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Caxxerak: Beliuna tiospuuHcKux Koiiosa yima je suuiegel,eHujckom ipoussogrom u3ekcinoatiucana Hajiio-
somHuje pesepse yima. Cagauirba Gpou3sogrea yima 0geuja ce y 6e0Ma CIOMEHUM Pygapcko — ieonouKUM yco-
suma. Koitosu cy cee gybmu, ipucyilina je eenuxa 060greHoCtli kao u pacnojasarve yina. Kako je esugeniiina
OnU3UHA 6eTUKUX U MHOTOOPOJHUX MatbUX Anu U 6ehiux peuHux HoKoed, enuxa iyciliuHa HACeTLEHOCIU U PA3-
sujeHa UHPPACTIPYKITYPA, OHGA ce MOxe CX6AUITIU ca Kakeum ce tipobnemuma cpehy tpojexitianitiu u py-
gapcka otiepatiiuea. IlocebHa ilaxctoa je HOKNOHeHA Peuiasaryy HeclabUnHOCTAY YHYTPAUHUX 0gRATaNTUTHAG
Koja cy uecifio i1aéHU y3pOK y Heocilisapusary UnaHupaHe guHamuke ipoussogre yima. Pag ce yiipaso ogrocu
Ha tpeiio3Hasatrve jegHoi og moiyhux peuterva Koju moiy gaiiu iloy3gar goupuHoc y peuiesarsy 06ux iipobnema.

K}by‘{}le peum: I[TOBPIIMHCKN KOII, OIJIATAJIMIITE, JAJTOBVMHA, MTHUIINJAJTH/ HACUIL, CTABMJIHOCT

Abstract: Most surface coal mines have excavated the most favoruable coal reserves through decades of production.
Current coal production is taking place in very complex mining-geological conditions. The mines are getting deeper,
there is a lot of dewatering and spalling of the coal. As the proximity of large and numerous smaller and larger
river flows, high population density and developed infrastructure is evident, then it can be understood what kind of
problems planners and mining operatives are facing. Special attention was given to solving the instability of internal
landfills, which are often the main cause of failure to realize the planned dynamics of coal production. The paper is
precisely related to the recognition of one of the possible solutions that can make a reliable contribution to solving
these problems.
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YBO/] INTRODUCTION

Pynapcku 6acen Komry6apa je Hajsehu Tpons- The Kolubara mining basin is the largest pro-
Bohau yrma y ,,Enexrponpuspenmn Cpouje” n ducer of coal in the “Electric Power Company
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Penry6muuy Cp6uju ca mpou3BOAHOM Off OKO
30 MuIMOHA TOHA YI/ba HA FOAMILEGEM HUBOY.
HepasHu npecTanak pajia HOBPIIMHCKOL KOIIA
ITorwe [T y6p3ao je oTBaparme HOBPIIMHCKIX KO-
noBa [Tope E u PapypeBa n ycrosuo nosehame
npoussopame yrpa Ha 11K Ilome LI u Ilome I.
IIK ITome 1 ce Hamasm y KpajibeM MCTOYHOM
Ielmy Kormybapckor 6aceHa M IpefcTaB/ba Ha-
CTaBaK HajcTapujer MOBPUIMHCKOT Koma [lorba
b. Yayrpamme opgraraymmmure 11K Iorme L nc-
THYe ce Kao noceban mpobiem. Pagu ce o mn-
peM IpoCTOpy Koju ce Ha/masy HajsehnM merrom
Ha HekagauimeM 1K ITome b u genmnmmnyso Ha
1K Ilospe 1. HanpegoBame oTKomaBama 1 Ofi-
Jarama OfiBMja ce mpema 3amapy, mpema IIK
ITome E [2].

of Serbia” and the Republic of Serbia with an
annual production of about 30 million tons of
coal. The recent cessation of open pit mining
Field D hastened the opening of open pit mines
Field E and Radljev and led to an increase in
coal production at Surface mine Field C and
Field G. Surface mine Field C is located in the
extreme eastern part of the Kolubara basin and
is a continuation of the oldest surface mine
Field B. The internal landfill Surface mine Field
C stands out as a special problem. It is a wider
area that is mostly located on the former Sur-
face mine Field B and partially on Surface mine
Field C. The progress of excavation and dispos-
al is taking place towards the west, towards Sur-
face mine Field E [2].
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Cnuxa 1, IIpeinegha xapitia ucitiouroi gena konybapckoi yimorocHoi 6acena [2]

Figure 1, Overview map of the eastern part of the Kolubara coal bearing basin [2]

Tymau: 1 - OrkonHu ¢poHT (OTKpMBKa U yrasm); 2 — Omnaramuire (janouHa); 3 — Peka [Temrran; 4 - ITK
Tome A; 5 - IIK ITome b; 6 — TIK Iome 11; 7 — TIK Tome [I; 8 — IIK Ilome E; 9 - Maniujaman Hacu.
Legend: 1 - Mining front (overburden and coal); 2 — Landfill (tailings); 3 — Pestan River; 4 — Surface mine
Field A; 5 - Surface mine Field B; 6 — Surface mine Field C; 7 - Surface mine Field D;

8 — Surface mine Field E; 9 - Initial embankment.

