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| zvod

Radom su opisane aktivnosti na nastavku eksploatacije na lokalitetu Kraku bugaresku Ce-
mentacija 1 i 2, sa kratkim prikazom istorijata dosadasnjih izvedenih i sadasnjim stanjem rudar-
skih radova, kao i koncepcijom buduce eksploatacije.

Zbog planiranih izmena u koncepciji buduce eksploatacije sa aspekta prelaska na vedi ka-
pacitet (5,5 Mt godidnje) u odnosu na projektovani od 2,5 Mt kao i smanjenja broja faza (push
backs) u razvoju kopa Cementacija 2 u odnosu na projektovano reSenje od strane Investitora,
prikazana je i analiza osetljivosti Interne stope rentabilnosti (IRR) na promenu flotacijskog
iskori&‘enja, kao implicitne posledice smanjenja broja aktivnih radilista na rudi u istovremenom
radu. Drugim rec¢ima — eksploatacija sa manjim brojem faza u otkopavanju smanjuje mogucénost
blendinga prema flotaciji ¢ime utice na koherentnost sadrZaja metala u rudi koja se dozra flo-
taciji, odnosno iskoriséenje u flotaciji. Smanjenjem iskori&‘enja, smanjuje se i prihod, a time se
uticei na IRR kao jednan od pokazatelja ekonomske ocene projekta .

Kljuéne reci: eksploatacija, stanje rudarskih radova, push backs, flotacijsko iskoriséenje, in-
terna stopa rentabilnosti, investiciona ulaganja, povracaj ulaganja.

1.UvOD

LeZide rude bakra Kraku bugaresku -  mentacija 1 koji je otvoren 1993. godine, a
Cerovo ndazi se u lstonoj Srhiji, oko 20 km  radovi na investicionom raskri-vanju zapo-
severno od Bora(d.1.). ¢di su joS 1990. godine. Tokom investicio-

Na ovom kompleksu rudnih lezida nog raskri-vanja koje je trgjalo od 1990. do
(Cerovo Cementacijal, Cerovo 2, Cerovo 3, 1993. godine, koliko je zapravo trgaa
Cerovo 4, Cerovo primarno i Drenova) ek-  izgradnja objekata prerade na lokaciji
sploatacija je zapoceta kopom Cerovo Ce-  Cerovai hidrotrangportnog sistema transpor-

* |nstitut za rudarstvo i metalurgiju Bor

" Tehnicki fakultet Bor

" Ovaj rad je proisteko iz projekta: 33038 , UsavrZavanje tehnologija eksploatacije i prerade
rude bakra sa monitoringom Zivotne i radne sredine u RTB Bor Grupa” koji finansira Mini-
starstvo za prosvetu, nauku i tehnoloski razvoj Republike Sbije
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tovanja pulpe do borske flotacije, bilo je
raskriveno oko 10 miliona tona jalovine
(skoro polovina od ukupne kalic¢ine u zahvatu
kopa), ¢ime su stvoreni udovi za vrlo povol-
jnu kasniju eksploataciju samaim koeficijen-
tom raskrivke. To je svakako imao svoju
cenu, di okolnogti su bile tekve da je to je
zapravo i omogucilo da se na ovom rudniku
odvija eksploatacija i u vrlo teskim, skoro
nemogucim udovima, pri vrlo nepovaljnim
trzisnim udovima kada je cena bakra u jed-
nom momentu (2002.) iznosila ¢ak nevero-
vatnih 1300 US$ po toni katodnog bakra

Glavnim  rudarskim projektom  ot-

kopavanja leZidta “ Cerovo Cementacija’ [1],
definisane su dedece eksploatacione reserve u
konturi 0,3 % Cu kopa Cerovo Cementacija
1

e Ruda ------------------ 17.479.165t
e Jdovina--------------- 23.674.605t
e |skopine --------------- 41.153.770t
e Srednji sadrzaj Cuu

rudi --------------------- 0,713 % Cu,
o Srednji koeficijent

raskrivke -------------- 1,35/,

Sl. 1. Polozaj rudnog lezista bakra “ KB-Cementacija” RTB Bor (Google map)

2. DOSADASNJE AKTIVNOSTI NA
EK SPLOATACIJI RUDNOG
LEZISTA KRAKU
BUGARESKU - CEROVO

Koncepcija eksploatacije se sastojda u
klasi¢nom otkopavanju buSacko minerskim
radovima sa diskontinuiranim — kamionskim
transportom rude i raskrivke. Projektovana
visna etaZe bila je 15 m, putevi pirani sa
pocetkom na severozapadnoj Strani kopa, sa
kote 515, na lokaciji gde kop preazi iz
brdskog u dubinski tip. Sirina puteva 20 m, sa
nagibom do 10%.

Ruda je trangportovana do primarnog dro-
bljenja nakon ¢ega je deponovana na zatvo-
reno kladidte. Sedeta tehnoloXka faza je
sekundarno i tercijano drobljenje. 1zdrobljena
ruda je odatle je dozirana u dedecu fazu pre-
rade - dva stadijuma mlevenja, sa Spkama i
kuglama. Proces flotacijske prerade je na
Cerovu i520 do dobijanja pulpe koja se nakon
zgudnjavanja, hidraulicnim putem transpor-
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tovda do flotacije Bor gde je vrdeno floti-
ranje. Odlaganje flotacijske jalovine je bilo na
flotacijskom jalovistu RTH u Boru.

Problem vezan za dinamiku zamene opre-
me i kvalitet samog elektromasinskog odrza
vanja zbog nedostatka rezervnih delova, koji
je u rudarstvu nastao tokom devedesetih go-
dina, a zbog poznatih limitiranih udova pri-
vredivanja, kulminirao je tokom 2003/2004.
godine, kada je kop prestao saradom. Namera
je bila da se izvr§ konzerviranje preogtae
opremei ingtdacijai to je u nekoj meri i ucin-
jeno. Odtatak rudarske mehanizacije sa
Cerova je vracen u Vdiki Krivdj kako bi s2
tamo odrZala kakva - takva proizvodnja.

Rudarski radovi na kopu Cerovo Cemen-
tacija 1 zaugtavljeni nak +395 m (etaza 395),
sa neznatnim otkopavanjem i na etazi 380.
Odvodnjavanje kopa je nastavljeno joS izve-
sno vreme, da bi sei satim prestao. U sa
dagnjem trenutku, dno kopa je pod vodom (d.
1), i tehni¢kim projektom odvodnjavanja bice
definisani udovi i natin ispumpavanja aku-
muliranih koli¢ina vode sa dna kopa, sa ci-
ljem stvaranja udova za nastavek proizvod-
nje

Tokom 2011/12. godine krenulo se sare-
vitaizacijom i nastavkom proizvodnje, di sa
nedto izmenjenom koncepcijom u odnosu na
ranije definisanu, kako sa agpekta godisnjeg
kapaciteta otkopavanja i prerade rude, tako i

Whittle -Four-X:corsorreesneaiisaniis ANALYSISY
-+~ -Reference mining-cost -~~~ (§/tonne) -~ -----2.201
- Qe -priges-coe-cocoseseo (3 bonne) <5 -+ -5000.001
BGeprigg e crecesceees oo (3MRELQY - - 300,001
exsaf etpEioness sreseniriss (§/2410) -+ - 16000, 001
Pit: masber: - - £ 50- ()Y
+o0 Dincount vate: (NethodS) - (&-per period) 10,001
Calealation-based: on selection-by ooeeCub=of ]
Maxisum-mining:per-yesr: (bonne] - z- -+ - 6000000 1
Maximm -FLOT- - -per-year- - (tonne) -:----2500000---- -1
Selling-coat: fo oroo(§/konne) -2 600,001
-+ -Salling-cost- for-AG reree (fhile) e oee- 15,000
s=oee-(§fhile) -1+ - 150,001

