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PRELIMINARY GEOLOGICAL EXPLORATION WORKS IN
ORDER TO THE ENVIRONMENTAL MANAGEMENT IN
THE AREA OF INACTIVE ECOLOGICAL MINING FIELD™

Abstract

Bor is otherwise a typical mining town, founded by the mine. Continued economic activity in the
dominant area of extractive industry, related to the copper ore mining and processing, then for meta-
Ilurgy and complementary industrial activities, what is of great importance for the town and the munici-
pality. The northern part of the Timok magmatic complex and the Bor metallogenic zone, or the Bor
mining region, covers the area in which the most significant ore fields are Bor, Veliki Krivelj Cerovo,
Majdanpek, Blagojev Kamen and others. The largest technogenic formations were separated in the
immediate vicinity of the Bor and Krivelj mine, and they are presented by formations originated by
exploitation of mineral copper deposits (overburden) and mineral processing (flotation tailing dumps) in
the immediate vicinity of Bor. Designed exploration works in the area of environmental inactive mining
field were aimed to prepare the conditions for environment management, remediation of tailing dumps
and landfills for disposal of mining waste in the Bor mining areas as well as the rehabilitation of eco-
logical problems in the ore region of Bor. Exploration works included the study of the field: for disposal
the tailings from Veliki Krivelj area of the Old Bor Tailing Dump (East), Saraka overburden dump,
south-eastern overburden dump and RTH.

Keywords: technogenic formations, inactive ecological exploitation field, ore mining, tailing dump,
landfills for disposal of mining waste

INTRODUCTION

Morphology of the terrain in the area
of wider surrounding of exploration area
affects the methods and conditions of explo-
ration and exploitation, and the conditions of
transport the ore and concentrate, and dis-
posal of technogenic formations. Similarly is
with the hydrological conditions, especially
the waterways.

Intensive volcanic activity (the late
Mesozoic and during Cenozoic) had a

“ Mining and Metallurgy Institute Bor

significant impact on the terrain relief in
wider area of Bor, followed by strong tec-
tonic movements. Tectonic movements,
which are reflected in the breaking out,
gravitational and reverse movements of
blocks, as well as folding of the field, re-
sulted in the primary modelling of geo-
morphologic forms, which were further
modified by the influence of exogenous
factors.

“ This work is the result of the Project TR37001 “The Impact of Mining Waste from RTB Bor on the
Pollution of Surrounding Water Systems with the Proposal of Measures and Procedures for Reduc-
tion Harmful Effects on the Environment”, funded by the Ministry of Education, Science and Tech-

nological Development of the Republic of Serbia
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However, the formation of current look
of relief was influenced by the economic
activity in the mineral-raw material complex
(Figures 1, 2, 3). The processes of exploita-
tion, preparation, and processing of ore in
Bor and its surroundings, caused the changes
of relief and formation of some inverse mor-
phological forms, such as the open pits and
landfills (rock overburden, mining waste,
flotation tailings, smelter slags, calcined

pyrite).

Exploitation of the Bor deposit, since
the beginning of the last century, has in-
cluded 26 ore bodies, largely at the same
time by the and underground mining (Fi-
gure 1). Thereby was obtained total of 146
270 000 tons of ore from which copper
was extracted 2,437 million tons of metal
copper, 139 140 kg of gold and 415 000
kg silver. It was also excavated 436,2 mil-
lion tons of waste mass (overburden and
associated rocks).

Figure 1 The Old Bor Open Pit (August 2005)

The exploitation of copper deposit at
the old open pit in Bor (Figure 1), and later
by the underground mining as well as en-
richment of ore and production of conce-
ntrate in the Bor Flotation Plant, have
caused the changes paleorelief in terms of
degradation the natural terrain, creating the
elevations of accumulated material of flota-
tion tailings. Metallurgical treatment of
concentrates resulted in the formation of
slag landfill. The largest amount of slag is

disposed at the site between the open pit
and ore body "H" and former Praliste of the
workshops at the old open pit, and this lo-
cation is known as the "Slag Depot — 1" [I].

The first works on stripping the open
pit Veliki Krivelj began in 1979. Excava-
tion of copper ore began in 1982, and total
were excavated and processed about 198
million tons of ore with about 689.000
tons of copper metal and approximately
179 million tons of tailings (Figure 2).

No. 2, 2014
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Figure 2 View of the open pit Veliki Krivelj (2012)

Processing of copper ore from the
open pit Veliki Krivelj is performed in the
Flotation Plant Veliki Krivelj. The de-
signed capacity of the Veliki Krivelj Flo-
tation Plant is 8 000 000 tons of dry ore
per year, or expressed by hour capacity of
342.5 t/h of dry ore per section.

The tailing dump Veliki Krivelj is, due
to different time of construction and use,

divided into two parts - the fields. Field 1
is located between Dams 1 and 2, and
Field 2 is the area between the Dams 2
and 3. The use of Field 1 began in De-
cember 1982 and it was temporarily sus-
pended in September 1990. Field 2 has
been used since September 1990 and to-
day is active.

Figure 3 Dam 2 of the Veliki Krivelj flotation tailing dump (2011)

No. 2, 2014
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PRELIMINARY EXPLORATION
WORKS

Preliminary exploration works are fo-
cused on testing the field for exploration,
rehabilitation, remediation and reclamation:
the OId Bor flotation tailing dump: landfill

of tailings of the Veliki Krivelj dump, stabi-
lity of the Dams 2 and 3 on Field 2, Saraka
overburden dump, south-eastern overburden
dump and RTH (Figure 4).

o Oveérburden Dump &

th East
verburden Dump

Figure 4 Location plan of landfills and tailing dumps (2011)

The basic aims of exploration are:

1.

from landfills and remediation
(mainly mining waste material),

stability of the dams,

water control (storm water, water
refilling, water leakage, uncontro-

lled water leakage and sludge spi-
Iling),

4. closure and remediation of tailing
dump in Bor, and partially re-plan-
ting of vegetation, and

5. monitoring and maintenance after
construction.

No. 2, 2014
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Special attention is given to the reha-
bilitation/re-routing the bypass of the river
(collector) that is now below the tailing
dump Veliki Krivelj.

The objectives of this particular task are:

1. investigation of the location,

2. design works,

3. development the impacts on the
environment,

4. development the plan of environ-
ment management,

5. preparation the monitoring plan for
rehabilitation and remediation.

Specific objectives:

1. Implementation of environmental
studies of the field and geological
and hydrogeological explorations
to obtain data for future remedia-
tion/reclamation of the land,;

2. Elaborate of inputs for full assess-
ment the impact on the environ-
ment, the projects of environmental
management and remediation pro-
jects of the locations.

Preliminary geological works include:
exploration drilling to take samples for de-
termination the chemical composition,
leaching tests, mining waste and flotation
tailings, determination the geological struc-
ture of paleorelief, installation of piezome-
ters to monitor the quality and level of water,
taking samples for acid generation tests and
neutralization of engineering-geological
explorations to determine the stability of
dams (Maksimovi¢ M., 2011.,2012.).

In addition to geological explorations in
the field, further explorations include some
specific activities that are relevant to the
rehabilitation and reclamation of the subject
areas. These activities include: sampling of
surface soil (potential) surfaces of the mine
landfills and tailing dumps for testing the
acid generalization and neutralization; tests
of biological reclamation, including small-
scale tests on the ground with plants; tests
for biological reclamation suitable for as-
sessment the plant growth conditions.

In general, the field research began with
detailed penetration testing the ground of
landfill of the mine waste and flotation tail-
ings to assess the composition of the soil.
Further explorations were continued by ex-
ploration drilling. The final position and
depth of the piezometers were selected on
the basis of penetration tests and core drill-
ing and soil stratigraphy as determined dur-
ing drilling.

Static network test probes, up to 5 feet
deep, were performed before the testing
network of shear and core drilling.

In order to verify the effectiveness of
the proposed stability and measures to
reduce leakage, a comprehensive monitor-
ing plan that was developed and imple-
mented, consists of instrumental monitor-
ing and visual inspection.

THE RESULTS OF CONDUCTED
EXPLORATIONS AND TESTING

Flotation tailing dumps and dams on
tailing dumps, over the years were built
from materials of cyclone tailings, consist-
ing of fine grained (silty) to coarse grained
sand (loose material).

Stability of the dam is secured until the
groundwater level within the body of the
dam can be maintained below maximum
safe level, especially taking into account the
expected seismic conditions. The current
efforts to control the groundwater levels are
insufficient as evidenced by high amount of
(contaminated) leakage that now appears
through the dam (Maksimovi¢ M., 2011,
2012.).

For successful implementation the re-
mediation Project, it is necessary that the
current flow of leachate to be stopped.

Before taking actions, it is recommended
to conduct firstly a rapid assessment of the
risk to determine the potential impacts of
possible collapse of dams and to evaluate the
effectiveness and scope of the proposed re-
mediation measures and remediation and
reclamation of inactive landfills.

No. 2,2014
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On the basis of realized explorations
and testing, it was determined that the
following measures have to be taken:

- Plan of vegetation should be adopted
for the slopes of dams to prevent the
future surface erosions the filling of
dams;

- Redesign of the drainage system to
prevent leakage and improve the stabil-
ity of the systematic and effective low-
ering the groundwater levels within
dams and in their immediate vicinity.

CONCLUSION

The exploration area, located in the ar-
ea of environmental inactive mining field,
is the space, in which the presence of haz-
ardous and harmful substances is con-
firmed caused by human activity in con-
centrations that may cause a significant
risk to the human health and environment.

The area of environmental inactive
mining field was explored by the explora-
tion drill holes from the field surface. The
realized geological explorations provided
the preliminary data on geological struc-
ture, physico-mechanical and hydrological
characteristics of the areas of ecological
inactive mining field.

Based on the results of realized explora-
tions and testing, the further measures were
proposed for rehabilitation of the subject
area, and reduction of pollution. Further
explorations will get the results to take
measures to stop further pollution and envi-
ronmental degradation to a level that is safe
for the future use of the site including land-
scaping, rehabilitation and reclamation.
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PRELIMINARNI GEOLOSKI ISTRAZNI RADOVI U CILJU
UPRAVLJANJA ZIVOTNOM SREDINOM NA PROSTORU
NEAKTIVNOG EKOLOSKOG EKSPLOATACIONOG POLJA™

lzvod

Bor je inace tipicni rudarski grad, nastao uz rudnik. Nastavak privredivanja u dominantnoj oblasti
ekstraktivne industrije, vezanoj za eksploataciju i preradu rude bakra, zatim za metalurgiju i
komplementarne industrijske delatnosti, od izuzetnog je znacaja za grad i opstinu. Severni deo timockog
magmatskog kompleksa i borske metalogenetske zone, odnosno borski rudni reon, obuhvata prostor u
kome su najznacajnija rudna polja Bor, Veliki Krivelj, Cerovo, Majdanpek, Blagojev Kamen i dr.

Najvece tehnogene tvorevine izdvojene su u neposrednoj okolini Borskog i Kriveljskog rudnika, i
predstavljene su tvorevinama koje su nastale eksploatacijom rudnih leZista bakra (raskrivka) i
pripremom mineralnih sirovina (flotacijska jalovista), u neposrednoj okolini Bora.

Projektovani istrazni radovi na prostoru neaktivnog ekolodkog eksploatacionog polja imali su za cilj
da se pripreme uslovi za upravljanje Zivotnom sredinom, remedijacijom jalovista i deponija za
odlaganje rudnickog otpada u Borskoj rudarskoj oblasti, kao i sanacija ekoloskih problema u rudnom
reonu Bor. Istrazni radovi obuhvatili su istraZivanje terena: za odlaganje jalovine Veliki Krivelj, pros-
tora Starog Borskog jalovista, (Istok) Saraka deponija jalovine, jugo-istocne deponije jalovine i RTH.

Kljuéne reci: tehnogene tvorevine, neaktivno ekolodko eksploataciono polje, eksploatacija rude,

Jalovista, deponije za odlaganje rudnickog otpada

uvoD

Morfologija terena na podrucju Sire
okoline istraznog prostora, bitno utiCe na
nacin i uslove istraZivanja i eksploatacije, te
uslove transporta rude i koncentrata, i na¢ina
odlaganja tehnogenih tvorevina. Sli¢no je i
sa hidroloskim uslovima, a pre svega vode-
nim tokovima.

Na reljef terena, u Sirem podrucju Bora,
znatan uticaj imala je intenzivna vulkanska
aktivnost (krajem mezozoika i tokom keno-
zoika), pra¢ena snaznim tektonskim pokre-
tima. Tektonski pokreti, koji se ogledaju

“ Institut za rudarstvo i metalurgiju Bor

u razlamanju, gravitacionim i reversnim
pokretima blokova, kao i u nabiranju terena,
uticali su na primarno modeliranje geomor-
foloskih oblika, koji su dalje modifikovani
uticajem egzogenih faktora.

Medutim, na formiranje sadasnjeg
izgleda reljefa uticala je i privredna aktivnost
u mineralno-sirovinskom privrednom komp-
leksu (slike 1, 2, 3). Procesi eksploatacije,
pripreme, i prerade ruda u Boru i okolini,
uslovili su promene reljefa i nastajanje
pojedinih inverznih morfoloskih oblika, kao

™ Ovaj rad je rezultat Projekta br TR: 37001 ,,Uticaj rudarskog otpada iz RTB Bor na zagadenje
vodotokova, sa predlogom mera i postupaka za smanjenje Stetnog dejstva na Zivotnu sredinu®,
finansiranog od strane Ministarstva prosvete, nauke i tehnolodkog razvoja Republike Srbije.
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§to su povrsinski kopovi i deponije (stenske
otkrivke, rudnicke jalovine, flotacijske jalo-
vine, topionicke §ljake, piritnih ogoretina).
Eksploatacija borskog lezista, od pocetka
prodlog veka, zahvatila je 26 rudnih tela,
dobrim delom u isto vreme povrsinskom i

podzemnom eksploatacijom, (slika 1). Pri
tome je dobijeno ukupno 146.270.000 t rude
bakra iz koje je estrakovano 2.437.000 tona
metala bakra, 139.140 kg zlata i 415.000 kg
srebra. Takode je otkopano i 436.200.000
tona jalove mase (otkrivke i pratecih stena).

Sl. 1. Stari borski povrSinski kop (avgust 2005)

Eksploatacija  leZista bakra, starim
povrsinskim kopom u Boru (slika 1.10), a
kasnije i podzemnom eksploatacijom, kao i
obogacivanje rude i dobijanje koncentrata u
borskoj flotaciji, uslovile su izmene paleo-
reljefa, u smislu degradacije prirodnog re-
ljefa, uz stvaranje uzviSenja od nagomilanih
materijala flotacijske jalovine. Metalurska
prerada koncentrata uslovila je stvaranje
deponija Sljake. Najveca koliCina $ljake
odlozena je na lokalitetu izmedu powvr-

Sinskog kopa rudnog tela ,H“ i bivSeg
praliSta radionice starog povrSinskog kopa,
pa je ova lokacija poznata kao ,,Depo Sljake
— 1. (Maksimovi¢ M., Nikoli¢ K., 2005.).

Prvi radovi na raskrivanju na powvrsin-
skom kopu Veliki Krivelj poceli su 1979.
godine. Otkopavanje rude bakra pocelo je
1982. godine i ukupno je otkopano i prera-
deno oko 198 miliona tona rude sa oko
689.000 tona metala bakra i oko 179 miliona
tona jalovine. (slika 2)
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Sl. 2. Izgled PK Veliki Krivelj (2012)

Prerada rude bakra povrSinskog kopa
Veliki Krivelj obavlja se u pogonu Flotacija
Veliki Krivelj. Projektovani kapacitet Flo-
tacije Veliki Krivelj je 8.000.000 tona suve
rude godisnje, ili iskazano preko ¢asovnog
kapaciteta 342,5 t/h suve rude po sekciji.

Jaloviste Flotacije Veliki Krivelj je,
zbog razli¢itog vremena izgradnje i kori-

S¢enja podeljeno u dva dela — polja. Polje 1
zauzima prostor izmedu brana 1 i 2, a polje 2
prostor izmedu brana 2 i 3. Kori$¢enje polja
1 je zapoCelo u decembru 1982. g., a
privremeno prekinuto septembra 1990. g.
Polje 2 se koristi od septembra 1990. g. i
danas je aktivno.

Sl. 3. Brana 2 kriveljskog flotacijskog jalovista (2011)
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PRELIMINARNI ISTRAZNI RADOVI

Preliminarni istrazni radovi usmereni su
na ispitivanje terena za istraZivanje, sana-
ciju, remedijaciju i rekultivaciju: Starog
Borskog flotacijskog jalovista: deponije

e
w4 N
\ i
Talling Disposal
Fiald 1 ;

jalovine odlagalista Veliki Krivelj, stabil-
nost Brane, 2 i 3 na polju 2, Saraka
deponije jalovine, jugo-isto¢éne deponije
jalovine i RTH. (slika 4).

Sl. 4. Situacioni plan deponija i odlagalista jalovine (2011)

CILJ ISTRAZIVANJA

Osnovni ciljevi istraZivanja su:

1. Mere suzbijanja isticanja otpadnih
voda sa deponija i remedijacije
(uglavnom  materijal  rudnicke
jalovine).

Stabilnost brana,

Upravljanje vodom (atmosferske
vode, vode iz pretakanja, curenje

wn

vode, nekontrolisanje curenje vode
i izlivanje mulja),

4. Zatvaranje i remedijacija deponija
jalovine u Boru, i delimi¢no ponov-
no obnavljanje (sadenje) vegetacije i,

5. Monitoring i odrZavanje posle
izgradnje.

Broj 2, 2014. 10
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Posebna paznja posvecéena je rehabili-
taciji/preusmeravanju baj-pasa reke (kole-
ktor) koji je sada ispod jalovista Veliki
Krivelj.

Ciljevi ovog posebnog zadatka su:

1. ispitivanje lokacije,

2. projektni radovi,

3. razvoj uticaja na Zivotnu sredinu,

4. izrada plana upravljanja Zivotnom

sredinom,

5. priprema plana monitoringa za re-
habilitaciju i remedijacija.

Specifi¢ni ciljevi

1. Sprovodenje ekolodkog ispitivanja
terena i geoloSka i hidrogeoloska
istraZivanja radi dobijanja podataka
za buducu remedijaciju/rekultivaciju
zemljista;

2. Elaborat ulaza za punu procenu
uticaja na Zivotnu sredinu, projekti
upravljanja zaStitom Zivotne sredi-
ne i projekti sanacije lokacija.

Preliminarni geoloski radovi obuhvataju:
istrazno busenje radi uzimanja uzoraka za
utvrdivanja hemijskog sastava, testove
luzenja, rudnicke i flotacijske jalovine,
utvrdivanje geoloske grade paleoreljefa,
ugradnju piezometara radi pracenja kvaliteta
i nivoa voda, uzimanje uzoraka za testove
generacije kiseline i neutralizacije inZe-
njersko-geoloska ispitivanja radi utvrdivanja
stabilnosti brana (Maksimovi¢ M., 2011.,
2012.).

Pored geolo3kih istraZivanja na terenu,
dalja istraZivanja obuhvataju neke specifi¢ne
aktivnosti koje su relevantne za sanaciju i
rekultivaciju predmetnih  prostora. Ove
aktivnosti su: uzorkovanje povrsinskog zem-
ljista (potencijalnih) povrsina deponija rud-
nicke i flotacijske jalovine radi izrade
testova generalizacije kiselina i neutraliza-
cije; testova bioloske rekultivacije ukljucu-
juéi 1 testove malog obima na terenu sa
biljkama; testove biolo3ke rekultivacije za
procenu podobnosti za uslove rasta biljaka.

Uopsteno, istrazivanje terena pocela su
sa detaljnijim testovima prodiranja osnove

odlagalista rudnicke i flotacijske jalovine
radi procene sastava tla. Dalji istraZivanja
nastavljena su istraznim buSenjem. Finalni
poloZaj i dubina piezometara su odabrani
na osnovu testova prodiranja i jezgrenog
busenja i stratigrafije zemljista koja je
utvrdena tokom busenja.

Mreza testova statiCkog sondiranja, do
5 metara dubine, izvedena je pre mreze
testiranja smicanja i jezgrenog busenja.

U cilju provere efikasnosti predlozene
stabilnosti i mera za smanjenje curenja,
sveobuhvatan plan monitoringa koji je
uraden i1 sproveden, sastoji se od instru-
mentalnog pradenja i vizuelne inspekcije.

Rezultati izvedenih istraZivanja i ispiti-
vanja

Flotacijska jalovista i same brane na
jalovistima, su godinama gradene od mate-
rijala ciklonske jalovine, koji se sastoji od
finozrnastog (alevritskog) do krupno-zrna-
stog peska (rastresitog materjala).

Stabilnost brana je osigurana sve dok se
nivo podzemnih voda unutar tela brana
moZe odrZavati ispod bezbednog maksi-
malnog nivoa, posebno uzimajuéi u obzir
oc¢ekivane seizmicke uslove. Sadasnji napori
da se kontrolise nivo podzemnih voda su
nedovoljni Sto dokazuje visok iznos (konta-
miniranog) curenja koja se sada pojavljuju
kroz brane. (Maksimovié¢ M., 2011, 2012.)

Za uspednu realizaciju Projekta reme-
dijacije neophodno je da trenutni priliv
procednih voda bude zaustavljen.

Pre preduzimanja mera, preporucuje se
da se prvo sprovede brza procena rizika radi
utvrdivanja eventualnih uticaja moguceg
propadanja brana i da se proveri efikasnost i
obim predlozenih mera sanacije aktivnih
jalovista i remedijacije i rekultivacije
neaktivnih deponija.

Na osnovu izvedenih istraZivanja i
ispitivanja utvrdeno je da treba preduzeti
slede¢e mere:

- Plan vegetacije treba da bude doneSen
za kosine brana u cilju spre¢avanja
buduce povrsinske erozije ispune
brane;
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- Redizajn drenaznog sistema za spreca-
vanje curenja i poboljsanje stabilnosti
kroz sistematsko i efikasno spustanje
nivoa podzemnih voda unutar brana i u
njihovoj neposrednoj blizini.

ZAKLJUCAK

Istrazni prostor koji se nalazi na
podrucju neaktivnog ekoloskog eksploata-
cionog polja je prostor, na kome je potvr-
deno prisustvo, opasnih i Stetnih materija
uzrokovano ljudskom aktivnos¢u, u koncen-
tracijama koje mogu izazvati znacajan rizik
po ljudsko zdravlje i Zivotnu sredinu.

Podrucje neaktivnog ekoloskog eksploa-
tacionog polja istraZivan je istraznim buSo-
tinama sa povrSine terena. lzvedenim geolo-
§kim istrazivanjima dobijeni su preliminarni
podaci o geoloskoj gradi, fizicko-meha-
ni¢kim i hidrogeoloskim osobinama, pod-
ru¢ja neaktivnog ekoloskog eksploatacionog
polja.

Na osnovu rezultata izvrenih istrazi-
vanja i ispitivanja predloZene su dalje mere
radi sanacije predmetnog prostora, i sma-
njenja zagadenja. Daljim istrazivanjima
dobice se rezultati za preduzimanja mera za
zaustavljanje zagadenja i dalje degradacije
Zivotne sredine do nivoa koji je bezbedan za
buduce koriséenje lokacije ukljucujuci ure-
denje prostora, revitalizaciju i rekultivaciju.

LITERATURA

[1] Maksimovi¢ M., Nikoli¢ K. i dr.
Elaborat o rezervama lezista bakra Bor
(rudna tela “Brezanik”, “Tilva Ro§" i
“P2A"), stanje 31.12.2004.-tekstualni
deo, Fond struéne dokumentacije,

[2]

3]

[4]

[5]

[6]

Odeljenje za geologiju IRM, Bor;
2005, s. 144.

Maksimovi¢c M.: Projekat detaljnih
geoloskih istrazivanja bakra i drugih
korisnih  komponenti na prostoru
Starog flotacijskog jalovista u Boru
(Polje 1 i Polje 2), u 2011/12. godini,
Fond stru¢ne dokumentacije Odeljenje
za geologiju IRM, Bor; 2011, s. 44.
Maksimovi¢ M.: Projekat istrazivanja i
ispitivanja  flotacijskinh i kopovskih
jalovista Bor, na podru¢ju neaktivnog
ekoloskog  eksploatacionog  polja,
vezano za aktivnosti na remedijaciji od
strane Svetske banke, Fond stru¢ne
dokumentacije Odeljenje za geologiju
IRM, Bor; 2011, s. 55.

Maksimovi¢ M.: Projekat geolosko-
ekoloskog istraZivanja i ispitivanja u
okviru ugrozene ekoloske zone -
Jalovista u Boru (Brana 2), Fond
strucne dokumentacije Odeljenje za
geologiju IRM, Bor; 2012, s. 20.
Maksimovi¢ M.: Elaborat o izvrSenim
geoloskim istraZivanjima i ispitiva-
njima flotacijskih i kopovskih jalovista
Bor, na podrucju neaktivnog ekolo-
Skog eksploatacionog polja, vezano za
aktivnosti na remedijaciji od strane
Svetske banke, u periodu 2011/12.
Godine, Fond struéne dokumentacije
Odeljenje za geologiju IRM, Bor;
2012, s. 83.

Izvestaj konsultantske kuce Witteveen
+ Bos, po Projektu Svetske banke “Bor
regional development”, komponenta
A-remedijacija flotacijskih jalovista i
izmeStanje  kriveljskog  Kkolektora.,
Fond stru¢ne dokumentacije Odeljenje
za geologiju IRM, Bor; 2012, s. 50.

Broj 2, 2014.

12

Mining & Metallurgy Engineering Bor



MINING AND METALLURGY INSTITUTE BOR

ISSN: 2334-8836
UDK: 622

UDK: 661.013.14:551.49(045)=20

DOI:10.5937/MMEB1402013K

Srdan Kosti¢", Dejan Vasovi¢™, Ruza Okrajnov Baji¢

NEW FRESH CONCRETE CHEMICAL ADMIXTURE FOR
TUNNEL LINING DESIGN IN THE EXTREME
WINTER CONDITIONS

Abstract

Fokk

A new type of calcium-nitrate and urea-based chemical admixture is proposed, in order to
maintain the compressive strength of fresh concrete exposed to very low temperatures (below to —
25°C), including a sudden transition to positive temperatures at an early age. The applied admix-
ture has no negative effect on compressive strength of specimens cured in water at 20°C. When it
is cured under three different frost regimes, concrete specimens with admixture show over three
times higher compressive strength, in comparison to specimens without admixture. The implica-
tions of such improved concrete composition are discussed in reference to the tunnel lining design.

Keywords: frost protection, compressive strength, anti-freezing admixture, tunnel lining

INTRODUCTION

Tunnel advance in weak rock masses
requires an appropriate lining design, in
order to prevent high inward displacements
of rock masses, tunnel roof collapse or
jamming/damage of tunnel boring machi-
nes, before the final support is installed. The
process of supporting the rock mass usually
initiates with adequate distribution of rock
bolts, modifying the properties of rock mass
in much the same way as reinforcement
does in concrete. In the same time, since the
final support is typically installed after some
time elapsed from the excavation, and at
some distance from the excavation point

(using the "longitudinal arch” effect), a thin
layer of shotcrete (sprayed concrete) is usu-
ally installed with the main task to reduce
displacement and number of yielded bolt
elements (regarding the elastic-perfectly
plastic behavior of rock mass) [1]. Properties
of such shotcrete are determined according
to specific tunnel design and geological con-
ditions. However, an important issue that has
to be considered is the time - dependent
properties of the shotcrete layer. For exam-
ple, if the tunnel lining, consisting of rock
bolts and shotcrete with steel lattice girders,
is installed right behind the tunnel face and

* Department of Geology, University of Belgrade Faculty of Mining and Geology, Djusina 7,

**11000 Belgrade, srdjan.kostic@rgf.bg.ac.rs

Department of Architectural Technologies, University of Belgrade Faculty of Architecture,
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™ This research was partly supported by the Ministry of Education, Science and Technological Deve-
lopment of the Republic of Serbia (Project No. 176016).
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activated immediately, the rock-bolts and
lattice girders respond to the deformation of
the rock mass surrounding the tunnel as soon
as the tunnel advances. However, the
shotcrete is only one day old at this stage,
and it has not yet developed its full capacity,
so the current load may be sufficient to in-
duce failure in the shotcrete. Considering
this, it is important to assure that shotcrete
reaches the expected short-term value of
compressive strength by protecting it from
the unfavorable outdoor conditions, e.g.
sudden freezing and thawing cycles. It
should be noted that for tunnel advance in
frost conditions, it is not necessary to use the
shotcrete mixture which provides free-
ze/thaw resistant hardened concrete, but to
have a fresh concrete mixture resistant to
possible freezing [2-3]. According to [4],
concrete has to be protected against freezing
until the degree of saturation is significantly
reduced due to hydration process, corres-
ponding to the time when concrete reaches a
compressive strength of 3.5 MPa [5], which
is typically achieved in the first 24 h for
concrete mixtures with W/C ratio below 0.6
and exposed to t=20°C. If concrete is ex-
posed to freezing before this time, its
compressive strength will be sig-nificantly
reduced [6]. Considering this, it is of special
interest to investigate the frost resistance of
fresh concrete in winter months, when
minimum recorded daily temperatures may
reach even below -10°C with up to 15 days
with the average daily temperature below
zero [7]. In such cases, water freezing in
fresh concrete could permanently damage
the structure of newly formed cement ma-
trix.

Even though, there are many previous
studies on the impact of low temperatures
on compressive strength of concrete [8-
11], none of them investigate the influence
of severe frost on fresh concrete, with tem

peratures down to -25°C, including the
effect of quick temperature changes, with
amplitude up to 45°C in just several days.
The main motivation for performing such
research lies in the justified need for an anti-
freeze admixture, considering the real tem-
perature regimes recorded in Belgrade, with
frequent cases of severe frost. Such extreme
frost conditions could have happened during
the TBM excavation of hydrotechnical tun-
nel in Visnjica near Belgrade, leading to the
possible machine jamming.

The aim of research is to develop a reli-
able admixture, which could enable tunnel
lining without frost protection even in
such severe climate conditions. Consi-
dering this, the impact of different amount
of proposed chemical admixture (4% and
8%) is investigated on compressive stren-
gth of fresh concrete under three different
frost regimes: one-day frost (-10°C), three-
day frost (-10°C, -5°C and -15°C), and
seven-day frost (oscillating from 0°C up to
-25°C).

DURATION OF FROST IN
REAL CONDITIONS

In order to motivate a need for field ap-
plication of such an anti-freeze admixture, a
review on the climatic properties in Belgrade
for period 1993-2012 is given according to
the observations made by the Republic Hy-
drometeorological Service of Serbia [7]. In
order to justify the testing of concrete under
the first and second frost regime, the ex-
treme examples of sudden warming for De-
cember, January, February and March in the
period 1993-2012 were analyzed. Maximum
temperature amplitudes (up to 16.8°C in
February 1996) are shown in Figure 1 only
for those days with sudden transition from
negative to positive temperatures in two
consecutive days.
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Figure 1 Maximum daily temperature amplitude with sudden transition from negative to
the positive values for two consecutive days in the period 1993-2012 for the following months:
(a) December, (b) January, (c) February; (d) March. Zero value is assigned for months
without a transition from negative to positive temperature

On the other hand, maximum number of
consecutive days with frost is shown in Fig-
ure 2 (14 days in January 2009 and February
2012), which legitimizes the testing of con-
crete in the third frost regime, with seven-
day continuous frost.

EXPERIMENTAL PART

In the first phase of research, the con-
crete compressive strength was determined
with and without admixture after curing in
water at the room temperature (20°C). The
second stage of the study comprises the

analysis of admixture effect (4% and 8%) on
compressive strength of concrete specimens
and after that they were exposed to three
different frost regimes. The main constitu-
tive elements of concrete were (Table 1):
cement (CEM 1 425 R, Lafarge Cement
Factory Beocin, Serbia), andesite aggregate
(crushed, quarry Sumnik, Serbia) and admi-
xture ("T-25 °C"). Cubic concrete specimens
(10x10 cm) were formed in a laboratory
counter-current concrete mixer, with the
mixing period of 3 minutes for all mixtures.
Casting was performed at a vibrating table
until a complete consolidation was achieved.
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Figure 2 Number of consecutive days with the temperature below 00C in the period 1993-2012
for the following months: (a) December, (b) January, (c) February;
(d) March (only two or more days are taken into account)

Table 1 Proportions of concrete mixtures

constituent per 1m® of concrete admixture 0% | admixture 4% | admixture 8%
cement: CEM142,5R 417 kg 411 kg 408 kg
andesite aggregate 0 - 2 mm (30%) 574 kg 567 kg 563 kg
andesite aggregate 2 - 4 mm (10%) 192 kg 189 kg 188 kg
andesite aggregate 4 - 8 mm (10%) 192 kg 189 kg 188 kg
andesite aggregate 8 -11 mm (20%) 383 kg 378 kg 375 kg
andesite aggregate 11 -16 mm (30%) 575 kg 568 kg 563 kg
admixture - 16,4 kg 32,6 kg
water 167 kg 148 kg 139 kg
W/C ratio 0.40 0.36 0.34
unit weight 2500 kg/m® 2467 kg/m’ 2456 kg/m’

Concrete specimens for the first set of
tests (isothermal curing conditions) were
prepared as described above and cast in steel
moulds. After 24 hours, the reference sam-
ples were taken out of the moulds and cured
under the same conditions in water at 20°C.
The compressive strength was determined
after 3, 7 and 28 days. In the second

phase of the experimental part of the re-
search, test specimens were made in the
same way as in the previous test (10x10 cm
cubes). The temperature of mixtures during
casting was 20°C. Immediately upon casting,
metal moulds with fresh concrete were put
in the acclimatization chamber at -10°C, and
exposed to three different frost regimes: (a)
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frost regime 1 simulates temporary one-day
frost, with specimens exposed to -10°C on
the first day and cured in water at 20°C dur-
ing the following day; (b) frost regime 2
simulates several-day frost, with first-day
exposure to -10°C, second-day exposure to -
5°C, third-day exposure to -15°C and, dur-
ing the fourth day, the specimens were
cured in water at 20°C; (c) frost regime 3
simulates a long, seven-day period of frost,
with first-day exposure to -10°C, second-
day exposure to -5°C, third-day exposure to
-15°C, fourth-day exposure to -25°C, fifth-
day exposure to -10°C and sixth-day and
seventh-day exposure to -5°C. From the
eighth to twenty-eighth day, test specimens
were cured in water at 20°C.

EXPERIMENTAL RESULTS

Results of the first phase of research
are shown in Table 2. It is clear that con-
crete compressive strength with admixture
after 3 days is larger when compared to the
specimens without admixture. However,
after 7 days, a slightly larger compressive
strength is observed for the concrete with
4% of admixture, while significantly lower
strength is determined for the concrete with
8% of admixture. On the other side, after 28
days compressive strength increases for the
concrete with 4% of admixture and then
slightly drops for samples with 8% of ad-
mixture, but it is still higher when compared
to the specimens without admixture. The
testing proved that the addition of admixture
had no negative effect on the concrete
hardening after 28 days.

Table 2 Properties of concrete samples with different % of admixture cured in

water at 20°C”

Sp. No. 0% admixture 4% admixture 8% admixture
Age.(days) ¥ o, Y o, Y o,
(kg/m®) | (MPa) | (kg/m®) | (MPa) | (kg/m’) | (MPa)
1 2470 52.0 2405 57.5 2490 61.0
2 3 2460 52.0 2420 58.0 2480 62.0
3 2460 51.0 2490 54.5 2480 65.0
4 2470 77.4 2470 74.5 2420 66.2
5 7 2580 73.8 2450 78.0 2460 64.0
6 2450 72.0 2450 72.0 2440 68.5
7 2460 88.5 2450 93.0 2470 83.7
8 28 2470 70.6 2470 84.0 2470 96.5
9 2440 81.0 2450 90.0 2430 81.6

“Sp. No. denotes specimen number, y represents unit weight and o, denotes compressive

strength of concrete.

In the second stage of analysis, concrete
compressive strength was determined under
the various frost regimes up to -25°C.

Firstly, the effects of water freezing in fresh
concrete without chemical admixtures are
tested (Table 3).
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Table 3 Properties of concrete samples without admixture

Sp i age (days) concrete without admixture
: ; %
No. |regime | <0°C | =20°C equivalent age (t) y (kg/m%) | average | o, (MPa) | average
1 1 1 1 1 2455 79
2 | 1 1 ] i o0 | 2 85 | 82
3 2 3 1 1 2430 10.1
4 2 3 1 1 2410 2420 10.4 102
5 3 7 1 0.83 2410 11.8
6 3 7 1 0.83 2390 2400 124 12.1
7 3 7 1 0.83 2355 16.7
8 3 7 3 2.83 2530 19.0
9 3 7 3 2.83 2390 2425 17.1 17.6
10 3 7 3 2.83 2390 21.0
11 3 7 7 6.83 2410 21.8
12 3 7 7 6.83 2390 2397 21.8 21.5
13 3 7 7 6.83 2525 31.0
14 3 7 28 27.83 2410 28.0
15 3 7 28 27.83 2385 ZH0 29.0 el

“equivalent age (t.) is determined according to the Saul model [12]

The results of experimental research
on concrete specimens with 4% and 8%
of admixture are shown in Tables 4 and
5. In both cases, compressive strength of
concrete specimens is much higher,

even over three times (for frost regime
1 from 8.2 MPa to 25.9 MPa with 4% of
admixture), when compared to the con-
crete strength without the admixture (Ta-
ble 3).

