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Caxerak: Y pagy je gaili tipuxas ieonowikux gociiuinyha itioxom 88 loguwirel wipajaroa ieonowKux Uciipa-
scusara. Konybapcku yimocnu 6acen, ca uenttpom y /lasapesuyy, Hanasu ce apubnuxcro 50 km jyxcro og Beo-
ipaga. OcHoBHA MUHEPANHA CUPOBUHA je MeKU MPKU Yyiam — aulnuill. Exciiznoaiiayuja muiHuitia epuiu ce Ha
HEKONIUKO TOBPUIUHCKUX KOT1084d, 0g KOjux cy Heku 3ailovenu ca pagom floueitikom 50-itiux ioguna XX eexa.
Hocunay, pygapckux axitiusrocitiu je pygHux PB ,, Konybapa“. Tpenyitito, ioguuitba ipou3eogrba Ha c6UM aKiti-
sHUM kotiosuma usHocu =30Mt nuinuitia. Omikofiane Konu4uHe TUTHUILAG Kopucilie ce y illepmoeHepieilicKum
kanayuitiediuma — TE ,Hukona Tecna A u B - 3a tipoyec tpoussogre enexitipuute enepiuje. Osaj pygrux
ipegciniasmpa oKoCHUYY pygapcke u enepieiticke tpuepege Cpbuje. Ieonowika ucilipaxcusarba 3aiiouend cy
3HAUIHO ipe otlisaparba Ho8PUUHCKUX KOTI08a, HAgose3yjyhu ce Ha jamcKy ekciinoattiauujy nuiHuina, Koja je y
osom peiuony 3aiiouena kpajem XIX eexa. Caspemera ieonowika ucitipaxusarea ioeesyjy ce ca oveuyuma uc-
wipaxcHoi 6ywerva 1936. iogune. Toxom 8 geueruja ucitipaxcusarba ce u3soge y KOHMUHYUHely, u ipegciioju
aza 0b6umnoi gogaitinoi ucimipaxcroi 6ywera. Og tpsux ioguna paga, Ha dpocitopy og 220 km? usbyuiero je
suute og 7.400 ucitipaxcHux 6ywottiuna u ucitipaxcero je suue og 4.100.000.000 t nuinuitia. Toxom tipoitieknux
32.000 ieonowxux gana ieonozu Konybape cy Heiipekugro Ha céaka 4 gana gogasanu iio jegHy HO8Y UCTHPARHHY
Oywothiuty yKyiiHom QoHgy ieonouike gokymeriayuje.

K)I)y‘ﬂ-[e peun: TEOJIOTUJA, PYIAPCTBO, UICTPAJKMBAIDA, ICTPAJKHO BYIIEILE

Abstract: This paper presents a brief overview of the geological achievements during 88 years period of
continuously geology explorations. These geological explorations of coal span two centuries (the XX and XXI
centuries) and are still ongoing Kolubara Coal Basin, with its center in Lazarevac is located 50 km south of
Belgrade. The basic mineral raw material is soft brown coal - lignite. The exploitation of lignite is carried out
on several surface mines, some of which began to operate in the early 1950s. The carrier of mining activities is
a mine Kolubara Coal Mines (KCM'). Currently, annual production on all active mines is =30Mt lignite. The

1 KCM — Kolubara Coal Mines
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entire quantities of lignite dug out are used in Thermal Power Plants ,,Nikola Tesla A & B for the electricity
generation process. As such, this mine is the backbone of the mining and energy industries of Serbia. Geological
exploration began well before the opening of surface mines, building on the underground mining of lignite,
which began in this region at the end of the 19th century. Modern geological exploration is related to the
beginnings of exploratory drilling in 1936, and over the course of 8 decades, exploration has been carried
out continuously. In early 2024, a phase of extensive additional exploratory drilling is forthcoming. Since the
first years of operation, more than 7.400 exploratory boreholes have been drilled in an area of 220 km2; >
4.100.000.000 t of lignite has been explored. Over the past 32.000 geological days, Kolubara geologists have
continuously added one new exploration borehole every 4 days to the total geological fund of documentation.

Key words: GEOLOGY, MINING, EXPLORATION, DRILLING, BOREHOLES

PETMIOHAJIHM ITOJIOKAJ KOJIYBAPCKOTI'
YITbOHOCHOI bACEHA

Jlexxumita nuranta ,Komybapa“ geo cy komy-
Gapckor yr/boHOCHOT OaceHa. IToBpumHa 6a-
ceHa je 220 km* u Hamasu ce 3amagHoj Cpou-
ju, Ha 50 km jyxno oxn Beorpama (Cnuxa 1).
Kony6apcku yrivonocHn 6acen usrpabet je on
MeTaMOp(I)HI/IX, MarmMaTCKux 1" IPBEHCTBEHO
cemMMeHTHIX cTeHa Ilameosonka, Mesosouka
u Kenosouxa.

REGIONAL SETTINGS OF KOLUBARA
COAL BASIN

Kolubara Coal Mines (KCM) are part of Kolubara
Coal Basin. It seats in western Serbia, 50 km
southwest of Belgrade with 220 km? area (Figure
1). Kolubara Coal Basin represent a complex
metamorphic, magmatic and sedimentary litho-
logical suite of Paleozoic (Pz), Mesozoic (Mz) and
Cenozoic (K) age.

Cnuxa 1, IIpeinegna ieoipagcka maiia jyioucitioune Eépoiie ca iosuyujom konybapckoi
yimonocHoi 6acena (6ena iwauxa), 50 km jyxno og Beoipaga

Figure 1, Overview geographic map of southeastern Europe with Kolubara Coal Basin
position (transparent dot), 50 km south of Belgrade

VNCTOPUJAT T'EOJIOIIKNX
VNCTPAJKVIBAIbA

CpennaoMm 30-MX TOOMHA [JBafieCeTOr BeKa
[I0YMIbY CaBpeMeHa TeOJIOlIKa MCTpaK/Bamba
OBOT nofipyyja. IIpBa ncTpaxuBama rodena cy
1936. ropuue Oyiremem 17 OYLIOTIHA, Ca OKO
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HISTORY OF KOLUBARA COAL MINES
GEOLOGY EXPLORATIONS AT THE
BEGINING

During the twentieth century, at mid-30s start
modern geological research in this area. The
first explorations began in 1936 with the drilling
of 17 boreholes, with about 1,600 m of drilling.
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1.600 m 6yurema. byureHo je crapum Trnosuma
MCTPaKHUX rapHUTYpa (cnmKa 2).

