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Dragoslav Rakić*, Irena Basarić Ikodinović*, Milenko Ljubojev** 

FILTER RULES FOR SOIL AND GEOSYNTHETICS 

Abstract 

Harmful effects caused by the water flow through various constructions (dams, embankments, etc.) 

are successfully solved by installing the various filter layers. The basic functions of filter layers are fast 

water evacuation with preventing the internal erosion and removal of small soil particles. These filter 

layers are usually made of coarse-grained materials (sand, gravel, stone aggregates), but in addition to 

the natural materials, the artificial geosynthetic materials are increasingly used. This paper presents the 

basic filter rules that need to be followed in order to perform a successful design of various filtration 

and drainage systems. 

Keywords: filter, base, grain-size distribution, water permeability, stability, clogging, durability 
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1 INTRODUCTION  

The outlet area of water filtration is 

often a crucial factor for the stability of 

individual structures weather those are 

embankments, dams, retaining walls, 

underground structures, etc. Therefore, 

in most cases, the basic goal is to pre-

vent the infiltration of too much water 

into construction/soil, or to remove wa-

ter that already exists there. Particularly 

sensitive places are at the contact of fi-

ne-grained and coarse-grained soil, when 

the water flows quickly in parallel with 

that contact. For these reasons, the filter 

layers are built that should meet certain 

rules-criteria. The term "filter rules" is 

used in defining a method for rapid 

evacuation of water while preventing the 

migration of small particles of the basic 

defended soil (base B) into or through 

the filter (F), under the action of forces 

caused by water flow. This means that 

the success of filtration process is based 

 
 

 

on interconnection between the defended 

soil and filter layers. As filtration of wa-

ter through the soil is a complex function 

that depends on the size, shape and ar-

rangement of voids, so the filter rules are 

based on interaction the individual parti-

cles and void phase, i.e. they depend on a 

grain-size distribution of the base and 

filter layers, i.e. relations of their charac-

teristic diameters. 

The first research related to the filter 

rules-criteria was published more than 100 

years ago (1910), and they refer to the earth 

dams [8]. However, the rules that are still in 

use are attributed to the works of K. Ter-

zaghi and A. Casagrande, which were pub-

lished somewhat later, in the 1920s [1, 8]. 

These rules were developed during the con-

struction of an overflow dam in the Austrian 

Alps in 1920 (patented in 1922), that is, on 

abasis of the study conducted by K. Ter-

zaghi while working on filter layers for 
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several dams in South Africa. In these 

works, it is stated for the first time that the 

filter must perform a dual role: 

- that its grain-size distribution guar-

antees the stability against removal-

leaching of small fractions from the 

protected zone - base (B), and 

- to ensure a sufficient water permea-

bility for rapid evacuation of water, 

so as not to increase the pore pres-

sure in the body of construction 

(dam, embankment, etc.). 

Very often, and especially in the last 

twenty years, the lack of adequate natural 

conditions is overcome by installing the 

drainage and filtration systems made of 

artificial - geosynthetic materials. These 

systems can be designed from individual 

layers of geosynthetic materials or are com-

bined with the other components with 

which they form the complex drainage sys-

tems. Geosynthetic materials are also su-

ccessfully used for the surface acceptance of 

precipitation, acceptance and diversion of 

groundwater and their discharge into a 

drainage system. Their successful applica-

tion is associated with the good filtration 

characteristics such as the retention of fine 

soil particles while providing a rapid fluid 

circulation through the filter [12]. 

2 FILTER RULES FOR SOIL 

In the case of natural soil, the rules are 

based on the grain-size distribution of a 

filter, whose task is to reduce the hydraulic 

gradient at the contact between the soil 

(base B) and coarse-grained deposit (drain-

age - filter F) by the transitional grain size. 

In this way, the leaching of small soil parti-

cles with groundwater is prevented. As a 

rule, a material with grain-size distribution 

is chosen for filters, which prevents the re-

moval of small fractions, while reducing the 

filtration gradient to a minimum. A number 

of filter rules can be found in the literature; 

the most famous are: Terzaghi (1922), 

USBR (1947 - 1974), Sherard and Dunni-

gan (1985), Honjo and Veneziano (1989) 

[7, 18, 15, 16]. 

The Terzaghi filter rule is based on 

two basic criteria: 

- the first that ensures sufficient water 

permeability of filter (F) and rapid 

evacuation of water, and can be de-

fined as follows: "the smallest diame-

ter of the finest fractions of filter, out 

of which there are 15% finer, should 

be at least four times larger than the 

coarsest fractions of the base, out of 

which there are 15% finer", i.e. [13]. 

d15
d15 d15

d15

F
4; min F 4B

B
   (1) 

- the second, which guarantees the 

stability of filter against leaching of 

fine fractions, i.e. defines the void 

sizes of filter (F) in order to prevent 

the removal of fine fractions from the 

base (protected zone - B): "the largest 

diameter of the most coarse fractions 

of filter, out of which there are 15% 

finer, should be at most four times 

larger than diameters of the finest 

fractions of the base, out of which 

there are 85% finer" [13]. 

d15
d15 d85

d85

F
4; max F 4B

B
   (2) 

where: 

Bd15 – grain diameter of the base out of 

which there are 15% of finer  

Bd85 – grain diameter of the base out of 

which there are 85% of finer  

Fd15 – grain diameter of the filter out of 

which there are 15% of finer    

In addition to the above criteria, it is 

proposed that the lines of grain-size distri-

bution of filter (F) should be approximate-

ly parallel to the lines of grain-size distri-

bution of the base (B). In practice, it often 

happens that the proposed criteria cannot 

be achieved by installing only one filter, 

so that the multi-layer filters are installed 

that allow a gradual transition from the 
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fine-grained (base) soil to the coarse-

grained soil, which are filters. 

The method of application of the Ter-

zaghi filter rule is shown in Figure 1. 
 

 

 
 

Figure 1 Terzaghi filter criterion (K. Terzaghi, 1922; Cedergren, 1968) 

 

The criterion proposed by Terzaghi 

forms the basis for most of the criteria that 

were later carefully analyzed and proposed 

by various authors: Bertram (1940), Hurley 

and Nanton (1940), Lund (1949), USBR 

(1947-1974), Sherard and Dunnigan (1985), 

Honjo and Veneziano (1989) et al. [2, 9, 18, 

15, 7]. These were mainly laboratory and 

theoretical analyzes, related to the justifica-

tion of selection the grain size, as well as the 

minimum and maximum ratio depending on 

the proposed criteria. 

In 1947 (1974), the American Land Rec-

lamation Bureau (USBR) proposed the fol-

lowing filter rules: 

d15

d15

F
12 40

B
   (3) 

d50

d50

F
12 58

B
   (4) 

In addition, the filter material should 

have less than 5% fractions finer than 

0.074 mm, and the coarsest particles in 

filter are 65 - 70 mm. In this filter rule as 

well, the lines of grain-size distribution of 

filter are approximately parallel to the 

lines of grain-size distribution of the base 

(Figure 2). 

 
 

 
Figure 2 American Bureau of Reclamation filter criteria (after USBR, 1947-1974) 
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Later (1974), this filter rule was sup-

plemented, with a filter rule relating to the 

crushed stone, as well as for filters relating 

to the natural uniform materials. In this re-

gard, the ratios of percentage of fractions in 

the filter material Fd90/Fd10, have been pro-

posed, in order to obtain granulometric 

curves that provide a relatively even distri-

bution of particle size and prevent segrega-

tion during the installation of filter layers. 

For the coarse-grained filters made of grav-

elly and sandy material, the supplement to 

the criteria is shown in Table 1. 

 

Table 1 Limitations related to the particle size  

distribution using the USBR criteria 

min  Fd10 max  Fd90 

< 0.5 20.0 

0.5 - 1.0 25.0 

1.0 – 2.0 30.0 

2.0 – 5.0 40.0 

5.0 – 10.0 50.0 

10.0 - 50.0 60.0 

 

Sherard et al. studied the filter rules re-

lated to dams and embankments. For 

coarse-grained materials (mainly poor gran-

ulation sand), they also performed the la-

boratory tests in a special apparatus (a plas-

tic cylinder with diameter of 10.16 cm, in 

which a sample of 13-18 cm in height is 

installed), and through it a special system 

allows water flow at pressure of 400 kPa). 

The Sherard and Dunnigan filter rule [15], 

implies the division of soil into four groups, 

for which the criteria are defined (Table 2). 

 

Table 2 The Sherard and Dunnigan filter rule 

Group Soil description Criterion 

I 

Fine silt and clay: more than 85% 

of fraction passes through a sieve 

no. 200, i.e. through a sieve with 

openings of 0.075 mm. 

d15

d85

F
9 (min 2)

B
  

II 

Silty and clayey sand and sandy 

silts and clay: between 40% and 

85% of fraction passes through a 

sieve no. 200. 

d15F 7 mm  

III 

Silty clayey sand and gravel: from 

15% to 39% of fraction passes 

through a sieve no. 200. 

 d15 d85

40 A
F 4B 0.7mm 0.7mm

25

 
    
 

 

A – weight percentage of grain fraction less than 

0.075 mm in diameter of the soil to be protected; 

If 4Bd85 is less than 0.7 mm, 0.7 mm is adopted. 

IV 

Silty clayey sand and gravelly 

sand: less or 15% of fraction passes 

through a sieve no. 200. 

d15

d85

F
4

B
  

 

The Sherard and Dunnigan criterion is 

applied to all soil types, provided that the 

filter fractions are not less than 0.1 mm. 

Also, the width of a designed filter range 

should be such that the ratio of maximum 

and minimum diameter for all fractions out 
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of which there are 60% finer is ≤ 5.  In addi-

tion to the above, it is necessary to meet the 

criterion of water permeability, i.e. 

d15 d15F 4 B   (5) 

A summary of some of the most com-

monly applied filter rules used in selection 

of a filter is shown in Figure 3 [11]. 

3 FILTER RULES FOR  

GEOSYNTHETICS 

Geosynthetic filters are very thin com-

pared to the classic filters made of coarse-

grained materials, which, due to their signi-

ficantly larger thickness, also have different 

possibilities to keep the movement of soil 

particles. Due to this limited possibility of 

geotextiles, stricter design criteria are ap-

plied. The first application of geosynthetic 

filters of non-woven geotextile was related 

to the construction of the Valcros dam in 

1970 [5]. It is interesting to note that the 

installation of geosynthetics was not based 

on certain filter rules, but earlier experiences 

related to the role of separation were used. 

After that, a period of intensive work on 

defining the filter rules for geosynthetics has 

begun. 

 
 

 

Figure 3 Summary of filter rules based on the ratio of Fd15 and Bd85  

(Terzaghi et al. 1996, Park et al., 2001-2003 [17]) 

 

Before designing the geosynthetic fil-

ters, it is necessary to define the goal of 

their application and determine the geotech-

nical conditions on the site. These are the 

input data according to which the necessary 

criteria and external factors that can affect 

the characteristics of geosynthetic materials 

are defined. Based on that, a model for 

analysis is created when the necessary pa-

rameters are determined. After the conduct-

ed analysis, the most appropriate solution is 

selected, with consideration the alternative 

solutions in terms of costs, installation con-

venience, etc. The chosen solution involves 
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the preparation of detailed plans and speci-

fications, including the specification of 

mechanization required for the installation 

of geosynthetics and detailed installation 

procedures. The selection of geosynthetics 

should be made on the basis of the results of 

laboratory tested samples, or if such results 

do not exist, on the basis of the specifica-

tions of geosynthetics manufacturer. 

The design of geosynthetic filters is in 

principle the same as the design of filters 

made of natural materials. The similarity 

between geosynthetics and soil is that they 

also have a void space and solid particles, 

which in this case replace the geosynthetic 

threads and fibers. However, due to the 

shape and arrangement of the fibers and 

structure of the geotextile itself, the geomet-

ric relationships between the fibers and 

voids are more complex in relation to the 

soil. In geotextiles, the void dimensions are 

measured directly, while in soil, a particle 

size is used to estimate a void size. As a 

direct determination of void size in geosyn-

thetics is not simple, the relationships be-

tween void size and particle size that should 

be stopped on the filter are relatively com-

plex. Therefore, when designing the geo-

synthetic filters, the following filtration 

rules are most often analyzed: 

- if the size of the largest void in geo-

textile filter is smaller than the larg-

est soil particle, the soil will remain 

on filter. It is similar with the classi-

cal filters made of granular materials 

where coarser soil particles form a 

“filter bridge” over the perforation, 

thus retaining finer particles that pre-

vent further introduction of particles 

into drainage (Figure 4). 

 

 

   

Figure 4 Formation of filter bridge on geotextiles  Figure 5 Clogging and blinding  

void of geotextile 

 

- if the smaller openings on geotextile 

are large enough to allow smaller 

soil particles to pass through the fil-

ter, then the voids on geotextile will 

not clog or close (Figure 5). 
- there must be a sufficient number of 

voids on filter to allow normal water 
flow even in the event that individual 
openings become clogged. 

After a detailed study conducted in 

North America and Europe by Christopher 

and Holtz [3], on classical and geotextile 

filters, the procedure for designing the 

geotextile drainage filters as well as filters 

for permanent erosion control was estab-

lished. Consideration the risks and conse-

quences of non-functioning the geotextile 

filter is very important, especially in capi-

tal facilities, and therefore the choice of 

appropriate geotextile is extremely im-

portant. The required level of the project 

depends on nature of the project itself and 
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complexity of the hydraulic conditions 

and condition in which the soil is located. 

In cases where hydraulic conditions are 

complex, a combination with conventional 

methods is recommended. 

The above rules-criteria and analogies 

with the classical granular filters can be 

used to define the design criteria for geotex-

tiles [4,6,10]. These criteria are as follows: 

- retention criterion, 

- permeability or filtration criterion, 

- clogging resistance criterion, and 

- wear criterion.  

3.1 Retention criterion 

This criterion also exists in the classical 

coarse-grained soil filters, and implies that 

one of the roles of geotextiles is to retain 

particles from the protected zone. The crite-

rion is specifically defined for constant flow 

conditions, and especially for dynamic flow 

conditions. In the case of a constant flow, 

the following relation is applied: 

95 geot.( ) ( )85 tloAOS ili O  B  D   (6) 

where: 

AOS - apparent opening size (size of the 

largest soil particle that can pass 

through geotextile) - apparent 

opening size (mm), 

O95 - void size on geotextile out of 

which there are 95% finer (mm) 

AOS ≈ O95, 

B - coefficient (unnamed number), 

D85 - size of soil particles out of which 

there are 85% finer (mm). 

The coefficient B varies from 0.5 to 2.0 

and depends on the type of soil through 

which the filtration is performed, its volume 

weight, coefficient of non-uniformity Cu if 

the soil is granular, type of geotextile (wo-

ven or nonwoven) and flow conditions. For 

sand, gravelly sands, silty sand and clayey 

sands (with less than 50% of particles pa-

ssing through a sieve of 0.075 mm), B de-

pends on the coefficient of non-uniformity 

Cu, as follows: 

Cu  ≤  2  or  ≥  8: B = 1 

2  ≤  Cu   ≤  4: B = 0.5 Cu 

4 < Cu < 8: B = 8/Cu 

If the defended soil also contains some 

impurities, it is necessary to use only frac-

tions that pass through a 4.75 mm sieve 

for drainage layers (in other words, all 

particles larger than 4.75 mm should be 

removed). 

For silt and clay (with more than 50% 

of particles passing through a 0.075 mm 

sieve), B depends on the type of geotex-

tile, as follows: 

for woven  B = 1;  O95  ≤ D85 

for nonwoven B = 1.8;  O95 ≤ 1.8 D85 

for both types  AOS or O95 ≤ 0.3 mm 

In principle, the non-woven geotextile 

will retain finer particles compared to the 

woven ones, if they have the same AOS. 

The AASHTO M 288 standard for geo-

synthetics recommends the following max-

imum AOS values in relation to the per-

centage of soil passing through a 0.075 mm 

sieve: 

- 0.43 mm when less than 15 % passes, 

- 0.25 mm when passes between  

15 - 50 %, 

- 0.22 mm when passes more than 50 %. 

However, for coherent soils with a 

plasticity index greater than PI> 7, the 

maximum AOS is 0.30 mm. The values of 

AOS adopted in this way are predeter-

mined by the particle size in situ, so it is 

necessary to perform the test. The test is 

performed only in the following cases: if 

the soil is unstable or prone to erosion 

(e.g. incoherent silt), soil in which sand 

and silt alternate (in the form of lamina-

tions), dispersed clays, etc. 

When it comes to dynamic flow condi-

tions, i.e. if the geotextile is not adequate-

ly loaded and does not make a constant 

contact with soil it protects, or if the load 

conditions (dynamic, cyclic or pulsating) 

produce high hydraulic gradients, then the 

soil particles can cross to the other side of 
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geotextile. Therefore, the adoption of con-

stant value for the coefficient B = 1 is not 

common in such cases, because a network 

of bridges will not be formed and geotex-

tile will retain finer particles in this case. 

In case when retention is the primary cri-

terion, the coefficient B is reduced to 0.5, 

i.e. 

( ) ( )95 geot. 85 tloO  0.5  D   (7) 

Dynamic flow conditions often occur in 

drainage on the roads. To divert water run-

off or in a high gradient situation, it is best 

to maintain the sufficient weight or load on 

filter to prevent particles from moving. 

3.2 Permeability or filtration criterion 

If there are less strict conditions, the 

geotextile filtration coefficient should be 

greater than or about equal to the coeffi-

cient of soil, i.e. 

f ( ) f (tla)geot.  k k  (8) 

otherwise, when the strict conditions are 

set, it is necessary to 

geot.f ( ) f (tla) k k10   (9) 

Permeability largely depends on the 

thickness of geotextile, and is defined by 

the permeability coefficient  which is 

determined from the ratio 

f (geot.) geot.k / d    (10) 

where dgeot is the thickness of geotextile 

that depends on the hydraulic pressure. 

Depending on the percentage of soil 

that passes through a sieve with diameter 

of 0.075 mm,  has the following values: 

0.5 sec
-1

 when less than 15% of 

soil passes 

0.2 sec
-1

 when passes between  

15 - 50 % of soil 

0.1 sec
-1

 when more than 50 % of 

soil passes. 

3.3 Clogging resistance criterion 

If there are less strict conditions, this 

criterion can be met using the following 

expression 

( ) ( )95 geot. 15 tloO  3  D   (11) 

It is applied when the coefficient of non-

uniformity is Cu > 3. In case this condition 

is not fulfilled, i.e., if Cu  3, the geotextile 

is chosen on the basis of the maximum va-

lues of AOS. However, when clogging is 

very likely (with silty sand, etc.), it is nece-

ssary to adhere to the following: 

- for nonwoven geotextiles, the porosi-

ty should be n  50%  

- for woven geotextiles, the percentage 

of open area should be POA  4% 

3.4 Wear criterion 

This criterion refers to the possibility 

of damage the geotextile during the pro-

cess of its installation. Since the retention 

and drainage criteria also depend on cer-

tain properties such as the strength and 

durability of geotextile (tearing, puncture, 

cracking), this implies that the geotextile 

should "survive" the installation process. 

This criterion is essentially not based on 

the specific and systematic research, but 

on the characteristics of geotextiles which, 

on the basis of numerous applications, and 

in accordance with predefined specifica-

tions, have met the criterion of durability. 

4 APPLICATIONS OF SOIL AND  

GEOTEXTILE FOR REHABILITA-

TION THE LANDSLIDE "MELJAK" 

As an example of application of the 

geosynthetics for the needs of drainage, 

the rehabilitation of the landslide "Meljak" 

on the main road Belgrade - Ljig will be 

presented. The rehabilitation measure in-

cluded the construction of a drainage sys-

tem, in order to reduce the groundwater 
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level in the field. In addition to collecting 

the groundwater, this system is aimed to 

drain the terrain in the most efficient way. 

The basis of the terrain is built of clayey 

silty soil whose grain size distribution 

curve is shown in Figure 6. 

 

 

 

  

coefficient B 

za 4<Cu<8 
BxD85≥AOS(mm) 

B = 1.75 4.57x0.08=0.14 

B = 1.08 7.39x0.038=0.28 

 

AOS(mm) ≤ 0.15 mm 

Figure 6 Grain size distribution curve with basic numerical data 

 

In order to select the appropriate geotex-

tile, its functions (primary, secondary, filtra-

tion, separation), required properties (AOS, 

absorption capacity, durability/"survival") 

as well as the specifications of geotextile 

that can be found on our market were ana-

lyzed. Based on the grain-size distribution 

of soil, the basic data for selection of geo-

textiles were defined (Figure 6). Based on 

the retention criterion for a constant flow, 

the value of parameter B and diameter D85 

was defined, and based on that, the value for 

AOS ≤ 0.15 mm was adopted. The present-

ed curves of grain-size distribution were 

used to determine the approximate values of 

the soil filtration coefficient kf(soil), which 

range from kf(soil) = 4x10
-5

 - 5x10
-4

 cm/sec, 

using the Hazen equation. The results 

served to apply stricter conditions, to define 

the filtration coefficient of geotextiles, i.e. 

kf(geotextil) ≥ 5x10
-3

 cm/sec. 

