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Caxxerak: [Ipojexaiit ,Jagap* je eeh Hexo epeme y uentipy tiasxcroe, He camo y Cpouju, seh u y Espotiu. Mroie
ungopmauje cy wperyiliHo Hello3HATle, WO Y3pOoKyje OpojHe Tioipeuite unitiepipeifiayuje, Kao u usHouleroe y
jasHocili unopmauje xoje Hucy tiposepere. Osaj pag he ce poxycupaitiu Ha tipegrnoie HeXHUUKUX pelderba 3d
flog3eMHU PYGHUK, KOja YKbY®Yjy otléaparee pygruka, upuipemue upocidopuje, meiioge oiikouasarbad, yiiosap
U TPAHCTopTll go HospuiLte, Kao U cée gogaitite uHpopmayuje iiosesare ¢ 06UM HUtbeHUUAMA, KOje Cy Hoilisphe-
He 386AHUMHUM JOKYMeHTHUMA 00jaébeHuM 0g Cllipane UHBECTHUTIOPA UnY OpiaHU3auUja HoBe3aHUX C HUMA.
Osaj pag Hehe o0yxeaifiaiiu HUKAKEY TipoyeHy YIllULAjA HA HUBOTIHY cpequHy U Pokycupahe ce UCKBYHUE0 HA
UHIICetbepPCKa peuletva 3a Uog3eMHU PYGHUK.

Krmbyune peun: TTIOI3EMHA EKCITVIOATALIVJA, TUTUJYM, BOP, ITPOJEKAT ,JATTAP¢

Abstract: Project “Jadar” has been center of attention for some time now, not just in Serbia, but in Europe. A lot
of information is unknown currently, which causes a lot of misinterpretation, as well as some information that
is unverified. This paper will focus on propositions of technical solutions given for an underground mine, which
includes underground opening infrastructure, development work, preparation underground rooms, excavation
method, load and transport method to the surface and all additional information connected to these facts, that
are verified by official documents published by investors or organizations associated with them. This paper will
not include any type of environmental impact assessment and will solely focus on engineering solutions for the
underground mine.

Key words: UNDERGROUND MINING, LITHIUM, BORON, PROJECT , JADAR®

YBO/], INTRODUCTION
[Ipojexatr ,Jamap“ je mmaHmpaH fa ce pea- Project “Jadar” is planned to be realized in
nmmsyje y 3amagHoM peny Cpo6uje, 61msy rpa- western part of Serbia, near city of Loznica.

na JlosHuie. YKynHa IOBpIIMHA MOTpebHa 3a The total area needed for mining activities is
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pyAapcKe aKTMBHOCTU u3HOCU 854,8 XeKTapa,
IITO YK/bydyje MHPPACTPYKTYpy 3a HPUCTYI
PYAHUKY, IOBPILIMHCKE 00jeKTe 1 caM MOofi3eM-
HU pyAHuK. CaMo py[AHO JIeKMIITE je BeoMa
crienuUYIHO, ca eH/IeMCKIIM MIHEPaJIoM jaja-
puToM (LiNaSiBSO7(OH)) Kao HOCHOILIEM OBOT
nexuuTa. Vi3 xemujcke popmyrie MoxKe ce BI-
IeTH Ja je TO MUHepas INTjyMa 1 60pa, Koju
cy 06a BeoMa BpeJjHa y [JaHAIEe BpeMe.

Y pacnopepny, TeXXMIITe MMa MOBPIIVMHY Of, 12
km?, y xojem cy o3HaueHa Tpu HuBOA (C710ja) ca
jamaputoMm. OBe 30He ce cacToje O PyJHNUX Tea
KOja cafipXe jalapuT, Koja Cy C/I0jeBUTO-COYM-
BacTOr 00/INKa, ca fyounama o 250-750 m. [1]

Jle6/byHA PYIHNX Tea pas3nnKyje ce Off jefHor
IO pyTor, anu ce reHepanHo kpehe ox 3,5 o
10 merapa y BummuM ciojeBuma, ca 10 mo 50
MeTapa y HajHIUKEM CJ10jy, KOjU je eKOHOMCKM
MHTEPECAHTaH 3a MICKoNaBame. Komunna nc-
TPaKeHNX OVJIAHCHUX MMHEPATHUX pe3epBU
nsHocu 158647256 ToHa, ca IPOCEYHNM Cafp-
xkajem Li,O - 1,8% u B,O - 14,8%.

