je BuIle IPU3HaMbA.

IIpupepmno:
Brnagumup Yebarex

3opa Cyuuh - IIporuh (Capajeso,
03.08.1924 - Beorpap, 07.01.2019),
reofior, AP TeOoNOLIKMX HaykKa,
npodecop Yuusepsurera y Beo-
rpagy. Ydecuuk je HapomHooco-
nobopmmauke 6Gopbe ¥ HOCMIIALL
[MTaptnsancke criomenute. Cryguje
reosoruje saBmmia je 1952. na Ie-
onomkoj rpymu IlpupopHo-mare-
MaTnukor ¢akynrtera y beorpany.
ITocne mumonoMupama aHTaXKOBa-
Ha je  1953. usabpana 3a acucre-
Ta Ha npeamery Onwma zeonozuja
Ha Karenpu reonormje MaTMyHOT
¢axynrera. [JOKTOpCKy ucepra-
1yjy ogbpanma je 1960. Ha Pymap-
CKO-T@OJIOIIKOM (aKynTeTy YHH-
BepsuTeTay beorpany.

Ha Pypmapcko-reonomxoMm ¢aky-
TeTy YHUBep3urteTa y beorpany ns-
abpana je 1961. y 3Bame [OLIEHTA,
a 1968. 3a Banpeguor mpodecopa.
Ilensuonncana je 1975.

Ibenn HajsHavajHUju CTPydHM U
HAay4IH) PajiOBM B€3aHM y 3a IIa-
JIEOHTOJIOIIKA JCTPa)XKMBalba Me-
3030jcKMX Opaxmonona jyrocuio-
BEHCKIX Kapnato-bankanupa
(Ilpumor 3a  ctparurpadcko u
IIAJIEOHTO/IONIKO IIO3HABAIbE jyp-
CKVX TBOPEBIHA, y HIVPOj OKOIVHI
pynHuka Jepme, Ieonomku anamm
bankanckora mnomyocTpBa, Kmbnu-
ra 26, 1959, 163-176; Tpujacku
Opaxmononn auHapuga — [DraHn-
Ha Kosau, [eonomkn anamu basn-
KaHCKora nonyocrpsa, Kmura 30,
1963, 59-62; Jlujacku OGpaxyorno-
IM  jYTOCTIOBEHCKOT Jefla KapIa-
To-6ankaHa, I u II meo, Teonomxknu
aHam banmkaHckora ImonyocTpsa,

pers presented and published in
the country and abroad, 7 mono-
graphs, he participated in the re-
search of 15 scientific projects and
in the development of 45 economic
projects. He was awarded numer-
ous recognitions for expert and
scientific contributions.

Prepared by:
Vladimir Cebasek

Zora Sudi¢ - Proti¢ (Sarajevo,
03/08/1924 - Belgrade, 07/01/2019),
a geologist, a Doctor of Philosophy
in Geology, a professor at Univer-
sity of Belgrade. She participated
in the People’s Liberation War and
is the bearer of the Commemo-
rative Medal of the Partisans. She
graduated in 1952 from the Geo-
logical group of Faculty of Science
in Belgrade. After graduating, she
was hired in 1953 as a teaching as-
sistant in General Geology course
at the Department of Geology at
her home faculty. She defended
her doctoral dissertation in 1960 at
Faculty of Mining and Geology of
University of Belgrade. At Faculty
of Mining and Geology of Univer-
sity of Belgrade, she was elected an
assistant professor in 1961 and an
associate professor in 1968. Zora re-
tired in 1975.

Her most important expert and
scientific work is related to the pal-
aeontological research of the Mes-
ozoic Brachiopods of the Yugoslav
Carpatho-Balkanids (Contribution
for the stratigraphic and paleonto-
logical knowledge of the Jurassic
creations, in the wider area of the
Jerma mine, Geoloski anali Bal-
kanskoga poluostrva, Vol. 26, 1959,
163-176; Triassic Brachiopoda Di-
narides - Mount Kova¢, Geoloski
anali Balkanskoga poluostrva, Vol.
30, 1963, 59-62; Liassic Brachio-
poda of the Yugoslav part of the
Carpatho-Balkan, Part I and II, Ge-
oloski anali Balkanskoga poluostr-
va, Vol. 32, 1966, 37-85; Mesozoic
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Kmura 32, 1966, 37-85; Mesozoic
Brachiopoda of Yugoslavia. Middle
Liassic Brachiopoda of the Yugoslav
Carpatho-Balkanids. University of
Belgrade Monograph 1, 1969, 1-93;
Mesozoic Brachiopoda of Yugosla-
via. Middle Liassic Brachiopoda of
the Yugoslav Carpatho-Balkanids
(Part 1), University of Belgrade
Monograph 1, 1969, 1-214; Mes-
ozoic Brachiopoda of Yugoslavia,
Middle Liassic Brachiopoda of the
Yugoslav Carpatho-Balkanids (Part
II). University of Belgrade, Mon-
ographs 5, 1971, 1-63; Mesozoic
Brachiopoda of Yugoslavia. Middle
Liassic Brachiopoda of the Yugoslav
Carpatho-Balkanids ~ (Part  III),
Palaeontologia Jugoslavica 32, 1985,
1-60).