It was drilled with old types of exploratory
drilling rigs, so-called shot drilling (Figure 2).

Cnuxa 2, Citiapu iiuti iapHuiiiype 3a UCTHPANCHO Oyulerbe; PYHHO UL MAUUHCKO TIOKpeiliatbe
6ywahux wiuiiku; kapaxidepucitiuuro 3a iepuog ipe I ceeitickoi paitia (www. Wikipedia.com)

Figure 2, Old type of exploratory drilling rig; manual or mechanical starting of
drill rods; characteristic before World War I1 (www. Wikipedia.com)

Hajsehn 6poj 6yuroruna Hamasu ce y pejoHy
cena Bpeonu, Ha NpocTOpy flaHaC IIO3HATOM
Kao nospe [I. HakoH Tux npBux 365 reoIomKmnx
TlaHa, Te0JIo3M CY JIeMMMIYHO CXBAaTWIN MOp-
dororujy yr/peHor cioja, a ia Cy MOIIU, KOM-
HjyTepckyu 6M MOJeNnupanyu IOAVHY YITbEHOT
cnoja (cnuka 3).

The largest number of boreholes are located in
the region of the village of Vreoci, in the area
known today as field D. After those first 365
geological days, geologists partially observed
the morphology of the coal seam, and if they
could, they would have modeled the bottom of
the coal seam on a computer (Figure 3).

Cnuxa 3, Bywotiune us 1936. iogune y aitiapy cena Bpeoyu, ganac ilo3Hailiujem Kao iospuiUHCKY KOl
wIome I 3] mogen iloguHe inasnoi yimeroi cnoja Ha 6a3u ek HeKOTUKO 6YuoTHUHA

Figure 3, Boreholes from 1936. year in the area of the village Vreoci, today better known as the open pit ,,Field D
3D floor model of the main coal seam based on just few drill holes

TUITIOBU BYINA'RMX TAPHUTYPA TTOCJIE
40-tux 1O JAHAC

ITocne Tora, Kao Hu 3a Bpeme JIpyror cBeT-
CKOT paTa, Huje 6uao Oyiewa. [IpBa Hapen-

TYPES OF DRILLING SETS AFTER 40’s AND
UP TO THESE DAYS

After that period, as well as during World War
II, no drilling was done. The first subsequent
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Ha OymoTuHa m3bymieHa je 1945. ropmee, a
HaKOH TOTa Ce CBe BIIIIE 6yu11/mo. Opn 1945,
[0 [aHAaC, TeOJIOIIKa MCTPaKMBalba Ce BpIle
KOHTVHYMPAHO, WUCTPOXHMM OyllemeM ca
jesrpoBameM ca IOBpIIVHE TepeHa. VcTpa-
XMBama Cy Oua ycknaheHa ca pasBojeM HOBp-
IIMHCKUX KOIIOBA, a Y MOjeAMHUM JelleHrjaMa
ce BuIe OyInia UCTOYHA, a IOTOM U 3alajHa
nonosuHa Komy6apckor YrpoHocHor baceHa.
Takobhe, BpemeHOM je y ymorpebu 6mmo cse
BUIIIe CaBpeMeHMX TuIoBa ypebhaja 3a Oymieme
(cnuxe 4-7).

well was drilled in 1945, and after that, more
and more were drilled. Observed up to the
present day, geological research is carried out
continuously, using exploratory drilling with
coring from the surface of the terrain. Research
was coordinated with the development of
surface mines, and in some decades the eastern
and then the western half of the Kolubara coal-
bearing basin was drilled more. Also, over
time, more and more modern types of drilling
rigs were in use (Figures 4-7).

Cnuxa 4, Tuii iapHuitiype 3a UCTpaicHo byulerve Kapaximiepucimiuan
3a iepuog Haxon 11 ceettickoi paitia (www. Wikipedia.com)

Figure 4, Type of exploratory drilling rig typical of
the period after World War 1I (www. Wikipedia.com)

Cnuka 5, Tuii iapHutiiype 3a UCpaicHo Oyuierve KApaKimlepuciiudan
3a tepuog 70/80-iwmux ioguna XX eexa (www. Wikipedia.com)

Figure 5, Type of exploratory drilling rig typical
for the period of the 70s/80s of the 20th century (www. Wikipedia.com)
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Cnuxa 6, Tuii iapHuiilype 3a UCTAPANHO Oyulerve KAPAKTAEPUCTIUYAH 30 Hepuog
90-tmiux ioguna XX eexa (www. Wikipedia.com)
Figure 6, Type of exploratory drilling rig typical
of the 1990s of the 20th century (www. Wikipedia.com)
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Cnuxa 7, Tuii iapruitiype 3a UCipaicHo byuierve Kapaxilepuciiuuan
3a noueitiak XXI sexa (www. Wikipedia.com)
Figure 7, Type of exploratory drilling rig typical of the beginning
of the XXI century (www. Wikipedia.com)

VCTPAJKHO BYIIEILE ITO JEKATAMA BORE DRILLING BY DECADES

Toxom mpoteknux 88 ropmMHa y PYSHUKY At last 88 years at KCM were performed a suite
»Komybapa“ je o6aB/beH HM3 pelpe3eHTaTUB- of representative modern geological explora-
HIX CaBPEMEHMUX TE€OJIOIIKMX MCTpaKMBarba tions with economic geology explorations as