-+--Salling-coat- for-AU-
seeeeeeessessce oo Ropulbs-Fle- o TUPE_a.res]

‘Rock-Froc-Meth-- -~ -Froc-- - -T/R-Recov- Threshold- - -Raised- - --Lowared: - -Cut-offf

Type:Element -+ -Cost-- - -adj-Ratio- - - --Orade- - -cut-off- --cut-of - - -+ fovar]
1
+QRE: - FLOT CECRRRI N1 |
00+t 0.788 0.0015-++10.0000 0.0015*%
A lg ' w450 ' 0.03121
Al-hg 0.306: 0.00071 o

sa aspekta koncepta otkopavanja Cerova 2,
odnosno celokupne dinamike.

3. KONCEPCIJA PONOVNOG
POKRETANJA RUDNIKA

Zbog toga &o su s podednjih godina us-
lovi natrZidtu bakra pobolj&di tako daje cena
bakra u jednom momentu dogtiglai cifru od 9
000 USS$, ¢ak i relaivno sromadna lezista su
postala atraktivna i ekonomski isplativa za
eksgploataciju.

Strategija ponovnog aktiviranja eksploa:
tacije rude bakra na lokaciji Cerovo — Kraku
Bugaresku projektovana je Dopunskim ruda-
rskim projektom otkopavanja 2008. godine,
[2] | sastgji seu prodrenju i produbljenju po-
vranskog kopa Cerovo Cementacija l, i otva
ranju i eksploataciji rudnog lezia Ce
mentacija2.

Optimizacijom je izvrSen izbor kontura
kopova, takode i optimane dugorocne di-
namike otkopavanja po kriterijumu profita i
diskontovanog profita za budu¢i period ek-
sploatacije, softverom Whittle Fx.

U tehnickom projektu otkopavanja (DRP
2008.) je detdjno obraden navedeni postupak,
s tim &o je kapecitet rudnika bio ogranic¢en
(po zahtevu investitora) postojecim kapaci-
tetom flotacijske prerade od 2,5 x 10° t rude.
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Grafik 1. Ulazni parametri optimizacijei grafik sa prikazom profita i diskontovanog profita, i
mogu¢im konturama kopa (50) za razicite cene Cu
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Polazni parametri kori¢eni u opti-
mizaciji i grafik optimizacije u Whittle Fx:

Sa grefika 1 se vidi da krive profita i
diskontovanog profita jako divergirgu sa
povectanjem kapaciteta proizvodnje, &o

upucuje nafazno otkopavanje — push backs.

Spisak planirane opreme u rudarskom
delu za kapacitet od 2,5Mt prikazan je u
tabeli 1:

Tabela 1. Planirana oprema DRP-om otkopavanja kompleksa rudnih tela

Cerovo Kraku bugaresku
No. Naziv opreme Karakteristike Tipioznaka Kom.
1 Busilica precnika 250 mm Rb=250 mm Atlas Copco 1
2 BuSlicapretnika89 - 130 mm R89 do 130 mm Atlas Copco 1
3 Hidrauli¢ni bager sa elektro pogonom V=10 m® Terex -OK 1
4 Utovarivas L-950 V=13 n7° L eturnoau 1
5 K amion-damper nosivosti 90 Mt HD785-7K omatsu 6
6 Bulldozer gusenicar CAT 249 KW) CAT 2
7 Grjder 249 KW CAT 16H 1
8 Cisternazavodu FAP1823 V=9 m’* 1
9 Servisno vozilo FAP1318/42 Nosivost 8t 2
10 Servisno terensko vozilo LadaNiva 2
11 Muljne potapajuce pumpe Flyght BS 25.00 4
12 Utovarivas totkas V=25-3 1

Koncepcija buduéeg rada jeste da se u
prvoj godini pokretanja proizvodnje na
kompleksu, sa radovima raskrivanja
zapocéne na kopu Cementacija 1, odnosno
postojecem kopu. U prvoj godini treba
raskrivanjem stvoriti uslove da se pun
kapacitet narudi od 2.5 miliona tona rude,
dostigne u drugoj godini. U prvoj godini

je planirano i otkopavanje investicione
raskrivke do momenta stvaranja uslova za
pokrivanje troSkova raskrivanja vrednoS¢u
rude.To prakti¢no omogucava da se u delu
prerade mineralne sirovine zavrSe radovi
na revitalizaciji i pogon pripremi za nor-
malnu proizvodnju.

Tabela 2. Dinamika otkopavanja po godinama (periodima) prema DRP iz 2008. godine

God Isk(()t;))ine Jalovina Ruda Cu uk(t) Ag Au C(l(%u)k (3/% C(lu%u)k ('3;:)
1 6,012,750 4,330,190 1,682,560 4,552.20 1,871.50 194.20 027 | 111 0.27 | 012
2 4,211,527 1,713,040 2,498,487 5,831.80 3,062.70 307.20 0.23 1.23 0.23 0.12
3. 5,547,786 3,049,922 2,497,865 5,948.40 2,410.90 248.90 024 | 097 024 | 0.10
4. 5,085,516 2,589,466 2,496,050 6,817.00 4,249.70 334.90 027 | 1.70 027 | 013
5. 5,888,154 3,389,624 2,498,531 7,458.50 3,284.70 229.50 0.30 1.32 0.30 0.09
6. 5,957,158 3,463,180 2,493,977 7,573.30 3,194.80 182.10 030 | 128 0.30 | 0.07
7. 4,059,750 1,427,516 2,632,234 8,136.80 3,447.10 164.80 0.31 131 0.31 0.06
8. 2,966,965 475,,116.0 2,491,849 8,833.90 2,280.80 162.00 036 | 092 0.36 | 0.07
9. 3,060,615 567,411 2,493,204 9,725.30 3,032.10 196.80 0.39 122 0.39 0.08
10 3,085,217 590,779 2,494,438 9,166.20 2,881.50 223.00 037 | 116 0.37 | 0.09
11. 2,974,106 478,970 2,495,136 7,824.00 3,107.00 155.40 0.31 125 0.31 0.06
12. 2,583,542 82,816 2,500,727 7,791.30 2,628.60 207.50 031 | 105 0.31 | 0.08
13. 1,657,514 8 1,657,506 5,095.80 1,768.60 166.80 031 | 107 031 | 010
SUMA 53,090,601 22,158,038 30,932,564 | 94,754.40 | 37,220.00 | 2,773.10 031 | 120 0.31 | 0.09
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Obzirom na to da postrojenja prerade —
infrastruktura u delu prerade, zahteva
znatan obim radova na reparaciji i do-
vodenju u funkcionalno stanje, sa nave-
denim aktivnostima treba zapoceti znatno
pre pocetka otkopavanja.

Koncepcija eksploatacije je izmenjena
i promenom lokacije flotiranja u odnosu
na prvobitnu. Umesto ranijeg reSenjada se
flotiranje odvija u flotaciji Bor, flotiranje
je sada planirano u flotaciji Veliki Krivelj
§&o podrazumeva i promenu trase cevo-
voda za hidrauli¢ni transport pulpe.

