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Spostovane udelezenke in udelezenci,

letos ponovno organiziramo 19, znanstveno posvetovanje z mednarodno udelezbo |, Gospodarjenje z
odpadki — G20’ 19 urbano rudarjenje” hkrati z 14, znanstvenim posvetovanjem z mednarodno udeleibo |,
ob 46. Skoku ¢ez kozo”, s éemer nadaljujemo tradicijo bienalnih srecanj domaéih in tujih strokovnjakov s
podroéja rudarstva, geotehnologije, okolja in gospodarjenja z odpadki. Udelezencem Zelim, da
posvetovanji izkoristite predvsem z namenom 3Siriega povezovanja, izboljfanja  medsebojnega
sodelovanja in izmenjave izkusenj strokovnjakov razliénih strok na tako zahtevnem interdisiplinarnem
podroéju.

Na obeh znanstvenih posvetovanjih z mednarodno udelezbo, bo po izboru znanstvenega odbora GzO
svoje prispevke predstavilo 16 domacih in wjih predavateljev, strokovnjakov na podrodju rudarstva,
geotehnologije in gospodarjenja z odpadki. Kot Ze v preteklih letih, nam bodo predstavljene novosti,
uspesni pristopi k refevamju razliénih problemov, primeri dobre prakse. rezultati raziskovalnih in
razvojnih projektov. Za izmenjavo idej, mnenj in izkufen] glede stanja in moZnosti nadaljnjega
trajnostnega razvoja bodo potekale tri tehniéne sekeije ter drugi dan posvetovanja strokovno voden ogled
kamnoloma Doline, podjetja Marmor Sezana d.d.. Zbornik élankov znanstvenega posvetovanja Gz0'19
obsega 16 prispevkov, od tega 8 prispevkov iz tujine (Finske, Makedonije, Neméije, Poljske in JuZne
Afrike).

Za pokroviteljstvo nad 19. znanstvenim posvetovanjem z mednarodno udelezbo .,Gospodarjenje z
odpadki — GzO™19 urbano rudarjenje™ se Zelim zahvaliti Univerzi v Ljubljani, Naravoslovnotehniski
fakulteti, Oddelku za geotehnologijo, rudarstvo in okolje, drustva SRDIT in pokroviteljema Ministrstvu
za okolje in prostor ter Mesini ob&ini Ljubljana. V' imenu organizacijskega odbora se zahvaljujem
dolgoletnim sponzorjem podjetju RIKO d.o.o, Marmor SeZana d.d., GeoloSkemu zavodu Slovenije,
Inititutu za rudarstvo, geotehnologijo in okolje — IRGO, podjetju Termit d.d., Moravée in podjetju Salonit
Anhovo, Kamnolomi d.o.o., Deskle. Za organizacijo in izvedbo strokovno vodene ekskurzije v kamnolom
Doline, se zahvaljujem podjetju Marmor Sezana d.d..

Organizacija in izvedba uspednega znanstvenega posvetovanja 2z mednarodno udelefbo zahteva predano
in timsko delo stevilnih posameznikov. Zahvaljujem se ¢lanom organizacijskega in znanstvenega odbora
Gz0, ki so pripomogli k uspesni izvedbi obeh posvetovanj ,,Gz0" 19 Urbano rudarjenje™ in ,,0b 46. skoku
tez kozo™,

Zahvalo za uspe3no znanstveno posvetovanje dolgujem tudi vsem avtorjem ¢lankov, ki ste pripravili in
boste predstavili vaSe znanstvene prispevke in vsem Vam, ki boste sodelovali z vpraSanji, mnenji in
pripombami v razliénih znanstvenih in strokovnih razpravah.

Z rudarskim SRECNO!
doc.dr. Joze KORTNIK
predsednik organizacijskega
in znanstvenega odbora GzO




Dear conference participants,

we are organizing again, the 19" scientific conference with the international participation "Waste
Management - GzO'19 Urban Mining" together with the 14" scientific conference with international
participation "at 46" Jump over the Leather Skin". Thus continuing the tradition of biennial meetings of
domestic and foreign experts from the fields of Mining, Geotechnology, Environment and Waste
Management. I would like the participants to take advantage of the both conferences primarily with a
view to broader connecting, improvement of mutual cooperation and exchange of experiences different
professions in such demanding interdisciplinary fields.

At both scientific conferences, after the paper selection of the scientific GzO'19 committee, 16 domestic
and foreign lecturers, experts in the fields of Mining, Geotechnology, Environment and Waste
Management will be presented their contributions. As in previous years, will be presented novelties,
successful regional approaches to addressing the topics of conferences, examples of good practice, the
results of research and development projects. For the exchange of ideas, opinions and experiences
regarding the state and possibilities of further development, three technical sections will be held and the
second day of the conference will be also organized professionally guided technical excursion to the
Doline dimension stone quarry, of the company Marmor Sezana d.d. The Proceedings of the GzO'19
conference comprises 16 papers of these 8 papers from the world (Finland, Northern Macedonia,
Germany, Poland and South Africa).