Table 4 Properties of concrete samples with 4% admixture

age (days) concrete with 4% admixture
Sbi e equivalent age (t.)
No. | regime | <0°C | =20°C R ge e 1 average . (MPa) average
(kg/m’)
1 1 1 1 1 2440 25.8
2 1 1 1 1 2450 s 26.0 2ol
3 2 3 1 1 2470 15.2
1 2 3 ] I 2150 | 2450 16.1 L
] 3 7 1 0.83 2440 26.0
6 3 7 1 0.83 2450 2445 24.3 25.2
7 3 7 1 0.83 2380 31.0
8 3 7 3 2.83 2380 31.5
9 3 7 3 2.83 2410 2390 32.0 31.5
10 3 7 3 2.83 2370 45.0
11 3 7 7 6.83 2410 39.5
12 3 7 7 6.83 2390 2390 44.8 43.1
13 3 7 7 6.83 2440 50.7
14 3 7 28 27.83 2460 53.8
5] 3 T | 28 27.83 2160 | 23 56.4 i
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Table 5 Properties of concrete samples with 8% admixture

age (days) concrete with 8% admixture
Sp. fost equivalent age (t.) ;
No. | regime | <0°C | =20°C ¢ y (kg/m®) | average o. (MPa) average
1 1 1 1 1 2440 17.0
17.6

2 1 1 1 1 2440 2440 18.1

3 2 3 1 2430 24.0

4 2 3 1 1 2460 . 23.7 =
] 3 7 1 0.83 2430 38.7

6 3 7 1 0.83 2440 2435 40.2 39.4
7 3 7 1 0.83 2410 41.0

8 3 7 3 2.83 2385 40.0

9 3 7 3 2.83 2410 2402 40.5 40.5
10 3 7 3 2.83 2410 46.3

11 3 7 7 6.83 2420 46.5

12 3 7 7 6.83 2380 2403 51.0 479
13 3 7 7 6.83 2430 56.1

14 3 7 28 27.83 2450 69.4

5 7 7 |28 27.83 2450 | A4 574 61.0
It is necessary to emphasize that the dif-  where

ference in behaviour of concrete specimens
with 4% and 8% admixture is rather small,
indicating that further increase in admixture
dosage would not significantly increase the
concrete compressive strength. On the other
hand, even though there is a significant in-
crease of compressive strength when com-
pared with the case without admixture (Ta-
bles 3, 4 and 5), the recorded values are still
lower in comparison to the concrete speci-
mens cured under isothermal conditions
(Table 2). In order to compare the compres-
sive strength of concrete samples under dif-
ferent frost regimes (with and without
chemical additives) to the compressive
strength of concrete specimens cured under
isothermal conditions, the compressive
strength of concrete is estimated after the
following days: 0.83, 1, 2.83, 6.83 and
27.83, which represent the equivalent age for
all tested cases (fourth column in Tables 3, 4
and 5). The compressive strength at target
days was estimated using the Plowman
model (Figure 3), which expresses the rela-
tionship between compressive strength of
concrete cured under isothermal conditions
and maturity by the Saul:

Sp =a+bxlogMg,

- S, - is the strength prediction value
by the Plowman equation [13],

- M - is the maturity by the Saul
model [12] and

- aand b are constants.

Maturity of concrete M, was deter-
mined on the basis of equivalent age,
which takes into account the combined
effect of time and curing temperature on
strength development [14]:

t, = (i(T ~Tp) x AtiJ/(Tr -To),
1

where
- t, - is the equivalent age,
- T - is temperature at which concrete
hardens in the time interval At;,
- To - indicates the reference tempera-
ture (-10°C),
- Ty - represents the concrete curing
temperature (20 °C), and
- At; - represents the observed time
interval.
It is obvious, based on Figure 3, that
the Plowman model gives a reasonable
estimation of experimental results, with
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high coeficient of correlation (r > 0.8) and
small root mean squared error (RMSE <
7.14). Thus the values of compressive

strength at target days could be read from
these diagrams with reliable accuracy
(fourth column in Tables 3, 4 and 5).

(a) §,=43.5+27.3xlog(t,) (b) $,=43.62+32.37xlog(1,)
90 . 100
80 90|
70 80|
60 70
500 . 60!
“ a0 “ 50
30/ 40!
20! r=0.84 30} o
10l RMSE=7.14 | 201 sl
%0 2 4 6 8§ 10121416 18 20 22 24 26 28 30 100 2 4 6 § 101214 16 18 20 22 24 26 28 30
ll: ll:
(© §,=47.78+26.30xlog(t,)
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024 6 81012141618 202224262830
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Figure 3 Regression results of the Plowman model for concrete specimens with different

amount of admixture, cured under the

isothermal conditions (in water at 200C):

(a) 0% of admixture; (b) 4% of admixture; (c) 8% of admixture

Comparison of concrete compressive
strength cured under isothermal conditions
and after different frost regimes is shown
in Table 6. It is clear that concrete speci-
mens with 8% of admixture achieve
86.3% of the target compressive strength,
for the third frost regime with seven days
of frost and only one day of thawing. The

same specimens achieve 71.1% of the
target compressive strength for the third
frost regime with seven days of frost and
21 days of thawing. In all other cases, the
concrete specimens achieve less than 70%
of the compressive strength of reference
samples cured under isothermal condi-
tions.
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Table 6 Decrease of compressive strength of concrete with and without admixture cured
under the isothermal conditions and exposed to different temperature regimes

i 6. (MPa) with 0% admixture 6. (MPa) with 4% admixture o, (MPa) with 8% admixture
& @ o B N
5| El.zE|loss| Fo|.zwms| %% | E |.zws| -3
€2 | 5 | &E2%| SER E |EEZE| BE; E |EZEE| TEz
> & = o g = 5 S22 5w o g = = =& 8 u o g =
S| 3 |TEz|TER| 3 |TEEE T2 3 |TEEE T8
s = & 8 - a - 2
0.83 | 41.29 12.1 29.3 41.00 25.2 61.5 45.65 39.4 86.3

1 43.50 | 8.2-10.2 | 18.9-23.5 | 43.62 | 15.6-25.9 | 35.8-59.4 | 47.78 | 17.6-23.8 | 36.8-49.8
2.83 | 55.83 17.6 315 58.24 315 54.1 59.66 40.5 67.9
6.83 | 66.28 21.5 32.4 70.63 43.1 61.0 69.73 47.9 68.7
27.83 | 82.94 29.3 35.3 90.38 53.6 59.3 85.77 61.0 71.1

CONCLUSION

This work analyzes the effect of che-
mical admixture on compressive strength of
concrete specimens under differrent frost
regimes. In all three cases, concrete with
admixture achieved considerably higher
compressive strength (even 200% higher for
some regimes), when compared to the sam-
ples without admixture. The results of this
analysis confirm that the use of chemical
admixtures prevent breakage of fresh shot-
crete tunnel lining even in such severe win-
ter conditions.

It should be noted that comparison of
recorded concrete compressive strength (Ta-
ble 6) was carried out using the regression
analysis, which could lead to ambiguous
interpretations. However, relatively high
value of correlation coefficient (r>0.8)
points out that possible error in estimated
value lies in the range of a measurement
error. On the other side, the present analysis
was limited by the small number of concrete
samples: for some regimes three concrete
samples are tested, as it is common in labor-
atory testing, while in the other cases, prop-
erties of only two specimens were deter-
mined. However, even with large number of
samples the significantly different results
should not be expected from the standpoint
of the achieved compressive strength.

Regarding the future research, further
analysis of the proposed admixture effect
should be carried out especially regarding
the target of compressive strength. Certainly,
this should be related to the economic bene-
fits, aiming at low-cost percentage of admix-
ture with maximum concrete compressive
strength. These experiments would certainly
be performed in situ, at excavated contour,
which would also involve the impact of pro-
gressive inward displacement of rock ma-
sses on the development of shotcrete com-
pressive strength. In that way, the effect of
chemical admixture on the stability of fresh
shotcrete tunnel lining would be evaluated
more closely.
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NOVI HEMIJSKI DODATAK SVEZEM BETONU
ZA 1ZVODENJE TUNELSKE OBLOGE U
EKSTREMNIM ZIMSKIM USLOVIMA

lzvod

Fkk

U radu se predlaZe novi tip hemijskog dodatka betonu na bazi kalcijum-nitrata i uree, sa ciljem
odriavanja cvrstole na pritisak svefeg betona izlozenog vrlo niskim temperaturama (do -25°C),
ukljucujudi i uticaj iznenadnih velikih temperaturnih amplituda (prelaze od negativnih ka pozitiv-
nim temperaturama). Primenjeni dodatak ne utice nepovoljno na ¢vrsto¢u na pritisak uzoraka
betona negovanih u izotermalnim uslovima na temperaturi od 20°C. Kada se sve? beton izloZi
uticaju razlicitih rezima mraza, uzorci sa dodatkom pokazuju gotovo tri puta vecu pritisnu
évrstocu u poredenju sa uzorcima bez dodatka. Primena betona sa predlozenim aditivom u praksi
razmatra se u odnosu na postojanost i stabilnost tunelske obloge sa prskanim betonom.

Kljuéne redi: zastita od mraza, évrstoca na pritisak, dodatak protiv zamrzavanja, obloga tunela

uvoD

Izvodenje tunela u ,slabim” stenskim
masama zahteva pravilno projektovanje
tunelske obloge, radi spreCavanja velikih
pomeranja po konturi iskopa, provalji-
vanja krovine ili zaglavljivanja, odnosno
ostecenja tunelske masine pre postavljanja
finalne podgrade. Proces podgradivanja
stenske mase obicno zapoCinje ugradnjom
ankera odgovarajucih svojstava, i u tacno
odredenom rasporedu, sa ciljem pobolj-
Sanja mehanickih svojstava stenske mase.
S obzirom na to da se izvodenju finalne
podgrade pristupa tek nakon odredenog

vremena od iskopa, kao i na odredenoj
udaljenosti od Cela (koristeci longitudinalni
efekat luka), najpre se postavlja tanak sloj
prskanog betona (torkreta) po konturi
iskopa, sa ciljem redukovanja pomeranja
stenske mase i broja deformisanih ankera
(pod  pretpostavkom  elasti¢nog-idealno
plasticnog ponaSanja stenske mase) [1].
Svojstva takvog betona se odreduju prema
zahtevima projekta i lokalnim geoloskim
uslovima, pri ¢emu je neophodno imati u
vidu i vremenski promenljivo ponasanje
betona. Naime, ukoliko se obloga tunela,

" Departman za geologiju, Univerzitet u Beogradu Rudarsko-geoloski fakultet, Pusina 7,

11000 Beograd, srdjan.kostic@rgf.bg.ac.rs
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Republike Srbije (Projekat br. 176016).

Broj 2, 2014.

23

Mining & Metallurgy Engineering Bor



sastavljena od ankera i prskanog betona sa
Celicnim reSetkastim nosa¢ima, postavlja
neposredno iza Cela iskopa, ankeri i reset-
kasti nosaci ¢e “odgovoriti” na deformaciju
stenske mase po konturi iskopa istovremeno
sa daljim napredovanjem tunela. Medutim, u
ovom stadijumu, starost prskanog betona je
vrlo mala, i beton nije uspeo da razvije svoju
punu nosivost, tako da trenutno opterecenje
od stenske mase u ovoj fazi iskopa moze da
dovede do njegovog loma. Shodno tome,
neophodno je pristupiti zastiti betona od
nepovoljnih  spoljadnjih  uslova, poput
iznenadnog zamrzavanja i otkravljivanja,
kako bi dostigao ocekivanu vrednost pritisne
¢vrstoe u tako kratkom vremen-skom
intervalu. Neophodno je naglasiti da, u
ovom slucaju, izvodacu radova nije potrebna
smesa betona koja daje ocvrsli beton otporan
na zamrzavanje/otkravljivanje, veé¢ sveza
smeSa betona koja je otporna na moguce
zamrzavanje [2-3]. Prema  Uputstvu
Ameri¢kog Instituta za beton [4], potrebno
je pristupiti zadtiti betona od zamrzavanja
sve dok ne dostigne ¢vrstocu na pritisak od
3,5 MPa [5], §to obi¢no iznosi 24 h za smeu
betona sa vodocementnim (VC) faktorom
ispod 0,6, kada je beton izloZzen temperaturi
t=20°C. Ukoliko se beton izloZi zamrzavanju
pre nego Sto dostigne ¢vrsto¢u od 3,5M Pa,
njegova konacna Cvrstoéa na pritisak bice
znaCajno umanjena [6]. Shodno tome, od
posebnog je interesa proucavanje otpornosti
na mraz sveZzeg betona za vreme zimskih
meseci, sa proseénom dnevnom tempera-
turom ispod 0°C i do 15 dana uzastopno, i sa
minimalnim dnevnim temperaturama ispod -
10°C [7]. U takvim uslovima, zamrzavanje
vode u svezem betonu moZze dovesti do tra-
jnog oste¢enja strukture novoformiranog
cementnog matriksa.

| pored velikog broja prethodnih istra-
Zivanja o uticaju niskih temperatura na

pritisnu ¢vrsto¢u betona [8-11], do sada
nisu vrdena istraZivanja uticaja ,,08trog”’
mraza na svojstva sveZeg betona, sa
temperaturama i do -25°C, ukljucujuéi i
efekat brzih temperaturnih promena, sa
amplitudom i do 45°C za samo nekoliko
dana. Uzimajuéi u obzir niske temperature
zabelezene na podrucju Beograda sa ¢estim
slucajevima o$trog mraza, postoji realna
potreba za jednom funkcionalnom antifriz
smeSom sveZeg betona. Ovakvi ostri Kli-
matski uslovi mogli su se ocekivati i pri
masinskom iskopu hidrotehnickog tunela u
Vidnjici, Sto je moglo dovesti i do zaglav-
ljivanja tunelske masine.

Osnovni cilj istraZivanja je razvoj
pouzdanog aditiva, koji bi omogucio iz-
vodenje tunelske obloge bez zastite od
mraza ¢ak i u takvim surovim klimatskim
uslovima. Shodno tome, u radu se ana-
lizira uticaj razlicite koli¢ine predlozenog
hemijskog aditiva (4% i 8%) na pritisnu
¢vrstocu svezeg betona pri razli¢itim rezi-
mima mraza: jednodnevni mraz (-10°C),
trodnevni mraz (-10°C, -5°C i -15°C), i
sedmodnevni mraz (sa oscilacijama tem-
perature izmedu 0°C i -25°C).

TRAJANJE MRAZA U
REALNIM USLOVIMA

U cilju potvrde realne potrebe za prak-
ti¢nom primenom antifriz aditiva za prskani
beton, najpre je izvrSena analiza klimatskih
karakteristika na podru¢ju Beograda u pe-
riodu 1993-2012. g. na osnovu podataka
Republickog Hidrometeoroloskog zavoda
[7]. Analiza ekstremnih slucajeva iznenad-
nog otopljavanja za decembar, januar, feb-
ruar i mart izvedena je sa ciljem definisanja
prvog i drugog rezima mraza. Na slici 1
prikazana je maksimalna zabeleZena tem-
peraturna amplituda samo za one dane sa
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prelazom iz negativnih u pozitivne tem-
perature za dva uzastopna dana (maksi
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Sl. 1. Maksimalne dnevne temperaturne amplitude sa iznenadnim prelazom od negativnih
ka pozitivnim vrednostima za dva uzastopna dana u periodu 1993-2012.9. za: (a) decembar,
(b) januar, (c) februar; (d) mart. Nulta vrednost se dodeljuje za mesece/godine u kojima nije

zabelezen prelaz od negativnih ka pozitivnim temperaturama za dva uzastopna dana

Tre¢i rezim mraza, kojem su izlozeni
uzorci betona, definisan je na osnovu
maksimalnog broja uzastopnih dana sa
mrazom za decembar, januar, februar i
mart, prikazanih na slici 2 (14 dana tokom
januara 2009. g. i februara 2012. g.).

EKSPERIMENTALNA PROCEDURA

U prvoj fazi istrazivanja, pritisna Cvrs-
to¢a betona odredivana je na uzorcima sa i
bez hemijskog aditiva nakon nege u vodi u
izotermalnim uslovima (20°C). U drugoj
fazi istrazivanja, pristupa se analizi efekta

4% i 8% hemijskog aditiva na pritisnu
¢vrstoéu uzoraka betona, nakon njihovog
izlaganja razli¢itim rezimima mraza. Pri
tome, osnovni sastavni elementi betona su
(Tabela 1): cement (CEM | 42,5 R, La-
farge Cement, Beocin), agregat (drobljeni
kamen, kamenolom Sumnik) i aditiv ("T-
25°C"). Uzorci betona oblika kocke
(10x10 cm) pravljeni su u laboratorijskoj
meSalici, sa periodom meSanja od 3 minu-
ta za sve smeSe. Livenje je obavljeno na
vibracionom stolu dok nije postignuta
potpuna konsolidacija.
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Sl. 2. Broj uzastopnih dana sa temperaturom ispod 0°C u periodu 1993-2012.g. za:
(a) decembar, (b) januar, (c) februar; (d) mart (samo dva i viSe dana je uzimano u obzir)

Tabela 1. Sastav smeSa betona

komponenta po 1m’ betona aditiv 0% aditiv 4% aditiv 8%
cement: CEM 1425 R 417 kg 411 kg 408 kg
agregat andezita 0 - 2 mm (30%) 574 kg 567 kg 563 kg
agregat andezita 2 - 4 mm (10%) 192 kg 189 kg 188 kg
agregat andezita 4 - 8 mm (10%) 192 kg 189 kg 188 kg
agregat andezita 8 -11 mm (20%) 383 kg 378 kg 375 kg
agregat andezita 11 -16 mm (30%) 575 kg 568 kg 563 kg
aditiv - 16,4 kg 32,6 kg
voda 167 kg 148 kg 139 kg
V/C 0,40 0,36 0,34
zapreminska tezina 2500 kg/m° | 2467 kg/m° | 2456 kg/m’

Uzorci betona za prvu fazu testiranja (u
izotermalnim uslovima nege) pripremljeni
su prema prethodno opisanoj proceduri, i
izliveni u Celi¢ne kalupe. Nakon 24 h, re-
ferentni uzorci su izvadeni iz kalupa i ne-
govani pod istim uslovima u vodi na tem-
peraturi od 20°C. Cvrstoéa na pritisak je
odredena nakon 3, 7 i 28 dana. U drugoj
fazi istraZivanja uzorci su pripremljeni na siti

nacin kao zaprethodnu fazu. Temperatura
smeSa za vreme livenja iznosila je 20°C.
Odmah nakon livenja, metalni kalupi sa
svezim betonom stavljeni su u aklima-
tizacionu komoru na temperature -10°C, a
potom su izlagani promeni temperature de-
finisanoj sa tri razli¢ita reZima mraza: (a)
rezim mraza 1 simulira jednodnevni mraz,
pri ¢emu su uzorci betona izlozeni tempera-
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turi od -10°C u toku jednog dana, a potom,
drugog dana, uzorci su izloZeni temepraturi
od 20°C; (b) rezim mraza 2 simlira viSe-
dnevni mraz, pri ¢emu se uzorci betona
izlazu temperaturi od -10°C tokom prvog
dana, a potom blagom porastu temperature
do -5°C tokom drugog dana, potom tempe-
raturi od -15°C tokom tre¢eg dana, a tokom
Cetvrtog dana uzorci se neguju u vodi na
temperaturi od 20°C; (c) reZim mraza 3
simulira duZi sedmodnevni mraz sa tempe-
raturom prvog dana od -10°C, drugog dana
od -5°C, treceg dana od -15°C, Cetvrtog dana
od -25°C, petog dana od -10°C i Sestog dana
od -5°C. U periodu od 8. do 28. dana uzorci
betona se neguju u vodi na temperaturi od
20°C.

EKSPERIMENTALNI REZULTATI

Rezultati prve faze istraZivanja prika-
zani su u Tabeli 2. Jasno je da je pritisna
¢vrstoca betona sa aditivom nakon 3 dana
veca od ¢vrstoce uzoraka bez aditiva. Me-
dutim, nakon sedam dana, ne$to veca pri-
tisna ¢vrstoéa zabeleZena je za uzorak
betona sa 4% aditiva, dok je znacajno
manja Cvrstoa zabeleZena za uzorak sa
8% aditiva. Sa druge strane, nakon 28
dana ¢vrstoéa na pritisak za uzorak betona
sa 4% aditiva se povecava, a sa 8% aditiva
se neSto smanjuje, ali je 1 dalje veéa u
poredenju sa ¢vrsto¢om uzoraka bez adi-
tiva. lIzvedeno istraZivanje je pokazalo da
aditiv ne uti¢e nepovoljno na oc¢vscavanje
betona nakon 28 dana.

Tabela 2. Svojstva uzoraka betona sa razlicitom kolicinom hemijskog aditiva,
negovanih u vodi na temperaturi od 20°C.*

0% aditiva 4% aditiva 8% aditiva
uzorak starost

broj (dani) Y o, ¥ O, ¥ o,
(kg/m’) | (MPa) | (kg/m’) | (MPa) | (kg/m’) | (MPa)

1 2470 52,0 2405 57,5 2490 61,0
2 3 2460 52,0 2420 58,0 2480 62,0
3 2460 51,0 2490 54,5 2480 65,0
4 2470 77,4 2470 74,5 2420 66,2
5 7 2580 73.8 2450 78,0 2460 64,0
6 2450 72,0 2450 72,0 2440 68,5
7 2460 88,5 2450 93,0 2470 83,7
8 28 2470 70,6 2470 84,0 2470 96,5
9 2440 81,0 2450 90,0 2430 81,6

* v oznacava zapreminsku tezinu, a o je cvrstoca na pritisak uzorka betona.

U drugoj fazi istrazivanja, pritisna
Cvrstoca betona odredena je nakon izla-
ganja uzoraka razli¢itim reZimima mraza,
sa temperaturom do -25°C. Postupak

ispitivanja se sastojao u slede¢em. Najpre
je ispitan efekat zamrzavanja na uzorke
sveZeg betona bez hemijskog aditiva (Ta-
bela 3).
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Tabela 3. Zapreminska tezina i évrstoéa na pritisak uzoraka betona bez hemijskog aditiva

B starost (dani) . svojstva betona bez aditiva
uzorak | rezim ekvivalentna srednja srednja
. o _ o * ¥
broj mraza | <0°C | =20°C | starost (t,) v (kg/m’) siediost | % (MPa) ——
1 1 1 1 1 2455 7.9
2 I I I I s00 | 28 85 82
3 2 3 1 1 2430 10,1
4 2 3 1 1 2410 eAtl 10,4 1.2
5 3 7 1 0,83 2410 11,8
6 3 7 1 0,83 2390 2400 12,4 12,1
7 3 7 1 0,83 2355 16,7
8 3 7 3 2,83 2530 19,0
9 3 7 3 2,83 2390 2425 17,1 17,6
10 3 7 3 2,83 2390 21,0
11 3 7 7 6,83 2410 21,8
12 3 7 7 6,83 2390 2397 21,8 21,5
13 3 7 7 6,83 2525 31,0
14 3 7 28 27,83 2410 28,0
15 3 7 28 2783 2385 aadll 29,0 i

*ekvivalentno vreme (to) odredeno je na osnovu Solovog modela [12]

Rezultati eksperimentalne analize pri-
tisne ¢vrstoce uzoraka betona sa 4% i 8%
aditiva prikazani su u Tabelama 4 i 5. U oba
slucaja, ¢vrstoca na pritisak uzoraka betona

Tabela 4. Svojstva uzoraka betona sa 4% hemijskog aditiva

je mnogo veca, skoro i do tri puta (za rezim
mraza 1 od 8,2 MPa do 25,9 MPa sa 4%
aditiva) u poredenju sa pritisnom &vrsto¢om
na uzorcima betona bez aditiva (Tabela 3).

starost (dani) svojstva betona sa 4% aditiva
uzorak rezim ekvivalentna ¥ srednja srednja
broj mraza | <0°C | =20°C starost (t,) (kg /m®) | vrednost o. (MPa) vrednost
1 1 1 1 1 2440 258
2 1 1 1 1 2450 i 26,0 2,3
3 2 3 1 1 2470 15,2
1 2 3 i 1 O 16,1 138
5 3 7 1 0,83 2440 26,0
6 3 7 1 0,83 2450 2445 24,3 25,2
7 3 7 1 0,83 2380 31,0
8 3 7 3 2,83 2380 31,5
9 3 7 3 2,83 2410 2390 32,0 31,5
10 3 7 3 2,83 2370 45,0
11 3 7 7 6,83 2410 39,5
12 3 7 7 6,83 2390 2390 44,8 43,1
13 3 7 7 6,83 2440 50,7
14 3 7 28 27,83 2460 53.8
15 3 7 28 27,83 2460 — 56,4 3
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Neophodno je naglasiti da je razlika u
ponasanju uzoraka betona sa 4% i 8%
aditiva vrlo mala, §to ukazujena ¢injenicu
da dalje dodavanje hemijskog aditiva ne bi
doprinelo znacajnijem povecanju ¢vrstoce
na pritisak uzoraka betona. S druge strane,

iako se zapaza znacajno povecanje pritisne
¢vrstoce u poredenju sa uzorcima bez adi-
tiva (Tabele 3, 4 i 5), registrovane vred-
nosti su i dalje nize u odnosu na pritisnu
Cvrstotu uzoraka betona negovanih u
izotermalnim uslovima (Tabela 2).

Tabela 5. Zapreminska tezina i ¢vrstoéa na pritisak uzoraka betona

sa 8% hemijskog aditiva

starost (dani) svojstva betona sa 8% aditiva
uzorak rezim ekvivalentna srednja srednja
3 o _ a0 3
broj mraza <0°C | =20°C starost (t,) v (kg/m”) N o o. (MPa) s
1 1 1 1 1 2440 17,0
244 1
2 1 1 1 1 2440 d 18,1 b
3 2 3 1 1 2430 24,0
1 2 3 I 1 2460 2445 237 238
5 3 7 1 0,83 2430 38,7
6 3 7 1 0,83 2440 2435 40,2 39,4
7 3 7 1 0,83 2410 41,0
8 3 7 3 2,83 2385 40,0
9 3 7 3 2,83 2410 2402 40,5 40,5
10 3 7 3 2,83 2410 46,3
11 3 7 7 6,83 2420 46,5
12 3 7 7 6,83 2380 2403 51,0 47,9
13 3 7 7 6,83 2430 56,1
14 3 7 28 27,83 2450 69,4
15 7 7 28 27.83 2450 2443 574 610

U cilju poredenja ¢vrstoCe na pritisak
uzoraka betona nakon izlaganja razlicitim
rezimima mraza (sa i bez aditiva) i pritisne
¢vrstoce uzoraka negovanih u izotermal-
nim uslovima, procena pritisne ¢vrstoce
uzoraka betona izvedena je za sledece
dane: 0,83; 1; 2,83; 6,83 i 27,83, 5to pred-
stavlja ekvivalentnu starost za sve ispiti-
vane slucajeve (Cetvrta kolona u tabelama
3, 4 i 5). Cvrsto¢a na pritisak uzoraka
betona za navedene dana ocenjena je
koriste¢i Ploumanov model (Slika 3), koji
daje vezu izmedu Cvrstoée betona ne-
govanog u izotermalnim uslovima i zre-
losti betona po Solu:

Sp, =a+bxlog M
gde je:

- S, - predvidena vrednost ¢vrstote na
osnovu Ploumanove jednacine [13],

- M - je zrelost betona na osnovu So-
lovog modela [12], a

- a i b su konsatnte.

Zrelost betona M odredena je na os-
novu ekvivalentne starosti, uzimaju¢i u
obzir spregnuti uticaj proteklog vremena i
temperature na razvoj ¢vrstoce [14]:

e = i(T—To)XAti T =To),
1

gde je:

- t. - ekvivalentna starost,

- T - je temperatura ocvrséavanja betona
u vremenskom intervalu At;,

- Tp - oznacava referentnu temperaturu
(-10°C),

- T,. je temperatura nege betona
(20°C), a

- At - je posmatrani vremenski interval.

Broj 2, 2014.

Mining & Metallurgy Engineering Bor



Ocigledno je, na osnovu slike 3, da
Ploumanov model daje zadovoljavajucu
procenu eksperimentalnih rezultata, sa vi-
sokim koeficijentom korelacije (r>0,8) i
niskom vredno$¢u srednje kvadratne greske

S,=43,5+27 3xlog(t,)

r=0.84
RMSE=7.14 |

02 4 6 8101214161820222426283
lC
(©)
100

(b)

0

(RMSE<7,14). Prema tome, vrednosti &vrs-
toce na pritisak za ekvivalentnu starost mogu
da se oCitaju sa ovih dijagrama sa zadovo-
ljavaju¢om ta¢nosc¢u (Cetvrta kolona u tabe-
lama 3, 4i5).

$,~43 62432 37xlog(t,)

100

=097
RMSE=3 88

0246 810121416
t

18 2022 24 26 28 30

e

S,=47,78+26,30xlog(t,)
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70
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r=091
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!

¢

Sl. 3. Rezultati predvidanja ¢vrstocée na pritisak uzoraka betona pomocu Ploumanovog
modela sa razlicitom kolicinom aditiva, negovanih u izotermalnim uslovima
(u vodi na temperaturi 20°C): (a) 0% aditiva; (b) 4% aditiva; (c) 8% aditiva

Poredenje ¢vrstoc¢e na pritisak betona
negovanog u izotermalnim uslovima i na-
kon izlaganja razli¢itim rezimima mraza
prikazano je u Tabeli 6. Jasno je da uzorci
betona sa 8% aditiva postizu 86,3% Ze-
ljene pritisne CvrstoCe, za rezim mraza 3
sa sedmodnevnim mrazom i samo jednim
danom otkravljivanja.

Isti uzorci postizu 71,1% Zeljene priti-
sne Cvrsto¢e za rezim mraza 3 sa sedmo-
dnevnim mrazom i 21 danom otkravljiva-
nja. U svim drugim slucajevima, uzOrci
betona postizu manje od 70% pritisne
¢vrstoce referentnih uzoraka negovanih pod
izotermalnim uslovima u vodi na tem-
peraturi od 20°C.
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Tabela 6. Smanjenje cvrstoce na pritisak uzoraka betona sa i bez hemijskog aditiva, negovanih
u izotermalnim uslovima, i pri delovanju razlicitih temperaturnih rezima

- o. (MPa) sa 0% aditiva 6. (MPa) sa 4% aditiva o, (MPa) sa 8% aditiva

= -~ "
E2 | E = z g ¢ E = g &g E = g gy
L e ST |EEE ERrs T = EE ERcIE T T EE & Elrs
ZE| 23 |Z8eE|l zE€E £5 |=F¢eE g2l 25 |=ZzHeE 228
€° | 8 = 282 8 = 282 8 E 2823
0,83 41,29 12,1 29,3 41,00 25,2 61,5 45,65 39,4 86,3

1 43,50 | 8,2-10,2 | 18,9-23,5 | 43,62 15,6-25,9 35,8-59,4 47,78 17,6-23.8 36,8-49,8
2,83 55,83 17,6 31,5 58,24 31,5 54,1 59,66 40,5 67,9
6,83 66,28 21,5 32,4 70,63 43,1 61,0 69,73 479 68,7
27,83 | 82,94 29,3 35,3 90,38 53,6 59,3 85,77 61,0 71,1

ZAKLJUCAK

U radu se analizira efekat hemijskog
aditiva na ¢vrstou na pritisak uzoraka
betona nakon izlaganja razli¢itim rezimima
mraza. U sva tri ispitana sluCaja, uzorci
betona sa hemijskim aditivom dostigli su
znatno visu pritisnu ¢vrstoéu (¢ak i do
200% vecu) u odnosu na uzorke bez hemij-
skog aditiva. Rezultati analize potvrduju da
se primenom hemijskog aditiva moze spre-
¢iti lom svezeg prskanog betona Cak i tak-
vim o3trim zimskim uslovima.

Naglasimo da je poredenje pritisnih
¢vrstoca zabeleZenih pri razlicitim tempe-
raturnim uslovima (Tabela 6) izvedeno
kori¢enjem regresione analize (Ploumanov
model), to mozZe dovesti do nepouzdanih
interpretacija. Medutim, relativno visoka
vrednost koeficijenta korelacije (r>0.8) uka-
zuje na to da je moguéa greska u proceni
pritisne ¢vrstoce u intervalu greske merenja.
S druge strane, izvedena analiza je u znatnoj
meri ograni¢ena malim brojem ispitanih
uzoraka betona: u pojedinim sluc¢ajevima
ispitivana su po tri uzorka, $to je i uobi-
Cajeno u laboratorijskoj praksi, dok su, u
drugim slu¢ajevima, svojstva betona odredi-
vana na samo dva uzorka. Medutim, ¢ak i sa
ve¢im brojem uzoraka, ne bi trebalo oce-

U pogledu pravca daljih istraZivanja,
izvedena analiza bi trebalo biti proSirena
dodatnim analizama efekta predloZenog
hemijskog aditiva, pre svega u odnosu na
postizanje Zeljene <&vrstoée na pritisak
betona. Naravno, buduca istrazivanja bi
morala uzeti u obzir i ekonomske efekte,
sa ciljem odredivanja najpovoljnijeg pro-
centa aditiva, koji obezbeduje najvecu pri-
tisnu C¢vrstocu betona. Ovi opiti bi morali
da budu izvedeni u realnim uslovima, in
situ, postavljanjem sveZeg betona po kon-
turi iskopa, ¢ime bi se obuhvatio i uticaj
pomeranja stenske mase ka tunelskom
otvoru na razvoj ¢vrstoce mladog prska-
nog betona. Na taj nacin, bila bi izvrSena
jo§ realnija procena efekta hemijskog
aditiva na stabilnost i postojanost sveZeg
prskanog betona.
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DETERMINING THE STRESS OF ROCK MASSIF™

Abstract

Defining the stress rock massif is essential for design of underground facilities and methods of mi-
ning in the mines. Assessment the value of stress state of rock massif and rock strength in the various
loads allows rational design. This is of particular importance when sizing columns, determining the
extent of excavation, the cross-sections of underground rooms in problems with rock bursts and others.
This paper briefly gives the basic methods of determining the rock massif stress as part of a study that is
aimed to facilitate development of engineering-geological and geomechanical model of the rock massif
along the tunnel route under the flotation tailing dump Veliki Krivelj and underground facilities in Jama
Bor as the numerical analysis could be applied of the stress-strain state of rocks around the built facili-

ties.

Keywords: stress of rock massif, "in situ" measuring of stress, probe for stress measuring

INTRODUCTION

To solve the problem of stability of built
room, in addition to knowledge of the theory
of elasticity, it is necessary to know the
stresses acting in the rock massif, the proper-
ties and composition of the massif. Experi-
mental studies have shown that the stress
state of the rock massif is very complex. At
relatively shallow depths of exploitation, the
additional stresses are sometime, due to the
stress concentration at the measuring point,
up to 20 times higher than predicted by cal-
culation based on the weight of the rocks
(the effect of gravitational forces only). With

increasing depth of exploitation, the stress
also increases in the rock massif, and thus
the importance of studying this problem.

The primary stress state refers to the un-
disturbed rock massif. Based on previous
studies and conducted measurements the
primary stress in the world, and using a
well-known theory, it was concluded that the
vertical component of the primary stress in
most cases depends on the force of many
lying masses in comparison to the observed
point in the earth's crust, Figure 1.
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Figure 1 Measurevertical stress for the needs of design in mining in the world
(by Hoek-Brown, 1978)

It is represented by equation:
oy =y-H

where:
oV - vertical component of normal stress;
v - bulk density in natural state (on av-
erage 27 kN/m?)
H - depth of the observed place from sur-
face.

The size of horizontal component of
stress has influenced by tectonics, residual
stresses due to erosion, gravity, morphol-
ogy of rocks themselves. It starts from the
engineering-geological conditions in gen-
eral, and then the properties of each
lithologic members, the presence of water,
the temperature, the tectonic movements
that have occurred or are still ongoing.
From the point of hydrostatics, the vertical
and horizontal components are equal or
nearly equal, so that the ratio of the hori-
zontal and vertical stresses in the rock
massif "k can be represented by the fol-
lowing equation:

o
k=—H
Oy

~1

where:
k - coefficient of horizontal and verti-
cal stress ratio in the rock massif,
oy - vertical component of normal stress
oy - horizontal component of normal
stress.

Assuming that the rock is elastic and
continuous environment, Terzaghi con-
cluded that the rock is deformed by the
effect of vertical stress, and the result of
that is deformation in horizontal direction.
Horizontal deformation is prevented by
the presence of surrounding rocks, and by
the theory of elasticity, it follows:

where:
v - Poisson's ratio

Of the newest approaches was given
by Sheorey (1994). He developed an elas-
tic-static-thermal stress model of the
Earth. He proposed a simplified equation
with which it is possible to estimate the
ratio of horizontal and vertical stresses.

k=025+7-E, '[0.001+%j
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where:

E;, - mean value of deformation module
of lying masses measured in hori-
zontal direction, GPa

H - depth of the observed place from sur-
face, m

A graphical presentation of this equation
is shown in Figure 2. It should be noted that
the curve showing the ratio of stress k is also
the same with the other authors who meas-
ured the stress "in situ", among others, Hoek
and Brown (1978), Harget (1988) and others.

k = horizontalni napon / vertikalni napon

|

L

2 3 4

| I |

1000 =

2000 —

Dubina od povrsine, H (m)

3000 _

Figure 2 Ratio of horizontal and vertical stress for various deformation modules
based on the Sheorey equation

In any case, it should be noted that there
is no theoretical approach that would fully
satisfy the needs of analyzing the primary
stress state. Such complex solutions are still
required in the experimental study. Thus, the
collected and processed data have led to the
establishment a relatively realistic legality
between these two components. In practice,
it is recognized that the values of horizontal
component are determined based on the
following relationships:

- for rock massives that behave plas-
tically:
1-sin
oHy =¥-U
1+sing

where:
¢ - angle of internal friction
v - Poisson's ratio

However, it should be noted that it can
be concluded from the all stated above
that data on components of the primary
stress, despite all theoretical considera-
tions, can be only defined in the field by
direct measuring "in situ™ [1].

