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YBOJJHA PEY

Ose 2020. roguHe je IIeCT AeLeHMja OF OC-
HuBamwa Pymapckor uncturyra beorpaz. Tum
IIOBOZIOM, Y3 4ecTuTKe ¢ pypapckum Cpehno!
oBaj 6poj Pymapckor rmacHuka mocseheH je
BEMKOM jybmejy Pymapckor MHCTHUTYTa, ca
Ke/baMa YCMEPHUM Ka HOBMM Kpe€aTHBHMM
pocTurHyhyMa 1 ycriecuMa MHTeTpycama Ha-
yKe U MHXemhepcTBa Ha To6pobuT pymapcTaa
u Cpbuje.

PasymeBajyhn mopyke BpemeHa u morpebe
CPIICKE U jyTOCTIOBEHCKE PyllapcKe IpUBpeEfe
ocHuBava JIHcTUTYyTa, TreHepanuje mcTpa-
KUBaya, NPOjeKTaHaTa M CapajHuKa IIecT
TelleHuja Map/buBO je rpaguno Pymapckm nH-
CTUTYT NOMOKYhM Ta Ha HajBUIIM HAyIHU U
uHXemepckn HuBo. OBo usmame Pymapckor
rmacHuKa y rtexcry Illect penenmja Kpea-
TUBHOI CTBapajaliTBa IIPy>Xa YUTAOLMMA
MOryhHOCT fa casHajy BMIIe O 3HAYajHMjUM
CeKBeHIJaMa 13 pasBoja u paga Pypmapckor
MHCTUTYTA. VICTUM IIOBOJOM, a/lu JeTas/bHo,
CUCTEMATUYHO, MCTOPMjM pasBoja M JOC-
turHyhuma VHcTuTyTa nocsehena je MoHo-
rpaduja lllect feuennja Pygapckor MHCTUTY-
ta beorpag,.

OBo je rommHa Benukor jyomsneja Tophor
xypHana (Pypapckor »xypHama) - maHac
y CBeTy HajcTapujer Hay4HOT ¥ CTPY4YHOT
yacnyuca 3a pyAapcTBO, Y KOHTUHYUTETY
n3nasy of 1825. Y oBoM 6pojy mpuaoxeH je
NPUTOlaH TEKCT MoBofoM 195. pohendana
TopHor xypHana. Ayropy npod. gp Anex-
cangpy I. BopobueBy, 3aMeHUKYy ITaBHOT
ypeAHuKa, INpujaTe/by M [paroM Kojeru,

(CXVII) 1-2

INTRODUCTORY SPEECH

This year, 2020, marks six decades since the
founding of the Mining Institute Belgrade. On
that occasion, with congratulations and the
mining Good luck!, this issue of Bulletin of
Mines is dedicated to the great jubilee of the
Mining Institute, with wishes aimed at new cre-
ative achievements and successes of integrating
science and engineering for the benefit of min-
ing and Serbia.

Generations of researchers, designers and as-
sociates have diligently built the Mining In-
stitute for six decades, raising it to the highest
scientific and engineering level, understanding
the messages of the time and the needs of the
Serbian and Yugoslav mining economy as the
founder of the Institute. The text Six decades of
creative creation in this issue of the Bulletin of
The text Six decades of creative creation in this
issue of the Bulletin of Mines provides readers
with the opportunity to learn more about sig-
nificant sequences from the development and
work of the Mining Institute. Mines provides
readers with the opportunity to learn more
about significant sequences from the develop-
ment and work of the Mining Institute. On the
same occasion, but in detail, and systematical-
ly, the monograph Six Decades of the Mining
Institute Belgrade is dedicated to the history of
development and achievements of the Institute.

This is the year of the great jubilee of the Gornyi
Zhurnal (Mining Journal) - today the world’s
oldest scientific and professional journal on
mining, which has been published continuous-
ly since 1825. This issue includes an appropri-

5



3aXBaJ/byjeMO Ha IPUXBaTIbYy I103MBa U Y/IO-
KEHOM TPYJY.

Ca xe/bOM Jla ce capajitba HAlIMX YacoIMca
IIOCTOjaHO mMpK 1 yHampebyje, y3 decTuTKy
3a 195. pobensan Pymapckom xypHamy ske-
JIMMO Jla CBOjy MMCMjy HAcTaBM YCIIENIHO Ha
cpehy pymapcrsal

ate text on the occasion of the 195th birthday
of The Gornyi Zhurnal.

We thank the author Prof. Dr. Aleksandar G.
Vorobiev, Deputy Editor-in-Chief, friend and
dear colleague, for accepting the invitation and
for the invested effort.

With the desire that the cooperation of our
journales is constantly expanding and improv-
ing, with congratulations on the 195th birthday
of the Gornyi Zhurnal, we wish it to continue
its mission successfully and fortunately for the
mining!

Slobodan Vujic
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HIECT JEHEHMJA KPEATMBHOI CTBAPAJTAIITBA
SIX DECADES OF CREATIVE CREATION

Cnob6opan Byjuh

Mununko Pagocasmesuh
PYOAPCKM MHCTUTYT BEOTPA]]
slobodan.vujic@ribeograd.ac.rs

DOI: 10.25075/BM.2020.01

Slobodan Vuji¢
Milinko Radosavljevi¢

MINING INSTITUTE BELGRADE

slobodan.vujic@ribeograd.ac.rs

Cancemax: Oge 2020. 200une je 60. pohenoan Pydapckoe uncmumyma beoepad. Pao je noceeher o6om
jy6unejy. C 063upom 0a monoepaguja Illecm deyeruja Pyoapckoe uncmumyma beozpad, npnpemmera
UCmum nosooom, 0aje UCUPNAH, CAOPHAJHO CUCMEMAMU306AH NPUKA3 PA3eoja u pesyrmama
Mncmumyma 00 ocHusarea 00 0GHAC, PAUUOHATIHOCH je 02PAHUMUNIA 0OUM 06802 MEKCMA U CAOPHATHO
opjeHmucana Ka HAjBaIHUjuUM cexéeHuama u3 uiesdecm 200uumirwez paseoja u pada Pydapckoe
uncmumyma Beoepao.

Kmyune peuu: Pyoapcku uncmumym Beoepad, jy6unej, poheHoan, wiecm deyeHuja nocmojarea

Abstract: This year, 2020, marks the 60th birthday of the Mining Institute Belgrade. The paper is ded-
icated to this jubilee. Rationality has limited the scope of this text and focused on the most important
sequences from the sixty years of development and work of the Mining Institute Belgrade, given that the
monograph Six Decades of the Mining Institute Belgrade, which has been prepared on the same occa-
sion, gives an exhaustive, systematized overview of the development and results of the Institute from its
founding until today.

Key words: Mining institute Belgrade, jubilee, birthday, six decades of existence

OCHUMBAIGE IHCTUTYTA

Ha yHunujatusy un ys MarepujanHy MOJPLIKY
pymapcke npuspepe, 14. jyna 1960. rogune oc-
HOBaH je Pymapcku nactutyT beorpap (PI1).

Y ypen6u IV, 6p. 452, op 14. 07.1960. VisBpurHor
Beha Haponne ckymmtnne Hapopue Pery6nu-
ke Cpbuje, 0 ocHMBamwy Pygapckor MHCTUTYTA
nue: ,,JI3BpmHo Behe Hapopgue cxymmtihe

ESTABLISHMENT OF THE INSTITUTE

On the initiative and with the financial help of
the mining economy, on July 14, 1960, the Min-
ing Institute Belgrade was founded (MI).

Decree IV, no. 452, dated July 14, 1960 of the
Executive Council of the National Assembly of
the People’s Republic of Serbia (today the Gov-
ernment of the Republic of Serbia), on the es-

7
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Hapopne Penyonuke Cpb6uje, IIpenysehe Vn-
LyCTpHUjcKO-eHepreTcky KoMbuHat Kocromar,
IIpenysehe moBpIIMHCKY KOIOBM M CylIapa
nuranta Bpeoun m KomOunar 3a mpepapy
VI eKCIUIOATalMjy KOCOBCKMX nuranta y O6m-
muhy (y ma/beM TeKCTY: OCHUBA4M), 3ajefHNY-
KVl OCHMBajy Hay4HY YCTAHOBY: Pymapckn uH-
crutyt.[...]"

OcHuBawy VHcTUTYTa ofiMax cy ce IpUApY-
xmn:  Pymapcko-reononkn ¢akynrer YHuBep-
suteTa y beorpany, Pymapcko-Tonnonndapcku
6acen bop, Pyguuk n dnoraumja Tpemnya, Py-
JapCcKO-MeTaNTypIIKM KOMOMHAT 3eHuna, Py-
JApCKO-VHAYCTPUjCKM KOMOMHAT AJIeKCYHALI,
PecaBcko-MopaBcky yrbeHu OaceH, PymHmk
u ¢noranyja lllympa CrujeHa, PygHuk mMpkor
yrba Kamenrpag, Pynauk mpkor yrba borosu-
Ha 1 Pyuuk anTMoHa 3ajava.

dopmupaH je ocHUBauKy GOHJ 3a MrpafibY,
1,5 MunmoHa gonapa. IIpukymbeHa cpefcTBa
kopuirheHa cy 3a yuemthe y o6ujamy 6aHKap-
CKUX KPEIUTA U [Ie/IOM 32 AVPEKTHO MHBECTHU-
pame y usrpaamwy objekara, ypehemwe mncTm-
TYTCKOT KOMILIEKCA, OllpeMarbe Taboparopuja
u popmuparme 6ubmoTedkor GoHza.

M3IPAIIbA MHCTUTYTA

ITpu nsbopy mecta nsrpagmwe PV pasmarpane
Cy [Be NoKauuje: jeqHa y ynmuuy Bojsope Cremne
Ha BoxpmoB1y, a gpyra y 3eMyHy, Ha barajand-
KOM IyTY.

360r OMYyMHIYCTPUJCKOT ITOCTPOjerba 3a eKC-
THepYMeHTa/Ha UCINUTYBamba JoOujama KOKca
13 HYCKOKaJIOPUYHYX YI/beBa, TPEJHOCT je laTa
NoKanuju Ha batajHIYKoM 1yTy (capanima y1o-
Kanuja PI)

[Tocnme KpaTKuX agMMHMCTPATUBHMX IpHU-
npeMa U u3pajie IpojeKTHe IOKyMeHTalluje,
usrpagma PV mouena je y HoBeMOpy 1960.
roguHe. Y Hacrojamwy ga VIHCTUTYT mITO mpe
MIOYHe Ca pajioM, n3abpaH je MOHTaKHU TUII
rpajme.

PapoBe usrpagme orsopuo je Muxajno IlIBa-
6uh, notnpencenunk VsppimHor Beha (Braze)
Cpb6uje. IToueTky pamoBa IpHUCYCTBOBale Cy
OpojHe yInegHe 3BaHMIE, NMpodecopyu YHU-
BEP3NUTETA, YI/IeHN CTPYyUballl, IpeCTaBHN-
I pyfapcKe NMpUBpeJie, HAyYHUX MHCTUTYTA,

tablishment of the Mining Institute, states: “The
Executive Council of the National Assembly of the
People’s Republic of Serbia, Industrial and Ener-
gy Combine Kostolac, Surface Mines and Lignite
Drying Facility Vreoci and Kosovo Lignite Pro-
cessing and Exploitation Plant in Obili¢ (herein-
after: the founders), jointly establish a scientific
institution: the Mining Institute. [...]“

The foundation of the Institute was immedi-
ately joined by: Faculty of Mining and Geology
University of Belgrade, Mining and Smelting
Basin Bor, Trep¢a Mine and Flotation, Mining
and Metallurgical Combined Company Zeni-
ca, Mining and Industrial Complex Aleksinac,
Resava-Morava Coal Mine, Suplja Stijena Mine
and Flotation, Brown Coal Mine Kamengrad,
Brown Coal Mine Bogovina and Antimony
Mine Zajaca.

A founding fund for construction was formed,
$ 1.5 million. The collected funds were used
for participation in obtaining bank loans and
partly for direct investment in the construc-
tion of facilities, arrangement of the institute
complex, equipping laboratories and forming
a library fund.

CONSTRUCTION OF THE INSTITUTE

When choosing the MI construction site, two
locations were considered: one in Vojvode Stepe
Street in Vozdovac and the other in Zemun, in
Batajnicki drum.

Because of the semi-industrial plant for experi-
mental testing of coke production from low-cal-
orie coal, priority was given to the location on
Batajnicki drum (current MI location).

After short administrative preparations and
preparation of project documentation, the con-
struction of MI began in November 1960. In an
effort to get the Institute up and running as soon
as possible, a prefabricated type of construction
was chosen.

The construction works were commenced by
Mihajlo Svabi¢, Vice President of the Executive
Council (Government) of Serbia. The begin-
ning of the works was attended by numerous
distinguished guests, university professors, re-
nowned experts, representatives of the mining
industry, scientific institutes, design company,
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IPOjeKTaHTCKUX Kyha, JpyluTBeHe 3ajegHuIie.
Msrpapma je Tpajaia [BEUIO TOAVHE.

CBEYAHO OTBAPAIBE
MHCTUTYTA

Pag MHcTUTyTa cBeyaHO je 03BaHMYEH 8. Maja
1964. Y Bpeme osor forahaja PV je nmao Bumre
oft 120 BuCOKO 06pa3oBaHMX CTPy4maKa, yc-
IIOCTaB/beHY INTOCIIOBHY Capajiiby ca BMIIE Of
100 npuBpenHUX OpraHM3anuja u3 pysapcrsa,
MeTanypruje, MallMHOIPajikbe ¥ APYIUX 00-
7acTH, ¥ TOTIYHY ONpPEM/bEHOCT HajcaBpe-
MEHMjOM OIIpEMOM 33 IONYMHIYCTPUjcKa U
mabopaTopujcka MCTPaKMBamba, ICIUTUBAba
u Mmepema. [laxne, VIHCTUTYT je KafpoBCKH,
OPTaHM3aIMOHO M PaJHO OMO Y IyHOj QYHK-
nyju. Pasor Tporopuimer ,,of1arama’  1ie-
peMOHUje OTBaparmba je Tpajarbe KOMIIJIETHE
usrpagmbe u onpemama ViHctutyra. O ocHM-
Bamba 1960. mo 1964. VIHCTUTYT je panyo Ha
cefjaM JIOKaLuja.

CBeyHOCTM Cy  TIPUCYCTBOBAAM YIAHOBU
KOJIEKTVBA, HPENCTaBHULM PYJAPCKUX, Me-
TaTypUIKUX U SPYTUX HPUBPENHMX OpTaHU-
3alMja, TNpeACTaBHMIM YHUBEP3UTETA, MH-
cturyra, CaBesa eKCTpaKTMBHE MHYCTpuje,
OpOjHM YI/IeTHU CTPYUHHALY Y BICOKM IP>KaB-
HY 3BaHNYHULIA.

[Tocne n3narama Mupka Ilepumnhe, gupek-
Topa Pymapckor nHcTuTyTa, JakoB brakesuh
yaH CaBesHor usBpiuHor Beha (CaBesHe Bra-
nme) u npencenHuk Cape3He MpUBpeiHe KOMO-
pe oTBOpMO je Pymapcku MHCTUTYT.

KPEVMPAIBE 1 TIOCTABJbAIBE
OCHOBA PAJA MHCTUTYTA

Y xpeupamy U NOCTaB/balkby OCHOBA pa3Boja
P najzaciysxuuju cy: npod. ap Mupxo Iepu-
mnh, 1Be u o fenienuje gupexrop P (1960-
1985), n 4eTnpu MCTAaKHyTa Ipodecopa, yTe-
Me/bMBava Pypmapcko-reornomikor ¢akynrera
Yuusepsurera y Beorpangy: Mmmopan Ynda
[Terposuh, Bpauko Jokanosuh, BHypa Jlemnh
u bpanko Drymruesmh. Bpanko Drymyesnh,
NOMONHUK AMpeKTopa 3a HayKy, IIOCTaBUO je
OpraHM3alJOHE OCHOBE HAYYHOUCTPAKMBAY-
kor paga y PV. Munopan Ynua Ilerposuh,
Kao IIPBY YIIPaBHIIK, JOIPUHEO je OCHUBAY I
OpraHN30Bamby pajia 3aBOJia 32 eKCIIOATALINjy

social communities. The construction lasted
two and a half years.

OPENING CEREMONY
OF THE INSTITUTE

The work of the Institute was ceremonially
made official on May 8, 1964. At the time of
this event, Mining Institute had more than 120
highly educated experts, established business
cooperation with more than 100 economic or-
ganizations in mining, metallurgy, mechani-
cal engineering and other fields, and was fully
equipped with the most modern equipment for
semi-industrial and laboratory research, testing
and measurements. Therefore, the Institute was
in full function in terms of personnel, organi-
zation and work. The reason for the three-year
“delay” the opening ceremony of the duration of
the complete construction and equipping of the
Institute. From its founding in 1960 to 1964, the
Institute used seven locations for work.

The ceremony was attended by members of the
collective, representatives of mining, metallur-
gical and other economic organizations, repre-
sentatives of universities, institutes, the Extrac-
tive Industry Association, numerous eminent
experts and senior government officials.

After the presentation of Mirko Perisi¢, di-
rector of the Mining Institute, Jakov Blazevic,
a member of the Federal Executive Council
(Federal Government) and the President of the
Federal Chamber of Commerce, opened the
Mining Institute.

CREATING AND LAYING THE BASIS
OF THE WORK OF THE INSTITUTE

In creating and laying the foundations for the
development of MI, the most notable are: prof.
Mirko Perisié, director of MI for two and a half
decades (1960-1985), and four prominent pro-
tessors, founders of the Faculty of Mining and
Geology, University of Belgrade: Milorad Ci¢a
Petrovié, Branko Jokanovi¢, Pura Lesi¢ and
Branko Gluscevié. Branko Gluséevié, Assistant
Director for Science, laid the organizational
foundations of scientific research work at the
MI. Milorad Ci¢a Petrovié, as the first manager,
contributed to the establishment and organiza-
tion of the Department for the Exploitation of
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MMHepaIHNX CUpOBMHA. bpaHKo JokaHoBUA,
Kao NpPBU YIPABHUK, NOIPUHEO jeé OCHUBAIY
U opraHusoBamy paga Jlaboparopuje n 3aBo-
Ia 3a BeHTWIALujy pyAHuka. bypa Jlemn, xao
IpBU YNPAaBHUK, [IONIPMHEO je OCHUBAMY I
opraHusopamy papa Jlaboparopuje u 3aBoga
3a IpUIIpEMY MUHEpPAJTHMUX CUPOBMHA, & Kao
npsu npencenauk Hayunor seha PV, gonpu-
HeOo je IOCTaB/balkby OCHOBA HETrOBOT (YHK-
LIOHUCabA.

OPTAHM3AIIMJA UHCTUTTA

Ila 61 yCIleIHO OffTOBOPIJIO Ha IOCTaB/be-

He 3afjaTKe, PVl je opraHusoBaH 1o 3aBopgu-

Ma 3a IleT TeMaTCKMX 06/1acTu, KacHuje je

dbopMuUpaH ¥ MIeCTH 3aBOX:

« 3aBOJ, 3a eKCIUIOATalMjy MMHepaTHuX
cuposuHa (3aBoj I, mpBu ynpaBHuK 610
je mpod. Munopan Unya Ilerposuh);

« 3aBOJ] 3a NpuUIpeMy MMHEPATHUX CUPO-
BuHa (3aBop II, mpBu ynpaBHUK 6u0 je
npod. np Bypa Jlemnh);

« 3aBOJ, 3a BEHTMIANUjy M TEXHUYKY
samtuty (3asop III, mpBu ynpaBHUK 610
je mpod. bpanko Jokanosuh);

« 3aBof 3a TepMoTexHuUKy (3asop IV, npsu
ynpaBHUK 6uo je mpo¢. map Hyman Be-
an4ykoBuh);

« 3aBOJ] 33 IPOjeKTOBame U KOHCTPYKIUje
(3aBop V, nmpBu ympaBHUK 610 je JoBaH
MuxajnoBuh, guni. nHxX.);

« 3aBoj 3a MHOOPMATUKY M EKOHOMMUKY
(3aBop VI, xacHuje je popmupaH a npau
ynpaBHUK 6uo je np Yegomup PageHko-
Buh).

HEJTATHOCT U PE3VIITATU

IIpen IHCTUTYTOM Ce YBEK Halase BUCOKO I10-
CTaB/bEHM 3aXTEBU Y JOMEHY HayKe U MPOjeK-
TOBama. VIHCTUTYT Ipefmaun 3axBabyjyhm
OpUTMHa/THUM M,uejaMa " peuremnma. MHuoru
Pe3yITaTy jyroC/IOBEHCKOT ¥ CPIICKOT pyAap-
CTBa, OMJIO J1a je ped 0 MPOjeKTMa, UCTPaXKU-
BambMMa, MHOBaLMjaMa U CIL., IOKa3y Cy Koju
roBope ToMe y mnpuior. Pesynratu o6aBesyjy
na 6yzmemo oxpehennjn, a BUXOBY JIUCTY 3aI10-
YUBEMO CIIEKTPOM HAYYHOUCTPAXKMBAYKUX U
MPOjeKTaHTCKUX JenatHocty PU:
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Mineral Resources. Branko Jokanovié, as the
first manager contributed to the establishment
and organization of the Laboratory and the De-
partment for Mine Ventilation. Pura Lesi¢, as
the first manager, contributed to the establish-
ment and organization of the work of the Labo-
ratory and the Department for the Preparation
of Mineral Processing, and as the first president
of the Scientific Council of the MI, contributed
to laying the foundations for its functioning.

ORGANIZATION OF THE INSTITUTE

In order to successfully respond to the set tasks,
MI was organized by departments for five the-
matic areas, and later a sixth department was
formed as well:

» Department of Exploitation of Mineral
Resources (Department I, the first man-
ager was prof. Milorad Ci¢a Petrovi¢);

» Department of Mineral Processing (De-
partment II, the first manager was prof.
Dura Lesié);

o Department of Ventilation and Techni-
cal Protection (Department III, the first
manager was prof. Branko Jokanovi¢);

o Department of Thermotechnics (De-
partment IV, the first manager was prof.
Dusan Velickovicé);

» Department of Design and Construction
(Department V, the first manager was
Jovan Mihajlovi¢, BCE);

» Department of Informatics and Econom-
ics (Department VI, formed later and the
first manager was Cedomir Radenkovi¢,
PhD).

ACTIVITY AND RESULTS

The Institute always has high requirements in
the field of science and projects. The Institute
is at the forefront thanks to its original ideas
and solutions. Many results of Yugoslav and
Serbian mining, be it projects, research, inno-
vations, etc. speak in favor thereof.

The results oblige us to be more specific, and
we start the list with a range of scientific re-
search and design activities of the MI:
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1. ExcrinoaTanmja MuHepaaTHUX CUPOBUHA
(Tmozi3eMHa, MOBPIIMHCKA 1 TIOJBOJIHA);
2. IIpunpema MuHepaJIHUX CUPOBIHA,;
. IInanupaise, NpojeKToBame U ONTUMU3A-
1[Mija IPOU3BOMbE PYIHUKA,;
. Pymnnuka reonmoruja;
Xupporeornoryja 1 3aIlITUTA PYSHUKA Off BOJIa;
. BenTunaumja pygHuka;
. TexHOMOTNMja OylIemHa M MUHMpPaba;
. Pu3nMyKo-MeXaHNYKa CBOjCTBA CTEHCKUX
MacKBa, MEXaHMKa CTeHa U TJIa;
9. 3amTNTa )XMBOTHE U paZiHe CPEIHE;
10. PexyntuBanyja, peBuTanusanja u
ypebeme merpafupaHix IOBPIINHA;
11. TepMoTexHMKa U carOpeBaibe €HEPreHaTa;
12. ITpojeKkToBame 1 KOHCTPYNCaKe pyfap-
CKUX objekaTa ¥ MHPPACTPYKTYpe;
13. EneKTpoeHepreTCcKo Halajame pySJHUYKIX
MOCTPOjemba;
14. Pusuuy 1 ynpas/baibe pusuLiMa y pynap-
CTBY;
15. PagyyHapcky MHTeTpucaHe TEXHONOTHje,
ayToMaTusaluja 1 yrpas/batbe IpoLecuMa;
16. IIpocropHa Mepema;
17. EKoHOMMKa MHYCTpUje MUHEPaIa;
18. Crangapau, 3aKOHCKa I HOPMaTUBHa pe-
Ty/laTuBa;
19. VMi3paBauka femaTHOCT.

[SN]

© N U

PW je ayropusosao Buie op 7.300 crynuja,
VMHBECTUIIMIOHMX ITIpOorpamMa M IIpojeKara 3a
noTpebe pymapcke IpuBpefe y 3eMbU U
nHOCTpaHcTBy. Hema 3HauajHujer pypgHHU-
Ka y JyrocmaBuju u Cp6buju rae PV, cojum
IPOjeKTHUM pellebyMa Hije TONPUHEO YHa-
npehermy IpousBome, TEXHONTOMIKO]j MOJEp-
HM3anuju, nosehamy edukacHocTH, exomomn-
KOj U IIPOM3BOMIHOj 6e36efHOCTH.

Ha ocnoBy mpojekara Pypmapckor mHCTMTYTAa,
yBefleHe CY HOBe PyIHIYKE TEXHO/IOTHje.

bumn cy To ycmemHM NMOHMPCKM Kopauu
yBohema HOBMX TEXHONOIMja y KOjuUMa Huje
OWJI0 JOBO/PHO NMPAaKTUYHNUX MCKycTBa. OcTBa-
PEeHM pe3y/ITaTi U3a3UBajIy CY BEIMKO MHTepe-
COBambe CBETCKE CTPYyYHE jaBHOCTH U CKpeTann
naxmwy Ha P,

Inpom JyrocnaBuje u'y MHOCTPAHCTBY, Ha OC-
HOBY Iipojekara PV, oTBopeHo je Buie op 70
PYAHMKA ca KOMIUIETHOM MH(PAaCTPYKTYPOM.

1. Exploitation of mineral raw materials (un-
derground, surface and underwater);
2. Mineral processing;
3. Planning, design and optimization of mine
production;
4. Mining geology;
5. Hydrogeology and protection of mines
from water;
6. Mine ventilation;
7. Drilling and blasting technology;
8. Physical-mechanical properties of rock
massifs, rock and soil mechanics;
9. Environmental and working environment
protection;
10. Reclamation, revitalization and arrange-
ment of degraded areas;
11. Thermotechnics and energy combustion;
12. Design and construction of mining facili-
ties and infrastructure;
13. Electric power supply of mining plants;
14. Risks and risk management in mining;
15. Computer integrated technologies, auto-
mation and process management;
16. Spatial measurements;
17. Economics of the mineral industry;
18. Standards, legal and normative regula-
tions;
19. Publishing activity.

The MI has authorized more than 7,300 stud-
ies, investment programs and projects for the
needs of the mining industry in the country and
abroad. There is no significant mine in Yugo-
slavia and Serbia where the MI, with its design
solutions, has not contributed to the improve-
ment of production, technological moderniza-
tion, increasing efficiency, environmental and
production safety.

Based on the projects of the Mining Institute,
new (at that time) mining technologies were in-
troduced.

These were successful pioneering steps in the
introduction of new technologies in which
there was not enough practical experience. The
achieved results aroused great interest of the
world professional public and drew attention to
the MI.

Across Yugoslavia and abroad, based on the MI
projects, more than 70 mines with complete in-
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Ilymreno y moron mpeko 40 mocrpojema 3a
IpUIIPEeMy MIHEPaTHIX CUPOBUHA I yninheme
yrba, usrpabeno Butte oy 20 jajoBuiuTa u je-
IIOHMja IeTleNa U I/bake.

Hema snavajHujer pygHuka y JyrocmaBuju u
Cp6uju, umjeM OTBapamy, pas3BOjy, PEKOH-
CTPYKLYjJ, TEXHOJIOUIKOM OCaBpeMeIbaBaby,
PeMH>KembePUHTY eKCIUIOATAL[MIOHOT 3aXBaTa I
ci1. PV nuje gonpuseo.

Ha cerckom Tpxxuiuty PU je peannsosao mpoje-
Kare 3a: Mjanmap (Bypma); CAJl - AreHnyja 3a
3aLITUTY XUBOTHE cpefyHe; AJpkup; bonmsuja;
Ervnar; Tynuc; Jopman; 3ambuja; Ayctpanija;
Wupuja; Kuna, Mo3zambuk, YexocmoBauka.

P je peammsosao Bume of 60 Hay4HO-MC-
TPpaXMBa4KMX, Pa3BOJHUX ¥ MHOBAIVIOHUX
IpojeKara IIOf OKpPWbeM U (UHAHCUjCKOM
IOAPIIKOM MIHKCTAapCTBa IPOCBETE, HayKe
Y TEeXHOJIOUIKOI pa3Boja Pemy6nmmke Cpouje
u CaBe3HOI MMHMCTApPCTBA 3a HAYKY U TEXHO-
JIOIIKM PasBoj Jyrocmasuje. IlarenTupano je
11 TexHOMOIMja ¥ OCTYyIIAKA.

Y Mucturyry je 1969. rogune KOHCTPYUCAH U
HallpaB/beH AHAJIOTHM €IEKTPOHCKM CUMY/Ia-
TOp BEHTUTALMOHUX Mpexa. bua je To opu-
TMHA/IHA KOHCTPYKIMja aHA/JIOTHOT padyHapa
3a CUMY/Talyjy M UCTPaKMBatba BEHTVU/IALINO-
HuX nponeca. To je mocturayhe koje je Haury
Hay4YHY MICA0 JOBEIO y CBETCKM BPX, a CaMO
jour Hekonuko 3emaspa y cety (CAJl, CCCP,
B. bpurannja u ®paHifycka) mocemoBano je
CIIMYHY 1ab0PaTOPUjCKY OMPEMY.

Meby npsuma y csery, PU je onpemmo na-
6oparopujy u oBl1afao TeXHUKOM (oToenac-
TUYHMUX UCIMTUBaKba HAMOHCKO fedopMa-
IIMOHUX CTama y CTeHCKUM Macusuma. Huje
nperepano pehnu, 610 je TO BeMUKM HayIHU
UCKOpaK y TeoCTaTMYKMM aHajau3aMa Ieo-
MeTpuje U KOHCTPYKIMje IMOf3eMHUX PY.-
HUYKUX objekara.

Baxxan mompuHOC VIHCTUTYTa CpPICKOM py-
HapCTBY je y M3[aBavKoj AeMATHOCTH, Y Iy6-
JIMKOBalby KIbUTa U MepUOAMKe U3 00/1acTu
PYZapcTBa, pyIHNYKE Te0/I0THje U eKOHOMM-
Ke MHAyCcTpuje MuHepana. To cy 6une mpse
CTpy4YHe NyONIMKalyje Ha CPICKOM je3UKy
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frastructure have been opened. Over 40 plants
for preparation of mineral raw materials and
coal cleaning were put into operation, more
than 20 tailings and ash and slag dumps were
built. There is no significant mine in Yugosla-
via and Serbia whose opening, development,
reconstruction, technological modernization,
reengineering of the exploitation project, etc.
was not contributed by the MI project.

In the world market, MI has implemented pro-
jects for: Myanmar (Burma); USA - Environ-
mental protection agency EPA; Algeria; Bolivia;
Egypt; Tunisia; Jordan; Zambia; Australia; India;
China, Mozambique, Czechoslovakia.

The MI has implemented more than 60 sci-
entific research, development and innovation
projects under the auspices and financial sup-
port of the Ministry of Education, Science and
Technological Development of the Republic
of Serbia and the Federal Ministry of Science
and Technological Development of Yugosla-
via. 11 technologies and procedures have been
patented.

In 1969, an analog electronic simulator of ven-
tilation networks was constructed and made
at the Institute. It was the original construc-
tion of an analog computer for simulation
and research of ventilation processes. This
was an achievement that brought our scientif-
ic thought to the top of the world, and only a
few other countries in the world (USA, USSR,
Great Britain and France) had similar labora-
tory equipment.

Among the first in the world, the MI equipped
the laboratory and mastered the technique of
photo-elastic testing of stress-strain states in
rock massifs. It is not an exaggeration to say it
was a great scientific step forward in geostatic
analyzes of the geometry and construction of
underground mining facilities.

An important contribution of the Institute to
Serbian mining is in publishing, i.e. in publish-
ing books and periodicals in the field of mining,
mining geology and economics of the mineral
industry. These were the first professional pub-
lications in the Serbian language in these fields.
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Padosu na samenu kposnoz nokpusaua / Works on replacing the roof covering, 2020

Adanmavuja gacade / Facade adaptation, 2020
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U3 OBUX 06nmacTu.JIHCTUTYT je M3naBady jen-
HOT O] HajCTapujUX HAy4YHMX Yacoluca 3a
py#apcTBo y cBeTy - Pymapckor riacHuka.
ITpBu 6poj yaconuca mramna je 1903.

