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Abstract

This paper describes the principle of development the structural models of rocks, based on which the
geomechanical model rock massif is developed, to which the applied numerical methods of stress analy-
sis can be applied in solving the practical problems in the field of underground and surface mining of

mineral raw materials.

Keywords: deformability, stress-strain state, rock mass

INTRODUCTION

Stress-strain state of rock massif has
great importance in designing and construc-
tion of structures and their stability. In con-
struction the underground facilities, regard-
less of the cross-section of room, the rock
massif is the main supporting element. De-
formations of rock massif, around the un-
derground facility, cause stresses in support
structure or coverings, i.e. the both elements
mutually affect each other. Due to a huge
variety of the rock massif structure and its
properties, it is very difficult to develop a
model that can describe the stress-strain state
of the rock massif. Such model should be as
simple as it could be as it can be widely ap-
plied and the obtained results acceptable.
The first step in the study of rock mechanics
is to develop a structural model that reflects
all characteristics of rock structures and their

“ Mining and Metallurgy institute Bor

physical-mechanical and deformation pro-
perties.

Walter Wittke developed in a detail this
issue. Practically, he classified all rock types
into granular structure, i.e. the rocks com-
posed of individual elements of grain. Den-
sity was determined by packed grains or
grains made of their aggregates with the
specific disruption of the cracks. Rock is
idealized as a quasi-plane and quasi-
homogeneous element of rock massif. De-
pending on the shape and orientation of
grains or aggregates in the rock, three main
cases will be considered:

1 Rock with non-oriented granular

structure, Figure 1a.

2 Rock with layered structure,

Figure 1b.
3 Rock with schistose structure,
Figure 1c.

™ This work is the result of Project No. 33021 "Research and Monitoring the Changes of Stress-
strain State in the Rock Massif "in-situ™ Around the Underground Rooms with Development a Mod-
el With a Special Review to the Tunnel of the Krivelj River and Jama Bor", funded by the Ministry
of Education, Science and Technological Development of the Republic of Serbia
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Figurel Structural rock model
a — non-oriented isotropic grnular structure
b - layered anisotropic structure
¢ - structure of anisotropic schistose

Based on the structural rock model, it
is possible to make such geomechanical
model of rock massif for the use of nu-
merical methods of stress analysis in solv-
ing practical problems in the field of un-
derground and open pit mining. These
numerical methods are based on the as-
sumption of elastic-viscous plastic defor-
mation. Such model allows taking into
account the mechanical-deformation ani-
sotropy, caused by granular structure and
surface texture cracks.

a)
[MPa]
2 T
g~ /

Sax

Suppose that in a part of the load that
does not exceed the limit resistance to
uniaxial pressure, the elastic deformations
are exclusively developed independently
on time and proportional to load, Figure 2.
When the load reaches the limit value oy,
it causes the irreversible non-elastic de-
formations. The experiments proved that
the irreversible deformations, and con-
nected to this the redistribution of stress
are highly depend on time. These defor-
mations in geomechanical model are
based on the viscous-plastic properties.

Figure 2 Deformability of isotropic rocks

a - dependence of elastic and ideal viscous- plastic deformations ax of stress oax
b - determination the elastic modulus and Poisson ratio v for rocks

1 - elastic deformation
2 — viscous-plastic deformation

No. 3, 2013
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1 STRESS-DEFORMATION STATE OF
ROCKS

1.1 Elastic deformation

Description of elastic deformations of
rocks is derived from a model of their
structure. In the rock with non-oriented
granular structure in uniaxial or triaxial
load which is less than limit strength, the
elastic deformations appear independently
of load direction. Deformable constants,
modulus of elasticity E and the Poisson
ratio v are expressed as follows:

g, & &
E=-2[MPa]; v====2
SZ SZ SZ

The shear modulus G depends on E
and v

E
2(1+v)

G =

[MPa] 1)

Components of stress, strain and
shear in the arbitrarily oriented Descartes
coordinate system (x, y and z) are con-
nected by the Hook law with the con-
stants E and v.

_ E

The rocks with layered structures, iso-
tropic elastic properties of its deformations,
in the best case, are unacceptable. The ex-
periments have confirmed that the uniaxial
compressive strength of rocks, with a lay-
ered structure in the direction normal to the
plane of isotropy, is much greater than the
strength in the direction of parallel planar
isotropy. Stress and strain state in the plane
of stratification has an isotropic character.
This description of a methodology of behav-
ior in the zone of elastic deformation con-
sists in application the five independent elas-
ticity constants. It can be said that the stress-
strain state is characterized by transverse
isotropy [1]. Independent constants are E;
and E,, normal and parallel to the plane of
isotropy, v; and v,, and shear modulus G, for
the shear stress in the plane of isotropy.

Let us consider the unit volume of
rock with the Descartes system of coordi-
nates (x', y' and z'), wherein the axis z'
matches with direction of the greatest de-
formability and x' and y' axes lie in the
plane of isotropy, Figure 3.

From the conditions, Figure 3, the
elastic constants are obtained from stress
and linear and shear deformations of the
unit volume, Figure 4.The values of the G;
and v3 dependent on E; and E,, v; and v,.

O =15 7w [(1 —V)e, +ve, + vsz]
_ E
Oy = 5 [ve, + (1 - V)g, + ve,|
o, = - - [vsx +ve, +(1- v)ez]
1-v=-2v (2)
-_E .

Ty = 2awy Yoy
Tyz = 2(1+v) Vyz
sz::EEGRS'YEx
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Figure 3 Deformation anisotropy of rocks with a layered structure

a - horizontal plane of isotropy, b - vertical plane of isotropy

1 - plane of isotropy
2 - stratification

It is important to say that, according to
the transverse isotropy, the theory of elastici-
ty does not specify maximum value of the
Poisson ratio as in the case of full isotropy,
where v<0.5. From considered strain energy,
the limitation of inequalities follows:

2V, v <1l-—v

3)

Vv, < 22 4)

2E;

Based on the laboratory studies of de-
formation properties of rocks, v; and v, are
always less than 0.5, and only v; for trans-
versely isotropic rocks in some cases may
be higher than 0.5.

Figure 4, from a to i, shows determin-
ing the elastic constants of rock layered
structure of transversely isotropic models.

Oy _ Jyl .
- i
Ey! Syl
’
Z
7
z
Txlyl E1 )
- i
Vx'y! 2(1 + Vl)
T,y _ Tyly!
YVz'y'  Vz'x!
&'
Ey! '
& _ Y.
Szl Szl '
& _Ev,
Eyr Ez
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Figure 4 Determination the elastic constants for rocks in the case of transverse complexion for
isotropic layered structure

a, b and ¢ - modulus of elasticity and corresponding strains

d, e, and f - shear modulus
g, h and i — Poisson coefficient

The expression for determining the
maximum value of independent shear mo-
dulus 1. Kilj, proposes the following ex-

pression:

G, <

E
= )
{2[v2(1+v1)+ (E—i—vg)(l—vﬁ)]}

Since the shear modulus G; is very dif-
ficult to determine "in-situ", various au-
thors have suggested that this independent

module can be determined approximately
over other constants of elasticity.

L. Barden suggests the following rela-
tion [4]:

G, = —p2

E3
1+E1+2v2

(6)

A less value can be obtained from the
following relation:

~ _ E2
G, =
2(1+vy)

(")
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PARAMETRI DEFORMABILNOSTI ZA
FORMIRANJE MODELA NAPONSKO-DEFORMACIJSKOG
STANJA STENSKOG MASIVA™

lzvod

U radu je opisan princip razrade strukturnog modela stena, na osnovu kojeg se razraduje geome-
hanicki model stenskog masiva, na koji se mogu primeniti numericke metode naponske analize pri
resavanju prakticnih zadataka u oblasti podzemne i povrsinske eksploatacije mineralnih sirovina.

Kljuéne redi: deformabilnost, naponsko — deformaciono stanje, stenski masiv

uvoD

Naponsko-deformacijsko stanje stena
stenskog masiva ima veliki znacaj pri
projektovanju i izgradnji objekata i njihove
stabilnosti. Pri izradi podzemnih prostorija,
bez razlike na popre¢ni presek prostorije,
stenski masiv je osnovni nose¢i elemenat.
Deformacije stenskog masiva oko pod-
zemne prostorije izazivaju napone u kon-
strukciji podgrade, odnosno obloge, tj. oba
elementa uzajamno uti¢u jedan na drugi.
Obzirom na veliku raznolikost grade sten-
skog masiva i njegovih svojstava, vrlo je
teSko razraditi model koji moZe opisati
naponsko-deformacijsko stanje  stenskog
masiva. Takav model mora biti jednostavan
kako bi se mogao Siroko primenjivati, a
dobijeni rezultati biti prihvatljivi. Prvi korak
u istrazivanju mehanike stena je razrada

“ Institut za rudarstvo i metalurgiju Bor

strukturnog modela koji odrazava sve
osobenosti grade stena i njihova fizicko-
mehanicka i deformaciona svojstva.

Ta pitanja je detaljno razradio Walter
Wittke. Prakti¢no sve stene je svrstao u
zrnastu strukturu, tj. stene sastavljene od
pojedinih elemenata zrna. Gustina je odre-
dena upakovanim zrmima ili sastavljenih od
njihovih agregata odredene narusenosti
pukotinama. Stena se idealizuje u vidu
kvaziravnijskog i kvazijednorodnog eleme-
nta stenskog masiva. U zavisnosti od oblika i
orijentacije zrna ili agregata u steni ovde
¢emo razmatrati tri osnovna slucaja:

1. Stena sa neorijentisanom zrnastom

strukturom, sl. 1.a.
2. Stena sa slojevitom strkturom, sl. 1.b.
3. Stena sa Skriljavom  strukturom,
sl. 1.c.

™ Ovaj rad je proistekao kao rezultat projekta 33021 wWIstraZivanje i pracenje promena naponsko
deformacionog 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

Broj 3, 2013.
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Sl. 1. Strukturni model stene

a — neorijentisana izotropna zrnasta struktura,
b — slojevita anizotropna struktura,
¢ — Skriljava anizotropna strktura

Na osnovu strukturnog stenskog modela
moguce je izraditi takav geomehanicki
model stenskog masiva na koji se mogu
primeniti numericke metode naponske
analize pri reSavanju praktiCnih zadataka u
oblasti podzremne i povrSinske eksploa-
tacije. Te numericke metode se zasnivaju na
pretpostavci o elasto-viskozno plasti¢nim
deformacijama. Takav model omogucuje da
se uzme u obzir mehanicko-deformaciona
anizotropija uslovljena zrnastom strukturom
i strukturom povrSina pukotina.

a)
[MPa]
2
g2 | /

Sax

Pretpostavimo da se u delu opterecenja
koje ne prevazilazi grani¢nu otpornost na
jednoosni  pritisak, razvijaju iskljucivo
elasticne deformacije nezavisne od vremena
i proporcionalne su opterecenju, sl. 2. Kad
opterecenje dostigne grani¢nu vrednost oy,
tada nastaju neelasti¢ne nepovratne defor-
macije. Eksperimenti povrduju da nepovra-
tne deformacije i povezano sa tim preraspo-
dela napona, u vrlo visokom stepenu zavise
od vremena. Te deformacije u geomeha-
nickom modelu zasnivaju se na viskozno-
plasti¢nim svojstvima.

Sl. 2. Deformabilnost izotropnih stena

a — zavisnost elasticnih i idealno viskozno-plasticnih deformacija e, od napona o
b — odredivanje modula elasticnosti i koeficijenta Poissona v stena

1 - elasti¢na deformacija,
2 — viskozno-plasticna deformacija
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1. NAPONSKO-DEFORMACIJSKO
STANJE STENA

1.1. Elasti¢ne deformacije

Opis elasticnih deformacija stena
proizi-lazi iz modela njihove strukture.
Stena sa neorijentisanom zrnastom struk-
turom pri  jednoosnom ili troosnom
opterecenju, koje je manje od grani¢ne
¢vrstoée, nastaju elasticne deformacije
nezavisno od pravca dejstva opterecenja.
Deformabilne konstante, modul elasti-
¢nosti E i koeficijent Poisson-a v se
izraZavaju na sledec¢i nacin:

E=2[MPa]; v=25
zZ

& & &

Modul smicanja G zavisi od E i v:

E
2(1+v)

G = [MPa] (1)

Komponente napona, deformacija i
smicanja u proizvoljno orijentisanom
Dekartovom koordinatnom sistemu (X, y i
z) povezani su po Huk-ovom zakonu
konstantama E i v:

_ E

O =15 7w [A—v)e, + ve, + ve,|
E
Oy = 5 [ve, + (1 —v)g, +ve,]
E
O =15 [ve, + ve, +(1— V)&, ]
E )

Txy = m * Vxy
_ E

Tyz = m *Vyz
_ E

Tzx = m * Vax

Stene sa gradom slojevite strukture,
izotropne elasticne karakteristike njenih
deformacija u najboljem slucaju su nedopu-
stive. Eksperimenti potvrduju da jednoosna
otpornost na pritisak stena sa slojevitom
strukturom u pravcu normalnom na ravan
izotropije znatno je veéa od Cvrstoée u
pravcu paralelno ravno izotropije. Naponsko
deformacijsko stanje u ravni slojevitosti
poseduje izotropni karakter. Navedena
metodologija opisa ponaSanja u zoni
elasticnih deformacija sastoji se u primeni
pet nezavisnih jedne od drugih Kkonstanti
elasticnosti. Tada kazemo da naponsko-
deformacijsko stanje karakteriSe transver-
zalna izotropija [1]. Nezavisne konstante su
E; i Ey normalno i paralelno ravni izotro-
pije, v1 i v,, i modul smicanja G, za napone
smicanja u ravni izotropije.

Razmotrimo  jediniénu  zapreminu
stene sa Dekartovim sistemom koordinata
(X', y'i 2", pri ¢emu osa z' se poklapa sa
pravcem najvece deformabilnosti, a ose x'
iy leZe u ravni izotropije, sl. 3.

1z uslova sl. 3 konstante elasti¢nosti se
dobiju iz napona i linearnih i smicuéih
deformacija jedini¢ne zapremine, sl. 4. Pri
¢emu su takode velicine v; i G; zavisne od
El i Ez, V1 i Vo.
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Sl. 3. Anizotropija deformabilnosti stena sa slojevitom strukturom

a - horizontalna ravan izotropije, b — vertikalna ravan izotropije
1 - ravan izotropije, 2 - slojevitost

Vazno je reéi, da pri transverzalnoj
izotropiji, teorija elasticnosti ne odreduje
maksimalnu vrednost koeficijenta Poisson-a
kao u slu¢aju pune izotropije, gde je v < 0,5.
Iz razmatrane energije deformacija sledi
samo ograni¢enje nejednacina:

vty <1l-—v (3)
E
v, < i 4)

Na osnovu laboratorijskih istraZivanja
deformacionih svojstava stena v; i v, su
uvek manji od 0,5 a samo v; za
transverzalno izotropne stene u pojedinim
slu¢ajevima moze biti veci od 0,5.

Na sl. 4 od a do i prikazano je odredi-
vanje elasticnih konstanti stena slojevite
strukture transverzalno izotropnog modela.

a, b):
E = Oy' — gy ;
Ey! Eyr
’
C)E; = ZT:
d,eif):
6, Tyly! E;

g, hii):
_&'.
V1 —
Ey!
_ & £y’
VZ - - -,
Eyl E,l
g Ejvy
Vg = —— =
3 Eyr Ez
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Sl. 4. Odredivanje elasticnih konstanti stena za slucaj transverzalno izotropni model
slojevite strukture

a, b i ¢ — modul elasticnosti i odgovarajuée deformacije,
d, e i f—moduli smicanja,
g, hii— koeficijenti Poisson-a

da se odredi priblizno preko drugih konstanti

Izraz za odredivanje maksimalne . :
vrednosti nezavisnog modula smicanja  clasticnosti. .
1. Kilj, predlaze sledeéi izraz: L. Barden predlaze slede¢u zavisnost [4]:
Ep
G, = —F— 6
Gz 2 1+E—i+2v2 ( )

< = ®)
{Z[Vz(“"l)*\[@_i_v%m]}

Obzirom da je modul smicanja G,, vrlo
teSko odrediti ,,in-situ” to razni autori su
predloZili za taj sam po sebi nezavisni modul

NeSto manja vrednost se dobije po
sledec¢oj zavisnosti:

~ _ E2
G, =
2(1+4v3)

(")
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DEFINING THE SIZE CLASS AS THE QUALITY PARAMETER OF

Fkk

ZEOLITE ASSORTMENT OF PRODUCTS

Abstract

Quality requirements for the product assortments, obtained from a large number of non-metallic
mineral raw materials, are defined, and above all, they have the defined particle size. Are the quality
requirements for zeolite assortments defined? Searching for the answer to this question, an internet
research was done. The web pages of the most significant producers of materials based on natural zeo-
lite were studied as well as the papers of a large number of prominent researchers whose experiments
are focused on the natural zeolite. This paper presents the findings primarily with the aspect of particle
size as the quality parameter of zeolite assortments. Based on this analysis, it is considered that it should
define the quality requirements of zeolite assortments, especially the particle size for each product. In
fact, it is important to know the particle size in mineral processing in order to choose less expensive
procedure for obtaining the finall product.

Keywords: natural zeolite, zeolite assortment, quality requirement, mineral processing, particle size
of zeolite assortment

1 INTRODUCTION

In order to investigate the possibility — Quality requirements relate to the physi-
of use the non-metallic mineral raw mate-  cal, chemical, mineralogic and other pro-
rial, i.e. to determine whether one or more  perties of given material. They define
useful products can be obtained from  minimum or maximum values of specific
some non-metallic raw material, it is nec-  parameters and the allowed discrepancies.
essary to know the required quality of that ~ The basic and initial parameter in this re-
product, i.e. which quality of that product  spect is the particle size, respectively size
is needed by the end users. This subject is  class, respectively range of products. Par-
most often regulated by standards for each ticle size is important from the aspect of
material, obtained from non-metallic min- its application since not all material sizes
eral raw material which has users and ap-  can be used for any application. There are
plication. So, for example, there are stand-  similar standards for products obtained
ards for calcium carbonate raw materials ~ from quartz raw materials, clays, feld-
which define the quality requirements for  spars, phosphates, etc. There are standards
products used in a range of industries. of particular states, and there are some

" Institute for Technology of Nuclear and Other Mineral Raw Materials, Franchet d Esperey 86,
11 000 Belgrade, Serbia, z.sekulic@itnms.ac.rs
™ University of Belgrade, Faculty of Mining and Geology, Djuina 7, 11 000 Belgrade, Serbia
™ This paper is the result of investigations within the Projects 034013 and 172018, funded by the
Ministry of Education and Science of the Republic of Serbia from 2011-2014.
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standards for the EU countries. What is
the state of affairs in this respect when it
comes to one of the most significant non-
metallic mineral raw materials-zeolite? It
was searched for the answer to this ques-
tion on web pages the most significant
manufacturers of natural zeolite products,
as well as by means the investigation of
papers published by a large number of
prominent researchers of natural zeolite.
Only the certain aspect of the particle size
range of products was studied. The obser-
vations and recommendations are present-
ed in this paper.

2 OVERVIEW OF ZEOLITE
PRODUCTION ASSORTMENTS

When zeolite production is in question,
Robert L. Wirth presents the production
and mine reserves [1]. Natural zeolite pro-
duction was the highest in 2011 in China
and it amounted to nearly 2,000,000 tons
(including pozzolanic applications). Apart
from China, the biggest producers are the
United States, Japan, Jordan, South Korea,
Slovakia and Turkey. All others produced
around 5,500 tons in 2011. The world total
(rounded) in 2011 was 2,800,000 T.

Speaking about the processes of ob-
taining the zeolite products for further
application, it is interesting that F. A.
Mumpton 1977[2] wrote about application
and obtaining the products based on natu-
ral zeolite. This author, at the end of this
consideration wrote: “For many ion ex-
change applications, the desired size
range is 20 x 50 mesh (850 to 300/am)
which has been found to optimize the con-
tact time and hydraulic characteristics of
packed columns™.

The internet research provided data on
companies in the business of manufactur-
ing products from natural zeolite. In this
paper, the most interesting data are present
according to the evaluation from websites
of the nine companies worldwide. These
data relate to the assortments (i.e. particle
size) and product use in the market, and
details can be found on websites of these
companies, which are present in Tables 1
and 2.The present data in Table 1 show a
wide range of natural zeolite products.
Those assortments (size classes) are dif-
ferent for the same application. Assort-
ments are in the range from -32+16 to less
than 20 micrometers.

Table 1 Testing the production of zeolite assortments obtained from natural zeolite and

their application

Company / website / and assortment, mm
Application of natural USA USA USA USA
zeolite Bear River zeolite | St. Cloud Mi- SS?(S(I:?:I?S ZEO,
co., inc[3] ning Co. [4] Minerals[s] Inc. [6]
1) Water Treatment
Aquaculture -12.7+4.76 Powders
-4.76+2.38 -0.044
4.76+1.41 -0.149
1.41+0.4 -0.42
Wastewater treatment -0.4+0 sands -4.76+2.38
Drinking water treatment 1.41+0.4 -0.4+0.177 -1.4140.4
Pool filters 1.41+0.4 1 41+'O 4 SVZ 0.65
' ' Ko 1.85
Flocculation
For fish ponds
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Modified or combined Granules

zeolites -4.76+3.36
2) Animal and Feed and -3.36+2.38
Agricultural -3.36+1.41
Complete feed mixture -1.4+0.4 | -.2.38+1.41 -0.5+0
Animal feeds mixture Ultra,
Aggregates -45um
Soil -12.7+4.76
Soil remediation -1.41+0.4 | -19+12.7 -1.4+0.25
-0,4+0,25 | -25.4+19
-0,4+0
For lawns -2.38+1.41
-1.41+0.4
-0.595+0.25
For pellets -0.4+0

For artificial fertilizers
and substrate

For golf courses

3) Air Treatment

Air Filtration -9.5146.35
Removal of impurities

4) Industry

Concrete and pozzolanic -0.045+0
for cement

Fillers in paper, cardboard, -0.4+0
plastic, rubber, adhesives, -0.15+0
asphalt

Table 2 Review the production of zeolite assortments obtained from natural zeoilite and
their application

Company / website / and assortment, mm

Australia South

Application of natu- | = zeolite Africa | Turkey Rota Slovakia Spain
ral zeolite Australia | Pratley | Madencilik ZEOCEM | ZeoCat
Pty Ltd (Pty) [9] ,a.s. [10] | S.L.U[11]
[7] Ltd[8]
1) Water Treatment .

Aquaculture \C;Vre a(l:r;rflzes -32+16;
_pro_duce -16+8:
any grain size 8+4;
according to 2.5+2:
your require- 241
ments. Below 1405

there is a list of

Wastewater treatment AR
—— - grain sizes in our
Drinking water 0.84+0.25 standard produc-
treatment R
- tion line:
Pool filters
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Flocculation -0.075+0
For fish ponds -2+0.5
Modified or combined
zeolites
2) Animal and Feed
and Agrocultural
-0.075+0
Complete feed 0.5+0
mixture
. L -1.6+0.5
Soil remediation 2405
-0.075+0
For pellets -0.5+0
-0.075+0 -4+42
For artificial fertilizers -0.5+0 -4+0.25
and substrate
For golf courses -0.84+0.25

3) Air Treatment

Air Filtration

Remove impurities

4) Industry

Concrete and
pozzolanic for cement

5) Other Products

Environment

Wide range

-20 microns,
-50 micron,
-75 microns,
-0.1

-0.225
-0.425
-1.18+0.7
-1.6+0.7
-2.5+1
-5+2.5
--9+5

-16+9

-8+4;
-4+2.5;
-2.5+1.2;
-1.2+0.5

-1+0;
-1+0.5;
-1+0.2;

-0.5+0.2;
-0.2+0

-1+0.3;
-8+4;
-5+2.5;
-5+1;
-2.5+1

-8+5;
-4+2,5;
-2.5+1;
-1+0.5;

-0.5+0.2

-8+5;
-4+2.5;
-2.5+1;
-1+0.5;

-0.5+0.2

-5+2

-0.7+0

3 REVIEW OF RESEARCH PAPERS
FROM THE ASPECT OF NATURAL

ZEOLITE

For the purpose of easier research, this
paper presents the review of conditional
classification according to theapplicability
of natural zeolite. Three references were

used for this list of application the zeolite

products: website[1,12] and [10].

¢ Physical, chemical and mineralogical

characterization
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o Natural zeolite — water treatment
¢ Environmental application of natural

zeolite

o Natural zeolite in agriculture and ani-
mal nutrition

e Natural zeolite in cement and cera-
mic bodies

¢ Biomedical and biotechnological ap-
plications of natural zeolite

e lon exchange of natural zeolites/sur-
face modified natural zeolites

3.1 Characterization of natural zeolite

Zeolite characterization is usually perfor-
med on samples taken in the beginning of
preparation and processing, after that they
are ground in laboratory into powder, for
example <0.063mm [13-17]. However, O.
Korkuna, et al. [18] in the paper Structural
and Physico-chemical properties of Natural
Zeolites:Cclinoptilolite and Mordenite, cho-
se the fractions of clinoptilolite with the par-
ticle size ds = 0.355-0.5 mm and mordenite
of ds = 0.2-0.315 mm for investigation.

3.2 Natural zeolites for water treatment

Researchers dealing with water treat-
ment use the following natural zeolite size
classes, obtained from the raw material:
-2+0.5 mm; -1.5+0 mm; -0.2+0.15 mm;
-0.16+0.04 mm; -0.075+0 mm and -0.02
mm. For example Denes Kallo[19] used
particle size in the range of 40-160 pm ,
whereas Filippidis[20] tested the sample <
0.5 mm.

3.3 Environmental application of
natural zeolite

Investigations are carried out on natural
zeolite classes -2.4+1.4 mm; -1.4+0.4 mm;
-0.4+0 mm. Zeocern company from Slo-
vakia offers the following products of this
kind: -8+5 mm; -4+2.5 mm; -2.5+1 mm;
-1+0.5 mm; -0.5+0.2 mm. The authors
Englert and Rubio [21] homogenized and
sieved the sample below 149 pm (100 Mesh

Tylerk) before characterization and experi-
mentation. Saltali et al. [22] published the
Removal of Ammonium lon from Aqueous
Solution by Natural Turkish (Yildizeli) Zeo-
lite for Environmental Quality. They used
the commercial sample of natural Turkish
zeolite (Yildizeli town of Sivas) as an adsor-
bent in this study, supplied from Rota A.S,
Mining Company, Istanbul, Turkey. The
natural zeolite samples were crushed in a
mortar and sieved using 200-mesh (0.075
mm) sieve. Godelitsas et al. [23] in the re-
port of investigation of uranium sorption
from aqueous solutions used the HEU-
type of zeolite crystals (particle-size <20
pm) by means of a batch-type method.
Godelitsasand associates dealt with the ad-
sorption of Ni, Cu and Co-Heu using zeolite
grains 20-90 microns. Misaelides [24] dealt
with the application of surfactant-modified
zeolites to the environmental remediation
and use of natural zeolites in the permeable
reactive barriers. Leyva-Ramos [25] in his
paper “‘Removal of Ammonium from Aque-
ous Solution by lon Exchange on Natural
and Modified Chabazite” performed the
investigations on samples of zeolitic rocks
from the mineral deposit in the state of So-
nora, Mexico. The zeolite samples were
ground and sieved to the average particle
diameter of 0.18mm (=70+100 US mesh).
Results of investigations from this field were
also published by Ming and Alen [26],
Colella [27], Capelletti [28].

3.4 Natural zeolites in agriculture and
animal nutrition

Researchers use -0.5+0 mm or 0.3+0
mm zeolite classes. The company “Australia
zeolite” (Table 2) offers the following prod-
ucts: -0.075+0 mm; -0.5+0 mm; -1.6+0.5
mm; -2+0.5 mm. Zeocem Slovakia offers
complete feed mixture for feed additives
(Table 2): -140 mm; -1+0.5 mm; -1+0.2
mm; -0.5+0.2 mm; -0.2+0 mm.

Mumpton and Fishman in the paper
,»The Application of Natural Zeolites in Ani-
mal Science and Aquaculture™®say: “For
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many ionexchange applications the desired
size range is 20 x 50 mesh (850 to 300/am)
which has been found to optimize contact
time and hydraulic characteristics of packed
columns. Filippidis [29] presents the results
of investigations on zeolite from Greece.
The Hellenic Natural Zeolite (HENAZE)
sample was used from a vertical profile. The
sample was ground < 0.5 mm and homoge-
nized.

3.5 Natural zeolites in cement and
ceramic bodies

The following sizes are mentioned in the
papers: -0.88+0.5 mm and production of
pellets in sizes 23 to 27 mm or 11 to 13 mm.
Zeocem company offers the following prod-
uct classes for this purpose: -1+0 mm;
-1+0.5 mm; -1+0.2 mm, -0.2+0 mm. Bear
river zeolite co., inc offers class -0.4+0 mm
and -0.15+0 mm.

Mertens et al. [30] published in the
study: ""The grain size of all the samples
after wet milling was determined in an
aqueous suspension by laser diffraction
using the Malvern Mastersizer S Long
Bed with a 300RF optical lens for grain
sizes between 880 pm and 0:05". Dondi
et al. [31] used eighteen zeolite bearing
rocks from Sardinia; campaigns and Tus-
cany were taken into account, along with
low densities (0.5-0.7 GCM-3) and fair
technical characteristics (mass and stren-
gth loose particles). De Gennaro [32] for
light aggregates used two different sizes
of particles: one set was 23-27 mm, and
other 11-13 mm. These sets are obtained
starting from 3.36 and 0.31 cm® pellets,
respectively. Lilkov [33,34] and Chipera
and Bish [35] did not mention the size of
the material they had used.

3.6 Biomedical and biotechnological
applications of natural zeolites

Colella [36] wrote a critical reconsid-
eration of biomedicaland veterinary appli-
cations of natural zeolites. The starting

sample was not cited. Polat [37] in his
doctoral thesis states that the sample was
used in 75-150 micron sized particles.
Orha et al. [38], state that the study used
azeolite mineral from the Romanian re-
gion Mirsid with a grain diameter for ex-
periments between 315-500 microns.

3.7 lon exchange of natural zeolites /
surface modified natural zeolite

Researchers have mostly experimented
in this field on the basis of natural zeolite.
The results of their investigations can be
applied in several fields since the ion ex-
change occurs in any field of usage the
natural zeolite.. However, the researchers
are mainly focused on investigations the
results that can be used in application of
zeolite products for animal feed or water
purification. Researchers use a range of size
classes for this purpose: powder, -5+2 mm;
-2+0,5 mm; -240 mm; -2.4+1.4 mm;
-1.4+0.4 mm; -04+0 mm; -0.1+0 mm;
-0.8+0.6 mm; -0.5+0 mm; -0.5+0.315 mm;
-0.15+0.075 mm; -0.090+0.063 ~mm;
-0.5+0.1 mm; -0.1+0.04 mm; -0.63+0 mm; -
0.2+0 mm; -0.043+0 mm; -0.1+0.063 mm.

Tarasevic et al. [39], in the Micro-
calorimetric Study of the Interaction be-
tween Water and Cation-Substituted Clino-
ptilolites, used for experiments 0.25-0.5 mm
fractions, too, when determining the Q 0
values of cation-substituted forms of
clinoptilolite. Tomazovi¢ et al. [40] used for
experiments the natural zeolite with sized
particles of 0.090-0.063 mm. Trgo and Peri¢
[41], used for experiments the natural
zeolite particle size of 0.1-0.5 mm from the
Croatian deposit Donje Jesenje. Misaelides
et al. [42], used for investigations the ho-
mogenized materials, pulverized samples of
zeolie ferous rocks from Georgia and Greece
with grain size <2 mm or -10 mesh. Mendo-
za-Barron et al. [43], used the modified nat-
ural zeolite from the deposit located in San
Luis Potosi, Mexico. The sample was
ground and sieved to the average particle
size of 042 mm (-20+30 US mesh).

No. 3, 2013

Mining & Metallurgy Engineering Bor



Curkovié et al. [44], published a paper enti-
tled Kinetics and Thermodynamics Study of
Copper lons Removal by Natural Clino-
ptilolite. Natural clinoptilolite zeolite from
Donje Jasinje was used in three size classes:
-0.5 mm, -2+0.5 mm i -5+2 mm. Trgo et al.
[45], used the natural zeolite sample with
particle size of 0.04-0.10 mm. Simpson and
Bowman [46], used zeolite in their investi-
gations which was the natural clinoptilolite-
rich tuff from the St. Cloud mine near Win-
ston, New Mexico. The zeolite was crushed
and sieved to 14-40 mesh size (1.4 - to 0.4
mm diameter). Faghihian and Bowman [47],
used in their investigations two different
size fractions, 0.4-1.4 mm and 1.4-2.4 mm.
Sullivan et al., [48], prepared the SMZ from
a clinoptilolite zeolite from New Mexico.
The external cation exchange capacity of
zeolite, determined by Ming and Dixon
method (1987), was found to be approxi-
mately 70 to 90 mmolc/kg. Bowman [49]
used the natural clinoptilolite-rich zeolitic
tuff New Mexico with particle size <0.4
mm, 1.4-0.4 mm, or 2.4-1.4 mm. Toma-
Sevi¢-Canovi¢ et al. [50]: the starting materi-
al used in the experiments was raw zeolitic
tuff sieved to yield particles <100 pm.
Vujakovi¢ et al. [51], Dakovi¢ et al. [52]:
The starting material used in the experiments
was raw zeolitic tuff sieved to yield particles
<0.063 mm. Stanic et al. [53] used for exper-
iments the raw zeolitic tuff zeolite from the
Bala Mare deposit in Romania, and the
sample was prepared under 0.2 mm in size.
Krajisnik et al. [54]: The raw zeolitic tuff
was sieved to yield particles below 43 pm.
Cerjan Stefanovic¢ et al. [55] proved that the
highest absorption of metallic cations on
fraction of grain size of 0.1 to 0.063 mm, so
that the reasons why they had chosen this
fraction. Siljeg et.al. [56] were chosen the
fractions of grain size of 0.1 to 0.5 mm for
experimental work.

4 OBSERVATIONS AND
CONCLUSIONS

Based on the presented review, it can
be concluded that there are no standar-
dized physical, chemical or mineralogical
parameters of quality for zeolite assort-
ments for any field of application, unlike
in the case of some other non-metallic
mineral raw materials. There are regula-
tions for pozzolanic additives of cement
(which are applied on zeolite, too) used for
those purposes (European Standard EN 197
and Italian Standard UNI 7549...). There are
regulations defining the allowed impurities
in the animal feed, so zeolite must conform
with those regulations, too, but the minimum
content of zeolite mineral, maximum harm-
ful impurities, minimum CEC or the size of
the product are not defined. Companies that
process the natural zeolite in commercial
products, as proof of the quality of these
products, provide the tests for various appli-
cation areas. Tests show that zeolite acts
better than alternative materials. Researchers
use a variety of particle size for the same
purposes. For example, some researchers
use classes -0.5+0 mm for water treatment
and animal feed, while others use 0.063+0
mm etc. Frederick Mumpton, at the end of
1999, discussed the role of scientists in the
study of mineral zeolite, and said that the
role of scientists is multidisciplinary. The
joint effort of scientists is essential to under-
stand, for example, the zeolite functions in
the digestive system of animals. He added
that for further, besides all, the aspect of
mineral processing should be present. It was
observed in this research that: the particle
size of zeolite assortments is not standard-
ized for any application. But, in mineral
processing, it is essential to know: wheth-
er the zeolite assortments were obtained
by crushing and sieving process or it is
necessary to carry out the other complex
mineral processing operations. Due to this,
probably, in the future, the manufacturers
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of zeolitic product ranges and researchers,
who work with natural zeolite, together
with users have to define the quality re-
quirements, and especially the particle

size

as the quality parameter of zeolite

assortments.
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DEFINISANJE KRUPNOCE KAO PARAMETRA KVALITETA
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ZEOLITSKIH ASORTIMANA PROIZVODA

lzvod

Zahtevi za kvalitet asortimana proizvoda koji se dobijaju iz velikog broja nemetalicnih mine-
ralnih sirovina su definisani, a iznad svega, imaju definisanu velicinu cestica. Da li su zahtevi za
kvalitet asortimana na bazi zeolita definisani? Tragajuci za odgovorom na ovo pitanje izvrsili smo
internet istraZivanje. Pregledali smo internet stranice najznacajnijih proizvodaca materijala na
bazi prirodnog zeolita, kao i radove velikog broja istaknutih istraZivaca ciji su eksperimenti
fokusirani na prirodni zeolit. Ovaj rad predstavlja naSe nalaze, pre svega sa aspekta velicine
Cestica kao parametra kvaliteta zeolitskih asortimana proizvoda. Na osnovu ove analize,
smatramo da bi trebalo da se definiSu zahtevi kvaliteta, posebno velicina cestica za svaki proizvod
na bazi zeolita. U stvari, u pripremi mineralnih sirovina je vazno da znate velicinu Cestica, kako bi
izabrali jeftiniji postupak za dobijanje konacnog proizvoda.

Kljuéne reéi: prirodni zeolite, zeolitski asortiman, uslovi kvaliteta, postupci pripreme, velicina
Cestice zeolitskih asortimana

1. UvOD

U cilju ispitivanja mogucénosti upotrebe  Proizvoda koji se koriste u razli¢itim indu-
nemetalnih mineralnih sirovina, odnosno Strijama. Zahtevi kvaliteta se odnose na fizi-
utvrdivanja da li se na bazi neke neme-  ¢ke, hemijske, mineraloske i druge osobine
taliénih mineralnih sirovina moZe dobiti ~ datog materijala. Oni definisu minimalne i
jedan ili vige korisnih proizvoda, potrebno je ~ maksimalne vrednosti odredenih parametara
znati trazeni kvalitet tog proizvoda, odnosno | dozvoljena odstupanja. Osnovni i pocetni
koji kvalitet tog proizvoda je potreban za ~ parametar u tom smislu jeste veli¢ina
krajnjeg korisnika. Ovo pitanje je najéeiée  Cestica, odnosno klasa krupnoce, odnosno
regulisano standardima za svaki materijal ~ asortiman proizvoda. Veli¢ina Cestica je
dobijeno dnemetalnih mineralnih sirovina ~Vazna sa aspekta njegove primene, jer ne
koja ima Kkorisnika i primenu_ Tako, na mogu se koristiti sve veli¢ine Cestica za bilo
primer, za ka|cijum-karbonat postoje kOjU aplikaciju. Postoje sli¢ni standardi za
standardi koji definisu zahteve za kvalitet ~ proizvode dobijene iz kvarcnih sirovina,

" Institut za tehnologiju nuklearnih i drugih mineralnih sirovina, Fran3e d’Eperea 86, 11000 Beograd,
Srbija, e-mail: z.sekulic@itnms.ac.rs
™ Univerzitet u Beogradu, Rudarsko geoloski fakultet, Pusina 7, 11000 Beograd, Srbija
- Ovaj rad je rezultat istraZivanja u okviru projekta 034013 ,,Osvajanje tehnoloskih postupaka
dobijanja ekoloskih materijala na bazi nemetalicnih mineralnih sirovina*™ i 172018 ,,Porozni
materijali na bazi oksida u zastiti Zivotne sredine od genotoksicnih supstanci”, koje finansira
Ministarstvo prosvete, nauke i tehnoloskog razvoja Republike Srbije od 2011-2014 .
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glina, feldspata, fosfata, itd. Postoje stan-
dardi pojedinih drzava, a postoje neki
standardi za zemlje EU. Kakvo je stanje u
tom pogledu, kada je u pitanju jedna od
najznacajnijih  nemetalinih  mineralnih
sirovina - zeolit? Mi smo traZili odgovor na
0VO pitanje na veb stranicama najznacajnijih
proizvoda¢a prirodnog zeolita proizvoda,
kao i putem istraZivanja objavljenih radova
od strane velikog broja istaknutih istrazivaca
prirodnog zeolita. Proucavali smo samo
odredeni aspekt opseg veli¢ine Cestica
proizvoda. NaSa zapaZanja i preporuke su
prikazani u ovom radu.

2. PREGLED PROIZVODNJE
ZEOLITSKIH ASORTIMANA

Kada je u pitanju proizvodnja zeolita,
Robert L. Virta predstavlja proizvodnju i
rudne rezerve [1]. Proizvodnja prirodnih
zeolita je najveca u Kini u 2011. godini i
iznosila je skoro 2.000.000 tona (ukljucuje

pucolanske aplikacije). Pored Kine, najveci
proizvodaci su SAD, Japan, Jordan, Juzna
Koreja, Turska i Slovacka. Svi ostali su
proizveli oko 5.500 tona u 2011. godini.
Svet je ukupno (zaokruZeno) u 2011. godini
proizveo 2.800.000 t.

F. A. Mumpton je joS 1977 [2] pisao 0
primeni i dobijanju proizvoda na bazi prior-
dnog zeolita. NaSa istrazivanja su na bazi
podataka sa Interneta 0 kompanijama koje
proizvode proizvoda od prirodnih zeolita. U
ovom radu predstavicemo najinteresantnije
podatke prema naSim procenama iz sajto-
vima devet kompanija Sirom sveta. Ovi
podaci odnose se na asortimane (odnosno
Cestica po krupnoéi) i primenu proizvoda na
trzistu, a detalje mozZete pronaci na sajtovi-
ma ovih kompanija, koje su prikazane u
tabeli 1. i 2. .Podaci prikazani u tabeli 1
pokazuju Sirok spektar proizvoda na bazi
zeolita. Ovi asortimani se razlikuju za istu
aplikaciju. Asortimani su u rasponu od -32
do +16 i manje od 20 mikrometara.

Tabela 1. Istrazivanje proizvodnje zeolitskih asortimana dobijeni od prirodnog zeolita i

njihove primene

Kompanija / websajt / i asoriman, mm
_ _ _ USA USA USA USA
Primena prirodnog zeolita Bear river St. Cloud Steelhead ZEO, Inc.
zeolite co., | Mining Co. Specialty [6]
Inc [3] [4] Minerals [5]
1) Tretman vode
-12.7+4.76
-4.76+2.38 Prah
Akva kultura 4.76+1.41 -0.044
-1.41+0.4 -0.149
Tretman otpadne vode -0.4+0 -0.42 -4.76+2.38
Tretman vode za pice -1.41+0.4 -1.41+0.4
o Pesak SVZ 0.65
Filteri za bazene -1.41+0.4 | -0.4+0.177 Ko 1.85
= -1.41+0.4 -
Flokulacija
Zaribnjake
Modifikovani ili
kombinovani zeolit
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agrokultura

2) Hrana za Zivotinje i

asfalt

Kompletna meSavina -1.4+0.4
Mesavina sto¢ne hrane
Zemljiste
-1.41+0.4
Remediacija -0,4+0,25
-0,4+0
-2.38+1.41
Za travnjake -1.41+0.4
-0.595+0.25
Za pelete -0.4+0
Za golf terene
3) Tretman vazduha
Filtracija -9.5146.35
Uklanjanje necistoca
4) Industrija
Beton i pucolan za cement -0.045+0
Fileri papira, kartona, -0.4+0
plastike, gume, lepila, -0.15+0

-0.5+0

Ultra
-45mM

Granulat

-4.76+3.36
-3.36+2.38
-3.36+1.41
-2.38+1.41

-1.4+0.25

Agregat
-12.7+4.76

-19+12.7

-25.4+19

Tabela 2. Pregled istraZivanja proizvodnje zeolitskih asortimana dobijenih od prirodnog
zeolita i njihova primena

Kompanija / websajt / i asoriman, mm

) ) i South
Primena prirodnog | Australia | g, Turkev R Slovakia Spain
zeolita Aﬁi?r“afleia Pratley M;cger?zilils t[g] ZEOCEM,a. | ZeoCat
s. [10 S.L.U[11
Pty Ltd [7] (Pty[%]ud [10] [11]
1) Tretman vode Mi mozemo da
proizvodimo  bilo -32+16;
koju veli¢inu zrna -16+8;
u skladu sa vasim -8+4;
Akvakultura zahtevima. Ispod je 25+2;
spisak od veli¢ine +1:
zrna u nadoj stan- 1405
dardnoj  proizvo- .
Tretman otpadne dnoj liniji:
vode
Tretman vode za -0.84+0.25 | -20 mikrometara,
pice -50 mikrometara
Filteri za bazene -75 mikrometara
Flokulacija -0.075+0 0.1
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Za ribnjake -2+0.5
Modifikovani ili -0.225
kombinovani -0.425
zeolit -1.18+0.7
-1.6+0.7 -8+4;
2) VI-_|ran_e\ z -2.5+1 -4+2.5;
;;g}(‘ﬂ{fu'm -5+2.5 -25+1.2;
-9+5 -1.2+0.5
-0.075+0 -16+9 -1+0; -1+0.5;
Kompletna -0.5+0 -1+0.2;
mesavina -0.5+0.2;
-0.2+0
Mesavina sto¢ne -1.6+0.5
hrane -2+0.5
-0.075+0
Za pelete 0540
7a veitacka -0.075+0 -4+2 -140.3; -8+4;
dubriva i podioge -0.5+0 -4+0.25 -5+2.5; -5+1;
-2.5+1
Za golf terene -0.84+0.25
3) Tretman vazduha
Filtracija
Uklanjanje
necistoca
-8+5; -4+2,5;
.. -2.5+1;
4) Industrija 140.5:
-0.5+0.2
Beton i
pucolanski
dodatak cement
5) Drugi proizvodi
-8+5; -4+2.5; 5+2
. -2.5+1;
Zadtita 1405,
-0.5+0.2
Sirok opseg 0.7+0
3. PREGLED ISTRAZIVACKIH
RADOVA SA ASPEKTA
PRIRODNOG ZEOLITA
Radi lakseg istraZivanja, ovaj rad - fizi¢ka, hemijska i mineraloska kara-
predstavlja pregled prema uslovnoj podeli kterizacija,
prirodnog zeolita na osnovu primenjivost. - prirodni zeolit - tretman vode,
Koristili smo tri reference za ovaj spisak - primena prirodnog zeolita u Zivotnoj
primene zeolitskih proizvoda [1,12] i [10]: sredini,
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- prirodni zeolit u poljoprivredi i ishra-
ne Zivotinja,

- prirodni zeolit u industriji cementa i
keramike,

- biomedicinske i biotehnoloske pri-
mene prirodnog zeolita,

- jonske izmena prirodnih zeolita/povr-
Sinski modifikovani prirodni zeoliti.

3.1. Karakterizacija prirodnog zeolita

Karakterizacija zeolita se obi¢no vrsi
na uzorcima uzetim u pocetku pripreme i
obrade, nakon c¢ega se u laboratoriji
usitnjavaju u prah, na primer < 0,063 mm
[13-17]. Medutim, O. Korkuna i drugi
[18] u radu Strukturne i fizicko-hemijske
osobine prirodnih zeolita: klinoptilolita i
mordenita, za istraZivanje su izabrali
frakcije klinoptilolita veli¢ine Cestica
ds=0.355-0.5 mm mordenite ds=0.2-
0.315 mm.

3.2. Prirodni zeolit za tretman vode

Istrazivaci koji se bave tretmanom vode
koriste sledece klase krupnoce : -2 +0,5 mm;
-1.5 -0.2 +0 mm; +0,15 mm; -0.16 +0,04
mm; -0.075 +0 mm i -0.02 mm. Na primer
Denes Kallo [19] koristi veli¢inu &estica u
opsegu 40-160 mikrometara, dok Filippidis
[20 ] ispituje uzorak koiji je <0.5 mm.

3.3. Primena prirodnog zeolita u
Zivotnoj sredini

IstraZivanja se obavljaju na prirodnm
zeolitu klase -2.4 +1,4 mm; -1.4 +0,4 mm, -
0.4 +0 mm. Zeocem, Slovacka kompanija,
nudi sledece proizvode ove vrste: -8 +5 mm;
-4 +2.5 mm; -2.5 mm; -1 +1 +0.5 mm; -0.5
+0,2 mm. Autori Englert i Rubio [21]
homogenizuju i prosejavaju uzorak ispod
149 mikrometara (100 meSa) pre karakte-
rizacije i eksperimentisanja. Saltali i
saradnici  [22] su koristili komercijalni
uzorak prirodnog zeolita kao adsorbent, koji
se dobija iz rudarske kompanije. Prirodni

uzorci su usitnjeni i prosejavani na 0,075
mm. Godelitsas i dr. [23] u lzveStaju o
istraZivanjima sorpcije uranijuma iz vodenih
rastvora koriste Heu - tip zeolita (Cestica
veli¢ine < 20 mkm). Godelitsas i saradnici
za adsorpciju Ni, Cu i pomoc¢u Heu zeolita
koriste  krupnou 20-90 mikrometara.
Misaelides [24] se bavi primenom povrsin-
sredine. Leiva-Ramos [25] u svom radu
"Uklanjanja amonijaka iz vodenog rastvora
od jonske izmene na prirodni i modifikovani
chabazite" wrsi istraZivanje na uzorcima
zeolitnih stena od mineralnih leZista u drZavi
Sonora u Meksiku. Uzorci su na terenu
prosejavanja na Cestice preCnika od 0.18
mm. Rezultate istraZivanja iz ove oblasti su
takode objavili Ming i Alen [26], Colella
[27], Capelletti [28].

3.4. Prirodnih zeolita u poljoprivredi i
ishrane Zivotinja

Istrazivaci koriste klase zeolita -0.5 +
0 mm ili 0,3 +0 mm. Kompanija
"Australija zeolit" (Tabela 2) nudi sledece
proizvode: -0.075 +0 mm; -0.5 -1.6 +0
mm; +0,5 +0,5 mm; -2 mm. Zeocem
Slovacka nudi kompletnu smesu za aditiv
(Tabela 2): -1 + 0 mm; -1 +0,5 +0,2 mm; -
1 mm; +0,2 mm; -0.5 -0.2 +0 mm.

Mumpton i Fishman u radu "Primena
prirodnih zeolita u stoCarstvu i akvakulturi"
kazu: "Za mnoge aplikacije jonske izmene
zeljeni opseg velicina je 0.850 do 0.300 mm.
Filippidis [29] predstavlja rezultate istraZi-
vanja o zeolitu iz Grcke. Koristi se prirodni
zeolit (HENAZE) krupnoce < 0,5 mm koji
se homogenizuje

3.5. Prirodni zeolit u industriji cementa
i keramike

U radovima se sledece veli¢ine pominju:
-0.88 +0.5 mm i proizvodnju peleta u
veli¢inama od 23 do 27 mm, ili 11 do 13
mm. Zeocem firma nudi sledece proizvode
za owu svrhu: -1 40 mm; -1 +0.5 mm; -1
+0,2 mm, -0.2 +0 mm. Bear River zeolit CO
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Doo nudi klase -0.4 +0 mm i -0.15 +0 mm
.Mertens i dr. [30] su u Studiji Koristili
Cestice uzoraka, nakon mokrog mlevenja,
veli¢ine 0,880 mm 1 0.05. Dondi i dr. [31]
koriste osamnaest zeolitskih lezista iz
Sardinije, kampanije iz Toskane. Uzeti su u
obzir uzorci male gustine (0.5-0.7 g/cm?).
De Denaro [32] za lake agregate koristi dve
razlicite veli¢ine Cestica: jedan set je 23-27
mm, i drugi 11-13 mm. Ovi skupovi su
dobijeni polaze¢i od 3,36 do 0,31 cm-
peleta, respektivno. Lilkov [33,34] i Chipera
i Bish [35] nisu pominjali veli¢inu materijala
koji su koristili.

3.6. Biomedicinska i biotehnoloska
primena prirodnih zeolita

Colella [36] je kriticki preispitivao
biomedicinsku i veterinarsku primenu
prirodnog zeolita. Polazni uzorak nije bio
defnisan. Polat [37] u svojoj doktorskoj tezi
navodi koristi uzorak krupnoc¢e 75-150
mikrometar. Orha i dr. [38], je naveo da u
studiji koristi mineral zeolit iz oblasti Mirsid
pre¢nika izmedu 315-500 mikrometara.

3.7. Jonske izmene prirodnih zeolita /
povrsinski modifikovani prirodni
zeolit

Istraziva¢i su u ovoj oblasti uglavnom
eksperimentisali na bazi prirodnog zeolita.
Rezultati njihovih istraZivanja mogu se
primeniti u nekoliko oblasti jonske izmene u
kojoj se prirodni zeolit koristi. Medutim,
istraziva¢i su uglavnom fokusirani na
istraZivanja ¢iji rezultati se mogu Koristiti za
primenu zeolitskih asortimana za sto¢nu
hranu, odnosno pre¢is¢avanje vode. IstraZi-
vaci koriste razli¢ite klase krupnoce za ovu
namenu: prah, -5 +2 mm; -2 +0,5 mm;
-2+0mm; -2.4 +1,4 mm, -1.4 +0,4 mm, -0.4
+0 mm ; -0.1 +0 mm; -0.8 +0,6 mm, -0.5 +
0 mm; -0.5 +0.315 mm; -0.15 +0.075 mm, -
0,090 +0,063 mm, -0.5 +0,1 mm, -0.1 +0,04
mm; - +0 0,63 mm; -0.2 +0 mm; -0.043 +
0 mm; -0.1 +0.063 mm.