U rudarskom delu ovim projektom nije
predvidena promena dosadadnje tehnologije
otkopavanja, osm modifikacija u buSatko
minerskim radovima u severozapadnom
delu kopa C2 zbog hlizine Zeleznicke pruge i
to u smidu minimiziranja uticgja eksploa
tacije naobjekte Zeleznice.

4. VARIJANTE PRELASKA NA
KAPACITET OD 55 Mt GODISNJE

Nova strategijarazvoja RTB —aje svo-
jim biznis planom kao strateSim dokumen-
tom definisala povetanje kapaciteta sa
lokacije Kraku bugaresku Cementacija, i
to na 55 milona tona, nakon stvaranja
odgovargjucih potrebnih uslova kako na
kopu tako i u delu PMS. Potrebno vreme
zate aktivnosti je procenjeno na 2 godine.
Dakle, povetanje godidnjeg kapaciteta sa
2.5 Mt na 5.5 Mt ¢e udediti dve godine
nakon ponovnog aktiviranja rudarskih
radova na kopu (kopovima) i u flotaciji.

Postoje dve moguénosti za nastavak
otkopavanja sa povetanim kapacitetom
otkopavanja.

1. Otkopavanje Cementacije 2 u jed-

nom zahvatu (varijanta 2F), i

2. Fazno otkopavanje Cementacije 2 sa

dve faze C2-1i C2-2 (varijanta 3F).

Sl. 2. Kopovi Cerovo Cementacija 1i Cerovo 2, sa faznim otkopavanjem Cerova 2
(push backs C21i C22)
(U pozadini je geoloski blok model |eZista Kraku Bugaresku, Gemcom)

Za ostvarenje prve varijante ot-
kopavanja sa podizanjem kapaciteta ot-
kopavanja na 5.5 miliona tona godisnje,
potrebni su vedi kapaciteti utovara i trans-
porta jer je ostvarljiva intenzivnijim
raskrivanjem lezista, tj. povecanjem obi-
ma iskopa na pocetku otkopavanja.

U obe varijante potrebno je postrojenje
za pripremu i koncentraciju osposobiti za
navedeni kapacitet, Sto c¢e zahtevati
ulaganja koja ¢e biti navedena u narednim
tabelama. (izvor [6] Biznis plan RTB Bor).
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4.1. Dinamika otkopavanja za
varijantu 2F

U tabeli 3. Prikazana je dinamika ot-  vljena eksploatacija 2004. godine) i na
kopavanja sa radom na kopu Cementacija kopu Cementacija 2 gde se planira ot-
1 (postojeci kop na kome je bila obusta  kopavanje bez faznog rada.

Tabela 3. Dinamika otkopavanja u varijanti prelaska na kapacitet 5.5 Mt godisnje bez
faznog otkopavanja na Cerovu2

Grade | Grade Unitsto Unitsto Unitsto
Grade
. cuU AG process process process
Period Tonnein Waste Tonne
place tonne input input input input FLOT FLOT FLOT
% gt AU g/t CUt AU kg AGkg
1 7 000 000 4943 885 2056 115 0.27 011 0.0001 5579 219 2262
2 7 000 000 4512181 2487819 0.23 13 0.0001 5692 322 3113
3 12 000 000 6502 351 5497 649 0.26 13 0.0001 14197 571 7110
4 10106 771 4606 771 5500 000 0.28 12 0.0001 15132 399 6628
5 6502574 1002574 5500 000 0.33 12 0.0001 18243 421 6755
6 5803 845 303 845 5500 000 0.38 11 0.0001 20892 416 6212
7 5554 089 54089 5500 000 0.31 12 0.0001 16778 510 6549
8 352807 0 352807 0.00 12 0.0001 1060 34 413
Total 54 320 086 21 925 696 32394 390 0.30 12 0.0893 97573 2892 39042

Tabela 3.1. Dinamika otkopavanja u varijanti prelaska na kapacitet 5.5 Mt godisnje

bez faznog otkopavanja na Cerovu 2
onne 0 onne 0
onne 0 onne process onne 0 onne Process
place aste processed PUS place aste processed PUS
Pl g PLIY PLIY PUS PLIY
Cl C22
6 751 924 4695809 | 2056115 5579 248076 248 076
4250772 1762953 | 2487819 5692 | 2749228 | 2749228
6370434 1401145 | 4969289 13213 | 5629565 | 5101206 528 360 984
10106 771 4606 771 5500 000 15132
2103 259 168921 | 1934337 6044 | 4399315 833653 | 3565663 12199
876 247 68 861 807 387 2433 | 4927598 234985 | 4692613 18459
2378379 33623 | 2344756 6651 | 3175710 20466 | 3155244 10127
352807 352807 1060
22731015 8131312 | 14599703 39612 | 31589070 | 13794385 | 17794687 57 961
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4.2. Dinamika otkopavanja za

varijantu 3F
Tabela 4. Dinamika otkopavanja u varijanti prelaska na kapacitet 5.5 Mt godisnje sa faznim
otkopavanja na Cerovu 2
Grade | Grade | Grade Unitsto Unitsto Unitsto
process process process
Period tonne Waste tonne input input input FLOT FLOT FLOT
in place tonne input CU% | AGglt | AUglt CUt AU kg AG kg

1 7 000 000 4 846 958 2153 042 0.271 1.11 0.110 5829 233 2399
2 7 000 000 4502 294 2497 706 0.228 1.25 0.130 5 686 320 3114
3 12 000 000 6 500 582 5499 418 0.249 1.17 0.100 13703 538 6420
4 10921 136 5421136 5 500 000 0.289 1.22 0.070 15903 364 6727
5 6 180 653 680 653 5499 999 0.328 1.34 0.090 18 023 494 7378
6 5842773 342773 5 500 000 0.378 1.13 0.080 20 808 414 6239
7 5557354 57 354 5 500 000 0.305 1.19 0.090 16 796 508 6518
8 542 594 0 542 594 0.300 1.17 0.090 1629 51 637
TOTAL 55 044 510 22 351 750 32 692 759 0.305 1.21 0.089 98 377 2922 39432

Tabela 4.1. Dinamika otkopavanja u varijanti prelaska na kapacitet 5.5 Mt godisnje sa
faznim otkopavanja na Cerovu 2

tonneto ne itsto tonne nne tonne to Unitsto
process process process

in place waste processed | PUSH1 inplace waste processed | PUSH2 | inplace waste processed | PUSH3
PUSH1 PUSH1 \PUSHl cU PUSH2 PUSH2 PUSH2 [CU PUSH3 PUSH3 PUSH3

Cementacijal ja2-1 Cementacija2 -2
7000000 | 4846958 | 2153042 5829 0 0 0 0 0 0 0 0
4242056 | 1778759 | 2463297 5627 2757944 | 2723535 34409 59 0 0 0 0
4913450 | 1341299 3572151 8678 4643248 | 2715982 | 1927267 5025 | 2443302 2443302 0 0
11851 1705 10147 26 2361651 737786 | 1623865 594 | 8547633 4681645 | 3865988 9923
3699558 | 321875 3377683 10695 1142548 42910 | 1099638 4406 | 1338547 315868 | 1022679 2922
970228 77976 892252 2670 167859 0| 16785% 865 | 3193950 264797 | 2929153 9482
2369424 32738 2336687 6614 470602 0 470 602 1924 | 2717328 24617 | 2692712 8259
0 0 0 0 0 0 0 0 542594 0 542594 1629