I would like to thank the University of Ljubljana, the Faculty of Natural Sciences and Engineering, the
Department of Geotechnology, Mining and Environment and the Slovenian Mining Association - SRDIT
and patrons the Ministry of Environment and Spatial Planning and the Ljubljana City Municipality for
sponsoring over the 19" Scientific Conference with the international participation "Waste Management
Gz0'19 - Urban Mining". On behalf of the organizing committee, I would like to thank the long-term
sponsors RIKO d.o.o.., Marmor Sezana d.d., Geological Survey of Slovenia, Institute for Mining,
Geotechnology and Environment - IRGO, Termit d.d., Moravée and Salonit Anhovo, Kamnolomi d.o.o.,
Deskle. For organizing and conducting a professionaly guided technical excursion in the Doline
dimension stone quarry, | would like to thank the company Marmor Sezana d.d..

The organization and implementation of conference with international participation requires the
demanding and teamwork of many individuals. | would like to thank the members of the organization and
scientific GzO committee, which contributed to the successful performance of both conferences ,,GzO'19
Urban Mining” and ,,at 46" Jump over the Leather Skin.

[ also owe you the credit for a successful conference to all authors of the articles that you have prepared
and will present your professional contributions and to all of you who will contribute with questions,
opinions and comments in various expert discussions.

With mining Good luck!
Assist.prof.dr. Joze KORTNIK
Chairman of the Organization and
Scientific committee GzO
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Razvoj podzemnega izkoris¢anja kovinskih mineralnih surovin v
Republiki Makedoniji

s Development of the Underground Exploitation of metallic minerals in
Republic of Macedonia

1D 02
ASSOC.PROF.DR. STOJANCE MIJALKOVSKI', PROF.DR. ZORAN DESPODOV',
PROF.DR. DEJAN MIRAKOVSKI', ASSOC.PROF.DR. VANCHO ADJISKI',
PROF.DR. NIKOLINKA DONEVAI
" University »Goce Delceve, Faculty of Natural and Technical Sciences,
Stip, REPUBLIC OF MACEDONIA
stojance.malkovskifued. edu.mk, zoran.despodovicued. edu.mk,
dejan.mirakovski@ugd.edu.mk, vanco.adziskicgued.edu.mk,
nikolinka.doneva@ugd.edu.mk
Povzetek

Podzemno izkoriiéanje kovinskih mineralnih surovin ima v R. Makedoniji daljfo tradicijo, ki traja okoli
devetdeset let. R. Makedonija ima tri aktivne podzemne rudnike svineca in cinka. Najstarej$i rudnik za
podzemno izkoridtanje svindeve in cinkove rude je rudnik "Zletovo", male mlajéi je rudnik "Sasa" in
najmlaj§i rudnik "Toranica". Vsi rudniki se nahajajo v severovzhodnem delu R. Makedonije. Clanek
obsega kratek opis treh rudnikov za podzemno izkorii€anje svinfeve in cinkove rude, t). kratko
zgodovino od odprija do danes, Nadalje je opisan nacin rudarjenja, ki se je uporabljal v preteklosti in
danes, v katerem so se skozi leta spreminjale proizvodne zmogljivosti. Nazadnje je predstavljeno trenutno
stanje treh rudnikov in prikazana naériovana posodobitev treh rudnikov.

Kljuéne besede: rudnik, podzemno izkoriséanje, rudarske odkopne metode, kapaciteta proizvodnje.

Abstract

Underground exploitation of metallic minerals in R. Macedonia has great tradition, which has been
around for ninety years. R, Macedonia has three active mines for underground exploration of lead and
zinc. The oldest mine for underground exploitation of lead and zinc ore is the mine "Zletovo", then the
mine "Sasa", and the youngest mine i1s "Toranica". All these three mines are located in the north-eastern
part of the R. Macedonia. This paper presents a brief description of the three mines for underground
exploitation of lead and zinc ore, ie a short history from their opening to the present day. A further
description is given of the mining excavation methods that have been applied in the past and in this
present day and in which limits the production capacity was moving over the vears. Finally, the current
state of the three mines is described and a comparison is made regarding the modernization of the three
mines.

Key words: mine, underground exploitation, mining excavation methods, production capacity.

1. INTRODUCTION

The Osogovo mountain massif, in which are situated the three mines for underground exploitation
{"Zletovo", "Sasa" and "Toranica"), 1s located in the north-eastern part of the R. Macedonia. The Osogovo
mountain massif in the Old century, and especially in the Middle century, was an object of particularly
intense mining and smelting activity. This is evidenced by the numerous remains of old tools and slag
found in the Kratovo-Zletovo area, in the area of the Sasa mine and elsewhere in R. Macedonia [1, 2, 3].
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To date, some old mining facilities, tools, coins, ete., have been preserved, as well as traces of smelting
activities.