Tarasevi¢ i dr. [39], u svom radu za
eksperimente koristi frakciju 0.25-0.5 mm,
Tomazovi¢ i dr. [40] za eksperimente na
prirodni zeolitima koriste Cestice veli¢ine
0.090-0.063 mm. Trgo i Peri¢ [41] su u
svom eksperimentalnom radu koristili prior-
dni zeolit krupnoce 0,1-0,5 mm, izleZista
Donje Jesenje u Hrvatskoj. Misaelides i dr.
[42], koriste homogenizovan materijal,
mleveni uzorak stena iz Gruzije i Grcke
granulacije <2 mm ili -10 mesh. Mendoza-
Baron i drugi [43], za istraZivanja Koriste
modifikovani zeolit iz leZista koje se nalazi u
San Luis Potosi, Meksiko. Uzorak je
prosejavan na proseénu veli¢inu Cestica od
0,42 mm (-20 +30 US mes3a). Curkovié i dr.
[44], objavili su rad pod nazivom lIstrazi-
vanje Kinetike i termodinamike uklanjanja
jona bakra prirodnim  klinoptilolitom.
Prirodnog zeolita tipa Donje Jasinje je
kori$¢en u tri veli¢ine klase: -0.5 mm +0,5
mm, -2 i +2 -5 mm. Trgo i dr. [45], za istra-
zivanje su koristili prirodni zeolit veliine
estica 0.04-0.10 mm. Simpson i Boumen
[46] su koristili Klinoptilolit-tuf iz St. Cloud
kamenolomu kod Vinstona, Novi Meksiko
koji je prirodno bogat. Zeolit je drobljen i
prosejavan na 14 - 40 meSa (1,4 - 0,4 mm).
Faghihian i Boumen [47], u svojim istraZiva-
njima koriste dve razliCite veli¢ine frakcije:
0.4-1.4mm, 1.4 - 2.4 mm. Sullivan i sarad-
nici [48], pripremaju SMZ od zeolita iz
Novog Meksika. Spoljni kapacitet katjonske
izmene zeolita je 70 do 90 mmolc/kg.
Bowman [49] Koristi prirodni klinoptilo-
litom bogat zeolitni tuf iz Novog Meksika,
veli¢ine Cestica <0,4 mm, 1.4 - 0.4 mm, ili
2.4 - 1.4 mm. Tomasevi¢ - Canovi¢ i dr.
[50]: Polazni materijal koji se koristi u
eksperimentima je zeolitni tuf koji se pro-
sejava na velicinu Ccestica <100 mikro-
metara. Vujakovi¢ i dr. [51], Dakovi¢ i dr.
[52] koriste polazni materijal koji se koristi u
eksperimentima sirov zeolitni tuf prosejavan
na Cestice <0.063 mm. Stani¢ i dr. [53] za
eksperimente su koristili sirov zeolitni tuf iz
Bala Mare leZista u Rumuniji, a uzorak je
bio pripremljen na -0,2 mm. Krajidnik i dr.
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[54] koriste sirov zeolitni tuf koji je
prosejavan na cestice ispod 43 mikrometara.
Cerjan - Stefanovi¢ i sar. [55]: Dokazano je
da je najveca apsorpcija metalnih katjona na
frakciji veli¢ine zrna od 0,1 do 0.063 mm, pa
su zato izabrali ovu frakciju. Siljeg i sarad-
nici [56] su izabrali frakcije veli¢ine zrna od
0,1 do 0,5 mm za eksperimentalni rad.

4. ZAPAZANJA 1 ZAKLJUCCI

Na osnowvu prikazanog pregleda moZe se
zaklju¢iti da ne postoje standardizovani
fizicki, hemijski ili mineraloski parametri
kvaliteta za zeolitske asortimane za bilo koju
oblast primene, za razliku od nekih drugih
nemetalicnih mineralnih sirovina. Postoje
propisi za pucolanski dodatak cementu (koji
se primenjuju na zeolit, takode) koji se
koriste u te svrhe (evropski standard EN 197
i UNI Italijanski standard 7549 ...). Postoje
propisi koji definiSu dozvoljene necistoce u
hrani za Zivotinje, tako da zeolit mora u
skladu sa tim propisima da ispunjava uslove,
ali minimalni sadrzaj minerala zeolita,
najviSe Stetnih primesa, minimalni kapcitet
katjonske izmene ili krupnoc¢a proizvoda
nisu definisani. Kompanije koje preraduju
prirodni zeolit u komercijalne proizvode,
kao dokaz o kvalitetu ovih proizvoda daju
testove za razli¢ite oblasti primene. Testovi
pokazuju da zeolit deluje bolje od
alternativnih materijala. Istraziva¢i koriste
razli¢ite veliCine Cestica za iste svrhe. Na
primer, neki istrazivaci koriste klase -0.5 +0
mm za preradu vode i hrane za Zivotinje,
dok drugi koriste 0.063 +0 mm i dr..
Frederik Mumpton krajem 1999. godini, u
studiji iz zeolita, kaZe da je uloga nauc¢nika
multidisciplinarna. Zajednicki napor
naucnika je od sustinskog znadaja ako
Zelimo da razumemo, na primer, funkcije
zeolita u digestivnom traktu Zivotinja. On je
dodao da za dalje, pored ostalih, i aspekt
pripreme mineralnih sirovina treba da bude
zastupljen. U naSem istraZivanju smo
primetili: veli¢ine Cestica zeolitski asorti-
mana nije standardizovan za bilo koju
primenu. Ali, u pripremi mineralnih sirovina

je vazno da se zna: da li se asortimani
dobijaju drobljenjem i prosejavanjem ili su
potrebne druge sloZene operacije. Zbog toga,
verovatno, u buduénosti, proizvodaci
zeolitnih asortiman i istrazivaci koji rade sa
prirodnim zeolitom, zajedno sa korisnicima
treba da definiSu zahteve kvaliteta, a pre
svega veli¢inu Cestica kao parametar
kvaliteta zeolita sortimenata.
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POSITION OF SERBIAN COPPER PRODUCTION COMPLEX ON
THE WORLD MARKET

Abstract

This paper presents the status, importance and role of copper in development the modern world
economy. The main features of the world copper market are analyzed, such as: trends in consumption —
cumulative and per capita, trends in production, exploitation reserves of copper — cumulative and by
exploitation period, and finally the impact of new mining projects to projection of balance and imbal-
ance of supply and demand on the world copper market. An analysis of the Serbian copper complex
position on the world market is presented, along with comparison of copper resources between Serbia
and the world. Also, the cost curve and position of the Serbian copper production complex are present-
ed, accompanied by analysis of influencing factors that define the position of the Serbian copper pro-
duction on the global market, as well as comparison with copper mining and processing companies in
the world. Finally, a suggestion for possible routes of strategic activities is introduced, aiming to im-

prove the existing position of the Serbian copper production on global market.
Keywords: market, strategy, copper, trends, reserves, resources

INTRODUCTION

Copper production has a long history in
Serbia. Excavation and processing of copper
ore has lasted continuously for more than a
century. Copper production complex went
through different periods during that time,
but it has always had very strong influence
to industrial development in various social
and political circumstances. In general, it
could be said that copper production in Ser-
bia had a constant growth till 70’s of the last
century. Then in 80’s and 90’s, there was
stagnation, and finally a massive fall down
in the first decade of this century. However,
in the last couple of years, the Serbian Go-
vernment took over the authority on copper
production and started the process of recon-
struction, modernization and stabilization of
production facilities. In 2010, this program
was started to apply through the massive

- University of Belgrade, Technical Faculty in Bor
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technological and organizational improve-
ments followed by huge investments. Due to
the importance and influence of this pro-
gram to entire Serbian development, this
paper evaluates the current position of Ser-
bian copper production complex on the
world market and provides the projection of
this position in the future based on current
program.

IMPORTANCE OF COPPER FOR
GLOBAL INDUSTRIAL
DEVELOPMENT

The oldest objects made of copper come
from 6,000 BC. The usage of copper for
primitive tools and weapons is characteristic
for entire epoch in the human history,
known as the Copper Age. Also, in the next
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epoch, known as the Bronze Age, copper
was an important factor since bronze is an
alloy of copper and tin. The oldest known
copper mines were situated in Sinai desert,
Cyprus (that is why Latin name for copper
was cuprum) and also Rudnha Glava near
Bor, eastern Serbia.

The New Age with its rapid scientific
and industrial development brought a signif-
icant need for copper. Inventions of dynamo
(1870) and AC motor (1887) started the era
of electrical engineering, which made cop-
per one of the most important and needed
metals, up to the present day.

Resistant

to

corrosion

Suitable
for alloys

Excellent
electricity

conductor
and non-
magnetic

*

‘ Copper ‘

Excellent
heat

conductor

4

Suitable for
mechanical

engineering

Figure 1 Review of the most imortant properties of copper [1]

Beside excellent electrical conductivity,
copper has many other useful properties that
make it very important ad irreplaceable in
modern global industry. Figure 1 shows its
main properties that make copper so usable.

WORLD COPPER MARKET

Trends of Consumption — Cumulative
and per Capita

The twentieth century brought a huge
development and expansion of industrial
production. At the beginning of century,
there was a global redistribution of power,
which meant that big colonial forces were

not the most powerful countries anymore;
the new leaders were countries with the
best developed capitalism of that time,
such the US and Germany.

That was the period of strong industri-
al development which caused the urge for
raw material. Copper production growth
curve is almost exponential. At the begin-
ning of 20™ century, the global copper
consumption was slightly below one mil-
lion tons per year (Figure 2), while at the
end of the century, it was almost twenty
times higher. Such growth trend continued
in the 21% century too, and in 2011 it al-
most reached 20 Mt per year, or per capita
- 3 kglyear
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Figure 2 Global copper consumption (cumulative) and projection till 2033 [2]

Trends of Production

Copper production has very important po-
sition in the global industrial growth. Global
need for raw material rises rapidly from the
beginning of last century, especially for non-
ferrous metals and copper, as the most im-
portant of them. Such trend has even been
boosted in the last decade, due to the indus-
trial expansion of China, some Far East
countries and BRICS countries.

Even with such growth trend, copper pro-
duction managed to follow it. However, the
projections of further growth lead to con-
cerns about possible misbalance between the
exponential consumption growth and limited
production possibilities. The fact is that
trends of global industrial and population
growth superimpose, which would make an
additional impact to demands on copper in
the future. Figure 2 shows that predicted
copper consumption in the next 22 years will
almost match total consumption in the entire
human history till today. The global copper
production would not be able to follow such
trends.

Exploitable Copper Reserves -
Quantitative and per Years

Along with expansion of copper produc-
tion, the copper ore reserves became ex-
hausted. Such situation forced the new ex-
ploration works in order to find the new ore
deposits. The main trend in properties of
new deposits was a decrease of ore grades
and an increase of deposit depths.

As a consequence, same amount of met-
al production required excessive mining and
mineral processing works. Copper produc-
tion industry had to follow the requirements
regardless on circumstances, which meant
that production costs had to be reduced. That
was accomplished through the increase of
productivity, technological innovations and
organizational improvements.

As the result of intense exploration
works, the global copper ore reserves had
a constant increase. However, copper pro-
duction also increased, which meant that
in any moment the existing copper ore
reserves provided 30 to 50 years of pro-
duction. The current reserves reach 630
Mt of copper, which would be sufficient,
according to the predictions, for the next
30 years.
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Figure 3 Exploitable copper reserves — quantitative and per years [4]

New Projects — Balance and Misbalance
of Supply and Demand

The global level of mining and mineral
processing output slightly exceeds 16 Mt of
copper in 2011. Analysis of market flow
shows that production will be able to match
the demands for several more years, but then
it will start to lag behind. Figure 4 shows
that already in 2018 misbalance of supply
and demand would reach 5 Mt of copper and
6 Mt in 2020. This means that the gap would
have to be closed by the new copper mines,
thus providing the global output increase of
1 Mt of copper annual rate.

The new projects and new mines are de-
veloped in unfavorable circumstances, be-
cause ore grades are reduced and amount of
overburden is grown. This causes the in

crease of costs. Currently, majority of new
mines are opened in deposits with 0.5 to
0.6% of Cu, with average cost price of 6,000
US$/t. There is also a trend of increase by —
products share in total income.

One of the consequences of aggravation
in basic copper production is a compromise
between political and geological risks. It
means that copper production will move to
the developing countries, with higher busi-
ness risk, more and more in the future. An-
other one is a compromise between capital
and operational costs. It means that decreas-
ing quality of available resources causes
abandoning of principles like “high capital
investments require low operational costs”.

35
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30 Fotential
=—[Diermands {primary

T ;
w== From existing mines
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Source: Brook Hunt - A VWood McKenzie company

Figure 4 Trend of global copper mining production [2]
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That is why there are the intense global
activities in developing new projects for
mining and mineral processing of copper
ores. In total, there are some 7,000 of pro-
jects in progress. A distribution of projects

Philippines: 113 projects = 2%
China: 177 projects = 3%

Peru: 264 projects = 5%

Chile:
2689 projects = 5%

Mexico: 9 .
336 projects = a%w

United States:
411 projects = 7%

Source Bloomsbury Minerals Economics Ltd.

N

by ten most important countries is given in
Figure 5. It should be added that only seve-
ral percent of total number of projects will
be completely realized.

Sweden: 107 projects = 2%

Argentina: 103 projects = 2%

Canada:
2198 projects = 39%

Australia: 1633 projects = 29%

Figure 5 Schedule of projects for exploitation and primary processing of copper in
the top ten countries in the world [5]

Long — term Predictions on position of
copper at the world market

The expected increase of demand of
copper on the world market reaches 10 Mt in
the next 10 — 15 years (Figure 4). The esti-
mations of leading analysts say that the exis-
ting level of reserves should be enough for
that period. Some analysts even predict
slight excess of supplies in the middle of de-
cade. This situation is explained by increa-
sed utilization of scrap (recycled copper).

General assessments of leading analysts
say that the predicted cost price of 6,000
USS$/t (2.77 US$/Ib) in next decade should
be sufficient (and necessary) to match in-
creasing market demands and consumption
trends mentioned earlier. The lowest cost
price in the new projects is 3,000 US$/t, the
highest is 8,000 US$/t, while 6,000 US$/t
price meets 75 % the future requirements.

It should be also kept in mind that in-
crease of production costs is structural,
with the following key components:

o Geographical factors — manpower,

o Geological factors-exhaustion of exi-

sting ore deposits, and

e Increasing energy crisis.

Increased industrialization of develop-
ing countries will increase the demands on
copper on the world market, regardless to
the prediction of substitution growth on
some markets in the first part of decade.

Prediction of average direct production
costs is 0.94 US$/Ib, while intensity of
capital investment is 12,000 US$/t (total
investments / average annual output).

Projected Mean IRR (Internal Rate of
Return) is 15%.

Analyses of sensibility of predicted cost
price (2.77 US$/Ib) show its high sensitivity
to the market expectations of mining compa-
nies. Level of capital costs is also a key factor
for the project economics. As it was men-
tioned before, their mean level is 12,000
US$/t, but globally it varies from 6,000 US$/t
(for high — graded deposits) to 22,000 US$
(for huge porphyry low — graded deposits).

If the global trends of copper consump-
tion growth are compared with the global
GDP growth, it can be concluded that this
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relation was approximately 0.6 till 90’s, then
it reached 1.03 between 1990 and 2000, and
it stabilized at 0.64 afterwards.

The estimations say that approximately
20% of the global copper consumption sho-
uld be covered by recycling in the future.
The share of recycled copper will vary from
14% to 21% and it would be dependable on
absolute values of prices of copper and scrap
on the market, as well as their relative rela-
tion.

POSITION OF THE SERBIAN COPPER
PRODUCTION COMPLEXON
THE WORLD MARKET

Serbia has a long term history of exist-
ence on the global copper market. As it was
mentioned before, until 70’s the position of
Serbia was very important, with 2% share of
global production. Serbian copper resources
were well known by their ore grades and
participation of precious metals. Serbian
copper production complex was globally
highly appreciated at that time.

The end of golden era of Serbian cop-
per production came with decrease of ore

grades in ore deposits, increasing depths
of ore deposits and many other factors,
such as increase of waste in copper mining
and falling of prices on the world market.
All these factors had a negative influence
to the business economy.

Comparison of Serbian and Global
Mining and Mineral Processing
Resources

After nearly 80 years of copper produc-
tion in mainly comfortable circumstances,
the ore grades started to reduce rapidly. At
the end of 70’s, content of copper in the ore
has fallen down below 1% and such trend is
a constant. Currently, the excavated ore has
0.25 to 0.28% of copper, while projections
for the next decade predict 0.33% Cu as the
mean value. It was mentioned before that the
global trend for new projects is approximate-
ly 0.5 to 0.6% of Cu, which means that the
quality of Serbian resources planned for next
decade is twice lower than global resources.
The mean ore grades in Serbian copper mi-
ning are shown in Figure 6.
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Figure 6 Mean ore grades in the Serbian copper mining [10]

When the new copper mines are de-
signed, usual amount is 400 to 800 t of ex-
cavated bulk material for 1 t of copper. In
Serbia, it exceeds 1,000 t. If the amount of

excavations per ton of produced copper is
compared in the world and in Serbia, based
on projections for the next decade, it can be
concluded that the Serbian copper produc
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tion would require 2.5 times more excava-
tions than others. Consequently, this means
that the ore reserves included in the Serbian
projections of copper mining in the next ten
years will not be able to provide a competi-
tive position of Serbian copper production
on the world market.

While there are the new projects and
mine designs with projected 6,000 US$/t
cost price around the world, at the same time
the Serbian estimations of cost price reach
8,000 US$/t. This is a serious risk in terms
of future existence the Serbian copper pro-
duction complex on the world market.

Cost Price Curve and Position of
Serbian Copper Production Complex in it

If mining company wants to survive on
the world market (and provide profitabili-
ty), it needs to place itself and be competi-
tive with the other mining companies. Price
of metal on the world market is not valid for
evaluation the company competitiveness.

Price of metal is unstable and mainly out
of the producer control. However, the costs
are controllable. Position on the cost price
curve defines the competitiveness and busi-
ness risks for any company, which means
that efforts have to be made in order to cut
the costs. Cost price curve for 2011 is shown
in Figure 7.

350 -
Serbia 6800 USD/t
300
The mine with highest costs in the rest of the world 5950 USD/t
250
e 90% of mines in the world operate with costs below 4.000 USD/t
150 o

Mean cost
value 1450 US

1000 -
00

-50

-100

-150

-200

Source: Brook Hunt: (777 Mine and 2011 cost curve) and HudBay estimates (Lalor, Reed)

Figure 7 Position of the Serbian copper production complex in the global cost curve [3]

The main strategy or long term projec-
tion for each mine ore mining company is
to provide a good position on the cost
curve. The aim is to reach lower left part
of curve. Figure 7 shows that position of
Serbia is at the right end, with costs reach-
ing 6,800 US$/t, which is extremely un-
competitive. Figure 7 also shows that 17%

of the global copper production comes as
a byproduct, where the main product is
usually gold, that the mean cost value is
1,450 US$/t and 90% of companies in the
world produce copper with the cost price
lower than 4,000 US$/t. The highest rec-
orded cost price in the world, apart from
Serbia, is 5,950 US$/t.
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CONCLUSION

Problems that the Serbian copper pro-
duction complex has had to deal with for a
long time are the poor quality of ore reser-
ves, increasing depth of ore deposits and
bulk of excavations needed to produce a ton
of copper. That is why its competitiveness
on the world market is poor. In order to im-
prove such position, it is necessary to raise
the quality of ore reserves and reduce bulk
of excavations. This is possible to achieve
through the intense exploration works, in
order to discover the new deposits and also
through including some existing ore deposits
into programs of strategic development. The
Borska Reka is an example of ore body
whose properties are more favorable than
properties of the currently active ore depos-
its.

There are some other issues to be solved,
too. The most important are determination of
permanent company status, definition of
internal organization model and financial
stability. Defining of these strategic issues,
along with the improved production man-
agement, technological discipline and more
rational business decisions should enable
profitable production and long — term sus-
tainable development and finally more com-
petitive position on the world market.
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POLOZAJ SRPSKOG KOMPLEKSA PROIZVODNJE BAKRA NA
SVETSKOM TRZISTU

lzvod

U radu je dat komparativni prikaz polozaja, znacaja i uloge bakra u razvoju moderne svetske
privrede i u Srbiji. Analizirane su glavne karakteristike svetskog trzista bakra: trendovi potrodnje —
kumulativni i po stanovniku, trendovi proizvodnje, eksploatacione rezerve bakra — kumulativne i po veku
trajanja, kao i uticaj novih rudarskih projekata na projekciju balansa, odnosno debalansa ponude i
traZnje bakra na svetskom tr7iStu. Izvrena je analiza i dat je prikaz poloZaja kompleksa proizvodnje
bakra Republike Srbije na svetskom trZistu, zatim uporedenje resursa Srbije sa resursima bakra u svetu.
Dat je prikaz krive cene koStanja i poloZaj kompleksa proizvodnje bakra u Srbiji na njoj, izvrSena
analiza uticajnih faktora koji definiSu poloZaj Srpskog kompleksa proizvodnje bakra na svetskom trZistu
kao i uporedenje sa kompanijama za otkopavanje i preradu bakra u svetu. Na kraju je dat predlog
mogucih pravaca strateskih aktivnosti usmerenih na popravijanje postojeceg poloZaja kompleksa
proizvodnje bakra Republike Srbije na svetskom trZistu bakra.

Kljuéne redi: triiste, strategija, bakar, trendovi, rezerve, resursi.

uvoD

Proizvodnja bakra u Srbiji ima dugo- ovog veka, odnosno u poslednjih nekoliko
godidnju istoriju. Eksploatacija i prerada godina, Republika Srbija je preuzela
ruda bakra kontinuirano se vre ve¢ viSe od  nadleznost nad proizvodnjom bakra i
sto godina. U tom periodu kompleks zapogela program rekonstrukcije, moderni-
proizvodnje bakra je prolazio kroz razli¢ite  zacije i stabilizacije njenih proizvodnih

periode i imao je snmazan uticaj na kapaciteta. Taj program je 2010. god.
|mpozantan_prlvre(31nl razvoj koji se 0dvija0  zaposeo da se konkretizuje kroz jedan
u vrlo burnim drustveno — socijalnim okol-  syeobuhvatan tehnoloski i organizacioni

nostima. Generalno gledajuc¢i, do kraja
sedamdesetih godina proSlog veka moZe se
oceniti da je proizvodnja bakra u Srbiji
imala rast, osamdesetih i devedesetih godina
je doslo do stagnacije, dok je tokom prve
decenije dvadeset prvog veka doslo do
znacajnog pada proizvodnje i urusavanja
nekada mocénog sistema za proizvodnju i
preradu bakra. Pocetkom druge decenije

zahvat, uz vrlo obiman nivo investicija.
Zbog znacaja 1 uticaja pomenutog programa
na ukupan razvoj Republike Srbije u celini,
u radu je data struna ocena sadasnjeg
polozaja kompleksa proizvodnje bakra na
svetskom trZistu, kao i projekcija buduceg
poloZaja u skladu sa navedenim razvojnim
programom.

" Univerzitet u Beogradu, Tehnicki fakultet u Boru
RTB - RBB Bor
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ULOGA BAKRA U RAZVOJU
MODERNE SVETSKE PRIVREDE

Najstariji nadeni predmeti od bakra
datiraju iz vremena oko 6.000 godina pre
Nove ere. Njegova primena za izradu
primitivnih alata i oruZja karakterise ¢itavu
jednu epohu u razvoju ¢ovecanstva, poznatu

ODLICAN
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ODLICAN
ELEKTROPROVODNIK
| NEMAGMETICAN

PODOBAN
ZA CEVII
KOVANJE

OTPORAN NA
KOROZIJU

ANTIMIKRCBIOTIK
I BIOSTATIK

kao bakarmno doba. I u sledecoj epohi,
bronzanom dobu, koje je nastupilo oko
3.000 godina Nove ere, bitan ¢inilac je bio
bakar, od koga je napravljena tvrda legura —
bronza. U bronzanom dobu je potpuno istis-

IZRAZENA
TRAJNOST |
SPOSOBHOST
RECIKLAZE

ODLICAN
PROVODNIK
TOPLOTE

PODOBAN ZA
MASINOGRADNJU
| OBLIKOVANJE

Sl. 1. Pregled najvaZnijih osobina bakra [4]

nuta upotreba kamenih alatki, a smatra se da
je ovo doba zavrseno tek u Srednjem veku.
Najstariji rudnici bakra su u to vreme bili u
Sinajskoj pustinji, zatim na Kipru, odakle
potice i latinski naziv bakra — cuprum. Medu
najstarije rudnike bakra spada i Rudna Glava
u okolini Bora.

Novi vek sa naglim razvojem u nauci i
industriji doveo je do velikih potreba za
bakrom. Pronalaskom dinamo masine (1870.
god.) i motora naizmeni¢ne struje (1887.
god.), pocela je era elektrotehnike, koja je
bakar ucinila neophodnim metalom, $to traje
do danasnjih dana.

Osim odli¢ne elektroprovodljivosti, ba-
kar ima joS niz drugih korisnih osobina koje

ga Cine jednim od nezamenljivih metala u
modernoj svetskoj industriji. Na SI. 1 dat je
prikaz njegovih glavnih osobina zbog kojih
se primenjuje u industriji.

KARAKTERISTIKE SVETSKOG
TRZISTA BAKRA

Trendovi potrodnje - kumulativni
i po stanovniku

Dvadesti vek karakterie snazan razvoj
i ekspanzija industrijske proizvodnje.
Globalna preraspodela moci pocetkom
veka se sa nekada mo¢nih kolonijalnih sila
prelila na stranu najsnaznije razvijenih

Broj 3, 2013.

Mining & Metallurgy Engineering Bor



kapitalistickih zemalja toga doba, koje su
predvodile Sjedinjene DrZzave i Nemacka.
U tom periodu sve snazniji zamah indus-
trijskog razvoja je stvorio glad za sve ve¢im
koli¢inama sirovina. Bakar belezi eksponen-
cijalnu krivu rasta potro$nje. Pocetkom dva-
desetog veka svetska potrodnja bakra je bila

na nivou neSto manjem od milion tona
godisnje (vidi sl. 2), da bi se na njegovom
kraju skoro dvadeset puta uvecala. Trend
takvog rasta potrodnje se nastavio i u XXI
veku, te je na kraju 2011. god. potrodnja dos-
tigla nivo od 20 miliona tona godisnje, Sto po
stanovniku zemlje iznosi priblizno 3 kg/god.

000 +————————

1800-2011  Ukupno =660 Mt*  /

Ukupno = 660 Mt

2012-2033

‘000t Cu

1900 1970 1920 1930 1940 1950 1960 1970 1940 1990 2000 2010 2020 2030

*Prl prognozne| prossding stopl svetskog rasta od 33 godidn]s

lzwor: CRU, BHP Biltton

Sl. 2. Kumulativna potro3nja bakra u svetu i prognoza do 2033. god. [2]

Trendovi proizvodnje

Industrija proizvodnje bakra u svetu
zauzima visoku strateSku poziciju u
ukupnom privrednom rastu. Tokom citavog
prethodnog veka i do danadnjih dana u svetu
je prisutna velika potreba za sirovinama, a
narocito za obojenim metalima, gde bakar
zauzima vodeCe mesto. Taj trend je u
zadnjih desetak godina znacajno pojacan
eksplozivnom  ekspanzijom  privrednog
razvoja Kine, pojedinih dalekoisto¢nih
zemalja Azije i BRIK-a.

| pored takvog trenda, proizvodnja bakra
je uspevala da vrlo uspesno prati eksponen-
cijalni rast potrosnje. Medutim, napred
pomenuti eksplozivan rast potrodnje bakra u
pojedinim zemljama i prognoze njegovog
daljeg rasta, po prvi put su dovele do toga da
se ve¢ nagovestava pojava debalansa izmedu
eksponencijalno rastu¢e potrosnje i ogra-

niCenih moguénosti proizvodnje. Naime,
trendovi ubrzanog industrijskog rasta i
porasta stanovniStva u svetu se superpo-
niraju i u buducnosti ¢e jo§ viSe pojacati
pritisak traznje na trziste bakra. Sa Sl. 2 se
moZe videti da je projekcija potrosnje bakra
u svetu takva da se predvida da se u nared-
nih 22 god. potro$i maltene ista koli¢ina
bakra kao u ukupnoj istoriji ¢ovecanstva do
danas. Proizvodnja bakra u svetu te trendove
neée mocéi da prati.

Eksploatacione rezerve bakra -
koli¢inski i po godinama

Paralelno sa ekspanzijom proizvodnje
bakra u svetu postojece rezerve rude su se
intenzivno i sve ubrzanije iscrpljivale. To
je imperativno nalagalo da se stalno
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istrazuju nove rezerve koje bi nadomestile
troSenje postojecih. Karakteristika takvog
kretanja je bio sve niZi kvalitet novih
resursa, sa sve nizim sadrzajima korisnih
komponenti i na sve ve¢im dubinama.
Takav trend je neminovno nametao
potrebu da se za istu koli¢inu metala
otkopava i preraduje sve veéa koli¢ina
iskopina. Industrija proizvodnje i prerade
bakra je u tim okolnostima morala da stalno
traZi reSenja kojima bi parirala takvom
trendu, odnosno morala je da stalno shiZzava

60

jedini¢ne troskove proizvodnje, kroz dizanje
produktivnosti, tehnoloSke inovacije i orga-
nizaciona poboljsanja.

Kao rezultat intenzivnih geoloskih ra-
dova na istraZivanju, svetske rezerve
bakra su se stalno povecavale, ali je njihov
vek trajanja odrzavan na nivou od 30 do
50 godina. Trenutne eksploatacione rezer-
ve iznose oko 630 miliona tona metala, to
prema projekcijama rasta predstavlja
rezerve za narednih tridesetak godina (vidi
sl. 3).

700

50

- 600

Ukupne rezerve bakra, godina

Ukupne rezerve bakra, '000 000 tona

Sl. 3. Ukupne rezerve bakra u svetu, kolicinski i po veku trajanja [9]

Novi projekti — balans/debalans
ponude i traZznje

Trenutni nivo rudni¢ke proizvodnje i
primarne prerade bakra u svetu iznosi nesto
manje od 17 miliona tona godisnje. Analiza
kretanja na svetskom trzistu pokazuje da ée
jo§ nekoliko godina proizvodnja bakra iz
postoje¢ih rudnika moc¢i da prati trend
potrosnje, a onda ¢e do¢i do njenog zaosta-
janja. Sa sl. 4 se vidi da ¢e ve¢ 2018. godine
debalans ponude i traznje biti 5 miliona tona
bakra, a 2020. godine bi¢e 6 miliona tona.
To praktiéno znac¢i da ¢e ukljuéivanjem
novih rudnika u proces proizvodnje u tom
periodu morati da se popunjava kapacitet

proizvodnje po dinamici od oko 1 milion
tona bakra godisnje.

Razvoj novih projekata se odvija u
uslovima sve manjeg sadrZaja bakra i
korisnih metala u rudi, sa sve ve¢om koli-
¢inom iskopina po toni dobijenog bakra.
To podiZze cenu koStanja proizvodnje
bakra u takvim rudnicima. Trenutno u
svetu novi rudarski projekti se rade sa
proseénim sadrzajem bakra od 0.5 do
0.6 % i sa proseCnom cenom kostanja od
5.500 USD/t. Pritom planirani prihodi od
nus-proizvoda postaju sve uticajniji na
ukupnu ekonomiku projekata.
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Visoko potencijaino
30 Potencijaing
m—Traznja (primarna)
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=== Proizvodnja iz postojecih rudnika
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lzwor: Brook Hunt - A Wood McKenzie company

Sl. 4. Trend rudnicke proizvodnje bakra u svetu [2]

Takode je karakteristicno da u uslovima
kada se sve teze obezbeduju profiti iz bazne
proizvodnje bakra, neminovno dolazi do
kompromisa izmedu politickih i geoloskih
rizika. To znaci da ¢e se buduca proizvodnja
bakra sve vise seliti u zemlje u razvoju sa
vecim rizikom poslovanja. Takode je sve
vise prisutan kompromis izmedu kapitalnih i
operativnih troskova. To znaci da se u

uslovima sve niZzeg kvaliteta raspoloZivih
resursa sve viSe napusta princip po kome
visoki nivo kapitalnih investicija automatski
traZi niZi nivo operativnih troSkova.

Zbog toga se u svetu intenzivno radi
na razradi novih projekata za eksploataciju
i primarnu preradu bakra. Ukupno je tre-
nutno u razradi oko 7.000 projekata. Ras-
pored projekata (za deset glavnih zemalja)
jedatnasl. 5.

Sweden: 107

Philippines: 113 projects = 2%
China: 177 projecis = 3% \

Peru: 264 projects = 5%

Chile:
269 projects = 5%

Mexico:
336 projects = 6%

United States:
411 projects = 7%

lzvor: Blaomsbury Minerals Economics Ltd

projects = 2%

Argentina: 103 projects = 2%

Canada:
2198 projects = 39%

Australia: 1633 projects = 29%

Sl. 5. Raspored projekata za eksploataciju i primarnu preradu bakra u deset
glavnih zemalja u svetu [5]
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POLOZAJ KOMPLEKSA
PROIZVODNJE BAKRA SRBIJE
NA SVETSKOM TRZISTU

Kompleks proizvodnje i primarne
prerade bakra u Srbiji je dugo godina
prisutan na svetskom trzistu. Kao Sto je
ranije u ovom radu pomenuto, sve do
kraja sedamdesetih godina proSlog veka,
taj poloZaj je bio vrlo konkurentan. Srbija
je u to vreme u ukupnoj proizvodnji bakra
u svetu ucestvovala sa 2 %. Njeni resursi
su se isticali po sadrZzaju bakra i uéescu
pratecih plemenitih metala. U to vreme
kompleks proizvodnje bakra u Srbiji je u
svetu imao izuzetan respekt.

Po isteku tog vremena do$lo je do sve
veéeg osiromasenja postoje¢ih rezervi
bakra - sve nizeg sadrzaja bakra i pratecih
metala u eksploatacionim rezervama na
sve ve¢im dubinama. Paralelno sa time,
uslovi poslovanja u postoje¢im rudnicima
su bivali sve tezi. Sve veéa koli¢ina
iskopina po toni proizvedenog bakra i
njegova niska cena na svetskom trzistu su
sve vide pritiskali ekonomiku poslovanja.

Uporedenje resursa za proizvodnju i
primarnu preradu bakra Srbije sa
resursima u svetu

Posle skoro osamdeset godina eksploa-
tacije i rada u uslovima relativnog blago-
stanja, krajem sedamdesetih godina proslog
veka srednji sadrZaj bakra u proizvedenoj
rudi je si%ao ispod 1 % i nastavio perma-
nentan dalji pad. Trenutno se eksploatise
ruda sa srednjim sadrZajem bakra na nivou
od 0.25 do 0.28 %, dok se u planovima za
narednih deset godina planira sa srednjim
sadrZzajem bakra od 0.33 %. Napred je
navedeno da se u razvoju novih projekata u
svetu ra¢una sa srednjim sadrzajem od 0.5
do 0.6 % Cu. To znaci da su eksploatacioni
resursi sa kojima se u Srhiji ulazi u plan za
narednih deset godina duplo niZeg kvaliteta
od svetskih. Srednji sadrzaj bakra u rudi
proizvedenoj u Srhiji je dat na sl. 6.

U svetu se pri projektovanju novih
rudnika racuna sa koli¢inom od 400 do
maksimalno 800 tona iskopina po toni proi-
zvedenog bakra. U Srbiji taj odnos iznosi
1.000 t iskopina po toni bakra. Ako se upo-
rede koli¢ine iskopina po toni proizvedenog
bakra sa kojima se vr3e projekcije buduce

i%
i1 506

= \-53/
«
- \{

4

\1 338
3 \\
2
\u
. P l0g6
L% 045
01 e 'u"—'m I—o_.“;{%fl“f}m
19m 1040 2000

Sl. 6. Srednji sadrZaj ostvaren pri eksploataciji rude bakra u Srbiji [10]
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proizvodnje u svetu i u Srbiji, onda se
dolazi do zakljucka da ¢e se za proiz-
vodnju tone bakra u Srbiji otkopavati od
1.25 do 2.5 puta vie iskopina nego u
svetu. To znaci da eksploatacione rezerve
sa kojima Srbija ulazi u program razvoja
za narednih deset godina ne mogu da
omoguée njen konkurentan polozaj u
svetu. Dok svet sa pouzdanom dozom
sigurnosti vrsi projekcije novih rudnika sa
cenom kostanja od 5.500 USD/t, u Srbiji
je ta projekcija izvrsena sa visokih 8.000

USD/t, §to znacajno povecava rizik budu-
¢eg opstanka njenog kompleksa proizvo-
dnje bakra na svetskom trZistu.

Kriva cene koStanja i poloZaj kompleksa
proizvodnje bakra Srbije na njoj

Da bi neka rudarska kompanija opstala
na trzistu (Sto podrazumeva njenu profi-
tabilnost), mora se pozicionirati tako da
bude konkurentna sa drugim rudarskim
kompanijama. Upotreba cene metala za

350 —
Srbija 6800 USD/t
300
Rudnik u svetu sa maksimalnim troskovima 5950 USD/t
250
200 Devedeset posto rudnika u svetu ima operativne trogkove niZe od 4.000 USD/t

Srednja vrednost
troskova 1450 USD

1000
00

-50

-100

-150

Izvor: Brook Hunt: (777 Mine and 2011 cost curve) and HudBay estimates (Lalor, Reed)

-200

Sl. 7. PoloZaj kompleksa proizvodnje bakra u Srbiji na krivoj cene koStanja (konkurentnosti) [3]

potrebe planiranja nista ne govori o konku-
rentnosti kompanije. Cena metala je neizve-
sna i uglavnom izvan kontrole proizvodaca.
Ali trodkovi (cena kostanja) su podloZni
kontroli. Pozicija na krivoj cene koStanja
proizvodnje identifikuje  konku-rentnost
poslovanja i rizik od gubitka, $to znaci da bi
cenu kostanja trebalo smanjivati. Kriva cene
kostanja (konkurentnosti) u svetu za 2011.
god je prikazana nasl. 7.

Kljuéna strategija ili dugoroc¢na vizija za
jedan rudnik ili kompaniju je da obezbedi
§to bolju poziciju na krivoj cene kostanja
proizvodnje bakra. Njena primarna strategija
treba da bude stalna teZnja da se 3to bolje

pozicionira u donjem (levom) delu krive. Sa
sl. 7 se vidi da je poloZaj kompleksa proiz-
vodnje bakra u Srbiji skroz desno na krivoj,
sa cenom operativnih troSkova od 6.800
USD/t, §to mu daje izuzetnu nekon-
kurentnost na trZistu. Sa sl. 7 se takode vidi
da se 17 % bakra u svetu dobija iz rudnika
kao nus-proizvod, koji pove¢ava prihod od
osnovnog proizvoda, obi¢no zlata, da je
srednja vrednost troSkova proizvodnje bakra
1.450 USD/t a da ¢ak 90 % svetskih
kompanija bakra trenutno radi sa cenom
koStanja nizom od 4.000 USD/t, dok najvisi
evidentirani nivo operativnih troskova u
svetu iznosi 5.950 USD/t.
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ZAKLJUCAK

Osnovni problem koji ve¢ duZe vreme
opterecuje polozaj kompleksa proizvodnje
bakra u Srbiji predstavlja nizak kvalitet
eksploatacionih rezervi rude, njihova sve
veca dubina 1 velika koli¢ina iskopina
potrebnih za proizvodnju jedne tone bakra.
Zbog toga je vrlo nizak stepen njegove
konkutentnosti sa ostalim kompanijama u
svetu. Sa tog aspekta preporuka je da se
ucini maksimalan napor za iznalaZenje
mogucnosti dizanja kvaliteta eksploatacionih
rezervi 1 smanjenje optereéenosti velikim
koli¢inama iskopina. To se moZe postici
tako Sto kompleks proizvodnje bakra u Srbiji
treba najozbiljnije razmotriti dosta istrazeno
i delimi¢no pripremljeno rudno leziste
"Borska Reka", koje je u sagledavanjima
strategije razvoja nepravedno zapostavljeno.
Kvalitet njegovih ukupnih i overenih rudnih
rezervi je na znatno visem nivou od onih
koje su obuhvaéene u razvojnim
programima 1 nije optereéeno velikim
okoli¢inama iskopina po toni proizvedenog
bakra.
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Abstract

Stability analysis of the waste dump "Ostreljski Planir" was carried out using the Geostudio2007
software for critical profiles determined on 3D model of the site in Gemcom 6 software. The influence of
water on the stability of dump is defined by varying the coefficient of pore water in disposed material.
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INTRODUCTION

In the period from 1975 to 1980, the
waste from the open pit "Bor" was dumped
in several locations in the vicinity of the
open pit, where the external dumps were
formed. One of them is the waste dump
"O#strelj" which is also called the "East
Dump" or "Cyanidation™. It is located in the
far east of the open pit Bor next to the
former plant Cyanidation which is no longer
in operation, because a part of landfill slope
for leaching slided in the eighties of the last
century and disablee this facility. It is also
the highest dump of the open pit "Bor", with
the final plane at K +475 m, and foot at level
K +375 m. Height of formed landfill is 100
m with slope of 38°. The lake Robule is
situated on the base of this dump on the
southeastern side. During the period of
dumping on the "Ostrelj" waste dump, the
cut-off grade of copper in the ore was much
higher than it is today, so there is the
possibility of this dump exploitation by
leaching or classical excavation. The amount

of material in this waste dump is 95 million
m*.[5, 10, 11]

SELECTION OF COMPUTATIONAL
PARAMETERS AND
CHARACTERISTIC PROFILES

Based on the existing map data, the 3D
model of the waste dump "Ostreljski Planir"
was developed in the software Gemcom 6
[1, 3, 4, 8, 9, 15], Figure 1. Critical profiles
for calculation the stability were defined on
this model. 1-1 'passes through a part of the
waste dump near the lake "Robule”, and
profile 2 - 2' passes through a part of the
waste dump with maximum height of dis-
posed material. The position of the profile 2
is shown in Figure 2.

The values of the physical - mechanical
characteristics of disposed material and
background of waste dump sites defined in
the project documentation for mining the
open pit "Bor" [5, 10] and they are shown in
Table 1.
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Figure 1 3D model of waste dump in the software Gemcom 6
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Table 1 Computational values of physico-mechanical parameters for calculation of stability

Angle of internal . 3 Cohesion, C
Type of rock friction, g, ° Gravity, y, kN/m KN/m2
Background of waste 420 26.5 300
dump
Disposed material 30.0 19.0 100
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STABILITY CALCULATION

Stability calculation was made by the
software GeoStudio 2007, or its subprogram
SLOPE/W designed for stability calculation
by the limit equilibrium condition, license
no. 99803. The program includes methods
of stability calculation by the limit equilibri-
um condition which are used today in the
world: Bishop, Janbu, Spencer, Morgenstern
- Price, Sarma et al. The impact of ground
water on the stability in the software
GeoStudio 2007 SLOPE/W can be modeled
in several ways: piezometric water level,
coefficient of pore water pressure r, and

pressure of pore water B-bar. The impact of
surface loads on background could be also
modeled by software as well as seismic ef-
fect[2, 6,7,12, 13, 14].

Stability calculation was made by the
methods of Bishop and Morgenstern — Price.
The impact of ground water on stability was
modeled by the coefficient of pore water r,,
which is varied from 0.1 to 0.8. Stability
analysis was carried out using the tool je
Entry and Exit which defining the area
where sliding plane cuts the field surface
and radius area of potential sliding planes,
Figures 3 -5.

Entry points

Exit points

Figure 3 Tool Entry and Exit

Figure 4 Radius area of potential sliding planes in tools Entry and Exit
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Figure 5 View of potential sliding planes in tools Entry and Exit

Stability calculation using the software  r, = 0.1 is shown in Figures 6 — 9, and
GeoStudio 2007 on profiles 1 — 1’ and  complete calculation results in Figure 10.
2 — 2’ for the coefficient of pore water

Fie G0t i Yum Dum Sisch Moo Tos Windon Helo

D@ S@ me|o-c-RRAEAR » - v E
[ T €& HILTEE FELEDLE — RSN
CrS— ok
IR R L | Pttty | gl B
T
i
&
El
"
i
(K4
&
]
e
&
&)
=
€]
il
£ i
. F]
H (]
] =
g 3
2, 7|
=]
=3
)
=]
20
Distance, m
e e et s vome

Figure 6 Stability calculation for profile 1 — 1" by the Bishop method
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Figure 9 Stability calculation for profile 2 — 2’ by the Morgenster — Price method
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Figure 10 Graphical view of stability calculation results

ANALYSIS OF STABILITY
CALCULATION RESULTS

Dependence of change the stability coef-
ficient could be seen from graphical view
with increasing coefficient of pore water for
both analyzed profiles. The current Rule-
book on technical requirements for surface
mining of mineral resources (Official Ga-
zette RS No. 96/2010) has stipulated the
following minimum stability coefficients for
waste dumps:

- Working slopes of partial individual

floors: 1.05to 1.10.

- Working slopes of partial individual
floors and floor slope system: 1.10 to
1.15.

- Final slopes of waste dump: 1.30 to
1.50.

- Fracture of background and sliding
along background: 1.50 to 2.00.

Maximum allowable values of pore wa-

ter coefficient could be read from graph of
stability calculation results, which meet the

prescribed values of stability coefficient. If
there is larger water quality than allowed, it
is necessary to reduce the level of ground-
water below the contact of disposed masses
and background in possible exploitation.
The waste dump must be regularly drained
from surface water.

CONCLUSION

Softver GeoStudio 2007 — SLOPE/W is
a program that can very accurately deter-
mine all relevant conditions for calculation
the slope stability of open pits, waste dumps
and earth dams. Each lithological member
on a profile can be realistically modeled by
spatial position and physico-mechanical
characteristics. It is also possible to model
the effect of ground water on stability by
several ways as well as the surface loads on
background. Using of this software signifi-
cantly reduces the time of calculation re-
garding to the classical design.
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For realistic assessment the problems
of stability in the software GeoStudio
2007, the most important is a selection of
reliable input parameters.

Since the data on physic-mechanical
characteristics are older than three dec-
ades, in the case of this waste dump ex-
ploitation by leaching or classical excava-
tion, it is necessary to check the geome-
chanical and hydrogeological characteris-
tics of the background and disposed mate-
rial. For calculation the stability in exploi-
tation, a load of machinery have to be tak-
en into account and determine minimum
distance from the edge of the waste dump
for its operation.
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ANALIZA STABILNOSTI ODLAGALISTA JALOVINE
“OSTRELJSKI PLANIR” POVRSINSKOG KOPA “BOR” U
FUNKCIJI OVODNJENOSTI™

lzvod

Analiza stabilnosti odlagalista jalovine “Ostreljski planir” uradena je programom GeoStudio 2007,
za kriticne profile odredene na osnovu 3D modela lokaliteta u program Gemcom 6. Uticaj vode na
stabilnost odlagalista definisan je variranjem koeficijenta porne vode u odloZzenom materijalu.

Kljuéne redi: stabilnost, program GeoStudio 2007, program Gemcom 6, koeficijent porne vode.

uvoD

U period od 1975 do 1980 godine, jalo-
vina sa povrsinskog kopa “Bor” odlagana je
na vise lokacija u blizini povrsinskog kopa,
pri ¢emu su formirana spoljna odlagalista.
Jedno od njih je i odlagaliste “Ostrelj” koje
se jo§ naziva i “Isto¢no odlagaliste”, ili “Ci-
janizacija”. Nalazi se na krajnjem istoku od
povrsinskog kopa Bor pored bivseg pogona
Cijanizacije koji nije vise u funkciji, jer je
deo kosine odlagalista za luZenje kliznuo
osamdesetih godina prolog veka i onespo-
sobio ovo postrojenje. To je ujedno i najvise
odlagaliste povrsinskog kopa ,,Bor”, ¢ija je
zavrsna ravan na K +475 m, a noZica na koti
K +375 m. Visina formiranog odla-galista
iznosi 100 m sa nagibom kosine 38°. U
podnozju ovog odlagalista na jugoistocnoj
strani nalazi se jezero Robule. Tokom
perioda odlaganja na odlagalistu “Oétrelj”,
grani¢ni sadrzaj bakra u rudi bio je znatno
ve¢i nego danas, tako da postoji moguénost
eksploatacije ovog odlagalista luZzenjem ili

klasi¢nim otkopavanjem. Koli¢ina materijala
na ovom odlagalidtu iznosi oko 95 miliona
m°materijala. [5, 10, 11]

IZBOR RACUNSKIH PARAMETARA
I KARAKTERISTICNIH PROFILA

Na osnovu postoje¢ih kartografskih
podataka uraden je 3D model odlagalista
“Oétreljski planir” u program Gemcom 6 [1,
3,4, 8,9, 15], slika 1. Na ovom modelu defi-
nisani su kritiéni profile za proracun stabil-
nosti. Profil 1 — 1’ prolazi kroz deo odlaga-
lista u neposrednoj blizini jezera “Robule”, a
profil 2 — 2’ prolazi kroz deo odlagalista sa
najve¢om visinom odlozenog materijala.
Polozaj profila prikazan je naslici 2.

Vrednosti fizicko - mehanickih karakte-
ristika odloZenog materijala i podloge odla-
galista, definisane su u projektnoj dokumen-
taciji za eksploataciju na povrSinskom kopu
,»Bor” [5, 10] i prikazane su u tabeli 1.

" Institut za rudarstvo i metalurgiju Bor, e-mail: 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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Sl. 1. 3D model odlagalista u programu Gemcom 6

Sl. 2. Polozaj profila za analizu stabilnosti

var | PRI VAR 167

Tabela 1. Racunske vrednosti fizicko-mehanickih parametara za proracun stabilnosti

Ugao unutrasSnjeg | Zapreminska tezina, vy, Kohezija, C
Vrstastene trenja, @, ° kN/m? kN/m?
Podloga odlagalista 42,0 26,5 300
OdloZeni materijal 30,0 19,0 100
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PRORACUN STABILNOSTI

Proracun stabilnosti izvr3en je program-
mom GeoStudio 2007, odnosno njegovim
potprogramom SLOPE/W namenjenim za
proracun  stabilnosti  uslovom  grani¢ne
ravnoteZe, licenca br. 99803. Program sadrZi
metode proracuna stabilnosti  uslovom
grani¢ne ravnoteZe koje se danas Kkoriste u
svetu: Bishop, Janbu, Spenser, Morgenstern
— Price, Sarma i dr. Uticaj podzemnih voda
na stabilnost u softveru GeoStudio 2007
SLOPE/W moZe da se modelira na vise
na¢ina: piezometrijskim nivoom  vode,
koeficijentom porne vode r, i pritiskom

porne vode B-bar. Softverom se takode
moZe modelirati uticaj povrSinskih optere-
¢enja na podlogu, kao i seizmicki uticaj [2,

6,7,12, 13, 14]
Prora¢un stabilnosti uraden je metodama
Bishop i Morgenstern — Price. Uticaj

podzemnih voda na stabilnost modeliran je
koeficijentom porne vode r,, koji je variran
od 0,1 do 0,8. Analiza stabilnosti radena je
alatom Entry and Exit kojim se definiSe ob-
last u kojoj Klizna ravan sece powvrsinu
terena, i oblast radijusa potencijalnih kliznih
ravni, slike 3 —5.

Entry points

Exit points

Sl. 3. Alat Entry and Exit

b

Sl. 4. Oblast radijusa potencijalnih kliznih ravni kod alata Entry and Exit
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Sl. 5. Prikaz potencijalnih kliznih ravni kod alata Entry and Exit

_ Proracun stabilnosti programom GeoStu-  na slikama 6 — 9, a kompletni rezultati prora-
dio 2007 na profilima 1 -1"12 - 2" zakoe- ;14 na slici 10.
ficijent porne vode r, = 0,1 prikazan je
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Sl. 6. Proracun stabilnosti za profil 1 — 1’ po metodi Bishop
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Sl. 9. Proracun stabilnosti za profil 2 — 2’ po metodi Morgenster — Price
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2.039
2106

—+— Profil 1 - 1" Bishop

—— Profil 2 - 2" Morgenstem-Price
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1167
1635
110
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1144

0.849
0.965

fu

Sl. 10. Graficki prikaz rezultata proracuna stabilnosti

ANALIZA REZULTATA
PRORACUNA STABILNOSTI

Sa grafickog prikaza rezultata prora¢una
stabilnosti moZe se videti zavisnost promene
koeficijenta  stabilnosti sa povecanjem
koeficijenta porne vode za oba analizhna
profila. Vaze¢im Pravilnikom o tehnickim
zahtevima za povrSinsku eksploataciju mine-
ralnih sirovina (SI. glasnik RS br. 96/2010)
propisani su slede¢i minimalni koeficijenti
stabilnosti za odlagalista jalovine:
- Radne kosine parcijalnih pojedinacnih
etaza: 1,05 do 1,10.

- Radne kosine parcijalnih pojedinacnih
etaZa i sistema kosina etaZa:
1,10 do 1,15.

- Zavrdne kosine odlagalista:
1,30 do 1,50.

- Lom podloge i klizanje po podlozi:
1,50 do 2,00.