HEBOJBE 1 HOBIM YCIIOH

PacrmagoMm Jyrocnasuje 1991. roguue, pacnaga
Ceé M jYrOCTIOBEHCKO TPXKMINTE MCTPAKMBAU-
KMX U KPEaTMBHIX VHXKEhEePCKUX YCIIyTa, a ca
cagknyjama, nsonanyjom, HATO arpecujom
M HeonubepaTHOM IPUBATU3ALMjOM, VHTEH-
3MBHUpPA C€ ypyllaBame €KOHOMMje 3eM/be I
pyZapcke npuBpefie Kao meHor fiena. Cee To
BeoMa HeraTuBHO yTude Ha PV, Te mocne Tpu
TelleH1je YCIeIHOT pajia, IOYNIbe a CTarHu-
pa, [onasy o majja JOXOTKa, OCUIIamha Kafipo-
Ba U APYIMX HeraTMBHMX nocnepguna. Ilocne
2000. ropwHe, TYpOY/IEHTHM TpPaH3ULIMOHU
Ipolecy, NpUBaTU3ALMOHY aTaK jefHe IPy-
Ile U HeCHa/laXXelhe TaJallibel PYKOBOCTBA,
jOILI BMIE TIOTOPINABAjy ION0XKAj M CUTYALjy
y PU. 3axBaspyjyhu ommry4HOCTM KONEKTMBA,
OBa IIpeTHba Koja je BOAM/IA Ka HeCTajamby, 3a-
ycTaB/beHa je 2004.

OcMmunubeHMM akTUBHOCTHMMa on 2013. mo
2019. ob6aB/peHe Cy 3axTeBHe IIpUIIpeMe 3a
Bpahame Hay4yHoOr craryca VIHCTUTYTY U cpe-
guHOM 2019. OHET je 3aXTeB 3a HAy4YHY aK-
pepuTanyjy. MUHNCTapCTBO IIPOCBETE, HayKe
M TeXHO/IOWKOr pa3Boja Pemy6muke Cpb6uje,
Opnbop 3a axkpegMTalMjy HayIYHOUCTPaXKu-
BAa4YKMX OpraHMsanyja, ouemwyje fa VIHCTUTYyT
UCIIyhaBa CBE aKpefMTalIOHEe YC/IOBE M Ofi-
nmykoM 6poj 660-01-00003/10 ox 15. 10. 2019.
roguHe, Pymapcku MHCTUTYT je aKpefuTOBaH
Ka0 MICTPa)KMBAYKO-PA3BOjHI MHCTUTYT y 006-
JACTV TEXHMYKO-TEXHOJIOIIKMX HaykKa — py-
JlapCTBa U TeoJIorHje, 3a 006aB/barbe HaydOMC-
TPpa>KMBA4Ke JIe/TaTHOCT.

VMHCTUTYT JAHAC

Kao u pannje, n ganac je xanauuret PV npu-
narohen morpebama pymapcke npuspene Cp-
6uje. Y VMHcTuTyTy papm oko 90 capajgHuKa.
O6pasoBHa CTPYKTypa je CIMYHA CTPYKTY-
paMa U3 paHMjuX Iepuopa. AKTyeTHO CTaibe
Ha TPXKUIITY, 00UM, BPCTe IOCTIOBA M APYTU
YMHIOLY, YTULAK Cy U Ha opranusanujy PU
Ia IOCTOjM LIECT jeAMHUIIA ONrOBOPDHMUX 3a
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The Institute is the publisher of one of the oldest
scientific journals for mining in the world - Bul-
letin of Mines. The first issue of the magazine
was printed in 1903

TROUBLES AND A NEW RISE

With the disintegration of Yugoslavia in 1991,
the Yugoslav market for research and creative
engineering services disintegrated, and with
sanctions, isolation, NATO aggression and ne-
oliberal privatization, the collapse of the coun-
try’s economy and the mining economy as part
of it intensified. All this has a very negative ef-
fect, and the MI, after three decades of success-
ful work, begins to stagnate, there is a decline
in income, staff turnover and other negative
consequences. After 2000, turbulent transition
processes, the privatization attack of a group
and the incompetence of the then leadership,
further aggravated the position and situation
at the MI. Thanks to the determination of the
collective, this threat of disappearance was
stopped in 2004.

Designed activities from 2013 to 2019 made
demanding preparations for the return of sci-
entific status to the Institute and in mid-2019
a request for scientific accreditation was sub-
mitted. The Ministry of Education, Science and
Technological Development of the Republic of
Serbia, the Board for Accreditation of Scientific
and Research Organizations, estimates that the
Institute meets all accreditation requirements
and by decision number 660-01-00003/10 dat-
ed October 15, 2019, the Mining Institute is
accredited as a research and development in-
stitute in the field of technical and technologi-
cal sciences - mining and geology, to perform
scientific research activities.

INSTITUTE TODAY

As before, today the MI capacity is adjusted
to the needs of the mining economy of Serbia.
There are about 90 associates working at the
Institute. The educational structure is similar
to the those from earlier periods. The current
market situation, volume, types of business
and other factors have influenced the organi-
zation of the MI, so there are six units respon-
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EnTepujep, npe u nocne penosuparsa / Interior, before and after renovation, 2020

YCIEIIHOCT OpraHM3anuje paja, peanusanujy

rocoBa 1 GMHAHCHjCKe pesyiTare:

« 3aBOf, 3a NpOjeKTOBame eKCIIoaTaluje jie-
JKMIITa MUHEPATHUX CUPOBIHA;

« 3aB0of (ca mabopaTopujom) 3a HpUIpeMy MI-
HEPATHNX CYPOBVHA ¥ IIPOjeKTOBAIbE;

« JTabopaTopuja 3a 3aIITUTY )KUBOTHE U PajiHe
cpenuHe;

« JTabopaTopuja 3a reOMeXaHUKY;

« JTabopaTopuja 3a YUBpCTa TOPUBA;

o MeHalIMeHT U 3ajelHIYKe CIyX0e.

ITpema cranpappy ISO 45001:2018, MHCTUTYT
je cepTU(MKOBaH 3a MPOjeKTOBambe, KOHCATI-
TUHT U IIPUMEbEHA CINTNIBAbA Y PYIapCTBY,
reonormjm, €HEPreTUUM " 3alITUTU JKMUBOTHE
u papHe cpenuHe. Jlaboparopuje VHcTUTYTA
VHAVMBUAYA-THO Cy cepTUUKOBaHE aKpemu-
tauujama AKpenu-tamuonor tena Cpouje.

Mucturyr je 2019. concTtBeHM cpencTaBMMa
PEKOHCTPYMCAa0 CHCTEM 3a Ipejambe: NOoTpaja-
JIM KOTJIOBM Ha yTa/b 3aMeIbeHM) CY KOT/IOBMMA
Ha rac, aJalTHpaH je o6jekaT KOTIapHUIe U
U3BeJleH NPUK/bY4aK Ha TACHY MPEXYy.

sible for the success of the work organization,

realization of works and financial results:

o Department for Designing the Extraction of
Mineral Resource Deposits;

o Department (with the Laboratory) for Min-
eral Processing and Designing;

» Laboratory for the Protection of Living and
Working Environments;

» Laboratory for Geomechanics;

» Laboratory for Solid Fuels;

» Management and joint offices.

According to the standard ISO 45001:2018, the
Institute is certified for design, consulting and
applied testing in the field of mining, geology,
energy and environmental protection.

The laboratories of the Institute are individual-
ly certified by the accreditations of the Accred-
itation Body of Serbia.

In 2019, the Institute invested own funds for
the reconstruction of the heating system: di-
lapidated coal-fired boilers were replaced with
gas-fired boilers, the boiler room building was
reconstructed and a connection to the gas net-
work was built.
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Crno6odan Byjuh, Munumnxo Padocasmesuh / Slobodan Vuji¢, Milinko Radosavljevic
IECT JEUEHUJA KPEATMBHOT CTBAPAJIAIIITBA / SIX DECADES OF CREATIVE CREATION

Ose jybunapae 2020, M3BefieHU Cy KalnTas-
HM PpajioBM Ha IJIABHOM OOjeKTy: 3aMerbeH
je KpOBHUM IIOKpMBadY, €/l1eKTPO MHCTanaluja
PEKOHCTpYMCaHa U OOHOB/bEHA, PEHOBUPAH
je u ypeben enrepujep, agantupana dacapa,
3aMembeHN IPO30pM Ha (POHTATHOM [Ty
arpajie, npeypeheHa 3eneHa moBpIIMHA NC-
Ipef IMIaBHOT ynasa uth. LinbeBu oBe Benuke
MHBecTUIMje VIHCTUTYTa Cy mopef, cTBapama
XYMaHMjUX YCIOBAa M TIpUjaTHUjer PpPajHOT
aMOMjeHTa, panyoHanu3anuja Kopuirhemwa
IIPOCTOpA U 3aLITUTA 3rpafie of] ja/beT IpoIa-
Jama.
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This jubilee 2020, capital works were per-
formed on the main building: the roof cov-
ering was replaced, the electrical installation
was reconstructed and replaced, the interior
was renovated and arranged, according to the
main entrance the facade was reconstructed,
windows a have been replaced and green areas
rearranged, etc. The goals of this large invest-
ment of the Institute are in addition to creating
more humane conditions and a more pleasant
working environment, rationalization of the
use of space and protection of the building
from further deterioration.
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Gornyi Zhurnal (Mining Journal) celebrates
its 195th anniversary. Hardly many specialized
journals can boast such respectable age and rich
history.

The Journal’s origin was the Memorandum for
the Highest Pleasure of Sir Secretary of the
Treasure on Setting Up an Academic Committee

for Mineral and Salt Mining, and on the Gornyi
Zhurnal Edition prepared by Lieutenant Gener-
al E. V. Karneev, Director of the Mining Cadet
Corps, and signed by Lieutenant General E. F.
Kankrin, Secretary of the Treasure. The Memo-
randum was submitted to Alexander I, and the
emperor of Russia approved it right away. The
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date of birth of Gornyi Zhurnal is assumed July
1, 1825, the publication data of the first issue.

Establishment of the Journal was spotlighted on
the front page of Severnaya Pchela (Northern
Bee)—one of the most popular newspapers in
Petersburg, which read: “Last Saturday of March
21 of this year witnessed the origin and imperial
new-establishment of the Academic Committee
for Mineral and Salt Mining at the Mining Ca-
det Corps upon the confirmed report of the Sir
Secretary of the Treasure. The Committee is go-
ing to be chiefly engaged with edition of a jour-
nal under the name Gornyi Zhurnal, or with
compilation of information on mineral and salt
mining, with aggregation of scientific discover-
ies concerned herewith” [2].

The first issue of Russia’s new journal opened
with an editorial address entitled The Review
of Sciences and Crafts within Gornyi Zhurnal
aimed to give reasons for the transition from the
empiricism to academic sciences in the field of
mining [3].

By = s = ) S

,f_‘IDK_ﬂﬂﬂHﬂ}l SANUCKd, NOJHECEHHOA Ha Bmcowaﬁu{ec
EI‘D HM!IepaTanHal‘n BEAHHECTBQ
Gaazoycmomprenie . Munucmpoms Durnancoss,
obw usaaniu lopuazo Myprana.

o npeacrasaeniio ¥npasamoigaro Jdenapramentoss Topreom u
Coamexe JAban, ofe  mspain  [opmaro  Hiypmara, s
pacnpocTpatedia  poobige cababuill W HoBMXL oTHPETI no cefl
4acTH, a ccofieHND AAR oBAcrueHia cnocofoRt SHHOBHHKAML | opHod
eyl YCOBEPIIATE CROM NoaHais yorrbxamw scell yuenoli Espo-
nel, A ocmhanBaocs Henpaumsats Buicowatwaro Bawero Mm-
nepatopckaro BeauvecTpa paspbiuenia:

1. Ha wupemaesie Yuenaro Koswrera no lopuoit w1 Cossnoii
wacti, npu [oprosrs Kagerewoss Kopnyceb, wa ocxomanin npeaara-
EMOH P ceMb NoAPohHoi 3anmicsi.

2. Ha ynorpetiaenie eguuoppemenno gecsms Thicaws pyGaeil ot
ocTaThoRh  cyMwb  Jlenapramenta Ha ofopOTHB KamMTAND Cero
Kowsrrera,

3. Ha omyckn emeroano no nem mcaws pyGact ob ceit Kowm-
TeTh, ob Than, wrobsl Popueit Hypiase morb 66ms oTiyckaems
sobvn wnnonkikase [opholl W CorHol cAymbnl 38 TIOAGRHHHYIO
by, kakas GyzeTs Baumacsa co BChXL ApYTHXDL AHUD B MboTh.

Moanscars: M e

, Fenepase-Aeih Karnguws,

Ha nossii, cobersennce ENO HMITEPATOPCKAIND BEAHYECTBA
FYROK HamHCan:
Henoanume.

C. Memeptyirs,
28 Meapann 1825 roga.

T A DesOe

Report note of the finance minister
to his Imperial majest
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Since the early days of activity, publishers of
Gornyi Zhurnal defined its orientation towards
distribution of information on progress of the
mining art and on advance of the mining scienc-
es. The cover page of Gornyi Zhurnal presents
the painterly framed Journals title, the issue and
publication data, a picture of a medieval Saint-Pe-
tersburg’s mining landscape and the publishing
office: “Printed in the State Papers Procurement
Expedition Printing House” There is also an
owl imaged against the crossed primary miner’s
tools of labor for that time—a mining pick and
a hammer. Owl as a symbol of knowledge and
wisdom is also known for being a nocturnal bird
to symbolize an underground reign as well. In
Sumerian-Akkadian mythology, Ereshkigal, the
goddess and the ruler of underworld, the “Queen
of the Great Below” is depicted with a symbol of
an owl. Afterwards, the Journal’s emblem was
changed and dwarfs appeared there, for gnomes
in Western European myths symbolized ghosts
indwelled in the Earth’s interior to keep the un-
derground wealth [4].

FOPHBII RYPHAXD
HAR
COBPAHIE CBBABHIM
TOPHOMD » COAAHOMD
AL.AE,

HOBHXP OTRPHBTIMN IO
HAYRAMD,

A CEMY BPFEJNETY OTHOCARMUMCN.

CAHKTIHETEPBEY PI'D.

UWewamame 3% Boruwon Tooorpadin Passsere Wmate
ETO UMIEPATOPCEAID BEAIN'IECTEA.

1825
——

Gornyi Zhurnal 1825
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Editors of Gornyi Zhurnal were representa-
tives of the Academic Committee for Mineral
and Salt Mining founded at the Mining Cadet
Corps, and each section of the Journal had its
peculiar editor.

Upon approval, the Journal had 10 sections,
namely, Mineralogy, Chemistry, Mining, Pro-
cessing, Coinage, Salt Mining, General Mineral
and Salt Mining Bibliography, Mineral and Salt
Mining Laws, Biographical News and Obituary
Notices and Miscellaneous [1]. Editorial Board
strictly adhered to that structure, though the
sections were rotated from issue to issue. The ti-
tles of the sections were modified with time, and
new sections appeared, but the intrinsic struc-
ture of the Journal remained the same for many
decades [3].

Six ‘books’ (issues) of Gornyi Zhurnal were
published in the first year. The Journal had 1093
subscribers. It is interesting that for many a dec-
ade readers could order printed copies of the

Journal’s issues, even the very first edition, that
is, the copies were reprinted as needed [1].

The very first releases of the Journal kept pursuing
its key objective—furnishing the mining society
of Russia with update information on advance in
mining sciences and on progress in mining which
was defined as extraction of minerals, their pre-
treatment and processing (metallurgy) [1].

Looking at the articles of Gornyi Zhurnal in its
early days with modern eyes, we recognize high
professional skills of both authors and publish-
ers. Written in high-quality language and backed
up by ample Russian and foreign references, the
articles feature simple presentation of intricate
mining problems. The publications included
drawings to provide thorough understanding
of mining projects. An interesting fact—each
article had only one author. This approach has
nearly been lost as today co-authorship finds
higher preference and prevails.

Front cover of Gornyi Zhurnal’s
Issue 10, 1828, with an owl image

Coverage page of the first Gornyi Zhurnal’s
Special Issue in celebration of the Saint-Petersburg
Mining Institute’s 150th anniversary
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More recent section Mining Laws in Gornyi
Zhurnal elucidated critical governmental deci-
sions on mining. For example, in Book 1, Part
I, 1835 edition, this section informed on the
Mining Engineers Corps Headquarters staffing
authorized by the Sovereign Emperor. The au-
thorized staff number was 16, out of which the
Chief of Staff, Field-Officer on Duty and two
Principal Aides-de-Camp, and heads of Main
Offices were selected from among mining engi-
neers and were appointed at the Imperial Will.
Professional engineers were the ‘piece-goods’
and were highly appreciated in the Russian Em-
pire as mining was thought to be the backbone
of the national security and economy. Mining
engineering preserves its significance these
days, too. Preservation and advancement of the
mining engineers corps is both the tradition of
the great mineral resources power, which the
Russian Empire was, and the practice of critical
concern for modern Russia.

During the course of the 19th century, the min-
ing art was improved and evolved in Russia,
with discovery of new mineral deposits and
novel knowledge on exploitation. Step by step
Gornyi Zhurnal not only comprehensively ex-
posed history of mining industry in Russia but
also promoted mining engineering in the coun-
try through the agency of its numerous publica-
tions. Toward the end of that century, the Jour-

nal presented color geological maps of Russian
territories, advertizing of novel mining equip-
ment, various related industries and companies,
new periodicals, data on various-scale educa-
tion in mining and scientific advancement in
Russia and abroad. Gornyi Zhurnal imaged on
its pages a powerful mining country steadily de-
veloping in diverse areas.

The Journal enjoined great success abroad. For-
eign periodicals published translated articles,
and in 1840 a selection of Gornyi Zhurnal’s pa-
pers for the previous five years (1835-1839) was
released in French—Annuairedu Journaldes
Mines de Russie [3].

It is impossible to overestimate the value of the
Gornyi Zhurnal journal. Right down to the late
19th century, it was the only source for a min-
ing engineer in Russia to learn about situation
with equipment at the domestic and foreign
mines and factories, or to know on the advance
in natural and engineering sciences in Russia
and abroad. The Journal’s authors discussed the
challenges of mining, including production of
ferrous and nonferrous metal ores, coal, peat
and oil, as well as geological exploration, miner-
al processing and metallurgical conversion. At
the turn of the 20th century, other periodicals
on similar subjects appeared in Russia though
not for a long time. Gornyi Zhurnal yet re-
mained the first and the only one.
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An illustration of a mine project drawing to accompany an article [5]

20



Alexander G. Vorobiev
THE GORNYI ZHURNAL JOURNAL AND ITS ROLE IN MINING ENGINEERING AND ITS ADVANCE IN RUSSIA AND IN THE WORLD

The early 20th century faced turbulent historical
events in Russia, which affected the fortune of
Gornyi Zhurnal. For instance, during the second
half of 1918, Gornyi Zhurnal was named Bulle-
tin of the Mining Department of the Supreme
Council of National Economy. The publication
was aborted by World War I, and the Journal
only saw the light in May 1920. It lacked science
but only addressed the problems of concern at
the moment, discussed production problems of
the Mining Council and offered an ample of var-
ious reports from industrial management offices.
It was in the year of 1922 that the Gornyi Zhurnal
journal retrieved its initial name.

The year of 1923 in mining in Russia was marked
by a notable event—the 150th anniversary of the
Saint-Petersburg Mining Institute—the brain of
the mining industry in Russia. The scientific and
technological community, the industry and the
government responded keenly to the event. It
is worthy of mentioning that despite anxiety of
those times, all governmental agencies acknowl-
edged the priority of mining as a framework
for the development and improvement of the
national economy, finance and security. Gornyi
Zhurnal fervently participated in the festive cel-
ebration of the Institute’s anniversary. Under the
auspices of the Supreme Council of National
Economy, the Jubilee Committee was set up and
presided by Mining Engineer, Honorary Profes-
sor of the Mining Institute, Academician and
President of the Russian Academy of Sciences
A. P. Karpinsky as an appointed honorary chair-

Cars with suspended sidewalls
and drop down bottom, 1914

man. The Jubilee Committee was short of money
for the anniversary commemorative publication,
and Professor A. A. Skochinsky, Gornyi Zhurnal
editorial board member suggested that a special
issue of the Journal was dedicated to that re-
markable event. The suggestion was taken, and
in November 1923 the Gornyi Zhurnal’s Special
Issue was published [6]. It contained 12 sections
illustrating diverse activities of the Mining Insti-
tute in the field of mining engineering, including
professorship, studentship and graduates. High-
er officials and the Jubilee Committee expressed
their gratitude to the Editorial Board of Gornyi
Zhurnal for the partnership.

The Soviet period pursued the mining tradi-
tions of Russia and prosperous history of Gornyi
Zhurnal. During those years, the Journal laid a
major emphasis on the critical problems exist-
ing in mining science and production, labor
management and mechanization of operations.
The mining industry of the Soviet Republics
was in the spotlight, too.

The Soviet Union stoutly developed the mining
art. The mining industry was mightily spurred,
and its weight in the national economy elevat-
ed. Mining was intellectually boosted by the
establishment of the Mining Academy in Mos-
cow under authorization of the Council of Peo-
ples Commissars. Moscow as a new capital of
the country attracted distinguished scholars
of mining science, who later on became the
Gornyi Zurnal’s editorial board members. Their

Unloader and winch cable bond, 1914
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thematic contributions inherited the Journal’s
general traditions of background knowledge
and single authorship. Each author possessed
extensive knowledge in certain diverse areas of
mining science such as geology, mining technol-
ogy, mechanization, strata pressure, electrical
engineering, mine heading and support instal-
lation, water removing, ventilation and mineral
processing. The articles of Gornyi Zhurnal dis-
cussed generalities of the industry, performed
in-depth studies and debated on various geo-
technical designs. The new-generation Soviet
mining science featured a more comprehensive,
compared to the canonic mining art (the term
borrowed from European mining engineering),
physical and, accordingly, mathematical de-
scription of processes and phenomena in min-
ing, as well as developed brand-new methods of
mine planning and design on this basis.

The aspiration of theoreticians and practition-
ers in mining engineering toward technological
innovation in those days was amazing and ad-
mirable, and was greatly inspired by the over-
whelming mineral wealth of Russia. In 1926
Gornyi Zhurnal Issue 12 focused on natural
gas production and on construction of gas-
fired power plants in the USSR. In 1927 the ap-
pointed Chairman of the Editorial Board of the
Journal, I. M. Gubkin, Rector of the Moscow
Mining Academy zestfully promoted oil and gas
extraction within the framework of mining. Oil

and gas production became an independent and
self-sustained industry afterwards.

Gornyi Zhurnal is a pioneer in this field and in-
cessantly exposes problems of oil and gas pro-
duction. At the same time, the Journal provided
a platform for the vivid discussion of more than
60 minerals mineable and planned to be pro-
duced in the USSR. Such scale of progression
could only be comparable with the territorial
evolution in of the United States.

In the 1930s the Journal grows concerned with
occupational safety of miners. The editorial
board draws attention to mine ventilation, ac-
cident prevention, mine rescue work, dust con-
trol and endogenous fire fighting. The related
research findings are introduced into produc-
tion at once in the form of design guidelines for
complex process flows, safety regulations and
fitting of miners with individual means of pro-
tection.

While incessantly encouraging attention of
mine engineering community to the produc-
tive industry advance, Gornyi Zhurnal ener-
getically participated in organization of numer-
ous professional conferences and symposiums,
and published the conference proceedings. The
Journal publications allow tracing the whole
history of rise, development and improvement
of the domestic mining and metallurgy: the

Electrical bulldozer, 1914

22



Alexander G. Vorobiev
THE GORNYI ZHURNAL JOURNAL AND ITS ROLE IN MINING ENGINEERING AND ITS ADVANCE IN RUSSIA AND IN THE WORLD

Walking dragline ESH-40/85, 1975

scientific and technological breakthrough pro-
moted mining engineering as one of the most
important industries of the national economy.

In 1939 Gornyi Zhurnal became the govern-
mental publication of the People’s Commissar-
iat for the Ferrous and Nonferrous Metallurgy
of the USSR and therefore focused on research
and production in the field of mining of ferrous
and nonferrous metals, nonmetallic and com-
mon minerals.

Higher education in mining was thriving, too.
The Gornyi Zhurnal Issue 11-12 in 1937 pub-
lished the article by Engineer G. D. Vesman
from the Committee on Higher School Affairs,
entitled: “Mining Engineering Personnel Re-
quirements and Training”, highlighted that 22
institutes trained mining engineers by that time

[7]. By October 1, 1929, the USSR had only 3200
mining engineers. Later on, the educational in-
stitutions graduated 7600 mining engineers in
1930-1934 and 7200 in 1935-36. The graduates
specialized in 15 areas of expertise, including
Oil Field Development and Geological Explo-
ration and Survey. The graduates annually took
employment at hundreds mining projects. In
this respect, the competent personnel require-
ments of mines were satisfied in full.

In 1942 to 1943 the publication was stopped
because of the Great Patriotic War and was
recommenced in 1944. During that period of
time, Gornyi Zhurnal engaged itself with rais-
ing of funds and mobilizing efforts toward the
long-awaited victory, advised on feasible im-
provement of mining operations and published
innovation proposals on various practices. The
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defense industry of the country was in acute
shortage of resources, which called for the in-
dustrial stimulation, and Gornyi Zhurnal be-
came a major source of mission-critical infor-
mation. In the post-war years of accelerated
reconstruction of economy annihilated by the
war, Gornyi Zhurnal kept in the first flight of
technical progress in the primary industry. In
the 1950s-80s the scope of problems addressed
by Gornyi Zhurnal expanded and became more
specific: it embraced geology, ore field devel-
opment, production mechanization and auto-
mation, heading works, blasting, mineral pro-
cessing, mine support design and installation,
hoisting, water drainage, electrical engineering,
safety, ventilation, etc. The wide range of topics
attracted high readership from the profession-
al mining community. The Journals articles
boosted the iron ore industry, potent mining
and processing works and operating efficiency.

Times of the 1960s and 1970s featured a tremen-
dous upgrowth of mineral production, mining
sciences and higher education in mining. Ini-
tiation of new mines and preps, novel studies,
modern research and educational institutions
and fresh lines of mining engineer training—
everything was reflected on the pages of Gornyi
Zhurnal. Latter-day domestic machinery was
manufactured in an impressive number. Devel-
opment of great deposits such as Norilsk nonfer-
rous metals, Yakutsk diamonds, alongside with
operation of large mining and processing inte-

grated works for the benefit of the iron industry
called for the quality information support, and
Gornyi Zhurnal took and dispatched the mission.
On July 1, 1975, for the great services in pro-
motion of the mining science and technol-
ogy, generous contribution to advancement
of the national metal mining industry, for the
high-qualified scientific and engineering per-
sonnel training, in honor of the 15th anniver-
sary, Gornyi Zhurnal was awarded the Order of
the Red Banner of Labor.

In the context of technological advance in the
mining practice, the innovative science and
technology were applied in the field of sciences
and higher education in mining. Gornyi Zhur-
nal provided a core platform for discussion of
efficiency of various scientific advances in min-
ing engineering.

The discussions unfolded on the Journal’s pag-
es were reflective of the great wish and need for
educated mining engineers possessing funda-
mental knowledge and good grounding in sys-
tem-wide safety, economy and management, in-
cluding general and special engineering. These
issues remain in the limelight so far.

The social, economic and political changeover
in the early 1990s, with the most parlous con-
sequences for the nation, affected Gornyi Zhur-
nal as well. The Nedra Publishing House cut off
funding of the Journal. The size of subscription
dropped. The Journal supported by the govern-

View of Tsentralny Mine, Apatit Company
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Kimberlite pipe, Yakutia

ment up to then landed on the brink of closure.
At that tough date, Gornyi Zhurnal obtained an
unvalued support from the industry also suffer-
ing from financial straits.

The rugged times of the Journal ended in 1996
when it found itself under the umbrella of the
Ore and Metals Publishing House. The new pub-
lisher had a clear understanding of the affinity of
the mining and metallurgy industries, realized
the significance of awareness on state-of-the art
advances in science and technology, and recov-
ered the position of Gornyi Zhurnal in the field
of information support of the mining industry in
the post-Soviet states at the shortest notice and
with all the forces and facilities available [8].

The industrial relations were interrupted after
the dissolution of the Soviet Union, and mines
and factories in the former Soviet Republics
functioned in the conditions of total deficit of
actual production data. Gornyi Zhurnal imme-
diately and lively responded to the needs and
deployed a multi-branch network to receive
the actual performance information on mining
projects from all CIS countries. This replen-
ished manuscripts at Editor’s hand with digests
and topical contributions on the burning issues
of mining engineering from Russia and from
the CIS countries.

In 2000 on the eve of the Gornyi Zhurnal’s 175th
anniversary, the Russian Academy of Natural
Sciences awarded the Journal with the Tatish-
chev Order for the Benefit of the Fatherland.

In 2004 Gornyi Zhurnal became the master
publication of the Intergovernmental Sub-
soil Exploration, Management and Protection
Council intended to develop cooperation be-
tween the CIS countries toward efficient and
multipurpose use of mineral wealth.

Today Gornyi Zhurnal is truly a national endow
of Russia, a genuine information center and a
reliable conductor of high technologies and in-
novation in mining both in Russia and abroad.

By the way, another mining journalism patri-
arch, The Mining Journal was founded in the
United Kingdom in 1835, 10 years later than
Gornyi Zhurnal. Founded in France in 1794,
Annels de Mines, although retained the brand,
has lost its mining-related content.

Speaking about a journal, it is absolutely impos-
sible to leave unmentioned its backbone—the
editors, editorial board, publisher, and first and
foremost, the authors.

Success of a periodical publication totally de-
pends on the value of its content in terms of sci-
ence and practical application. For example, the
first Gornyi Zhurnal issue released the articles
of the renowned scientists of the time, lecturers
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Pavel P. Anosov

of the Mining Cadet Corps, namely, “Mountain
Surveys, or Particular Mineral Hunting” by I. G.
Gavelovsky, “Salt Making at Permian Mines” by
V. V. Lyubarsky, or “Geodesy Advances” by D. L.
Sokolov [1].

One of the most active Gornyi Zhurnal’s part-
ners was distinguished Russian metal-maker P. P.
Anosov whose contributions enjoyed periodical
routine publication in 1826 to 1841. In his very
first article entitled “Geognostic Observations of
the Ural Mountains’, P. P. Anosov as a reporter
elect of Zlatoust Mining Community wrote: “The
Urals Mountain ... have long deserved a full-scale
exploration. It is high time to become acquaint-
ed with their structure, and to determine inter-
calation and contact mechanics of rocks to most
easily arrive to the chief objective—discovery of
particular mineral deposits” [9]. For many years
P. P. Anosov was deeply concerned with research
connected with high-quality steel-making. In
1837 after he manufactured crucible steel for the
first time, Anosov published the article entitled
“Crucible Steel Making” in Gornyi Zhurnal. Lat-
er on, after lots of experiments, the Ural works
commenced the world’s first bulk production of
the highest grade steel named Bulat. Anosov’s re-
search “Bulat” was given the whole Gornyi Zhur-
nal Issue 2 in 1841 [3].

Naturally, the scope of this article is incapable to
embrace each of the prominent men of science
who generously shared their research findings
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with the readers of Gornyi Zhurnal during 195
years of its history. One thing is for sure, one and
all the foremost theoreticians and practitioners
in mining engineering maintained cooperation
with the Journal.

From the very beginning of its life, Gornyi Zhur-
nal provided a peer review of submitted manu-
scripts. An ancestor of the present-day editorial
board was the Academic Committee which sub-
jected each article to a close discussion at the
meetings. Participation at such discussions as
well as publication in Gornyi Zhurnal was con-
sidered an honor, and neither authors nor edi-
tors were remunerated.

The editorial board of the Journal was ever the
cream of Russian mining science [11]. More re-
cently, prominent chief officials from the min-
ing industry, well acquainted with the current
needs production, joined the Journal’s editorial
board alongside with the scientists. Such a fu-
sion of theory and hands-on experience allowed
Gornyi Zhurnal to keep up-front the scientif-
ic-and-technological advance in mining engi-
neering. Up to this day, the editorial board of
the Journal represents a team of renowned and
reputable scientific and professional men. With
deep knowledge from diverse areas of mining
science and industry in possession, they per-
form high-quality expert appraisal of Journal’s
articles prior to publication.

It is true to say that Gornyi Zhurnal was al-
ways lucky with the men at the wheel. Those
were the talents and highly skilled profession-
als. Their minds and vigor made the Journal a
true informational hub targeted at development
of the mining industry. These experts have laid
the firm theoretical and applicative foundation
for the Journal to become what it is today—the
trade publication intent to elucidate the latest
achievements in mining engineering and point-
ed at meeting the current challenges in the min-
ing industry and at enhancing resource security
of Russia.

During all these years, Gornyi Zhurnal has
founded its editorial policy on the promotion
of the advance research findings and industri-
al know-how toward further development of
mining engineering. The Journal never stopped
evolving. Unceasingly it strived for new heights
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and succeeded and kept in line with the spirit of
the times. Both readers and authors of the Jour-
nal spread it in Russian-speaking countries and
far abroad.

Today Gornyi Zhurnal leads an active and vivid
life. Persistent hunting for new sources of infor-
mation and forms of its presentation, as well as
zealous participation in diverse conference and
exhibition activities and numerous branch-wide
events is reflective of an immense and unex-
hausted potential of the Journal.

Founded on the firm scientific principles dil-
igently cultivated by the ancestors, well-de-
served authority, backing and concern of the
editorial board, authors, readers and the whole
mining engineering community, Gornyi Zhur-
nal sets out to handle all challenges of modern
times. This includes creativity and manage-
ment, as well as, first and foremost, elevation
of the scholarly status of the Journal, expansion
of its scope, enhancement of authors’ involve-
ment and strengthening of links with the read-
ers. Such many-sided performance can form a
priceless technological potential to be in high
demand for many decades or even centuries.

A cultural canon is the collection of values,
codes and regulations inherent to the nations
having great influence on the world history, the
spiritual bonds for many and many generations.
For mining industrialists of the Russian Empire
as for the Soviet-era and todays miners, this
part is taken by Gornyi Zhurnal which has been
uniting the mining community in Russia and in
foreign countries for as long as 195 years.