The secondary stress states occur, main-
ly, as the result of human activities in the
rock, which disrupts the natural balance and
leads to changes in the intensity and redistri-
bution of the primary stress state.

oy =k-oy
where:
- for rock massives that behave elas-
tically:
(o2 = v O
H 1—V \
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In addition, on the basis of theoretical
and experimental research, three charac-
teristic zones of the secondary stress can
occur in the rock massif:

- Zone of released stresses (plastic zone),

- Zone of increased stresses (elastic

zone),

- Intact zone (zone of the primary stre-

SS€e8).

In the case of the secondary stress state,
in addition to the above mentioned factors
for the primary stress state, the new influen-
tial factors are added such as: the quality of
rock material, size and shape of the under-
ground facility, as well as the manner and
speed of execution the works. These factors
have the greatest impact on the character of
stress changes; however, it should be always
kept in mind that the changes that occur in
rock material have progressive character. If
these changes are not prevented on time or
intentionally prolonged, it can lead to unin-
tended consequences - demolitions.

PROBLEMS RELATED TO THE
MEASURINGOF STRESS "IN SITU"

There are at least three main areas of
difficulties when measuring the stress of
rock massif. They must be understood in
order to create an optimal plan of measur-
ing, and more importantly correctly inter-
pret the measuring results.

Those areas are:

a) interaction of stress - rock massif,

b) measurement methodology, and

c) reduction of data - calculation.

Structural properties of rock massif af-
fect any method of stress measuring. The
impact of natural properties of the rocks is
analyzed on the existing stress field before
the start of measuring.

The degree of disturbance the stress field
depends on the size of studied site. It may be
regional, local or at the level of measuring
point size. This means that disturbance of
stress field will come from the impact of

faults, major discontinuities, fractures and
cracks, and even of micro-cracks. As the
result of these disorders, it is normal to ex-
pect that the value of "in situ" stress is highly
variable when measured along one direction
through the rock massif.

In engineering practice, the general re-
quirement is knowledge of the total stress
state as well as its variations in a particular
location, which is the sum of all local im-
pacts. It is far easier to measure the local
stress field than to isolate only, for example,
tectonic stress component of undisturbed
rock massif. All this must be borne in mind
when making a measurement program and
making interpretation of measured values.

Measurement in a discontinuous rock
massif is far more sensitive because it is
measured in larger volume in order to elimi-
nate the local irregularities of stress field.
Dispersion the measuring results is reduced
by increasing the mass volume of measure-
ment area. This leads to the concept of a
representative elementary volume [2].

Therefore, it is necessary to understand
a degree of expected dissipation the meas-
ured stress values. This means that in de-
velopment the program for stress measur-
ing of rock massif, these factors must be
taken into account as they affect the re-
sults. The key problem lies in the use of
information on the structure of rock mas-
sif and other relevant data in order to get a
realistic view on stress field.

In addition to dissipation the measur-
ing results due to the natural factor, it
must be borne in mind that the applied
measuring technique also has an impact.

ANALYSIS OF SOME MEASURING
METHODS

The most common way of measuring the
stress of rock massif consists in measuring
the deformation of massive by disburdening.
So, the stress of rock massif is determined
indirectly. It is necessary to have a measured
size (deformation) and legality of its link
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with stress. In the majority of cases, the
Hook's law is used, because it is assumed
that in the first moments of mass disburden-
ing, the greatest part of deformation is "fall
of" to the elastic:

oc=¢-E
where:
o - stress, MPa

¢ - deformation, umm/mm
E - elasticity modulus, MPa.

This means that the stress can be cal-
culated by the modulus of elasticity and
measured deformation. In fact, it is the
basis of most methods of determining the
stress of rock massif.

Selection of method and measuring
instruments

Measuring methods that meet minimum
requirements are reduced to the principle of
disburdening a part of rock massif with in-
corporated instrument and measuring:

a) deformation of drill hole sides,

b) deformation of drill hole bottom,

and

c) hydraulic fracture.

Deformation of drill hole sides

Instruments for measuring the defor-
mations of drill hole sides are in the shape
of probe, which can be cemented by vol-
ume in a drill hole, or only in contact over
some parts with a drill hole side. The first
type consists of so-called instruments soft
type - deformometers, and the other pro-
bes that are used repeatedly and moved by
depth of drill hole; their bodies are typi-
cally made of metal or hard plastic, and
the measuring detail both of measuring
tape or some of inductive sensors. In addi-
tion to these two types, there are probes
with optical tapes (photoelastic tapes -
Photostress gage).

Deformation of drill hole bottom

Instruments for measuring the defor-
mations at the bottom of drill hole are
known under the name "Doorstoper”. All
of these instruments for monitoring the
changes in the rock massif deformation
caused by disburdening, use various types
of sensors. The main task of the sensors is
to convert the changes of mechanical sizes
(umm/mm) into an electrical signal (mil-
livolt - milliamp), which can then be reg-
istered by sensitive electronic instruments.

Hydraulic fracture

The instrument that uses the principle
of hydraulic fracture of rock massif, is one
of reliable instruments, which is particu-
larly important because there is no need
for special preparation the measuring
points for its use.

SELECTED SYSTEM FOR
MEASURING THE MASS STRESS

Having primarily in mind the problems
with procurement some of commercial in-
strument for measuring the stress in mass,
the instruments can be used that are de-
signed and made in some scientific organi-
zation, faculty or institute. These instruments
are based on known theoretical principles of
stress measuring as well as the experiences
gained in the past period of exploration.

According to the set objective of the Pro-
ject and required physical-mechanical and
stress-deformation testing of rocks along the
route of the new tunnel under the flotation
tailing dump Veliki Krivelj in Bor as well as
the underground facilities in Jama Bor, a
special probe-transmitter was made.

The probe acts as a hydraulic cushion and
it is permanently installed in the side of the
room. The probe is placed into a special met-
al box with other measuring technique [3].
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Figure 3 Measuring probe with additional tools for measuring the stress states

This equipment is of domestic produc-
tion, made of local materials in the Mining
and Metallurgy Institute in Bor (MMI). It
can be applied in various mining and con-
struction structures and, if necessary, it can
be serially produced in various measuring
ranges.

CONCLUSION

In contrast to most branches of structural
engineering in which the engineer-designer
is able to choose the construction material
with a known initial stress state, the mining
engineer has no ability to choose the loca-
tion of construction, and mechanical proper-
ties and initial stress state in his construction
material are unknown.

Due to this fact, definition and measur-
ing the stress state in the vicinity of under-
ground facilities becomes of primary im-
portance for their design in each lithological
environment.

The mentioned research enables deve-
lopment of engineering-geological and
geomechanical model of rock material of the
new tunnel route and modeling the designed
rooms in the underground mine Jama Bor as
the numerical analysis of the stress-strain

states of rocks around the facilities could be
applied.
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ODREDIVANJE NAPONA STENSKOG MASIVA™

lzvod

Definisanje napona u stenskoj masi je od bitnog znacaja za projektovanje podzemnih objekata i
metoda otkopavanja u rudnicima. Procena vrednosti naponskog stanja stenskog masiva i otpornosti
stena na razna opterecenja omogucuje racionalno projektovanje. Ovo ima poseban znacaj kod
dimenzionisanja stubova, odredivanja raspona otkopa, poprecnih profila podzemnih prostorija, kod
problema gorskih udara i dr.

U ovom radu se, u najkracim crtama, daju osnovni postupci o odredivanju napona stenskog masiva
kao deo istrazivanja koje ima za cilj da omoguci izradu inZenjersko-geoloskog i geomehanickog modela
stenskog masiva duZ trase tunela ispod flotacijskog jalovista Veliki Krivelj u Boru kao i podzemnih
objekata u Jami Bor, kako bi se mogla primeniti numericka analiza o naponsko-deformacionom stanju
stena oko izgradenih prostorija.

Kljuéne redi: napon stenskog masiva, merenje napona ,,in situ“‘, sonda za merenje napona

uvoD

Za reSavanje problema stabilnosti izra-  Porastom dubine eksploatacije raste i napon
dene prostorije, pored poznavanja teorije  u masivu, a time i vaZnost izu¢avanja ovog
elasti¢nosti, neophodno je znati i napone problema.
koji deluju u stenskom masivu, svojstva i Primarno naponsko stanje se odnosi na
sastav masiva. Eksperimentalna istraZi- neporemefen stenski masiv. Na osnovu
vanja su pokazala da je naponsko stanje  dosadaSnjih ispitivanja i izvrSenim mere-
stenskog masiva vrlo slozeno. Na relativno  njima primarnih napona u svetu, a koriste¢i
malim dubinama eksploatacije, dopunska  poznate teorije, doSlo se do zakljutka da
naprezanja su nekad, zbog koncentracije  vertikalna komponenta primarnih napona u
napona na mernom mestu i do 20 puta ve¢a  velini slufajeva zavisi od sile viSe leze¢ih
nego Sto to predvida proraun na osnOVU masa u odnosu na posmatranu tacku u
tezine stena (uticaj samo gravitacionih sila).  zemljinoj kori, slika 1.

“ Inovacioni Centar Masinskog fakulteta, Beograd, dr.dragan.zlatanovic@gmail.com

™ Institut za rudarstvo i metalurgiju, Bor, milenko.ljubojev@irmbor.co.rs

. Ovaj rad je proistekao kao rezultat projekta 33021 ,,Istrazivanje i pracenje promena naponsko
deformacijskog stanja u stenskom masivu ,,in-situ** oko podzemnih prostorija sa izradom modela sa
posebnim osvrtom na tunel Kriveljske reke i Jame Bor*, koga finansira Ministarstvo prosvete,
nauke i tehnoloSkog razvoja Republike Srbije.
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Vertikalni napon, o, (MPa)

1000 4 \ a

2000 7

Dubina od povréine, H (m)

3000

2 * _ 6,=0027H

SI. 1. 1zmereni vertikalni napon za potrebe projektovanja u rudarstvu u svetu
(po Hoek-Brown-u, 1978)

Predstavlja se jednac¢inom:

oy - vertikalna komponenta normalnog

napona;

y - zapreminska tezina u prirodnom

stanju (u proseku 27 kN/m?)

H - dubina posmatranog mesta od povr-

Sine.

Na veli¢inu horizontalne komponente
napona znacajan uticaj imaju tektonika,
zaostali naponi usled erozije, gravitacija,
morfologija samih stena. Polazi se od
inZenjersko-geolo3kih uslova u celini, zatim
od svojstva svakog litoloskog c¢lana, od
prisustva vode, od temperature, tektonskih
Sa stanoviSta hidrostatike, vertikalne i
horizontalne komponente su jednake ili
priblizno jednake, tako da koeficijent odnosa
horizontalnog i vertikalnog napona u
stenskoj masi “k” moze da se predstavi
slede¢om jednac¢inom:

OH

gde su:
k - koeficijent odnosa horizontalnog i
vertikalnog napona u stenskoj masi,
oy - vertikalna komponenta normalnog
napona,

oy - horizontalna komponenta normal-

nog napona.

Polaze¢i od pretpostavki da je stena
elastiCna i kontinualna sredina, Terzaghi je
zakljucio da se stena dejstvom vertikalnog
napona deformiSe, pa je posledica toga
deformacija u horizontalnom pravcu. Hori-
zontalna deformacija je sprec¢ena prisustvom
okolnih stena, a po teoriji elasti¢nosti
proizilazi:

\4
1-v

On = Oy

gde je

v - Poissonov koeficijent

Jedan od najnovijih prilaza je dao Sheo-
rey (1994). On je razvio elasto-staticko-
termicki model napona Zemlje. Predlozio je
pojednostavljenu jednacinu sa kojom je mo-
gucée proceniti odnos horizontalnog i verti-
kalnog napona.

k= ~1 1
Oy k=0,25+7-E, '(0,001+HJ
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gde su:

Ey - srednja vrednost modula deforma-
cije viSeleze¢ih masa merene u
horizontalnom pravcu, GPa

H - dubina posmatranog mesta od povr-
Sine, m

Grafi¢ki prikaz ove jednacine dat je na
slici 2. Treba napomenuti da kriva koja
prikazuje odnos napona k je slicna i sa
drugima autorima koji su merili napon »in
situ«, izmedu ostalih, Hoek i Brown (1978),
Harget (1988) i drugi

k = horizontalni napon / vertikalni napon

2
| L

3 4

1000 =

2000

Dubina od povrsine, H (m)

3000 _|

|

Sl. 2. Odnos horizontalnog i vertikalnog napona za razlicite module deformacija bazirane na
Sheorey-ovoj jednacini

U svakom slucaju treba reéi da ne postoji
ni jedan teoretski pristup koji bi u potpunosti
zadovoljio potrebe za analiziranjem primar-
nog naponskog stanja. Takva kompleksna
reSenja su dalje traZena u eksperimentalnom
istrazivanju. Tako prikupljeni i obradeni
podaci su doveli do uspostavljanja relativno
realne zakonitosti izmedu ove dve kompo-
nente. U praksi je prihvaceno da se veli¢ina

- za stenske mase koje se ponaSaju

plasti¢no:
1-sin
oy = —_go'o_
1+sing
gde su:

¢ - Uugao unutrasnjeg trenja,
v - Poissonov keoficijent.

Ipak, treba rec¢i da se iz svega do sada
re¢enog moze zakljuciti da podatke o kom-

honzont?lr:ie ,.hkomp?neme odreduje  na ponentama primarnog napona je, pored svih
osnovu siedecih veza. teorijskih razmatranja jedino mozemo odre-
oy =k-oy diti na terenu, direktnim merenjem “in
deie- situ”.[1]
gae Je. . . Sekundardna naponska stanja javljaju se,
- S.t?nSke mase koje se ponasaju uglavnom, kao rezultat covekovog delovanja
elasti¢no: s “ . M
u steni, ¢ime se naruSava prirodna ravnoteza
v i dolazi do promene inteziteta i preraspodele
On = 11— Oy primarnog naponskog stanja.
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Pri tome se, na osnovu teoretskih i
eksperimentalnih istrazivanja, u stenskom
masivu se mogu javiti tri karakteristicne
zone sekundarnih napona:

- Zona oslobodenih napona (plasti¢na

zona),

- Zona povecanih napona (elasti¢na
zona),

- Intaktna zona (zona primarnih na-
pona).
U slucaju sekundarnog naponskog

stanja, pored ve¢ nabrojanih faktora za
primarno naponsko stanje, dodaju se novi
uticajni fakori kao Sto su: kvalitet stenskog
materijala, veli¢ina 1 oblik podzemnog
objekta, kao 1 nacin i brzina izvodenja
radova. Ovi faktori najvise uticu na karakter
promene napona s’tim Sto, uvek treba imati
na umu da su promene koje se deSavaju u
stenskom materijalu progresivnog karaktera.
Ukoliko se ove promene ne sprece na vreme
ili svesno produze, moze doéi do nezeljenih
posledica — zaruSavanja.

PROBLEMI VEZANI ZA MERENJE
NAPONA "IN SITU"

Postoji najmanje tri glavne oblasti
teSkoca kod merenja napona stenske mase.
One se moraju razumeti da bi se napravio
optimalni plan merenja, a Sto je jo$ vaznije
korektno interpretirali rezultati merenja.

Te oblasti su:

a) interakcija napon - stenski masiv,

b) metodologija merenja i

c) redukcija podataka, proracun.

Strukturna svojstva stenskog masiva
uti¢u na bilo koju metodu merenja napona.
Analizira se uticaj prirodnih svojstava
stene na postojece naponsko polje pre
pocetka merenja.

Stepen poremecaja naponskog polja
zavisi od veli¢ine izu¢avanog lokaliteta. On
moze biti regionalni, lokalni ili na nivou
veli¢ine mernog mesta. To znaci da ¢e do

poremecaja naponskog polja do¢i od uticaja
raseda, glavnih diskontinuiteta, pukotina i
prslina, pa ¢ak i od mikroprslina. Kao
rezultat ovih poremecaja normalno je i
oc¢ekivati da je vrednost “in situ” napona
vrlo promenljiva kada se meri duz jednog
pravca kroz stensku masu.

U inZenjerskoj praksi, opsti zahtev je
znanje ukupnog naponskog stanja kao i
njegove varijacije na odredenoj lokaciji, koja
je ujedno i zbir svih lokalnih uticaja. Daleko
lak3e je meriti lokalno polje napona nego
izolovati samo npr. tektonsku komponentu
napona neporemecenog stenskog masiva.
Sve ovo se mora imati u vidu kada se pravi
program merenja i wrSi interpretacija
izmerenih veli¢ina.

Merenje u diskontinualnoj stenskoj masi
daleko je osetljivije jer se meri u vecoj
zapremini u cilju eliminisanja lokalnih
neregularnosti naponskog polja. Rasipanje
rezultata merenja se smanjuje povecanjem
zapremine masiva merne oblasti. To vodi ka
konceptu  reprezentativne  elementarne
zapremine. [2]

Zato je potrebno razumeti stepen
o¢ekivanih rasturanja merenih vrednosti
napona. To znaci da se pri izradi programa
merenja napona stenske mase mora voditi
racuna o ovim faktorima jer ¢e oni uticati na
rezultate. Kljuéni problem se sastoji u
koris¢enju informacija o strukturi stenske
mase i drugih relevantnih podataka kako bi
se doslo do realne slike o naponskom polju.

Pored rasipanja rezultata merenja zbog
prirodnih faktora mora se imati u vidu da i
primenjena merna tehnika ima uticaja.

ANALIZA POJEDINIH METODA
MERENJA

Najées¢i nacin merenja napona stenske
mase sastoji se u merenju deformacija
masiva rastereCenjem. Znaci, napon stenske
mase odreduje se indirektno. Potrebno je
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imati neku izmerenu veli¢inu (deformaciju) i
zakonitost njene veze se naponom. U vecini
slucajeva Koristi se Hook-ov zakon, jer se
pretpostavija da u prvim momentima
rasterecenja masiva, najve¢i deo deformacija
"otpada" na elasti¢ne:

o=¢-E

gde su:
G - napon, MPa,
¢ - deformacija, umm/mm,
E - modul elasti¢nosti, MPa.

To znaci de se preko modula elasti¢nosti
i izmerene deformacije moze izracunati
napon. U sustini to je osnova vec¢ine metoda
odredivanja napona stenske mase.

Izbor metode i instrumenata za merenje

Metode merenja koje ispunjavaju min-
imum zahteva svode se na princip raste-
recenja dela stenskog masiva sa ugrade-
nim instrumentom i merenju:

a) deformacija bokova bu3otine,

b) deformacija dna buSotine i

) hidrauli¢ki lom.

Deformacija bokova busotine

Instrumenti za merenje deformacija
bokova bu3otine su u obliku sondi, koje
mogu biti ucementirane po obimu u bu3otini
ili samo u kontaktu preko pojedinih delova
sa bokom buSotine. Prvu vrstu ¢ine
instrumenti tzv. mekog tipa - deformometri,
a drugu sonde koje se koriste vise puta i
pomeraju po dubini buSotine, tela su im po
pravilu od metala ili tvrde plastike, a merni
detalj ili od mernih traka ili je to neki od
induktivnih davaca. Pored ova dva tipa
imamo 1 sonde sa optickim trakama (foto-
elasti¢ne trake - Photostress gage).

Deformacija dna busotine

Instrumenti za merenje deformacija na
dnu budotine su poznati pod imenom
“Doorstoper”. Svi ovi instrumenti za pra-
¢enje promena deformacija stenskog masiva,
izazvanih rastere¢enjem, Koriste senzore
raznih vrsta. Osnovni zadatak senzora je da
pretvore promene mehani¢kih veli¢ina
(umm/mm) u elektriéni signal (milivolt -
miliamper) koji se zatim moZe registrovati
osetljivim elektronskim instrumentima.

Hidraulicki lom

Instrument koji koristi princip hidrau-
lickog loma stenske mase, je jedan od
pouzdanih instrumenata, a §to je narocito
vazno, jer za njegovu upotrebu nisu pot-
rebni specijalne pripreme mernih mesta.

ODABRANI SISTEM ZA MERENJE
NAPONA MASIVA

Imajuéi prvenstveno u vidu probleme
oko nabavke nekog od komercijalnih instru-
menata za merenje napona u masivu, mogu
se upotrebiti instrumenti koji su konstruisani
i izradeni u nekoj naucnoj orga-nizaciji,
fakultetu ili institutu. Ovi instru-menti su
bazirani na poznatim teoretskim principima
merenja napona kao i na iskust-vima
steCenim u ranijem periodu istra-Zivanja.

Shodno postavljenom cilju Projekta i
potrebnih fizicko-mehanickih i1 naponsko-
deformacionih ispitivanja stena duz trase
novog tunela ispod flotacijskog jalovista
Veliki Krivelj u Boru kao i podzemnih
objekata u Jami Bor, izradena je specijalna
sonda-transmiter.

Sonda ima ulogu hidrauli¢nog jastuka i
trajno se ugraduje u bok prostorije. Sonda se
smeSta u specijalni metalni sanduk sa
ostalom mernom tehnikom.[3]
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Sl. 3. Merna sonda sa dodatnim alatima za merenje naponskih stanja

Ova oprema je domace proizvodnje,
izradena od domacih materijala u Institutu
za rudarstvo i metalurgiju u Boru (IRM).
MoZe se primenjivati u raznim rudarskim i
gradevinskim objektima i po potrebi se
moze serijski proizvoditi u razli¢itim mer-
nim opsezima.

ZAKLJUCAK

Nasuprot vecini grana konstruktivnog
inZenjerstva u kojima je inZenjer- projektant
u mogucnosti da bira konstruktivni materijal
sa poznatim pocetnim Stanjem napona,
rudarski inZenjer nema moguénost izbora
lokacije gradnje, a mehanicke karakteristike
i poCetno naponsko stanje u njegovom
konstruktivnom materijalu su nepoznati.

Zbog ove Cinjenice definisanje i merenje
naponskog stanja u okolini podzemnih
objekata postaje od primarnog znacaja za
njihovo projektovanje u svakoj litolo3koj
sredini.

Navedena istrazivanja omogucavaju
izradu inZenjersko-geoloskog i geomeha-
nickog modela stenskog materijala trase
novog tunela i u modeliranju projektovanih
prostorija u Jami Bor, kako be se mogla
primeniti numericka analiza o naponsko-

deformacionom stanju stena oko izgradenih
objekata.
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Abstract

The world mining companies in assessment the financial sustainability and defining the optimal
strategy for development of mine, to the aim of rational and economical utilization the mineral depos-
its, use the computer programs for optimization and design. Among the leading programs in this field
are Whittle and Gemcom. This work an algorithm of work with the necessary input data, procedure of
work and output results in design the open pits, using the computer programs Whittle and Gemcom,
for optimal utilization the deposit, what is a necessary precondition for responsible management of

mineral resources.

Keywords: open pit, design, optimization, computer software Whittle and Gemcom

INTRODUCTION

Natural mineral resources of a country
present the base of its economic and social
prosperity. In the economic value of min-
eral resources at its disposal, Serbia does
not belong to the rich countries. Therefore
there is an obligation to carry out the min-
ing activity according to the principles of
rational management of mineral resources.

The application of software for design
in mining [1-13, 15] presents nowadays
the standard in the world, primarily be-
cause it allows fast and with high accuracy
assessment the most suitable solutions for
mining the mineral resources, in terms of
their rational utilization from deposits to
achieve maximum profit.

For rational and economical utilization
the deposit with a large number of data,

used for calculation of reserves, as well as
determining the optimal open pit contour
and dynamics of excavation and disposal,
the advantage of computer technology is
indisputable, compared to other methods
of calculation. This advantage is reflected
in the following:

» Due to the size of deposit, the state
of open pits and production capa-
city (large amounts of excavation),
the designs and design modifica-
tions are very complex with opti-
mal working and final contours of
the open pit. Digital model with
calculated reserves by mini-blocks,
facilitates and accelerates this
process, as it is possible in a short
period of time to see large number

“ Mining and Metallurgy Institute Bor, radmilo.rajkovic@irmbor.co.rs

“ COMSAR ENERGY Republika Srpska d.o.o.

“ This work is the result of the Project TR37001 ““The Impact of Mining Waste from RTB Bor on the

Pollution of Surrounding Water Systems with the Proposal of Measures and Procedures for Reduction
Harmful Effects on the Environment™, funded by the Ministry of Education, Science and Technological
Development of the Republic of Serbia
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of variants and to find the best
solution.

» The results obtained by design and
economic analyzing on digital
models have satisfactory quality,
i.e. they are accepted in the world
as satisfactory.

» Potential concessionaires require
that the deposit has to be present in
a digital form.

WORK PROCEDURES IN THE
PROGRAMS WHITTLE AND
GEMCOM

The first step in working with programs
Whittle and Gemcom is a construction of

digital 3D block - deposit model [16-19],
Figure 1. Block - model of deposit is a set
of individual blocks. Each single block is
defined by the following parameters:

Sizes of the block;

Spatial position of the block;

Type of material from which the
block is made;

Bulk density of material in the
block;

Contents of individual components
in the block (copper, gold, silver,...).

YV VYV VVYV

The block model is constructed in the
program Gemcom based on geological
parameters that may be imported from the
Excel application of Office.

Figure 1 Block — model of deposit in the program Gemcom 6

The second step in working with these
programs is the construction of 3D field
model [14]. The field model can be imported
from the program AutoCAD. If the situa-
tional map of the field in AutoCAD is done
in 3D (each point has X, Y and Z coordi-
nates), a direct import is done in the program
Gemcom. If situational map of the field in
AutoCAD is not done in 3D (all points have
zero Z elevation), the real Z elevation have

to be assigned to the points, and then import
in the program Gemcom is done.

After preparation and processing of data
in Gemcom, the export block-model is done
with topography in the program Whittle.

In Whittle [1, 2-5, 7, 9, 10-13], a con-
struction of possible open pits is made based
on the Lerches and Grossman algorithm.
The Lerches and Grossman algorithm is a
procedure for determining the optimal open
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pit like the one with the highest value for the
corresponding set of costs and factors of

return.

For optimization in the program Whi-
ttle, the following input parameters are
needed:

»

YV YV VVVV V

Angle of general open pit slope for
each region

Operating costs of mining (OPEX),
$it

Dilution of ore and loss in excavation
Operating processing costs, $/t
Cut-off grade for all elements
Recovery of processing for all ele-
ments

Selling price for each element indi-
vidually, $/t

Selling costs for each element indi-
vidually, $/t

Initial capital costs, $

Residual value, $

Costs of equipment replacement, $
Discount rate,%

Annual capacity of excavation
mining

Annual capacity of mining the
mineral resources

Annual capacity of the final product,
optionally (typically not limiting)
Defined criteria for selection the
final open pit outline (maximum
profit, service life, spatial limits
due to the existing facilities, etc.

After optimization, the set of open pits

is obtained; each with different amounts

of excavation and different value, Fi-
gure 2.

nnnnnnnn

Figure 2 Diagram of the open pits with different value and amounts of excavation in Whittle

The open pits obtained in this manner
do not have benches and transport routes.
The export into Gemcom is done by selec-
tion the optimum open pit and push backs,

where detailed open pits with benches and
transport routes are constructed, which are
exported back to Whittle that defines the

dynamics of excavation [6, 8], Figure 3.

No. 2,2014
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Figure 3 Diagram of amounts of excavation by periods of exploitation in Whittle

The obtained contours of the open pits  where detailed open pits with benches and
by periods of exploitation in Whittle do  transport roads are constructed for each
not also have benches and transport period of exploitation, Figure 4.
routes, and they are exported to Gemcom,

Unds KB P Dot 20 Pl Dy | 76764 330 17586207

Figure 4 2D and 3D view of the open pit in Gemcom

Output data are analytical dynamics graphics that can be exported from Gem-
that can be exported from Gemcom to the com to AutoCAD. The final results of
Office application Excel and dynamic  optimazation are:
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1. Analytical view the amount of 2. Constructed open pits with benches
mineral resources, waste and total and transport roads by years of ex-
excavation with contents for each ploitation in AutoCAD.
bench by years of exploitation and The algorithm of design in the software
operations in Excel format; Whittle and Gemcom is given in the next text.

INPUTS

$

Software modeling and optimization of the mining activities at the OUTPUTS

open pits

(ACTIVITIES) @

Input data for development a geological block-
model
(provided by the Client)

« Database with name and elevation and
coordinates of each drill hole, chemical
content of all useful and harmful components
per intervals for each drill hole, mapped
lithological members per drill hole pillar

« Situational terrain map in AutoCad format
with global UTM X,Y and Z coordinates of all
points

o Characteristic cross-sections that show the
contours of ore bodies and tailings.

GEMS (Gemcom)

Designing the composite samples
Designing the solid

Staistical data processing and development of variograms and
kiging

Development of geological block — model

WHITLLE

Export in Whitle

|
Block — model of &
depostt

Input data for optimization the open pit
(provided by the Client)

« Angle of general slope of the open pit for
each region

« Operating costs of excavation (OPEX), $it

Quality deterioration and losses in excavation

Operating costs of flotation processing, S/t

Cut-off grade for all elements

Recovery of the flotation for all elements

Selling price for each element individually, $/t

Selling costs for each element individually, $/t

Inital capital costs, $

Residual value, $

Costs of the equipment replacement, $

Discount rate, %

Annual excavation capacity of excavated

material

« Annual excavation capacity of mineral raw
material

« Annual capacity of final product (usually
unlimited)

« Defined crieria for selecton the final open pit
contour (maximum profit, exploitationlife,
space limits due to the existing facilities, etc.)

1l

D of regions within the open pit in the
software Whittle

Optimization in the software Whittle - Pit shells
Optimization in the softvare Wit ~ Operational scenario, Pk
by pitgraph " St o G Sz‘: e
Selection of the final open pit contour and pushback n the e oo final ————— | optimization, the
software Whittle pm;"fmi”m = malf A presentvalue (PV)
products n the and discounting PV
are obtained

L L

Open pit graph with
aview of quantities
and corresponding

‘economic elements
PV and NPV for the
Best case and

Worst case

3D contours of
selected open pits
(final open pit and
pushbacks)

Importin Gemcom
GEMS (Gemcom)
« Detailed construction of pushbacks and final open pit with

benches and construction of ransport roads in the module Pit
design

Constructed
pushbacks and
final contour of
open pitwith
benches and
transport roads.

Export in Whitle

WHITLLE

Defining the scenario

Determination of dynamics per pushbacks — Schedule
Determination of dynamics per benches — Advanced period
analysis

Stockpile, parameter defining

Bulk blending, optional

Extractive blending, optional

Analytical and
graphical view
the dynamics of
excavation per
pushbacks in
Whitle and
Excel
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3D contours of
open pits per

exploitation

. D the annual

GEMS (Gemcom)

outPuT surfaces,

« Contouring of surfaces, detailed construction of open pits per
C years of exploitation in the software GMS (Gemcom) benches
d of transport roads per years of exploitation,

cemcom [e—" module Pit design

‘dumping in the software GMS (Gemcom), module Cut evaluation,
scenario designing, polygonal designing, designing the
Volumetrics profies, contouring of benches, designing of

« Construction of surfaces, calculation of quantities in the software
GMS (Gemcom) per years of exploitation, module Volumetrics

OUTPUT

Analytical review the
quantities of mineral raw
material, tailings and total
ore with contents for each
bench per years of
exploitation and
pushbacks in Gemcom

{} Export in Excel

=1 Analytical review the

— quantities of mineral raw
== material, tailings and
T total ore with contents for
= each bench per years of
T exploitation and
pushbacks in Excel
format

CONCLUSION

An important factor in the use of com-
puter programs for design the open pits is
relatively easy and quick change of parame-
ters related to the geological interpretation
of deposit by entering the new data into the
base of drill holes, the variation of techno -
economic parameters of optimization as
well as the ability of changing and compari-
son of several scenarios for mining.

It is also considerably much less time of
design development in relation to the classic
design, which in today's market conditions
is of great importance in obtaining the jobs
and favorable conclusion of financial con-
tracts.

Both for the geological interpretation of
deposit and design of open pit, a designer is
still the most important. However, using the
computer software the designer's job is
much easier in terms of time and quality
due to the accurate analysis in order to se-
lect the best solutions.

Quality of developed design documenta-
tion using the computer programs Whittle

Constructed
open pits with
benches and
transport roads
per years of
exploitation in
Gemcom

Export in AutoCAD {

|

Constructed
open pits with
benches and
transport roads
per years of
exphitation in
AutoCAD

and Gemcom is certainly one of the main
reasons why the use of these and similar
programs has become a necessity and
standard in design the open pits.
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ALGORITAM OPTIMIZACIJE POVRSINSKIH KOPOVA U

RACUNARSKIM PROGRAMIMA WHITTLE I GEMCOM

lzvod

Fokk

Svetske rudarske kompanije kod procene finansijske odrZivosti i definisanja optimalne strategije za
razvoj rudnika u cilju racionalnog i ekonomicnog iskoris¢enja lezista mineralnih sirovina, koriste
racunarske programe za optimizaciju i projektovanje. Medu vodecim programima iz ove oblasti su

Whittle i Gemcom.

Ovde je prikazan algoritam rada sa potrebnim ulaznim podacima, procedurom rada i izlaznim
rezultatima pri projektovanju povrsinskih kopova racunarskim programima Whittle i Gemcom, cime se
postize optimalno iskoriS¢enje leZista, Sto je nuzan preduslov odgovornog upravijanja mineralnim

sirovinama.

Kljuéne redi: povrsinski kop, projektovanje, optimizacija, racunarski programi Whittle i Gemcom

uvoD

Prirodna rudna bogatstva jedne zemlje
predstavljaju osnovu njenog ekonomskog i
drustvenog prosperiteta. Po ekonomskoj
vrednosti rudnih bogatstava kojim raspolaZe,
Srbija ne pripada bogatim zemljama. Zato
postoji obaveza da se rudarska delatnost
obavlja po principima racionalnog uprav-
ljanja mineralnim resursima.

Primena softvera za projektovanje u
rudarstvu [1-13, 15], predstavlja danas stan-
dard u svetu, pre svega zato $to omogucava
brzo i sa velikom ta¢nos$éu sagledavanje
najpovoljnijih varijanti eksploatacije mine-
ralnih sirovina, sa aspekta njihovog racio-
nalnog iskoriS¢enja iz lezista uz postizanje
maksimalnog profita.

Za racionalno i ekonomi¢no iskoriséenje
leZista, sa velikim brojem podataka koji se

koriste za proracun rezervi, kao i odredi-
vanje optimalne konture kopa i dinamike
otkopavanja i odlaganja, neosporna je
prednost racunarske tehnike, u odnosu na
proracune drugim metodama. Ova prednost
se ogleda u slede¢em:

» Zbog veli¢ine leZista, stanja povr-
Sinskih kopova i kapaciteta proizvo-
dnje (velike koli¢ine iskopina), jako
su sloZena projektovanja i izmene
projekata sa optimalnim radnim i
zavrSnim  konturama  povrsinskog
kopa. Digitalni model, sa proracu-
natim rezervama po mini-blokovima,
olakSava i ubrzava taj proces, jer je
mogu¢e u kratkom vremenskom
periodu sagledati veliki broj varijanti
i izna¢i najbolja resenja.

“ Institut za rudarstvo i metalurgiju Bor, radmilo.rajkovic@irmbor.co.rs

“ COMSAR ENERGY Republika Srpska d.o.0.

™ Ovaj rad je proistekao iz projekta TR37001 ,, Uticaj rudarskog otpada iz RTB Bor na zagadenje
vodotokova, sa predlogom mera i postupaka za smanjenje Stetnog dejstva na Zivotnu sredinu®“, koji
je finansiran sredstvima Ministarstva prosvete, nauke i tehnolo3kog razvoja Republike Srbije

Broj 2, 2014.

53

Mining & Metallurgy Engineering Bor



» Rezultati koji se dobijaju projekto-
vanjem i ekonomskim sagledava-
njem, na digitalnim modelima, zado-
voljavajuceg su kvaliteta, odnosno u
svetu su prihvaceni kao zadovo-
ljavajucéi.

» Potencijalni koncesionari zahtevaju
da leziste bude prikazano u digital-
nom obliku.

POSTUPAK RADA U PROGRAMIMA
WHITTLE | GEMCOM

Prvi korak pri radu sa programima
Whittle i Gemcom je konstrukcija digitalnog
3D blok — modela lezista [16-19], slika 1.

Drugi korak pri radu sa ovim progra-
mima je konstrukcija 3D modela terena [14].
Model terena se moZe importovati iz
programa AutoCAD. Ukoliko je situaciona
karta terena u AutoCad-u radena u 3D
(svaka tacka ima X, Y i Z koordinatu) vrsi se
direktni import u program Gemcom.
Ukoliko situaciona karta terena u AutoCAD-
u nije radena u 3D (sve tacke imaju Z
elevaciju nula) prethodno se moraju dodeliti
realne Z elevacije tatkama pa se tek onda
vrsi import u program Gemcom.