ca pajjloBUMa y LM/bY yTBphuBama KOIU4nHe principle. Surface exploration core drilling,
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M KBaJMTeTa YI/ba, Kao JOMMHAHTHuM. Vc-
TPa)XHO OyIeme BepTMKaTHUX OYIIOTMHA ca
HOBpIIVHE TepeHa (ca KOHTMHYMPAHVM jes-
rpoBarbeM U ca rpeko 7.400 6yIIoTiHa 1 IPeKo
600.000 m ykyIiHe jy)X1He), O11/1a je I/TaBHa TeX-
HIKa MCTpakuBama. VcTpaxkuBama je ClipoBo-
muna Teosnomika cmyx6a pynHUKa, Koja ce Kao
ollepaTMBHA Halasyl Ha aKTMBHMM IIOBPILUNH-
CKMM KOIIOBUMA, &I 11 y CeAMINTY mpenyseha
y JIasapeBlLy, Kao IpOjeKTHA I'e0JIOIIKA IPyIIa.
Hajsnavajun pesynrar je oko 4,1 mumnmjapue
TOHA MCTPAXXEHMX pecypca IMTHUTA Y OpOjHIM
UCTPa’KHUM/€KCIITIOaTallIOHNM II0/bJIMA YI7ba,
y3 JloJlaTHe pecypce HeMeTalMYHUX MMUHepal-
HMX CHMPOBVMHA (KBapLHM IIeCaK, IUbYHaK,
IJIVHE, AMjaToMUT...). [llecT BaXKHUX JIe)XmIIITa
(4mju je Bek eKcIUroaTanyje 3aBplleH) 6MoO je
y eKCIIoaTalyji MOBPIIMHCKMM KOIIOBUMA.
To cy xomoBnu: ,mobe A Koje 3aBpIIWIO paj
KpajeM 50-ux roguHa XX Beka 1 KoII ,,JaMHaBa
— Vcrouno ITome” koje je 3amoyeno pax 1980 y
XX Beky a sappuimio pap y XXI BeKy, OJHOCHO
2004. romuHe; Takobe MOBPIUIVMHCKM KOII/Jie-
xuuire ,Bemku Lp/peHn fenmmuyHo je ot-
KOIIaHO (paBHMYAPCKU Jie0) 1o Kpaja 2016. ro-
IVHe, TOK je Kor/nexuiure ,,ITo/pe B oTkomano
no Kpaja 2017. rogmue. IloBpummHCckM Ko/
nexuire ,,1o/pe [ yrmaBHOM je 0TKOIaHO 10
Kpaja 2023. rogune; Hajsehu n HajsHavdajuuju
HMOBPIIMHCKM KOII/JIeXUIITE JUTHUTA ,llome
I 3aBp1no je cBoj )XMBOTHY Bek 2016. rofHe.
[ToBpummucku kom ,Ilome I'“ je jour yBek y
pany noderkom 2024. roguae. [Togerkom 2017.
rofijiHe IIOYMIbY PpajloBM Ha IIOBPIIMHCKOM
komy ,Ilobe E“ u y ToKy cy pajoBu Ha Koy
»lamHaBa - 3amagHo Ilome“ Ha ToM komy
TEPEHCKI PYAAPCKA pafoBu Cy Y TOKY oz 1990.
roguHe. [Tpeocrana noma (Papmeso, [Tome D)
Cy IUIaHMPaHa 3a JCKOIaBalbhe Yy HapeJHUM
IeKazama.

Ocrana nexuuira (6o/pe pehu pyaHa noma) cy
pacIpocTpameHa 10 1[eJIoM KOITybapcKoM ce-
AVMEHTHOM 6aceHy ca COICTBEHUM CTEIIeHOM
reojIolIKe UcCTpakeHocTu. Ha mpumep, numMamo
JIOKUIITA KOja Cy y paHuUM (ha3aMa IeoIOMKIX
MCTPaXXMBama, a Ca pyre CTpaHe 1 f0OPO uc-
TPa)KeHa JIEXKUIITa KOja Cy y eKCIUIOATalMj.
[Mocnepmwy feduHNLTY €KOHOMUYHOCT KOM-
naHuje. Pesynratu uctpaxusama 611 ce MOI/IN
IpMKasaTy y HEKONMKO acIeKarTa, y IpUpoj-
HUM ¥ eKOHOMCKMM IIapaMeTpuMa.
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with >7,400 boreholes and >600.000 m, was
major exploration method. Mentioned explo-
rations were conducting by the KCM Geology
Survey, which seat on active open pits as oper-
ative department and in enterprise headquar-
ter in Lazarevac, as designing division. By the
way, as summary, we can talk of about 4,1B
tons of explored lignite resources in numerous
exploration/exploitation coalfields, with addi-
tional non-metallic resources (quartz sands,
gravels, clays, diatomites...). Six of important
deposits were under open pit running and
all of them reach its dead end. Deposits ,,ore
Field A at late 50’s of XX century and “Tam-
nava-East Field” which star at 1980 in XX
century and reach dead end at 2004. In XXI
century, are examples. Also, open pit ,Veliki
Crljeni“ in 2016. is partially dug out, only in
its flat area. Another one, open pit ,,Field B is
fully mined out in 2017. Open pit ,,Field C* is
almost dug out at 2023. The largest and most
important surface mining of lignite ,,Field D*
finalized its lifetime at 2016. Open pit ,,Field
G“ is still under partially running at the ear-
ly 2024. In early 2017. opening mining works
start at surface mine ,Field , and full min-
ing operations are undergoing. In open pit
»Tamnava-West Field“ mining operations are
undergoing since 1990 and still is ongoing.
The remaining fields (Radljevo, Field F) are
planned for excavation in next decades.

The other deposits (better to say ore fields) are
widespread all over Kolubara sedimentary ba-
sin with its own level of geological exploration.
We have deposits that are under early phases
of geological exploration, and from the other
side well explored deposits that are under min-
ing operations. The last ones define economy
of the company. The exploration results could
report in a few aspects of view, in naturally and
semi-economic parameters.