Since more than 50% of soil passes 

through a sieve with diameter of 0.075 mm, 

the permeability coefficient  ≥ 0.1 sec
-1

 

was defined, i.e. using the filtration criterion 

min. geotextile thickness dgeot=0.5mm.. For 

less strict conditions according to the crite-

rion of resistance to clogging, the void sizes 

on geotextile are defined, out of which 95% 

finer, i.e. O95 ≥ 0.012 - 0.03 mm, so due to 

these reasons O95 ≥ 0.012 mm was adopted, 

but not over 0.3 mm, since the plasticity 

index of natural material Ip <7. As it is soil 

with more than 50% fractions finer than 

0.075 mm, the nonwoven geotextiles with a 

porosity of over 50% and the Percent Open 

Area (POA) of over 4% should be selected 

[19]. Based on the presented results, it was 

established that the class II geotextiles can 

be used for the proposed drainage system, 

which also include the geotextiles of type 

200 (200 g/m
2
 with thickness dgeot = 1 mm). 

The installation scheme as well as the 

field installation procedure are shown in 

Figure 7. 
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Figure 7 Phase construction of a drainage trench with geotextile filter 

 

The drainage system itself consisted of 

one longitudinal trench 96 m long, and one 

transverse drainage trench with a drainage 

ditch on the right side of the road (in the 

direction of Ljig) 70 m long. The drainage 

filling in the drainage trenches consisted of 

the well-granulated crushed stone with the 

largest diameter of fraction d = 300 mm. 

The infill is covered with geotextile type 

300 (1.4 mm thick), with the PVC foil 

placed at the bottom of drainage trenches. 

5 GENERAL ON THE COSTS OF SOIL 

AND GEOTEXTILE USE 

Determining the cost-effectiveness of 

geotextiles in relation to the conventional 

soil drainage systems is a process that is 

analyzed for each facility separately. 

Based on that, a decision is made on the 

economic profitability of the project, 

which is based on extending the service 

life of the facility and reducing the 

maintenance costs. Selection of geotex-

tiles should not be based solely on price 

[14]. The price of geotextiles is usually 

negligible compared to the other compo-

nents and construction costs of the entire 

system. Also, the savings related to the 

elimination of laboratory tests that define 

the behavior of soil-geosynthetic systems 

are not large, so they should be anticipated 

during the design phase. The use of geo-

synthetic materials is increasing, as it is 

often the case that the majority of manu-

facturing companies offer free design ser-

vices, training, effective support on the 

construction sites, and even design soft-

ware, which are made on the basis of rec-

ognized methods. 

In order to reach an economically ac-

ceptable solution, it is simply necessary to 

compare the costs of geotextiles with the 

costs of conventional granular filter lay-

ers, taking into account the following: 
- the total material costs, which means 

the price of geotextiles in relation to 
the conventional system, 

- the costs of installing the geotextiles 

(in most cases the price is lower than 

the costs of construction a two-layer 

granular filter, which are often nee-

ded as a supplement to the conven-

tional filters and fine-grained soil), 

- possibilities of reduction the dimen-

sions of drainage system (for exam-
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ple, reduction of dimensions entails a 

reduction in excavation volume, vo-

lume of the required filter material 

and even the construction time). 

Typical costs of geotextiles for drainage 

systems range from 0.5 to 2.5 EUR/m
2
 de-

pending on the type and technical character-

istics (type of fiber, weight, thickness, me-

chanical properties). Installation costs de-

pend on the project specifics and experience 

of the contractor. They usually vary from 

0.5 to 1.5 EUR/m
2
 of geotextile. Higher 

costs can be expected in the case of under-

water works and use the innovative geotex-

tiles (trend of development the "intelligent 

geotextiles", nanofibers) or geotextiles de-

veloped within the so-called "green con-

cept" (geotextiles made of natural fibers). 

The overall costs of installing the geotex-

tiles pays off quickly because the construc-

tion takes place faster, and the installation 

process allows for more reliable prevention 

of segregation and contamination of granu-

lar filter materials, so the multilayer granu-

lar filters are usually not necessary. 

6 CONCLUSION 

Water filtration through the soil is one 

of the most important engineering processes 

that affects the stability of various struc-

tures, erosion and general interaction of 

terrain and structures. For the needs of con-

trolled filtration conditions, the natural or 

artificial materials are used. In order for the 

effects of water filtration to be successful, 

the materials used for these needs must have 

certain characteristics, and their installation 

is done applying the appropriate filter rules 

that are constantly changing and improving. 

The reason for that is that despite the appli-

cation of defined filter rules in the design of 

drainage systems, various types of defor-

mations still occur in the form of demolition 

of dams, embankments, functionality of 

underground structures, due to the inade-

quate water control. Therefore, the choice of 

appropriate filter material (natural or artifi-

cial), as well as the method of its installa-

tion, is very important when modeling the 

action of filtration forces that occur at the 

contacts of different types of soil or soil and 

artificial geosynthetic materials. 
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Abstract 

Geotechnical investigations were conducted at the construction site of the new crushing plant 

at the open pit "Kriveljski kamen" in Bor. The construction of parts of this plant is planned on an 

unstable slope. The aim was to define the lithological-geotechnical material and terrain structure 

as a basis for determining the optimal conditions of construction, excavation methods, funding and 

undertaking the reclamation measures in the area intended for accommodation of facilities. 
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1 INTRODUCTION  

As part of an increase in the production 

capacity of stone aggregate at the open pit 

"Kriveljski kamen", it is necessary to renew 

the limestone preparation plant. Geome-

chanical investigations were performed at 

the place planned for location of the new 

crushing plant. The location of facilities 

planned for construction is on the southern 

edge of the open which is located approxi-

mately 4 km as the crow flies northwest of 

Bor. Micro-locally, the position is on a 

steep slope, right next to the already exist-

ing crushing plant. Field observations, ex-

ploratory drilling, core mapping and geo-

mechanical sampling of rocks and soil on 

the slope were performed. After that, a ge-

otechnical model of terrain was designed, in 

order to observe the object-engaged soil 

interaction. 

2 REVIEW OF INVESTIGATIONS 

In accordance with the investigation 

program, the following geomechanical 

investigation works were performed: 

 Engineering geological mapping of 

the terrain; 

 Exploratory drilling - the achieved 

depth for all boreholes were from 10.8 

to 31 m, i.e. the total of 104.9 m of 

drilling; 

 Geotechnical mapping of cores (Fi-

gure 1); 

 Laboratory geomechanical tests on 

two soil samples and thirteen samples 

of rock material. 
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Figure 1 Marking core for geotechnical mapping  

3 INVESTIGATION RESULTS 

Based on all obtained data, the charac-

teristic geotechnical cross - sections of 

terrain was constructed, within which the 

calculated values of important geome-

chanical parameters were presented. The 

calculated values of physical and mechan-

ical parameters of rock material were ob-

tained on the basis of results of the labora-

tory tests and statistical processing of the 

obtained results, field classification of 

cracked rock masses RMR [1], as well as 

using the software package RocData [2]. 

 
 

 

At the investigated location, based on 

the lithological and geotechnical composi-

tion, the eight geotechnical units were 

separated (as it is shown in Figure 2):  

1 Technogenic material-embankment, 

2 Sandstone debris, 

3 Broken limestone, 

4 Massive limestone, 

5 Broken sandstone, 

6 Compact sandstone, 

7 Broken andesitis, 

8 Compact andesits. 
 

 

 
Figure 2 Geotechnical cross sections of terrain with disposition of objects   
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4 GEOTECHNICAL CONDITIONS OF 

FOUNDATION AND ANALYSIS OF 

THE SLOPE STABILITY  

GEO5-Spread Footing version 5.2019.80 

of the company "FINE civil engineering 

software" was used for calculation the bea-

ring capacity of soil, which was done acco-

rding to Eurocod 7 (2004). 

 

 

 

 
The primary crusher facility with ac-

companying equipment will be founded on 
two foundation slabs. It is planned to fund 
the so-called "Massive gravitational founda-
tion." The foundation will be laid shallow on 
terrain surface. The results of conducted 
calculation are shown in Figure 3. 

 

 
Figure 3 Foundation bearing capacity calculation 

Funding on AB foundation board  L x B = 3.5 x 3.5 m 
Fund depth  Df = 1 m 

Bearing capacity of soil  qa = 1442 kN/m2 

 

For the purpose of designing all con-

structive solutions of facilities of the new 

crushing plant, an analysis of the current 

slope stability was performed where the 

stability problems were observed (Figure 4). 

Also, a stability analysis was performed to 

determine the area on slope of the cross sec

tion with the safety factor Fs less than 1.2 

(Figure 5). The stability calculation was 

done with the Rocscience program Slide 

v6.0. With the Slide program, the stability 

calculation is performed in the conditions of 

boundary equilibrium. The calculation was 

done according to the Janbu method.  
 

 
Figure 4 Analysis the stability in current state of slope - Janbu method 
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Figure 5 Specify the area in which Fs < 1.2 - Jambu method 

 

Based on the conducted analysis of slope 

stability provided for accommodation the 

facilities and equipment (bunker, primary 

crusher), it can be seen that the subject slope 

is not stable in the current conditions (ob-

tained values of Fs are 0.98 and 0.97). Dur-

ing the construction of facilities, the recla-

mation measures must be performed, in or-

der to bring the slope into a stable condition. 

In this case, the designer decided to apply 

the anchoring of retaining wall by fixing the 

anchors to the rock mass, which the analysis 

showed to be stable. 

CONCLUSION 

For the need to build a new crusher plant 

in Bor, a certain amount of geotechnical 

exploration work was performed. There was 

a problem related to the engineering-

geological conditions of the field, which was 

reflected in the fact that construction was 

planned on an unstable steep slope. Based 

on the investigation results, a geotechnical 

terrain model was formed, which defined the 

geotechnical conditions of construction and 

provided data to the designers for adequate 

positioning of reclamation measures in the 

field.  
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Abstract 

This paper sets out the methodology and presents the results of calculation the efficiency of transport 

system in separation of the OP "Dimnjače", based on the data of monitoring the operating time and 

downtime/failure. Properly determined state of operation of the transport system, allows preventive 

measures and selection of maintenance strategy. Data collection lasted a year, and the data were ana-

lyzed, and thus the results are given by month for the transport system as a whole. 
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1 INTRODUCTION  

The coal mine “Gračanica” D.O.O. is 

engaged in the production and preparation 

of lignite coal. It started operating in 1938 

as a mine with the underground exploitation 

until 1975, when it began with the surface 

exploitation at the OP "Gračanica", which 

was located in the municipality of Bugojno, 

as well as the separation facilities. 

Currently, the mine has the coal ex-

ploitation at the OP "Dimnjače". The open 

pit "Dimnjače" as well as the coal separa-

tion facilities, and accompanying facili-

ties, mechanical workshop and administra-

tive building are located on the territory of 

the municipality of Gornji Vakuf - Us-

koplje. 

Exploitation at the open pit "Dimnjače" 

began in 1986, and the coal separation was 

performed with separation whose capacity 

was approximately 50 t/h and mostly coal 

fraction (0-60 mm) was obtained. 

 
 

 

Since the placement of coal was in-

creased, and the open pit "Gračanica" was 

in the final phase of exploitation, the con-

struction of a new separation at the open 

pit "Dimnjača" began. In a very short pe-

riod, the construction of separation facili-

ties was completed by 1987. 

The coal separation capacity of the OP 

"Dimnjače" is approximately 200 t/h, and 

the annual approximately 700,000 t/ear. 

Figure 1 shows the technological scheme 

of separation of ZD Coal Mine "Gračani-

ca" D.O.O. Gornji Vakuf - Uskoplje. 

Coal mining at the OP ”Dimnjače”- Coal 

mine “Gračanica” is carried out by the buck-

et excavators. The excavated coal is loaded 

directly into trucks, which are transported to 

the primary crusher. The crusher grinds coal 

with a granulation of up to 400 mm. The 

rakes transport coal to the T1A belt convey-

or, which is B = 1000 mm wide and 210 m 

long. 
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The transport system in separation has 

thirteen belt conveyors (T1A, T1, T3, T4, 

T6, T8, T11, T12, T13, T14, T15 T16 and 

T17), three rakes, caliber sieve 80x80 mm, 

caliber sieve 120x120 mm, single-level 

sieve and control panel 4,5,6,7. 
 

 

 

Figure 1 Transport system in separation 7 

 

2 METHODOLOGY OF  

DETERMINING THE EFFICIENCY 

OF THE TRANSPORT SYSTEM  

OPERATION  

Data on operating conditions and fai-

lure/downtime of individual elements of the 

separation transport system were used to 

determine the distribution law and calcula-

tion of reliability indicators. 

Effectiveness of the complex is ex-

pressed by the basic formula 9: 

E(t) = A(t) · R(t) · FP 

E (t) - efficiency as a function of oper-

ation time; expressed as probability 

A (t) - availability of the complex as a 

function of time; expressed as probability 

R (t) - reliability of the complex as a 

function of time; expressed as probability 

 

 

 

 
 

 

FP    - functional similarity. It does not 

depend on time; it is a measure of meeting 

the required performances or degree of 

adaptation to the working conditions 

Efficiency of the complex, expressed 

as the probability of successful start of 

operation, maintenance of the function 

within the framework defined by the func-

tion criteria, and adaptation to the changes 

in external working conditions is in the 

range: 0 ≤ E ≤ 1 9. 

Component of the total effectiveness of 

availability the complex A(t) and reliability 

R(t) are functions of time (t), and their value 

ranges from 0.0 to 1.0, and therefore the 



No. 1-2, 2021  Mining & Metallurgy Engineering Bor 19 

total effectiveness is also limited to the in-

terval 0.0 to 1.0. The value of FP, in com-

mon efficiency calculations is equal to one. 

During development of the complex, the 

value of functional suitability is analyzed in 

the range: 0 < FP < 1 9. 

The availability is defined as the proba-

bility that the complex will be able to take 

effect at the time of need. This component is 

especially important for the transport com-

plexes that have been out of operation for 

some time. In principle, the availability de-

pends on reliability, but also on the mainte-

nance system, i.e. the speed of returning the 

complex from the state of failure to the state 

of operation. The availability can be calcu-

lated via the appropriate ratio of time of the 

correct state of complex and time of the state 

of complex in failure 1: 
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The effect of complex availability on 

the system effectiveness is reflected in 

realization the maximum time in opera-

tion, and minimum time in failure. 

Reliability characteristics are determined 

on the basis of failure time data. These data 

are obtained by monitoring the elements of 

transport complexes in real operation and 

performing the special tests. Data processing 

is performed by the statistical methods and 

methods of probability theory. The choice of 

distribution law implies a way of determin-

ing the type of distribution that best corre-

sponds to the data being processed. The 

normal or Gaussian distribution and the 

Weibull distribution have the greatest appli-

cation. In both distributions (t) is a random 

variable, i.e. the operating time until failure 

occurs. The two-parameter Weibull distribu-

tion is the most acceptable in the reliability 

analyzes of the elements of transport com-

plexes. The two-parameter form of the 

Weibull distribution is given by the formula 

1: 





























t
tiFtiR exp)(1)(  

The parameters of this distribution are: 

β-shape parameter and η-scale parameter. 

The shape parameter directly determines the 

shape of density function. For β = 1, the 

Weibull distribution is identical to the expo-

nential distribution. For β <1, the spans of 

randomly variable magnitudes are larger 

than for the exponential distribution. For  

β = (2.5-3.5), the Weibull distribution coin-

cides with the Gaussian distribution. The 

scale parameter of the Weibull distribution 

represents a quantity proportional to the 

mean value of distribution, i.e.: 

m= 











1

1  

Value (Γ) of the gamma function 

Γ(1+1/β) for different values of the shape 

parameter (β) is shown in tabular form in 

literature 1. 

Based on the previous analytical ex-

pressions in Microsoft Excel, a program 

was created to facilitate the calculation of 

individual reliability functions and check 

the distribution law (Figures 2 and 3). 
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Figure 2 Calculating the reliability of transport system in Microsoft Excel 

 

 

 

Figure 3 Graphic representation of the reliability of transport system in Microsoft Excel 
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3 EFFICIENCY OF THE TRANSPORT 

SYSTEM OPERATION IN  

SEPARATION 

Data on the state of operation and fail-

ure/downtime of transporter were used to 

determine the distribution law and calcula-

tion of reliability indicators. Based on the 

data on electrical, mechanical, technological 

and total failures/downtimes, the law of dis-

tribution of reliability indicators has been 

determined. Based on the above, the follo-

wing were determined: reliability, failure 

intensity function and failure density func-

tion. Based on the time in operation and fai-

 
 

 

 

 

lure/downtime, the values of operational 

readiness and functional suitability of all 

considered trucks were also calculated. 

Table 1 and Figure 4 show the efficiency 

of transport system in the separation of the 

OP "Dimnjače" D.O.O. Gornji Vakuf-

Uskoplje. 

Based on the obtained parameters of 

reliability, operational readiness and func-

tional suitability, the efficiency of opera-

tion was calculated. 
 

 

Table 1 Efficiency of the transport system in  

separation of the OP "Dimnjače" DOO Gornji Vakuf-Uskoplje 

Transport system of separation 

Month/2013 

Efficiency based on 

electrical down-

time / failure  

E(e) 

Efficiency based on 

machine downtime 

/ failure 

E(m) 

Efficiency based 

on technological 

downtime / failure 

E(t) 

Efficiency 

based on the 

total downtime 

/ failure 

E(u) 

January 0.930342 0.952068 0.537412 0.501271 

February 0.95686  0.959926 0.670057 0.629226 

March 0.983467 0.964304 0.584552 0.562317 

April 0.987346 0.962068 0.550532 0.529722 

May 0.99414 0.966666 0.477851 0.46325 

June 0.924534 0.978227 0.446081 0.417078 

July 0.977827 0.982375 0.362167 0.349964 

August 0.958514 0.963655 0.450868 0.422935 

September 0.971996 0.970446 0.490038 0.463107 

October 0.959136 0.93563 0.504492 0.457153 

November 0.975736 0.934607 0.424473 0.388909 

December 0.970037 0.954668 0.42099 0.387004 
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Figure 4 Efficiency of the transport system in separation of  

the OP "Dimnjače" DOO Gornji Vakuf-Uskoplje 

 

The minimum efficiency based on the 

total failures/downtimes was achieved in the 

seventh month of monitoring and amounts 

to 35.00%. The maximum efficiency based 

on the total failures/downtimes was achieved 

in the second month of monitoring and 

amounts to 62.92%. 

4 PREVENTIVE MEASURES AND 

SELECTION OF MAINTENANCE 

STRATEGY 

The obtained values of efficiency of 

the transport system operation in separa-

tion for the monitored transporters as a 

whole were low during the entire monitor-

ing period of transporter operation. Based 

on the conducted research, it can be con-

cluded that most of the time the transport 

system did not work due to the following 

registered technological downtimes: 

 human factor, 

 waiting for a loader, 

 frequent downtimes on the T6 belt 

due to waste separation, 

 empty bins, 

 cleaning and washing of a dis-

penser, 

 separation is not included in sepa-

ration. 

Proposed activities to reduce these 

downtimes to a tolerable level: 

 human factor downtimes amounted 

to 246 hours due to delays at work 

place. With a strict supervision by 

the technical and supervisory staff, 

these downtimes can be reduced to 

a tolerable level; 

 in production, it is necessary to 

have at least 2 loaders, but in order 

to reduce a downtime in waiting 

for separation of the transport sys-

tem due to a loader, there is a need 

for a third one; 

 transporter T6 is a transporter from 

which the waste is separated. The 
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content of waste that does not sepa-

rate from it is crucial for the quality 

of coal in the bins. Therefore, in 

the period when there is a high 

content of waste in material that 

occurs on the conveyor belt T6, 

that transporter is often stopped, 

which leads to the stopping of the 

other transporters. For less down-

time of a transporter, it is necessary 

to ensure better quality of run-of-

mine coal and increase number of 

labors on waste separation from T6 

transporter; 

 empty bins are connected to the 

dosing conveyors and they are in 

standby mode. In order to improve 

the production system and flow of 

material on belts, it is necessary to 

evenly distribute material on belts, 

and this is achieved only with two 

loaders that transfer the material 

from a landfill to a rake which 

transports it further to the separa-

tion. In this way, the bins would be 

filled more evenly and faster, and 

the dosing conveyors would have 

less technological downtime; 

 due to a need to clean and wash the 

separation, the separation work 

must be stopped. By turning off the 

electricity, the separation does not 

work, but during that time, the old 

separation works, which crushes 

the material that is transported to 

the landfill so that the production is 

not endangered. 