Blok — model lezista je skup pojedinacnih
blokova. Svaki pojedinacni blok je definisan
slede¢im parametrima:
» Dimenzije bloka;
» Prostorni poloZaj bloka;
» Vrsta materijala od koga je blok
sacinjen;
» Zapreminska masa materijala u
bloku;
» Sadrzaji pojedinacnih komponenti u
bloku (bakar, zlato, srebro, ...).

Blok model se konstruide u programu
Gemcom na osnovu geoloskih parametara
koji se mogu importovati iz Office aplikacije
Excel.

i O

SI. 1. Blok — model leZiSta u programu Gemcom 6

Nakon pripreme i obrade podataka u
programu Gemcom, vrsi se export blok —
modela sa topografijom u program Whittle.

U programu Whittle [1, 2-5, 7, 9, 10-13]
vrsi se konstrukcija mogucih kopova koja se
bazira na Lerches and Grossman algoritmu.
Lerches and Grossman algoritam je postu-
pak za odredivanje optimalnog kopa kao
onog sa najveCom vredno$éu za odgova-
rajuci set troSkova i faktora povracaja.

Za optimizaciju i programu Whittle
potrebni su sledeéi ulazni parametri:
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Ugao generalne kosine kopa za svaki
region

Operativni  troSkovi  otkopavanja
(OPEX), $/t

Osiroma3enje i gubici pri otkopa-
vanju

Operativni troSkovi prerade, $/t
Grani¢ni sadrzaj (cut off) za sve
elemente

Iskoris¢enje na preradi za sve
elemente (recovery)

Prodajna cena za svaki element
pojedinacno, $/t

TroSkovi prodaje za svaki element
pojedinac¢no, $/t

Inicijalni kapitalni troSkovi, $
Ostatak vrednosti, $

VV VYV VY V¥V VV V VYV V

Troskovi zamene opreme, $
Diskontna stopa, %

Godisnji kapacitet otkopavanja isko-
pine

» Godisnji kapacitet otkopavanja mine-
ralne sirovine

» Godisnji kapacitet finalnog proiz-
voda, opciono (obi¢no se ne ogra-
nicava)

» Definisani kriterijumi za izbor kona-
¢ne konture kopa (maksimalni profit,
vek eksploatacije, prostorna ograni-
¢enja zbog postojecih objekata, i sl.)

Nakon optimizacije dobija se set kopova

od kojih svaki ima razlicite koli¢ine iskopine
irazli¢itu vrednost, slika 2.

Y V V

Pitby Pit Graph

S

-
e

HHHHHHEHH}:H;_ L |

Sl. 2. Dijagram kopova sa razlicitom vredno$cu i kolicinama iskopine u programu Whittle

Kopovi dobijeni na ovaj naéin nemaju
etaZe i transportne puteve. Po odabiru optima-
Inog kopa i meduzahvata (push backs) vrsi se
eksport u program Gemcom, gde se kons-

truiSu detaljni kopovi sa etazama i trans-
portnim putevima, koji se exportuju nazad u
program Whittle u kome se na oshovu njih
definiSe dinamika otkopavanja [6, 8], slika 3.
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NANUAL Schacule Grapn

40000000

30000000 —

10000000

WHHHWWUD

Sl. 3. Dijagram kolicina iskopine po periodima eksploatacije u programu Whittle

_ Dobijene kor_1_ture kopova po pe_riO- gde se konstruiSu detaljni kopovi sa
dima eksploatacije u programu Whittle  etazama i transportnim putevima za svaki
takode nemaju etaze i transportne puteve,  perjod eksploatacije, slika 4.
pa se eksportuju u program Gemcom,

Sng 10 Pare O (20 [Pl Qrvans | PR T8:_ 17508 30

St o it e

Sl. 4. 2D i 3D prikaz kopa u programu Gemcom

Izlazni podaci su analititka dinamika dinamika koja se iz programa Gemcom
koja se iz programa Gemcom moZe ekspor-  moZe eksportovati u program AutoCAD.
tovati u Office aplikaciju Excel, i graficka  Konacni rezultati optimizacije su:
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1. Analiti¢ki prikaz kolii¢ina mineralne 2. Konstruisani kopovi sa etazama i
sirovine, jalovine i ukupnih iskopina transportnim putevima po godinama
sa sadrZajima za svaku etaZu po eksploatacije u AutoCAD-u.

godinama eksploatacije i zahvatima U daljem tekstu dat je algoritam projek-

u Excel formatu;

uLAzi

<

tovanja u programima Whittle i Gemcom.

zLazi

3

ol oot
povrsinskim kopovima

Ulazni podaci za izradu geoloskog biok— modela
lefita

(obezbedule Kijent)

Baza podataka sa imenom, kotom i
koordinatama svake busotine, hemijskim
sadrzajem svih korisnih i Steinih komponeni
po intervalima za svaku busotinu, kartiranim
litolo3kim Elanovima po stubovima buSotina
Situaciona karta terena u AutoCAD formatu
sa globalnim UTM X.Y i Z koordinatama svin
tacaka

Karakieristiéni popreni preseci na kojima se
vide konture rudnin tela i jalovine

Ulazni podaci za opfimizaciju kopa
{obezbeduje kijent)

Ugao generaine kosine kopa za svaki region
Operativni rokovi ofkopavanja (OPEX), 1t
Osiremagenje i gubici pri otkopavanju
Operativni tro3kovi flotacijske prerade, 1t
Granini sadriaj (cul off) za sve elemente
IskoriSéenje na flotacii 2a sve elements
(recovery)

« Prodajna cena za svaki element pojedinaéno,
S

Troskovi prodaje za svaki element
pojedinacno, $1t

Inicijalni kapitaini troskovi. §

Ostatak vrednosti, §

Trokovi zamene opreme, §

Diskontna stopa, %

Godinji kapacitet otkopavanja iskapine
Godiénji kapacitet otkopavanja mineraine
sirovine

Godiénji kapaciet finalnog proizvoda,
opciono (obitno se ne egraniéava)
Definisani kriterjlumi za zbor konacne
konture kopa (maksimalni profi, vek
eksploatacije, prostorna ogranicenja zbog
postojecin objekata, i s1.)

GEMS (Gemcom}

Kreiranie kompozitnin proba
Kreiranje solida

Statisticka obrada podataka, izrada variegrama i krigovanje.
Izrada geoloskog biok — modsla

_at
Bliok — mode! lezt
WHITLLE Export u Whitie
Qredvanje geamenanizkin regiona U okvinu kopa u softveru
Whittle
Optimizacia u suftveru Whitte — Fil shells . 73 Fopave dobiens
Optimizacia u sofiveru Whiltle — Operational scenario, Pit by pit bt ety optimizaciom
araph kopova (nesled pit et
1zbor kenaéne konture kopa i meduzahvata (pushback) u Szl N
softveru Whittie prodainucend T Xyrednos),i
finainih proizvoda u 0
A discounting PV
variranom rasponu (diskontovana
(tevenue factor) i

& )

Tk kopova sa
prikazom kolicina, i
pripadajutim
ekonomskim
elementima PV i
NPV, za slutajeve
Best case | Worst

case

3D konture
izabranih kopova
(konacni kop, i

pushback-ovi)

Import u Gemcom

GEMS (Gemeom)

- Detalina konsirukcija pushback-ova i konanog kopa sa etazama
i kenstrukcija fransportnih puteva u modulu Pit design

Konstruisani
pushback-ovii
konaéna kontura
kopa sa etazama
itransportnim
putevima

WHITLLE

Bulk blending, opciono
Exiraciive blending, opciono

+ Defisanje scenaria
+ Odredwanje dinamike po zahvatima — Schedule

+ Odredivanje dinamike po etaZama — Advanced period analysis Analiieki prikaz
+ Stockpile, definisanje parametara dinamike

Whitlle-u i Excel-
u

Broj 2, 2014.

57 Mining & Metallurgy Engineering Bor



3D konture
kopova po
godinama
eksploatacije

‘GEMS (Gemcom)

= Odredivanje godiEnje dinamike otkopavanja i odlaganja jalovine u
softveru GMS (Gemcom), modul Cut evaluation - kreiranje
scenarja, kreiranje poligona, kieiranje Volumetrics profila,

Impori u Gemcom

IZLAZ okonturivanje etaZa, kreiranje povriina IZLAZ
- 0 povrsina, detalina konsirukcila kopova po
i godinama u sofiveru GMS (Gemcom) etaZama i }
4 konstrukcija fransportnin puteva po godinama i
cemcoma ————— modul Pit design
= «+ Konsirukeija povrSina, obracun koligina u sofiveru GMS
(Gemcom) po godinama eksploaiacije, modul Volumetrics
Konstruisani
Analiticki prikaz koliigina Kopovi sa
mineraine sirovine, ela’ama i
jalovine i ukupnin transportnim
iskopina sa sadrZajima za putevima po
svaku etaZu po godinama godinama
eksploatacije | zahvatima eksploatacije u
u Gemcom-u Gemcom-u
J L rospomvemy Estumosro ] [
f_
‘Analitich prikaz Koligina N [ ¥
mineralne sirovine, Konstruisani { v
jalovine i ukupnin kopovi sa 1
iskopina sa sadrajima etazamai e
za svaku elazu po fransporinim
godinama eksploatacije | putevima po
zahvatima u Excel godinama
formatu eksploatacije u
AuloCAD-u
v

Vazan Cinilac upotrebe racunarskih
programa za projektovanje povrSinskih
kopova je relativno laka i brza promena
parametara vezanih za geolosku inter-
pretaciju lezita uno3enjem novih podataka u
bazu buSotina, varijacija tehno — ekonom-
skih parametara optimizacije, kao i mogué-
nost promene i uporedivanja viSe scenarija
dinamike otkopavanja.

Takode je znacajno mnogo kraée vreme
izrade projekata u odnosu na klasi¢no
projektovanje, Sto je u danasnjim trzisnim
uslovima od izuzetnog znacaja pri dobijanju
poslova i sklapanju povoljnih finansijskih
ugovora.

Kako za geoloSku interpretaciju leZista
tako i za projektovanje povrsinskih kopova i
dalje je najvazniji projektant. Medutim
upotrebom racunarskih programa posao
projektanta je znatno olak3an sa aspekta

vremena 1 kvaliteta usled moguénosti brze
analize u cilju odabira najboljih reSenja.
Kvalitet uradene projektne dokumenta-
cije raCunarskim programima Whittle i
Gemcom svakako je jedan od osnovnih
razloga zaSto je primena ovih i sli¢nih
programa postala neminovnost i standard u
projektovanju povrsinskih kopova.
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COMPARATIVE OPTIMIZATION OF MINING
THE KRAKU BUGARESKU CEMENTATION DEPOSIT USING
WHITTLE AND NPV SCHEDULER SOFTWARE

Abstract

The paper is aimed to present a method of determining the final pit contour with maximum dis-
counted profit, to determine the stages of excavation (Pushbacks) and mining schedule for the final pit
using the software packages for strategic planning of open pit mining - Whittle and NPV Scheduler, in
the case of optimization the Kraku Bugaresku Cementation deposit. In both cases the same techno -
economic parameters were used and the same initial topography. The aim or intention of the authors
was not to judge or advertise the aforementioned software packages, but to demonstrate the optimiza-
tion procedure in a specific case, with reference to the basic differences. Comparison of the obtained
results is also a verification of correctness of the optimization results.

Keywords: optimization, optimal pit contour, pushbacks, mining schedule, software, NPV

INTRODUCTION

The "Cerovo" deposit is located in the  teen kilometers northwest of the town of
ore field Mali Krivelj - Cerovo, about fif- Bor.

Figure 1 Cerovo Cementation 1

- Mining and Metallurgy Institute Bor, Serbia
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There are the following ore bodies on the
site: "Cerovo - Cementation 1", "Cerovo -
Cementation 2", "Cerovo - Cementation 3",
"Cerovo - Cementation 4", “Drenova” and
"Cerovo - Primary".

In 1990, the work began at the opening
the open pit Cementation 1, and the pre-
stripping period was dictated by the length
of investment period for construction the
facilities of Flotation Plant and hydro-
transport system for ore pulp to the Flotation
Plant in Bor, i.e. the infrastructure facilities
of the mine. This period lasted more than 2
years. The Kraku Bugaresku Cementation
deposit is a cementation zone of the second-
ary enrichment and the main oxide minerals
are azurite, malachite, and even native cop-
per as occurrence. The main holder of cop-
per bearing mineralization of sulfide miner-
als is chalcopyrite accompanied by bornite,
since pyrite is the most present mineral in
the ore. Chalcocite, covellite and azurite are
also presented to a lesser extent. [9]

The main problem with the Kraku
Bugaresku Cementation deposit is a signifi-
cant participation of oxide minerals in total
ore what reduces the copper recovery in the
flotation process of concentrate preparation,
and by that the final effects of valorization
the total production. In the process of flota-
tion concentration, higher copper recovery
can be achieved in the processing of sulfide
ore than it is the case in processing of oxide
ore. [7] In the world today, the hydrometa-

llurgical processing technology, leaching
and SX/EW (solvent extraction and electro-
chemical separation by electrowinning) are
successfully used for the processing of oxide
ores, which is particularly actual for low
grade heaps like dumps or specially formed
oxide ore heap piles. [4, 5] The leaching-
SX/SW technology implies that copper from
heap is recovered with a solution of sulfuric
acid which, after the percolation through the
pile, is collected, purified and, in the process
of solvent extraction the copper ions are
transferred from aqueous into organic phase.
The aqueous phase is returned to the leach-
ing process while the organic phase is sent to
the process of re-extraction, where in copper
is transferred into copper-sulfate solution
from which it is further recovered in the
process of electro-winning. The resultant
copper cathode purity is 99.99 % Cu. [5]

In order to test the possibility and effects
of two methods of processing ore at the de-
posit Kraku Bugaresku Cementation, it was
necessary to revise the block model in the
software GEOVIA Gems to clearly separate
the zone of sulfide and oxide ore and enable
optimization in the case of two processing
methods, i.e. flotation of sulfide (Mill) ore
and leaching of oxide ore (Leach). There-
fore, the deposit Cerovo Cementation is a
separate zone of sulfide ore with participa-
tion of oxide minerals by 10% and the oxide
ore zone with participation of oxide minerals
higher than 10%.

Figure 2 View of a block model in GEMS with an oxide (red) and sulfide (green) ore zones
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Description the Software Packages
Whittle and NPV Scheduler

Software packages Whittle from the
company GEOVIA and NPV Scheduler
(NPVS) from the company DATAMINE,
are used for strategic planning in the open
pit mining, in determining the optimal open

Dl sl Dme ey anmi@ =D
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pit contour, selection of appropriate open pit
mine stages (Phases-Pushbacks) and defi-
ning the mining schedule in order to achieve
the optimum techno-economic parameters
and improved financial results (Figure 3).
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Figure 3 “Windows” of Whittle (a) and NPVS (b) software
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Input Data for Determining the
Final Pit Contour and Mining Schedule

The scenario considered in this work
involves limited processing of sulfide ore
in the flotation (Mill) with maximum of
2.5 mt/year in the first two years, with
the expansion of the flotation processing
capacity to 5.5 mt/year in the coming
years. Processing of oxide ore by leach-
ing (Leach) would not be limited annual-
ly, but would be adapted to the amounts

of oxide ore that must be excavated with-
in the total excavated rock as to allow for
excavation of necessary amounts of sul-
fide ore for the planned capacity of flota-
tion processing (2.5 mil.t or 5.5 mil.t).
Table 1 shows the input economic-
technological parameters used as the ba-
sis for the optimization process in both
softwares. [1]

Table 1 Input parameters for optimization in Whittle and NPVS

Economic cut-off grade of copper 0.15% Cu
Metal prices

copper 5000 $/t

gold 30 000 $/kg

silver 400 $/t
Mining costs 2.3 %/t
Mineral processing costs

flotation (Mill) 4 $it

leaching (Leach) 18/t
Additional copper recovery costs

flotation 450 $/t

leaching 100 $/t
Additional metal recovery costs

gold 150 $/kg

silver 15 $/kg
Mining recovery 95%
Dilution from mining 5%
Metal recoveries

copper (flotation and metallurgical treatment) 78.8%

copper (leaching and SX/EW) 75%

gold (in both processes) 50%

silver (in both processes) 40%
Discount rate 10%
Slope angle of open pit 37°

Mining layout as of 01. 04. 2014 was
taken for the initial topography.

Selection the Optimal Open Pit
Contour and Phase Determining

Both softwares are based on the Lerch-
Grossman optimization algorithm. The es-
sence of this algorithm is that, for a given
techno-economic parameters, the most eco

nomical open pit contour is formed by
movement from the lowest acceptable eco-
nomic block to the highest block in the
model, while respecting the defined pit
slope angles. In order to determine the most
economical direction of open pit develop-
ment, and determination the appropriate
stages when planning a mine schedule,
software have an option of scaling the metal
prices using a coefficient (revenue factor)
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resulting in a series of pits (nested pits)
from the smallest (for the lowest price of
metal) to the largest (depending on the in-
crease of metal price). [2, 3, 4] Open pit
with the coefficient of 1.0 (100 % revenue
factor) is an open pit with unscaled selling
price of metal. For selection the optimal
open pit contour, in this case the pit contour
with maximum discounted profit or NPV
(net present value), it is necessary to deter-
mine the discount rate and define the annual
production of ore.

In the Whittle software, NPV values
are estimated based on the so-called Best
Case and Worst Case Scenarios. The Best

Case scenario is where the final pit is
mined through all previously defined stag-
es, one by one, in the form of pushbacks.
The Worst Case is a scenario in which the
final pit is mined without pushbacks,
i.e.by benches within the final pit. These
cases are uneconomical (Worst Case) and
technologically unattainable in practice
(Best Case), and therefore it is necessary
to seek the adequate phases and, for them,
the optimal final pit. In Whittle, this is
referred to as the Specified Case. [8]

Figures 4 and 5 show the graphs for
estimated NPV values in Whittle and
NPVS.

]
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“walug
¥ Discounted open pit walue for Best Case. [JTennage input to processing for Best Casze.
# Discounted open pit walue for Worst Case [ Total tonnage mined for Best Case

Figure 4 NPV estimation ““Pit by Pit graph” in Whittle
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Figure 5 NPV estimation for open pits in NPVS
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In order to facilitate the comparison
of optimization results, it was necessary
to select approximately the same pit con-
tours for pushbacks and the final pit.
Since the "Pit by Pit" for the Best Case of
optimization gives the result of the best
NPV value for an open pit with the reve-
nue factor of 0.98 (98%), the open pit

with the same revenue factor was also
chosen as the final pit in NPVS. As
pushbacks, the pits with revenue factors
62% (the first pushback) and 80% (the
second pushback) were selected in both
softwares. Table 2 and Figure 6 show the
amounts of rock and ore in selected
pushbacks and the final pit.

Table 2 Amounts of rock and ore excavated in pushbacks and the final pit in

Whittle and NPVS software

60000000
40000000

20000000

l....

1

Phase Revenue | Total exca- Stripping
Software | (Push- P . Oxide ore Sulfide ore Total ore -
back) actor vation ratio
Whittle 1 2% 33426 102| 10782 047 9123921 | 19905 968 0.68
NPVS ’ 33839437 10968 750 9396337 | 20365087 0.66
Whittle 2 80% 80698 683| 20605505 | 25339518 | 45945023 0.76
NPVS ’ 80999 662| 20823750 | 25602075 | 46425825 0.74
Whittle 3 98% 117459 790| 26686638 | 35720999 | 62407 636 0.88
NPVS ’ 112228874 25920000 | 35326462 | 61246 462 0.83
Whittle/NPVS Pushbacks
140000000
120000000
100000000
M Rock (Whittle)
« 80000000
g i Rock (NPVS)
.S ® Oxid (Whittle)

2
Pushbacks

 Oxid (NPVS)
 Sulfide (Whittle)
L Sulfide (NPVS)

Figure 6 Comparative review of rock and ore amounts in Whittle and NPV Scheduler pushbacks

As it can be seen from Table 2 and Fi-
gure 6, the only noticeable difference is in
total amounts of rock and oxide ore in the
third phase, i.e. the final open pit. This can
be explained by different approximation
procedure of pit slope angle. In Whittle, pit
slope angle is approximated across a number
of benches, while in the NPVS this is
achieved through so-called filters in the X
and Y directions. In Whittle, the default va-
lue of 8 benches was adopted as a filter to

approximate the pit slope angle. In NPVS,
thanks to the Check Slope option, the accu-
racy of pit slope angle approximation was
checked and the filter value was adopted at
17. From the above mentioned reasons, the
final pit in NPVS, although with smaller
amounts of total ore, also has sma-ller
amounts of overburden and therefore more
favorable stripping ratio. Figure 7 presents
the open pit contours for the revenue factor
of 0.98 (98%) in Whittle and NPVS.
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Figure 7 The final open pit contour (revenue factor 98%): a —contour in Whittle; b —contour in NPVS

Defining the Mining Schedule

Noticeable difference in the application
of these two programs is in the procedure of
determining the mining schedule.

Determining the mining schedule in
Whittle implies the mining and ore pro-
cessing limit. In this case, the program de-
fines the schedule by achieving the first limit
(either mining or processing). With the Mi-
lawa Balanced option, it is possible to bal-
ance the amount of overburden to be mined
per years and, thus determine the appropriate
mining schedule that will follow the ore
processing limit as close as possible while
maintaining the constant mining limit. The
mining schedule, obtained in Whittle, is
shown in Table 3 and Figure 8.

Determining mining schedule in NPVS
allows for the "primary"” limit (target) for
ore processing and “secondary"” limit (tra-
cking), i.e. maintaining the total amount of

Table 3 Mining schedule in Whittle

rock mined per years, to define the mining
schedule that follows the primary limit
exactly, but also just closely maintains the
total rock. The program tries to find the
ideal scenario and when unable to find it,
it begins to gradually relax the secondary
limit until the primary objective is achi-
eved, i.e. the "target" limit. The resulting
mining schedule obtained in NPVS-in is
shown in Table 4 and Figure 9.

The mining schedules shown in Tables 3
and 4 were obtained in the case of mining
the final pit in three stages, i.e. two
pushbacks and the final pit, and with limited
mining and sulfide ore processing capacities.
In both cases, a possible scenario for a min-
ing schedule is achieved, which, if neces-
sary, could be modified changing the select-
ed or introducing the additional pushbacks
or changing the limits.

Input . .
g:ﬁgé Rock Oxide ore t'c)) Suol?ede In&l;ItItO Total ore Waste Strrg)t;i)cl)ng NPV
Leach
t t Cu% t Cu% t t $
1 17 000 000 3719981 0.24 1111045 0.37 4831 026 12 168 974 2.52 4836 966
2 17 000 000 4792264 0.31 2496350 0.45 7288 615 9711385 1.33 40 597 954
3 17 000 000 4068033 0.23 5499785 0.36 9567 818 7432182 0.78 41 462 231
4 17 000 000 6350167 0.21 5283643 0.29 | 11633810 5366 190 0.46 35248 060
5 17 000 000 1666371 0.20 5422840 0.28 7089 211 9910 789 14 8107 899
6 17 000 000 4368596 0.20 5499436 0.23 9868 032 7131968 0.72 15 347 140
7 10 053 699 1551532 0.18 5500000 0.23 7051532 3002 167 0.43 8416 079
8 5406 091 169693 0.19 4907900 0.24 5077 594 328498 0.06 9271679
Total 117 459 790 | 26 686 637 35720999 62 407 638 | 55052 153 0.88 | 163 288 008
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Tonnage
‘ MTotal tannage mined

ETonnage mined input to LEAC
B | .Tonnage rrined input to MILL

Figure 8 Graph of mining schedule in Whittle
Table 4 Mining schedule in NPVS

g:ﬁgé Rock Oxide ore II_:tE::\ Sulfide ore t:)nl'\)lll;ItI Total ore Waste Strriapt;i)ci)ng NPV
t t Cu% t Cu% t t $
1 17003250 | 3020 625 0.25 1266 300 0.43 4286925 12716325 297 1375127
2 16 967812 | 4488750 0.30 2503575 0.47 6992 325 9975 487 1.43 37 055 864
3 16 707262 | 4995000 0.27 5499 900 0.37 10 494 900 6212 362 0.59 52671121
4 16500712 | 6572813 0.22 5498 550 031 12 071362 4429 350 0.37 40 169 189
5 13000500 | 1282500 0.22 5501 250 0.29 6783 750 6216 750 0.92 13 289510
6 13688662 | 2244375 021 5499 900 0.25 7744 275 5944 387 0.77 11529474
7 13568175 | 3155625 0.19 5498 550 0.24 8654 175 4914 000 057 10 330821
8 4792 500 160 313 0.17 4058 438 0.23 4218 750 573750 0.14 5465 836
Total 112228 874 | 25920000 35 326 462 61246462 | 50982412 0.83 171 886 941

tonnes

year

I rock@incremental Data@Scheduler Report
Cxid@Incremental Data@ Scheduler Report(
I 5uiid @ ncremenial Daia@Scheduler Report

Figure 9 Graph of mining schedule in NPVS

No. 2, 2014 68 Mining & Metallurgy Engineering Bor



The difference in approximation the
pit slope angle in this software has led to
some differences between the amounts of
ore and waste rock which caused the soft-
ware to "choose" somewnhat different pit
contours as the most economical ones for

selected revenue factors. In addition to the
differences in ore amounts for the final
pit, this has led to occurrence of difference
in the average grades of copper in the
mining schedules, as shown in Tables 3
and 4 and Figure 10.

Cu% - Input to LEACH - Whittle/NPVS
035%
0.30% -

0.25% 77/\:\
_ 020% 7%7
% g1s%
0.10%

0.05%
0.00%

q 2 3 4 5 6 7 8
Godine (Years)

@ Cugrades to LEACH (Whittle) ~ —e—Cugrades to LEACH (NPVS)

Cu% - Input to MILL - Whittle/NPVS

U.50%

0.40%

0.30%
u
0.20%

0.10%

0.00%

1 & 3 4 5 6 i1 8
Godine (Years)

#® Cugrades to MILL (Whittle} —&—Cu grades to MILL (NPVS)

a.

b.

Figure 10 Anual ratio of the average copper grade in the input ore to LEACH (a) and
MILL (b) processes for mining schedules in Whittle and NPVS

Table 5 shows the amounts of recovered
metals as the final products from Whittle
and NPVS final pits. Due to larger amounts
of ore and the same technological parame

ters of ore processing and metal extraction,
slightly higher amounts of final products
were obtained in the case of the final pit
contours obtained in Whittle software.

Table 5 Amounts of recovered metals from Whittle and NPVS final pit contours

Oxide (process LEACH) | Sulfide (process MILL) Total
Cu Au Ag Cu Au Ag Cu Au Ag
t kg kg t kg kg t kg kg
Whittle | 46337 | 907 | 11335 | 81260 | 1442 | 15838 | 127597 | 2349 | 27 173
NPVS 44869 | 875 | 10828 | 80185 | 1419 | 15557 | 125054 | 2294 | 26 385
CONCLUSION

Due to a different procedure of setting
the parameters necessary for optimization, in
this case the choice of an appropriate filter or
number of benches to approximate the pit
slope angle, there was a difference in the ore
and rock amounts that led to differences in
NPV between these two cases. It might be
expected that the pit, although with some-
what smaller amounts of ore, but also with a
more favorable stripping ratio, resulted in
higher NPV profit. Also, at least in this case,

it was shown that an excess of ore in the
Whittle final pit has led to reduction in the
average grade of copper in the mining
schedule in relation to the NPVS final pit,
which has further influenced the difference
in NPV. Due to relatively small differences,
both softwares lead to satisfactory results in
terms of the mining schedule. Therefore, one
software can be used to verify the results
obtained from the other software and, possi-
bly, to improve the mining schedule.
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UPOREDNA OPTIMIZACIJA OTKOPAVANJA LEZISTA
KRAKU BUGARESKU CEMENTACIJA POMOCU SOFTVERA
WHITTLE | NPV SCHEDULER

Izvod

Rad ima za cilj da prikaze postupak odredivanja konacne konture kopa sa maksimalnim
diskontovanim profitom, odredivanje faza u otkopavanju kopa (Pushbacks) i dinamike otkopavanja za
konacni kop, pomocu softverskih paketa za stratesko planiranje povrsinske eksploatacije - \Whittle i NPV
Scheduler, na primeru optimizacije leZiSta Cerovo Cementacija. U oba slucaja koriséeni su isti tehno -
ekonomski parametri i isto pocetno stanje terena. Cilj ili namera autora nije da ocenjuje ili reklamira
pomenute sofiverske pakete ve¢ da prikaze proceduru optimizacije na konkretnom primeru, uz oSVrt na
osnovne razlike. Uporedenje dobijenih rezultata takode predstavija i proveru ispravnosti rezultata
optimizacije.

Kiljuéne redi: optimizacija, optimalna kontura kopa, faze, dinamika otkopavanja, softver, NPV

uvoD

Leziste ,,Cerovo® nalazi se u rudnom  kilometara severozapadno od Bora.
polju Mali Krivelj — Cerovo, petnaestak

Sl. 1. Cerovo — Cementacija 1

“ Institut za rudarstvo i metalurgiju Bor
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Na lokalitetu se nalaze rudna tela ,,Cero-
vo — Cementacija 1“, ,,Cerovo — Cementaci-
ja 2“, ,,Cerovo — Cementacija 3“, ,,Cerovo —
Cementacija 4", leZiste ,,Drenova“ i ,,Cerovo
— primarno®.

Godine 1990. zapoceti su radovi na otva-
ranju kopa Cementacija 1, i prestriping pe-
riod je bio diktiran duZinom trajanja investi-
cionih radova na objektima flotacije i hidro-
transporta pulpe do flotacije u Boru, tj. in-
frastrukturnim objektima rudnika. Taj period
je trajao neSto vise od 2 godine. LeZiste
Kraku Bugaresku Cementacija, je cementa-
ciona zona sekundarnog obogacenja i glavni
oksidni minerali su azurit, malahit, ¢ak i
samorodni bakar kao pojava. Od sulfidnih
minerala glavni nosilac bakronosnog orudn-
jenja je halkopirit pracen bornitom, dok je
pirit najzastupljeniji mineral u orudnjenju. U
manjoj meri zastupljeni su halkozin, kovelin
i azurit. [9]

Osnovni problem kod lezista Kraku Bu-
garesku Cementacja je u znatnom uceSéu
oskidnih minerala u ukupnoj rudi $to sman-
juje iskoriscenje bakra u flotacijskom proce-
su pripreme koncentrata, time i konacne
efekte valorizacije ukupne proizvodnje. U
procesu flotacijske koncentracije vece isko-
riS¢enje bakra se postize u preradi sulfidne
rude nego $to je to slucaj sa preradom oksid-
ne rude. [7] Danas se u svetu za dobijanje
bakra iz oksidne rude uspeSno prime-

njuju procesi hidrometalurdke prerade tehno-
logijom luZenja i SX/EW (Solvent extrac-
tion and electrowinning, tj. solventna
ekstrakcija i elektrohemijsko izdvajanje), Sto
je pogotovu aktuelno kod formiranih gomila
sa manjim sadrZajem bakra poput jalovista
ili posebno formiranih *“haldi” oksidne rude.
[4, 5] Tehnologija luZenje - SX/EW podra-
zumeva iskori§éenje bakra sa gomile po-
mocu rastvora sumporne kiseline koja se
nakon perkolacije kroz gomilu prikuplja,
precis¢ava i u procesu solventne ekstrakcije
bakarni joni prevode iz vodene u organsku
fazu. Vodena faza se vraca u proces luZzenja
dok organska faza odlazi u proces reekstrak-
cije, gde bakar prelazi u bakarsulfatni rast-
vor, iz koga se dalje dobija procesom elek-
trolize. Ovako dobijeni katodni bakar je
distoce 99,99% Cu. [5]

Da bi se ispitala mogucnost i efekti pri-
mene dve metode prerade rude i na leZistu
Kraku Bugaresku Cementacija, bilo je po-
trebno prethodno preraditi blok model u
softveru GEOVIA Gems da bi se jasno razd-
vojile zone sulfidne i oksidne rude i
omogucila optimizacija za slucaj dve meto-
de prerade, tj. flotiranje sulfidne (Mill) i
luZenje oksidne rude (Leach). Samim tim, u
leZistu Cerovo Cementacija je izdvojena
zona sulfidne rude sa u¢eséem oksidnih mi-
nerala do 10% i zona oksidne rude sa uce-
$¢em oksidnih minerala ve¢im od 10%.

aaaaa

Unds O ias i [ PVTTRS 27 00

Sl. 2. Prikaz blok modela u GEMSu sa oksidnom (crvena) i sulfidnom (zelena) rudom
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Opis softverskih paketa
Whittle i NPV Scheduler

Softverski paketi Whittle kompanije
GEOVIA i NPV Scheduler (NPVS) kompa-
nije DATAMINE se Koriste za strateSko
planiranje u povrsinskoj eksploataciji, kod
odredivanja optimalne konture povrsinskog

kopa, izbora adekvatnih zahvata (Faze-
Pushbacks) i definisanja dinamike otko-
pavanja u cilju ostvarivanja optimalnih
tehno-ekonomskih  parametara i
finansijskih rezulatata (slika 3).
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Sl. 3. “Prozori” programa Whittle (a) i NPV Scheduler (b)
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Ulazni podaci za odredivanje konacne
konture kopa i dinamike otkopavanja

Scenario koji je razmatran u ovom radu
podrazumeva limitiranu preradu sulfidne
rude u flotaciji (Mill) od maksimalno 2.5
mt/god u prve dve godine, sa proSirenjem
flotacijskog kapaciteta prerade na 5.5 mt/god
u narednim godinama. Prerada oksidne rude
luZenjem (Leach) ne bi bila limitirana po
godinama, ve¢ bi se prilagodavala kolici-

nama oksidne rude koje se moraju otkopati u
sklopu ukupnih iskopina, kako bi se omo-
gucilo otkopavanje koli¢ina sulfidne rude za
planirani kapacitet flotacijske prerade (2.5
mil.t, odnosno 5.5 mil.t). U tabeli 1. prikaza-
ni su ulazni ekonomsko-tehnolo3ki parame-
tri koji su posluZili kao osnova u procesu
optimizacije u oba softvera. [1]

Tabela 1. Ulazni parametri za optimizaciju u softverima Whittle i NPVS

Ekonomski granicni sadriaj bakra u rudi 0.15% Cu
Cene metala

bakar 5 000 $/t

zlato 30 000 $/kg

srebro 400 $/t
Troskovi otkopavanja 2.3 9/t
TroSkovi pripreme mineralne sirovine

flotiranje (Mill) 4 $/t

luZenje (Leach) 1%/t
Dodatni troSkovi dobijanja bakra

kod flotiranja 450 $/t

kod luZenja 100 $/t
Ostali troSkovi dobijanja metala

za zlato 150 $/kg

za srebro 15 $/kg
Iskoris¢enje na otkopavanju 95%
OsiromasSenje na otkopavanju 5%
Iskoriséenje u procesu dobijanja metala

bakar (flotiranje i metalurSka prerada) 78.8%

bakar (luZenje i SX/EW) 75%

zlato (u oba procesa) 50%

srebro (u oba procesa) 40%
Diskontna stopa 10%
Ugao boka kopa 37°

Za pocetno stanje uzeta je situacija
terena na dan 01. 04. 2014. godine.

Izbor optimalne konture
povrsinskog kopa i odredivanje faza

Oba softvera su bazirana na Lerch
Grossman algoritmu optimizacije. Sustina
ovog algoritma je da, za zadate tehno-
ekonomske parametre, formira najekono-
micniju konturu kopa krecu¢i se od najnizeg

ekonomski prihvatljivog bloka do najviseg
bloka u modelu, pri tome postujuci define-
sane uglove kosina kopa. Zbog odredivanja
najekonomicnijeg pravca razvoja kopa, i
odredivanje adekvatnih faza u planiranju
otkopavanja, softveri imaju mogucnost
skaliranja prodajne cene metala pomocu
koeficijenta (revenue factor) ¢ime se dobija
serija kopova (nested pits) od najmanijeg (za
najnizu prodajnu cenu) do najveceg (zavisno
od uvecanja prodajne cene). [2, 3, 4] Kop sa
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koeficijentom 1.0 (100% revenue factor)
predstavlja kop sa neskaliranom prodajnom
metala. Za izbor optimalne konture kopa,
u ovom slucaju konture kopa sa maksi-
malnim diskontovanim profitom ili NPV
(net present value) potrebno je odrediti
diskontnu stopu i definisati godisSnju proi-
zvodnju rude.