I pylTBeHo je 611/1a BeOMa aHIaXo-
BaHa. Bue ropyHa 6ma je cexpe-
tap Komurera CK Pypmapcko-re-
onomkor ¢akynera y DBeorpany,
ynaH Komurera CK YHuBepsurera
y beorpany, 4ian nmapTujckux Ko-
mucuja, unad Casera Pygapcko-re-
ormomkor (axynera y beorpany,
Munncrap npocsere Pemy6nuke
Cpbuje, mnocmanmk Pemy6mirdxe
Ckyniuruse, 1969 — 1974.

3a fpyuITBeHe U Apyre HOIPUHOCE
OJ/IMKOBaHa je Menma/boM 3a Xpa-
6poct, OpzieHOM 3aciyra 3a Hapof,
tpeher pexa, OpeHom 6parcTBa u
jemMHCTBaA ca CpeOPHUM BEHIIEM.

IIpupepnma:
Csetnana [lonaBnep

Jby6omup Byxkajmosuh (beorpanp,
29. 05. 1930 - 10. 01. 2019), gy
UHX. PyfapcTBa, [P TEXHUYIKUX
HayKa, pefloBHU Ipodecop YHM-
Bepsurera y beorpany. IlIkonosao
cey beorpany. Crynuje pygapcrsa
3aBpummo je 1962. na Pymapcko-re-
O7OIIKOM (aKynTeTy YHUBEP3MU-
teTa y beorpagy. Ha marmynom
dakynrery maructpupao je 1975,
a pokTopupao 1977. ma TemMu us
IofI3eMeHe eKCIIoaTaluje MeTa-
JIMYHUX MMHEPATHMX CUPOBMHA
Ymuuaj npomena napamemapa u

Brachiopoda of Yugoslavia. Middle
Liassic Brachiopoda of the Yugoslav
Carpatho-Balkanids, University of
Belgrade Monograph 1, 1969, 1-93;
Mesozoic Brachiopoda of Yugosla-
via. Middle Liassic Brachiopoda of
the Yugoslav Carpatho-Balkanids
(Part 1), University of Belgrade
Monograph 1, 1969, 1-214; Mesozo-
ic Brachiopoda of Yugoslavia, Mid-
dle Liassic Brachiopoda of the Yu-
goslav Carpatho-Balkanids (Part II).
University of Belgrade, Monographs
5, 1971, 1-63; Mesozoic Brachiop-
oda of Yugoslavia. Middle Liassic
Brachiopoda of the YugoslavCar-
patho-Balkanids (Part III), Palaeon-
tologia Jugoslavica 32, 1985, 1-60).
She was socially very active. For
several years she was the Secretary
of the Committee of the Association
of Communists at Faculty of Min-
ing and Geology in Belgrade, mem-
ber of the Committee of the Associ-
ation of Communists at University
of Belgrade, member of party com-
mittees, member of the Council
of Faculty of Mining and Geology
University in Belgrade, Minister of
Education of the Republic of Serbia,
MP of the Republican Assembly,
1969-1974.

For social and other contributions,
she was awarded Medal of Courage,
the Order of Merit, third class, the
Order of Brotherhood and Unity
with Silver Wreath.

Prepared by:
Svetlana Polavder

Ljubomir Vukajlovi¢ (Belgrade,
29/05/1930 - 10/01/2019), BSc in
Mining, PhD in Technical Scienc-
es, a full Professor at University of
Belgrade. Ljubomir was schooled
in Belgrade. He graduated from
Faculty of Mining and Geology of
University of Belgrade in 1962, and
at the same faculty defended the
master thesis in 1975 and a doctor-
al dissertation in 1977 on the un-
derground exploitation of metallic
mineral raw materials (The impact
of changes in parameters and meth-
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memooa MacosHoz 000ujarwa Ha
MexHUuUKo-eKoOHOMCKe edexme npu
eKCHI0amayuju cupomauime pyoe y
Pyonuxy 6axpa Bop. Nucepranujy
je opmbpaHMo IIper, KOMICHUjOM
npodecopa: bpanko Imynrgesuh,
Muyma JInnuh u Iletap Munaso-
Buh.