In parallel with the evidence of the mining activity in this area, there are archaeological evidence of
the miners' places of residence, the conditions in which they lived, their habits and beliefs.

Mining in these areas with different intensities existed even earlier. There are appropriate traces and
assumptions that the roots of mining in this region date from the time of the Roman Empire. However,
with the arrival of the Sases on the Balkan Peninsula (around 12507, mining has gained more momentum,
This is understandable, because the Sases came to this area in order to encourage the development of
mining.

Today these three mines operated by mining companies are responsible for the economic
development not only of the local municipality in which they are located, but also for the state of R,
Macedonia.

2. UNDERGROUND MINE FOR LEAD AND ZINC "ZLETOVO"

The mine "Zletovo" is located about 7 km northeast from the town of Probishtip. The mine has
good communication links, and it is connected with the national road Shtip - Kratovo and the local road
Dobrevo-Probistip-Zletovo., The mine "Zletovo” is spread in the western regions of the Osogovo
mountain range [3]. The area is typically mountainous, with the most significant mountain peaks: Plavica
- 1298m, Bukovec -1424m, Gola Chuka - 1222m, Ilin Krst - 1118m, Gradiste, Chuka and others. There
are occasional watercourses in this part, which make up the confluence of Zletovska and Kratovska river.

The ore bodies are in the form of ore vein, vein-impregnation ore zones and stockwork-veins. As
adjacent rocks, the following occur most often: dacite, andesite, quartz-laties, tuffs and sediments.

2.1 Brief history of the “Zletovo™ mine

The mine for lead and zinc "Zletovo" from Probishtip, started with active production in the distant
1928, The UK company “Selection mines Limited” based in London, during the period from 1927 to
1941, took concessions and carried out research on the wider area of the ore, where on the basis of the
positive results, ore exploitation and processing was carried out with a capacity of 120000 t per year.

Due to the state of war, in the period from 1939 to 1943, the mine was exploited by the Germans,
After the Second World War, the mine was restarted with an initial annual production of 50000 t. Over
the years, its production has steadily increased, so in 1960, reached 260000 t per year. Maximum
production was achieved in 1989, from 482146 t of ore [3, 5].

The mine "Zletovo" has been uninterrupted for about 60 years, except for one interruption of about
4 vears due to the transformation of ownership from social to private.

In 2006, the mine "Zletovo" was privatized by the company "Binary Industry” and they registered
the company named "Indo Minerals and Metals", which operated with the Mine, The company "Indo
Minerals and Metals" from 24.09.2015, ceased production, and from 19.11.2015. went bankrupt.

The Government of the Republic of Macedonia in 2016 awarded the existing concession to a new
company named "BULMAK 2016" DOOEL-Probishtip, which successfully works and achieves excellent
results, fulfilling the planned annual capacity of 250000 t of ore [3.5].

The mine "Zletovo" is a vein ore deposit of lead and zinc, where several ore vein with a thickness
of 0,10 to 7,00 m are exploited. Some ore veins span at a length of more than 3000 m. A smaller number
of these veins are completely vertical and the rest are with a drop of 40" to 90", The "Zletovo" ore deposit
consists of a system of more than 16 main and "secondary" ore veins. The ore is medium-sized and does
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not create problems in the exploitation [3, 5].

Since the restart of the mine "Zletovo", to date, better and better results are being reached, and
production has not been stopped.

2.2 The “Zletovo™ mine today

Today's mine "Zletovo™ is a very modern underground mine for exploitation of lead and zinc ore,
whereby funds are continually invested for procurement of modern equipment and mechanization. The
current annual production of the mine is about 250000 t of ore, and it is planned that this production
capacity will be maintained in the following vears. Capital objects (corridors, ramps and raises) are being
constructed for opening and preparation to the currently lowest horizon 330, which provides conditions
for smooth operation in the future. Investigation drilling is constantly carried out in order to discover new
ore bodies [3, 5].

In the last 2 to 3 years, additional funds have been invested in equipping and replacing the old with
relatively new equipment (loaders, drilling equipment, auxiliary equipment) that meets the highest safety
standards. The maintenance of the equipment is performed by a service team within the mine itself.

The temporary ground support of the stopes in the mine "Zletovo" is done with bolts or a wooden
support, in places where it is necessary, For blasting is used patronized powder and plastic explosives, as
well as electric detonators. The flotation plant for concentration of lead-zinc ore allows selective flotation
of lead and zinc minerals. The hydro tailings that was built during the opening of the mine has sufficient
storage capacity for the waste slag which will be obtained from the processing the mineral resources in
the future,