Ynyrpamme ognaranumre [IK IMome b n ITome
11, orpaHn4eHo je GPOHTOM PyapCKUX pajjoBa
Ha YI/b€HOj €TaXV Ha 3alajy, CEBepHOM 3aB-
PUIHOM KOCHHOM, MICTOYHO JO Kpaja IpOjeK-
TOBAHOI OJIarajuuITa ¥ jy>KHOM TI'PaHMUIOM
HOBPIIMHCKOT Koma. IIpubmwkHe AuMeHsuje
42

The internal landfill of Surface mine Field
B and Field C is limited by the front of the
mining operations on the coal floor to the
west, the northern final slope, to the east to the
end of the designed landfill and the southern
border of the surface mine. The approximate
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opgmaranumTa ¢y 4.500 m gy ceBeposamnap —
jyrouctox u 1.200 m ceBepOMCTOK — jyrosamnaf,.
IIpoceyna BUCMHA OfJIO)KEHE jalIOBUHE j€ OKO
35 m y yeHTpaaHoM fieny ofaaranumTa u 10 m
1o obony [2]. IIpo6nem yHyTpauImer ofara-
JIMIITA je BUIIECTPYK [2]:

- Henpunpem/beHa mofgyuHa ofjIara/mMIiTa 3a
IpeHMpame OIIOKEHNX Maca;

- HecenexktuBno ofyrarame jaHOBI/IHe;

- HepnoBo/bHO ofiBOfI-eHA jaTOBUHA Y GPOH-
Ty HaIlpefj0Bama PyAAPCKUX PafioBa;

- HeeduxacHa 3amrura ojjaraauimTa Of
yTHULaja IOBPUIMHCKUX BOJA BaH M YHY-
Tap Kora.

Omucany mpobmeMu y3poKOBaMM Cy BUCOKY
3aBOILEHOCT oyIaraymmra. HuBo mopsemue
Bofie Ha BeheMm jeny je 6mmsy nospumne. Of-
JIara/INIITa jaJIOBUHE y MCTOYHOM JIeTy KONy-
Oapckor baceHa He pacIioNaXKy JJOBO/bHMUM IIPO-
CTOPOM 3a JIOJAaTHO VHBECTUIVIOHO Ofi/larame
janosune u3 Hoor IIK Ilome E. ITpuctynmo ce
aHa/m3M MoryhHocTy HajBuilewa mnocrojeher
yHyTpammwer oftarajumra Ha IIK Ilome b u
ITorwe 1. Tpebaro je pemty Tpu mpobema:

— CrabwmsoBatu 1ocrojehe opyrarammiTe
(MHUIIVjaTHY HACUII);

- CrabwmsoBary HaJBuILee ocTojeher of-
JaramInTa (HaJBUILIEHe MHNUIVjaTHOT Ha-
cuIa);

- IloBehatn HocuBoCT MocTOjehe mopuMHe
Ol/IaTa/ININTA 33 JOJATHO Ofijarame (Hasl-
BuIee nocrojeher omarammimra).

IIpe cnpoBohema CBUX TEXHOTOLIKMX 3aXBaTa
HOTPeOHO je y MOTHYHOCTU PeIIUTH CBe IIPOo-
O71eMe KOji1 Cy Be3aHU 3a 3aLITUTY KOIIa Of II0-
BPIUMHCKNUX U TIOfI3€MHUX BOJA.

OIIIITN YCIIOBM HA
ITOBPIIMHCKOM KOITY

Hanpeposame pygapckux pagioBa Ha OTKOIIA-
BambYy yI/ba MMa cMep ceBep — jyT. Ha ceBepHOj
CTpaHM KOIla, yra/b MCKINIbaBa BePTUKal-
Ho. HajHioku je y cpepummeM fieNy KoIa 1

dimensions of the landfill are 4,500 m along the
northwest — southeast and 1,200 m northeast —
southwest. The average height of the deposited
tailings is about 35 m in the central part of the
landfill and 10 m along the skirt board [2]. The
problem of the internal landfill is multiple [2]:

- Unprepared floor of the landfill for draining
the disposed masses;

- Non-discriminatory waste disposal;

- Insufficiently drained tailings in front of
mining progress;

- Inefficient protection of the landfill from
the influence of surface water outside and
inside the mine.

The described problems caused a high level of
flooding in the landfill. The groundwater level
is mostly close to the surface. Tailings disposal
sites in the eastern part of the Kolubara basin
do not have sufficient space for additional
investment disposal of tailings from the
new Surface mine Field E. An analysis of
the possibility of overhanging the existing
internal landfill at Surface mine Field B and
Field C was undertaken. Three problems had
to be solved:

— Stabilize the existing landfill (initial em-
bankment);

- Stabilize the raise of the existing landfill
(the raise of the initial embankment);

- Increase the load-bearing capacity of the
existing landfill area for additional disposal
(elevation of the existing landfill).

Before the implementation of all technological
interventions, it is necessary to completely
solve all problems related to the protection of
the mine from surface and underground water.

GENERAL CONDITIONS
AT THE SURFACE MINING

The progress of mining works on the
excavation of coal has a north-south direction.
On the north side of the pit, the coal pinches
out vertically. It is the lowest in the central part
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IIOTOM CTPMO MCK/INMIbaBa Yy CEBEPHOM JeNy.
[TpumeTHA Cy MOKaNMHA KAM3MINTA HA eTaXKa-
Ma. Ha gHy KoIla KOHCTAaTOBaHO je fa ce Boja
YIJIaBHOM aKyMy/IMpa IPaBUTALMjoOM ca OT-
KOITHOT pOHTA U IOfpYYja U3BAH KOIIA, TOK
Mamby [Ie0 [0/a3/ U3 YHYTpallier OfjIara-
mumTa [2]. Kako je opmarannmrre mospummnH-
CKOT KOIIa OKapaKTe€pPMCAaHO Kao 3aBOJAIbEHA
CpeAVHa, O4YMIJTIEAHA OMACHOCT je y Mmoryh-
HOCTY II0jaBe Kam3umta 1 Teyuiura Behux
pasMmepa, WITO OM Ce HEMOBO/BHO OJPA3UIO
Ha OfJIaT/IMLIHY ¥ OTKOIIHY MeXaHM3aLWjy
Ha yrpy. Ilpema TpeHyTHOj cuTyanmju Ha
TepeHy, PaloBM Ha eKCIUIoaTalMju yI/ba Cy Y
OVPEKTHOM KOHTAKTy Ca YHYTpPaIlllbIM OfiJIa-
rajmuTeM. TakBO CTame Y3POKOBAJIO je U3-
Memrtame bTO cucrema Ha yHyTpamme osa-
ramumre IIK ITome II. HacraBak opmmarama
Ha yHyTpammeM ogynaramniuty [1K Ilome b
ITospe I onpaBfaH je TeK HAKOH CIPOBENEHOT
IpelOJOBO/baBatba I U3paje CTabumImsaru-
OHUX ObjekaTa.