5 CONCLUSION 

The presented methodology of pro-

cessing, analysis and extraction of im-

portant information on operating parame-

ters and downtimes/failures of the 

transport system in the separation in this 

way and in our area was done for the first 

time and can be repeated for a continuous 

transport system in other separations. The 

contribution of this paper to the profes-

sional literature is that for the first time 

the efficiency of transport system on sepa-

ration was determined on the basis of col-

lected data on working hours and failures 

based on the set methodology. Operational 

efficiency based on electrical, mechanical, 

technological and total failures/downtime 

is used to determine the preventive 

measures and maintenance strategies of 

the transport system in order to increase 

the effective operating time. 
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Abstract 

The problem of unregulated waste disposal sites is present not only in Serbia but in the other parts of 

the Republic of Serbia. Therefore, it is necessary to locate these waste dumpsites, investigate their nega-

tive impact on the environment, make environmental risk assessment and start solving this problem. This 

presentation shows a methodology of the environmental risk assessment for the unregulated waste dis-

posal sites in the city area of Bor. The idea, presented through this methodology, suggests how to under-

stand the risk, how to make the risk assessment so that the owner is informed about possible conse-

quences. In this way, a possibility can be avoided that in fear of unknown and incapable of understand-

ing, the owner might take the precautionary measures at random. With regulated categorization a re-

mediation of waste disposal sites can be done.  

Keywords: unregulated waste disposal sites, municipal waste, environmental impact, risk assessment 
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INTRODUCTION  

Waste management is considered an 

activity of public interest. Waste man-

agement is performed in a manner which 

shall ensure the lowest risk in terms of 

endangerment the human health and envi-

ronment by control and implementation 

the measures to reduce pollution of water, 

air and soil, dangers to animals and plants, 

risk of accidents, explosions or fire, nega-

tive effects to the natural landscape and 

natural resources of special value, level of 

noise and odors. Waste management is 

defined by these legal acts: The Waste 

Management Strategy for the period 2010-

2019 (“Official Gazette of RS”, No, 29/10 

 

 
 

and revised draft from 2015), Law on 

Waste Management (“Official Gazette of 

RS, No. 36/09 and 88/10,14/16), Council 

Directive 75/442/EEC on Waste (Frame-

work Directive) and Council Directive 

99/31/EC on landfills. 

The problem with formation of unreg-

ulated landfills is particularly pronounced, 

both in the city of Bor and in other local 

communities and surroundings, that is, in 

the entire territory of the Republic of Ser-

bia. It is obvious that unregulated landfills 

of municipal waste are formed by the 

roads, often in the immediate vicinity of 

cities, watercourses, in watercourses in 
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forests and so on. Illegal formation of 

landfills and their uncontrolled expansion 

has a negative impact on land, water-

courses (surface and groundwater), as well 

as flora and fauna. It should be noted that 

this way of disposing municipal waste 

must be prohibited and prevented because 

it causes the soil degradation and can in-

crease the concentration of heavy metals 

in the soil, which can result in deteriorat-

ing the environmental quality and quality 

of human health. Therefore, it is necessary 

to identify and locate all unregulated land-

fills in the city of Bor, as well as in the 

other local communities, to carry out the 

environmental risk assessment and their 

impact on the environment and then pro-

pose measures for remediation, protection 

and improving the environmental quality. 

For that purpose, in the city of Bor, a 

project was launched within which the 

following activities were carried out: 
- identification and mapping of area 

polluted by the illegal landfills for 
municipal waste, 

- consideration of the needs for im-
provement the technical capacities of 
waste management equipment and 
establishment a laboratory for testing 
the waste samples, 

- consideration of possibilities for clean-
ing up the identified illegal landfills, 

- elaboration of a study on local and 
best practices in the field of munici-
pal waste management, 

- implementation of forums and edu-
cation for raising the awareness of 
improvement the municipal waste 
management practices. 

The expected results of research are: 
- identification, risk assessment and 

remediation the illegal landfills for 
municipal waste, 

- map of contaminated areas from ille-
gal municipal waste 

- defined equipment for the improved 
waste management and establish-
ment of a laboratory for testing waste 
samples, 

- consideration of the scope of needs 
for remediation the illegal landfills 
for municipal waste, 

- elaboration strategy, politics and 
study about best practices in the field 
of municipal waste management, 

- elaborated directives for implementa-
tion the forums for raising awareness 
for improvement the municipal waste 
management practices. 

Background 

Bor is a city and administrative center 

of the Bor District in eastern Serbia. Map 

of the city is shown in Figure 1. 
 

 

 

Figure 1 Map of the city administrative area and Bor District    
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Basic information about the city of Bor are shown in Table 1. 
 

Table 1 Basic information about the city of Bor(4) 

Info/the city of Bor 

Area 856 km
2
 

Number of settlements   1 urban+13 rural 

Total on register* 48.615(34.160 in the urban settlement) 

*According to the 2011 census  

 

2 MUNICIPAL WASTE  

MANAGEMENT IN THE CITY  

OF BOR 

The municipal waste management sys-

tem in Bor is based on the collection, 

transport and disposal of municipal waste. 

The number of inhabitants who receive 

the provisional services of taking waste in 

the city of Bor is 48.615. Containers of 

 

 

 

 

 

different loads (from 1 to 5m
3
), dump 

trucks and loaders are used for the waste 

collection with the predominant share of 

biodegradable waste being 51,73%. Other 

types of waste are paper, cardboard and 

plastic bags (Figure 2). 
 

 

 

Figure 2 Composition of municipal waste in Bor [5] 

 

In the city of Bor decisions were made 

related to the field of waste management, 

which derive from the laws and by-law 

acts that define this area: 

1) The decision to determine the loca-

tion for temporary disposal of con-

struction waste and waste from 

demolition of buildings on the ter-

ritory of the municipality of Bor, 

No.501-89/2010-I of 25/05/2010 

(“Official Gazette of the Munici-

pality of Bor”, No.9/10) 
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2) Decision on the adoption of the 

Local Waste Management Plan for 

the territory of the Municipality of 

Bor 2010-2020, No.501-18/2011-I 

of 28/01/2011 (“Official Gazette of 

the Municipality of Bor”, No.2/11). 

Decision on determining the location 

of the center for separate collection and 

storage of recyclable components of mu-

nicipal waste, No. 353-2/2012-I of 

7/7/2012 (“Official Gazette of the Munici-

pality of Bor”, No.8/12). 

3 IDENTIFICATION OF THE  

ILLEGAL LANDFILLS IN THE  

AREA OF THE CITY OF BOR 

An illegal landfill is a place, a public 

area, where the unregulated landfill types 

of waste are located and which does not 

meet the conditions established by the 

regulation governing the disposal of waste 

in landfills.[6] The Bor city Authority has 

initiated a process to identify and map 

illegal municipal landfills in all local 

communities including the urban and rural 

areas, and database has been established 

containing a description of locations, their 

number and other useful data. 63 illegal 

landfills of municipal waste were identi-

fied, out of which 26 in urban areas and 

37 in rural areas.[5] 

After identification of the illegal land-

fills, it was necessary to do the mapping 

and perform an environmental impact as-

sessment. Mapping is performed accord-

ing to By-law on Methodology for Collect-

ing Data about Composition and Amounts 

of Municipal Waste on the Territory of 

Local Government Unit (“Official Gazette 

RS”, No. 14 of 21/02/2020). 

Mapping and identification of illegal 

landfills include sampling and laboratory 

analysis of collected samples. These data 

are put into map so that a spatial arrange-

ment of a chart can be made. 
 

Table 2 Records of illegal landfills in the city area of Bor [9] 

RECORD OF ILLEGAL LANDFILLS IN THE CITY AREA OF BOR 

LOCAL  

COMMUNITIES 

STREETS-

LOCATION 
NORTH EAST 

SURFACE 

AREA 
DEPTH VOLUME 

LC NOVO 
SELIŠTE 

Vase Pelagića 121 44.07 22.09 200m² 0.4m 80m³ 

LC STARI  

CENTAR 

Bus station fence 44.0751 22.1025 40m² 0.3m 12m³ 

Majdampečka 44.0766 22.1034 100m² 0,5m 50m³ 

Čočetova 44.0769 22.1026 40m² 0,5m 20m³ 

Gradska bolnica 44.0793 22.0928 80m² 0.3m 24m³ 

LC SEVER 

Kestenova 53 44.0832 22.0978 40m² 1m 40m³ 

Dositeja Obradovića 38 44.0868 22.0915 15m² 0.5m 7.5m³ 

Homoljska 15 44.0825 22.0894 70m² 0.4m 28m³ 

Vojske Jugoslavije 32 i 

34 
44.0899 22.0907 375m² 0.2m 75m³ 

LC BREZONIK 

At the stadium 44.0984 22.0904 30m² 0.2m 6m³ 

Dečanska 44.0961 22.0912 20m² 0.2m 4m³ 

Zmajevo 1 44.0953 22.0950 40m² 0.4m 16m³ 

Landfill of the open pit 44.0953 22.0869 600m² 0.6m 360m³ 

LC RUDAR Overpas 44.0698 22.1034 40m² 0.5m 20m³ 

LC SLOGA 

At the stadium 44.0600 22.1061 115m² 0.4m 46m³ 

Flee market 44.0614 22.1081 45m² 0.5m 22.5m³ 

Pavla Orlovića 44.0584 22.1173 35m² 0.2m 7m³ 



No. 1-2, 2021  Mining & Metallurgy Engineering Bor 29 

 

LC NOVI 
GRADSKI 

Rubber dump at the 
brickyard 

44.0500 22.1126 45m² 0.6m 27m³ 

Cementary landfill 44.0480  22.1137 800m² 4m 3200m³ 

Under the brickyard 44.0500 22.1143 300m² 0.4m 120m³ 

LC METALURG 
Ljube Nešića at the 
bridge 

44.0515 22.0947 30m² 0.5m 15m³ 

LC BANJSKO 

POLJE 

Mihajla Pupina 44.0596 22.0555 15m² 0.3m 4.5m³ 

At the well 44.0692 22.0591 160m² 0.2m 32m³ 

LC MLADOST 
Dr.Milovanovića 44.0649 22.0956 30m² 0.4m 12m³ 

Kučajna 44.0639 22.0943 140m² 0.3m 42m³ 

LC BOR 2 V.Nazora to No.30 44.0580 22.0848 50m² 0.4m 20m³ 

LC SLATINA 

Mountain embankment 44.0396 22.1600 40m² 0.2m 8m³ 

Pripor 44.0318 22.1522 32m² 0.5m 16m³ 

Exit from the village 
(along the river) 

44.0362 22.1740 2000m² 0.3m 600m³ 

Main landfill (near 

fattening farm) 
44.0313 22.1813 400m² 0.4m 160m³ 

LC OŠTRELJ 

Ogašu mika-village 44.0684 22.1664 400m² 0.3m 120m³ 

Valja mika 44.0700 22.1759 200m² 0.5m 100m³ 

Danijela Janošević 44.0637 22.1770 100m² 0.3m 30m³ 

Bypass from Antić to 
Brezonik  

44.0744 22.1359 245m² 0.15m 36.75m³ 

LC BRESTOVAC 

Lakuri (hill above the 

village)  
44.0359 22.0872 64m² 0.3m 19.2m³ 

Next to the Brestovac 
bridge 

44.0468 22.0778 scattered     

At the exit from the vil-

lage towards  

Metovnica 
44.0317 22.0991 600m² 2m 1200m³ 

Next to the transformer 

near Dokić 
44.0339 22.0976 150m² 2m 300m³ 

The old road to  

Šarbanovac D. Blagojevic 
44.0259 22.0956 2000m² 3m 6000m³ 

At the fairgrounds 44.0335 22.0908 200m² 0.5m 100m³ 

At the village cemetery 44.0404 22.0973 3000m² 2m 6000m³ 

Above the fairgrounds 44.0009 21.9954 600m² 1m 600m³ 

The beginning of 
Dj.Jakšić Street  

44.0078 21.9868 300m² 0,5m 150m³ 

The fourth district near 

Roškić 
44.0167 21.9861 40m² 0.5m 20m³ 

LC  

ŠARBANOVAC 

Nestor creek 43.9683 22.0649 rasuto 0.1m   

Šarbanovac cementary 43.9560 22.0874 40m² 0.5m 20m³ 

Old mill-gap-spring 43.9258 22.0851 250m² 0.3m 75m³ 

Baba Jona 43.9178 22.1230 50m² 0.3m 15m³ 

LC  

METOVNICA 

Suva reka entrance to 
the village 

43.9818 22.1650 60m² 0.3m 18m³ 

Exit from the village 43.9638 22.1360 400m² 0.2m 80m³ 

At the train station 43.9319 22.1578 100m² 0.2m 20m³ 

LC DONJA 

BELA REKA 

At the confluence of 
two rivers 

44.0725 22.2076 800m² 0.5m 400m³ 

Exit from the village 

towards Pescar 
44.0789 22.2127 40m² 0.2m 8m³ 

LC LUKA 
At the fairgrounds 44.1721 22.1852 80m² 0.5m 40m³ 

Next to the stadium 44.1693 22.1836 20m² 0.6m 12m³ 
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LC GORNJANE 
Behind the house 44.24409 22.0615 30m² 0.2m 6m³ 

Mala kulma 44.25036 22.06306 50m² 0.2m 10m³ 

LC BUČJE 
Under the cemetery 44.13893 22.14515 150m² 1m 150m³ 

Under the quarry 44.14663 22.13889 300m² 2m 600m³ 

LC KRIVELJ 
Banjica near the stadium 44.1370 22.0926 1200m² 0.2m 240m³ 

At the cemetery 44.1195  22.10121 50m² 1m 50m³ 

BOR LAKE 

Across from the public 

fountain 
44.1031 22.1031 25m² 0.3m 7.5m³ 

Pirot settlement 44.0710 22.0316 25m² 1m 25m³ 

 

4 THE ENVIRONMENTAL RISK  

ASSESSMENT METHODOLOGY 

FOR THE UNREGULATED  

LANDFILLS 

Risk assessment takes into account the 

probability and consequences of events. 

Methodology is a systematic tool for de-

termining the assessment of the nature, 

effect and extent of exposure which a sen-

sitive receptor may experience in relation 

to a particular hazard. 

Experiences from the Environmental 

Protection Agency’s Code of Practice in 

Ireland have been used to optimize this 

methodology for assessing the risk of ille-

gal municipal waste dumps.[1] 

The environmental risk assessment 

methodology from illegal municipal land-

fills helps to make decisions that ensure 

that the sites having the greatest risk to 

human health and environment are 

cleaned and rehabilitated. 

The environmental risk assessment for 

the unregulated waste landfills, developed 

by the methodology, has been adopted and 

optimized to meet the project objectives 

using the available data. The key issues 

 

 

 
 

 
 

taken into account for the environmental 

risk assessment of municipal waste are: 

- Factor A-area contaminated by the 

municipal waste (area covered by the 

municipal waste), 

- Factor B-receptor (any human habi-

tat and/or settlement and/or wells 

near an illegal landfill for municipal 

waste that may be polluted), 

- Factor C-distance of public water 

supply facility (sanitary zones for 

water supply or public water supply, 

endangered by the illegal landfills for 

the municipal waste), 

- Factor D-distance of surface water-

courses (distance of surface water 

bodies from the illegal landfills of 

municipal waste). 

To assess the risk to the environment 

from the illegal landfills of municipal 

waste, the following criteria are defined for 

the selected factors, shown in Tables 3-7: 
 

Table 3 Factor A-area contaminated by the municipal waste 

Waste type 
Criterion of factor A: Area contaminated by the municipal waste (m2) 

100 >100200 >200500 >500 

Municipal 0.1 0.2 0.5 1 
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Table 4 Factor B-receptor 

Criterion of factor B: Receptor 
B1: Presence of 

human habitat 

B2: Presence of water 

supply wells 

On or within 50 m of the waste body 3 5 

Greater than 50 m but less than 250 m of the 

waste body 
2 3 

Greater than 250 m but less than 1km of the 

waste body 
1 1 

Greater than 1 km of the waste body 0 0 

Table 5 Factor C-distance of the public water supply facility 

Criterion of factor C-distance of the public water supply facility  

Within 100 m of the site boundary 5 

Greater than 100 m but less than 300 m 3 

Greater than 300 m but less than 1km 1 

Greater than 1 km 0 

Table 6 Factor D-distance of the surface watercourses 

Criterion Factor D-distance of the surface watercourses  

Within 50 m of the site boundary 3 

Greater than 50 m but less than 250 m of the site boundary 2 

Greater than 250 m but less than 1km of the site boundary 1 

Greater than 1 km of the site boundary 1 

 
The results of the environmental risk 

assessment from the illegal municipal 

landfills are obtained using the equation:  
RISK=A x (B1+B2+C+D) 

 

Table 7 Risk classification 

Rang of risk scores Risk classification 

Greater than 50% of the sum of points 1 to 16 Very highest risk 

Between 30 - 50% of the sum of points 1 do 16 Highest risk 

Between 20 - 30% of the sum of points 1 do 16 Moderate risk 

Between 10 - 20% of the sum of points 1 do 16 Lowest risk 

 

The following settings are used for iden-

tification, analysis and mapping the location 

of illegal landfills for municipal waste: 

- waste that is present in the illegal land-

fills is mostly municipal waste, 

- public water supply is provided for the 

city of Bor and there are no wells, 

- half of rural settlements receive water 

from the rural water supply systems, 

and the other half from individual 

wells, 

- presence of people near the illegal 

dumps is estimated using Google map 

measuring a distance between the giv-

en coordinates and the nearest houses, 

- geologically it is considered that the 

landscape of Bor is mostly karst. 
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Table 8 Application of the method for the environmental risk assessment of  

municipal waste on the field 

Location 
Factor 

A 

Factor 

B1 

Factor 

B2 

Factor 

C 

Factor 

D 
RISK 

MZ Brezonik 

Open pit mine 
area (G15) 

1 3 1 1 1 

=6 (Highest risk) 

37.5 % of the sum of 
points 1 do 16 

Donja Bela reka 

village -At the 

confluence of 

two rivers (S10) 

1 2 3 1 1 

=7 (Highest risk) 

43% of the sum of 

points 1 do 16 

Zlot village 

The beginning of 

Djure Jakšića  

Street (S37) 

0.5 2 3 0 1 

=3; (Lowest risk) 

18.75% of the sum 

of points 1 do 16 

Bor Lake 

Across the public 

fountains (S5) 

0.1 2 0 0 1 

=0.3 (Lowest risk) 

1.87% of the sum of 

points 1 do 16 

 

Practical check of the environmental 

risk assessment from the illegal landfills 

for municipal waste for urban and rural 

conditions, and the village with a water 

supply network (village Zlot), and rural 

conditions and the village near the water-

course (Donja Bela Reka), as well as the 

weekend settlement near Bor Lake. 

Figure 3 shows the urban and suburban 

illegal landfills with a risk assessment. 
 

 

 

Figure 3 Shows the urban and suburban illegal landfills with a risk assessment [7] 
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5 CONCLUSION 

The most significant impact of the illegal 

municipal waste landfills on the environ-

ment and public health are those related to 

the proximity of watercourses and long-term 

contamination due to the movement of 

waste water and of course the uncontrolled 

incineration of municipal waste where 

smoke, particles and gases are emitted into 

the atmosphere. The formation of a team for 

assessment the risk of illegal landfills for the 

municipal waste is one of the possibilities 

that provides a flexible and practical ap-

proach to solving this problem. It is con-

cluded that formation a team to assess the 

risk of illegal landfills for the municipal 

waste can make significant contribution to 

the protection of environment and human 

health. Given the large number of uncertain 

issues in this research area in the field of risk 

assessment for the illegal municipal land-

fills, it is believed that the application of 

presented methodology of the average risk 

from various municipal landfills at the local 

community level is valuable and necessary 

to improve understanding and inform the 

public, as well as giving priority to solve the 

problem of remediation the illegal landfills 

for the municipal waste at the local commu-

nity level. The presented methodology is a 

useful tool for gaining the insight into evalu-

ation of the environmental health and safety 

management system. As such, it can be used 

as a relatively quick and inexpensive substi-

tute for research which spends time and 

money, such as long-term monitoring pro-

jects or control studies. This model of the 

environmental risk assessment for the illegal 

municipal landfills has the character of an 

expert assessment and can be widely applied 

in the other local communities for the envi-

ronmental health and safety management 

 
 

 

 

system and it can provide useful contribution 

relevant to the operational and strategic 

planning for the environmental protection.  