23206567 | 8401310 | 14805259 40139 13054588 | 6220213 6834376 | 26024 18783354 7730229 11053126 32215

4.3. Investiciona ulaganja u opremu i ob-
jektenakopu i napostrojenju PMS-a

Za kapacitet rudnika od 2.5 Mt u prve  rebnasu sledeca investiciona ulaganja:
dve godine i povecanjana 5,5 Mt do krgja a) Varijanta 2F
veka eksploatacije, po varijantama, pot-

Tabela 5. Investiciona ulaganja za pokretanje proizvodnje sa 2.5 Mt i prelazak na kapacitet
5.5 Mt godisnje na kopu Kraku bugaresku C1i C2 (lzvor:Biznis plan RTB Bor)

Jedinitna 2011 2012 2013 2014
cenaUS$ | kolicina | vrednost kolicina | vrednost kolicina | vrednost kolicina | vrednost
1. Nabavka nove opreme 5,554,000 8,184,000 14,877,000 13,331,000
- Postrojenja pripreme i prerade 3,530,000 6,189,000 10,331,000
- Drohili¢no postrojenje za rudu 1,000,000
- BusilicaD=200mm 650,000 1 650,000 1 650,000 1 650,000
- Hudrauli¢ni bager V=10m 2,000,000 1 2,000,000 0 1 2,000,000 1 2,000,000
- Kamion Nosivosti 150 t 1,452,000 2 2,904,000 2 2,904,000 4 5,808,000
- Buldozer 375KS 893,750 0 1 893,000 0
- Grejder 16 G 500,000 0 1 500,000 0
- Pomoé¢na mehanizacija 0 0 230,000
2. Sanacija, rekonstrukcija i dogradnja 5,350,000 3,300,000 1,485,500 0
- Revitalizacija post.pripremei prerade 2,650,000 0 0
- Sanacija postojeceg hidrotransporta 2,700,000 3,300,000 0
3. |zrada postr. za pretis.otpadnih voda 0 1,570,000 0
4. Ostalainvesticiona ulaganja 0 0 1,485,000
5. Eksproprijacija 0 0 0 750,000
Ukupno kop Cerovo po godinama 10,904,000 13,287,000 16,362,000 14,081,000
| [ ukuePNO 54,634,000.00 US$

Broj 3, 2012. 67 RUDARSK| RADOVI



b. Varijanta 3F

Tabela 5.1. Investiciona ulaganja za pokretanje proizvodnje 2.5 Mt i prelazak na
kapacitet 5.5 Mt godisnje na kopu Kraku bugaresku C1i C 2 sa ukupno 3 faze

No. Naziv

Jedinicna
cena USS

1 Nabavka nove opreme 5,554,000 10,477,000 11,973,000 11,331,000
- Postrojenja pripreme i prerade 3,530,000 6,189,000 10,331,000
- Drohili¢no postrojenje za rudu 1,000,000
- Busilica D=200mm 650,000 1 650,000 1 650,000 1 650,000
- Hudraulieni bager V=10m* 2,000,000 1 2,000,000 1 2,000,000 1 2,000,000
- Kamion Nosivosti 150 t 1,452,000 2 2,904,000 2 2,904,000 2 2,904,000
- Buldozer 375KS 893,750 0 1 893,000 0
- Grejder 16 G 500,000 0 1 500,000 0
- Pomoéna mehanizacija 0 0 230,000

2. Sanacija, rekonstrukcijai dogradnja 5,350,000 3,300,000 0 0
- Revitalizacija post.pripreme i prerade 2,650,000 0 0
- Sanacija postojeceg hidrotransporta 2,700,000 3,300,000 0

3. |zrada postr. za pregis.otpadnih voda 0 1,570,000 0

4, Ostalainvesticiona ulaganja 0 0 1,485,000

5 Eksproprijacija 0 0 0 750,000
Ukupno kop Cerovo po godinama 10,904,000 15,347,000 13,458,000 12,081,000
UKUPNO 51,790,000.00

5. OSVRT NA TEORIJSKE OSNOVE
METODE , ANALIZA
OSETLJIVOSTI INTERNE STOPE
RENTABILNOSTI PROJEKTA®

Analiza ogetljivosti projekta ima cilj da
proceni prihvatljivost projekta ako vrednosti
kriti¢cnih parametara projekta budu drugtije
nego o je planirano pri projektovanju.

Metoda interne stope rentabilnosti (pro-
fitabilnogti) (engl. internal rate of return
method, njem. interne Zinssatzmethode) je
metoda za ocjenu prihvatljivosti investi-
cionog ulaganja, korisi internu stopu
rentabilnosti kao meru delotvornosti  pro-
jekta. Interna stopa rentabilnosti definise se
kao ona diskontna stopa koja neto sadadnju
vrednost svodi na nulu, a odreduje se prema
matematickom obrascu. Pri izratunavanju
interne stope rentabilnogti andliticari se duze
iterativnim postupkom, grafickim postup-
kom ili interpolacijom. U ovom duégju IRR
je naosnovu ulaganja sracunatai andizirana
u softveru za ekonomsku optimizaciju i
sratesko planiranje na leZi&ima mineranih
drovina- Whittle Fx.

Tumacenje interne stope rentabilnosti
zavis od kombinacije izvora finansiranja.
Ako u finansiranju investicija ucestvuje
samo vladtiti kapital, tada je to stopa po
kojoj on odbacuje prosecnu akumulaciju.
Ako se koriste i krediti, tada ¢e i vladtiti i

tudi izvori finansiranja stvarati povrat po
toj stopi u odnosu na svoju veli¢inu.

Kada se invegticioni projekt finansra
samo iz kredita, tada tudi kapital po internoj
stopi  rentabilnosti  odbacuje  prosecnu
godidnju akumulaciju, pajeto ujedno i mak-
simalno prihvatljiva kamatna stopa na kred-
ite. Interna stopa rentabilnosti ima znatenje
maksmalno prihvatljive kamatne stope na
kredite, nezavisno od toga da li u finan-
sranju ucestvuje vladtiti kapital ili ne.
Nezavisno dakle od strukture izvora finan-
dranja, internu stopu rentabilnogti treba tu-
maciti kao maksimalno prihvatljivu kamatnu
stopu na kredite. Prednost metode je u tome
&o pruza informaciju o maksmano
prihvatljivoj prose¢noj godisnjoj kamatnoj
stopi na ukupne izvore finansiranja, i to pod
uslovom da se finansijske obveze na osnovu
njih otplacuju tokom celog veka projekta
Ako je re¢ o kreditu, to zn&ti da interna
stopa rentabilnogti dgje informaciju 0 mak-
smano prihvatljivoj kamatnoj stopi na
kredite, ¢ija otplata trgje do kraja veka pro-
jekta. Ako je rec o vlastitom kapitalu, to je
proseéna godisnja stopa njegovog povratgja
tokom celog veka projekta, &o znati da ta
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stopa odreduje i maksimalni iznos dobiti
koja se moZe poddliti viasnicima.

U ovom ducgju, kriticni parametar ¢iji
se uticg na efektivnost investicije andizira
(odnosno IRR), jeste koeficijent iskoris‘enja
Cu iz rude u flotaciji. tj. konkretnije, uticg
broja faza otkopavanja na kopu na koefi-
cijent iskoris¢enja Cu iz rude u flotaciji, pod-
razumevguci da se doziranje rude sa kopa
vr§ usrednjavanjem sadrzgja Cu ili pra
vljenjem kompozita odnosno blendingom.

