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MODERNIZATION OF UNDERGROUND HAULAGE IN MACEDONIAN 
LEAD AND ZINC MINE

Sum m ary. T he pap er p resents the achievem ents in m odernization  o f  underground load- 
haulage equipm ent and suggests d irections for future m odernization  o f  underground haulage 
in order to achieve g reater efficiency and better econom ical operation  o f  underground lead 
and zinc m ines in  M acedonia.

MODERNIZACJA PODZIEMNEJ ODSTAWY W MACEDOŃSKICH KO
PALNIACH CYNKU I OŁOWIU

Streszczenie. W  pracy przedstaw iono osiągnięcia w  m odernizacji podziem nej odstawy w 
m acedońskich  kopaln iach  cynku  i ołow iu. Sform ułow ano także kierunki dalszej modernizacji 
w  ty m  zakresie. Z w rócono  uw agę na  zw iększenie efektyw ności i lepszej opłacalności eks
ploatacji system ów  odstaw czych.

1. Introduction

There are three m ines for exploitation  and processing  o f  lead and zinc ore in the 

northeastern  p art o f  M acedonia  w hich  are in  operation. T hey  are Z letovo, Sasa and Toranica 

underground m ines. T he overall annual production  o f  the run-of-the m ine ore from  these m i

nes in 1996 am ounted to  849,840 tons w here the annual production  o f  m etals amounted to 

29,030 tons o f  lead, 21 ,560  tons o f  zinc and 20 tons o f  silver.
The m in ing  ac tiv ity  began  after the Second W orld W ar w ith  the restarting  o f  the Zletovo 

m ine w hich  is the o ldest m ine in  M acedonia. T his w as fo llow ed by the construction and 

developm ent o f  the Sasa m ines in 1961. In  1980 these tw o m ines secured the finances for the 

construction  o f  the T oran ica m ine. Today, the Sasa m ine produces the largest quantities o f  ore 

w ith annual p roduction  am ounting  to 500,000 tons.
T he lead and zinc m ines are developed w ith com bined developm ent w orkings; the Zletovo 

and Sasa m ines w ith  d rifts and skip shafts, w hereas the Toranica m ine w ith  drifts and ramp. 

The m in ing  m ethods used  in  excavating the ore are as follow s:
-  sublevel caving,
-  cut and fill,



142 Z.Despodov

-  room  and p illar, and
-  shrinkage stoping m ethod.

The paper also g ives a full p resen ta tion  o f  the underground m ine haulage.

2. Characteristics of the underground mine haulage during the period of 
commencement of exploitation

M ost com m only  the underground  m ine haulage in  the m ines for m eta llic  m ineral raw  

m aterials consists o f  tw o phases: ore handling and m ain  haulage. O re hand ling  transports the 

m ined out ore from  the stope to the ore passes in  the excavating b lock. M ain  haulage is the 

transport o f  ore from  the central ore passes w here the ore from  several b lock  excavations 

com es and is transported  to the surface or to the processing  plants.

In  the beg inn ing  our m ines used  autoloaders m anufactured  by  the A tlas C opco C om pany 

in  the ore handling . T he m ost com m on types used w ere  T2G H , C avo310 and C avo520, w hich 

used  com pressed air as pow er. T hey  also used various scrapers the pow er o f  14 to 24 kW . Ore 

handling  m achinery  used  at that tim e had the characteristics as follow s:

-  sm all capacity ,

-  lim ited  radius o f  action,

-  large consum ption  o f  com pressed  a ir o r energy losses,

-  large num ber o f  w orkers,

-  large num ber o f  in juries o f  operators per ton ore produced,

-  the im practicable use o f  the m achines for haulage o f  the m aterial a fter drifting.

H ow ever, these m achines proved  as sa tisfacto iy  m eans o f  transportation  for the m ined 

ou t ore. T heir advantage w as that they  did no t pollu te  the drift and o ther facilities by  harm ful 

gases.

L ocom otives the w eigh t o f  4.5 -5-8 t and cars the volum e o f  1 -5- 1.6 m 3 w ere used in  the 

haulage o f  the ore in  levels w h ich  connected  the b lock  ore passes and the m ain  haulage 

facilities. Still, tro lley  locom otives o f  7 +  14 tons and cars the vo lum e o f  1.6 -5- 3.5 m 3 were 

used , and are still used, for hau lage from  the central ore passes to the surface o r to  the bins.