Sa grafika rezultata proracuna stabilnosti
mogu se ofitati maksimalne dozvoljene
vrednosti koeficijenta porne vode za koje su

ispunjene propisane vrednosti koeficijenta
stabilnosti. Ako postoji ve¢a ovodnjenost od
dozvoljene, pri eventualnoj eksploataciji
potrebno je izwrSiti smanjenje nivoa
podzemne vode ispod kontakta odloZenih
masa i podloge. Takode se odlagaliste mora
redovno odvodnjavati od povrsinskih voda.

ZAKLJUCAK

Softver GeoStudio 2007 — SLOPE/W je
program kojim veoma precizno mogu da se
determiniSu svi relevantni uslovi za prora¢un
stabilnosti kosina povrsinskih kopova, odla-
galista jalovine i zemljanih brana. Svaki
litolodki ¢lan na profile moze biti realno
modeliran prostornim polozajem i fizicko —
mehanickim Karakteristikama. Takode je
moguce na VviSe nacina modelirati uticaj
podzemnih voda na stabilnost, kao i
povrsinska opterecenja na podlogu. Korisce-
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njem ovog softvera znacajno se skracuje
vreme proracuna u odnosu na klasi¢no
projektovanie.

Za realno sagledavanje problematike
stabilnosti u program GeoStudio 2007
najvazniji je izbor pouzdanih ulaznih
parametara.

Kako su podaci 0 fizicko - mehanic¢kim
karakteristikama stariji od tri decenije, u
slucaju eksploatacije ovog odlagalista luZe-
njem ili klasi¢nim otkopavanjem, potrebno
je proveriti geomehanicke i hidrogeoloske
karakteristike podloge i odloZenog materi-
jala. Za proracun stabilnosti pri eksploataciji
mora se uzeti u obzir opterecenje od
mehanizacije i odrediti minimalno rastojanje
od ivice kosine odlagalista za njen rad.
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Abstract

Fokkk

In this paper, the process of finite element analysis of deep underground salt caverns was described
with geometry and material properties related to caverns in the salt mine Tetima-Tuzla, B&H. The 3D
model was built based on ultrasound measurement and CAD modelling of planar geometry data.
Nonlinear finite element analysis was performed resulting in stresses and deformations data necessary
for assessment of cavern stability and time dependent behaviour.

Keywords: finite element analysis, CAD model, stress and deformation fields, plasticity and creep

1 INTRODUCTION

Besides the many advantages, there are
also some drawbacks related to leaching
exploitation of deep underground salt cav-
erns. Leaching process leads to enlarge-
ments of caverns and subsequently to re-
ducing of its stability. Due to high litho-
static pressure at cavern depth, failure of
cavern walls is possible if its dimensions
are above certain limit. In order to main-
tain stability, it is necessary to stop leach-
ing process when cavern reaches some
critical dimensions. Exploited cavern must
be filled with water and sealed. The leach-
ing process has to be continued at new
cavern(s) usually in the vicinity of previ-
ous one. The position, dimensions and
leaching dynamics of the new cavern is
influenced with other caverns in the vicin-
ity. There are protective pillars between
caverns that are necessary to maintain the
stability of caverns. The pillars are highly
loaded with internal (litho-static) pressure

) University of Tuzla, Bosnia and Herzegovina

at cavern depth. The calculation of geo-
metrical disposition of caverns and its
critical diameters is a complex task. Up to
now, some recommendations were usually
used on the basis of elasticity theory mod-
els and empirical data from previous years
of exploitation. The theory of elasticity
allows stress-strain calculation in the case
of ideal, homogeneous, isotropic, linearly
elastic material and cylindrical, spherical
or elliptical shape of caverns. Unfortu-
nately, in the real-world conditions, the
rock salt deposit are layered with non-
homogeneous layers, the rock materials
are anisotropic; the constitutive behaviour
is nonlinear and inelastic. Also, the cavern
shape is usually far away from the ideal,
cylindrical or spherical case for which
analytical models can be useful. There-
fore, the analytical models, based on elas-
ticity theory, have limited usefulness in
the practical stress state calculations. It is

* d.d. Rudnik soli Tetima, Tuzla, Boshia and Herzegovina

“* Mining and Metallurgy InstituteBor, Serbia

™™ This paper was written under the Project No.36014, funded by the Ministry of Education, Science
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therefore, necessary to have larger coeffi-
cients of safety related to the critical cav-
erns diameters and its mutual axial dis-
tance. It leads to stopping of leaching be-
fore it is really necessary at the moment
when cavern is fully formed and gave its
maximum production and transfer to a
new cavern with small size and small ca-
pacity. Also, the axial distance between
caverns must be larger, that means, lot of
salt material is permanently lost.

High improvement in this field came
with the finite element analysis. It allows
nonlinear analysis of stress-strain state
with advanced material models and realis-
tic geometry (shape) of caverns and layers
of rock materials. The result is more reli-
able prediction of caverns behaviour and
its mutual interactions. Such analysis with
geometrical and material parameters, re-
lated to the rock salt mine “Tetima” in the
vicinity of Tuzla, Boshia and Herzego-
vina, is given in this work.

Field: Tetima
Scale 1:2500
Date: 2011-12-07

2 THE FEM MODEL OF SALT
CAVERNS

The first step in FEM analysis is de-
velopment of CAD model with realistic
caverns geometry and positions in salt
deposit. The stress-strain state will be ana-
lyzed for the group of five caverns and
pillars between them, situated at the
Tetima mine, near Tuzla, Bosnia and Her-
zegovina. The actual geometry of cavern
walls is obtained by ultrasonic measure-
ment. The ultrasonic measuring head is
down warded, from the surface to the bot-
tom of cavern, taking series of flat scans
(2D) in the plane normal to cavern axis,
shown in Figure 1. Contour lines are mod-
eled as splines allowing smooth cavern
surface and solid model to be generated by
3D modelling software. Caverns are be-
tween 80 and 100 meters high and with
diameters up to 40 meters. All caverns are
situated at 500-700 meters from the sur-
face. The volume of one entirely devel-
oped cavern is approximately 100,000 m°.

Enc. |

From 488.00 To 636.00 m bgl
Base Well: T-72

Figure 1 Caverns cross-sections by ultrasonic measurements(a) and
appropriate 3D solid models (b)
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3D solid model of individual caverns is
shown in Figurel (b). Caverns are obtained
by subtraction of previously generated 3D
solids from layered deposit model (Figure
2.2). Model dimensions are 300 x 200 x 600
m. It is adequate to include all five caverns
and to exclude influence of the rest of salt
deposit. In order to reduce model height

(depth 500-700 m) at upper surface, a uni-
formly distributed external pressure equiva-
lent to litho-static pressure at appropriate
depth is applied. It leads to significant reduc-
tion of DOF in FEM analysis with minor
reduction of accuracy. All layers are mod-
elled based on geophysical measurements
and geological maps.
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Figure 2 3D layered CAD model of caverns and its disposition in the Tetima mine(a),
discretized domain (b)

3 PREPROCESSING

3.1 Model Partitioning and
Mesh Generation

Before discretization on finite elements,
it is necessary to do domain partitioning in
order to allow better mesh generation. The
complicated curved parts of domain (salt
cavern walls) are discretized on standard
linear tetrahedral elements but large part of
domain is discretized on more advanced
hexahedral elements, Figure 2. In this way,
there is a compromise between the mesh
quality, number of degrees of freedom in
problem and hardware (computing) capacity
of our computers. Total number of degrees

of freedom for entire model is around
380,000. After defining caverns geometry
and automatic mesh generation, the material
model, loads, boundary conditions and inter-
face between cavern and surrounding mate-
rial are defined.

3.2 Material Modelling

In the real conditions, the domain is
layered with many different rock mate-
rials. The base material (rock salt) under
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high pressure has the elasto visco-plastic
behaviour. Therefore, the FEM analysis is
nonlinear, time dependent, with many
increments of loads and many iterations
steps. The parameters for material model
are determined by fitting the experimental
measurement results on many salt sam-
ples, according to the standardised proce-
dures. Another rock material is modeled
as linearly elastic by the Drucker-Pragger
plasticity model. In the space of principal
stresses, the D-P model is given as (1) and
salt creep model is given by (2):

\/]_2 =a+b-1 ili
\E[(al — 5)2 + (01— 03)? +(0; — 03)?=
=a+b-(01+02+03) (1)

& =(A-o"[(m+ gzl ()

The constants (material parameters) a,
b, A, nand m in equations (1) and (2) are
found experimentally.
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3.3 Boundary Conditions

Dimensions of model are taken suffi-
ciently large so we can apply standard
geomechanical ~ boundary  conditions
shown in Figure 3 (b) for the 2D case. The
lowest surface of the model is fixed in
vertical directions and vertical lateral sur-
faces are fixed in normal to surface direc-
tions. In this way, the whole model is
properly fixed in space.

3.4 External Loads

The external loads are due to evenly
distributed gravity force and defined by
gravity acceleration level and directions
and material density. On top surface of
model that is at 180 m from free surface,
the apply external pressure is applied that
is equivalent to the internal rock pressure
at depth of 180 meters, with rock material
density of 2100 kg/m®. Internal salt water
pressure in caverns is linearly related with
depth, beginning from the free surface
(ordinary hydrostatic pressure p=pgh).

overburden pressure

rock saft

symmetri axies

3
3
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boundary canditions 8C1

Figure 3 Discretized cavern model (a), standard boundary conditions (b)
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4 DISCUSION OF RESULTS

Resulting system of equations in discrete
form were solved in approximately 200 min.
of PC time. Due to intense plastic deforma-
tion of several elements, the analysis was
performed in several increments of load (30)
and approximately 5-6 iteration steps in
every increment. The most interesting result
variables are displacement field, during
leaching process and after. The magnitude of
displacement field is shown in Figure 4.
Maximum vertical displacement is about 1.3
m. and it is located at free surface above

cavern no. 73. Due to visco-plastic beha-
viour of rock salt, it is assumed that vertical
displacements shall rise in cavern surro-
unding with time. Vertical displacements in
another cross section are much smaller.
Also, the effect of rising of bottom for all
caverns can be seen. It is easy to explain,
because the internal pressure at cavern bot-
tom is hydrostatic, p=pwaergh , but the exter-
nal pressure is much higher, equal to

p:Prockgh-

Figure 4 Magnitude of displacements in cavern cross section

In Figure 5, We can see displacements
distribution in horizontal cross section
(u,). High pressure outside of cavern and
lower pressure inside, and reduced hori-
zontal stiffness due to caverns (cavity in
material) leads to horizontal displace-
ments of magnitude + 2 102 m. In a case
when internal hydrostatic pressure is re

duced to zero (empty caverns), the stress
equilibrium is lost due to non-symmetric
shape of cavern and it leads to collapse of
cavern walls. In the simulation process,
this is related with loss of convergence.
Layered material and uneven distribution
of pillar thickness between caverns also
contribute to this effect.
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Figure 5 Distribution of horizontal displacement, u,

For stress analysis, the most important is
the effective stress related to the Drucker-
Praggerplasticity criterion. The nodal point’s
effective stress can be compared with unia-
xial stresses leading to the plastic defor-
mation, obtained experimentally at rock
samples. The analysis shows stresses higher
the 20 MPa that are beyond the layered ma-
terials yield stresses. The most severe stress
concentrations are at sharp corners in cavern
walls, but number of such situations is rela-
tively small with respect to the cavern

£, Max, Principal
(Aug: 75%)

dimensions. Also, such places are disjoined,
far away one from another. In the real condi-
tions, the geometry changes and sharp cor-
ners are not so severe, it can be assumed that
plastic deformations will remain loca-lised
and corresponding plastic zones will be
separated. Also, the local plastic deforma-
tion will lead to decreasing of stress gra-
dients in the local zone. In whole model, for
given geometrical and material parameters,
any larger plastic zone was not found, only
small, disconnected local plastic zones.

Figure 6 First principal stress distribution (op1)
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As rock materials have reduced
strength with respect to the extension
stress, distribution of the first principal
stress, op IS shown in Figure 6. It shows
maximum extension stress in every nodal
point. Checking many cross sections of a
model in three perpendicular planes, it is
realized that extension stresses op; are
relatively small, except in already men-
tioned areas with high stress concentra-
tions. In such points, the plastic deforma-
tions occur, leading to equalisation and
decreasing of extension stresses. The high
magnitude of another principal stresses
that are compressive (op; and op1) iM-
proves the global model stability.

CONCLUSIONS

The general conclusion obtained by de-
scribed nonlinear finite element analysis is
that the model is in stabile elastic state, with
localised stress concentrations and corres-
pondding plastic deformation at sharp cor-
ners in cavern walls. There is no any larger
plastic zone and horizontal displa-cements
are relatively small. The tangential stresses
are little bit larger in pillars between caverns,
but there is no severe plastic deformation
there. The stresses in the upper protective
plate have caused local plastic deformations
at several places, but it is still in stabile state.
In the first layer above the salt, the local
potential possibility has cracks due to low
ultimate extension stress for that material.
The material parameters of rock materials
are highly scattered, so the average values
are used in numerical analysis. With such
material parameters, there is no any indica-
tor of global cavern instability or global in-
stability of pillars between caverns. The
zones with plastic deformations are strictly
localised and separated. Visco-plastic effect
will lead to spreading of plastic zones, but
also to stress reduction and equalisation of
its distribution. The cavern volume will de-
crease with time. Maximum value of

vertical displacement includes displacement
due to the historical terrain subsidence and
excavation by leaching. Magnitude of the
last one is approximately 0.3 m at depth of
200 m from free surface. It is relatively
small related to the cavern dimensions. So,
the main conclusion is that the cavern group
is still in stabile state, but many local plastic
zones indicate that it can reach its ultimate
dimensions. Therefore, it is compulsory to
watch surface settling, to have regular ultra-
sound measurements of caverns geometry
and to perform subsequent nonlinear finite
element analysis.
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NAPONSKO-DEFORMACIONA ANALIZA SONIH KOMORA

METODOM KONACNIH ELEMENATA

lzvod
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U ovom radu opisujemo proces naponsko-deformacione analize dubokih sonih komora metodom
konacnih elemenata. Geometrijske i geomehanicke osobine komora i stijenskih slojeva odgovaraju
istima na rudniku soli "Tetima" u Tuzli, BiH. 3D model je izraden na osnovu serije ravnih ultrazvucnih
snimaka duz ose svake komore. Izvodenjem nelinearne MKE analize doslo se do naponsko-defor-
macionog stanja masiva u zoni eksploatacije,neophodnog za procjenu stabilnosti i ponaSanja komora.

Kljuéne reéi: MKE analiza, CAD model, sona komora, distribucija napona i deformacija

1. UvOD

Eksploatacija  leZista kamene  soli
metodom izluZivanja osim prednosti vezana
je i za niz poteskoca. Sirenje podzemnih
komora (kaverni) velikih dimenzija u lezistu
soli vezano je za poveéanje opasnosti od
gubitka stabilnosti komore. Kolaps izaziva
litostaticki  pritisak kome je komora na
velikoj dubini izloZzena. U cilju odrZanja
stabilnosti tj. izbjegavanja kolapsa neo-
phodno je zaustaviti ekspolataciju kada se
veli¢ina komore priblizi kriticnoj granici,
istu hermeticki zatvoriti i pre¢i na izluzi-
vanje nove, susjedne komore. PoloZaj i
dinamika izluzivanja nove komore takode
imaju veliki uticaj na ve¢ zatvorenu komoru.
Potrebno je osigurati da zastitni stubovi od
kamene soli izmedu komora mogu nositi
visoke vrijednosti  spoljnih  (litolokih)
pritisaka na dubini komore. Odredivanje
potrebnih geometriskih parametara (precnici
komora i rastojanja izmedu osa istih) je
slozen zadatak. U dosadadnjim istrazi-

“ Univerzitet u Tuzli, Bosna i Hercegovina

empirjski ili obrasci teorije elasticnosti. Ovi
drugi omogucavaju da se za homogen,
izotropan, linearno elastican materijal odredi
naponsko stanje pri postojanju cilindri¢nih,
eliptinih ili sfericnih Supljina i1 njihovih
kombinacija pri odgovaraju¢im grani¢nim
uslovima [11]. Na Zalost, u realnim
uslovima, leziste kamene soli je daleko od
homogenog, izotropnog, linearno-elasti¢nog
materijala. Ono je najéeSée slojevito, sa
razli¢itim, nehomogenim slojevima, stijenski
materijal (kamena so, mineral halit) je u
opStem slucaju anizotropan 1 njegova
konstitutivna relacija je nelinearna i ne-
elasti¢na. Takode, oblik (geometrija) stvarne
komore bitno odstupa od cilindri¢nog ili
sfericnog oblika za koji su razvijeni
analiticki modeli. Jasno je da prethodno
spomenuti analiticki modeli mogu dati samo
pribliznu sliku naponskog stanja te da se
zbog sloZenosti i nepouzdanosti mora raditi

** d.d.Rudnik soli Tetima, Tuzla, Bosna i Hercegovina

™ Institut za rudarstvo i metalurgiju Bor

o Ovaj rad je realizovan u okviru projekta broj 36014 koji se finansira od strane Ministarstva
prosvete, nauke i tehnoloSkog razvoja Republike Srbije, za period 2011 — 2014.

Broj 3, 2013.

73

Mining & Metallurgy Engineering Bor



sa vecim stepenima sigurnosti. Ovo se u
prakticnom smislu ogleda kroz zatvaranje
komore (prestanak eksploatacije) moZda i
znatno prije nego Sto je to zaista neophodno,
u fazi kada ista ima najvecu produktivnost,
prelazak na novu komoru koja u pocetnoj
fazi izluZivanja zbog malih dimenzija ima i
vrlo malu produktivnost kao i ostavljanje
znatno vedéeg zastitnog stuba izmedu stare i
nove komore ¢ime je taj mineralni materijal
trajno izgubljen. Pojava FEM metode
analize napona i deformacija dovela je do
bitnog napretka u ovom podrucju. Ista
omogucava nelinearnu analizu napona i
deformacija u zoni komore sa naprednijim
modelima materijala i realistichom geome-
trijom koja uzima u obzir slojevitost
materijala i stvarni oblik komore. Time se
omogucava pouzdanija procjena stanja i
ponasanja pojedinatne komore kao i
medusobne interakcije vise komora u
leZistu. Proceduru takve analize na primjeru

Field: Tetima

Scale 1:2500 From
Date: 2011-12-07

komora rudnika ,,Tetima“ u Tuzli dajemo u
nastavku rada.

2. MKE MODEL SONIH KOMORA

Pocetna faza FEM analize podrazu-
mijeva izradu realistichog CAD modela
lezista sa komorama. U nastavku ¢e mo
prikazati naponsko-deformacionu analizu
zastitnih stubova izmedu vise (5) komora na
rudniku ,, Tetima“ u Tuzli, Bosna i Herce-
govina. Geometrija stvarnih komora utvr-
dena je ultrazvucnim snimanjem. Sonda se
spusta po osi komore sa povrsine do dna i
daje niz ravnih (2D) ultrazvucnih snimaka, u
ravni normalnoj na osu komore, sl. 1 (a).
Konturni presjeci se opisuju spline funkci-
jama koje se koriste za generisanje 3D
solida. Komore su orjentaciono 80-100 m.
visoke, precnika do 40 m i na dubini od 500-
700 m. Zapremina jedne komore orijen-
taciono iznosi 100.000 m®.

Sl. 1. Ultrazvucni snimak, presjek na odgovarajucoj visini komore (a), 3D solid modeli (b)

3D solidmodel pojedinacne komore
prikazan je na slici 2 (). CAD model obu-
hvata 5 komora koje su modelirane na
osnovu serije ultrazvucnih snimaka. Komore
(Bupljine) su dobijene "oduzimanjem" 3D
modela punih komora od prethodno pri-

premljenog modela sloja kamene soli, sl. 2
(b). Dimenzije modela (300 x 200 x 600) m.
su takve da se obuhvate sve komore od
interesa te da se bocni uticaji ostatka masiva
svode na standardne 3to podrazumijeva da se
fiksiraju pomaci svih taaka u pravcu
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normale na povrSinu. S obzirom na dubinu
na kojoj se nalazi gornja povrsina komora,
da bi se smanjila veli¢ina modela, izostavlja
se stijenski materijal (sloj laporca), a njegov
uticaj se kompenzira dodavanjem ravno-

mjerno rasporedenog pritiska po litosta-
tickom zakonu po gornjoj povrSini modela.
Slojevi (litoloski ¢lanovi) su modelirani na
osnovu raspolozivih geoloskih podataka i
karata.
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Sl. 2. 3D slojeviti CAD model komora u leziStu rudnika ,, Tetima* (a), diskretizirana domena (b)

3. PRE-PROCESIRANJE
3.1. Generisanje MKE mreze

Prije diskretizacije na konacne elemente
je izvrdeno je particioniranje modela kako bi
se omogucila izrada naprednije heksago-
nalne mreZe elemenata tamo gdje je to
moguce. Zakrivljeni dijelovi komore sa
slozenom geometrijom modeliraju se pomo-
¢u standardnih linearnih tetracdarskih ele-
menata. Na ovaj nacin (particioniranjem)
postignut je kompromis izmedu broja
elemenata (broj stepeni slobode) u modelu,
kvaliteta aproksimacije i racunske mogué-
nosti hardvera na kome se obavlja FEM
analiza. Na sl. 2 (b) prikazan je diskretizirani
model. Ukupan broj stepeni slobode modela
iznosi oko 380.000.

Nakon definisanja geometrije modela,
preprocesiranje obuhvata automatsko gene-
risanje mreze, definisanje modela mate-

rijala, optere¢enja, grani¢nih uslova i
eventualnih interakcija izmedu dijelova
modela i okoline.

3.2. Modeliranje materijala

U razvijenom modelu, domena je sloje-
vita i sastoji se od viSe litoloskih ¢lanova.
Osnovni materijal domene, kamena so, pod
dejstvom dugotrajnog pritiska pokazuje
visko-elastoplasticne efekte $to FEM ana-
lizu ¢ini nelinearnom i podrazumijeva itera-
tivno rjeSavanje sa vecim brojem iteracija.
Parametri potrebni za izabrani reoloSki mod-
el materijala odredeni fitovanjem rezultata
utvrdenih eksperimentalno na uzorcima,
prema standardiziranim procedurama. Ostali
stijenski slojevi su modelirani kao linearno
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elasti¢ni sa Drucker-Pragger-ovim uslovom
teCenja u oblasti plastiCnosti. U prosturu
glavnih napona, Drucker-Prager uslov loma
dat je sa (1) dok je efekt puzanja modeliran
sa (2):

J=a+b-1ili
\E[(al — 53)2+ (0, — 63)? +(0; — 7;)=
=a+b-(01+02+03) (1)

& =(A-o"[(m+ gzl (2)

Konstante a, b, A,nimu (1) i (2) su
odredene eksperimentalno.

3.3. Graniéni uslovi

Dimenzije modela su izabrane dovoljno
velike tako da se na stranama mogu
primijeniti standardni geomehanicki granicni
uslovi prikazani na sl. 3 (b) za sluc¢aj 2D
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analize. Za povrsinu koja odgovara donjoj
bazi modela je usvojeno da je vertikalni
pomak jednak nuli. Za bocne povrSine
modela je usvojeno da su pomaci u pravcu
normalom na bo¢ne ravni jednaki nuli. Time
je model pravilno i dovoljno fiksiran u
prostoru.

3.4. Opterecenje

Opterecenje poti¢e od sopstvene tezine i
zadaje se preko faktora gravitacije 1 gustoce
materijala. Na gornju povrinu dodat je
eksterni pritisak koji kompenzira odgovara-
juéu visinu stijenskog masiva od gornje
plohe modela do slobodne povrsine. Veli-
¢ina eksternog pritiska jednaka je pritisku na
dubini od 180 m pri gusto¢i materijala od
2100 kg/m®. Pritisak u unutrasnosti komora
se mijenja linearno sa dubinom i jednak je
vrijednosti  hidrostatickog  pritiska na
odgovarajucoj dubini, p=pgh.

overburden pressure

rock salt
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Sl. 3. Diskretizirani MKE model komore (a), standardni granicni uslovi (b)

Broj 3, 2013. 76

Mining & Metallurgy Engineering Bor



4. ANALIZA REZULTATA

Rezultuju¢i diskretni sistem (nelinea-
rnih) jednacina se rjeSava za cca 200 minuta
rada PC raCunara. Zbog izrazito lokalizo-
vanog plasticifiranja nekoliko elemenata,
analiza se vrSi u viSe inkremenata optere-
¢enja (max. 30) sa 2-6 iteracija po inkre-
mentu. U prakticnom smislu, od interesa su
polja pomaka koji nastaju u toku i nakon
eksploatacije. Distribucija magnitude poma-
ka za date parametre prikazan je na sl. 4.
Maksimalno utvrdeno vertikalno pomjeranje

iznosi oko 1.306 m i locirano je na povrsini
u zoni projekcije komore br. 73. S obzirom
na visko-elasto-plasti¢ne efekte koje poka-
zuje ruda soli, ocekuje se blagi porast
vertikalnog pomaka s vremenom, u Citavoj
zoni. Vertikalni pomaci u ostalim presjecima
su bitno manji. Uocljivo je i podizanje dna
komore $to je sasvim razumljivo s obzirom
na znatno vide vrijednost pritiska u masivu
soli izvan nego u slanoj vodi unutar komore.

Sl. 4. Magnituda pomaka u poprecnom presjeku

Na sl. 5 prikazano je polje horizontalnog
pomjeranja (u,) u horizontalnom presjeku
kroz komore. Visoke vrijednosti pritisaka
unutar i izvan komora te smanjena krutost
materijala u horizontalnoj ravni uslijed
postojanja  Supljina dovode do bocnih
pomaka reda veli¢ine od -2 do+ 2 cm. U
sluaju da se neutralie unutradnji hidro-

staticki pritisak (prazna komora) bocni
pomaci postaju bitno veéi i dovode do
kolapsa komore (u numerickom smislu gubi
se konvergencija nakon velikog broja
iteracija). Tome doprinose i neravnomjerno
rasporedeni boéni pritisci koji nastaju uslijed
neravnomjerne  debljine 1 mehanickih
osobina materijala slojeva.
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Sl. 5. Distribucija horizontalnog pomaka

Za analizu napona najmijerodavniji je
efektivni napon koji se u ovom slucaju
ratuna prema Drucker-Prager kriteriju
plasticnog teCenja. IzraCunate vrijednosti
napona u ¢vornim tackama (skalarne veli-
¢ine) pruzaju mogucénost poredenja sa
eksperimentalno  utvrdenim  jednoosnim
naponima koji dovode do plasticne defor-
macije. Analizom su utvrdeni naponi reda
veli¢éine 20 MPa koji prekoracuju granice
teCenja materijala slojeva. Najveci naponi se
javljaju na izolovanim mjestima na povrsini
komora u presjecima koji imaju nagle i ostre

£, Max, Principal
(Aug: 75%)

-L0ize+07

promjene geometrije. Broj takvih mjesta je
relativno mali i ista su udaljena jedno od
drugoga. U stvarnim uslovima, promjena
geometrije nije tako izrazita i konture nisu
tako ,,08tre” kao Sto je to prikazano na
modelu, tako da se smatra da se ovdje radi o
lokalnim plasti¢nim deformacijama. Plasti-
¢na deformacija tih elementa ¢e dovesti do
ravnomjernije distribucije napona i raster-
¢enja tih presjeka. U modelu, za zadate
parametre materijala i optereenja, nije
utvrdena  pojava nastanka i  Sirenja
plastificirane zone vecih dimenzija.

Sl. 6. Prvi glavni napon (sP1)
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Budu¢i da stijenski materijali ne podnose
istezanje, na slici 6. je prikazana distribucija
maksimalnog glavnog napona. Analizom
distribucije ovog napona sa promjenom
poloZaja presjeka modela utvrdeno je da isti
ima relativno malu vrijednost u ¢itavom
modelu osim u nekoliko kritiénih tacaka
koje se nalaze na mjestima nagle promjene
geometrije komore (oStre ivice ili uglovi). U
takvim tackama dolazi do lokalne plasti¢ne
deformacije ¢ime se naponi istezanja
smanjuju i uravnoteZavaju sa okolinom.
Visoka vrijednost druga dva glavna napona
(kompresivni) povoljno djeluje na stabilnost
komore tako da osim lokalnih plasti¢nih
deformacija u blizini ostrih uglova ili ivica, u
cjelini model se nalazi u elastiénom stanju sa
umjerenim vrijednostima napona i defor-
macija.

ZAKLJUCAK

Generalni zakljucak dobijen analizom
pomaka kroz &itav model je da nema
intenzivnih pomjeranja u zoni komora.
Tangencijalni naponi koji su 1 najveci
uzroénik pojave plasticnih deformacija
pokazuju nesto vecu vrijednost u dijelu
materijala izmedu komora $to je i razum-
ljivo obzirom na ve¢ spomenuto kod analize
pomaka. Analizom naponsko - deforma-
cijskog stanja u podrucju predvidene zone
zastitne ploce uocavaju se pojave plasticnih
deformacija, ali njihov intenzitet nije u toj
mjeri izrazen da bi dao pokazatelj even-
tualnog proloma zadtitnog stuba. Rezultati
naponske analize i plasti¢nih deformacija za
materijal iznad soli ukazuju na tacke poten-
cijalne zone pojave pukotina i narusavanja
homogenosti sloja. U prora¢unu su uzete
srednje dobijene vrijednosti geomehanickih
parametara. Podaci dobijeni ovom analizom
ukazuju da nema pokazatelja o spajanju
komora i naruSavanju postoje¢ih medu-
komornih stubova. Utvrdene plasti¢ne defor-
macije su male magnitude i obuhvataju mala
podrudja. Visko-plasti¢éni efekat Koji ispo-
ljava so ¢e dovesti do Sirenja ovog podrucja

ali sa opadanjem napona i povecanjem
ravnomjernosti distribucije. Dobijena veli-
¢ina maksimalnog vertikalnog pomaka, a
koja je navedena u radu sadrZi pored uticaja
slijeganja terena usljed eksploatacije i
"istorijsku™ vrijednost pomaka koji je bio
prije pocetka eksploatacije. Ako se uzme u
obzir i ovaj parametar onda se ta vrijednost
kreée u granicama do 0.3 metra na dubini od
200 metara od powvrsine. Opsti je zakljucak
da je naponsko stanje stabilno, naponi u
glavnini materijala su joS uvijek u elastic-
¢nom podrucju ali i da je blizu granica
plastificiranja i velikih deformacija jer su
neka najnepovoljnija podrucja ve¢ zahva-
¢ena istom.
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JUSTIFICATION OF RENEWED COAL EXPLOITATION
FROM THE DEPOSIT “BAJOVAC*™

Abstract

Coal presents the basic energy potential of the Republic of Serbia. More than half of electric energy
production in our country comes from this resource. This causes a need for activation the new seams of
raw material which are potentially exploitable. This work presents an extract from the research results,
published within the Project TR 33029 “Study of Possibilities for Valorization the Remaining Coal Re-
serves with a View to Provide the Stability of Energy Sector of the Republic of Serbia”, financed by the
Ministry of Education and Science. This work treated the problems of future coal exploitation from the
West Morava Basin, with special review to the activation of the closed mine ““Bajovac™.

Keywords: coal, exploitation, deposit, seam, capacity, method

1 GENERAL DATA ON DEPOSIT AND
ITS PREVIOUS EXPLOITATION

The West Morava coal seam presents the
unique coal bearing location in the area of
Bresnica — Tavnik — Ladjevci. The mine
“Bajovac” is located in the north-east part of
the Basin (Cacak — Kraljevo). Total surface
of the Basin is 1000 km“, while the produc-
tion coalbearing area of the mine “Bajovac”
has surface of 1.5 km?.

For many years, the coal has been exp-
loited in the area of Bresnica - Tavnik -
Ladjevci from four coal mines, as well as:
“Bresnica”, “Voljace”, “Tavnik” and
“Bajovac”.

1.1 LOCATION AND SPREADING

The mine “Bajovac* is located near the
village of Ladjevac in the vicinity of the

town of Kraljevo. Based on data from explo-
ration drill holes in the panon-pontic coal
series, the reserves of two coal zones were
determined the upper with two coal seams
and the lower with five, from which only
upper one has the economic value.

In the upper coal zone, the highest coal
seam is marked as the upper-roof A; seam
with the average thickness of 6-8 m of pure
coal in the seam, with barren interseams of
15 m. The seam A, presents the main coal
seam, which only was in exploitation in the
mentioned pit field. It has a regular devel-
opment in largerarea and it is mined quite
steeply in the direction of southwest under
angle of 49°, regarding that in the vicinity of
Mrcajevci-Ladjevci cleavage falling angle

- University of Belgrade, Faculty of Mining and Geology, Djusina 7, 11000 Beograd, Srbija,
e-mail: vidanovic@rgf.bg.ac.rs, tokalic@rgf.bg.ac.rs, lutovac@rgf.bg.ac.rs
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* This paper was made as the result of the Project No. 33029 Study of Possibilities for Valorization the
Remaining Coal Reserves with a View to Provide the Stability of Energy Sector of the Republic of
Serbia", financed by the Ministry of Education, Science and Technological Development of the Re-

public of Serbia.
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rises up to 85°, so it lies in different depths
in the eastern part about 30 m, and in the
western part about 400 m. The lower layer
was never under exploitation. Exploitation
of coal in the mine “Bajovac” started in
1958. And with high efforts, it was main-
tained by the end of 1986. Production of
coal was low, in the interval from 7,000 to
17,000 t annually, although conditions for
mining in this pit are very favorable, and
conditions of coal placement and entire cli-
mate did not enable better results.

1.1.2 Tectonic Review of the Basin

Based on geological and geophysical
testing in the West Morava Basin, intensive
tectonic movements were noticed, repre-
sented by cleavages of different intensity.
The main role in forming of the West Mora-
va valley had the longitudinal the West Mo-
rava fault of high intensity with direction
SE-NW.

Due to strong tectonic intensity, a part of
depression sunk in depth, so the thickness of
Neogene sediments in that part is the largest.
According to data of exploration drilling in
the area of the village of Katrge, the thick-
ness of Neogene sediments in the lowered
part is 1910 m, and in the south raised part is
about 1200 m, so the jump along this cleav-
age is about 700 m, meaning that north part
is much more lowered.

Little more to the north, parallel to the
previous one, the “’Mrcajevci-Ladjevci’’
fault is stretched, which on length of over 20
km cuts down the productive series, so
across its length south wing together with
coal seams has lowered for about 350 m.
This fault has a special significance for ex-
ploitation, because it is possible to perform
excavation by mining works only to its bor-
der in all coal areas.

Between these two faults, the medium
parts went very low, so one secondary tec-
tonic trench is formed inside the valley, go-
ing in length to the east outside of the West
Morava Basin to the Krusevac Basin.

Besides mentioned longitudinal faults,
several cross faults of significantly lower
intensity were determined in the north and
north-east part of Basin, inside which the
coal series is shared into blocks. So, the ex-
istence of faults was determined along the
Dicina River, then the Banjska River and the
Bresnicka River and others.

Along these faults, some blocks signifi-
cantly went lower in depth, and some re-
mained to stick out like horsts, so later due
to erosion part of roof and upper coal zone
were taken away, and in some places the
coal seam too.

1.2 RAW MATERIAL BASE

1.2.1 Limitation of the Coal Bearing Area

The coal bearing area of the West-Mora-
va Basin includes the north-east part, and it
is separated in the area Bresnica — Tavnik —
Ladjevci. That is where the upper roof coal
seam was exploited for many years in the
mining districts: Bresnica, Voljavca, Tavnik
and Bajovac, with surface area of 2.8 km®.

The former mining district of the mine
“Bajovac” which has surface of app. 1.3
km?, in the east side is limited with offspring
zone of direction NW-SE, while the west
lower border is separated by Mrcajevci-
Ladjevci fault that cuts the coal seam in two
parts, so the lower west wing went down
about 350 m. Southeast border is profiled
line of drill holes T-8 and T-12 where the
coal seam of smaller thickness is deter-
mined, while the northwest border is old
works of the earlier mines of Tavnik and
Bajovac. By direction of stretching, the
length of exploitation area is 900 to 1000 m.

1.2.2 Coal Reserves in the Mining Dis-
trict of the Mine “Bajovac”

Since coal reserves in the mine “Bajo-
vac” are important for this work, the follo-
wing Table 1 shows the reserves of this
mining district.
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Table 1

Geological reserves of upper A; coal seam in the mining district “Bajovac” (t)

Category Balance Out of balance Total
A 5,373,470 137,280 5,510,750
B 2,039,550 - 2,039,550
Total A+B 7,413,020 137,280 7,550,300
Geological reserves of lower B, coal seam in the mining district “Bajovac” (t)
A - - -
B 2,704,970 - 2,704,970
C, 168,880 - 168,880
Total A+B+C; 7,413,020 - 7,550,300
Total Bajovac 10,286,870 137,280 10,424,150

1.2.3 Geological Characteristics of the
Coal Seam and Associated Rocks

Coal bearing field of the mining dis-
trict of the mine “Bajovac” was explored
with seven exploration drill holes, while
two cuts, k + 115.6 m were opened by the
former exploration works. Drill holes are
located on parallel profile lines, in dis-
tances, per stretching of coal seams of 250
to 600 m, and per fall from 200 to 250 m.
All mining premises are also oriented per
stretching.

On the basis of received data, it was
determined that two coal zones are present
in this coal bearing field, but in economic
view, only the upper zone is significant
with two regular developed coal seams,
separated as A; and B,, with space devel-
opment, similar thickness and continuous
quality. Distance between these two layers
is in the range from 50 to 60 m.

In the lower zone, the coal seams are
irregular with small thickness, poor quali-
ty, so they do not have an economic value
from the mining point of view.

The roof A; of coal seam has regular
development in larger space on the area of
Bresnica, Tavnik, Bajovac and Ladjevci.
The real thickness of coal seam in the
mining district of the mine Bajovac is in
the range from 2.60 m to 11.90 m, or on
the average of 8.5 m. Coal seam is ho

mogenous with uniform composition of
xylite-vitrite type, with scattered seamsof
detrital (clay-marl) type.

Coal seam stretches quite steeply in the
southwest direction with angle of about 49°,
while in the vicinity of Mrcajevci-Ladjevci
fault falling angle increases up to 85° and
lies down on different thicknesses, in the
east part about 30 m, and in the west part
about 400 m. Direct bottom and roof part of
coal seams are coalish sebaceous clays and
marl gray stratified clays.

Bottom B, coal seam in the frame of
this coal field is regularly developed and it
lies beneath the roof one in the distance of
50 to 60 m. It is separated by dirt bands,
and divided into three thinner coal seams.
Its total thickness with dirt bands is from
3.0 m to 12.0 m, and without dirt bands is
from 1.5 to 5.3 m. Dirt bands are made of
coalish and gray thin layered clays.

Generally, it also stretches, as the pre-
vious one towards southwest, under ap-
proximate angle, so it is stretched from 20
m on the east to 480 m on the west. Roof
level and bottom level are made of coalish
sebaceous and marlish clay and marl it-
self.

This coal layer has never been exploit-
ted, so all data about it are based on the
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exploration drill holes and offsprings on
the surface. It was entered from the shaft
“Strmuzak* at k + 165 m, but there were
no more mining works on the seam.

1.2.4 Quality of Coal

Testing the coal quality was done in the
laboratory of the Mining Institute — Zemun,
so there are enough data for review of coal
quality and its wide application.

Coal from the mine “Bajovac* has good
physical characteristics, because roof A;
seam is quite compact and sinewy, although
there are smaller lens of friable and soft
earthy-detrital coal. It has band structure,
partially lenticular, brown to dark color, dark
scratch, slope and lenticular stratification,
irregular fracture.

Coal loses moisture during standing and
storage, so the total loss of moisture under
longer storage is up to 24%, therefore it can-
not be stored for a long period of time, ex-
cept under special conditions.

Petrographic tests showed that coal be-
longs to the vitrite-clarite and clarite type,
and it is made of vitrite, clarite, durite and
fasite. Due to quite low level of gelification,
wooden components of vitrite prevails, and
they amount from 11 to 35% and clarite
from 37 to 70%, while the level of vitrite
participates with smaller amount from 3 to
10%.

Inorganic impurities in coal are singene-
tic terigene ingredients, presented by coalish
clays from 9 to 61%, and from authigenic
minerals in coal there are pyrites, marcasite,
and siderite, with highest participation of
pyrites, from 1 to 5%. From epigenetic in-
gredients in coal, only plaster is present.

Based on these petrographic analyses,
coal from the mine ,,Bajovac* belongs to the
group of hard brown-lignite coals.

Laboratory tests of chemical-physical
characteristics of raw coal from roof A;
seam, taken from the pit of the mine “Bajo-
vac”, have shown the following results:

Technical analysis:

e Moisture

e Ash

o S total

e Sinash

e Coke

o C-fix

e Combustible
¢ Volatile

¢ DTE

¢ GTE

35.30%
16.28%
1.65%
0.59%
57.84%
21.36%
48.42%
26.86%
12.050 kJ/kg
13.574 ki/kg

Elemental analysis:

e Carbon
¢ Hydrogen

o Oxygen + Nitrogen

e S combustible

Laboratory tests of chemical-physical
characteristics of raw coal from roof B,
seam, taken from works in the mining

32.64%
2.82%
11.90%
1.06%

districtt Tavnik-Strmuzak have shown the
following results:
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Technical analysis:

e Moisture

e Ash

o S total

e Sinash

e Coke

o C-fix

e Combustible
¢ Volatile

¢ DTE

36.15%
15.25%
1.49%
0.76%
38.83%
23.58%
48.60%
25.02%
12,050 ki/kg

Elemental analysis:

e Carbon
¢ Hydrogen

e Oxygen + Nitrogen

e S combustible

It could be seen from the present data
that data for both seams are similar, what
for coals from these two seams means that
they are practically the same.

As another data from the literature, there

e Moisture
e Ash

o S total

e Sinash

e Coke

o C-fix

e Combustible
¢ Volatile

¢ DTE

e Carbon

¢ Hydrogen

Also, the experiments of dry distilla-
tion and gasification were carried out,
and it was determined that coal from this
basin could be used for production of
metallurgical products, which in quality

70.20%
5.66%
22.41%
1.50%

is a successful attempt to dry coal with
steam under pressure of 20 atm. According
to data, this treatment gave the excellent
results and that the fuel of very good quality

was obtained:

12.70%
14.80%
1.30%
0.70%
46.80%
32.00%
72.40%
40.40%
18.130 kJ/kg
50.00%
4.20%

completely satisfies the needs of the met-

allurgy.

Coal could also be successfully used
for production of high-caloric gas for in-

dustrial and thermal needs.
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2 TECHNICAL-TECHNOLOGICAL
CONDITIONS OF EXPLOITATION

2.1 PRODUCTION CAPACITY

In calculation the production capacity
in the pit of the mine “Bajovac”, the fol-
lowing facts have to be considered:

1. Production requested by investors
is 200.000 t.c.c. (tons of commer-
cial coal);

2. For coal excavation, both coal
seams have to be foreseen;

3. Liquidation of protection pillars of
previous opening premises will be
performed at the first horizon;

4. Four excavation methods would be
applied in the pit, and only one of
them was used in this mine.

Production capacity at the | horizon
(k+240 — k+160 m)

In the roof coal seam A; at the | hori-
zon only 112,000 t of geological reserves
or cca 100.000 t.c.c. will be included.
Coal reserves will be in liquidation and
the excavation method will be applied that
was already used in this pit, and that is the
modified pillar-chamber method. In
such conditions, the annual production
could not be expected at the level larger
than 50,000 t.c.c.

Regarding to the characteristics of bot-
tom coal seam (thickness of coal seam
from 3 to 12 m with coal participation in
seam (in three thin seams) of 50%, i.e. 1.5
to 6.0 m, due to larger quantity of waste in
the excavated coal in this seam, the pro-
duction from this seam must not exceed
30% of total production, so in this phase,
the production of total 20,000 t.c.c. could
be planned.

Total production at the | horizon will
amount 70,000 t.c.c./year in the first two
years. This dynamics of production will
lead to imbalance, because after two years
all coal in the roof seam of this horizon

will be excavated, with only 10% of re-
serves in the bottom one. This imbalance
fill be fixed in later exploitation, when the
production in the roof seam will be signi-
ficantly increased.

Production capacity at the Il horizon
(k+160 — k+80 m)

In the roof coal seam A, at the Il horizon
829,000 t of geological reserves or cca
790,000 t.c.c. will be included, but the exca-
vation will be organized with one sub-level
which would divide this sub-level per alti-
tude in two equal parts. In the upper sub-
level, cca 340,000 t.c.c would be. From this
amount in the south wing, cca 130,000 t.c.c.
would be located, and the excavation meth-
od that was already in use in this mine,
would be applied. Yearly capacity would be
65,000 t.c.c. and the excavation would last
for two years. At the same time, the excava-
tion by friction pillars would be introduced
in the north wing, in the amount of 210.000
t.c.c. With capacity of over 80.000 t.c.c., the
excavation would last just over 2.5 years. A
part of coal reserves will be in liquidation of
the previous protection pillars of opening
premises (cca 40,000 t.c.c.) and the excava-
tion method that was already in use in this
pit would be applied, and that is the modi-
fied pillar-chamber method. In these con-
ditions, the yearly production at the level
larger than 50,000 t.c.c. could not be ex-
pected, so in the upper sub-level, the excava-
tion would last for 2.5 years, and cca
380,000 t.c.c. would be excavated. In the
second sub-level, the production would be
cca 400,000 t.c.c. Since in this part there is
no liquidation of the old protection pillars,
this sub-level would be divided in two
asymmetric wings, in the south in length of
420 m and in the north north in length of
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510 m. From total quantities of reserves in
the south cca 180,000 t.c.c. would be, where
the excavation method that was already in
use in this pit would be applied. Yearly ca-
pacity would be 65,000 t.c.c. and the exca-
vation would last cca 3 years. At the same
time, the excavation by friction pillars would
be introduced to the north wing in the
amount of cca 220.000 t.c.c. With capacity
of 80.000 t.c.c., the excavation would last
also cca 3 years, and cca 400.000 t.c.c.
would be excavated.

As it was said that production from the
bottom seam must not exceed 30% from
total production, in this phase yearly produc-
tion of 234.000 t.c.c. or cca 42.000 t.c.c.
could be planned.

Total production at the Il horizon will
amount 167,000 t.c.c. per year in 5.5 years.
This dynamics of production would correct
inequality, regarding that after 5.5 years
about 260,000 t.c.c. would be excavated in
the bottom seam of the | horizon and cca
40.000 t.c.c. in the bottom seam of the Il
horizon.

Production capacity at the I11 horizon
(k+80 — k+0 m)

In roof coal seam A; at the Il horizon,
856,000 t of geological reserves or cca
810.000 t.c.c. will be included. Coal reserves
are in ideal position and after 5.5 years the
modern excavation method could be intro-
duced, i.e. the excavation by wide frontal
mechanized complex. In these conditions,
the yearly production at the level larger than
180,000 t.c.c. could be expected. Excavation
would be carried out in the entire deposit in
length of 940 m and it would last for 4.5
years or with the average advancing of front
of 22 m/month.

Production from the bottom seam in this
horizon also must not exceed 30% of total
production, so in this phase the production
of total 60,000 t.c.c. or 270,000 t.c.c. for 4.5

years could be planned, so a delay in exca-
vation in the bottom seam for one entire
horizon would be practically achieved.

Production capacity at the IV horizon
(k+0 — k-80 m)

Semi-horizon (k-80 — k-100 m) — Liquidation

Excavation would be carried out in this
semi-horizon in the roof seam using the
modified pillar-chamber method with capac-
ity of 2 x 50,000 t.c.c., two-wings, and it
would last cca 1.5 years. Regarding that with
starting the excavation in this semi-horizon
about 450,000 t would be left in the roof
seam, the same would be excavated in that
period at the level of 30,000 t.c.c./year, so
total production in this period would be
130,000 t.c.c..

The remaining 400,000 t.c.c. in the bot-
tom seam could be excavated, if the market
would be found or if some other mines of
this basin would be opened. Independently,
it could be possible to organize the excava-
tion at the level of 2 x 40,000 t.c.c., also two-
wings, in time of 5 years.

2.2 PRODUCTION DYNAMICS AND
LIFETIME

In accordance to the suggested tech-
nical solution, the exploitation of this
deposit would be carried out for 22 years.
Yearly production in this period would
be of 70,000 t/year in the first and second
year, then it would be increased succes-
sively in the following six years and, in
the ninth year, it could be possible to
reach maximum capacity of 240,000
t/year which would be maintained in the
following seven years. In the last six
years, the production would be gradually
decreased due to the deposit structure,
and in the last year, it would amount
40,000 t/year.

No. 3, 2013
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CONCLUSION

This work presents an extract from the
research results, published within the Project
TR 33029 “Study of Possibilities for Valori-
zation the Remaining Coal Reserves with a
View to Provide the Stability of Energy Sec-
tor of the Republic of Serbia”, financed by
the Ministry of Education and Science. This
work treated the problems of future coal
exploitation from the West Morava Basin,
with special review to the activation of the
closed mine “Bajovac”.

The basic idea that was a guide to the au-
thors was to activate this deposit as a replac-
ing capacity for the Ibar mines until finding
the adequate solutions. For analysis of pos-
sibilities the coal exploitation from this de-
posit, all available technical documentation
was used with simultaneous consultation of
all relevant experts dealing with these prob-
lems.

Very detailed techno-economic analysis
of the deposit “Bajovac” unequivocally has
determined a justification of its reopening.
The basic technical solutions were suggested
in the frame of research, according to this
Project, for opening, excavation methods,
necessary work force per number and struc

ture and necessary equipment. Economic
analysis of this investment, which included
the costs, market prices, and other relevant
indicators also gave the positive results,
therefore generally this project could get a
positive evaluation.
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OPRAVDANOST PONOVNE EKSPLOATACIJE UGLJA
1Z LEZISTA ,,BAJOVAC“™

lzvod

Ugalj predstavlja osnovni energetski potencijal Republike Srbije. Vise od polovine elektricne
energije koja se proizvede u na3oj zemlji je iz ovog resursa. To uslovljava potrebu aktiviranja novih
potencijalno eksploatabilinh leZista ove sirovine. Ovaj rad predstavlja izvod iz rezultata istraZivanja
koja su objavljena u okviru projekta TR 33029 “Izucavanje mogucnosti valorizacije preostalih
rezervi uglja u cilju obezbedenja stabilnosti energetskog sektora Republike Srbije”” a koje finasira
Ministarstvo prosvete i nauke. U njemu je tretirana problematika buduce eksploatacije uglja iz
Zapadno-moravskog basena, sa posebnim osvrtom na aktiviranje zatvorenog rudnika “Bajovac”.

Kljucéne redi: ugalj, eksploatacija, leZiste, sloj, kapacitet, metoda

1. OPST1 PODACI O LEZISTU |
NJEGOVOJ DOSADASNJOJ
EKSPLOATACIJI

Zapadno - moravski ugljeni sloj saci-
njava jedinstveni ugljonosni lokalitet na
podrudiju Bresnica - Tavnik - Ladevci. Rud-
nik “Bajovac”, se nalazi u severoisto¢nom
delu basena (Cacak — Kraljevo). Ukupna
povrdina basena iznosi 1000 km? dok
produktivno ugljonosno podrucije rudnika
*’Bajovac’’ zahvata prostor od 1,5 km?

Dugi niz godina ugalj je eksploatisan u
podrudiju Bresnica — Tavnik — Ladevci sa
Cetiri  ugljenokopa 1 to: “Bresnica”,
“Voljage”, “Tavnik” i “Bajovac”.

1.1. POLOZAJ | RASPROSTRANJENJE

Rudnik “Bajovac” nalazi se kod sela
Ladevac blizu Kraljeva. Na bazi podataka iz
istraznih buSotina u panonsko-pontijskoj
ugljonosnoj seriji utvrdene su dve ugljo-
nosne zone, gornja sa dva ugljena sloja i
donja sa pet, od kojih je samo gornja od
ekonomske vrednosti.

U gornjoj ugljonosnoj zoni najvisi
ugljeni sloj oznacen kao gornji-krovinski Aq
sloj ima prose¢nu debljinu od 6-8 m Cistog
uglja u sloju, a sa jalovim proslojcima i do
15 m. Sloj A; pretstavlja glavni ugljeni sloj,
koji je do sada jedini bio u eksploataciji u
navedenim revirima. Ima regularno razvice
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na veéem prostoru i zaleZze dosta strmo u
pravcu jugozapada pod uglom od 49°, stim
§to u blizini mréajevacko - ladevackog
raseda padni ugao se povecava i do 85°, tako
da lezi na razliCitim dubinama i to u
istoénom delu oko 30 m, a u zapadnom na
oko 400 m. Podinski sloj nije nikada
eksploatisan. Eksploatacija uglja u rudniku
“Bajovac” otpocela je 1958. godine i uz
velike napore odrzavala se do kraja 1986.
godine. Proizvodnja uglja bila je skromna i
kretala se godisnje od 7.000 do 17.000 t,
mada su uslovi za rudarenje u ovoj jami
veoma povoljni, tadadnji uslovi plasmana
uglja 1 celokupna klima nisu omogucavali
bolje rezultate.