[MTPUTTPEMHMN PAJJOBI

IIpoceyHa ropuia NpoN3BOAA PYJHUKA je
1,6 MUIMOHa TOHA, Ca MAaKCUMaTHOM IpOU3-
BOAOM 0Of 1,8 MuamoHa ToHa, mWITO OU 06e-
36eq110 IpousBoAmwYy off 286000 ToHa 60pHE
kucenuHe, 58000 ToHa MUTHjyM-KapOoHaTa U
259000 ToHa HaTpUjyM-cyndara.

C 003mpoM Ha TO, ca NPOCEYHOM [yOMHOM
pyaHor Tena ofi oko 400 m, yCBOjeH je cucremM
Ba OKHa (TPAHCIIOPTHO ¥ BEHTW/IAIMOHO) Kao
HauylH OTBapama pyJHuKa. TpaHCIIOPTHO OKHO
je mybuHe 433,45 m, HOK je BEHTMIAIL[IOHO
okHo y6uHe 380,3 MeTpa. TpaHCIOPTHO OKHO
MMa IpedyHMK off 8,5 m, JOK BEeHTU/IALMOHO
OKHO MMa IIpeyHMK ofi 6,5 m. OBa [1Ba OKHa Ccy
IIOBe3aHa CIIOjHIM XOTHUKOM Koju 00e36ebyje
BeHTUManyjy. OBaj XopgHMK je nyr 182,6 m u
VIMa TIONIPEYHM IIpeceK ca AuMeHsMjama 8x8
m (10x8 m Ha feny rze je nepuonuna). OBo je
NpUKa3aHo Ha cmuu 1.

Kao mTo ce Bujim Ha cmuiy 1, OCHOBHe Tpu-
IpeMHe IPOCTOpHUje Cy HalpaB/beHe Kao IIp-
CTeH OKO PYJHOT Teja, TAKO Ja cé MOIy JIaKo
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854.8 ha, and that includes infrastructure
for approach to the mine, surface objects
for the mine and underground mine itself.
Mine deposit is very specific, with endemic
mineral jadarite (LiNaSiB,O_(OH)) as a main
value of this deposit. It can be seen from
chemical formula that the it is the mineral
of lithium and boron, both very valuable in
today’s time.

In layout, mine deposit has an area of 12 km?,
in which are marked three levels (zones) with
jadarite. These zones are consisted of ore
bodies containing jadarite, which are layered-
lens shaped, with depths of 250-750 m. [1]

Thickness of ore bodies differ from one to the
other, but it is generally around 3.5-10 meters
in higher layers, with 10-50 meters in the
lowest layer, which is economically interesting
for excavation. Quantity of explored balance
mineral reserves is 158647256 tons, with
average content of LiO - 1.8% and B,O -
14.8%.

DEVELOPMENT WORKS

Average annual production of a mine is plan-
ned to be an average 1.6 millions of tons, with
maximal production of 1.8 Mt, which would
provide production of 286000 t of boric acid,
58000 t of lithium-carbonate and 259000
sodium-sulfate.

Taken that into consideration, with average
depth of a ore body at around 400 m, system
of two shafts (haulage and ventilation) is
adopted as an opening method. The haulage
shaft is 433.45 m deep, and ventilation shaft
is 380.3 meters deep. Haulage shaft has a
diameter of 8.5 m, while ventilation shaft has
6.5 m. These two shafts are connected with
snicket gate that secures good ventilation.
This gate is 182.6 meters long and has a cross-
section with dimensions 8x8 m (10x8 m where
the washer is). This can be seen on Figure 1.

As seen from the Figure 1, basic development
rooms are made as a ring around an ore body,
so that they can be easily expanded into mining
panels. Every panel has four development
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2 5 Haulage shaft
Ventilation shaft

Development rooms ] I First direction of development works

Second direction of development works I

Mining panel development

Third direction of development works | [ Fourth direction of development works ] | Fifth direction of development works

Cnuxa 1, Ilnan pygnuxa

Figure 1, Mine plan

npomupuTy y pepupe. CBaky peBUp UMa de-
TUPU pa3BoOjHe IPOCTOpHje, Be Py MOANHY U
B TPV KPOBMHU PYHOT Tefa.