ITocne 3aBpueHMX CTynuja paguo
je Ha OIIepaTUBHIM UHXEHEPCKIUM
nocnosuma y Kombunary Tperrua,
Pynuuk Crapu Tpr mo 1964. xaza
je 36or morpe6a IpeMelITeH Y
Pynnux Ha PynHuky Ha pajgHO Me-
CTO ympaBHUKA jame. Y Pymapcku
MHCTUTYT Beorpap pmomasm 1966.
I7ie Ka0 CTPYYHU CapajHUK pajyu
Ha IIPOjeKTOBAbY PYJHNYIKIX BEeH-
TUALMOHYX CUCTeMa y 3aBOJY 3a
BEHTWIALIM)Y ¥ TeXHUYKY 3allTH-
ty. Kpajem 1969. samombaBa ce
Ha Pymapcko-reomomkom dakys-
TeTy YHmBepsurera y bBeorpagy
Ha Kateppu 3a monsemHy exciio-
aTIyjy JIeKUIITa MUHEPATHUX
CMPOBUHA, [fie OCTaje O IeH3MOo-
Hucamwa 1995. Kao HacTaBHUK Ha
npemeruMa TexHonoeuja nodseme-
He eKcnioamayuje Hecrojesumux
nexcumima u Mcmpaxcru padosu ca
O0yOUHCKUM Oyuierbem IPOLIAO je
cBa U30OpHA 3Bama, 3a PEJOBHOT
npodecopa 6upas je 1990.

Aytop m koayTop je OpojHUX
CTPYYHUX ¥ Hay4yHUX pajioBa
IpeICTaB/beHNX U 00jaB/beHNUX Y
3eM/bJ ¥ MHOCTPAHCTBY. Y4ecTBO-
Bao je y u3pajy BUIE 3HAYajHUX
IIpojeKaTa, CTyAuja, €eKCIepTusa
U CTPYYHUX Oll€Ha 3a PyJIHUKE ca
HOfI3EMHOM €KCIIIOATalljoM Me-
TaIMYHMX MUHEPATHUX CUPOBU-
Ha.

Hberosa mocsehenocT 11 fompuHo-
CM CTpYyLYM, HayIM ¥ IIKO/MU OITIe-
Iajy ce ¥ Y JPYTUM aKTMBHOCTIIMA.
buo je 3ameHMK u y jBa MaHJaTa
med Pypmapckor opcexa, me¢ Ka-
Tefipe 3a TOJ3eMHY eKCIIOaTIVjy
JIKMIITa MUHEPATHUX CUPOBMHA,
ywian CaBeTa, KOMIUCHja ¥ PYTUX
¢dakynrercknx Tenma. JOOUTHUK je
BUIIIE TPU3HAMA, TTAKeTa, ANIIIO-
Ma ¥ 3aXBa/HUIIA.

IIpupepno:
Cno6ozan Byjuh

ods of mass yield on the technical
and economic effects at exploitation
of poor ore in the Bor copper mine).
He defended the dissertation be-
fore the committee comprised of
professors Branko Glusc¢evi¢, Misa
Lili¢ and Petar Milanovi¢.

After completing his studies, he
worked on operational engineer-
ing work in plant Trepca, Stari
Trg mine until 1964, when he was
transferred to Rudnik on Rudnik to
work as a pit manager. He came to
the Mining Institute of Belgrade in
1966, where as an expert associate
he worked on the design of mine
ventilation systems at the Institute
for Ventilation and Technical Pro-
tection. At the end of 1969, he was
employed at Faculty of Mining and
Geology of University of Belgrade
at Department of Underground
Exploitation of Mineral Raw Mate-
rial Deposits, where he taught until
retirement in 1995. As a teacher
of courses of Technology of under-
ground exploitation of non-layered
deposits and Exploration works
with deep drilling, he went through
all titles and was elected a full pro-
fessor in 1990.

He is the author and co-author of
numerous expert and scientific
papers presented and published
in the country and abroad. He
participated in the preparation of
several important projects, studies,
expertise and expert assessments
for mines with underground ex-
ploitation of metallic mineral raw
materials.

His dedication and contribution to
the profession, science and school
are also reflected in other activi-
ties. He was the deputy and also
the head in two terms of the Min-
ing Department, the head of the
Department for Underground Ex-
ploitation of Mineral Raw Material
Deposits, a member of the Coun-
cil, committees and other faculty
bodies. He received several awards,
plaques, diplomas and certificates
of appreciation.

Prepared by:
Slobodan Vuji¢
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