Russia and Serbia maintain the long-lived and
close-tie of friendship and cooperation. Gornyi
Zhurnal strives to facilitate the dialog between
researchers and experts from the two coun-
tries. The Journal’s team highly appreciates the

friendly relations with Serbian colleagues repre-
sented in the Editorial Board by Professor Slo-
bodan Vujic.

This article has attempted to provide a sort of
hindsight and to retrace the growth and activi-
ties of Gornyi Zhurnal, from its foundation and
up to the present day, with adherence to the tra-
ditional Russian school of engineering.
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Abstract: Modern conditions of market jobs and competitive functioning of the mineral sector
enterprises in the country’s mineral economy require a higher degree of geological-economic
analysis and economic evaluation of the profitability of mineral reserves in ore deposits. Suc-
cessful material production of mineral resources in companies in the mineral sector depends on
the mineral reserves and the provision of the necessary elements of the production process. Part
of the production base with mineral reserves is geologically and economically analyzed, with
their starting qualitative-quantitative geological definition, to which the economic analysis of
the profitability of their exploitation continues. Such a complex analysis covers a large number
of factors and indicators of geological-economic evaluation related to geological, mining, tech-
nological, economic and other aspects of the profitability of mineral reserves of the ore deposit.
The volatility of market conditions of business, supply and demand, as well as the market price
of mineral resources, necessitates the monitoring of influential elements of business. They can
most fully be encompassed by continuous geological-economic monitoring, as a permanent ex-
pert geological and economic basis for improving the business conditions of the mineral sector
enterprises.

Keywords: economic geology, geological-economic evaluation, geological-economic monitoring,
ore deposit
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INTRODUCTION

The successful functioning of the country’s
mineral sector enterprises and the production
of certain mineral resources in individual en-
terprises is directly related to the operation of
certain: (a) macroeconomic and (b) microeco-
nomic factors. Macroeconomic factors, which,
from the point of view of an enterprise as a
manufacturing entity, are external factors, pri-
marily relate to general market conditions, and
are directly reflected through competition, sup-
ply and demand for certain mineral resources.
Individual companies in the mineral sector
cannot be significantly influenced by them, but
through adequate business decisions they have
to adapt. Microeconomic factors, on the other
hand, are internal-type factors that depend di-
rectly on the enterprise itself. The degree and
success of engaging and using appropriate pro-
duction resources of an enterprise is crucial
to its production and business success, related
to geological exploration, exploitation, prepa-
ration, processing and market valorization
of mineral resources. Existing transition and
economic trends in mineral resource econo-
my and enterprise economics are directed to
market-oriented principles and criteria for
planning and realization of production of re-
quired mineral resources [1]. Accordingly, the
need for more intensive introduction and fast-
er application of efficient geo-management [2],
then the concept of sustainable development
[3], as well as the necessity of comprehensive
study, observation and market definition of
key geological and economic characteristics of
the mineral deposit [4] with the mineral raw
materials in question.

Economic evaluation of a deposit, which is
the subject of economic activity of enterprises,
developed and applied in countries with de-
veloped mineral economies, [5-8], has signifi-
cantly influenced the improvement of domestic
economic geology [9] and the contemporary
practice of geological-economic evaluation of
domestic mineral deposits [10]. The complex
geological-economic evaluation of ore depos-
its in Serbia has been significantly improved
and modernized in the recent period, which
has, among other things, resulted in the intro-

30

duction and development of market criteria for
geological-economic evaluation of the deposits
[4] and treatment of the deposits, not only as
geological ones, but primarily economic cat-
egories. Through the collection, analysis and
presentation of factors and sets of indicators of
geological-economic evaluation [1], it is signif-
icantly facilitated the systematization, process-
ing, interpretation and final presentation of
numerous geological and economic informa-
tion [11, 12] related to the mineral deposit as
the basis of business of the mineral sector en-
terprises. The main objective of this paper is to
highlight the place, role and importance of geo-
logical-economic monitoring in monitoring the
geological-economic characteristics of the ore
deposit, which are significant for improving the
conditions and effects of business of the mineral
sector of the country.

ECONOMIC EVALUATION OF
MINERAL DEPOSITS AND
MONITORING

Contemporary evaluation of mineral reserves,
in the world practice of mineral economics,
includes different types and types of grades,
which allow evaluation from different aspects,
different degrees of complexity and the final ex-
pression of the rating [1]. The most commonly
used types are: Geological Assessment, Geo-
logical-economic Evaluation, Technical-eco-
nomic Evaluation, Economic Evaluation,
Technological Evaluation, Industrial Evalua-
tion, Affordable Study, Feasibility Study, Min-
ing Report, Geoecological Assessment, etc. In
the domestic conditions of decades of develop-
ment of the mineral economy and functioning
of the mineral sector of Serbia, within the well-
known Belgrade School of Economic Geology,
a complex and comprehensive geological and
economic assessment [13, 14] was developed.
This type of integral evaluation represents a
specific evaluation, which combines the basic
geological sphere of knowledge of mineral de-
posits with the economic sphere, as a market
valuation of the mineral resources in ques-
tion. The final result of integrative integration
of various data and information from the first
phase of geological exploration, through ex-
ploitation, technological preparation and pro-
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cessing, to obtaining the final market product
in the form of trench ore, refined concentrate,
molten metal or finished mineral product, is
obtained as a measure of profit, which can be
realized from it [13,14].

The geological-economic evaluation of an in-
dividual mineral deposit, in practical terms,
is a special type of managerial tool, very im-
portant for making the necessary profession-
al and managerial decisions relevant to the
operations of the mineral sector enterprises.
For the specific application of geological-eco-
nomic monitoring of certain elements of ge-
ological-economic evaluation, the temporary
character of the evaluation is essential. It is,
in fact, a very important starting principle of
evaluation, according to which analytically de-
termined individual values and sizes, as part
of a geological-economic evaluation, relate to
a certain time cross section of the validity of
the defined factors and indicators of the eval-
uation. With the change of the time section
there are certain changes in certain factors
and indicators, which is directly reflected in
the economic evaluation of mineral reserves
and the economic effects of production in the
company. In the simplest way, this temporali-
ty and volatility can be illustrated through the
market price of mineral resources, which can
fluctuate significantly depending on market
movements. The aforementioned necessitates
the monitoring of all significant factors and in-
dicators of the evaluation, in order to monitor
the values of the reserves in question and the
economic and financial results of its operations
at any time during the enterprise’s operations.
In doing so, we can distinguish: (a) monitoring
of economic evaluation factors and (b) moni-
toring of economic evaluation indicators. The
geological and economic character of the mon-
itoring stems from the geological and econom-
ic nature of the ore deposit and the fact that
the economic value of the reserves and the eco-
nomic and financial effects of production in
the mineral sector enterprise are based on ge-
ological and mineral reserves as a basis. Mon-
itoring periods should correspond to weekly,
monthly and quarterly levels.

MONITORING OF ECONOMIC
EVALUATION FACTORS

The geological-economic evaluation of miner-
al resources, through a system-analytical ap-
proach, can be represented as a hierarchical
highest system, consisting of subsystems ex-
pressed through concrete factors, namely [4,
9, 14]: (1) Metallogenetic; (2) Geological; (3)
Technical exploitation; (4) Technological; (5)
Market; (6) Regional; (7) Socio-political-eco-
nomic-strategic; (8) Geo-ecological and (9)
Legislative factors. These factors, by the breadth
of the factorial analysis of the underlying min-
eral data, provide the opportunity to fully ana-
lyze the relevant data relevant to the business of
the company, which performs the valorisation
of mineral resources. Geological-economic
monitoring of factors, due to mostly descriptive
and extensive factor analysis, is operationally
focused on monitoring of individual indicators
of economic evaluation.

MONITORING OF ECONOMIC
EVALUATION INDICATORS

The initial geological-economic analytical ac-
tivity, through which the above-mentioned fac-
tors of the geological-economic evaluation are
addressed, is followed by a second, higher and
more explicit analytical step. From the basic
expert analysis of each of the specified specific
factors, individual rating indicators are derived,
as elements important for the completeness of
the presentation of these factor subsystems, and
comprise the three bases of a set of indicators,
namely [4, 9, 14]: (1) Set of natural indicators;
(2) Set of value indicators and (3) Set of synthet-
ic indicators. Monitoring of value and synthetic
indicators is of particular market importance,
both for the mine deposit and for the company.
Linking them to natural indicators is crucial to
monitoring the possibility of further profitable /
profitable exploitation of mineral reserves. This
monitoring is important both for the prepara-
tion of planning documents related to mineral
reserves, as well as for annual and multi-annu-
al production plans and business plans of the
mineral sector enterprises. In addition, they are
especially important for analyzing the success
of planning and for monitoring the movement
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of production factors related to the mineral re-
serves and the mineral resources market.

MONITORING OF THE SET
OF NATURAL INDICATORS

Natural indicators are expressed in physical or
natural units of measure (eg percentages, me-
ters, tons, years, etc.). Two subsets of natural in-
dicators are distinguished, namely [4, 9, 14]: (a)
a reminder of natural indicators in the narrow
sense and (b) a reminder of natural indicators
in a broad sense. The former are simpler, easi-
er to calculate or measure. The latter are more
complex and are often calculated by combining
natural indicators in the narrow sense and value
indicators, and are much more numerous.

Natural indicators in the narrow sense, as the
most important individually, include the follow-
ing: (1) Geological reserves of mineral raw ma-
terials (ores and useful components); (2) Mean
content of the useful component; (3) Mean con-
tent of harmful and undesirable components;
(4) Mean thickness of ore body; and (5) Mean
thickness of reactive layers.

Natural indicators in the broad sense, as the
most important individually, include: (1) The
minimum economic content of a useful com-
ponent; (2) Minimum excavation content (mar-
ginal content); (3) Minimum geological reserves
in the deposit and individual ore bodies; (4)
Minimum thickness of ore bodies and deposits;
(5) Minimum thickness of overburden layers
and off-balance parts; (6) Optimum and maxi-
mum bearing depth; (7) Coefficient of yield; (8)
Maximum content of harmful and undesirable
components; (9) Minimum content of usable
supporting components; (10) Losses from the
exploitation, preparation and primary process-
ing of mineral raw materials; (11) Dilution of
the useful component during exploitation; (12)
Exploitation reserves of mineral raw materials,
ie useful components; (13) Capacity of mines,
preparation plants and processing plants; (14) A
lifetime of bearing exploitation; (15) Content of
useful and harmful components in concentrate;
(16) Content of useful and harmful components
in the primary final product; (17) Utilization
rate for ore preparation and ore/concentrate
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processing; (18) Consumption of ore per 1 ton
of concentrate; (19) Consumption of concen-
trate per 1 ton of primary (final) product; (20)
Repayment period of the invested funds; (21)
Mean and boundary overlay coefficient; and
(22) Rate of profitability relative to the mine, the
preparation plant and the primary processing.

Monitoring of these natural indicators is of
particular importance for making appropriate
business decisions related to mineral reserves,
quality of mineral raw materials, production ca-
pacity and lifetime of exploitation. In particular,
it should be borne in mind that for various me-
tallic, non-metallic and energy mineral resourc-
es, the subject indicators have their own spe-
cificities and, accordingly, the need to display
and monitor the values of individual indicators
from the complete set. Based on the monitor-
ing of these natural indicators, the appropriate
natural planning elements of production in the
business year can be further corrected, planned,
monitored and implemented and the necessary
business decisions planned and executed.

MONITORING OF THE SET
OF VALUE INDICATORS

Value indicators are expressed in terms of value,
ie monetary units, and the most important are
the following [4, 9, 14]: (1) Costs of geological
exploration 1 ton of reserves of certain cate-
gories and total costs of exploration; (2) Total
investments required and invested in the ex-
ploration, construction of mines, preparation
plants and primary processing plants; (3) Spe-
cific investments per 1 ton of ore, concentrate
and final product; (4) Cost of 1 ton of ore, con-
centrate and final product; (5) Market price of
ore, concentrate and final product (current and
forecast); (6) Accumulation, ie profit per 1 ton
of ore, concentrate or final product; (7) Trans-
portation costs; and (8) Rentability.

Monitoring of these indicators is especially
important for cost and investment indicators,
as well as a particularly practically significant
indicator of the cost of mineral raw materials.
It includes a detailed calculation with all the
necessary cost elements in the various stages
of treatment. Changes in input elements conse-
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quently result in a change and cost price. Mon-
itoring the relationship with the market price,
can allow correction of the planned economic
effect of production and more complete defini-
tion of the level of profitability and economy of
the subject production of mineral raw materials
in the company. Ultimately, it also affects pos-
sible adjustments to the financial result of the
business, and in extreme cases, a possible fall in
the market price below cost, and up to produc-
tion losses.

MONITORING OF THE SET
OF SYNTHETIC INDICATORS

Synthetic indicators are the most complex indi-
cators, often expressed by a system of indicators.
They include higher order indicators, the de-
termination of which includes predetermined
natural and value indicators, and the most im-
portant of which are the following [4, 9, 14]:
(1) Value of deposits and reserves without tak-
ing into account the time factor; (2) Econom-
ic classes of reserves based on potential profits
(economic classification of reserves); (3) Bear-
ing value determined by dynamic evaluation
methods (with time factor taken into account)
- indicators obtained by calculation of NPV and
IRR, and derived indicators; and (4) Cost of 1
ton of reserves explored.

Monitoring of these indicators is especially im-
portant for planning and investment indicators,
especially for the value of the deposits, which is
expressed through the amount of net profit that
can be achieved in the operations of the com-
pany, based on the monitoring of established
exploitation mineral reserves. In domestic prac-
tice of mineral economy in Serbia, for each min-
eral reservoir, the value of the deposit is made
with and without taking into account the time
factor. The value determined by the NPV and
IRR method is considered to be particularly
economically relevant, especially in the case of
longer exploitation of the mineral reserves in
question. Monitoring indicators that appear as
input budgetary values for NPVs and IRRs may
lead to the need to correct them, which has sig-
nificant consequences in terms of looking at the
real economic effects of production and opera-
tions of the mineral sector enterprises.

CONCLUSION

The geological-economic evaluation of the min-
eral deposit is a special type of management
tool, very important for making the necessary
professional and managerial decisions for the
business of the mineral sector enterprise. Start-
ing from the principle of the temporary char-
acter of economic evaluation, there is a need to
monitor all relevant factors and indicators of the
evaluation. It should enable the ongoing mon-
itoring of the value of mineral reserves and in
particular the economic and financial results
of operations. The following are distinguished:
monitoring of (i) economic evaluation factors
and (ii) economic evaluation indicators.

The application of geological-economic mon-
itoring in the enterprises of the mineral sec-
tor is very important in order to realistically
monitor the geological and economic signifi-
cance of the deposit, then the economic effect
of the production and profit from the mineral
resources, based on the geological elements of
the production process and value indicators re-
lated to mineral resources. It is very important
for the preparation of planning documents re-
lated to mineral reserves, then for annual and
multi-year production plans, plans of business
success of the companies of the mineral sector
and appropriate business decisions. More inten-
sive activity in the application of geological-eco-
nomic monitoring should be carried out at the
level of the individual reservoir, as well as at the
level of the mineral sector. The same should
provide prerequisites for successful economic
operations of enterprises carrying out activities
of exploration, exploitation and valorisation of
the mineral resources in question as part of the
successful functioning of the mineral economy
in the forthcoming period of social, economic
and economic development of the country.
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Abstract: Design of experiment (DoE) is a technique that is used to investigate the effects on the de-
pendent variable of the independent variables of a scientific phenomenon. This technique utilized in the
applied sciences and humanities widely performs a set of experiments to harvest maximum information
about a variable with minimum effort. In this paper, the interactions between uncertain variables used
in mining business are set forth through DoE. The main effect and interaction profiles of the uncertain
variables (i.e., price, cost, and mine production rate) in a coal mining project in Indonesia is discussed.
The net present value (NPV) and internal rate of return (IRR) are response variables. As a result, for both
responses (i.e., NPV and IRR), cost, price, and production were the most impactful variables, respectively.
Moreover, if NPV was the concern, it is recommended that the cost and production must be paid more
attention especially when the coal price is in the high level. On the other hand, if IRR is the concern, the
cost must be more observed when the price is in the low level, but the production must be more observed
when the price is in the high level.

Keywords: design of experiment, discounted cash flow, interaction profiles, main effect estimates, mining

INTRODUCTION

Mining ventures are characterized by high risk
due to the many uncertain variables involved.
Among the others, price, production costs, and
grade play important role in decision-making
in the mining industry. The commodity price is

seen as the most crucial variable in the industry
and exogenous to a mining company. The min-
ing companies are usually price takers and have
no power to set a price. The commodity prices
are governed by supply and demand to a large
extent. Given that mining operations have very
specific characteristics, changing widely in ore
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and barren rock, operation costs have also wide
fluctuation and hard to estimate. Ore within an
orebody vary qualitatively and quantitatively.
In other words, setting a production rate is not
only the function of demand, but also a func-
tion of heterogeneity of ore quantity and quali-
ty. This heterogeneity bring significant risk to a
mining project. Interest rate, expected recovery
rate, or geological uncertainties are also impor-
tant sources of risks in project evaluation.

One of commonly used evaluation technique is
discounted cash flow (DCF). All the uncertain
variables discussed previously are used in DCE
However, DCF is a static method and does not
consider risks associated with the uncertainties.
In risk analysis, in addition to reproduction of
correlations between uncertain variables, the
analysis of the interactions between uncertain
variables will be very useful. It will strengthen
the performance of risk analysis. Therefore, in
this research, the design of experiment (DOE)
technique is performed to understand the char-
acteristic of the uncertain variables correspond
to the project value. A coal mine project is con-
ducted to see its practicality. In other words, this
paper focuses on the propose a way to under-
stand the impact of interactions of uncertain
variables on the project value.

METHOD

In this research, the specific methods in the De-
sign of experiment (DOE) were used to quanti-
fy the main effect and interaction profiles on the
project NPV. The DOE is a technique to observe
the main and interaction effects on the response
variable. However, the use of time series needs
a special attention because the errors (residuals)
are independent of each other (no autocorrela-
tion).

DOE performs numerical analysis such that
times and costs are saved (Hibbert, 2012). In the
DOE, depending on DEO technique selected, a
number of scaled experimental values, includ-
ing exploratory and response variables, factors,
levels, and runs are initiated. Additionally, there
is “interaction” term in the DOE. The interac-
tion is a variable that represents at least two in-
teracted variables. As a consequence, the more
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variables and the more values are being tested,
the more runs must be conducted. All the com-
binations are put in a table namely full factorial
design (Ryan, 2007).

The responses in this research are NPV and IRR.
The profit, NPV, and IRR can be calculated by
following Eq. (1), (2), and (3), respectively (Ard-
ian & Kumral, 2018; Hustrulid, Kuchta, & Mar-
tin, 2013). Where CT is coal tonnage, rec is the
recovery, CWC is coal washing cost, WT is waste
tonnage, WSC is waste stripping cost, CMC is
coal mining cost, r is the discount rate, and CO
is the capital expenditure at year 0. The profit
calculation is simplified by remove the compa-
ny liabilities (Ardian & Kumral, 2020b; Kumral,
2013). Notice that the profit calculation is mod-
ified due to the cost in this paper represents all
the cost incurred (i.e., CWC, WSC, and CMC).

Profit=(price x CT x rec)-(CWC x CT)-(WT-WSC)-(CT x CMC) ( 1)
Profit=(price - cost) x CT x rec

N Profit,
NPV Y |-G @)
= (1+1)
0=NPV i Profit C 3
I P TR T )

In term of a coal mine project evaluation, the
factors were coal price, costs (all the costs in-
curred until coal is ready to be sold), and the
production. The levels were the lowest and the
highest value of each variables, where are coded
as -1 and +1, respectively. After all the factors,
levels, and responses are defined, the full facto-
rial design can be constructed. The number of
combinations or runs may follow Eq. (4).

run=Lf (4)

Where L is the number of levels and f is the
number of variables. Furthermore, the main
effect shows the magnitude of the effect of an
independent variable itself on the response var-
iable. The main effect can be estimated by cal-
culating the average gains. The average gains
is a response average at the low and high level
of the observed factor. Needless to say, all the
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variables are observed. As a result, two average
values are obtained to represent the -1 and +1
level for each variables. The calculation of aver-
age gains is a simple responses average for each
level of designated factor/interaction that may
follow Eq. (5) and (6) for low level and high lev-
el, respectively. Where F(-1) and F(+1) are the
average gains for low and high level, respective-
ly, Yn-1 is the response value at low level of the
designated factor/interaction, and n is the num-
ber of calculated responses

Y '+ Y e+ Y
F(-1)= (5)

n

Y1+1 + YZH 4o Yn+1
F(+1)= (6)

n

The most impactful variable is the variable that
has the highest absolute value of the slope co-
efficient (Ardian & Kumral 2020a; Ryan, 2007).
Then, the variables are ranked accordingly. The
next is the interaction profiles analysis. The
interaction profiles examine the relationship
between the variables. One variable may affect
positively or negatively towards the project
value. However, in a more detailed analysis,
one variable may have different impact when
is related to the other variable. Figure 1 shows
how one variable may affect the response dif-
ferently where combined with other variable.
Where A and B are the uncertain variables,
and Y is the response.
B (Selected Variable)
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and high value of B result 400 of Y, but low
level of A and high level of B result 200 of Y.
The dash line represents the low value of B,
where the A at high and low value result 250
and 50 of Y, respectively. It clearly shows that
1 unit changes of A at low or high value of B
results the same rate on Y. Figure 1 (right)
shows strong interaction between variable A
and B. The variable A affects to the Y strong-
ly depends on B at low or high value. Where
the B at low value, lower value of A results
higher Y.

Eventually, the interaction profiles can be
analyzed through generating all interaction
profiles for each pair of variables. Comparing
with main effect, the interaction profiles are
beneficial to see the variables as a whole, not
only as individual variable. One variable may
have low impact towards responses, but pair-
ing it with other variable may have important
role in the evaluation. In the interaction pro-
files analysis, the variables that have strong
interaction and steep slope are highly recom-
mended to be carefully observed over time.

APPLICATION OF THE PROPOSED
APPROACH

In this paper, a coal mine project in Indone-
sia was selected as a case study. The calorific
value of the coal was 4,200 kcal/kg. The re-

B (Selected Variable)

] -e-e--]

500
400
> 300
200
100

Figure 1. Two different interaction profiles.

Figure 1 (left), the variable A and B has no
interaction on response variable, Y because
the behaviour of the variable A does not
change with varying values of the variable
B. To be more precise, the high value of A

quired monthly data was extracted from Jan-
uary 2019 to June 2019. The input parameters
and variables for the analysis are presented in
the Table 1.
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Table 1, Project evaluation input parameter

Variables Value Unit Variables Value Unit
Price (min) 31.77 | US$/tonne Discount rate 15 | %
Price (max) 38.62 | US$/tonne MARR* 20 | %
Cost (min) 15.38 | US$/tonne Recovery 95 | %
Cost (max) 30.24 | US$/tonne Investment 3 | Billion US$
Production (min) 615,671 | Metric tonne/year Mine life time 10 | years
Production (max) 932,680 | Metric tonne/year Lag time 1 | year

*Minimum accepted rate of return.

In this paper, the cost was all costs incurred,
which were coal washing, coal mining, and
waste stripping cost. The lag time was the
pre-production time, it was assumed to be 1
year. The capital expenditure was assumed to be
incurred only in year 0. For conducting a pro-
ject with multiple capital expenditure, the an-
nual profit that was utilized from Eq. (1) should
be adjusted.

Firstly, NPV and IRR were calculated for each
experimental configuration. Performing Eq.
(1), (2) and (3), the price, cost, and production
at the lowest level, the NPV and IRR were US$
1,811,487,038 and 29.6%, respectively.

Secondly, the factorial design was constructed.
The classical factorial design with 3 factors and
2 levels, utilized from Eq. (4), resulted 8 runs
or combinations. Putting NPV and IRR for each
runs, the factorial design table is presented in
Table 2, where A, B, and C variables were price,
cost, and production, respectively. The AB, AC,

BC, and ABC were the interaction between var-
iables A, B, and C.

In Table 2, the grey highlight in the factors rep-
resent high level (+1) of the variables. The grey
highlight in the responses represent unattractive
scenario where the NPV was lower than US$0
and/or the IRR was lower than the minimum
accepted rate of return (MARR). Moreover, the
negative IRRs emerged when the cumulative
cash flow was less than the initial investment in
the end of the mine life time (i.e., end of year
10). Negative IRR, in other words, meant the
NPV of the project was zero if only the future
event was more valuable instead of risky, which
rarely happened especially in the extraction in-
dustry.

Thirdly, based on Table 2, the main effects and
utilized from Eq. (5) and (6), the slope for each
uncertain variables were estimated. Table 3 pre-
sents the main effect estimation by performing
Eq. (5) and (6) for NPV and IRR.

Table 2, Full factorial design table
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Run A B C AB | AC | BC | ABC NPV (USS$) IRR (%)

1 -1 -1 -1 -1 1,811,487,038 29.6
2 -1 -1 -1 -1 3,823,566,676 44.2
3 -1 -1 -1 -1

4 -1 -1 -1 -1 4,288,922,800 47.4
5 -1 -1 -1 -1

6 -1 -1 -1 -1 7,337,022,699 68.3
7 -1 -1 -1 -1

8 727,337,827 21.1
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Table 3, The most impactful variables

NPV IRR
Rank Variables Slope Variables Slope
(absolute value) (absolute value)
1 Cost 2,743,200,129 | Cost 1.97
2 Price 1,265,044,884 | Price 1.58
3 Production 936,080,639 | Production 1.26
4 Cost-Production 561,642,307 | Cost-Production 1.12

7 Price-Cost-Production

Price-Cost-Production 0.74

Note that the order of the impactful uncertain
variables were same for NPV and IRR except
the fifth and sixth order (grey highlighted).
In NPV oriented, the pair of Price-Produc-
tion came first then Price-cost, but in IRR ori-
ented, the pair of Price-Cost came first then
Price-Production.

Finally, the interaction profiles are provided in
Figure 2 and 3 on NPV and IRR, respectively.
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as Price-Production (second column in the first
row) and Cost-Production (third column in
the second row) and of course for the inversed
pair as well (i.e., Production-Price and Produc-
tion-Cost). These non-parallel lines indicat-
ed interaction effect between them toward the
NPV. The more slope-difference between two
lines, the more effect they had.

Figure 2, Interaction profiles between
uncertain variables toward NPV.

In Figure 2, the price and cost (i.e., Price-Cost
and Cost-Price) had no interaction effect to-
ward the NPV because their lines were parallel.
It means, the changes happened either in price
or cost had the same changes rate. On the other
variables that exhibited non-parallel lines, such
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Figure 3, Interaction profiles between
uncertain variables toward IRR.

Likewise, in Figure 3, the interaction effect hap-
pened between uncertain variables that shows
non-parallel line. In Figure 3, all the pairs had
interaction effect. Only the pair of Price-Pro-
duction had the lowest interaction, which was
consistent with Table 3 that the Price-Produc-
tion had relatively low main effect.
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CONCLUSION

Design of experiment is a useful technique to
quantify important magnitude of exploratory
variables on the response variables. It also pro-
vides significant information on the nature of
interaction between the exploratory variables.
Even though the DoE is widely used in exper-
imental works based on controllable variables,
we utilized from DoE to understand the effects
of the variables in a mine project.

We carried out an application of the proposed
approach on a coal mine project. The response
variables were NPV and IRR. The results were
relatively consistent that either the parameter
NPV or IRR, which the importance order was
cost, price, and production. Examining the in-
teraction between variables, in NPV, the cost was
critical if production was in the high level. The
price was critical if production was in the high
level. The production was critical if cost in the
low level and price in the high level. In IRR, the
cost was critical if price was in the low level and
production was in the high level. The price was
critical if cost and production were in the high
level. The production was critical if cost was in
the low level and price was in the high level.

Therefore, by observing the interaction profiles
and focusing on NPV, the cost and production
must be paid more attention when the coal price
in the high level. However, by focusing on IRR,
the cost must be paid more attention when the
coal price in the low level, but if the coal price
is in the high level, the production must be paid
more attention. This is due to the cost and pro-
duction are controllable variables.

Finally, as a future work, the more uncertain
variables (e.g., discount rate, recovery, and
grade) can also be considered in the calculation.
The more analysis in the DoE, performing dif-
ferent design, or performing more number of
level can also be explored.
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Abstract: In order to enable excavation of the overburden, and thereby continuous coal exploitation on
the open-pit mine “Suvodol, for a period of five years, it is necessary to find a solution that satisfies given
conditions, while also provides fulfillment of required capacities in the specified period. The excavation
of the overburden is performed with two BTO systems (“0“BTO system and “I“ BTO system). Moving
these systems is in function of the given dynamics of the operations performance. If necessary, dragline
excavators are also included, in order to transfer tailings material to the planum of the excavator. Ac-
cording to the needs, tailings material is removed by bulldozers, loaders, and then transported by trucks
to the disposal area.

Keywords: overburden, coal, BTO system, Suvodol

INTRODUCTION the given amount of the overburden;

- The task was to use only available equipment;

When making Additional Mining Project of the
Open-pit Mine PJS Mining and Energy Com-
bine (MEC) ,,Bitola“ document, the following
restricting factors affected the final solution of
excavation technology of the overburden:

- Continuous excavation 3x10°t of coal annually
for the period of five years should be provided
to the project solutions and necessary amount
of coal should be excavated and disposed to

- The project had to be harmonized as much
as possible with the Main Maining Project
(MMP), which was made in 2009.

During designing the project guidelines of the
designed task were followed, designing only
what was possible to design in the given con-
ditions, that is, what was possible to achieve in
the technological terms. It is necessary to say
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that excavation of the overburden and coal was
planned for the limited zone, down to the pro-
file line 72 in the southern part of the mining
field, 29 in the eastern part, 46 in the northern
part and the western part generally to the pro-
file 59. Profile line 49 is practically a dividing
line between defined eastern and western part,
for the purpose of designing and understanding
operation technology.

In addition to the excavation equipment, as a
basic designing factor, geomechanical stability
conditions were an important factor to which
everything had to be subordinated in order to
safely excavate the tailings. The defined, geome-

chanically stable zones for the assumed pore
pressure value of 0.1 are shown by curved lines
in Figure 1. The line marked as 1 represents the
boundary of the overburden excavation, and the
dashed line marked as 2 represents the bounda-
ry of coal excavation. According to the available
data, the slope of the paleosurface is from 2° to
30° in the zone of the previously projected cut
slope opening, in the western part of the field.
Figure 1 shows the initial positions of the system
drive stations at the beginning of the project ac-
tivities, letters A, B and C denote the stations on
the overburden system, and the letters D, E, F,
G and H denote the station on the coal system.
During the project development phase, the start

Figure, Condition on the Terrain before the Beginning of the Project.

LEGEND: A - drive station of the belt conveyor ET]-2; B - drive station of the belt conveyor ETJ-4; C - turning
station of the belt conveyor ET]-4; D - drive station of the belt conveyor ETU-1; E - drive station of the belt conveyor
ETU-0; F - drive station of the belt conveyor ETU-3; G - turning station of the belt conveyor ETU-3;

H - turning station of the belt conveyor ETU-0; I - border of the overburden for the pore pressure coefficient 0,1,2 -
border of the coal mining for the pore pressure coefficient 0,1.
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date of the SRs(H) 1050 x23/2 bucket-wheel ex-
cavator was unknown, so the designer in agree-
ment with the investor, assumed that term. Al-
most all of the abovementioned can be seen in
Figure 1, which represents the situation on the
terrain before the project begins.

Coal and overburden excavation should be
projected for the next five-year period. Only
characteristic segments during projecting will
be stated in this paper, which will be presented
from three mechanization positions, initial con-
dition, third year and final fifth year.