Results of the applied methodology for 

ethe environmental risk assessment for 

unregulated landfills are: 

- identification and mapping of 63 loca-

tions of illegal landfills for municipal 

waste in the area of the city of Bor; 

- performed risk assessment and deter-

mined risk priority indicators and 

viewing the scope of needs for sanita-

tion of illegal landfills for municipal 

waste; 

- based on identification, mapping, 

quantity assessment, environmental 

risk assessment for the unregulated 

landfills for the municipal waste, ade-

quate decisions, to supply the required 

equipment for advanced waste man-

agement as well as to establish a labor-

atory for testing waste samples, can be 

made; 

- based on identification, mapping, 

quantity assessment, environmental 

risk assessment for the unregulated 

landfills for municipal waste, the strat-

egy and politics can be defined in de-

tail, as well as plans and programs for 

the effective and efficient municipal 

waste management; 

- elaborated guidelines for the imple-

mentation of forum for raising aware-

ness of the need for implementing best 

practices for municipal waste mana-

gement; 

In addition to everything that has been 

said in this study, an important role will be 

played by raising the people’s awareness on 

the environmental protection and proper 

waste management. 
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Abstract 

Mining processes are complex and complicated, with many different economic, technical, environ-

mental and other parameters that must be planned before the project gets its practical value. Many of 

these parameters are evaluated independently of others, due to the expediency and difficulties in predict-

ting values for variables under consideration. Costs, prices, reserves, mining and processing of ore, as 

well as many social aspects, such as issuing permits for works, are absolutely crucial for the project 

evaluation. Each ore body is different, but the main steps in the open pit planning, when the main goal is 

to maximize NPV, follow the same principle. These steps are presented as the linear for simplicity. The 

actual planning process is an iterative process, in which some steps or a combination of steps are re-

peated many times with the sensitivity analysis. 
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1 INTRODUCTION  

The main driving objective of any min-

ing activity is certainly making a profit, but 

apart from this, the exploitation of mineral 

resources may be also motivated by the 

other specific factors such as the maximum 

(or such higher) resource recovery and eco-

nomic (industrial) development of the local 

community where the project is situated, 

etc. 

The problem of the open pit optimiza-

tion requires a complex analysis that in-

cludes a large number of important parame-

ters. As a rule, the exact value of many pa-

rameters is unknown or uncertain. For these 

reasons, the optimization of the open pit 

boundaries is usually a lengthy and iterative 

process. 

 
 

 

The basic, primary input in the process 

of planning and designing an open pit is a 

geological block model of the ore body. 

Geological models are created on the basis 

of exploratory drilling data, which is 

performed according to a certain network 

and drilling density. Each mini-block in a 

block model of the deposit is assigned a 

level of trust supported by the data of 

exploration works in that area. It is very 

important to accurately calculate the block 

value in the optimization, because the 

wrong calculation leads to a wrong optimal 

contour of the open pit [1]. 

The most commonly accepted objective, 

in such complex production systems, in 

optimizing the open pit boundary is to ma-
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ximize the net present value of future cash 

flows [2]. To achieve this objective, the 

spatial relationship of variables in the de-

posit (such as the geographical location of 

the deposit and its geological properties) as 

well as the temporal relationship of the var-

iables (including the order in which the ore 

will be mined and processed) must be taken 

into account, and accordingly the resulting 

cash flow. 

Variable quantities relevant for optimi-

zation and production planning at the open 

pit interact in a cyclical manner. Without 

knowing one variable, the value of next 

variable in the cycle cannot be determined, 

Figure 1. The time required to excavate all 

open pits in the sequence represents the 

open pit life, while the shape of the last 

open pit in the sequence determines the 

final boundary of the open pit. In order to 

make the division between ore and waste, 

it is necessary to determine the cut-off 

grade for processing, which is a function 

of the final price of manufactured goods, 

as well as the price of excavation and pro-

cessing. 

It can be seen in Figure 1 that it is first 

necessary to establish the costs and reve-

nues and, based on that, the limit ore con-

tent, in order to further spatially define the 

ore body and calculate the economic value 

of blocks. Then, the final boundary of the 

open pit is defined which is then used to 

make a production plan that includes the 

annual production and excavation plan. 

Further, the selected annual production and 

excavation plan are used to revise the costs 

and revenues. 
 

 

 

Figure 1 Circular flow of production optimization at the open pit [3] 

 

2 SOFTWARE MODELING OF  

THE DEPOSIT 

Block model of the deposit, created by 

the geostatistical modeling, with separate 

areas of useful ore blocks and non-profit 

waste blocks, allows engineers to choose 

the appropriate excavation methods and to 

plan the necessary equipment and infra-

structure facilities necessary for the ore 

exploitation process. The block model of a 

deposit represents the main input in the 

process of open pit optimization. 

 

 
 

 

Interpretation of the deposit and its im-

mediate surroundings through the appropri-

ate block model, implies their division into 

blocks of regular dimensions. The size of 

block depends on numerous factors of the 

mathematical and statistical character, de-

gree of complexity of the geological struc-

ture of the deposit, etc. Blocks in general 

should not be too small, because in this way 

the error of calculation of the total volume 
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of minefield ("assessment") increases, but 

not too large, because they must be adjusted 

to the characteristics of planned exploitation 

method. 

3 ECONOMIC MODEL FOR  

OPTIMIZATION THE OPEN PIT 

BOUNDARY 

Developing an economic model for op-

timizing the open pit boundary is the basis 

for generating an economic block model. 

The economic block model aims to calcu-

late for each block model the expected net 

value of a block, which would arise in the 

event of its excavation. The economic block 

model was created in Whittle software, 

which is specialized for the open pit exploi-

tation analysis and optimization of design 

solutions. 

The economic model is based on the fol-

lowing economic and technological pa-

rameters: 

 Operating costs 

 Waste excavation costs 

 Ore mining costs 

 Total mineral processing costs (inclu-

ding crushing, sorting, grinding, flota-

tion and other general and administra-

tive costs) 

 Costs of metal sales (smelter, refining, 

concentrate transport and fees for use 

of mineral resources/ore rent) 

 Metal prices 

 Discount rate 

 Capital investments 

 Ore mining capacity 

 Recovery and depletion at excavation 

 Recovery of metals (on sorting, flota-

tion, metallurgical + payability of 

metals) 

Modern planning procedures imply the 

possibility of considering the variant solu-

tions and selection the optimal solution. The 

standard economic measure for optimiza-

tion the open pit boundary is the Net Pre-

sent Value (NPV). 

Net Present Value (NPV) is calculated 

by discounting the estimated annual cash 

flows to the present time using a discount 

rate, which represents the investment risk. 

 

                  (   )  ∑
          (  )

(   ) 
 
     (1) 

where:  k – discount rate 

 t –  number of years 

 

4 DEFINING THE OPTIMAL  

CONTOURS OF THE PHASE  

DEVELOPMENT OF THE OPEN PITS 

In the optimization process, the results 

are generated for individual boundaries of 

the open pit, i.e. the calculated profit is 

shown as the Present Value (PV) for three 

variants of analysis - "best case", "worst 

case" and "specified case" which define 

the way of spatial development of the 

open pit [4]. 

The "best case" means a phase excava-

tion where each of the generated boundaries 

of the open pit within a particular mine rep-

 
 

 

 
 

resents one phase of excavation, i.e. the 

working angle of the open pit is the maxi-

mum possible. This case has the most fa-

vorable NPV, but in practice it is very rarely 

possible, among other things due to the in-

adequate distance between successive 

pushbacks. 

The "worst case" means excavation in 

depth successively floor by floor, where 

each floor is excavated to the final boundary 

of the open pit, i.e. the working angle of the 



No. 1-2, 2021  Mining & Metallurgy Engineering Bor 38 

open pit slopes is approximately equal to 

zero. The NPV for this case is the lowest 

possible. 

The “specified case“ is a combination of 

the previous two scenarios. 

Optimization involves a software analy-

sis in order to determine the final open pit 

and adequate pushbacks based on the fol-

lowing criteria [5]: 

 Maximum possible profit (NPV), 

 Optimal service life, 

 Optimal overburden ratio, 

 Maximum possible utilization of de-

posits (balance reserves) 

In practice, the mentioned criteria are 

interdependent and the final result implies 

their optimal relationship. 

5 CASE STUDY 

Selection of the optimal contour in 

planning the open pits was considered on 

the example of lead and zinc ore deposits 

Žuta Prla-Višnjica and Brskovo, which are 

located about 6 km east of Mojkovac and 

belong to the municipality of Mojkovac. 

The characteristic of these deposits is the 

increased mercury content in the ore. In 

the Žuta Prla-Višnjica deposit, the average 

mercury content in the ore is 54.427 g/t, 

and in the Brskovo deposit 26.719 g/t. 

Block models for the lead-zinc ore de-

posits Žuta Prla-Višnjica and Brskovo were 

made in the Geovia Gems software package 

and represent the block models with regular 

blocks, size 10x10x5. The economic value 

of the deposit is determined on the basis of 

the value of metals present in the ore, i.e. 

lead, zinc, copper and silver. The economic 

effects of ore exploitation are calculated on 

the basis of the selling price of payable met-

als in the ore, i.e. lead, zinc, copper and 

silver. Based on this, the cut-off grade of the 

equivalent metal lead and zinc (Pb + Zn) in 

the ore was determined, which is 0.6% Pb + 

Zn. Blocks with content for Pb + Zn below 

the cut-off grade are treated as waste. 

A block model was formed for the 

Brskovo deposit with: 

 160 rows 

 115 columns  

 110 levels  

(+1300/+1295 to +510/505). 

A block model was formed for the 

Višnjica-Žuta Prla-Razvršje: 

 125 rows 

 150 columns 

 110 levels  

(+1300/+1295 to +510/505). 

By creating a block model, the follow-

ing values were defined for each block: 

 Rock type; 

 Volume mass; 

 Content of useful components: Pb (%), 

Zn (%), Zn+Pb (%), Au (g/t), Ag (g/t), 

Cu (%) and harmful components:  

Hg (g/t), As (g/t), Sb (g/t), Bi (g/t) and 

Cd (g/t). 

Determining the content of these com-

ponents in blocks, began with development 

of variograms, which are the basis for calcu-

lation ("assessment") of the content. 

Variograms can be made from all or se-

lected individual or composite samples. For 

the deposits Brskovo and Višnjica-Žuta 

Prla-Razvršje, the "extract files" were made, 

which contain data on the exact location of 

data in space, as well as values on the quali-

ty of mineral raw materials and type of hy-

drothermal alteration. The extract files were 

made for composite tests (Pb, Zn, Au, Ag, 

Cu, Hg, As, Sb, Bi and Cd), for the Brskovo 

deposit, as well as separately for the Žuta 

Prla-Višnjica deposit, in order to determine 

the distribution of useful components in 

each alteration. The sample centers were 

taken as the reference points of all extract 

files, either individual or composite samples 

in order to perform the three-dimensional 

interpretation of the subject mineralized 

spaces as correctly as possible. 
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One of the key factors in creating an 

economic model for the Žuta Prla-Višnjica 

and Brskovo deposits is the evaluation of 

mercury content in concentrate, i.e. the va-

lue limit to 900 ppm. To estimate the mer-

cury content in concentrate, the following 

formula was developed, based on the con-

ducted experimental investigations: 

        (
  [   ]

  [ ]     
)          [   ] 

 (2) 

The formula is based on the mean con-

tents of mercury (Hg, ppm) and zinc (Zn,%) 

in the run-of-mine ore. The next step is to 

create a new attribute of mercury content 

called ZnHg, which contains ≤900 ppm Hg. 

Using a scripting language, a script is writ-

ten defining the ore with mercury content of 

≤900 ppm. 

The panel in Figure 2 shows a script 

that uses Gems software to separate the 

ore with mercury content ≤900 ppm and 

the ore with mercury content >900 ppm. 

 
 

 
Figure 2 Script used by Gems software to separate defined ore types 

 

Optimization of the open pits at the 

Brskovo site was performed on the basis of 

two block models of deposits and defined 

the input techno-economic parameters. 

Optimization of the open pits was per-

formed on the balance reserves using Whit-

tle software, which is the industry standard 

for this area. The Whittle software package 

uses a modified Lerch Grosmman algorithm 

in the optimization process, according to 

which the optimal contour of the mine is 

obtained based on the economic value of 

individual mini-blocks in the deposit. The 

software has the ability to apply the Revenue 

Factor to metal prices to change the size of 

revenue and thus generate more possible 

contours of the open pits [6]. 

Taking into account the amount of ex-

ploitation reserves affected by the open pit 

with a coefficient (factor) of income of 1, 

which corresponds to the optimal open pit 

based on undiscounted profit, ore excavation 

capacity, minimum width between interme-

diate excavation of 50 m, the decision was 

made to determine the final boundary of the 

optimal open pit for discounted profit based 

on excavation the final open pit in two in-

termediate excavations. 

Based on this solution, an analysis of po-

tential contours of the first pushback and 

optimal final contour of the open pit Žuta 

Prla-Višnjica was performed. The results of 

performed analysis are shown graphically in 

Figure 3. 

The analysis of optimal development 

of the open pit Žuta Prla-Višnjica, for the 

case of phase development with one in-

termediate excavation (open pit 12 in the 

analysis), gave the result that the optimal 

final contour of the open pit Žuta Prla-
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Višnjica, the open pit under ordinal num-

ber 30, income coefficient = 0.94). The 

open pit 30 provides the maximum dis-

counted cash flow (NPV for the "Specified 

case") for the analyzed phase develop-

ment. The optimal contour of the Žuta 

prla-Višnjica open pit covered 57.90% of 

the balance reserves. 
 

 

 

Figure 3 Graph of the NPV analysis for the optimal boundaries of the open pit ZPV 

 

The analysis of optimal development 
of the open pit Brskovo, for the case of 
phase development with one intermediate 
excavation (open pit 16 in the analysis), 
gave the result that the optimal final con-
tour of the open pit Brskovo, the open pit 
under ordinal number 33 (income coeffi-
cient = 0.96), Figure 4. The open pit 33 
provides the maximum NPV ("Specified 
case") for the analyzed phase develop-
ment. Also, the analysis results of the 

Brskovo open pit showed a low sensitivity 
to NPV in the selection of potential inter-
mediate excavation, which is evident in a 
small difference in NPV values between 
the "Best case" and "Worst case" analysis. 
The reason for the small difference in 
NPV values between the analyzed variants 
is a short service life for the Brskovo open 
pit. The optimal contour of the Brskovo 
open pit covers 75.13% of the balance 
reserves.   

 

 

Figure 4  Graph of the NPV analysis for the optimal boundaries of the open pit Brskovo 
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Construction of the open pit Žuta Prla-

Višnjica, i.e. Brskovo, according to the de-

fined phases of development, was per-

formed in the Gems software. Contours of 

the open pits (final open pits and 

pushbacks), obtained in the process of 

deposit optimization in the Whittle soft-

ware, were used as the starting point for 

construction. 

The appearance of the open pit Žuta 

Prla-Višnjica at the end of exploitation is 

shown in Figure 5. 

 

 

 

Figure 5 The appearance of the final contour of the open pit with a presentation of  

the block model for the Višnjica-Žuta Prla-Razvršje deposit (Gems software) 

 

The appearance of the open pit Brskovo at the end of exploitation is shown in Figure 6. 

 
 

 

Figure 6 The appearance of the final contour of the open pit with a presentation of  

the block model for the Brskovo deposit (Gems software) 
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CONCLUSION 

The main objective of every mining 

operation is to make a profit. Basically, the 

mining processes are complex and compli-

cated, with many different economic, 

technical, environmental and other para-

meters that must be planned before the 

project gets its practical value. Therefore, 

the costs, prices, reserves, as well as many 

restrictions on the content of useful and 

harmful minerals in the ore, which affect the 

possibility of its processing, i.e. the 

realization of economic profit, are of the 

key importance for the project evaluation. 

On a real example, for the lead and zinc 

ore deposits, with increased mercury con-

tent, using Whittle software, the analysis 

was performed based on two block models 

of deposits and defined the input techno-

economic parameters and optimal contours 

of the open pits Žuta Prla - Višnjica and 

Brskovo were selected. One of the key limi-

tations in the optimization process is to limit 

the value of mercury content in concentrate 

to 900 ppm. As a result, the utilization of 

the balance quantities of ore in the deposits 

are as follows: 

 Žuta prla - Višnjica 57.90 % 

 Brskovo 75.13 %. 

REFERENCES 

[1] D. Kržanović, M. Ljubojev, I. Jova-

nović, N. Vušović, An Analysis the 

Effects of Changes in Price of Metal 

and Operating Costs to the Profit in 

Exploitation the Copper Ore Deposits, 

A Case Study: Copper Mine Majdan-

pek, Serbia, Mining & Metallurgy 

Engineering Bor, No. 3-4 2017, pp. 

51-58. 

[2] D. Kržanović, N. Vušović, M. Ljubo-

jev, R. Rajković, Importance of Pla-

nning the Open Pits in the Conditions 

of Contemporary Mining - A Case 

Study: The Open Pit South Mining 

District Majdanpek, Mining & Meta-

llurgy Engineering Bor, No. 1-2 2017, 

pp. 15-22. 

[3] Sevim H, Lei D.D., 1998, Problem of 

Production Planning in Open Pit 

Mines. INFOR J. Vol. 36, pp. 1–12 

[4] Kržanović D., Vušović N., Ljubojev 

M., Selection of the Optimum Push-

backs in a Long-Term Planning Pro-

cess of the Open Pit – A Condition for 

Maximization the Net Present Value: 

Case Study: The Open Pit Veliki 

Krivelj, Serbia, Mining Engineering, 

Mining and Metallurgy Institute Bor, 

No. 1-2/2018, pp.37-44. 

[5] D. Kržanović, N. Vušović, M. Ljubo-

jev, R. Rajković, Analysis the Profi-

tability of the Copper Ore Exploita-

tion on the Cerovo Primarno-Drenova 

Deposit for the Capacities of Flotation 

Ore Processing of 6.0 and 12.0 Million 

Tons Annually, Mining & Metallurgy 

Engineering Bor, No. 3-4/2018,  

pp. 9-18. 

[6] J. Whittle, Open Pit Optimization, 

Surface Mining, 2
nd

 Edition, Editor 

Bruce A. Kennedy, Society for Mining, 

Metallurgy, and Exploration, Inc, 

Littleton, Colorado, 1990, pp. 470-475; 
 



No. 1-2, 2021  Mining & Metallurgy Engineering Bor 43 

MINING AND METALLURGY INSTITUTE BOR ISSN: 2334-8836 (Štampano izdanje) 

UDK: 622 ISSN: 2406-1395 (Online) 

UDK: 622.012:669.013:681.5.01(045)=111  Received: 11.05.2021. Original Scientific Paper 

DOI: 10.5937/mmeb2101043M Revised:   25.05.2021.  Economics and Management 

 Accepted: 28.05.2021. 

Slavica Miletić*, Dejan Bogdanović**, Miroslav Ignjatović***,  

Zdenka Stanojević Šimšić*, Ana Kostov* 

ANALYSIS OF THE DIGITAL TECHNOLOGY IMPACT IN  

THE MINING AND METALLURGICAL COMPANIES
****

 

Abstract 

Dissemination of the new technologies brings the new challenges in business of the mining and met-

allurgical companies, as well as the care of accepting changes by the employees. This paper deals with 

an analysis of impact the digital technology development in the mining and metallurgical companies in 

Serbia. The research methodology is focused on measuring and interpreting the digitalization by the 

qualitative and quantitative methods. The research findings show how the business of mining and meta-

llurgical companies is transformed into a digital age and provides everything that is needed to combine 

the mining and metallurgical processes with a new technology for sustainable development. 
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1 INTRODUCTION  

Dissemination of the new technologies 

brings the new challenges in business of the 

mining and metallurgical companies, but 

also a worry for the job security. Thus, the 

digital technologies provide a new way of 

managing in the modern business processes 

[1]. As the impact of digital business is im-

portant to many companies, many authors 

call it the industrial revolution [2,3]. The 

technological revolution provides to the 

mining and metallurgical companies a com-

petitive advantage that enables them the 

potential benefits. Digital technologies 

bring the positive and negative changes to 

 

 
 

the companies both for managers and em-

ployees. Successful application of digital 

technologies surpasses the existing techno-

logy and requires creation of a transforma-

tive vision, elimination a lack of skills of 

the employees, changing the organizatio-

nal structure and culture and enabling the 

creation of a skillful and agile organiza-

tional structure and development of digital 

strategy [4]. 

