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CakeTak: HakoH 3aBplieTKa ekcrninoaTauuje ylma Ha npocTopy MK MOJLE A, ywn us ncrouHol gena Pb
KOJ/TYBAPA he ce 0TKonaeaTu Ha Hosom kony, MK MOJbE E. Beoma cnoxkeHa Meonolwika CTpyKTypa, Noce6Ho
YjY>XKHOM U CeBEPHOM [Ny Lor M0/ba, Ka0 M BeNMKA 3aBOAHEHOCT, OCHOBHE CY KapaK TepUCTUMKe uXoi NPOCTOpa.
Tokom 2022. iogune 1 noYeTKoM 2023. roguHe JOLLI0je go 3apyLUaBaka eTaxay jy>KHO0j KOCMHM Kora. OanyKom
pykosoacTBa PBE KONTYBAPAY Ty30HY Kona npebayeH je ognmay 0-6 Kako 61 og/iMarbeM janoBMHCKMX Maca
(hopMMpao 3alTUTHW GefleM 1 CNPeUno dasbe Knsakbe KOCUHE.

Y 0BOM pafy npuKasaHu cy pesynTaTW aHanuse CTabUAHOCTW HOBO(OPMUpPAHE jaslOBUHCKE eTaxe
(3alWwTUTHKM Befem) HacTane pagom ognarava 0-6.

Kl'byl-IHe peyn:. ETAXA, OONATANNLUTE, PAKTOP CUTYPHOCTU

Abstract: After the exploitation of coal on the site of PK POLJE D has been completed, the coal from the eastern
section ofRB KOLUBARA will be excavated at the new mine, PK POLJE E. The area is characterized by a highly
complex geological structure especially in its southern and northern parts and substantial water saturation. During
2022 and the beginning of 2023, some benches on the southern slope of the mine collapsed. Following a decision
by the management of RB KOLUBARA, the spoil-disposal machine 06 was relocated to that zone of the mine to
deposit waste rock masses andform a protective embankment to preventfurther slopefailure.

Thispaper presents the results ofa stability analysis of the newlyformed waste rock bench (protective berm) created
by the operation of the machine 06.

Keywords: SLOPES, LANDFILL, SAFETY FACTOR

YBO/. INTRODUCTION

Kony6apckm AUTHUTCKM GaceH je noumpaH Ha The Kolubara Lignite Basin is located approxi-
oko 50 km jyrosanagHo op Beorpaga v 3ay- mately 50 km southwest of Belgrade and occupies
3MMa fenose TepuTopmja oNTNTUHa JlasapeBsal, parts of the municipalities of Lazarevac, Lajkovac
NajkoBal, 1 Y6, yKyrHe NoBpLUMHE 0f OKO 600 and Ub, with a total area of approximately 600

km2(Cnuka 1). km2 (Figure 1).
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Cnuka 1, Meorpadicka Kapla gena Cpbuje ca Kony6apcKmm yTOHOCHUM 6aceHoOM
Figure 1, Geographical map of the part of Serbia with the Kolubara Coal Basin

MospwmnHckn kon TOJ/bE E ce Hanamn y
Kpajiem jyrouctoyHom peny 6aceHa, Mmosp-
wwuHe og oko 12,9 km2 (Cnuka 2). Ca werose
MUCTOYHE CTpaHe je oTKonHo nose MOJbE E,
Ha ceBepHOM feny rpaHnum ce ca NOJ/BEM [,
[OK cy Ha 3anagHoj ctpaHm MOJbE Ewn NMOJbE
®. Jy>kHa cTpaHa je OKOHTYpeHa rpaHuLoM
MPUPOAHOT UCKNNHbEHA YTTHEHOT Cr10ja.

The POLJE E (FIELD E) open-pit mine is lo-
cated in the extreme southeastern part of the
basin, with an area of approximately 12.9 km2
(Figure 2). On its eastern side, the excavated
field FIELD C is located, on the northern side
itborders FIELD D, while FIELD G and FIELD
F are on the western side. The southern side is
contoured by the boundary of the natural out-
crop of the coal seam.