JIBa r/TaBHA HauVMHA OTBapama PYAHNUKA CY paM-
Ia ¥ BepTUKANIHO OKHO. [TpumkoM nsbopa or-
TYMATHOI Ha4yMHA OTBapama, JMCIUIATUBOCT je
r1aBHM (pakTOp ofTydnBama. [lorpe6Ho je mpo-
Hahy HajjeTHHMjM HAYMH 32 OTBaparbe MOA3EM-
HOT JIeKVIITA MYHEPATHIX CUPOBIHA, /N Jia ce
3aioBorbe ofipehenn dakropn. [maBuu pakropu
Koje Tpeba yzeTn y 063up npu usbopy HaumHa
OTBapama Cy KalaluuTeT PyAHNKa ¥ TyOuHa pya-
Hor Terma. O6a dakTopa cy K/byyHa 3a IPOpaYyH
ONTVMMAJTHOT Ha4/HA TPAHCIIOPTA, @ CAMUM TUM
u 3a ofpehnBarme HauMHa oTBapama. [2]

Kaga cy kaMMOHM CPefCTBO OCHOBHOT TpaH-
CIIOpTa, KamauuTeT APAcTUYHO OMaja ca IIo-
BehamweM nyouHe pygHuka (Cnnka 2).

rooms, two next to the footwall and two next to
the hanging wall.

Two main ways of opening a mine are ramp
and vertical shaft. When deciding for optimal
opening method, the economy is the main
decider. It is needed to find the cheapest way
to open an underground ore body (bodies),
but to satisfy some factors. The main factors
that are needed to be taken into consideration
when deciding method of opening an
underground mine is the production of a mine
and the depth of an ore body. Both factors are
crucial to calculate optimal transport method,
and by that to determine the best opening
works. [2]

When the basic transport tools are trucks,
capacity drastically falls with the depth of a
mine (Figure 2).

Trucks load-
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Cnuxka 2, IIpomena kauayuitiefia KamuoHa ca ipomeHom gyOure
Figure 2, Capacity change with depth change

75



Oiwen Ilowosuh, Cawa Josanosuh, Ilpeineqg iliexHuukux pewieroa 3a og3emHu pyguux y ipojexiiy ,Jagap® (73-83)
Ognjen Popovié, Sasa Jovanovié, Review Of Technical Solutions For Underground Mine In Project ,,Jadar® (73-83)

Ca cnuke 2 BUAM Ce [a je KalanuTeT TPaHC-
HOpTa KaMMOHMMA 3a JIOKUIITA Ha TyOMHY Of
400 M ymona Mamu y nopebemy ca pygHUM Te-
numa Ha gy6unu o 100 M. Takobe ce npumehyje
fa kamuonu ca Behom HocuBomthy nmajy Behn
RyOVMHCKY TMMUT Ha KOjeM je TPAaHCIIOPT KaMIu-
OHMMa je(dTMHUjU Off TPAHCIOPTHOT CKUII-OK-
Ha. JImKemepcKa IIpaKca reHepaaHo MpuxBaTa
Ia je TPAaHCIOPT KaMMOHMMA KOHKYPEHTaH JIO
my6uHe ox 300 m ¥ TOAMIIIbE IPOU3BOAILE O
300.000 Tona, IITO Cy HUYXKE BPEJFHOCTH Off OHMX
KopyirheHNx y 0BOM IpojeKTy. BaxxHo je mome-
HYTI ¥ MOTYNHOCT OTBapama pyJHIKA PaMIIOM
YKOMMKO C€ KOPUCTM KOHTMHYA/JHO OTKOIa-
Bame (I HeKa Ipyra MeTOfa OTKOIIaBama BU-
COKOT' KallalliTeTa), YuMe je yrnorpeba TpaHc-
MIOPTHUX TPaKa OIpaBJjaHa 3a ayTOMaTHU3alujy
1 yOp3aBame YMTaBOT IpoLjeca.

Jenua cTBap Koja Moxke 6uTH IpobIeMaTHIHA
Cy JMMEeH3Mje CIIOjHOT XOMHMKA KOj! CIIaja jBa
OKHa, KOju ce Hajlasy Ha AyOuHM of oko 380 m
u uMa gumeHnsuje 8x8 merapa. OBe numeH3mje
Cy IIPWINYHO Be/MKe 3a OBy ByOMHY, am ¢ 06-
3MpOM Ha TO JIa HUCY JaTy MOJAaL O cneumbm—
Kalyujy CTEHCKEe Mace, Bepyje ce Jia je mpoueHa
CTabMTHOCTY CTeHa IPaBIIHO ypabeHa.