2.3 Mining methods applied in the “Zletovo™ mine

The mine "Zletovoe" has been open in combination, with adit and with sloping and vertical shafts,
The first pit of the mine "Zletovo" was opened with a sloping shaft in the footwall of the ore vein 1,
which reached to the horizon 400 and the horizon 350. In this way, the ore reserves of ore vein 1, under
horizon 625 were covered. The pit 2 and 3 were opened with adit number 2, in the immediate vicinity of
the sloping shaft at the level of the horizon 625, and with this are covered the ore reserves above this
horizon. This adit at the same time was the main transport path for the entire ore that was obtained over
this horizon. The area "Lakacevac" is the southeastern part of the ore deposit where the veins with
number I, 3, 4 and 5 are located. "Lakacevac" was also opened with a adit at the level of the horizon 7635
and a local shaft that reached the horizon 715. The ore veins 13 and 14, located at the far northwestern
portion of the ore deposit, were opened with adit number 8 at the level of the horizon 730, and with it the
entire ore from these ore veins to the surface was covered. The adit number 8 is connected through an ore
pass with horizon 623, through which the ore was transported to the bunker on the surface. The area of
the pits 2 and 3 below the horizon 625 was opened with a blind shaft from the horizon 623 to the horizon
535 in the central part of the area of the pit number 2. The ore below this horizon were covered with
corridors at the level of the horizon 450 of the blind shaft. The additional connections of all three areas of
the pit through the adit 14 at the level of the horizon 450, and the increase in the concentration of
transport at that level, posed a problem for the transport capacity through the blind shaft, since the amount
of ore exceeded its capacity. For this reason, as well as the increase in the production of the pit at 300000
t annually, construction of a new vertical transport shaft from the surface to the horizon 350 {planned to
horizon 150) was started. The shaft is located in the immediate vicinity of the slope shaft, in the footwall
of the area of pit 1. Since the existing cableway could not accept production of 300000 t annually, it was
decided that the connection between the Mine and the flotation in Probishtip should be accomplished by
building a adit to the level of horizon 560 (at elevation 580), which was done [3]. After the construction
of these capital facilities (the transport shaft number 1 and the main transport adit at the level of the
horizon 560), a new investment program for reconstruction of the mine and an increase in production of
500000 t per year was started. On the basis of the idea for the reconstruction of shaft number 2, a decision
was made to depart from the idea of reconstruction of this shaft and build a new shaft number 3 (from
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elevation 730 1o 150} in the footwall of the area of the pit 3, from horizon 625 to the horizon 150 as a
service-ventilation shaft. However, this shaft was made up to horizon 250 (elevation 285).

From the shaft number 3, the horizons: 623; 380; 360; 535; 490; 450; 400; 350; 300 and 250 were
opened. From it were made crosscuts to the ore veins at a height distance of 40 to 100 m, and after that
were made draft corridors in the footwall that follow the direction of the ore veins, which in some way
represented also facilities for the development of the site.

The previously mentioned high altitnde was dictated by the excavated technology. As auxiliary
facilities for opening the mine "Zletovo" can be listed the following: North-west ventilation shaft, South-
eastern ventilation shatt, Central ore pass, Pumping chambers on the horizons 350, 450 and 535, as well
as other facilities that have served for a longer period of time.

Mining methods that have been successfully applied for a longer period of time in the mine
"Zletovo", and which could be applied in the future, depending on the conditions encountered [3, 5], are
the following:

—  method for horizontal hanging wall excavation with filling the excavated areas with dry filling
material (the so-called classical method);

— a more detailed method for sublevel caving of ore and adjacent rocks;

—  shrinkage mining method;

—  sublevel open stoping mining.

In this present day in the mine "Zletovo" for excavation of all ore veins, on all horizons, the more
detailed method for sublevel caving of ore and adjacent rocks is applied. This exploitation method gives
satisfactory results with excavation, high safety at work, etc. [3, 4, 7, 8, 9].

About 10 yvears ago, the mining exploitation method was applied by filling the excavated areas with
dry filling material, for excavating the ore vein 3 and 6. Nowadays that method is not applicable because
it has a very small amount of excavated efficiency and requires a larger number of labor, and also a
workforce for haulage the waste rock to fill the excavated space.

In this present day in the mine, 5 ore veins are excavated, which are named as ore vein IB, 2, 3, 6
and 12, Exploitation is done on 3 horizons, i.e., horizon 450, horizon 400 and horizon 350 (Figure 1).
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Figure 1.: Longitudinal section of the *Zletovo™ mine.

On the horizon 450, excavation of the ore vein number 12 has been done, which has a falling angle
of about 80 + #5° and has continuity in the stretching with an average thickness of about 1.8 m. On the
horizon 450, excavation is also carried out on the ore vein number 3, which has a falling angle of about
55 + 607 and has continuity in the stretching with an average thickness of about 1.7m.

On the horizon 400/350, an ore vein number 2 is excavated, which has a falling angle of about 55 +
60 ° and has a continuity of stretching with an average thickness of about 1.8 m. On the horizon 400/350,
excavation is also carried out on the ore vein number 6, which has a falling angle of about 60 + 65 © and
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has a continuity after stretching, with an average thickness of about 1.4 m [3]. The surrounding rocks in
the hanging wall and footwall of the ore veins are mostly dacite - andesite rocks and kaolin.