of the mine and then it pinches out steeply
in the northern part. Local landslides on the
floors are noticeable. At the bottom of the
mine, it was established that water is mainly
accumulated by gravity from the excavation
front and the area outside the mine, while a
smaller part comes from the internal landfill
[2]. As the surface mine landfill is character-
ized as a waterlogged environment, the ob-
vious danger is the possibility of large-scale
landslides and liquefaction, which would
have an adverse effect on the disposal and
coal mining machinery. According to the
current situation on the ground, the coal
mining works are in direct contact with the
internal landfill. Such a situation caused the
relocation of the BTO system to the internal
parking lot of Surface mine Field D. Contin-
uation of disposal at the internal landfill of
Surface mine Field B and Field C is justified
only after pre-watering and construction of
stabilization facilities.

Cnuxa 2, IIK Iomwe 1] - axymynucana 60ga
¥ HOMUYU ognaianuwina [2]
(crummeno 01.09.2020.)

Figure 2, Surface mine Field C - accumulated
water in the foot of the landfill [2]
(recorded on September 1, 2020)

VNEHTVUOUKAIIMJA HACTAHKA
K/IV3UIITA

[TojaBe HecTaOWIHOCTM BELITAYKV HACTAINX
KOCVHA IIpeCTaB/bajy pe3ynrar mnopemehaja
paBHOTeXe y npupoau. PenraBame oBUX Impo-
6reMa y pyfapcTBy 3axTeBa aHAIM3Yy, MICTpa-
KUBAYKM pajj, u360p, nmpuMeHy u mnpahemwe
MeTOfIO/IOrMje cTabuam3anuje.
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Cnuxa 3, Pyuesu cesepre ipanuue
IIK ITomwe b [2]
(crummeno 01.09.2020.)

Figure 3, Rucevi northern border
Surface mine Field B [2]
(recorded on September 1, 2020)

IDENTIFICATION OF ORIGIN
OF LANDSLIDE

The phenomena of instability of artificially
created slopes are the result of imbalance in
nature. Solving these problems in mining
requires analysis, research work, selection,
application and monitoring of stabilization
methodology.
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IIpomec paga Ha MOBPIIMHCKOM KOIIy Yc-
JIOB/baBa JIa Ce pajHe KOCMHe eTa)ka I 3aBpIl-
He KOCKHe IOBPIIMHCKOT KOIIda KOHCTaHTHO
u3Bofe y mpoMmeHpuBuM ycnosuma [2]. Ko-
CUHe OJi/IOXKeHe ja/IoBJHe HajIase ce y CTabumi-
HOM CTamy (He KIM3ajy ce 1 He oOpylIaBajy)
CBe JIOT/Ie, IOK Y IbJIMa II0OCTOj! 32 TO JOBO/bHA
YHYTpallba Besa [4].

ITosnaBame cBOjcTaBa M cacTaBa TepeHa Ha
KOMe je [OUUIO [0 II0jaBe KIM3UINTA Cy BEOo-
Ma OMTaH YCTOB 3a INpENO3HaBame pasjora
HacTaHKa. Ha 6asm Tux momartaka yTBphyjy
ce epMKacHe CaHAIMOHe Mepe. 3aXTeB je f1a ce
Ofi/IaTa/IMIITe CaHMpPA HajjeQTUHUjUM M Tex-
HOJIOLUKM HAjjefHOCTAaBHUjUM CaHAIVIOHUM
MOCTYNUMMA. Pasmuumty cy yspoum HecTa-
OWJIHOCTM OJyIarajmMiuTa: KOCMHE Cy CTpMe
U BUCOKE, MOAVHA OJIIara/jMIITa MMa HeMo-
BO/bHY HOCHBOCT, BMCOKJ IIODHM HPUTUCLM,
HEJIOBO/bHA OJBOIHEHOCT OTKOIIAHE ja/IOBUHE.
Hapenenn ysponu Mory fia fgenyjy mojefnHad-
HO, a Mory 1 Mehyco6Ho mosesann. Op HaurHa
IUIXOBOT Ie/I0Batba 3aBUCHU 1 M300p CaHAINO-
HUX Mepa.

CaHanyuoHe Mepe ce MOTY IOJENNTU Ha: fipe-
Ha)KHe, IIOTIIOPHE IIPOMEeHe reoMeTplje KOCH-
Ha, IIpMMeHa KOHCTPYKLUja 1 apMupame Tia.
Kapa cy y nuTamy HOBPIIMHCKY KOIIOBYU Y€CTO
ce II0CTaB/bajy TPY K/bY4HA IIMTaba: KOJIMKA Ce
CTaOWIHOCT 3axTeBa, 3a KOjI BPEeMEHCKN IIe-
PMOZ U KOJIMKO je TIpM CTaOMIn3anuju KoCuHe
npuxsarbyBa LeHa! OBa Tpu NNUTama Ipef-
CTaB/bajy OCHOBHM IIPOO/IeM Ha MOBPLIMHCKIM
KOIIOB/MA, a IJXOBO PeEIlaBabe je KOMIIPO-
Muc usMeby curypHocTy, ieHe 1 BpeMeHa.