Development of the mining and metal-

lurgical companies in Serbia is not a choice 

but an inevitability. Excessive exploitation 

of the non-renewable mineral wealth (mi-
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neral raw materials) is not the basis for sur-

vival. Optimal exploitation of mineral re-

sources is a necessary precondition for sur-

vival and sustainable development. Rapid 

economic growth and sustainability, as an 

indicator of economic and social develop-

ment, requires the implementation of digital 

technology. 
Digitalization is today one of the main 

trends that creates faster and radical changes 
in society and companies [5]. Digitalization 
is the basic transition of society into digital 
generations where digital technologies are 
rooted in their everyday practice and culture 
[6]. In this context, the companies conduct 
research on the positive and negative crite-
ria of digital technology. 

The aim of research: A new current 
business including the information and 
communication technology creates the new 
business models for the mining and metal-
lurgical companies. Business management is 
changed and there is a change in human 
resources development as well. This means 
that the society as a whole is undergoing a 
radical change due to the development of 
digital technologies [7]. This paper analyzes 
the impact assessment of the positive and 
negative criteria of digital technology by 
implementation the qualitative and quantita-
tive methods of multicriteria decision ma-
king. 

The Analytical Hierarchical Process, 
AHP method, was implemented of the qual-
itative and quantitative methods. The AHP 
method belongs to the group of multicriteria 
decision-making methods (MCDM). 

2 LITERATURE REVIEW 

Digitalization, one of the names of di-
gital technology, brings the new ways of 
transformation to the key business opera-
tions and management practices [8]. Such a 
rise in the new technologies, digital techno-
logies such as social networks and mobile 
devices, makes it possible for today's com-
panies to conduct research and analyze their 
advantages [4,9]. The digital age has been 
identified as one of the most important 

trends changing the current business [10], 
which has gained in importance during the 
pandemic caused by COVID - 19. 

The impact of digital business brings the 
new challenges. Dissemination of the new 
technologies brings the organizational chan-
ges. Much of the literature that focuses on 
organizational changes in the business pro-
cesses points to a resistance among employ-
ees for fear that the changes will affect them 
either positively or negatively, as well as 
concerns about the job position stability 
[11]. 

The employees in companies are afraid 
of changes that could lead to the changes in 
comfortable social dynamics, to desirable 
and undesirable jobs [12]. Organizational 
changes affect a job satisfaction due to stress 
because with greater stress, the job satisfac-
tion decreases [13-15]. Some factors of or-
ganizational change have a positive impact 
on the job satisfaction, while the others have 
a negative impact [16,17]. The level of em-
ployee satisfaction depends on the effective-
ness of changes in the organization [18]. 
Changes are constant and they are the only 
ones that are safe in today's business. The 
changes are: technological, structural and 
systematic, products and services are chan-
ged, as well as the employees [19]. But the 
change management is important for a com-
pany and it represents a modification of or-
ganization [20, 21]. Change management is 
one of the most difficult tasks for the com-
pany managers [22].  

Forecasts show that the demand for min-
eral resources worldwide has increased due 
to the increase in the number of inhabitants 
on the Earth. With the introduction of digital 
technology, it is important to ensure that the 
benefits of digital transformation are felt by 
both the customer and organization [23]. 
Thus, the managers of mining and metallur-
gical companies can use digital technology 
to build the innovative business models and 
mineral resource management. 

The research methodology is focused on 

measuring and interpreting the positive and 

negative effects of digital technology in the 

mining and metallurgical companies. The 
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analysis of positive and negative effects was 

done by a qualitative and quantitative meth-

od, the AHP method developed by the 

mathematician Satie, [24]. The AHP method 

is an effective tool that serves as an aid to 

the managers in making the realistic deci-

sions. It assists the decision makers in solv-

ing complex problems by structuring a hier-

archy of criteria and alternatives to assess 

the priorities. The AHP method is one of the 

most applicable MCDM methods. In a num-

ber of studies, the MCDM methods have 

been successfully used for the purpose of: 

assessment a progress towards the Europe 

2020 goals using the MULTIMOOR meth-

od [25]; assessment an organizational cul-

ture by the AHP method [26]; solving the 

problem of personnel selection by the Fuzzy 

method [27]; staff assessment and selection 

by the integrated AHP and PROMETHEE 

method [28], etc. 

3 RESEARCH METHODOLOGY  

The research model was built on the ba-

sis of a previous review of literature using 

the AHP method presented in Figure 1. Ob-

jective, assessment the impact of positive 

and negative impacts of digital technology 

are at the top (LEVEL 0) while the alterna-

tives are at the level II and criteria at the 

level I. 
 

 

 

Figure 1 Implementation of the AHP method  

 

The criteria depend on the given objec-

tive set by the decision maker. They deter-

mine the way in which the digital technolo-

gy affects the business of stakeholders. The 

objective of research is aimed at assessment 

the positive and negative effects of applica-

tion the digital technology in the mining and 

metallurgical companies. 

Criteria category A, the positive ef-

fects of digital technology: 

 Criterion C1 – Electronic business 

and management. The digital trans-

formation has led to the creation of a 

new way of doing business and man-

agement, e-business and manage-

ment. 

 Criterion C2 – Improving the operation 

way. Digitalization improves the oper-

ation way through digital means such 

as e-mail, video tools and other sys-

tems [29]. Companies invest into mo-

bility, common technology and con-

nect facilities to provide the value-

added services to the employees to 

improve the quality and efficiency of 

work [30]. Dissemination of digital 
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technology creates the new business 

models, which facilitates and simpli-

fies the production process in the min-

ing and metallurgical companies. 

 Criterion C3 – Reduction of costs. 

Digital business models differ from 

traditional ones because the product 

and service are made with almost zero 

marginal costs [31]. Digitalization of 

the information-intensive processes 

can reduce costs by up to 90 percent 

and can improve turnaround times by 

several orders of magnitude [32]. 

 Criterion C4 – Job automation. Digi-

talization is one that can improve the 

work of employees through automa-

tion, which leads to an increase in 

their satisfaction [32]. Throughout 

history, the companies have used au-

tomation to speed up the processes 

and reduce manual labor. 

 Criterion C5 – Increasing profits. 

With the progress of digitalization, 

the quality of products and services 

in the industrial sector is improved, 

and the income of companies is in-

creased. Internal optimization of the 

company's business provides a great 

benefit (profit) [34]. 

 Criterion C6 – Increasing the customer 

(consumer) satisfaction. Relationship 

between the users (consumers) and 

company with the advancement of 

digital technology enables their greater 

connection [35], trust in the product 

and services [36] and meeting the 

changeable needs of consumers [37]. 

Companies build a theory of possibi-

lity analysis regarding changes in a 

consumer behavior due to better un-

derstanding of a given process [38]. 

 Criterion C7 – Innovative business 

models. The latest advances in digital 

technology, linking of information, 

communication and computing create 

the innovative business models [39]. 

 Criterion C8 – Competitiveness. Digi-

tal technology gives a company a 

competitive advantage based on mak-

ing better decisions. Making decisions 

based on facts with the help of digita-

lization makes companies more com-

petitive. Companies that were charac-

terized as digital (data-driven) were on 

average 5% more productive and 6% 

more profitable compared to the com-

petitors [40]. 

Criteria B, negative impacts of digital 

technology: 

 Criterion C1 – Employee resistance to 

the changes (fear of the unknown). 

The employees are the ones who de-

termine whether they will accept the 

changes or not. Successful organiza-

tional change requires the acceptance 

of employees [41]. The employees are 

the ones who always offer resistance 

when it comes to a change due to the 

personal fear for their existence.    

 Criterion C2 - Uncertain jobs. With 

digitalization, we get the organization-

nal changes that require a reduction of 

employees. 

 Criterion C3 - Digital application secu-

rity. Digitalization in companies is not 

safe because it is still in development. 

 Criterion C4 - Organizational changes. 

Much of the literature that focuses on 

organizational change shows that the 

changes often fail due to the employee 

resistance. Resistance arises out of 

personal fear. The employees are 

afraid that the changes will cause them 

to lose comfort or get heavier jobs 

from less desirable jobs. 

 Criterion C5 – Lack of skills. The em-

ployees often face difficulties and 

tensions in maintaining the previous 

levels of performance, adapting to a 

new job requirement [42]. 

Using Satie 's Scale, Table 1, the crite-

ria are compared 
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Table 1 Satie's scale of comparison of two elements 

S=  

 

Value ajk Analysis of the results 

1 Elements j and k are equally important  

3 Element j is somewhat more important than k 

5 Element j is more important than k  

7 Element j is much more important than k 

9 Element j is absolutely more important than k  

2,4,6,8 Intermediate value between two elements  

 

If criterion C1 is slightly better, more 

desirable than criterion C2, then C1 is 

graded 3, and C2 is graded 1/3. The degree 

of consistency CR is calculated to precise-

ly determine the weight coefficients of all 

given elements that are compared with 

each other. Sometimes there is incon-

sistency in solving the problem and then 

the results are not reliable. CR should be 

less than 0.10. Then the result is correct 

and there is no need to recalculate. 

Empirical assessment the comparison 

of two elements, positive criteria is shown 

by the matrix 8x8 - Table 2. Calculation 

was done using the software SuperDeci-

sions, Figure 2. 

 
 

 

Figure 2 View the calculation of positive criteria using the Super Decisions 

Table 2 Matrix of comparison the positive pairs for weight coefficients of criteria 

Criteria C1 C2 C3 C4 C5 C6 C7 C8 

C1 1 3 1/2 1 1/3 1/3 3 1/3 

C2  1 3 1 1/2 1/3 3 1/2 

C3   1 2 1 1/3 1 1 

C4    1 1/2 1/2 1 1 

C5     1 1 3 1 

C6      1 3 3 

C7       1 1/2 

C8        1 
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Table 3 Results obtained by the AHP calculation 

 
 

 
Figure 3 View the calculation of negative criteria using the Super Decisions 

 

Empirical assessment the comparison 

of decision makers of negative criteria is 

shown by the matrix 5x5 - Table 4.  

The calculation was done using the 

software SuperDecisions, Figure 3. 

 

Table 4 Matrix of comparison the negative pairs for weight coefficients of criteria 

Criteria C1 C2 C3 C4 C5 

C1 1 1/3 3 3 5 

C2  1 5 3 5 

C3   1 1/3 1/3 

C4    1 3 

C5     1 

 

Table 5 Results obtained by the AHP calculation 
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4 ANALYSIS OF THE RESULTS 

When making decisions, it is important 

that the criteria are relevant for solving the 

relevant problem. That is, the criteria should 

be complete to cover all important aspects 

used in decision-making to achieve objec-

tives. It depends on the adopted criteria 

which final decision will be made by the 

manager (decision maker). 

4.1 Analysis of the assessment of positive 

criteria 

Based on the calculation of positive cri-

teria (Table 3), criterion C6 has the highest 

score and takes the first place. Criterion C6, 

increasing the customer satisfaction has the 

weight coefficient of 0.23597. The connec-

tion and understanding of users and compa-

nies, the trust of users in products and ser-

vices and satisfaction of changeable needs 

of consumers by the company makes it to 

increase the customer satisfaction with the 

advancement of digital technology. 

The second place is evaluated by criteri-

on C5, increase in profit, with the weight 

coefficient of 0.16948. Internal business 

optimization provides the high profits. The 

quality of products and services in the in-

dustrial sector is constantly improved with 

digital technology which increases profits. 

Criterion C8, competitiveness, was eva-

luated on the third place, because its weight 

coefficient is 0.13596. Companies with the 

help of digital technology are more competi-

tive than those companies that have not in-

troduced digital technology because they 

make decisions based on facts and are gui-

ded by data.  

Evaluations of criterion C1 (electronic 

business and management), criterion C2 

(improvement of operation methods) and 

criterion C3 (reduction of costs) are approx-

imate and by ranking these criteria take the 

third place. The weight coefficient for crite-

rion C1 is 0.10265; criterion C2 is 0.10681 

 
 

 

while for criterion C3 is 0.10729. Digital 

technology has created a new way of doing 

business and managing. Mobility, e-mail, 

interconnection and networking bring the 

decreased costs to the companies and im-

prove the way they operate. Digital business 

creates the e-business, management and 

payment. All this shows that criteria C1, C2 

and C3 are interconnected, integrated. 

Job automation (criterion C4) was eva-

luated with 0.08333. It ranks at the fourth 

place in the ranking order. Automation 

speeds up the business processes, reduces 

manual labor and increases customer satis-

faction. 

The evaluation of innovative models, 

criterion C7 is 0.05850. It ranks at the fifth 

place in the ranking of criteria. With the 

development of digitalization, linking of 

information, communication and compu-

ting, the new models of work are being 

created. 

The degree of consistency is  

CR = 0.09427 < 0.1, which means that the 

criteria are relevantly evaluated by the 

decision maker. 

4.2 Analysis of the assessment of  

negative criteria 

In the case of negative criteria (Table 5), 

criterion C2 (unsecured job positions) was 

rated with the highest value because its 

weight coefficient is 0.44255 (first place in 

terms of negative criteria). Digital technolo-

gy brings about such changes that change or 

abolish the organizational units. As a result, 

the dissemination of job digitalization re-

duces the number of employees, which is 

perceived as the biggest problem in this 

process. 

Criterion C1, resistance of employees to 

the changes was evaluated with a value of 

0.26778. According to the assessment of 

negative criteria, it is at the second place. 
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Digital technology changes the way of 

business in the mining and metallurgical 

companies. Digitalization in business brings 

great technological changes that have a 

negative effect on employees due to fear for 

their existence. This fear of the unknown 

usually leads to the resistance to changes 

given by the employees. 

Criterion C4, organizational changes, is 

at the third place. C4 was rated 0.14915. 

Digital technology creates the organiza-

tional changes that affect employees. Em-

ployees are resisting to the changes due to 

the possible job losses. However, the organ-

izational changes can positively and nega-

tively affect employees. 

Lack of skills, criterion C5 was rated 

with 0.08273. According to the assessment 

of negative criteria, it is at the fourth place. 

Adapting of employees to the digital tech-

nology often brings difficulties and ten-

sions. Training and education are inevitable 

for employees. 

Criterion C3, the safety of digital techno-

logy application ranks at the fifth place be-

cause its weight coefficient is 0.05779. Dig-

italization in the mining and metallurgical 

companies is still in development. 

The degree of consistency in the nega-

tive criteria, CR is 0.09238 and is less than 

0.1, which is considered as a good level of 

consistency. 

5 CONCLUSION 

This work presents the results of re-

search, evaluation of digital technology 

development in the mining and metallurgi-

cal companies using the AHP method. The 

AHP method is the most effective means of 

assessment the criteria. The results of as-

sessment the positive criteria using digital 

technology in the mining and metallurgical 

companies are as follows: 

1. Criterion C6 - increase in customer 

satisfaction was rated with the best 

score of 0.23597, 

2. Criterion C5 - profit increase was 

rated with 0.16948, 

3. Criterion C8- competitiveness was 

rated with 0.13596, 

4. Criteria C1 - e-business and man-

agement was rated with 0.10 65, C2 

- improving the way of operation 

with 0.10681 and C3 - cost reduc-

tion with 0.10729, 

5. Criterion C4 - job automation was 

rated with 0.08333, 

6. Criterion C5 - innovative models 

was rated with 0.05850. 

Successful application of digital trans-

formation in the mining and metallurgical 

companies: 

 Overcomes the outdated and creates 

a new technology, 

 Creates e-business and payment, 

 Elimination of deficiencies of the 

employee skills, 

 Creates a new way of engaging the 

organization, 

 Creates the skillful and agile organi-

zational structures, 

 Digitally connects the user with the 

company, 

 Customer trust in products and ser-

vices, 

 Increase customer satisfaction, 

 Decisions are made on the basis of 

facts, 

 Reduce manual labor, 

 Increases the company's profit, 

 Companies are more competitive, 

 Reduces costs, 

 Creates innovative models, 

 Requires creation of a transformative 

vision, and 

 Develops the new digital strategies. 

The results of assessment the negative 

criteria using digital technology in the 

mining and metallurgical companies were 

obtained in the following order: 

1. Criterion C2 - insecure job positions 

with the highest value of 0.44255, 
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2. Criterion C1 - resistance of emplo-

yees to the changes with a score of 

0.26778, 

3. Criterion C3 - organizational chang-

es with a score of 0.149, 

4. Criterion C5 - lack of skills with a 

score of 0.08273, and 

5. Criterion C3 - security of digital 

technology application with a score 

of 0.05779. 

Negative impacts of digital technology: 

 Reduction the number of employees, 

 Training and retraining of employees 

are performed, 

 Eliminate the old and create the new 

digitized jobs, 

 Organizational structure and culture 

are changed, 

 Creation the difficulties and tension 

for employees from the resulting dig-

ital changes, and 

 Development the employees' percep-

tions for digitalization. 

The results indicate that business is 

more efficient applying the digital techno-

logy. Negative effects are indicators of how 

and in what way they should be overcome. 

It is necessary to invest into appropriate 

measures to adapt to the digital transfor-

mation because the producers will eventual-

ly have higher profits, productivity and 

competitiveness [43]. 

In this way, an opportunity is created for 

further research of the customer satisfaction 

applying a digital change in business. 
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Abstract 

This paper represents a study which was made to evaluate and interpret the variations in the quality 

of sand as a potential raw materials for the production of adregate on the Vinogradi locality 

(Deliblatska peščara). Since deposits of sand constitute a valuable resource for a region, it is desirable 

that extent and quality variations of these deposits are known. It was hoped that an evaluation of certain 

properties of   sand would assist in determining the value of the Vinogradi locality (Deliblatska peščara) 

as an undeveloped aggregate source indicating the relative quality of sand from alternate sites of the 

Deliblatska peščara. 
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1 INTRODUCTION  

The largest European continental sandy 

terrain is located in the south-east part of the 

Pannonia Plain, i.e. Banat, covering the area 

of nearly 35,000 ha (Figure 1). It is of ellip-

tical shape and extends from the south-east 

to the north-west. It was formed during the 

Ice Age from the vast layers of silica-carbon 

sand. In the Modern Age, the east wind 

called “košava” formed a clear dune relief, 

rising between 70 and 200 meters above sea 

level. The Vinogradi locality is spatially 

located on the territory of the municipality 

of Alibunar (Figure 2).  

The Aeolian paragenetic complex is the 

youngest layer that completely forms the 

morphological unit of Deliblatska peščara. It 

can be divided into two stratigraphic units: 

the older one, created during the younger 

Pleistocene (ris and virm), deposited in the 

 
 
 

conditions of cold and dry periglacial cli-

mate, which is confirmed by the fossil re-

mains of terrestrial gastropod fauna, and the 

younger one Holocene age. The Pleistocene 

Aeolian sand lies beneath a thin layer of 

"living sands" or "branches" deposited in the 

Holocene (Davidović et al., 2003).  

Samples submitted for partial tests, in 

addition to the existing field markings that 

contain the place (locality) of geological 

research, the mark of exploration work 

and testing interval, have also received the 

laboratory markings of analyzes (Table 1). 

The weight of individual samples was 

about 20 kg. Table 2 shows the laboratory 

markings of composite tests and method 

of their formation (four individual tests in 

the manner required by the customer). 
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2 EXPERIMENTAL 

Testing the quality of natural aggregate 

(sand) of the Vinogradi locality, Banatski 

Karlovac was performed in accordance with 

Article 202 of the Rulebook on classification 

and categorization of reserves of solid min-

eral raw materials and keeping records on 

them (Official Gazette of SFRY, No. 

 
 

 

53/79), i.e., in accordance with the standards 

prescribing the quality of mineral raw mate-

rials for a given application: 

SRPS B.B2.009: 1982 (withdrawn) - 

Natural aggregate and stone for the produc-

tion of concrete aggregates. Technical condi-

tions. 
 

 

 

Figure 1 Position of the Deliblatska peščara on the relief map of Vojvodina  

 (by https:// geografijazasve, 04.04.2020) 

 

Figure 2 Sand on the Vinogradi locality (territory of the municipality of Alibunar); 

by https:// geografijazasve, 04.04.2020  
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 SRPS B.B2.009: 1982 (withdrawn) 

- Natural aggregate and stone for 

the production of concrete aggre-

gates. Technical conditions. 