U softveru Whittle, NPV vrednosti se
procenjuju na bazi tzv. Best Case i Worst
Case scenaria. Best Case je scenario u kome
se do konacne konture kopa stize preko
otkopavanja etaza svih odredenih kontura do

kona¢ne u vidu faza (Push-backs). Worst
Case predstavlja scenario u kome se do
konac¢ne konture kopa stize otkopavanjem
svih etaza u konacnoj konturi, tj. bez faza.
Oba slucaja su, kako neckonomicna (Worst
Case) tako i tehnoloski neostvariva u praksi
(Best Case), pa je potrebno traZiti adekvatne
faze 1, za njih, optimalnu kona¢nu konturu
kopa. U Whittlu se ovo oznac¢ava kao Speci-
fied Case. [8]

Na slikama 4 i 5 prikazani su dijagra-
mi procenjenih vrednosti za NPV u pro-
gramima Whittle i NPVS

Tonnage

“walug
¥ Discounted open pit walue for Best Case. [JTennage input to processing for Best Casze.
# Discounted open pit walue for Worst Case [ Total tonnage mined for Best Case

Sl. 4. Procena NPV vrednosti ““Pit by Pit graph” u softveru Whittle
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Sl. 5. Procena NPV vrednosti za kopove u softveru NPVS
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Kako bi se omogucilo uporedivanje
rezultata optimizacije bilo je potrebno
odabrati priblizno iste konture kopova za
faze 1 za kona¢nu konturu. Buduéi da je “Pit
by Pit” optimizacija za Best Case kao
razultat dala najbolju vrednost NPVa za kop
sa revenue faktorom 0.98 (98%), kop sa

istim revenue faktorom je izabran kao
konaéni kop i u NPVSu. Kao faze, u oba
softvera, izabrane su konture kopova za
revenue faktore 62% (prva faza) i 80%
(druga faza). U tabeli 2 i na slici 6 prikazane
su koli¢ine iskopina i rude u izabranim
fazama.

Tabela 2. Kolicine rude i iskopina u fazama i konacnoj konturi u softverima Whittle i NPVS

Faza . . Koef.
Softver (Push- Revenue Iskopine Oksidna Sulfidna RUDA rask.
faktor ruda ruda ukupno :
back) rivke
Whittle 1 6204 33426102 | 10782047 9123921 19905968 | 0.68
NPVS ° 33839437 | 10968 750 9 396 337 20365087 | 0.66
Whittle 2 80% 80698 683 | 20605505 | 25339518 45945023 | 0.76
NPVS 80999662 | 20823750 | 25602 075 46425825 | 0.74
Whittle 3 98% 117 459 790 | 26 686 638 | 35720 999 62 407 636 | 0.88
NPVS ° 112 228874 | 25920000 | 35 326 462 61246 462 | 0.83
Whittle/NPVS Pushbacks
140000000
120000000
100 000 000
M Rock (Whittle)
w» 80000000
g 14 Rock (NPVS)
§ . ® Oxid (Whittle)
| & Oxid (NPVS)
M Sulfide (Whittle)
40000000
L1 Sulfide (NPVS)
20000000
1 2 3
Pushbacks

Sl. 6. Uporedni prikaz kolicina rude i iskopina u fazama u softverima Whittle i NPV Scheduler

Kako se to moZe videti iz tabele 2, i sa
slike 6, jedina primetna razlika je u ukupnim
koli¢inama iskopina i oksidne rude za trecu
fazu, odnosno konacni kop. Ovo se mozZe
objasniti razli¢itom procedurom aproksi-
macije ugla kosine boka kopa. U Whittlu se
ugao aproksimira preko broja etaza, dok se u
NPVSu to radi preko tzv. filtera po X i Y
pravcima. U Whittlu je usvojena difoltna
vrednost od 8 etaZa za aproksimaciju ugla

kosine kopa. U NPVSu je, zahvaljujuci opci-
ji Slope Chek, izvrSena provera tacnosti
aproksimacije ugla kosine kopa i usvojena
vrednost filtera 17. 1z pomenutog razloga
konacna kontura u NPVSu, iako sa manjim
koli¢inama rude, ima i manje koli¢ine jalo-
vine a samim tim i povoljniji koeficijent
raskrivke. Na slici 7 prikazane su konture za
revenue factor 0.98 (98%) u softverima
Whittle i NPVS.
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Sl. 7. Konacna kontura kopa (Revenue factor 98%): a — kontura iz Whittla; b — kontura iz NPVSa

Definisanje dinamike eksploatacije

Primetna razlika u primeni ova dva
programa je kod procedure odredivanja
dinamike otkopavanja.

Odredivanje dinamike otkopavanja u
Whittle-u podrazumeva uvodenje limita
na otkopavanju i u preradi rude. U ovom
slu¢aju program dolazi do dinamike pri
dostizanju prvog limita (bilo na otkopa-
vanju ili preradi). Uz opciju Milawa ba-
lanced moguée je uravnoteziti koli¢ine
jalovine koje se otkopavaju po godinama i
time odrediti adekvatnu dinamiku otkopa-
vanja koja najpribliznije moguce prati
limit na preradi rude uz konstantan limit
na otkopavanju. Dinamika dobijena u
Whittlu je prikazana u tabeli 3 i na slici 8.

Odredivanje dinamike otkopavanja u
NPVS-u omogucéuje da se uz “primarni”
limit (target) na preradi rude i “sekundarni”
limit (tracking), odnosno pracenje (ba-

lansiranje) ukupnih koli¢ina iskopina po
godinama, odredi dinamika koja tacno
prati glavni limit, ali zato samo priblizno
prati iskopine. Program pokusava da nade
idealan scenario i u nemoguénosti da ga
pronade pocinje postupno da opusta se-
kundarni limit (relaxing) dok ne ostvari
primarni cilj, tj. “target” limit. Dobijena
dinamika otkopavanja u NPVS-u je prika-
zana u tabeli 4 i na slici 9.

Dinamike prikazane u tabelama 3i 4 je
dobijene su za slucaj otkopavanja kopa u
tri zahvata, tj. dve faze i konac¢ni kop, i sa
limitiranim kapacitetima na otkopavanju
iskopina i na preradi sulfidne rude. U oba
slu¢aja se dolazi do jedne od mogucih
varijanti za dinamiku otkopavanja koja se,
po potrebi, moZe izmeniti promenom iza-
branih ili uvodenjem dodatnih faza (Push-
backs) ili sa izmenom limita.

Tabela 3. Dinamika otkopavanja u softveru Whittle

Sobl | wonne | O |t | sutna | i | 0| smoma | e | ey
t t Cu% t Cu% t t $
1 17 000 000 3719 981 0.24 1111 045 0.37 4831 026 12 168 974 252 4836 966
2 17 000 000 4792 264 0.31 2496 350 0.45 7288 615 9711385 1.33 40 597 954
3 17 000 000 4068 033 0.23 5499 785 0.36 9567 818 7432182 0.78 41 462 231
4 17 000 000 6350 167 0.21 5283 643 0.29 11633810 5366 190 0.46 35248 060
5 17 000 000 1666 371 0.20 5422 840 0.28 7089 211 9910 789 14 8107 899
6 17 000 000 4 368 596 0.20 5499 436 0.23 9868 032 7131968 0.72 15 347 140
7 10 053 699 1551532 0.18 5500 000 0.23 7051532 3002 167 0.43 8416 079
8 5406 091 169 693 0.19 4907 900 0.24 5077 594 328498 0.06 9271679
Total 117 459 790 26 686 637 35720999 62 407 638 55 052 153 0.88 163 288 008
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Tabela 4. Dinamika otkopavanja u softveru NPVS
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Tonhage

B Total tonnage mined
‘ .Tonnage mined inputto LEAC
| .Tonnage mined input to MILL

Sl. 8. Graficki prikaz dinamike otkopavanja u softveru Whittle

St | e | Ol | TS| sutna |t | A sovma | S| ey
t t Cu% t Cu% t t $

1 17 003 250 3020 625 0.25 1266 300 0.43 4286 925 12 716 325 297 1375127
2 16 967 812 4488 750 0.30 2503 575 0.47 6992 325 9975 487 143 37 055 864
3 16 707 262 4995 000 0.27 5499 900 0.37 10 494 900 6212 362 0.59 52671121
4 16 500 712 6572 813 0.22 5498 550 0.31 12 071 362 4429 350 0.37 40 169 189
5 13 000 500 1282 500 0.22 5501 250 0.29 6783 750 6216 750 0.92 13289510
6 13 688 662 2244 375 0.21 5499 900 0.25 7744 275 5944 387 0.77 11529 474
7 13 568 175 3155 625 0.19 5498 550 0.24 8654 175 4914 000 0.57 10 330821
8 4792 500 160 313 0.17 4058 438 0.23 4218 750 573750 0.14 5465 836

Total 112 228 874 | 25 920 000 35 326 462 61 246 462 50 982 412 0.83 171 886 941

fonnes

year

I rock@incremental Data@Scheduler Report
I cd@incremental Data@Scheduler Repori
I i@ ncremenial Data@Scheduler Report

Sl. 9. Graficki prikaz dinamike otkopavanja u softveru NPVS
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Razlika u aproksimaciji ugla u prime-
njenim softverima dovela je do odredene
razlike izmedu koli¢ina rude i jalovine §to je
izazvalo da softveri “biraju” nesto drugacije
najekonomicnije  konture za odabrane

Cu% - Input to LEACH - Whittle/NPVS
0.35%
0.30% --

0.25% /\

| 0.20%
Cu% ) 15%
0.10%
0.05%
0.00%

Godine (Years)

© Cugrades to LEACH (Whittle) ~ —#—Cu grades to LEACH (NPVS)

revenue faktore. Ovo je dovelo do toga se
pored razlike u koli¢inama rude u kona¢nim
konturama, javi i razlika u srednjem sadrZaju
bakra u dinamici otkopavanja, Sto je prika-
zano u tabelama 3i 4 i na slici 10.

Cu% - Input to MILL - Whittle/NPVS

0.50%

040% -~

030%

0.20%

0.10%

1 2 3 4 5 6 7 8

Godine (Years)

@ Cugrades to MILL (Whittle) ~ —e=—Cugrades to MILL (NPVS)

a.

b.

Sl. 10. Odnos srednjeg sadrZaja bakra u ulaznoj rudi u procese LEACH (a) i
MILL (b) po godinama dinamike u softverima Whittle i NPVS

U tabeli 5 prikazane su koli¢ine dobi-
jenog (recovered) metala kao finalnog
proizvoda u konac¢nim konturama Whittla
i NPVSa. Obzirom na vece koli¢ine rude i

na iste tehnoloSke parametre prerade rude
i dobijanja metala, dobijene su nesto vece
koli¢ine finalnog proizvoda u slucaju kon-
ture dobijene u softveru Whittle.

Tabela 5. Kolicine dobijenog metala u konturama Whittle i NPVS

Oxid (proces LEACH) Sulfide (proces MILL) Total
Cu Au Ag Cu Au Ag Cu Au Ag
t kg kg t kg kg t kg kg
Whittle | 46.337 | 907 | 11.335 | 81.260 | 1.442 | 15.838 | 127.597 | 2.349 | 27.173
NPVS | 44.869 | 875 | 10.828 | 80.185 | 1.419 | 15.557 | 125.054 | 2.294 | 26.385
ZAKLJUCAK

Zbog razliCite procedure podesavanja
parametara neophodnih za optimizaciju, u
ovom slucaju izbor odgovarajuceg filtera ili
broja etaza za aproksimaciju ugla kosine
boka kopa, javila se odredena razlika u
koli¢inama rude i iskopina koja je dovela do
razlike u NPVu izmedu ova dva slucaja.
Ono §to se moglo ocekivati je da je kop sa,
iako nesto manjim koli¢inama rude, ali i
povoljnijim koeficijentom raskrivke (Strip-
ping Ratio) rezultovao sa ve¢im NPV profi-
tom. Takode, barem u ovom slucaju, se

pokazalo da je viSak rude u konturi iz
Whittla doveo do smanjenja srednjeg
sadrZzaja bakra u dinamici otkopavanja u
odnosu na konturu iz softvera NPVS, §to je
dodatno uticalo na razliku u NPVu. Obzirom
na relativno male razlike, primenom oba
softvera dolazi se do zadovoljavajucih
rezultata u pogledu dinamike otkopavanja.
Samim tim jedan softver moze da posluzi za
proveru dobijenih rezultata iz drugog soft-
vera i, eventualno, za poboboljanje dina-
mike otkopavanja.
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REMEDIATION THE TAILING DUMP RTH IN
TERMS OF STABILITY™

Abstract

Checking the dam stability of the flotation tailing dump RTH within RTB Bor, it was determined on
some analyzed profiles that the stability coefficient has less value than the legally prescribed limits. This
work presents the measures for bringing the stability coefficient of dam in prescribed limits to all pro-
files, as well as checking the stability upon implementation of remedial measures.

Keywords: flotation tailing dump RTH, remediation, stability, Standard SRPS U.C5.020, computer
program GeoStudio2007.

INTRODUCTION

The flotation tailing dump RTH within  of the open pit RTH at depth of 238 m after
RTB Bor is located southeast of the Flota-  completion the operation in 1985 began to
tion Plant Bor. To protect other surfaces be filled with flotation tailings from the Flo-
from degrading, the existing excavated area  tation Plant Bor, Figure 1.

Figure 1 Flotation Tailing Dump RTH

“ Mining and Metallurgy Institute Bor, radmilo.rajkovic@irmbor.co.rs

“ This work is the result of the Project TR37001 ““The Impact of Mining Waste from RTB Bor on the
Pollution of Surrounding Water Systems with the Proposal of Measures and Procedures for Reduc-
tion Harmful Effects on the Environment”, funded by the Ministry of Education, Science and Techno-
logical Development of the Republic of Serbia
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Flotation tailing dump is elliptical in
shape with the approximate direction of the
main axis east - west. Some expansion of
tailing dump was made by the former valley
of the Bor River in the direction of NS - SE.
This valley is towards NW, i.e. to the landfill
of smelter slag that is closed by dam, which
was built of hydrocyclone sand. At this
point, the dam relies on the high plan and
represents the beginning of a semicircular
dam around tailing dump.

On the west side, the flotation tailing
dump RTH is separated from the flotation
tailing dump Bor by peripheral dike of flota-
tion sand. Downstream the former valley of
the Bor River is dammed by an embank-
ment, height of about 300 m and length of
about 350 m from the overburden of the
open pit and other waste materials (fly ash
from thermal power plant, construction de-
bris - concrete blocks, tires, etc.). A down-
stream flotation Dam 2 is built on such dike
of cyclone sand.

On the east side, the flotation tailing
dump relies on high plans of overburden of
the open pit Bor.

On the SE side of the tailing dump, is a
landfill of the open pit of the ore body "H".
After termination the need to use the haulage
road of the open pit "H", the road is dammed
of hydrocyclone sand of sand tailings. This
dam is the other end of the semi-circular dam
formed of hydrocyclone sand of tailings.

Total length of the semi-circular dam is
1700 m with the mean dam crest elevation
of 370 m above sea level.

Stability of perimeter dike of the tailing
dump RTH depends on a position of sedi-
ment lake within the accumulation area; If
water of sediment lake touches the inner
slope of perimeter dike, on the west side of
tailing dump, the stability of tailing dump is
in question, especially during an earthquake
above 8 degrees on the Mercalli scale. [10]
Penetration of flotation sludge through the
perimeter dike would cause a threat to the
industrial road and railway and there would
be a spillage of sludge in the Bor River, and
a flood wave would endanger the village of
Slatina and land and water in the coastal
region of the Bor River to Timok, and then
the mouth of Timok in Danube. [10]

CURRRENT STATE OF DAM

Stability calculation was done using the
licensed program GeoStudio 2007, its part
Slope/W, that is specialized in cases of limit
equilibrium [1-3, 5-9]. The calculation was
done by the method of Morgenstern - Price.
Physical - mechanical parameters of the
working environment are taken from [4].

The impact of groundwater on stability is
modeled by piezometric water level. The
calculation was made for static loads and
dynamic loads for occurrence of earthquakes
in seismic coefficient Ky = 0.05.

Stability analysis was done using the tool
Tool Entry and Exit defining the area in
which the sliding plane intersects the surface
area and radius area of potential sliding
planes, Figure 2.

Enfry points

Exit points

Figure 2 Tool Entry and Exit
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Analysis the stability of flotation tai-
ling dump RTH was done on profiles 2/1,
4*[1, 6/2, 7*/1 and 10/1. Position of

analyzed profiles is shown in Figure 3.
The results of calculations are shown in
Table 1.

Figure 3 Position of analyzed profiles for stability calculation

Table 1 Summary review of stability coefficient for analyzed profiles

Cross section F, static Fs dynamic
2/1 1.210 1.059
4*/1 2.076 1.685
6/2 1.132 1.005
7*/1 1.120 0.987
10/1 2.745 2.130

Comparing the obtained safety coeffi-
cients to the permissible minimum coeffi-
cient, prescribed by technical conditions
for design of earth dams and hydro-
technical dikes - SRPS U.C5.020 [2], that
for the earth dams, height over 15 m, is
minimum Fs = 1.50 in the case of perma-
nent static load, i.e. Fs = 1.00 in the case
of periodical dynamic load for occurrence
of earthquake, the following can be con-

cluded:

» On profiles 2/1, 6/2 and 7*/1, the
calculated values of static stability
coefficients are below the prescribed
limit of 1.50;

» On profiles 6/2 and 7*/1, the calcu-
lated values of dynamic stability co-
efficients are on the limit of 1.00.

Based on the above, the conclusion is
that remediation measures have to be im-
plemented in critical areas of dams on the
flotation tailing dump RTH.
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REMEDIATION MEASURES

may be caused which will result in
inability of pumping the process
water due to which the water level
increase in the accumulation lake.

In order to bring the dike into a stable
state the following remedial measures
should be taken as follows:

1. Achieving the stability of dike on

tailings dump RTH by formation
the beaches between the dike and
water. Beach is formed by settling
of larger particles immediately af-
ter hydro-cycloning. Beach width
is determined by calculation the
stability of dike. The existence of
beach increases the safety coeffi-
cient of dam, dikes, due to lower-
ing the level of leachate through
the dike itself. By stability calcula-
tion of dike, it was found that the
distance of water mirror from the
inside base of a dike must not be
less than 150 m.

In order to allow the formation of
beach, it is necessary to relocate the
pumping station PPS1 from present
to designed location. Its relocation
will reduce the water level in the ac-
cumulation lake, allowing the for-
mation of beach with larger width,
which directly leads to reduction in
the level of leachate in piezometers.
Increasing the beach width in the ar-
ea of Dam 2 will lead to reduction in
the level of leachate in the extended
profile 9/1.

. In order to control the amount of

water in accumulation lake, the fol-
lowing is needed:

» To reduce the flow of storm wa-
ter that gravitate from catchment
areas of higher plan, and which is
achieved by making the protec-
tive perimeter channels on a high
plan;

To maintain the equipment for pre-
pumping the return process water
with PPS in the working order.
Due to the unplanned failures,
longer delays of pump operation

The increase in water level will
come due to the introduction of ad-
ditional fresh water lake in the flo-
tation process of copper minerals.
In this connection, it is necessary to
plan the regular service interven-
tions and provision of spare parts
and consumables for pumps and
generators.

4. Until a beach has minimum width of

150 m, it is more likely to control the
leachate levels in piezometers, at
least once a week and to test the sta-
bility of dams and dikes once a
month. If anomalies are detected in
operation of piezometers, it is re-
quired to do the stability checking for
observed profiles. Considering the
importance of piezometers, it is nec-
essary to maintain all piezometers in
correct and functional condition.

. It is necessary to monitor constant-

ly any changes on dams: occur-
rences of cracks, landslides and
subsidences, as well as the occur-
rence of influx water.

In a part of dikes and dams where

the dike height and its geometry

(northwestern and western part of the
tailing dump) are threatened due to
the effects of wind erosion), it is nec-
essary, as the operating conditions
are created for this, it is necessary to
bring the geometry of dike to the de-
signed conditions (incline of the out-
er slope of 1:3 and the incline of the
inner slope of 1:2.5).

. It is necessary, as soon as possible

to build the missing part of the dike
(towards high plan) in length of
about 40 m, with the aim of con-
necting the dike and plan.
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8. After correction the dike geometry
in order to prevent re-distortion of
the dike crest, due to the effects of
wind erosion, a humus layer (up to
10 c¢cm) has to be applied in order to
prevent the effect of wind and
blowing of fine sand particles.

9. Monitor the water level in the ac-
cumulation so as to comply with
the rule that the water level in the
lake is lower by 3 m from elevation
of the tailing dump dike, which

provides a retention space for wa-
ter reception in the event of cata-
strophic rainfall of 1 500 000 m®.

CONDITION OF DAM AFTER
REALIZATION THE REMEDIATION
MEASURES

The results of calculations using the
computer program GeoStudio 2007 [1-3, 5-
9] on critical sections 2/1, 6/2 and 7*/1 after
implementation of remediation measures,
are shown in Figures: 4 - 9 and in Table 2.
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Figure 4 Stability coefficient per profile 2/1 for static loads
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Figure 5 Stability coefficient per profile 2/1 for dynamic loads
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Figure 9 Stability coefficient per profile 7*/1 for dynamic loads
Table 2 Summary review of stability coefficients after remedial measures
Cross section F, static Fs dynamic
2/1 1.527 1.315
6/2 1.517 1.304
7*/1 1.523 1.324
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lzvod

Proverom stabilnosti brane flotacijskog jalovista RTH u sastavu RTB Bor, utvrdeno je da na pojedi-
nim analiznim profilima koeficijent stabilnosti ima manje vrednosti od zakonski propisanih granica. U
ovom radu prikazane su mere za dovodenje koeficijenta stabilnosti brane u propisane granice na svim
profilima, kao i provera stabilnosti nakom realizacije sanacionih mera.

Kljuéne redi: flotacijsko jaloviste RTH, sanacija, stabilnost, Standard SRPS U.C5.020, racunarski
program GeoStudio2007

uvoD

Flotacijsko jaloviste RTH, koje je u  povrSinskog kopa RTH dubine 238 m
sklopu RTB Bor se nalazi jugoistotno od  posle zavrSetka eksploatacije 1985. godine
Flotacije Bor. Radi zastite drugih povrSina  po&eo je da se zapunjava flotacijskom
od degradiranja, postoje¢i otkopni prostor  jalovinom iz Flotacije Bor, slika 1.

Sl. 1. Flotacijsko jalovite RTH

“ Institut za rudarstvo i metalurgiju Bor, radmilo.rajkovic@irmbor.co.rs

- Ovaj rad je proistekao iz projekta TR37001 ,, Uticaj rudarskog otpada iz RTB Bor na zagadenje
vodotokova, sa predlogom mera i postupaka za smanjenje Stetnog dejstva na Zivotnu sredinu®, koji je
finansiran sredstvima Ministarstva prosvete, nauke i tehnoloskog razvoja Republike Srbije
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Flotacijsko jaloviste ima oblik elipse sa
pribliznim pravcem glavne ose istok - zapad.
Izvesno proSirenje jalovista je izvrSeno biv-
Som dolinom Borske reke u pravcu SJ - JI.
Ova dolina je prema SZ tj. prema odlagalistu
topionicke §ljake zatvorena branom koja je
izgradena od peska hidrociklona. Na tom
mestu brana se naslanja na visoki planir i
predstavlja pocetak polukruzne brane oko
jalovista.

Na zapadu flotacijsko jaloviste RTH je
od flotacijskog jalovista Bor, odvojeno
obodnim nasipom od flotacijskog peska.
Nizvodno biv3a dolina Borske reke je pre-
gradena nasipom visine oko 300 m i duZine
oko 350 m od raskrivke sa kopa i drugog
otpadnog materijala (pepela iz termo-
elektrane, gradevinskog Suta — betonskih
blokova, auto guma i drugo). Na ovakvom
nasipu izgradenja je nizvodna flotacijska
brana 2 od ciklonskog peska.

Na isto¢noj strani flotacijsko jaloviste
oslanja se na visoke planire raskrivke povr-
Sinskog kopa Bor.

Sa JI strane jalovista, nalazi se odla-
galiste povrSinskog kopa rudnog tela "H".
Nakon prestanka potrebe za koris¢enjem
izvoznog puta povrsinskog kopa "H", put je
pregraden branom od hidrociklonskog peska
jalovine. Ova brana predstavlja drugi kraj
polukruzne brane koja je formirana od
hidrocikloniranog peska jalovine.

Ukupna duZina polukruzne brane iznosi
1700 m sa srednjom kotom krune brane
370 mnv.

Stabilnost obodnog nasipa FJ RTH za-
visi od poloZaja taloZznog jezera unutar aku-
mulacionog prostora. Ukoliko vode taloZznog
jezera dodiruju unutradnju kosinu obodnog
nasipa na zapadnoj strani jalovista, stabilnost
jalovista je dovedena u pitanja, a naroCito za
vreme zemljotresa iznad 8 stepeni Merka-
lijeve skale. [10] Prodor flotacijskog mulja
kroz obodni nasip izazvao bi ugroZavanje
industrijskog puta i industrijske pruge i
doslo bi do izlivanja mulja u Borsku reku, a
poplavni talas bi ugrozio selo Slatinu i
zemljiSte i vode u priobalju Borske reke do
Timoka, a zatim i u$¢e Timoka u Dunav.
[10]

POSTOJECE STANJE BRANE

Proracun stabilnosti je raden licenci-
ranim programom GeoStudio 2007, odnosno
njegovim delom Slope/W, Koji je specija-
lizovan za sluCajeve grani¢ne ravnoteze [1-3,
5-9]. Proracun je raden po metodi Morgen-
stern — Price. Fizicko — mehanicki parametri
radne sredine preuzeti su iz [4].

Uticaj podzemnih voda na stabilnost
modeliran je piezometrijskim nivoom vode.
Proracun je raden za staticka opterecenja i
dinamicka opterecenja za pojavu zemljotresa
za koeficijent seizmike K = 0,05.

Analiza stabilnosti radena je alatom
Entry and Exit kojim se definiSe oblast u
kojoj klizna ravan sece povrSinu terena i
oblast radijusa potencijalnih kliznih ravni,
slika 2.

Entry points

Radius points

Exit points

Sl. 2. Alat Entry and Exit
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Analiza stabilnosti flotacijskog ja- analiznih profila prikazan je na slici 3.
lovista RTH vrdena je na profilima Rezultati prora¢una prikazani su u tabe-
2/1, 4*/1, 6/2, 7*/1 i 10/1. Polozaj Iil.

Sl. 3. Polozaj analiznih profila za proracun stabilnosti

Tabela 1. Zbirni pregled koeficijenta stabilnosti za analizne profile

Profil Fs staticki Fs dinamicki
2/1 1,210 1,059
4*/1 2,076 1,685
6/2 1,132 1,005
7*/1 1,120 0,987
10/1 2,745 2,130
Uporedenjem dobijenih  koeficijenata » Na profilima 2/1, 6/2 i 7*/1 proracu-
sigurnosti sa dozvoljenim minimalnim koe- nate vrednosti statickih koeficijenata
ficijentom, propisanim tehni¢kim uslovima stabilnosti su ispod propisane granice
za projektovanje nasutin brana i hidro- od 1,50;
tehnickih nasipa — SRPS U.C5.020 [2], koji > Na profilima 6/2 i 7#/1 proraCunate
za nasute brane visine preko 15 m iznosi mi- vrednosti dinamickhi koeficijenata
nimalno Fs= 1,50 u slu¢aju stalnog statickog stabilnosti su na granici od 1,00.

opterecenja, odnosno F; = 1,00 u slucaju Na osnovu pavedenog _zakljuéak je_(_ia se
povremenog dinamickog optereéenja za ~ 0Pavezno moraju sprovesti mere sanacije na

pojavu zemljotresa, moZe da se zakljugi  Kritiénim delovima brana flotacijskog

sledece: jalovista RTH.
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MERE SANACIJE

dodatnog uvodenja sveze jezerske
vode u proces flotiranja minerala
bakra. S tim u vezi potrebno je pla-
nirati redovne servisne interven-

U cilju dovodenja nasipa u stabilno
stanje kao mere sanacije treba se preduzeti
sledece:

1. Postizanje stabilnosti nasipa na

jalovistu RTH, formiranjem plaza
izmedu nasipa i vode. Plaza nastaje
istalozavanjem  krupnijih ~ Cestica
neposredno posle hidrocikloniranja.
Sirina plaZe se odreduje proradunom
stabilnosti nasipa. Postojanjem plaze
povetava se koeficijent sigurnosti
brane, nasipa, usled sniZenja nivoa
procednih voda Kkroz sam nasip.
Proracunom stabilnosti nasipa utvr-
deno je da udaljenje vodenog ogle-
dala od unutradnje noZice nasipa ne
sme biti manje od 150 m.

. Da bi se omogucilo formiranje plaza,
neophodno je preseliti pumpnu sta-
nicu PPS1 sa sadaSnje na projek-
tovanu lokaciju. Njenim preselje-
njem smanji¢e se nivo vode u aku-
mulacionom jezeru, $to omogucava
formiranje plaza vece Sirine Sto dire-
ktno dovodi do smanjenja nivoa pro-
cednih voda u pijezometrima. Pove-
¢anje Sirine plaze u zoni brane 2 do-
veS¢e do smanjenja nivoa procednih
voda na produzenom profilu 9/1.

. U cilju kontrole koli¢ine vode u
akumulacionom jezeru, potrebno je:
» smanjiti priliv atmosferskih voda
koje gravitiraju sa slivnih povrsina
visokog planira, a koje se postize
izradom zastitnih obodnih kanala
na visokom planiru;

odrZavanje opreme za prepum-
pavanje povratne tehnolodke vode
sa PPS u funkcionalnom stanju.
Usled neplaniranih kvarova, moze
do¢i do duzeg zastoja rada pumpi
Sto ¢e imati za posledicu, nemo-
guénost ispumpavanja tehnoloske
vode usled ¢ega se povecava nivo
vode u akumulacionom jezeru. Do
porasta nivoa vode do¢i ¢e usled

cije i nabavku rezervnih delova i
potrodnog materijala za pumpe i
agregate.

. Dok se ne postigne plaza minimalne

Sirine od 150 m, potrebno je Cesce
kontrolisati nivoe procednih voda u
pijezometrima, minimalno jednom
nedeljno kao i vrsiti proveru stabil-
nosti brana i nasipa jednom mesecno.
Ukoliko se primete anomalije u radu
pijezometara obavezno uraditi pro-
veru stabilnosti za uoene profile.
Obzirom na vaZnost pijezometara
neophodno je odrZavati sve pijezo-
metre u ispravnom i funkcionalnom
stanju.

. Potrebno je stalno pracenje even-

tualnih promena na branama: pojave
pukotina, klizista i sleganja, kao i
pojava provirnih voda.

. U delu nasipa i brana gde je usled

dejstva erozije vetra ugroZena visina
nasipa kao i njegova geometrija
(severozapadni i zapadni deo jalo-
vista), potrebno je ¢im se za to stvore
operativni uslovi dovesti geometriju
nasipa na projektovano stanje (hagib
spoljasnje kosine 1:3 i nagib unutra-
8nje kosine 1:2,5).

. Neophodno je u sto kracem roku

izgraditi nedostaju¢i deo nasipa (pre-
ma visokom planiru) u duZini od oko
40 m, sa ciljem spajanja nasipa i
planira.

. Nakon korekcije geometrije nasipa

u cilju sprecavanja ponovnog naru-
Savanja krune nasipa, usled dejstva
erozije vetra treba naneti sloj hu-
musa (do 10 cm), kako bi se spre-
¢ilo dejstvo vetra i raznoSenje finih
Cestica peska.

. Pratiti nivo vode u akumulaciji

tako da se ispostuje pravilo da nivo
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vode u jezeru bude manji za 3 m od
kote nasipa jalovista, ¢ime se obez-
beduje retenzioni prostora za pri-
hvat voda u slucaju katastrofalnih
padavina od 1.500.000 m®,

STANJE BRANE NAKON
REALIZACIJE SANACIONIH MERA

Rezultati prora¢una racunarskim pro-
gramom GeoStudio 2007 [1-3, 5-9] na
kriti€nim profilima 2/1, 6/2 i 7*/1 nakon
sprovodenja sanacionih mera prikazani su
na slikama 4 — 9 i u tabeli 2.

SiExw G GE
B e 7 54 yerene — - [ ERAL A

Analizni profil 2/1

Name: Zona 1
Uit Weight: 22.28 KNim®
L0kPa

1.RES

Phi:25°

Name: Zona 2
Unit Weight: 20 knim®
Gohesion: 15 kPa
Phi:20°
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Sl. 4. Koeficijent stabilnosti po profilu 2/1 za staticka opteréenja
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Analizni profil 2/1
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Citac,

MName: Zona 1
Unit Wight 2228 kNim®
Cohesion: 0 kPa

Phi: 25

Name: Zona 2
Unit Weight: 20 kN
Cohesion: 15 kPa
Phi:20°
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Sl. 5. Koeficijent stabilnosti po profilu 2/1 za dinamicka opteréenja
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Sl. 8. Koeficijent stabilnosti po profilu 7%/ za staticka optercenja
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Sl. 9. Koeficijent stabilnosti po profilu 7*1 za dinamicka opteréenja

Tabela 2. Zbirni pregled koeficijenta stabilnosti nakon sanacionih mera

Profil F; staticki Fs dinamicki
2/1 1,527 1,315
6/2 1,517 1,304
71 1,523 1,324
ZAKLJUCAK

Nakon sprovodenja sanacionih mera na
flotacijskom jalovistu RTH u cilju dovo-
denja statickih i dinamickih koeficijenata
stabilnosti  brane u zakonski propisane
granice, svi koeficijenti stabilnosti po anali-
znim profilima imaju zadovoljavajuée
vrednosti.

Velika pomo¢ pri odredivanju udalje-
nosti vodenog ogledala od krune brane je
upotreba racunarskog programa GeoStudio
2007. Uz pomo¢ ovog softvea vrSena je
varijacija piezometrijskog nivoa vode po
analiznim profilima sve dok nije utvrdena
minimalna razdaljina vodenog ogledala za
koju su Kkoeficijenti stabilnosti zadovo-
ljavajuéi.

Od izuzetne vaZnosti za stabilnost je
dovodenje brane jalovista u projektovano
stanje, primena mera za smanjenje koli¢ine
akumulacione vode, odrzavanje opreme za

prepumpavanje povratne tehnoloske vode,
kao i pracenje eventualnih promena na
branama u cilju pravovremenog reagovanja.
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BASIC PRINCIPLES OF DEVELOPMENT AND USE ADIGITAL
GEOMODEL FOR DESIGN THE OPEN PIT IN THE EXAMPLE OF
QUARTZ AND SANDY CLAY DEPOSIT “BOSNJANE* - SERBIA

Abstract

Based on the results of geological explorations carried out in the area of quartz sand and sandy clay
deposit BoSnjane, a geomodel was developed using a software package Minex 5.2.3. geomodel, which
was the basis for the calculation of reserves and design of the open pit in the deposit of quartz sand and

sandy clay, in the specified software package.

Keywords: geomodel, Minex 5.2.3, optimization, mine design

INTRODUCTION

Calculation of reserves by MINEX
5.2.3 software package, starts with making
three-dimensional geomodel. Interpreta-
tion of deposit and development the three-
dimensional geomodel is caused by the
entry of data from several files (Excel) on
exploration drill holes.

Based on data obtained from explora-
tory works, database is formed that con-
sists of four files: Collars cls. Fail; Quali-
ty cls.;Lithology cls. Fail;Seam prn. Fail.

Data from drill holes are entered into da-
tabase entries in a properly way in a form of
defined intervals, with the field in addition to
the others "from" and "to", i.e. defined inter-
vals, in which the samples are analyzed.

Data from the exploratory drill holes
are properly processed in the software
Minex by mathematical and geostatistical
methods (method of inverse distances of
various degree), to determine the lawful-
ness of content in deposit.

" Holcim (Serbia) d.0.0. Popovac near Paracin
Technical Faculty Bor, University of Belgrade

Calculation of reserves is done by any
method of polygons.

Block model can be refreshed in terms
of entering the new data.

GEOLOGICAL STRUCTURE
AND DESCRIPTION OF DEPOSIT

The deposit of quartz sand and sandy
clay "Bosnjane" is situated, by sky way,
about 7 km northeast of Paraéin and about
5 km south of the village of Popovac and
Cement Factory "Holcim", in the village
of Bo3njane.

A wider area of the deposit Bo3njane
covers the eastern part of the leaf Para¢in
with the signature L34-07 and the western
part of the leaf Boljevac, with the signa-
ture L34-08, OGK, 1:100 000 [2].

Geological structure of the quartz sand
and sandy clay deposit “Bosnjane* includes

™ Mining and Metallurgy Institute Bor, miroslava.maksimovic@irmbor.co.rs
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the freshwater sediments of the Middle Mio-
cene and Miocene-Pliocene. In the Middle
Miocene, during Helvet, on older Miocene
and often pretertial formations, the clastic
sediments were deposited discordantly as
well as the sediments of lake facies as the
result of older Styrian phase (Figure 1).

In these freshwater sediments, according
to the lithological composition, the follow-
ing can be separated: Middle Miocene facies
of red clay sandstones, clay marls and tuffs,
then Middle Miocene of marls, and Mio-
cene-Pliocene facies of freshwater limes-
tones, marls, clays, sand and gravel.

GEOLOGICAL MAP
OF THE SURROUNDING AREA OF THE QUARTZ SAND AND SANDY CLAY DEPOSIT -
BOSNJANJE - POPOVAC NEAR PARACIN
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Figure 1 Geological structure of surrounding area Bo3njane-Popovac near Paraéin

The layers of clay and sand are horizon-
tal to slightly inclined towards the SW. Pre-
vious explorations cover a portion of sand-
stone series, where it was determined that
the roof of series consists of sandy clay that
by the quality satisfies their use in the ce-
ment industry. The thickness of individual
layers varies so there are unequal stratifica-
tion. Overlying clays, due to this reason, are
treated as the other useful resources. The

average thickness of the overlying clay layer
is about 10 m.