The locom otive hau lage is characterized  by:

-  d iscontinuous m anner o f  operation,

-  m anaging  grades up to 5%o,

-  com plex organization  o f  w ork,

-  em ploym ent a large num ber o f  w orkers,

-  low est re liability ,

-  greater possib ility  o f  in juries at w ork,

-  d ifficult locom otive and car m aintenance,

-  the necessity  o f  construction  o f  additional pow er stations.
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H ow ever, the locom otive haulage has som e advantages that results in its being the most 

com m on type o f  transport in  our m ines. Its advantages are as follow s:
-  long distance haulage,
-  haulage in m ine facilities o f  sm all radius o f  curves,
-  ore haulage, m aterials and w orkers,
-  haulage o f  w et and abrasive m aterials and those o f  various granulom etry,
-  w orking connection  betw een haulage and hoist,
-  relatively  sm all investm ents, etc.

3. Modernization of underground haulage in lead and zinc mines

The m odern ization  o f  underground haulage and the w hole process o f  underground 

m ining o f  lead and zinc ore began w ith developm ent o f  the T oranica m ine in 1987. Drilling 

w as carried out by  m odem  T am rock and A tlas Copco hydraulic rockdrills. LHD diesel Man- 
Ghh, Schopf, A tlas C opco W agner and Toro m achines the bucket volum e 1 .6-3 .5  m 3 were 

used in ore handling. T his change from  autoloaders w ith com pressed air to LHD resulted in 

great changes in  the technology  o f  drifting  so that the drift size ranged from  6 m 2 to 12 m2. It 

increased the b lock excavation  and the length o f  ore handling. T his also resulted in:
-  the decrease o f  the num ber o f  w orkers by 50%  at the sam e production rate,
-  rapid fall in  the in juries at w ork,
-  greater econom y at w ork,
-  greater hour capacity  in haulage from 20 t/h  to 120 t/h  and m ore,
-  creation o f  condition  for m anaging o f  grades up to  25%  and m ore,
-  greater m obility .

Parallel to the in troduction  o f  LHD loaders, underground trucks w ere also introduced in 

our m ines. U nderground  trucks Schopf-T103 type w ere used in ore haulage in horizontal and 

ram p m anaging haulage d istance o f  300 m in the G olem a R eka d istrict in the Sasa mine.

Today, underground trucks A tlas C opco W agner-M T413 are used in the Svinja Reka

district in  the Sasa m ine for haulage o f  the m uck excavated during the drifting o f  level XVo.

The trucks w ill later be used for haulage o f  ore excavated from  block ore passes to the central 

ore pass.
The d isadvantage o f  d iesel equipm ent is that it pollu tes the m ine facilities that results in 

higher ventilation  costs.
B esides m odern ization  o f  ore handling, our m ines need m odernization  o f  the main 

haulage. L ocom otive transport m eans, w hich are dom inant, are ra ther old and cause 

production  breaks that resu lts in h igh operation  costs. Follow ing the m odel o f  m odem  mines 

in the w orld, w here the m ain  haulage is carried out entirely  by belt conveyors, it is necessary 

to replace the locom otive transport by continuous transport m eans as m odem  technological 

solution. This experience w as obtained during the w ork o f  the unique belt conveyor used in



144 Z.Despodov

our lead and zinc m ines as a m am  underground  haulage or conveyor used in the m ain haulage 

decline in the G olem a R eka d istrict in the Sasa m ine.

The drift X IV B  in the Svinja R eka d istrict in the Sasa m ine w hich  is in the process o f

developm ent w ill be the m ain haulage drift for the entire run-of-the m ine production

envisaged to y ield  700,000 tons o f  ore  annually.

The drift has a straight strike length from  the surface to the central ore pass (level XIVB -

level X II) am ounting  to  1,360 m. T he drift also m akes possib le the installm ent o f  suspended 
belt conveyor since the drift is an access to  the m ain  service ram p. The installation  o f  a 

p rim ary  crusher before the central ore pass is necessary  so that the ore could easily  be 

transported  to the bin.