6. PRIKAZ FINALNIH EKONOM
SKIH REZULTATA ZA POJEDINE
VARIJANTE OTKOPAVANJA KB
CEMENTACIJA 112

a) Varijanta iz DRP-a sa konstantnim
godisnjim kapacitetom 2.5 Mt

b) Varijanta 2F sa kapacitetom
2.5/5.5 Mt godisnje,

c) Varijanta 3F sa kapacitetom
2.5/5.5 Mt godisnje.

A) Varijanta prema DRP za 2.5 Mt godi-
&njei otkopavanjemna C1, C2-1i C2-2

Open pit cashflow $ disc

10000000

8000000

6000000

4000000

2000000

1)

45 6 7 8 91011121314

-2000000

-4000000

—&— Open pit cashflow $
disc

Grafik 2. Grafik NPV diskontovan za varijantu 2.5 mt sa 3 faze, vek eksploatacije
15 godina, Df=10%

% Variation Recovery percentagefor Cuin ORE in FLOT
-10 8.73
0 1454
10 19.92

Grafik 3. Osetljivost IRR na flotacijsko iskori&‘enje u slucaju varijante 3 F i
kapacitetom 2.5 Mt godisnje
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B) Varijanta 3F sa kapacitetom 2.5/5.5 Mt
godisnjei otkopavanjem na C1i C2-2

Open pit cashflow $ disc
25000000
22779033
20000000
150000903 \ 14173871
10000000
/ 8168633 \
Dalefea.il 2395112
2159710
o - . . : . . . :
wglgsga, 5 6 7 8 9
-5000000
—&— Open pit cashflow $ disc

Grafik 4. Diskontovana vrednost kopa (NPV) za varijantu 3F
(fazno otkopavanje C2), Df=10%

% Variation Recovery percentagefor Cuin ORE in FLOT
-10 6.67
0 14.13
10 20.76

iy, as.1413

Grafik 5. Grafik osetljivosti IRR projekta Cerovo na flotacijsko iskoriséenje u slucaju otkopavanja
sa 2 faze (push backs) i kapacitetom 2.5/5.5 Mt godisnje
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C) Varijanta 3F sa kapacitetom 2.5 /5.5
Mt godisnje i otkopavanjem na C1,
C2-1i C2-2

Open pit cashflow $ disc

25000000
22996824

20 000000
18696834

15 000000 14 151035

10000000 -+
7691945
5000000

6.2 858 306
-5000000 -

—¢=—0Open pit cashflow $ disc

Grafik 6. Diskontovana vrednost kopa (NPV) za varijantu 3F
(fazno otkopavanje C2 ), Df=10%

% Variation Recovery percentagefor Cuin ORE in FLOT
-10 7.45
0 16.05
10 2348

Grafik 7. Grafik osetljivosti IRR projekta Cerovo na flotacijsko iskoriséenje u slucaju
otkopavanja sa 3 faze sa kapacitetom 2.5/5.5 Mt godisnje
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7. ZAKLJUCAK

U varijanti otkopavanja ,3F* sma-
njenjem koeficijenta iskoris¢enja za
10%, IRR se smanjuje 8.6, dok prome-
nom istog koeficijenta za +10%, IRR se
povetava za 7.45, tj. vrednost promene
jeA+IRR =0.15;

U varijanti ,2F*, smanjenjem koefici-
jenta iskoris¢enja u flotaciji za 10 %, IRR
se smanjuje za 7.46, dok povecanjem I; ,
za 10%, IRR se povetava za 6.63. i vred-
nost promeneiznosi A + IRR =0.23.

Ovako posmatrgjuci, varijanta 2F je
osetljivija na promene flotacijskog isko-
ri&enja

Bez obzira na prikazane rezultate anal-
ize, otkopavanje sa vise faza omogucava
kvalitetno stvaranje kompozita rude prema
flotaciji zbog moguc¢nosti istovremenog
rada na viSe otkopnih ¢ela.

Obzirom da program Whittle prilikom
klasi¢ne optimizacije bez kori&enja stock-
pila ne prepozngje preveike razlike prilikom
otkopavanja u ovakvim ducgevima, pot-
rebno je detaljno obraditi dinamiku ot-
kopavanja sa opcijom ,, Extractiv Blend Sce-
nario* koji omogucava optimizaciju flotaci-
jskog iskoriséenja metda ili kori&enjem
stockpile ili stvaranjem moguénosti  da
postoji vise aktivnih otkopnih ¢ela na rudi
(sarazli¢itim sadrzgjimametal a).
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*kK

MINING VARIANTS

Abstract

This paper describes the activities on exploitation resumption at Kraku Bugaresku Cementation
1 and 2 site, with a short review of the history of previously realized and current state of mining
activities, as well as the concept of the future exploitation.

The investor plans changes in the concept of future exploitation in terms of annual productivity
increase (5.5 Mt) compared to the designed 2.5 Mt as well as reduction of the number of stages
(push backs) in the development of the open pit Cementation 2. The article presents the sensitivity
analysis of the IRR and the consequences of the reduction in the number of working sites in simul-
taneous operation. In other words, the exploitation with smaller number of push backs reduces the
possibility of ore blending, affecting the coherence of metal grade in the ore fed to flotation, i.e.
the recovery in the flotation. Reduction the efficiency reduces the income and thus affects the IRR
as one of the indicators of economic evaluation of the project.

Keywords: exploitation, state of mining operations, push backs, flotation recovery, IRR, in-
vestments, return on investments

INTRODUCTION

Copper ore deposit Kraku Bugaresku -  mary and Drenova), started in 1990 with the
Cerovo is located in the East Serbia, some open pit Cerovo Cementation 1. During
20 km north of Bor (Figure 1). investment stripping, which lasted from
Mining operations in the complex of Cerovo 1990 to 1993 and covered the construction
ore deposits (Cerovo Cementation 1, Cerovo  of processing facilities at the site and the
2, Cerovo 3, Cerovo 4, Cerovo Pri- hydro-transport system to the Bor flotation

“ Mining and Metallurgy Institute Bor

™ Technical Faculty Bor

“* This paper presents the results of the Projects TR 33038 “Improving the Technology of Copper
Ore Mining and Processing with Monitoring of Living and Working Environment in RTB Bor
Group”, funded by the Ministry of Education and Science of the Republic of Serbia. The authors
are grateful to the Ministry for financial support.
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plant, nearly 10 Mt of overburden was
stripped (nearly half of total amount of
overburden in the pit outline). That created
very favorable conditions for subsequent
exploitation with a low striping ratio. This
obviously had its price, but the circum-
stances were such that it actually made
Cerovo to operate in very difficult and al-
most impossible conditions, with very unfa-
vorable market conditions, when the price of
copper was even incredible 1300 US$ per
ton of cathode copper (2002).

The Main Mine Design of "Cerovo Cemen-
tation 1" [1] defined the following recover-
able reserves within the 0.3% Cu contour of
Cerovo Cementation 1 open pit:

e Ore 17,479,165 t,
o \Waste --------------mnu- 23,674,605 t,
e Excavations ------------- 41,153,770 t,
e Mean Cu content in the ore ----------
0.713 % Cu,
e Mean overburden coefficient ---------
1.35 t/t.

e,

Fig. 1. Position of the copper ore deposit “KB-Cementation” RTB Bor (Google map)

1. PREVIOUS MINING ACTIVITIES
AT KRAKU
BUGARESKU - CEROVO DEPOSIT

The concept of mining considered drilling
and blasting and cyclic haul-truck haulage of
ore and waste. Designed bench height was
15 m, the spiral roads starting at the north-
west side of the pit, at elevation of K+515
m, at the location where pit passes from the
mountain into deep type. Road width was 20
m, and ramp slope 10%.