Hajuemhn nocrymmm 3a caHanyjy wim no6osb-
mame CTAO0OHOCKBOT T/14, @ KOjI YK/bY4yjy pas-
JIMYNTE TEXHOJIOIIKE Mepe KojuMa ce mosehasa
IPONYCT/BUBOCT M/MIN TIO00OOJBIIABAjy YBp-
croha n fedopmanyiona ceojcTsa Ta cy [2]:

- VYrpahuBamwe BepTUKa/HUX [jpeHaKa, LbYH-
YaHU IIUIIOBU VI BEPTUKA/IHE JPEHAXKHE Tpa-
ke (wick — drains) 3a ybp3ame koHcompanyje
Y pajyjalHOM 1 BepTHKalIHOM cMepy. [Tocty-
IaK je ogrosapajyhu kazia je yrtujajHa fyousa
cmabo noceher Tna Benmka (5 m 1o 30 m);

The process of working on an open pit requires
that the working slopes of the floors and the
tinal slopes of the surface mine are constantly
performed in changing conditions [2]. Slopes
of deposited tailings are in a stable state (do not
slide or collapse) as long as there is sufficient
internal connection in them [4].

Knowing the properties and composition of
the terrain on which the landslide occurred is
avery important condition for recognizing the
reason for its occurrence. Effective remedial
measures are determined on the basis of this
data. The request is to rehabilitate the landfill
using the cheapest and technologically sim-
plest remedial procedures. There are various
causes of landfill instability: slopes are steep
and high, the floor of the landfill has insuf-
ficient bearing capacity, high pore pressures,
insufficient drainage of excavated tailings.
The mentioned causes can act individually, or
they can be interconnected. The choice of re-
medial measures also depends on their mode
of action.

Remedial measures can be divided into:
drainage, supporting changes in slope geom-
etry, application of structures and soil rein-
forcement. When it comes to surface mines,
three key questions are often asked: how
much stability is required, for what period
of time, and what is the acceptable price for
slope stabilization? These three issues repre-
sent the basic problem in surface mines, and
solving them is a compromise between safe-
ty, cost and time.

The most common procedures for reha-
bilitating or improving weak-bearing soil,
which include various technological measures
that increase the permeability and/or improve
the strength and deformation properties of
the soil, are [2]:

- Installation of vertical drains, gravel piles
and vertical drainage strips (wick — drains)
to accelerate consolidation in the radial
and vertical direction. The procedure is
appropriate when the effective depth of
weakly bearing soil is large (5 m to 30 m);
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- YrpahuBarme XOpM30HTATHUX APEHAKHUX
pebapa 3a ybp3amwe BepTUKaTHE U XOPU-
30HTa/IHe KOHCONMAAIVje M 3a 1060sb-
IIale OTIIOPHOCTHM CITAOOHOCHBOT CJIOja
Ha cvuname. IlocTynax je oprosapajyhn
Kajia je yTUIlajHa ByOMHa c1aboHOCUBOT
T/Ia Cpa3MepHO MaJia;

- 3aMeHa c1abOHOCKMBOT T/Ia OO/BMM MaTe-
pujanom. IToctynak je oprosapajyhm kama
je yrumajHa aybuHa C1abOHOCKMBOT T/Ia
CpasMepHO MaJla;

- Tlobormiiawe yBpcTohe cmaboHOCUBOT T/Ia
Ipy CMUIABY IMOCTYIIVMA KyOMHCKOT
nIbeKTHpama (jet — grouting mmmosn) mim
IyOMHCKe XeMMjcKe cTabummsanyje (Kped-
Hy mmmosn). Ioctynu ¢y oprosapajyhn
Kajia je yTuiajHa fy6mHa c1aboOHOCHBOT
Ta Benmka (5 m go 30 m);

- Tloborpurabe uyBpcTohe CcrMabOHOCHMBOr TIa
TIOCTYTILVIMA JOf{aTHOT 30Mjarba (I HAMIIKO
KOMIIPUMUPabe, TEIIKO HabMjarbe, TyOMHCKO
BuOpupame). Iloctymuu cy onrosapajyhm y
TIPOIYCHIVM, HEXOMOTEHIM 3€M/BAHVIM Ma-
TepujaMa, Kao IITO Cy CUTHY IleCaK U He-
KOHTPO/IMICAHA BELITAYKA HACKIIAMbA;

— Tlo6omiame yBpcTohe MOBpLIMHE TeMerb-
HOT T/Ia apMVpabeM IIOMohy FeOCUHTEeTHKa;

- Y nocebHuM crydajeBrMa Kaja OIMMCAHNM
IOCTYNIMMa Huje Moryhe ocuryparm xo-
MOT€HO MOOO/blIaEbe CBOjCTBA TEME/bHOT
T/Ia 'y IUVIaHMPpaHMM POKOBMMaA, HACHIIN
MOTY Jia ce Tpajie U Ha cabujeHnM uin 6y-
HIeHVM IINIIOBMMA;

- IlpumeHOM KOMOMHOBaHUX ¥ IOCEOHMX
IIOCTYIIaKa.