OPERATION TECHNOLOGY
IN FIVE-YEAR PERIOD

In the initial project phase, and using existing
exploitation systems, the excavation of tailings
mass is performed in the western part of the
excavation field. The bucket-wheel excavator
SRs1300 x 32/5+ VR is operating on the over-
burden excavation, and its operating zone is
within the limits of geomechanically allowed
parameters. The excavator operates in the height
of the block of twenty meters along the floor
conveyor ETJ-4, marked with points B and C,
and all the mass above that height dragline ex-
cavator ES 10/70 excavates and throws it on the
planum of the bucket-wheel excavator. One part
of the mass is taken by dumpers and the other is
taken by the bucket-wheel excavator, and then
everything is taken to the disposal area by the
belt conveyors. During the first year, floor con-
veyor of this excavator, ET]-4, will move once
radially with a turning point in the drive station,
point B, for a step of 65mpo direction generally
looking east-west. With moving, this belt con-
veyor will also be extended by 98m, allowing
tailings to be reached at the far southwestern
part of the limited excavation field. After mov-
ing the floor conveyor bucket-wheel excavator
starts the excavation of the new block from the
turning station to the drive station. The excava-
tor will excavate all the way to the ETJ-2 chain
conveyor, marked with points A and B. The ex-
cavator then turns around and starts the exca-
vation along ETJ-2 belt conveyor, which now
becomes floor conveyor and works in high and
deep operation with 3%. At the end of the ex-
cavation block in the south-north direction, a

ramp will be made to connect the levels K +
566m and K + 577m, position south of point
A. By constructing a ramp and moving the
ETJ-2 conveyor to a new position, a situation
is obtained that is approximate to the position
of the transporter ITJ1 / N given in the frame-
work of the Main Mining Project of open-pit
mine “Suvodol”. By excavation of the working
block height 160m in length the operation in
the zone of the ETJ-2 conveyor is being finished
because of the bad geomechanical conditions.
The tailings excavation in the western zone of
the excavation field is also excavated for some
time by the SRs630 (1) bucket-wheel excavator
that works on coal (current situation), and then
switches to the overburden and operates at the
same time with the SRs1300 x 32/5 +VR ex-
cavator. The part of the tailings mass is driven
away with trucks as well. These two excavators
work along different floor conveyors while they
have all other conveyors in common. This tech-
nical solution is accepted by the investor at the
beginning of the project as only possible solu-
tion in the given situation. Before the end of
the first year, the reconstruction is performed,
so that the SRs630 (1) bucket-wheel excavator
remained in the western part, until the com-
pletion of the mass excavation that could be
technologically excavated with the assistance of
a dragline excavator, while the SRs1300 x 32/5
+VR bucket-wheel excavator moved to the east-
ern part of the excavation fields, and began the
formation of a working height and depth block
by excavating along the ETJ-4 floor conveyor
in the east-west direction, while generally the
direction of progress is south-north, the orien-
tation position of this conveyor can be seen in
Figure 2. At the end of the first year of exploita-
tion, in the production process should also en-
ter bucket-wheel excavator SRs(H) 1050 x23/2,
which is just one of the assumptions the design-
er was faced with. With this reconstruction of
the overburden excavation system, two tailings
systems are formed and the overburden exca-
vation is performed by two BTO systems - “0”
BTO system consisting of the SRs1300 x 32/5
+VR bucket-wheel excavator, conveyor belt, B =
1.600 (mm) and disposer A 2 RsB-5500 x55 and
“I” BTO system consisting of SRs 630 (1) buck-
et-wheel excavator and SRs (H) 1050 x 23/2
bucket-wheel excavator, belt conveyor B = 1,600
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(mm) and A 2 RsB- 5500 x60 disposer. The sys-
tems are assisted, if necessary, by dragline exca-
vators, ES 6/45 and ES 10/70.

Upshot of all of this is although the first year
is extremely technologically demanding, floor
conveyor often move parallel and semi-parallel
with shortening or lengthening, while the chain
conveyors of both systems remain in their posi-
tions, at the end of the first year, with all restric-
tions, a total of 5.448.005,80 m3 the overburden
is excavated.

During the second year of exploitation at the
Open-pit Mine “Suvodol” there is a partial
clearing of the situation in terms of forming the
fronts on the excavation of the overburden and
visually the fronts approach to the settled mine.
Operation technology on “0“ BTO system will
not change significally. Bucket-wheel excavator
excavates the height of the block with the sublev-
el in zones where it is necessary. Where working
with the help of a sublevel is not enough, and
in terms of height, the dragline excavator ES
will remove the height difference and throw the
material on the excavator planum. Where it is
necessary, the tailings material will be removed,
by bulldozers and loaders, and then transported
to the disposal area by trucks. During the sec-
ond year, the floor conveyor moves three times
radially with a turning point in the drive station,
the drive station rises a total of ten meters dur-
ing the year, with each movement the conveyor
extends by 65-75m, and the turning station level
remains constant K + 533m . In depth operation
excavator excavates along with two sublevels,
while in the zone of the drive station it excavates
up to level K + 536m. The operation technology
on the “I” BTO system is such that the progress
of the “0” BTO system is being monitored with
the maximum use of technological characteris-
tics of the bucket-wheel excavator. A relatively
small block height is being excavated and the
focus is on depth operation and excavation as
close as possible to the coal roof. The floor con-
veyor moves once in parallel during the year
and then twice radially with the turning point
in the turning station. The maximally spread ex-
cavator excavates as far as it can reach, although
a certain quantity of overburden still needs to be
loaded by dragline excavators in the excavator’s
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reach, and one part is driven away by trucks to
the disposal area. From the last radial move-
ment of the floor conveyor, the SRs(H) 1050 x
23/ bucket-wheel excavator returns to the west-
ern zone, the zone between points B and C in
Figure 2, and excavates two depth blocks, which
would significantly relieve that zone of native
tailings material, creating space for temporary
storage of additional quantities of the overbur-
den, which would allow the front of the “0”
BTO to be moved. The bucket-wheel excavator
then returns in the eastern part of the open-pit
mine. Moving the bucket-wheel excavator from
the east to the west of the open-pit mine is not a
particularly technologically difficult procedure,
but it is quite serious enough to require maxi-
mum concentration and caution of the person-
nel. In the second year, a total of 5.814.338,70
m3 of the overburden should be excavated.

Third year of the overburden excavation also
requires specific reconstructions of both chain
and floor conveyors, in order to keep formed
front of the operations. Chain conveyor ETU-
1/0, the zone north-eastern from the point D in
the Figure 2, moves radially, one part moves to
the east with a turning point in the drive station.
On this occasion, this conveyor is extended. The
floor conveyor ETJ-4/0 is attached and extend-
ed to it, and the last positions of these conveyors
are shown in Figure 2. The bucket-wheel exca-
vator will operate to a lesser extent with a height
ramp, but it will not operate in the block depth.
On the first tailings system, chain conveyor
moves radially in the eastern direction, with the
turning point in the drive station. For the new
position of the chain conveyor the ramp is built
by the bulldozers. On such a displaced chain
conveyor the level conveyor ETU 3/1 is connect-
ed, and both conveyors are extended during the
year depending on necessity. On this system,
the bucket-wheel excavator excavates the work-
ing block height as well as depth block lower-
ing two transports in depth and then only the
large transport to excavate to the overlying soil.
Cleaning the coal overlying is done with auxil-
iary mechanization. The condition at the end of
the third year is given in Figure 2. During the
third year 6.402.625,50 m3 of the overburden is
being excavated.
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Figure 2, Condition of the Operations at the End of the Third Year of Exploitation.

The fourth year of the overburden excavation
implies excavation continuation with both tail-
ings systems. The front of the progression is
maintained in the south-north direction, and is
generally excavated in the east-west direction.
The floor conveyors of both systems move ra-
dially with the turning points in the drive sta-
tions, and, if necessary, they are extended or
shortened. Before the end of the fourth year
of the exploitation on “0” BTO system recon-
struction will be performed. On existing chain
conveyor another chain conveyor is attached,
and then another one is attached on it at almost
right angle. The last one is set at ramp formed
by bulldozer operations in the far east of the ex-
cavated field. On the last chain conveyor ETU-
1/0 the chain conveyor ETJ-4/0 is attached by
its drive station, whereby that point will be the
rotation turning point of the floor conveyor till

the end of the fourth year and the whole fifth
year of exploitation. The floor conveyor in fur-
ther operation and during the fourth year from
this position moves once radially. Excavator ex-
cavates only in the height of the block. There are
no technological changes in the “I” BTO system
during the fourth year of excavation. The ETU-
3/I chain conveyor moves radially with a turn-
ing point in the newly formed deposit point.
When moving, the floor conveyor is extending
in the turning station zone, which creates the
condition for the excavator to reach and exca-
vate all planned tailings mass. The bucket-wheel
excavator excavates both the height and depth
blocks, lowering both transports first and then
only the large one. This is necessary in order
to collect all the tailings mass to the overlying
soil. Tailings mass that cannot be removed from
the coal overlying are being transferred within
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reach of the excavator by the operation of the
dragline excavator, and one part is driven away
by trucks. In this year, total of 5.098.362,50m3
the overburden is excavated.

The fifth year of the overburden excavation is
by the project the final year of exploitation. On
“0” BTO system there are neither technological
changes nor reconstructions. The floor conveyor
still moves radially, with a turning point in the
drive station. The moving step is 80m, then the
conveyor is shortened by approximately 75m
and moved radially, and after another move-
ment and shortening it comes to its last posi-
tion in the fifth year. The shortening of the floor
conveyor and the radial movements are directly
related to the appearance of the terrain behind
the turning station. At the end of the fifth year
of the exploitation, the floor conveyor of this

system, ETJ-4/0, is 590m long, the drive station
level is K + 528m, and the turning station lev-
el is K + 540m. During the 5th year, on the “T”
BTO the ETJ-2 / I chain conveyor is removed,
as it is no longer possible to reach the chain and
floor outflow, taking into account the direction
of progress and the angle these two transport-
ers occupy in relation to one another. This is the
reason why the chain conveyor of the “0” BTO
system, ETU-1/0 is extended by 145m, position
3 in Figure 3, and the floor conveyor ETU-3 / I
is attached on it, so we have a situation that both
tailings systems are excavating the overburden
along two different floor conveyors with all the
other conveyors in common. The overburden
from these two systems is disposed on the same
disposal area. The positions of the conveyors of
these two tailings systems as well as the levels
of the drive and turning stations can generally

Figure 3, Finishing Condition of the Operations.
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be seen in Figure 3. During this year, a total of
6,847,339.20 m3 of the overburden is excavated.

CONCLUSION

The designed operation technology is subor-
dinated to the open-pit mine condition at the
beginning of the designing, available documen-
tation and mechanization, rationalization of
the excavation process, geomechanical stabili-
ty conditions, the required coal production, as
well as certain dilemmas that were difficult to
resolve in a short period of time. Working in the
period of projected five years will be extreme-
ly complicated in technological terms. The de-
signer is not sure that despite the finished and
technologically achievable project, the investor
will be able to follow the ideas of the designer.
It is important to note that this technological
solution of the overburden excavation was giv-
en for a period of five years, and it is important
to define the continuation of the overburden
and coal excavation in a period after the given 5

years. The current working technology both on
the overburden and on the coal is a consequence
of a number of negative factors that occur at this
highly demanding mining facility. The design-
er has managed to introduce very little of this
project into the solutions provided according to
the document Additional Mining Project of the
Open-pit Mine “Suvodol’, since there were no
realistic conditions for this.
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Abstract: The designed open-pit mine of the Underlying Coal Series (UCS) is specific for the method of
tailings excavation, which is performed in very complex geological and technical conditions, since the
tailings material above the coal does not have a constant height, and therefore the technological parame-
ters of the excavation are changing by the phases of exploitation. The current way of defense from surface
water at open-pit mine UCS has included the drainage of water with perimeter canals, and from the
working areas in the mines by level, connecting or transverse canals connected to watercollectors located
at the lowest levels of tailings, coal levels and underlying soil. Water from watercollectors is pumped by
suitable centrifugal pumps and pipelines to the existing recipients. When talking about the protection of
mines from groundwater, in order to provide favorable conditions for the coal exploitation, it was nec-
essary to build drainage facilities to achieve this (drainage wells, drainage ditches, drainage of operation
levels).

Keywords: underlying coal series, wells, watercollector, canals

INTRODUCTION height of the excavator reach due to the geome-

chanical stability conditions on one side and the

Tailings excavation on the open-pit mine Su-
vodol will be performed in a very complex ge-
ological-technical conditions (narrow space for
excavator maneuvering, taking into account the
dimensions of the backet-wheel excavator, the

technical and technological capabilities of the
excavator itself, the height of the excavated area,
the proximity of the belt conveyor and the time
period in which it operates) [3]. Due to the ir-
regularity of the coal layer dip, the tailings ma-
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terial above the coal does not have a constant
height, which is why the technological parame-
ters of the excavation are changing by the phas-
es of exploitation.

HYDROGEOLOGICAL COLLECTORS

In the current area, four hydrogeological col-
lecotrs have been isolated in which the overly-
ing (O), interlying (I, and 1) and underlying
(U) aquifer were formed [1].

Overlying aquifer (O) is formed in silty sand of
heterogeneous granulation and sandy silt with a
general decline from south to north, consistent
with a general decline of the coal series. Within
the complex lens-like sand of the larger granula-
tion appear. The value of the filtration coefficient
of these sand series is approximately 5x10*m/s [1].

Replenishing of the complex is along the perime-
ter of the neogene basin at the contact of the base
rock made of gneiss, and atmospheric precipi-
tation in the open part of the open-pit mine. In
natural conditions the complex is being emptied
in the middle, which is hypsometrically lowest
and is located north of the observed area. The ar-
tificial emptying conditions are performed at the
mining facilities at open-pit mine UCS.

Interlying aquifer (1) is formed in silty sand of

different granulation and sandy silt. The filtra-
tion coeflicient is approximately 2x10°m/s [1].
This complex is an extension of the overlying
aquifer.

Interlying aquifer (I)) is formed in sandy silt
and in silty sand of different granulation. The
thickness of this complex is up to 5 m, while
going north increases and expands. A complex
of sandy sediments “lies” within the underlying
series in the form of intercalations. At the pe-
rimeter of the basin, this aquifer is in hydraulic
connection with other neogene sediments. The
value of the filtration coefficient of these sand
series is approximately 1x10°m/s [2].

Underlying aquifer (O) is formed in gneiss and
in silty sand which are located in the immediate
overlying coal series. Immediate coal overlying
are coal clay, gneiss and silty sand. The surface
of direct contact of silty sand and coal is in-
creasing in the north direction. The value of the
silty sand filtration coefficient is of the order of
magnitude 1x10°m/s, and grus of gneiss filtra-
tion coeflicient, obtained on the basis of gran-
ulation is of the order of magnitude 1x10*m/s
[1]. The groundwater level at the beginning of
making the technical documentation is shown
in Figure 1.

dninsge well

Figure 1, Profile with Initial Groundwater Level for All Three Aquifers [2].

LEGEND: 1-Silty and clay sediments; 2-Silty sediments; 3-The first coal layer; 4-Fine grain sand; 5- The second coal layer;
6-Coal clay; 7-Underlying sand; —*——-Equipotential groundwater level lines.
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The method used before for defending mine
from surface water has consisted of collecting
waters from working areas, perimeter, connect-
ing and transverse canals connected to water-
collectors. Water is pumped from the watercol-
lectors, with appropriate centrifugal pumps, to
the existing recipient.

HYDRODYNAMIC MODEL

Hydrodynamic model of the open-pit mine Su-
vodol was designed and constructed as a mul-
ti-layer model, with a total of ten layers, ob-
served in a vertical profile. Each of these layers
corresponds to a specific realistic layer, schema-
tized and separated based on the terrain knowl-
edge and the results of the condacted analysis of
extensive field exploration operations.

Observed from the surface of the terrain, the cor-
responding layers of the model and terrain are:
1. The first model layer - silty and clay sedi-
ments that form disposal area;
2. The second model layer - silty sand wide-
spread on terrain surface;
3. The third model layer - clay sediments;
4. The forth model layer - silty sand with poor
filtration characteristics;
5. The fifth model layer - silty sand in which
free level aquifer is formed;
6. The sixth model layer - the first coal layer;
7. The seventh model layer - fine grain sand,
silty;
8. The eighth model layer - the second coal
layer;
9. The ninth model layer - coal clay;
10. The tenth model layer — underlying sand.

Of particular interest are the fifth, seventh and
tenth model layers so that they are dedicated the
greatest attention.

Based on the existing results of the geological
and hydrogeological structure of the subject
area, a hydrodynamic model was developed to
analyze the operation of the projected open-
pit mine drainage facilities. The mathemati-
cal model was made using the finite element
method, and the SPRING package was used as
software [2]. The basic dimensions of the mod-
el are 3000x1500 m, or about 4.5km? The dis-

cretization of the stream field in the plan was
performed by a non-homogeneous series of ele-
ments of size from 50 m to 5 m. The time step is
one year (Figure 2).

Figure 2, Discretization View
of the Hydrodynamic Model [2].

LEGEND:

1 - Elements of size 50m x 50m;
2 - Elements of size 25m x 25m;
3 - Elements of size 12m x 12m;
4 - Elements of size 5m x 5m.

The mathematical-hydrodynamic model was
set up as a water-bearing multilayer porous
environment, with representative filtration
parameters and given boundary conditions.
Groundwater flow was calculated as stationary,
under pressure and free-flowing, where appro-
priate conditions were fulfilled over time. The
area of the model is defined by the boundaries
of the spreading of the underlying aquifer. As
boundary conditions, the model hydrodynam-
ic conditions of the replenish zones are given,
as contours with a given potential, in the field
wells, or horizontal drainages, canals, are speci-
fied as drainage facilities, as needed.

Hydrodynamic model of the open-pit mine Su-
vodol was designed and constructed as a mul-

ti-layer model, with a total of ten layers, ob-
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served in a vertical profile. Each of these layers
corresponds to a specific realistic layer, schema-
tized and separated based on the terrain knowl-
edge and the results of the condacted analysis of
extensive field exploration operations.

The underlying aquifer is formed in the under-
lying sand and, although small in thickness,
represents a complex problem, primarily be-
cause of good filtration characteristics of the
underlying sands, but also due to the spread
of the layer which allows high piezometer level
in the aquifer. On the model are set “windows”
(Figure 3), the zones of direct contact of the un-
derlying aquifer with coal series.

Through this ,windows“ground water passage on
the terrain surface during coal exploitation is en-
abled. The moment of opening the “window” is a
critical moment, given the high pressures prevail-
ing in the underlying aquifer and it is therefore
necessary to ensure acceptable, normal conditions
of coal exploitation. A favorable circumstance is
that the moment of the opening of the underlying
aquifer occurs in two to three years, which gives
enough time to reduce the pressure.

Whereas the concept of drainage of the under-
lying aquifer was adopted, representing the use
of wells in the front and at the rear of the opera-

; B
BOUNDARIES OF DISTRIBUTION® . %
OF UNDERLYING AQUIFER N
A

/
CONTOUR OF THE SUVODOL / “n

COAL MINE

;""f

tions. The goal is to bring down the groundwa-
ter level of the overlying aquifer below the fu-
ture level of the operations. In accordance with
the adopted concept of drainage, and testing in
the model, the number, layout and dynamics of
construction of drainage facilities - wells were
defined. Following the dynamics of mining op-
erations, it was necessary to ensure favorable
conditions for excavation at all times.

On the model the given dynamic levels are set as
input data, while pumping capacities were used
for verification in the model calibration process.
Groundwater level condition at the end of the
fifth year of exploitation is shown in Figure 4.

CONCEPTION OF MINE PROTECTION
FROM SURFACE AND GROUND WATER

The basic protection concept of open-pit mine
UCS from surface water involves collecting wa-
ter from working areas, perimeter, connecting
and transverse canals connected to watercol-
lectors. Water is pumped from watercollectors,
with appropriate centrifugal pumps, to existing
recipients. [2].

The perimeter canals accept water that gravitate
into the work area, as well as atmospheric water
that fall into the work area of the mine. They

ZONES OF DIRECT CONTACT OF THE UNDERLYING Kd

AQUIFER WITH COAL SERIES

Figure 3, Spreading Contours of the Underlying Aquifer [2.].
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L

Figure 4, Profile Showing Equipotential Groundwater Level Lines for
All Three Aquifers in the Fifth Year of Exploitation [2].

LEGEND: 1-Silty and clay sediments; 2-Silty sediments; 3-The first coal layer; 4-Fine grain sand; 5- The second coal layer;
6-Coal clay; 7-Underlying sand; —*——-Equipotential groundwater level lines.

are directed to the watercollectors from where
they are taken out of the mine by the pump ag-
gregates.

Level canals are made on tailings and coal levels
in order to collect atmospheric water and water
that gravitationally exits from level slopes, and
then by the shortest way is gravitationally con-
ducted to the temporary and main watercollec-
tors. The production of level canals is directly
dependent on the dynamics of mining opera-
tions progress.

The technical solution of the mine protection
from ground water foresees construction of [2]:
« Drainage wells;

« Drainage ditches and;

o Temporary canals.

Drainage wells are in the function of protecting
the working figure of the mine during exploita-
tion and their construction must take prece-
dence over the advancement of the mining op-
erations front.

Drainage ditches are made at the underlying soil
of the mine, behind the mining operations, par-
allel to the toe of the lowest coal level and allow
groundwater from the gneisses to be received.
At the same time they can be used as collecting
canals for protection from surface water.

Temporary canals collect ground water that run
out from level slopes and direct it to the level
canals, and then to the nearest watercollector.

In order to obtain data on the groundwater re-

gime and the effects of the drainage system op-

eration, it is necessary to perform monitoring,

which includes:

« Mine level and disposal mapping;

» Making piezometer network and measuring
level of ground water;

 Measuring well flow;

« Collecting data on rainfall and processing the
obtained data.

With this technical solution of mine protection
from water, it is possible to provide optimal
conditions for the operation of basic mining
machinery for the excavation and transporta-
tion of coal and tailings mass.

CONCLUSION

Available geological and hydrogeological data
show an uneven exploration picture and insufhi-
cient information on the working environment
and environment of open-pit mine UCS. Re-
gardless of the level, quality of processing and
interpretation of the available hydrogeological
data, it is not possible to provide a reliable de-
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termination of the hydrodynamic model of the
working environment and of the system for
protection of the open-pit mine from water. It
is necessary to establish high-quality, continu-
ous hydrogeological monitoring of the working
environment and surroundings, and in harmo-
ny with the development of exploitation oper-
ations on the open-pit mine, to continue with
hydrogeological exploration in order to possibly
adapt the project solutions of the system for the
protection of the mine from water.
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Abstract: Since 1976 cement marl excavation at open-pit mine ,Filijala” is carried out by continuous
exploitation technology using bucket wheel excavator SH 400 manufactured by Orenstein und Koppel (O
& K) company. Due to the bucket wheel excavator time-worn and high operating cost it was necessary
to replace it with new one. In order to test the new bucket wheel excavator and prove its capacity a
testing zone was defined as test block for excavation, in which the bucket wheel excavator testing will
be conducted. In the test block area detailed investigations were carried out which included laboratory
testing in order to determine the value of material cutting resistance.

Keywords: cutting resistance, marl, bucket wheel excavator

INTRODUCTION

The cement marls deposit ,Filijala” is the main
source of the basic raw material for the cement
factory today. It has been known since 1838, and
its exploitation works began in 1869 where the
open-pit mine ,,Filijala” was developed. This de-
posit consists of three mining areas of unequal
size and degree of exploitation called: ,,Severno
polje’, ,Srednje polje” or ,Medupolje” i ,,Juzno
polje”(Gani¢ M. et al., 2012).

The cement marl basic technology of exp-
loatation is continuous with the use of a buck-
et wheel excavator. Due to the conditions in
the deposit, especially due to the quality of
marl, it is not possible to apply exclusively
continuous technology, so the discountinu-
ous exploitation technology is used as well.
Discontinuous technology is used for the ex-
ploitation in parts of deposits where the buck-
et wheel excavator can’t operate, as well as for
simultaneous excavation from both technolo-
gies in order to homogenize the quality of the
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cement marl. Marl continuous exploitation
technology is carried out by a bucket wheel
excavator model SH 400, which was produced
by the company Orenstein und Koppel (O &
K) and has been in operation since 1976. Pic-
ture of this excavator in operation at open-pit
mine is given in Figure 1.

Lafarge Beocin cement factory management
decided to purchase a new bucket wheel ex-
cavator, due to the time-worn of the existing
rotor excavator. Based on the technical speci-
fications provided by LBFC mining engineers
and technicians, a bucket wheel excavator with
a working name ,,new bucket wheel excavator”
has been designed, built and delivered. After
completing the installation of a new bucket
wheel excavator, it is necessary to carry out its
testing, which, among other things, includes
the proving of the exploitation capacity. For
the purpose of testing a new bucket wheel ex-

cavator and proving its capacity, a digging test
block is defined, in which the testing will be
carried out.

At the open-pit mine ,Filijala” test block loca-
tion an detailed research program was carried
out which covered both field investigations and
geomechanical laboratory tests. Results of this
research will serve as a basis for new bucket
wheel excavator testing and proving its exploita-
tion capacity.

FIELD INVESTIGATIONS

Field investigation included the exploratory
borehole drilling from which core was collected
and mapped. A total of sixteen boreholes were
drilled at the open-pit mine ,Filijala” test block
zone. The spatial positions of the exploratory
boreholes are shown at the map in Figure 1.

Figure 2, The “new” bucket wheel excavator.
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Investigations in the
test block zone for the
bucket wheel excavator _
testing at open-pit mine|— _ .
“FIlijala”
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Figure 3, Disposition of investigations in the test block zone at open-pit mine “Filijala”.

Exploratory drilling is performed by rotary
drilling machine with continuous coring. For
these purposes, GAK-300 drilling rig with all
associated equipment was used. During the
drilling itself, detailed geoengineering and hy-
drogeological mapping of the collected core was
carried out. The results of the core mapping al-
lowed the selection of rock material represent-
ative samples, after that the representative sam-
ples were labeled and packed for geomechanical
laboratory testing. The aim of the conducted
field research was to determine the geological
structure of the micro-location of the zone and
to select and collect the rock material samples
for laboratory testing. Boreholes and samples

basic data are given in Table 1 (Gojkovi¢ N. et
al., 2013).

LABORATORY TESTING OF PHYSICAL
AND TECHNICAL PROPERTIES OF
ROCK MATERIAL

Total of 23 rock material samples were collect-
ed from open-pit mine , Filijala” test block zone
and delivered to Laboratory for rock mechanics
at Faculty of Mining and Geology. All samples
belong to a group of gray marl. On these sam-
ples the laboratory testing was carried out in
order to determine the physical and technical
properties, such as: the unit weight vy, the water
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Table 1, Basic data on exploratory boreholes

Borehole Samples
Coordinates Depth

Label No.
ave Y (m) X (m) Z (m) ° From To
1.30 2.50
BGF-01/13 | 7400928.87 | 50066333.1 181.02 2 535 6.60
1.30 2.60

BGF-02/1 4 45, 1 180. 2
GF-02/13 | 7400945.80 | 5006637.10 80.70 = 40 6.50
BGF-03/13 | 7400932.97 | 5006610.38 181.35 1 3.40 4.60
BGF-04/13 | 7400949.93 | 5006614.09 180.42 1 3.40 4.60
1.50 2.55
BGF-05/13 | 7400939.38 | 5006590.47 180.88 2 540 6.60
1.40 2.60
BGF-06/13 | 7400954.49 | 5006592.07 180.61 2 = 40 6.60
BGF-07/13 | 7400941.30 | 5006565.33 180.87 1 1.80 6.20
BGF-08/13 | 7400958.09 | 5006568.56 180.75 1 3.20 4.60
1.50 2.60
BGF-09/13 | 7400945.93 | 5006543.00 181.00 2 5 40 6.60
1.40 2.60

BGF-10/1 4 4 46.72 181.12 2
GF-10/13 | 7400963.43 | 5006546.7 8 =45 .65
BGF-11/13 | 7400949.60 | 5006520.46 181.06 1 3.40 4.70
BGF-12/13 | 7400965.44 | 5006525.28 181.12 1 3.40 4.60
BGF-13/13 | 7400955.14 | 5006498.53 180.82 1 1.90 6.25
1.45 2.70
BGF-14/13 | 7400971.16 | 5006500.67 181.06 2 = 40 6.60
BGF-15/13 | 7400957.86 | 5006475.17 181.08 1 3.40 4.60
BGF-16/13 | 7400973.83 | 5006478.51 181.02 1 3.40 4.55

content w, the cutting resistance per unit of cut- CUTTING RESISTANCE

ting edge length engaged K| and the cutting re-
sistance per unit of slice cross-sectional area K.

Physical and technical properties laborato-
ry testing was performed in total of: 111 unit
weight tests with paraffin (SRPS U.B1.017), 111
water content tests (SRPS U.B1.012) and 111
tests for determining the cutting resistance per
unit of cutting edge length engaged and per unit
of slice cross-sectional area. Marl cutting resist-
ance testing of the was performed according to
wedge test method proposed by Orenstein und
Koppel (Durst W,, Vogt W, 1988, Raaz V., 1999).
The borehole labels and the number of samples
from each borehole for laboratory testing are
shown in Table 2.
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Gray marl cutting resistance was determined
according the wedge test method proposed
by Orenstein und Koppel. For this purpose, a
specially constructed wedge was used for the
breaking of marl test bodies. This wedge has
angle of 34°, the glossy top of b = 5 mm with
blade length of I = 65 mm and its schematic rep-
resentation and appearance is given in Figures
4 and 5 (Radojevic J., 1979, Radojevi¢ J., 1992).

According to the original test method the wedge
is installed into a suitable hydraulic press which
is used for vertical force applying. The vertical
force increases constantly until the specimen
fracture. During the tests, the force value which
led to specimen fracture and wedge penetration
depth into the specimen were determined.
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g
]
I

Figure 4, Schematic representation of wedge that was used for cutting resistance testing.

After testing

Before testing

Figure 6, Testing body appearance before and after cutting resistance testing.
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After testing, the rock material water content
for each test specimen was determined. The wa-
ter content tests were carried out according to
the standard testing procedure using an electric
dryer (SRPS U.B1.012).

Specific cutting resistance per unit of cutting edge
length engaged K| and the cutting resistance per
unit of slice cross-sectional area K, values are cal-
culated according to the following equations:

P P
K, =— (N/m') & K,=— (N/cm?),
L d F F
where: P - breaking force (N),
d - diameter of sample (cm"),

F - specimens cross-section area (cm?).

ANALYSIS OF THE LABORATORY
TESTS RESULTS

A total of 23 gray marl samples were collected
from exploratory boreholes for laboratory test-
ing of cutting resistance. Overview of tested rock
material (gray marl) samples physical and tech-
nical properties mean values is given in Table 2.

The text that follows provides an detailed sta-
tistical analyses of rock material (marl) physical
and technical properties testing result. The re-
sults of statistical analyses are given in the form
of overview, tables and corresponding graphic
representations.

Table 2, Overview of the rock material samples physical and technical properties mean values

— S0 - = o = o

5 S EX | 3 S B2 § B

& Z. = == ==
BGF - 1/13(1.30 - 2.50) 5 19.32 27.15 649.49 28.70
BGF - 1/13(5.35 - 6.60) 5 19.23 26.49 639.29 28.37
BGF - 2/13(1.30 - 2.60) 5 18.55 23.88 667.84 29.62
BGF - 2/13(5.40 - 6.50) 5 17.65 26.36 650.50 28.35
BGF - 3/13(3.40 - 4.60) 5 18.32 26.19 651.52 28.30
BGF - 4/13(3.40 - 4.60) 5 18.06 26.17 650.50 28.45
BGF - 5/13(1.50 - 2.55) 5 19.48 26.01 652.54 29.78
BGF - 5/13(5.40 - 6.60) 5 18.94 26.07 653.56 28.24
BGF - 6/13(1.40 - 2.60) 5 18.97 25.76 655.60 29.72
BGF - 6/13(5.40 - 6.60) 5 18.96 25.83 654.58 28.13
BGF - 7/13 (1.80 - 6.20) 3 18.58 25.18 655.94 27.27
BGF - 8/13(3.20 - 4.60) 5 19.35 25.56 652.54 28.54
BGF - 9/13(1.50 - 2.60) 5 18.00 25.52 656.62 28.12
BGF - 9/13(5.40 - 6.60) 5 17.80 25.65 655.60 28.05
BGF - 10/13(1.40 - 2.60) 5 18.93 25.24 658.66 29.80
BGF - 10/13(5.45 - 6.65) 5 18.48 25.49 654.58 28.41
BGF - 11/13(3.40 - 4.70) 5 18.08 25.04 657.64 29.29
BGF - 12/13(3.40 - 4.60) 5 18.65 24.96 656.62 29.35
BGF - 13/13 (1.90 - 6.25) 3 18.08 24.70 659.34 27.73
BGF - 14/13(1.45 - 2.70) 5 17.84 24.64 661.72 29.59
BGF - 14/13(5.40 - 6.70) 5 18.32 24.70 662.74 28.37
BGF - 15/13(3.40 - 4.60) 5 18.02 24.61 660.70 29.11
BGF - 16/13(3.40 - 4.55) 5 17.89 24.53 663.76 29.82
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UNIT WEIGTH WATER CONTENT

The unit weigth y was determined on five test The water content w was determined on five test
body from each cutting resistance laborato- bodies from each cutting resistance laboratory
ry testing specimen. The results of unit weigth testing specimen. The results of water content
testing were statistically analyzed. Total of 111 testing were statistically analyzed. Total of 111
data were analyzed and statistical parameters data were analyzed and statistical parameters
are shown in Table 3 and Figures 7a and 7b. are shown in Table 4 and Figures 8a and 8b.

Table 3, Overview of statistical parameters of
the rock material unit weigth testing results

Statistical parameters Value
Number of data 111
Minimum value 17.51
Maximum value 19.71

Value interval 2.200
Sum of all values 2054.16
Average 18.506

Variance 0.329

Mean square deviation 0.574

Standard error 0.054

Freaucnss

Mumbser of da

17 LL] (4.1 1w Iw 1] 2} 17 i7 % 1% 19 (] il 1) H
Uinis weight 7 {kiiim’| Undn weigght  [kNim']

a) b)

Figure 7, Cumulative curve (a) histogram and normal distribution,
(b) of the unit weigth y testing results.
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Table 4, Overview of statistical parameters of

the rock material water content w testing results

Statistical parameters Value
Number of data 111
Minimum value 23.55
Maximum value 27.30
Value interval 3.750
Sum of all values 2828.610
Average 25.483
Variance 0.621
Mean square deviation 0.788
Standard error 0.075

Frequencs

Beumber of daca

14 i ] T 7 I

Warder courtes w |5

a)

/TN

L/ A
A MO0 MA 200 2440 MO0 0D AT FTAD IR0

Waler content w %]

b)

Figure 8, Cumulative curve (a) histogram and normal distribution,
(b) of the water content w testing results.

CUTTING RESISTANCE

The laboratory testing of cutting resistance was
carried out on five test bodies from each testing
specimen. The results of samples cutting resist-
ance testing (cutting edge K| i cross-sectional
K,) were statistically analyzed. Total of 111 data
were analyzed and all important statistical pa-
rameters are shown in Table 5.