The ore was hauled to primary crusher and
then stocked in a closed depot. The next
technological phase was secondary and terti-
ary crushing. Crushed ore was fed to the
next phase, two stages of milling. Cerovo
did not have fully developed flotation. The
process ended with the pulp which was, after
thickening, hydraulically transported to the
Bor Flotation Plant, where flotation was

carried out. The tailings were dumped at the
flotation tailing dump RTH in Bor.

The problem of equipment replacement dy-
namics and maintenance quality due to a
lack of spare parts arose in the mining indus-
try during the ninety-nineties because of
known limited economic conditions and
culminated during 2003 and 2004, when all
mining operations at Cerovo were termi-
nated. The intention was to carry out conser-
vation of remaining equipment and installa-
tions and to some extent it has been done.
The rest of mining mechanization from
Cerovo was transferred to Veliki Krivelj in
an attempt to maintain even minimum pos-
sible production.
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Mining works at the open pit Cerovo Ce-
mentation 1 stopped at elevation of
K+395 m (bench 395). Dewatering contin-
ued for some time but eventually it came to
a caese. Presently the pit floor is flooded Fig.
1), and technical design of dewatering will
define the terms and method for the removal
of the water accumulated at the pit floor,
with the aim of creating conditions for pro-
duction resumption.

Revitalization and resumption of production
started during 2011/2012, but with a slightly
different concept than previously defined,
both from the aspect annual capacity of ore
extraction and processing, and from the as-
pect of mining concept of the Cerovo 2, that
is the overall dynamics.

2. THE CONCEPT OF MINE REVIVAL

Since, during the last several years, copper
market recovered and copper price at one
point reached 9 000 US$, even relatively
low-grade deposits became more at

Whittle Fomr—X«cerreteeteiiearesn. ANALYSTST
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tractive and economically viable for mining.
Strategy of reactivation of the copper ore
mining at Cerovo - Kraku Bugaresku is
degned by the Supplementary Mining De-
sign of Excavation in 2008, [2] , and it con-
siders expansion and deepening of the
Cerovo Cementation 1 open pit, and opening
and mining operations start at Cementation 2
deposit.

Optimization resulted in selection of pit con-
tours and the optimum long-term dynamics
of excavation according to the criterion of
profit and discounted profit for future min-
ing period using the software Whittle Fx.
The technical design of mining (SMD
2008), discussed the above procedure in
detail, with the exception of mine capacity
limited (at the request of the Investor) by the
existing flotation processing capacity of 2.5
x 10°t of ore.

Starting parameters used in the optimization
and resulting graph as output of optimization
process in Whittle Fx are given in figure 2.

E

Fig. 2. Input parameters of optimization and graph with a review of profit and discounted profit,
and possible pit contours (50) for different prices of Cu

As it can be seen from the graph given
in Fig. 2 curves of profit and discounted
profit heavily diverge with increase in
production, indicating excavation with
push backs.

List of planned mining equipment for
the achievement of annual capacity of 2.5
Mt is shown in Table 1:
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Table 1.

Mining equipment planned by the SMD for the complex of
Cerovo Kraku Bugaresku ore bodies

No Name of equipment Characteristics dTy_pe ar_1d Pcs.
esignation
1 Drill, diameter 250 mm Rb=250 mm Atlas Copco 1
2 Drill, diameter 89 - 130 mm R89 do 130 mm Atlas Copco 1
3 Hydraulic excavator with V=10 m® Terex -OK 1
electric drive

4 Loader L-950 V=13 m° Leturnoau 1
5 Truck - dumper Capacity 90 Mt | HD785-7 Komatsu 6
6 Bulldozer crawler CAT 249 KW) CAT 2
7 Loader 249 KW CAT 16H 1
8 Water cistern FAP1823 V=9 m3 1
9 Service vehicle FAP1318/42 Capacity 8t 2
10 Service-terrain vehicle Lada Niva 2
11 Submersible slurry pumps Flyght BS 25.00 4
12 Wheel loader V=25-3 1

The concept of future work is to start
stripping operations at Cementation 1
open pit in the first year creating the nec-
essary conditions for achievement of full
designed annual productivity of 2.5 Mt of
ore as early as the second year. Investment
stripping should carry on until the moment

the necessary conditions to cover stripping
operations by extracted ore are met. This
would allow finalization of the works on
revitalization in a part of mineral proce-
ssing and preparation plant for normal
production.

Table 2. Dynamics of excavation per years (periods) according to SMD from 2008

1 6,012,750 4,330,190 1,682,560 4,552.20 1,871.50 194.20 027 | 111 0.27 0.12
2 4,211,527 1,713,040 2,498,487 5,831.80 3,062.70 307.20 023 | 123 0.23 0.12
3. 5,547,786 3,049,922 2,497,865 5,948.40 2,410.90 248.90 0.24 | 0.97 0.24 0.10
4. 5,085,516 2,589,466 2,496,050 6,817.00 4,249.70 334.90 0.27 | 170 0.27 0.13
5. 5,888,154 3,389,624 2,498,531 7,458.50 3,284.70 229.50 030 | 132 0.30 0.09
6. 5,957,158 3,463,180 2,493,977 7,573.30 3,194.80 182.10 030 | 128 0.30 0.07
7. 4,059,750 1,427,516 2,632,234 8,136.80 3,447.10 164.80 031 | 131 0.31 0.06
8. 2,966,965 475,116.0 2,491,849 8,833.90 2,280.80 162.00 036 | 092 0.36 0.07
9. 3,060,615 567,411 2,493,204 9,725.30 3,032.10 196.80 039 | 122 0.39 0.08
10 3,085,217 590,779 2,494,438 9,166.20 2,881.50 223.00 037 | 116 0.37 0.09
11. 2,974,106 478,970 2,495,136 7,824.00 3,107.00 155.40 031 | 1.25 0.31 0.06
2, 2,583,542 82,816 2,500,727 7,791.30 2,628.60 207.50 031 | 1.05 0.31 0.08
13. 1,657,514 8 1,657,506 5,095.80 1,768.60 166.80 031 | 107 0.31 0.10
TOTAL 53,090,601 | 22,158,038 | 30,932,564 | 94,754.40 | 37,220.00 | 2,773.10 031 | 120 0.31 0.09

Since the processing plant i.e. the ore
processing infrastructure, requires a conside-

rable amount of works on reconstruction and
revitalization to operational state, these ac-

No 3, 2012.

76

MINING ENGINEERING



tivities should begin before the start of min-
ing operations.

Mining concept is also modified in a
way to change the location of ore flotation.
Instead of previous operations when ore
was processed in the Bor Flotation Plant,
the ore will now be processed in the Veliki
Krivelj Flotation Plant which requires the
construction of new pipeline route for hy-
draulic transport of pulp.

Changes in current mining technology
are not anticipated, except modifications
in drill and blast operations in the N-W of
the C2 open pit. The proximity of railroad
requires minimization the adverse effects
of blasting operations in terms of ground
vibrations and flyrock.