CrabunHocT opraranuuita 3a ofpeheny rtex-
HOJIOTMjy pajia Ha OJyIaTamy 3aBMCU IIPBEH-
CTBeHO Off GU3NIKO — MeXaHUYKUX 0COoOu-
Ha ja/JoBMHe (3aMpeMMHCKa Maca, CafipiKaj
B/IaTe, I'PaHY/IOMETPUjCKM CacTaB, KOXe3uja,
YVHyTpallllbe Tpeme, KOHCUCTeHIMja, eJa-
CTUYHOCT M yBpcToha Ha cMUIIame) y mope-
MeheHOM cTamy U mopyHe (TeMe/bHOT T/Ia) Y
HertopeMeheHoM cramy. Kaga mopnza opiara-
aumTa npuMa ontepeherme ofoXKeHMX Maca
He cMe OMTU CKJIOHA K/IM3amby, HAPOYUTO aKO
je HarHyTa y IIpaBIly HalpefoBama OfjIara-
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- Installation of horizontal drainage ribs
to accelerate vertical and horizontal con-
solidation and to improve the shear re-
sistance of the weak-bearing layer. The
procedure is suitable when the effective
depth of weakly bearing soil is relatively
small;

- Replacement of weak-bearing soil with
better material. The procedure is suitable
when the effective depth of weakly bearing
soil is relatively small;

- Improvement of the shear strength of
weak-bearing soil by means of deep injec-
tion (jet grouting piles) or deep chemical
stabilization (lime piles). The procedures
are suitable when the effective depth of
weakly bearing soil is large (5 m to 30 m);

- Improving the strength of weak-bearing
soil by means of additional compaction
(dynamic compaction, heavy compaction,
deep vibration). The procedures are appro-
priate in more permeable, inhomogeneous
soil materials, such as fine sand and uncon-
trolled man-made embankments;

- Improving the strength of the foundation
soil surface by reinforcement with geosyn-
thetics;

- In special cases when it is not possible to
ensure a homogenous improvement of the
properties of the foundation soil within the
planned deadlines, embankments can also
be built on compacted or drilled piles;

- By applying combined and special proce-
dures.

The stability of the landfill for a certain dis-
posal technology depends primarily on the
physical and mechanical properties of the
tailings (bulk mass, moisture content, granu-
lometric composition, cohesion, internal fric-
tion, consistency, elasticity and shear strength)
in a disturbed state and the floor (foundation
soil) in undisturbed state. When the floor of
the landfill receives the load of the deposited
masses, it must not be prone to sliding, espe-
cially if it is inclined in the direction of the ad-
vance of the landfill. The bearing capacity of
the base must be such that it can receive, apart
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mmmra. HocuBocT mopmore mopa OMTM Tak-
Ba Jla puMy, ocuM onrtepehema OII0KEHNX
Maca I cuie Koje CTBapajy AMHAMIYKI IPUTHU-
CaK IIPU HAIIPEJIOBalby PafloBa HA OJJIAramby U
¢dbopmupamy kocuHa [1]. Ha Tepennma rae je
M3paKeHa CeM3MMKa MOTPeOHO je YKbYInUTH 1
OBaj mapamMeTap. Y Ipakcy Cy IpUCyTHA 4ecTa
HOTHUCKVBaWka U Apyru obmun gedopmaryje
nopuHe (yHyTpamme omraramymre [IK dpm-
Ho, Orpanak TE - KO Kocronan).

Omnmita KapaKTepUCTMKA CIIO/bAIIIBIX OfIa-
rajayuiTa HalllMX IIOBPIIMHCKUX KOIIOBA yI/ba,
jecte a Cy MM IIOZ/IOTe IPETEXXHO I/IMHOBITE
VIV aTyBMjasiHe, IpK 4eMy ce gedopMiucame
KOCHMHA ! ICTUCKMBaIbe T/Ia 3 ITOJJ/IOT€ BPIIU
y OONMMKYy BUIIe TajacCHUX y3BuiIema [3].
Onrepehewy maca janoBune Tpeba mopmatu
¥ Macy Ojijlarada Kao ¥ TPAHCIIOPTHMX Cpefi-
CTaBa KOja 13a3MBajy KOHCTaHTHe BuOpanyje
TOKOM paja.

[ToBehamwe HOCMBOCTI MOXe Ce U3BECTH fipe-
HMPambeM Kao ¥ IIPOMEHOM BUCHHE IIOjefHNAX
etaka. CBaka eTaka OfyjlarajmimuTa tpeba ja
Oyne y cramy Aa mpuMmm u Hocu onrtepeheme
BUIINX €Ta)Ka. Y TOM KOHTEKCTY IMOTpebHO je
ucrahu na je mpBa eraxka 10 IOAMHE, TeMelb-
HOT T/7a, Hajpume ontepehena. To 3axresa
PEBACXOJHO AVUCIUIUIMHOBAHO BoDere Tex-
HOJIOIIKOT IIpOIleca Ofi/larama jajioBUHE KOje
omoryhaBa 6p30 36ujame 11 IIaHNpPabe TIOBP-
IIVHE Of/IaTa/IMIITA Pafu OpiKer OTUIIamba aT-
Mocdepckux Bopa [1].

Hajnoso/bHyja BcHA eTaka omoryhyje mMak-
cuMajHo Kopuinherme Ipon3BogHMX MoryhHo-
CTH ojy1arada (BUCHMHY M Harub KocmHe), Koja
IPOUSWIa3N U3 IpopadyHa crabumHocTn. Kop
VICTOT Harmba KOoCMHe NyOMHCKe eTake Ofjjla-
ramumra, nosehameM cafpikaja IIMHOBUTHX
KOMIIOHEHT! BMCUHA OJjIarajymra he ce y
Mam0j Mepy CMABNUTH, a/i caMo fio ofpehene
KPUTUYHE BICHHE, KaJla Ce yTao Haruba Haruio
cMamyije [1].

AHAJIVI3A YCJIOBA CTABMIM3ALVIJE
YHYTPAIIILEL OMJIATAJIVIITA

AHanu3oM YHyTpallliber OfjIarajyiiTa yTBp-
beno je ma cy y HempaBWIHOj CHHK/IMHAIN

from the load of the deposited masses and the
forces that create dynamic pressure during the
progress of the works on the disposal and the
formation of the slope [1]. In terrains where
seismicity is pronounced, it is necessary to
include this parameter. In practice, there are
frequent push-overs and other forms of defor-
mation of the floor (internal landfill Surface
mine Drmno, Branch of TPP - Surface mine
Kostolac).