1.1.2. Tektonski prikaz basena

Na osnovu geolodkih i geofizickih
ispitivanja u zapadno moravskom basenu
uoceni Su intezivni tektonski pokreti
pretstavljeni rasedima razliCitog inteziteta.
Glavnu ulogu u formiranju zapadno-morav-
ske kotline imao je uzdudni “zapadno-
moravski” rased, velikog stepena inteziteta,
pravca pruzanja JI-SZ.

Usled jake tektonske intezivnosti deo
depresije je potonuo u dubinu, tako da je i
debljina neogenih sedimenata u tom delu
najveca. Prema podacima istraznog busenja
u ataru sela Katrge debljina neogenih
sedimenata u spustenom delu je 1910 m, au
juznom izdignutom oko 1200 m, tako da je
skok duz ovog raseda oko 700 m, odnosno
da je za toliko spusteno severno krilo.

Nesto severnije, paralelno sa prethodnim
pruza se drugi mréajevacko-ladevacki rased,
koji na duzini preko 20 km preseca
produktivnu seriju, tako da je duZ njega
juzno krilo zajedno sa ugljenim slojevima
potonulo za oko 350 m. Ovaj rased je od
posebnog znacaja za eksploataciju, jer se
rudarskim radovima moze vrsiti otkopavanje
samo do njegove granice u svim ugljono-
snim podrucijma.

Izmedu ova dva raseda, sredi$nji delovi
su duboko potonuli, tako da je unutar same
kotline formiran jedan sekundarni tektonski

rov, koji se prema istoku produzuje i van
granica Zapadno moravskog basena u
Krusevacki basen.

Pored pomenutih uzduznih u severnom i
severoistocnom delu basena utvrdeno je
prisustvo i nekoliko popre¢nih raseda znatno
manjeg inteziteta, kojima je ugljonosha
serija iskomadana u blokove. Tako je
utvrdeno postojanje raseda duz reke Dicine,
zatim Banjske 1 Bresnicke reke i drugi.

Duz ovih raseda neki blokovi su znatno
potonuli u dubinu, a neki su ostali visoko da
strée u vidu horstova, tako da je kasnije ero-
zijom odneSen deo krovine i gornja uglje-
nosna zona, a mestimicno i ugljeni slojevi.

1.2. SIROVINSKA BAZA

1.2.1. Ogranicenje ugljonosnog prostora

Ugljonosno podrucije zapadno morav-
skog ugljenog basena zahvata severoisto¢ni
deo, a izdvojen je u predelu Bresnica - Tav-
nik - Ladevci. U njemu je gornji krovinski
ugljeni sloj eksploatisan dugi niz godina u
revirima: Besnica, Voljav¢a, Tavnik i Bajo-
vac, zahvativsi povrsinu cca 2,8 k.

Nekadasnji Revir rudnika “Bajovac” koji
zahvata powvrsinu od cca 1,3 km?, ogranicen
sa istocne strane izdanatkom zonom pravca
pruZanja SZ-JI, dok je zapadna donja
granica izdvojena mrcajevacko-ladjevackim
rasedom, kojim je ugljeni sloj preseen na
dva dela, tako da je donje zapadno krilo
potonulo oko 350 m. Jugoistoénu granicu
¢ini profilska linija buSotina T-8 i T-12, gde
je utvrden ugljeni sloj manje debljine, dok
severozapadnu granicu Cine stari radovi
ranijih rudnika Tavnik i Bajovac. Po
pruZzanju duZina eksploatacionog prostora
iznosi 900 do 1000 m.

1.2.2. Ugljene rezerve u reviru rudnika
“Bajovac”

Kako su za ovaj rad bitne rezerve uglja
rudnika ,,Bajovac” u slede¢oj tabeli prika-
zace se rezerve ovog revira.
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Tabela 1.

Geoloske rezerve gornjeg A; ugljenog sloja u reviru jame *’Bajovac’’ (t)

Kategorija Bilansne Vanbilansne Ukupne
A 5.373.470 137.280 5.510.750
B 2.039.550 - 2.039.550
Ukupno A+B 7.413.020 137.280 7.550.300
Geoloske rezerve gornjeg B, ugljenog sloja u reviru jame *’Bajovac’’ (t)
A - - -
B 2.704.970 - 2.704.970
C, 168.880 - 168.880
Ukupno A+B+C; 7.413.020 - 7.550.300
Ukupno Bajovac 10.286.870 137.280 10.424.150

1.2.3. Geoloske karakteristike ugljenog
sloja i prateéih stena

Ugljonosno polje revira rudnika ,,Bajo-
vac* istraZzeno je sa sedam istraznih buSo-
tina, dok je nekadaSnjim eksploatacionim
radovima otvoreno da kote k +115,6 m.
Busotine su locirane na paralelnim profilnim
linijama, na rastojanjima, po pruZanju
ugljenih slojeva od 250 do 600 m, a po padu
od 200 do 250 m. Sve rudarske prostorije
orijentisane su takode po pruzanju.

Na bazi dobijenih podataka utvrdeno je
da su u ovom ugljonosnom polju prisutne
dve ugljonosne zone, ali je u ekonomskom
pogledu znacajna samo gornja zona, u kojoj
se nalaze dva regularna razvijena eksploa-
taciona ugljena sloja izdvojena kao A; i B,,
prostornog razvi¢a, priblizne debljine i
ujednacenog kvaliteta. Rastojanje izmedu
ova dva sloja krece se od 50 do 60 m.

U donjoj zoni ugljeni slojevi su nere-
gularni, male debljine, veoma lodeg kvali-
teta, tako da sa rudarskog gledista nemaju
prakti¢nu ekonomsku vrednost.

Krovinski A; ugljeni sloj ima regularno
razvi¢e na veéen prostoru podrucija Bres-
nice, Tavnika, Bajovca i Ladevaca. Prava
debljina ugljenog sloja u reviru polja
Bajovac kreée se od 2,60 m do 11,90 m,
odnosno u proseku od 8,5 m. Ugljeni sloj je
homogen, ujednadenog sastava, ksilitski-

vitritskog tipa, sa mestimi¢nim proslojcima
detruitusnog (glinovito-laporovitog) tipa.

Ugljeni sloj zaleZe dosta strmo u pravcu
jugozapada pod uglom od oko 49° stim $to
se u blizini mréajevacko ladevackog raseda
padni ugao povecava i do 85° te leZi na
razli¢itim dubinama i to u isto¢nom delu oko
30 m, a u zapadnom na oko 400 m. Direktnu
podinu i krovinu ugljenog sloja ¢ine uglje-
vite masne gline i laporovite sive uslojene
gline.

Podinski B, ugljeni sloj u okviru ovog
ugljonosnog polja je regularno razvijen i leZi
ispod povlatnog na rastojanju od 50 do 60
m. Raslojen je jalovim proslojcima, tako da
je podeljen u tri tanja ugljena sloja. Ukupna
njegova debljina sa jalovim proslojcima
kreée se od 3,0 do 12,0 m, dok bez proslo-
jaka varira od 1,5 do 5,3 m. Jalovi proslojci
jalovi proslojci su od ugljevitih i sivih tanko
uslojenih glina.

Generalno takode zaleze, kao i prethodni
u pravcu jugozapada, pod pribliznim uglom,
tako da se nalazi ovaj sloj kre¢u od 20 m na
istoku do 480 m na zapadu. Krovinu i podi-
nu ovog sloja je kao i kod povlatnog
izgradjena od ugljevitih masnih i laporovitih
glina i lapora.
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Ovaj ugljeni sloj nikada nije eksploati-
san, pa se svi podaci o njemu baziraju na
osnovu istraznih budotina i izdanaka na
povrsini. 1z okna ,,StrmuZak® u ovaj sloj uslo
se sa kote k +165 m, ali se nije dalje islo
rudarskim radovima po sloju.

1.2.4. Kvalitet uglja

Utvrdivanje kvaliteta uglja vrSena su
uglavnom u laboratoriji Rudarskog instituta
— Zemun, tako da postoji dovoljno podataka
za sagledavanje kvaliteta uglja i njegovu
Siroku primenu.

Ugalj iz rudnika ,,Bajovac* ima dobre
fizitke osobine, jer je krovinski A; sloj
prili¢no kompaktan i zZilav, mada ima manjih
soCiva troSnog i mekanog zemljasto-detri-
tusnog uglja. Strukture je trakaste, delimi¢no
soCivaste, braon do mrke boje, ogreba
mrkog, kose i soCivaste slojevitosti, nepra-
vilnog preloma.

Pri stajanju i skladiStenju ugalj gubi
vlagu, tako da ukupan gubitak vlage pri
duzem lagerovanju iznosi i do 24%, tako da

se ne moze vremenski duze lagerovati, osim
pod specijalnim uslovima.

Petrografskim ispitivanjima utvrdeno je
da ugalj pripada vitritsko-klaritskom i
klaritskom tipu, a sastavljen je od vitrita,
klarita, durita i fasita. Usled prili¢no niskog
stepena gelifikacije preovladuju drvenaste
komponente vitrita, koje se kre¢u od 11 do
35% i klarita od 37 do 70%, dok je ditrita
znatno manje od 3 do 10%.

Anorganske primese u uglju predstav-
ljene su singenetskim terigenim sastojcima,
zastupljeni ugljevitim glinama od 9 do 61%,
a od autigenih minerala u uglju se nalaze
pirit, markasit i siderit, gde je najvise zastup-
ljen pirit od 1 do 5%. Od epigenetskih sasto-
jaka u ovom uglju je jedino zastupljen gips.

Na osnovu ovih petrografskih analiza
ugalj iz revira rudnika *’Bajovac’’ pripada
grupi tvrdih mrko-lignitskih ugljeva.

Laboratorijska ispitivanja hemijsko-
tehnickih osobina rovnog uglja iz krovin-
skog A; sloja uzetog iz jame rudnika
»Bajovac* pokazale su sledece rezultate:

Tehnicka analiza:

¢ Vlaga

® Pepeo

e S ukupan

e S u pepelu
e Koks

o C-fix

e Sagorljivo
o Isparljivo

¢ DTE

e GTE

35,30%
16,28%
1,65%
0,59%
57,84%
21,36%
48,42%
26,86%
12.050 kJ/kg
13.574 ki/kg

Elementarna analiza:

¢ Ugljenik
¢ VVodonik

e Kiseonik + Azot

o S sagorljiv

32,64%
2,82%
11,90%
1,06%
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Laboratorijska ispitivanja hemijsko-teh-
nickih osobina rovnog uglja iz krovinskog

B, sloja uzetog iz radova u reviru Tavnik -
Strmuzak pokazale su sledeée rezultate:

Tehnicka analiza:

¢ Vlaga

® Pepeo

e S ukupan
e S u pepelu
e Koks

o C-fix

e Sagorljivo
o Isparljivo
¢ DTE

36,15%
15,25%
1,49%
0,76%
38,83%
23,58%
48,60%
25,02%
12.050 kJ/kg

Elementarna analiza:

¢ Ugljenik

¢ VVodonik

¢ Kiseonik + Azot
o S sagorljiv

Iz navedenih podataka moze se videti
da su podaci iz obadva sloja sli¢ni, $to za
ugljeve iz ova dva sloja znaCi da su

prakti¢no isti.

¢ Vlaga

® Pepeo

e S ukupan
e S u pepelu
e Koks

o C-fix

e Sagorljivo
o Isparljivo
¢ DTE

¢ Ugljenik
¢ VVodonik

Takode su vrSeni opiti Svelovanja i
gasifikacije, gde je utvrdeno da se ugalj iz
ovog basena moZe upotrebljavati za proiz-
vodnju komadnog metalurskog polukoska,
koji po dobijenim kvalitetnim osobinama

70,20%
5,66%
22,41%
1,50%

Kao jo3 jedan podatak iz literature pos-
toji uspeSan pokusaj da se ugalj susi parom
pod pritiskom od 20 atm. Ovakvo tretiranje
je prema podacima dalo odli¢ne rezultate i da
je dobijeno gorivo vrlo dobrog kvaliteta i to:

12,70%
14,80%
1,30%
0,70%
46,80%
32,00%
72,40%
40,40%
18.130 kJ/kg
50,00%
4,20%

u potpunosti moZe zadovoljiti potrebe
metalurgije.

Isto tako ugalj se veoma uspesSno moze
primeniti za proizvodnju visokokalori¢nog
gasa za industrijske i termi¢ke potrebe.
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2. TEHNICKO-TEHNOLOSKI
USLOVI EKSPLOATACIJE

2.1. KAPACITET PROIZVODNJE

Kod proracuna kapaciteta proizvodnje
u jami rudnika ,,Bajovac* treba imati u
vidu sledeée Cinjenice.

1. TraZena proizvodnja od strane Inve-
stitora iznosi 200.000 t.k.u.

2. Za otkopavanje uglja mora se pred-
videti oba ugljena sloja;

3. Na prvom horizontu ¢e se vrsSiti
prakti¢no likvidacija zastitnih stubo-
va nekadasnjih prostorija otvaranja;

4. U jami bi se primenilo Cetiri metode
otkopavanja, od kojih je samo jedna
imala primenu u ovom rudniku.

Kapacitet proizvodnje u | horizontu
(k+240 — k+160 m)

U krovinskom ugljenom sloju A; u |
horizontu zahvati¢e se svega 112.000 t
geolodkih rezervi ili cca 100.000 t.k.u.
Rezerve uglja ¢e biti u likvidaciji i
primenjivala bi se otkopna metoda koja je
ve¢ bila u primeni u ovoj jami, a to je
modifikovana stubno-komorna metoda.
U ovakvim uslovima ne moze se o¢ekivati
godisnja proizvodnja na nivou vecem od
50.000 t.k.u.

S obzirom na karakteristike podinskog
ugljenog sloja (mocnost ugljenog sloja od 3
do 12 m sa uceS¢em uglja u sloju (u tri tanja
sloja) od 50% tj. od 1,5 do 6,0 m. Zbog vece
koli¢ine jalovine u uglju otkopanom u ovom
sloju, proizvodnja iz ovog sloja ne sme preci
30% od ukupne proizvodnje pa se u ovoj
fazi moze planirati proizvodnja od ukupno
20.000 t.k.u.

Ukupna proizvodnja u | horizontu izno-
si¢e u toku prve dve godine 70.000 t.k.u./
god. Ovakvom dinamikom prizvodnje
pojaviée se neujednacenost, zato §to ¢e se
posle dve godine otkopati sav ugalj u
krovinskom sloju ovog horizonta i samo do
10 % rezervi u podinskom. Ovaj disbalans

¢e se ispraviti tokom kasnije eksploatacije,
kada ¢e se bitno povecati proizvodnja u
krovinskom sloju.

Kapacitet proizvodnje u Il horizontu
(k+160 — k+80 m)

U krovinskom ugljenom sloju Ay u Il
horizontu zahvati¢e se 829.000 t geoloskih
rezervi ili cca 790.000 t.k.u., ali bi se otko-
pavanje organizovalo sa jednim meduhori-
zontom, Kkoj bi po visini podelio ovaj
horizont na dva jednaka dela. U gornjem
meduhorizontu bi bilo cca 340.000 t.k.u. Od
ove koli¢ine u juznom krilu bi se nalazilo
cca 130.000 tk.u. gde bi se primenjivala
otkopna metoda koja je ve¢ bila u primeni u
ovoj jami. Godisnji kapacitet bi bio 65.000
tk.u. i otkopavanje bi trajalo 2 godine.
Istovremeno bi se u severnom krilu uvelo
otkopavanje frikcionim stupcima, Kkoji bi
zahvatio cca 210.000 t.k.u. Sa kapacitetom
od 80.000 t.k.u. otkopavanje bi trajalo nesto
preko 2,5 godine. Deo rezervi uglja ¢e biti u
likvidaciji nekadaSnjih zaStitnih  stubova
prostorija otvaranja (cca 40.000 tk.u.) i
primenjivala bi se otkopna metoda koja je
ve¢ bila u primeni u ovoj jami, a to je
modifikovana stubno-komorna metoda. U
ovakvim uslovima ne moze se ocekivati
godisnja proizvodnja na nivou veéem od
50.000 t.k.u. tako da bi u gornjem meduhori-
zontu otkopavanje ukupno trajalo 2,5
godina, pri cemu bi se iskopalo cca 380.000
tku. U drugom meduhorizontu bi bilo cca
400.000 tk.u. Kako u ovom delu nema
likvidacija starih zaStitnin stubova, ovaj
meduhorizont bi se podelio na dva asime-
tri¢na krila i to juzno u duzini od 420 m i
severno u duZini od 510 m. Od ukupne
koli¢ine rezervi u jeznom krilu bi se nalazilo
cca 180.000 tk.u. gde bi se primenjivala
otkopna metoda koja je ve¢ bila u primeni u
ovoj jami. Godisnji kapacitet bi bio 65.000
t.k.u. i otkopavanje bi trajalo cca 3 godine.
Istovremeno bi se u severnom krilu uvelo
otkopavanje frikcionim stupcima, Kkoji bi
zahvatio cca 220.000 t.k.u. Sa kapacitetom
od 80.000 t.k.u. otkopavanje bi trajalo

Broj 3, 2013.

Mining & Metallurgy Engineering Bor



takode cca 3 godine, pri ¢emu bi se iskopalo
cca 400.000 t.k.u.

Kako smo rekli da proizvodnja iz podin-
skog sloja ne sme pre¢i 30% od ukupne
proizvodnje pa se u ovoj fazi moze planirati
proizvodnju od ukupno 234.000 t.k.u. ili cca
42.000 t.k.u. godidnje.

Ukupna proizvodnja u Il horizontu izno-
si¢e u toku 5,5 godine 167.000 t.k.u./god.
Ovakvom dinamikom prizvodnje delimi¢no
bi se ispeglala neujednacenost, zato Sto bi se
posle 5,5 godina otkopalo oko 260.000 t.k.u.
u podinskom sloju | horizonta i cca 40.000
t.k.u. u podinskom Il horizonta.

Kapacitet proizvodnje u 111 horizontu
(k+80 — k+0 m)

U krovinskom ugljenom sloju A; u 1lI
horizontu zahvati¢e se 856.000 t geoloskih
rezervi ili cca 810.000 t.k.u. Rezerve uglja
su u idealnom poloZaju i posle 5,5 godina
moZe se uvesti savremena otkopna metoda,
a to je otkopavanje Siroko¢elnim mehanizo-
vanim kompleksom. U ovakvim uslovima
moze se ocekivati godiS$nja proizvodnja na
nivou ve¢em od 180.000 t.k.u. Otkopavanje
bi se odvijalo u celom leZistu u duzini od
940 m i trajalo bi 4,5 godina ili sa prose¢nim
napredovanjem fronta od 22 m/mesec.

Proizvodnja iz podinskog sloja ni u
ovom horizontu ne sme pre¢i 30% od uku-
pne proizvodnje pa se u ovoj fazi moze
planirati proizvodnja od ukupno 60.000
t.k.u. ili za 4,5 godina 270.000 t.k.u., tako da
bi se prakticno ostvarilo kasnjenje otkopa-
vanja u podinskom sloju za jedan celi
horizont.

Kapacitet proizvodnje u IV horizontu
(k+0 — k-80 m)

Poluhorizont (k-80 — k-100 m)-Likvidacija

U ovom poluhorizontu bi se wrsilo u
krovinskom sloju otkopavanje modifiko-
vanom stubno-komornom metodom sa
kapacitetom od 2 x 50.000 t.k.u. dvokrilno i
trajalo bi cca 1,5 godina. S obzirom da bi
pocetkom otkopavanja u ovom poluhori-

zontu preostalo oko 450.000 t u krovinskom
sloju, isti bi se u ovom slu¢aju otkopavao u
tom periodu na nivou 30.000 tk.u./god.,
tako da bi ukupna proizvodnja u ovom
periodu bila 130.000 t.k.u.

Preostalih 400.000 t.k.u. u podinskom
sloju bi se moglo otkopavati, ako se nade
trziSte ili ako se otvore neki drugi rudnici
ovog basena. Nezavisno bi moglo da se
organizuje otkopavanje na nivou 2 x 40.000
tku takode dvokrilno u trajanju od 5
godina.

2.2. DINAMIKA PROIZVODNJE |
VEK TRAJANJA

Prema predlozenim tehnickim reSenjima
eksploatacija ovog leZista bi se obavljala 22
godine. Godisnja proizvodnja u ovom perio-
du kretala bi se od 70.000 t/god. u prvoj i
drugoj godini, zatim bi se povecavala sukce-
sivno narednih Sest godina a u devetoj godi-
ni je moguce dosti¢i maksimalni kapacitet
od 240.000 t/god. koji bi se odrzavao nared-
nih sedam godina. U poslednjih Sest godina
proizvodnja bi se zbog strukture lezista
polako smanjivala, do poslednje godine
eksploatacije kada bi iznosila 40.000 t/god.

ZAKLJUCAK

Ovaj rad predstavlja izvod iz rezultata
istrazivanja koja su objavljena u okviru
projekta TR 33029 “Izu¢avanje mogucénosti
valorizacije preostalih rezervi uglja u cilju
obezbedenja stabilnosti energetskog sektora
Republike Srbije” a koje finasira Ministar-
stvo prosvete i nauke. U njemu je tretirana
problematika buduce eksploatacije uglja iz
zapadno moravskog basena, sa posebnim
osvrtom na aktiviranje zatvorenog rud-
nika”Bajovac”

Osnovna ideja kojom su se autori
rukovodila je bila da se ovo leziste aktivira
kao zamenski kapacitet za Ibarske rudnike
do momenta iznalazenja adekvatnijih
reSenja. Za analizu mogucénosti eksploatacije
uglja iz ovog leziSta koriS¢ena je raspoloziva
tehnika dokumentacija uz istovremeno
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konsultovanje relevantnih stru¢njaka koji su
se bavili ovom problematikom.

Veoma detaljna tehno-ekonomska
analiza leZista “Bajovac” nedvosmisleno
je utvrdila opravdanost njegovog pono-
vnog otvaranja. U okviru istraZivanja po
ovom projektu predloZzena su osnovna
tehni¢ka reSenja otvaranja, metode otko-
pavanja, potrebna radna snaga po broju i
strukturi, potrebna oprema. Ekonomska
analiza jedne ovakve investicije koja je
obuhvatila troSkove, trziste cene i ostale
relevantne pokazatelje je takode dala
pozitivne rezultate, pa se stoga moZe
generalno dati pozitivna ocena jednog
ovakvog projekta.
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Abstract

This paper presents a design and parameters of the new variant of sublevel stopping method. The
proposed new variant is the result of combination the theoretic considerations, field experience using
the application of similar methods and researches on models. The idea of new design was to include
most of advantages from several variants of sublevel stopping. The new variant is called *“Semi-level
stopping™ [1]. Determination of optimal parameters for this method was performed using physical simi-

larity model.

Keywords: underground mining, mining methods, new method design

INTRODUCTION

Underground mining in some Serbian
mines is performed at depth that exceeds
500 m. The new ore deposits, planned for
mining in the future, are even deeper. For
instance, the ore body Borska Reka, in the
copper mine Jama Bor, lies between 500 and
1,200 meters below ground surface. The ore
reserves in this ore body exceed 600 Mt of
ore, with copper content of about 0.6% [2].

So, the future of underground mining in
the Bor ore deposit relays on huge ore
reserves on very significant depths. This is
a very serious task, both for RTB Bor and
experts in the underground mining, to find
the way to excavate these ore reserves
economically and continue 110 year long
tradition of the underground mining.

Mining method design, presented in
this paper, is the result of long year inves-
tigation in the area of sublevel caving and
sublevel stopping mining methods. The

) University of Belgrade, Technical Faculty in Bor

™ This work is the result of the Project No. 33038 "Improvement the Technology of Mining and Pro-
cessing of Copper Ore with Monitoring the Environmental and Working in RTB Bor Group", funded
by the Ministry of Education, Science and Technological Development of the Republic of Serbia.

field data from sublevel caving method,
applied in the ore bodies Tilva Ros and
P,A of Jama Bor, were very helpful. The
idea was to design a new, improved meth-
od, suitable for application in this copper
mine. A part of investigation related to the
optimization of method parameters, and
the results will be present in this paper.

INVESTIGATION THE OPTIMUM
PARAMETERS IN LABORATORY
CONDITIONS

The new method design, called the
semi-level stopping with single-sided lat-
eral loading, was tested and analyzed in
laboratory, on a physical similarity model.
Main principles of modeling and testing
were followed, including geometric, Kin-
ematic and dynamic similarity principles.
The model is shown in Figure 1.
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Figure 1 Axonometric view of the mine design model M-1

FIXED AND VARIABLE
PARAMETERS

Laboratory testing was performed based
on the following, previously determined,
fixed parameters:

¢ Dimensions of sublevel drifts,

o Dimensions of drilling drifts,

o Spacing between drifts,

o Semi-level height,

o Particle size distribution for ore and

overburden,

o Density of ore and overburden and

looseness factor,

o Angle of blasting plane a,

o Angle of final blastholes .

Variable parameters were:

o Thickness of blasting zone, which has
influence on number of loading rooms
and their mutual spacing
(m;=nWK);

o Blasting block width (B).

Many combinations and tests can be de-
rived with two variables (m = 2), which
would have numerous different values. In
order to optimize the number of tests, varia-
tion of blasting block width was reduced to
three values, B = 12, 14 and 16 m. Also,
there were three values of spacing between
lateral loading rooms, 1 =8, 10 and 12 m.
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These values were defined based on in-
vestigations in the ore drawing dynamics
and preliminary investigations the method of
design parameters.

Variation of parameters enables defining
the optimal parameters, in order to achieve
maximum ore recovery, along with satisfy-
ing ore dilution.

ORE DRAWING

Ore drawing was performed on M-1
model, from three lateral loading rooms. The
obtained data were stored, analyzed and
used for evaluation the method parameters.
Data on ore recovery and ore dilution were
used to create graphs of functional relation
O =f(I).

The experimental laboratory testing was
performed in several stages.

1 Stage one — preliminary testing

The first task was to determine the
suitable geometric parameters for design-
ned mining method. Variable parameters
were: blasting block width (B), spacing
between lateral loading rooms (l) and
thickness of blasted ore (n x m;). Block
height, or level height, or double semi-
level height was fixed at 80 m during tes-
ting (H = 2h = 80 m), since this height was
suitable as the level height in this case.

2 Stage two —the first series of tests

Based on preliminary testing and deter-
mination the shape of draw solid (draw
ellipsoid eccentricity), the limits of variable
parameters were defined. Each test was car-
ried out for all possible combinations of
variable parameters and repeated three
times.

3 Stage three — second series of tests

The pairs of parameters with unsatisfy-
ing results were excluded from further tes-

ting. For instance, the results for 8 m spacing
between lateral loading rooms were much
worse for any block width (12, 14, or 16 m)
than the results for 10 and 12 m spacing.

For parameters with satisfying results,
tests were continued. Further tests were per-
formed with two draw points on model M-1.
These additional tests were ran in order to
confirm results from first series of tests.

4. Stage four — third series of tests

This was the last series of tests, with pa-
rameters that provided the best relations
between ore recovery and ore dilution. Last
series of tests included inserting of markers.
A total of 175 markers were inserted into M-
1 model. Markers provide very accurate
results in analyses of drawing, and also bet-
ter insight in phenomena which takes place
in the model during the tests.

Ore drawing in the model was performed
in specified dosages. The first dosage is
drawn till the appearance of waste in one of
the loading rooms. The first appearance of
waste occurs in the third loading room,
which is logical, considering the fact that the
third room has frontal contact with waste.
The area of this contact is equal to the area
of blasted block. The following dosages
were exactly 2.5 kg each, drawn equally
from each room, till waste appears in all of
the remaining rooms. Drawing goes on till
ore dilution exceeds 50%. At that point,
drawing was supposed to stop, but, in order
to provide more points for graphical illustra-
tion of relation between the ore dilution and
ore recovery, the ore drawing went a little
further.

Interpretation of results was created us-
ing tables and graphs. Each table, for each
test, includes a detailed test balance, with
data on quantity of bulk ore (Qu), clean ore
(Q«) and waste (Q;) per kg of each dosage.
Tables also contain their cumulative values,
along with values of ore recovery and ore
dilution, per dosage and in total.
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Ore recovery is a quotient of clean ore
(Qx, kg) and total ore (Q,, kg). Ore recovery
was calculated for each test, where values of
Qs were measured from each dosage, while
Q is quantity of ore used in the test:

I = ‘é— 100, % @)

Total ore recovery is a quotient of cumu-
lative value of Q and total ore in model, Q..

Ore dilution (Oy), calculated for each
dosage, is a quotient of waste in dosage (Q;)
and bulk ore in dosage (Qrm):
Qj
™™m

Total ore dilution is gained as a quotient
of cumulative values of waste and bulk ore.

0, =

-100, % )

INTERPRETATION OF
THE OBTAINED RESULTS

Testing data were stored particularly
for each loading room and each dosage,
which enabled data interpretation by test
and draw point, for each series of testing.

Interpretation of results was performed
through tables and graphs. Tables show data
of ore recovery and dilution for each test,
each dosage and in total. Based on these
data, the next step was to create graphs, with
lines of interdependence between the ore
dilution and ore recovery. Beside the graphs,
the interdependence was also expressed via
equations. Equations were created based on
minimum squares theory. Line correlation
ratio was used to determine the accuracy of
approximation, i.e. deviation of equation
from relation curve.

High values of correlation ratio show
high accuracy of approximation of func-
tions Or =f (Ir ) and Or’ = f ( Ir) with
regression equations. This means that it is
possible, with satisfying accuracy, to cal-
culate ore dilution (O)) if the value of ore
recovery (l;) is known, and vice versa.

As it was mentioned before, the quan-
tity of drawn ore and waste were recorded
for each test and each draw point. It ena-
bled partial interpretation of the results by
single draw points. Also, determination
the relations between parameters enables
comparison of results for different posi-
tions of draw points and loading rooms.

ANALYSIS OF THE OBTAINED
RESULTS

Values of ore recovery and dilution were
calculated based on the results of testing,
according to the measurements of drawn ore
and waste for each dosage and in total. The
calculated values were present graphically
and functional dependences were estab-
lished.

During testing on model M-1, the first
series included 27 tests [6]. There were three
variations of values for block width (B = 12,
14 and 16 m) and spacing between lateral
loading rooms (I = 8, 10 and 12 m). Test was
repeated three times for each pair of values.
Quantity of ore, stored into model, varied
along with variations of width and spacing.
The obtained data show clearly that quantity
of clean ore strongly depends on spacing of
the loading rooms. Consequently, the values
of ore recovery also vary along with spacing.

Analysis of the results from the first se-
ries of tests has shown that best results were
obtained with 12 m spacing. In this case, the
quantity of clean ore exceeds 22%. For total
ore recovery of 89.94%, the ore dilution
reaches 10.68% [1].

In the second series of tests, there were
two draw points. Since 8 m spacing caused
the worst results again, these results were
excluded from further considerations. Again,
the best results were obtained for B = 12 m
and | = 12 m pair of values, so the results
from the first series of tests were confirmed.
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GRAPH OF INTERDEPENDANCE BETWEEN ORE RECOVERY AND ORE DILUTION
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Figure 2 Ore drawing results for the first series of tests (with three loading rooms)
Values of parameters: H=80m,B=12,14and 16 mand | =12 m

1,2.B=12m; 1=12m (1 in a dosage; 2 in total)

3,4.B=14m; | = 12m (3 in a dosage; 4 in total)
5,6. B =16m; I = 12m (5 in a dosage; 6 in total)

The results obtained in the second se-
ries of tests are shown in Figure 3. After
reviewing the results of both the first and
second series of tests, it was obvious that
the best results were obtained for maxi-
mum value of spacing and minimum val-
ue of block width. This means that it is
necessary to continue with testing with
different values of variable parameters, in
order to define the optimum parameter
values.

So, in the third series of tests, there
were several additional pairs of values
B=12m;l=14mandB=14m;1=14
m). Also, markers were installed in the mod-
el in some tests. Comparison of the new
results with the best results from previous
series provided final answer: B=12mand |
= 8 m are optimal values of variable parame-
ters for designed method, according to test-
ing on model M-1. These values of parame-
ters provide maximum of clean ore and ore
recovery with minimum ore dilution.
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GRAPH OF INTERDEPENDANCE BETWEEN ORE RECOVERY AND ORE DILUTION
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Figure 3 Ore drawing results for the second series of tests (with two loading rooms)
Values of parameters: H=80m,B=12,14and 16 mand | =12 m

1,2.B=12m; 1=12m (1 in a dosage; 2 in total)

3,4.B=14m; | = 12m (3 in a dosage; 4 in total)
5,6. B =16m; I = 12m (5 in a dosage; 6 in total)

Based on data gained from testing on
model M-1, from the first and second se-
ries of tests (with three and two loading
rooms), the most optimal parameters were
determined for designed mining method,
named the Semi-level stopping with single
side lateral loading. The values of optimal
parameters are:

¢ Block height, H=80 m;

e Block width, B=12 m;

e Spacing between lateral loading

rooms, | =12 m.

Comparison between the first and se-
cond series of tests, with the results filtered
in order to present only the most favorable
values of parameters, is shown in Figure 4.
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GRAPH OF INTERDEPENDANCE BETWEEN ORE RECOVERY AND ORE DILUTION
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Figure 4 Relation between the ore recovery and ore dilution in case of ore drawing from two and
three draw points, with optimal values of method parameters

Line 1 —two loading rooms (in a dosage); Line 2 — three loading rooms (in a dosage);
Line 3 —two loading rooms (in total); Line 4 — three loading rooms (in total)

Tests results have shown that more
draw points enable better results. In Figure
4, Lines 2 and 4 (flatter lines) confirm
such conclusion, both in a dosage and
total. The most important thing in the pro-
cess of drawing is discipline, which means
that the schedule of drawing has to be
obeyed strictly. It is obvious that better
results are achieved in the case of more
draw points. This was confirmed in the
analysis of results by draw points, too.

CONCLUSION

Model testing, with variation of parame-
ters, enabled an optimization of mining
method geometry, aiming to provide the best
results in the ore recovery and ore dilution,
both in the stope and entire deposit.

Designed mining method generally pro-
vides high values of ore recovery (80 -
90%) with 10 — 15% of ore dilution, which
was proved on a model testing. In order to
provide maximum ore recovery and mini-
mum ore dilution, several parameters were
varied during the model testing. The final
results are the following: for B = 12 m wide
and H = 80 m high stope and | = 12 m lateral
spacing between loading rooms, the ore re-
covery ratio is K; = 0.9, while the ore dilu-
tion ratio is Ko, = 0.1.

In order to achieve these results, it is
necessary to manage the ore drawing pro-
cess carefully and provide even amount of
drawn ore from each draw point. Testing has
also shown that more draw points enable
better results.
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ODREDJIVANJE OPTIMALNIH PARAMETARA METODE
BLOKOVSKOG OTKOPAVANJA™

lzvod

U ovom radu govori se novoj konstrukciji metode blokovskog otkopavanja sa zaruSavanjem rude.
Predlozena varijanta metode otkopavanja je istazivana u okviru teorijskog razmatranja koris¢enjem
iskustva u prakticnoj primeni tehnologija otkopavanja iz iste grupe metoda. Sve prednosti metoda sa
podetaZznim zaruSavanjem u velikom broju varijantnih reSenja spojeni su u novu konstrukciju koja nosi
naziv ““Metoda sa poluetaznim zaruSavanjem“ [1]. Odredivanje optimalnih parametara novopredloZene
konstrukcije izvr3eno je u laboratroijskim uslovima na fizickom modelu slicnosti.

Kljuéne redi: podzemna eksploatacija, metode otkopavanja, nove konstrukcije

uvoD

Podzemna eksploatacije rude u rudni-
cima u Srhiji obavlja se na dubinama koje
iznose i vise od 500 m. LeZista koja su za
buduéu eksploataciju nalaze se na znatno
veéim dubinama, a u borskom leZistu rude
bakra rudno telo ,Borska Reka“, koje je
perspektiva podzemne eksplotacije, zaleze
na dubini od 500 do 1200 m. Rudno telo ima
rezerve rude od preko 600 milona tona rude
sa sadzajem bakra od oko 0,6 % [2].

Izuzetno velike rezerve rude, na velikoj
dubini predstavijaju glavni preduslov za
nastavak podzemne eksploatacije u jami
Bor. Za rudarske struénjake iz oblasti
podzemne eksploatacije to je veliki izazov, a
za RTB Bor neophodnost nastavka tradicije
rudarenja koja iznosi 110 godina.

Tehnologija  otkopavanja  koja  se
predlaze u ovom radu rezulatat je dugo-
godi¢njeg istraZivanja, koja su sprovedena u
cilju wusavrSavanja novih  konstrukcija
metoda otkopavanja iz grupe metoda sa

" Univerzitet u Beogradu, Tehnicki fakultet u Boru

zaruSavanjem rude i krovinskih stena.
Koris¢enjem rezultata iz primene podetaznih
metoda u rudnim telima ,,Tilva Ro§“ i ,,P,
A isvrSeno je usavrSavanje konstrukcija i
predlozena nova. Rezultati istrazivanja
optimalnih  prametara, za najpovoljne
pokazatelje daju se u ovom radu.

ISTRAZIVANJE OPTIMALNIH
PARAMATARA METODE
OTKOPAVANJA U
LABORATORIJSKIM USLOVIMA

IstraZivanje parametara metode ,,Polu-
etaZznog prinudnog zaruSavanja sa jedno-
stranim bo¢nim utovarom rude‘ izvrSeno je
u laboratorijskim uslovima na fizickom
modelu slicnosti. Pri izvodjenju ogleda
ispostovani su osnovni principi modeliranja
i izvodjenje ogleda; geometrijska, kinama-
ticka i dinamicka sli¢nost [3].

Izgled modela prikazan je na slici br. 1.

™ U ovom radu su prikazani rezultati projekta TR 33038 ,,Usavrsavanje tehnologija eksploatacije i
prerade rude bakra sa monitoringom Zivotne i radne sredine u RTB Bor Grupa* koji se finansira od
strane Ministarstva prosvete, nauke i tehnoloskog razvoja Republike Srbije
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Sl. 1. Aksonometrijski izgled modela M-1 metode otkopavanja

STALNI I PROMENLJIVI
PARAMETRI PRI ISPITIVANJU

U toku izvodjenja ogleda operiSe se sa
slede¢im usvojenim parametrima 1 velici-
nama:

¢ dimenzije podetaznih hodnika,

o dimenzije hodnika za budenje,

 njihovo medjusobno rastojanje,

¢ dimenzije utovarnih komora,

o visina poluetaZe (podetaZe),

o granulometrijski sastav rude i jalovine,

o zapreminska masa rude i jalovine sa
odgovarajuc¢im faktorom rastresitosti,

e nagibni ugao ravni miniranja o,
 ugao krajnjih busotina .

Promenljive veli¢ine su:

® Mocnost pojasa miniranja, koja uslov-
ljava broj utovarnih komora, odnosno
njihovo medjusobno rastojanje
(m=nWK,)

e Sirina bloka miniranja (B).

Sa dve promenljive (m = 2), koje mogu
imati veliki broj razlicitih vrednosti, moze se
izvesti veliki broj kombinacija, a samim tim
i veliki broj ogleda. Radi svodjenja ogleda
na manji broj uzete su po tri vrednosti Sirine
bloka miniranja: B = 12, 14, 16 m. Osna
rastojanja izmedju bo¢nih utovarnih komora
iznose: 1 =8, 10, 12 m.
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Ovako izabrane vrednosti dobijene su ha
osnovu izuc¢avanja zakonitosti istakanja rude
na modelima i na osnovu preliminarnih
istraZivanja parametra razmatrane metode.

Izmenom promenljivih veli¢ina mogucée
je utvrditi pri kojim se parametrima postize
najveCe iskoriSéenje 1 zadovoljavajuce
osiromasenje rude.

ISTAKANJE RUDE

Istakanje rude iz modela vrSeno je na
modelu M-1 iz tri utovarne komore sa jedne
strane. Rezultati dobijeni iz izvedenih ogleda
prikazani su tabelarno, a na osnovu sracu-
natih vrednosti iskori$¢enja i osiromasenja
formirani su grafici funkcionalne zavisnosti
O =f(1).

Eksperimantalna laboratorijska istrazi-
vanja, koja se nalaze u osnovi ovoga rada,
obavljena su u vise etapa - serija.

1. Prva etapa istraZivanja -
preliminarana istraZivanja

Za predloZzenu konstrukciju metode
otkopavanja potrebno je bilo odrediti odgo-
varajue geometrijske parametre otkopne
metode. Parametri ¢ije su vrednosti tokom
istraZivanja menjane su: Sirina otkopnog
bloka (B), osno rastojanje izmedju bo¢nih
utovaranih komora (1), odnosno moénost
pojasa minirane rude (n X my). Visina bloka
(etaZe, poluetaze (H = 2h = 80 m) u svim
ogledima je imala istu vrednost od 80 m i
zadrZana je kao konstantna jer odgovara
visini horizonta.

2. | serija ogleda

Na osnowvu preliminarnih istraZivanja [4]
i utvrdjivanja oblika figure istakanja
(ekscentriciteta elipsoida istakanja) odre-
djene su granice u kojima ¢ée se kretati
promenljivi paramatri predloZene konstruk-
cije metode otkopavanja. Svaki ogled je
radjen za sve moguée kombinacije para-
metara i po tri puta.

3. Il serija ogleda

Parovi ispitivanih parametara gde su
dobijeni losi rezultati su izbaceni iz daljih
istraZivanja:

¢ Analizom dobijenih rezultata utvrdjeno

je da su rezultati, kod razmatrane
varijante  (model M-1), za osna
rastojanja utovarnih komora od 8 m i
bilo koje razmatrane Sirine bloka od
12, 141 16 m l0Siji od rezultata za osna
rastojanja utovarnih komora od 10 i 12
m i bilo koje razmatrane Sirine bloka.

Povoljni parametri, koji su dali zado-
voljavajuce rezultate su dalje istraZivani.
Dalja istraZivanja su vrdena sa dva ispusna
otvora na modelu M-1. Ovi dopunski
ogledi radjeni su sa ciljem da se potvrde
rezultati iz prve serije ogleda.

4. 111 serija ogleda

U ovoj poslednjoj seriji ogleda ponov-
lieni su ogledi sa parametrima gde su
dobijeni najpovoljniji odnosi iskoris¢enja i
osiromasenja rude. Ovi ogledi su radjeni sa
Zetonima i to na modelu M-1 sa 175
ugradjenih Zetona. Ugradjeni Zetoni omogu-
¢uju vrlo preciznu interpretaciju rezultata
istakanja kao i pojava koje se deSavaju u
modelu pri istakanju.

Istakanje rude vrSeno je u odredjenim
dozama, redom iz svake utovarne komore.
Prva doza istakanja izvla¢i se do pojave
jalovine u jednoj od utovarnih komora.
Jalovina ¢e se prvo pojaviti u trecoj
utovarnoj komori. Ovo je potpuno logi¢no
jer treéa komora imaja Ceoni kontakt sa
jalovinom. Powvrsina ovog kontakta jednaka
je povrsSini bloka rude koji se minira.
Sledece doze istakanja su po 2,5 kg (ravno-
merno iz svake komore) do pojave jalovine
u ostalim utovarnim komorama. Istakanje se
dalje vr3i sve do momenta kada osiroma-
Senje u komorama predje 50 %. Medjutim,
gotovo u svim ogledima istocena je i neka
doza vise da bi se dobio dovoljan broj tacaka
za graficko prikazivanje osiromasenja u
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zavisnosti od iskori$é¢enja rude u analizama
koja se odnose na ispushe otvore.

Pri interpretaciji rezultata formirani su
tabelarni 1 graficki prikazi. U svakoj tabeli,
za svaki izvedeni ogled, prikazan je bilans
jednog ogleda iz kojeg se vidi, po dozama
istakanja, koli¢ina istoene rudne mase
(rovne rude) Qm , Ciste rude Qg , i jalovine
Qj u kg. Takodje, u tabeli je data i njihova
kumulativna vrednost, kao i iskoriS¢enje
rude I, (%) i osiromaSenje rude (%) u dozi i
ukupno.

Na osnovu dobijene ¢iste rude Qx (kg) iz
svake doze deljenjem sa koli¢inom ugra-
djene rude Q; (kg) u modelu, za taj ogled
dobija se iskoris¢enje za svaku dozu [5] tj.

1 =2 100, % )

r

Ukupno iskoris¢enje dobija se iz odnosa
Ciste rude Qy i to kumulativno, prema
ugradjenoj koli¢ini rude Q, u modelu.

Osiromasenje za svaku dozu predstavlja
odnos koli¢ine jalovine Q; za svaku dozu
posebno, prema ukupnoj koli¢ini rovne rude
Qim, za tu dozu [5] tj.

O, = &-100 , % 2

r
m

Ukupno osiromadenje dobija se iz
odnosa koli¢ina jalovine Q; kumulativno,
prema koli¢ini rudne mase Q,, kumulativho
za tu dozu.

INTERPRETACIJA DOBIJENIH
REZULTATA

Pri izvodjenju ogleda dobijeni podaci
su parcijalno upisivani za svaku utovarnu
komoru i u dozama Sto omogucuje
interpretaciju rezultata ukupno za svaki
ogled i parcijalno po ispusnim otvorima
(za sve serije ispitivanja).

Interpretacija  rezultata je izvrSena
tabelarno i grafickim prikazima. U tabelama
su, za svaki izvedeni ogled, dati dobijeni

rezultati 1 sracunate vrednosti iskoris¢enja i
osiromadenja u dozi istakanja i ukupno. Na
osnovu racunatih vrednosti formirane su
graficke zavisnosti iskoriS¢enja i osiroma-
Senja rude. Za svaku zavisnost data je
jednacina, na osnovu teorije najmanjih
kvadrata, kojom je opisana promena kao i
koeficijent krivolinijske korelacije. Koefici-
jentom krivolinijske korelacije je odredjen
stepen  tacnosti  aproksimacije  krivih
nadjenim jednacdinama regresije.

Visoke vrednosti koeficijenta  krivo-
linijske korelacije ukazuju na visok stepen
tacnosti aproksimacije zavisnosti Or = f (1) i
Or’ = f (I,), jednac¢inama regresije. To znadi
da je pomocu jednaina moguce, sa
dovoljno ta¢nosti, za svaku poznatu vrednost
"I" izraCunati odgovarajuéu vrednost za
"O¢" i obrnuto.

Za svaki izvedeni ogled posebno su
upisivane vrednosti isto¢ene koli¢ine rude i
jalovine po ispusnim otvorima. To omo-
gucuje da se izvrsi 1 interpretacija parcijalno
po ispusnim otvorima. Takodje, na osnovu
ovako prikazanih zavisnosti moguce je
izvrSiti uporedjenje dobijenih rezultata u
zavisnosti od poloZaja ispusnih otvora
(utovarnih komora).

ANALIZA DOBIJENIH REZULTATA

Na osnovu izmerenih koli¢ina Ciste rude
i jalovine pri istakanju (u dozama istakanja),
za svaki ogled, izracunate su vrednosti
iskori§¢enja i osiromaSenja rude u dozi i
ukupno. Sracunate vrednosti su predstav-
ljene graficki i dobijene su funkcionalne
zavisnosti.

Na modelu M-1 u prvoj seriji ogleda
uradjeno je 27 ogleda /6/. Tri puta su Sirina
bloka miniranja (B = 12, 14, 16 m) i osno
rastojanje izmedju bo¢nih utovarnih komora
(I =8, 10, 12 m) menjale svoju vrednost. Za
svaki izabrani par ovih parametara ogled je
ponavljan po tri puta. U zavisnosti od osnog
rastojanja, zna¢i i od mocnosti pojasa
minirane rude, u model je ugradjivana
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razli¢ita koli¢ina rude. Dobijeni rezultati
jasno ukazuju da se pri promeni oshih
rastojanja  izmedju utovarnih  komora
dobijaju razliCite koli¢ine Ciste rude. Isto
tako za odgovarajucu vrednost osiromasenja
razliCito je iskoriS¢enje rude kako u dozi
tako i ukupno.

Dakle, o¢igledno je da u | seriji ogleda
pri bilo Kkojoj promeni parametara naj-
povoljniji se rezultati dobijaju kada je osno
rastojanje | = 12 m. Pri ovim vrednostima
parametara dobija se koli¢ina Ciste rude od

preko 22 %. Za ukupno osiromaSenje od
89,94 % dobija se osiromaSenje od 10,68 %
1.

U drugoj seriji ogleda na modelu M-1
radjeni su ogledi za iste vrednosti para-
metara koji su menjani, ali sa dva ispusna
otvora. Osna rastojanja od | = 8 m, zbog
ocigledno najlosijih rezultata u ovoj seriji
nisu razmatrana. | u ovoj seriji ogleda
dobijeni su najpovoljniji rezutati za B = 12
mil=12 m, $to je potvrdilo zakljucke iz
prve serije ogleda.

GRAFIK ZAVISNOSTI ISKORISCENJA I OSIROMASENJA RUDE

OSIROMASENJE RUDE, %

0
o
o
o
|
T

0,00 - W= = 4 =

0,00 10,00 20,00

30,00 40,00 50,00 60,00 70,00 80,00 90,00 100,00
ISKORISCENJE RUDE, %

Sl. 2. Uporedni rezultati istakanja rude iz modela M-1 u I seriji (tri utovarne komore) za odnose
parametaraH=80m,B=12,14i16mil=12m

1,2.B=12m; |1 = 12m (1 u dozi; 2 ukupno)

3,4.B=14m; | = 12m ( 3 u dozi; 4 ukupno)
5,6. B =16m; | = 12m (5 u dozi; 6 ukupno)

Rezultati istraZivanja (uporedni za raz-
licite Sirine bloka) za osno rastojanje od
| =12 m pri istakanju u Il seriji, gde je
radjeno sa dve bocne utovarne komore
prikazani su nasl. br. 3.

Na osnovu ogleda iz I i Il serije na mo-
delu M-1 dobijeni su najpovoljniji rezultati
za najvecu ispitivanu vrednost osnog rasto-
janja "1” i najmanju vrednost Sirine bloka
"B” koja je ispitivana. Sve ovo ukazuje da je
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neophodno nastaviti sa istraZivanjima u cilju
odredjivanja optimalnih parametara.

Iz tog razloga u 11 seriji ogleda uradjeni
su dopunski ogledi (B = 12; | = 14 m i
B =14; =14 m), kao i ogledi sa ugradnjom
Zetona. Uporedjenjem ovih rezultata sa
najboljim iz prve serije dobijen je konacan

odgovor da su za varijantu metode "Polu-
etaZznog prinudnog zaruSavanja” koja je
ispitivana na modelu M-1 optimalne vred-
nosti parametara B =12 mi |l =12 m. Pri
ovim vrednostima parametara dobija se naj-
veca koliCina Ciste rude i najvece iskori-
$¢enje uz minimalno osiromasenje rude.

GRAFIK ZAVISNOSTI ISKORISCENJA | OSIROMASENJA RUDE

100,00
90,00 & OSIROMASENJE RUDE,
80,00 +
70,00 +
60,00 +
50,00 +
40,00 +
30,00 +

20,00 +

10,00 +

0,00 R N

—=F

0,00

10,00 20,00 30,00 40,00 50,00 6000 70,00 80,00 90,00 100,00
ISKORISCENJE RUDE, %

Sl. 3. Uporedni rezultati istakanja rude iz modela M-1 u Il seriji (dve utovarne komore)
za odnose parametaraH=80m,B=12,14i 16 mil=12m

1,2.B=12m; |1 = 12m (1 u dozi; 2 ukupno)

3,4.B=14m; | = 12m ( 3 u dozi; 4 ukupno)
5,6. B =16m; | = 12m (5 u dozi; 6 ukupno)

Na osnovu uporedjenja dobijenih rezul-
tata na modelu M-1 iz | serije ogleda, kada
je radjeno iz tri utovarne komore, i Il serije,
kada je radjeno sa dve utovarne komore
dobijeni su optimalni parametri metode
Poluetaznog prinudnog zaruSavanja sa
jednostranim boénim utovarom. To su:

e visina bloka H = 80 m,

o Sirina otkopnog bloka B = 12 m,
® 0sno rastojanje izmedju boc¢nih utovar-
nih komoral=12m
Uporedni rezultati | i 1l serije ogleda
(sa tri i dva ispusna otvora), a za najbolje
dobijene vrednosti parametara prikazani
su naslici br. 4.
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GRAFIK ZAVISNOSTI ISKORISCENJA I OSIROMASENJA RUDE
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SlI. 4. Uporedni rezultati istakanja rude sa dve i tri utovarne komore za najbolje odnose
parametara (H=80m,B=12m, | =12 m).
1. Dve utovarne komore (u dozi); 2. Tri utovarne komore (u dozi);
3. Dve utovarne komore (ukupno); 4. Tri utovarne komore (ukupno)

Za optimalne odnose parametara mnogo
bolji pokazatelji se dobijaju pri primeni
metode otkopavanja sa ve¢im brojem ispus-
nih otvora. Na slici 4. krive 2 i 4 (koje su
poloZenije) potvrdjuju upravo te zakljucke,
bilo da se funkcionalne zavisnosti pos-
matraju u dozi istakanja ili ukupno.
Najvaznija stvar pri istakanju rude iz pojasa
velike mocnosti je disciplinovan rad koji
podrazumeva, pre svega, ravnomernost pri
istakanju iz utovarnih komora koje su
aktivne.