The excavated ore from the horizons 450, 400 and 350 is transported with the help of accumulator
locomaotives to the main bunker on the horizon 330, from where through the Shaft 1 is transported by skip
to the main bunker on the horizon 560, where the ore is leached and transported with a 14t trolley-
locomotive with a 2,3 m’ wagons, through a adit with a length of 3,6 km to the flotation plant. Shaft
number 1 in the mine "Zletovo" is intended for haulage of ore from horizons 450 and 350 to the bunker of
horizon 560, This shaft is also intended for the transport of workers and raw materials to the above
mentioned horizons and also to serve the mine with power, water drainage and ventilation [3].

The horizontal transport of the waste rock obtained during the preparation of the mining objects on
the horizons: 450, 400 and 350 is carried out with 4,5 ton’s accumulator locomotives and BPO wagons
with a volume of 1.7 m”. The waste rock from the horizons 450 and 350 are transported to the two-sided
station on the same horizons, which are connected to the service-ventilation shaft number 3, through
which it is exported to the surface via adit 2 on horizon 675 [3].

3. UNDERGROUND MINE FOR LEAD AND ZINC "SASA"

The “Sasa™ mine is located about 12 km north of the city of Makedonska Kamenica. The relief of
the area of the mine is explicitly mountainous, which is why the surrounding area was poorly populated
[2]. The area and the immediate surroundings are very rich in water. Rivers "Svinja River", "Kozja River"
and "Golema River" spring from the site of the ore deposit, which is why the ore deposit itself is divided

into areas that bearing their name, and further these rivers flow into Kamenicka River.

The ore bodies are in the form of lenses or slope ore pillars around the faults with great vertical and
small horizontal consistency. As adjacent rocks most commonly occur: quartz-graphite schist, cipoline,
dacite and gneiss.

3.1 Brief history of the “Sasa" mine

The idea of opening a lead and zinc mine, under the highest peak Ruen, was publicly announced in
mid-1952.

The mine "Zletovo" gave its contribution to the opening of the “Sasa” mine, which with its
operation was the carrier of the research, The first geological exploration of the site was started on June
14, 1954, where in the same year the first Elaborate for the geological ore reserves in the Osogovo region
was prepared. In the period from 1960 to 1961, a decision was made to build and open the mine for
underground exploitation of lead and zinc *Sasa™, which lasted until 29.11.1966, when the mine was put
into operation [2].

In the first production year (1967), the mine had annual production and processing of 300000 tons
of lead-zinc ore. Twenty years later (by the end of 1978), the “Sasa” mine began to produce selective
concentrates of lead and zinc, and from 1979 to 2003 a collective concentrate was produced.

There were two major investments in the modernization of mining machinery and equipment in
flotation. This happened in the 1970s and 1980s, and with those investment an annual production of
625000 tons of wet ore was reached, which at the time was a record production. The average production
of “Sasa” mine in the period of 37 vears of fruitful work until the moment of bankruptey that took place
in 2003 was 450000 tons per year.

In 2003, “Sasa™ mine was placed under forced control and a bankruptey proceeding was initiated.
In mid-2005, the “Sasa™ mine was privately owned by the Russian company "Romtrejd” (later renamed
into "Solvej"). and the following year it was restarted and started production again. The recovery of the
mine lasted about eight months, and a lot of money and efforts were made to reach the desired goal.
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Contracts for procurement of basic mining machines were signed immediately, with the world famous
mining equipment company "Atlas Copco” and a completely new flotation plant division with the world-
known manufacturer of the appropriate equipment "Metso Minerals". Training of the workers began for
which foreign experts were engaged, the existing equipment was removed, the new equipment was
installed, new facilities were built that were necessary for the normal functioning of the the mine and all
the projects that had been started before the re-start of the mine was realized [2].

Upon completion of the restoration of the mine (by the end of 2006), the mine began to exploit and
process 650000 tons of ore annually, Since the re-launch of Sasa, so far, very good production results
have been achieved.

In the last four years, production has stabilized at around 770000 t of dry ore annually.

In 2016, the “Sasa™ mine got a new owner. The new owner, the US investment fund "Orion",
through the management company "Lunx Resources Ltd", paid special attention to the high level of
corporate social responsibility of the company for cooperation with all relevant institutions at the local
and central level, comprehensive development of employees and health and safety at work,

At the end of 2017, the ownership of the “Sasa™ mine was changed again, but nothing changed in
terms of the production philosophy, that is, every next calendar year was written with new success in
every field, Today the owner of the Sasa mine is the company "Central Asia Metals, AIM: CALM",

3.2 The “Sasa™ mine today

Today's “Sasa™ is a modern mine for underground exploitation and is among the five largesi lead
and zinc mines in Europe,

The current annual production of the mine is 770000 t of dry ore and it is planned to maintain this
praduction capacity for the next ten years, Capital objects (drifts, ramps and raises) are being built for the
opening and preparation of a new production horizon 750, which speaks for the operation in the future,
Investigation drillings are constantly being carried out in order to discover new ore bodies |2, 7).