The general characteristic of the external
landfills of our surface coal mines is that their
substrates are predominantly clayey or alluvi-
al, whereby the deformation of the slope and
the displacement of the soil from the substrate
is done in the form of several wave elevations
[3]. To the load of tailings mass, the mass of
dumpers and transport vehicles that cause
constant vibrations during operation should
be added.

The load capacity can be increased by draining
as well as by changing the height of individu-
al floors. Each floor of the landfill should be
able to receive and bear the load of the higher
floors. In this context, it should be pointed out
that the first floor next to the basement, the
solid foundation, is the most heavily loaded
one. This requires above all disciplined man-
agement of the technological process of tail-
ings disposal, which enables rapid compac-
tion and planning of the landfill surface for
faster stormwater runoff [1].

The most favourable floor height enables
maximum use of the production possibilities
of the stacker (height and slope inclination),
which results from stability calculations. At
the same slope inclination of the deep floor of
the landfill, by increasing the content of clay
components, the height of the landfill will de-
crease to a lesser extent, but only up to a cer-
tain critical height, when the angle of inclina-
tion decreases sharply [1].

ANALYSIS OF INTERNAL LANDFILL
STABILIZATION CONDITIONS

The analysis of the internal landfill found that
the largest loads of dumped tailings are in the
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Hajseha onrepehema opmoxeHe janmoBuHe.
Koncraranuja ce 6asupa Ha IUTONIOTUjU Tepe-
Ha, 3aJIeTaby yI7ba, Kao U [1e0/bIHY OfITIOXKeHe
janmoBmHe. VImajyhm y Bupy sHauaj moryher
KOPI/H.HhGH)a BUCOKOIIPOOYKTBHE MEXaHN-
3anMje KOjoM paclojake IMOBPIIMHCKYU KOII,
HeKa CKpOMHaA CBEeTCKa MCKYCTBa Koja ce Of-
HOCe Ha CTabMIN3alyjy YHy Tpalliiber Ofijlara-
nmmrta, yop3aHy JMHAMUKY M3Bohema pajo-
Ba, NPOLIEHy TPOIIKOBAa M3Tpajme objexara
NIpeNoOBOAIbaBaba M 3alITUTHOI MHULIMjaI-
HOT HaCMIIA, IPOjeKTAaHTH CY Ce ONpeNe/uin
3a KOPUCHUKY IPENo3HaT/bUB 00jeKaT, MHNU-
IVjaTHY HACUII [2].

OCHOBHM MOfie/l NIPOjeKTHOT pellerma 0asnu-
paH je Ha NPMMEHNU Mepa U IIOCTyIIaKa CaHa-
I1je Kako 0¥ ce JOCTUIIN 3aKOHCKY 3aXTeBU
¢daxTopa curypHoct 1 06e3beo HacTaBak
kopuirhewa yHyTpalllmer Ofyjlarajuuita 3a
mopaTHM cmemTaj janosuHe ca IIK Ilome E.
JenHa op MpBMX NMIeja Koja je OBIe pasMaTpa-
Ha je o6e3bemmty cTabwiHOCT mocTojeher
OJUIaTa/INIITA ¥ TPEHYTHMU IIOJIOKAj pafoBa y
opHocy Ha IIK ITome E xako 6u ce Ha Bpeme
OCUTypao HAacTaBaK Ofi/larara M HaJBUIICHE
YHYTpallmber ofjaramumra. IIpojekTHOM 1o-
kymenTanujom 3a [1K Ilome I gedpunncano je
pacTojame (PpoHTa pajjoBa Ha YI/bY Y OGHOCY
Ha HOXIILY OJ/IO)KEHOT Marepujana of 250 m.
Kako 61 ce y 30HI IIPOjeKTOBAaHOT MHMUIIVjaI-
HOT HacUIIa CTBOPWIN YC/IOBU 3a JApPEHUparbe
OJUIOXKEHVX Maca Ha IOAMHU U IIOCTaB/baibe
reoMpexxe 3a nosehame HOCMBOCTH TIO[UHE,
HOTpe6HO je y QYHKIMjU TeOMeXaHNIKe CTa-
OWJIHOCTYM OCTAaBUTH II0Ojac IJIABHOT YIJbEHOT
C7I0ja Ha KOHTAKTy ca NOAMHOM U pacTepe-
TUTU CEBEPHY KOCUHY KOja je jeMHUM [IeI0M
Beh ¢opmmpano xmsumre. HakoH muspage
APpE€Ha)XXHOI' CICTEMA Y IIOAMHN U1 IOCTaB/batba
reoMpexxe, CTBapajy ce YC/IOBU 3a U3LPafmby
VHULIMjaTHOT HaCuIIa.

TEXHOJIOIKN ITOCTYIIAK
CAHAIIMJE

TexHONMONIKY MOCTYIAK OfIarama y QyHKIVjI
dbopMupama MHMIMjaTHOT HACUIIA U HAJIBU-
IIea yHYTpallliber OfjIara/lMIITa, IOfpasy-
MeBa TpPVYMeHy Beh OmMcaHuX aKTMBHOCTU U
pasMaTpaH je ca BMIIIe aclieKaTa. AHaausupa-
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irregular syncline. The finding is based on
the lithology of the terrain, coal deposits,
as well as the thickness of the deposited
tailings. Bearing in mind the importance
of the possible use of highly productive
mechanization at the disposal of an open-pit
mine, some modest world experiences related
to the stabilization of an internal landfill,
the accelerated dynamics of the execution
of works, the estimation of the costs of the
construction of pre-drainage facilities and the
protective initial embankment, the designers
opted for a user-recognizable facility, namely
the initial embankment [2].