For the most part were performed by core
drilling, with vertical boreholes from the sur-
face. Exploration drilling regularly monitored
and other geological works, such as a detailed
geological mapping and sampling of core, hy-
drogeological and geotechnical research/test-
ing, mineralogical and petrographic exami-
nation of coal and accompanying sediments.
Modern detailed geological exploration begins
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Hajsehnm fennom n3BefieHo je Oylierse ca je3rpo-
BambeM, BEPTVUKaTHUM OYIIOTHHAMA ca IOBPIIN-
He TepeHa. VIcTpaxHO Oyleme peflOBHO Ipare
U JIPYTU TeOJIOUIKM PajioBy, Kao ILUTO CYy JeTasb-
HO TeOJIONIKO KapTUpalbe U Y30PKOBaIbe jesrpa,
XIJIPOTEOJIONIKA 1 T€OTEXHIYKA VICTPXKMBaIba/
UCIUTUBAKba, MUHEPAIOIIKa ¥ IeTporpadcka
UCINTUBakba yIba U Iparehmx cemyMeHara.
CaBpeMeHa JieTa/bHa T€OJIONIKA MCTPKMBAIbHA
nouny 1936. 6yierem 17 UCTpaXHUX OyLIO-
TuHa. bymoruHe cy ce yriaBHOM Hajasuie y
aTapy cena Bpeony, Ha IpocTOpy Koju je faHac
MO3HAT KA JIEKMUILTE U HOBPIIMHCKO KOII ,,II0/be
I VictpaxxuBarma Cy HacTaB/beHa JI0 JaHac. Je-
IMHM TpeKup 6mo je TokoM Jpyror cBeTCKOTr
pata, KpajeM 1945. ropute us0ylieHa je Hapen-
Ha 18. 6ymornHa. Toxom oBux 88 ropuna paja,
Y CKJIAJly Ca pa3BoOjeM HayKe U TEXHOJOTHje, IIpY-
MeIbJBaHe Cy pas/iMuuTe MeTOfe NeTa/bHUX re-
OJIOUIKMX MCTpaXMBamba. Ca KaleHJapcKe Tauke
IJIEAMINTA, TeOJIOIKA MICTPKMBama ce Takohe
MOTY IIOfIe/IUTY Ha fielieHuje (cmKa 8).

in 1936. by drilling 17 exploratory holes. The
holes were mostly located in the area of the
village Vreoci, in the area known today as the
deposit and surface mine ,field D Research
has continued to the present day. The only
interruption was during WW 1II, in late
1945. was drilled the next 18th hole. During
these 88 years of work, in accordance with
the development of science and technology,
various methods of detailed geological
research were applied. From a calendar point
of view, geological surveys can also be divided
into decades (Figure 8).
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Cnuxa 8, Ilpeinegru tipukas obuma ucitipaxcroi 6yuerva y Konybapckom Yimoroctom Bacery,
o gexagama, 3a tiepuog 1936-2024.

Figure 8, Outline of exploration drilling in the Kolubara Coal Basin,
by decades, for the period 1936.-2024.

MCTPAJKHO BYHIEIHE Y XX BEKY

W3 npukasa Ha cmy 8 yoyasa ce fia je y ITo4YeT-
HIMM TOf[IHAMAa MCTpaXMBama 0OMM Oyllerma
6o Mam, Ha IpuMep cBera 14.000 m 1o Kpaja

XX CENTURY DRILLING

It can be seen that in the initial years of explo-
ration, the volume of drilling was smaller, for
example only 14.000 m by the end of the 40s of
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40-ux roguHa 20-Tor Beka. Jlo kpaja 70-Tux
rofgyHa 20-TOT Beka OyIIM/IO Ce MHTEH3MBHO
y BeheMm 6pojy mcTpakHUX mojpa. TakosBaHa
»CTapa MIKO/IA“ Teojiora M3Bela je IpPeKo
160.000 m Oymurera y3 cBe mparehe reosorike
pamoBe (KapTupame jesrpa, ompobaBarbe, U3-
pama mokymenrauyje...). Hajsnauajunje cy 80-
Te TopuHe 20 BeKa Kaja je u3bylIeHO peKopf-
HUX 233.000 m Oy1iera 1 Taj Heproy je Ha3BaH
»3/IaTHE TOZIVHE" 3 T€0/IOT1jy Ha OBOM PYIHU-
Ky. Moryio 6u ce pehn 1a Taza HeKaKo u rpecraje
OCHOBHO T€OJIOLIKO MCTPAXXMBame YI/ba Te Ja
Cy C/I0jeBM yI/ba Ae(pUHICAHM KAKO IPOCTOP-
HO, Tako U 1o ny6muu. Beh mouerkom 90-Tux
rofiMHa Ipenasu ce y ¢asy eKCIUIoaTalmo-
HUX (PYBHMYKO-TEONOUIKMX) WCTPaKUBaba
U Taj BUJ, T€OJIOUIKMX MCTPAKMBamba TPaje 10
HaHaIIBKX faHa. Haxanoct pat y 6usmioj Jy-
roc/IaBuju U cakuyje npema Cpbuju ycriopune
Cy puTaM Oy1era ¥ TokoM 90-Tux 136yIInIo ce
KOINKO ce Mor1o, ogHocHOo 40.000 m 6y1neH>a.

MCTPAJKHO BYHIEILE Y XXI BEKY

»ITocme 2000 ymasumo y 21 Bek. VicTpakuBama
cy poxycupaHna Ha IPOCTOP Y AKTUBHUM ITOBP-
IIVHCKUM KOIIOBMMA, @ TO CY TUIIMYHA eKC-
IJI0ATAIIOHA UCTPAXKVBambha Koja Ce U3BOJE Y
by 6osper geduHUCama nyOuHe 1 gebprHe
YIJbeHUX C7I0jeBa, IbMXOBE PAaClI0jeHOCTH M
oppebuBamy kBamurera. Cser ynmasu y III-hy
a Takohe u y IV-Ty TeXHONOIIKY peBOmyLujy.
Y pymunky Komy6apa mosehana maxma ce
nocBehyje XMAPOreonmOUKIM 1 TeOTeXHUYKIM
JCTPaXMBabIMa, UCTPAXMBamb/UMa HeMeTa-
JIMYHUX MMHEPATHUX CUPOBYHA, €KOTOUIKIM
¥ TEXHOJIOIIKMM KapaKTepPUCTUKaMa IMTHATA.
Y npBux 20 roguHa 21-BOT BeKa U30yLIEHO je
oko 93.000 m Oymema y3 npatehe reomomike
pagoBe. Haxon 2020. roguHe mu3BOfme ce
ybp3aHa TeoJIOIIKa MCTPaKMBalba Ca LM/beM
IpUIpeMe KBaTUTEeTHE T€OJIOIIKe TOKYMeHTa-
Iyje 3a paj Ha IPOLIMpPEHY IOBPIIMHCKUX
KOIIOBa U OTBapamy HOBMX. OBU TeOIOLIKI
MICTPa)XXHNU PafioBU CY y TOKY 1 Tpajahe Hapes-
HIUX HeKommko ropuHa. Iloeehan je obum
TabopaTOPMjCKUX MCINUTUBAmA, Oymm ce ca
caBpeMeHMjuM 6Oyurahum rapHutypama. 3a Te
npse Tpu ropyue (2021 -noverak 2024) us-
Oy1eHo je oxo 15.000 m.
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the XX century. The so-called ,,0ld school® of
geologists during 60s and 70s performed over
160.000 m of drilling along with all accompa-
nying geological works (core mapping, test-
ing, documentation preparation...). The most
significant are the 80s of the XX century when
arecord 233.000 m of drilling was drilled and
that period was called the “golden years” for
geology at this mine. It could be said that then
the basic geological exploration of coal some-
how ends and that the coal layers are defined
both spatially and in depth. At the beginning
of the 1990s, the phase of exploitation (min-
ing-geological) research began, and this type
of geological research continues to this day.
Unfortunately, the war in the former Yugo-
slavia and the sanctions against Serbia slowed
down the pace of drilling, and during the 90s,
as much as possible was drilled, that is, 40.000
m of drilling.