In the last 5 to 6 years, additional investment have been made to replace the old (purchased in the
period 2006-2007) with the new equipment (loading machines, mine trucks, drilling equipment, auxiliary
equipment).

The maintenance of the mining equipment is carried out by the company "Atlas Copco”, which is
the main supplier of the equipment. In the mine also is used special purpose equipment, manufactured by
the German company "PAUS" (service vehicles "Minka" - for the transportation of workers, "Scaler”
platforms, "Grader" machine - for maintenance of the roads in the mine, large block crushing machine),
specialized Boltek equipment for ground support [2].

In the *Sasa™ mine, for the first time in Macedonia, special raises were built using “Rais Boring”
machines, (in the period from 2013 to 20135).

A new transport horizon 830 was developed. fully equipped with a new system for transportation of
ore and waste rock - trolley locomotives.

Restoration is done on a vertical shaft in the area "Golema Reka" and replacement of an old skip-
basket with a new one, which serves for transportation of ore and workers,

The process of ground support in the “Sasa”™ mine i1s modemized and improved with more
qualitative bolts, steel mesh and sprayed conerete, and the use of wood support has been minimized.

In the process of blasting, a replacement of electric detonators with a nonel blasting system was
done, and the powdery explosive was replaced by emulsion patronized explosives.
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With the re-launch of the “Sasa™ mine in 2006, the flotation equipment was completely replaced by
a new one from the world-renowned manufacturer "Metso Minerals". By equipping the flotation plant
with modern equipment, the wtilization of metals in the ore increased, a selective concenirate with
increased quality was obtained and the harmful effect on the environment was reduced [2].

Recultivation of the old hydro tailings has been carried out and a new hydro tailings for storing
technological waste has been built,

The “Sasa™ mine has obtained and maintains several important 1SO standards (ISO 9001, SO
14001, OHSAS 18001), and also has international accreditation for the mine laboratory according to IS0
17025,

3.3 Mining methods applied in the “Sasa™ mine

The mine "Sasa" was initially opened with adit and vertical hoist shaft in the northern part of the
site ("Svinja Reka" and "Kozja Reka"), and the southern part of the site ("Golema Reka" and "Kozja
Reka") was opened with adit and slope hoist shafi [2].

In the past period, several mining methods have been applied, which have yielded satisfactory
results, such as:
—  Sublevel stoping with short blasting holes (in the area “Svinja Reka™)
—  Sublevel caving (Swedish method - in the area "Svinja Reka™);
—  Sublevel caving along the longitudinal section of the ore body (in the area "Golema Reka");
—  Sublevel caving with open stopes (in the area "Kozja Reka");
—  Frontal excavation following the dipping of ore bodies with open stopes (in the area "Golema
Reka™);
—  Raise excavation with open stopes (in the area "Kozja Reka ");
—  Horizontal roof stopping with filling the stopes with hydrofill {in the area "Golrma Reka");

Today, the mining of the ore is done by applying the more detailed sublevel caving with blasting of
the ore and adjacent rocks in two variants: sublevel caving along the direction of stretching of the ore
bodies and a more detailed method with a sublevel caving, normal of the stretching of the ore bodies [2,
4,6,7, 8,9
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Figure 2.: Longitudinal section of the “Sasa™ mine.

Today, mining activities are performed only in the area "Svinja Reka", where access to the ore
deposit is accomplished with the help of a adit located on the highest horizon XIVb and a adit located on
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the lowest horizon 830, which are interconnected with the main export service ramp (Figure 2).

On the basis of the mining and geological conditions, mining methods, the planned production
capacity, the volume of excavation and the performance of transport mechanization, in the deeper parts of
the "Svinja River" (horizons XIVb-830) three independent production horizons are developed, as follows:
production horizon XIVb-990; production horizon 990-910 and production horizon 910-830 [2, 6]. An
intensive research is being carried out to open a new horizon 750.

Loading and transporting the ore from the stopes to the ore pass is carried out by diesel-powered
loaders. When loading, it is necessary to strictly take into account the amount of blasted ore. in order to
avoid big ore dilution. The ore is transported to an ore pass and unloaded in it, and then with help of
gravity, falls to the level of the horizon 990 and further with trucks is transported through the main export
service ramp to the flotation bunker on the surface. From the last two areas (Figure 2), the ore with help
of gravity descends to the level of the horizon 830 and then with the help of railway it is transported to the
vertical shaft, from where with skip-baskets is transported to the horizon 950, and from there with help of
conveyor belt is transported to the primary crushing plant [2, 7].