Ocigledno je na osnovu prikazanih
uporednih grafika, ukupnih i parcijalnih,
da se mnogo bolji rezultati dobijaju pri
primeni metode Poluetaznog prinudnog
zaruSavanja sa vefim brojem ispusnih
otvora. Tu konstataciju potvrdjuju i rezul-
tati koji se odnose na parcijalnu interpre-
taciju po ispusnim otvorima.

ZAKLJUCAK

Analizom rezultata, koja je izvrSena u
predhodnom poglavlju, doSlo se do para-
metara otkopnih blokova, odnosno do
geometrije bloka koji obezbedjuju maksi-
malno iskori$¢enje toga bloka, a samim tim,
primenom ove konstrukcije otkopne metode
i Citavog lezista.

Sama konstrukcija otkopne metode
obezbedjuje velika iskoris¢enja (80 - 90%)
uz osiroma3enje od 10 - 15 %, Sto su ispiti-
vanja na modelima i pokazala. Za razma-
tranu varijantu metode poluetaznog pri-
nudnog zaruSavanja dobijeni su najbolji
rezultati za sledeCe parametre otkopnog
bloka: Sirina B = 12 m, visina H = 80 m,
osno rastojanje izmedju bocnih utovarnih
komora | = 12 m. Za ovako izabrane
parametre dobijeni su i najbolji pokazatelji
metode otkopavanja i oni iznose: K; =0,90;
K=0,10,
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Da bi se ostvarila ovakva iskori$¢enja,
neophodno je pridrzavati se rezima utovara
iz utovarnih komora, odnosno treba utova-
rati iste ili priblizno iste koli¢ine rude iz svih
utovarnih komora iz kojih se wrsi utovar
rude.

U ispitivanjima kod varijante razmatrane
metode istakanje rude obavljano je iz dve i
tri utovarne komore. Medjusobni odnos
rezultata ukazuje da treba i¢i sa vecim
brojem utovarnih mesta. Na taj na¢in postizu
se bolji efekti odnosno dobijaju se veca
iskoris¢enja.
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Abstract

By adoption the first Law on Waste Management of the Republic of Serbia in 2009 (““Official Gazette
RS*, No. 36/09), the necessary preconditions for introduction the order into the subject area were cre-
ated. The Law on Waste Management was amended in 2010 (“Official Gazette RS*, No. 88/2010). Ac-
cording to the guidelines of the amended Law on Waste Management, the Government of the Republic
of Serbia has adopted the Regulation on disposal of hazardous waste on landfills (““Official Gazette
RS*, No. 92/2010). The Government has defined with this Law, for the first time, three categories of
waste disposal and all parameters necessary for selection appropriate location, design and monitoring
of future waste disposal. The Government regulation on landfills represents a harmonization of domes-
tic legislation with the European Union in the field of environmental protection and waste management
and with actual Directive 1993/31/EU.

Keywords: Regulation 92/2010, hazardous waste

INTRODUCTION

Disposal of waste on landfill provides
and ensures the conditions to prevent or
reduce as far as possible negative effects
on the environment, in particular the pol-
lution of surface water, groundwater, soil
and air, and on the global environment,
including the greenhouse effect. In order
to avoid these negative effects, the aim is
the harmonization of the national legisla-
tion of the Republic of Serbia in the field
of air quality, water, waste and industrial
pollution with the EU acquis, which
makes a significant progress in this area.

The environmental field, in addition, is
the most voluminous and constantly in de-
velopment, so that under the appropriate

“ Mining and Metallurgy Institute, Bor

legal regulation in this area, the volume of
EU legislation is constantly increased, what
requires the constant monitoring of devel-
opment the EU legislation regarding to
comply with the national regulations. In the
NPI document (National Program for Inte-
gration), this area is divided into the follow-
ing chapters: horizontal legislation, air quali-
ty and climate changes, waste management,
water protection and management, nature
protection, chemicals, industrial pollution
control and risk management, genetically
modified organisms, noise protection, forest-
ry and civil protection.

Since 1992, a selection of site and reg-
ulation of waste landfills in Serbia have

“ This work is the result of the Project TR: 37001: Impact of Mining Waste from RTB to Pollution of
Waterways with a Proposal of Measures and Actions to Reduce Harmful Effects on the Environment,
funded by the Ministry of Education, Science and Technological Development of the Republic of Ser-

bia.
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been carried out according to the Rule-
book on criteria for determining the loca-
tion and regulation of waste landfills from
1992 (“Official Gazette RS”, No. 54/92).
In accordance with this Rulebook, the
general definition of landfill is: a landfill
of waste is the sanitary technical land-
scaped area where the solid waste is dis-
posed as waste material generated in the
public areas, households, production pro-
cess or work, traffic or use, and which has
no properties of hazardous substances and
cannot be processed or rationally use as
industrial raw material or energy fuel.
This Rulebook classifies all types of waste
in one category, so the same rules and
methodologies are used in designing the
future municipal and industrial landfills.
Adoption the Law on Waste Manage-
ment (“Official Gazette RS”, No. 36/09)
has provided the legal framework for es-
tablishment the integrated waste manage-
ment system. A completion of all by-laws
would be expected in the next periods that
will completely regulate the waste man-
agement system (various rules and regula-
tions). One of this regulation is the Regu-
lation on disposal of hazardous waste
(“Official Gazette RS”, No. 92/2010)
which is in accordance with the European
Union Directive on the Landfills of Waste,
No. 1999/31/EC. This Regulation shall
prescribe more closely the conditions and
criteria for determining the location, tech-
nical and technological conditions for
designing, construction and operation of
waste landfills, types of waste whose dis-
posal on the landfill is prohibited, quantity
of biodegradable waste that can be dis-
posed, criteria and procedures for ac-
ceptance and non-acceptance, i.e. disposal
of waste on landfill, method and proce-
dures of operation, contents and monitor-
ing of landfill operation as well as subse-
quently maintenance upon closure of land-
fill. This is particularly important because
the landfill in accordance with the Rule-
book from 1992 is designed as a water-
tight with the coefficient of terrain perme-
ability on which the landfill is built of at

least: k= 0.00001 m/s (k=10° cm/s), or the
coefficient in meters is: k= 0.0000001 m/s
(k=107 m/s). This coefficient is insuffi-
cient because it does not satisfactorily
prevent pollution of groundwater and sur-
face water due to the uncontrolled move-
ment of leachate from the landfill into the
surrounding space, but by the adoption of
new Regulation, a demand for water re-
sistance has been considerably tightened.

The problem of hazardous industrial
waste is in its improper storage that does
not comply with the law as well as the
lack of systemic solution to this problem.
Partial solution is in export of hazardous
waste for permanent disposal in other
countries, which accounts for only 6%.
The Republic Government has adopted, in
December 2008 the Conclusion on con-
struction the facilities for physical-
chemical treatment of hazardous wastes,
and in June 2009, the Conclusion on tem-
porary storage the hazardous waste of
unknown owner. Separation of compo-
nents that can be recycled from waste is
also regulated by the law. Development of
recycling industry in Serbia, with the sup-
port of the ministry, creates the conditions
for opening the new job positions in the
new industry. Incineration of waste with
the energy evaluation does not exist at this
moment, because there are no facilities for
waste incineration. A part of waste, pre-
sented by the waste tires, has started to be
used as the energy resource/substitutes in
the cement factories in Serbia.

LEGISLATION OF EU AND SERBIA
ON DISPOSAL OF HAZARDOUS
WASTE AT THE LANDFILLS WITH
AVIEW TO THE DANGEROUS
MINING WASTE

The Law on Waste Management (“Of-
ficial Gazette RS“, No. 36/09 and
88/2010) has provided the legal frame-
work for establishment the integrated
waste management system. In the frame of
integrated system, the permanent and safe
disposal of waste takes very important or
the most important place.
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European Union Directive on the
Landfills of Waste, No. 1999/31/EC

When the EU legislation concerning the
disposal of different types of waste on land-
fills is in question, it is officially regulated
since 1999 by the Landfill Directive No.
1999/31/EC. The Landfill Directive is bin-
ding to all member states of the European
Union and the countries that are candidates
or in future pretend to join the EU. This Di-
rective defines the three basic types of land-
fills for inert, non-hazardous and hazardous
waste.

All necessary parameters are individual-
ly defined for every landfill, relevant to the
selection of appropriate locations for future
landfill during its construction, operation
and after termination the exploitation of
landfill and its closure and remediation. Dur-
ing the life of the construction, operation and
post-operation of the landfill, the appropri-
ate auscultation works - monitoring of land-
fill are defined. Continuous monitoring and
monitoring of the landfill is very important
because as a rule, all landfills, particularly
the hazardous waste landfill, are large poten-
tial causes of pollution to all environmental
factors (air, water and earth). Timely reac-
ting and well/timed detection of irregulari-
ties in the work and exploitation of landfills,
can prevent occurence of accident situations
which are usually large scale, with unfore-
seeable consequences.

Regulation of the Government of
RS on disposal of hazardous waste (,,Of-
ficial Gazette RS*, No. 92/2010).

Thanks to the legal framework estab-
lished by the Act on Waste Management
2009 and its first amendment 2010, the
Government of RS in 2010 has adopted the
Decree on the disposal of waste at landfills
(" Official Gazette of RS", No. 92/2010).
This Decree of the Government of RS, in
fact, represents the harmonization of nation-
al legislation with the European and EU
Directive on the landfill No. 1999/31/EC. In
practice, the domestic regulation of landfills
(92/2010) is mostly translated into the EU

Directive on landfills (1999/31/EC) with
some minor amendments.

With Regulation on disposal of hazard-
ous waste of the Government of the Repub-
lic of Serbia (as like in the European Union
Directive), the landfill has been classified for
the first time into three types of landfills
instead of one type that was previously pre-
sent. The basic types of landfill are:

- landfills for inert waste,

- landfills for non-hazardous waste,

and

- landfills for hazardous waste.

Landfills for hazardous waste are ob-
jects used for disposal of waste, which are,
according to their characteristics (at least
one or more features), hazardous waste,
according to the Rulebook on categories,
controling and classification of waste
(“Official Gazette RS”, No. 56/10).

Mining waste disposal

The current Law on Waste Manage-
ment in its Article 4 defines several types
of waste to which the law does not apply.
Paragraph 6 of Article 4 states that the
provisions of the Act do not apply to:

- “waste generated from mining explo-
ration, excavation, processing and sto-
rage of mineral resources and over-
burden from mines and quarries*.

According to definition of the current
law on waste management, the overburden
is excluded from its application. Project TR
37001, financed by the Ministry of Educa-
tion, Science and Technological Develop-
ment of the Republic of Serbia, has provided
recycling of flotation tailings from the old
flotation tailing dump to the aim of recovery
the useful components contained in this tail-
ings. Copper, as a useful component, recov-
ered from flotation tailings by hydrometal-
lurgical processes, after which the acid
waste material remains that should be per-
manently and safely disposed on landfill.
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For the purpose of classification the
waste obtained after leaching, the acid waste
is subjected to the standard leaching test
SRPS EN 12457-2. The study obtained by
elution is according to the Rulebook on
categories, controling and classification of
waste (“Official Gazette RS”, No. 56/10).
According to this Rulebook, the waste
material after leaching can be stored on
hazardous waste landfill.

GENERAL REQUIREMENTS OF
LANDFILL FOR HAZARDOUS WASTE

With regulation on disposal of hazard-
ous waste (“Official Gazette RS”, No.
92/2010), the important parameters are
more precisely determined for defining the
location of hazardous waste disposal, pre-
cise guidelines for design and construction

of this type of landfill are given, especial-
ly technical and technological conditions,
content and method of monitoring and
maintenance the landfill after closure.

Landfill is located, as a rule, in shel-
tered coves of side relief, the former land
borrow pits and flat terrains that are with-
out current and stagnant water. Steep ter-
rain with a slope of 25% may be used for
landfills with adequate application of ap-
propriate technical measures (planning,
sidewise support, supporting, etc.). The
landfill cannot be located on very cracked
rocky substrate, with high water permea-
bility and undefined movement directions
of groundwater in the area affected by
sliding, collapse, subsidence or other earth
moving mass, if such phenomena cannot
be prevented by technical measures.

o wells for extraction of leachate

antipunching geotextile
geogrid or geotextile draining

_—::_Z-J:ZZZ:::/:/??: -

geomembrane

draining layer

antipunching geotextile

BOTTOM

Figure 1 Atypical cross section of the hazardous waste landfill

On the landfill, base and side are regu-
lated; the lateral sides that will ensure the
stability of the landfills provide sealing and
waterproofing, which together with a system
for admission and disposal of leachate pre-
vent its penetration into the subsoil landfills.
The landfill base and side shall consist of a
mineral layer which satisfies permeability
and thickness requirements with a combined
effect in terms of protection of soil, ground-
water and surface water at least equivalent to
K<1,0x10° m/s and thickness > 5 m.

When the geological barrier does not
naturally meet the above conditions, it can
be completed artificially and reinforced by
others means giving equivalent protection.
An artificially established geological bar-
rier should be no less than 0.5 m thick.

In addition to the geological barrier de-
scribed above, the leachate collection and
sealing system must be added in accordance
with the following principles as to ensure
that leachate accumulation at the base of the
landfill is kept to minimum:

Table 1 Leachate collection and bottom sealing

Sealing and drainage of waste landfill bottom

For hazardous waste

Avtificial sealing liner (geomembrane)

required

Drainage layer >0.5 m

required

No. 3, 2013

116

Mining & Metallurgy Engineering Bor



The other methods and techniques can
be used for sealing of landfill base and

sides, if the requirements in Table 1 are
provided.

Draining layer —s

Geomembrane

Compacted clay

S05m!

>5m

Figure 2 Detail “A” - Sealing/drainage structure of bottom and slopes

Project of drainage layer, drainage pipes
and drainage channels shall be made on cal-
culation the water balance in order to enable
system operation of drainage and treatment
of leachate, operation control and mainte-
nance of the landfill. On the landfill of haz-
ardous waste, it is necessary to provide a
separate system for collection and drainage
of leachate through the drainage layer in
which drainage pipes are placed for transfer-
ring to designed system and treatment. Pene-
tration of waste into the drainage system is
prevented with appropriate technical solu

tions. For the maintenance and control of
drainage pipes for collecting leachate, it is
necessary to built up the sufficient number
of shafts, which must be stable and rely on
subsoil. For temporary retention of leachate,
which is collected from the landfill body;, it
is necessary to set up a collecting shaft,
which is resistant to the chemical influences.

After completion the period of exploi-
tation, the landfill will be closed to further
disposal formation a coverage layer,
which meets the following technical con-
ditions:

Table 2 Required measures for designing a coverage layer of hazardous waste landfill

Required measures for designing a coverage layer

Landfill category
For hazardous waste

Artificial sealing liner required
Impermeable mineral layer >0.5 m required
Top soil cover>0.5 m required

For the layer of remediation (top soil
cover), the waste, made by other biological
treatment technologies, can be also used

with satisfying limit values of parameters for
waste disposal.

Vegetation

Vegetation soil

low-permeability soil layer

Geomembrane with layer
of antipunching geotextile

Compacted clay

Waste

>0.5m'>0.5m

>0.5m

Figure 3 Detail “B” - Design of coverage layer
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After closure the landfill and until its
decay, the operator takes measures relat-
ing to the maintenance, supervision, con-
trol and monitoring of landfills, in accord-
ance with this Regulation and the Law.

CONCLUSION

By adoption the Law on Waste Man-
agement of the Republic of Serbia in 2009
and its amendment in 2010, the legal
framework was provided for establish-
ment the integrated waste management
system in Republic of Serbia.

As a part of an integrated waste man-
agement system, the permanent and safe
disposal of waste to landfill takes an im-
portant place, or the most important one.
In order to synchronize the national legis-
lation with the European and EU Di-
rective, the Government of the Republic
of Serbia 2010 has adopted the Decree on
the disposal of waste at landfills. In prac-
tice, the domestic regulation of landfills
(92/2010) is mostly translated into EU
Directive on landfills (1999/31/EC) with
some minor amendments. With the Regu-
lation on disposal of hazardous waste of
the the Government of the Republic of
Serbia (as like in the European Union Di-
rective), the landfill has been classified for
the first time into three types of landfills
instead of one type that was previously
present. The basic types of landfill are:

- landfills for inert waste,

- landfills for non-hazardous waste,

and

- landfills for hazardous waste.

The waste generated from mining explo-
ration, excavation, processing and storage of
mineral resources, as well as the waste rock
from mines and quarries is excluded from
the current Law on waste management. This
means that the flotation tailings, which was
disposed at the Old Bor Flotation Tailing
Dump are excluded from the above laws, but
if the same flotation tailings is subjected to
the recycling process in order to recover the
remaining useful components, the law can
be applied. Copper, as a useful component,
recovered from flotation tailings by hydro

metallurgical processes, after which the acid
waste material remains that should be per-
manently and safely disposed on landfill.

For the purpose of classification the
waste obtained after leaching, the acid waste
is subjected to the standard leaching test
SRPS EN 12457-2. The study obtained by
elution is according to the Rulebook on
categories, controling and classification of
waste (“Official Gazette RS”, No. 56/10).
According to this Rulebook, the waste
material after leaching can be stored on
hazardous waste landfill.

As there are no constructed landfills
for hazardous waste in the Republic of
Serbia, in order to better introduce them,
their basic characteristics and structural
elements are shown, according to the
Regulation on disposal of hazardous waste
(“Official Gazette RS”, No. 92/2010) and
European Union Directive on the Landfill
of Waste 1999/31/EC.
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DEPONOVANJE OPASNOG OTPADA 1Z RUDARSTVA -
AKTUELNA ZAKONSKA REGULATIVA EU | SRBIJE™

lzvod

Usvajanjem prvog Zakona o Upravljanju otpadom Republike Srbije 2009. godine ("SI. glasnik RS",
broj 36/09), stvoreni su neophodni preduslovi za uvodenje reda u predmetnoj oblasti. Zakon o
Upravljanju otpadom je dopunjen 2010. godine ("SI. glasnik RS", br. 88/2010). U skladu sa smernicama
dopunjenog Zakona o Upravljanju otpadom Vlada RS 2010. godine donosi Uredbu o odlaganju otpada
na deponije ("SI. glasnik RS", br. 92/2010). Ovom uredbom Vlade definiSu se po prvi put tri kategorije
deponija kao i svi parametri neophodni za izbor odgovarajuce lokacije, projektovanje i monitoring
buduce deponije otpada. Uredba Viade o deponijama predstavija usaglasavanje domace zakonske

regulative sa regulativom EU i njenom aktuelnom Direktivom o deponijama br. 1999/31/EC.
Kljuéne reci: Uredba o deponijama br. 92/2010, opasan otpad

uvoD

Odlaganjem otpada na  deponiju
obezbeduju se 1 osiguravaju uslovi za
speCavanje i smanjenje Stetnih uticaja na
zdravlje ljudi i Zivotnu sredinu u toku celog
Zivotnog ciklusa deponije, posebno zaga-
denja povrsinskih i podzemnih voda, zemlje
i vazduha, ukljucuju¢i i efekat staklene
baste. Kako bi se ovi Stetni uticaji sprecili,
teZi se usaglaSavanju nacionalnog zakono-
davstva Republike Srbije iz oblasti kvaliteta
vazduha, voda, otpada i industrijskog
zagadenja sa pravnim tekovinama EU, koja
je u ovoj oblasti dosta napredovala. Oblast
Zivotne sredine osim $to je najobimnija u
stalnom je razvoju, pa se shodno potrebi
pravnog regulisanja ove oblasti, obim EU
propisa konstantno poveceva, Sto zahteva
stalno pracenje razvoja EU zakonodavstva
radi usaglasavanja sa doma¢im propisima. U
NPl dokumentu (Nacionalni program za

“ Institut za rudarstvo i metalurgiju Bor

integraciju), ova oblast je podeljena na
slede¢a poglavlja: horizontalno zakonodav-
stvo, kvalitet vazduha i klimatske promene,
upravljanje otpadom, zaStita i upravljanje
vodama, zastita prirode, hemikalije, kontrola
industrijskog zagadenja i upravljanje rizi-
kom, geneticki modifikovani organizmi,
zaStita od buke, Sumarstvo i civilna zastita.
Od 1992. godine izbor lokacije i ure-
denje deponija otpadnog materijala se u
Srbiji vrio prema Pravilniku o kriteriju-
mima za odredivanje lokacije i uredenje
deponija otpadnih materijala iz 1992. godine
("SI. glasnik RS", br. 54/92). U skladu sa
navedenim Pravilnikom opsta definicija
deponije je: deponija otpadnih materija jeste
sanitarno-tehnicki ureden prostor na kome
se odlaze cvrst otpad koji kao otpadni
materijal nastaje na javnim povrSinama, u
domacinstvima, u procesu proizvodnje

™ 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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odnosno rada, u prometu ili upotrebi, a koji
nema svojstva opasnih materija i ne moze se
preradivati, odnosno racionalno koristiti
kao industrijska sirovina ili energetsko
gorivo. Ovaj pravilnik sve otpade svrstava u
jednu kategoriju, tako da se za projektovanje
budué¢ih komunalnih i industrijskih deponija
koriste ista pravila i metodologija.
Usvajanjem Zakona o upravljanju
otpadom ("Sl. glasnik RS", broj 36/09 i
88/2010) obezbeden je pravni okvir za
uspostavljanje integralnog sistema upravlja-
nja otpadom. U narednom periodu treba oce-
kivati zavrSetak svih podzakonskih akata
koji ¢e u potpunosti urediti sistem upravlja-
nja otpadom (razni pravilnici i uredbe). Je-
dna od tih uredbi je i Uredba o odlaganju
otpada na deponije ("SI. glasnik RS", broj
92/2010) koja je u skladu sa Direktivom
Saveta EU o0 deponijama otpada br.
1999/31/EC. Ovom uredbom se blize propi-
swyju uslovi 1 kriterijumi za odredivanje
lokacije, tehnicki i tehnoloski uslovi za
projektovanje, izgradnju i rad deponija
otpada, vrste otpada ¢ije je odlaganje na
deponiji zabranjeno, koli¢ine biorazgradivog
otpada koje se mogu odloZiti, kriterijumi i
procedure za prihvatanje ili neprihvatanje,
odnosno odlaganje otpada na deponiju,
nacin i procedure rada i zatvaranja deponije,
sadrzaj i nacin monitoringa rada deponije,
kao i naknadnog odrZavanja posle zatvaranja
deponije. Ovo je posebno bitno iz razloga
Sto se deponije u skladu sa pravilnikom iz
1992. godine projektuju kao vodonepro-
pusne sa koeficijentom propustljivosti terena
na kome se deponija izgraduje od najmanje:
k= 0,00001 m/s (k=10°cm/s), odnosno u
metrima koeficijenat iznosi: k= 0,0000001
m/s (k=107 m/s). Ovaj koeficijenat je
nedovoljan jer ne spreava na zadovolja-
vajuéi nacin zagadenje podzemnih i
povrSinskih voda usled nekontrolisanog
kretanja procednih voda iz deponije u okolni
prostor, a donoSenjem nove uredbe zahtev
za vodonepropusnost je znatno poostren.
Problem opashog industrijskog otpada, a
tu spada i otpad iz rudnika, je u njegovom
nepropisnom skladistenju koji nije u skladu

sa zakonom, kao i nepostojanje sistemskog
reSenja za taj problem. Delimi¢no reSenje je
izvoz opasnog otpada na trajno zbrinjavanje
u drugim zemljama koji je zastupljen sa
svega 6%. Republicka vlada je u decembru
2008. usvojila Zakljucak o izgradnji postro-
jenja za fizi¢ko-hemijski tretman opasnog
otpada, a u junu 2009. Zaklju¢ak o privre-
menom skladiStenju opasnog otpada nepo-
znatog vlasnika. lzdvajanje komponenti koje
se mogu reciklirati iz otpada je takode
uredeno zakonom. Razvojem reciklazne
industrije u Srbiji uz podrsku ministarstva
stvaraju se uslovi za otvaranje novih radnih
mesta u novoj industrijskoj grani. Spalji-
vanje otpada u Srbiji uz energetsku valoriza-
ciju u ovom trenutku ne postoji, jer ne
postoje pogoni za insineraciju (spaljivanje )
otpada. Deo otpada koje predstavljaju
otpadne gume je poceo da se koristi kao
energetski resurs/supstituenat u cementa-
rama u Srhiji.

ZAKONSKA REGULATIVAEU I
SRBIJE O ODLAGANJU OTPADA
NA DEPONIJE SA OSVRTOM NA
OPASAN RUDNICKI OTPAD

Zakon o upravljanju otpadom ("SI
glasnik RS", broj 36/09 i 88/2010) je
obezbedio pravni okvir za uspostavljanje
integralnog sistema upravljanja otpadom. U
okviru integralnog sistema trajno i sigurno
zbrinjavanje otpada zauzima veoma vazno
ako ne i najvaznije mesto.

Direktiva EU o deponijama 1999/31/EC

Kada je u pitanju zakonska regulativa
EU koja se odnosi na odlaganje razlicitih
vrsta otpada na deponijama ona je od 1999
godine zvani¢no uredena Direktivom o
deponijama br. 1999/31/EC. Direktiva o
deponijama je obavezujuca za sve drZave
Clanice Evropske unije kao i za drzave koji
su kandidati ili u buduénosti pretenduju na
¢lanstvo u EU. Ovom direktivom se definisu
tri osnovna tipa deponija za inertan,
neopasan i opasan otpad.
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Za svaku deponiju pojedinaéno su
definisani svi neophodni parametri bitni
kako za izbor adekvatne lokacije za buducu
deponiju, tokom njene izgradnje, eksploa-
tacije kao i po prestanku eksploatacije
deponije, njenom zatvaranju i rekultivaciji.
Tokom celog Zivotnog veka izgradnije,
eksploatacije i post-eksploatacije deponije
definisani su i1 odgovarajuéi oskultacioni
radovi - monitoring deponije. Kontinualno
pracenje 1 monitoring deponije je veoma
bitan jer su po pravilu sve deponije a
naroCito deponije opasnog otpada, veliki
potencijalni zagadivaci svih €inilaca Zivotne
sredine (vazduh, voda i zemlja). Pravovre-
meno reagovanje i blagovremeno uocavanje
svih nepravilnosti u radu i eksploataciji
deponije, moze spreciti nastanak akcidentnih
stuacija koje su po pravilu Sirih razmera sa
nesagledivim posledicama.

Uredba Vlade RS o odlaganju otpada na
deponije ("'SI. glasnik RS", br. 92/2010)

Zahvaljujuéi pravnom okviru koji je
uspostavljen dono3enjem Zakona o uprav-
ljanju otpadom 2009 godine kao i njegovom
prvom dopunom 2010 godine, Vlada RS
2010 godine donosi Uredbu o odlaganju
otpada na deponije ("SI. glasnik RS", br.
92/2010). Ova uredba Vlade RS u stvari
predstavlja usaglasavanje domaceg zakono-
davstva sa evropskim, odnosno usaglaSa-
vanje sa EU direktivom o deponijama br.
1999/31/EC. U praksi domaca uredba o
deponijama (92/2010) predstavlja u najvecoj
meri prevedenu Direktivu EU o deponijama
(1999/31/EC) sa nekim manjim dopunama.

Uredbom Vlade RS o deponijama se
(kao i u direktivi EU) po prvi put definisu tri
osnovna tipa deponija umesto jednog koji je
ranije postojao. Osnovni tipovi deponija su:

- deponije za inertan otpad,

- deponije za neopasan otpad i

- deponije za opasan otpad.

Deponije opasnog otpada predstavijaju
objekte na kojima se odlaZe otpad koji po
svojim Karakteristikama (najmanje jedna ili
viSe karakteristika) predstavljaju opasan

otpad, prema Pravilniku o Kkategorijama,
ispitivanju i klasifikaciji otpada ("SI. glasnik
RS", br. 56/10).

Odlaganje rudnickog otpada

Aktuelni Zakon o upravljanju otpadom u
svom ¢lanu 4 definiSe viSe vrsta otpada na
koje se zakon ne primenjuje. U tacki 6 ¢lana 4
pise da se odredbe zakona ne primenjuju i na:

- "Otpad iz rudarstva koji nastaje istra-
Zivanjem, iskopavanjem, preradom i
skladiStenjem mineralnih sirovina, kao
i jalovina iz rudnika i kamenoloma".

Prema definiciji aktuelnog zakona o
upravljanju otpadom flotacijska jalovina je
izuzeta od njegove primene. Projektom TR
37001 finansiranog od strane Ministarstva za
nauku i tehnolodki razvoj planom i progra-
mom je predvideno recikliranje flotacijske
jalovine iz starog flotacijskog jalovista, u
cilju valorizacije korisnih komponenti koju
ova jalovina sadrZi. Bakar kao korisna
komponenta se iz flotacijske jalovine
valorizuje hidrometalurSkim putem. Nakon
izdvajanja bakra preostaje otpadni materijal
veoma Kkiselog karaktera koji je potrebno
trajno zbrinuti na odgovarajucoj deponiji.

U cilju definisanja i karakterizacije
otpada dobijenog nakon luZenja, kiseli otpad
je podvrgnut standardnom testu luZivosti
SRPS EN 12457-2. Nakon luZenja izvrieno
je ispitivanje eluata u skladu sa Pravilnikom
0 kategorijama, ispitivanju i Klasifikaciji
otpada ("SI. glasnik RS", br. 56/10). Prema
navedenom pravilniku otpadni materijal
nakon luZenja je svrstan u Kategoriju
opasnog otpada i moZe se skladirati na
deponiju opasnog otpada.

OSNOVNE KARAKTERISTIKE
DEPONIJE OPASNOG OTPADA

Uredbom o odlaganju otpada na depo-
nije ("SI. glasnik RS", br. 92/2010) blize se
odreduju parametri vazni pri definisanju
lokacije deponije opashog otpada, daju se
precizne smernice za projektovanje i izgra-
dnju ovog tipa deponije, posebno tehnicki i
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tehnoloski uslovi, sadrzaj i na¢in monito-
ringa rada deponije i odrzavanje posle
zatvaranja.

Deponija se locira, po pravilu, u uvalama
zaklonjenim bo¢nim reljefom, biv§im pozaj-
mistima zemlje i ravnim terenima koji su
bez tekuéih i stagnirajuc¢ih voda. Strmi tereni
sa nagibom preko 25% mogu se koristiti za
deponije uz primenu adekvatnih tehnickih

mera (planiranje, Skarpiranje, podgradivanje
i dr.). Deponija se ne moZze locirati na terenu
sa jako ispucalom stenovitom podlogom sa
visokom vodopropustljivoséu i nedefinisa-
nim pravcima kretanja podzemnih voda i na
podru¢ju ugrozenom klizanjem, urusava-
njem, sleganjem tla ili drugim pomeranjem
zemljine mase, ukoliko se takva pojava ne
moze spreciti tehnickim merama.

bunari za evakuaciju procednih voda
/

geotekstilni zastitni sloj od probijanja

ili drenazni geotekstil [ -

geomembrana

DEPONIJSKO DNO

SI. 1. Tipican presek kroz deponiju opasnog otpada

Na deponiji se ureduje deponijsko dno i
nagibi, tj. bofne strane na nacin koji ce
osigurati stabilnost deponije, obezbediti
zaptivanje, odnosnho vodonepropushost koja
zajedno sa sistemom za prijem i odvodenje
procedne vode sprecava njeno prodiranje u
podtlo deponije. Dno i boc¢ne strane tela
deponije opasnhog otpada treba da se sastoje
od prirodne geolo3ke barijere koja zadovo-
ljava zahteve u vezi propustljivosti i debljine
sa kombinovanim dejstvom u smislu zastite
tla, podzemnih i powrSinskih voda od
K<1,0x10° m/sisa debljinom sloja>5m.

Kada prirodna geoloska barijera ne
zadovoljava propisane vrednosti, ona se
obezbeduje oblaganjem deponijskog dna
sintetickim materijalima ili  prirodnim
mineralnim tamponom Kkoji mora biti tako
konsolidovan da se dobije ekvivalentna
vrednost dna u smislu njegovih vodopro-
pusnih svojstava. Prirodni mineralni tampon
ne sme biti manji od 0,5 metara.

Na deponiji je potrebno obezbediti i
dodatnu zatitu dna deponije kako bi se
sprecila migracija procedne vode u podtlo
deponije i to na sledeci nacin:

Tabela 1. Zahtevani nivo zastite dna deponije za opasni otpad

Zaptivanje i drenaZa dna deponije

Za opasan otpad

Vestacka zaptivna obloga-folija (geomembrana)

zahteva se

Drenazni sloj >0.5 m

zahteva se

Za zaptivanje deponijskog dna i
bocnih strana deponije mogu se Koristiti i

druge metode i tehnike, ako obezbeduju
uslove iz Tabele 1.
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Sloj za drenazu —

So5m)

Geomembrana

Sabijena glina

>5m

Sl. 2. Detalj ““A” - Struktura zaptivanja/drenaZe dna i padine

Projekat drenaznog sloja, drenaznih cevi
i odvodnih kanala izraduje se na osnovu
proracuna bilansa voda kako bi se omo-
guéilo delovanje sistema za dreniranje i
precis¢avanje procedne vode, kontrola rada i
odrZavanje deponije. Na deponiji opasnog
otpada potrebno je obezbediti poseban
sistem za sakupljanje i odvodenja procedne
vode kroz drenaZni sloj u koji su poloZene
drenazne cevi za njeno odvodenje u projek-
tovani sistem za njen tretman. Prodiranje
otpada u drenazni sistem sprecava se odgo-
varaju¢im tehnickim reSenjima. Za odrza-

vanje i kontrolu drenaznih cevi za prikup-
ljanje procedne vode potrebno je da se
izgradi dovoljan broj 3ahtova, koji moraju
biti stabilni i oslonjeni na podtlo. Za privre-
meno zadrZavanje procedne vode koja se
prikupi iz tela deponije potrebno je postaviti
i sabirni Saht, koji je otporan na hemijske
uticaje.

Nakon zavrSenog perioda eksploata-
cije, deponija se zatvara za dalje odlaganje
formiranjem gornjeg prekrivnog sloja koji
ispunjava sledec¢e tehnicko-tehnoloske
uslove:

Tabela 2. Zahtevane mere pri formiranju gornjeg prekrivnog sloja deponije za opasan otpad

prekrivnog sloja

Primenjene mere u smislu formiranja gornjeg

Klasa deponije
Za opasan otpad

Vestacka vodonepropusna obloga-folija zahteva se
Nepropusni mineralni sloj >0.5 m zahteva se
Sloj za rekultivaciju>0.5 m zahteva se

Za sloj za rekultivaciju moZe se koristiti i
otpad dobijen drugim tehnologijama biolo-
Skog tretmana, koji po sastavu zadovoljava

grani¢ne vrednosti parametara za odlaganje
otpada.

Sloj za rekultivaciju

Nepropusni mineralni sloj

Geomembrana sa slojem
geotekstila za
zastitu od probijanja

Sabijena glina

Vegetacija
Ly o) o
5
R
£
n
R
£
n
R

Sl. 3. Detalj “B” - Projektovanje prekrivnog sloja
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Nakon zatvaranja deponije sve do nje-
nog odumiranja operater na deponiji predu-
zima mere koje se odnose na odrzavanje,
nadzor, kontrolu i monitoring prostora depo-
nije, u skladu sa ovom uredbom i Zakonom.

ZAKLJUCAK

Usvajanjem Zakona o upravljanju
otpadom 2009. godine i njegovom dopunom
2010. godine stvoren je pravni okvir za
postepeno uspostavljanje integralnog siste-
ma upravljanja otpadom u R. Srhiji.

U okviru integralnog sistema upravljanja
otpadom veoma vaZno mesto, ako ne i
najvaznije zauzima trajno i sigurno zbrinja-
vanje otpada na deponiji. U cilju sinhroniza-
cije domace zakonske regulative sa regula-
tivom EU, Vlada Republike Srbije 2010.
godine donosi Uredbu o odlaganju otpada na
deponiji ("SI. glasnik RS", br. 92/2010). Ova
uredba Vlade RS se prakti¢no veoma malo
razlikuje od Direktive EU o deponijama
1999/31/EC. Uredbom se po prvi put uvodi
klasifikacija deponija pri ¢emu su sve depo-
nije podeljene u tri osnovne Kategorije i to:

- deponije inertnog otpada,

- deponije neopasnog otpada i

- deponije opasnog otpada.

Otpad iz rudarstva koji nastaje istraZi-
vanjem, iskopavanjem, preradom i skladiste-
njem mineralnih sirovina, kao i jalovina iz
rudnika i kamenoloma je izuzet iz vazeceg
Zakona o upravljanju otpadom. To znaéi da
je flotacijska jalovina koja je odloZena na
starom Borskom flotacijskom jalovistu izu-
zeta iz navedenog zakona, medutim ukoliko
se ista flotacijska jalovina podvrgne proce-
sima reciklaze u cilju valorizacije preostalih
korisnih komponenti, zakon se moze prime-
niti. Bakar kao korisna komponenta se iz
flotacijske jalovine izdvaja hidrometalur-
Skim putem nakon Cega preostaje kiseli
otpadni materijal koji treba trajno i sigurno
zbrinuti na deponiji.

U cilju Klasifikacije otpada dobijenog
nakon luZenja, kiseli otpad je podvrgnut
standardnom testu luZivosti SRPS EN
12457-2. Ispitivanjem dobijenog eluata
prema Pravilniku o kategorijama, ispitivanju
i klasifikaciji otpada ("SI. glasnik RS", br.
56/10), otpadni materijal nakon luZenja
moZe se skladirati na deponiju opasnog
otpada.

Kako u Srbiji ne postoje izgradene
deponije za odlaganje opasnog otpada, u
cilju boljeg upoznavanja sa njima prikazane
su njihove osnovne Kkarakteristike i konstru-
ktivni elementi, saglasno Uredbi Vlade o
deponijama ("SI. glasnik RS", br. 92/2010) i
Direktivi EU o deponijama 1999/31/EC.
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DEFINING OF MODEL FOR DETERMINING
THE SERVICE LIFE OF HOISTING ROPES IN MINING™

Abstract

The aim of this paper is to create an adequate model of relationship between the tensile strength and
tearing force of the rope and its exploitation time. Analyzing the obtained laboratory data a mathemati-
cal model is chosen in order to achieve a good agreement with data. Using this model, it is possible to

compute (approximately) the values of average tensile strength Rand tearing forces sum F of the rope
at arbitrary time moment t. Consequently, the values of these parameters can be predicted in the given

time interval, as well as the exploitation time of rope.

Keywords: average tensile strength, tearing forces sum, exploitation time of rope

1 INTRODUCTION

The service life of steel hoisting ropes is
defined by complex conditions of mechani-
cal and corrosive wear prevailing in a mine
shaft. Mechanical wear is the result of static
and dynamic stress affecting the rope during
its service life (tensile strain, bending, tor-
sion and other). Corrosive wear is the result
of specific working conditions prevailing in
a mine shaft, such as: acid mining water
with pH<4, aggressive mining gases (oxy-
gen, carbon dioxide, hydrogen sulfide and
other), airborne dust, high humidity, high
temperature, absence of daylight, etc.

During service life of the rope, there are
changes at the rope itself, demonstrated by
occurrence of broken wires and reduction of
cross-sectional area. The occurrence of bro-

ken wires occurs at the base due to the fa-
tigue of wire material, and less often due to
the effect of tensile forces onto reduced
cross-section. The reduction of cross-section
of the rope occurs as the result of mechani-
cal wear and due to the effect of corrosion.
Both factors, mechanical and corrosive
wear, may occur independently or together,
what depends on prevailing conditions in the
shaft, rope quality, lubrication and mainte-
nance quality, etc.

During service life, the rope is the
most exposed to stresses at the joint with
hoisting vessel due to the dynamic stresses
born by the rope at the beginning of drive,
as well as due to the abrupt change in ve-
locity. Therefore, every 5 to 6 months (as
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provided by the Mining regulations), piec-
es of rope, with length of 1 to 2 m are cut
in this part of the rope for the purpose of
laboratory tests.

Some authors believe that the performed
laboratory tests on a part of the rope at the
joint with hoisting vessel cannot be taken as
absolute criterion for determination of rope
condition. Therefore, it is necessary to carry
out the additional "in situ” test along the
whole rope using the magnetic-inductive
method in order to establish the condition of
the whole rope and register changes, oc-
curred due to deterioration and wear of the
rope.

Taking all those above mentioned facts
into account, the authors of this paper have
proposed a mathematical model, which ena-
bles to predict a moment of reaching limit-
ing values of the average tensile strength R
and aggregate breaking force of the rope F,
and thereby to predict a service life of the
rope.

2 RESULTS OF LABORATORY TESTS
ON STEEL HOISTING ROPE

Steel hoisting ropes for the purposes of
mining are produced of high quality steel,

with nominal tensile strength of wire ma-
terial 1570 MPa or 1770 MPa, depending
on construction and rope type. At the
same time, those are also minimum tensile
strengths, up to which the strength of
wires is allowed to be reduced during ser-
vice life of the rope.

When carrying out the laboratory tests
of the rope, breaking force F,/Nj/ and
tensile strength of wire material R,,/MPa]
have to be established. Thereby, the ag-
gregate breaking force of the rope, as well
as the average tensile strength of wire ma-
terial has to be calculated. Based on the
results obtained, the evaluation on further
usability of the rope, pursuant to the SRPS
C.H1.030 Standard and the Rulebook on
Technical Standards for Transportation of
People and Material through the Mine
Shaft, has to be given.

In order to evaluate the quality of wire
material as well as the whole rope, the
results of laboratory tests for the steel
hoisting rope, which was used for about
10 years, and is still in use, were taken
into consideration. During this period of
time, 9 laboratory tests (approximately
one test annually) were carried out. The
results of tests are given in Table 1. [1]

Table 1 Results of laboratory tests on hoisting rope

Aggregate breaking force of Average tensile
Test serial number the rope strength of wire mate-
TF [N] rial R [MPa]
1. (anew rope) 358786 1886.88
2. (I test) 352650 1864.38
3. (11 test) 351139 1860.25
4. (111 test) 357751 1886.05
5. (IV test) 357339 1879.95
6. (V test) 354144 1873.76
7. (VI test) 352847 1866.23
8. (VI test) 354180 1871.19
9.(VIII test) 352866 1861.40
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Steel hoisting rope that was examined,
with structure wj+6(9+9+1) Seale, has the
computationally obtained breaking force
Feomputationa=332390 N and nominal tensile
strength of wire material R,,=1770 MPa.

Pursuant to the SPRS C.H1.030 Stand-
ard and the Rulebook on Technical Stand-
ards for Transportation of People and Mate-
rial through the Mine Shaft, the rope has
satisfactory quality if the aggregate breaking
force of the rope, measured in a laboratory is
higher than the computational breaking force
of the rope (Fmeasured>Fcomputational) and if the
average tensile strength of wire material is
higher than the nominal tensile strength of
wires (ﬁ >Rp).

Analyzing the laboratory test results after
ten years of rope utilization in a mine shaft,
it was established that the measured values
of the aggregate breaking force of the rope
and average strength of wires are still slight-
ly higher than minimum prescribed values of
Feomputational @Nd Ry, so the rope may be used
in the mine for a brief period of time. Due to
small differences between measured and
allowed values, the service life of the rope is
at the very end, and therefore the rope must
be replaced by the new one.

3 MATHEMATICAL MODEL FOR
DETERMINING THE SERVICE
LIFE OF HOISTING ROPE

By testing the rope at specific time inter-
vals, the breaking force and tensile strength
are followed. Based on the obtained mea-
surement results, it is possible to find the

type of dependency between breaking force
and tensile strength and time. As breaking
force equals the product of tensile strength
and cross-sectional area, wherefrom follows
that the dependencies of the average break-
ing force F on average tensile strength R is
of the following type:

F=k-R

The value of k parameter is found in a
condition that the linear function F =k -R
approximate the most optimally the data
from Table 1 in the sense of method of the
smallest squares, and it amounts k=189.42.
Hence, it is

F =189.42R )

whereby the index of curvilinear dependen-
cy is pp =0.940383487, which means that
the dependency is "very strong".

Analyzing the obtained data, it can be
concluded that the best compliance with la-
boratory data for R depending on time was
given by a cubic regression model. [2], [4]

In order to apply the method of the
smallest squares for obtaining regression
model, we shall take the data from the Table
1 in such a way, that we shall consider the
first year of testing as zero and take into
account only the year in which the rope was
tested, and instead of average tensile
strength R we shall observe the variable
Z=R-R, where R =1872.233MPa is
arithmetic mean of the obtained average
strengths. In this way we obtain dependency
Z on tas shown in Table 2.

Table 2 Dependency of the variable Z on the time t

t 1 2.667 35 4.583 55 6.75 7.833 | 8.333 8.833
Z | 14.647 | -7.85 | -11.986 | 13.820 | 7.715 1.527 | -6.003 | -1.040 | -10.830
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Based on the data from Table 2, the fol-
lowing cubic regression model is obtained:

Z=46.75 - 40.69t + 8.95t* — 0.58t° (2)
whose graph is shown in Figure 1.

20.000 +

15.000

ro=0,86

10.000

5.000

0.000

—o—Zi

0.0
-5.000

—m— Z(ti)

-10.000

-15.000

-20.000 -

Figure 1 Curve of tensile strength dependency on time

Index of curvilinear dependency is
p,=0.86, which indicates that there is a
"strong" dependency among data from Table
2, which is expressed by equation (2). [3]

By applying equation (2), it is possible to
find the values of variable Z, i.e. values of
the average tensile strength R within the
arbitrary time moment t, and then by using
equation (1) to find the values of aggregate
breaking force F as well.

3.1 Verification the model on tested rope

The checkup of proposed mathematical
model was made on the steel hoisting rope,
which was in use for about 10 years, with
structure wj+6(9+9+1) Seale, with computa

tionally found breaking force Feomputationa=
=332390 N and nominal tensile strength of
wire material of R,,=1770 MPa.

By applying the proposed mathematical
model, the following indicators result:

If the time period of rope usage is t=9.5
years, it follows that it is Z=-29.345, i.e. the
average tensile strength of wires is R =
=1872.233-29.345=1842.887 MPa, and the
aggregate breaking force of the rope is
Faggreqate=349079.66 N.

For the time period of the rope usage of
t=10 years, it is obtained that it is Z=-45.15,
i.e. the average tensile strength of wires is
R =1872.233-45.15=1827.082 MPa, and the
aggregate breaking force of the rope is
Faggregate=346085.87 N.
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The obtained values are close to the
measured values in laboratory and they are
higher than minimum prescribed values
Feomputational @Nd Rm, which indicate that the
rope may be used further in the mine. By
this, the accuracy of the model and its con-
formity with the laboratory results and actual
condition on site are confirmed.

Accordingly, by the use of the proposed
model, the time moment t can be determined
when limiting values, allowed by the Stand-
ard and Mining Regulations, have to be
reached, which are: Feomputationa=332390 N
and R,,=1770 MPa.

Namely, for Feomputationa=332390 N from
equation (1), R =1754,78 MPa is obtained,
and then Z=-117.455; then from the equa-
tion (2),the time of the rope usage is ob-
tained that amounts t=11.47 years.

For R,=1770 MPa, firstly Z=-102.233,
is obtained and then from the equation (2),
the time of the rope usage is obtained that
amounts amounting t=11.21 years.

Predicted service life of the rope, ob-
tained by this model, amounts approximate-
ly 11 years, which corresponds to the actual
service life of the rope in the mine.

Based on the aforementioned statements,
it can be concluded that the service life of
rope in the mine can be predicted with con-
siderably large reliability using the proposed
model, and thereby the expensive laboratory
and field "in situ" tests on ropes can be
avoided.

4 CONCLUSION

The evaluation of the rope quality, based
on the results, obtained from laboratory tests
on a part of rope at its joint with hoisting
vessel was proved to be insufficient, which
is the reason why the periodical additional

field tests and controls of installed steel
ropes have to be carried out, in order to es-
tablish the resistivity condition of the whole
rope and changes, caused by deterioration
and wear of the rope. All of this complicate
and raise the costs of test procedure and
evaluation or quality of the steel hoisting
ropes.

The authors of this paper have proposed
a mathematical model, based on which it is
possible to predict the service life of used
rope with considerably large reliability and
to determine the moment of its replacement.

Analyzing the obtained data, it is con-
cluded that the best compliance with labora-
tory data for the average tensile strength R
depending on the time t, is given by the cu-
bic regression model, as shown by the fol-
lowing equation:

Z=46.75-40.69t + 8.95 —0.58¢  (2)

Applying the proposed model, it is pos-
sible to find the value of average tensile
strength R within the arbitrary time period
t, and then indirectly the value of aggregate
breaking force F as well and then, based on
them, to establish the service life of rope.
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DEFINISANJE MODELA ZA ODREDIVANJE RADNOG VEKA

IZVOZNIH UZADI U RUDARSTVU

lzvod

Fkk

Cilj ovog rada je da se napravi odgovarajuci matematicki model zavisnosti zatezne cvrstoce i sile
kidanja uZeta od vremena njegove eksploatacije. Analizom dobijenih laboratorijskih podataka bira se
matematicki model koji ima dobru saglasnost sa merenim podacima.

Koristec¢i ovaj model moguce je odrediti vrednosti prosecne zatezne cvrstoce R i zbire prekidne sile
uZeta F u proizvoljnom vremenskom monentu t, pa na osnovu njih prognozirati vek eksploatacije uZeta.
Kljucne redi: prosecna zatezna ¢vrstoca zica, zbirna prekidna sila uzeta, vek eksploatacije uzeta

1. UvOD

Radni vek celiénih izvoznih uZeta defi-
nisan je vrlo sloZzenim uslovima meha-
nickog i korozionog habanja koji vladaju u
oknu rudnika. Mehanicko habanje je
posledica stati¢kih i dinamickih naprezanja
koja deluju na uZe u toku njegove eksploa-
tacije (naprezanja na zatezanje, savijanje,
torziju i dr.). Koroziono habanje je posledica
specifi¢nih radnih uslova koji vliadaju u oknu
rudnika, kao Sto su: kisele rudnicke vode sa
pH<4, agresivni rudnicki gasovi (kiseonik,
ugljendioksid, sumporvodonik i dr.), lebdeca
pradina, visoka vlaZznost, poviSena tempe-
ratura, odsustvo dnevne svetlosti i dr.

U toku eksploatacije uZeta dolazi do
promena na samom uZzetu, koje se mani-
festuju pojavom prekinutih Zica i smanje-
njem povrsine poprecnog preseka. Pojava
prekinutih Zica javlja se u osnovi zbog
zamora materijala Zica, rede zbog dejstva
zateznih sila na oslabljeni presek. Smanjenje
popreénog preseka uZeta javlja se kao

posledica mehanic¢kog habanja i dejstva
korozije. Oba faktora, mehanic¢ko i koro-
ziono habanje, mogu se pojaviti samostalno
ili zajedno, to zavisi od uslova koji vladaju
u oknu, kvaliteta uZeta, kvaliteta podma-
zivanja i odrZzavanja i dr.

Za vreme rada uZe je najviSe izloZzeno
naprezanjima kod spoja sa izvoznim sudom,
zbog dinamickih naprezanja koje uze trpi pri
zapoCinjanju voznje, kao i usled nagle pro-
mene brzine kretanja. Zbog toga se svakih 5
do 6 meseci (kako predvidaju rudarski pro-
pisi) na tom delu uZeta odsecaju komadi
uzeta duzine od 1 do 2 m radi labora-
torijskog ispitivanja.

Neki autori smatraju da izvrsena labora-
torijska ispitivanja na delu uZeta kod spoja
sa izvoznim sudom ne mogu biti uzeta kao
apsolutni kriterijum za utvrdivanje stanja
uZeta. Zbog toga je potrebno povremeno
izvrSiti dodatna “in situ” ispitivanje duZ
celog uZeta magnetno-induktivnom meto-

* Univerzitet u Beogradu, Rudarsko geolo3ki fakultet, Beograd, e-mail: prvoslav.trifunovic@rgf.bg.ac.rs
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preostalih rezervi uglja u cilju obezbedenja energetske stabilnosti Republike Srbije** finansiranog
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dom, kako bi se utvrdilo stanje kompletnog
UZeta i evindentirale nastale promene usled
istroSenosti i habanja uZeta.

Uzimaju¢i u obzir napred pomenute
¢injenice, autori ovog rada su predloZili
matematicki model kojim je moguce pre-
dvideti vremenski moment postizanja grani-
¢nih vrednosti prosecne zatezne ¢vrstoée R i
zbirne prekidne sile uzeta F, i shodno tome,
prognozirati vek eksploatacije uZeta.

2. REZULTATI LABORATORIJSKIH
ISPITIVANJA CELICNOG
1IZVOZNOG UZETA

Celi¢na izvozna uzad za potrebe rudar-
stva proizvode se od izuzetno kvalitetnih
Celika, nazivne zatezne Cvrsto¢e materijala
Zica 1570 MPa ili 1770 MPa, zavisno od
konstrukcije i vrste uZeta. Istovremeno to su

i minimalne zatezne ¢vrsto¢e do kojih sme
opasti ¢vrstoéa zica u toku eksploatacije
Uzeta.

Prilikom laboratorijskog ispitivanja uZe-
ta utvrduje se sila kidanja Fy /N/i zatezna
évrstoca materijala Zica R, [MPa] Pri tome
se racuna zbirna prekidna sila uZeta, kao i
prosecna zatezna c&vrstoca materijala Zica.
Na osnhovu dobijenih rezultata daje se ocena
o daljoj upotrebljivosti uZeta na osnovu
standarda SRPS C.H1.030 i Pravilniku o
tehnickim normativima pri prevozu ljudi i
materijala oknom rudnika.