Haxon saBpuieTka pajjoBa Ha OTBapamwy MU
IPUIIPEMU M YCIIOCTaB/balba MOTPEOHOT BeH-
TUIALMOHOT CUCTeMa IIyTeM IIPO/Ia3HOT XOf-
HIKa, M3BOJIE Ce€ PaJIOBM Ha Pa3BOjy PYyAHOT
tena. IIpBa ¢asa obyxsara usrpajmy mnpo-
CTOpHja 3a HPUCTYI IpU IOAVMHMU, JOK IpY-
ra ¢aza obyxBara M3rpajfily IpOCTOpHUja 3a
HOPUCTYI IIpY KPOBMHU. BMCMHCKa pasimmka
usmeby npocropuja y nmoguuu un npocropuja
Yy KPOBUHM jeJlHaKa je Je6/bMHY PYJHOT Tela,
IITO je BUCHHA peBMpa (cnuke 3 u 4).

Kao mro ce Bupu, pygHO TeNO je MONEBEHO
Ha 7 peupa. Takobe je 3ak/bydeHo fja cy npu-
IIpeMHEe IIPOCTOpUje IIapajie/iHe jefHa .apy-
r0j Ca BUCMHCKOM Pa3jIMKOM KoOja je jegHaka
ne6/pyHY pynHOT Tema. OBaj pasBOjHU CUCTEM
je IO3HaT y pyJapCTBY, Ca CIOJHUM XOJHUILM-
Ma 3a BEHTU/IALV)y, ¥ YIJTABHOM Ceé KOPUCTU Y
€KCIIJIOATAllUj/ yTI/ba METOLOM IIMPOKOT Yera,
KaJla ce TPAHCIIOPT yI/ba 06aB/ba TPAHCHOPT-
HUM Tpakama (cnuka 5). [3, 4]
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From Figure 2, it is seen that capacity of
truck transport for ore bodies at 400 m depth
is twice as lower as for ore bodies at 100 m
depth. It is also noted that trucks with higher
load-bearing have a higher depth limit where
the trucks transport is cheaper than skip shaft.
It is generally accepted as an engineering
practice that truck transport is competitive
up to 300 m depth and annual production of
300000 t, which are lower values than values
used in this project. Also worth mentioning
is the capability of opening a mine with ramp
if the mechanical (continual) excavation is
used (or some other high capacity mining
method), so that usage of conveyor belts is
justified to automate and speed up the whole
process.

The one thing that can be problematic is
dimensions of snicket gate, which is located at
around 380 m of depth and has dimensions of
8x8 meters. These dimensions are quite big for
this depth, but since no information is given
about specification of rock mass, it is trusted
that rock stability assessment is correctly
done.

After opening works are done and required
ventilation system established by snicket gate,
ore body development works are done. The
first phase consists of rooms construction to
access next to the foot wall, while in the second
phase rooms to access next to the hanging
wall are constructed. The height difference
between foot wall rooms and hanging wall
rooms is equal to the thickness of ore body,
which is the height of mining districts (Figures
3 and 4).

As seen, ore body is divided into 7 mining
districts. It is also concluded that development
rooms are parallel to each other with height
difference that is equal to the thickness of ore
body. This development system is familiar in
mining, with connecting gates for ventilation,
and it is used mostly in longwall coal mining,
when the transport of coal is done by conveyor
belts (Figure 5). [3, 4]
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Cnuxa 3, Ilogena nexcumiitia Ha pesupe

Figure 3, Mining districts

Cnuxa 4, Ipuiipemne tpocitiopuje ipu kposunu (iinasa 6oja) u iipu ogumu (upsexa 60ja)

Figure 4, Development rooms next to the foot wall (red) and next to the hanging wall (blue) with mining panel

Four-Entry Development

. [ o o [ o o o [
OO00000000000C
OO00000000000C

Three-Entry Development

Panel Length

Two-Entry Development

' Headgate Entries
Face
0 Length
00 Tailgate Entries
" Mined-Out Gob

Cnuxa 5, Illupoko 4eno u dpuiipemHu pagosu 3a otlikotiasaree yima

Figure 5, Longwall coal mining development
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OxHa cy npegsubena na 6yny mnsrpahena oy-
HeeM 1 MUHUPabeM, TOK he BeHTUIanoHe
Bese (mpeuynmka 3 m) 6utm uspabenu “raise
boring” MeTomoMm, cnuka 6. [5]

Shaft are predicted to be constructed with drill
and blasting technology, while the vertical
ventilation gates (diameter 3 m) will be done
with raise boring method, Figure 6. [5]

Cnuxka 6, M3paga oxna ,Raise boring” meitiogom

Figure 6, Raise boring shaft construction

[TraHnpaHo je fa ce M3pajia XOPU3OHTATHNX U
KOCHX IIPOCTOpHMja Jo 15° BpIIM U MEeXaHN30Ba-
HO U MeTOfioM Oyliera 1 MuHupama. CBe mpo-
cTOpHje ca MOIPEeYHNM IIpecekoM 5x5 m 6uhe
nspabene nmomohy mammue Continuous Bolter
Miner (CBM) (cmmka 7). IIpoctopuje ca MaboM
mpuHoM 6uhe pabene momohy Roaheader-a
WIX MeTOROM Oyllera 1 MuUHMpama. IIpocro-
puje ca BucuroM Behom op 6,2 M 6uhe nsrpabe-
HE METOIOM 6yl.He}ba " MIHHpamwa y HUBOMMA.
[IpenBubena moprpasa ce cacToju Of aHKepa,
JeJINIHe MPEeXXe M TOPKpeT OeTOHa.