Cnuka 2, MpeTegHa KapTa Konybapckol yriboHocHor 6aceHa (MOJBE Ey jyrovcLuoyHom geny)
Figure 2, Overview map of the Kolubara coal basin (FIELD E in the southeastern part)
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Ha npocTtopy 6yayher noBpLUMHCKOr Kora
MOJBE E, Ha HeroBOM Kpajiem MCTOKY, Hanase
ce WMH(pacTpyKTypHU 06jekTn [NomohHe wme-
XaHu3aumle (pagMoOHNYKU N MarauMHCKMU Npo-
CTOp), KOTNapHuua, TpaoctaHmua, cknaguLTe
ropuea, NPOCTOP HaMekeH 3a MOHTaXKHU naL,
a cBe y 6/M3MHM u3MeLlTeHor nyTta Bpeoum
- ApaHhenoBay, 1 M3MeLUTEHOr KOpUTa peke
MewrTaH (Cnnka3) [1],

On the site of the future open-pit mine FIELD
E, at its easternmost point, there are infrastruc-
tural facilities of the Auxiliary Mechanization
(workshop and warehouse space), a boiler
room, a substation, a fuel storage facility, a
space intended for an assembly site, all in the
vicinity of the relocated road Vreoci - Arand-
jelovac and of the displaced bed of the Pestan
river (Figure 3) [1],

Cnuka 3, Ionoxxaj NHppacLpyKLIYpPHUX 06jeKalla Hajy>XH0j KOCUHM Kona
Figure 3, Location of infrastructurefacilities on the southern slope of the pit

Tokom 2022. roguHe n novyeTkom 2023. rogmHe
[JOLUNO0 je A0 3apyllaBara jy>KHe KOCUHe Kona
Tako fa cy TpadocTaHMLa M MNOCTPOojere
3a npepagy BOAe, KOju Cy Ce Hanasmnum y
HemocpegHo] 6nmM3nMHKM o6oga Kona, Mopanm
6MTN M3MeLITEeHN Kako He 6M gowsio Aao
bUxoBOr owteherwa. OANYKOM PYKOBOACTBA
Pb KOJIYBAPA y Ty 30HY KOMna JOMNpPeM/beH
je ognaray (0-6) ca HamepoMm fAa ce ognlarakem
janoBuHe 1 hopmmparem 610Ka Cripeyn garne
K/In3ake KOCUHE M fla ce Ha Taj HauMH 0Baj Aeo
KonayynHu 6e3begHmnm [2].

OCHOB [eNOHOBAHOI MaTepujana YMHe CMBO-
nnaee rfIMHE ca MPOMEH/BUBUM CafpIKajeM
MecKOBUTE KOMIMOHEHTE, (hparMeHarta yriba u
AvjaToMUTa, CUBO-XKYTE TNNMHe ca o6ayuvMa
KBapL,a, 3arnkbeHn NeckoBun, yriLesuTa rimHa,
KOMaAu AMjaToMMUTA U YIba.

During 2022 and early 2023, the southern
slope of the pit collapsed to the point that the
substation and water treatment plant, which
were located in the immediate vicinity of the
pit perimeter, had to be relocated to avoid
damage. By decision of the management of
the RB KOLUBARA, a spoil-disposal ma-
chine (0-6) was relocated to that zone of the
mine to deposit waste rock masses and form
a protective embankment to prevent further
slope failure and thus make this part of the
pit safe [2].

The basis of the deposited material is made
up of gray-blue clays with variable content of
sandy components, fragmented coal and dia-
tomite, gray-yellow clays with quartz pebbles,
silty sands, carbonaceous clays, pieces of dia-
tomite and coal.
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Y cBpxy oppehumBama (HU3UYKO-MEXaHUYKUX
CBOjcTaBa TOr MaTepujasa  AMMeH3NOHWCaba
reomMeTpuje KOCMHe HOBOhOpMUpaHOr 6/10Ka
janoBMHe, HEONXO4HOj e 60 Yy3nMatbe y3opaka
MaTepmjana 1 HbUX0BO 1TabopaTopUjcKo Ucnm-
Tneakwe. Ha Cnuum 4 npukasaHu cy npoduim
ca Ha3Ha4YeHMM MeCTMMa y3MMatba y30pakKa.