In the eastern and northeastern, also par-
tly in the central part of clay deposit it has
low thickness of up to 1 m, or a layer of clay
is completely wedged, while in the western
part of the deposit, the thickness of clay
layer reaches 35 m. It has been concluded by
previous explorations that, under a layer of
clay, there is a series, built of: sands, sandy
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clays, clayey sand and gravels, gray and
brown clays. In a series of sand itself, thin
lentoid interlayers of sandy clay and very
clayey sands appear. The thickness of these
interlayers is from 10 cm to 50 cm. Thick-
ness of contoured productive series of sands,
which satisfies in terms of quality the re-
quirements of its application in the cement
industry, is about 18 m. Below this series,
most often, there is a series of very clayey
sands, or more rarely, sandy clay. Below this
series, a series of basal Miocene sediments
lies. The floor of this series consists of basal
sediments of the Miocene series, built of red
sandy clay, basal conglomerate and red
sandstone. The lowest layers of this series lie
over titonic limestone [2].

The deposit of quartz sand and sandy
clay Bosnjane is of layered-lentoid form.
Direction of expanding the deposit is NNW-
SSE. It is seenaccording to ther direction of
deposit expanding that it is approximately
600 m, and 300 m wide (direction E-W).

EXPLORATORY WORKS

Explorations in the area of the deposit
Bosnjane, in order to ensure the quality re-
serves of quartz sand and sandy clay for use
in the cement industry, were conducted into
two separate time periods, i.e. from 1963 to
1965, and 2010. On the deposit of quartz
sand and sandy clay Bo3njane, eight ex-
ploratory wells were drilled and total of 24
drill holes,i.e. in total 2,406 m of drilling.
During the exploration of quartz sand and
sandy clay deposit Bo3njane, the same
methodology was more and less applied: the
deposit was explored by vertical sections.
The deposit of quartz sand and sandy clay
Bosnjane was explored making 8 explora-
tion wells and exploratory drilling from the
surface (24 vertical drill holes). Common
geological works followed (specifically in-
cluded) the exploration drilling such as they
were preceded by the project, performed at
the same time (geological monitoring and
directing of exploratory drilling, mapping

and sampling) and resumed after them (mak-
ing reports and studies) [2].

Geological works

Geological works in exploration the
quartz sand and sandy clay deposit Bo3-
njane, related mainly to the surface geologi-
cal mapping, monitoring, routing and geo-
logical mapping of exploratory wells and
exploratory drill holes, their sampling and
interpretation of the obtained results, and
preparation of geological maps and devel-
opment of cross-sections (profile) of deposit,
countouring of deposit, calculation the re-
serves of mineral raw materials, etc. Geolog-
ical work could include also the design of all
exploratory works, preparation of reports
and studies, and synthesis of data from
which were made the geological profiles
(sections) and geological maps. Samples
were taken from exploratory drill holes,
which were analyzed in the laboratories:
Holcim Ltd. Popovac (chemical testing,
technological testing), Mining and Metallur-
gy Institute Bor (geomechanical testing).
Hydrogeological testing was carried out by
the Geological Institute of Belgrade.

Exploratory wells

In the area of the deposit of quartz sand
and sandy clay Bo3njane, eight wells, depth
up to 20 m, were done. Two wells on the
east, in the lowest part of the field were used
for determining the hydrogeological charac-
teristics of the field, while 6 wells (BI, B-II,
B-1ll, B-1V, B-V and B-VI), in a square
network of 100 x 100 m, ewere used for
exploration the site in depth. Total length of
wells is 123.4 m. Wells were discovered
quartz sands of satisfactory quality, with
SiO, content higher than 68%, which was
the basic condition of its application in the
cement industry.

Exploratory deep drilling

In the area of the depositof quartz sand
and sandy clay BoSnjane, the exploratory
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drilling was done during 2010. Total of 24
drill holes were drilled with total drilling
length of 862.6 m. Quartz sand of satisfacto-
ry quality for its use in the cement industry
was drilled with 17 drill holes), while 7 were
negative, so that the results of sampling the-
se wells are excluded from calculations.

DEVELOPMENT OF GEOMODEL
AND DESIGN OF OPEN PITS WERE
DONE BY THE SOFTWARE
PACKAGE MINEX 5.2.3.

Calculation of reserves by MINEX 5.2.3
software package, starts with development a
three-dimensional geomodel [9]. Interpreta-
tion of deposit and development of three-
dimensional geomodel is caused by the entry
of data from several files (Excel) on explora-
tory drill holes [2]. The files contain for each
drill hole: the name of drill hole, data on
elevation, coordinates, data on lithological
members in geological columns of drill
holes (which are relevant to the assessment
of position of layers in separated geological
environments), as well as data on the results
of chemical analyses of individual samples
SiOZ, A|203, FEZO3, Ca0o, MgO, K,0, Na,0O,
SO; and loss on ignition.

Before starting a development of 3D
model of deposit of quartz sand and sandy
clay BoSnjane, it was necessary to create a
database from which to access the develop-
ment of model. All necessary data were ob-
tained in the exploration process (explorato-
ry drill holes and wells), as well as per-
formed laboratory analyses (spatial position

of each exploratory work is represented by
X, Y, Z coordinates, the final depth of each
exploratory work, lithological members
were determined in the process of mapping
the core drilling and quality data obtained by
laboratory analyses). The database is com-
prised of 4 basic files:

» Collars cls. Fail — contains all data on
spatial position of drillh holes;

» Quality cls. Fail — contains all data
related to the quality;

» Lithology cls. Fail — contains all data
on lithology;

» Seam prn. Fail - contains all data
about the position of layers of sandy
clay and quartz sand in every explo-
ratory work. [12]

Within the contour of deposit, two dif-
ferent lithological members are clearly sepa-
rated: a layer of clay and a layer of quartz
sand. Due to this reason, each of these layers
is modeled as a separate layer, which has a
separate code letter. For each drill hole, a
description of isolated rock types, i.e. geo-
logical column of drill hole, is given and
then data were entered on characteristics of
each separateed lithological type, necessary
for further processing the block model of the
deposit. In addition to the above-mentioned
data, data were also entered on the fiedl to-
pography. Data on topography were ob-
tained from the Investor (Holcim Serbia doo
Popovac). Figure 2 presents a graphical
three-dimensional display of entered data
from the database of software package
MINEX 5.2.3. [8]

Figure 2 3D view of topography and drill hole relationship (software package MINEX 5.2.3)
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All layers are modeled using the general
method of modeling. In the process of inter-
polation of the missing data layers are used
from minimum of 3 and a maximum of four
neighboring drill holes, and radiusof explo-
ration is limited to 250 m. While the weigh-
ting values used the general formula for
weighting. After creating these layers, it was
approached to their mutual spatial correla-
tion and creating 3D models of deposit (Fi-
gure 3).

For each vertical section (profile) and
horizontal section (floor), the reference sur-
faces and space were defined that, infront
and back, covers a certain area. This type of
interpretation eliminated the possibility of
existence the "empty" spaces within the
block model of deposit. The appearance of
modeled layers by the software package
MINEX 5.2.3 is shown in Figures 3 and 4.
[11]

Figure 3 3D view of layers with topography (software package MINEX 5.2.3)

a) Gray shows topography; b)Red shows a layer of quartz sand (P1);
¢) Blue shows a layer of sandy clay (G).

. =

Figure 4 2D view a part of cross-section through the deposit of quartz sand and sandy clay
BosSnjane (software package MINEX 5.2.3)

a) Gray shows topography; b) Red shows a layer of quartz sand (P1);
¢) Blue shows a layer of sandy clay (G).

Any other data necessary for calculation
of reserves, the program takes from the
previously created database as well as
created geological model of layers [7]. On

such created model of the deposit it was
possible to calculate the geological reserves
both for each layer separately and deposit as
awhole. [13]
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SPATIAL LIMITATION OF OPEN
PIT AND WASTE DUMP WITH
GEOMETRY AND STABILITY
ANALYSES

Construction of the open pit was done on
the basis of certified balance reserves. Selec-
tion the optimal final pit contour was made
using the licensed program Minex 5.2.3,
which is used for optimization and analysis
of open pits. [5] Optimization was done us-
ing the Pit Optimiser tool, which is based on
the Lerches and Grossman algorithm, i.e..
procedure for determining the optimal open
pit like the one with the highest value for the
corresponding set of costs and factors of
return. [6] The input parameters for opti-
mization the deposit "Bo3njane™ are:

1. Topography;

2. Geomodel of the deposit;

3. Volume mass of sand, clay and
waste rosk;

Utilization of the excavation and
preparation;

Unit value of a tone of sand and
clay,

Medium and minimum SiO, con-
tent in the deposit;

Final slope angle of open pit;
Minimum final width of level plang;
Direct costs of mining the waste
rock, sand and clay.

©

Angle of final pit slope is determined by
the licensed software GEOSTUDIO 2007 or
its tool Slope/W, which is specialized for
methods of limit equilibrium. The default
maximum open pit depth is determined
based on the spatial position of sand and
clay, as well as topography. The general
angle of the final pit slope directly depends
on the angle of slope of leveles and final
width of level planes. It is assumed on the
basis of the deposit geomodel that for a rep-
resentative profile the ratio of clay and sand
thickness is 1:1.5. [3]

According to these conditions, the
assumed angle of the final pit slope is 24.3°.
Minimum width of the final level plane
enough for works on recultivation, is adop-
ted at 4 m. Direct costs of mining the waste,
sand and clay cover the costs of legislative
normative material, human labor and current
maintenance of all phases of work (mining,
loading at the pit and dumps of sand and
clay, transport, extra works at the opemn pit
and dump, drainage) plus the costs of PPE
equipment, NTO, administration and contin-
gency costs. The results of optimization are
shown in Figures 5 and 6.

Figure 5 Analytical presentation of optimizxation results

Kop | Talovina, t| Pesak,t | Glina, t |Iskopina, t| Kr | P/G | Vekrada|Jalovina, t'/god|Pesak, t'god | Glina, tgod| Trogak, § | Dobit, § NEV, § Fp DV, S
1 101234] 1669060 1432276] 3202570] 0.03] 1.17 278 3 639 60 000 51488 14920840 23889106 8959266 0.07056| 632156
2 101506] 1698708] 1433281 3233495) 0.03] 1.19] 283 3585 60000 S0625| 15076926] 24171159] 9094233 0.06731| 612 160]
3 106605] 1925 144] 1616129 3650878) 0.03] 1.19] 321 3317 60000 50291| 17039713] 27373309 10333595 0.04675) 453 134]
4 110270] 2091034] 1788037 3990250] 0.03] 1.17] 34| 3 164] 60 000 51332 18633835 20897053| 11263218[ 0.03609] 406541
s 112639] 2175656] 1921739 4210034] 0.03] 113 363 3 106] 60 000 52998 19663857 31458697| 11794841| 0.03155| 372181
6 113 895] 2239338 2023966] 437719%] 0.03] 111 373 3052 60 000 54220| 20443244] 32647227] 12108983 0.02852] 347899
7 115290] 2286677 2124660 4526627| 0.03] 1.08 381 3025 60 000 55749| 21147774] 33674578] 12526804 0.02645] 331369]
3 115970] 2328106 2209098 4653 174] 0.03] 1.05 388 2 989 60000 56933] 21741314] 34552213] 12810900] 0.02477] 317300]
o 116208] 2356204] 2277707 4750209] 0.03] 1.05 39.3 2939 60000 57999 22196368 35214323 13017 754[ 0.02368] 308305
10 116437] 2386328] 2328084] 4830840] 0.02] 1.03 308 2008 60 000 58536] 22575603] 35787463] 15211862 0.02258] 208 324]
11 116622] 2400562 2371651 4888835] 0.02] 1.01 40.0| 2015 60 000 59277| 22847272] 36173759 15326487| 0.02208] 204185
12 116779] 2412022] 2407887 4936688| 0.02] 1.00] 402 2905 60 000 59897| 23071424] 36491523| 13420099] 0.02168] 29050
13 116937] 2426961] 2434492 4978390 0.02] 1.00] 404] 2891 60000 60186] 23267294] 36785616 13518322 0.02117] 286164]
14 117067] 2435000 2468174 3020241 0.02] 0.99] 40.6] 2883 60000 60817| 23463117] 37036637 13393520 0.02090] 284105
15 117 187] 2440641] 2501996] 50683824] 0.02| 098 408 2 270] 60 000 61282 23601115] 37380078 15608 865 0.02042] 279725
16 117293] 2459135] 2544273 5 120701] 0.02] 0.57] 41.0] 2362 60000 62077| 23933903] 37724603 15790700 0.02011] 277385
17 117419) 2465821| 2564192 5147432| 0.02| 0.96) 411 2857 60 000 62394 24059075] 37902878 13843803 0.01990] 275511
18 117549] 2468537 2591316 5177402] 0.02] 095 411 2857 60000 62934 24198885] 38086124 13887239] 0.01982 275186
19 117671 2473105] 2620084 5210860| 0.02] 0.94] 412 2855 60000 63566] 24355190] 38296195 13941005 0.01967| 274 254]
20 117 745] 2475 508] 2652137] 35245300] 0.02| 003 413 2 854] 60 000 64281 24516336] 38503226 13988890 0.01960] 274148
21 117871 2478 815] 2691808 5288 584 0.02] 0.92] 413 23853 60 000 65 158] 24717887] 38767563] 14049676 0.01949] 273 206
32 117959] 2479 794] 2726014 5323 767| 0.02] 091 413 2854f 60 000 65957| 24881888] 38975340 14093452 0.01946] 274323
23 113044] 2480049] 2753750] 5351843 0.02] 0.50] 413 2 856 60 000 66622 25012670] 39139223] 14126552] 0.01946] 274856
24 113044] 2480467] 2753750] 5352261] 0.02] 0.90] 413 2855 60000 66610] 25014668] 39143117 14128449] 0.01944 274710]
23 115044] 2781094] 2753 750] 3652888] 0.02] 1.01 46.4] 2547 60000 59410] 26451064] 41943758 15492694 0.01206] 156838]

OPT| 116528]2213 236(2172 835 4502599/0.03/1.02 36.9] 3159 60 000 58 905( 21 024 894| 33 270 925| 12 246 031|0.02973| 364 026
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The obtained contours which are the op-
timization result have no levels. As a guide
for construction the open pit, which com-
prises the balance reserves, the contour 8
was selected, whose discounted value is at

the end of the service period, which includes
only the direct costs of excavation. This con-
tour has 2,328,106 t of sand and 2,209,098 t
of clay. The ratio of sand/clay is 1.05 and the
overburden coefficient is 0.03 [4].

Grafik kopova dobijenih optimizacijom

2500 000
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Jalving, Poak, Gl £

JFalavina, t s Posale,t  mm—Glina,

PeakiGlina

P osale/Glina

Figure 6 Graphical presentation of optimization results

By designed web of the final open pit,
total excavation of 2,507,633 t of sand
1,941,416 t of clay was predicted. The ratio

of sand/clay is 1.29, and the coefficient of
overburden is 0.03. The final view of the
open pit is shown in Figure 7.

Figure 7 View of the final open pit outline

Construction of the clay and waste dump

A dump of the surface humus waste will
be located on the northwest side of the open
pit. This dump will be removed after works
on recultivation, as it will be used as a bor-
row pit of humus in recultivation after the

completitionb of operation. Waste dump has
3 levels, height 5 m. The lowest level od
dump is E250/245 m, and the highest
E260/255 m. View of waste dump is shown
in Figure 8.
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Figure 8 Final view of waste dump

Temporary clay dump is located on the
west side of the open pit. This dump will
be removed after the completion of opera-
tion as it will be used later in technologi-
cal process of cement production. The
required capacity of clay dump is deter-
mined by the amount of clay that is mined

and not go directly into the technological
process.

Clay dump has 3 levels, height 5 m.
The lowest level od dump is E250/245 m,
and the highest E260/255 m. Mutual posi-
tion of the open pit, waste dump and clay
dump is shown in Figure 10.

\ sl

Figure 9 Final view of clay dump
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Figure 10 Mutual position of the open pit, waste dump and clay dump

CONCLUSION

Calculation of reserves, optimization of
deposit as well as other mining designs are
performed with the help of various software
packages. One of the software packages
used in geology, for development a geo-
model, which calculates reserves and further
mine design, is the program Minex 5.2.3,
made in Australia in the company Surpac
Minex Group Pty Ltd, which is applied in
the Mining and Metallurgy Institute Bor.
Development of a geomodel is done on the
basis of data on the geological structure of
deposits and results of geological explora-
tions.

Optimization is done by explored and
tested technical and economic parameters.
An important factor in the use of the pro-
gram Minex 5.2.3 is the ability to change
and comparing several variants of input pa-
rameters, especially when it comes to the
calculation of reserves and optimization.
Using the computer technique and the ap-
propriate software program packages, the
time of preparation the project documenta

tion and different calculations is shortened,
compared to the conventional design. Using
this program, the design is significantly im-
proved in terms of time and quality due to
the accurate analysis in order to select the
best solutions. The application of this and
similar programs has become a necessity
and standard in geology and mining.

Determining the optimal open pit con-
tour is a necessary step in design of surface
mining, which is characterized by complexi-
ty and analysis of a large number of possible
solutions that meet technical - technological
given conditions, but mutually differ accord-
ing to the economic effect. Determining the
optimal open pit outline and its economic
effect effect is important for balancing the
reserves of mineral resources and geologic-
economic evaluation of deposits of mineral
resources. It is therefore necessary that the
different solutions undergo the techno-
economic analysis of individual variants and
adopt a solution that would be optimal for
the given conditions.
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OSNOVNI PRINCIPI IZRADE I KORISCENJA DIGITALNOG
GEOMODELA KOD PROJEKTOVANJA POVRSINSKOG KOPA
NA PRIMERU LEZISTA KVARCNOG PESKA | PESKOVITE GLINE
,BOSNJANE“,SRBIJA

lzvod

Na osnovu rezultata izvrSenih geolo3kih istraZivanja na prostoru lezista kvarcnog peska i peskovite
gline Bosnjane, uraden je programskim paketom Minex 5.2.3. geomodel, koji je bio osnova za proracun
rezervi i projektovanje povrSinskog kopa na leZistu kvarcnog peska i peskovite gline, u navedenom

programskom paketu.

Kljuéne redi: geomodel, Minex 5.2.3, optimizacuja i projektovanje kopa

uvoD

Proracun rezervi programskim paketom
MINEX 5.2.3, zapocinje izradom trodimen-
zionalnog geomodela. Interpretacija lezista i
izrada trodimenzionalnog geomodela uslov-
liena je unosom podataka iz nekoliko
datoteka (Excel) o istraZznim buSotinama.

Na osnovu podataka dobijenih iz istraz-
nih radova formira se baza podataka koja se
sastoji iz Cetri datoteke: Collars cls. Fail;
Quality cls.; Lithology cls. Fail; Seam prn.
Fail.

Podaci iz busotina se u bazu unose na
odgovaraju¢i na¢in u formi definisanih
intervala, sa poljima pored ostalih ,from* i
,t0%, tj. definisanim intervalima u kojima su
probe analizirane

Podaci iz istraZznih buSotina se na odgo-
varaju¢i nacin u softweru Minex obraduju,
matematickim i geostatistickim metodama
(metodama inverznih distanci razliCitog

" Holcim (Srbija) d.o.o. Popovac kod Paraéina

™ Tehnicki fakultet u Boru Univerzitet u Beogradu

stepena), kako bi se utvrdila zakonomernost
sadrZaja u leZistu.

Proratun rezervi se vr$i nekom od
metoda poligona.

Blok model se moZe osveZiti u smislu
unoSenja novih podataka.

GEOLOSKA GRADA 1 OPIS LEZISTA

LeZiSte kvarcnog peska i peskovite gline
,»Bosnjane”, nalazi se, vazduSnom linijom,
na oko 7 km severoisto¢no od Paraéina i na
oko 5 km juzno od mesta Popovac i fabrike
cementa ,,HOLCIM®, u ataru sela BoSnjane.

Sira okolina leZista Bosnjane obuhvata
isto¢ni deo lista Paraéin sa signaturom L34-
07 i zapadni deo lista Boljevac, sa signa-
turom L34-08, OGK, razmere 1:100.000. [2]

U geoloskoj gradi lezista kvarcnog peska
i peskovite gline Bosnjane ucestvuju slatko-

* Institut za rudarstvo i metalurgiju Bor, miroslava.maksimovic@irmbor.co.rs
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vodni sedimenti srednjeg miocena i miocen-
pliocena. U srednjem miocenu su tokom
helveta, diskordantno, na starijim miocen-
skim, a Cesto i pretercijarnim formacijama
kao posledica starije Stajerske faze, taloZeni
klastiéni sedimenti, zatim 1 sedimenti
jezerskih facija. (slika 1) U ovim slatko-

vodnim sedimentima se, prema litoloSkom
sastavu mogu izdvojiti: srednje-miocenska
facija crvenih glinovitih pescara, glinovitih
laporaca i tufa, zatim srednje miocenska
facija laporaca, i miocensko-pliocenska
facija  slatkovodnih krecnjaka, laporaca,
glina, peskova i Sljunkova.

GEOLOSKA KARTA
SIRE OKOLINE LEZISTA KVARCNOG PESKA | PESKOVITE GLINE
BOSNJANE-POPOVAC KOD PARACINA

1:100 000

Prstonie i sk ovie gline §
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Baskovii§ peakovin-leporond
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Kl i peskovio-laporovid
PR

‘Dotors & dotomi oo kratajc
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Sl. 1. Geoloska grada Sire okoline leZista BoSnjane-Popovac kod Paracina

Slojevi gline i peska su horizontalni do
blago nagnuti u pravcu JZ. Dosadadnjim
istrazivanjima obuhvacen je jedan deo
pescarske serije, pri ¢emu je utvrdeno da
povlatu serije ¢ine peskovite gline koje po
kvalitetu zadovoljavaju njihovu upotrebu

u cementnoj industriji. Debljina pojedinih
slojeva varira tako da imamo neuje-
dnacenu slojevitost. Povlatne gline, iz tog
razloga se, tretiraju kao druga korisna
sirovina. Prose¢na debljina sloja povlatnih
glina je oko 10 m. U istonom i severo-
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istotnom, delom i1 u centralnom delu
leZista glina ili ima malu debljinu, do 1 m,
ili sloj gline potpuno isklinjava, dok u
zapadnom delu leZista, debljina sloja gline
dostize i 35 m. DosadaSnjim istraZiva-
njima konstantovano je da se, ispod sloja
gline nalazi se serija izgradena od: peskova,
peskovitih glina, zaglinjenih peskova i $ljun-
ka, sivih i mrkih glina. U samaoj seriji peska
se pojavljuju tanki soCivasti proslojci pes-
kovite gline i jako zaglinjenih peskova. Deb-
ljina ovih proslojaka je od 10 cm do 50 cm.
Debljina okonturene produktivne serije
peskova, koja zadovoljava u pogledu kva-
liteta, zahteve njegove primene u cementnoj
industriji iznosi oko 18 m. Ispod ove serije,
najces¢e se, nalazi serija jako zaglinjenih
peskova, ili rede, peskovite gline. Ispod ove
serije lezi serija bazalnih sedimenata
miocena. Podinu ove serije ¢ine bazalni
sedimenti miocenske serije, izgra-deni su od
crvenih peskovitih glina, bazalnih konglo-
merata i crvenih peS¢ara. Najnizi slojevi ove
serije leze preko titonskih krecnjaka. [2]

ISTRAZNI RADOVI

IstraZivanja u podrucju lezista Bosnjane,
sa ciljem da se obezbede kvalitetne rezerve
kvarcnog peska i peskovite gline za primenu
u cementnoj industriji, vrSena su u dva
vremenski razdvojena perioda, odnosno od
1963. do 1965., i 2010. godine. Na leZistu
kvarcnog peska i peskovite gline Bo3njane,
uradeno je 8 istraznih bunara i izbuSene su
ukupno 24 istrazne buSotine, odnosno
ukupno 2.406 m budenja. Tokom istrazi-
vanja leZista kvarcnog peska i peskovite
gline Bo3njane, primenjivana je manje-vise
ista metodika: leZiste je istrazeno po vertical-
nim presecima. LeZiste kvarcnog peska i
peskovite gline Bo3njane istraZzeno je izra-
dom 8 istraznih bunara i istraznim buSenjem
sa povrsine terena (24 vertikalne busotine).
Uobicajeni geoloski radovi pratili su
(preciznije obuhvatali) istrazno buSenje, tako
§to su im predhodili (projekat), izvodeni
istovremeno (geolosko pracenje i usmera-
vanje istraznog buSenja, Kartiranje i

oprobavanje) i nastavljani posle njih (izrada
izvestaja i elaborata). [2]

Geoloski radovi

Geoloski radovi pri istraZivanju leZista
kvarcnog peska i peskovite gline Bo3njane,
odnose se uglavnom na geolo3ko Kartiranje
povrSine terena, pradenje, usmeravanje i
geolodko kartiranje istraznih bunara i
istraznih buSotina, njihovo oprobavanje i
interpretaciju dobijenih rezultata, te izradu
geoloskih karata i izradu preseka (profila)
lezista, okonturivanje leziSta, proracun
rezervi mineralne sirovine itd. U geolodke
radove treba ubrojiti i projektovanje svih
istraznih radova, izradu izvestaja i elaborata,
te sintezu podataka na osnovu kojih su
uradeni geoloski profili (preseci) i geoloske
karte. Iz istraznih buSotina uzete su probe,
koje su analizirane u laboratorijama:
Holcima d.o.0. Popovac (hemijska ispiti-
vanja, tehnolodka ispitivanja), Instituta za
rudarstvo i metalurgiju Bor (geomehanicka
ispitivanja). Hidrogeoloska ispitivanja je
izveo Geolo3ki Institut Beograd.

Istrazni bunari

Na prostoru lezista kvarcnog peska i
peskovite gline Bosnjane, uradeno je 8
bunara dubine do 20 metara. Sa dva bunara,
na istonom, najnizem delu terena, utvrdene
su hidrogeoloske karakteristike terena, dok
je sa 6 bunara (B-1, B-Il, B-1ll, B-1V B-V B-
VI), u kvadratnoj mrezi 100x100 m,
istrazeno nalaziste po dubini. Ukupna duzina
izradenih bunara iznosi 123,4m. Bunarima
su otkriveni Kkvarcni peskovi zadovo-
ljavaju¢eg kvaliteta, sa sadrzajem SiO;
ve¢im od 68%, §to je bio osnovni uslov
njegove primene u cementnoj industriji.

Istrazno dubinsko busenje

Na podrucju lezista kvarcnog peska i
peskovite gline Bo3njane istrazno busenje
radeno je u toku 2010. godine. Ukupno su
izbuene 24 busotine, ukupne duZine buse-
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nja od 862,6 m. Kvarcni pesak zadovo-
ljavajuceg kvaliteta za njegovu primenu u
cementnoj industriji, nabuSen je sa 17
budotina, ), dok su 7 negativne, tako da su
rezultati oprobavanja tih buSotina iskljuceni
iz proracuna.

IZRADA GEOMODELA |
PROJEKTOVANJE POVRSINSKIH
KOPOVA PROGRAMSKIM
PAKETOM MINEX 5.2.3.

Proracun rezervi programskim paketom
MINEX 5.2.3, zapocinje izradom trodimen-
zionalnog geomodela [9]. Interpretacija
leZista i izrada trodimenzionalnog geomo-
dela uslovljena je unosom podataka iz neko-
liko datoteka (Excel) o istraZznim buo-
tinama. [2] Datoteke sadrZe za svaku buSo-
tinu: ime busotine, podatke o koti, koordina-
tama, podatke o litoloskim c¢lanovima u
geolodkim stubovima busotina (koji su rele-
vantni za procenu pozicije slojeva u izdvo-
jenim geolodkim sredinama), kao i podatke
o rezultatima hemijskih analiza pojedinacnih
proba SiOZ, A|203, Fe,0,, Cal, MgO, K,0,
Na,O, SOs; i gubitak Zarenjem.

Pre pocetka izrade 3D modela lezista
kvarcnog peska i peskovite gline
Bosnjane, bilo je potrebno formirati bazu
podataka na osnovu kojih bi se pristupilo
izradi modela. Do svih potrebnih podataka
se doslo u procesu istraZivanja (istrazne
busotine, istrazni bunari), kao i izvrenih
laboratorijskih analiza (prostorni poloZaj
svakog istraznog rada predstavljen X, Y,

Z koordinatom, kona¢na dubina svakog
istraznog rada, litoloski ¢lanovi odredeni u
procesu kartiranja jezgra busotine i podaci
o0 kvalitetu dobijeni laboratorijskim
analizama). Baza podataka se sastoji iz 4
osnovna fajla:
- Collars cls. Fail - sadrZi sve podatke o
prostornom poloZaju busotina;
- Quality cls. Fail - sadrZi sve podatke
vezane za kvalitet;
- Lithology cls. Fail - sadrZi sve podatke
o litologiji;
- Seam prn. Fail - sadrZi podatke o polo-
Zaju slojeva peskovite gline i kvarcnog
peska, u svakom istraznom radu. [12]

LeZiste kvarcnog peska i peskovite gline
Bosnjane je slojevito-socivastog oblika.
Pravac pruZanja leZista je SSZ-JJI. Po
pruZanju leZiste se moze pratiti oko 600 m,
dok je Siroko oko 300 m (pravac I-Z2). U
okviru konture leZista jasno se izdvajaju dva
litoloski razli¢ita Clana, sloj gline i sloj
kvarcnog peska. 1z tog razloga svaki od ovih
slojeva modelovan je kao zaseban sloj, koji
nosi posebnu slovhu oznaku. Za svaku
buSotinu dat je opis izdvojenih tipova stena,
odnosno geolo3ki stub buSotine, a zatim su
uneti podaci o Karakteristikama svakog
izdvojenog litoloSkog tipa, neophodni za
dalju obradu blok-modela lezZista. Osim
napred navedenih podataka, uneti su i podaci
o topografiji terena. Podaci o topografiji
preuzeti su od Investitora (HOLCIM Srbija
d.o.0. Popovac). Na slici 2. dat je graficki,
trodimenzionalni prikaz unetih podataka, iz
baze programskog paketa MINEX 5.2.3.[8]

=

2]
Sl. 2. 3D prikaz odnosa topografije i buSotina (programskim paketom MINEX 5.2.3)
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Svi slojevi su modelovani primenom
opSteg metoda modelovanja. U procesu
interpolacije nedostaju¢ih slojeva korisc¢eni
su podaci iz minimum 3, a maksimum 4
susedne busotine, a radijus pretrage je
ogranicen na 250 m. Dok je za ponderisanje
vrednosti koriS¢ena opsta formula za ponde-
risanje. Nakon kreiranja ovih slojeva,
pristupilo se njihovoj medusobnoj prostornoj
korelaciji i izradi 3D modela leZista (slika 3).

Za svaki vertikalni presek (profil) i
horizontalni presek (etazu), definisane su
referentne povrsine i prostor, koji ispred i
iza, zahvata odredeni prostor. Ovakvim
nac¢inom interpretacije eliminisana je
mogucénost postojanja "praznih" prostora
unutar blok-modela leZista. Izgled mo-
deliranih slojeva programskim paketom
MINEX 5.2.3 je prikazan slikama 3 i 4.
[11]

Sl. 3. 3D prikaz slojeva sa topografijom (programskim paketom MINEX 5.2.3)

a) Sivom bojom je prikazana topografija; b) Crvenom bojom je prikazan sloj kvarcnog peska (P1);
¢) Plavom bojom je prikazan sloj peskovite gline (G).

. —| i

Sl. 4. 2D prikaz dela poprecnog preseka kroz leZiste kvarcnog peska i peskovite gline
Bosnjane (programskim paketom MINEX 5.2.3)
a) Sivom bojom je prikazana topografija; b) Crvenom bojom je prikazan sloj kvarcnog peska (P1);
¢) Plavom bojom je prikazan sloj peskovite gline (G).

Sve ostale podatke potrebne za proracun
rezervi, program preuzima iz predhodno
kreiranih baza podataka, kao i izradenog
geolodkog modela slojeva [7]. Na tako

kreiranom modelu lezista bilo je moguce
proracunati geoloske rezerve, kako za svaki
sloj ponaosob, tako i za leZiste u celosti.
[13]
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PROSTORNO OGRANICENJE
POVRSINSKOG KOPA |
ODLAGALISTA SA GEOMETRIJOM |
ANALIZAMA STABILNOSTI

Konstrukcija povrsinskog kopa izvrsena
je na bazi overenih bilansnih rezervi. Izbor
optimalne zavrsne konture kopa izvrsen je
pomocu licenciranog programa Minex
5.2.3,, koji sluzi za optimizaciju i analizu
povrsinskih kopova. [5] Optimizacija je
izvr8ena alatom Pit Optimiser, koji se bazira
na Lerches and Grossman algoritmu, ftj.
postupku za odredivanje optimalnog kopa
kao onog sa najvecom vrednoScu za odgo-
varajuci set troskova i faktora povracaja. [6]
Ulazni parametri za optimizaciju leZista
,»Bosnjane” su:

1. topografija,

2. geomodel lezZista,

3. zapreminska masa peska, gline i
jalovine,
iskoris¢enje
pripremi,
jedini¢na vrednost tone peska i gline,
srednji i minimalni sadrzaj SO, u
leZiStu,
ugao zavrsne kosine kopa,
mimimalna zavr$na Sirina etazne
ravni,
direktni trodkovi otkopavanja jalo-
vine, peska i gline.

na otkopavanju i

Ugao zavr$ne kosine kopa odreden je
licenciranim softverom GeoStudio 2007,
odnosno njegovim alatom Slope/W kaji je
specijalizovan za metode grani¢ne ravno-
teze. Pretpostavljena maksimalna dubina
kopa odredena je na osnovu prostornog
poloZaja peska i gline, kao i topografije
terena. Generalni ugao zavrsne kosine kopa
direktno zavisi od ugla kosine etaZa i
zavrsne Sirine etaZnih ravni. Pretpostavljeno
je na osnovu geomodela leZista da je za
reprezentativni profil odnos mocnosti gline i
peska 1:1,5. [3]

Prema ovim uslovima pretpostavljeni
ugao zavrne kosine kopa iznosi 24,3°.
Minimalna zavrdna Sirina etaZzne ravni
dovoljna za radove na rekultivaciji, usvojena
je na 4 m. Direktni troSkovi otkopavanja
jalovine, peska i gline obuhvataju troSkove
normativnog materijala, ljudskog rada, i
tekuéeg odrzavanja za sve faze rada
(kopanje, utovar na kopu i deponijama peska
i gline, transport, pomo¢ni radovi na kopu i
odlagalistu, odvodnjavanje) uveéane za
troSkove HTZ opreme, NTO, administracije
i nepredvidene troskove. Rezultati opti-
mizacije prikazani su na slikama 51 6.

Kop | Jalovina, t| Pesak.t | Glina t |Iskopina t| Kr | P/G | Vek rada |Jalovina, t/god | Pesak, t/zod | Glina, tgod| Trosak § | Dobit 5 NPV, § Fp DV.S
1 101234 1669060] 1432276] 3202570 0.03] 1.17 27 8] 3638 60 000 51488 14920840| 23880106 8050266 0.07056| 632 156]
2 101306) 1698708| 1433281 3233495] 0.03] 1.19] 283 3583 60000 50625| 15076926] 24171139 9094233| 0.06731] 612 160|
3 106 605] 19028 144] 1616120 36350878] 0.03] 1.19] 32.1 3317 60000 50201 17030713] 27373300 10333 505| 0.04675] 483 134]
4 110279| 2091034| 1788937 3990250 0.03] 1.17] 3459] 3164 60 000 51332| 18633835] 29897053| 11263218[ 0.03609 406541
£ 112639 2175636 1021739) 4210034 0.03| 1.13 36.3 3 106 60 000 52008 19663857) 31458697 11704841| 0.03155| 372181
6 113895] 2239338] 2023966 4377199] 0.03] 1.11 373 3052 60 000 54220| 20448244| 32647227 12198983| 0.02852] 3473899
7 115290| 2286677| 2124660 4326627| 0.03| 1.08 38.1 3023 60000 55749| 21147774| 33674578 12326504( 0.02643| 331369
s 115970] 2328106] 2209 098] 4653 174] 0.03] 1.05 388 20989 60000 56933] 21741314] 34552213] 12810900] 0.02477] 317 300]
9 116208| 2356294| 2277707 4750209( 0.03] 1.03 393 2939 60000 57999 22196368| 35214323 13017754 0.02368) 308303
10 116437] 2386328] 2328084] 4830849( 0.02] 1.03 398 2928 60 000 58536] 22575603] 35787465 13211862[ 0.02258] 298324]
11 116622 2400362| 2371651] 4888835] 0.02] 1.01 40.0] 2915 60000 59277| 22847272| 36173739| 13326487( 0.02208) 294183
12 116 779] 2412022] 2407887 4936 688] 0.02] 1.00] 402 2005 60000 50807| 23071424] 36491523 13420009( 0.02168] 20000
13 116937] 2426961| 2434492 4978390] 0.02] 1.00] 40.4] 2891 60000 60186] 23267294 36785616] 13518322 0.02117] 286 164]
14 117067| 2435000 2468174) 5020241| 0.02| 0.99 40.6] 23885 60 000 60817) 23463117 37056637) 133593 520( 0.02000| 284 103
15 117 187] 2449641| 2501996] 5068 824] 0.02] 0.98 408 2870 60 000 61282] 23691113 37389978 13698865 0.02042] 279725
16 117293| 2459135| 23544273 5120701| 0.02] 0.97] 41.0] 2862 60000 62077| 23933903 37724603| 13790700 0.02011| 277385
17 117419] 2465821| 2564192 5147452] 0.02] 0.96] 411 2857 60 000 62394] 24059075 37902878] 13843503 0.01980] 275511
18 117 5349| 2468337| 2391316 5177402] 0.02] 0.95 411 2857 60000 62984| 24198883 38086124 13887239 0.01982] 275 186
18 117671] 2473105| 2620084 5210860] 0.02] 0.54] 412 2855 60 000 63566 24355190 38206195] 13941005] 0.01967] 274 254]
20 117 745| 2475308] 2652137 5245390 0.02] 0.93 413 2834 60000 64281| 24516336 38305226] 13958590| 0.01960] 274 148
21 117871 2478815] 2601208 5288 584] 0.02] 0.02] 413 2853 60000 65158 24717887 38767563] 14040676] 0.01040] 273 806
2 117959] 2479794] 2726 014] 5323 767] 0.02] 091 413 2854 60000 65957| 24881888 38975340] 14093452 0.01946] 274323
23 118044| 2480040 2753750| 3351843 0.02| 0.90 413 2 836 60 000 66622) 25012670 30130223| 14126532| 0.01946| 274 856
F7) 118044 2480457| 2753750 5352261] 0.02] 0.90] 413 2855 60000 66610 25014668 39143 117] 14128449 0.01944] 274 710]
25 118044| 2781094| 2753750 5652888 0.02| 1.01 46.4] 2547 60000 59410| 26451064| 41943738 15492694| 0.01206| 186 858]

OPT| 116528|2 213 236(2 172 835| 4502595(0.03(1.02] 26.9] 3159 60 000 52 905( 21 024 894| 32 270 925| 12 246 031(0.02972| 364 026

SI. 5. Analiticki prikaz rezultata optimizacije
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Dobijene konture Kkoje su rezultat
optimizacije, nemaju etaZze. Kao vodilja za
konstrukciju kopa koji obuhvata bilansne
rezerve izabrana je kontura 8, ¢ija diskon-
tovana vrednost na kraju perioda eksploa-

tacije, koja obuhvata samo direktne tros-
kove otkopavanja,, Ova kontura ima
2.328.106 t peska i 2.209.098 t gline.
Odnos pesak/glina iznosi 1,05 a koeficijent
raskrivke 0,03[4].