Roof bolter

Construction of horizontal and angled rooms
up to 15° is planned to be both mechanized
and drill and blasting. All rooms with cross-
section 5x5 m would be done by Continuous
Bolter Miner (CBM) machine (Figure 7).
[6] Rooms with smaller width would be
constructed with Roaheader or drilling and
blasting. Rooms with height above 6.2 m
would be constructed by drill and blasting in
levels. Predicted support consists of anchors,
steel mesh and guniting.

Sidewall bolter

Cutting drum

Cnuxa 7, CBM mawuna pupme Sandvik
Figure 7, CBM machine of Sandvik company
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METOJE OTKOITABAIbA U
O P)KABAILE PYITHMKA

Kopucrtuhe ce Hexonmmko mMeToma OTKONMaBama,
a I/IMH}IeMeHTaLU/Ija OBIX METOOA 3aBUCHU Off BU-
CUHEe OTKOIIa: METOJ[a €TAXKHOT OTKOIABama Ca
3acumnaBameM (3-8 m), MeToja aHEeTHOT OTKO-
MaBama Ca 3aCUIABABEM Ca HIDKUM OTKOITHO-
ma (8-22 m), MeTo/ja ITaHETHOT OTKOIIaBama ca
3acuITaBarbeM ca BUIINM OTKommMa (22-32 m)
" KOMOMHOBaHA MeTOJIa TTAHETTHOT OTKOTIABatha
ca 3acumaBameM (>34 m). [IpocTopHa npumMena
OBMX MeTOJIa NpMKa3aHa je Ha cramuu 8.

/¢

N

il

EXCAVATION METHODS AND
MAINTAINANCE

Several excavation methods will be used, and the
implementation of these methods depends on
height of a face.: cut and fill (3-8 m), mini bench
stoping (8-22 m), bench stoping (22-32 m) and
combo bench (>34 m). Spatial application of
these methods is shown in Figure 8.

Method
Cut and fill
Mini bench stoping

Color

Bench stoping
Combo bench

Cnuxa 8, IIpoctiiopra lipumena meilioga oikoiasarea

Figure 8, Spatial application of excavation methods

Cmuka Takobe mokasyje fa je pymHO Teo
HajTambe Ha 000[1IMa, IOK Ce mherosa fAeO/puHa
nosehaBa npema cpefuHM PYHOT Tera.

Merofa eTakHOr OTKOIaBara Ca 3acHIIa-
BameM npenBubeHa je 3a JeloBe PyIHOT Tena
4nja je ge6/p1Ha MAaKCMMa/THO 8 m 1 ca MaKCH-
MaJTHOM LIpuHOM 4erna 60 m (cimuka 9).

The figure also shows that the ore body is the
thinnest around the edges, while its thickness
increases towards the middle of ore body.

Cut and fill method is foreseen to be used for
parts of ore body which thickness is maximum
8 m and will have a face with a width of 60 m
(Figure 9).

Barriers

55*,}

Cnuka 9, Meitioga eftiasxcHol 0MiKolla6arba ca 3acuilasarvem

Figure 9, Cut and fill excavation method in this mine
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ITomTo mocTOju MHOTO Bapujalyja OBe METOJE,
KOja je IpMMerbyBa 3a IMPOK CIEKTAp PySHUX
TeJla, ’EeHO ITABHO OTpaHMYeme je IjeHa 3acu-
na (Be3MBHM areHCy, TPAaHCIIOPT, IOCTaB/babe,
meBoBoau utH.). OBe OKOTHOCTM 3HAYe f1a ce
OoBa MeTOfa KOPUCTM Kafia je BPeJHOCT pyje
BIICOKA M KaJja Cce BJMCOK KOe(pMIMjeHT MCKO-
punthema ca MUHMMATHUM OCHPOMAIIEHEM,
TaKO Jla ceé PYAHO TEeIO He MOXKe €KOHOMCKU
OIIpaBJjaHO OTKOIIATM MeTOoJaMa ca 3apylla-
BambeM. [4]