Za ocenu kvaliteta materijala Zica, kao i
kompletnog uZeta, uzeti su u razmatranje
rezultati laboratorijskih ispitivanja celi¢hog
izvoznog uZeta koje je bilo u upotrebi oko
10 godina i jos se nalazi u eksploataciji. U
tom periodu uradeno je 9 laboratorijskih
ispitivanja  (priblizno jednom godidnje).
Rezultati ispitivanja dati su u tabeli 1. [1]

Tabela 1. Rezultati laboratorijskih ispitivanja izvoznog uZeta

Redni broj ispitivanja Zbirnva prekidnasila Proseé.r-la Zavt.ezna_évrstoc'a

uzeta ZF [N] materijala Zica R [MPa]
1. (novo uze) 358786 1886,88
2. (I ispitivanje) 352650 1864,38
3. (Il ispitivanje) 351139 1860,25
4. (11 ispitivanje) 357751 1886,05
5. (1V ispitivanje) 357339 1879,95
6. (V ispitivanje) 354144 1873,76
7. (V1 ispitivanje) 352847 1866,23
8. (VI ispitivanje) 354180 1871,19
9. (VI ispitivanje) 352866 1861,40

Ispitivano celi¢no izvozno uZze, kons-
trukcije wj+6(9+9+1) Seale, ima ra¢unsku
prekidnu silu Frgunke=332.390 N i nazivnu
zateznu ¢vrstou materijala Zica R=1.770
MPa.

Prema standardu SRPS C.H1.030 i
Pravilniku o tehnickim normativima pri
prevozu ljudi i materijala oknom rudnika
uZe je zadovoljavajuéeg kvaliteta ako je
izmerena laboratorijski zbirna prekidna sila
uzeta veéa od racunske prekidne sile uzeta
(Frereno>Frazunsko) 1 @KO je prosecna zatezna
¢vrstoca materijala zica veca od nazivne
zatezne Cvrstoée Zica (R > Ry).

Analiziraju¢i laboratorijske rezultate
ispitivanja posle deset godina koriS¢enja
uzeta u oknu rudnika konstatovali smo da
su izmerene vrednosti zbirne prekidne sile
uZeta i proseéne zatezne Cvrstoe Zica i
dalje nesto ve¢e od minimalno propisanih
vrednosti Fraunsko | Rm, pa se uze moze jos
neko vreme Koristiti na rudniku. S obzi-
rom na male razlike izmedu izmerenih i
dozvoljenih vrednosti radni vek uZeta je
sasvim pri kraju, zbog Cega se uze uskoro
mora zameniti novim.
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3. MATEMATICKI MODEL ZA
ODREDIVANJE RADNOG VEKA
IZVOZNOG UZETA

Ispitivanjem uZeta u odredenim vremen-
skim intervalima, mi pratimo promenu sile
kidanja i zatezne Cvrstoce od vremena. Na
osnovu dobijenih rezultata merenja, mogucée
je naci oblik zavisnosti sile kidanja uZeta i
zatezne Cvrstoce od vremena. Kako je sila
kidanja jednaka proizvodu zatezne ¢vrstoce i
povrsine poprecnog preseka Zice, sledi da je
zavisnost proseCne sile kodanja F od

prosecne zatezne ¢vrstoée R oblika:

F=k-R

Vrednost parametra k nalazimo iz uslova
da linearna funkcija F =k-R najbolje
aproksimira podatke iz tabele 1. u
smislumetode najmanjih kvadrata i ona
iznosi k=189,42. Pa je,

pri ¢emu je indeks krivolinijske zavisnosti
pre =0,940383487, §to znadi da je zavisnost

“vrlo jaka”.
Analizom dobijenih podataka zakljucu-
jemo da najbolju saglasnost sa laboratorij-

skim podacima za R u zavisnosti od vre-
mena daje kubni regresioni model. [2], [4]
Da bismo primenili metodu najmanjih
kvadrata za dobijanje regresionog modela,
podatke u tabeli 1., ¢emo uzeti tako Sto cemo
prvu godinu ispitivanja uzeti kao nultu i
uzeti u obzir samo godinu u kojem je uZe
ispitivano, _a umesto prosecne zatezne
évrstoée _R  posmatracemo promenljivu
Z =R-R, gde je R =1872,233 MPa arit-
meticka sredina dobijenih prose¢nih Cvrs-
to¢a. Na ovaj nacin dobijamo zavisnost Z od

F =189,42R Y t datu u tabeli 2.
Tabela 2. Zavisnost promenljive Z od vremena t
t 1 2,667 3,5 4,583 5,5 6,75 7,833 8,333 8,833
Z | 14,647 -7,85 -11,986 | 13,820 | 7,715 | 1,527 | -6,003 | -1,040 | -10,830

Na osnovu podataka iz tabele 2.
dobijamo sledeci kubni regresioni model:

Z=46,75 - 40,69t + 8,95t — 0,58t° (2)
Ciji grafik je datnasl. 1.
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Sl. 1. Kriva zavisnosti zatezne ¢vrstoce od vremena

Indeks  krivolinijske  zavisnosti  je
p; = 0,86, §to ukazuje da izmedu podataka u
tabeli 2. postoji “jaka” zavisnost izraZena
jednacinom (2). [3]

Primenom jednac¢ine (2) moguce je
naci vrednosti promenljive Z, tj. vrednosti
prosecne zatezne ¢vrstoce R u proizvolj-

nom vremenskom monentu t, a zatim kori-
S¢enjem jednacine (1) i vrednosti zbirne
prekidne sile F.

3.1. Provera modela na ispitivanom uZetu

Provera predlozenog matematickog
modela uradena je na ¢elichom izvoznom
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uZetu koje je bilo u eksploataciji oko 10
godina, konstrukcije wj+6 (9+9+1) Seale, sa
racunskom prekidnom silom Funso =
332.390 N i nazivnom zateznom ¢évrsto¢om
materijala Zica R,= 1770 MPa.

Primenom predloZzenog matematic¢kog
modela dolazimo do sledecih pokazatelja:

Ako je vremenki period kori$éenja uZeta
t=9,5 godina, tada je Z =-29,345, tj. prose¢na
zatezna Cvrstoca zica R =1.872,233-29,345
= 1.842,887 MPa, a zbirna prekidna sila
uzeta Fpimo = 349079,66 N.

Za vremenski period kori$¢enja uzeta od
t=10 godina, dobijamo da je Z = -45,15, tj.
proseéna zatezna Cvrstoca zica je R =
1.872,233 - 45,15 = 1827,082 MPa, a zhirna
prekidna sila uZeta Fyyimo = 346085,87 N.

Dobijene vrednosti bliske su laboratorij-
ski izmerenim vrednostima i vece su od mi-
nimalno propisanih vrednosti Fraxunso | Rm,
§to ukazuje da se uze moze i dalje Kkoristiti
na rudniku. Ovim potvrdujemo ta¢nost mo-
dela i njegovo poklapanje sa laboratorij-
skim rezultatima i stvarnim stanjem na
terenu.

Isto tako, predloZzenim modelom moZze-
mo odrediti vremenski moment t u kome se
postizu grani¢ne vrednosti koje dozvoljava
standard i rudarski propisi, a koje iznose:
Fracunsko = 332.390 N i Ry, = 1.770 MPa.

Naime, za Frasungo = 332.390 N iz jedna-
&ine (1) dobijamo R =1.754,78 MPa, a zatim
Z=-117,455, pa iz jednaCine (2) dobijamo
vreme kori$éenja uzeta od t=11,47 godina.

Za Ry, = 1770 MPa dobijamo prvo Z =
-102,233, a zatim iz jednacine (2) dobijamo
vreme kori$¢enja uzeta od t=11,21 godina.

Prognozirani vek eksploatacije uZeta
dobijen ovim modelom iznosi oko 11 go-
dina, Sto se poklapa sa stvarnim periodom
eksploatacije uZeta na rudniku.

Na osnovu svih prethodnih konstatacija
mozemo zakljugiti da se predlozenim mode-
lom sa dosta velikom pouzdanos¢u moZe
odrediti vek eksploatacije uZeta na rudniku i
time izbeci skupa laboratorijska i terenska
“in situ” ispitivanja uzadi.

4. ZAKLJUCAK

Ocena kvaliteta uZeta na osnovu
rezultata laboratorijskih ispitivanja na delu

uZeta kod spoja sa izvoznim sudom pokazala
se nedovoljnom, zbog ¢ega se povremeno
moraju vrsiti dodatna terenska ispitivanja i
kontrole ugradenih ¢eli¢nih uZeta kako bi se
utvrdilo stanje otpornosti kompletnog uZeta i
nastale promene usled istro3enosti i habanja
UZeta. Sve ovo jako usloZnjava i poskupljuje
proceduru ispitivanja i ocenu kvaliteta
&eli¢énih izvoznih uZadi.

Autori ovog rada predlozili su mate-
maticki model na osnovu kojeg je moguce
sa dosta velikom pouzdanoséu prognozirati
vek trajanja uzeta u eksploataciji i odrediti
trenutak njegove zamene.

Analizom dobijenih podataka zakljucu-
jemo da najbolju saglasnost sa labora-
torijskim _podacima za prosecnu zateznu
¢vrstocu R u zavisnosti od vremena t daje
kubni regresioni model, dat slede¢om
jednaginom:

Z=46,75— 40,69t + 8,95t — 0,58  (2)

Primenom predloZenog modela moguce
je na¢i vrednost prosecne zatezne ¢vrstoce

R u proizvoljnom vremenskom momentu t,
a zatim posredno i vrednost zbirne prekidne
sile F, pa na osnovu njih odrediti vek
eksploatacije uZeta.
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Abstract

This paper points out the opportunities and needs for integration the maintenance function with
other management systems in accordance with the requirements of 1SO 9001, ISO 14001, OHSAS
18001 as well as the new Standard ISO 55001. It defines the flowchart of risk assessment in the pro-
cedure of mining equipment maintenance as well as the methodological framework for risk assess-
ment in the procedure of mining equipment maintenance. The proposed risk assessment model de-
fines the criteria for probability of occurrence the hazardous events as the consequences that may
arise, as well as the mechanisms for control the assessed risk. This risk assessment model can be
also put in the context of integrated risk management.

Keywords: risk assessment, mining equipment, system of equipment management

INTRODUCTION

Mining companies and/or specific organ-
izations involved in the maintenance of min-
ing equipment are faced with various risks
that may affect the realization of these objec-
tives. Objectives may relate to a number of
activities in the mining company, from stra-
tegic initiative for all operations, processes
and projects and, can be reflected in terms of
corporate social responsibility, meeting the
requirements of legislation, commercial and
financial measures.

Risk assessment involves the application
of logical systematic methods for communi-
cation and consultation during the mainte-
nance process of mining equipment. Risk
assessment is that part of management
which provides a structured process that

analyzes the hazardous events that may
cause the cancellation of mining equipment,
and can lead to the incidents, accidents and
accidents that are reflected in unplanned
deadlock, breakdowns, environmental pollu-
tion, occupational injuries, fires and similar.

The objectives of development this

methodological procedure of risk assessment
for maintenance the mining equipment is to
try to find the answers to the following ques-
tions:

- What might happen in the process of
maintenance the mining equipment
and why (identification of hazardous
events that can cause failure or un-
planned deadlock)?
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- What is the probability of hazardous
events that can cause a failure?

- Whether are there factors that can in-
fluence on reduction the probability
of occurrence of hazardous events?

- Whether are the levels of estimated
risk acceptable and whether they re-
quire further treatment?

This proposed methodological procedure
of risk assessment comply with the general
principles of risk assessment so that it can be
used in other organizations-facilities for
maintenance the machinery and other
purposes, and design of integrated mana-
gement systems in mining companies. The
proposed procedure is compatible with the
Standards IEC/FDIS  31010:2009 and
AS/NZS 1SO 31000:2009 [12], [13].

Organizations dealing with maintenance
for a long time sought to improve their
business, both from the point of view of
interior organizatrion and optimization the
maintenance systeme and the external costs
of supply and pressure. Pressures In recent
times, the pressures are more and more and
they are reflected in the need for energy
savings and increased employee safety and
environmental protection. Thus, not surpri-
singly, is a development of a new standard
ISO 55001 Asset Management Systems -
Requirements. [5]

Standards 1SO 9000, 9001 and 9002
have been on the market since 1987, then the
standard ISO 14001 since 1996 and BS
OHSAS 18001 since 2000. It is a logical
continuation of development the quality in
the system of equipment maintenance and
development the new standard ISO 55001,
which is expected in early 2014.

Mining companies with established Inte-
grated Management System (IMS), such as
the quality management system (QMS) in
accordance with 1SO 9001, the equipment
management system (AMS) in accordance
with 1SO 55001, the environmental manage-
ment system (EMS) in accordance with 1SO
14001, management system of occupational
health and safety (OHSAS) in accordance

with BS OHSAS 18001, can certainly
expect that the effectiveness and efficiency
of the company business will go upward,
and that the company will contribute to the
sustainable development both to the
company and wider community as a whole.

2 OBJECTIVE AND PURPOSE OF
RISK ASSESSMENT IN MINING
EQUIPMENT MAINTENANCE

Risk assessment in the procedure
maintenance of mining equipment is in-
tended to provide the evidence based on
identification and analysis of hazardous
events that have occurred in the past or
may occur and cause failure; how to treat
the assessed risks and how to choose the
best option of assessed risk management.
Some of the main advantages of perform-
ing risk assessment include:

- Understanding the risk and its poten-
tial impact on the objectives of or-
ganization, which deals with the
maintenance of mining equipment;
Identification the critical points in
the processes of mining equipment
maintenance;

Comparison of risk in the alternative
technologies or approaches of min-
ing equipment maintenance;
Communication with assessed risk
and uncertainties;

- Assistance in establishing the priori-
ty of actions to reduce the level of
assessed risk;

Contribution towards the prevention
of incidents, accidents and accidents
(emergencies);

Selection of different forms of risk
treatment in order to meet the re-
quirements related to the manage-
ment of mining equipment mainte-
nance;

Providing the information that will help
in assessment whether the risk is acceptable

when compared to the pre-defined criteria.
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Figure 1 Development of conceptions for maintenance and increasing the quality [14]

3 MANAGEMENT OF THE RISK
QUALITY BASED ON RISK
ASSESSMENT

Equipment management strategy is
systemic and coordinated activities by
which the organization optimally and con-
tinuously improves its assets and equip-
ment, its activities, risks and costs over the
lifetime of equipment in order to achieve
the defined strategic plan. [5]

The basic advantages from the stand-
point of strategic management of equip-
ment with optimal lifetime include:

- Satisfied clients (internal and external)
due to the improved performance and
control of products or services by cer-
tain standards;

- Improved health and safety at work;

- Improved environmental protection:

- Long-term planning and continuous
performance;

- Improving the corporate reputation,
whose benefits can be the increased
share value, higher staff satisfaction
and more effective and efficient pro-
curement;

- The ability to demonstrate that
demonstrate that sustainable devel-
opment is actively represented in the
mining equipment management.

Maintenance is the set of activities of
administrative, organizational, technical and
technological nature, aimed to the preser-
vation and improvement the oeprating cha-
racteristics or insurance the state of main-
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tened means and in which it has the ability
to perform the dedicated function [14].

Maintenance, based on risk management
Jis the latest approach in risk assessment of
failure the technical systems and conse-
quences that such failure may cause on the
operation of system. Introduction of the risk
concept allows to model by more realistic
the failure of technical systems and
assessment the expected consequences.
Specifically, the risk quantification allows
determination the optimal level of risk.

The idea of maintenance, based on risk
assessment, appeared in the late 80s of the
last century in the United States. Some-
time later, the first document (ASME
1991) was published. As the latest genera-
tion of maintenance based on reliability, a
methodology was developed that is based
on the risk assessment of failure compo-
nent and the impact that this failure can
cause on the operation of system (RBM -
Risk Based Maintenance). This approach
is essentially no different from the RCM
approach, except in the fact that the con-
tribution to boosting the reliability level,
in this case, is measured by degree of risk
reduction.

The advantages of RBI are [15]:

- Determining the potential risks on

technical system,

- Possibility of quantifying the bene-

fits of maintenance procedures,

- By finding solutions in the field of

maintenance,

- Optimal utilization the existing re-

sources.

The fields of application the manage-
ment on the basis of risk associated with
maintenance activities are:

- Risks during the performance of
maintenance activities,

- Risks as an integral part of the meth-
odology of maintenance activities (or-
ganization of work, logistic support,
motivation, education and training),

- Risk due to a lack of maintenance -
(staff reliability and human factors).

Since the failure of some component is
essentially statistical process (probability
of occurrence), the risk is an adequate
size, which can serve as a reference for
making decisions on maintenance activi-
ties. Risk management, therefore plays an
important role in the maintenance of tech-
nical systems. If the probability of hazard-
ous event occurrence is very low, then the
risk of failure is small. It may be noted
that the need for maintenance is quantified
by the risk: the higher the risk the higher
the need for maintenance.

The National standards for risk man-
agement appeared for the first time in
Australia and New Zealand in 1995 [13],
then in Canada in 1997, and in the UK in
2000. The risk assessment is a compre-
hensive process of identifying, analyzing
and assessment of risk®. Risk assessment
provides to the decision makers and re-
sponsible parties an improved understand-
ing the risks that may affect the achieve-
ment of objectives and adequacy and ef-
fectiveness of control that is already in
force. This provides a basis for decisions
about the most and appropriate approach
used for the treatment of risk. The output
of the risk assessment is input into deci-
sion making process in the organization.
The following Figure 2 shows the general
concept of risk assessment.
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Figure 2 Process of risk assessment [8][12]

Understanding the term "quality” was
constantly changed with the passage of time.
The term “quality" was primarily related
only to the product, then in the late of twen-
tieth century spread to the processes and
organization as a whole. The concept of
sustainable development was developed
along with it.

The term "quality" becomes meaning-
ful only when it is placed in the context of
characteristics of products and/or services
that can be then specified in terms of
standard or level of service. So, the quality
is: overall feature and characteristic of
products or services that lead to the cus-
tomer/user satisfaction of service.

Risk management as a support to the
achievement of quality objectives involves
planning, control and reduction of risk wit-

hin all aspects of quality. In recent years as a
support to this, a large number of standards
for risk management are developed such as:
IEC/FDIS 31010:2009 and AS/NZS ISO
31000:2009.

The British Institute of Asset Manage-
ment in cooperation with the British Stand-
ards Instution, published in 2004 PAS-55,
the first publicly available specification for
management of assets (equipment) organiza-
tion. The specification has proved to be very
successful, so the companies used it in the
field of transport, mining and other forms of
production. In 2008, the amendment of
Specification (PAS 55: 2008) was made:
The International Standards Organization
(ISO) has adopted PAS 55: 2008 as the basis
for development the new series 1SO55000.
The adoption of Standard is planned at the
beginning of 2014.
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The new ISO 55001 Standard will define
the requirements for certification in a way
that is compatible with the series of Standard
ISO 9000, ISO 14000, OHSAS 18000, etc.

In addition to compatibility with other
management systems, the future standard
will be applicable to the organizations of
all sizes, from the Small and Medium En-
terprises to the multinational organizations
that want to establish a management sys-
tem of equipment (fixed assets), in order
to optimally and sustainably manage with
their equipment during their life cycle.

Structure of 1SO 55001 Standard will be
largely similar to the other management
systems as to require the existence of
equipment management policy, strategies,
objectives, plans, determining the repre-
sentative members from the point of equip-
ment management. Policy of equipment
management should be based on the Strate-
gic Plan in accordance with the nature of
equipment and other organizational policies.
It is necessary to define, in policy, the gen-
eral framework of risk management in the
organization or to comply with applicable
legal, regulatory, statutory and other re-
quirements and to clearly state the principles
that will be applied as well as the organiza-
tional approach to the occupational health
and safety, environmental protection and
sustainable development.

In defining the plans of equipment man-
agement, it is necessary to take into account:

a) the risks associated with equipment
which, if they are realized, may
have the consequence of accident
or emergency situation;

b) key potential delays in operation
for equipment management;

c) activities to be taken to the aim of re-
sponse to an accident and/or emer-
gency and mitigating the conse-
quences;

d) competence and training of staff on
equipment maintenance to respond
to emergencies;

e) the needs for risk holder that an ac-
cident and/or emergency situation
can affect or that are required to re-
spond to such situations.

The request of the future 1SO 55001
Standard from the viewpoint of risk man-
agement is explicit that the organization
should establish, implement and maintain
the documented processes and/or procedures
for identification and assessment the risks
associated with equipment management, and
to identify and implement the necessary
control measures throughout the life cycle of
equipment [17].

The methodology of the risk manage-
ment should:

- be defined in relation to the field of
application, nature and time in order
to provide to be proactive rather than
reactive, and

- ensure the identified, prioritized and
documented risk, as well as control
application, when it is appropriate.

Identification and assessment of risks in
the process of equipment maintenance
should take into consideration the possibility
of real and potential hazardous events and
their consequences, and should cover the
risks associated with functional equipment
failure, accidental or intentional equipment
damage, then the operational risks including
control of equipment, human factors and
other factors, and activities that affect the
performance, working conditions, occupa-
tional safety and environmental protection.

4 PROPOSAL OF METHODOLOGI-
CAL FRAMEWORK OF RISK AS-
SESSMENT IN MINING EQUIP-
MENT MAINTENANCE

Methodological framework of risk as-
sessment involves defining the criteria for
risk assessment, as follows:

- Probability of occurrence the haz-
ardous event that may cause failure
of mining equipment;

- Nature and types of consequences
that may relate to the process;

- Risk levels;

- Acceptable risk levels;

- Establishing the control mechanisms
for assessed risks.
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Hazardous events can cause failures and

usually are associated with particular factors.

By the origin and course of action, the factors
can be divided into: external and internal.

External factors are activities of various

entities, events or occurrences, and physical-

ly are located outside the organization.
Internal factors are activities, events or

occurrences, and physically are located

within the organization.

Internal factors are usually:

- Inadequate way of organizing the ope-

ration;

- Insufficient training of staff;

- Existing systems of equipment mainte-

nance.

Possibility of realization the certain haz-
ardous events that may cause a failure is
shown by the risk level. The risk level is
directly dependent on the frequency of oc-

currence the hazardous events, sensitivity of
the system, and the current system state [10].

- History of negative/hazardous events;

- Inconsistency of organization with the

legislation;

4.1 Flowchart of risk assessment and

management in the procedure of

- The size or dispersion of organization;
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4.2 Selection of Method and Criteria
for Risk Assessment

Risk assessment includes the probabil-
ity of occurrence the hazardous events and
consequences of realization the hazardous
event that may cause a failure [12] and it
can be expressed as follows.

R=VxP
Where:

R - risk level;

V - probability that potential hazard will
result in potential hazardous event
and cause failure;

P - consequences or effect that can put
the hazardous event on the value of

updatitg of Plan for
mining cquipment
maintenance

organization, natural and man-made
values and environmental quality.

4.2.1 Assessment the Probability of
Hazardous Events

Probability of occurrence the hazard-
ous event that can cause the equipment
failure (V) is expressed according to the
following expression:

V=U#R
U - frequency of occurrence the hazard-

ous event that can cause the equip-
ment failure;
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R - sensitivity to the possibility of reali-
zation the hazardous event.
Probability, that potential hazard re-
sults in hazardous event, is a combination
of frequency the event of certain hazard

and sensitivity of organization. Probability
that a potential hazard results in hazardous
event is graded as follows: 1 - very unlike-
ly, 2 - unlikely, 3 - moderately likely, 4 -
probably, 5 - very likely.

Table 1 Criteria for determining the probability of hazardous event occurrence

Frequency - U Sensitivity - R V=U#R
1 very rare very high very
occurrence of hazardous event no maintenance function unlikely
5 occasional high unlikel
occurrence of hazardous event | only organizational maintenance measures Y
3 frequent medium moderately
pojava opasnog dogadaja only technical maintenance measures likely
. low
4 occurrencgzefvr?ailzlgr%ous event organizational and technical maintenance probably
measures
5 very often very low very likely
occurrence of hazardous event in the function of system maintenance

Frequency refers to the repetition of
certain threat that realization of hazardous
even will be realized in the observed peri-
od of time Frequency is graded as follows:
1 — very rare, 2 - occasional, 3 - frequent,
4 - prevailing, and 5 - very often

Sensitivity presents the current state of
maintenance system for equipment/fixed
assets or sensitivity the organization/fa-
cility/process on hazard of failure. Sensitivi-
ty is graded as follows: 1 - very high vulne-

rability - no measures of maintenance func-
tion, 2 — high vulnerability - only organiza-
tional maintenance measures in a function,
3 — mean wulnerability - only technical
maintenance measures in a function, 4 - low
vulnerability — organizational and technical
maintenance measures in a function, 5 -
very low wulnerability — the established,
certified and many time checked system of
equipment management.

Table 2 Matrix for assessment the probability of failure

SENSITIVITY very high high medium low very low
FREQUENCY 1 2 3 4 5
Very rare 1 3 2 1 1 1
occasional 2 4 3 2 2 1
frequent 3 5 4 3 2 2
prevailing 4 5 4 3 3 3
very often 5 5 5 4 3 3

4.2.2 Consequences of Hazardous Event

The consequences of hazardous even (P)
are expressed according to the expression:

P=S#K

S - damage of specific mining machinery
where hazardous event can cause con-
sequences;

K - criticality, value or importance the
protected value for organization in

which the hazardous event can cause
consequences.

Consequences present the effect of haz-
ardous events on equipment (main assets) of
organization, and they are manifested by the
size of damage in relation to the critical im-
portance of protected values.

Consequences are graded as follows:
1 - very light, 2 - light, 3 - medium severe,
4 - severe and 5 - very severe.
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Table 3 Criteria for determining the consequences

Damage - S Criticality - K P=S#K
very large - complete .
e et | dimpton mruming ne | VM
organization
small — from 1,000.00 to 10,000.00 large-shaken functioning of light conse-
Euros, or small consequences the organization guences
medium - from 10,000.00 to medium - possible medium se-
100,000.00 Euros or serious functioning W'th !ncreased vere conse-
' consequences efforts and additional re- quences
sources
4 large ;eTlgrr: ;?,Znnigﬁigﬁo'sg?ifufo& or small - possi_ble stopping of severe conse-
the working process quences
consequences
5 | very large - more than a million Euros | very small - solving on the go | very severe
or catastrophic consequences by regular activities consequences

Damage is a measure of damage the pro-
tected value (equipment/fixed assets) and it
can result in various degrees. Damage is
graded and expressed as: 1-very small da-
mage, 2-small damage, 3-medium damage,
4-large damage and 5-very large damage.

Criticality is a measure of value or im-
portance of protected value.

Criticality is graded as follows: 1 - very
large, 2 - large, 3 - medium, 4 — small and
5 - very small.

Table 4 Matrix for assessment the consequences

CRITICALITY | very large large medium small very small
DAMAGE 1 2 3 4 5
very small 1 3 2 1 1 1
small 2 4 3 2 2 1
medium 3 5 4 3 2 2
large 4 5 4 3 3 3
very large 5 5 5 4 3 3

4.2.3 Defining the Risk Level
The risk level is graded as: 3) Moderately increased risk (R = 6, 8
1) Very small (or negligible) risk and 9)
(R=1and 2) 4) High risk (R = 10, 12, 15 and 16)
2) Low risk (R= 3,4 and 5) 5) Very high risk (R = 20 and 25)
Table 5 Matrix for risk assessment
CONSEQUENCES OF | very light | light rzgs::;" severe exstg\‘jgz'y
PROBABILITIES 1 > 3 7 5
very unlikely 1 1
unlikely 2 2 8 10
moderate likely 3 9 12 15
likely 4 12 16
very likely 5 15
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The assessed risks are classified, ac-
cording to the defined categorization, into:
1) Acceptable Risk (R=1,2, 3,4and5)
2) Conditionally Acceptable Risk
(R=6,8,9)
3) Unacceptable Risk (R =10, 12, 15,
16, 20 and 25)

Upon completion the risk assessment
process, the approach is aimed to the es-
tablishment the control mechanisms of
assessed risk. Selection the appropriate
option for establishment the mechanisms
of risk control involves balancing the
costs and efforts in application the option
and benefits that can be drawn from it [8].

Large number of options for estab-
lishment the mechanisms of risk control
can be considered and applied individually
or in combination. In deciding, take into
account rare, but the risks that can justify
the actions of establishment risk control
mechanisms that are not justified (permit-
ted) by the strict economic rules [10].

In defining the risk management or
considering the changes in the current
management, the measures and options of
risk reduction must be considered accord-
ing to the following hierarchy:

a) measures and options for elimina-

tion or avoiding the risks;

b) measures and options for mitiga-
tion or replacement (substitution)
the risks;

€) measures and options for engineering
control the feasibility of applied
strategies, plans and programs and
the analysis of price and benefits;

d) measures and options for defining
the procedures and guidelines for
equipment maintenance;

€) measures and options for implemen-
tation the technical diagnostics.

CONCLUSIONS

Mining companies that want to grow
their business must have at all times the
relevant information on what equip-
ment/fixed assets are available and in a
functional condition. Analysis the condi-
tion of equipment/fixed assets needs to

devote the sufficient attention because, in
this way, the company management has
important information that encourage the
adoption of appropriate decisions for im-
provement the system of equipment man-
agement as well as overall integrated
management system. A very important
step in development of equipment mainte-
nance system is the inclusion of top man-
agement and personnel responsible for
operation and maintenance of equipment.

Defined flowchart and methodological
procedure of risk assessment in the process
of maintenance the equipment/fixed assets is
of great benefit to development the system
of equipment management (AMS). Risk
assessment and establishment the control
mechanisms management is of great benefit
in the design of integrated management sys-
tems [8]. The proposed model of risk as-
sessment allows properly processing and
usage the information on risk in mainte-
nance in decision-making at the relevant
levels of organization [8].

Methodology of risk management is
proposed and defined in maintenance of
mining equipment, that:

- provides to be proactive, not reac-

tive, and

- provides the identification, priori-
tized and documented risks, as well
as implementation of control, when it
is appropriate.

Proactive and comprehensive risk as-
sessment, as it is defined in this paper, is
an organization that deals with mining
equipment maintenance of mining equip-
ment and it can:

- create and approve the policy of

assessed risk management;

- inform all interested parties (emp-
loyers, management, customers, etc/)
for the state of availability of its
mining equipment;

- define the control mechanisms of
assessed risk that matches the
performances of organization for
mining equipment maintenance;

- ensures compatibility of risk manage-
ment objectives in mining equipment

No. 3, 2013 145

Mining & Metallurgy Engineering Bor



maintenance with the objectives and
strategy of organization;

- provides compliance with the law and
bylaw legislation as well as legal docu-
ments of organization pertaining qua-
lity management of mining equipment
maintenance;

- provides a distribution of needed reso-
urces for assessed risk management.

REFERENCES

[1]

[2]

3]

[4]

[5]

[6]
[7]

[8]

Asset Management Consulting Limi-
ted brochure: Asset Management
Excellence (2010)

Australian Emergency Management
Committee, 2009: National Emergency
Risk Assessment Guidelines, Tasma-
nian State Emergency Service, Hobart.
Andelkovi¢ B., Staletovi¢ N., Preven-
tive Engineering in the Field of Fire in
Design of Technological Systems,
Preventive Engineering, No. 2. Dunav
Preving, Belgrade, 1999, pp. 27-31.
BSI:  Asset Management-Overview,
Principles and Terminology, 1SO PC
251/N48

Curovi¢c D., Gavrilovic M.; Asset
Management — Series of Standard I1SO
55000; Quality and Excellence, No. 9-
10; Belgrade 2012.

European Standard EN 15341 — Main-
tenance - Key Performance Indicators.
Kovacevi¢ S.; Staletovi¢ N.; Tucovié
N.; Methodological Approach to Risk
Assessment in a Function of System
Management of Occupational Health
and Safety in PU OP "Kosovo"
Business Policy - Quality, ISSN 0354-
2408 - UDC 006 +658.5; First XXI
Nos. 10-11, 2011.

Kovacevi¢ S., Staletovic N., N.
Tucovié, R. Jankovi¢; Quantitative
Assessment of Risk Management in
the Function of Integrated Systems,
14.DQM, International Conference of

9]

[10]

[11]

[12]

[13]

[14]

[14]

[16]
[17]

Quality Management and Reliability
ICDQM - 2011, (ISBN 978-86-
86355-05-8, pp.159-165), 29-30 June
2011, Belgrade, Serbia.

Petrovi¢ D., Damnjanovi¢ Z., Penadi¢
D., Pantovi¢ R., Mili¢ V., Application
of Modern Computer Devices and
Tools to Reduce Accidents in the
Mining Systems, Mining Engineering,
Bor, No. 2, pp. 29-40, 2010.

Staletovi¢ N, Kovacevi¢ S., Kovacevié
M.; Methodological Approach to
Identification of Aspects and Evalua-
tion the Impacts on the Environment
for the Project “Exploitation of
Magnesite in the Deposit Cavlovac -
Masnica"; Mining Engineering, 2012;
ISSN 1451-0162.

Staletovi¢ N.; Evaluation of OH&S
Risks in a Function of Preventive
Engineering and Integrated Manage-
ment Systems (QMS/EMS/OHSAS);
Technique - MenadZment, Vol. 59, No.
3, pp. 8-14, 2009.

Standard IEC/FDIS 31010:2009(E)
Risk Management - Risk Assessment
Techniques

Standards Awustralia and Standards
New Zealand; Standard Risk Manage-
ment AS/NZS 4360:2009. Sydney and
Wellington: Standards Australia and
Standards New Zealand.

Papi¢ Lj.; Preventive Management,
Research Centre DQM, Cadak, 1998,
pp.109.

Papi¢ Lj., Milovanovi¢ Z; Mainte-
nance and Reliability of Technical
Systems, DQM, Prijevor, 2007.
WWW.UMSgroup.com

www.pragma world.net

[18]http://en.wikipedia.org/wiki/Asset_mana

[19]

gement
http://theiam.org/what-asset-manage-
ment

No. 3, 2013

146

Mining & Metallurgy Engineering Bor



INSTITUT ZA RUDARSTVO | METALURGIJU BOR

ISSN: 2334-8836
UDK: 622

UDK: 006.01:622(045)=861

DOI:10.5937/MMEB1303135S

Novica Staletovi¢™, Srdja Kovacevi¢™, Nedeljko Tucovié™ Misa Kovacevi¢™

ME]’ODOLOSKI OKVIR PROCENE RIZIKA U FUNKCIJI
ODRZAVANJA RUDARSKE OPREME | UPRAVLJANJA IMS
(QMS, AMS, EMS i OHSAS) U RUDARSKIM KOMPANIJAMA

lzvod

U ovom radu ukazane su mogucnosti i potrebe integracije funkcije odrzavanja sa ostalim
menadZment sistemima u skladu sa zahtevima 1SO 9001, 1SO 14001, OHSAS 18001 kao i novog
standarda ISO 55001. Defini3e se dijagram toka procene rizika u postupku odrZavanja rudarske opreme
kao i metodolo3ki okvir za procenu rizika u postupku odrzavanja rudarske opreme. PredloZeni model
procene rizika definise kriterijume za verovatnocu pojave opasnih dogadaja kao posledice koje se mogu
javiti kao i mehanizme za kontrolu procenjenog rizika. Ovaj model procene rizika se moZe staviti i u

kontekst integrisanog upravljanja rizicima.

Kljuéne redi: procena rizika, rudarska oprema, sistem menadZmenta opremom

1. UvOD

Rudarske kompanije 1i/ili specificne
organizacije koje se bave odrZzavanjem
rudarske opreme suoCavaju se sa razli¢itim
rizicima Koji mogu uticati na ostvarivanje
zadatih ciljeva. Ciljevi se mogu odnositi na
niz aktivnosti u rudarskoj kompaniji, od
strateSke inicijative za sve operacije, procese
i projekte i mogu se ogledati u pogledu
drustveno odgovornog poslovanja, ispunje-
nja uslova zakonske regulative, komer-
cijalnih i finansijskih mera.

Procena rizika obuhvata primenu logi-
¢kih sistematskih metoda za komunikaciju i
konsultaciju tokom procesa odrZavanja
rudarske opreme. Procena rizika je onaj deo
upravljanja koji obezbedjuje struktuirani
proces, koji analizira opasne dogadaje koji
mogu uzrokovati otkaz rudarske opreme, a
moze uzrokovati incidente, akcidente i udese

koji se ogledaju u neplaniranom zastoju,
havariji, zagadenju zivotne sredine, povredi
naradu, poZaru i tsl.

Ciljevi razvoja ovog metodoloskog
postupka procene rizika pri odrZavanju
rudarske opreme je da se pokusaju naci
odgovori na sledeca pitanja:

- Sta se moZe desiti u postupku odrZava-
nja rudarske opreme i zasSto (identifi-
kacija opasnih dogadaja koji mogu
uzrokovati otkaz ili neplanirani
zastoj)?

- Koja je verovatnoéa pojave opasnih
dogadaja koji mogu uzrokovati otkaz?

- Da li postoje faktori koji mogu da uticu
na smanjenje verovatnoce pojave
opasnih dogadaja?

- Da li su nivoi procenjenog rizika pri-
hvatljivi i da li zahteva dalji tretman?

“Fakultet za ekologiju i zastitu Zivotne sredine Univerzitet UNION-NIKOLA TESLA Beograd
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Ovaj predlozZeni metodolodki postupak
procene rizika pridrZzava se opstih principa
procene rizika tako da se moZe koristiti i u
drugim organizacijama/postrojenjima  za
odrzavanje maSina i za druge svrhe i
projektovanjaintegrisanih  menadzmen sis-
tema u rudarskim kompanijama. PredloZeni
postupak je kompatibilan sa standardima
IEC/FDIS 31010:2009 i AS/NZS ISO
31000:2009 [12], [13].

Organizacije koje se bave odrzavanjem u
dugom vremenskom periodu su nastojale da
unaprede svoje poslovanje, kako iz ugla
unutra$njeg uredenja i1 optimizacije sistema
odrzavanja tako i od spoljasnjih tro3kova
isporuke i pritisaka. Pritisci su u novije
vreme sve veci i ogledaju se u potrebi ustede
energije i vecoj bezbednosti zaposlenih i
za8tite Zivotne sredine. Shodno tome i nije
iznenadenjeda se razvija novi standard ISO
55001 Asset Management Systems -
Requirements. [5]

Standardi 1SO 9000, 9001 i 9002 su na
trziStu od 1987, zatim standard 1SO 14001
od 1996 i standard BS OHSAS 18001 od
2000. To je logitan nastavak razvoja
kvaliteta u sisremu odrZzavanja opreme i
razvoja novog standarda 1SO55001, koji se
ocekuje pocetkom 2014 godine.

Rudarske kompanije sa uspostavljenim
integrisanim menadZment sistemima (IMS)
kao Sto su sistem menadZzmenta kvalitetom
(QMS) u skladu skladu sa ISO 9001, sistem
menadZmenta opremom (AMS) u skladu sa
ISO 55001, sistem menadZzmenta zaStitom
Zivotne sredine (EMS) u skladu sa 1SO
14001 i sistem menadZmenta zaStitom
zdravlja i bezbednosti na radu (OHSAS) u
skladu sa BS OHSAS 18001 sasvim sigurno
mogu ocekivati da e efektivnost i efikasnost
poslovanja kompanije i¢i uzlaznom linijom,

da ¢e kompanija dati svoj doprinos
odrzivom razvoju kako kopanije tako i Sire
drustvene zajednice u celini.

2. CILJ | SVRHA PROCENE RIZIKA
PRI ODRZAVANJU RUDARSKE
OPREME

Procena rizika u postupku odrZavanja
rudarske opreme ima svrhu da obezbedi
dokaz na bazi identifikacija i analiza
opasnih dogadaja koji su se u ranijem
periodu dogodili ili se mogu dogoditi i
uzrokovati otkaz, kako tretirati procenjene
rizike i kako odabrati najpovoljniju opciju
upravljanja procenjenim rizikom. Neke od
glavnih prednosti vr3enja procena rizika
ukljucuju:

- Razumevanje rizika i njegov poten-
cijalni uticaj na ciljeve organizacije
koja se bavi odrZavanjem rudarske
opreme;

Identifikacija kriticnih tacaka u proce-

sima odrZavanja rudarske opreme;

- Poredenje rizika u alternativnim tehno-

logijama ili pristupima odrZavanja

rudarske opreme;

Komunikacija sa procenjenim rizikom

i neizvesnosti;

- Pomo¢ kod uspostavljanja prioriteta
postupanja u cilju smanjenja nivoa
procenjenog rizika;

- Doprinos sprecavanju incidenata, akci-

denata i udesa (vanrednih situacija);

Izbor razli¢itih oblika tretmana rizika u

cilju ispunjenja zahteva u vezi sa

upravljanjem odrZavanjem rudarske
opreme;

- Pruzanje informacija koje ¢e pomoci u
proceni da li je rizik prihvatljiv kada se
uporedi sa unapred definisanim
kriterijumima.
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SI. 1. Razvoj koncepcija odrzavanja i povecanje kvaliteta [14]

3. UPRAVLJANJE KVALITETOM
ODRZAVANJA NA BAZI
PROCENE RIZIKA

Strategija upravljanja opremom pred-
stavlja sistemske i koordinirane aktivnosti
pomoc¢u kojih organizacija optimalno i
kontinualno unapreduje svoja sredstva i
opremu, svoje aktivnosti, rizike i trokove
tokom veka trajanja opreme u cilju
postizanja definisanog strateSkog plana. [5]

Osnovne prednosti sa stanovista strate-
Skog upravljanja opremom sa optimalnim
vekom trajanja podrazumeva:

- zadovoljne Klijente (unutradnji i ekste-
rni) zbog poboljSanog ucinka i kontrole
proizvoda ili usluge po odredenim
standardima;

- poboljSana zastita zdravlja i bezbe-
dnost na radu;

- poboljSana zastita Zivotne sredine;

- dugoroéno planiranje i1 kontinuirani
ucinak;

- poboljSanje korporativne reputacije,
Cije prednosti mogu biti povecana
vrednost akcija, veca satisfakcija oso-
blja i efektivnija i efikasnija nabavka;

- sposobnost da se demonstrira da je
odrZivi razvoj aktivno zastupljen u
upravljanju rudarskom opremom.

Odrzavanje predstavlja skup aktivnosti
administrativnog,  organizacijskog, tehni-
¢kog i tehnoloskog karaktera, Ciji je cilj
ocuvanje i poboljSanje radnih karakteristika
ili osiguranje stanja odrzavanog sredstva, a u
kojem ono ima sposobnost obavljanja
namenske funkcije [14]
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OdrZavanje zasnovano na risk mana-
gementu je najnoviji pristup u oceni rizika
otkaza tehnickih sistema i posledica koje
takav otkaz moze da prouzrokuje na
funkcionisanje sistema. Uvodenje pojma
rizika omogucuje da se na realisti¢niji nacin
modeluje otkaz tehnickih sistema i procene
ocekivane posledice. Tacnije, kvantifikacija
rizika omogucuje odredivanje optimalnog
nivoa rizika.

Ideja 0 odrZavanju na bazi procene rizika
pojavila se kasnih 80-tih godina proSlog
veka u SAD. Nesto kasnije, publikovan je i
prvi dokument (ASME 1991). Kao najnovija
generacija  odrZavanja zasnovanog ha
pouzdanosti razvila se i metodologija koja se
bazira na proceni rizika otkaza komponente i
uticaja koji taj otkaz moZe da prouzrokuje na
funkcionisanje sistema (RBM - Risk Based
Maintenance). Ovaj pristup u sustini se ne
razlikuje od RCM pristupa, osim u cinjenici
da se doprinos povidenju nivoa pouzdanosti
u ovom slugaju vrednuje kroz stepen
smanjenja rizika.

Prednosti RBI su [15]:

- odredivanje potencijalnih rizika na
tehnickom sistemu,

- moguénost  kvantifikovanja  koristi
postupaka odrZavanja,

- pomocu pronalaZenju reSenja u oblasti
odrZavanja,

- optimalno  iskoriS¢enje  postojecih
resursa.

Oblasti primene upravljanja na bazi
rizika u vezi sa aktivnostima odrZavanja su:

- rizici tokom izvodenja aktivnosti
odrZavanja,

- rizici kao integralni deo metodologije
aktivnosti  odrZavanja  (organizacija
rada, logisticka podrSka, motivacija,
edukacija i trening),

- rizik zbog nedovoljnog odrZavanja -
(pouzdanost osoblja i ljudski faktor).

Posto je otkaz neke komponente u

sudtini  statisticki  proces  (verovatnoca
pojave), rizik je adekvatna veli¢ina koja
moZe da posluzi kao orjentir za dono3enje
odluka o aktivnostima odrzavanja. Uprav-
ljanje rizikom, samim tim ima bitnu ulogu u
odrzavanju tehnickih sistema. Ukoliko je
verovatnoa pojave opasnog dogadaja
veoma mala, onda je rizik otkaza mali.
MoZe se primetiti da je potreba za odrZa-
vanjem kvantifikovana rizikom: Sto je veci
rizik to je veca potreba za odrZzavanjem.

Nacionalni standardi za menadZzment

rizikom prvi puta su se pojavili u Australiji i
Novom Zelandu 1995. godine [13], zatim u
Kanadi 1997. godine i u Velikoj Britaniji
2000. godine. Procena rizika je sveobuhva-
tan proces identifikovanja, analize i procene
rizika (1ISO TC 223/SC: Upravljanje rizi-
cima — Uputstvo o principima i impleme-
ntaciji upravljanja rizicima). Procena rizika
obezbeduje donosiocima odluka i odgovor-
nim stranama poboljsano razumevanije rizika
koji mogu uticati na ostvarenje ciljeva i
adekvatnost i efektivnost kontrole koja je
ve¢ na snazi. Ovo obezbeduje osnovu za
odluke 0 vecini i odgovarajuéi pristup koji
se koristi za tretman rizika. lzlaz procene
rizika je ulaz u procesim odlucivanja u
organizaciji. Na sledecoj slici 2., prikazan je
opsti koncept procene rizika.
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ZAHTEVI
zainteresovane strane

A
Y

UTVRBIVANJE KONTEKSTA
PROCENE RIZIKA

A
Y

A
Y

IDENTIFIKACIJA OPASNOSTI

A
Y

A
4

Komunikacija

ANALIZA OPASNOSTI
Utvrdivanije liste opasnlh dogadaja
> Verovatnoc¢a pojave opasNih dogadaja -t
Moguca $teta zbog nast. opasnih dogadaja

Moguénost otkrivanja opAsnih dogadaja

Y

i konsultacija
sa
zaintereso-

Pracenje,
Preispitivanje
Merenje

vanim
stranama

PROCENA RIZIKA
Izra¢unavanje indeksa prioriteta rizika
"| Usporedivanje sa definisanim kriterijumima |
Postavljanje prioriteta

(Monitoring)

\d

Kontrola procenjenih rizika

A
A

KONTROLA RIZIKA
Identifikacija opcija; Ocena opcija
Priprema i primena planova;
Analiza i procena preostalog rizika

Sl. 2. Proces procene rizika [8] [12]

Razumevanje pojma “kvalitet” se sa
protekom vremena stalno menjao. Pojam
“kvalitet” se najpre odnosio samo na proi-
zvod, da bi se krajem XX veka prosirio na
procese i organizaciju u celini. Paralelno sa
ovim razvijao se i concept odrZivog razvoja.

Termin “kvalitet” dobija znacenje tek
kada se stavi u kontekst karakteristika
proizvoda i/ili usluga koje se zatim mogu
specificirati u smislu standard ili nivoa
usluge. Prema tome kvalitet je: sveukupna
odlika i karakteristika proizvoda ili usluga
koje vode ka — zadovoljenju kupca/korisnika
usluge.

Upravljanje rizikom kao podrska ostva-
renju ciljeva kvaliteta podrazumeva plani-
ranje, kontrolu i redukciju rizika u okviru
svih aspekata kvaliteta. U novije vreme kao
podrska tome razvijen je veci broj standard
za upravljanje rizikom kao Sto su: IEC/FDIS
31010:2009 i AS/NZS 1SO 31000:2009.

British Institute of Asset management u
saradnji sa British Standards Instution,
objavio je 2004 godine PAS 55 - prvu javno
dostupnu  specifikaciju za upravljanje
osnovnim sredstvima (opremom) organi-
zacije. Specifikacija se pokazala kao veoma
uspesna, tako da su je koristila preduzeca iz
oblasti saobracaja, rudarstva i drugih vidova
proizvodnje. U toku 2008 godine izvrena je
izmena specifikacije (PAS 55: 2008). The
International Standards Organization (ISO)
je prihvatila PAS 55: 2008 kao oshovu za
razvoj nove serije 1SO 55000. Usvajanje
standarda se planira za pocetak 2014.
godine.

Novi standard ISO 55001 definisace
zahteve za sertifikaciju i to na nac¢in da bude
kompatibilan sa serijama standard 1SO 9000,
ISO 14000, OHSAS 18000 i tsl.

Pored kompatibilnosti sa drugim mena-
dzment sistemima buduci standard ée biti
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primenljiv organizacije svih veli¢ina, od
malih i srednjih preduzeca do multina-
cionalnih organizacija koje Zele da uspo-
stave sistem menadZmenta  opremom
(osnovnim sredstvima), kako bi optimalno i
odrzivo upravljala svojom opremom tokom
njihovog Zivotnog ciklusa.

Struktura standard ISO 55001 ¢ée u
mnogome biti slicna drugim menadzment
sistemima tako da se zahteva postojanje
politike upravljanja opremom, strategije,
ciljeva, planova, odredivanje predstvanika
rukovodstva sa stanoviSta upravljanja
opremom. Politika menadZmenta opremom
treba da bude zasnovana na strateSkom
planu u skladu sa prirodom opreme i sa
drugim organizacionim politikama. U poli-
tici je potrebno definisati i opsti okvir
menadZmenta rizika u organizaciji odnosno
da bude u skladu sa vaze¢im zakonskim,
regulatornim, statusnim i drugim zahtevima
i da jasno navede principe koji ¢e se
primenjivati kao $to su organizacioni pristup
zastiti zdravlja i bezbednosti na radu, zastiti
Zivotne sredine i odrZivom razvoju.

Pri definisanju planova menadZmenta
opremom neophodno je uzeti u obzir:

a) rizike vezane za opremu koji uko-
liko se ostvare mogu imati posle-
dicu nezgoda ili vanrednu situaciju;

b) potencijalne zastoje u radu kljuéne
za menadZment opremom;

) aktivnosti koje Ce se preduzeti u cilju
odgovora na nezgodu i/ili vanrednu
situaciju i ublazavanje posledica;

d) kompetenciju i obucenost zapo-
slenih na odrZavanju opreme da
odreaguju na vanredne situacije;

e) potrebe nosioca rizika na koje
nezgoda i/ili vanredna situacija
moZe uticati ili koji su obavezni da
odreaguju na takve situacije.

Sam zahtev buduceg standarda ISO
55001 sa stanovista menadZmenta rizikom je
eksplicitan da organizacija treba da ustanovi,
primeni i odrZzava dokumentovane procese
i/ili procedure za identifikaciju i procenu
rizika vezanih za menadZment opremom, i

za identifikaciju i primenu potrebne mere
kontrole tokom Zivotnog ciklusa opreme
[17].

Sama metodologija organizacije za

menadZment rizika treba da:

- bude definisana u odnosu na podrucje
primene, prirodu i vreme kako bi
obezbedila da bude proaktivna, a ne
reaktivna, i

- obezbedi identifikaciju, odredivanje
prioriteta i dokumentovanost rizika,
kao i primenu kontrole, kada je to
prikladno.

Identifikacija i procena rizika u procesu
odrzavanja opremom treba da uzme u
razmatranje mogucnost stvarnih i potenci-
jalnih opasnih dogadaja i njihovih posledica
i treba da pokriva rizike vezane za funkcio-
nalni kvar opreme, nenamerno ili namerno
osteCenje opreme, zatim operativne rizike
ukljuéuju¢i i kongrolu opreme, ljudske
faktore i druge faktore i aktivnosti koje uticu
na ucinak, uslove rada, bezbednost na radu i
zadtitu Zivotne sredine.

4. PREDLOG METODOLOSKOG
OKVIRA PROCENE RIZIKA U
ODRZAVANJU RUDARSKE
OPREME

Metodolo3ki okvir procene rizika obu-
hvata definisanje kriterijuma za procenu
rizika i to:

- verovatno¢u pojave opasnog doga-
daja koja moze uzrokovati otkaz
rudarske opreme;

- prirodu i tipove posledica koje se
mogu odnositi na proces;

- nivoe rizika;

- prihvatljive nivoe rizika;

- uspostavljanje mehanizama kontrole
procenjenih rizika.

Opasni dogadaji mogu da uzrokuju
otkaze i naj¢eS¢e su povezani sa odrede-
nim faktorima. Po mestu i pravcu delo-
vanja, faktori se mogu podeliti na: spoljne
i unutradnje.
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Spoljni faktori predstavljaju aktivnosti - nedovoljna edukovanost zaposlenih;

razli¢itih subjekata, dogadaja ili pojava, a
fizi¢ki se nalaze izvan organizacije.