Grafik kopova dobijenih op Gmizacijom

120

Jaloving, Pk, Gl

I 1.00

Posal/Glina

040

020

Sl. 6. Graficki prikaz rezultata optimizacije

Projektovanim zahvatom zavrdnog kopa
ukupno je  predvideno  otkopavanje
2.507.633 t peska i 1.941.416 t gline. Odnos

pesak/glina iznosi 1,29, a Koeficijent ras-
krivke 0,03. Izgled zavrSnog kopa prikazan
jenaslici 7.

Sl. 7. Izgled zavrsne konture kopa

Konstrukcija deponije gline i
odlagalista jalovine

Odlagaliste povrsinske humusne jalovine
bic¢e locirano sa severozapadne strane kopa.
Ovo jaloviste ¢e biti uklonjeno nakon radova
na rekultivaciji, jer ¢e se iskoristiti kao
pozajmiSte humusa pri rekultivaciji po

zavrSetku eksploatacije. Odlagaliste jalovine
ima 3 etaZe visine 5 m. Najniza etaZa
odlagalista je E250/245 m, a najvisa
E260/255 m. lzgled odlagalista jalovine
prikazan je naslici 8.
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Sl. 8. Konacni izgled odlagalista jalovine

Privremena deponija gline locirana sa
zapadne strane kopa. Ova deponija ¢e biti
uklonjena nakon zavrsetka eksploatacije, jer
¢e se odloZena glina naknadno upotrebiti za
tehnolo3ki proces dobijanja cementa. Pot-
rebni kapacitet deponije gline je uslovljen
kolic¢inom gline koja se otkopava a ne ide

odmah u tehnolodki proces. Deponija
gline ima 3 etaZe visine 5 m. NajniZa etaZa
deponije je E250/245 m, a najvisa
E260/255 m. Izgled deponije gline prika-
zan je na slici 9. Medusobni poloZaj kopa,
odlagaliSta jalovine i deponije gline pri-
kazan je na slici 10.

Sl. 9. Konacni izgled deponije gline
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Sl. 10. Medusobni polozaj kopa, odlagalista jalovine i deponije gline

ZAKLJUCAK

Proracun rezervi, optimizacija lezista,
kao i druga rudarska projektovanja,
obavljaju uz pomo¢ razli¢itih programskih
paketa. Jedan od programskih paketa koji se
koriste u geologiji, za izradu geomodela na
kome se wvrSi proratun rezervi i dalja
rudarska projektovanja, je program Minex
5.2.3, proizveden u Australiji u firmi Surpac
Minex Group Pty Ltd, koji se primenjuje u
Institutu za rudarstvo i metalurgiju Bor.
Izrada geomodela wrSi se na oshovu
podataka o geoloskoj gradi leZista i rezultata
geoloskih istrazivanja. Optimizacija se vrsi
prema istrazenim i ispitanim tehnickim i
ekonomskim parametrima. Vazan ¢inilac
upotrebe programa Minex 5.2.3 je moguc-
nost promene i uporedivanja vise varijanti
ulaznih parametara, pogotovu kada se radi o
proracunu rezervi i optimizaciji. Primenom
racunarske tehnike i odgovarajucih program-
skih paketa skracuje se vreme izrade
projektne dokumentacije 1 razli¢itih prora-

¢una, u odnosu na klasi¢no projektovanje.
Upotrebom ovog programa projektovanje je
znatno poboljSano sa aspekta vremena i
kvaliteta usled moguénosti brze analize u
cilju odabira najboljih reSenja. Primena ovog
i slicnih programa postala je neminovnost i
standard, u geologiji i rudarstvu. Odredi-
vanje optimalne konture povrsinskog kopa
je neophodan korak pri projektovanju u
povrsinskoj eksploataciji, koji se karakterise
sloZzenos$¢u i analizom velikog broja mogu-
¢ih resenja koja odgovaraju tehnicko - teh-
noloskim zadatim uslovima, ali se medu-
sobno razlikuju prema ekonomskom efektu.
Odredivanje optimalne konture kopa, i njen
ekononski efekat, je znacajno za bilansiranje
rezervi mineralne sirovine, i geolodko-eko-
nomsku ocenu lezista mineralne sirovine.
Zato je potrebno da se razliCita reSenja
podvrgnu tehno - ekonomskoj analizi poje-
dinih varijanti i usvoji reSenje koje ¢e biti
optimalno za date uslove.
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Abstract

Although the European Union’s directive about environment protection as WEEE and RoHS
have been carried out in 2003, led solders are still in used in Serbia. In the aim to respect the
European and world directives and laws, it is necessary to reduce a quantity of toxic element and
to establish lead and cadmium free solders in production. In this paper it was presented lead-free

alloys, which are used for ecological solders manufacturing and various applications.
Keywords: ecological solders, lead-free alloys, silver, gold, tin, indium.

INTRODUCTION

On July 1, 2006 the European Union
Waste Electrical and Electronic Equip-
ment Directive (WEEE) and Restriction of
Hazardous Substances Directive (RoHS)
came into effect prohibiting the intentional
addition of lead to most consumer elec-
tronics produced in the EU [1]. California
is recently adopted a RoHS law [2] and
China has a version as well. Manufactur-
ers in the U.S. are received tax benefits by
reducing the use of lead-based solder.
With the Europeans WEEE Directive now
mandating a phase out of lead in elec-
tronic soldering and Japan's efforts to do
the same even sooner, lead-free is rapidly
taking on momentum around the world.

Namely, the available evidence indicates
that measures on the collection, treatment,
recycling and disposal of waste electrical
and electronic equipment (WEEE) as set out
in Directive 2002/96/EC of 27 January 2003
of the European Parliament and of the
Council on waste electrical and electronic
equipment [1] are necessary to reduce the
waste management problem linked to the
heavy metals concerned and the flame retar-
dants concerned. In spite of those measures,
however, significant parts of WEEE will
continue to be found in the current disposal
routes. Even if WEEE were collected sepa-
rately and submitted to recycling processes,
its content of mercury, cadmium, lead and

’ Mining and Metallurgy Institute Bor, Zeleni bulevar 35, Bor, Serbia, e-mail: ana.kostov@irmbor.co.rs,
aleksandra.milosavljevic@irmbor.co.rs, khurgan@ptt.rs, lgomidzelovic@yahoo.com

™ The research presented in this paper has been done in the frame of the projects: ““Development of
ecological knowledge-based advanced materials and technologies for multifunctional application”
No 34005 and “Modern multi-component metal systems and nanostructured materials with different
functional properties” No 172037 financed by Ministry of Education, Science and Technological De-
velopment of the Republic of Serbia; as well as the project MIS ETC Code 1409, title “Promoting
new ecologic filler alloys for soldering, based on the non-ferrous ore of the Romanian-Serbian cross-
border area’ within the Romania — Republic of Serbia IPA Cross-Border Cooperation Programme.
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chromium (V1) would be likely to pose risks
to health or the environment.

Taking into account technical and eco-
nomic feasibility, the most effective way of
ensuring the significant reduction of risks to
health and the environment relating to those
substances which can achieve the chosen
level of protection in the Community is the
substitution of those substances in electrical
and electronic equipment by safe or safer
materials. Restricting the use of these hazar-
dous substances is likely to enhance the po-
ssibilities and economic profitability of re-
cycling of WEEE and decrease the negative
health impact on workers in recycling plants.

Although the European Union’s direc-
tive about environment protection as WEEE
and RoHS have been carried out in 2003, led
solders are still in used in Serbia. In the aim
to respect the European and world directives
and laws, it is necessary to reduce a quantity
of toxic element and to establish lead and
cadmium free solders in production.

In this paper it was presented lead-free
alloys, which are used for ecological solders
manufacturing and their various applica-
tions, which are optimal replacement mate-
rials for toxic ones. Those solders must have
similar characteristics as standard solders
and respect economical payable.

SOLDERING

Soldering is a process in which two or
more metal items are joined together, by
melting and flowing of a filler metal into the
joint, the filler metal having a relatively low
melting point. Soft soldering is characterized
by the melting point of the filler metal,
which is below 400°C [3]. The filler metal
used in the process is called solder.

Soldering is distinguished from brazing
by use of a lower melting-temperature filler
metal; it is distinguished from welding by
the base metals not being melted during the
joining process. In a soldering process, heat
is applied to the parts to be joined, causing
the solder to melt and be drawn into the joint

by capillary action and to bond to the mate-
rials to be joined by wetting action. After the
metal cools, the resulting joints are not as
strong as the base metal, but have adequate
strength, electrical conductivity, and water-
tightness for many uses.

One of the most frequent applications of
soldering is assembling electronic compo-
nents to printed circuit boards. Another
common application is making permanent
but reversible connections between copper
pipes in plumbing systems. Joints in sheet
metal objects such as food cans, roof flash-
ing, rain gutters and automobile radiators
have also historically been soldered, and
occasionally still are. Jewellery components
are assembled and repaired by soldering.
Small mechanical parts are often soldered as
well. Soldering is also used to join lead
came and copper foil in stained glass work.
Soldering can also be used to affect a semi-
permanent patch for a leak in a container
cooking vessel.

Some examples of solder types and their
applications are tin-lead (general purpose),
tin-zinc for joining aluminium, and lead-
silver for strength at higher than room tem-
perature, cadmium-silver for strength at high
temperatures, zinc-aluminium for aluminium
and corrosion resistance, and tin-silver and
tin-bismuth for electronics.

A solder is a fusible metal alloy with a
melting point or melting range of 90 to
450°C, used in a process called soldering
where it is melted to join metallic surfaces. It
is especially useful in electronics and plum-
bing. Alloys that melt between 180 and
190°C are the most commonly used.

SOLDER ALLOYS

Tin-lead solders are commercially avail-
able with tin concentrations between 5% and
70% by weight. The greater the tin concen-
tration, the greater the solder’s tensile and
shear strengths. At the retail level, the two
most common alloys are 60/40 Sn/Pb and
63/37 Sn/Pb used principally in electrical
work. The 63/37 ratio is notable in that it is a
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eutectic mixture, which means: it has the
lowest melting point (183°C) of all the
tin/lead alloys; and the melting point is truly
a point - not a range.

At a eutectic composition, the liquid
solder solidifies as a eutectic, which con-
sists of fine grains of nearly pure lead and
nearly pure tin phases, but in no way is it
an intermetallic, since there are no tin-lead
intermetallics, as can be seen from a tin-
lead equilibrium diagram.

In plumbing, a higher proportion of lead
was used. This had the advantage of making
the alloy solidify more slowly, so that it
could be wiped over the joint to ensure water
tightness. Although lead water pipes were
displaced by copper when the significance
of lead poisoning began to be fully appreci-
ated, lead solder was still used until the
1980°s because it was thought that the
amount of lead that could leach into water
from the solder was negligible. Since even
small amounts of lead have been found det-
rimental to health [4], lead in plumbing sol-
der was replaced by copper or antimony,
with silver often added, and the proportion
of tin was increased.

Pure lead solder is known to go into so-
lution causing big problems. Lead tin solder,
however, is very stable and does not go into
solution, even in land fill sites.

Hard solder, as used for brazing, is gen-
erally a copper-zinc or copper-silver alloy,
and melts at higher temperatures.

In silversmithing or jewellery making,
special hard solders are used that will pass
assay. They contain a high proportion of the
metal being soldered and lead is not used in
these alloys. These solders also come in a
variety of hardness, known as ‘enamelling’,
'hard', 'medium' and 'easy’.

Enamelling solder has a high melting
point, close to that of the material itself, to
prevent the joint desoldering during firing
in the enamelling process. The remaining
solder types are used in decreasing order
of hardness during the process of making
an item, to prevent a previously soldered
seam or joint desoldering while soldering

a new joint. Easy solder is also often used
for repair work for the same reason. Flux
or rouge is also used to prevent joints
desoldering.

Silver solder is also used in manufac-
turing, when there is a need to join metal
parts that cannot be welded. The alloys
used for these purposes contain a high
proportion of silver (up to 40%), and may
also contain toxic cadmium.

Solder often comes pre-mixed with, or is
used with, flux, a reducing agent designed to
help remove impurities (specifically oxi-
dized metals) from the points of contact to
improve the electrical connection. For con-
venience, solder is often manufactured as a
hollow tube and filled with flux. Most cold
solder is soft enough to be rolled and pack-
aged as a coil, making for a convenient and
compact solder/flux package. The two prin-
cipal types of flux are acid flux, used for
metal mending, and rosin flux, used in elec-
tronics, where the corrosiveness of the va-
pours that arise when acid flux is heated
could damage components. Due to concerns
over atmospheric pollution and hazardous
waste disposal, the electronics industry has
been gradually shifting from rosin flux to
water-soluble flux, which can be removed
with deionised water and detergent, instead
of hydrocarbon solvents.

LEAD-FREE SOLDER ALLOYS

Lead-free solders in commercial use
may contain tin, copper, silver, bismuth,
indium, zinc, antimony, and traces of other
metals. Most lead-free replacements for
conventional Sn60/Pb40 and Sn63/Ph37
solder have melting points from 5-20°C
higher, though solders with much lower
melting points are available.

Drop-in replacements for silkscreen with
solder paste soldering operations are avail-
able. Minor modification to the solder pots
(e.g. titanium liners and/or impellers) used in
wave-soldering operations may be desired to
reduce maintenance costs associated with
the increased tin-scavenging effects of high
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tin solders. The properties of lead-free sol-
ders are not as thoroughly known and may
therefore be considered less reliable in select
applications, e.g. high reliability aerospace
and life-critical medical. "Tin whiskers"
were a problem with early electronic solders,
and lead was initially added to the alloy in
part to eliminate them. These problems are
now considered negli-gible in modern alloys
for most applications

However, solder containing lead is still
used in high reliability military, aerospace-
satellite and life-critical medical applica-
tions.

Different elements serve different roles
in the solder alloy:

Silver provides mechanical strength,
but has worse ductility than lead. In ab-
sence of lead, it improves resistance to
fatigue from thermal cycles.

Copper lowers the melting point, im-
proves resistance to thermal cycle fatigue,
and improves wetting properties of the
molten solder. It also slows down the rate
of dissolution of copper from the board
and part leads in the liquid solder.

Bismuth significantly lowers the melting
point and improves wetability. In presence
of sufficient lead and tin, bismuth forms
crystals of Sn16Pb32Bi52 with melting
point of only 95°C, which diffuses along the
grain boundaries and may cause a joint fail-
ure at relatively low temperatures. A high-
power part pre-tinned with an alloy of lead
can therefore desolder under load when sol-
dered with a bismuth-containing solder.

Indium lowers the melting point and
improves ductility. In presence of lead it
forms a ternary compound that undergoes
phase change at 114°C.

Zinc lowers the melting point and is
low-cost. However it is highly susceptible
to corrosion and oxidation in air, therefore
zinc-containing alloys are unsuitable for
some purposes, e.g. wave soldering, and
zinc-containing solder pastes have shorter
shelf life than zinc-free.

Antimony is added to increase strength
without affecting wetability.

The most attractive world lead-free al-
loys are so-called SAC alloys (Sn-Ag-Cu)
[5]. This alloy is recommended for used by
NEMI (National electronic Manufacturing
Initiative) as possible replacement for lead-
tin solder. SAC alloys possess relatively
high temperature of melting (over 200°C)
according to Sn63Pb37 (183°C), and be-
cause of that the attractive solution is adding
of indium as the forth component in alloy
(SIAC alloys).

Some of the alloys based on indium such
as In-Sn, is mainly used in the process of
cold soldering. The only faults of these al-
loys are high price of cost, but ductility,
good lubricate and fatigue resistance are the
qualities necessary for a good solders.

Likewise, the alloy which possesses
some application in electronics is Sn-In-Ag
alloy. The most popular is Indalloy
227 (Sn77,2In20Ag2,8), as well as
Sn(71,5-91,9)In(4,8-25,9)Ag(2,6-3,3), with
or without added forth element, according to
investigations of Indium Corporation of
America and Delphi Delco Electronic Sys-
tems.

So, the best solution is used the best
properties of the both alloys Sn-In-Ag and
Sn-Ag-Cu and made a new Sn-In-Ag-Cu
alloy. In that case, indium content in alloy
should not be high, in the aim to avoid
partial melting of alloy, which is not good
for practical application. The second rea-
son is economical. High content of indium
make higher price of solder. According to
the above mention, the best results are
reaching by the used solders with the fol-
low content: 50-90% Sn, 10-30% In, till
10% Ag and till 2,5% Cu [6].

Besides alloys based on indium, it could
be used solder alloys based on gold. This
kind of alloys is especially used in multi-
integrated electrical circuits with dense
packages. Electronic industry is at the mo-
ment the biggest user of gold and its alloys
Almost 90% of used gold and alloys based
on gold are used as solders for electrical
contacts at normal pressures and in vacuum.
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These significant applications in electronics,
gold is owing to its possibility to form low-
temperature eutectic with the others ele-
ments which possess some kind of conduc-
tivity, such as In, Ga, Si, etc. [7].

Also, the phase diagrams of Au-In-Me
types may play a significant role in under-
standing of development of microstructures

at bound surface between solder materials
based on indium and gold, and the base, as
well as in predicting of properties and cohe-
sion point that lead to design of potential
bound surface.

Au-In-Sh-Ga and Au-In-Sb alloys (figu-
res 1 and 2) belong to the group of possible
solder materials with gold and indium.

A 3-phase filed [1980Kub]

7N = Ay =N
0 0.2 0.4 0.6 0.8 1.0
X(Sb) Sb

Fig. 1. Isothermal cross-section of ternary system Au-In-Sb at 227 °C
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Fig. 2. Calculated liquidus projection for ternary system Au-In-Sh
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CONCLUSIONS

The shown lead-free alloys for produ-
ction of ecological solders are results of the
investigation within project in the pro-
gramme of researching in the field of tech-
nology developing — materials and chemical
technologies during the first year of re-
searching.

These alloys are possible to replacement
toxic cadmium and lead in traditional sol-
ders. The ecological and energy efficient
effects are achieved by the used of the shown
alloys, as well as the better economical re-
sults, due to solder materials from abroad are
replacement with the home-made products.
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STUDYING THE EFFECTS OF BOREHOLE LENGTH ON
THE IMPACT DRILLING SPEED IN DIFFERENT ROCKS

Abstract

The performed tests in this work include a wide range of rock masses of the Kopaonik massive of dif-
ferent strength (f = 2.3 - 16). Drilling was done with drill hammers VK-24 and RK-21 at optimum
sharpening angle with different drill rod lengths (0.8, 1.2, 1.6, 2.4 and 3.2). Compressed air pressure is
0.60 MPa and diameter of drilling chisel d = 32 mm. The obtained results and analysis indicate that it is
possible to determine the interdependence between the borehole length and drilling speed. The results of

these tests are shown in Tables 1, 2, 3 and 4 and diagrams 1, 2, 3 and 4.
Keywords: drill hammer, drill chisel, drilling speed, rock massive, borehole length

INTRODUCTION

Drilling speed is also the function of
drilling length because the energy losses are
increased by the increase of borehole length
during transmission over more and longer
drill rod. The increase of drill rod length
causes the increase of its mass, which makes
the process of turning more difficult, and, as
a direct consequence, the piston moves back
slowly, what extends the time of one cycle,
and therefore has an impact on the number
of strikes. All of this has an impact on the
extent of rock mass destruction at the bore-
hole head, and thus on drilling speed, ex-
pressed in some value of units.

The relation between the borehole length
and drilling speed is not so simple and de-
pends on many factors but it is possible to
establish a way in which these relations
move using the experimental forms. For
example, according to the research, in the
former Soviet Union, carried out by the In-
stitute Vugi it is possible to use the empirical
form:

V =Vo -(1.06-0.04 - 0)

Where:

V - speed that is required if the bore-
hole length is ¢,

Vo - speed developed at 1.5 m. This
speed is often taken as the initial
drilling speed.

The current research in this field shows
that it is the most reliably to perform the
experimental research on the basis of the
results, for each operating environment and
operation mode, to determine correlations
between changes in speed in relation to the
change in borehole length and change of
hammer drill. 1t can be seen from the above
mentioned what is the impact of borehole
length on drilling speed.

CONDITIONS OF CARRIED OUT
TESTS

The tests were carried out in different
areas of the rock massif Kopaonik. The
rocks and minerals of different strength

) University of Pristina, Faculty of Technical Science, K. Mitrovica, ljsavic@open.telekom.rs
University of Belgrade, Faculty of Mining and Geology, vidanovic@rgf.ac.rs, tokalic@rgf.ac.rs
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(f =2.3-16) were tested. Drilling of bore-
holes was performed by drill hammers
VK-24 and RK-21 with diameter of drill bit
blade d = 32 mm and the air pressure
0.6 MPa. The standard drill rods (SAND-
VIK COROMANT), length (0.8, 1.2, 1.6,
2.4, and 3.2) were adopted for testing.

ANALYSIS OF THE OBTAINED
RESULTS

Based on the results for each drill ham-
mer and every working environment, the

dependences between the drilling speed and
borehole length are calculated. Based on the
results from the working environments, the
integral dependences are given for each pa-
rameter and corresponding drill hammer.
The used data for this calculation and their
graphical and analytical interpretations are
presented in Tables 1 and 2 and diagrams 1
and 2.

Drilling speed depending on drill chisel
length for weak rocks (f<5)

Table 1.
Chisel Drilling speed per working environments for drill hammer RK-21
length V (cm/min)
I(m) 12 10 11 13 1 4 2 6 9
0.80 53.80 | 36.80 | 48.40 | 51.00 | 40.80 | 50.80 | 42.80 | 47.20 | 31.80
1.20 52.80 | 36.40 | 47.20 | 49.80 | 40.00 | 49.60 | 42.00 | 46.40 | 30.80
1.60 52,50 | 35.20 | 46.80 | 49.30 | 39.60 | 49.20 | 41.40 | 45.60 | 30.40
2.40 50.60 | 34.00 | 45.20 | 47.60 | 38.40 | 47.60 | 39.80 | 44.00 | 29.60
3.20 49.00 | 32.60 | 43.80 | 45.40 | 36.80 | 45.90 | 38.60 | 42.60 | 28.40
60,00 ] ——12
> 50,00 4 % | =10
§ = 40,00 4 { 11
& E 3000 \ 13
2 E 2000 - —¥—1
= T 10,00 - y = -1,16x + 48,64 =84
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Length of chisels, I (mm) 2
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Figure 1 a Diagram of dependence between drilling speed and drill chisel length in drilling by
drill hammer RK-21, the air pressure p=0.60 MPa and drill chisel diameter d=32 mm.
Drilling speed depending on drill chisel length for weak rocks (f<5).

Drilling speed depending on drill chisel
length for hard rocks (f>5)

Continuation of Table 1

Chisel Drilling speed per working environments for drill hammer RK-21

length V (cm/min)
I (m) 7 5 3 16 15 17 14 8
0.80 36.80 | 39.20 | 32.00 38.80 33.70 24.20 27.00 21.00
1.20 36.40 | 38.40 | 31.40 38.00 33.00 24.80 26.50 20.80
1.60 35.30 | 37.80 | 30.60 37.50 32.70 23.50 26.30 20.30
2.40 33.90 | 36.60 | 29.80 36.40 31.40 22.70 25.40 19.40
3.20 32.80 | 35.80 | 28.60 35.20 30.50 21.50 24.20 18.60
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Figure 1 b Diagram of dependence between drilling speed and drill chisel length in drilling
by drill hammer RK -21, the air pressure of p=0.60 MPa and drill chisel diameter d=32 mm.
Drilling speed depending on drill chisel length for hard rocks (f>5)

Drilling speed depending on drill chisel
length for weak rocks (f<5)

Table 2
Chisel Drilling speed per working environments for drill hammer VK-24
length V (cm/min)
I(m) | 12 10 11 13 1 4 2 6 9

0.80 | 67.80 | 42.60 | 55.80 | 65.00 | 52.00 | 65.40 | 55.20 | 60.60 | 37.20
120 | 66.80 | 41.40 | 54.60 | 64.20 | 50.80 | 64.00 | 54.60 | 59.80 | 36.60
1.60 | 6540 | 40.80 | 53.80 | 62.40 | 50.20 | 62.80 | 53.40 | 58.40 | 35.80
240 | 63.20 | 39.60 | 52.20 | 60.80 | 48.80 | 60.20 | 51.80 | 56.00 | 34.60
320 | 61.40 | 37.80 | 50.60 | 58.60 | 47.20 | 58.20 | 50.00 | 54.60 | 33.20
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Figure 2 a Diagram of dependence between drilling speed and drill chisel length in
drilling by drill hammer VK -24, the air pressure p=0.60 Mpa and drill chisel diameter d=32 mm.
Drilling speed depending on drill chisel length for weak rocks (f<5)
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Drilling speed depending on drill chisel
length for hard rocks (f>5)

Continuation of Table 2

Chisel Drilling speed in working environments for drill hammers VK-24
length V (cm/min)
I (m) 7 5 3 15 17 14 8
0.80 47.10 46.60 37.90 43.20 37.60 28.80 33.60 23.80
1.20 46.80 45.80 37.50 42.80 37.00 28.40 33.00 23.00
1.60 45.60 45.10 36.80 42.30 36.80 28.00 32.50 22.50
2.40 44.20 43.80 35.20 40.60 35.60 27.20 31.20 21.40
3.20 42.80 42.20 33.80 39.00 34.40 26.00 30.00 20.40
——7 “
S~ 50,00 - ‘
S _ s | pom—t—m—y | =
3 £ 3000 %: “ e
ZE 2000 J - ‘ -
EE | =15
5 10,00 L y = -1,06x + 44,76 ‘ —e—17
0,00 + ; ; ; 4
080 120 1,60 240 3,20 =i
Length of chisels, 1 (mm) ===0
|

==L inear (16)

Figure 2 b Diagram of dependence between drilling speed and drill chisel length in drilling by
drill hammer VK -24, the air pressure p=0.60 MPa and drill chisel diameter d=32 mm.
Drilling speed depending on drill chisel length for hard rocks (f>5)

CONCLUSION

With increasing borehole length, the need
for longer length of drilling chisels increases,
which also implies higher weight. All of the-
se increase the resistance to the drilling chisel
rotation, makes difficult cleaning the bore-
hole and increase the energy transfer losses
from piston to the drill crown blade. These
resistances and losses directly impact the
drilling speed showing a tendency to de-
crease after increasing the drilling length.
Based on the obtained results, it can be con-
cluded that dispersal of data, in an integrated
setting of all tested environments is high
what is the reason of a large range of me-
chanical properties of tested environments,
and changing their changeable behavior
when it comes to the resistance on drilling.

The obtained results and their analysis
indicate that it is possible to determine the
interdependences between the above men-
tioned parameters.
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PROUCAVANJE UTICAJA DUZINE BUSOTINE NA BRZINU
UDARNOG BUSENJA U RAZLICITIM STENAMA

lzvod

Ispitivanja koja su izvrSena u okviru ovog rada obuhvataju Siroku lepezu stenskih masa Kopaonickog
masivva razlicite évrstoce ( f=2,3 — 16). Busenje je vrSeno sa busacim ceki¢ima VK-24 i RK-21, sa
optimalnim uglom o3trenja sa razlicitim duzinama busace Sipke (0.8, 1.2, 1.6, 2.4 i 3.2). Pritisak
sabijskog vazduha 0,60 MPa, precnik buseceg dleta d=32 mm. Dobijeni rezultati i njihova analiza
ukazuju da je moguce utvrditi medusobne zavisnosti izmedu duzine busotine i brzine busenja. Dobijeni
rezultati ovih istraZivanja prikazani su u tabelamal, 2, 3i 4 i diijagrama 1, 2, 3i 4.

Kljucne reci: busaci cekic, busece dleto, brzina busenja, stenska sredina, duzina busotine

uvoD

Brzina buSenja funkcija je i duZine
busotine, jer sa povecanjem duzine busotine
povecavaju se gubici energije prilikom
prenosa kroz sve duzu i duzu busacu Sipku.
Isto tako sa povecanjem duzine Sipke
busedéeg dleta povecava se i njena masa, $to
oteZava proces zaokretanja, a kao direktna
posledica javlja se sporije kretanje klipa
unazad, Sto produZava vreme jednog ciklusa,
pa samim tim ima uticaja i na broj udara.
Sve ovo zajedno ima svog uticaja na obim
razaranja stenske mase na Celu busotine, pa
samim tim i na brzinu bu3enja izraZzenu kroz
neku od vrednosnih jedninica.

Zavisnost izmedu duZine buSotine i
brzine busenja nije tako jednostavno i zavisi
od mnogih C¢inilaca ali je pomocu eksperi-
mentalnih  obrazaca mogucée ustanoviti
relaciju u kojima se ovi odnosi kreéu. Tako
na primer, prema istrazivanjima u biviem
Sovjetskom Savezu izvrSeni od strane
Instituta Vugi kod ovih proucavanja mogucée
je korisititi empirijski obrazac:

V =Vo (1,06 -0,04 - £)
gde su:
V - brzina koja se trazi ako je duzina
busotine, ¢,
Vo - brzina koja se postize od 1,5 m. Ova
brzina se Cesto uzima i kao pocetna
brzina busenja.

Aktuelna istraZivanja u ovoj oblasti
pokazuju da je najpouzdanije izvrSiti
ogledna istrazivanja i na osnovu rezultata, za
svaku radnu sredinu i rezim rada ustanoviti
korelacione odnose izmedu promene brzine
u odnosu na promenu duZine buSotine i na
promenu busaceg cCekica. Iz napred izlo-
Zenog se vidi od kolikog je uticaja duZina
busotine na brzinu buenja.

USLOVI POD KOJIMA SU
IZVRSENA ISTRAZIVANJA

Istrazivanja su obavljena u razli¢itim
stenskim sredinama Kopaonickog masiva.
Ispitivane su stene i rude razliCite ¢vrstoce

“ Univerzitet u Pristini, Fakultet tehnickih nauka, K. Mitrovica, lisavic@open.telekom.rs
Univerzitet u Beogradu, Rudarsko-geolo3ki fakultet, vidanovic@rgf.ac.rs, tokalic@rgf.ac.rs
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(f=2.3-16). Busenje minskih buSotina vr3e-
no je buSa¢im ¢eki¢ima VK-24 i RK-21, sa
pre¢nikom seciva busace krune d=32 mm,
sa pritiskom vazduha 0,6 MPpa.

Za istraZzivanje usvojene su standardne
busace Sipke (SANDVIK COROMANT)
DUZINE (0.8, 1.2, 1.6, 2.4 i 3.2).

ANALIZA DOBIJENIH REZULTATA

Na osnovu dobijenih rezultata za svaki
buseci ceki¢ 1 svaku radnu sredinu proracu-

nate zavisnosti odnosa izmedu brzine buse-
nja i duzine buSotine. Na oshovu pojedina-
¢nih rezultata po radnim sredinama, za svaki
parametar i odgovarajuéi busaci ¢ekic¢, date
su integralne zavisnosti. Podaci koji su pos-
luzili za ovaj proracun i njihove graficke i
analiticke interpretacije prikazane su u tabe-
lama li2inadijagramimali 2.

Brzina buSenja u zavisnosti od duzine
buSaceg dleta za slabe stene (f<5)

Tabela 1.
DuZina Brzina buSenja po radnim sredinama za busacéi ¢eki¢ RK-21
dleta V (cm/min)
I (m) 12 10 11 13 1 4 2 6 9
0,80 53,80 | 36,80 | 48,40 | 51,00 | 40,80 | 50,80 | 42,80 | 47,20 | 31,80
1,20 52,80 | 36,40 | 47,20 | 49,80 | 40,00 | 49,60 | 42,00 | 46,40 | 30,80
1,60 52,50 | 35,20 | 46,80 | 49,30 | 39,60 | 49,20 | 41,40 | 45,60 | 30,40
2,40 50,60 | 34,00 | 45,20 | 47,60 | 38,40 | 47,60 | 39,80 | 44,00 | 29,60
3,20 49,00 | 32,60 | 43,80 | 45,40 | 36,80 | 45,90 | 38,60 | 42,60 | 28,40
60,00 ——12
= 50,00 | % —m—10
‘S = 40,00 - 1
% E 30,00 - 13
28 2000 - —*—1
g =~ 10,00 y=-1,16x + 48,64 ——4
& 000 b | =2
0,80 1,20 1,60 2,40 3,20 6
Duzina dleta, | (mm) ii“car ®

Sl. 1 a. Dijagram zavisnosti brzine buenja od duzine busaceg dleta kod busenja busacim cekicem
RK-21, pritisak vazduha od p=0,60 MPa i precnikom busaceg dleta d=32 mm
Brzina busenja u zavisnosti od duzine busaceg dleta za slabe stene (f<5)

Brzina busenja u zavisnosti od duzine
buSaceg dleta za Cvrste stene (£>5)

Nastavak tabele 1

DuzZina Brzina buSenja po radnim sredinama za busacéi ¢eki¢ RK-21

dleta V (cm/min)

I(m) 7 5 3 15 17 14 8
0,80 36,80 39,20 32,00 38,80 33,70 24,20 27,00 21,00
1,20 36,40 38,40 31,40 38,00 33,00 24,80 26,50 20,80
1,60 35,30 37,80 30,60 37,50 32,70 23,50 26,30 20,30
2,40 33,90 36,60 29,80 36,40 31,40 22,70 25,40 19,40
3,20 32,80 35,80 28,60 35,20 30,50 21,50 24,20 18,60
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Sl. 1 b. Dijagram zavisnosti brzine busenja od duzine busaceg dleta kod busenja busacim cekicem
RK-21, pritisak vazduha od p=0,60 MPa i precnikom busaceg dleta d=32 mm
Brzina busenja u zavisnosti od duzine busaceg dleta za cvrste stene (f>35)

Brzina buSenja u zavisnosti od duzine
buSaceg dleta za slabe stene (f<5)

Tabela 2.
Duzina Brzina buSenja po radnim sredinama za busacdi ¢eki¢ VK-24
dleta V (cm/min)
I(m) 12 10 11 13 1 4 2 6 9

0,80 67,80 | 42,60 | 55,80 | 6500 | 52,00 | 6540 | 5520 | 60,60 | 37,20
1,20 66,80 | 41,40 | 54,60 | 64,20 | 50,80 | 64,00 | 54,60 | 59,80 | 36,60
1,60 65,40 | 40,80 | 53,80 | 62,40 | 50,20 | 62,80 | 53,40 | 58,40 | 35,80
2,40 63,20 | 39,60 | 52,20 | 60,80 | 48,80 | 60,20 | 51,80 | 56,00 | 34,60
3,20 61,40 | 37,80 | 50,60 | 58,60 | 47,20 | 58,20 | 50,00 | 54,60 | 33,20

——12

T? 80,00 T_ - -

Bl ———— ;
-y ;

| 2 E 40 B—a—m——p 13
| .E ~ 20,00

| ] i y = -1,58x + 62,62 ®—4

| M 0,00 T ; —_——2

0,80 1,20 1,60 2,40 3,20 6

Duzina dleta, 1 (mm) 9

Linear (6)

Sl. 2 a. Dijagram zavisnosti brzine buSenja od duzine busaceg dleta kod buSenja busacim cekicem
VK-24, pritisak vazduha od p=0,60 MPa i precnikom busaceg dleta d=32 mm
Brzina buenja u zavisnosti od duzine busaceg dleta za slabe stene (f<5)
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Brzina busenja u zavisnosti od duzine
buSaceg dleta za Cvrste stene (£>5)

Nastavak tabele 2

DuZina Brzina buSenja po radnim sredinama za busacdi ¢eki¢ VK-24
dleta V (cm/min)
I (m) 7 5 3 16 15 17 14 8
0,80 47,10 46,60 37,90 43,20 37,60 28,80 33,60 | 23,80
1,20 46,80 45,80 37,50 42,80 37,00 28,40 33,00 | 23,00
1,60 45,60 45,10 36,80 42,30 36,80 28,00 32,50 | 22,50
2,40 44,20 43,80 35,20 40,60 35,60 27,20 31,20 | 21,40
3,20 42,80 42,20 33,80 39,00 34,40 26,00 30,00 | 20,40
(i = = .
= 50,00 - - . '
A ———— —m—5
S 40,00 {
S E | s e — 3
4 ' 30,00 -
2 \ 16
= ‘B 20,00 | 1
& = 10100 . i *—15
& O'OO 1 _:;1.06”744:767” 7<J >—17
080 1,20 1,60 2,40 3,20 e
Duzina dleta, I (mm) s :
Linear (16) i

Sl. 2 b. Dijagram zavisnosti brzine busenja od duzine busaceg dleta kod busenja busacim cekicem
VK-24, pritisak vazduha od p=0,60 MPa i precnikom busaceg dleta d=32 mm
Brzina busenja u zavisnosti od duzine busaceg dleta za ¢vrste stene (f>5)

ZAKLJUCAK

Sa povecanjem duZine busotine pove-
¢ava se 1 potreba za ve¢om duzinom busSeceg
dleta, $to za sobom povlaci i vecu hjegovu
teZinu. Sve ovo povecava otpor prema obr-
tanju busSadeg dleta, otezava CiScenje buso-
tine i uvecava gubitke prenosa energije od
klipa do seciva busace krune. Ovi otpori i
gubici direktno utiu na brzinu busenja, koja
se povecanjem duzine busenja pokazuje ten-
denciju pada. Na osnovu dobijenih rezultata
moguce je zakljuciti da je osipanje podataka,
kod integralnog postavljanja svih ispitivanih
sredina, veliko Sto je razlog veliki raspon
mehanickih karakteristika ispitivanih sre-
dina, i njihovo promenljivo ponaanje, kada
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DEFINITION THE TECHNOLOGY METHOD OF APATITE
FLOTATION CONCENTRATION FROM THE PHOSPHATE
DEPOSIT “LISINA*

Abstract

Fkk

This paper presents the importance of phosphate in the world, and the problems that arise in the
process of preparing the low-grade phosphate ore for obtaining the phosphate concentrate using the
flotation concentration. The apatite concentrates are obtained using the selective flotation from the
silicate and oxide minerals while defining the process of selective flotation of apatite from carbonate

deposits is the major problem worldwide.