Y 0BOM crydajy, eTaKHO OTKONaBame Ca 3a-
CHIIaBameM IOApasyMeBa fia Cy M3BeleHa [Ba
IPUCTYIIHA XOfJHNUKA C 00e CTpaHe 4ena. JegaH
XOJHMUK je U3BeNeH Y KPOBMHMY, a IPYTU Y TO-
muay. OBa [1Ba XOZHNMKA Cy 3aTMM IIOBe3aHa
pamrom, ynme ce GopMmpa €0 BUCKHE 8 m.
VY3 HampemoBate, MCKOIMAHU MIPOCTOP Ce II0-
IyaBa 3aCUIIOM.

[TanenHO OTKOIABam-€ Ca 3aCUIIABabeM Ce KO-
puctu 3a BucuHe Behe of 8 Merapa, y3 maje
Bapujanuje. IlaBHa useja je mja ce pyfiHO Temo
IIOJIe/IM Ha IIaHesIe, Ca PA3IMYUTUM JUMEeH3Mja-
Ma KOje Cy YCIOB/beHe NMMEH3MjaMa PYyJIHOT
tena (cmuka 10).

Since there are a lot of variations of cut and fill
method, which is a method applicable to a wide
variety of ore bodies, its main restrain is the
cost of fill material (binding agents, transport,
placement, pipelines etc.). These conditions
means that this method is favored when the ore
value is high and the high recovery rate with
minimal dilution can’t be done by stoping ore
caving methods. [4]

In this case, two access drifts were done on both
sides of the face. One drift is done in hanging
wall, and the other in the footwall. These two
drifts are then connected with a ramp which
then forms a face with height of 8 m. With a
progression, excavated space is filled with some
type of filling material.

Bench stoping is a variation of sublevel stoping
method. This method is used with height higher
than 8 meters, with small variations. The main
idea is to divide the ore body into sections, with
different dimensions conditioned by ore body
dimenstions (Figure 10).

TL e e

Cnuxa 10, IlanenHo otmikotiasarwe ca 3acuilasarbem

Figure 10, Cut and fill excavation method in this mine
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YeTrpu XO[HMKA CYy U3BEJEHA Ca BYICMHCKOM
pasnmukoM of 20 m ¥ XOPM3OHTAJIHMM pasMa-
KoM op 50 m. ITanen ce 3arum uckomnasa 610K
10 6710K, ca fuMeH3ujama 6710ka 30x20 m. ITeo
IIaHeJI Ce MCKOIaBa OfjeTHOM, a 3aTUM ce IIO-
ImymaBa MactoM. MunnManuo 14 fgaHa je mo-
TpebHO fa macta ouBpcHe. VIckomaBame ce
06aBjba jIere3acTuM OyIlIeeM U3 FOPIbET TY-
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Four drifts are done with vertical distance of
20 m and horizontal distance of 50 m. The
section is then excavated block by block,
with block dimensions of 30x20 m. The
whole section is excavated at once and then
tilled with paste. Minimal 14 days is the time
needed for paste to harden. The excavation
is done with ring drilling from upper drift.
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Hesa. AHKepY ce KOPUCTE y TOPHUM TYHeIuMa
3a OCUTypambe KpOBa.

ITourro je pedeno ga he fe6/p1 fenoBy pysHOT
Tesla OUTY MCKOTIAaBaHM y TTAaHE/MNMa, KOjJi MOTy
6uTuy Buie of 34 m BUCOKM (MaKCUMaJIHa BU-
C/HA HUje HaBefieHa), MOXe Johu 1o mpobie-
Ma ca crabyiHomhy creHckor MacuBa. Teome-
XaHNYKe KapaKTePUCTUKE CTEHCKE Mace HUCY
06jaB/beHe MIPO] jABHOCTI, a LieJIa IPOCTOpuja
mpuHe 60 m 1 BucuHe 34+ m 6u ocTana 6e3
noTnope (0OCHM aHKepa y KpOBY) MMHIUMYM 14-
28 maHa (KOMMKO je HOTpeOHO fIa IacTa 3achIil
ouspcHe). [Topep Tora, macTa sacum HuKaza He
MOJXX€ IMOIIYHUTU L€y 3alIpeEMIMHY OTKOIAaHMX
cnojesa. Ysehu y 063up oBe ¢akrTope, Mopajy
C€ U3BPpLINTHU OE€TA/bHN U IMMAXK/bMBU IIPpOpavdy-
HJ ¥ IpOLIeHe KaKo Ou ce IpefBu/eIo MOoHa-
IIaF€e CT€Ha y OBYMIM yCJIOBMMA.