The cutting resistance per unit of cutting edge
length engaged values ranged from K, = 591.37
to 718.82 N/cm, while the average values of this
parameter ranged from K, = 639.29 to 667.84
N/cm and are shown in Table 2 - overview of the
samples physical and technical properties. The
results of testing the cutting resistance per unit
of cutting edge length engaged K, (111 data)
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were statistically analyzed and statistical param-
eters are shown in Table 5. The graphic interpre-
tation of the results of this analysis is shown in
Figures 9a and 9b.

The values of the cutting resistance per unit of
slice cross-sectional area ranged from K =24.86
to 32.89 N/cm?, while the average values of this
parameter ranged from K, = 28.05 to 29.82 N/
cm? for tested samples and are shown in a in
Table 2 - overview of the samples physical and
technical properties. The results of testing the
cutting resistance per unit of slice cross-section-
al area K, (111 data) were statistically analyzed
and statistical parameters are shown in Table 5.
The graphic interpretation of the results of this
analysis is shown in Figures 10a and 10b.
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Table 5, Overview of statistical parameters of the rock material cutting resistance testing results

St paranerrs | S e e | e
Number of data 111 111
Minimum value 591.37 24.86
Maximum value 718.82 32.89
Value interval 127.450 8.030
Sum of all values 72835.130 3198.180
Average 656.172 28.812
Variance 1023.248 2.467
Mean square deviation 31.988 1.571
Standard error 3.036 0.149
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Figure 9, Cumulative curve (a) histogram and normal distribution,
(b) of the cutting resistance per unit of cutting edge length engaged K, testing results.
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Figure 10, Cumulative curve (a) histogram and normal distribution,
(b) of the cutting resistance per unit of slice cross-sectional area K, testing results.
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CONCLUSION

Purpose of the research presented in this paper
is to carry out cutting resistance laboratory test-
ing on rock material (gray marl) samples. Sam-
ples were collected from boreholes at open-pit
»Filijala« site. Laboratory testing results should
serve to evaluate bucket wheel excavator cutting
resistance at the moment of testing and proving
its explotation capacity.

In order to prove the excavator exploitation ca-
pacity, a test block zone is determined where
the new bucket wheel excavator tesing will be
carried out. Detailed research of the test block
micro-location at open-pit mine ,Filjala” was
carried out with the aim to determine the ge-
ological structure at test block zone and select
rock material representative samples for cut-
ting resistance laboratory testing. In this area at
open-pit mine , Filijala”, a total of 16 exploratory
boreholes were dilled, out of which 23 gray marl
samples were collected. On the above-men-
tioned rock material (marl) samples, physical
and technical properties were tested such as:
unit weight y, water content w, specific cutting
resistance per unit of cutting edge length en-
gaged K| and specific cutting resistance per unit
of slice cross-sectional area K. Laboratory tests
covered a total of: 111 unit weight tests with par-
affin (SRPS U.B1.017), 111 water content tests
(SRPS U.B1.012) and 111 tests for determining
specific cutting edge i cross-sectional cutting re-
sistance (Orenstein und Koppel method).

The values of the rock material (gray marl) spe-
cific cutting resistance per unit of cutting edge
length engaged K| ranged from K, = 591.37 to
718.82 N/cm, while the values of specific cut-
ting resistance per unit of slice cross-sectional
area K, ranged from K = 24.86 to 32.89 N/cm’.
The technical documentation for the purchase
of a bucket wheel excavator required the specif-
ic line-cut digging force K of 715.00 N/cm. By
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analyzing the laboratory tests results it can be
noticed that only one specific cutting resistance
(K, = 718.82 N/cm) test has a higher value than
the defined value of 715 N/cm. According to the
previous one, it can be concluded that the de-
fined test block zone fully meets the conditions
for testing the bucket wheel excavator in order
to prove its capacity.
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Abstract: The first measure for ensuring optimal occupational health and safety conditions in under-
ground minerals exploitation is the achievement of proper ventilation (Teodorescu C., et all, 1980). For
ensuring proper ventilation of each mine working, there is imposed the optimization of air flow reparti-
tion in each branch of the network, fact which involves the mine’s entire ventilation network solving. In
hard coal exploitation, opening, preparation and exploitation works undergo a nonlinear continuously
and differentiated process of specific aerodynamic parameters degradation. Following the changes in time
of aerodynamic parameters of mine workings, specific ventilation parameters also change, leading to the
ventilation network’s deviation from the aerodynamic point of view, compared to the standard situation
(Patterson A. M., 1992). The ventilation network’s deviation is directly proportional to costs required
for air circulation and inversely proportional to the efficiency of the ventilation network’s ventilation.
In order to assess the efficiency of ventilation networks, a new parameter has been introduced, namely
the ventilation network’s standard deviation. In this paper is presented the theoretical basis, solving the
ventilation network in normal conditions and in standard conditions and also the determination of the
efficiency of ventilation networks applied for Lupeni mine unit ventilation network.

Keywords: efficiency, modelling, software, solving, ventilation networks

LUPENI MINE UNIT tilated under the depression of the Main ven-
VENTILATION NETWORK tilation station Central Rising, fitted with two

axial fans type VOKD 1.8. Underground mine
Lupeni mine unit is equipped with two main workings which are ventilated under the de-
ventilation stations: Shaft 1 East and Central pression of the Main ventilation station Shaft 1

Rising. Underground mine workings are ven- East is equipped with two axial fans type VOD
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3.0. Fresh air entrance in underground is per-
formed through 5 mine workings: Stefan shaft,
shaft no. 12, shaft with skip, coast gallery hori-
zon 650 and auxiliary shaft south. Central Ris-
ing and Shaft 1 East circuits are extended over
5 horizons: horizon 300, horizon 360, horizon
400, horizon 480, horizon 650.

CLASSICAL METHODS FOR
DETERMINING THE VENTILATION’S
EFFICIENCY

For the classification of ventilation networks in
terms of efficiency (Cheng J., et all, 2010; Cheng
J., et all, 2012 ) are used several methods, name-
ly: Equivalent orifice method, Ratios method,
Temperament method.

EQUIVALENT ORIFICE METHOD

The equivalent orifice of a mine is a ventilation
parameters using which there may be character-
ized the ventilation capacity and it represents a
fictional orifice A, performed into a thin wall,
through which at a pressure difference on the
two sides of the wall equal with the mines de-
pression “h”, will be circulated the same amount
of air Q as the one circulated through the mine.

RATIOS METHOD

This method is characterized by the efliciency
of the mine’s general ventilation and takes into
account the size of ratios:

Q. h, (1)

SC

Qef and ht

in which:

Q.- Air flow short-circuited in underground, m’/s;
Q,; - Air flow which ventilates the work fronts, m’/s;
h_.- Depression of the mine, determined by meas-
urements, N/m?%

h, - Theoretical depression of the mine, determined
by calculation, N/m?.

TEMPERAMENT METHOD

In order to classify the manner in which a mine
working’s ventilation is achieved is used the T
temperament term. Temperament represents
the easiness with which the fluid passes the
mine working.
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NEW METHODS FOR DETERMINING
THE VENTILATION’S EFFICIENCY -
STANDARD DEVIATION

Underground hard coal exploitation involves
the performance of a complex of opening,
preparation and exploitation workings in order
to extract and transport the useful minerals to
the surface.

Mine workings are executed by conventional
and unconventional methods. The most used
method is the one by blasting using industrial
explosives.

After their execution, mine workings are sup-
ported and fitted depending on their destina-
tion.

The execution and fitting of mine workings is
achieved in accordance with technical projects.
Also, when entering into operation they have
certain distinct characteristics. The most rel-
evant group of parameters which defines the
state of the mine working at a certain moment,
from the ventilation point of view, is represent-
ed by the specific aerodynamic parameters.

Once with the increase of the mine workings
usage, their aerodynamic parameters negatively
change, having severe consequences from the
point of view of air flowing on their alignment.

The degradation in time of aerodynamic param-
eters of mine workings leads to the change of
the ventilation network’s aerodynamic parame-
ters. The change of aerodynamic parameters of
mine workings in relation with the initial value
represents the ventilation network’s deviation
(Cioclea D,, 2015).

STANDARD DEVIATION
OF A VENTILATION NETWORK

The standard deviation of a ventilation network
is defined as the change in time of aerodynamic
parameters specific for a ventilation network in
relation with the aerodynamic parameters spe-
cific for the same ventilation network in stand-
ard conditions.
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Mine workings are executed in a well-estab-
lished order, starting with opening, preparation
and exploitation works, special mine workings
etc. Due to this aspect, certain types of mine
workings enter into exploitation differently. In
addition, while carrying out exploitation works,
within the mine units occur moments when it
is required to extend or restrict the network of
mine workings.

For determining the parameters which are ap-
plicable for any ventilation network, regardless
of its’ structure and complexity, there has been
used the term of ventilation network in standard
conditions. The ventilation network in standard
conditions represents the structure of a ventila-
tion network evolving at a certain time, which
is characterized by the fact that all active mine
workings have associated the aerodynamic pa-
rameters specific for the moment of entrance
into exploitation.

Aerodynamic parameters specific for the en-
trance into exploitation of a mine working
and the ones established through the technical
project. Aerodynamic parameters specific for a
mine working at a certain time during exploita-
tion air determined through flow and pressure
measurements performed on site.

There fore, Atkinson’s equation in this condi-
tions may be written as follows:

h=RQ (2)

in which:

h - Required value for depression/pressure in order
to circulate a Q airflow over a pathway with the
resistance R (Pa);

Q - Airflow established to be circulated over the
mine working (m®/s);

R - Aerodynamic resistance of the analysed mine
working (Ns*/m®).

The value of the aerodynamic resistance of a
mine working is determined using the formula:

R= ¢ L P (Ns¥/m?) 3)
S
in which:

a - Aerodynamic coeflicient specific for the type of
mine working (Ns?/m*);

L - Length of the mine working (m);

P - Perimeter of the mine working, specific to its’
profile (m);

S - Section of the established mine working (m?).

After establishing the calculation manner, aer-
odynamic parameters specific for all branches
are determined. Solving the ventilation network
in standard conditions involves the use of spe-
cial software, in this case VENTSIM Visual Ad-
vanced.

After solving the ventilation network in stand-
ard conditions are obtained the specific param-
eters for the main ventilation station (s).

ESTABLISHING THE STANDARD
DEVIATION OF A VENTILATION
NETWORK

For assessing the ventilations efficiency at a cer-
tain moment is used the A  parameter which
represents its’ standard deviation. The standard
deviation of a ventilation network is defined by
the ratio between the equivalent orifice of the
ventilation network at a certain moment A and
the equivalent orifice of the ventilation network
in standard conditions A ;:

AS = A - 100 (4)
Ao
in which:

A - Equivalent orifice of the ventilation network at a
certain moment (m?);

A, - Equivalent orifice of the ventilation network in
standard conditions (m?).

Equivalent orifice of the ventilation network at
a certain moment A is determined using the ap-
proximate Eq. 5:

1.2
—< (m? 5
w ®

Equivalent orifice in normal conditions may be
calculated using the exact Eq. 6 (i.e. for two ven-
tilation stations):

A=12/  Qh 2 6
Qsl h51 + QSZ th (m) ( )

Equivalent orifice of the ventilation network in
standard conditions A is determined using the
approximate Eq. 7:
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1.2
A=—
0 \/1?0
Equivalent orifice of the ventilation network in
standard conditions (i.e. for two ventilation sta-
tions) may be also calculated using the exact Eq. 8:

1.2 Q’m
A= Qs01 hyg; + Qs02 hso2 (m?) (®)

(m?) (7)

In these conditions, the standard deviation of
the ventilation network Ais:

& Q3m (QsOl hsOl t Qs02 hsoz)
A=/ R -IOO;AST/ 3 (Qur by +Qu ho) x100 (9)

CHARACTERIZATION OF VENTILA-
TION NETWORKS DEPENDING ON
THE STANDARD DEVIATION

The standard deviation of a ventilation network
is a non-dimensional parameter which estab-
lishes the level of deviation from standard con-
ditions. In order to characterize ventilation net-
works in relation with the standard deviation is
required the establishment of periods defining
concrete states specific for the ventilation net-
work.

There fore, ventilation network may be split into
three categories:
a) Ventilation network with optimal standard

deviation characterized by
2
As > Ao 100;
b) Ventilation network with acceptable stand-
ard deviation characterized by

1 2
A=y, 100+ 3 -100;

c) Ventilation network with unacceptable stand-
ard deviation characterized by

1
A =0+ 3-100.
If the ventilation network is assessed from the
standard deviation point of view in different
categories, then is chosen the assessment which
takes into account the exactly calculated equiv-

alent orifice.
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LUPENI MINE UNIT VENTILATION
NETWORK SOLVING IN NORMAL
CONDITIONS

For solving the ventilation network of Lupeni
mine unit was used VENTSIM Visual Advanced
software, (Hargreaves D.M,, et all, 2007), (User
Guide, 2014), (Wei G., 2011) designed and de-
veloped in Australia. A number of 386 junctions
and 481 branches have been inserted into the
software’s database. Figure 1 presents the 3D
spatial ventilation network of Lupeni mine unit.

(e S m—
= T ]

Figure 1, Lupeni mine unit ventilation
network in 3D system.

Figures 2 to 6 present details from the ventilation
network of Lupeni mine unit, representing the
areas of active longwalls with undermined coal
bed Panel 1/3/1I Sublevel II, Panel 1/3/1I Sublevel
III, Panel 11/3/V, Panel 3/3/V and the longwall
with mechanized complex Panel 2C/3/V.

Figure 2, Longwall with undermined
coal bed Panel 1/3/II Sublevel 11.

—..I.ll ak - r.l.'l.-u. =R L LT e “=

Figure 3, Longwall with undermined
coal bed Panel 1/3/II Sublevel I11.
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Figure 4, Longwall with under-mined
coal bed Panel 11/3/V.
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Figure 5, Longwall with under- mined coal bed Panel 3/3/V.
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Figure 6, Longwall with Panel mechanized complex 2C/3/V.

Figure 7. Central rising main ventilation station.

Figure 8. Shaft 1 East main ventilation station.

Figure 7 and 8 present the main ventilation sta-
tions Shaft 1 East and Central rising.

After the ventilation network’s solving (Cioclea
D, et all, 2012; Cioclea D, et all, 2014; Gherghe L.,
2004), the following results have been obtained:

- Air flow on the fresh air supply circuit at hori-
zons 650, 480, 400, 300, branches with unique
number 587, 267, 481, 410, 343, 115, 288, was
of 85,4 m?/s.

- Air flow at the level of the longwall with un-
dermined coal bed no. 1, seam 3, bl. IT Sublevel
I1, with unique number 742 was of 3,2 m?/s.

- Air flow at the level of the longwall with un-
dermined coal bed no. 1, seam 3, bl. IT Sublevel
II1I, with unique number 732 was of 3.2 m?/ s.

- Air flow at the level of the longwall with un-
dermined coal bed no. 11, seam 3, bl. V, with
unique number 663 was of 4.0 m*/s.

- Air flow at the level of the longwall with un-
dermined coal bed no. 3, seam 3, bl. V, with
unique number 634 was of 3.7 m*/ s.

- Air flow at the level of the longwall with un-
dermined coal bed no. 2C, seam 3, bl. V, with
unique number 623 was of 6.6 m*/ s.

- On the return air exhausting circuit related to
longwall no. 1 seam 3, bl. II, Sublevel II, with
unique number 753, air flow was 8.7 m?*/ s.

- On the return air exhausting circuit related
to longwall no. 11 seam 3, bl. V, with unique
number 386, air flow was 8.1 m*/s.

- On the return air exhausting circuit related to
longwall no. 3 seam 3, bl. V, with unique num-
ber 645, air flow was 16.3 m*/ s.

- On the return air exhausting circuit related
to longwall no. 2C seam 3, bl. V, with unique
number 629, air flow was 10.1 m*/s.

- At mine level, branches with unique number
216 and 568 it was of 83.7 m*/ s.
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- At ventilation network station level, with
unique number 569 and 593 was of 85.4 m?/s.

LUPENI VENTILATION NETWORK
SOLVING IN STANDARD CONDITIONS

For solving Lupeni ventilation network in stand-
ard conditions was used the database of VENT-
SIM Visual Advanced (User Guide, 2014) for solv-
ing the ventilation network in normal conditions.

For solving Lupeni ventilation network in stand-
ard conditions was used the database of VENT-
SIM Visual Advanced for solving the ventilation
network in normal conditions.

After the input of geodesic coordinates into the
database of Ventsim Visual Advanced, it calcu-
lates automatically the spatial distance between
two consecutive junctions and instantly draws
up the specific branch.After modelling the ven-
tilation network in 3D there are inserted for
each branch the technical data, respectively pro-
file and shape of mine workings and ventilation
constructions.Technical data for each branch
represent their specific aerodynamic parame-
ters calculated for their standard conditions.

The aerodynamic coefficient a is a parameters
which is specific for each type of mine working,
in relation with the improvement executed on its’
alignment. In this regard are identified 481 aero-
dynamic coefficients specific for each branch.

The length of the mine working L is calculated
automatically by VENTSIM Visual Advanced,
based on geodesic coordinates (x;y;z) specific
for each of the 381 junctions. The length of a
branch means the distance between two con-
secutive junctions and is calculated using the
following Equation:

Lbranch= / (Xnodt - Xnod2)2 “(Ynodt - YnodZ)Z + (Znod1 - Znod2)2 (10)

The perimeter of the mine working P is specific
for the shape of each mine working, respectively
of each branch. For establishing the perimeter,
there may be consulted the Typical Mine Work-
ings Album, in which are specified all geometric
parameters specific for the mine workings pro-
file. The section of the mine working § is specific
for the shape of each mine working, respectively
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of each branch. For establishing the section, there
may be consulted the Typical Mine Workings Al-
bum, in which are specified all geometric param-
eters specific for the mine workings profile.

The ventilation network in standard conditions
will used characteristic operation curves for the
fans within main ventilation stations, which
have been determined for normal operation
conditions. The parameters of the fans from
the main ventilation stations will be modified
in case of applying characteristic curves to the
ventilation network in normal conditions.

The operation point will be displaced descend-
ant and towards the right, due to the fact that
the resistance of the network is considerably
greater at a certain time compared to the resist-
ance of the network in standard conditions.

After performing the previously mentioned
step, the ventilation network is balanced and
solved for standard conditions, and the move-
ments of air currents specific for each branch
and for the fans from the main ventilation sta-
tion are activated. In this phase are available in-
formation which are specific for each branch of
the ventilation network modelled and solved for
standard conditions. Figure 9 presents the 3D
ventilation network of Lupeni mine unit solved
for standard conditions.

Figure 9, Lupeni mine unit ventilation
network in 3D system.

A number of 386 junctions and 481 branches
have been inserted into the software’s database,
which are specific for the ventilation network
solved in standard conditions.

Figures 10 to 14 present details from the ventila-
tion network of Lupeni mine unit, representing
the areas of active longwalls with undermined coal
bed Panel 1/3/II Sublevel II, Panel 1/3/II Sublev-
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el III, Panel 11/3/V, Panel 3/3/V and the longwall
with mechanized complex Panel 2C/3/V.

Figure 10, Detail-longwall with undermined
coal bed Panel 1/3/I1 Sublevel I1.
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Figure 11, Detail-longwall with undermined
coal bed Panel 1/3/11 Sublevel II1.

Figure 12, Detail-longwall with undermined
coal bed Panel 11/3/V.
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Figure 13, Detail-longwall with undermined
coal bed Panel 3/3/V.

Figure 14, Detail-longwall with mechanized
complex Panel 2C/3/V.

Figure 15 and 16 present the main ventilation
stations Shaft 1 East and Central rising.

Figure 15, Central rising main
ventilation station.
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Figure 16, Shaft 1 East main ventilation station.

Following the ventilation network’s solving re-

sulted the following:

- Air flow on the fresh air supply circuit at hori-
zons 650, 480, 400, 300, branches with unique
number 587, 267, 481, 410, 343, 115, 288, was
of 108,6 m?/s.

- Air flow at the level of the longwall with un-
dermined coal bed no. 1, seam 3, bl. IT Sublevel
I1, with unique number 742 was of 3,4 m*/s.

- Air flow at the level of the longwall with un-
dermined coal bed no. 1, seam 3, bl. IT Sublevel
I1I, with unique number 732 was of 2.8 m?/ s.
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- Air flow at the level of the longwall with un-
dermined coal bed no. 11, seam 3, bl. V, with
unique number 663 was of 8.0 m*/ s.

- Air flow at the level of the longwall with un-
dermined coal bed no. 3, seam 3, bl. V, with
unique number 634 was of 8.6 m*/ s.

- Air flow at the level of the longwall with un-
dermined coal bed no. 2C, seam 3, bl. V, with
unique number 623 was of 15.3 m*/ s.

- On the return air exhausting circuit related to
longwall no. 1 seam 3, bl. II, Sublevel II, with
unique number 753, air flow was 6.8 m*/ s.

- On the return air exhausting circuit related to
longwall no. 1 seam 3, bl. II, Sublevel III, with
unique number 753, air flow was 6.8 m*/ s.

- On the return air exhausting circuit related
to longwall no. 11 seam 3, bl. V, with unique
number 386, air flow was 9.1 m3/ s.

- On the return air exhausting circuit related to
longwall no. 3 seam 3, bl. V, with unique num-
ber 645, air flow was 38.8 m?/ s.

- On the return air exhausting circuit related
to longwall no. 2C seam 3, bl. V, with unique
number 629, air flow was 23.7 m?/ s.

- At mine level, branches with unique number
216 and 568 it was of 107.6 m?/ s.

- At ventilation network station level, with
unique number 569 and 593 was of 108.6 m?/s.

DETERMINING THE STANDARD
DEVIATION FOR VENTILATION
NETWORK OF LUPENI MINE UNIT

For determining the standard deviation of a mine
is required the knowledge of aerodynamic param-
eters specific for the ventilation network, respec-
tively of operational parameters of active fans.
The aerodynamic and operational parameters are
required both for the ventilation network solved
in normal conditions, as well as for the ventilation
network brought to its’ standard condition.

STANDARD DEVIATION CALCULATION

For calculating the standard deviation is deter-
mined the equivalent resistance of the ventila-
tion network in normal conditions:

R= R; R, (NSZ/mS) (11)

(R; + Ry +2 VRy Rp)

72

Particularly for Lupeni mine unit ventilation
network we have the following: R= 0.26753
(Ns?*/m®).

The equivalent resistance of the ventilation net-
work in standard conditions is calculated using
Eq. 12:

R Ri Ry
® (Ro1 + Roz +2 VRo1 Rgo)

Particularly for Lupeni mine unit ventilation
network we have the following: R = 0.05846
(Ns?*/m®).

(Ns?/m?) (12)

Based on previous results is determined the
ventilation network’s equivalent orifice in nor-
mal conditions:

= J'—Ez (m2); A=2.32004 (m2) (13)

The equivalent orifice in normal conditions is
exactly calculated using Eq. 14:

Q'm
A= 2); A=1.93973 (m?) (14
\/(Qs1 hs1 +Qs2 hs1)(m) (m) (14)

The equivalent orifice of the ventilation network
in standard conditions is calculated using the
approximate Eq. 15:

L2

" VRo

The equivalent orifice in standard conditions is
exactly calculated using Eq. 16:

A=12 Q3$(mZ)-A -378194 (m?) (16)
0 Qw1 hgy + Q2 hypy 2707

Based on the previous results is determined the
ventilation network’s standard deviation.

(m?); A= 4.96308 (m?) (15)

Thus, there may be determined the standard de-
viation based on the approximate mathematical
Eq. 17:

Ry
A=/TR -100; A=46.75 (17)

Also, by using Eq. 18 which uses the values of
exactly calculated equivalent orifices for the sit-
uation of normal and standard conditions ven-
tilation networks.
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A
A=-—.100 orA,=51.29 (18)
s AO
VENTILATION NETWORK

CHARACTERIZATION IN RELATION
WITH THE STANDARD DEVIATION

In order to characterize the ventilation network
in relation with the standard deviation, there are
firstly calculated the ratios%o x100 and %0 x100,
using the equivalent orifice in standard condi-
tions with approximate value:

LXlOO =20.149; i X100 = 40.297 (19)

Ao Ao
or by using the equivalent orifice in standard
conditions with exact value:

L x100=2644, 2 x100= 52,883
Ao (20) Ao

For the value of the standard deviation A = 46.75,
calculated using the value of the approximate
equivalent orifice, results that Lupeni mine
unit ventilation network frames into category
a) “Ventilation network with optimal standard
deviation”

Also, for values of the standard deviation A = 51.29,
calculated using the value of the exact equiva-
lent orifice, results that Lupeni mine unit venti-
lation network frames at the upper limit of cat-
egory b) “Ventilation network with acceptable
standard deviation”

If the ventilation network is assessed in terms
of standard deviation into different categories,
then is chosen the ventilation network assess-
ment which takes into account the exactly cal-
culated equivalent orifice.

Therefore, the final assessment of Lupeni mine
unit ventilation network in terms of standard
deviation is: The ventilation network frames
into category b) “Ventilation network with ac-
ceptable standard deviation”

CONCLUSIONS

The main measure for ensuring optimal occu-
pational health and safety conditions in under-

ground hard coal mining is the achievement of
proper ventilation.

In order to assess the efficiency of the ventila-
tion network was inserted the A, parameter,
representing its’ standard deviation.

For modelling and solving the very complex
ventilation network of Lupeni mine unit, reason
for which it was chosen in order to determine
the standard deviation, was used VENTSIM
Visual Advanced software.

For solving the ventilation network of Lupeni
mine were inserted 386 junctions and 481
branches.

Results obtained after solving Lupeni mine unit
ventilation network in normal exploitation and
in standard conditions highlight the fact that a
total flow of 85.4 m?/s respectively 108.6 m*/s
is circulated in the ventilation network, through
the two main ventilation stations: Central Ris-
ing and Shaft 1 East.

The assessment of Lupeni mine unit ventila-
tion network in terms of standard deviation
highlights the fact that the ventilation network
frames into category b) “Ventilation network
with acceptable standard deviation”.
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Abstract: As a result of the research and experimental studies the specialists of innovative company
TRAPEN modernized and developed new technical means for monitoring and control of the grinding
process. The short description of the sensors for measuring of impact pulses provoked at the grinding as
well as modernized microprocessor modules MILLCONT 2A and VIBROCONT for control of mill load-
ing and microprocessor floating DENSICONT is given in the paper. The economic results of the grinding
control system working in semiautogenous (SAG) mill with new technical means are given in the paper

as well.

Keywords: sensors, microprocessor modules, float densimeter, control system, sag mill

INTRODUCTION

Aa a result of resent scientific and experimen-
tal studies of the specialists of firm TRAPEN
new technical means of the grinding process
control systems have been developed.The short
description of two kind of sensors for measur-
ing of impact pulses provoked at the grinding
as well as modernized modules MILLCONT?2A,
VIBROCONT and microprocessor floating
DENSICONT is given here bellow.The struc-
ture of automatic system for optimisation of
the process in semiautogenous(SAG) mill with

above mension technical means and the loops
for measuring and control of the basic techno-
logical parameters are presented in the paper.
The aim is to be increased productivity of the
grinding aggregate as well as to impruve the
quality characteristics of the ready pulp at min-
imal inerference of the operator. The nowadays
achived economical results from explotation of
the control system implemented on SAG mill in
ore-dressing factory of Dundee Precious Metals
Inc(Bulgaria) are given as well.
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TECHNICAL MEANS FOR MEASURING
AND CONTROL OF GRINDING
PROCESS IMPACT PULSE SENSORS

The sensibility of the developed new remote
pulse sensor SRIP (Figure 1) and direct pulse
sensor SDIP (Figure 2) is increased in compari-
son with acoustic sensor [1] and nowadays used
magneto-electric sensor [2] for measuring of
the mill loading.

Figure 1, Remote sensor SRIP.
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Figure 2, Direct sensor SDIP.

The sensor SRIP consist of two sensitive ele-
ments differentially connected for elimination
of parasitic signals. They are generator type
and do not need additional power supply. Out-
put voltage signal FG from the sensors is up
to 1V with amplitudes proportional to impact
pulse slope, i.e. the sensors differentiate the im-
pact pulses without distortion. The sensors are
covered with special compound reducing the
parasitic signals and protecting against out-

76

side influences: spattering water, dust, explo-
sion-hazardous mixtures, etc. They are resistant
to impact and rough handing as the sensors
have not driving parts and do not need main-
tenance as well as they are in practice everlast-
ing. The sensors resist to temperature from -40°
to +100° C. FG isnt influence from the work of
near-by mills and other aggregates; The sensor
SRIP is installed on the stand hardly connected
to the foundation or other stationary body as its
adopt part is directed from 15 - 30mm against
the waterfall side of the mill under 30 - 40°. The
sensor SDIP constructively is similar to SRIP as
additionally are built-in fixing elastic elements
and magnets for fastening to the casing of the
stationary mill.

MICROPROCESSOR CONTROL MODULES

The developed single-loop microprocessor
module VIBROCONT (Figure3) converts the
signal of the sensor for the mill loading. The
treatment of the signal FG is processed by dig-
ital filter.

The programmable parameters of the filter are

following [2]:

- Fr - Cutting frequency of digital high frequen-
cy filter (1 - 1600Hz);

- FO - Order of the digital filter (2™, 3" or 4');

- CA - Programmable gain coefficient (1, 2, 4
or 8);

- CF - Coefhicient of FG (50 — 9999);

- tA - Average interval of FG (1 - 60s);

- LF - Low value of FG (0 — 1999);

- HF - High value of FG (0 - 1999);

- AL - Low value of alarm (in the range of FG);

- AH - High value of alarm (in the range of FG);

- iF - Type of FG on the display (F or FPrO);

- 1O - Range of analog FG output (4 - 20 or 0
-20mA);

- tO - Type of analog FG output, normal or in-
verse (nor or inv).

The unified signal of FG is sent to PLC where is
formed the regulator for grinding process con-
trol. The module has standard current output
and serial communication channel RS485. It is
inserted into aluminum box with dimensions
149 x 168 x 80mm.
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Figure 3, Front panel of VIBROCONT.
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Figure 4, Front panel of MILLCONT 2A.

The microprocessor module MILLCONT 2A
(Figure 4) consist of two solo control loops [4].
Each loop has analogue differential amplifier with
controlled amplification factor, digital filter with
adjustable parameters as of VIBROCONT, special
PID - regulator, which can be adjusted to work in
different mode at mill loading and discharging.
The module is with standard current inputs and
outputs, which can be programmed as normal or
inverse and also with serial communication chan-
nel RS485 programmed to MODBUS.

The module is built - in PVC box with dimen-
sions 65 x 135 x 165mm, inserted in aperture
with dimension 67 x 137mm.

MICROPROCESSOR FLOATING
DENSICONT

The developed microprocessor floating DENSI-
CONT is purposed for measuring of the pulp
density in ore-dressing industry and other relat-
ed branches[5]. The measuring elevating power
by the float with negative floatability is propor-
tional to the density (law of Archimed). The
signal from the sensor is sent to the micropro-
cessor module where is performed calibration,
calculation of the density, visualization and take
out of the information.

The density of the fluid is calculated by the for-

mula:
D = (-Ff + CA) Cn

where: D - Density of the fluid g/l;

Ff — The weight measured from weightmeas-
uring sensor is equal to the difference between
deadweight of the float and elevating power;
CA - Coeflicient which is equal to the dead-
weight of the float plus eventual settling;

Cn - Coeflicient for normalizing of the density
if the volume of the float is different from a liter.

The adjusted error of measuring is under 0,5%.
In order to escape the influence of the techno-
logical flow on the measuring the float of DEN-
SICONT is installed into calm media.

1920 21222324252627282930 313233343536
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%

Figure 5, Front panel of DENSICONT.
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and density) of the ready product and provides
FG . T
— optimal throughput of the grinding aggregate.
L= The system realizes the following control loops:
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Figure 6, Algorithm for adjustment
of DENSICONT.

For the programming of DENSIMETER is de-
veloped menu with a shape of reversed tree
containing up to 3 levels for a diverge and one
level for a programming (Figure 6). After pro-
gramming the changes are remembered in
RAM memory and then are recorded in FLASH
memory.

INFORMATION CONTROL
STRUCTURE OF THE GRINDING
CONTROL SYSTEM OF
SEMI-AUTOGENOUS MILL

The automatic system for ore grinding control
in semi-autogenous (SAG) mill with above
described technical means has the structure
diagram given in Figure7. The aim is to be in-
creased productivity of the SAG mill as well to
be improved the quality characteristics of the
ready pulp at minimal interference of the ex-
ploitation personnel. The control system stabi-
lizes the outlet parameters (fineness of grinding

78

ing the revs of the band feeder 2;

- The flow rate of the water F, sent to the mill
in set ratio with the weight flow rate of the ore
with effect on the actuator 11 of the water tap;

- The weight of the mill. The loop includes the
sensor W and regulator configured from con-
trol system SIMATIC S7-400 and connected
in cascade with the loop for weight flow rate
of the ore;

- The loading (filling level) of the mill. The
loop includes the sensors L, and L, connect-
ed by weight coeflicients to the microproces-
sor module MILLCONT 2A. The sensors are
remote sensor SRIP installed on stand against
the waterfall side of the mill. The sensor L, is
direct sensor SDIP installed on the casing of
the gear 10. The regulator of MILLCONT 2A
acts by the control system on the frequency in-
verter 8 corrected the revs of driver motor of
the mill 9;

- The pulp level of the sump by the signal L,
with effect on the transistor frequency inverter
6, changing the revs of the pump 5. The signal
for flow rate of the pulp F3 is sent as a position
feedback to the regulator of the loop config-
ured from the control system;

- The density of the pulp for floatation. The loop
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contains DENSiCONT D, the regulator con-
figured from the control system and the actu-
ator 14 of the water tap. The flow rate of the
water F, is sent as a position feedback to the
regulator of this loop. Also the signal of the
density is used for correction of the water flow
rate sent to the mill.