Unutradnji faktori predstavljaju aktiv-
nosti, dogadaje ili pojave, a fizicki se

nalaze unutar organizacije.

Unutrasnji faktori najcesée su:
- istorija negativnih/opasnih dogadaja;

- postojeci sistemi odrzavanja opreme.

Moguénost realizacije pojedinih opasnih
dogadaja koji mogu da uzrokuju otkaz
prikazuje se nivoom rizika. Nivo rizika je u
direktnoj zavisnosti od ucestalosti ponav-
ljanja opasnih dogadaja, osetljivosti sistema,
i postojeceg stanja sistema [10].

- neuskladenost organizacije sa zakon-
skom regulativom;

4.1. Dijagram toka procene i

- veli¢ina ili razudenost organizacije; upravljanja rizikom u postupku
- neadekvatan nacin organizacije rada; odrZavanja rudarske opreme

G

L

Tudarsk:
Fapisi o tebioitkom || -
odrovanju Rudarske

Prefapita § aburran plan) |

odrhvanine Ticlnpdo:
oprems

IDENTIFIKACIIA
OPASNIH DOGADAJA PRI
ODREAVANIU RUDARSKE
OPREME

Zapis o izvrieno] identIfikaciji

wpunih dogadaia kojgi mogu da
zokuju otk

j

@

UTVRBIVANIE
VEROVATNOCE NASTANKA
OPASNIH DOGAPAIA PRI
ODRZAVANJU RUDARSKE
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[rfinisand keaterijumi 22

nastanka opasnog
dogadaja
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verovamodi opwsnih
dogadaia
UTVRDIVANIE
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OPASNOG DOGABAJA PRI
ODRZAVANJIU RUDARSKE
OPREME

od nostonkn epsnog
dugadaja
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posledicama od nosankn
opasioy dogedaia

PROCENA RIZIKA PRI
ODRZAVANIU RUDARSKE
OPREME

Kriterijuni za
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rizika

Zapis o procemjenom
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¢

USPOSTAVLIANIE
MEHANIZAMA ZA
KONTROLU PROCENIENOG

RIZIK A U ODRZAVANIU
RUDARSKE OPREME
Tivedivanje ciljeva
dyacije 72 odrkay.
Rudnrske o
—
Lzrads Plana 22
odraavame rudareke
apreme
S p——
sjedinatrih Programa s
prevent, odrénvanje
Zapasi o pradenju i
MeTETju paTametsTa
kvalifctn odriavang
Leveta) o dlanju
raspolalive rudanske
oprEme
PREISPITVANJE STANJA

RASPOLOZIVSTI RUDARSKE

Zapis o preispi

AZURIRANIE RADNOG
PLANA ODRZAVANIA
RUDARSKE OPREME

4.2. I1zbor metode i kriterijuma za
procenu rizika

Procena rizika obuhvata verovatnoéu
pojave opasnih dogadaja i posledica realiza-
cije opasnog dogadaja koje mogu da uzro-
kuju otkaz [12] i moze se izraziti na sledeci
nacin.

R=VxP
gde je:

R - nivo rizika;

V - verovatnoca da ¢e potencijalna opas-
nost rezultirati opasnim dogadajem i
uzrokovati otkaz;

P - posledice ili efekat koji opasni doga-
daj moze da ostavi na vrednosti orga-

[stanju rudarske aprene

——

Zapis o irvriemam edurimniu
Pluna adriavann rudande
aprems

nizacije, prirodne i radom stvorene
vrednosti i kvalitet Zivotne sredine.

4.2.1. Procena verovatnoc¢e opasnog
dogadaja

Verovatnota pojave opasnog dogadaja
koji moZe da uzrokuje otkaz opreme (V) se
izraZava se prema sledeem izrazu:

V=U#R
U - ucCestalost ili frekvencija desavanja
(pojavljivanja) opasnog dogadaja
koji moze uzrokovati otkaz opreme;
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R - osetljivost organizacije na moguc-
nost realizacije opasanog dogadaja.

Verovatnoéa da potencijalna opasnost
rezultira opasnim dogadajem predstavlja
kombinaciju ucestalosti deSavanja odrede-

nog opasnog dogadaja i osetljivosti organi-
zacije. Verovatnoca da potencijalna opasnost
rezultira opasnim dogadajem stepenovana je
na slede¢i nacin: 1 — vrlo malo verovatno;
2 — malo verovatno; 3 — umereno verovatno;
4 — verovatno; 5 — vrlo verovatno.

Tabela 1. Kriterijumi za odredivanje verovatnoce nastanka opasnog dogadaja

Ucestalost - U Osetljivost - R V=U#R
1 vrlo retka vrlo velika vrlo malo
pojava opasnog dogadaja uopSte nema funkcije odrZzavanja verovatno
2 povremena velika malo
pojava opasnog dogadaja samo organizacione mere odrZavanja verovatno
3 _ Cesta srednja umereno
pojava opasnog dogadaja samo tehnicke mere odrzavanje verovatno
retezna mala
4 pojava opr))asnog dogadaja organizacione i tehnicke mere odrZavanja verovatno
5 veoma Cesta vrlo mala vrlo
pojava opasnog dogadaja u funkciji sistemsko odrZavanje verovatno

Ucestalost se odnosi nha ponavljanje
odredene pretnje da ¢e doc¢i do realizacije
opasnog dogadaja u posmatranom vremen-
skom periodu. Ucestalost se stepenuje na
slede¢i nacin: 1 - vrlo retko; 2 - povremeno;
3 - Cesto; 4 - preteZno; i 5 - veoma Cesto.

Osetljivost predstavlja postojece stanje
sistema odrzavanja opreme / osnovnih sred-
stava, odnosno osetljivost organizacije /
postrojenja / procesa na opasnost od otkaza.

Osetljivost se stepenuje na slede¢i nacin: 1 -
vrlo velika ranjivost - uopste nema mera
funkcije odrzavanja, 2 - velika ranjivost - u
funkciji samo organizacione mere odrza-
vanja, 3 - srednja ranjivost — u funkciji samo
tehnicke mere odrZavanja, 4 - mala ranjivost
- u funkciji organizacione i tehnicke mere
odrZavanja i 5 - vrlo mala ranjivost - uspo-
stavljen, sertifikovan i viSe puta proveren
sistem menadZmenta opremom.

Tabela 2. Matrica za procenu verovatnoce otkaza

OSETLJIVOST | vrlo velika velika srednja mala vrlo mala
UCESTALOST 1 2 3 4 5
vrlo retko 1 3 2 1 1 1
povremeno 2 4 3 2 2 1
Cesto 3 5 4 3 2 2
pretezno 4 5 4 3 3 3
veoma Cesto 5 5 5 4 3 3

4.2.2. Posledice opasnog dogadaja

Posledice opasnog dogadaja (P) se
izraZavaju prema izrazu:

P=S#K
S - Steta, oSteéenje specifi¢ne rudarske

mehanizacije na Kkojoj opasan
dogadaj moze izazvati posledice;

K - kriti¢nost, vrednost ili vaznost Sti¢ene
vrednosti za organizaciju u kojoj opa-
san dogadaj moZe izazvati posledice.

Posledice predstavljaju efekat opasnog

dogadaja po opremu (osnovna sredstva)
organizacije, a manifestuju se kroz veli¢inu
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Stete u odnosu na kriti¢nost vaznosti $ticene
vrednosti.
Posledice su stepenovane na sledeci

nacin: 1 - vrlo lake posledice; 2 - lake posle-
dice; 3 - srednje teSke posledice; 4- teSke
posledice i 5- izrazito teSke posledice.

Tabela 3. Kriterijumi za utvrdivanje posledica

Steta - S Kriti¢nost - K P=S#K
1 vrlo mala -do 1.000,00 Eura ili vrlo vrlo velika- potpuni prekid vrlo lake
male posledice funkcionisanja organizacije posledice

5 mala — od 1.000,00 do 10.000,00 Eura, velika- poljuljano lake posledice

ili male posledice funkcionisanje organizacije p

5 | srednja—od 10.000,00 do 10000000 | o srednja- moguce srednje teske

Eura ili teSke posledice frelomsane uz povecane posledice
napore i dopunska sredstva
4 velika — viSe od 100.000,00 Eura, ili mala- moguée zaustavljanje teSke

teSke i viSestruke teSeke posledice procesa rada posledice

5 vrlo velika — viSe od milion Eura, ili vrlo mala- reSavanje u hodu, izrazito teSke
katastrofalne posledice redovnim aktivnostima posledice

Steta je mera osteéenja §ticene vrednosti
(opreme/osnovnih  sredstava) i  moZe
rezultirati u razli¢itim stepenima. Steta je
stepenovana i izraZzena kao: 1 - vrlo mala
Steta; 2 - mala Steta; 3 - srednja Steta; 4 -
velika Steta i 5 - vrlo velika Steta.

Tabela 4. Matrica za procenu posledica

Kriti¢nost je mera vrednosti odnosno
vaznosti §ticene vrednosti.

Kritiénost je stepenovana na sledeci
nacin: 1 - vrlo velika kriti¢nost; 2 - velika
kriti¢nost; 3 - srednja kritiCnost; 4 - mala
kriti¢nost i 5 - vrlo mala kriti¢nost.

KRITICNOST | vrlo velika velika srednja mala vrlo mala
STETA 1 3 4 5
vrlo mala 1 3 2 1 1 1
mala 2 4 3 2 2 1
srednja 3 5 4 3 2 2
velika 4 5 4 3 3 3
vrlo velika 5 5 5 4 3 3

4.2.3. Definisanje nivoa rizika
Nivo rizika stepenovan je I_(_ao: o 3) Umereno povecani rizik (R=6, 819)
2 zg'o Tf”"z')("' zanemarljiv) rizik 4) Veliki rizik (R = 10, 12, 15 i 16)
=1i . I .
A . 5) lzrazito veliki rizik (R = 20 i 25).
2) Malirizik (R=3,41i5) ) ( )
Tabela 5. Matrica za procenu rizika
POSLEDICE | vrlolake | lake srednje teSke teSke | izrazito teSke
VEROVATNOCA 1 2 3 4 5
vrlo malo verovatno 1 1
malo verovatno 2 2
umereno verovatno 3 6 9 12 15
verovatno 4 8 12 16
vrlo verovatno 5 10 15
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Procenjeni rizici se prema definisanoj
kategorizaciji svrstavaju u:

1) PRIHVATLIIV RIZIK
(R=1,2,3,4i5)

2) USLOVNO PRIHVATLIIV RIZIK
(R=6,8,9)

3) NEPRIHVATLIIV RIZIK
(R=10,12, 15,16, 20i 25)

Po zavrSetku procesa procene rizika
pristupa se uspostavljanju mehanizama
kontrole procenjenog rizika. 1zbor odgova-
rajuée opcije za uspostavljanje mehanizama
kontrole rizika obuhvata balansiranje
troSkova i napora u primeni opcije i koristi
koja se moZe iz toga izvuéi [8].

Veliki broj opcija za uspostavljanje
mehanizama kontrole rizika moZe hiti
razmatran i primenjen pojedinacno ili u
kombinaciji. Kod odluc¢ivanja treba uzeti u
obzir retke, ali rizike koji mogu opravdati
akcije uspostavljanja mehanizama kontrole
rizika koje nisu opravdane (dozvoljene) po
strogo ekonomskim pravilima [10].

Pri definisanju upravljanja rizikom, ili
razmatranja  izmena u  postoje¢em
upravljanju, moraju se razmotriti mere i
opcije smanjivanje rizika u skladu sa
slede¢om hijerarhijom:

a) mere i opcije za otklanjanje ili izbe-

gavanje rizika;

b) mere i opcije za ublaZzavanje ili
zamenu (substituciju) rizika;

C) mere i opcije za inZenjersku kontrolu
izvodljivost primenjenih strategija,
planova i programa i analizu odnosa
cene i koristi;

d) mere i opcije za definisanje proce-
dura i uputstava za odrZavanje
opreme;

€) mere i opcije za primenu tehnicke
dijagnostike.

5. ZAKLJUCCI

Rudarske kompanije koje Zele da una-
prede svoja poslovanja moraju da u svakom
momentu raspolazu relevantnim informa-
cijama koja oprema/osnovna sredstva

su u raspolozivom i funkcionalnom stanju.
Analizi stanja opreme/osnovnih sredstava
potrebno je da se posveti dovoljna paznja jer
na taj nacin menadzment preduzeca
raspolaZe bitnim informacijama koje pod-
sticu donoSenje odgovaraju¢ih odluka za
unapredenje sistema menadzmenta opre-
mom kao i celokupnim integrisanim mena-
dZzment sistemom. Vrlo vazan korak u
razvoju sistema odrZzavanja opremom je
ukljuivanje najviSeg rukovodstva i osoblja
zaduZenog za eksploataciju i odrZavanje
opreme.

Definisani dijagram toka i metodoloski
postupak procene rizika u postuku odrza-
vanje opreme/osnovnih sredstavaje od velike
koristi za razvoj sistema menadZmenta
opremom (AMS). Procena rizika i uspostav-
ljanje kontrolnih mehanizama upravljanja je
od velike koristi i pri projektovanju integri-
sanih sistema menadZmenta [8]. PredloZeni
model procene rizika omogucava da se info-
rmacije o riziku u odrZzavanju opreme ade-
kvatno procesuiraju i koriste u donoSenju
odluka na releventnim nivoima organizacije
[8].

PredloZena je i definisana metodologija
menadZment rizika u odrZavanju rudarske
opreme koja:

- obezbedjuje da bude proaktivna, a ne

reaktivna i,

- obezbeduje identifikaciju, odredivanje
prioriteta i dokumentovanost rizika,
kao i primenu kontrole, kada je to
prikladno.

Proaktivnom i sveobuhvathom proce-
nom rizika kako je to definisano ovim
radom organizacija koja se bavi odrZa-
vanjem rudarske oprememoze da:

- kreira i odobrava politiku upravljanja

procenjenim rizikom;

- obaveStava sve zainteresovane strane
(poslodavce, menadZzment, korisnike,..)
za stanje raspoloZivosti svoje rudarske
mehanizacije;

- definiSe mehanizme kontrole proce-
njenog rizika koji odgovaraju perfor-
mansama organizacije za odrZavanje
rudarske mehanizacije;
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osigurava podudarnost ciljeva uprav-
ljanja rizikom pri odrzavanju rudarskih
masina sa ciljevima i strategijom
organizacije;

obezbeduje usaglasenost sa zakon-
skom i podzakonskom regulativom
kao i sa pravnim aktima organizacije
koji se ticu upravljanjakvalitetom
odrZavanja rudarske mehanizacije;
obezbeduje raspodelu potrebnih resu-
rsa za potrebe upravljanja procenjenim
rizikom.
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Abstract

Development of spatial data infrastructure is directly related to development of spatial data collect-
ing technologies, IC technologies and level of social development. Spatial data types provide the basic
mechanisms of abstraction for spatial data geometric structure modeling, their attributes, operations
and relations. Spatial data infrastructure includes metadata, sets and services of spatial data, network
services and technologies, agreements on sharing, access and utilization and mechanisms of coordina-
tion and supervision, processes and procedures, established guided or available, depending on the IN-

SPIRE directive.
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1 INTRODUCTION

Spatial data infrastructure exists since
the first spatial data started to be collected
and showed at plans and maps. Traces of
such activities could be found in the earliest
antique times, in Babylon and Egypt. For a
long period of time, the analog map was the
most efficient way of showing spatial data.
The map was a precursor of data bases, in-
formation systems and, in a way, a precursor
of spatial data infrastructure, too. It enables
display of spatial positions, connections and
relations of objects and occurrences, as well
as display of their qualitative and quantita-
tive changes in time. Development of spatial
data infrastructure since then is directly re-
lated to development of technologies for
spatial data collection, information and
communication technologies and level of
social development. GIS technology is the
main cause of these changes. Spatial infor

- University of Belgrade, Technical Faculty in Bor

“ Mining and Metallurgy Institute, Bor

mation, integrated in different products and
software applications, became a product
dedicated to wide market. Due to infor-
mation and communication technologies,
conventional presentation of spatial data
belongs to the past. Today, spatial data are
usually gained, stored, processed, analyzed
and presented in digital form through nu-
merous applications. Spatial data enable the
basic mechanisms of abstraction for model-
ing of spatial data geometric structure, their
attributes, operations and relations between
them.

2 SPATIAL DATA
INFRASTRUCTURE

The term “infrastructure” represents
the basic frame of system or organization,
as well as means (people, structures,

“ This work is the result of the Project No. 33038 "Improvement the Technology of Mining and Pro-
cessing of Copper Ore with Monitoring the Environmental and Working in RTB Bor Group", funded
by the Ministry of Education, Science and Technological Development of the Republic of Serbia.
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equipment) needed for the certain activity.
However, there is a clear difference be-
tween spatial data infrastructure and other
infrastructural forms. In this case the term
infrastructure is used for promotion the
concept of environment support, which
enables the access to spatial data using
minimum composite of regulations, stand-
ards, protocols and other specifications.

The term SDI (spatial data infrastruc-
ture) is often used for description the basic
composite of technology, politics and insti-
tutional agreements, aiming to make easier
access to spatial data. Spatial data infrastruc-
ture, in organizational and technical terms,
provides the significant advantages com-
pared to the standard spatial databases.
However, it still has some technical issues,
such as sharing, availability and accessibility
of spatial data, as well as interoperability.
Interoperability is the ability to joint func-
tioning of different systems, techniques or
organizations. Software is the best example
of interoperability, where many programs
can use the same format or protocol.

Spatial database is a collection of spa-
tial data type, operators above them, data
lists, strategies for their processing, etc.
and they can operate with lots of post —
relation data base management systems
(DBMS) and program languages such as
Java, Visual Basic, etc. It should be men-
tioned that the spatial data bases are just
one of the components, but also a core of
spatial data infrastructure.

Spatial data infrastructure is a term
that includes much more than simple col-
lection of spatial data or spatial database.
There are lots of different data and attrib-
utes, well described (metadata) in a sense
of revealing, visualization, evaluation
(catalogues, web mapping) and other
methods, thus providing the access to spa-
tial data. Also, it includes the additional
services and applications in order to make
using of spatial data easier.

Construction of functional spatial data
infrastructure requires the organizational
agreements, needed for coordination and

administration at the local, national and
international level. The infrastructure pro-
vides an ideal environment for relation of
spatial data and applications, through in-
troduction of minimum suitable standards
and politics. Concept of spatial data infra-
structure represents realization of vision,
aimed by entire geoinformational commu-
nity. By that vision, the spatial data and
tools were supposed to be widely used for
management and operations in many dif-
ferent disciplines.

Elementary economic pragmatism and
development of information and commu-
nication technologies led to development
of SDI concept. There are several opinions
and definitions that describe SDI. There
are some of the definitions of spatial data
infrastructure that are given bellow:

o Spatial data infrastructure implies to a
group of spatial data, metadata, stand-
ards, users and technologies, interac-
tively related, aiming to use the spatial
data in a flexible and efficient manner;

o Spatial data infrastructure provides a
base for data inquiries, their estima-
tion and application at every social
level: government, public sector, pri-
vate sector and citizenship;

o Spatial data infrastructure represents
politics, regulations and human re-
sources needed for collecting, pro-
cessing, storage, distribution and im-
provement the spatial data usage.

As the summary of these definitions,
spatial data infrastructure is easiest to be
defined as a system of spatial data,
metadata, producers and tools that are
connected aiming to disseminate and use
spatial data simply and efficiently at any
social level. Synonyms for spatial data
infrastructure are geographic- informa-
tional strategy, infrastructure of geospatial
data and geoinformational infrastructure.
Spatial data infrastructure represents a
system for collecting the spatial infor-
mation that describe and display objects,
contents, attributes and appearances on the
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Earth. Also, it makes them available to
wide circle of users. Geoinformational
infrastructure, or Infrastructure for Spatial
Information in Europe (INSPIRE) is a
directive of the European Commission
aiming to create the infrastructure for Eu-
ropean geodata.

3 CONCEPT OF DEVELOPMENT AND
IMPLEMENTATION THE SPATIAL
DATA INFRASTRUCTURE

There are different approaches in con-
cepts of SDI development and implementa-
tion, but basically, each concept includes a
combination of organizational and technical
components. Developing countries, as well
as countries in transition process, are chal-
lenged to improve the spatial data infrastruc-
ture and provide the access to information
according to the sustainable development.
One of the most important tasks at the be-
ginning of such process is creation of the
national catalogue of spatial data and
metadata. The first step includes institutional
agreement on establishing the spatial data
infrastructure, as well as preservation the
basic series of data. Also, it is necessary to
define a type of data that are used in the ma-
jority of applications. Commonly used data
are reference points, leveler and hydrograph-
ic data, addresses, administrative borders,
airplane and satellite photos, roads, data on
property, etc.

The second step is creation the
metadata information system. Metadata
help users to find data they are interested
in. Development of metadata services has
to be followed with rising of awareness
about necessity to create the agreement on
data access, defining of service prices,
licensing, authorization and similar. Inter-
net and development of spatial data access
portals bring wide opportunities, both to
the users and providers. Along with these
steps, it is necessary to harmonize and
coordinate spatial data with the corre-
sponding regulations and standards. Tech-
nically, the most important components

are technologies and applications. Techno-
logical improvements completely changed
the way of access to spatial data and their
use. The final step is to implement the
spatial data base and establish national,
regional (European) or Global Spatial Da-
ta Infrastructure (GSDI).

From the current point of view, devel-
opment of spatial data infrastructure can
be divided into two generations. The first
generation was mainly directed to the
technical solutions and data as the final
product (product oriented), while the se-
cond generation was aimed to the users
and services (service oriented). The users
of spatial data are no longer interested in
data access only, but also in services and
analyses, which includes combining of
different databases and other sources. The
first generation of spatial data infrastruc-
ture was mainly financed from budgets of
the national spatial data institutions. How-
ever, such support was usually unilateral
and it did not include financing and devel-
opment of the second generation of SDI
(Giff and Coleman, 2003). Further devel-
opment of the existing spatial data infra-
structures requires redefining of mecha-
nisms for restructuring, implementation
and maintenance. The existing financing
models are no longer adequate and chang-
es are required. Hierarchical concept of
spatial data infrastructure, from local to
the global level, also requires develop-
ment of financing strategy for such im-
plementation and its maintenance.

4 ELEMENTS OF SDI

The main elements of spatial data in-
frastructure are the following:

1. Spatial data;

2. Metadata;

3. Standards;

4. Clearinghouse (Catalogue) and

5. Partnership.

Successful implementation of specific
elements requires creation of suitable en-
vironment, with the following properties:
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e Standardized contents, parts and pro-
cedures;

e Main sources of spatial data and
networked users;
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e Technical infrastructure adjusted to
simple and efficient use.

Figure 1 shows physical implementation
of some parts of spatial data infrastructure.
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Figure 1 Physical implementation of SDI

The basic concept of physical implemen-
tation is to create simple and undisturbed
spatial data flow from databases to users.
Such data flow requires suitable network
and other technical infrastructure, estab-
lished according to corresponding standards.
The user, who accesses database through
client (web browser), has to be able to
search the spatial data, using free metadata
as an instrument for evaluation the user con-
venience.

The important factor in physical imple-
mentation is an institutional context, which
demands fundamental changes in spatial
data management, from their acquisition to
the final use (Masser, 2004). These changes
include creation of program for capacity
building, which enables the efficiency of
spatial data infrastructure, along with all
subjects included in the process.

In such context, the capacity building is
not only development of human potential,
but also the organizational improvement and
entire social transformation. Arguably, the

spatial data infrastructure requires changes
in life styles and development of collective
consciousness on its potential and develop-
ment of IT society in general.

4.1 Spatial Data

In the present time of IT revolution, a
large amount of data is collected daily
through satellite sensors. Acquired data
come both from ground surface and bel-
low surface. The most important compo-
nent in the process, without whom the
infrastructure would not even exist, are the
spatial data. Spatial data are all data con-
nected to the spatial component. They
describe objects and phenomena of the
real word which are spatially referenced
(by coordinates, address or administrative
area). Spatial data set is a collection of
mutually connected spatial data.

Spatial data services are operations exe-
cutable through computer applications on
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spatial data stored in the spatial data sets or
connected metadata. Spatial object is an
abstract image of real phenomenon, related
to the specific location or geographic area.
The nature of spatial data is multidiscipli-
nary, and the foundation of spatial data in-
frastructure are topographic and cadastre
data. The primary aim of spatial data infra-
structure is to enable easy access to spatial
data to wide circle of users, such as public
and private sectors and companies at the
local, national, regional and global level.
Inside the infrastructure, spatial data are
divided into basic, or framework dataset and
others, or thematic dataset. From the start of
acquiring, the framework data have multi-
functional purpose, while thematic dataset is
made of thematic layers. Framework data
are composed for various purposes (cadas-
tre, geodetic frameworks, and topographic
bases) and they can be combined and up-
graded with other data. Thematic data are
created for a single use, but they could be
also used for other purposes.

Usually, each country establishes its pri-
orities in definition of framework and the-
matic data. Since spatial data are related to
the space, the spatial reference system is
very important factor in the process. Distri-
bution, use and comparison of spatial data,
gained from different sources, systems or
organizations, is possible only if they are in
the same reference system, or if the real time
conversion is provided. Reference system
has to provide the spatial determination of
locations with well defined horizontal and
vertical datum (Vusovic, 2012).

Establishment of framework of spatial
data represents a joint effort that includes all
participants of spatial data infrastructure, in
order to create widely available source of the
basic spatial data. The framework sorts geo-
spatial data by different topics, depending on
user requirements, and then creates the envi-
ronment for their further development and
use. Framework of spatial data can be over-
viewed through three aspects:

1. Spatial data;

2. Procedures and technologies of da-

ta creation and utilization;

3. Institutional relations and business
practice as a backup to the entire
environment.

The purpose of spatial data framework
establishment is to reduce data redundan-
cy and improve relations between groups
of spatial data. Selection of spatial data
type depends on users and their demands
and needs. GIS has recognized three main
groups of spatial data users, and databases
are created according to these groups. The
first group is mainly focused to spatial
data analysis. This group consists mainly
of specialists, scientists and government
servants. Their activities are focused to
isolated environments and they use specif-
ic databases, specially designed for them.
Expansion of internet created another
group of users. Their utilization of spatial
data is limited to applications with the
user friendly level. There are many inter-
net pages that provide different services,
such as information on shortest destination
paths, vehicle monitoring and similar.
Increasing the number of PDA and cellu-
lar phone users led to creation the new
applications for specific purposes, thus
forming the third group of users. An ex-
ample of such application is a cellular
phone application that represents user at
some distant point. The application down-
loads data segment required for specific
task, operates with data segment at distant
location and finally synchronizes amended
and processed data with the main database
at the end of working day. The important
aspect of these applications is that client
takes over only the data segment required
for processing, operates locally with these
data and works off line.

Framework of spatial data includes
different types of data, but usually the
following data groups: cadastre, traffic,
hydrographic, administrative units, geo-
detic base, heights, geographic denomina-
tions and names. Cadastre data should be
highlighted, since they are used as the
base of spatial data infrastructure and they
are considered as the most important in
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definition the spatial data frameworks in
most countries (Cetl, 2005).

4.2 Metadata

Metadata have always been needed to
describe the meaning and properties of data,
in order to improve understanding, classifi-
cation, utilization and management of data.
Metadata are described as “data on data” in
any medium. Generally, metadata are the
group of attributes which describe content,
quality, availability, access, conditions, loca-
tion and other relevant information on
geodata. They can also be the data which
describe properties of some source in digital
format. They are useful in the process of
overview, transfer and documentation of
some content. Also, they are used to speed-
up and improve searching in huge amount of
data and discover more relevant information.
Metadata are helpful in discovering and or-
ganization of resources and they enable in-
teroperability using the defined schemes and
protocols. With digital identification, the
resources gain unique marks that metadata
are referenced to. Types of metadata depend
on the environment they are used in. They
can be applied in relational databases, data
storages, database contents, where they can
describe any data (photos, videos), in spatial
data description, etc. Metadata schemes are
structural sets of metadata with a specific
purpose, for example to determine a type of
a document. There are different metadata
schemes. Each metadata scheme has limited
number of elements, where each element has
the name and meaning. Implementation — in
order to make utilization of metadata
schemes in context of network resources
possible, it is necessary to mark them with a
set of signs which enable scheme recogni-
tion. Text formats used in this process are
XML, SGML, HTML, MIME, etc. This
way metadata are embedded into document
using tags. This can be created by direct
entering of symbols, or by the use of editing
programs. Development and application of
metadata are huge advances in finding and
using information, especially today when
internet becomes the main source of infor

mation. In digital sense, metadata are struc-
tured data which describe, explain, locate, or
in any other way enable easier resource
management. Metadata provide the answers
to “what, who, where, why, when and how”
questions about geospatial data.

4.3. Norms and Standards

Norms and standards in the area of
spatial data are necessary for anyone who
deals with acquisition, creation, distribu-
tion and utilization of spatial data, whether
individually or related to non-spatial in-
formation. Since creating norms is a dy-
namic process, there are significant num-
ber of norms and standards that are in a
phase of development or upgrading.
Terms “standard” and *“norm” are often
used as synonyms, although they have
different meanings. Terms “standard” and
“standardization” are widely accepted in
English speaking areas, while other lan-
guages prefer term “norm”. Norms are de
jure, i.e. approved by corresponding or-
ganization, while standards are de facto,
i.e. the results of application by number of
users (for instance, dxf format). Creating
norms for spatial information is important
for establishing transfer between different
users, applications, systems and locations.
Norms are created and adjusted aiming to
standardize actions and procedures for
distribution and maintenance of data. This
way unified data flow is provided, from
creators to users, which is the main prin-
ciple of in spatial data infrastructure build-
ing. Standardization of spatial data is de-
veloped at several levels: national level,
regional level (CEN) and international
level (1ISO - International Organization for
Standardization). In Europe, CEN (Comité
Européen de Normalisation) has jurisdic-
tion for issues of standardization. Norms
and standards should define methods,
tools and services for data management,
acquisition, processing and analysis of
data, access to data, display and transfer of
data between different users, systems and
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locations. Standardization includes crea-
tion, nomination and implementation of
different standards. 1SO 19115 Metadata
Standard defines a scheme for description
the spatial data and services. This standard
enables creation of metadata on identifica-
tion, quality, space and time scheme, ref-
erence system and spatial data distribu-
tion. It can be used for creation the clear-
inghouse and full data description for
groups and series of data, individual data
and data properties.

4.4 Clearinghouse (Catalogue)

Each organization that creates spatial da-
ta has to provide their description by
metadata and ensure access to all of the de-
tails, so that the users would be able to vali-
date usability and beneficiary of data, de-
pending on their needs. The role of clearing-
house is to prepare metadata for different
organizations, update them, validate and
enable access. Based on such support, the
users are able to find and use spatial data in
the most efficient way. Spatial data clear-
inghouse, in the context of spatial data infra-
structure, may be defined as the access net-
work, focused on search, access and other
related services on spatial data. Clearing-
house enables the following actions:

o Metadata search, in order to find the

spatial data;

¢ Finding links for full data accesses,
where it is enabled;

o Uniformed, distributed search through
the unified user interface on any server
across the globe;

o Free mechanisms for “advertising” of
data groups, through the “truth in la-
beling” principle.

Clearinghouse is a repository with de-
scriptions of resources, i.e. any metadata that
describes what is available in the system, for
example: OGC services, descriptions of
geospatial data groups (1ISO 19115), images,
scenes, symbol, display rules, etc. So, clear-
inghouse provides integral overview of

group of available resources. Generally,
clearinghouse may contain several servers
on internet with information about existing
data, i.e. metadata. Clearinghouse provides
interface for finding geoinformation on web
through OGC standards. Clearinghouse ar-
chitecture is the server — client, where serv-
ers contain metadata and services, while
clients have the access through web browser.
In some way, clearinghouse is the one-stop
shop for spatial data (Crompvoets, 2004).

4.5. Cooperation and Partnerships

The establishment of efficient spatial da-
ta infrastructure stands on building coopera-
tion and partnerships of institutional agree-
ments and communications. In most of cas-
es, in different concepts of spatial data infra-
structures worldwide, the main acknowl-
edgement is that it could not be built by sin-
gle organization. Only cooperation between
various organizations at all levels of nation-
al, public and private sector, data users, aca-
demic community and everyone who is re-
lated to the spatial data, may create envi-
ronment that, in the long-term period of
time, enables establishment, sustainability
and management of spatial data infrastruc-
ture. The most important elements of coop-
eration are distribution of responsibility,
distribution of costs, distribution of benefits
and joint control. Distribution of responsibil-
ity implies the individual responsibility of
each subject, aiming to establish the effec-
tive spatial data infrastructure. Responsibil-
ity cannot be strictly directed to an individu-
al subject. Similarly, the costs and benefits
also have to be distributed between various
subjects, depending on their participation.
The important element of this cooperation is
the joint control, as an instrument of im-
provement the relations and communication.
Each of these elements is important, regard-
less on focus of cooperation, whether it is
profit or establishment the spatial data infra-
structure. Benefits of cooperation are re-
flected to the entire society, and not only to
the subjects involved in process.
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CONCLUSION

The world of spatial data is of key im-
portance, not only to itself, but to the entire
society. From wider perspective, this sector
is just one of many directly depending on
development of technology, politics and
many other elements usually out of their
control. General vision in many countries is
to create the virtual environment where spa-
tial information will be available to the users
in the quickest and simplest way, at any time
and in any place. Accomplishment of spatial
data infrastructure is the main support to this
vision. The first generations of spatial data
infrastructures have arose into the second
generation, but they are constantly facing
difficulties on their way to match the needs
of users. The existing clearinghouses, which
are mainly passive mechanisms, are not able
to answer these needs.

From the long-term point of view,
matching needs of users has to be the most
important aim in development of spatial data
infrastructure. Groups of data that are not in
use are useless. Need for spatial data from
users may be observed as the general social
need. That is why further development
should enable most convenient and suitable
access to data, according to the needs of
users. There are four key elements in identi-
fying as the most important in future devel-
opment of spatial data infrastructure:

1. Creation of suitable management

strategy;

2. Making data access easier;

3. Building capacities;

4. Increase of interoperability.

These elements should be a base for
improvement the existing spatial data in-
frastructures and lead to creation the se-
cond generation of infrastructures, orien-
ted towards users and services.
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lzvod

Razvoj infrastrukture prostornih podataka direkno je povezan sa razvojem tehnologija prikupljanja
prostornih podataka, informaciono-komunikacionim tehnologijama i stepenom drustvenog razvoja.
Prostorni tipovi podataka obezbedjuju osnovne mehanizme apstrakcije za modelovanje geometrijske
strukture prostornih podataka, njihove atribute, operacije nad njima i relacije izmedju njih. Infrastruk-
tura prostornih podataka podrazumeva metapodatke, setove i servise prostornih podataka, mrezne
servise i tehnologije, sporazume o deljenju, pristupu i upotrebi i mehanizme koordinacije i nadzora, pro-
cese i procedure, uspostavljene, vodjene ili stavljene na raspolaganje u skladu sa INSPIRE direktivom.

Kljuéne redi: GIS, geoinformatika, infrastruktura prostornih podataka (SDI), INSPIRE direktiva

1. UvOD

Infrastruktura prostornih podataka posto-
ji od trenutka kada su se prvi prostorni
podaci poceli sistematski prikupljati i prika-
zivati na planovima i kartama. Tragovi tih
aktivnosti nalaze se jo$ u najranijim vreme-
nima antike, Babilona i Egipta. Najefikasniji
nacin za prikazivanje prostornih podataka,
tokom dugog istorijskog perioda, bila je
analogna karta. Karta je bila prete¢a prvo-
bitne prostorne baze podataka, prvobitnog
prostornog informacionog sistema i na neki
nadin preteCa infrastrukture prostornih
podataka. Karta omogucava prikaz prostor-
nog razmeStaja, povezanosti i uzajamnih
odnosa predmeta i pojava, kao i prikaz
kvalitativnog i kvantitativnog menja-nja tog
stanja kroz vreme. Razvoj infrastrukture
prostornih podataka od tih davnih vremena
do danas direktno je povezan sa razvojem
tehnologija prikupljanja prostornih poda-
taka, informaciono komunikacionim tehno-
logijama i stepenom drustvenog razvoja.
Tehnologija GIS-a jeste ,,glavni krivac* za

" Univerzitet u Beogradu, Tehnicki fakultet u Boru

“ Institut za rudarstvo i metalurgiju, Bor

nastale promene. Prostorne informacije,
integrisane u druge proizvode i softverske
aplikacije, postale su proizvod namenjen
masovnom trzistu. Zahvaljujuéi informa-
cionim i komunikacionim tehnologijama
konvencionalni nacin prezentovanja podata-
ka o prostoru pripada proslosti. Danas se
prostorni podaci uglavnom sakupljaju, arhi-
viraju, obradjuju, analiziraju i prezentuju u
digitalnoj formi kroz veliki broj aplikacija.
Prostorni tipovi podataka obezbedjuju osno-
vne mehanizme apstrakcije za modelovanje
geometrijske strukture prostornih podataka,
njihove atribute, operacije nad njima i
relacije izmedju njih.

2. INFRASTRUKTURA PROSTORNIH
PODATAKA

Pojam infrastruktura predstavlja osnovni
okvir nekog sistema ili organizacije, ali i
sredstva (ljudi, objekata, opreme) potrebnih
za neku aktivnost. Medjutim, postoji jasno

“* U ovom radu su prikazani rezultati projekta TR 33038 ,,UsavrSavanje tehnologija eksploatacije i
prerade rude bakra sa monitoringom Zivotne i radne sredine u RTB Bor Grupa“ koji se finansira od
strane Ministarstva prosvete, nauke i tehnoloskog razvoja Republike Srbije
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razgranicenje izmedju infrastrukture prostor-
nih podataka i drugih infrastrukturnih formi.
Pojam infrastruktura koristi se za promaociju
koncepta pruZanja podrSke okoline koja
omogucuje pristup prostornim podacima uz
kori§¢enje minimalnog skupa normi, stan-
darda, protokola i drugih specifikacija.

Pojam infrastruktura prostornih podataka
(eng. Spatial Data Infrastructure, SDI) ¢esto
se koristi da ozna¢i osnovni skup tehno-
logije, politike i institucionalnih sporazuma,
¢iji je cilj laksi pristup prostornim podacima.
Infrastruktura prostornih podataka u organi-
zacionom i tehni¢kom smislu, pruza znatne
prednosti u odnosu na standardne prostorne
baze podataka, ali i kod nje postoje
institucionalni i tehnicki problemi deljivosti i
dostupnosti prostornih podataka i interope-
rabilnosti. Pod interoperabilnoS¢u se podra-
zumeva sposobnost za zajednicki rad
razli¢itih sistema, tehnika ili organizacija.
Softver je najbolji primer interoperabilnosti,
kada viSe programa mogu da upotrebnjavaju
isti format ili iste protokole.

Prostorna baza podataka (eng. spatial
database) je kolekcija prostornih tipova
podataka, operatora nad njima, popisima
podataka, strategija za procesiranje takvih
podataka, itd. i mogu da rade sa mnogim
post-relacionim DBMS (eng. Data Base
Management System) kao i sa programskim
jezicima kao Sto su Java, Visual Basic itd.
Treba ista¢i da su prostorne baze podataka
samo jedna od komponenti, ali i jezgro
infrastrukture prostornih podataka.

Infrastruktura prostornih podataka jeste
pojam koji oznatava mnogo vise od
jednostavnog skupa prostornin podataka ili
prostorne baze podataka. Ona podrazumeva
mnostvo prostornih podataka i atributa,
dovoljno opisanih (metapodataka), u smislu
otkrivanja, vizuelizacije, ocene podataka
(katalozi, web Kartiranje) i drugih metoda,
koji obezbedjuju pristup prostornim poda-
cima. Takodje, ona obuhvata i dodatne

usluge i aplikacije namenjene lak3em
kori$¢enju prostornih podataka.
Izgradnja  funkcionalne infrastruktura

prostornih podataka podrazumeva organiza-
cione sporazume neophodne za koordinaciju
i administriranje na lokalnom, nacionalnom i

medjunarodnom nivou. Infrastruktura obez-
bedjuje idealno okruZenje za vezu prostornih
podataka i aplikacija kroz primenu mini-
muma pogodnih standarda i politike. Kon-
cept infrastrukture prostornin podataka
predstavlja realizaciju vizije cele geoinfor-
macione zajednice koja je bila da ce se
prostorni podaci i alati lako i masovno
upotrebljavati za upravljanje i rad u velikom
broju disciplina.

Elementarni ekonomski pragmatizam i
razvoj informaciono-komunikacionih tehno-
logija vodili su u pravcu koncepta infrastru-
kture prostornih podataka. Postoji vise shva-
tanja i definicija o tome §to je to infrastruk-
tura prostornih podataka. Nave$¢emo deo
literaturno obradjenih definicija i ideja o
tome Sto je to infrastruktura prostornih
podataka:

o Infrastruktura prostornih podataka pod-
razumeva skup prostornih podataka,
metapodataka, standarda, Korisnika i
tehnologije, koji su interaktivno pove-
zani, u funkciji koris¢enja prostornih
podataka na efikasan i fleksibilan
nacin;

Infrastruktura  prostornih  podataka
osigurava osnovu za traZenje prostor-
nih podataka, njihovu procenu i
primenu na svim drustvenim nivoima:
u drzavnoj upravi, javnom i privathom
sektoru i gradjanstvu;

Infrastruktura  prostornih  podataka
oznacava politiku, norme i ljudske
resurse potrebne za prikupljanje, obra-
du, skladistenje, distribuciju i unapre-
djenje upotrebe prostornih podataka.

Kroz saZetak navedenih definicija,
infrastruktura prostornin podataka se na
najjednostavniji na¢in moZe sagledati kao
sistem prostornih podataka, metapodataka,
proizvodjaca, korisnika i pripadnih alata koji
su medjusobno povezani sa ciljem jedno-
stavne i efikasne diseminacije i koriSéenja
prostornih podataka na svim drustvenim
nivoima. Sinonimi za infrastrukturu prostor-
nih podataka jesu geografsko-informaciona
strategija, infrastruktura geoprostornih poda-
taka i geoinformaciona infrastruktura. Sa
jedne strane, ona predstavlja sistem za saku-
pljanje prostornih informacija koje spora-
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zZumno opisuju i prikazuju objekte, sadrZaje,
atribute i pojave na Zemlji, a sa druge strane,
te prostorne informacije ¢ini dostupnim
Sirokom krugu korisnika. Geoinformaciona
infrastruktura ili infrastruktura za prostorne
informacije u Evropi - INSPIRE (eng.
Infrastructure for Spatial Information in
Europe) je direktiva Evropske komisije sa
ciljem da kreira infrastrukturu za geopodatke
u Evropi.

3. KONCEPTI RAZVOJA | IMPLE-
MENTACIJE INFRASTRUKTURE
PROSTORNIH PODATAKA

Postoje razliciti pristupi u konceptu
razvoja i implementacije infrastrukture pro-
stornih podataka, ali u osnovi svaki pristup
podrazumeva kombinaciju organizacionih i
tehni¢kih komponenti. Zemlje u razvoju,
kao i zemlje u tranziciji, pred izazovom su
poboljsanja infrastrukture prostornih poda-
taka i pruzanja pristupa informacijama u
skladu sa odrZivim razvojem. Jedna od prvih
zadataka u tom procesu je stvaranje
nacionalnog kataloga prostornih podataka i
metapodataka. Prvi korak podrazumeva
institucionalni dogovor o uspostavljanju
infrastrukture prostornih podataka, kao i
ocuvanju osnovnog niza podataka. Takodje,
potrebno je definisati koje se to wrste
podataka koriste u veéini aplikacija. Ovde se
obi¢no govori o referentnim tackama, nivel-
manskim i hidrografskim podacima, adre-
sama, administrativnim granicama, avio i
satelitskim snimcima, putnoj mreZi, poda-
cima o imovini i sl.

Drugi korak odnosi se na izgradnju
informacionog sistema za metapodatke.
Metapodaci pomazu  Korisnicima da
pronadju podatke koji ih zanimaju. Razvoj
servisa metapodataka mora biti pracen
podizanjem svesti o potrebi dogovora pristu-
pu podacima, odredjivanju cena usluga,
licenciranju, zastiti autorskih prava i sl. Inte-
et i razvoj portala za pristup prostornim
podacima pruZaju u tom smislu Siroke
mogucnosti, kako korisnicima tako i provaj-
derima. Paralelno sa ovim koracima, nuzni
su i uskladjivanje i koordinacija prostornih
podataka sa odgovaraju¢im standardima i

normama. U tehni¢kom smislu, najvaznije
komponente su tehnologije i aplikacije.
Napredak tehnologije potpuno je promenio
put dolaska do prostornih informacija i
njihovo koris¢enje. Na kraju slede imple-
mentacija baze prostornih podataka i
uspostavljanje nacionalne, regionalne (evro-
pske) ili globalne infrastrukture prostornih
podataka — GSDI (eng. Global Spatial Data
Infrastructure).

Gledano iz sada3nje perspektive, razvoj
infrastrukture prostornih podataka moze se
podeliti u dve generacije. Prva generacija
bila je prvenstveno orijentisana ka tehnickim
reSenjima i podacima kao krajnjem
proizvodu (eng. product oriented), dok je
druga generacija orijentisana ka korisniku i
uslugama (eng. service oriented). Korisni-
cima prostornih podataka nije vise cilj da
dodju do podataka ve¢ da koriste razliite
usluge i analize, $to ukljucuje kombinovanje
razli¢itih  heterogenih baza prostornih
podataka i ostalih izvora. Prva generacija
infrastruktura prostornih podataka finansi-
rana je uglavnom iz budZeta nacionalnih
institucija za prostorne podatke. Medjutim,
ova podrska bila je najceSée jednostrane
prirode i nije predvidjala finansiranje i

razvoj druge generacije infrastrukture
prostornih podataka (Giff i Coleman, 2003).
Dalji razvoj postojecih infrastruktura

prostornih podataka zahteva redefinisanje
mehanizama za restrukturiranje, implemen-

taciju 1 odrzavanje. Postoje¢i modeli
finansiranja nisu vise adekvatni i zahtevaju
promene.  Hijerarhijski  koncept infra-

strukture prostornih podataka, od lokalnog
do globalnog nivoa, zahteva i razvoj
strategije finansiranja takve implementacije i
njenog odrZavanja.

4. ELEMENTI INFRASTRUKTURE
PROSTORNIH PODATAKA

Osnovne elemente infrastrukture prostor-
nih podataka Cine:
1. Prostorni podaci (eng. Spatial Data);
2. Metapodaci (eng. Metadata);
3. Norme i standardi (eng. Stan-
dards);
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4. Katalog (eng. Clearinghouse);

5. Saradnja (eng. Partnerships).

Uspesna implementacija pojedinih ele-
menata infrastrukture geoprostornih poda
taka podrazumeva stvaranje okruZenja u
kome su:

= sadrZaj, delovi i procedure standar-

dizovani;

METAPODACI A

<
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=
>
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o

KLIJENT

= gsnovni izvori prostornih podataka i
umrezeni korisnici;
= tehnicka infrastruktura prilagodjena
jednostavnoj i efikasnoj upotrebi.
Na slici 1. prikazana je fizicka imple-
mentacija pojedinih delova infrastrukture
prostornih podataka.

7 KORISNIK

KATALOG

PROPISI

METAPODACI B

PROSTORNI
PODACII
IMETAPODACI

Sl. 1. Fizicka implementacija infrastrukture geoprostornih podataka

Osnovni koncept fizicke implementacije
infrastrukture geoprostornih podataka podra-
zumeva stvaranje jednostavnog i nesmeta-
nog toka prostornih podataka od baza
podataka, za njihovu pohranu, do korishika.
Taj tok podrazumeva odgovarajuéu mreznu i
ostalu tehnicku infrastrukturu uspostavljenu
u skladu sa odgovaraju¢im normama i
standardima. Korisniku koji pristupa putem
klijenta (Web pretrazivaca) mora biti omo-
guéeno pretrazivanje prostornih podataka
putem  besplatnih  metapodataka  kao
instrumenta ocene pogodnosti za upotrebu.

Vazan faktor u fizickoj implementaciji
infrastrukture geoprostornin podataka je i
institucionalni kontekst, $to podrazumeva
potrebu za fundamentalnim promenama u
nacinu upravljanja prostornim podacima od
njihova prikupljanja do upotrebe (Masser
2004). Te promene zahtevaju stvaranje
programa izgradnje kapaciteta (eng. capacity
building), kojim ¢e se osigurati efikasnost
infrastrukture geoprostornin podataka kao i

svih ukljuéenih subjekata. U tom kontekstu
izgradnja kapaciteta ne ukljuéuje samo
razvoj ljudskih potencijala, ve¢ i organiza-
cionu promenu kao i celokupnu drustvenu
transformaciju. Nesumljivo, infrastruktura
geoprostornih podataka zahteva promenu u
nacinu zivljenja i izgradnju kolektivne svesti
0 njenom potencijalu u razvoju informa-
cijskog drustva.

4.1. PROSTORNI PODACI

U danasnje vreme informaticke revolu-
cije, velika koli¢ina podataka se svako-
dnevno prikuplja preko satelitskih senzora,
kako podacima sa povrSine Zemlje tako i
podacima koji se nalaze ispod povrsi terena.
NajvaZznija komponenta bez koje infra-
struktura geoprostornih podataka uopste ne
moZe postojati su prostorni podaci. Prostorni
podaci (eng. spatial data) su svi podaci
povezani sa prostornom komponentom.
Opisuju objekte i pojave stvarnog sveta koje
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su prostorno referencirane (koordinatama,
adresom ili administrativnim podrucjem).
Set prostornih  podataka podrazumeva
kolekciju prostornih  podataka Kkoji su
medjusobno povezani. Servisi prostornih
podataka oznacavaju operacije koje se mogu
obaviti pozivanjem racunarske aplikacije
nad prostornim podacima koji su sadrZani u
setovima prostornih  podataka ili na
povezanim metapodacima. Prostorni objekat
je apstraktna predstava stvarnog fenomena, a
u vezi sa konkretnom lokacijom il
geografskim podru¢jem. Priroda prostornih
podataka je multidisciplinarna, a temelj
infrastrukture prostornih podataka c¢ine
topografski i katastarski podaci. Primarni cilj
infrastrukture prostornih podataka jeste da
Sirokom krugu Korisnika olakSa pristup
prostornim informacijama, u javnom i
privatnom sektoru, za upotrebu na nivou
preduzecéa, zatim na, lokalnom, drZzavnom,
nacionalnom, regionalnom i globalnom
nivou. U kontekstu infrastruktura prostornih
podataka prostorni podaci se dele na
osnovne (eng. framework dataset) i ostale ili
tematske (eng. thematic dataset). Od
pocetka prikupljanja osnovni podaci imaju
viSenamensku upotrebu, dok ostale podatke
Cine tematski slojevi. Osnovni podaci
namenjeni su viSenamenskom koris¢enju
(katastar, geodetska oshova, topografske
baze) i mogu se kombinovati i nadogra-
djivati sa ostalim podacima. Ostali podaci
(tematski) su podaci proizvedeni za jednu
namenu, ali mogu imati i znatno Siru
upotrebu. Po pravilu svaka drzava odredjuje
svoje prioritete pri definisanju oshovnih i
ostalih podataka. Kako su prostorni podaci
vezani uz prostor, vrlo vaznu ulogu ima
prostorni referentni  sistem. Distribucija,
upotreba i uporedjivanje prostornih podataka
iz razli¢itih heterogenih izvora i sistema, te
izmedju razli¢itih organizacija, moguca je
samo ako su podaci u istom referentnom
sistemu ili ako je omoguéena konverzija u
isti sistem u realnom vremenu. Referentni
sistem mora osigurati odredjivanje lokacija u
prostoru uz dobro definisan horizontalni i
vertikalni datum (Vusovi¢, 2012).
Uspostavljanje okvira oshovnih poda-
taka (eng. framework of spatial data)

predstavlja zajednicki napor svih ucesnika
infrastrukture prostornih podataka u stvara-
nju Siroko dostupnog izvora osnovnih pro-
stornih podataka. Okvir razvrstava geopro-
storne podatke po razliitim temama u
zavisnosti od potreba Korisnika te stvara
okruzenje za dalji razvoj i njihovo korisce-
nje. Okvir prostornih podataka moze se
sagledati kroz tri gledista:
1. Prostorni podaci;
2. Postupci i tehnologije izrade i
kori$¢enja podataka;
3. Institucionalne veze i praksa poslo-
vanja kao podrska celokupnom
okruzenju.