4. UNDERGROUND MINE FOR LEAD AND ZINC "TORANICA"

The mine "Toranica" is located about 24 km south-east of the city Kriva Palanka. The mine is
located adjacent to the Macedonian-Bulgarian border, which is about 6 km away from the international
road Skopje-Kriva Palanka-Bulgarian border [1]. The ore deposit "Toranica" is widespread in the
Osogovo mountain massif and is a continuation of the ore deposit "Sasa" from Makedonska Kamenica
(Figure 3). The area is typically mountainous, with the highest mountain peaks: Ruen - 2252 m, Tsarev
vrh - Sultan Tepe - 2085 m, Sokol - 2038 m, which make up the ridge of the Osogovo Mountains in a
length of 3 to 4 km.
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Figure 3.: Outline of the “Toranica™ and “Sasa” ore deposits.

The ore bodies are in the form of layers, layered-lens or vein-impregnation ore bodies. As adjacent
rocks most commonly occur: quartz-graphite schist, cipoline, gneiss and quartz-latite.

4.1 Brief history of the “Toranica' mine

The beginnings of the research in the area "Toranica" started in 1954, when teams of the Geological
Institute from Skopje and the Geological service of the mine "Zletovo" from Probishtip began to conduct
detailed geological mapping of the terrain and detailed research of the sites: "Toranica", "Sasa" and
"Petrova Reka"[1].

At the end of 1958 due to poor results, the research in "Toranica" and "Petrova Reka" was stopped.
Due to the positive results in “Sasa™ deposit, the intensity of the research was increased. In 1974,
researches started on the “Toranica” ore body as a result of the positive research at the area "Svinja Reka"
in the ore body "Sasa", where the ore body "Sokol" from the "Toranica" mine is connected geographically
and geologically. The results of those surveys were positive, so in 1976 a decision was made to establish
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the company "Toranica”, Since then, a more intense research into the lead-zine deposits in the locality
"Toranica" has begun, and detailed researches were carried out for the quantitative and qualitative proof
of the ore reserves, which lasted until 1979. Based on the results from the research in December 1979, an
Elaborate for mine reserves was prepared for the mine deposit, and then a Project for opening the mine
"Toranica” (1980). In 1981, a decision was made for the investor of the project "Toranica” to be the
“Zletovo™ and “Sasa”™ mines, this decision was accepted in 1982 and then preparations were made for the
construction of the mine "Toranica". In 1984, a positive report and assessment was given for the project
"Toranica” from the Institute of economics and investments from Ljubljanska Bank, which resulted in a
decision on acceptance for financing the construction of the mine "Toranica”, Investors for the opening of
the mine were the mines "Zletovo" and "Sasa" with 75% and "Cinkama Celje" and "Mezice" from
Slovenia with 25% [13].

The mine "Toranica" was designed as a modern mine with a capacity of 700000 t of ore per year,
using modern mechanization in all technological phases of mining and production of selective lead and
zinc concentrates. The mine “Toranica™ with active production started in 1987, with an initial annual
capacity of 41232 t and represents the youngest mine with underground exploitation for lead and zinc in
R. Macedonia. Over the years, its production has steadily increased, so in 1990, reached 314210 t of ore
annually [1]. The mine "Toranica" has been working for 32 years, with only two interruptions, The first
interruption lasted about 5 years due to the transformation of ownership from social to private. While the
second interruption lasted about 1 year, due to the change of the concessionaire.

In 2006, the mine "Toranica” was privatized by the foreign company "Binani industry” and the
company "Indo Minerals and Metals" - Skopje was established. In November 2015, the company "IMM"
went bankrupt, and in April 2016, the concession for exploitation of the mine “Toranica™ was given to the
company "Bulmak 2016" DOOEL- Probistip [1].

4.2 The *Toranica™ mine today

Today's mine "Toranica” is a very modern mine for underground exploitation of lead and zinc,
whereby funds are continually invested for procurement of modern equipment and mechanization. The
current annual production of the mine is about 250000 t of ore and it is planned to reach production
capacity of 268000 t of ore, which is planned to be held in the coming years. Capital objects are
constructed (corridors, ramps and raises) for opening and preparation of the currently lowest horizon 1,
which indicates for smooth operation in the future. Investigative drilling are being carried out in order to
discover new ore bodies [1]. In the last 2-3 years, additional investments have been made in equipping
and replacing the old with relatively new equipment (loading machines, drilling equipment, auxiliary
equipment) that meets the highest safety standards.

The maintenance of the mining equipment is carried out by a mechanical service within the mine
itself, the drilling equipment was purchased from the company "Sandvik", and the loading and transport
diesel equipment was purchased by the German company "Man GHH" [1]. Also in the mine is used a
special purpose equipment (Minka) - for the transport of workers in the pit, produced by the German
company "PAUS". Remediation of the vertical central ore pass 2 has been made (from horizon Illa to the
main transport adit) and also this ore pass was made for gravitacional transportation of the ore to the main
transport adit. Regarding the ground support in the mine "Toranica", an improved system has been
adopted with bolts, steel mesh and spraved conerete, and the use of wood support has been minimized.
Electric detonators, as well as patronized powder and plastic explosives are used for blasting of ore and
adjacent rocks.