The basic model of the project solution is based
on the application of remediation measures
and procedures in order to reach the legal
requirements of the safety factor and ensure the
continuation of the use of the internal disposal
site for additional storage of tailings from
Surface mine Field E. One of the first ideas that
was considered here is to ensure the stability of
the existing landfill and the current position of
the works in relation to Surface mine Field E
in order to ensure the continuation of disposal
and the elevation of the internal landfill in time.
The project documentation for Surface mine
Field C defines the distance of the front of the
coal works in relation to the foot of deposited
material of 250 m. In order to create the
conditions in the area of the projected initial
embankment for draining the deposited masses
on the floor and installing a geogrid to increase
the bearing capacity of the floor, it is necessary
to leave a belt of the main coal seam in contact
with the floor and relieve the northern slope,
which has already formed a landslide. After
construction of the drainage system in the
floor and installation of the geogrid, conditions
are created for the construction of the initial
embankment.

TECHNOLOGICAL PROCEDURE
OF REMEDIATION

The technological procedure of disposal in the
function of forming the initial embankment
and the internal landfill banking, implies the
application of the already described activities
and it has been considered from several aspects.
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Ha je aKTye/lHa CHUTyalyja Ha IOBPIINHCKOM
KOITy, JMHAMUKA eKCIUIoaTalyje, pacloIoX-
BOCT OIIpe€MeE U 1b€HM KOHCTPYKTUBHU IIapaMe-
Tpu, pacnoper, BTO cuctema, mogiora ca xoje
60U ce BPIINJIO Of/Iarame, BPCTa MaTepyjaa off
Kora Oum ce M3rpafmo CcTabummsanuoHn obje-
Kat, feO/pMHa CjI0jeBa. Y3eBLIM y 063up fa he
VHNIIVja/THY HAaCUII TIpeTpieTn Hajpehe omre-
peheme, npenBubeHa je mwerosa usrpagma ofi-
JarameM IIecKa y BUIIIe C/IojeBa off 6 m (HaKOH
cabujama etaxe cy 5 m) . Omnarad Hanpepyje
opnaxxyhu mace ncniper cebe [2].

An analysis was done concerning the current
situation at the surface mine, the dynamics of
mining, the availability of equipment and its
structural parameters, the layout of the BTO
system, the substrate from which the disposal
would be carried out, the type of material from
which the stabilization facility would be built, the
thickness of the layers. Taking into account that
the initial embankment will bear the greatest
load, its construction is planned by placing sand
in multiple layers of 6 m (after compaction, the
levels are 5 m). The delayer advances by delaying
the masses in front of him [2].

250 m

140

Cnuxa 4, [Ipunyuiiujenta wiema citiabunuszayuje ynyimpawioel ognaianumiia [2]

Figure 4, Principle scheme of internal landfill stabilization [2]

Tymau: A - IIK ITose A; E - TIK ITorbe E; 1 — HeoTkomanu yrase; 2 — JIpeHa>kHU cuCTeM;
3 — Haporpapma nHunyjanuor Hacuma; 4 — VIHunujanum Hacu; 5 — Hagsuineme MHUIVjaTHOT HACKIIa;
6 - HeotkomaH yrasp; 7 — IIpeTxopHO Ofl/I0)KeHa janoB1Ha-11ocTojehe ofyrarammiTe;
8 — Hapuiueme noctojeher opyraraamiiTa.

Legend: A - Surface mine Field A; E - Surface mine Field E; 1 - Unmined coal; 2 — Drainage system;
3 - Upgrade of the initial embankment; 4 - Initial embankment; 5 - Elevation of the initial embankment;
6 — Unmined coal; 7 - Previously disposed tailings — existing landfill;
8 — Exceeding the existing landfill.

Ha ocHOBy cmTyanmje Ha TepeHy, YCBOjeHUX
KOHCTPYKTUBHUX ITapaMeTapa U pe3y/Tara re-
OMeXaHMYKVX IpOpadyHa, Ofijlaralbe Ha YHY-
TpPaIlbeM OfiIaTa/INIITY je TpenBubeHo fa ce
BPIIN Yy IPOAYXeTKY VHUIMjaTHOT HaCUIIA ca
HanpeposameM npema IIK Ilome E, nmpopysxa-
BambeM eTaXHUX paBHM Ha k+65 m u k+80 m

[2].

HacraBak opmjarama jajloBMHe Ha YHY-
TpalllbeM ojIaranuiuTy npepnsuben je ¢op-
MIUpambeM BUIIMX eTAXHNUX PaBHM ca KOTaMa:
k+65 m, k+80 m, k+95 m, k+110 m, k+125 m,
k+140 m, k+155 m, k+170 m u k+185 m.

AHanM3a reoMeXaHMYKUX pe3y/nTara IoKasyje
Ia ce Ha/IBUIIEHEeM MHULMjATHOT HacHUIIa U
dbopMupameM eTaka YHYTpallmber Ofjlara-
muurra npema I1K ITose A noctke Beha cra-
6unuocr [2].

Based on the situation on the ground, the
adopted structural parameters and the results
of geomechanical calculations, the disposal at
the internal landfill is planned to be carried
out in the extension of the initial embankment
with the advancement towards Surface mine
Field E, by extending the floor levels to k+65 m
and k+80 m [2].

The continuation of tailings disposal at the
internal landfill is foreseen by the formation of
higher storey planes with elevations: k+65 m,
k+80 m, k+95 m, k+110 m, k+125 m, k+140 m,
k+155 m, k+170 m and k+185 m.