YTOBap M TpaHCIOPT Cy IUIAHMpaHM fa ce
00aB/bajy IO[3eMHUM yTOBapyBaYMMa U Ka-
MMOHMMaA Of 4Yela [0 TPAaHCHOPTHOT OKHA
(cknnosa). ITnaHMpaHo je ga CKUIOBM paje
335 gaHa roguime, 20 catn gHeBHO. Pag he ce
06aB/paTi Y 3 cMeHe, ca e(peKTUBHUM pajHUM
BPEMEHOM O OKO 6,5 caTu.

BenTumanuja je ImraHMpaHa Kao BeHTWUIA-
nuja 1o morpebu, ca ubeM Aa ce oxpehenn
(pamHN) menmoBM pPyHHMKA CHaOfejy CBEXNM
(oxmabennm) Basgyxom, momro je xmabeme
HEONIXOAHO [a OM Ce WMCIOUITOBAIN CPIICKU
IPOMNCHU Y HOIVIey MAaKCHMaiHe TeMIlepary-
pe y noaseMHuM pygauiumMa. [Tanenn he nma-
TU BEOMa CIMYaH BEHTU/IALVOHU CUCTEM Kao
pysHuIm yrpa (cnmka 11).

Anchors are used in upper drifts to secure
the roof.

Since it is said that thicker parts of the ore body
will be excavated in sections, which can be
more than 34 m high (maximum height is not
specified), a problem with rock stability may
occur. The exact specification of rock is not
shared with the public, and the whole room
with 60 m width and 34+ m height would be
unsupported (except for roof anchors) for
minimum 14-28 days (how long is needed
for paste to harden). Besides that, paste
can never fill the whole excavated section.
Taken that into consideration, detailed and
careful calculations and estimations must be
done to predict rock behavior under these
circumstances.

Underground loading and transport are
planned to be by underground loaders and
trucks from faces to the haulage shaft (skips).
It is planned that skips work 335 days/year, 20
hours/day. Work would be done in 3 shifts,
with effective work time of around 6.5 hours.

Ventilation is planned to be as ventilation on
demand which has the goal to supply some
(working) parts of an underground mine
with fresh (cooled) air, since the cooling is
necessary to comply with Serbian regulations
in terms of maximum temperature in
underground mines. Sections will have very
similar ventilation system as coal mines
(Figure 11).

Cnuxa 11, Benttiunayuja iaxena

Figure 11, Section ventilation
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BeHTmnanuoHa Bpara ce KOPHCTe 3a yCMepa-
Bame CBeXer Basfyxa. Ilomro je mmaHmpaHO
fla MaKCHMMajHa Ipou3BoOfma Oyme 2046. ro-
AVHe, BeHTMWIANMja 6 Y TOM TpeHyTKy Oma
HajsaxTeBHMja. IImaHmpanm mpoToK Basgyxa
je 500 m®/s, ca 2 r1aBHa BeHTM/IATOPA Ca TIPHU-
TUCKOM-JenpecujoM of 4,2 kPa 1 komOuHOBa-
HOM cHarom ox 2800 kW.

Bpenu mnamomeHyTM fa je IUTaHMPAHO KO-
puiheme NOTIYHO eEKTPUYHMX ITOA3EMHIX
BO3M/Ia, ¢ 003MpoM Ha mpobrieme ca TeMmrre-
paTypaMa y TOM IOApPYYjy, IITO OM y BEINKO]
MepU CMabU/IO 3aXTEBEe BEHTU/IALN]E.

Moo ce pygHuK Ha/masy y IIABHOM IOPYY;Y,
I7Jie je TepeH C BpeMeHa Ha BpeMe IOIUIAB/beH,
OfiBOfibaBambe je Takohe BaKHO TEXHNMYKO IIN-
tae. OCHOBHA KOHIIeNINja je fa ce obe3benn
JIOBO/baH KaIlALIUTET 33 OfBOJbaBabe PyLHIKA
y HajropeM creHapyjy (momnasa). YTBpheHo je
Zia je mpoToK Bope oko 38 1/s. [Imanupano je ga
CUCTEM OffBOJjHhaBatba Oyfie cacTaB/beH Off jefiHe
IJIaBHE ITyMITHe CTaHulIle (ocTaB/beHe y 6/113u-
HJ TPAHCIIOPTHOT OKHA) U 8 060JHUX ITyMIITHUX
cTaHua pacrnopebenux kpos pygHuk. Makcn-
MaJIHU IIPOTOK BOJi€ Y IJITABHOj IIyMIIHOj CTaHU-
1 je 581/s,a 301/s mo 060aHOj cTaHMIM. YKyITHA
OVHAMI4YKa BYCITHA 3a FHaBHy HyMHHy CTaHI/I]_[y
je 450 m, a 156 m 1o o60xHOj cranum. [aBHa
HyMHHa CTaHNIa 1Ma 6 HyMHI/I, JOK CBaKa Hp-
CTE€HaCTa HyMHHa CTaHNLIa MMa 3 HYMHC.