In order to determine the physical and me-
chanical properties of this material and dimen-
sion the geometry of the slope of the newly
formed waste rock block, it was necessary to
take samples of the material and conduct their
laboratory testing. Figure 4 shows the profiles
with the sampling locations indicated.

Cnuka 4, Monoxkaj npoguna u MecLua y3umara y3opaka 3a 1abopallopmjcka UCMMT UBakba
Figure 4, Location ofprofiles and sampling pointsfor laboratory testing

Pe3ynTtaT NabopaTopUCKUX UCMIUTUBaHA OA/10-
>KeHOr MaTepujasiia NpukasaHu cy 'y Tabenun 1.

The results of laboratory testing of the deposit-

ed material are presented in Table 1.

Tabena 1, Pesynialim nabopallopuckux UCUNLLNBaHa 0ANI0XKEHOT Malllepujana
Table 1, Results of laboratory testing of the deposited material

30HA OJIATAYA (0-6)
SPOIL-DISPOSAL MACHINE ZONE (0-6)

O3sHaka Mpodgmna 0)
Profile Tag ©)
Mpodonn - 1 (K-53) M
Profile - 1 (K-53)
Mpodomn - 2 (K-53) 43
Profile - 2 (K-53)
Mpodonn - 3 (K-53) 39
Profile - 3 (K-53)
Mpodonn - 4 (K-53) 34
Profile - 4 (K-53)
Mpodomn - 5 (K-53) M
Profile - 5 (K-53)
Mpodonn - 1 (K-34) 37

Profile - 1 (K-34)
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c Y
(kN/m2) (kN/m3

9 17,16
5 17,04
3 17,72
6 17,52
3 17,63
5 17,58
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30HA OJIATAYA (0-6)
SPOIL-DISPOSAL MACHINE ZONE (0-6)

O3Haka Mpodguna 0)
Profile Tag ©)

Mpodwmn - 2 (K-34)

38
Profile - 2 (K-34)
Mpodwmn - 3 (K-34) 37
Profile - 3 (K-34)
Mpodwun - 4 (K-34) 36
Profile - 4 (K-34)
Mpodmn - 5 (K-34) M

Profile - 5 (K-34)

AHAJIN3A CTABNJTHOCTUN
NMAPLINIATTHE KOCUHE

11popayyn dhakTopa CUTypHOCTU NapumjasiHe
KocuHe (Fs) ypaheHje nprumMeHOM cODTBEPCKOT
naketa SLIDE 6.0, Rocscience Inc, y3 Mohr-
Coulomb-08 KpuTepujym noma. Pesyntatu
rnpopayyHa npukasaHu cy rpaguyukm wu
TabenapHo. MNMogaun 3a (HU3NYKO-MeXaHU4YKa
CBOjCTBa ognaranmiita Koju cy kopuwheHn y
npopadyHy, y3etu cy u3 Tabene 1.

Ha cnuum 51 cnnum 6 npukasaHaje napuyjanHa
KOCMHa HOBOOPMUpAHOr of/laranvuiTa U
pobujeHe BpegHOCTU hakTopa curypHocTm (Fs)
3a Tafalllke CTame KOCUHE, MpY KoeULMjeHTY
nopHornputuckaru= 0,2nruy= 0,3 [3].

C Y
(kN/m2) (kN/m3

8 16,71

5 17,31

7 17,07

6 16,86

ANALYSIS OF STABILITY
OF PARTIAL SLOPE

The calculation of the safety factor of a partial
slope (Fs) was performed using the software
package SLIDE 6.0, Rocscience Inc, with the
Mohr-Coulomb failure criterion. The results of
the calculation are presented graphically and
in tables. The data for the physical-mechanical
properties of the landfill used in the calculation
were taken from Table 1.