The obtained parameters at the identification
of the SAG mill as a object of automation (gain
coefficient K, transport delay T,, time constant
T,) are used in the developed algorithm for the
choice of the type of regulator and the optimal
adjustment of its parameters.

CONCLUSION

The experience in grinding process automation

of semiautogenous mill shows the following

economic results in comparison with manually

controlled mill:

o The mill productivity increased with 15 per-
cent;

« The specific power consumption decrease ap-
proximately by up to the same percent;

« The durability of the lining and grinding bod-
ies is increased with 3-4 months;

« The average square deviations of the ready
product by grinding fineness are 1,3 times less;

« The term of payback of the system is less than
6 months.

In addition, control of grinding process is no
longer open to subjective interpretation and the
control system reduces manual intervention by
grinding personnel.
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Abstract: Nowadays blasting is used in many other fields of activity, not being limited only to the mining
industry. Due to a large range of conditions in which the blasting operation is carried out, it takes the
form of a special blasting works. They belong usually to the less polluting, economical and interesting
from a professional standpoint blasting procedures. There follows a presentation of the underwater blast-
ing, one of these special types of blasting. When deepening the old harbour basin to allow access for the
ships with a larger weight, as well to build new quay structures, it is necessary to remove the bedrock in
front of quays. The removal of the compact rock is carried out through a bottom dragging ship, only after
a crushing of the rock with the help of underwater blasting technique. The technical challenge when per-
form underwater blasting works it is that the blast has to be efficient both from the point of view of rock
crushing and the seismic protection of the neighbouring harbour structures.

Keywords: underwater blast, drilling platform, explosives, shock wave, harbour constructions

INTRODUCTION possible with the help of dredging ships or grap-

The blasting techniques today experience new
areas of applicability, exceeding the field of the
mining industry. Due to the diversity of the
conditions in which they are executed, they of-
ten acquire the character of specialized blasting
works.

Underwater blasting works with the help of ex-
plosive energy are one of the solutions used to
excavate hard rocks in areas where this is not

ples. The underwater operation requires greater
care and more thorough planning than similar
operations above water.

Both drilling and charging become more dif-
ficult and some factors which have to be con-
siderate for the successful underwater blasting
operation are:

- Special operations method and drilling equip-

ment;
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- Different charging methods;

- Higher powder factor to displace rock, over-
burden and water;

- Use of explosives with good underwater resist-
ance and performance properties;

- Keep vibrations and water shock waves under
control.

Having over 30 years of experience in the field of
underwater blasting, INSEMEX has developed
the blasting technologies within numerous pro-
jects carried out in the Romanian harbors and
seaside area and as well in the Beirut harbor.

In the following, the paper present theoretical
features and examples of practical applications
specific to the underwater rock removal with
the help of blasting works.

EXPLOSIVES

Generally, the explosives that can be used for
underwater blasting must be substantially water
resistant. The explosive must give full detona-
tion even when it has been stored under water
for a long time as it must be taken into account
that more often than not, unpredictable circum-
stances in underwater blasting, add time to the
operation.

Therefor gelatine explosives of dynamite type
are commonly using, either as prefabricated
cardboard pipe charges or cartridges. Water
resistance also related directly to the explosion
propagation of an explosive (dynamites).

The explosion propagation in water is consid-
erably greater than in the air (for instance for
a dynamite with a charging density of 2,0 - 3,0
kg/m it is 1,5 - 2,0 meters). The water resist-
ance of explosives used for underwater blasting
varies to a great extent, depending on the con-
ditions in each individual case. The periods of
time guaranteed by explosives manufacturers
are considered to apply to the most disadvanta-
geous conditions that could occur.

Recent developments in slurry - emulsion tech-
nology have proved that this type of explosive
may offer some advantages in comparation to
dynamite explosives.
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Their main features are improved performance,
safety and reduced vibration hazards associated
with hole-to-hole propagation, which ensures
maximum fragmentation and vibration control,
benefits from delay blasting.

In the case of explosives that are not water re-
sistant the loads must be isolated from the water
by placing them in sealed containers.

INITIATION

It is imperative that a safe and reliable initiation
system is used in underwater blasting. Since the
blasting procedure requires millisecond delay
blasting for proper breakage and displacement,
electric or NONEL type detonators are pre-
ferred to use.

In underwater blasting, water must be consid-
ered on electrolytic solution current leakage as
a hazard to successful operation. Thus, only det-
onators with good insulation should be used. If
possible, all connections work should be carried
out above water surface. It is advisable to make
the detonator wires/tube long enough to allow
for a number of detonators to be connected at
one point.

The major advantage of electric initiations is,
however, that it is possible to check for continu-
ity of the circuit at several points before firing.
The disadvantages of electric initiations include
susceptibility to lighting strike and the necessity
of conducting technical evaluations when elec-
tric blasting caps are used and there is a possi-
bility of extraneous current.

Thorough evaluations concerning extraneous
electricity should be made at blasting sites be-
fore any explosives are brought into the area, as
unwanted electrical energy may cause accidents,
injuring blasting staft and damaging materials.

The non-electric detonator is a NPED-detona-
tor (Non-Primary Explosives Detonator) with-
out the sensitive primary explosive (lead aside).
The conventional detonator has a number of
safety weaknesses. There are result of primary
explosive’s high sensitivity to friction, heat and
blows. A conventional detonator as detonate if it
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is accidentally bent or subjected to a blow on the
part that contains primary explosive. It is also
sensitive to heat transferred in a fire. The NPED
detonator is much less sensitive in situations of
this kind.

A good measure of a detonator’s sensitivity is
what is called the flash-over distance. With the
NPED - detonator, the risk of flash-over ceases at
just 2 cm. Detonators containing a primary ex-
plosive can flash-over at distances up to 20 cm.

In conclusion, the use of electric detonators
connected by wiring entails risks due to short
circuits in wet conditions, or due to damage
to the wires, or when long lengths of vulnera-
ble wiring are required, non-electrical blasting
methods may be preferred. This may be also be
the case when there are special hazards from
stray electric currents or static charges.

SAFETY IN UNDERWATER BLASTING

In underwater blasting is important to control:
- Water borne shock wave;

- Ground vibration;

- Rock throw and scattering.

The two first factors are especially important
it there are structures close to the site. Ground
vibrations from underwater blast can general-
ly be calculated in the same way as for blasting
elsewhere. The risk of flash - over in the case of
clay or water fissured rock underlines the im-
portance of recording observations made dur-
ing the drill work and using the information in
preparing the charge for the blast.

WATER BORNE SHOCK WAVE

The detonation of explosives in water naturally
causes underwater shock. The pressure of the
shock waves is considerably higher if the explo-
sive is detonated freely in the water then if it is
confined in a drill hole in the rock.

One of the problems during the underwater

blasting is the effect of the generated shock

waves on submerged constructions.

- The duration of the water shock wave is so
short that is has dropped from its peak wave to

half that pressure in a fraction of millisecond;
- This means in practice that cooperation does
not occur between charges ignited at different
intervals, not even for different charges ignited
with the same interval number in which the
interval time has a spread of approx. + 5 ms.;
- Le. the maximum pressure on a submerged
structure is of the same order of magnitude as
generated by the charge in one drill hole.

Due to the reduced compressibility of the water,
from a detonation the shock propagates unam-
ortized. Because the water is homogeneous and
does not have discontinuous surfaces (such as
rock), the shock wave does not decrease due to
refraction or dispersion. In this situation the
water shock wave generated by an underwater
detonation can influence with a slightly dimin-
ished intensity, over long distances, with dan-
gerous effects on the different objectives.

EVALUATION OF MAXIMUM PRESSURE

To evaluate the maximum shockwave pressure
the most common method is using the ,,Enham-
re Graph” The graph shows the relations between
the ,,Scaled Distance” and the maximum pres-
sure generated by the water shock wave.

With a charge of Q = 1 kg the scaled distance Z
equal R = the actual distance = Z =R/ Q'?

The maximum pressure of the shockwave from
an enclosed charge is only 10 to 14 % of maxi-
mum pressure of a shockwave from an explosive
hanging free in the water.

As a rule of thumb, it is generally accepted that
pressure less than 1 MPA is not at all harmful
to the existing marine structures. If maximum
expected charge in one drill hole is 17 kg, min-
imum safe distance would be Z =5,5= R =2
(Q)¥* = 5,5 (17)"*= 14 m, which indicates that
there is no risk damage to existing structures in
the harbour.

Floating vehicles

The Danish Navy stipulated the following cri-
teria for safe distances from detonating charges
under water.
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Charges suspended freely in water:

Warships R=12(Q)
Merchant ships R=24(Q) "
Bulk carriers R=48(Q) "

R =safe distanceinm  Q = charge in kg

Charges confined in blast holes:

Warships R=1,7(Q) "
Merchant ships R=34(Q)
Bulk carriers R=6,8(Q)”

R = safe distance inm  Q = total charge per
round in kg

Assuming a max. probable charge per round as
17 kg x 48 holes = 816 kg, a safe distance for all
floating vehicles would be: = R = 6,8 (816)"* =
194 m say 200 m.

People in water

As regards effects of underwater blasting on hu-
man being immersed in water adjacent to blast-
ing sites, it has been established that a shock
wave pressure exceeding 400 - 500 Kpa is imme-
diately lethal. A moderate shock wave of 25 to
50 KPa can even result in moderate psycholog-
ical damages such as bursting of ear drums, etc.

Water shock waves are especially dangerous
for divers who are too close to a blasting site.
The radius of the dangerous area can be calcu-
lated with the equation: R = 268 Q®**, where
R = radius of dangerous area, in m, and Q = size
of charge, in kg.

Assuming max. cooperating round to consists
of 816 kg explosives and minimum cooperating
round to consist of 17 kg explosives, the safety
distances for unprotected immersed human be-
ings would be 1000 m for a delayed blast and
2000 m for a full location blasted instantaneously.

PRACTICAL WAYS TO REDUCE
THE WATER SHOCK WAVE

Reducing the pressure in front of the shock

wave can be done by:

a) Stemming the holes; reduces the pressure by
7-10 times compared to unstemmed loads;

b) Using air bubbles curtains.
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When a shock wave hits such a curtain, some of
its energy is absorbed by bubbles, the pressure
in front of the shock wave being reduced de-
pending on the air pressure and flow (Figure 1).

The practice showed that it is indicated that the
curtain be put into operation with 5 minutes be-
fore blasting and the distance between the place
of the blast and the curtain should be between
15and 18 m.
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Figure 1, Protecting a construction
with bubble curtain.
LEGEND:
I - Objective to protect;
2 - Explosive charges;
3 - Perforated pipe through compressed air passes;
4 - Air bubble curtain.

GROUND VIBRATION

All blasting works generate ground vibration
which in severe cases can result in damages to
constructions adjacent to blasting sites. It has
been established that the ground vibration ve-
locity is a reliable value to use as a damage cri-
terion. There are many formulas that combine
the size of a single explosive charge, the distance
of a structure from the site and the maximum
oscillation velocity. The most commonly used is
the one produced by Langefors and Kihlstrom:

V =K (Q/R¥?)»2

where: V = Particle vibration velocity, in mm/s;
K = Transmission factor, constant depending on
the homogeneity of the rock and the presence of
faults and cracks;

K =400 for hard rock; K = 200 for soft rock; K =
100 for overburden;

Q = Instantaneously detonating charge in kg;

R = Distance from explosion site in m.

Example 1 V =50 mm/s, K=400,R=10m
> Q=049kg
Example 2V =45 mm/s (measured), Q =1kg,
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R=10m = K =253
Example 3 V =60 mm/s, K=300,Q=0,7 kg
= R=6,7m

Example4 Q=0,4kg, K=250,R=14m
=V =22 mm/s

Usually the nearest structure to the dredging ar-
eas are the quays, mainly the block quay struc-
ture. For such heavy concrete structure, a basic
vibration velocity value is 70 - 100 mm/s.

By using an established correction factors (build-
ing class factor, type of operation, type of initia-
tion etc.) the final permissible value of peak par-
ticle velocity could be between 40 - 70 mm/s.

Transmission factor K is estimated to be 200 -
300. The relationship between charge - distance
and ground vibration can be used to make a
graph which may serve as ready-reckoner for the
planning of blasting operations (Figure 2). The
actual K factor shall be established by test blasts
and vibration measurements at the structure.
The first rounds blasted at the work site must be
considered as test blast and the vibration meas-
urements should be used as a guidance for the
planning of an optimum blasting operation.

When the rock transmission factor K is deter-
mined, the graph may be adjusted accordingly
and the realistic relationship between charge -
distance and vibration velocity adapted to the
local conditions.

Transmission factor K = 300

Transmission factor K = 250

Figure 2, Charge Distance graph
for different vibration velocities.

Delay blasting should be considered, particu-
larly millisecond delays, a method came into
play by which a large explosive charge could
be detonated as a series of small charges, rath-
er than one large one. Obviously, the reduction
in charge size can be made by the use of mul-
tiple delays. For example, the use of ten delays
would reduce the effective vibration generated
by charge to one tenth the original charge.

As was mentioned, most used way to reduce
ground vibrations from underwater blasting is
to reduce the total charge. As a result, instanta-
neous explosions will be avoided, the loads be-
ing distributed over delay stages, thus reducing
the amount of explosive that detonates at once.
In the case of large rounds, the time needed
for the vibrations to reach vibrations sensitive
structures can cause interference and result in
a lower vibrations level than the cooperating
charge alone would have caused.

Reducing the level of ground vibration can be
done also by:

a) The use of air cushion technology to protect
the objectives if the detonation wave is trans-

mitted mainly through the ground;
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Figure 3, The principle of air
damping technology.

LEGEND:

1 - Objective to protect;

2 - Row of holes for protection;

3 - Row of holes for rock blasting.

water level

overburden

This consists in drilling in front of the objective
to be protected a row of holes (¢ 100 - 500 mm)
at a distance of 0.5 m between holes and loading
them on full length with sealed containers made
from metal shell. The shockwave generated by
the explosion will destroy the containers and
the rock will detach along the holes line, pro-
tecting the target (Figure 3).

a) Creation of a cracked rock screen between
the area where the blast is executed and the
objective to be protected by blasting small
amounts of explosive. This screen will also
decrease the shock wave energy.
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Figure 4, Drill rigs placed
on the floating platform.
LEGEND:

1 - Platform;

2 - Legs;

3- Drilling equipment.

DRILLING AND BLASTING

The method of rock removing that ensures a
uniform distribution of the energy of the ex-
plosion in the rock mass, respectively a crush-
ing with a homogeneous granulometry, is the
one with drilled holes. For this purpose, tech-
nologies have been developed that use float-
ing platforms, supported above water with
legs that can be extended down to the bottom
and is used for the drilling and charging op-
erations (Figure 4). The platform is equipped
with six drilling machines, fixed on a mobile
bridge at 2,2 - 2,3 m distance (spacing) be-
tween rigs.
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Working area, its gridded into location of 14 x
16 m each one. They are arranged in the order of
achievement of every location according to the
fulfilment necessity imposed by the design, as well.

The drilling platform is settled above the work-
ing surface by GPS equipment. The drilling plat-
form is fixed on the first location and the bridge
equipped with the drilling equipment is put in
place for the first row of holes.

The overburden drilling method is carried out by
using a set of steel tubes with ring bits having 102
mm diameter (Figure 5, a). This is used to drill
through the overburden and a few decimeters
into the bedrock (Figure 5, b). Drilling is then
carried out through the tube with extension rods
and a drill bit with 70 mm diameter (Figure 5, c).

The drilling will be performed 1,5 - 2 m deeper
than the designed drilling level, so that by interfer-
ing of the blasting cones, the whole material will
be blasted and excavated at the designed level. On
the other hand, it’s needs to take in consideration
that the final hole length will include 0,5 m length
from the bottom filled with different underwater
deposits and drill fines and 0,7 - 1 m uncharged
length from the top part of the hole.

When the hole is completed and cleaned, the
set of drill rods is withdrawn (Figure 5, d) and
the plastic tube - container with 60 mm OD and
length equal with the length of explosives column
charge plus the uncharged part of 0,7 - 1 m ( Fig-
ure 5, e), is inserted through the steel tube into
the collar of the drill hole. After that, the drilling
tube is totally withdrawn and the plastic tube/
container remains in the blast hole (Figure 5, f).

Preparation of containers is done on shore with-
in the explosive storage place. It consists in the
filling of a plastic container with explosives, in-

itiation system and sand. The construction of a
container is presented in Figure 6.

4.1 CHARGE CALCULATION

The most important point in underwater blast-
ing are to ensure good fragmentation and avoid
stumps above the stipulated bottom.

In underwater blasting, the rock movement is
obstructed by the water pressure, the weight of
the overburden and the weight of the rock itself.
To ensure good breakage and displacement of the
rock, the specific charge is increased to compen-
sate for these conditions.

The water pressure is compensated for by increas-
ing the specific charge by 0.01 kg/cu.m. per meter
of water depth. For rock covered with overbur-
den, the specific charge should be increased by
0.02 kg/cu.m. per meter of overburden.

For the rock section, the compensation is 0.03
kg/cu.m. per meter of the bench height. In un-
derwater blasting, the nominal specific charge
can be expressed as:

q=q,+001k +0,02k, +0,03k_,,kg/m’

where: q, = Basic charge in kg;

k = Water depth in m;

k , = Thickness of overburden in m;
k= Rock bench height in m.

Further the following terminology will be used:

1, = Weight of charge in kg/m; B = Burden in m;
S = Spacing in m;

A = Area per holeinm? (BxS)=1/Q U=
Subdriling in m, U = B;

H= kmck+ U = Hole depth; h0 =B/ 3 =Un-
charged section of hole

== == Figure 5, Principle of

overburden drilling.

LEGEND:

1 - Steel tube;

2 - Drill bit in the second stage of
drilling;

3 - Container with explosives.
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According to INSEMEX experience from con-
ducting several blasting underwater blasting
operations in limestone formations, the basic
charge -q, - can be set at 0,45 kg/m’.

As the prefabricated charges are confined in a
plastic tube (container) of ID=60 mm, the max-
imum weight per meter of hard-tamped emul-
sion explosive type will be 1, _3,38 kg/m.

Calculation examples

k =17m

k =17m
k,=0m

kobz 2,4 m
k =35m

k  =05m
I, = 3,38 kg/m

= 3,13 kg/m

q=0,45+0,01x17+0,02XO+0,03X3,5=0,725kg/m3
q=0,45+0,01x17+0,02X2,4+0,03x0,5=0,68kg/m3
A =3,38/0,725 = 4,66 m?

A =3,13/0,68 = 4,60 m*
B = 2 m (variable)

B = 2 m (variable)
S =2,3 m (fixed)

S =2,3 m (fixed)

U=2,15m
U=2,15m

h0=0,7m
h0=0,7m

q=(3,5+2,15-0,7) x 3,38 = 16,7 kg
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Figure 6, Container
construction.

LEGEND:

1 - Container;
2 - Explosive;
3 - NONEL;
4 - Sand.

q = (0,5 + 2,15 - 0,7) X 3,13 = 6’10 kg
qspec: 16’7 / 2x 2’3 X 3)5 = 1,04 kg/m3
qspec= 6’10 / 2’ X 2’3 X 0)5 = 2,65 kg/m3

In accordance with the distance between the
quay construction and explosion point and the
level of permitted charge per delay we have the
following situations:

1) Short distance between quay construction
and explosion point (20 - 80 m) and low per-
mitted charge per delay.

In this case, to be able to blast a full location
with 48 holes or more (2,3 m spacing and 2 m
burden), is need to have a hole by hole delayed
blast. In each row it is used the last six peri-
od numbers of NONEL MS type (no. 20, 19,
18,17,16,15) and connected between them with
connectors having 0 delay time. The connection
between rows (at the end of the rows) it is made
with connectors having 42 ms delay time.

Using the last six period numbers of NONEL
MS type (375 ms, 400 ms, 425 ms, 450 ms, 475
ms, 500 ms, basic in hole delay time for the
each row) combined with 42 ms surface delays
(starting with the second row, will be added to
the basic inhole delay from each row, the sur-
face delay) this will help to avoid the risk of tube
cut-offs and to be sure full surface initiation will
take place before the rock displacement begins.
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2) Longer distance from the quay construction
- over 200 m.

The permitted charge per delay and the num-
ber of holes fired with the same delay can be in-
creased. In this case, the connections between
rows will be made with connector having 0 de-
lay time.

In accordance with the distance and the permit-

ted charge per delay we can to have the follow-

ing situations:

- To blast instantaneously the full location (48
holes) using a simple firing network;

- To blast three rows per delay;

- To blast two rows per delay;

- To blast row by row.

PRACTICAL APPLICATIONS

INSEMEX has a rich experience in the field of
underwater blasting, establishing the blasting
technologies with the seismic protection of the
port objectives in case of projects of construc-
tion or deepening of the docks in the harbours
of the Black Sea - Mangalia, Agigea and Con-
stanta as well as Beirut harbour, Lebanon.

Constanta harbour

A special application was the removal from the
bottom of the sea of petrified deposits of cement
and iron ore, resulting from the operations of
unloading - loading of vessels, in front of the
docks 65-66-67-68 from Constanta Port. These
deposits prevented anchoring and loading
transport vessels to their maximum capacity.
Since none of the classical variants approached
has failed, the attempt was made to remove the
deposits by drilling - blasting operations.

In order to carry out the drilling - blasting
works, it was arranged a mini floating platform,
with a single drill rig, having the possibility of
drilling holes starting from 0.5 m distance from
the dock face.

The maximum amount of explosive possible
to be detonated depending on the distance be-
tween the quay walls and the epicenter of the
explosion, was established based on the results
of the seismic measurements made on the quay,

using different amounts of explosive (0.2 - 0.3
kg dynamite) at different distances from quay
face (1 - 4 m).Thus it was established that for:

R=1-2m
R>2m

Q,=0,1 kg dynamite / hole
Q, = 0,2 kg dynamite / hole

where: R - Horizontal distance between the ep-
icenter of the explosion and the base of the quay
in m.

With increasing distance from the face of the
quay, the thickness of the petrified deposits is
reduced (from 2 m to 0.2 m). As a result, start-
ing at a distance of 2-3 m from the quay face, the
use of a maximum load of 0.2 kg of dynamite
per hole was sufficient.

The order of drilling and firing of the holes was
one by one from the sea side to the quay face,
at a distance of 1.5 - 2 m between the holes. It
was also tried to blast the holes by replacing the
dynamite with a load made by folding a certain
length of detonating cord.

For holes located at distances greater than 1,0
m from the front of the quay, the length of the
detonating wire (with loads of 12, 16, 20 gr./ml.)
necessary to make a bundle with a length of 0.3
-0.4 m, can be calculated with the relation:

L, =24/G (m),

where: G - The weight of the load specific to
the type of detonating cord used, (g/m);

L, - The length of the detonating wick for the
formation of a bundle, (m).

The advantages of using an explosive charge

made of detonating cord are:

- By folding the detonating cord in a bundle
with a length of 300 - 350 mm, it ensures a bet-
ter distribution of the explosive load along the
length of the drilled hole (compared to only
100 mm in the case of dynamite), respective-
ly a more advanced degree of crushing of the
blasted mass;

- In the case of a failure, the hole loaded with

detonating cord, in the absence of the cartridge

explosive, cannot create damage to the ships or
dredges that are to clean the area.
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The results obtained satisfied both from the
point of view of the crushing of the cemented
material and of the seismic protection of the ad-
jacent harbour constructions.

Beirut harbour

The extension of the Quay 16 from Beirut har-
bour involved the excavation of a volume of over
100 000 cubic meters of rock, on a thickness of
0.5 - 3.0 m and at a depth of 14 - 17 m under
water. Due to the density and the strength of the
limestone about 55 000 cubic meters had to be
excavated through drilling - shooting - dredging.

Drilling the holes to a diameter of 70 mm was
done from a floating platform, using the drilling
method inside a metallic tube with a diameter
of 110 mm (OD method). The explosive charges
made of gelatinous dynamite and initiated with
elements of the NONEL MS type system, were
prepared in plastic containers with a diameter
of 60 mm and inserted into holes on the plat-
form, through the steel tubes.

Considering that in the vicinity of the blasting
area there were objectives that had to be pro-
tected from the seismic point of view, it was
necessary to determine the vibration level, in
order to determine the non-dangerous amounts
of explosive.For this purpose, over 10 test explo-
sions were performed, using different amounts
of explosive on the hole and on the delay stage
as well as different initiation schemes.

Based on the results of the experimental blasting,
the optimal execution variants of the underwater
rock removal works could be established.

CONCLUSIONS

In the case of the deepening of the old port
basins for the access of the ships with greater
displacement as well as in the case of the con-
struction of new docks, whose commissioning
is urgent, it is necessary to remove the rocks in
front of the docks.

Removal of massive, compact rocks can be done
by dredging, only after a prior crushing, by un-
derwater blasting works.

Underwater rock removal works with the help
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of explosive energy are one of the solutions
used to excavate hard rocks, and the experience
gained in recent years has led to the develop-
ment of drilling-blasting technologies executed
on floating platforms.

The obtained results have satisfied both from
the point of view of performing the rock remov-
al work at the estimated parameters as well as of
ensuring the protection against the seismic ac-
tion and of the shock wave transmitted through
the water, when carrying out the blasting works.
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Abstract: In May 2019 the Thyssen Schachtbau GmbH was commissioned to construct two shafts (DN
= 3.50 m, depth = 122 m and 106 m) in a limestone quarry for a TITAN Cement Group in Serbia. The
raise-boring method was used for shaft construction, excavated material removed by LHD. After com-
pletion of the excavation, a hoisting system was installed, consisting of a shaft frame, main winch for the
working platform and an emergency winch with emergency cage. In the first step the hoisting system was
required to install the temporary rock support (top down), later to install the final shaft lining (bottom
up) in form of steel tube lining in the lower, concrete lining in the upper part. A base ring in the tunnel
provided a foundation for the shaft lining. The hoisting equipment was certified on the basis of the Ser-
bian regulations in line with the German and European regulations. The Serbian HSEQ requirements,
specifications of the international client and internal guidelines had to be taken into account in order to
implement the project in a solution-oriented and thus successful manner. Training of Serbian specialist
personnel and local subcontractors for working in the shaft was an additional success for the project.

Keywords: shaft construction, raise-boring, shaft hoisting system, certification, legislation

INTRODUCTION

In January 2019 the Thyssen Schachtbau GmbH
was commissioned to construct two shafts in
Serbia, at a quarry located close to the small
town of Kosjeric. The exploitation of the lime
stone deposit called Suvo Vrelo had started

1976, for the purposes of the nearby cement
plant that is today held by the TITAN Cement
Group.

The current transport method - pushing the

excavated material from higher to lower levels
over the bench using loaders and bulldozers
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limits the economic efficiency as well as envi-
ronmental compatibility and occupational safe-
ty, TITAN decided to invent a new transport
system. The new transport ways shall be mainly
underground to reduce emissions, minimize
risks and shorten actual transport ways.

PLANNING PROCESS
AND PREPARATION

TITAN started the project development in 2006.
In 2013 representatives of TITAN Cementara Ko-
sjeric made a first visit to one of Thyssen Schacht-
bau GmbH's Raise Boring projects in Austria
— and the impressions from that visit should influ-
ence the further planning sustainably. TITAN be-
came the first company in Serbia to pick the raise
boring method for shaft excavation.

The new design comprises stationary crushers
at the surface that shall load the raw material
into gravity shafts. The shafts lead into a trans-
port tunnel. Conveyor belts shall transport
the material to a truck loading station. Finally
trucks shall transport the crushed lime stone to
the cement plant.

Shaft 52

After two years of construction works the tun-
nel below the planned shafts S1 and S2 (see fig-
ure 1) was fished in November 2017.

The tunnel itself was a precondition to make
raise boring applicable. With its length of about
210 m and 5.7° inclination it also secured natu-
ral ventilation during works within the shafts.
The shafts are of different length, for their start-
ing points are on different levels of the quarry:
S#1 121 m, S#2 106 m.

RAISE SHAFT CONSTRUCTION

A raise shaft is defined as a vertical or steeply
inclined opening excavated from a lower level
to a higher level.2

Commonly raise shafts are constructed in min-
ing for ventilation shafts, ore passes or access
shafts; in civil construction for underground
tunneling and in hydro-power plants for pres-
sure shafts. In the past, raise shafts were often
constructed by conventional raising methods,
e.g manually or using raise climber (Alimak
method, see Figure 2). These variants are rare-

Charmber C1

| Charnber C2

Chamber C3

Figure 1, Shaft and tunnel system,
longitudinal section.’

'TITAN

2 SME Mining Engineering Handbook, Peter Darling (2011), P 1192.
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Figure 2, Pilot hole (top down) and reaming (bottom up).5

ly used anymore due to the low occupational
health and safety standard.

Considering this and also based on the geolog-
ical exploration, TITAN and the design team
selected the raise boring method as the most
appropriate at Suvo Vrelo. The excavation is
fully mechanized, no persons need to be in the
shaft without rock support during this risky first
phase of shaft construction.

RAISE BORING - THE METHOD

The raise boring method operates on the princi-
ple of first drilling a small pilot hole down and
then reaming the hole upward, in one or more
stages, to the needed size. A basic requirement
is a drift on the lower level (see Figure 3). Fur-
thermore, stable rock behavior with medium to
hard rock strength is required. After the pilot
hole has been finished, the reamer head replac-
es the drill bit and reaming operation can begin.

The method was developed in Northern Amer-
ican ore mines in the 1950s. Nowadays, rigs are

bigger and so are their technical capacities.
Specialist texts from 2007 give 1.0 - 6.0 m diam-
eter and depths of 50 - 1,200 m as maximum pa-
rameters,” but machine manufacturers of raise
boring rigs claim already over 8 m diameter,
2.000 in depth* and an inclination up to 45° as
possible. Using special constructions even 90°
can be bored.

The pilot hole is drilled from top to bottom us-
ing the rotary drilling method with minor diam-
eters up to 350 mm., A flushing flow (e.g. water
and additives) needs to be pumped downwards
through the drill pipe cool the drill bit remove
the cuttings rising in the annular space between
the drill pipe and the wall of the drill hole.

3 Peter Schméh, Benjamin Kiinstle, Nobert Handke, Er-
hard Berger: Weiterentwicklung und Perspektiven
mechanisierter Schachtteuftechnik. In: Gliickauf 143,
Fachzeitschrift fiir Rohstoff, Bergbau und Energie. Nr.
4, VGE Verlag Essen, Essen 2007, ISSN 0340-7896, S.
161-172)

4 Herrenknecht, Raise Boring Rig RBR 900VF

5 https://www.miningweekly.com/article/boring-to-depth-
2017-06-08

¢ Thyssen Schachtbau GmbH (2019)
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Accuracy can be increased with a stabilized drill
string that reduces the deviation of the pilot hole
or with the help of a directional drilling system
(e.g. drilling motor with MWD-tool). This may

access restriction during the drilling work. After
completion of the reaming operation, the ream-
er head is either dismantled above ground or
lowered back into the drift for dismantling.

Table 1, Technical data of the raise boring rig Wirth - HG 250

Manufacturer Wirth

Typ HG250
Power 250 kW (at 1500 RPM)
Max. torque 15000 mkp / 147 kNm

Max. break torque

16000 mkp / 157 kNm

Max. pulling force

270 000 kp / 2648 kN

Raise bore rods

10” diameter, 60” length,
7 3/4” H-290 connection

Total weight (installed)

Approx. 25 t

Table 2, Range of application HG 250

Performance Data HG 250

‘-‘."\.

1000 150 200 250

be necessary due to the client’s specifications
and in case of drilling inclined or long shatfts.

After finishing the pilot hole, the reamer head
is mounted underground to replace the drill bit.

The reamer usually consists of the following

components:

« base body with extension parts (if necessary)
to adapt the diameter,

o tie rod and,

« saddles for bearing the cutting tools.

The excavated material (cuttings) falls down-
wards and is removed by LHD. In the loading

area underneath the open shaft there is a strict
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RAISE BORING AT SUVO VRELO

At TITANs Suvo Vrelo quarry two shafts with
lengths of 106 m and 121 m with excavation di-
ameter of 3.50 m were constructed. While plan-
ning the construction, special consideration
had to be given to the narrow and steep roads
of the quarry and the limited space available at
the drilling site. So the modular design of the
raise-boring system type Wirth - HG250 (see
table below) was an advantage.

The drilling diameter of the vertical pilot hole was
12 %, using an insert bit according to the fore-
casted geology. With up to 3 stabilizers, whose
positions were adjusted during the drilling pro-



Thorsten Kratz, Bianca Schichtel-Seberkste
SHAFT CONSTRUCTION IN SERBIA: THE FIRST RAISE BORING PROJECT IN THE COUNTRY

Figure 3, Photo of the damaged plant components at the location of shaft 1.
Schematic illustration (right) of the processes during the raising shows
the slippage of non-demountable cubatures of > 1 m.