 

Table 1 General data on individual samples on the Vinogradi locality 

Serial number Well mark 
Field rehearsal 

mark 

Trial interval  

(m) 

Sample 

length (m) 

1. 
К-1 

P-1/19 2.00-7.00 5.00 

2. P-2/19 7.00-12.00 5.00 

3. 
БК-2 

P-3/19 1.00-6.00 5.00 

4. P-4/19 6.00-12.00 5.00 

5. 
БК-3 

P-5/19 2.00-7.00 5.00 

6. P-6/19 7.00-12.00 5.00 

7. 
БК-4 

P-7/19 3.00-8.00 5.00 

8. P-8/19 8.00-13.00 5.00 

 

Table 2 General data on composite sampless on the Vinogradi locality 

Serial number Well mark 
Field rehearsal 

mark 

Trial interval  

(m) 

Composite 

 (m) 

1. К-1/19 

P-1/19 2.00-7.00 

20.00 
P-3/19 1.00-6.00 

P-5/19 2.00-7.00 

P-7/19 3.00-8.00 

2. К-2/19 

P-4/19 6.00-12.00 

20.00 
P-2/19 7.00-12.00 

P-6/19 7.00-12.00 

P-8/19 8.00-13.00 

 

 

 SRPS B.B3.100: 1982 (withdrawn) - 

Fractionated stone aggregate for con-

crete and asphalt. Technical condi-

tions.  

 SRPS B.B2.010: 1986 (withdrawn) - 

Fractionated stone aggregate (granu-

late) for concrete. Technical condi-

tions.  

 Rule book on technical requirements 

for fractional aggregate for concrete 

and asphalt ("Official Gazette of 

RS", No. 78/2020). 

The methods used in the scope of testing 

partial and complete sample analyzes are 

presented by the following standards (Table 

3 and Table 4).  
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3 RESULTS AND DISCUSSION 

Individual samples were tested by the 

methods: Granulometric composition, Con-

tent of fine particles, Content of clay lumps, 

Bulk density in loose and compacted  

 

 

 
 
 

 

state and Bulk density (Table 3). The test 

results are shown in Table 3, Table 4, Figure 

3 and Figure 4. 

 

 

Table 3 Test results of individual samples 

 

Bulk density 

in loose state  

γr [kg//m
3
] 

Bulk density in 

compacted 

state 

γz [kg/m
3
] 

Bulk density 

γρ [kg/m
3
] 

(pycnometric 

method) 

Water  

absorption  

< 4 mm [%] 

standard  

deviation 
48.85 62.25 41.06 1.80 

coefficient of 

variation 
0.05 0.05 0.01 0.34 

coefficient of 

variation [%] 
5.47 4.98 1.46 33.60 

Minimum 824 1192 2780 3.39 

Maximum 988 1390 2880 7.86 

Range 164 198 100 2 

Mean 894 1251 2815 5.35 

Median 884 1237 2800 4.87 

Varianse 2385.93 3875.27 1685.71 3.23 

 

 

The analysis of the results led tests to 

the following conclusions: 

 Granulometric tests determined that 

the tested sand was the following 

granulometric composition: 

 Grains up to 0.125 mm in size: the 

average value of the passage is 

92.9%, that is, grains smaller than  

2 mm and larger than 0.125 mm in 

sample are of medium content of 

7.1%. 

 The calculated grain modulus the 

mean value of 0.059. 

 Content of particles smaller than 

0.063 mm (also tested by the wet 

seeding) is in the range from 27.4 to 

57.6%. The mean value of pass is 

44.4%. 

 Content of light particles ranges 

from 5.1% to 34.2%. The mean 

value pass is 14.2%. 
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Table 4 Methods used in the scope of testing of complete sample analyzes  

and presents of the results 

Ordinal 

 No. 
Characteristic Test method 

Results 

(Mean) 

Technical 

requirements 

1. 
Mineralogical-petrographic 

composition 
Annex III-Z 

Fine grains 

quartz sand 
1)   

2. 
Ingredients that prevent hy-

dration of cement 
Annex III-Z  not contain 

Must not con-

tain 

3. 

Bulk density  

γρ [kg/m3] 

(pycnometric method) 

SRPS  

ISO 7033  
2815 

2000-3000 

kg/m3  

4. Water absorption 
SRPS  

ISO 7033  
5,35 Max 1.5% 

5. Resistance to frost  Annex III-O  2.5 Loss max 12% 

6. Total sulfur as SO3 Annex III-NJ 0.002 Max 1.0%  

7. Chloride content Annex III-NJ  ≤0.001 
Max 0.10% 

Max 0.02% 2)  

8. Content of organic matter  Annex III-M 
Color lighter 

than standard 

Color lighter 

than standard 

9. Grain shape Annex III-S 0 Min 0.18 

10. 

G
ra

in
-s

iz
e 

d
is

tr
ib

u
ti

o
n

, 

p
a

ss
a

g
e 

th
ro

u
g
h

 a
 

si
ev

e,
%

 

2.00 mm 

Annex III-I 

100 

1) 

1.00 mm 99.9 

0.5 mm 99.7 

0.25 mm 99.3 

0.125 mm 92.9 

11. 
Content of fine 

particles [%] 

0,09 mm 
Annex III-K  

44.4 1) 
0.063 mm 14.2 

12. Content of clay lumps [%] Annex III-E  0 
1) 

13. Grain moduls  0,20 
1) 

14. 
Content of crumbly  

grains [%] 
Annex III-LJ  0 

1) 

15. Content of light particles [%] Annex III-J  14.17 
1) 

16. Grain surface coverage [%] Annex III-Z  0 
1) 

17. 
Resistance to crushing and 

wear [%] 
Annex III-P  5.0 Max 35% 

18 
Bulk density in loose and 

compacted state [kg / m3] 

SRPS ISO 

6782  

893 

1251 
1) 

1) Technical requirements are not determined, but the test results are stated in the Test 

Report 

2) If the aggregate is used for the production of prestressed concrete 
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Figure 3 Microscopic appearance of fraction 0.250 / 0.125 mm,  

binocular magnification 40X 

 

Figure 4 Grain-size distribution of raw material 

 

4 CONCLUSION 

The analysis of the results of raw ma-

terial quality testing was performed on the 

basis of the above results of testing and in 

accordance with the requirements quality 

 
 

 

for stone aggregate of the Rule book on 

technical requirements for fractional ag-

gregate for concrete and asphalt ("Official 

Gazette of RS", No. 78/2020). 
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In accordance with the requirements 

quality for stone aggregate of the Rule book 

on technical requirements for fractional ag-

gregate for concrete and asphalt ("Official 

Gazette of RS", No. 78/2020), the raw mate-

rial is not satisfactory, but, the fine-grained 

quartz sand from the Vinogradi locality, can 

be used for the production of lower bearing 

mechanically stabilized (tampon) layers of 

pavement structures according to the tech-

nical specification of JP PUTEVI SRBIJE of 

29/12/2009 for the lower base layer: a layer 

of unbound stone material - sand. 
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Abstract 

Using the methods of AHP, VIKOR and TOPSIS, the methodology of ore deposit selection was deter-

mined. Selection of the best deposit is presented, as well as a comparative analysis of the output values of 

the applied methods. 
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INTRODUCTION  

Decision-making is a selection of action 

between several alternatives. The result of a 

decision is a decision. Decision-making at the 

social and business level is mostly of multi-

criteria, and often of a collective type. Many 

factors are taken into account, also more 

stakeholders participate in the decision-

making process. Most often, these factors are 

in conflict with each other, and even direct 

interests are opposed there. 

In order to reach the best (compromise) 

solution, in the last five or six decades, the 

decision support methods of this type have 

been developed, the so-called multi-criteria 

decision - making (VKO) methods. Nume-

rous methods have been developed for these 

purposes and applied in practice. 

Some of the best-known methods to 

support multi-criteria decision making are: 

- PROMETHEE (I, II) - Preference Rank-

ing Organization Method for Enrich-

ment Evaluation [4], Jean-Pierre Barns  

 
 

 

- ELECTRE (I, II, III, IV) - Elimination 

Et Choix Traduisant la Realité (Elimina-

tion and Choice Expressing Reality) [5], 

Bernard Roy 

- AHP - Analytical Hierarchy Process 

[1], Thomas L. Saaty  

- TOPSIS - Technique for Order of Pref-

erence by Similarity to Ideal Solution 

[3], Ching-Lai Hwang  
- VIKOR - Multi-criteria Optimization 

and Compromise Solution [2], S. 
Opricovic  

Three VKO methods - AHP, VIKOR 

and TOPSIS, are applied in this paper. 

The analyzed area of Eastern Serbia has 

several deposits on which the base metal that 

can be found is copper, followed by a certain 

amount of silver and gold. If the right ore de-

posit, which has the best characteristics, is 

chosen for exploitation, the contribution will 

be of great importance, especially for the eco-

nomic growth in Eastern Serbia. The compari-
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son was performed for five deposits, as fo-

llows: 

A1 – Čukaru Peki – Upper Zone (located 

about 6 km from the urban area of 

Bor), 

A2 – Veliki Krivelj (north from the urban 

area of Bor), 

A3 – Majdanpek – South Mining Dis-

trict, 

A4 – Majdanpek – North Mining District, 

A5 – Cerovo (located in the ore field Mali 

Krivelj - Cerovo). 

In this paper, using the VKO method, it 

will be analyzed which deposit should have 

priority in exploitation. 

The basic criteria for selection of ore de-

posit are: 
- k1 - Copper content in the ore (%) - 

the higher copper content in the ore, 
the more favorable deposit, 

- k2 - Silver content in the ore (g/t) - the 
higher silver content in the ore, the 
more favorable deposit, 

- k3 - Gold content in the ore (g/t) - the 
higher gold content in the ore, the 
more favorable the deposit, 

- k4 - Tested quantities of minerals in the 
ore deposit - better tested deposits have 
priority, 

- k5 - Location - Better traffic infra-
structure and spatial position are an ad-
vantage, 

- k6 - Mining-geological parameters - in-
clude many characteristics of the ore de-
posit that have an impact on the costs of 
exploitation. 

Other criteria, such as harmful and dan-

gerous substances in the deposits, environ-

mental protection, economic aspect, etc. are 

not taken into account in this paper. 

The basic data required for preparation 

of this paper are given in Table 1 
 

Table 1 Basic data 

Alternative/Criteria 

Cu  

content 

(%) 

k1 

Ag 

content 

(g/t) 

k2 

Au 

content 

(g/t) 

k3 

Tested quantities 

of minerals in the 

ore deposit 

k4 

Location 

k5 

Mining-

geological 

parameters 

k6 

Čukaru Peki –  

Upper Zone 
2.71 3.16 1.7 Very high High High 

Veliki Krivelj 0.322 0.79 0.7 High Medium High 

Majdanpek – South 

Mining District 
0.316 1.365 0.178 High Medium High 

Majdanpek – North 

Mining District 
0.298 1.730 0.238 High Medium High 

Cerovo 0.340 1.8 0.11 High Low Very low 

 

APPLICATION OF  

THE AHP METHOD 

Analytical Hierarchical Process (AHP) is 

one of the most well-known methods of scien-

tific scenario analysis and decision making by 

consistent evaluation of hierarchies whose 

elements are goals, criteria, sub-criteria and 

alternatives. 

 

 
 

 

The conceptual and mathematical setting 

of the AHP method was given by Thomas 

Saaty (Saaty, 1980). Analytical hierarchical 

process belongs to the class of methods for 

soft optimization. It is basically a specific 

tool for forming and analyzing the decision-
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making hierarchies. The AHP first enables 

the interactive creation of a hierarchy of 

problems as a preparation of decision-

making scenarios, and then evaluation in 

pairs of elements of the hierarchy (goals, 

criteria and alternatives) in the top-down 

direction. In the end, the synthesis of all 

evaluations is performed and weight coeffi-

cients of all elements of hierarchy are de-

termined according to a strictly determined 

mathematical model. The sum of the weight 

coefficients of the elements at each level of 

hierarchy is equal to 1, which allows the 

decision maker to rank all the elements in 

the horizontal and vertical sense. 

The application of method it self is very 

wide, with the possibility of adapting to the 

specific circumstances. A great advantage 

of the AHP method is that although it is 

basically easy to use, it still provides ex-

tremely high-quality output data. The basic 

principle of the AHP method is to break 

down a complex problem into simple fac-

tors, which are then compared in pairs. Each 

component in the model hierarchy is com-

pared in pairs using the Saaty scale of rela-

tive importance, shown in Table 2. 

 

Table 2 The Saaty scale of relative importance 

Importance Definition Explanation 

1 Same significance 
Two elements are of identical importance in rela-

tion to the goal 

3 Weak dominance 
Experience or reasoning slightly favors one element 

over another 

5 Strong dominance 
Experience or reasoning significantly favors one 

element over another 

7 
Demonstrated domi-
nance 

Dominance of one element confirmed in practice 

9 Absolute dominance Dominance of the highest degree 

2,4,6,8 Intermediate values Compromise or further division is needed 

 

The basic result of comparison the ele-

ments is the numerical value of priority sig-

nificance coefficient (W).  

By calculation the significance coeffi-

cient of each element of the analysis by the 

equation: 
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a possibility of forming a mathematical ma-

trix M is created by calculation that 

gives a solution according to a certain crite-

rion or sub-criterion. 
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Error checking is the last step in the 

AHP method, i.e. checking the consistency 

of a decision maker. Mathematical verifica-

tion of the CI consistency index is per-

formed using the following equation: 

   
(      )

(   )
 (3) 

In which λmax represents the maximum 

value of calculated matrix and is determined 

by the following equation, while n is the 

number of analyzed objects. 

     
 

 
∑   
 
    (4) 

The random CR consistency index is de-

termined by the following equation: 

   
  

  
 

Where RI is a random index that de-

pends on the number of analyzed objects n 

(Table 3, Saaty, 1991). 

 

Table 3 Values of random RI index 

n 1 2 3 4 5 6 7 8 9 10 

RI 0.00 0.00 0.52 0.89 1.11 1.25 1.35 1.40 1.45 1.49 

 

The condition for the correctness of 

method is that the result of calculated value 

of the random consistency index is less than 

0.1 (i.e. less than 10%). 

In this paper, a mathematical model is 

applied in order to determine the optimal 

solution in the form of selection the priority 

in deposit exploitation. 

The initial decision matrix is shown in 

Table 4. 

 

Table 4 Initial decision matrix 

Alternative/ 

Criteria 

Cu 

content 

(%) 

k1 

Ag 

content  

(g/t) 

k2 

Au 

content 

(g/t) 

k3 

Tested quantities 

of minerals in the 

ore deposit  

k4 

Location 

k5 

Mining-

geological 

parameters 

k6 

 max max max max min max 

A1 - Čukaru Peki – 

Upper Zone 
2.71 3.16 1.7 Very High High High 

A2 - Veliki Krivelj 0.322 0.79 0.7 High Medium High 

A3 – South Mining 

District 
0.316 1.365 0.178 High Medium High 

A4 – North Mining 

District 
0.298 1.730 0.238 High Medium High 

A5 - Cerovo 0.340 1.8 0.11 High Low Very low 

 

The first step is to define the weighting 

factors (preference factors) of considered 

criteria using the Sarty scale, after which 

their mathematical calculation should be 

performed. 

The next step is to check the consistency 

of a decision maker (using formula (4)): 

λmax = 6.3232, n = 6. 

From Table of values of the random in-

dex, RI is 1.25 and according to formula 

(3), the value of 0.06464 was obtained for 

the consistency index CI and random con-

sistency index CR is 0.051712 ~ 5.2% 

<10% 

So, the value of the preference vector is 

shown in Table 5. 
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Table 5 Preference vector value 

Criteria Preferences 

Cu content (%) k1 0.275 

Ag content (g/t) k2 0.021 

Au content (g/t) k3 0.146 

Tested quantities of minerals in the ore deposit k4 0.075 

Location  k5 0.036 

Mining-geological parameters k6 0.446 

 

The next step in analysis is the evalua-

tion of alternatives in selection, in relation 

to the defined criteria. 

The first sub-criterion to be analyzed is 

the copper content (%). All necessary input 

values for calculation the alternatives ac-

cording to the criterion of copper content 

are:  

 

Table 6 Input values according to the criterion of Cu content  

 Cu content (%) A1 A2 A3 A4 A5 

A1 2.71 1 9 9 9 9 

A2 0.322 1/9 1 3 5 1/3 

A3 0.316 1/9 1/3 1 3 1/5 

A4 0.298 1/9 1/5 1/3 1 1/5 

A5 0.340 1/9 3 5 5 1 

 

After calculation the matrix of weight 

coefficients according to the copper content, 

the consistency is checked: 

                       n=5 

From Table of values of the random index, 

RI is 1.11, and according to formula (3) the 

value of 0.0975 was obtained for the con-

sistency index CI and the random consistency 

index CR is 0.0878 ~ 8.8% <10%. 

Other sub-criteria are checked in the same 

way: silver content, gold content, tested quan-

tities of minerals in the ore deposit, location, 

mining-geological parameters. 

Table 7 shows the last step in application 

of AHP method, which is the weighting of 

calculated coefficients of significance of alter-

natives in selection according to different cri-

teria, and coefficient of significance (prefe-

rence) of these criteria: 

 

Table 7 Final report of parameters for defining the value of alternatives  

according to all criteria  

Criteria 
Significance 

factor 
 A1 A2 A3 A4 A5 

Cu content (%) 0.275 k1 0.669 0.09 0.044 0.076 0.17 

Ag content (g/t) 0.021 k2 0.51 0.03 0.06 0.12 0.27 

Au content (g/t) 0.146 k3 0.51 0.27 0.06 0.13 0.03 

Tested quantities of minerals 

in the ore deposit 
0.075 k4 0.44 0.14 0.14 0.14 0.14 

Location 0.036 k5 0.04 0.2 0.23 0.23 0.3 

Mining-geological parameters 0.446 k6 0.24 0.24 0.24 0.24 0.04 
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Figure 1 Analysis of results according to the criteria and alternatives analyzed 

 

Figure 1 shows the analysis of criteria 

and alternatives, and Table 8 shows the re-

sults of this method application, where it 

can be seen that the best ranked deposit is 

Čukaru Peki. 

 

Table 8 Results of application the AHP method 

Ore deposit coeff. % Rank 

Čukaru Peki – Upper Zone 0.3165 31.65 1 

Veliki Krivelj 0.1616 16.16 2 

Majdanpek – South Mining District 0.129 12.9 5 

Majdanpek – North Mining District 0.156 15.6 4 

Cerovo 0.1585 15.86 3 

 

APPLICATION OF THE VIKOR 

METHOD 

The VIKOR method is a very commonly 

used method for multi-criteria ranking, sui-

table for solving various decision-making 

problems. It is especially suitable for situa-

tions where criteria of a quantitative nature 

prevail. 

The VIKOR (Multi-criteria Optimiza-

tion and Compromise Solution) is a multi-

criteria method for optimization and deci-

sion-making developed by Serafim 

Opricović, for the purpose of solving the 

decision-making problems when conside-

 

 
 
 

ring conflicting and heterogeneous criteria 

that affect the decision-making. The method 

is based on the assumption that a compro-

mise is acceptable for resolving the conflict, 

that a decision maker wants the solution that 

is closest to the ideal, and that the alterna-

tives are evaluated according to all set crite-

ria. This method ranks alternatives and de-

termines the compromise solution that is 

closest to the ideal. In essence, the method 

represents a compromise between desires 

and possibilities. 

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

Cu

Ag

Au

Tested quantities of minerals in the…

Location

Mining-geological parameters

Cerovo Severni revir Južni revir Veliki Krivelj Čukaru Peki
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The mathematical calculation of method 
begins with the formation of a decision ma-
trix: 
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] 

The VIKOR method consists of 4 Steps, 

as follows: 

1. Determining the maximum (  *) and 

minimum (  
 ) values of a given crite-

rion. When a decision matrix is 

formed, the maximum and minimum 

values are required for each criterion. 

  
     

 
    

  
     

 
    

2. Calculationthe values of Sj of the pes-

simistic solution and Rj of the expected 

solution. The decision maker prefers 

what weight coefficients will be as-

signed to these values. 
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where    – criterion weight 

3. Calculation the values of Qj - com-

promise solution 

      
 
     

     
 
   

      
 
     

     
 
   

4. Ranking is performed by sorting the 

alternatives according to measures Rj, 

Sj and Qj. The best alternative is the 

one for which the value of measure is 

the lowest and it takes the first place 

on the Rank list. Alternative aj is bet-

ter than alternative even if Qj <Qk. 

This is how three Rank lists are ob-

tained. The measure Qj is a linear 

function of the weight of strategy that 

satisfies most of the criteria (v), so the 

position on the Q list is a linear com-

bination of the position on the R and S 

lists. The order according to the VI-

KOR method can be performed with 

different weights, thus considering the 

effect of weights on the proposal of 

compromise solution. 

The results of these steps are the basis 

for deciding and adopting the final solution 

(multi-criteria optimal solution). 

Table 9 shows the input values for ap-

plication the VIKOR method, and for the 

preference functions the same values were 

adopted as for the AHP method. 