The flotation plant for lead - zinc ore was completed at the end of 1986 and it is quite modern. The
flotation equipment was imported from the former USSR company "Tsvetmetpromexport”. The
procedure for flotation concentration of useful minerals can be carried out in one of the following ways:
selective flotation of parts of the lead minerals, collective flotation of lead-zinc minerals and selective
flotation of the pyrite. Due to market demands, in the past years the procedure for selective flotation of
lead minerals and selective flotation of zinc minerals was applied [1]. The hydro tailings that was built
during the opening of the mine has sufficient storage capacity for the waste slag which will be obtained
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from the processing of the mineral resources in the next ten years if the mine's capacity remains
unchanged.

4.3 Mining methods applied in the “Toranica”™ mine

The ore deposit area "Sokol" - "Toranica" 1s spatially located at an altitude of 1250 to 1815 m with
a northwest-southeast direction. In the southeast, this ore deposit is bordered by the "Sasa" ore deposit,
which represents geographically and geologically one ore deposit. This ore deposit is investigated with
length of about 1500 m with thickness of the ore zone of about 100 m.

The "Toranica" mine is open with the main transport adit at elevation of 1250 m, main service
ramp, two central ore passes and several levels (horizontal), which are on mutual height of 40 to 50 m.
The access to the ore bodies is through the adits: 1, 11, Ia, 111, [la, VI Via, IV, IVa and V. The adits 1, Ila
and Illa are transport horizons, while adit: I1, 111, IV, V1 and V serve for the development of the site in
vertical, that is, serve for water drainage, ventilation and similar [1].

For gravitational transport of the ore from the stopes at the level of the main transport adit, two
central ore passes with a height of about 360 m and a diameter of about 2 m are made, at a distance of 50
m each. The service of the pit is done through a main service ramp, which is about 3000 m long.

In mine "Toranitsa", two mining methods were used:
- sublevel caving;
—  sublevel caving with open stopes.

Today, the excavation of the ore is done by applying the sublevel caving method with blasting the
ore and adjacent rocks, because the geomechanical conditions of the ore and the surrounding rocks enable
this method [1, 4, 7, &, 9]. Today’s mining activities are performed only in the part between horizon [ and
horizon 111 (Figure 4), The access to the ore deposit can be accomplished through adit 1, 11, TTa and [T1,
while the Main transport adit serves to transport the ores from the Central ore passes to the receiving
bunker at the mineral processing plant.

The main service ramp has the function to connect all the basic horizons, to provide two approaches
to the mining facilities, to provide servicing of the pit with the necessary repro materials (electricity,
compressed air, technological water for drilling) to enable movement of the overall mechanization and
transport of workers from the surface to the main horizons [1].
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Figure 4.: Longitudinal section of the “Toranica™ mine.

Loading and transporting the ore from the stopes to the ore passes is carried out by diesel-powered
loaders. When loading, it is necessary to take into account the amount of loaded ore, in order 1o avoid
greater dilution of the ore substance. The transport of ore along the horizons | and Ila from the ore passes
to the central ore pass is carried out with trolley locomotives and wagons, while the waste rock is
transported from the waste rock passes to the surface with acu-locomotives and heglund wagons [17].
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5. CONCLUSIONS

The good mining tradition of the three mines for underground exploitation of lead and zinc, with
small interruption breaks in production, contributed to the improvement of the underground mining
technology of metallic mineral resources for specific mining and geological conditions. This is achieved
by following and applying the latest technological advances in transport and drilling mechanization for
underground exploitation.

In the last few years, in all three underground mines for exploitation of lead and zinc ore, sublevel
caving method with blasting the ore and adjacent rocks is applied, where satisfactory production results
are achieved (Table 1), good safety at work and low production costs,

Table 1.: Technical indicators for the sublevel caving method, which is applied in the three mines
for underground exploitation of lead and zine.

Parameter Mine

Mine “Zletovo™ Mine “Sasa”  Mine *Toranica™
Ore recovery, % B0+ 85 75 = 8l 75+ 80
Ore loses, % 1520 20+25 20+ 25
Ore dilution, % 2025 20+ 30 20+ 30
Coefficient of preparatory work, mm/t ore 822279 1,45 =925 1,32+ 3,18
Excavation effect, t/wage 5,14+ 7,89 =14 22,72+ 33,33
Capacity of stopes, t / shifi 40 + 65 = 845,10 283,40 + 334,58
Production of the mine, t / vear = 250000 = JT0000 = 250000
Content of lead in the ore (Pb), % = 6,74 = 5,04 = 3,99
Content of zinc in the ore (Zn), % = 2,60 =428 =277

Macedonian underground mines for lead and zinc have a significant role in the macedonian
economy and represent a good source of foreign currency assets. They have continuity in their
development by investing in sophisticated equipment, training staff and constantly researching for new
ore reserves, which is a good indicator of their future operations.
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