Figure 5 and Figure 6 show the partial slope of
the newly formed landfill and the obtained val-
ues of the safety factor (Fs) for the current state
of the slope, at the pore pressure coefficient ru
=0.2andr, =0.3 [3]

Cnuka 5, MapuwnjanHa KocuHa ogncnanunnTa MOJBbE E Kog ognarava (0-6) -
thakTop cwypHocTr Fs = 0,99 (BucmHa eTaxke He = 16 m; Haw6 eTaxe a = 40°; r =0,2)
Figure 5, Partial slope of the landfill FIELD E near the spoil-disposal machine (0-6) -
safetyfactor Fs = 0.99 (floor height He = 16 m;floor slope a = 40°; r =0.2)
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Cnuka 6, MapymjanHa KocvHa ognawnuwTa MOJBE E kog ognawya (0-6) -
thakTop cTypHOCTUK Fs = 0,83 (BMucMHa eTaxe He = 16 m; Harnb eTaxe a = 40° r =0,3)
Figure 6, Partial slope of the landfill FIELD E near the spoil-disposal machine (0-6) -
safetyfactor Fs = 0.83 (floor height He = 16 m;floor slope a = 40°; r =0.3)

JacHo je Aa mMpu OBaKBOj reOMETPUjU KOCUHA
HeMa 3axTeBaHy CUTYPHOCT U faje HEOMNXOAHO
KOPUTroBake HEHOT yria Harméa u BUcuHe. A3
TOr pasfora, 3a pa3nynTe BUCUHE N Harube
KOCUHe ypaheHaje aHanu3a ctabunHoctu [4].

Y Tabenu 2 n Tabenn 3 NprkasaHe cy BpegHOCTU
thakTopa curypHoctun (Fs) 3a KOCUHE BMCUHE Of,
10 m go 22 m, Harmbe og 20° go 40° n koetm-
uwnjeHTe nopHor nputuckar = 0,2 nr = 0,3.

It is clear that with this geometry the slope does
not have the required safety and that it is neces-
sary to correct its angle of inclination and height.
For this reason, a stability analysis was performed
for different heights and slopes of the slope [4].

Table 2 and Table 3 show the values of the safe-
ty factor (Fs) for slopes with heights from 10 m
to 22 m, inclinations from 20° to 40° and pore
pressure coefficientsr = 0.2 and r, = 0.3.

Tabena 2, Pesynwiarny aHanmnse cLUabuIHOCLIN napLmjaiHe KOCUHE
ognalrannwwa MOJbE E - 30Ha paga kog ognalava (06), (r = 0,2)

Table 2, Results of the stability analysis of the partial slope of the landfill
FIELD E - work zone of the spoil-disposal machine (06), (r = 0.2)

Haru6 dakTOop curypHocTu Fs 3a BucnHy etaxke / Safety factor Fs for floor height
eTaxe
F'O‘;r(f;‘)pe H=10m H=12m H=14m H=16m H=18m H=20m H=22m

20 2,29 2,25 2,13 2,14 2,05 2,04 2,02
22 2,10 2,05 1,94 1,95 1,86 1,86 1,83
24 1,93 1,89 1,78 1,78 1,71 1,70 1,68
26 1,79 1,74 1,65 1,64 1,57 1,56 1,54
28 1,66 1,61 1,53 1,52 1,46 1,44 1,42
30 1,55 1,50 141 1,41 1,35 1,34 1,32
32 1,45 1,40 1,32 1,31 1,26 1,24 1,22
34 1,36 1,31 1,24 1,22 1,17 1,16 1,14
36 1,28 1,23 1,16 1,14 1,09 1,08 1,06
38 1,20 1,16 1,09 1,07 1,02 1,01 0,98
40 1,13 1,09 1,02 0,99 0,96 0,94 0,92
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Tabena 3, PesaynTaTu aHanmn3e cTabWUAHOCT U NapLmjaiHe KOCUHE
opgnawnuwwa MOJbE E - 30Ha paga kog ognawya (06), (r = 0,3)
Table 3, Results of the partial slope stability analysis of FIELD E
landfill -spoil-disposal machine work zone (06), (r = 0,3)

Harné dakTop curypHocTtu Fs 3a BucnHy etaxke / Safety factor Fs for floor height

eTaxke

Floorslope  H=10m H=12m H=1m H=16m H= 18 m H=20m H=22m

a (%)