The experimental part of this paper presents the results of laboratory flotation tests of phosphate ore
from the surface part of the location "Panjevica™ of the deposit "Liina". The results have enabled defini-
tion of the flotation process in continuous conditions of work.

Keywords: apatite, calcite, selective flotation concentration, defining the technological method

INTRODUCTION

Increase the use of phosphate as mineral,
and also products derived from phosphate in
the economies of all countries of the world,
classifies this mineral in strategic raw mate-
rials. Phosphates are mostly used in the
chemical industry for production of fertiliz-
ers around 85%, then 5% is used as feed
additive, and the other 10% of consumption
of phosphorus in the chemical industry for
other purposes [1]. The artificial phosphate
(mineral) fertilizers are produced in chemi-
cal industry based on the ore or phosphate
concentrate, the use of which is on the basis
for achieving the yield and production of

sufficient quantities of food to provide nutri-
tion rapidly growing world population. The
importance of phosphorus for living world is
reflected in the fact that participates in the
structure of nucleic acids, phospholipids, in
the plants used to participate in transfor-
mation of sugars, proteins and other com-
pounds [1, 2].

By regional geological explorations, the
phosphorites in metamorphic Serbian-Mace-
donian mass were discovered in 1959 in the
territory of Bosilegrad (southeastern of Ser-
bia). In the period from 1959 to 1966, de-
tailed geological explorations of phosphorite

“ Institute for Technology of Nuclear and Other Mineral Raw Materials, Franchet d’Esperey 86,
11000 Belgrade, Serbia, e-mail address: d.radulovic@itnms.ac.rs
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deposit were carried out in order to establish
the ore reserves, and technological studies
were carried out in parallel with this work
[1-3]. The last evaluation of reserves is at
100 million tones with average P,Os content
of 9.26%. As the U.S. have given for the
highest production of phosphates and ferti-
lizers (25-40% of world production) to those
imposed quality standards and that eventual-
ly became generally accepted. For the pro-
duction of fertilizer in the United States, are
using different qualities of concentrate,
whereby the quality of the determined con-
tent of tricalcium phosphate Ca; (PO,),
(TCP), or BPL (Bone Phosphate of Lime).
In the U.S. there are three classes of quality
concentrate of 74-70% TCP, TCP from 70-
66%, and less than 66% of TCP. In addition,
the quality of concentrate is defined over
P,Os content of which is considered that it
should be more than 30% (corresponding to
the content of about 66% TCP). Production
of fertilizer quality ore and concentrate, in
addition to the content of P,Os, is defined by
the content of other components, as well as
their relationship: R,0; max 2,5-4,0%; Cl,
max 0.13%; MgO max 0.25%; CaO: P,0Os
max 1.8; P,Os: F min 8:1 [4].

Methods of preparation which provide
phosphate rock market quality, are differ
significantly in the phases of process, de-
pending on the P,Os content in the ore, ore
type, content of gangue, etc. Simple methods
of preparation, such as washing, slurry and
classification are applied for high-grade ore.
However, due to the long-term exploitation
of phosphate, which is more than a hundred
and fifty years, the reserve of the high-grade
deposits are largely reduced [2, 4, 5]. A sig-
nificant share is exploitation of a low-grade
phosphate ore, which as such cannot be used
without the use of sophisticated methods of
preparation. In the process of preparing the
low-grade ore is necessary to increase the
content of P,Os and achieve the most favor-
able ratio CaO: P,0s, so in the flotation con-
centration is usually applied for this ore, and
other forms of concentration [2, 4]. Today,
more than two-thirds of the world phos

phates concentrate market quality obtained
by the method of pre flotation in which the
oxide and silicate minerals are present as
minerals of tailings. Preparation of phos-
phate ore of sedimentary origin from the
high content of carbonate is a worldwide
problem and the appropriate technology at
the industrial scale does not exist [6]. Since
most of the world reserves of phosphate
(about 80% or more) are in the form of car-
bonate sedimentary ore, the goal of a large
number of studies in the laboratory and pi-
lot-plant conditions, is to determine the sepa-
ration of carbonate phosphate flotation pro-
cess. Poorly soluble salt type minerals, such
as apatite (Cas(POg)3) (F, OH), fluorite
(CaF,), calcite (CaCOs), scheelite (CaWQy),
magnesite (MgCOs), barite (BaSO,), are
natural hydrophilic [2, 7, 8]. These minerals
can be successfully separated from the oxide
and silicate minerals by flotation process.
However, based on the results from litera-
ture, it can be said that it is difficult to de-
termine the conditions of mutual separation
of salt-type minerals (e.g. apatite from cal-
cite) of flotation process. As the reasons are
similar physicochemical properties of these
minerals, a partial solubility in water, the
adsorption characteristics, or a similar affini-
ty to the flotation reagents [2, 9]. Especially
is a large influence of chemical composition
of the pulp and the ionic strength of solution,
since it leads to the partial dissolution of
minerals and salts of the type of playing a
large number of reactions in solution. De-
velopment of these reactions in solution
(pulp) may be affected by preparation meth-
od of mineral raw materials prior to flotation
(grinding, grading, conditioning ...). There-
fore, the surface properties of minerals from
the group of apatite and associated minerals
in the ore, and because of that the efficiency
of the process of flotation, are significantly
influenced by a complex interaction of the
system before and during flotation. Accord-
ingly, the selective flotation of phosphate is
much easier to reach the ore in which sili-
cates are present, then from the carbonate
ore tailings.
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The active anionic and cationic active
collectors are used for minerals of salt type.
The fatty acids and their salts (soaps) from
the group of anionic active oxidrill collector
are commonly used for this group of miner-
als. Successful flotation of minerals from
this group with the said collectors is
achieved according to the literature data,
without activating [2, 4, 7, 10-14]. As
deprimators of minerals from this group are
used sodium silicate, or quebracho tannin
(containing 70% of tannic acid), aluminum
sulfate, citric acid, dextrin, starch, alkali
cellulose sulphate. If it is necessary, the salts

of heavy metals, calcium and magnesium
ions can be used as activators

EXPERIMENTAL WORK

Preparation of Sample

The sample of ore weight 2,000 kg
comes from the surface part of the deposit,
"Lisina" - Panjevica location. The written
scheme of sample preparation of the apa-
tite ore "Lisina" for separation the sample
for laboratory and subsequent semi-
industrial tests of ore is shown in Figure 1.

re sampl r size limi m
Sampling
o . v
Determination of free moisture Crushing 1
v 3
) Sievi g .
Homoienization
Quartering
v v
Samples for laboratory testing : 1 Reserve sample
Grindability tests | Hio moisture  Chem. Anal. Flotation )
K/P>05 J

Granulometric composition

Figure 1 The written scheme of sample preparation for phosphate ore for technological testing

Methods and Reagents

Characterization of ore samples was ca-
rried out using the methods of chemical
analysis and qualitative microscopic mine-
ralogical analysis. HCI, NaOH and Na,CO;
(soda ash) were used as the reagents for
regulating the pH. Na-oleate of analytical
grade was applied as a collector. Tannin
and Na,SiO; (water glass) were used for
calcite deprimating. Laboratory experiments

of hydroxyapatite flotation of ore were car-
ried out using the classical method of foam
flotation in a laboratory flotation machine
"Denver" D-12, with a cell volume V = 2.8
I. The floated sample these experiments, is
previously prepared by wet milling process
(S L = 1. 043) up to 85% of fines
-0.074 mm. The method and determined
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mode of reagents are given in a form of sec-
tion of technological scheme in the part:
Results and Discussion.

RESULTS AND DISCUSSION

Basic Characteristics of the Ore
Phosphate Sample - Lisina

Chemical analysis: The results of che-
mical analysis of phosphate ore samples
are given in Table 1.

Table 1 Chemical composition of raw phosphate ore samples "Lisina" locality "Panjevica"

Component P,Os | SiO, | Fe,0O;3 | AlL,Os | TiO,

Ca0

MgO | Na,0 | K,0 | S G.Z. u

Content, % 16.33 | 3448 | 240 | 7.74 | 0.30 |30

40| 030 | 025 | 245| 065 | 435 | 6.00ppm

Mineralogical analysis: Qualitative mi-
croscopic  mineralogical analysis showed
that in a sample of ore, in addition to hy-
droxyapatite, are present: quartz, sericite,
calcite, biotite with chlorite, fine grained
epidote, tourmaline, opaque minerals-
organic matter, dolomite, limonite and he-
matite.

Laboratory Experiments of Flotation

These tests have confirmed the preferred
reagent regime and gave an insight into the
impact of increased of solid phase in the pro-
cess of conditioning and flotation from 25 to
35% and therefore the possible changes in
technological scheme. The method and re-
gime of reagents, at which the optimal results
were obtained by the flotation, is present as
written in technological scheme in Figure 2.

Ore, 88% -0.074 mm

Na,CO;

Na,Si0s, 600g/t (500g/t)
Tannin, 10g/t

Na-Oleat, 375g/t

DOW 250.5g/t

Conditioning, EHZQ.S; t;= 10 min; ty= 20min

Basic flotation, t= 4 min

Na,CO;

BCPOs Na-Oleat, 100g/t
DOW 250.5g/t
NaSiO, 100/t _
Tannin, 5g/t
nditioni; =9.5; = 2 min
NayCO h flotation, t= 8 min +
Na-Oleat, 150g/ RC/P,0s
DOW 250, 5g/
Tanin, 5

CC/P,0s

Figure 2 Schematic presentation the method and reagent regime applied in
the experiments of conditioning and flotation
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Scheme for carrying out the experiments
1 and 2 is different, because that in the ex-
periment 1 during of the conditioning prior
to basic flotation, is 10 minutes, and in ex-
periment 2 that time was 20 minutes. Also,
in experiment 1 the total amount of
deprimate Na,SiO; than 600 g /t is added to
the conditioning before flotation, and in the

Table 2 Balance sheets of flotation tests

experiment 2 in two portions of conditioning
before flotation 500g/t and conditioning
prior to coarse flotation was 100g /t.

After completion of all experiments, the
products were dried, weighed, and samples
were given to the chemical analysis. The
results of chemical analysis are shown in
Table 2 in the form of balance sheet.

Products M,% P,0s, % | Fe,0s3 % 1 P,O5,% | Fe,03,%
BC 29.09 35.500 0.695 61.77 9.35
RC 18.15 27.450 0.971 29.80 8.15
o BC +RC 47.24 32.407 0.801 91.57 17.51
§ cC 10.51 11.300 2.283 7.10 11.10
- BC+ RC+ CC 57.75 28.57 1.07 98.67 27.61
Tailings 42.25 0.525 3.651 1.33 71.39
Input 100.00 16.719 2.16 1671.9 216.11
OK 30.75 33.200 0.737 61.94 10.38
GK 17.59 28.020 0.956 29.90 7.70
o |OK+GK 48.34 31.315 0.817 91.84 18.08
2 KK 10.18 10.440 2.355 6.44 10.98
- OK + GK+ KK | 58.52 27.68 1.08 98.28 29.06
Tailings 41.48 0.683 3.734 1.72 70.94
Input 100.00 16.485 2.18 100.00 100.00

Based on the results shown in Table 2, it

can be concluded as follows:

- Applying the flotation method, given
in Figure 2, the best results are ob-
tained both in terms of P,Os and in
terms of mineral content in tailings.
The P,Os content in the base concen-
trate (BC) in the experiment 1 is
35.50%, while in the experiment 2 BC
is 33.20%. Total concentrate (BC+RC)
in the experiment 1, P,Os content is
32,407% and in the experiment 2 is
31,315 P,0s), thereby is the use of
P,Os in aggregate concentrates in both
experiments over 91.50%.

- The content of Fe,O; in both pooled
concentrate was low; in the experiment
1 BC+RC is 0.801% Fe,03, and in ex-
periment 2 BC+RC is 0.818% Fe,0s.

Regarding the control concentrate CC
their quality is lower in terms of P,Os
content than feed grade (CC in the ex-
periment 1, is 11.30% P,0s, and in the
experiment 2 is 10.44% P,0Os). Utiliza-
tion of P,Os in the BC experiments 1,
is 7.10%, while the content of Fe,O;
2.283%. Utilization of P,Os in the BC
experiments 2 is 6.44%, while the con-
tent of Fe,O; 2.355%. Based on the
obtained results it can be seen that the
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content of Fe,Oj3 in the control concen-

trates of both experiments is higher

than the content of incoming raw mate-

rial which is 2.16%.

P,Os content in tailings is also very

low, 0.525% in the experiment 1, and

0.683 in the experiment 2, so on the

basis that the loss of P,Os in the tail-

ings very low 1.33 and 1.72%.

- In comparison of these two experi-
ments, it is shown that the achieved
better quality of primary concentrates
is in the experiment 1, 35.50% P,Os,
when there is less time for the basic
conditioning phase of flotation (10

the concentrate is 33.20% P,Os. From
this, it can be concluded that the ex-
tended time of conditioning can lead to
desorption of oleate from the surface
of apatite and since the concentrate of
the basic 2 BC mass is greater than
about 1.7 to 1%, that the conditioning
time with prolonged activation occurs
and the surfaces tailings content of
concentrate. Due to the use of P,Os in
these two concentrates is almost the
same, and the amounts of 61.77% and
61.94%, and the quality are different.

Based on the laboratory tests, and the ob-

tained results (Table 2), it is defined by
technological scheme of semi-industrial
process and shown in Figure 3.

min. in the experimentl and in the ex-
periment 2, 20 minutes, compared to
the experiment 2 when the quality of

BC+RC apatite CCapatite

\ a
350..450% circulating
load

LEGEND:

Bin ( Ore sample - 100% - 3mm)

Vibrating feeder

Ball mill

Slurry pump

Mechanical classifier

Slurry pump

Thickener

. i 8a Conditioner “Big"

Conditioner “Small”

0.  Flotation two cells for BC i RCV - 11dm’
1. Four flotation cells for CC V - 11dm’

2 s eENpRALNS

Figure 3 Defined technological flotation scheme of apatite from phosphate ore "Lisina"
in semi-industrial conditions of operation

CONCLUSION
Phosphate is a strategic raw material in

the international framework necessary for
production of fertilizers and consequently

food. Due to the long-term exploitation, the
high-grade phosphate deposits were ex-
hausted, and the deposits with lower P,Os
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content of concentrates obtained by flota-
tion. As the salt minerals (primarily calcite
CaCO; and magnesite MgCQO; ) are often
found in mineral paragenesis with apatite,
the method of its selective flotation from
these ores is very complicated and some-
times impossible.

Based on the results presented in this pa-
per, it can be concluded that the experiments
of flotation were resulted into obtaining the
concentrates of a good quality. Namely, the
content of P,Os in the basic experiment 1 the
concentrate, is 35.50%, a P,Os content
summaries in the experiment 2 was 33.20%.
The content of P,Os in the block 1 is con-
centrate of the experiment, while 32.407%
of the experiment 2 was 31.315%. Utiliza-
tion of P,Os in the group concentrates both
experiments is over then 91.5%. Also, in
both experiments were successfully de-
pressed iron minerals. The content of Fe,O3
in each batch of concentrate is about 0.8%,
which is far less than 1.5% as prescribed by
the chemical industry. Slightly worse results
of the experiment 2, in terms of quality con-
centrates, can be attributed to the prolonged
period of conditioning that occurs due to
desorption from the surface of collector apa-
tite and activation of surface minerals and
their tailings to concentrate. The results of
the experiments were used as the basis for
defining the technological process of phos-
phate in the semi-industrial conditions.
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DEFINISANJE TEHNOLOSKOG POSTUPKA FLOTACIJSKE

Fkk

KONCENTRACIJE APATITA 1Z RUDE FOSFATA ,,LISINA*

lzvod

U radu je prikazan znacaj fosfata u svetu, kao i problemi koji se javljaju u postupku pripreme
siromasdnijih ruda fosfata iz kojih se koncentrat fosfata dobija postupkom flotacijske koncentracije.
Selektivnim flotiranjem aptita iz silikatnih i oksidnih ruda se dobijaju koncentrati apatita, dok
definisanje postupka selektivnog flotiranja apatita iz karbonatnih leZista predstavlja veliki problem u
svetskim razmerama.

U eksperimentalnom delu ovoga rada su prikazani rezultati laboratorijskih opita flotiranja rude
fosfata iz leZista ,,Lisina“*- sa povrsinskog dela -lokalitet ,,Panjevica™. Dobijeni rezultati su omogucili
definisanje postupka flotiranja u kontinualnim uslovima rada.

Kljuéne redi: apatit, kalciti, selektivna flotacijska koncentracija, definisanje tehnoloskog postupka

uvoD

Porast upotrebe fosfata kao minerala, a
takodje i proizvoda dobijenih od fosfata, u
privredama svih zemalja sveta, svrstava ovaj
mineral u strateSke sirovine. Fosfati se u
najvecoj meri koriste u hemijskoj industriji
za proizvodnju vestackih djubriva oko 85 %,
zatim oko 5% se koristi kao dodatak stocnoj
hrani, ostalih 10 % potroSnje fosfora je u
hemijskoj industrij za druge namene [1]. U
hemijskoj industriji se na bazi rude ili
koncentrata fosfata proizvode vestacka
(mineralna) fosfatna djubriva, ¢ija upotreba
predstavlja osnov za postizanje prinosa i
proizvodnju dovoljnih koli¢ina hrane koje

omogucavaju prehranu ubrzano rastuceg
svetskog stanovnistva. Znacaj fosfora za zivi
svet ogleda se u tome Sto uéestvuje u gradji
nukleinskih kiselina, fosfolipida, u biljkama
sluzi da udestvuje u procesima transfor-
macije Secera, belanCevina 1 drugih
jedinjenja [1, 2].

Regionalnim geolo3kim istraZivanjem,
na teritoriji Bosilegrada (jugoisto¢na Srbija)
otkriveni su, tokom 1959. godine, fosforiti u
metamorfitima Srpsko-makedonske mase. U
period 1959-1966. god. izvrSena su detaljna
geoloSka istrazivanja fosforitskog leZista u
cilju utvrdivanja rudnih rezervi, a paralelno
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sa ovim radovima obavljena su tehnoloska
ispitivanja. [1-3]. Poslednja procena rezervi
je na oko 100 miliona tona sa srednjim
sadrzajem P,0Os od 9,26%. Kako su SAD-e
decenijama davale najveéu proizvodnju
fosfata i mineralnih djubriva (od 25-40%
svetske proizvodnje) to su one i nametnule
standarde kvaliteta koji su vremenom postali
opste prihvaceni. Za proizvodnju dubriva u
SAD-u, se koriste razli¢iti kvaliteti koncen-
trata, pri cemu je kvalitet odreden sadrzajem
trikalcijum-fosfata Cas(PO,),, (TCP), odno-
sno BPL (bone phosphate of lime). U SAD-
u postoje tri klase kvaliteta koncentrata od
74-70% TCP, od 70-66% TCP, i manje od
66% TCP. Pored toga kvaliteta koncentrata
se definiSe i preko sadrZaja P,Os za koji se
smatra da treba da bude preko 30%
(odgovara sadrZaju od oko 66% TCP). Za
proizvodnju vestackog dubriva kvalitet ruda
i koncentrata, pored sadrZaja P,Os, definisan
je i sadrZajem drugih komponenata, kao i
njihovim odnosom: R,0; max 2,5-4,0%; Cl,
max 0,13%; MgO max 0,25%; CaO:P,0s
max 1,8; P,Os:F min 8:1 [4].

Postupci pripreme Kkojima se dobijaju
fosfati trziSnog kvaliteta bitno se razlikuju u
fazama izvodenja procesa u zavisnosti od
sadrzaja P,Os u rudi, tipa rude, sadrZaja
minerala jalovine itd. Jednostavni postupci
pripreme kao §to su pranje, razmuljivanje i
klasiranje primenjuju se kod bogatijih ruda.
Medutim, zbog dugotrajne eksploatacije
fosfata, koja traje viSe od sto pedeset godina,
rezerve bogatih lezista su u velikoj meri
smanjene [2, 4, 5]. Znac¢ajan udeo u eksploa-
taciji imaju siromasne rude fosfata, koje se
kao takve ne mogu koristiti bez primene
sloZenijih postupaka pripreme. U procesu
pripreme siromasnijih ruda potrebno je
povecati sadrzaj P,Os 1 postici §to povoljniji
odnos CaO:P,0s, pa se kod ovih ruda
najéeSée primenjuje postupak flotacijske
koncentracije, ali i drugi vidovi koncentra-
cije [2, 4]. Danas se vise od dve tre¢ine
svetskih  koncentrata  fosfata  trzisnog

kvaliteta dobija postupkom flotiranja rude u
kojoj su kao minerali jalovine prisutni
oksidni i silikatni minerali.

Priprema fosfatnih ruda sedimentnog
porekla sa visokim sadrZajem karbonata je
svetski problem i adekvatna tehnologija na
industrijskom nivou trenutno ne postoji
[6]. Budu¢i da je veci deo svetskih rezervi
fosfata (oko 80% ili vide), u obliku karbo-
natno sedimentnih ruda, cilj velikog broja
istraZivanja na laboratorijskom nivou i u
pilot-postrojenjima je utvrdivanje uslova
odvajanja karbonata od fosfata postupkom
flotiranja. Slabo rastvorni minerali tipa
soli, kao 5to su apatit (Cas(POy)s) (F, OH),
fluorit (CaF;), kalcit (CaCOs;), Selit
(CawQ,), magnezit (MgCO;), i barit
(BaSQ,), su prirodno hidrofilni [2, 7, 8].
Ovi minerali se mogu uspedno odvojiti od
oksidnih i silikatnih minerala postupkom
flotiranja. Medutim, na osnovu rezultata iz
literature moze se re¢i da je tesko utvrditi
uslove medusobnog razdvajanja minerala
tipa soli (npr. apatita od kalcita) postupkom
flotiranja. Kao uzroci navode se sli¢ne
fizickohemijske osobine ovih minerala,
delimi¢na rastvorljivost u vodi, adsorpcione
osobine, odnosno sli¢an afinitet prema
flotacijskim reagensima [2, 9]. Narocito je
veliki uticaj hemijskog sastava pulpe i
jonske jacine rastvora, s obzirom da dolazi
do delimi¢nog rastvaranja minerala tipa soli
i odigravanja velikog broja reakcija u
rastvoru. Na odigravanje ovih reakcija u
rastvoru (pulpi) moze da utice i nacin
pripreme mineralne sirovine pre flotiranja
(mlevenje, Klasiranje, kondicioniranje...).
Stoga na povrSinske osobine minerala iz
grupe apatita i prate¢ih minerala u rudi, a
samim tim i efikasnost postupka flotiranja,
bitno utiCu i veoma sloZene medusobne
interakcije u sistemu pre i pri flotiranju.
Shodno tome selektivno flotiranje fosfata se
mnogo lak3e postize iz ruda u kojima su
prisutni silikati, nego iz ruda sa Kkar-
bonatnom jalovinom.
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Za minerale tipa soli se koriste kako
anjonski aktivni tako i katjonski aktivni
kolektori. Najc¢esce se za ovu grupu minerala
koriste masne kiseline i njihove soli (sapuni)
iz grupe anjonski aktivnih okshidrilnih
kolektora. Uspesno flotiranje minerala iz ove
grupe sa navedenim Kkolektorima se prema
literaturnim podacima ostvaruje bez aktivi-
ranja [2, 4, 7, 10-14]. Kao deprimatori ove
grupe minerala koriste se natrijum-silikat,
tanin ili kvebraco (sadrzi 70% taninske
kiseline), aluminijum-sulfat, limunska kise-
lina, dekstrin, Stirak, sulfatnocelulozna luzi-
na, itd. Ukoliko je potrebno kao aktivatori se

mogu primeniti soli teSkih metala, joni
kalcijuma i magnezijuma.

EKSPERIMENTALNI RAD

Priprema uzorka

Uzorak rovne rude mase 2.000 kg,
potice iz povrsinskog dela lezista “Lisina”
- lokalitet Panjevica. Pisana Sema pripre-
me uzorka rude apatita “Lisina” po kojoj
je izdvojen uzorak za laboratorijska i za
kasnija poluindustrijska ispitivanja na rudi
prikazan je na slici 1.

Rovna ruda, ggk 200 mm

Uzorkovanje

_ _Prosejavanje, 2 mm

Drobljenie, I

b 4l A
je 11

-+
Homoienizacija
Cetvrtanje 1
Uzorak za laboratorijska ispitivanja Rezervni uzorak

0. meljivosti iHig. visma Hem. Anal. O. flotiranja

Granulo sastav

K/P,05 J

Sl. 1. Pisana Sema pripreme uzorka rovne rude fosfata za tehnolo3ka ispitivanja.

Metode i reagensi

Karakterizacija uzorka rude izvriena je
metodama hemijske analize i kvalitativne
mikroskopske mineraloske analize. Kao
reagensi za regulisanje pH sredine kori$¢eni
su HCI, NaOH i Na,CO;. Kao kolektor
primenjivan je Na-oleat analiticke Cistoce.
Za deprimiranje kalcita koris¢eni su tanin i
Na,SiO; (vodeno staklo).

Laboratorijski opiti flotiranja hidroksia-
patita iz rude su izvodeni klasi¢nim postup-
kom penaste flotacije, u laboratorijskoj
flotacijskoj masini "Denver" D-12, sa
¢elijom zapremine V= 2,8 1. Uzorak koji je
flotiran u ovim opitima, prethodno je
pripremljene procesom mokrog mlevenja
(C:T=1: 0,43) do finoce 85% -0,074 mm.
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REZULTATI I DISKUSIJA

Osnovne karakteristike uzorka rovne
rude fosfata - Lisina

Hemijska analiza: Rezultati hemijske
analize uzorka rovne rude fosfata dati su u
tabeli 1.

Postupak i utvrdjeni rezim reagenasa je
dat u obliku tehnolodke Seme u poglavlju
rezultati i diskusija.

Tabela 1. Hemijski sastav rovnog uzorka rude fosfata ,,Lisina“, lokalitet ,,Panjevica“*
P,Os | SIO, | Fe,03| AlL,Oz| TiO, | CaO [MgO | Na,O |[K,O| S G.Z U
16,33|34,48| 2,40 | 7,74 10,30 (30,40(0,30 | 0,25 |2,45| 0,65 | 4,35

Komponenta
SadrZaj, %

6,00 ppm

Mineralodka analiza: Kvalitativnom
mikroskopskom mineraloSkom analizom
utvrdeno je da su u uzorku rude pored
hidroksiapatita prisutni: kvarc, sericit, kalcit,
biotit sa hloritom, sitnozrni epidot, turmalin,
neprovidni minerali - organska materija,
dolomit, limonit i hematit.

Laboratorijski opiti flotiranja

Ovim ispitivanjima, utvrdjen je reagentni
rezim 1 sagledavan je uticaj povecanog
sadrzaja ¢vrste faze u postupku kondicio-
niranja i flotiranja sa 25 na 35% i samim tim
moguce izmene u tehnoloskoj Semi. Postu-
pak i reZim reagenasa po kojima su dobijeni
optimalni rezultati flotiranja prikazan je u
obliku pisane tehnoloSke Seme na slici 2.

Ruda, 88% -0.074 mm

NaZCO;

Na,Si0;, 600g/t (500g/t)
Tanin, 10g/t

Na-Oleat, 375/t

DOW 250, 5g/t

N32CO3
Na-Oleat, 100g/t
DOW 250, 5g/t

KK/P,0s

SI. 2. Sematski prikaz postupka i rezima reagenasa primenjena u opitima kondicioniranja i flotiranja
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Sema za izvodjenje opita 1 i 2 se
razlikuje u tome da je kod opita 1 vreme
kondicioniranja pre osnovnog flotiranja 10
minuta, a u opitu 2 to vreme je iznosilo 20
minuta. Takodje, kod opita 1 ukupna
koli¢ina deprimatora Na,SiO; od 600 g/t je
dodata u kondicioniranje pre osnovnog
flotiranja, a kod opita 2 u dve porcije u

Tabela 2. Bilansi opita flotiranja

kondicioniranje pre osnovnog flotiranja
5009/t i u kondicioniranje pre grubog
flotiranja 100g/t.

Posle zavrietka opita flotiranja svi
proizvodi su suSeni, izmereni i uzorci su dati
na hemijsku analizu. Dobijeni rezultati
hemijske analize su prikazani u tabeli 2 u
obliku skupnog bilansa.

Proizvodi M,% P,0s, % | Fe,03 % 1 P,0O5,% | Fe;,03,%

OK 29,09 35,500 0,695 61,77 9,35

GK 18,15 27,450 0,971 29,80 8,15

o OK + GK 47,24 32,407 0,801 91,57 17,51
= KK 10,51 11,300 2,283 7,10 11,10
© OK+ GK+ KK 57,75 28,57 1,07 98,67 27,61
Jalovina 42,25 0,525 3,651 1,33 71,39
Ulaz 100,00 16,719 2,16 1671,9 216,11

OK 30,75 33,200 0,737 61,94 10,38

GK 17,59 28,020 0,956 29,90 7,70

N OK + GK 48,34 31,315 0,817 91,84 18,08
= KK 10,18 10,440 2,355 6,44 10,98
© OK + GK+ KK 58,52 27,68 1,08 98,28 29,06
Jalovina 41,48 0,683 3,734 1,72 70,94
Ulaz 100,00 16,485 2,18 100,00 100,00

Na osnovu rezultata prikazanih u tabeli
2, moZe se konstatovati sledece:

- Primenom postupka flotiranja datog na
slici 2, dobijeni su najbolji rezul-tati
kako u pogledu sadrZaja P,Os, tako i u
pogledu sadrZzaja minerala jalovine.
Naime sadrZzaj P,Os u osnovnom
koncentratu (OK) opita 1 je 35,50%,
dok je u OK opita 2 33,20%. U skup-
nom koncentratu (OK+ GK) opita 1
sadrzaj P,Os je 32,407%, a u opitu 2 je
31,315 P,0s), pri tome je iskori$éenje
P,Os u skupnom koncentratu u oba
opita preko 91,50%.

- SadrZaj Fe,O3; u oba skupna koncen-
trata je nizak i u opitu 1 OK+GK je
0,801% Fe,03, a u opitu 2 OK+GK
je 0,818% Fe,0s.

Sto se ti¢e kontrolnih koncentrata KK
njihov kvalitet je slabiji u pogledu
sadrZaja P,Os nego u ulaznoj sirovini
(KK u opitu 1 je 11,30% P,0Os, a u
opitu 2 je 10,44% P,0s). Iskoris¢enje
P,Os u KK opita 1 je 7,10%, dok je
sadrzaj Fe,O; 2,283%. Iskorisenje
P,Os u KK opita 2 je 6,44 %, dok je
sadrzaj Fe,O; 2,355%. Na oshovu
dobijenih rezultata uocava se da je
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sadrzaj Fe,O; u kontrolnim koncen-
tratima oba opita ve¢i od sadrZaja u
ulaznoj sirovini koji iznosi 2,16%.
sadrZzaj P,Os u jalovini je takode
veoma nizak, 0,525% u opitu 1 i
0,683 u opitu 2, tako da je na osnovu
toga i gubitak P,Os u jalovini veoma
nizak 1,331 1,72%.

kada se uporede ova dva opita vidi se
da je postignut bolji kvalitet osnovnog
koncentrata u opitu 1 35,50% P,0Os
kada imamo krae vreme kondi-
cioniranja za fazu osnovnog flotiranja
(10 min. u opitu 1; 20 min. u opitu 2) u
odnosu na opit 2 kada je kvalitet
koncentrata 33,20% P,Os. 1z ovoga

mozemo izvuéi zakljutak da produ-
Zeno vreme Kkondicioniranja moZze
dovesti do desorpcije oleata sa
povrSine apatita i poSto je osnovni
koncentrat opita 2 maseno vec¢i od OK
opita 1 za oko 1,7%, da sa produzenim
vremenom kondicioniranja dolazi do
aktiviranja povrSina minerala jalovine i
njihovog flotiranja u koncentrat., Zbog
toga je iskoriS¢enje P,Os kod ova dva
koncentrata skoro isto i iznosi 61,77%
161,94% a kvalitet je razlicit.

Na osnovu izvedenenih laboratorijskih
ispitivanja, i dobijenih rezultata (tabela 2)
definisana je tehnoloSka Sema poluindu-
strijskog procesa i prikazana je na slici 3.

® yuuz

74.78% €
ity

mﬂ% kruina
arta

LEGENDA:

Bunker (uzorak rude - 100% -3 mm)
Vibro hranilica

Cilindriéni mlin sa kuglama

Muljna pumpa

Mehanicki klasifikator

Muljna pumpa

i Zgusnjivaé

. i 8a Kondicioner - “Veliki”

Kondicioner - “Mali”

10. Dve ¢elije za | i ll flotiranje V - 11dm’
[11. Cetiri éelije za lll flotiranje V - 11dm’

TENPOEDN S

MNa - gleal 1028
Jalovina
Q—

n

Uzorkovanjef

v
K.+ K, apatita

K, apatita

Sl. 3. Definisana tehnoloSka Sema flotiranja apatita iz rude fosfata ,,Lisina” u
poluindustrijskim uslovima rada

ZAKLJUCAK

Fosfati su strateSka sirovina u svetskim
okvirima neophodna za proizvodnju mine-
ralnih dubriva a samim tim i hrane. Zbog

dugotrajne  eksploatacije  bogata leZista

fosfata su iscrpljena, a iz leZista sa nizim
sadrzajem P,0Os koncentrati se dobijaju
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postupkom flotiranja. Kako se minerali tipa
soli (pre svih kalcit CaCO; i magnezit
MgCQO;) veoma Cesto nalaze u mineralnoj
paragenezi sa apatitom to je postupak
njegovog slektivnog flotiranja iz ovakvih
ruda veoma komlikovan a nekada i
nemoguc.

Na osnovu rezultata prikazanih u
ovom radu moze se zakljuciti da su u
opitima flotiranja dobijeni koncentrati
dobrog kvaliteta. Naime, sadrZaj P,0Os u
osnovnom koncentratu opita 1 je 35,50%,
a sardZaj P,Os opita 2 je 33,20%. SadrZaj
P,Os u skupnom koncentratu opita 1 je
32,407% dok je u opitu 2 31,315%.
Iskoris¢enje P,Os u skupnim koncentratima
oba opita je preko 91,5%. Takodje u oba
opita su uspeSno deprimirani minerali
gvozdja. Naime sadrzaj Fe,O3 u oba skupna
koncentrata je oko 0,8% Sto je daleko
manje od 1,5% koliko propisuje hemijska
industrija. Nesto 108iji rezultati opita 2 u
pogledu kvaliteta koncentrata mogu se
pripisati produzenom vremenu kondicio-
niranja zbog koga dolazi do desorpcije
kolektora sa povrSine apatita kao i
aktiviranja povrSina minerala jalovine i
njihovog flotiranja u koncentrat. Rezultati
opita flotiranja su posluZili kao osnova za
definisanje tehnoloskog postupka floti-
ranja fosfata u poluindustrijskim uslovima
rada.
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