3. VARIANTS OF TRANSITION TO
ANNUAL PRODUCTIVITY OF 5.5 Mt

The new strategy of RTB develop-
ment, with its business plan as a strategic
document, defined the capacity increase at
Kraku Bugaresku Cementation to 5.5 mil-

=

lion t, after creating the appropriate neces-
sary conditions at both the open pit and in
a part of mineral processing. The required
time for these activities is estimated to two
years. Thus, increasing the annual capac-
ity from 2.5 Mt to 5.5 Mt will follow two
years after reactivation of the mining ac-
tivities at the open pit and Flotation Plant.
There are two possibilities for resump-
tion of mining with the increased capacity.
1. Variant 2F - Mining of Cementation
2 in one phase which includes two
open pits: Cerovo cementation 1
(abbr. C;) and Cerovo cementation 2
or (abbr.C,) and

2. Variant 3F - Mining of Cementation
2 in two phases, this means that there
are total of three phases — the first
push back is C; and another two
push backs are at Cementation 2
(Ca1and Cy.)

Fig. 3. Open pits Cerovo Cementation 1and Cerovo 2, with stage mining of Cerovo 2
(pushbacks C21 and C22)

Realization of the first variant of min-
ing with annual productivity increased to
5.5 million t requires higher capacities of
loading and hauling because it is only vi-
able by more intensive stripping operations,
i.e. increased volume of excavation at the
start of mining operations.

In both variants, it is necessary to pro-
vide an ore processing plant for the listed
capacity, which will require significant

investments (Tables 5 and 5.1). (Source
Business Plan of RTB Bor, /6/).

3.1. Dynamics of mining for variant 2F

Table 3 shows the dynamics of mining
with operations at the Cementation 1 open
pit (the existing open pit where mining was
suspended in 2004) and the Cementation 2
open pit where mining is planned without
the stage (phase or push backs) mining.
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Table 3. Mining dynamics at Cerovo 2 — single phase mining

1 7 000 000 4943 885 2056 115 0.27 011 0.0001 5579 219 2262
2 | 7 000 000 | 4512181 | 2487819 | 0.23 | 13 | 0.0001 | 5692 | 322 | 3113
3 12 000 000 6502 351 5497 649 0.26 13 0.0001 14197 571 7110
4 | 10106 771 | 4606 771 | 5500 000 | 0.28 | 12 | 0.0001 | 15132 | 399 | 6628
5 6502 574 1002 574 5500 000 0.33 12 0.0001 18243 421 6 755
6 | 5803 845 | 303 845 | 5500 000 | 0.38 | 11 | 0.0001 | 20892 | 416 | 6212
7 5554 089 54 089 5500 000 0.31 12 0.0001 16 778 510 6549
8 352 807 0 352 807 0.00 12 0.0001 1060 34 413

Table 3.1. Mining dynamics at Cerovo 2 — single phase mining, details

Unitsto

process

PUSH1
CuU

Unitsto

process

PUSH2
CuU

tonne
tonne to

tonne
tonne to
in place waste
PUSH2 PUSH2
C22

tonne
processed
PUSH1

tonne
processed
PUSH2

waste
PUSH1

in place
PUSH1

6751 924 4 695 809 2056 115 5579 248 076 248 076
4250772 1762953 2487 819 5692 2749 228 2749228
6370 434 1401 145 4969 289 13213 5 629 565 5101 206 528 360 984
10 106 771 4606 771 5500 000 15132
2103 259 168 921 1934 337 6 044 4399 315 833 653 3565 663 12 199
876 247 68 861 807 387 2433 4927 598 234 985 4692 613 18 459
2378379 33 623 2 344 756 6651 3175710 20 466 3155 244 10 127
352 807 352 807 1060
22731015 8131312 | 14599703 39612 | 31589070 | 13794385 | 17794687 57 961

3.2. Dynamics of mining for variant 3F

Table 4. Table 4 Mining dynamics at Cerovo 2 — phase mining

1 7000 000 4 846 958 2153 042 0.271 111 0.110 5829 233 2399

2 7000 000 4502 294 2 497 706 0.228 125 0.130 5686 320 3114

3 12 000 000 6500582 5499 418 0.249 117 | 0100 13703 538 6420

4 10921 136 5421136 5500 000 0.289 122 0.070 15903 364 6727

5 6180 653 680 653 5499 999 0.328 134 | 0090 18023 494 7378

6 5842773 342773 5500 000 0.378 113 0.080 20 808 414 6239

7 5557 354 57354 5500 000 0.305 119 | 0,090 16 796 508 6518

8 542 594 0 542 594 0.300 117 0.090 1629 51 637
(TOTAL  seosi0 2231750 2627 005 121 008 %87 2% 04
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Table 4.1. Table 4 Mining dynamics at Cerovo 2 — phase mining, details

tonne tonneto tonne

waste
PUSH1

processed
PUSH1

in place

PUSH1 cu

Unitsto
process

PUSH1

tonne

in place
PUSH2

tonneto

waste
PUSH2

tonne

processed
PUSH2

Unitsto
process
PUSH2
cu

tonne

in place
PUSH3

tonne to

waste
PUSH3

tonne

processed
PUSH3

Unitsto
process
PUSH3
cu

Cementacija 1 Cementacija 2-1 Cementacija 2 -2
7000000 | 4846958 2153042 5829 0 0 0 0 0 0 0 0
4242056 | 1778759 | 2463297 5627 2757944 | 2723535 34409 59 0 0 0 0
4913450 | 1341299 3572151 8678 4643248 | 2715982 | 1927267 5025 | 2443302 2443302 0 0
11851 1705 10 147 26 2361651 737786 | 1623865 5954 | 8547633 | 4681645 3865988 9923
3699558 | 321875 3377683 10695 1142548 42910 | 1099 638 4406 | 1338547 315868 | 1022679 2922
970228 71976 892 252 2670 1678595 0| 1678595 8656 | 3193950 264797 | 2929153 9482
2369424 32738 | 2336687 6614 470602 0 470 602 1924 | 2717328 24617 | 2692712 8259
0 0 0 0 0 0 0 0 542 594 0 542 594 1629
23206567 © 8401310 | 14805259 40139 13054588 © 6220213 | 6834376 26024 = 18783354 7730229 | 11053126 32215

3.3. Investments in equipment and fa-
cilities at the open pit and mineral
processing plant

Necessary investments required to
achieve annual productivity of 2.5 Mt dur-
ing first two years, increase the producti-

Table 5. Investments required for variant 2F

vity to 5.5 Mt and maintain it during mine
lifespan are given in tables 5 and 5.1.