20 2,02 1,98 1,87 1,88 1,79 1,78 1,77

22 1,85 1,80 1,70 1,70 1,63 1,62 1,60

24 1,70 1,65 1,56 1,56 1,48 1,47 1,45

26 1,57 1,52 1,43 1,43 1,36 1,35 1,33

28 1,45 141 1,32 1,31 1,25 1,24 1,22

30 1,35 1,31 1,23 1,22 1,16 1,14 1,13

32 1,26 1,21 1,14 1,13 1,07 1,06 1,04

34 1,18 1,13 1,06 1,04 0,99 0,98 0,96

36 1,10 1,05 0,99 0,97 0,92 0,91 0,89

38 1,03 0,98 0,92 0,90 0,85 0,84 0,82

40 0,97 0,92 0,85 0,84 0,79 0,77 0,76
Mpathmuka wHTeprnpeTaynla nogataka u3 Graphical interpretation of the data from
Tabene 2 u Tabene 3, gata je Ha cnuun 7 un Table 2 and Table 3 is given in Figure 7 and
cnuum 8. Figure 8.

Cnuka 7, BpegHocTu thakTopa cypHocTwW (FS) y 3aBUCHOCT M 0f BUCUHe eTaxke (He)
N Harnba eTaxke (a) Npyn KoedmLMjeHTY NOpPHOr NpuTucka r =0,2
Figure 7, Values of the safetyfactor (Fs) depending on thefloor height (He)
and thefloor slope (a) at the pore pressure coefficient r =0.2
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Cnuka 8, BpegHocwum thakiuopa cypHocwn (FS) y 3aBMCHOCLIM Of BUCUHE ewaxke (He)
N Harmba eTaxe (a) Npu KoepuUMjeHTY NOpHor npuTucKa r =0,3

Figure 8, Values of the safetyfactor (Fs) depending on thefloor height (He)
and thefloor slope (a) at the pore pressure coefficient r =0.3

3AK/bYYHAK

MpaBUIHO [AMMEH3MOHUCake eTaxke (oApe-
HmBare HeHE BUCUHE U Harnba) sBeomaje 6UT-
HO Mpe caMor No4YeTKa NpoLieca ekcroaTaluje
13 Buwe pasnora. MNpBeHCTBEHO, MPaBUIHO
fetbrHUcaHN napameTpy eTaXKe [UPEKTHO
YTUYY Ha tbeHY CTabUMHOCT U CUTYPHOCT Npwn
pafy WTO ce MO3VUTUBHO OfpakaBa Ha [AWHa-
MWKY TEXHOMOLUKOr rpougca M EKOHOMCKe
rokasare/be.

MapymnjanHa kocnHa ognaranmwTta MNK MOJBE
E y 30HUK paga ognarava 0-6 mMo>Ke ce AUMEH-
3noHucaTn Kopuctehm gmjarpame (cnvka 7 v
cnmka 8), Koju cy Hactanm npopavyHoMm (hak-
Topa curypHocTtu (Fs) 3a pa3He 06/1MKe eTaxKe
(BmncunHa etaxke og 10 go 22 m, Harmb og 20° o
40°) [5].

CxogHo Harmby etaxke, ogpehyje ce eHa BU-
CMHa (Ha ancumcu), Tako ga BpegHoOCT hakTopa
curypHoctm (Fs) 6yae n3Hag LipBeHe NCMPEKUN-
paHe nuHuje (Fs >1.1). Ha npumep, 3a eTaxy
Harmba a = 30°, BUCUHA eTadke MoXKe 6utn 20
M LUTO ce 1 MpPenopy4yje y 0BOM KOHKPETHOM
cnyuajy.
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CONCLUSION

Proper dimensioning of a floor (determining
its height and slope) is very important before
the very beginning of the exploitation process
for the above reasons. First of all, correctly de-
fined floor parameters directly affect its stabil-
ity and safety during operation, which has a
positive effect on the dynamics of the techno-
logical process and economic indicators.

The partial slope of the PK POLIJE E landfill in
the 0-6 spoil-disposal machine operation zone
can be dimensioned using diagrams (Figure 7
and Figure 8), which resulted by calculating the
safety factor (Fs) for various floor shapes (floor
height from 10 to 22 m, slope from 20° to 40°)

[5]-

According to the slope of the floor, its height is
determined (on the abscissa), so that the value
of the safety factor (Fs) is above the red dashed
line (Fs >1.1). For example, for a floor with a
slope of a = 30°, the height of the floor can be
20 m, which is recommended in this particular
case.
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