XXI CENTURY DRILLING

»Beyond 2000“ we enter the XXI century. The
research is focused on theareainactive surface
mines, it is typical exploitation research that
is carried out in order to better define the
depth and thickness of the coal layers, their
stratification and quality determination. The
world is entering the IIT and IV technological
revolution. In the KCM, increased attention
is paid to hydrogeological and geotechnical
exploration, exploration of non-metallic
mineral raw materials, ecological and
technological characteristics of lignite. In the
tirst 20 years of the XXI century, about 93.000
m of drilling was drilled with accompanying
geological works. After 2020, accelerated
geological exploration is being carried out
with the aim of preparing high-quality
geological documentation for work on the
expansion of surface mines and the opening of
new ones. These geological exploration works
are ongoing and will continue for the next few
years. The scope of laboratory tests has been
increased, drilling is done with better quality
drilling sets. In those first three years (2021 -
early 2024) about 15.000 m were drilled.
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MCTPAJKHO BYHIEILE Y XX M XXI BEKY

Mo>ke ce KOHcTaroBaty fa je mocie 32.000
reo/IoMIKMX faHa u3byueHo 600.000 m, a fja
cy reonosu Konybape nogaBaii 110 jeflHy HOBY
UCTpaXXHy OYIIOTMHY Ha cBaka 4 jmaHa. Tume
ce mosehaBao 06uM (QOH/IOBCKe TreoTolIKe
TOKyMeHTaluje.

IToyeTHn mnepuoj NpUMeHEHNUX [eTA/bHUX
Teo/IOIIKNX MCTpaKuBama 6mo je ox 1936.
1o 1949. ropuue (207 6ymoTtnHa ca 14.500 m
Oymrema (cmmka 9)) u 610 je YBOJHM 3a IIe/o-
KymnHy reoynorujy Konybapckor bacena. Hakon
oBor nepuopa, Pynuuxk nuranra Komy6apa no-
4YIIbe CBOj YCIEIIaH PajiHM BeK.

XX-XXI CENTURY DRILLING

The conclusion is that after 32.000 geological
days, that 600.000 m of drilling was drilled,
and that KCM geologists added one new
exploratory borehole every 4 days. Thus, the
scope of the fund geological documentation
was increasing.

The initial period of detailed geological sur-
veys applied was from 1936 to 1949 and was
most significant for the entire geology of the
Kolubara Basin. After this period the Kolubara
Lignite Mine begins its successful working life.
During this period, 207 holes were drilled with
14.500 m of drilling (Figure 9).
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Cnuxa 9, Konybapcku Yimonocnu bacen ucitipaycne 6ywoitiune 3a tiepuog 1936-1949. - ucitiouru geo,

«

y womuma ,AS B L u ,,[I% y maroj mepu oko jama ,,Kocmaj“ u ,,Asana“; uypre fauxuye — uciiipaicre
Oywoitiune, upHa kpuea nuruja — pexa Konybapa

Figure 9, Kolubara Coal Basin Boreholes from 1936-1949. - Eastern part in the
fields ,, A B, ,,C“and ,,D; partly around the ,,Kosmaj“ and ,, Avala“ UM;
black dots - drill holes, black curved line — Kolubara River

ToxoM OBMX IOYETHUX TO[[MHA, OfIBUja ce je-
IOVMHO IIOJfi3eMHa eKCIlJIoaTallyja, a IOBPILNH-
CKJ KOTIOBM Cy Y a3y pa3Boja/IIpojeKToBamba.
[TogsemHa excrtoaranuja obaspana ce y 12
PYZAapCKMX OKaHa, KaKO y MCTOYHOM TaKO I
y 3amagHoM fieny 6acena. IloTpourma yripa je
Omla CKpOMHa, Kao ¥ HeroBa IPOU3BOJMA.
[Tpsa Tepmoenekrpana y Cpb6uju ,,Komybapa
A", orBopena 1936. ropuHe, y ceny Bemuku
Ipmeny, je 3axreBana 3Ha4YajHUje KONMYMHE
nurHuTa u npaheme werosor kpamurera. OBa
HOTPaXkKiha 3a JIUTHUTOM je, CYIPOTHO IIpeT-
XO/IHMM TOJJHAaMa, HAaMeTHy/la IOYeTaK O3-

During these initial years, only underground
mining takes place, surface mines are in the
development/design stage. Underground ex-
ploitation was carried out in 12 mining shafts,
both in the eastern and western parts of the
basin. Coal consumption was modest, as was
its production. The first thermal power plant
in Serbia, ,,Kolubara A, opened in 1936, in the
village of Veliki Crljeni, required significant
quantities of lignite and monitoring of its qual-
ity. This demand for lignite, contrary to previ-
ous years, forced the beginning of more seri-
ous geological research. After the WW II, very
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OM/bHUjUX TeOJIOMIKMX MCTpaKuBama. [locre
Ipyror cBeTckor para, Beoma 6p30, 1950. ro-
JVHE, OTBOPEH je M IPBYU IOBPLIMHCKM KOII Ha
yrpy y Cpbuju/Jyrocnasuju ,,ITome A”

ITepuop ox 1950. go 1959. rogunHe 3Hay4ajaH je
360r OoTBapame IPBUX MOBPIIMHCKMAX KOIIOBA
murauta y Cpouju (moBpImHCKY Kol ,,ITorpe A*
1950. rogune). TokoM oBe fielieHnje U36yIIeHO
je 545 6ymoruHa ca 44.000 m 6ymema (Cnmka
10). 3amouere cy mpurpeme 3a OTBaparbe joIi
iBa IOBpIIMHCKA Koma — ,,JI“ u , B a oba cy
OTBOpeHa No4eTkoM 60-mx roguHa XX Beka.

quickly, in 1950, the first surface coal mine in
Serbia/Yugoslavia, ,,Field A", was opened.