Figure 4, Left - Photo of the inclination of the reamer as a result of the
exposed cavities in the excavation area of shaft 1. Right - Schematic illustration
showing the tilting of the reamer as a result of the exposed cavities.

gress, the planned accuracy of max 30 cm devia-
tion could be realized. Unexpected massive mud
losses could be handled by using polymer-based
additives and borehole cementations. Despite
the geologically caused difficulties daily perfor-
mance rates of 30-40 m/d could be reached. The
maximum performance was 55 m/d.

During the raising, various adverse geological
conditions were encountered. Large boulders
fell onto and underneath the reamer, especially
in the upper part of the shafts. The average size
of the boulders was in the range of 1- 2 cubic
meters. The karstic features encountered led to
global (complete perimeter of the raise boring
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Shaft frame

Hoisting rope

(20 mm)
Main winch
Emergency
winch
.'R.F_F/ ".:'-:I“.
e ,/i
., A

Rope anchor point

Supply lines

Shaft cover

Working platform

Figure 5, Hoisting system.

operation) instabilities above the reamer head.
The large loose blocks lying on the reamer could
not be fragmented, which resulted in considera-
ble damage of the cutting tools.

The increased sliding of the large blocks ex-
posed larger cavities. This process was facilitat-
ed by the unexpectedly high karstification of the
rock mass at the shaft location. The result was
an uneven side wall of the shaft with larger lat-
eral dilution. It was hardly possible to induce an
even contact pressure between the reamer and
the rock mass in the shaft area.

The geological difficulties led to a slackened
reaming process. Nevertheless, daily average per-
formances of approx. 14m/d could be achieved.
The maximum performance in the lower area of
the shafts was 20 m/d. Due to the increasing in-
stability in the upper shaft area, it was decided
together with the client to stop the raise-boring
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works. The simplest and most flexible solution
for this issue was to excavate the remaining me-
ters (approx. 10 m) conventionally - by drilling
and blasting. For this purpose, the shaft hoisting
system described in the following chapter was in-
stalled ahead of schedule. The excavated material
was removed via the pilot borehole. Finally, the
first phase could be successfully finished.

THE HOISTING SYSTEM

After dismantling of the drilling rig, the hoisting
system was installed, consisting of shaft frame
and shaft cover, main winch for the working plat-
form, emergency winch with emergency cage and
communication system (see Figure 5). The hoist-
ing system is specially designed for installation of
rock support and lining in raise-bore shafts.

All components were imported either from
Germany or Austria, designed and constructed
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according to German/European modern stand-
ards brought in line with the Serbian regula-
tions. These regulations surely need an up-date
just as the mining law itself experienced in 2015.

Due to the fact that all installations are based on
the former foundation of the drill rig, the time
needed from mantling to certification of the
hoisting system is approximately 1 week.

TEMPORARY ROCK SUPPORT
AND FINAL LINING

In the first step the hoisting system was required
to install the temporary rock support (top-
down). From the working platform, all works
were carried out in the shaft. The work in the
shaft mainly comprised: Extending or removing
supply lines (water, concrete, compressed air,
electricity, etc.) and installation of rock support

The following types of rock support was applied:

« Systematic rock bolting (resin bolts, F = 180
kN, L =2 m);
The drilling of the boreholes was done by us-
ing hand-guided pneumatic hammer drills.
Pneumatic holders were used for support
horizontal or upward drilling. Compressed air
was supplied via a pipeline.

» Wire netting;

After completion of the rock support, the final
shaft lining was installed: 15 m steel tube lining in
the lower part and reinforced concrete lining re-
inforced with steel fibres (40 kg/m?) in the upper.
The final inner diameter of the shaft was 2.9 m.

A base ring in the tunnel serves as a founda-
tion for the shaft lining. Steel tube segments
(W = 18 mm, H = 2.5 m) were lifted into the
shaft from surface and backfilled with concrete.

Following the lower steel lining, a reinforced
concrete lining (W = 30 cm) was implement-
ed in the remaining shaft by using a climbing
formwork. The climbing formwork consists of
3-4 formwork rings, each consisting of 4 fold-
able segments (H = 1.5 m). The daily average
performance was approx. 6 m/d.

CONCLUSION

Thanks to a highly motivated team the project
could be finished successfully. The cooperation
with the client and Serbian specialists was fruit-
tul, bridging biases that showed up during the
project, struggling to find solutions for every
unexpected difficulty, and inventing precious
links. Sustainability was the driving force to
start it, and hopefully the results will also show
as sustainable in every meaning the word can
have: environmentally by decreasing noise and
other emissions; regarding safety and occupa-
tional health; economically for the shafts and
system are expected to have a long operational
life. And because as much material as possible
stemmed from Serbian factories. Local workers
got trainings and additional qualification so the
benefits from the German-Serbian cooperation
in Kosjeric shall continue in the future. Moreo-
ver in this sense, we had the honor to welcome
groups from both Serbian Mining faculties at
the site to give them impressions from what is
waiting for them and incentives to have a look
beyond one’s own nose. Thyssen Schachtbau
GmbH raised the first shafts in country using
the raise boring method. Hopefully, there shall
be more projects alike in the modernizing Ser-
bian mining sector.
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SHAYAJHNU NOTA'BAJN
SIGNIFICANT EVENTS

[IOMITA CPBMJE mraMnana IpurofHy MapKy 1M KOBepaT HOBOfOM 175 roamHa of pobema
akagemuka Jbybomupa Kinepuha / POST OF SERBIA printed a commemorative stamp and envelope
on the occasion of the 175th anniversary of the birth of Academician Ljubomir Kleri¢.
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SHAYAJHU JOTABAJU / SIGNIFICANT EVENTS

JTIAYPEATU IIOBEJ/BE AKAJJEMVIK JbYEOMIP KJIEPITh
N TIIPO®. IP IVIMUTPUJE AHTVYJIA'Y 2020.

LAUREATES OF THE CHARTERS ACADEMICIAN LJUBOMIR
KLERIC AND PROE. DR. DIMITRIJE ANTULA IN 2020

Axamemmja  mHXemepckux Hayka Cpbuje,
Onememe pygapcKIX, T€OMTOMIKIX Y CUCTEMCKUX
HayKa, op, 2012. roguHe, fofebyje NpU3Hamba y
BI/II[Y IIOBE/bE 3a Hapom/[Te Haque n I/[H)Ke}bep-
cke porpuHoce. IloBerpa Axagemuk /bybomup
Knepuh nonersyje ce mojenmHumMa 3a >KMBOTHO
TeTIo - 3y3eTHe pe3ynTare MOCTUTHYTE Y Hayd-
HO-I/ICTpa)KI/IBa‘{KOM pa;[y y ,I[YI‘OI‘OI[I/IH.IH)QM
nepuony, a Ilosewa Ilpog. pmp Humurpuje
AHTy/a 3a BpXYHCKa MH)KEHhEPCKa OCTBapema,
peamM3oBaHa ¥ y Impakcyu nortBpheHa. [loseme
ce JOmebyjy 3a 00macTy PyHapCKMX, TeONoLI-
KIX U CHICTeMCKIX HayKa.

TOBUTHMIN ITOBEJBE
AKAJEMIVK JbYBOMWP KJIEPI'h:

. )

9

Pymapcku nnctutyt Beorpap - pynapctso

Ilosodom wiecm OeueHnuja cmeapanawimed, 3a
pesynmame u 0onpuxoce y pyoapcmey, Hayuu,
UHMKEIEPCNBY, WKONI0BAY BPXYHCKUX UH-
JHervepckux Kaoposa, u30asaukoj 0enamHocmu,
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Academy of Engineering Sciences of Serbia
Department from Mining, Geological and Sys-
tems Sciences, since 2012, it has been awarding
recognitions in the form of a charter for spe-
cial scientific and engineering contributions.
The Charter Academician Ljubomir Kleri¢ is
awarded for exceptional scientific and research
results achieved over a long period, and the
Charter Prof. Dr Dimitrije Antula is award-
ed for top engineering achievements, realized
and confirmed in practice. The Charters are
awarded for the fields of mining, geology and

systems sciences.

THE WINNERS OF THE CHARTER
ACADEMICIAN LJUBOMIR KLERIC

NOBEA

Axasenmuk npody Ap doyvGosmup Kaepith

Pydegpenam smemenimeyney Beogad

LRl R

Mining Institute Belgrade - mining

On the occasion of six decades of creativity, for
results and contributions in mining, science, en-
gineering, education of top engineering person-
nel, publishing, establishment and improvement



3HAYAJHM JIOTABAJI / SIGNIFICANT EVENTS

ycnocmasmwary u yHanpehe-wy mehyHapoore
HayuHe U cmpyuHe capawe u mehyHapooHe
aupmavuje Haule HayuHe U CMPY*He MUCTU

Jp Pagyne ITonosuh - reonoruja

3a 0yz0200uwmive pesynmarme y HAy4HOUC-
Mpa-#usaukom paoy u pykosohervy ucmparu-
8aruMa y 2e0no2uju, 3a pykosohetrve leouncmu-
mymom u aymopcku odonpumoc yHanpehervy
umepamypHoz oHoa u3 eeonoziije.

ITIpod. np Karuua (Cresanosuh) Xempux -
CHUCTEMCKe HayKe

3a 0yz0e00uwirou ucmpaxusauku pao u 0o-
npuHoc ucmopuozpapuju cpnckoe pyoapcmea
opyee nonosune XIX u nouemxka XX eexa -
ucmpaxcueareem xueoma u oOena jeoHoz 00
HAJ3HAYATHUJUX CPNCKUX PYOAPCKUX UHINCEIEPA
akademuka /bybomupa Knepuha.
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Emepuryc npo¢. Hapexxpa hamh - pymapcrso

3a unnervepcko 0es1o u HayuHe 0oNpuHoce y Npu-
npemu MUHepaIHUX CUPOSUHA, WKOI08atbe 2eHe-

of international scientific and professional co-
operation and international affirmation of our
scientific and professional thought

Dr. Radule Popovic - geology

For long-term results in scientific research and
management of research in geology, for manag-
ing the Geoinstitute and author’s contribution
to the improvement of the literary fund in ge-

ology.

Prof. Dr. Katica (Stevanovi¢) Hedrik -
systems sciences

For many years of research work and contribu-
tion to the historiography of Serbian mining in
the second half of the XIX and the beginning of
the XX century - by researching the life and work
of one of the most important Serbian mining en-
gineers, academician Ljubomir Kleric.

THE WINNERS OF THE CHARTER
PROF. DR. DIMITRIJE ANTULA
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Emeritus prof. Nadezda Cali¢ - mining

For engineering work and scientific contribu-
tions in the preparation of mineral processing,
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pauuja pyda-pckux unsieroepa u 0onpuHoce yHa-
npehervy Pyoapckoe dpaxynmema y IIpujedopy.

ITIpod. np Pane Jenenkosuh - reonornja

3a umxncervepcko 0esio u 00NpUHOCe Y 2e0/102Uju
TIEHUUMA MUHEPATTHUX CUPOBUHA, UIKOTIOBAtbE
u obpasosarve uHICervepa 2eonozuje, PyKo-
soherve u donpuroce ynanpehewy pada mamu-
yne Kameope na Pydapcko-zeonowxom daxyn-
memy y beozpady.

Jp Bnagan baranosuh - cucremcke Hayke

3a umxerepcko Oeno u Oonpuxoce y aymo-
mamusayuju u ynpaemwary caobpahajem, 3a
pykosoherve u ynanpehere pada Odemwerva 3a
ynpasmware caobpahajem Jlabopamopuje 3a
aymomamuxy u Mncmumymom Muxajno 1ly-
nuH y Beoepaody.

102

education of generations of mining engineers
and contributions to the improvement of the
Faculty of Mining in Prijedor.

Prof. Dr. Rade Jelenkovi¢ - geology

For engineering work and contributions in the
geology of mineral deposits, education and
training of geological engineers, management
and contributions to the improvement of the
work of the main Department at the Faculty of
Mining and Geology in Belgrade.

Dr. Vladan Batanovi¢ - systems sciences

For engineering work and contributions in auto-
mation and traffic management, for managing
and improving the work of the Traffic Manage-
ment Department of the Automation Laborato-
ry and the Mihajlo Pupin Institute in Belgrade.
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N3JTOXBA 'Y KAMEHY CBETIIOCTU TPAT
[ToBogom 150 roguHa capajmmbe CpPIICKMX M ayCTPUjCKUX IeosIora

EXHIBITION ILLUMINATING STONE
Dedicated to 150 years of collaboration between Serbian and Austrian geologists

Nsnox6a y Mysejy Hayke n TexHuke y Be-
orpapy on 31.10. go 17.11.2020, mianupaHa
noHoBo y Beorpapy y ampuay 2021. buhe
npukasaHa u y Buie rpajgosa Cpbuje. Ay-
Top u3noxo6e je mpod. np Kpucruna llapuh
Yuusepsurer y beorpapgy - Pymapcko-re-
onomky QakyaTeT ca capagjHUIVMa AP
Anpujanom QajkcoM AyCTPUjCKM KYATyPp-
Hu ¢opym Beorpax u mpod. XaHc-Jupren
laBnukom YHusepsureT y Jleobeny). Ora-
HusaTopu cy YHuBep3uteT y beorpagy Py-
IapCKO-TeoNomKN (aKynTeT ¥ AyCTPUjCKM

Kynrypuu ¢popym beorpanp,.

Vpeja 3a mamox0y ,Y KaMeHYy CBETIOCTU
Tpar’ poamia ce jom 2002., kajja je Kpo3
IIporpam WUS Austria CaBe3HOI MMHMUC-
TapCcTBa MHOCTPAaHUX MHoOcCnoBa Pemy6imuke

The exhibition at the Museum of Science and
Technology in Belgrade from October 31% to
November 17" 2020, and will be held again in
Belgrade in April 2021. In the following pe-
riod, the exhibition will be shown in several
cities in Serbia as well. The author is Prof. Dr.
Kristina Sari¢ University of Belgrade Faculty
of Mining and Geology, with the assistance of
Dr. Adrien Feix Austrian Cultural Forum Bel-
grade and Prof. Dr. Hans-Jiirgen Gawlick Uni-
versity of Leoben. Organisers are University of
Belgrade Faculty of Mining and Geology and
Austrian Cultural Forum Belgrade.

The idea for the exhibition “Illuminating stone”
was born in 2002, when a polarization transmit-
ted light microscope was donated to the Faculty
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Aycrpuje  Pymapcko-reonmomkoMm — dakyi-
TeTy y bBeorpasy foHupan mnomapusanuo-
HJY MUKPOCKON 3a IpPONYHITEHY CBET/IOCT.
N3nox6y umHe MHBe mapajeHe TeMaTcKe
nenuHe. JegHa je mpucehame Ha capanmy
ayCTPUjCKMX ¥ CPICKMX reosjora gyry 150
rofiyHa KOjy Cy HOTMI[aIM KOHTUHYUPaHU
3aje[HNYKY TeONOIIKM M3a30BM y IIpoyda-
Bamy Anmna u JIuHapuja u eba 3a ycaBp-
IIaBameM CTyJeHaTa M HaCTaBHUKA U3 OBa

ABa reo/I0oNIKa IEHTpa.

of Mining and Geology in Belgrade through the
WUS Austria Program of the Federal Ministry
of Foreign Affairs of the Republic of Austria.
The exhibition consists of two parallel thematic
units. The first is the recollection of the coop-
eration of Austrian and Serbian geologists that
lasts for 150 years, which was encouraged by
the continuous joint geological challenges in the
study of the Alps and the Dinarides and by the
desire to increase the mobility of the students
and teachers from both sides.

I pyra nennHa usnoxx6e mokasyje Imra ce jie-
mIaBa Kajja 3aBUPUMO Y MUKPOCBET KaMeHa
U OTKPUjeMO HbeTroBy CKpPUBEHY /enoTy. Yn-
Tale KaMeHa BUDEHOT IO0j MUKPOCKOIIOM,
He CaMO KpO3 HeroB cacTaB, CTPYKTYpy U
TeKCTypy, Beh M Kpo3 ecTeTckm MoMeHar
3apobmbeH y crenupudHo Kagpupanum do-
TOMMKporpadujaMa ¥  HeCBaKUAAUIBUM
HACJIOBMMa C/IMKA, [aje MOCeOHY HOTY OBOj
M37T0KOM KOja, OCUM IITO 3aAprKaBa eflyKa-
TMBAH KapakTep, YMHM M MaaM MCKOPAK Ka
YMETHUYKOM.

[Mpupepuna
Kpucruna lapuh
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The second part of the exhibition shows the
hidden beauty of the micro-world of stone.
Reading from the stone seen under a micro-
scope includes not only its mineral composi-
tion, structure and texture, but also gives the
opportunity of enjoying in colours and mor-
phological phenomena as well as in aesthetic
moments. The frozen scenes captured in spe-
cifically framed photomicrographs and their
unusual explanatory titles, give a special note
to this exhibition that, in addition to its edu-
cational character, represents a small but brave
step towards genuine art.

Prepared by
Kristina Sari¢
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HAYYHU 1 CTPYYHU CKYIIOBU
SCIENTIFIC AND PROFESSIONAL MEETINGS

HajaBa /Announce

VIIl BANNIKAHCKU PYOAPCKU KOHI'PEC
8" BALKAN MINING CONGRESS

Beorpap Cpb6uja / Belgrade Serbia

HOBWU TEPMUH /| NEW DATE
25-27. 05. 2021.

OPrAHU3ATOP / ORGANIZER

PYOAPCKU MHCTUTYT BEOIPA
MINING INSTITUTE BELGRADE

CYOPIAHU3ATOPU | CO-ORGANIZERS

Operbere pyaapcKmx, reonoLwKnux 1 CUCTEMCKMX HayKa
Akagemuje nHxewepckux Hayka Cpbuje

Department of Mining, Geological and Systems Sciences
of the Academy of Engineering Sciences of Serbia

bankaHcka akagemuja pygapckux Hayka
Balkan Academy of Mining Sciences

OETAIbHE MHOOPMALIMJE
DETAILED INFORMATIONS
http:/Iribeograd.ac.rs
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Jparomy6 Jyjuh (Oxpugz, 03. 02.
1938 - Beorpap, 02. 05. 2020),
IMIUL VIHX. PYJApCTBa, Maruc-
Tap U IOKTOP TEXHUYKUX HayKa,
mupexkTop Pymapckor wmHCTH-
TyTa beorpajg y ;Ba Mmanpara.
CpenmomnIKoIcKo  o6pasoBambe
crexao je y Cmenepeny. Cryauje
pynapcTBa 3aBpmmo Ha Pypap-
CKO-T€0JIOUIKOM dakynrery
Yuusepsurera y beorpany 1961,
a Marucrapcke 1974. JJoktopcky
muceprauujy ogbapumo je 1985.
Ha Pypapcko-reonomko-HadT-
HOM dakyntery CBeydmnmuira y
3arpe6y Ha TeMM MacOBHOT MM-
HUpama Ha IOBPHIMHCKUM KO-
IIOBMMa PyJHMKA MeTaa.

Pagny kapujepy 3amodeo je
1961. MHXEmEPCKUM aHTaXo-
BambeM Ha moparpabueamy u
CTabWIM3ALVj) UCTPAKHE jame
pyne rBoxba ,,Mokpa Iopa“ Y
Pynuuxe >xe/peste pyne J/bybuja
npemasu 1963. m pagu Ha u
PYKOBOJZHMM 3aJaliMa yIIpaB-
Huka Pymnumka ,Tomammua“ u
IJIaBHOT MHXXemepa npenyseha.
On 1970. pagu y Pymapckom
nHCcTUTYTy beorpan. Iloueo je
Ha pafiHOM MecTy oBjamheHn
IIpOjeKTaH, IOCe JBe TOAMHe
IIOCTaBJbeH je Ha MecTo Ieda 3a
IIPOjeKTOBame  IOBPIIMHCKUX
KOIIOBA MeTajia 1 HeMeTasna. 3a
pupexropa Pypmapckor mHCTH-

CERAIbA / IN MEMORIAM

Dragoljub Juji¢ (Ohrid, Febru-
ary 3, 1938 - Belgrade, 02 May
2020), graduated mining engi-
neer, magister and doctor of te-
chnical sciences, director of the
Mining Institute Belgrade for two
terms. He acquired his high-sc-
hool education in Smederevo. He
completed his studies of mining
at the Faculty of Mining and Ge-
ology, University of Belgrade in
1961, and his master’s degree stu-
dies in 1974. He defended his do-
ctoral dissertation in 1985 at the
Faculty of Mining, Geology and
Petroleum Engineering, Univer-
sity of Zagreb with the topic of
mass blasting in the open-pit mi-
nes of metal mines.

He began his working career in
1961 with an engineering engage-
ment in the sub-structuring and
stabilization of the “Mokra Gora”
iron ore exploration pit. He mo-
ved to the Iron Ore Mines “Lju-
bija” in 1963 and worked on the
managerial tasks as the manager
of the “Tomasica” Mine and the
chief engineer of the company.
He worked at the Mining Insti-
tute Belgrade since 1970. He star-
ted working as an authorized de-
signer, and after two years he was
appointed head of the designing
of open-pit mines of metals and
non-metals. He was elected di-
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TyTa usabpat je 1. janyapa 1980.
Y ,MuBect-VHnopt* mpena-
3u 1988. Ha MecTo momohHmka
IMpeKTopa MHXewepuHra. Of
1993. papu 3a pygapcka mpegy-
3eha camMocTasHO HOCTOBE pe-
BM3Mja, KOHCAJITHHIA, eKCIep-
™3a u cn1. Op 1996. pupexTop
je y bopny KaHaficke KOMIIaHMje
»ERIN VENTURES® wus Ep-
MOHTOHa, a of, 1998. nupekTop
MemoBuTor mnpenyseha ,RAS-
BORATI“ xoje je dopmupana
OBa KaHaZicka KOMIaHMja ca
Enexrponpuspenom Cpbuje
pajau MCTpaKMBama U eKCIIJIo-
aranuje pyge 6opa y permoHy
baspeBua Ha V16py.

Kao ekcrept 6m0 je aHraxoBaH
Ha pellaBamwy mpobmema : Py-
JapCKO-TONMOHNYAPCKOT 6aceHa
bop, Tome, Tperue, Enepromnpo-
jekta beorpap 36o0r ekcrmoara-
nuje pyse reoxba y 3ambuju u
Anromu, Vusect-VHnopra 360r
eKcIIoaTanyja 3nara y bypwmu,
KOKCHOT yI/ba U MarHesujyma y
Aycrpanuju, utn,.

AyTtop mmm xoayrop je 31 Ha-
YYHOT ¥ CTPYYHOT paja, PyKo-
BOAMO je u3pagoM 35 cryamja
M VHAYCTPUjCKMX IIpOjeKara,
y4eCTBOBAO Yy MCTpakKMBambl-
Ma BMIlle HayYHUX IIpOjeKaTa, y
CTPYYHMM OlLieHaMa (peBu3Mja-
Ma) MHBECTMI[VIOHE M IIPOjeKT-
He loKyMeHTanuje. [IpymrseHo
VI TIOJINTUYKY OVIO je aHTa)KOBaH,
06aB/pao je QyHKLUje cekpe-
tapa OcHOBHe oOpraHmsanuje
Caesa xomyHmcra Pypmapckor
nHCTUTyTa ¥ ONIITHMHCKOT
komuTera CaBesa KOMYHMCTa
3emyHa, 610 je wiaH Ipamckor
KOMMTEeTa UTJ. 3a JPyLITBEHO
aHTa)XOBambe U OCTBAapeHe paj-
He pe3y/TaTe HOCM/IALL je BUIIe
IIpM3Hamba.

[Tpupenuo
Munmmnko Papocaspesuh

rector of the Mining Institute on
January 1, 1980. He transferred
to “Invest-Import” in 1988 as
assistant director of engineering.
Since 1993, he worked indepen-
dently for mining companies in
auditing, consulting, expertise,
etc. Since 1996 he was a director
of the board of the Canadian
company “ERIN VENTURES”
from Edmonton, and since 1998
he was the director of the mixed
company “RAS-BORATT” for-
med by this Canadian company
with Elektroprivreda Srbije for
exploration and exploitation of
pine ore in the region of Baljevac
na Ibru.

As an expert, he was engaged
in solving the problems of the
Mining and Smelting Basin Bor,
Gosa, Trepca, Energoprojekt
Belgrade due to the exploitation
of iron ore in Zambia and An-
gola, Invest-Import due to the
exploitation of gold in Burma,
coke coal and magnesium in
Australia, etc.

He is the author or co-author
of 31 scientific and professional
papers, he managed the prepara-
tion of 35 studies and industrial
projects, participated in research
of several scientific projects, in
professional evaluations (audits)
of investment and project docu-
mentation. He was very engaged
socio-politically - he performed
the functions of the secretary of
the Basic Organization of the
League of Communists of the
Mining Institute and the Muni-
cipal Committee of the League
of Communists of Zemun, he
was a member of the City Com-
mittee, etc. He is the holder of
several awards for social engage-
ment and achieved work results.

Prepared by
Milinko Radosavljevi¢
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Hagexma (Hama) Kpcruh
(Hu, 28. 02. 1934 - Beorpag,
18. 12. 2019), mumn. MHX. Te-
o7IoTMje, MArucTap M JIOKTOp
reo/IONIKMX HayKa, Hay4yHU ca-
BETHUK, ITaJIEOHTOJIOr MehyHa-
ponHor yrnepa. lxonosana ce
y Humry, BaseBy u O6penoBLy.
Ha Ipynmu 3a reonorujy u nare-
onTonorujy IlpupopHo-marema-
TUYKOT (paKy/nTeTa YHUBEp3NU-
TeTa y beorpapy punmommpaina
je 1957. Ha Pypmapcko-reomnomi-
KOM aKynITeTy YHUBEP3UTETa Y
Beorpany onbpanuia je marmuc-
TapcKy Te3y 1959. a TOKTOpCKy
pucepranyjy 1968. ca Temom
buocmpamuepaguja, maxcoxo-
muja u gunozeHuja uynpuouoa
(ocmpakoda) u3 KoHeepujckux
cnojesa  okonuxe  Beozpada.
JIBe TofuHe MpoBeTIa je Ha Clie-
UMjanmusauyju U CTYAWUjCKOM
ycaBpuIaBamy y XaMmbypry, kao
ctunenpucra Ponpannje Anex-
canziap ¢on Xymb6ont Hemauke
Braze. Pagau Bek mposena je y
Teouncturyry y beorpany, nen-
3MOHMcana ce 1999.

J3yseTHo Oorata Hay4Ha ax-
tuBHOCT Ap H. Kpctuh momu-
HAaHTHO je OMIa OpjeHTHCcaHa
Ha MCTPaXMBama OCTPaKOfa.
Oppennna je oko 250 HOBKX Bp-
cra, 20 mopoanuia U TpU HOBa
poma. Ayrtop je Bumie opn 300
Hay4YHUX U CTPy4YHUX pajioBa
Ha TeMy ocTpakopa. Meby me-
HUM OpojHMM myOnuKauujama,
u3fajajy ce jgBe MOHOrpaduje:
Poo Ilanoona (Ocmpayooa)
U3 KOM2epujckux crnojesa jyi-
Hoe Oena IlamoHckoe — bGaceHa
(Cpricka akajieMuja Hayka nu
ymetHOCTN,1972)  m Pliocene
ostracods of the Paludinian beds
in the Pannonian plain, Serbian
par (Ilpuponmwauxu my3sej beo-
rpaj, 2006).

TepenckuMm  ucTpakupamwyUMa
o Cp6MjM, Jyrocnasmju, eB-

Nadezda (Nada) Krsti¢ (Nis,
February 28, 1934 - Belgrade,
December 18, 2019), graduated
geological engineer, magister
and doctor of geological scienc-
es, science advisor, a paleontolo-
gist of international repute. She
attended school in Ni§, Valjevo
and Obrenovac. At the Group
for Geology and Paleontology
of the Faculty of Natural and
Mathematics Sciences, Univer-
sity of Belgrade, she graduated
in 1957. At the Faculty of Min-
ing and Geology, University
of Belgrade, she defended her
magister’s thesis in 1959 and her
doctoral dissertation in 1968 on
the topic Biostratigraphy, Tax-
onomy and Phylogeny of Cypri-
dida (Ostracoda) from Congeria
beds in the vicinity of Belgrade.
She spent two years specializing
and studying in Hamburg, as a
scholarship holder of the Alex-
ander von Humboldt Founda-
tion of the German government.
She spent her working life at the
Geoinstitut in Belgrade, she re-
tired in 1999.

Dr. N. Krsti¢’s extremely rich
scientific activity was predom-
inantly oriented towards the
research of ostracods. She iden-
tified about 250 new species, 20
families and three new genera.
She is the author of more than
300 scientific and professional
papers on the subject of ostra-
cods. Among her numerous
publications, two monographs
stand out: Candona Genus (Os-
tracods) from the Conger strata
of the southern part of the Pan-
nonian Basin (Serbian Academy
of Sciences and Arts, 1972) and
Pliocene ostracods of the Paludin-
ian beds in the Pannonian plain,
Serbian part (Natural History
Museum Belgrade, 2006).

She gained extremely extensive
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poIicKuM 3eM/baMma, Vlpany u
JInbujn crexia je M3y3eTHO Be-
JMKO M 60raTto IpaKTUYHO WC-
KycTBo. OBO je 3HaYajHO yIUIU-
BJCa/IO HA LIMpEhe XOPU3OHTA
IEHOT Hay4YHOT U CTPYYHOT UH-
TepCcoBama Ha MoJbe I1aIe0reo-
rpaduje u reorekToHuke bas-
KaHCKOT IIOTyOCTpBa.

Vmana je 1ogHy Byroroguiimby
capagmwy ca Ilpupopgmadkum
Mysejom y beorpagy, kome
je TOK/JIOHMIA CBOjy IIaJI€OH-
TOJIOWIKY 30MpKy OCTpakopja
ns nepuopa Tepuwmjepa, mpum-
KyIUbeHYy Ha IOfpy4Yjy bankan-
CKOT' TIO/NyOCTPBa, ILieHTpajHe
n jyxHe Eppome. ¥ Konekuuju
je TpeKko Tpu MMIMOHA IIpU-
Mepaka ocTpakoga. bpojaum
OCTpakojjamMa flajla je Hay4HO
MMe y YacT UCTAKHYTUX CPII-
ckux HayuHuka Huxone Tecne
(Cypria teslae), Muxajna ITymu-
Ha (Qinghaicypris pupini), Jocu-
¢a Ilanumha (Reticulocandona
pancici), Muxajna IlerpoBuha
Anaca (Caspiola alasi) wmu 1o
MecTy TIpoHajacka beorpap
(Cyprideis singiduni), beounn
(Caspiola beocini) ntp,
AKTHUBHO je y4eCTBOBaJIa y pajy
CpIICKOT TeO/IOIIKOT [pYIITBa
(CIr'l), 6una je wian YipapHOr
oz6opa, a cBOjuM OpojHUM ca-
ONIITEHUMA U ITYOIMKOBambeM
pesy/iTaTa UCTpaXkKuBama y 3a-
mucaunyuMa CIJl-a mpyxana je
MOAPUIKY 4yBalby TpajuLyje u
yrneny CII. YdecTBOBana je y
IpurIpeMaMa U OpraHM3aLMjU
OpOjHX HAayYHUX M CTPYYHUX
CKYIIOBa, TeO/IOIIKMX KOHIpeca
U PYIMX CTPYYHUX MaHUpe-
craumja. Ilop oxpmwwpem CAHY
1979. opranusosaina je 7. Meby-
HapOJIHM CUMIIO3UjyM O OCTpa-
KoflaMa M ypepuna 360pHUKa
pajioBa ca OBOT HAay4YHOI CKyTIa
y uspamwy CI/I.

and rich practical experience
through field research in Serbia,
Yugoslavia, European countries,
Iran and Libya. This significant-
ly influenced the expansion of
the horizon of her scientific and
professional interest in the field
of paleogeography and geotec-
tonics of the Balkan Peninsula.
She had a fruitful long-term
cooperation with the Natural
History Museum in Belgrade, to
which she donated her paleon-
tological collection of ostracods
from the Tertiary period, collect-
ed in the Balkans, Central and
Southern Europe. Over three
million specimens of Tertiary
ostracods are kept within the
collection. She gave a scientific
name to numerous ostracods
in honor of prominent Serbian
scientists Nikola Tesla (Cypria
teslae), Mihajlo Pupin (Qingha-
icypris pupini), Josif Panci¢ (Re-
ticulocandona pancici), Mihajlo
Petrovi¢ Alas (Caspiola alasi) or
by the location of the invention
Belgrade (Cyprideis singiduni),
Beocin (Caspiola beocini), etc.
She actively participated in the
work of the Serbian Geological
Society (SGS), she was a member
of the Board of Directors, and she
supported the preservation of the
tradition and reputation of SGS
with her numerous announce-
ments and publication of research
results in the SGS’s Minutes. She
participated in the preparations
and organization of numerous
scientific and professional confer-
ences, geological congresses and
other professional events. She
organized the 7th Internation-
al Symposium on Ostracods in
1979 under the auspices of Serbi-
an Academy of Sciences and Arts
and edited the Proceedings from
this scientific conference, which
was published by SGS.
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3amakeHMM QaHTAKOBamleM I
UCTyHamwyMa Ha MehyHapogHuM
HayYHUM CKYNOBMMA Kao ILUTO
je Hmp. UNESCO International
Geological Correlation Program,
y OKBUPY KOra je pPYyKOBOIMU-
na ITpojexTom 329 Neogene of
Paratethys u ypeguma MoHorpa-
¢ujy Neogene of Central Serbia
(Teouncturyt, beorpam, 1996),
adupMaTUBHO je yTuLana u go-
npuHena mupewy Mebhynapon-
HOT yIJIela CPIICKE TeOJIOLIKe
LIKOJIE U HayKe.