It is w orth  saying that because o f  the characteristics m entioned  above the locom otive 

haulage used in the P robistip  - D obrevo drift should be replaced by a belt conveyor. The drift 

is 3 ,650 m long and contains three curves the radius o f  500 m. C onsidering  the fact that the 

m in im um  rad ius o f  the curve for the use o f  curvelinear conveyors allow ed ranges from  200 to 

700 m, it fo llow s that it is necessary  to in troduce curvelinear conveyor w ithout bringing 

changes to  the drift. H ow ever, it is necessary  to carry  our overhaul o f  the drift because o f 

deform ations caused by the unfavourab le  physico-m echanical characteristics o f  the 

surrounding rocks. The conveyor could  transport 600,000 tons o f  ore w ith  the possib ility  to 

include the transport o f  the ore after the com m encem ent o f  the operation  in the Plavica 

deposit. A ll th is m eans that the m ined  out ore should  be crushed in  the p it before  it is 

transported  by  the conveyor.

Special conveyors o r the H igh A ngle C onveyors (H A C ) could also be used in our lead and 

zinc m ines. T hey  can be used for haulage from  low er to h igher levels as w ell as haulage 

from  parts o f  the deposit that are below  the low est transport level in o rder to avoid further 

deepening o f  the hoist shaft.

The in troduction  o f  conveyors to  our lead and zinc m ines w ill result in:
-  the increase o f  the conveying capacity , lesser num ber o f  w orkers,
-  re liab ility  o f  operational system ,
-  low er pow er consum ption ,
-  be tter security  at w ork,
-  low er dusting  o f  m ine facilities.

REFERENCES

1. D espodov  Z.: D osegasni iskustva i m oznosti za  pogo lem a upo treba  na lentestite 

transporteri vo podzem nio t transport vo rudnicite  vo R .M akedonija, IV  intem acionalni 

sim pozium  o transportu  i izvozu, B eograd, 1999

2. D espodov  Z.: Izbor op tim alnog  lokom otivskog  transporta u g lavnim  transportnim  

hodnicim a u rudnicim a o lovo-cinka, III in tem acionalno savetovanje o rudnickom  

transportu  i izvozu, B eograd, 1996



Modernization o f  underground. 145

3. G rujić M .: T ransport i izvoz u rudnicim a, R udarsko-geolośki fakultet, B eograd, 1999
4. Ivanovski S.: Sostojba,probierni i prioritetni zadać i vo razvojot kaj olovoto i cinkot vo SR

M akedonija, Z bom ik  na trudovi od trkalezna m asa,R udarski institut, Skopje, 1989

5. Stevens R .M „ A cuna A.: L oad-H aul-D um p U nits, U nderground m ining methods 

handbook, SM E, 1990

6. V ukobratovic T., Ignjatovic M.: Prim ena diskontinualn ih  transportnih maśina u 

nem etansk im  rudnicim a, III intem acionalno savetovanje o rudnićkom  transportu  i izvozu, 

B eograd, 1996.

Recenzent: Prof.dr hab.inż. Jerzy Antoniak

O m ów ienie

W  artykule przedstaw iono osiągnięcia w  m odernizacji podziem nego system u ładująco- 

odstaw czego i sugestie  dotyczące k ierunków  przyszłej m odernizacji w  celu osiągnięcia 

w iększej efek tyw ności i po lepszenia opłacalności eksploatacyjnej kopalń cynku  i ołowiu w 

M acedonii. R ów noleg le  z w prow adzeniem  w ozów  ładująco-odstaw czych typu LHD 

zastosow ano także w ozy odstaw cze typu  Schopt-T104, pracujące na odległość do 300 m. W 
K opalni Sasa. O becnie w ozy  odstaw cze firm y A tlas C opco W agner -  M 413 eksploatow ane w 

Kopalni Sasa odstaw iają  urobek o trzym yw any przy w ykonyw aniu  przekopu na poziom ie XV. 

A ktualnie podjęto rów nież prace nad zam ianą odstaw y kolejow ej odstaw ą przenośnikow ą.