The period from 1950. to 1959. is significant
for the opening of the first lignite surface mines
in Serbia (open pit ,,Field A in 1950.). During
this decade, 545 boreholes were drilled with
44,000 m of drilling (Figure 10). There were
preparations for opening two additional open
pits ,D“ and ,,B, both in early 60s.
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Cnuxa 10, Kony6apcku Yimonocuu Bacen, ucitipasxcre 6ywotiune 3a tiepuog 1950-1959. - ucitiounu geo y
womuma ,AS B, L“u,,JI% upHe iliaukuye — ucitipaicHe 6yuomiune,
upHa xpusa nunuja — pexa Konybapa
Figure 10, Kolubara Coal Basin drill holes from 1950-1959. - eastern part, in the fields ,, A5 ,B ,C, ,D“ and ,E*
black dots - drill holes, black curved line - Kolubara River

V3y3eTHO 3HayajaH IepHoOj 3a reo/IoUIKa JC-
TpakuBama 610 je usmehy 1960. n 1969. ro-
IVHe, KaJia Cy UCTpaXVBama Takobhe 1o mpau
HyT Ipellla y 3amafHu geo OaceHa (morpa
»PampeBo’ n ,TamHaBa“). Mako cy y ToMm
3allafHoOM Jenny OaceHa Owmte y QyHKIVjK [iBe
aKTVUBHe jaMme yrba (,3BU3fap™ u ,Pammpeso’),
0301/bHA TEOJIOIIKA MCTPaKMBamka Ha TOM
noppyyjy (mospmmHe Bume on 100 km?)
moyena €y TeK Io4eTkoMm 60-ux ropmHa XX
Beka. KommaHuja pasmaTpa oTBapame HOBUX
MOBPUIMHCKMX KOIIOBA U HA TOM INOAPYYjy. Y
OBOM Ilepuony nsbyueHo je 1.269 6ymornHa
ca 84.250 m 6ymema (Cnuka 11). Tokom 70-
TUX TOf[MHA HACTaB/bajy Ce Ieo/IolIKa MUCTpa-
XMBamba Ha IenoM mnpocropy Komybapckor
bacena, y ckopo mnopjegHakoj Mepu Kako y
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An extremely significant period for geological
exploration was between 1960. and 1969., when
the exploration also for the first time moved to
the western part of the basin (the fields ,Radl-
jevo', ,Tamnava“). Although two active under-
ground coal pits ,Zvizdar® and ,Radljevo®)
were in operation in that Western part of the
basin, serious geological research in that area
(area of more than 100 km?) began only at the
beginning of the 60s of XX century. The com-
pany is considering opening new surface mines
in that area as well. During this period, 1.269
boreholes were drilled with 84.250 m of drill-
ing (Figure 11). During the 1970s, geological
explorations continued throughout the Kol-
ubara Coal Basin, almost equally in the eastern
and western parts of the area. Intensive drilling
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VICTOYHOM, TaKO ¥ y 3allafHOM [ely OOIacTi.
VuTeHsuBHO ce 6y1um y 30HU oTBapara bynyher
HOBPIIVHCKOT Koma ,,lamHaBa-Vcrouno Ilome"

is underway in the opening zone of the future
surface mine ,,Tamnava-East Field* That sur-
face mine was opened in 1980.

Taj noBpumHCKH Korl je orBopeH 1980. rofuHe.
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Cnuxka 11, Konybapcku Yimonochu Bacen, ucitipascte 6ywoifiue 3a tiepuog 1960-1969. — ucitiouru geo 6acena,
y womuma 55,105,105 ,ES D ,,['; y 3nauajuoj mepu oxo jama ,Kocmaj“ u ,,Asana’; y saniagrom geny 6acera
senuxu 00um Oywerva y iomuma ,Tamnasa-Vciouro u 3aiiagro tiomwe’; ,,Pagmeso’; upHe auxuye —
ucitipaxcHe Oyuioitiure, upHa kpuea nuxuja — pexa Konybapa
Figure 11, Kolubara Coal Basin, drill holes from 1960-1969. year, the eastern part — in the fields ,,BS ,C*, ,DS; ,,ES
SES G significant around the ,,Kosmaj“ and ,, Avala“ UM; in the western part — in the fields Radljevo, Tamnava
West and East Field (TWE, TEF), t; black dots - drill holes,
black curved line — Kolubara River

HajsHavajHuju mepmop 3a reosoOlIKa MCTpa-
xuBawa y Komybapckom baceny 6mo je of
1980. mo 1989. roguue. Ha ocHoBy o6uma nc-
TpaKuBama HasBaH je u ,,31maTHo JJoba“ reoso-
ruje. Y oBoM Iepuopy usOymeHo je 2.287
OymoTnHa ca 233.000 m (Cnuka 12). Byum
ce y uemoMm 6GaceHy, KoMbuHyjyhn kmacmana
UCTpaKHa OyIlela Be3aHa 3a MCTPAKMBaIbe
AucTpubyLuje yrba ca eKCIUIOATALIOHNM PY-
JapCKO-TeONIOMKNM OyIlermeM Ha aKTUBHUM
HOBPLIMHCKMAM KOIIOBYMA.

Op 1990. o 2024. ropuue Qokyc je 610 Ha
norymhemy Mpexe MCTPaXHUX OYIIOTMHA
¥ OIIEPAaTUBHUM PYHAAPCKO-TEOTOUIKAM JC-
TpaxuBamuma. OO6MM MCTpaXHOT OyIIema
ce mocrermeHo moBehaBa, mpyu uYemy ce
3HavajHa MaXKbha Nokaama nosehawy 6Opoja
71abOpaTOPMjCKMX aHAIN3A Ha YTasb.