a) Variant 2F

Jedinitna 2011 2012 2013 2014
cenaUS$ | kolicina | vrednost | kolicina | vrednost | kolicina | vrednost | kolicina | vrednost
1. Nabavka nove opreme 5,554,000 8,184,000 14,877,000 13,331,000
- Postrojenja pripreme i prerade 3,530,000 6,189,000 10,331,000
- Drobili¢no postrojenje za rudu 1,000,000
- Busilica D=200mm 650,000 1 650,000 1 650,000 1 650,000
- Hudraulicni bager V=10m® 2,000,000 1 2,000,000 0 1 2,000,000 1 2,000,000
- Kamion Nosivosti 150 t 1,452,000 2 2,904,000 2 2,904,000 4 5,808,000
- Buldozer 375 KS 893,750 0 1 893,000 0
- Grejder 16 G 500,000 0 1 500,000 0
- Pomocna mehanizacija 0 0 230,000
2. Sanacija, rekonstrukcija i dogradnja 5,350,000 3,300,000 1,485,500 0
- Revitalizacija post.pripreme i prerade 2,650,000 0 0
- Sanacija postojeceg hidrotransporta 2,700,000 3,300,000 0
3. Izrada postr. za precid.otpadnih voda 0 1,570,000 0
4. Ostala investiciona ulaganja 0 0 1,485,000
5. Eksproprijacija 0 0 0 750,000
Ukupno kop Cerovo po godinama 10,904,000 13,287,000 16,362,000 14,081,000
No 3, 2012. 79 MINING ENGINEERING



b) Variant 3F
Table 5.1. Investments for variant 3F

No. Naziv

Jediniéna 2011 2012 2013 2014

1. Nabavka nove opreme
- Postrojenja pripreme i prerade
- Drobili¢no postrojenje za rudu

5,554,000

10,477,000
3,530,000

11,973,000
6,189,000

11,331,000
10,331,000
1,000,000

- Busilica D=200mm 650,000 1 650,000 1 650,000 1 650,000
- Hudrauli¢ni bager V=10m® 2,000,000 1 2,000,000 1 2,000,000 1 2,000,000
- Kamion Nosivosti 150 t 1,452,000 2 2,904,000 2 2,904,000 2 2,904,000
- Buldozer 375 KS 893,750 0 1 893,000 0
- Grejder 16 G 500,000 0 1 500,000 0
- Pomo¢na mehanizacija 0 0 230,000
2. Sanacija, rekonstrukcija i dogradnja 5,350,000 3,300,000 0 0
- Revitalizacija post.pripreme i prerade 2,650,000 0 0
- Sanacija postojeceg hidrotransporta 2,700,000 3,300,000 0
3. Izrada postr. za preis.otpadnih voda 0 1,570,000 0
4. Ostala investiciona ulaganja 0 0 1,485,000
5. Eksproprijacija 0 0 0 750,000

Ukupno kop Cerovo po godinama
UKUPNO

4. REVIEW OF THE THEORETICAL
BASIS OF THE “SENSITIVITY
ANALYSIS OF THE IRR OF THE
PROJECT”

Sensitivity analysis of the Project is aimed
to evaluate the acceptability of the Project if
the values of critical parameters of the Project
are different than planned in the design.

Internal rate of return (profitability)
method is a method for assessing the accept-
ability of the investments, and it is used for
internal rate of return as a measure of the
project effectiveness. Internal rate of return
is defined as discount rate that reduces the
net present value to zero, and it is deter-
mined by mathematical form. When calcu-
lating the IRR, analysts use an iterative pro-
cedure, graphical method or interpo-lation.
In this case, the IRR is calculated and ana-
lyzed on the basis of investments using
software for economic optimization and
strategic planning - Whittle Fx.

Interpretation of the IRR depends on a
combination of funding sources. If only
own capital participates in funding the
investments, then this is the rate at which
it rejects the average accumulation. If the
loans are used, then own and other sources
of funding will create the return per that
rate in relation to its size.

10,904,000

15,347,000
51,790,000.00

13,458,000 12,081,000

When the investment project is financed
only from the loan, then other capital per
internal rate of return rejects the average
annual accumulation, and this is also the
maximum acceptable interest rate on loans.
Internal rate of return has the meaning of
maximum acceptable interest rate on loans,
regardless of whether the own capital par-
ticipates in funding or not. Therefore, inde-
pendently of the structure of funding
sources, the internal rate of return should be
interpreted as maximum acceptable interest
rate on loans. The advantage of this method
is that it provides information on maximum
acceptable average annual interest rate on
total sources of financing, and under a con-
dition that financial obligations are paid,
during the entire life of the project. If it is a
loan, this means that the internal rate of re-
turn provides information on maximum ac-
ceptable interest rate on loans, whose pay-
ment lasts until the end of life of the project.
If it is own capital, it is an average annual
rate of its return throughout the entire life of
the project, what means that this rate deter-
mines the maximum amount of profit that
can be distributed to the owners.
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In this case, the critical parameter,
whose influence on the effectiveness of
the investments is analyzed (i.e. IRR), is
the coefficient of Cu recovery from the ore
in the flotation, that is specifically, the

I - REVIEW OF THE FINAL
ECONOMIC RESULTS FOR
SOME MINING VARIANTS FOR
KB CEMENTATION 1 AND 2

impact of the number of mining stages at a) Variant from SMD with constant an-
the open pit on Cu recovery coefficient nual productivity of 2.5 Mt,

from the ore in the flotation, including the b) Variant 2F with annual productivity
ore feeding from the open pit is done by of 2.5/5.5,

averaging the content of Cu or making a ¢) Variant 3F with annual productivity
composite or blending. of 2.5 /5.5 Mt.

A. Variant according to the SMD for 2.5 Mt annually and mining at C1, C2-1 and C2-2

Open pit cashflow S disc

10000000

8000000

6000000

4000000 -+

2000000
0 +—r . .
1 2 3 5 6 7 8 91011121314

-2000000 ’\i’-‘i

-4000000 —

—&— Open pit cashflow S
disc

Fig. 4. Discounted NPV for variant 2.5 Mt with 3 phase mining, mine life of 15 years, and
Df=10% (SMD)

-10 8.73
0 14.54
10 19.92

Fig. 5. Sensitivity of IRR on flotation recovery for variant 3 F and annual productivity of 2.5 Mt
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B. Variant 2F according to the Bussines Plann of RTB Bor,
with annual productivity of 2.5 /5.5 Mt and mining at C1 and C2-2

25000000

20000000

15000000

10000000

5000000

0
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Open pit cashflow S disc
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/

Ya 173871

/ 8168633
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Fig. 6. Discounted NPV for variant 2F ,Df=10%
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Fig. 7. Sensitivity of IRR of the Project Cerovo on flotation recovery in the case of mining
with 2 phases (push backs) and annual productivity of 2.5/5.5 Mt
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C. Variant 3F with capacity 2.5 /5.5 Mt annually and mining at C1, C2-1 and C2-2

Open pit cashflow $ disc
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Fig. 8. Discounted NPV for variant 3F, Df=10%
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Fig. 9. Sensitivity of IRR of the Project Cerovo on flotation recovery in the case of mining with
3 stages with capacity of 2.5/5.5 Mt annually
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CONCLUSION

Flotation recovery factor decrease of
10 %, in the mining variant "3F", results
in IRR reduction to 8.6, while the change
of the same factor for +10%, increases
IRR 7.45, i.e. the value of change is A +
IRR =0.15;

For the variant "2F", reduction of the
flotation recovery factor for 10%, reduces
IRR to 7.46, while 10 % increase results in
IRR increase to 6.63 (A + IRR = 0.23)
meaning that the variant 2F is more sensi-
tive to the changes in flotation recovery.

Regardless to the presented results of
analysis phase mining enables higher re-
covery of the ore in the flotation due to the
possibility of simultaneous work on several
working sites faces and the possibility to
provide ore composite with appropriate
grade as an input to processing.

If stockpiling is not used during optimi-
zation Whittle software does not recognize
significant differences in presented cases.
Thus, it is necessary to perform detailed
mining dynamics analysis using “Extrac-
tive Blend Scenario” option. This will al-
low the optimization of flotation metal re-
covery by either using stockpile or simulta-
neous operation of several working sites
with different Cu content in ore.
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