Svrha uspostavljanja okvira prostornih
podataka je smanjenje redundanse podataka
i poboljSanje veza izmedju skupova
prostornih podataka. 1zbor pojedinih tipova
osnovnih podataka svodi se na podatke koje
koristi najve¢i broj organizacija i obi¢nih
korisnika i koji imaju najsiru upotrebu. GIS
je prepoznao tri osnovna skupa Kkorishika
prostornih baza podataka, $to je uslovilo
pojavu zahteva za specijalizovanim tipovima
prostornih  baza podataka. Prva vrsta
korisnika isklju¢ivo je orijentisana ka analizi
prostornih podataka. Ove korishike uglav-
nom cine specijalisti, naucnici i drzavni
sluZbenici, koji obavaljaju poslove u
izolovanom okruzenju i koriste specifi¢ne
prostorne baze podataka namenjene isklju-
¢ivo njima. Razvojem interneta, formirala se
druga grupa korisnika prostornih podataka,
koji koristenje ovakvih podataka svode na
aplikacije koje imaju user friendly nivo.
Primera ovakvih internet stranica ima
mnogo, pa se mogu nabrojati stranice koje
pruzaju informacije o najkra¢im moguéim
putanjama na nekoj relaciji, prikaza pracenja
vozila itd. Povecanjem broja korisnika
mobilnih telefona i PDA uredjaja, ukazala se
potreba za kreiranjem novih aplikacija
posebne namene §to je uslovilo formiranje
trece grupe korisnika. Primer ovakve aplika-
cije moZe biti aplikacija na mobilnom
uredjaju koji predstavlja klijenta na nekom
udaljenom mestu. Ovakva aplikacija preu-
zima segment podataka potrebnih za konkre-
tan zadatak, radi sa takvim segmentom
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podataka na udaljenoj lokaciji i na kraju vrsi
sinhronizaciju izmenjenih i obradjenih poda-
taka sa glavhom bazom podataka na kraju
radnog dana. VaZan aspekt ovih aplikacija je
da klijent preuzima samo segment podataka
potrebnih za obradu, radi u lokalu sa takvim
podacima i to u off line rezimu.

Okvir prostornih podataka u pojedinim
zemljama u najveCoj meri ukljucuje
slede¢e skupove podataka: katastar, sao-
braéaj, hidrografija, administrativne jedi-
nice, geodetska osnova, visine, geografski
nazivi i imena. Ovde treba posebno istaci
podatke katastra koji su kao podaci krupne
razmere temelj infrastrukture geoprostor
nih podataka i zauzimaju prvo mesto u
definisanju okvira prostornih podataka u
gotovo svim zemljama sveta (Cetl, 2005).

4.2. METAPODACI

Metapodaci (eng. metadata) su oduvek
bili potrebni kako bi opisali znaenje i
svojstva podataka, sa ciljem boljeg razume-
vanja, Klasifikovanja, upotrebe i upravljanja
podacima. Metapodaci predstavijaju ,,poda-
tke 0 podacima“ u bilo kojem medijumu.
Uopsteno, metapodaci  predstavljaju skup
atributa  koji opisuju sadrZaj, kvalitet,
dostupnost, pristup, uslove, lokaciju i druge
relevantne informacije o geopodacima. To
su i podaci koji opisuju karakteristike nekog
izvora u digitalnom obliku. Korisni su kod
pregledanja, prenosa i dokumentovanja
nekog sadrzaja. Takodje, koriste se da bi se
ubrzalo i poboljSalo pretraZivanje velike
koli¢ine podataka, i otkrilo Sto viSe relevan-
tnih informacija. Metapodaci pomazu pri
otkrivanju i organizaciji resursa, te
omogucavaju interoperabilnost koris¢enjem
definisanih Sema i protokola. Digitalnom
identifikacijom resursima se daju jedin-
stvene oznake na koje se metapodaci
referenciraju. Tipovi metapodataka zavise
od okruZenja u kojem se koriste. Mogu se
primenjivati u relacionim bazama podataka,
skladistima podataka, u sadrZaju baza
podataka opisujuéi bilo kakve datoteke
(fotografije, video), pri opisivanju prostornih
objekata i dr. Seme (eng. scheme) metapo-
dataka su strukturirani setovi metapodataka s

odredjenom svrhom, na primer za odredji-
vanje tipa nekog dokumenta. Postoje
razliite Seme metapodataka. Svaka Sema
metapodataka ima ogranicen broj elemenata,
gde svaki taj element ima svoje ime i
znacenje. Implementacija - da bi upotreba
Sema metapodataka u kontekstu mreZznih
resursa bila moguca, potrebno ih je obeleziti
setom znakova koji omogucéavaju prepo-
znavanje Seme. Tekstualni formati kojima se
to moze izvesti su XML, SGML, HTML,
MIME i dr. Metapodaci se tako ugradjuju u
dokument pomoéu ,tagova“. To se moze
napraviti direktnim upisivanjem simbola ili
pomocu programa za editovanje. Razvoj i
primena metapodataka predstavljaju veliki
napredak u pronalazenju i koriS¢enju
informacija, pogotovo u danasnje vreme
kada Internet polako postaje glavni izvor
informacija. U digitalnom smislu meta-
podaci su strukturirani podaci koji opi-
suju, objasnjavaju, lociraju ili na neki
drugi naéin omogucavaju lakSe uprav-
ljanje resursima. Metapodaci daju odgovor
na pitanja “Sta, ko, gde, zaSto, kada i
kako” za geoprostorne podatke.

4.3. NORME | STANDARDI

Norme (eng. norms) i standardi i (eng.
standards) na podrucju prostornih podataka
potrebni su svima Kkoji se bave prikup-
ljanjem, izradom, distribucijom i upotrebom
prostornih podataka, bilo samostalno ili u
sprezi sa nekim informacijama nevezanim
uz prostor. Kako je normizacija, s obzirom
na razvoj tehnologija dinamiCan proces,
velik broj normi i standarda vezanih uz
prostorne podatke nalazi se u odredjenoj fazi
razvoja ili dopune. Pojmovi standard i
norma koriste se Cesto kao sinonimi iako
imaju razli¢ita znacenja. Pojam standarda i
standardizacije Siroko je prihvacen u
engleskom govornom podru¢ju dok se
uostalim jezicima koristi pojam norme i
normizacije. Norme su ,,de jure* odnosno
odobrene od priznate organizacije, a stan-
dardi ,,de facto* odnosno rezultat primene
velikog broja korisnika (npr. dxf format).
Normizacija prostornih informacija vazna je
za uspostavljanje prenosa izmedju razlicitih
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korisnika, aplikacija, sistema i lokacija. Izra-
dom i prilagodjavanjem normi potrebnoje
normirati postupke i procedure definisanja i
opisivanja podataka, metode za njihovo
strukturiranje i kodiranje kao i postupke za
distribuciju i odrZzavanje podataka. Time se
osigurava jednoobrazan tok podataka od
proizvodja¢a do Korisnika, $to je osnowni
princip u stvarenju infrastrukture prostornih
podataka. Normizacija prostornih informa
cija odvija se na nekoliko nivoa: na nacio-
nalnom nivou, na regionalnom nivou (CEN)
i medjunarodnom nivou - I1SO (eng. Interna-
tional Organization for Standardization). U
Europi je za pitanja normizacije nadleZan
Europski komitet za normizaciju — CEN
(fran. Comité Européen de Normali-sation).
Norme i standardi bi trebali da odrede
metode, alate i usluge za upravljanje
podacima, prikupljanje, obradu i analizu
podataka, pristup podacima te prikaz i
prenos takvih podataka izmedju razlicitih
korisnika, sistema i mesta. Standardizacija
podrazumeva izradu, dono3enje i implemen-
taciju razli¢itih standarda. ISO 19115
Metadata standard definiSe Semu za
opisivanje prostornih podataka i usluga.
Ovaj standard omogucava izradu metapo-
dataka o identifikaciji, kvalitetu, prostornoj i
vremenskoj Semi, referentnom sistemu te
distribuciji prostornih podataka. Moze se
upotrebiti za izradu Kataloga i punog opisa
podataka te za skupove i serije podataka,
pojedinac¢ne podatke i svojstva podataka.

4.4. KATALOG

Svaka organizacija koja izradjuje
prostorne podatke morala bi dati njihov opis
metapodacima i pruZiti dovoljno detalja
kako bi Kkorisnici mogli odrediti upotreb-
ljivost i korisnost tih podataka zavisno od
njihovih potreba. Uloga kataloga je priprema
metapodataka razli¢itih organizacija, njihovo
pohranjivanje, provera valjanosti i omogu-
¢avanje pristupa, kako bi na bazi njih
korisnici mogli pronaci i koristiti prostorne
podatke na najefikasniji nacin. Katalog (eng.
clearinghouse)  prostornih  podataka u
kontekstu infrastrukture prostornih podataka,
moZe se razmatrati kao pristupna mreZa koja
je fokusirana na pretraZivanje prostornih

podataka, pristup i ostale povezane servise.
Katalog omogucava:

e Pretragu metapodataka u cilju prona-
laZenja geoprostornih podataka;

e Linkove ka punom pristupu podacima,
tamo gde je to omoguceno;

o Uniformnu, distribuiranu pretragu kroz
jedinstveni korisnicki interfejs prema
svim serverima Sirom sveta;

o Besplatan mehanizam za ,,reklamira-
nje“ svojih skupova podataka Sirom
sveta po principu “istinitosti u obele-
Zavaniju”.

Katalog je repozitorijum koji sadrZi
opise resursa, odnosno, bilo koje metapo-
datke koji opisuju Sta je dostupno u sistemu,
kao na primer: OGC servisi, opisi geopro-
stornih skupova podataka (ISO 19115),
slike, scene, simboli, pravila za prikaz, itd.
Dakle, katalog obezbedjuje integralni pogled
na skup dostupnih resursa. Uop3teno,
katalog moZe sadrZati vise servera na
Internetu koji sadrZe informacije o postoje-
¢im podacima odnosno  metapodatke.
Katalog obezbedjuje interfejs za pronala-
Zenje geoinformacija na web-u kroz OGC
standarde. Arhitektura kataloga je server-
klijent gde serveri sadrZe metapodatke i
usluge, a Klijenti njima pristupaju putem web
pretraZivaca. Na neki nacin katalog predsta-
vlja one-stop shop za prostorne podatke
(Crompvoets 2004).

4.5. SARADNJA | PARTNERSTVA

Uspostavljanje efikasne infrastrukture
prostornih podataka poc¢iva na izgradnji
saradnje i partnerstva (eng. partnerships)
institucionalnih dogovora i komunikacije. U
vecini slucajeva 1 u razlicitim konceptima
infrastrukture prostornih podataka Sirom
sveta, 0snovno saznanje je da ona ne moze
biti izgradjena od strane samo jedne
organizacije. Saradnjom izmedju razliCitih
organizacija na svim nivoima drzavnog,
javnog i privatnog sektora, korishika
podataka, akademske zajednice i svih onih
koji su svojom delatnoséu vezani za
prostorne podatke stvara se okruzenje u
kome je, u dugoro¢nom periodu omoguéeno
uspostavljanje, odrZavanje i upravljanje
infrastrukturom prostornih podataka. Najva-
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Zniji  elementi saradnje su: raspodela
odgovornosti, raspodela troSkova, raspodela
koristi i zajednicka kontrola. Raspodela
odgovornosti  podrazumeva  pojedinacnu
odgovornost svakog subjekta sa krajnjim
ciliem uspostavljanja efektivne infrastru-
kture prostornih podataka. Odgovornost ne
moze biti ograni¢eno usmerena iskljuéivo na
pojedinac¢an subjekat. Slino tome, mora se
razmotriti raspodela troSkovi i raspodela
koristi koji, takodje, moraju biti raspodeljeni
izmedju pojedinih subjekata, zavisno od
njihove uloge. Vazan element u tom
medjudelovanju pojedinih  subjekata je
zajednicka  kontrola  kao  instrument
poboljsanja medjusobne saradnje i komuni-
kacije. Svaki od navedenih elemenata je po
sebi vaZzan nezavisno od toga da li je
saradnja usmerena ka ostvarivanju dobiti ili
kao podrdka uspostavljanju infrastrukture
prostornih podataka. Koristi od uspostav-
ljanja saradnje moraju se odraziti na citavo
drustvo, a ne samo na ukljucene subjekte.

ZAKLJUCAK

Svet prostornih podataka od kljuéne je
vaznosti kako samom sebi, tako i za drustvo
u celini. Gledano iz Sire perspektive taj
sektor samo je jedan od mnogih koji direkno
zavisi od razvoja tehnologija, politike i raz-
nih drugih elemenata koji su najcesée izvan
njegove kontrole. Opsta vizija u mnogim
zemljama je stvaranje virtualnog okruzenja u
kome ¢ée prostorne informacije biti dostupne
korisnicima na najbrZzi i najjednostavniji
nacin u bilo koje vreme i na bilo kome
mestu. Ostvarenje infrastrukture prostornih
podataka osnovna je podrdka toj viziji. Prve
generacije infrastruktura prostornih podataka
razvijaju se ka drugoj pri ¢emu su suocene
sa stalnim poteSkotama zadovoljavanju
potreba korisnika. Postojeci katalozi, koji
najve¢im delom predstavljaju pasivne
mehanizme, ne mogu zadovoljiti te potrebe.

Dugoro¢no gledano  zadovoljavanje
potreba Korisnika mora biti osnovni cilj u
razvoju infrastrukture prostornih podataka.
Skupovi podataka koji se ne koriste su
beskorisni. Kroz potrebu korisnika za
prostornim podacima moZe se posmatrati
opsta potreba drustva. Zato dalji razvoj treba

da omoguci korisnicima podatke saglasno
njihovim potrebama na najefikasniji nacin i
na nacin koji korisnicima najbolje odgovara.
U buduéem razvoju infrastrukture prostornih
podataka mogu se identifikovati Cetiri
kliu¢na elementa koii imaiu vitalnu uloau u
tome: 1. kreiranie odgovarajuce upravljacke
strategije; 2. olakSavanje pristupa; 3. izgra-
dnja kapaciteta i 4. povecanje interope-
rabilnosti. Navedeni elementi treba da budu
osnova za poboljSanje postojece infra-
strukture prostornih podataka i vode ka
stvaranju druge generacije orijentisane ka
korisnicima i uslugama.
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FLUE GAS DESULPHURISATION IN SERBIA - TECHNOLOGIES,
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Abstract

Combustion of coal results in sulfur dioxide (SO,) emissions which cause detrimental impacts on the
environment and human health. Electric power generating units account for the majority of SO,
emissions in Serbia. Environmental regulations in Serbia require gradual implementation of flue gas
treatment technologies for control the emissions of pollutants into the atmosphere. As far as Serbian
thermal power plants are concerned, the basic design of systems for flue gas desulphurisation has been
developed for two thermal power plants. As wet limestone-based FGD technologies dominate in the
world because of high SO, removal efficiency, cost effectiveness, and gypsum as the by-product, it is
expected that Serbian thermal power plants will use this technology. This paper presents a review of
commercially available FGD technologies, as well as legal and economic perspective of the process.
U.S. EPA’s National Risk Management Research Laboratory has published the Coal Utility Environ-
mental Cost Workbook which providesthe rough-order-of-magnitude budgetary cost estimates as the
starting point for the limestone forced oxidation cost model that might be a good starting point for cost
estimates for Serbian electric utilities.

Keywords: flue gas desulfurization, regulations, costs

INTRODUCTION

Coal provides 40% of the world electri- should not be overlooked. Despite positive
city needs and it has been the fastest- efforts to retrofit the old plants and
growing global energy source since the decommission the oldest, the least efficient
beginning of the 21% century. Growth in coal ~ ones, and build more efficient plants, the
use in the last decade has been driven by  current state is far from what is needed.
economic growth of developing economies. Combustion of coal results in sulfur
Irrespective of economic benefits of coal for ~ dioxide (SO;) emissions which cause
those countries, its environmental impact detrimental impacts on the environment -
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acid deposition in the environment, and
human health - aggravation of the existing
cardiovascular disease, breathing difficulties,
respiratory illness. Electric power generating
units account for the majority of SO,
emissions in Serbia. SO, emissions are vary
considerably for different Serbian coal
mines, e.g. for lignite from Kosovo mines,
they are in the range from around 600 do
1200 pg/m?, for lignite from Kolubara mines
of around 1800 do 4000 upg/m®, and for
lignite from Kostolac mines of around 4500
to 8000 pg/m®, while SO, emission limit
values for 300 MW plants are 650 pg/m®[1].
Data published by the Environmental
protection service of the thermal power plant
“Nikola Tesla“ show that emissions from
that plant exceed emission limit values set
by regulations by three to four times [2].

Since the 1970’s, various policy and
regulatory measures have created a growing
commercial market for clean coal techno-
logies, with the result that their costs have
fallen and performance has improved.
Undoubtedly, the air quality will continue to
improve in the future because of the
improved technology.

Environmental regulations, introduced in
Serbia in the past decade, require gradual
implementation of flue gas treatment
technologies for controlling the emissions of
pollutants into the atmosphere. As far as
Serbian thermal power plants are concerned,
the basic design of systems for flue gas
desulfurization (FGD) have been developed
for the thermal power plants “Nikola Tesla”
A and “Kostolac” [3].

This paper presents a review of
commercially available FGD technologies,
as well as legal and economic perspective of
the process of flue gas desulfurization in
Serbia.

CLASSIFICATION OF FLUE
GAS DESULPHURISATION
TECHNOLOGIES

There are various technologies for
removal of SO, from flue gas produced by
thermal power plants, and some of them
have tens of thousands of hours of
operational experience. This paper considers
commercially available FGD technologies
with reliable performance and sufficient
quality and quantity of data.

Commercially available FGD techno-
logies can be classified as non-regenerative
and regenerative, depending on treatment of
sorbent after sorption of SO,. In the non-
regenerative technologies, SO, is perma-
nently bound by the sorbent, which is utili-
zed as by-product (e.g., gypsum), or
disposed of as a waste. In regenerative
technologies, during regeneration process, t
SO, is released from sorbent and may be
further processed to provide liquid SO,,
sulfuric acid or elemental sulfur. Both
technologies can be further classified as wet
or dry. Wet slurry waste or by-product is
produced in wet processes, and flue gas
leaves the absorber saturated with moisture.
In dry processes, dry waste material is
produced and flue gas leaving the absorber
is not saturated with moisture. The
“conventional” classification of FGD proce-
sses is shown in Table 1.
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Tablel Classification of FGD processes

Flue gas desulfurization
Non-regenerative Regenerative
Wet Dry Wet Dry
Limestone forced Lime spray drying Sodium sulfate
oxidation
Limestone inhibited Duct sorbent injection Magnesium oxide
oxidation Activated
Lime Furnace sorbent injection | Sodium carbonate carbon
Magnesium-enhanced
lime Circulating fluidized bed | Amine
Seawater

According to the information of the
International Energy  Agency’s Coal
Research Center in London, England provi-
ded in CoalPower3 Database regenerative
FGD processes are used only marginally,
while the non-regenerative FGD processes
are most frequently applied. In this paper,
FGD technologies are grouped into the
following three major categories: non-
regenerative wet FGD, non-regenerative dry
FGD and wet and dry regenerative FGD.
This grouping of FGD technologies is
consistent with other economic evaluations
of FGD [4].

Non-regenerative Technologies

In non-regenerative wet FGD processes,
the flue gas reacts with alkaline limestone
slurry in a spray tower or tray tower
absorber, most often counterflow vertically
oriented spray tower. Limestone slurry is
prepared in two steps. The first, limestone is
crushed into fine powder of desired particle
size distribution, and after that it is mixed
with water in a slurry preparation tank.
Sorbent slurry is then pumped into the
absorber reaction tank. In a counterflow

tower, the flue gas flows upwards, while
limestone slurry is sprayed downwards by
an array of spray nozzles. SO, is removed in
the absorber by sorption and reaction with
the slurry. These reactions are completed in
a reaction tank, in which finely ground
limestone particles dissolve and react with
dissolved SO,.

In order to improve reliability of system,
the majority of non-regenerative wet FGD
applications require control of oxidation, so
limestone forced oxidation process (LSFO)
has become the preferred technology
worldwide. Limestone inhibited oxidation
process is particularly well suited for
applications with high sulfur coals (LSIO).

Hydrated calcitic lime slurry in the lime
process is more reactive than limestone
slurry, but is more expensive. Magnesium-
enhanced lime process (MEL) is a variation
of the lime process in which lime is
magnesium-enhanced (usually 5-8 % mag-
nesium oxide). Magnesium salts are more
soluble compared to calcitic sorbents and
scrubbing liquor; dolomitic lime is more
alkaline (usually 20 % magnesium oxide).
Due to the increased alkalinity and solu-
bility, pH value is usually in the range of 6.0
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to 7.0. The lime process benefits from the
alkalinity of fly ash, too. The efficiency of
MEL is higher in much smaller absorbers
than limestone scrubbers, which enables a
considerable decrease of liquid-to-gas ratio.

In the seawater process, the natural
alkalinity of seawater neutralizes SO,. The
seawater chemical process is similar to the
LSFO. The seawater is discharged into the
ocean after scrubbing, so the evaluations of
local conditions and construction materials
with increased corrosion resistance are
reqired for this process due to high
concentrations of chloride.

In dry FGD technologies, SO,-contai-
ning flue gas contacts alkaline sorbent, most
often lime, which produces dry waste with
properties similar to fly ash. The sorbent can
be in an aqueous slurry form or as a dry
powder. Absorber vessels for reaction of
sorbent with SO, are necessary in the lime
spray drying and circulating fluidized bed
processes, while in duct sorbent injection
process and furnace sorbent injection
processes, only sorbent delivery equipment
is required. In these processes, sorbent
recirculation increases their utilization.

Lime Spray Drying (LSD) is rarely used
for high sulfur content coals and the sorbent
in it is in aqueous slurry form.

In the Duct Sorbent Injection (DSI)
process, finely dispersed sorbent, hydrated
lime or sodium bicarbonate, contact with the
flue gas in the flue gas duct between the air
preheater and particulate control device. The
amount of hardware is minimized.

In the Furnace Sorbent Injection (FSI), a
dry sorbent is injected into the furnace in
toptimum temperature region above the
flame.

In the Circulating Fluidized Bed (CFB),
a dry sorbent, most often Ca(OH),, contacts
with humidified flue gas, which flows

upward through a bed of sorbent solids to a
particulate control device. Some of its catch
is recirculated in order to increase the
utilization of sorbent. An additional benefit
of this process is continuous abrasion of
sorbent particles, which results in the
exposure to fresh alkali.

Regenerative FGD Technologies

Regenerative FGD technologies include
four wet regenerative processes in which
sodium sulfite, magnesium oxide, sodium
carbonate, and amine are in contact with flue
gas, and one dry regenerable process with
the use of activated carbon. These processes
are characterized by their product, a
concentrated stream of SO,. Regenerative
FGD technology is only marginally used
throughout the world. These processes have
comparatively high operating labor costs
relative to the other FGD processes. Product
marketability may be the major problem. As
the result, some of the existing regenerable
FGD-technology-equipped units have been
converted to advanced limestone wet FGD.

Previous Application of Procedures
for Flue Gas Desulphurisation

In 1980, approximately 30,000 MWe
FGD capacity was installed and this trend
was increased at approximate rate of
100,000 MWe per decade [5]. There was no
significant increase in regenerable FGD
capacity since the early '80s. Since the wet
FGD technology has dominated so far, an
analysis of wet FGD processes application is
interesting. The majority of FGD technology
applications worldwide make wet limestone
and spray drying processes. In wet FGD
technologies, which do not use wet lime-
stone, the lime as more expensive sorbent is
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used, or they are limited by the availability
of sorbent required by the process. Dry FGD
technologies, apart from LSD, have not had
sufficient commercial experience or offer
limited sorbent utilization.

Wet FGD technologies predominate
over other technologies because of high SO,
removal efficiency coupled with cost
effectiveness, particularly wet-limestone-
based technologies. Gypsum, as byproduct,
has increased the attractiveness of wet FGD
technologies. Limited utilization of dry FGD
technologies resulted from higher reagent
cost and limitations regarding by-product
disposal.

Forced limestone once through wet
process is most widely used wet scrubbing
system in the world today, comprising
around one third of the wet scrubbing
systems. Forced oxidation is preferred pro-
cess because it reduces the scaling potential
within the scrubber, enhances dewatering
capability, and produces abyproduct suitable
for either landfill or sale as gypsum for
agriculture and cement industry. Enhanced
dewatering capability additionally reduces
the waste disposal area requirement.

LEGAL ASPECT OF FLUE GAS
DESULPHURISATION IN SERBIA

Environmental protection legislation,
particularly THE Directive 2010/75/EU of
the European Parliament and Council of 24
November 2010 on industrial emissions
(integrated pollution prevention and control)
[6] sets stringent operating conditions,
technical requirements and emission limit
values (ELV) for plants for SO, at 200
mg/m®. Such regulations require a detailed
analysis of the coal quality, as well as
careful selection of flue gas desulphurisation
technology and cost estimation.

One of the main goals of the National
Environmental Protection Program of the
Republic of Serbia from 2005 to 2014 in the
energy sector, is reduction the emission of
sulfur oxides from the thermal power plants,
such as the Thermal Power Plant “Kostolac
B” and Thermal Power Plant “Nikola Tesla
A” and “Nikola Tesla B”. So far, onlythe
electro filters have been installed for
removal of particulate matter in these plants,
but no measures have been implemented for
flue gas desulfurization.

As wet limestone-based FGD techno-
logies dominate in the world because of high
SO, removal efficiency, cost effectiveness,
and gypsum as by-product, it could be
expected that the Serbian thermal power
plants will use this technology and two
companies, Hitachi, Mitsubishi, have
presented their technologies for FGD in the
wet limestone process with commercial
gypsum production at the First Symposium
“On Flue Gas Desulphurisation”, held in
Pali¢ in 2012. [7, 8].

The Ministry of Education, Science and
Technological Development of the Republic
of Serbia has funded the Project
“Development of Technological Processes
for Obtaining of Ecological Materials Based
on Nonmetallic Minerals” and within it
some investigations of lithotamnian
limestone from the “Dobrilovi¢i” deposit
near Loznica for use in non-regenerative wet
process. These investigations proved that
this limestone is suitable for flue gas
desulphurisation and provides gypsum as
by-product of the process with satisfying
quality [9].

In the past two decades, the capital costs
for SO, scrubbers have decreased by over
30% and are reported to be approximately $
100/kW [10]. Retrofit of scrubbers on the
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existing units increases the capital cost up to
30% depending on modifications of the
existing equipment and conditions under
which the units operate, such as flow rate
and temperature. Costs also increase with
the increase of sulfur content since the same
volume of gas must be treated with more
reagent. Limestone and lime as reagents are
not expensive themselves, but the use of
additives or reagent enhancers significantly
increases costs. Costs are also affected by
waste product disposal costs, by-product
saleable prices, as well as by loss of required
energy and other fixed and variable costs
[5]. Control efficiencies for limestone
systems are limited to approximately 90%,
while control efficiencies of lime is up to
95%, but it is significantly more costly.

ESTIMATION OF FLUE GAS
DESULPHURISATION COSTS

Continuous  Emission  Measurement
often does not provide data of the required
accuracy for FGD retrofit design, so the
additional data have to be calculated based
on coal analysis and the existing boiler data
which are individually measured [11]. Coal
quality analysis provides essential input data
for flue gas desulphurisation plant design —
reference coal quality, flue gas analysis at
the inlet of the plant, as well as the range of
SO, concentrations in flue gas [12].

Flue gas desulphurisation process does
not involve only system of flue gas and
absorber, but also associated systems for
sorbent preparation and by-product mana-
gement. The basic parameters, used for
designing of FGD systems, are work
parameters of plants (such as its power,
specific heat consumption, excess air, flue

gas temperature), flue gas characteristics
(volume flow, moisture, concentration of
chlorides and fluorides, particulate matter
and SO,), allowed content of particulate
matter in the emitted flue gas, required by-
product quality. Technical and economic
analyses of the possibility of application the
flue gas desulphurisation processes in the
Serbian power plants showed that wet
limestone forced oxidation process is the
best solution.

The additional elements that should be
considered are space around the power
plant, investments, the time power plant
has to be stopped for during the
installation of FGD system, plans for
operation of power plant during the year.

Gypsum as by-product of desulphu-
risation process requires to be disposed at
non-hazardous waste disposal landfill
where no biodegradable waste is disposed,
and the disposal landfill must fulfill the
necessary conditions for preventing soil,
air and surface water pollution by
combination of geological barriers and
impermeable layers [13].

CONCLUSION

Coal burning in the electricity gene-
ration accounts for the greatest share of
sulfur dioxide emissions in Serbia. The
environ-mental regulations, which have
been adopted in Serbia in the past decade,
require gradual introduction of technolo-
gies for flue gas treatment, while one of
the basic goals of the National Program
for Environmental. Protection of the
Republic of Serbia 2005-2014 in the energy
industry is decreasing the sulfur dioxide
emissions from the thermal power plants.
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So far, in the thermal power plants, no
measures have been taken for flue gas
desulphurisation. As limestone based flue
gas technologies dominate in the world
due to high efficiency, cost-efficiency and
gypsum as by-product, it can be expected
that the Serbian thermal power plants
would use this technology. Technical and
economic analyses of the possibility of
application the flue gas desulphurisation
technologies in the thermal power plants
in Serbia have shown that the LSFO
technology is the best solution.

The Air Pollution Prevention and
Control Division of U.S. EPA’s National
Risk Management Research Laboratory
has published the Coal Utility Environ-
mental Cost Workbook (CUECost) [14].
CUECost provides rough-order-of-magni-
tude budgetary cost estimates (£30 %
accuracy) for between 100 and 2000 MWe
net LSFO application based on the user-
defined design and economic criteria.
CUECost algorithms provide the starting
point for the LSFO cost model that might
be a good starting point for cost estimates
for the Serbian electric utilities.
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ODSUMPORAVANJE DIMNIH GASOVA U SRBIJI
— TEHNOLOSKI POSTUPCI, PRAVNI | EKONOMSKI ASPEKTI

lzvod

Sagorevanjem uglja emituje se sumpor-dioksid (SO,), koji Stetno utice na Zivotnu sredinu i zdravije
ljudi. Postrojenja za proizvodnju elektricne energije emituju najveci deo sumpor-dioksida u Srbiji. Pro-
pisi iz oblasti zastite Zivotne sredine u Srbiji nalaZzu postepenu implementaciju tehnologija za tretman
dimnih gasova, odnosno kontrolu emisija zagadivaca u atmosferu. Sto se termoelektrana u Srbiji tice,
pripremljeni su idejni projekti za odsumporavanje dimnih gasova za dve termoelektrane. Kako u svetu
dominira primena tehnolo3kih postupaka za odsumporavanje dimnih gasova zasnovanih na mokrim
postupcima zbog visoke efikasnosti u otklanjanju SO,, ekonomske isplativosti i dobijanja gipsa kao
nusproizvoda, moze se ocekivati da ce se ovaj postupak primenjivati i u termoelektranama u Srbiji. Ovaj
rad predstavlja pregled tehnolo3kih postupaka za odsumporavanje dimnih gasova, kao i pravne i
ekonomske aspekte postupaka. Laboratorija za istrazivanje upravijanja rizicima americke Agencije za
zastitu Zivotne sredine objavila je model za izracunavanje troskova zastite zivotne sredine kod upotrebe
uglja. Ovaj model daje okvirnu procenu troSkova koja moze sluZiti kao polazna osnova za procenu
troSkova odsumporavanja dimnih gasova u termoelektranama u Srbiji.

Kljuéne redi: sagorevanje uglja, odsumporavanje dimnih gasova, propisi, trodkovi

uvoD

Sagorevanjem uglja obezbeduje se 40 %
potreba za elektricnom energijom u svetu, a
ugalj predstavlja globalni izvor enegrije sa
najveéim rastom potro$nje od pocetka ovog
veka. Porast potrosnje uglja u poslednjoj
deceniji podstaknut je ekonomskim razvo-
jem zemalja u razvoju. Bez obzira na
ekonomsku Kkorist od uglja koje te zemlje
imaju, ne sme se prevideti njegov uticaj na
Zivotnu sredinu. Uprkos naporima da se

stara postrojenja tehnolodki unaprede i da se
najstarija (najmanje efikasna) izbace iz
upotrebe, te da se izgrade termoelektrane sa
odsumporavanjem dimnih gasova, trenutno
stanje u ovoj oblasti je daleko od zadovo-
ljavajuceg.

Sagorevanje uglja dovodi do emisije
sumpor-dioksida (SO,), koji ima Stetne
posledice po Zivotnu sredinu (acidifikacija
Zivotne sredine) i po ljudsko zdravije
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(pogorSanje postoje¢ih kardiovaskularnih
oboljenja, teSkoce sa disanjem, respiratorna
oboljenja). Postrojenja za proizvodnju
elektri¢ne energije odgovorna su za najveci
deo emisija SO, u Srhiji. Koncentracije SO,
se hitno se razlikuju kod lignita iz pojedinih
ugljenih basena. U slucaju lignita Kosov-
skog basena su od 600 do 1200 pg/m®, kod
lignita Kolubarskog basena od oko 1800 do
4000 pg/m?, kod lignita Kostolatkog basena
od 4500 do 8000 pg/m®. Grani¢na vrednost
emisije SO, za lozZista toplotne snage vece
od 300 MW iznosi 650 pg/m® [1]. Prema
podacima kojima raspolaZe Sluzba za zastitu
Zivotne sredine JP TENT, emisija SO, iz
Termoelektrane ,,Nikola Tesla“ je tri do
Cetiri puta ve¢a od GVE koju propisuje nasa
Uredba (650 pg/m®) [2].

Od sedamdesetih godina proSlog veka
razli¢ite regulatorne mere stvorile su komer-
cijalno trziste za tehnologije Cistog sagore-
vanja uglja koje sve vide raste, Sto za posle-
dicu ima smanjenje tro3kova postupaka i
unapredenje njihovih performansi. Nesum-
njivo je da ¢ée kvalitet vazduha u buduénosti
biti sve bolji zbog primene unapredenih
tehnologija.

Propisi u oblasti zastite Zivotne sredine
koji su usvojeni u Srbiji u protekloj deceniji
zahtevaju postepeno uvodenje tehnologija za
tretman dimnih gasova radi kontrole emisija
zagadiva¢a u atmosferu. Sto se ti¢e termo-
elektrana u Srbiji, izradeni su idejni projekti
za odsumporavanje dimnih gasova (ODG)
za termoelektrane ,Nikola Tesla“ A i
»Kostolac” [3].

Ovaj rad daje pregled komercijalno
dostupnih tehnolo3kih postupaka za ODG,

kao i pravnu i ekonomsku perspektivu pro-
blema odsumporavanja dimnih gasova u
Srhiji.

KLASIFIKACIJA TEHNOLOSKIH
POSTUPAKA ZA ODSUMPORA-
VANJE DIMNIH GASOVA

Postoje razliciti tehnolo3ki postupci za
uklanjanje SO, iz dimnih gasova koji
proizvode termoelektrane, a neke od njih se
primenjuju ve¢ vise desetiha hiljada casova.
Ovaj rad bavi se komercijalno dostupnim
tehnoloskim postupcima za ODG sa
pouzdanim performansama i dovoljnom
koli¢inom pouzdanih podataka.

Komercijalno dostupni tehnoloski pos-
tupci za ODG mogu se klasifikovati na
neregenerativne i regenerativne zavisno od
tretmana sorbenta nakon sorpcije SO,. Kod
neregenerativnih  tehnoloskih  postupaka,
SO, se trajno vezuje za sorbent koji se
koristi kao nusproizvod (npr. gips), ili pred-
stavlja otpadni materijal. Kod regenerativnih
tehnolodkih postupaka, tokom postupka se
SO, izdvaja od sorbenta i moZe se dalje
obradivati kako bi se dobio tecni SO,,
sumporna kiselina ili elementarni sumpor.
Oba tehnoloSka postupka se mogu dalje
klasifikovati na ,,mokre i ,,suve* postupke.
Vlazan mulj kao otpad ili nusproizvod se
dobija mokrim postupkom, a dimni gas
izlazi iz apsorbera zasic¢en vodom. U suvom
postupku dobija se suvi otpad, a dimni gas
koji izlazi iz apsorbera nije zasi¢en vodom.
»Tradicionalna“ klasifikacija postupaka za
ODG prikazana je u Tabeli 1.
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Tabela 1. Klasifikacija tehnoloskih postupaka za ODG

Odsumporavanje dimnih gasova

Neregenerativni Regenerativni
Mokri Suvi Mokri Suvi
Odsumporavanje sa kre¢njakom | Suvi postupak sa Odsumporavanje sa
ubrzanom oksidacijom rasprsivanjem natrijum sulfatom
Odsumporavanje sa kre¢njakom | Ubacivanje sorbenta | Odsumporavanje sa
prekinutom oksidacijom u dimni kanal magnezijum oksidom Odsum-
. N Direktno ubacivanje | Odsumporavanje sa poravanje
Odsumporavanje sa krecom wrx - sa
sorbenta u loZiste natrijum karbonatom g
aktivnim
Odsumporavanje sa magneziju- ugljem
mom obogacenim kre¢om Odsumporavanje u | Odsumporavanje
Odsumporavanje sa morskom fluidizovanom SleU aminima
vodom

Prema informacijama Centra za istraZi-
vanje uglja Medunarodne agencije za
energiju iz Londona datim u bazi podataka
CoalPower3, regenerativni postupci ODG
koriste se retko, dok se najceSée koriste
neregenerativni postupci za ODG. U ovom
radu tehnolo3ki postupci za ODG su grupi-
sani u tri osnovne Kategorije: neregene-
rativni mokrim postpukom, neregenerativni
suvim postupkom i regenerativni tehnoloski
postupci za ODG suvim postupkom.
Ovakva podela tehnolodkih postupaka za
ODG je u skladu sa procenama troSkova
ODG [4].

Neregenerativni tehnoloski postupci

Kod neregenerativnih tehnoloskih postu-
paka za ODG dimni gas reaguije sa alkalnom
kre¢njackom suspenzijom u lozistu ili u
dimnom kanalu, najceS¢e u toranjskom
suprotno strujnom apsorberu. Kreénjacka
suspenzija se priprema u dve faze. Najpre se
kre¢njak melje u fini prah, nakon ¢ega se
meSa sa vodom u rezervoaru za pripremu
suspenzije. Suspenzija sorbenta se zatim
raspriuje u rezervoar za reakciju apsorbera.

U toranjskim suprotnostrujnim apsorberima
dimni gas se kreée navise, dok se kre¢najcka
suspenzija  rasprSuje  nanize = pomocu
mnoStva mlaznica. SO, se uklanja u apsor-
beru sorpcijom i reakcijom sa suspenzijom.
Ove reakcije se dovrSavaju u reakcionom
bazenu, u kome se fino mlevene Cestice
kreénjaka rastvaraju da bi reagovale sa
rastvorenim SO,.

Kako bi se unapredila pouzdanost
sistema, kod ve¢ine mokrih neregenerativnih
postupaka za ODG potrebna je kontrola
oksidacije, tako da je odsumporavanje sa
kre¢njackom ubrzanom oksidacijom postalo
tehnoloski postupak izbora Sirom sveta.
Odsumporavanje sa kre¢njakom prekinutom
oksidacijom je naro€ito pogodno za ugalj sa
visokim sadrZajem sumpora.

Hidrirana kre¢na Kkalcitna suspenzija u
kre¢nom postupku je reaktivnija od krec-
njacke suspenzije, ali je tehnoloski postupak
skuplji. Postupak sa kreCom obogacenim
magnezijumom predstavlja varijaciju krec-
nog postupka u kome se kre¢ obogacuje
magnezijumom (obi¢no 5-8 procentnim
magnezijum okisdom). Magnezijumove soli
su rastvorljivije u poredenju sa kalcitnim
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sorbentima, a teCnost za ispiranje, dolomi-
tski kre¢, je alkalnija (obi¢no dvadesetopro-
centni magnezijum oksid). Zbog povecane
alkalnosti i rastvorljivosti, pH vrednost je
obi¢no u rasponu od 6,0 do 7,0. Postupak sa
kre¢om je uspesniji i zbog alkalnosti leteceg
pepela. Efikasnost odsumporavanja magne-
zijumom obogacenim kreCom je veéa u
znatno manjim apsorberima od kre¢njackih
postrojenja za preci§¢avanje, Sto omogucuje
znacajno  smanjenje  koeficijenta  gas-
tecnost.

U postupku sa morskom vodom prirodna
alkalnost morske vode neutralizuje SO..
Hemijski proces sa morskom vodom je
slican kre¢njackom postupku sa ubrzanom
oksidacijom. Morska voda se ispusta u
okean nakon pre¢iS¢avanja, tako da su za
ovaj postupak neophodni procena lokalnih
uslova i gradevinski materijali sa pojac¢anom
otpornos¢u na Koroziju zbog visokih
koncentracija hlorida.

U suvim postupcima za ODG dimni
gas koji sadrzi SO, reaguje sa alkalnim
sorbentom, najces¢e kreCom, te u toj
reakciji nastaje suvi otpad koji ima karak-
teristike slicne leteCem pepelu. Sorbent
moze biti te¢na suspenzija ili suvi prah.
Delovi apsorbera u kojima dolazi do
reakcije sorbenta sa SO, su neophodni u
suvom sistemu sa rasprSivanjem i sistemu
sa cirkuliSu¢im fluidizovanim slojem, dok
je kod ubacivanja sorbenta u dimni kanal i
direktnog ubacivanja sorbenta u loziste
potrebna samo oprema za dopremanje
sorbenta. U ovim postupcima recirkulacija
sorbenata povecéeva njihovo iskoris¢enje.

Suvi postupak sa rasprSivanjem se
retko koristi za ugalj sa visokim sadrZajem
sumpora, a sorbent u ovom postupku je u
te¢nom Stanju.

U postupku ubacivanja sorbenta u
dimni kanal fino raspr3eni sorbent, hidri-
rani kre¢ ili natrijum hidrogenkarbonat,
reaguje sa dimnim gasom u dimnom ka-
nalu izmedu grejaca i elektrofiltra. Koli-
¢ina opreme je minimalna.

U postupku direktnog ubacivanja
sorbenta u loZiste suvi sorbent se ubriz-
gava u loZiste u optimalnoj temperaturnoj
regiji iznad plamena.

U postupku sa cirkulisu¢im fluidizo-
vanim slojem suvi sorbent, najcesce
Ca(OH),, reaguje sa ovlaZzenim dimnim
gasom koji se kreée navise kroz suve
sorbente do elektrofiltara. Deo zahvata se
recirkulise kako bi se povecalo iskori-
$¢enje sorbenta. Dodatna korist ovog pos-
tupka je stalna abrazija Cestica sorbenta
koja dovodi do izlaganja sveZim alkalima.

Regenerativni tehnolodki postupci
odsumporavanja dimnih gasova

U regenerativne tehnoloske postupke za
ODG spadaju Cetiri mokra regenerativna
postupka u kojima azot suboksid, mag-
nezijum oksid, natrijum karbonat ili amini
reaguju sa dimnim gasom, i jedan suvi
regenerativni postupak u kome se Koristi
aktivni ugalj. Proizvod ovih postupaka je
tecni SO,. Regenerativni tehnolo3ki postupci
za ODG se Koriste neznatno u svetu. Ovi
postupci  imaju  komparativno  visoke
troSkove u odnosu na ostale postupke ODG.
Veliki problem ovih postupaka je prodaja
nusproizvoda. Posledica toga je da su neka
postrojenja koja su Koristila regenerativne
tehnoloske postupke za ODG pocela da
koriste mokre kre¢njacke postupke za ODG.

Dosadadnja primena postupaka za
odsumporavanje dimnih gasova

Godine 1980. instalirana su postrojenja
za ODG na termoelektrane ukupne shage
oko 30.000 MW, a taj trend se nastavio sa
oko 100.000 MW svakih deset godina [5].
Nije bilo znacajnog povecanja kapaciteta
postrojenja za ODG regenerativnim postup-
cima od pocetka osamdesetih godina proslog
veka. Kako mokri postupci za ODG do sada
dominiraju, zanimljiva je analiza primene
mokrih postupaka za ODG. Vecina tehno-
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lodkih postupaka za ODG Koji se primenjuju
u svetu su mokri postupci sa kre¢njakom i
suvi postupak sa rasprsi-vanjem. Kod
mokrih tehnolodkih postupaka za ODG koje
ne koriste krecnjak koristi se kre¢ kao
skuplji sorbent, ili je njihova primena
ograniCena  dostupno$éu sorbenta  koji
postupak zahteva. Suvi tehnoloki postupci
za ODG osim suvog postupka rasprsivanjem
nisu se nasli u komercijalnoj upotrebi u
dovoljnoj meri, ili kod njih postoji problem
ogranicene upotrebe sorbenta.

Mokri tehnolodki postupci za ODG
dominiraju nad drugim postupcima usled
visoke efikasnosti uklanjanja SO, i ekono-
mske isplativosti, naroCito mokri postupci
koji se zasnivaju na kreénjaku. Gips kao
nusproizvod ¢ini mokre postupke za ODG
atraktivnijim. Retka upotreba suvih postu-
paka za ODG posledica je veéih cena
reagenasa i ogranicenja u pogledu odlaganja
nusproizvoda.

Odsumporavanje sa kre¢njakom ubrza-
nom oksidacijom je najrasprostranjeniji
postupak u u svetu danas, i ovi sistemi ¢ine
oko jedne tre¢ine mokrih sistema za
uklanjanje SO,. Ubrzana oksidacija je
postuapk koji se najceSce koristi stoga $to
smanjuje moguénost oksidacije postrojenja
za ODG, pobolj$avanja moguénost susenja i
daje nusproizvod koji se moZe Koristiti za
punjenje zemljista ili za prodaju kao gips za
poljoprivredu ili industriju cementa. Unapre-
dena sposobnost suSenja dodatno smanjuje
povrSinu prostora potrebnog za smestaj
otpada.

PRAVNI ASPEKT
ODSUMPORAVANJA DIMNIH
GASOVA U SRBIJI

Regulativa koja se odnosi na zaStitu
zivotne sredine, a naroCito Direktiva
2010/75/EU Evropskog parlamenta i Saveta
od 24. novembra 2010. o industrijskim

emisijama (integrisana prevencija i zastita
zagadenja) [6] postavlja stroge uslove,
tehni¢ke zahteve i GVE za postrojenja u
pogledu emisije SO, na 200 mg/m?. Ovakvi
propisi zahtevaju detaljnu analizu kvaliteta
uglja, kao i paZljiv odabir tehnoloskog
postupka za odsumporavanje dimnih gasova
i procenu troskova.

Jedan od osnovnih ciljeva Nacionalnog
programa za zaStitu Zivotne sredine
Republike Srbije za period od 2005-2014.
godine u energetskom sektoru je smanjenje
emisije sumpornih oksida iz termoelektrana
kao Sto su Termoelektrana “Kostolac B” i
Termoelektrana “Nikola Tesla A” i “Nikola
Tesla B”. Do sada su u ovim termoele-
ktranama ugradeni samo elektrofiltri za
uklanjanje Cestica, ali nisu preduzete
nikakve mere u cilju odsumporavanja dim-
nih gasova.

Kako su tehnoloski postupci za ODG
zasnovani na kreénjaku u svetu u najsiroj
upotrebi zbog visoke efikansosti, ekono-
mske opravdanosti i gipsa kao nusproizvoda,
moze se ocekivati da ¢e termoelektrane u
Srbiji koristiti ovaj postupak. Dve kompanije
— Mitsubishi i Hitachi predstavile su svoje
tehnolodke postupke za odsumporavanje
dimnih  gasova mokrim kre¢njackim
posutpkom na Prvom simpozijumu “O
odsumporavanju dimnih gasova” odrZzanom
na Pali¢u 2012. 7, 8].

Ministarstvo prosvete, nauke i tehnolo-
8kog razvoja Republike Srbije finansiralo
je projekat “Razvoj tehnoloSkih procesa za
dobijanje ekolodkih materijala zasnovanih
na nemetalnim mineralima”, u okviru
koga su vrSena ispitivanja litotamnijskog
kreénjaka iz lezista “Dobriloviéi” u blizini
Loznice za upotrebu u neregenerativnim
mokrim postupcima. Ova ispitivanja
pokazala su da se ovaj kre¢njak moze
koristiti za odsumporavanje dimnih
gasova, kao i da se u tom postupku dobija
gips zadovoljavaju¢eg kvaliteta kao
nusproizvod [9].
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U poslednje tri decenije troSkovi
postrojenja za uklanjanje SO, u svetu su
se smanjili za preko 30%, te postoje
proracuni da su troskovi odsumporavanja
danas oko 100 $/kW [10]. Postavljanje
sistema na postojeca postrojenja poveéava
troSkove do 30% zavisno od modifikacija
postojeCe opreme i uslova pod kojima
postrojenja rade, kao S§to su protok i
temperatura. Troskovi takode rastu sa
porastom sadrzaja sumpora, buduci da se
ista koli¢ina gasa mora tretirati sa vise
reagensa. Kre¢njak i kre¢ kao reagensi po
sebi nisu skupi, ali upotreba aditiva ili
reagenasa znacajno povecava troskove. Na
troskove utice i troSak odlaganja otpada,
cena nusproizvoda, kao i gubitak energije
koja je potrebna za postupak i drugi fiksni
i varijabilni troSkovi [5]. Efikasnost kont-
role emisija kod kreénjackih sistema je
ograni¢ena na oko 90%, dok je kontrola
efikasnosti kreca do 95%, ali je znacajno
skuplja.

PROCENA TROSKOVA
ODSUMPORAVANJA DIMNIH
GASOVA

Kontinualno merenje emisije ne daje
dovoljno precizne podatke za projektovanje
postrojenja za ODG, tako da se dodatne
informacije moraju pribaviti na osnowu
analize uglja i podataka o postojecem lozistu
koji se pojedinacno mere [11]. Analizom
uglja dobijaju se kljuéni podaci za projekto-
vanje postrojenja za odsumporavanje dimnih
gasova — referentni kvalitet uglja, analiza
dimnih gasova na ulazu u postrojenje, kao i
opseg koncentracija SO, u dimnim gasovima
[12].

Postupak  odsumporavanja  dimnih
gasova ne zahteva samo sistem za dimni gas
i apsorber, ve¢ i povezane sisteme za
pripremu sorbenta i odlaganje nusproizvoda.
Osnovni  parametri koji se Kkoriste za
projektovanje sistema za ODG su radni

parametri termoelektrane (kao 5to je snaga
bloka, specifina potro$nja toplote, visak
vazduha, temteratura dimnog gasa), karakte-
ristike dimnog gasa (zapreminski protok,
vlaga, koncentracija hlorida i fluorida,
sadrzaj Cestica i SO,, dozvoljeni sadrzaj
Cestica u emitovanom dimnom gasu),
zahtevani kvalitet nusproizvoda. Tehnicka i
ekonomska analiza moguénosti primene
postupka odsumporavanja dimnih gasova u
termoelektranama u Srbiji pokazala je da je
mokri  kre¢njacki  postupak  ubrzanom
oksidacijom najbolje reSenje.

Dodatni ¢inioci koje treba razmotriti pri
proceni troSkova odsumporavanja dimnih
gasova su prostor oko termoelektrane,
investicije, vreme na koje je potrebno
zaustaviti termoelektranu tokom instalacije
sistema za ODG, plan rada termoelektarne
tokom godine.

Gips kao nusproizvod  postupka
odsumporavanja zahteva deponovanje na
bezbednoj deponiji na koju se ne deponuje
biorazgradivi otpad, a deponija mora da
ispuni neophodne zahteve u cilju spreca-
vanja zagadenja tla, vazduha i povrSinskih
voda kombinacijom geolodkih barijera i
neprobojnih slojeva [13].

ZAKLJUCAK

Sagorevanjem uglja u postrojenjima za
proizvodnju elektriCne energije emituje se
najve¢i deo sumpor dioksida u Srbiji. Propisi
u oblasti zadtite Zivotne sredine usvojeni u
Srbiji u protekloj deceniji zahtevaju
postepeno uvodenje tehnoloskih postupaka
za tretman dimnih gasova, a jedan od
osnovnih ciljeva Nacionalnog programa za
zastitu Zivotne sredine Republike Srbije za
period od 2005-2014. godine u energetskom
sektoru je smanjenje emisije sumpornih
oksida iz termoelektrana. Do sada u
termoelektranama nisu preduzete nikakve
mere u cilju odsumporavanja dimnih
gasova. Kako tehnoloski postupci za ODG
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zasnovani na kre¢njaku dominiraju u svetu
zbog visoke efikasnosti, ekonomske
opravdanosti i gipsa kao nusproizvoda,
moze se ocekivati da ¢e termoelektrane u
Srbiji  koristiti ovaj postupak. Tehnicka i
ekonomska analiza mogucnosti primene
postupka odsumporavanja dimnih gasova u
termoelektranama u Srbiji pokazale su da je
,mokri“ kreénjacki postupak ubrzanom
oksidacijom najbolje reSenje.

Sektor za prevenciju i kontrolu aeroza-
gadenja Nacionalne istrazivacke laboratorije
za upravljanje rizikom SAD objavio je
model za izraCunavanje troSkova zaStite
Zivotne sredine za termoelektrane (Coal
Utility Environmental Cost Workbook,
CUECost) [14]. Pomo¢u njega je moguce
napraviti grubu Kalkulaciju troskova (sa
preciznoséu od + 30 %) za termoelektrane
snage izmedu 100 i 2000 MW u slucaju
primene mokrog kre¢njackog postupka
ubrzanom oksidacijom, a koja se zasniva ha
projektu i ekonomskim Kkriterijumima po
odluci korisnika. CUECost algoritmi pred-
stavljaju polaznu osnovu za izraCunavanje
troSkova odsumporavanja dimnih gasova
mokrim kre¢njackim postupkom ubrzanom
oksidacijom koji mogu biti dobra polazna
osnova i za procenu troskova ODG
termoelektrana u Srhiji.
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