IIponuto je 88 roamHa TeONOMIKMX MCTpa-
KMBamwa. [loyeno je pydyHMM — COHQKHUM
rapHUTYpaMa, a y yIoTpebu cy 6uam u [pyru

The most significant period for geological ex-
ploration at the KCM was from 1980 to 1989.
Based on the scope of the research, it was also
called the “golden age” of geology. During
this period, 2.287 boreholes were drilled with
233.000 m of drilling (Figure 12). It is drilled
throughout the basin, combining classic ex-
ploratory drilling related to the exploration of
coal distribution with exploitative mining-geo-
logical drilling in running open pits.

From 1990. to 2024., the focus was on the
densification of the exploration boreholes grid
and operational mine-geological surveys. The
volume of exploratory drilling is gradually
increasing, with considerable attention being
paid to increasing the number of coal tests
taken.

There have been 88 years of geological
exploration past. It began with drilling with a
shotgun, various technological types of drilling
sets were in use, at the beginning of the III
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Cnuxa 12, Kony6apcku Yimornocnu Bacen, ucitipaxcre 6ywotiune 3a tiepuog 1980-1989.— ucitiouru geo 6acena,
y womwuma ,B 15 15 ,ES @ ., ,Benuxu Lpwenu; y 3ailagrom geny 6acena éenuxu o0um 6yuieroa y
iomuma ,Tammnasa-Vctouno u 3aiiagHo tiomwe’; ,Pagmeso®; snauajro 6yuierve y obnacitiu oxo jame ,36u3gap;
UpHe iauKuye - UCpaxcHe 6yuiomiune, upHa kpusa nunuja - pexa Konybapa

Figure 12, Kolubara Coal Basin, holes from 1980-1989. year, the eastern part - in the fields ,,BS ,C* ,D ,E

> »
<

LE .G Veliki Crljeni; in the western part - the fields ,, Tamnava-West“ and ,, Tamnava-East*; ,,Radljevo’; in high
scope around the closed Zvizdar UM; black dots - drill holes, black curved line - Kolubara River

TEXHOJIOIIKY THUIIOBM TapHUTYpa 3a Oylueme. millennium, the third and, sometimes, the
ITouetkoMm Tpeher MmneHujyma y TOKy je fourth world technological revolution were
Tpeha, Ima 4ak 1 4eTBpTa CBETCKA TEXHOJIOMIKA underway, using the most modern drilling
pesonynuja. Kopucre ce HajcaBpeMeHuje sets. In the past 32.000 geological days, 1.1
rapHuType 3a Oymere. Y mporexanx 32.000 billion tons of coal were excavated at the
reonomknx fana Ha Komy6apcku moBpmimH- Kolubara lignite mine, 7.400 exploratory
CKMM KOIIOBMMA je McKomaHo 1,1 munmjap- boreholes were drilled, and every 4 days one

1 | | | _ I 1 |

In 2024. geology explorations
is still running p

4925000 —

4920000 —| UM Zvizdar -
Exploration zone;

" V : . N OP A+B+C ?
sdionel 1936. - 2024. year . ' ST Dug Out I
7,400 holes o
600,000 m A
T I T T T T 0
7420000 7425000 7430000 7435000 7440000 7445000 7450000

Cnuxa 13, Cee 6ywoitiure u3 tiepuoga 1936/2024. iogure y Konybapckom Yimorocnom baceny; yxyiro 7.400
6ywoitiuna, ogHocro 600.000 m 6ywierba; tinasa kpusa nunuja — pexa Konybapa

Figure 13, Kolubara Coal Basin, all drill holes from 1936. up to early 2024. year; in
total 7.400 boreholes, and 600.000 m of core drilling; blue curved line - Kolubara River
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Iy TOHa yI/ba, u3bymeHno je 7.400 mcTpax-
HNX OYLIOTVHA, @ HA CBakKa 4 [lJaHa YKYIHUM
reoyomknM nogauuma Komybapckor Gacena
IOoJjaBaHa je I jefHa HOBa OYIIOTHHA. Y OBOM
nepuopay usbyieHo je ykymao 600.000 merapa
6ymotnre (Cnuka 13).

IIpocTopHO, uCTpakHe OYIIOTMHE Cy IO-
SUIIMOHMpPaHe Y HajIPOAYKTUBHUjEM [eny
Kony6apckor yrivoHocHOT bacena. Mopdoro-
I'Mja IOAMHE CjI0ja IJIABHOT YITBEHOT C/Ioja
MOXKe Ce caIleflaTy Ca BEeIMKOM TayHourhy
(cnuka 14).

new hole was added to the total geological
database of the Kolubara basin. A total of
600.000 meters of drilling were drilled during
this period (Figure 13).

Spatially, these exploration boreholes are posi-
tioned throughout the most productive part of
the Kolubara Coal Basin. The morphology of
the floor layer of the main coal bed can be seen
with great accuracy (Figure 14).

Cnuxa 14, 3apomupanu 3] tipuxas iiogure inasHoi yimenoi cnoja y Konybapckom yimorocHom 6aceny,
xopusonianta pasmepa 1:6.000, sepiiukanta pasmepa 1:1.000; ypsero — ottikotiana nexcumiitia/koiiosu A,
b, 11, I, Tamuasa-Vcitiouro iome, u ceéepru geo xoia Tamuasa 3atiagHo fiorme, Kao u geo nexcuuiitia Benuku
Lpmenu; senero — kowiosu y pagy E, I, jysnu geo Tamnasa-3aiiagro iiomwe; pose — inanupanu kot Pagmweso;
upeena guiypa neso — nexcuniitie 36usgap

Figure 14, Rotated 3D view of the floor of the main coal seam in the Kolubara coal basin, horizontal scale
1:6,000, vertical scale 1:1,000; red — Dug out beds/mines A, B, C, D, Tamnava-East field and the northern part
of the Tamnava-West field mine, as well as part of the Veliki Crljeni deposit; light green — mines in operation C, E,
G, part of the Tamnava West field mine — south parts; light violet surface mine Radljevo;
red figure bottom left - Zvizdar deposit