The analysis of the geomechanical results
shows that by raising the initial embankment
and forming the floors of the internal landfill
according to Surface mine Field A, greater
stability is achieved [2].
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Material Name | Color (kN/m3) | (kN/m2 Phi | Water Surface Hu Type Hu
Odlagani materijal . 18 16 7 | Water Surface | Automatically Calculated | 1
Ugalj . 12 100 30 | Water Surface |Automatically Calculated | 1
Glina D 175 0 12 | Water Surface | Automatically Calculated | 1
1435 Pesak O 18 10 |2 None

e o

Cnuxa 5, Qaxitiop culypHociliu HAKOH usipagre uHUUUjanHol Hacutia [2]

Figure 5, Safety factor after the construction of the initial embankment [2]

200Pi-— E @ A —

Cnuxa 6, Texronoiuja ognaiarwa Ha yHyitipauirvem ognaianuwiiy (2]

Figure 6, Disposal technology at an internal landfill [2]

Tymau: A - IIK Tome A; E - ITIK Tore E; 1 - TpenyTHa cutyanuja; 2 — PopMuparme MHUIMjaTHOT HACHUIIA;
3 - Hapsuuerme nHuLMjamHor Hacuma;4 — Hapgsuinere oprarayminTa 1o k+155 m;
5 — Hagsueme omyaraauiira g0 k+185 m
Legend: A - Surface mine Field A; E - Surface mine Field E; 1 — Current situation; 2 - Formation of the
initial embankment; 3 - Elevation of the initial embankment; 4 — Elevation of the landfill up to k+155 m;
5 — Elevation of the landfill up to k+185 m

3AKIbYYAK CONCLUSION

HakoH aHanuse ycioBa Ha TepeHy, YCBOjeHMX After the analysis of the conditions on the
KOHCTPYKTMBHMX MapaMerapa KopuirheHux y ground, the adopted constructive parameters
JIOKYMeHTaluju, feDUHUCAHN CY [pEeHaKHI used in the documentation, the drainage sys-
CHCTeM, TOCTYNIM M3TPAJihe WHULMjATHOT tem, the construction procedures of the initial
HAaCWIIa, HEroBO HANBUIICHE U HaJBUIICHE embankment, its elevation and the elevation
npeTxoHO (GOPMUPAHOT OfIaraanmra. Pe- of the previously formed landfill were defined.
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Hlemba Cy Yy KOHTMHYUTETY IIpoBepaBaHa Te-
OMEXaHWYKUM IIpOpayyHMMa Kako Ou ce
yTBpAWIe TPAHNYHe BYCUHE OfjIarama 1 Ipo-
payyHao cMelITajHM Impocrop. leomexanmuke
aHa/IM3e Cy yTHUIlajle Ha CMep HallpefioBama I
Ha4ylH Ofj/laramba jaJIoBMHCKMX Maca.

Cse HaBefieHO, 06e36ebheme cmobopgHor TIpoO-
cTopa usMeby HEOTKOIAHOT yI/ba M HOXUIIE
OJUIOXKEHVX Maca, IpelofBOfiibaBatmbe, Ojada-
Bame MOJVIHE TeOMPEeXXOM, M3pajja MHUIVjaI-
HOT HACWUIA, HA[BUIICHE MHUIMjaTHOT Ha-
CUIIA U HaBMIIEHE IIPEeTXOJHO GOPMUPAHOT
YHYTpallllbel  OfyIaTa/IMIITa, IPeACTaB/bajy
pemocien; onepanyja Koje Tpeba peanusoBaTu
KaKo O ce OCTBapumia mwerosa cTabummsanyja
U MICITYHUO 3aXTeB 3a OfIaramwe JOJaTHe jasio-
BuHe. Jla/byM HampeoBamweM QpOHTA pajfioBa
Ha JCKOIIaBamy ja/JioBUHE ¥ yI/ba, mpema IIK
ITome E, cTBapajy ce ycnoBu 3a AMCHUIIIMHO-
BaHO IIPOLE[lyPaHO OfjlaTame jaJIOBUHCKUX
Maca GpopMyparmeM HIDKe Ofi/IaTaIiIITHe HIBe-
nete k+65 m, mITo 61 ce MO3UTUBHO OJPA3UTIO
Ha HaCTaBaK Ha/BUIIEHA OJJIOKEHE jaTOBIHE.

YseBIu y 063up, BeMM4MHYy 1 06IMK MOXKe ce
KOHCTATOBATH Jja IIPeIOKeHa CTabmm3aIja
IPEAMETHOT OfI/Tara/ININTa, HaBEIEHUX IMMEH-
3Uja 1 KapaKTepUCTIKa, Hije OVIa IPUCYTHA Y
CBETCKOj IIPaKCIL.
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The solutions were continuously checked with
geomechanical calculations in order to deter-
mine the limit heights of disposal and calcu-
late the accommodation space. Geomechanical
analyses influenced the direction of progress
and the method of disposal of tailings masses.

All of the above, the provision of free space be-
tween the unmined coal and the base of the de-
posited masses, pre-drainage, strengthening of
the floor with a geogrid, creation of the initial
embankment, elevation of the initial embank-
ment and elevation of the previously formed
internal landfill, represent the sequence of op-
erations that should be implemented in order
to achieve its stabilization and fulfill the re-
quirement for disposal of additional tailings.
With the further progress of the tailings and
coal excavation front, according to Surface
mine Field E, the conditions have been created
for the disciplined procedural disposal of tail-
ings masses by forming a lower disposal level of
k+65 m, which would have a positive effect on
the extended banking of the deposited tailings.

Taking into account the size and shape, it can be
concluded that the proposed stabilization of the
landfill in question, with the stated dimensions
and characteristics, was not present in world
practice.
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