3AK/bYYAK

TexHnyka pelnlera 3a IOI3EMHU PY/IHUK IIPO-
jeKTa ,Jajap“ HUCY MHOTO paslIn4uTa Off TeX-
HUYKUX pelllelba MHOTUX APYIMX IOA3eMHUX
pyAHMKA LIMPOM CBeTa. Y OBOM pajly NC-
TaKHYTH Cy HOTEHIIMjaTHN TPO6IeMH Kao LITO
Cy CTabMTHOCT CTEHCKOT MacuBa 1 AVMMeH3uje
IPOCTOpHja, IPU Y€MY TeOMEeXaHMUYKe Kapak-
TEPUCTHKE CTEHCKE Mace TPEHYTHO HUCY IIO-
3HaTe LIMPOj MHXKEHEPCKOj jaBHOCTH. BaxxHO
je HaIloMeHYTH Jja ce IIPOLieHe He MOTY U3BP-
mnTH 6e3 HeTa/bHUX KapaKTepPUCTUKA CTEHCKe
Mace, TaKo Jla je OBaj 3aK/by4aK 3aCHOBAH He
Ha II03HATVM YMIbeHnIjaMa, Beh Ha MHXemep-
CKOM UcKycTBY. BehnHa noyjaraka 1 unmeHmnIa
0 OBOM IIpOjeKTy Beh je objaB/peHa y HaIpTy
Crynumje o IpolieHM yTUIAja Ha )XMBOTHY Cpe-
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Air-doors are used to direct fresh air. Since the
uniform maximum production is planned to be
in 2046., ventilation demand would be highest
at that point. Air flow is planned to be 500
m3/s, with 2 main ventilators with a pressure-
depresison of 4.2 kPa and combined power of
2800 kW.

It is worth mentioning that fully electrical
underground vehicles are planned to be used,
given the problems with temperatures at that
area, which would immensely lower demands
of ventilation.

Since the mine is located in a floodplain, where
the area has been flooded from time to time,
dewatering is also an important technical
solution. Basic conception is to have enough
capacity to dewater the mine in the worst-
case scenario (flood). It is determined that the
inflow of water is around 38 1/s. The dewatering
system is planned to be made from one main
pump station (located near haulage shaft) and 8
ring pump stations scattered through the mine.
Maximum water flow in main pump station is
581/s and 30 1/s per ring station. Total dynamic
head for main pump station is 450 m and 156
m per ring station. Main pump station has 6
pumps, while every ring pump station has 3
pumps.

CONCLUSION

Technical solutions for underground mine
of project “Jadar” are not that different from
technical solutions of many other underground
mines across the world. In this paper, the
potential problems are highlighted as rock
stability and room dimensions, with the rock
specification currently unknown to the broad
engineering public. It is important to mention
that the evaluations can't be done without
extensive specification of rock mass, so this
conclusion is not based on known facts, just on
engineering experience. The most figures and
facts about this project is already published in
the draft of Environmental impact assessment
[1]. Technical solutions are based on references
given in the said Assessment (f.e. SRK - Early
Access Study, 2011.; Prefeasibility studies A and
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muny [1]. Texunduka pemrema Cy 3aCHOBaHa Ha
pedepennama HaBefieHUM y noMmeHyToj Cry-
muju (amp. SRK - IlpenmmmuapHa crypuja,
2011.; Ipepusubumuru crymuje A u b urn.),
a/my oBe pedepeHlie HICY HOCTYIIHE jaBHOCTIL.

Beoma je BaxxHO Harnmacuty ia je Crynmja o mpo-
L€HM YTUIIAja Ha )KUBOTHY CPEIIHY Y OBOM CTa-
AUjyMy HaI[pT, 06jaB/beH KaKo O ce MOACTaK/Ia
OUCKyCHja, LITO 3HAYM JA TE€XHUYKA pellerba
JlaTa y B0j HIICY KOHa4Ha, Beh camo mpepyior.
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It is very important to underline that the
Environmental impact assessment is a draft at
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in it are not final, but just a proposition for
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