Hocwnar je 6pojHUX npusHama
3a JIOTIpMHOCE U pesy/ITaTe y Ha-
yuu, mehy kojuma je n IloBerma
CpIicKor Treo/oIIKOr JIPYILT-
Ba 2015. IIpema WorldCat
Identities wena 32 papma y 44
nyOnukanyje Ha 4 je3auka dyBa
cey 77 6ubnmoreukux GoHIOBA.

ITpupepuna
Cgernana [Tonasgep

Pagpomup Mutuh (bnenpuja,
Cokobama, 02. 03. 1930 - beo-
rpaz, 27.05. 2020), AUIUL. MHX.
pyZapcTBa, MarucTap u JOKTOp
TEXHUYKUX HayKa, MCTAKHYTH
PYZapCKM CTPY4YHaK, PeJOBHM
yIaH JIHXemepcKe aKkagemuje
Cpbuje. Cryguje pymapcTba
3aBpmno je 1955. na Pymapcko
- TenomKoM QakynTety YHM-
Bepsutera y beorpany. Ha ma-
TUYHOM (QaKyITeTy MarucTap-
CKe cTypuje 3aBpumo je 1978.
a JJOKTOPCKY JucepTalujy Ofi-
6panmo 1981. Cmenujanmsu-
pao je uspajy MOA3EMHUX Dy-
JAapCKMX U Apyrux objexara y
Bennkoj bpuranuju y Kommna-
Hyju Cementation Mining Ltd.
Pagmno je Ha omepatMBHUM U
PYKOBOJHMM  MHXXEHEPCKUM
nocnoBuMa 'y PymHmky mpkor
yrba Coko, Ynrnyk, y Tumou-

She affirmatively influenced and
contributed to the spread of in-
ternational reputation of Serbi-
an geological school and science
through her notable engagement
and appearances at international
scientific conferences such as
the UNESCO International Ge-
ological Correlation Program,
within which she led the Project
329, Neogene of Paratethys, and
edited the monograph Neogene
of Central Serbia (Geoinstitut,
Belgrade, 1996).

She is the holder of numerous
awards for scientific contribu-
tions and results, among which
is the Charter of the Serbian
Geological Society in 2015. Ac-
cording to WorldCat Identities,
her 32 papers, in 44 publica-
tions, in 4 languages, are kept in
77 library funds.

Prepared by
Svetlana Polavder

Radomir Miti¢ (Blendija, Soko-
banja, March 2, 1930 - Belgrade,
May 27, 2020), graduated mining
engineer, magister and doctor
of technical sciences, prominent
mining expert, regular member
of the Engineering Academy of
Serbia. He completed his studies
of mining in 1955 at the Faculty
of Mining and Geology, Univer-
sity of Belgrade. He completed
his magister’s degree studies at
the home faculty in 1978, and
defended his doctoral disserta-
tion in 1981. He specialized in
the construction of underground
mining and other facilities in the
UK at Cementation Mining Ltd.

He performed operational and
managerial engineering jobs
at the Brown Coal Mine Soko,
Citluk, at the Timok Coal Mines,
at the 14 October Industry in
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KUM pyAHMLMMA YIba, VIHpyc-
Tpuju 14. okTob6ap y Kpymesiy,
y IlocnosuoM yppyxemwy Pymar,
y npenysehy Jyrodyun, nssec-
HO BpeMe y OpUTAaHCKOj KOM-
nanuju  Cementation Mining
Ltd., y CroBeHaukoj IOC/IOBHO]
sajepHuuy Pymuc - Tp6osrbe
(mpepcraBHMIITBO Y Beorpany)
n y Vipany Kao JupeKTop TaMo-
LIb€ KOMIIaHKje. Y4eCTBOBAO je
y IUIaHMpamy, IPOjeKTOBamY,
OTBapamy 1 M3Tpajiibll BUIIE
PYOHUKa, IOA3eMHMX pyjap-
CKMX M IpyTuX objekaTa mmpom
U BaH 3eM/be. 32 JIOLIEHTa y XO-
HOPapHOM O[JHOCY 3a IpefMeT
Opranmsanuja rpajuinmTa y
pymapctBy 6mpan je 1981. Ha
Pynapcko - reononikom ¢axyi-
TeTy YHUBep3ureTay beorpany.
Ilensmonucan je Ha MUMYHM 3a-
xTeB 1991.

AyTop mmm koayTop je 6pojHuX
Hay4YHMX M CTPYYHUX pafioBa,
IIpeTeXXHO Ha TeMe KOHCTPYK-
1yje ¥ Usrpajiibe II0fI3EMHUX
PYEHUYKMX M PYIMX objexara.
Kao uman ypegHMYKOr Koje-
IMjyMa 3afyXXeH 3a pyflapcke
pagoBe u pypgHuuke Hecpehe,
3Ha4YajaH NOIPUHOC Jjao0 je BU-
HIETOAUINIbEM  IPUKYI/bAIbY
rpabe, mpunpemn u nucamwy Mo-
Horpaduje Cpncko pyoapcmeo u
eeonoeuja y opyeoj nonosuru XX
sexa (beorpag, 2014).

3a Hay4yHe M CTPy4He JOIIPMHO-
ce HOCWIAl] je BMIIe IPU3HAHHA,
Mmehy kojum ce mcrmde IloBepa
npod. gp Hummrpuje AHTynma
3a BPXYHCKa MHXXeHmepcKa OCT-
Bapema y pylapcTBy AKafieMuje
UHXewepckrux Hayka Cpbuje,
2015. Buo je pefoBHM Y/IaH 1 Ce-
Kkperap Ofie/berba 3a pylapcTBO 1
reonorujy VImxemepcke axape-
muje CpOuje 1 WiaH BUILE CTPYY-
HUIX acoLyjaliyja 1 yapKema.

[Tpupenuo
Cnob6opan Byjuh

Kru$evac, at the Business Asso-
ciation Rumag, at the Jugofund
company Belgrade, at the British
company Cementation Mining
Ltd. for some time, at the Slove-
nian business community Rudis
- Trbovlje (branch office in Bel-
grade) and in Iran as a director
of the company. He participated
in the planning, designing, open-
ing and construction of several
mines, underground mining and
other facilities across and outside
the country.

He was elected a part-time do-
cent for the subject Organization
of construction sites in mining in
1981 at the Faculty of Mining and
Geology, University of Belgrade.
He retired at his own request in
1991.

He is the author or co-author of
numerous scientific and profes-
sional papers, mainly on the top-
ics of construction and building
of underground mining and other
facilities. As a member of the edi-
torial board in charge of mining
works and mining accidents, he
made a significant contribution
to the long-term collection of ma-
terial, preparation and writing of
the monograph Serbian mining
and geology in the second half of the
twentieth century (Belgrade, 2014).
He is the holder of several awards
for scientific and professional
contributions, among which the
Charter of Prof. Dr. Dimitrije An-
tula for top engineering achieve-
ments in mining of the Academy
of Engineering Sciences of Serbia
in 2015 stands out. He was a reg-
ular member and secretary of the
Department of Mining and Geol-
ogy of the Engineering Academy
of Serbia and a member of sever-
al professional associations and
organizations.

Prepared by
Slobodan Vuji¢
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Csero3ap KomaueBuh (IIpn-
spen, 24. 02. 1939 - beorpan,
12. 06. 2009), AMIUL. MHX. Py-
JapCcTBa, [JOKTOP TEXHUYKUX
HayKa, YHMBEP3UTETCKM IIpO-
decop, UCTaKHYTM PyHApCKU
CTpyuIbakK, o4acHM 4naH VIH-
KEemepCKe aKajieMuje Hayka
Cpb6uje u Lipae Tope. OcHoBHO
U CPEMIBOIIKO/ICKO 06pa3oBame
crekao je y baukom bpecrosiy
u Com60py. Crynuje pynapcraa
3aBpmMo je Ha Pymapcko-reo-
jomKoM QakynTeTy YHuBep-
suteTa y beorpagy 1962. Jlok-
TOPCKY AMCEpTalujy Ha TeMy
Honpuroc meopuju npopauyna
Kanauyumema  NOBPUIUHCKUX
KONo6a UeHUMaA y 3a6UCHOCU
00 2eonowKux, pyoapcko-mex-
HOZIOWKUX U eKOHOMCKUX YC/I064
ofbpaHNo je Ha MaTU4HOM (a-
kynrery 1989. Crynmjckn je 60-
paBuo y pygHunuma Hemauke,
ITomcke, Ipuke, Pycuje, Ykpaju-
He, Typcke u byrapcke.

Ha Pypnapcko-mertanypikom ¢a-
Kynrery y Kocosckoj Murposu-
uy Yamsepsutera y Ilpuinriam,
1998. msabpaH je 3a pemOBHOT
npocecopa 3a npegmer Opearu-
3auuja u eKOHOMUKA NPoU3600He
y pyoapcmey.

VHXemepcKo MCKYCTBO IOYeO
je ma cTude y pygHMUIMMA yI/ba
ca TOfI36MHOM €KCIUIOaTalMjoM
y Kocromuy wm banosmuhuma,
HACTaBMO Yy PYJHMLIVM MarHe-
suta MarHoxpoma us Kpame-
Ba. IIyHy cTpyuny adupmanmjy
crekao je y Pymapckom 6aceHy
Konybapa Ha mocmoBuma: ym-
PaBHUK pY/IHMKA, IJIABHU MUH-
Kewep PYAHUKA, JMPEKTOp
Konybape mnpojekT, TeXHMYKU
nupexkrop Kombunara, momoh-
HUK TeHepajiHOT JMPeKTopa
3a pasBoj KombuHara u 3ame-
HUMK pupekropa [upexkuuje 3a
IIpOU3BOAIY yI/ba EmexTpo-
npuBpene Cp6buje. Ilpumana

Svetozar Kovacevic¢ (Prizren, Fe-
bruary 24, 1939 - Belgrade, June
12,2009), graduated mining engi-
neer, doctor of technical sciences,
university professor, prominent
mining expert, honorary mem-
ber of the Engineering Academy
of Sciences of Serbia and Monte-
negro. He acquired his elemen-
tary and high-school education
in Backi Brestovac and Sombor.
He completed his studies of mi-
ning at the Faculty of Mining and
Geology, University of Belgrade
in 1962. He defended his doctoral
dissertation at the home faculty in
1989, with the topic Contribution
to the theory of capacity calculati-
on of open-pit lignite mines depen-
ding on geological, mining-techno-
logical and economic conditions.
He spent time on studying basis
in the mines of Germany, Poland,
Greece, Russia, Ukraine, Turkey
and Bulgaria.

He was elected full professor at the
Faculty of Mining and Metallurgy
in Kosovska Mitrovica, University
of Pridtina, in 1998 for the subje-
ct Organization and Economics of
Production in Mining.

He began to gain engineering
experience in coal mines with
underground exploitation in
Kostolac and Banoviéi, and con-
tinued in the magnesite mines of
Magnohrom from Kraljevo. He
gained full professional affirma-
tion in the Kolubara Mining Ba-
sin in the following jobs: mine
manager, chief mine engineer,
director of the Kolubara project,
technical director of the Com-
bine, assistant general director
for development of the Combine
and deputy director of the Coal
Production Directorate of Elek-
troprivreda Srbije. He belonged
to a pioneering group of mining
engineers who laid the founda-
tions for the development of the
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IIMOHMUPCKOj TPYIU PYHAAPCKUX
MHXemepa KOju Cy IOCTaBUIN
OCHOBe pa3Boja Pymapcko-enep-
reTckor kom6buHara Komy6apa.
Y4ecTBOBaO je UMM PYyKOBOAMO
U3paZioM IIpojeKaTa pasandiu-
TUX HUBOA IOBPUIMHCKE €KC-
wroatanyje yrpa y Komy6apc-
koM, KocTtomaukom, Kocosckom,
II’'beBa/bCcKOM, YI/beBUYKOM, [a-
TaykoM ¥ bBurobckoMm 6Gaceny.
PykoBopmo je uspanmoM mHBec-
TULMOHMX IIporpama 3a IIOBpP-
mHcke Korose [lojpe I 1 Tam-
HaBa 3amnaziHo nosbe Komybape.
Y speme HATO arpecuje u pat-
HUX fejcTaBa 1999, ncKkycTBoM,
3HameM M Xxpabpomhy, y us-
Y3€THO CIOXEHUM M TeIIKUM
yC/IOBMMa, YCIHELUIHO je opra-
HI30BA0 ¥ PYKOBOAMO IIPOM3-
BOJIIbOM YI/ba Ha TOBPUIMHCKNM
xoroBrMa Bemahesary u JTo6po
Ceno Kocosckor 6aceHa.

AyTop mmm koayTop je 6pojHuX
Hay4YHMUX M CTPYYHUX pafioBa,
HajOpojHMje W3 IIOBPIIMHCKE
excIioaTanmje yrba. Koayrtop
je YHUBEP3UTETCKOT YHOeHMKa
Opeanusayuja npoussoore y
pyodapcmsy (Pymapcko-reosnom-
ku daxynrer beorpan, 1994).
3anakeHa M3Jarama MMao je Ha
CBeTcKOM pyIapcKOM KOHIpecy
y Crokxonmy n Ha Mebhynapon-
HOj KOH(epeHLUju O YI/bY Y
[Intcbypry. YaecTBoBao je y op-
raHM3auujy OPOjHUX HAYIHUX U
CTPYYHUX CKYIIOBa.

3a Hay4He 1 CTpy4YHe JOIpMHOCe
Jaypear je BMIIe IPM3HAbA U Ha-
rpapa: OpzieH paja ca cpeOpHUM
BeHiieM COP]J, Ilosepa ITpod.
np bpanucrias MmnoaHoBuh
- 3a HayuHM paf, [Inakera Kom-
6unara Konyb6apa - 3a jonpuno-
ce ¥ M3y3eTHO 3ajlaraimbe Ha Uu3-
rpapmsy KombnHara nth.
3acnyxuu je yran Casesa uH-
emepa pyfapcKe, reoIouIKe U
MeTajypliKe CTPyKe Jyrocmia-

Kolubara Mining and Energy
Combine. He participated in or
led the development of proje-
cts of different levels of surface
coal exploitation in the Kolu-
bara, Kostolac, Kosovo, Pljev-
lja, Ugljevik, Gacko and Bitola
basins. He led the development
of investment programs for the
open-pit mines Polje D and Ta-
mnava west field of Kolubara.
He successfully organized and
managed the production of coal
at the open-pit mines Belace-
vac and Dobro Selo in the Ko-
sovo basin, with his experien-
ce, knowledge and courage, in
extremely complex and difficult
conditions during the NATO
aggression and war actions in
1999. He is the author or co-au-
thor of numerous scientific and
professional papers, most of
them in the field of surface coal
mining. He is the co-author of
the university textbook titled
Organization of Production in
Mining (Faculty of Mining and
Geology, Belgrade, 1994). He
had notable presentations at the
World Mining Congress in Stoc-
kholm and at the International
Coal Conference in Pittsburgh.
He participated in the organiza-
tion of numerous scientific and
professional conferences.

He was a laureate of several reco-
gnitions and awards for scientific
and professional contributions:
Order of Labour with a Silver
Wreath of the SFRY, Charter of
Prof. Dr. Branislav Milovanovic¢ -
for scientific work, Plaque of the
Kolubara Combine - for contri-
butions and exceptional commi-
tment in the construction of the
Combine, etc. He was an hono-
rary member of the Association
of Engineers of Mining, Geologi-
cal and Metallurgical Professions
of Yugoslavia, a regular member
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Buje, pemoBHM uwiaH Mebyna-
pOIHe aKaJieMuje HayKa O eKo-
JOTUjU ¥ 3alITUTU >KUBOTHE
cpenuHe M IOYacHU 4aaH AKa-
feMuje WHXEHEePCKMX HayKa
Cpb6uje n Lpue Tope.

[Tpupenuo
Cno6opgan Byjuh

Oparomup Komwmh (Hwum, 18.
07.1938 - Beorpag, 18. 06. 1994)
IUIVIOMUPAaHM MALIMHCKM MH-
Kewep, Marucrap # JOKTOp
TEXHMYKMX HayKa, peJOBHIU
npodecop YHuBepsurera y be-
orpajy, jefaH of MHUIMjaTopa
ayToMaTMsalyje pyAHMKa ca
IOJ3€MHOM  €KCIUIOAaTalMjoM
y Jyrocnasuju. llIkonosao ce y
pomHoM rpapy. JHdummoMupao
je Ha MammHckoM akyTe-
Ty (M®) 1965. a Marucrpupao
1973. Ha EneKTpoTeXHMYKOM
¢dakynTery YHuMBep3ureTa |y
Beorpany. JokTopcky mucepra-
LVjy ca TeMoM 13 obmactu ay-
TOMaTH3alje BEeHTUIALVIOHUX
mpoleca y pygHMLUMA, ofopa-
HMO je Ha Pyflapcko-reonomkom
¢dakynrery (PI'®) Yausepsnure-
tay beorpagy 1975. Crpy4Ho ce
ycaBplIaBao 1 CIIelyjannu3upao
y CAJl, Kanagu, @pannyckoj u
ITomckoj.

Pagny xapwmjepy s3amoueo je
y MammuHcKoj MHAYCTpUju 'y
Humny, HacTaBMO y KOHCTPYK-
L[MOHOM Oupoy oBor npeny3eha
y beorpapy. 3a acucrenTa 3a
npenMer Aymomamusauuja y
pyoapcmey Ha PT®-y nzabpas je
1966, a 3a pegoBHOT Ipodecopa
1988. Ha pemoBHMM cTyamjamMa
Ap>Kao je HAaCTaBY U U3 IIpeMeTa
Mawuncku enemenmu, OcHosu
KoHcmpyucarwa u Knunnu xom-
npecopu, a Ha IOCIENUIIIOM-
CKUM cTymMjaMa Aymomamu3sa-
uujy u ynpasmarbe npovecuma

of the International Academy of
Sciences on Ecology and Envi-
ronmental Protection and an ho-
norary member of the Academy
of Engineering Sciences of Serbia
and Montenegro.

Prepared by
Slobodan Vuji¢

Dragomir Koci¢ (Ni§, July 18,
1938 - Belgrade, June 18, 1994)
graduated mechanical enginee-
ring, magister and doctor of te-
chnical sciences, full professor at
the University of Belgrade, one
of the initiators of the automa-
tion of mines with underground
exploitation in Yugoslavia. He
was educated in his hometown.
He graduated from the Facul-
ty of Mechanical Engineering
(FME) in 1965 and acquired his
master’s degree in 1973 from the
Faculty of Electrical Enginee-
ring, University of Belgrade. He
defended his doctoral dissertati-
on on the topic of automation of
ventilation processes in mines at
the Faculty of Mining and Geo-
logy (FMG), University of Bel-
grade in 1975. He perfected and
specialized in the USA, Canada,
France and Poland.

He started his working career in
the Mechanical Industry in Nis,
and continued in the constru-
ction bureau of this company
in Belgrade. He was elected an
assistant for the subject Automa-
tion in Mining at FMG in 1966,
and a full professor in 1988. In
full-time studies, he also taught
Mechanical Elements, Funda-
mentals of Construction and Re-
ciprocating Compressors, and in
postgraduate studies he taught
Automation and Process Mana-
gement and Automation. He tau-
ght at the FME in Belgrade and
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n Aymomamusayujy. Jp>xao je
HacTaBy Ha M® y beorpasy 1 Ha
Pynapckom ¢akynrery y Tysmm
Ha IOCTIEAUIVIOMCKUM CTYAuja-
Ma, 3a Te IoTpebe Hamucao je
yubennk. buo je gyroropuumsn
capafHuK Pypmapckor mHCTUTY-
ta beorpap, Mucrturyra Enek-
TPOHCKe MHAycTpuje y Hury u
YrapnpojexTa y beorpany.
Ayrtop mmm xoayrop je 50 Ha-
YYHUX UM CTPY4YHUX pajioBa.
YuecTBOBaO je MAM PYKOBOAMO
UCTpaXXMBabUMa Ha HAyYHUM
IIPOjeKTMMA U Y U3PaJy U PEBU-
3MjaMa MHBECTULIVIOHO-TIPOjeKT-
He [oOKyMeTaumje. AyTop je
BULIE CTyAMja M IIpOjeKaTa M3
obmacTy Ja/bMHCKe KOHTpOJIe
BEHTW/IALMOHUX, TaCHUX U IO-
JKapHUX TlapaMeTapa y pyJHM-
L[MIMa ca MOA3EMHOM €KCIIOaTa-
1ujoM yr/ba. 3ajefHo ca BecHoM
JoBununh, Bykom Papesuhem un
Cno6omanom Byjuhem yrniao
jé U JOIIpMHEO BEIMKOM JICKOpa-
Ky y omnpeMamy 1 yHanpebemwy
HacTaBe M HayyHor paji Ha Py-
mapckoM opceky PI'd-a, obna-
IaBameM 1 yBobhemeM y mpuMe-
Hy 1970. aHanorHe payyHapcke
TEXHUKE, OJHOCHO aHaJIOTHOT
pauynapa TAPA-50.
Hece6u4yHuM aHraxoBameM U
KOHCTPYKTUMBHMM KPE€aTMBHUM
OJJHOCOM aKTHMBHO je JOIIPMHO-
cro yHamnpehemwy paga PI'd-a n
mupe. buo je med Karegmpe 3a
OIIITE MAIIMHCTBO ¥ TEPMOJU-
HaMIKY, 3aMeHMK PYKOBOJMOLA
Pymapckor opcexka, mnpopekaH
daxynrera, wiaH Beha n Cage-
Ta (pakynTeTa, WIAH KOMNCHja
U pajiHuX Tena Ha Paxynrery u
Yuusepsurety. buo je cekperap
CrambeHe 3aapyre YHUBep3u-
TeTa y beorpany, mpemcenHuK
Cex1uje 3a ayTOMaTcKoO ympa-
B/bame y pymapctsy CAYM-a,
uty. OpraHnsaTop u y4ecHIUK je
OpOjHMX HAy4YHUX M CTPYYHUX

at the Faculty of Mining in Tuzla
in postgraduate studies, for whi-
ch purpose he wrote a textbook.
He was a long-term associate of
the Mining Institute Belgrade,
the Institute of Electronics In-
dustry in Ni§ and Ugaljprojekt
in Belgrade.

He is the author or co-author
of 50 scientific and professional
papers. He participated in, or led
research on scientific projects,
and in the preparation and re-
vision of investment and project
documentation. He is the author
of several studies and projects
in the field of remote control of
ventilation, gas and fire parame-
ters in mines with underground
coal exploitation. Together with
Vesna Jovici¢, Vuk Radevi¢ and
Slobodan Vuji¢, he influenced
and contributed to a great step
forward in equipping and im-
proving teaching and scientific
work at the Mining Department
FMG , by mastering and intro-
ducing in 1970 the application
of analogue computer techno-
logy, that is, the analogue com-
puter TARA-50.

He actively contributed to the
improvement of the work of the
FMG and beyond with his selfle-
ss engagement and constructi-
ve creative attitude. He was the
head of the Department of Ge-
neral Mechanical Engineering
and Thermodynamics, deputy
head of the Mining Department,
vice dean of the faculty, mem-
ber of the Faculty Assembly and
Council, member of commissi-
ons and working bodies at the
Faculty and the University. He
was the secretary of the Housing
Cooperative of the University of
Belgrade, the president of the
Section for Automatic Manage-
ment in Mining of SAUM, etc.
He is the organizer and partici-
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CKYIIOBa U CeMMHapa.
3a pesynaTare y HayuM U UH-
XemwepcTBy naypeaTr je OKTo-
6apcke Harpaje rpaga Hwumra
1985. u IlpBomajcke Harpaje
Pymapckor mucturyra beorpapn
- IBa IyTa.

[Tpupenuo
Munou Tanacujesuh

Oparan Ilonosuua (Hum, 02.
04. 1956 - beorpap, 07. 05.
2019), pun. MHX. pyAapcTBa,
Marucrtap M JOKTOp TEXHUY-
KIX HayKa, Hay4YHM CapagHMK.
[IxomoBao ce y pogHOM Ipafy.
Crynuje pygapcTBa 3aBpIIuo je
1981. Ha Pymapcko - reomom-
koM ¢akynrery  YHuUBepsu-
TeTa y beorpagy na Cmepy 3a
MexaHmsanujy. Ha maruanom
dakynTeTy MarucTapcky Tesy
opbpanno je 1999.a moxropc-
Ky puceptanujy 2011. Hayuno
3Bame HAy4YHM CapajHUK CTe-
kao je 2013. Pagmy xapujepy
3amodeo je y PymHuky mpxor
yrba PEMBAC Pecasuma. Ilo-
C/le M3BECHOT BpeMeHa IIpe-
mao je fa paam y Pymapckmu
6acen Komy6apa, Ha mocnoBu-
Ma: pyKOBOAMJIAL, OAPKaBama
TpaYyHMUX TpaHcnoprepa, 1984-
1990. n ynpaBHUMK MalIMHCKe
cnyx6e onp>xaBamwa. Y AMpeK-
nujy Enexrponpuspene Cpbuje
(EIIC) y Dbeorpangy mnpemasu
1997. rpe je paguo Ha aHanu-
TUYKUM, OIIEPATUBHUM U PYKO-
BOJHNM 3aJalyMa Ji0 o3uLuje
nupexropa CekTopa 3a ofpa-
Bame Il HAKHAJJHA y/IaTrama y py-
mapcke kamanuTere EIIC-a. Ay-
TOP W/IM KOAyTOp je 25 HayYHUX
U CTPYYHMX pafioBa, capahusao
je y uspapu 6pojHe CTyAujcKe,
NIPOjeKTHE, MHBECTULMIOHE U
Aapyre TEXHUYIKO-TEXHOJIOIIKE

pant of numerous scientific and
professional conferences and se-
minars.

For results in science and engi-
neering, he was a laureate of the
October Award of the City of
Nis in 1985 and twice of the First
of May Award of the Mining In-
stitute Belgrade.

Prepared by
Milo$ Tanasijevi¢

Dragan Polovina (Ni§, April 2,
1956 - Belgrade, May 7, 2019),
graduated mining engineer, ma-
gister and doctor of technical
sciences, research associate. He
was educated in his hometown.
He completed his studies of mi-
ning in 1981 at the Faculty of
Mining and Geology, Universi-
ty of Belgrade, Department of
Mechanization. He defended his
magister’s thesis at his home fa-
culty in 1999, and his doctoral
dissertation in 2011. He gained
the scientific title of Research
Associate in 2013. He started his
working career at the brown coal
mine REMBAS in Resavica. Af-
ter some time, he moved to work
at the Kolubara Mining Basin,
on the following jobs: head of
maintenance of belt conveyors
1984-1990, and manager of the
machine maintenance service.
He transferred to the Directora-
te of Electric Power Industry of
Serbia (EPS) in Belgrade in 1997,
where he performed analytical,
operational and managerial tasks
until he gained the position of
Director of the Sector for Main-
tenance and Subsequent Inves-
tments in Mining Capacities of
EPS. He is the author or co-aut-
hor of 25 scientific and professi-
onal papers, he has collaborated
in the preparation of numerous
study, project, investment and
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NOKYMEHTallMje U Y UCTPAXKMU-
BambMMa BUIIE MHOBATUBHUX U
pasBojHUX Ipojekara. lompu-
Heo je MebhyHapopHOj capanmu
EIIC-a papmehm Ha mpojektu-
Ma poHaumja EY, yrosapama
pyZapcke ompeMe M MalllMHa
ca IlombckoM, Ha mpojexTuMa
KFB n EBRD wurtg. buo je aH-
Ta)XOBaH y M3pajJy MpoINca 3a
PYZapCcTBO, a Kao 4WIaH pafiHe
rpyne Ilpuspenne xomope Cp-
Ouje y4ecTBOBaoO je y aHasu-
31 M OLleHM MOryhHocTu cym-
CTUTyLIMje PYyJHUYKe OIpeMe
MHOCTpaHuX npoussohaya orm-
pemom pomahe mpomssopme.
buo je 4naH opraHMsanMoHMX
Tenna Bulle foMahux n mebyna-
POJHUX HAyYHUX U CTPYYHUX
CKYIIOBA.
Popomy6bime, eHeprujy, cTpyd-
HOCT, JOCTOjaHCTBO U Xpa-
OpOCT WCIOBUO je Kao YIaH
MHXKemepCcKor TuMa JIupexnuje
3a npoussonmy yrba EIIC-a
y BpeMe usonauyje, CaHKIMja
u ppyrux OpojHMX mpobie-
Ma HameTHytux Cpbuju. 3ax-
Ba/byjyhyl MH)XeHepPCKOM TUMY,
meny sanocnenux y Kocosckum
PYAHMLIMIMA, oIllepaTVBHOM
oco6spy u3 Konyb6ape, Kocron-
na, fome n gpyrux npenyseha,
PYZapcKO - e/leKTpOeHeprer-
cku cucreM Kocosa oppxaH je
y dyukuuju cse go HATO ar-
pecuje u oxynauuje Kocosa u
Metoxuje.
[Tpupenuo
CBCTOMI/IP Makcumosuh

other technical and technolo-
gical documentation and in the
research of several innovative
and development projects. He
contributed to the international
cooperation of EPS by working
on the EU donation projects, by
contracting of mining equipment
and machines with Poland, by
working on projects of KFB and
EBRD, etc. He was engaged in
drafting regulations for mining,
and as a member of the working
group of the Serbian Chamber
of Commerce, he participated in
the analysis and evaluation of the
possibility of substituting mining
equipment of foreign manufactu-
rers with equipment of domestic
production. He was a member of
the organizational bodies of se-
veral domestic and international
scientific and professional confe-
rences.

He showed patriotism, energy,
expertise, dignity and courage
as a member of the engineering
team of the Coal Production
Directorate of EPS during the
isolation, sanctions and other
numerous problems imposed on
Serbia. Thanks to the enginee-
ring team, part of the employees
in the Kosovo mines, operatio-
nal staff from Kolubara, Kosto-
lac, Gosa and other companies,
the mining and electric power
system of Kosovo was maintai-
ned in function until the NATO
aggression and occupation of
Kosovo and Metohija.

Prepared by
Svetomir Maksimovi¢
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Cama Mwutuh (Beorpanm, 07.
05. 1967 — 11. 09. 2020), mur.
MHX. pyJapcTBa, MaTucTap Tex-
HMYKMX HayKa, BUIIM CTPYYHHU
capagHuk Pypmapckor uHCTH-
tyTa. llIkonoBao ce y pogHOM
rpany. Ha Cmepy sa nopsemHy
excroaranyjy  Pymapcko-re-
OJIOIIKOM (paKyITeTy YHUBep-
suteta y beorpagy pumnmomn-
pao je 1996. Ilocnepunnomcke
cryguje sappmmo je 2007. Ha
Karenpn 3a pynmapcke pajiose
U U3pajly MOJ3eMHMX IIPOCTO-
pMja MaTMYHOT QaxynrTeTa ca
TeMOM Tese ,,OnTMMmsanuja
IOjelVHUX LMKIyCca pajia Kof
u3paje NoJ3eMHIX IIPOCTOpHja
y UBpCTOj pagHoj cpegyan’. Of
1996. pagmo je y Pymapckom
MHCTUTYTY beorpan y 3asopny
3a IIpOjeKTOBambe eKCIIoaTa-
Lyje NeXXUUITa Kao IPOjeKTaHT
3a IO3eMHY eKCIIoaTalujy u
II0Jj3eMHe paJioBe.

AyTop nmm koaytop je 22 my6-
NMKOBAaHA HayyHa U CTPy4YHa
paja. Y4ecTBOBao je y peanu-
3alyju TpM Hay4Ha IIpOjeKTa
MpuHuCTapCcTBa IpOCBeTe, Hay-
Ke M TEXHOJIOLIKOT pasBoja. buo
je capajIHMK, OfTOBOPHM WK
I7IaBHM IIPOjeKTAaHT Ha M3pajau
BUIIEe JleCeTMHA IIPUBPEJHNUX
IIpojeKara, MHBECTULIMOHMX
Iporpama, CTyfuja, eKCrepTusa
U peBM3Mja Ipe CBera us IOfi-
3eMHe eKCIUIoaTalyje MeTaany-
HUX MMHEPA/JHUMX CUPOBMHA I
IIOJI3€MHMX PaJioBa.

[Ipupepumn
Henap Makap
n Cpernana [Ilakuh

Sasa Miti¢ (Belgrade, May 7,
1967 - September 11, 2020), gra-
duated mining engineer, magi-
ster of technical sciences, senior
expert associate of the Mining
Institute. He was educated in his
hometown. He graduated from
the Department of Undergrou-
nd Exploitation at the Faculty of
Mining and Geology, University
of Belgrade in 1996. He comple-
ted his magister’s studies in 2007
at the Department of Mining and
Construction of Underground
Premises at the home faculty with
the thesis titled “Optimization of
individual work cycles in the con-
struction of underground premi-
ses in a solid working environ-
ment”. Since 1996, he has worked
at the Mining Institute Belgrade
in the Institute for the Design of
Reserve Exploitation as a desi-
gner for underground exploitati-
on and underground works.

He is the author or co-author of
22 published scientific and profe-
ssional papers. He participated in
the realization of three scientific
projects of the Ministry of Edu-
cation, Science and Technological
Development. He was an associa-
te, responsible or chief designer
in the development of dozens of
economic projects, investment
programs, studies, expertise and
audits, primarily in the field of the
underground exploitation of me-
tallic mineral raw materials and
underground works.

Prepared by
Nenad Makar
and Svetlana Saki¢
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