KoHayHO, HaKOH CBMX OBMX TOIMHA U OPOjHMX
reoJIOLIKMX IofaTaka (ca Buie o 35.000 moje-
AVHAYHUX /1a00PAaTOPUjCKMX aHAIM3a YI/ba, Ca
npeko 500.000 mojenuHaYHNX Ta00PATOPUJCKUX
Mepemba, 1 OPOjHUM OCTaIM 1a60PaTOPHjCKIM
pesynTaTMa/ofipef6ama); ca reoIoKoM 6a3om
HofjiaTaka o OyIIemy 1 1a60paTOPUjCKIM PesyIl-
TaTMMa; a HAKOH KOMIIjyTePCKOT MOJe/ioBama
MOIY Ce 3HAaTHO IOy3flaHMje MOJe/NoBaT MOp-
(orolIKe KapaKTepUCTHKE VIJbeHVX C/IojeBa

Finally, after all these years and numerous
geological data (more than 35.000 individual
laboratory coal analyses, with over 500.000
individual laboratory assaying, and numerous
other laboratory determinations); with the ge-
ological database of drilling and laboratory;
and after computer modeling, the morpho-
logical characteristics of the coal seams of the
Kolubara Coal Basin can be modeled much
more reliably. The presence of a depression in
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Konyb6apckor yrboHOcHOr 6aceHa. YowaBa ce
HPUCYCTBO Jerpecuje y jyxxHoM pieny Komybap-
CKOT yI7JbOHOCHOT 6aceHa, ca HajyO/buM HIBOOM
nopyHe y ,,nompy O Ha -280 m.n.v., OQHOCHO
Ha 400 m op nospumyHe TepeHa. [loBpunH-
CKM KOIIOBM CYy 3aIloue/Ii Ca pajioM IIpe MHOTO
TOfIVHA y HAJIOBO/BbHMjeM fiely OaceHa, Tamo
I/Jie Cy YIJbeHU C/I0jeBM BeJMKe JieO/bJHe, Marbe
paciojeHy jaJIOBMHOM ¥ Hajase ce 613y HOBp-
mHe TepeHa. TokoM fieKafa pajia MOBPIIMHCKIX
KOIIOBA, M3UIIIO Ce M3 HAjIIOBO/bHMjUX 30HA, &
TPEHYTHO Ce eKIUIOAaTalyja OfiBMja y pacioje-
HVIM 1 YOOKO 3a/IeXXyhyM Ie/ioBMMa JIeXKMIITA,
ca CBe C/IOKEHUjM YC/IOBMMA 33 IOBPLIMHCKY
excrtoatanyjy. OBakBM OT€XXaHM I€0/IOUIKO-PY-
JApCKV YC/IOBU 3aXTeBajy yOp3aBame U IIOBe-
hame 00OMMa reoyOIIKNX MCTPAKUBAKbA U WC-
INTVBAba, IIPBEHCTBEHO MUCTPAXKHOT Oyllerma 1
ofipehuBara KBajIMTETa YI7Ba, TAKO JA CE Cajia V13-
BOJIe JIO/JaTHA OOMMHA KOMIUIETHA 11 KOMIUIEKC-
Ha reojIolIKa MICTPayK/Bakba.

3AKIbYYAK

Ianac, y npenysehy Pynuuk Yrpa ,,Komy6apa®,
YKynHO pagm oko 50 reomora ca Pymap-
cko-T'eonomkor  ®akynrera  beorpapckor
YHuBep3urera Koju cy pacriopehenn y I'eonom-
KM Ofie/beIbJIMa Ha IOBPIIMHCKIM KOIIOBMMA
(omepatyBHa pymHMYKa Teonormja) u I'eomo-
IIKOM Ofie/berby 3a ImpojeKToBame (IIpojekTHn
6upo ,,Komybapa-ITpojext®). Takobe, y mocnen-
BUX 88 rofyHa MHOTOOPOjHYU TEOTOLIKNM IIpe-
TXomHMIM (M3 camor mpenyseha, kao m ca
I'eonomkor ®axynrera Yumsepsurera y beo-
rpany, TeollHctnTyTa 1 'eo3aBopa, o6a Beo-
Tpaj M [p. ...) YIOXWIN Cy U3y3eTaH HayIHU
U CTPYYHMU HAIoOp fid IPOjeKTyjy, UCTpake U
MOJIeNIpajy OBO OTPOMHO HajIa3MIITe IMTHATA.
Yropepo ca TuM, 06aB/bajy ce M OOVIMHM IOfIAT-
HY TeO/IOUWIKM pajioBM (TeOTeXHMKA, XUJPO-
TeoJIoTHja, Te0eKOIOTHja, ...) KOjI CY Y Be3U ca
€KCI/IoaTalljoM MOBPUIMHCKMX KOIOBA YI/ha.
CBI TeO/IOLIKY MCTPAXHY M eKCIVIOATalYIOHN
pazioBu Cy y ToKy u 6uhe yop3anm.
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the southern part of the Kolubara Coal Basin
is observed, with the deepest subsoil level in
field F“ at -280 m.s.1., i.e. at 400 m from the
surface of the terrain. Surface mines started
working many years ago in the most favorable
part of the area, where the coal layers are very
thick, not layered with tailings and are locat-
ed close to the surface of the terrain. During
the decades of operation of surface mines, the
most favorable zones were left, currently ex-
ploitation takes place in layered and deep-ly-
ing parts of deposits, which complicates and
increases the problems related to surface ex-
ploitation. Such difficult geological-mining
conditions require speeding up and increasing
the scope of geological research/examination,
primarily exploratory drilling and determina-
tion of coal quality, so that additional large-
scale of complete and complex geological re-
search is now being carried out.

CONCLUSIONS

Today, in the company KCM, a total of 50
geologists from the Faculty of Mining and
Geology of the University of Belgrade are
employed, who are assigned to the Geological
Departments at surface mines (operational
mine geology) and the Geological Design
Department (Project Office “Kolubara-
Project”). Also, in the last 88 years, numerous
geological predecessors (from the company
itself, as well as from the Faculty of Geology
of the University of Belgrade, Geolnstitute
and GeoZavod, both Belgrade and others...)
have made an extraordinary scientific and
professional effort to design, explore and
model this huge lignite site. At the same
time, extensive additional geological works
(geotechnics, hydrogeology, geoecology, etc.)
related to the exploitation of surface coal mines
are carried out. All geological exploration and
exploitation works are ongoing and will be
accelerated.
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