 

Table 9 Input values for application the VIKOR method 

Alternatives/Criteria 

Cu 

content 

(%) 

f1 

Ag 

content 

(g/t) 

f2 

Au 

content 

(g/t) 

f3 

Tested  

quantities of 

minerals in the 

ore deposit f4 

Location 

f5 

Mining-

geological 

parameters 

f6 

 max max max max min max 

A1 - Čukaru Peki – 

Upper Zone 
2.71 3.16 1.7 9 1 7 

A2 - Veliki Krivelj 0.322 0.79 0.7 7 5 7 

A3 – South Mining 

District 
0.316 1.365 0.178 7 5 7 

A4 – North Mining 

District 
0.298 1.730 0.238 7 5 7 

A5 - Cerovo 0.340 1.8 0.11 7 7 1 
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For each criterion, the maximum and 

minimum values for all five ore deposits 

analyzed are derived. 

Table of intermediate values is formed 

in the following step by formula: 

(           )   (             )      

 

Table 10 Intermediate values 

0 0 0 0 0 0 

3.601 47.4 6.451 13.157 18.518 0 

3.609 35.9 9.819 13.157 18.518 0 

3.636 28.6 9.432 13.157 18.518 0 

3.573 27.2 10.258 13.157 27.777 2.242 

 

 

The pessimistic Sj and optimistic Rj values are formed, presented in Table 11: 

 

Table 11 Pessimistic Sj and optimistic Rj values 

 Sj Rj 

A1 0 0 

A2 89.127 47.4 

A3 81.003 35.9 

A4 73.343 28.6 

A5 84.207 27.777 

max 89.127 47.4 

min 0 0 

 

Table 12 shows the intermediate results 

QSj and QRj, calculated by the following for-

mulas: 

 

    (          )   (             ) 

    (          )   (             ) 

 

Table 12 Intermediate results QSj and QRj 

 QSj QRj 

A1 0 0 

A2 1 1 

A3 0.910 0.757 

A4 0.823 0.603 

A5 0.944 0.586 

 

The last step in the VIKOR method is 

the analysis of calculated results for three 

different rates v (0.5; 0.6 and 0.7). The val-

ues of Qj obtained for three rates v are 

shown in Table 12. 

The used formulas are: 

   (      )   

         (   )      
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Table 13 Results of the VIKOR method 

 v=0,5 v=0,6 v=0,7 

 Qj Rank Qj Rank Qj Rank 

A1 0 1 0 1 0 1 

A2 1 5 0.24 2 0.21 2 

A3 0.8335 4 0.8488 5 0.8641 5 

A4 0.713 2 0.735 3 0.757 3 

A5 0.765 3 0.801 4 0.8366 4 

 

On the basis of results, shown in Table 

13, it can be concluded that with this meth-

od, similar results were obtained applying 

different rates and that, as with the AHP 

method, the best ranked deposit is Čukaru 

Peki. 

APPLICATION OF THE TOPSIS 

METHOD 

In the TOPSIS method, the idea of se-

lection the best alternative based on the dis-

tance from the positive ideal solution (PIS) 

is expanded with the additional requirement 

that this alternative be at the same time as 

far away from the so-called negative ideal 

solution (NIS). 

Problem solving comes down to the fol-

lowing seven steps [5]: 

- Step 1: Collecting the input data on 

performances for n alternatives with k 

criteria. It is necessary to normalize 

the input data. 

- Step 2: Determining the weights for 

each criterion and multiplying the 

weights with quantitative indicators of 

criteria for each alternative. 

- Step 3: Identification of the ideal posi-

tive solution   . 

- Step 4: Identification of the ideal 

negative solution   . 

- Step 5: Calculate the distance of all al-

ternatives in relation to the ideal posi-

tive solution    and in relation to the 

ideal negative solution   . 

- Step 6: For each alternative form the 

function   (  ). 

- Step 7: Ranking of alternatives ac-

cording to the results from the previ-

ous step. 

The mathematical model of this idea re-

quires that in addition to the ideal solution 

   (  
    

    
      

 ) 

which in this method is called a positive 

ideal solution with components 

  
     

    
  (  ) 

introduce also a negative ideal solution 

   (  
    

    
      

 ) 

with components 

  
           (  ). 

A distance of alternative i a from the 

negative ideal solution is denoted by: 

  
 (  )  (∑  

 

 

   

(     (  ))
 

)

   

  

In order to identify in a set of alterna-

tives the alternative that is closest to the 

positive ideal solution, and at the same time 

the furthest from the negative ideal solution, 

it is necessary to form a function for select-

ed metric: 

  (  )   
  
 (  )

  
 (  )    

 (  )
 

The best alternative (there may be more) 

is the one for which this function takes the 

maximum value. If it is necessary to make a 

Rank list of alternatives, it is formed by 

decreased values of this function. 
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Based on the step to be performed, the 

input data was normalized (Table 14), the 

sum of square matrixs (Table 15), obtaining 

the rij - normalization (Table 16), multiplied 

by wi - weighing (Table 17); the ideally and 

anti-ideal solutions should be shown. 

 

Table 14 Initial matrix and preference value 

 K1(max) K2(max) K3(max) K4(max) K5(min) K6(max) 

A1 2.71 3.16 1.7 9 1 7 

A2 0.322 0.79 0.7 7 5 7 

A3 0.316 1.365 0.178 7 5 7 

A4 0.298 1.73 0.238 7 5 7 

A5 0.34 1.8 0.11 7 7 1 

Preferences 0.275 0.021 0.146 0.076 0.036 0.446 

 

Table 15 Matrix of square sum 

A1 7.3441 9.9856 2.89 81 1 49 

A2 0.103684 0.6241 0.49 49 25 49 

A3 0.099856 1.863225 0.031684 49 25 49 

A4 0.088804 2.9929 0.056644 49 25 49 

A5 0.1156 3.24 0.0121 49 49 1 

Sum  7.636444 18.705825 3.480428 277 125 197 

Root 2.76341166 4.325023121 1.865590523 16.64331698 11.18033989 14.03566885 

 

Table 16 Obtaining rij – normalization 

A1 0.980671841 0.730631932 0.91123962 0.540757591 0.089442719 0.49872935 

A2 0.116522632 0.182657983 0.375216314 0.420589238 0.447213595 0.49872935 

A3 0.114351403 0.315605249 0.095412148 0.420589238 0.447213595 0.49872935 

A4 0.107837715 0.399997862 0.127573547 0.420589238 0.447213595 0.49872935 

A5 0.12303632 0.416182746 0.058962564 0.420589238 0.626099034 0.07124705 

 

Table 17 Multiplication with wi - aggravation 

A1 0.269684756 0.015343271 0.133040985 0.041097577 0.003219938 0.22243329 

A2 0.032043724 0.003835818 0.054781582 0.031964782 0.016099689 0.22243329 

A3 0.031446636 0.00662771 0.013930174 0.031964782 0.016099689 0.22243329 

A4 0.029655372 0.008399955 0.018625738 0.031964782 0.016099689 0.22243329 

A5 0.033834988 0.008739838 0.008608534 0.031964782 0.022539565 0.031776184 

 

Table 18 Ideal solution 

 
0.269684756 0.015343271 0.133040985 0.041097577 0.022539565 0.22243329 
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Table 19 Negative ideal solution 

 
0.029655372 0.003835818 0.008608534 0.031964782 0.003219938 0.031776184 

 

The next step is to calculate the relative 

proximity to the ideal solution and anti-

ideal solution. 

 

Table 20 Deviation from ideal solution 

       SUM SQRT(SUM) 

A1 0 0 0 0 0.000373248 0 0.000373248 0.019319627 

A2 0.05647326 0..000132421 0.006124534 8.34079E-05 0.000041472 0 0.062855096 0.250709186 

A3 0.056757402 7.5961E-05 0.014187385 8.34079E-05 0.000041472 0 0.071145628 0.266731378 

A4 0.057614105 4.82096E-05 0.013090849 8.34079E-05 0.000041472 0 0.070878044 0.266229307 

A5 0.055625113 4.36053E-05 0.015483435 8.34079E-05 0 0.036350132 0.107585693 0.328002581 

 

Table 21 Deviation from negative ideal solution   

       SUM SQRT(SUM) 

A1 0.057614105 0.000132421 0.015483435 8.34079E-05 0 0.036350132 0.109663502 0.3311548 

A2 5.70423E-06 0 0.00213195 0 0.000165888 0.036350132 0.038653675 0.196605378 

A3 3.20863E-06 7.79466E-06 2.83198E-05 0 0.000165888 0.036350132 0.036555343 0.191194516 

A4 0 2.08314E-05 0.000100344 0 0.000165888 0.036350132 0.036637196 0.191408453 

A5 1.74692E-05 2.40494E-05 0 0 0.000373248 0 0.000414767 0.020365819 

 

Determining the Rank (shown in Table 

22), the conclusion was made that, as with 

the other two methods, the best Ranked 

deposit is Čukaru Peki. 

 

Table 22 Rank 

A1 0.944875786 1 

A2 0.439523757 2 

A3 0.417522832 4 

A4 0.41825319 3 

A5 0.058460582 5 

 

CONCLUSION 

Based on the obtained results from cal-

culation of all three methods, it was con-

cluded that the ore deposit Čukaru Peki -  

 

 

 

 

Upper Zone is the best choice in the exist-

ing conditions, for all three methods. After 

it, the Veliki Krivelj deposit is at the second 
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place. For other deposits, all three methods 

give different results. 

Based on the results of application all three 

methods in selection the best deposit, it is con-

cluded that Čukaru Peki is the best deposit 

with the most optimal parameters for its ex-

ploitation, what could be concluded through 

the amount of useful components and good 

operating conditions. 

A methodology based on these three 

methods helps in selection the ore deposit and 

can be useful in the preliminary analysis. Se-

lection of ore deposits can be based on other 

criteria, not only those given in this paper, so 

that different results can be obtained. 

REFERENCES 

[1]  Thomas L. Saaty: Analytical Hierarchy 

Process  

[2]  Opricović S.: System Optimization, 

Faculty of Civil Engineering in 

Belgrade, Belgrade, 1992 (in Serbian) 

[3]  Ching-Lai Hwang: Technique for Order 

of Preference by Similarity to Ideal 

Solution. 

[4]  Jean-Pierre Barns: Preference Ranking 

Organization Method for Enrichment 

Evaluation. 

[5]  Bernard Roy: Elimination Et Choix 

Traduisant la Realité (Elimination and 

Choice Expressing Reality)  

 

 



No. 1-2, 2021  Mining & Metallurgy Engineering Bor 75 

MINING AND METALLURGY INSTITUTE BOR ISSN: 2334-8836 (Štampano izdanje) 

UDK: 622 ISSN: 2406-1395 (Online) 

UDK: 622.271/.236.2:330.322.01:658.152(045)=111  Received:  06.04.2021. Original Scientific Paper 

DOI: 10.5937/mmeb2101075B  Revised:    17.05.2021.  Economics 

 Accepted: 18.05.2021. 

Dejan Bugarin*, Nikola Stanić*, Miljan Gomilanović*,  

Aleksandar Doderović*, Tanja Stanković* 

TECHNICAL-ECONOMIC ANALYSIS OF VARIANTS OF  

A MICRO LOCATION FOR THE DTO CRUSHING PLANT OF  

THE DTO SYSTEM AND CONNECTING CONVEYOR T1 AT  

THE OPEN PIT POTRLICA, PLJEVLJA
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Abstract 

The Additional Mining Design for coal exploitation at the open pit "Potrlica" - Pljevlja for the period 

2020 - 2025, has defined the exploitation system important parameters and development of the open pit. 

Among others, for the first half of 2022, it is planned to move the crushing plant to a new position, in a 

direction of the excavation front. Generally, the new position of the crushing plant has been verified 

within several project and study documents. Nevertheless, there is a need for precise definition of the 

crushing plant positions and conveyors within the DTO system in order to the create favorable and safe 

working conditions for mechanization on the loading plateau of the crusher, to provide a more favora-

ble position of the crusher with the aim of easier plateau drainage and a more convenient approach to 

the crusher for easier maintenance, and to minimize the costs of relocation to a new position while re-

specting the projected dynamics of relocation works. In order to ensure the fulfillment of the set goals, a 

techno-economic analysis of the variants of a micro location of the crushing plant at this open pit was 

performed with an overview given in this paper. 

Keywords: conveyor, costs, techno-economic evaluation 
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1 INTRODUCTION  

The Additional Mining Design of coal 

exploitation at the open pit "Potrlica" - 

Pljevlja for the period 2020 - 2025, de-

fines the dynamics of development of the 

open pit, vertical division of the mine and 

landfill, excavation and disposal capaci-

ties, safety factor (Fs) of slopes and other 

important exploitation system parameters. 

The relocation of the crushing plant to a 

new position is designed for the first half 

of 2022, in line with the excavation front 

development. The new position of the 

crushing plant was determined in the pre-

 
 

 

vious studies and project documentation, 

respecting the basic evaluation criteria 

such as reducing the length of discontinu-

ous transport, vertical position in relation 

to the center of gravity and duration of the 

new crushing plant position.[1] Unlike the 

previously conducted analyzes on the ba-

sis of which the macro location of the 

crushing plant was determined, and that 

included the analysis of work on the entire 

area and throughout the life of mining, the 

analysis of micro location of the crushing 

plant and position of the conveyor T1 was 
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done in goal of the costs minimization and 

minimization the preparatory works in 

narrower area of the new location of the 

crusher and analysis the specific structu-

ral-geological and geomechanical charac-

teristics. 

In order to build the cutting trench for 

the conveyor and crushing plant, the spe-

cific geological and geomechanical explo-

rations and tests were performed. 

In addition to the natural conditions that 

condition the micro location of the conveyor 

route and the crushing plant cutting trench, 

scope, technology, dynamics, and costs of 

preparatory works, in the immediate vicinity 

of the planned facilities there is a dam, tu-

nnel and riverbed of Ćehotina and transmit-

ssion line what complicate the works. 

Analysis of the micro-location of the 

cutting trench of the conveyor and crus-

hing plant includes: 

• Analysis of the route of the T1 con-

veyor, and definition a macro location 

of the cut of the crushing plant in  

accordance with the previously, project 

documentation defined position, and 

• Analysis of the relocation of buildings 

with a position partially shifted to-

wards the excavated surface of the 

open pit providing a reduction in the 

volume of preparatory work. 

Analysis and determination of techno-

economically improved position of the con-

necting conveyor T1 towards the open zone 

of the mine in a function of identified influ-

encing factors, position of paleorelief and 

other lithological members for which condi-

tions are provided after changing the posi-

tion of crusher in relation to the connecting 

conveyor T1. 

2 SPECIFICS OF ECONOMIC  

ANALYSIS 

When it comes to the economic analysis 

of the considered variants, here, which is 

generally present in mining, it appears 

through the specifics in relation to the eco-

nomic-investment analyzes in other areas. 

1. The first specificity is that the planned 

works are within the contour of the projected 

open pit, and excavation of masses during 

the cutting can be seen as a part of regular 

production at the open pit, although they 

require a special manufacturing technology 

or are performed dynamically earlier, pro-

vided for in the regular production plan. 

2. Secondly, the performance of such 

works is a necessary condition for further 

mining operations in a safe and economical 

manner with a stable production, and in eco-

nomic terms can be considered as the in-

vestment activities for certain phases of open 

pit mining. This character of the funds for 

realization the necessary works is important 

to emphasize mostly because of the possibil-

ity for their provision, whether they are fi-

nanced from the current profit or from loans. 

3. Such activities do not bring direct 

profit to the open pit, and the volume of 

costs-investments can be high and signifi-

cantly affect the indicators of economic 

efficiency of the open pit in a long run. 

Having in mind the mentioned techno-

economic analysis, it must contain in the 

specific case at least: 

- a description of the project which ex-

plains the problems to be solved by the 

project and the objectives to be 

achieved, 

- technical-structural analysis descry-

bing the physical input data, technical 

options as well as investment costs, 

- financial analysis that assesses the fi-

nancial flow from a perspective of the 

project holder, 

- economic analysis which represents an 

upgrade of the financial analysis and 

takes into account the wider effects of 

performed works, and 

- the project description should, first of 

all, on the basis of definition the prob-

lem, define the goal or series of goals, 

necessary to be achieved in order to 
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solve the problem. The goal(s) must 

be defined on a measurable way and 

the project is defined on that basis.[2] 

Within the technical-structural analy-

sis, the experts on technical issues present 

the technical aspects of the project.[3]. 

This usually involves a preliminary design 

and cost estimate, or as in this case a de-

tailed project at the construction level with 

the exact amount of materials, equipment 

and staff required, parts of the technical 

analysis may include: 

- available technologies, 

- production plan (including use of in-

frastructure), 

- personal staff, 

- project location, 

- implementation plan, 

- project phases, 

- safety at work, 

- environmental protection. 

The main purpose of financial analysis 

is to use the project cash flow forecasts to 

calculate the appropriate net return indica-

tors, mainly through two basic indicators: 

financial net present values and financial 

rate of return, which are used to calculate 

the income from investment expenditures. 

Financial analysis is the basic tool for deci-

sion makers to decide whether a project 

should be implemented or not, or from the 

investor point of view whether the project 

should be financed or not. 

While the financial analysis considers 

only the impact of the project on the owner, 

economic analysis looks at the project more 

broadly, as a whole, and seeks to measure 

the benefits and benefits that result from the 

project implementation. Economic analysis 

is also necessary in cases of the environ-

mental or social impacts, which have no 

market value although they significantly 

contribute to achieving the project objec-

tives, which is the case here given that the 

implementation of this project has a key 

impact on coal production as a whole.[4] 

The economic analysis starts from the 

discounted cash flow, which is used in the 

financial analysis, to calculate the financial 

profitability of the project regardless of the 

sources of financing and is adjusted to all 

disturbances. These adjustments are made 

on the basis of an assessment the monetary 

value of benefits and costs, for which there 

is no established market by introduction a 

theoretical representation of the effects and 

financial consequences of the project im-

plementation.[5] Economic analysis is 

therefore suitable for assessment the feasi-

bility of projects that are not financially 

viable (discounted project value less than 0, 

profitability rate less than a discount rate), 

but for which there are strong reasons to 

provide them with the financial support, due 

to their indirect benefits. 

3 PRESENTATION AND  

CALCULATIONS OF THE  

DESIGNED SOLUTION OF A ROUTE 

FOR THE CONVEYOR T1 AND  

POSITION OF THE CRUSHING 

PLANT 

With relocation of the overburden crush-
ing plant, the truck transport route to the top 
of the landfill will be shortened by an ave-
rage of 1,600 m (compared to the variant 
when the transport would be purely discon-
tinuous) or by about 900 m (compared to the 
old position of the crusher). In addition to 
this significant shortening, the old position 
of the crusher is unsustainable from an as-
pect of the planned development of the front 
at the landfill, i.e. further use of the CCS 
system is possible only with the relocation 
of the crusher. The new position of the 
crusher is determined through multiple ana-
lyzes or constructed variants and represents 
the optimal compromise of several influen-
tial factors. 

The time required for relocation the 

crushing plant will largely depend on the 

organizational capabilities of the Investor 

and execution of preparatory works, and it 

is estimated that it will be between 4-6 

months. It should also be borne in mind 

that the certain technological operations 



No. 1-2, 2021  Mining & Metallurgy Engineering Bor 78 

(primarily mechanical and construction) 

will be performed much easier and better 

during the months with more favorable 

weather conditions. Having in mind the 

stated available capacities of the DTO sys-

tem during 2022, to be half smaller (pro-

jected operation of the CCS system with a 

capacity of 3 million tons), which was taken 

into account in calculation. After relocation, 

loading into the crusher will be done from 

the floor E-745. The E-745 floor itself will 

be ramps connected to the higher floors (E-

760 and E-775) as well as to the lower floor 

(E-730) from which the associated overbur-

den masses will be treated by the CCS sys-

tem. 

In technical terms, when solving the 

problem of choosing the micro-location of 

crushing plant and conveyors of the CCS 

(crusher-conveyors-spreader system), as 

well as the techno-economic indicators, 

three key factors were identified to compare 

the efficiency of the solution: 

- quantity and type of excavated mate-

rial by variants, 

- parameters of drilling and blasting 

works in the conditions of the vicini-

ty of the facilities (arranged riverbed, 

tunnel and dam of the relocated river 

Ćehotina and transmission line), and 

- stability of the loading plateau in the 

conditions of loading with equipment 

that will move on the plateau. 

The connection between the crushing 
plant and landfill will be realized with a sys-
tem of three conveyor belts (T1 220 m long, 
T2 350 m long, as well as T3 315 m long). 
The T1 conveyor is placed at an angle of 
4.5° (connecting elevations 735 and 750 m 
above sea level). The other two connecting 
conveyors (T2 and T3), as well as including 
the landfill conveyor T0, are placed horizon-
tally at the elevation of 750 m above sea 
level. In the technological sense, it is very 
important that the conveyors T2 and T3 are 
horizontal, because with the advance of the 
landfill front, a connection with the landfill 
conveyor is established through them (all set 
at the elevation of 750 m above sea level). 
Longitudinal profiles of connecting conve-
yor routes are given in Figure 1. 
 

 

 

 

 

Figure 1 Longitudinal profiles of connecting conveyor routes according to  

the valid DRP 2020-2025  
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The conveyor route was constructed 

with a width of 16 m, in order to enable an 

unhindered movement of auxiliary ma-

chinery and occasional transport of over-

burden to the top of the landfill in case of 

capacitive deficit of the CCS system. The 

constructed route of the conveyor is most-

ly in the cut, which does not exceed a 

depth of more than 16 m, and to a lesser 

extent in the embankment (maximum 

height 8 m). During the formation of the 

crushing position and route of the convey-

or, the CCS system, it is necessary to ex-

cavate significant quantities due to the 

formation of cuts (about 400,000 bcm) 

and to fill significantly smaller quantities 

(about 24,500 lcm). These quantities are 

included in the total projected capacity at 

the overburden for 2022 (part of the 

planned 8,000,000 bcm) and shown in 

Table 1. It is also important to emphasize 

that a significant part of the mass in the 

cut would be excavated even if there is no 

displacement of the crusher, only in later 

period, during regular production at the 

surface mine. 

3.1 Calculations of the Stability of  

the General and Partial Slopes 

The slope of the open pit "Potrlica" at 

this cross-section consists of limestone, 

floor clay, coal clay, coal, interlayer clay, 

gray clay and marl. Apart from the fact that 

the working environment of the subject area 

is characterized by the exceptional anisotro-

py, it is also characterized by the structural 

complexity. In accordance with that, there 

are large deviations in terms of physical and 

mechanical indicators of the represented 

rock masses. Checking the slope stability of 

the notch of conveyor and crusher and pla-

teau of the slipway was determined for the 

geomechanical section GM-1 whose posi-

tion, together with the designed condition of 

the crusher position, is given in Figure 2. 

 
 

 

Figure 2 Position of the analyzed GM-1 profile at the open pit "Potrlica" -  condition of  

works at the end of 2025 according to the valid DRP 2020-2025   
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The appearance of the analyzed slope 

on the GM-1 profile corresponds to the 

condition of works at the end of 2025. 

An example of stability analysis of the 

slope of notch formed in the limestone, and 

Variant 2 notch of the crusher and conveyor 

is given in Figure 3. 

 

 

 

Figure 3 Example of calculation of the safety factor of the cut slope formed in limestone 

 

 

When it comes to the calculation of the 

stability of truck overpass plateau, the calcu-

lation was done for the conditions of slope 

load by the machinery moving along it for 

Variant 2 (Figure 4) and Variant 1 (Figure 5) 

of the cutting trench construction. 

By comparison the calculated values of 

safety factors, the general conclusion can be 

made that the plateau in Variant 2 is con-

structed with a higher safety factor, which is 

also a variant in which the amount of exca-

vation is higher. 
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Figure 4 Geomechanical model of the designed slope in the zone of crushing plant  

and plateau of truck on a map of the condition of works designed for  

2025 with a detail of profile for Variant 2 

 

 

Figure 5 Geomechanical model of the slope of cutting trench position for  

Variant 1 with an example of the calculated safety factor 
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3.2 Description of Variant of the T1  

Conveyor Route and Access Roads 

Variant solution 2 involves making a 

cut in accordance with the existing design 

documentation, which means that the cut of 

conveyor conveyor and crusher is placed in 

 

 

 

 

an extreme eastern position, and as a whole 

in the limestone material. The amount of 

masses to be excavated or filled (cuts and 

embankments) is shown in Table 1. 

 

Table 1 Quantities of excavated and filled material when moving the crusher in variant 2 

Cutting trench Embankment 

Floor Quantity (čm
3
)

 
Quantity (t) Quantity (rm

3
) Quantity (t) 

775-790 24,378 47,537 / / 

760-775 101,236 197,412   

745-760 111,020 216,493 11,486 17,229 

730-745 15,370 29,972 4,782 7,173 

In total 252,004 491,413 16,268 24,402 

 

 

The second analyzed variant assumes 

that the route of the T1 conveyor is shifted 

by 7° at the elevation of drive station in 

relation to the existing one. The length of 

route of the T1 conveyor is 200 m, the 

level of drive station is at 750 m above sea 

level, and the level of return station is 735 

m above sea level. By movement the route 

of conveyor T1, the scope of auxiliary and 

preparatory works in the limestone was 

reduced (Table 2). The width of conveyor 

route is 16 m, what enables an unhindered 

movement of machinery. In parallel with 

the route of conveyor, i.e. above the pla-

teau of the crusher, a transport road has 

been designed, which will be the connec-

tion between the 745m floor and external 

landfill Kutlovača. The new position of 

the crushing plant is shown in Figure 6 

(Variant 1). 

 

 

 

Figure 6 New positions of the crushing plant 

 

The foundations of crushing plant are lo-

cated at the level of 735 m above sea level in 

the limestone massif. The overhaul of crush-

ing plant, the place of unloading, is located 

at the level of 745 m above sea level. The 

crushing plant is rotated 90° and placed per-

pendicular to the T1 conveyor. This position 

of the crushing plant significantly reduced 

the scope of auxiliary work. The calculation 

of cubic masses for material types was done 

by the method of parallel sections. The cal-

culation results are given in Table 2.  
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Table 2 Calculation of cubic masses by the method of parallel sections for  

different types of materials 

Profile 

tag 

Surface 

area 

Medium 

surface 
Distance 

Volume of 

Marl 

Volume of 

Limestone 
Volume 

1 487.00 500.00 25.00 
 

12,500.00 12,500.00 

2 513.00 595.00 25.00 
 

14,875.00 14,875.00 

3 677.00 746.00 25.00 8,112.50 10,537.50 18,650.00 

4 815.00 863.50 25.00 8,687.50 12,900.00 21,587.50 

5 912.00 874.00 25.00 4,686.42 17,163.58 21,850.00 

6 836.00 845.50 25.00 5,225.00 15,912.50 21,137.50 

7 855.00 750.50 25.00 4,901.90 13,860.60 18,762.50 

8 646.00 545.59 25.00 4,762.50 8,877.21 13,639.71 

9 451.00 529.00 10.00 3,125.00 2,165.00 5,290.00 

10 607.00 
     

    

39,500.82 108,791.39 148,292.21 

 

3.3 Drilling and Blasting 

The Sandvik DI 310 drill owned by the 

Investor, is planned for drilling the blasting 

boreholes of 89 mm diameter. The drilling 

angle is 70
o
, which is how much the slope of 

the floor was adopted. Drilling of the 

blasting boreholes should be done in a 

triangular arrangement in two or three rows. 

The convergence coefficient should be  

m = 1-1.25; m = a/W., adopted m = 1. 

Drilling and blasting are done in two shifts. 

During the design of drilling and mining 

works, a strict attention was paid to the 

choice of explosives, geometry of the blas-

ting boreholes, construction of the blasting 

filling and method of initiation in order to 

minimize the negative impact of seismic 

waves on the surrounding structure. 

3.4 Other Works 

Preparatory works on the construction of 

cut for the conveyor and crusher consist of 

terrain preparation for drilling and blas-ting 

works. On the terrain surface, a bulldozer 

will perform a partial leveling by removal 

the surface cover to create a plateau for drill. 

For the execution of works on the con-

struction of cut of the T1 conveyor and 

 
 

 

crushing plant according to the variant 

solution, it is planned to engage: 

1. Hydraulic excavator type Hyundai 

LC 800 bucket volume 4.5m
3
, 

2. 3 Terex 30 trucks with a capacity 

of 30 t, 

3. One Komatsu 375 bulldozer, 

4. Sandvik DI 310 drills. 

Since there is a real need for limestone 

at the open pit Potrlica, it is envisaged that 

the excavated limestone will be deposited 

near the surface mine. The limestone land-

fill is positioned west of the displaced 

course of the river Ćehotina and south of 

the excavation front. The area where the 

limestone landfill is located is covered by 

the exploitation for the period of validity 

of the DRP 2020-2025. The limestone 

landfill is temporary. 

4 OPERATING EXPENDITURE 

BUDGET 

The basis for an economic analysis was 

the calculation of costs of the normative 

material and energy by the individual tech-

nological operations for Variant 1, and an 
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example of calculation is given in Table. 

Table 3 shows the quantities of normative 

material. Table 4 shows the prices of nor-

mative material, and Table 5 shows the 

total costs of normative material. Table 6 

shows labor costs.  

Figure 7 shows the swot analysis. 

 

Table 3 Quantities of normative material 

 

Fuel 

(l) 
Grease 

 Spare 

parts 

(kg) 

Tire 

(pcs.) 

Caterpillar 

(pcs.) 

Explosive 

 (kg) 

 Nonel 

detonators 

(pcs.) 

Fuse  

(m) 

Detonating 

cord  

(m) 

Deto-

nators 

(pcs.) 

Drilling 

(m) 

Auxiliary 

works 
2,558  259.51 74 

        

Drilling and 

blasting      
51,902 1,097 1,097 1,928 7 15,274 

Excavation 52,177 2,609 741 
 

0.31 
      

Transport 127,057 6,353 741 3.59 
       

Total 181,792 9,221 1,557 3.59 0.31 51,902 1,097 1,097 1,928 7 15,274 

 

Table 4 Prices of normative material 

Type of material Price (€) 

Fuels 1 

Grease  1.35 

Spare parts 10 

Tire 3500 

Caterpillar consumption 10 

Explosive Beranit 2 1 

Nonel detonators 0.198 

Slow-burning stick 0.39 

Detonating cord  0.4 

Mining capsules 0.27 

Drilling  4 

 

Table 5 Total costs of normative material 

 

Fuel 

(l) 
Grease 

 Spare 

parts 

(kg) 

Tire 

(pcs.) 

Caterpillar 

(pcs.) 

Explosive 

 (kg) 

 Nonel 

detonators 

(pcs.) 

Fuse  

(m) 

Detonating 

cord  

(m) 

Deto-

nators 

(pcs.) 

Drilling 

(m) 

Auxiliary 

works 
2,558 350 741 

        

Drilling and  
blasting  

0 
   

51.902 217 428 771 2 61.096 

Excavation 52,177 3,522 7,415 
 

30.5 
      

Transport 127,057 8,576 7,415 12,582 
       

TOTAL 181,792 12,449 15,571 12,582 3 51,902 217 428 771 2 61,096 

TOTAL 336,813 
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Table 6 Labor costs 

Type of 

operation 

Number of 

operatives 

in change 

Number of  

operatives 
Position 

Net 

salary (€) 

Gross 

(€) 

 In total/ 

month 

(€) 

In total (€) 

Manager 1 1 Engineer 1200 1764 1764 3529 

Prepara-

tion 
1 2 

Bulldozer 

operator 
800 1176 2352 4705 

Drilling 2 4 
Drilling opera-

tor and assistant 
700 1029 4117 8235 

Blasting  2 2 
Igniter and 

assistant 
700 1029 2058 4117 

Loading 1 2 
Excavator 

operator 
800 1176 2352 4705 

Transport 3 6 Truck drivers 800 1176 7058 14,117 

Total 10 
 

 
  

19,705 39,411 

Table 7 shows the operating costs as well as labor costs 

Table 7 Costs per working operations 

Work type Price (€) 

Auxiliary works 3,650 

Drilling 114,417 

Loading  63,116 

Transport 155,630 

Manpower 39,411 

Total (€) 376,224 
 

 
Figure 7 Swot analysis  

SWOT analysis

 Strenght

 The facility is of crucial importance for the exploitation 
of the open pit.

 There is significant experience regarding the 
advantages and disadvantages of operating a CCS 
system in real conditions.

 The position of the object in relation to the remaining 
excavation masses ensures its long service life.

 Due to the importance of the facility, it is easier to 
provide support in financing the works.

 The position of the crusher has already been verified in 
earlier project documentation.

 The construction of the cut of the conveyor and the 
crusher is possible by conventional excavation methods 
which the Investor is already carrying out and for 
which he owns the equipment and trained personnel.

 There are conditions to change the position of the cut of 
the crushing plant to ensure greater safety of the facility 
as a whole.

      Weaknesses

 Due to the level of reliability of structural and 

engineering-geological parameters of the working 

environment, phenomena that negatively affect the 

stability of the object are possible.

 In the immediate vicinity there are facilities on which 

the works of making cuts can have a negative impact.

 The work on making the cut requires certain deviations 

from the usual technological parameters of work that 

are applied in regular exploitation.

 The works cause additional costs in relation to the 

regular operation to ensure greater safety of the facility 

as a whole.

      Threats

 A certain degree of mining risk from not knowing the 

parameters of the working environment is always 

present.

 In the structure of the slope of the plateau plateau, there 

are engineering-structural units with low parameters of 

strength, bottom, interlayer and gray clay, crushed 

marls, crushed and cracked limestone.

 The present clay materials are sensitive to the presence 

of water, ie they significantly change their engineering-

geological parameters in the presence of water with 

which they come into contact after the formation of 

slopes.

 Given the lifespan of the object, it is not possible to 

quantify the rheological (time) factors and include them 

in the calculation of the safety factors of the projected 

slopes.

     Opportunities

 The cut, crushing plant and T1 conveyor have a long 

service life, practically until the end of the life of the 

surface mine, ie. it is a stationary object.

 A stable and sufficiently spacious plateau of the 

slipway provides good conditions for the operation of 

transport equipment and the crusher, shorter time for 

replacing the truck on unloading with the crusher, more 

favorable working conditions for drivers.

 The position of the cut ensures easy maintenance of the 

crusher plateau and the conveyor route.

 The dimensions of the cut provide easy access and 

maintenance work on the equipment.
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5 TECHNO-ECONOMIC  

COMPARISON OF CONSIDERED 

VARIANTS AND CONCLUSION 

Table 8 shows the costs, i.e. the techno-

economic comparison of variant solutions. 

Variant 1 - comprises the route of 

conveyor and cut of the crushing plant 

rotated at the point of the drive station of the 

conveyor T1 by about 7
o
 in relation to the 

designed condition. 

 

 

 
 

 

Variant 2 - comprises the route of 
conveyor and cut of the crushing plant 
remained in the position as in the valid 
Additional Mining Design, but the calcu-
lation was given by the method of parallel 
sections in relation to the initial state and 
which is common with Variant 1, i.e. the 
condition of works at the end of 2022.  
 

Table 8 Techno-economic comparison of variant solutions 

 
Variant 1 Variant 2 

Quantities to be excavated 148,292.21 252,005.0 

Costs (€ /m3) 2.54 2.49 

In total (€) 376,224 627,492 

 

Content of the Analysis enables a defini-

tion of the basic natural, techno-economic 

and organizational factors of making the cut 

of the T1 conveyor and crushing plant with 

the aim of easier determination their precise 

location. 
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Abstract 

Globalization has produced a growing uncertainty, but also a decrease in the probability of outcome 

the events caused by changes. The changes have brought about technical progress and competition. The 

condition for implementing change is the ability to master and understand. The use of smartphones with 

the possibility of Internet access is increasing exponentially, and thus the popularity of electronic pay-

ment for goods and services. Consumers are willing to absorb the information technology as well as to 

take the certain risks using the mobile applications. The theory of acceptance, use of technology and 

innovation is offered to the consumers around the world in the form of e-wallets. That is why it is said 

that the innovation is not one-time action, but a process. 
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INTRODUCTION  

In addition to the traditional method of 
payment, consumers around the world use 
the modern technology and innovations. The 
synergy of electronic business and applica-
tions on smartphones has conditioned the 
emergence and development the new ways 
of mobile business. The business platform 
Statista.com states that in 2018, about 1.8 
billion people worldwide will buy goods via 
the Internet. Namely, the global sales in e-
retail, during the same year, amounted to 2.8 
billion US dollars. In 2019, the online trade 
worldwide amounted to 3.53 billion US 
dollars, with a tendency to grow by 2022 to 
6.54 billion dollars. The three largest global 
online stores: Alibaba.com, Amazon and 
Ebay had a turnover of almost 100 billion 
US dollars in 2017. Modern technology 

 
 

 

and Internet are the main drivers of the 
new payment methods in e-commerce. Mo-
bile technologies offer a number of alterna-
tive electronic payment methods thanks to 
the technology and distribution channels 
they use. The interconnectedness of e-
commerce and e-payment offers numerous 
benefits to the consumers making e-
commerce more enjoyable compared to the 
traditional ones. Globally, the number of 
transactions performed using the mobile 
devices has increased. 

According to the eMarketer 2019 Global 
Ecommerce Forecast, it is estimated that the 
global trade will increase to 20 billion dol-
lars by 2021. Globally, the Asia-Pacific 
region expects e-commerce growth of 25% 
or $ 2.227 billion, accounting for 64.3% of 

mailto:katanicmaja18@gmail.com
mailto:veromil972@gmail.com
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global e-commerce use. The Latin America 
and Middle East/Africa region will have a 
growth rate of around 21.3% while the 
North America with 14.5% and Western 
Europe with 10.2% will be below the global 
average of 20.7% [1]. Also, it should be not-
ed that the six of ten countries with the fastest 
growing e-commerce in 2019 are India 
31.9% and the Philippines with growth over 
31% as well as China 27.3%, Malaysia 
22.4%, Indonesia 20.6 % and South Korea 
18.1%. Mexico, 35%, Argentina with 18.8%, 
Canada with 21.1% or 49.8 billion dollars 
and Russia with 18.7% are also in a group of 
ten countries with the e-commerce growth. 

In 2019, China was the largest e-
commerce market with revenue of $ 1.935 
billion, or three times that of the United 
States, which had $ 586.92 billion in e-
payment transactions. Thus, China repre-
sents 54.7% of the global e-commerce mar-
ket. Of the European countries, the United 
Kingdom leads with 141.93 billion dollars, 
Germany with 81.85 billion dollars and 
France with 69.43 billion dollars. 

The first part of this paper contains data 
on the global market related to e-commerce. 
The second section explains the mobile wa-
llet system, ranking of the use of mobile 
wallets, the advantages offered by this 
method of digital shopping and the difficul-
ties for its adoption. Also, the paper presents 
the architecture of e-wallet with application 
components. 

1 E-WALLET 

A new method of e-payment is the e-
wallet, which includes a business vision, 
project requirements, platform selection and 
design.[2] The trend of mobile phone pay-
ments has become common in everyday 
transactions. The use of mobile phones to 
use this technology is logical due to a large 
use of mobile phones and possibility of 
installing a large number of applications 
(Pasquet, Reynaud, Rosenberg, 2008). The 
mobile wallet service allows the user to 
install applications on smartphones and use 
them for payments and purchases over the 
Internet, which facilitates purchases without 

entering details from the card or without the 
physical use of a payment card. An e-wallet 
is defined as an online prepaid account into 
which money can be replenished and trans-
actions can be performed offline and online 
via a computer or smartphone (Pahwas, 
2017). E-wallets can be used to perform the 
various financial transactions: money trans-
fers, payment of bills, payment of goods 
and services, payment of e-commerce, etc. 
A mobile wallet is considered a useful way 
to pay via mobile devices because it im-
proves the overall performance of users 
(Amoroso and Magnier-Watanabe, 2012). 
Google Wallet, the first digital wallet, was 
created in 2011 and provided payments in 
retail and online shopping using the so-
called NFC technology. Google Wallet 
(GW) is the first functional "digital wallet" 
created by Google. The idea of GW was to 
take an advantage of growing potential of 
smartphones with the integrated NFC read-
ers and growing diffusion of contactless 
POS terminals based on the PayWave and 
PayPass solutions.[3] 

Leading mobile wallet services are 
provided by: Alipay, WeChat Pay, Paytm, 
PhonePe, LINE Pay, Rakuten Pay, GO-
PAY, Apple Pay, Google Pay, Samsung 
Pay and others. 

According to the GATE (Global Ac-
ceptance Transaction Engine) data, in 2019, 
2.07 billion consumers worldwide will use 
the e-wallet services for shopping. Also, the 
GLOBE NEWSWIRE in the report "The 
Global Digital Payment Forecasts 2019-
2022" predicts that the e-wallets will take 
over a half of all e-commerce transactions 
from payment cards by 2022. 

The development of e-wallet applica-
tions is continuous thanks to the signifi-
cant role of applications such as AliPay, 
PayUMoney and Momoe. Interaction be-
tween the mobile phone and applications, 
such as adding or downloading the per-
sonal data from the card or when making a 
purchase, is possible after verifying the 
user card confirming the PIN number or 
verifying the fingerprint. The system ena-
bles the initialization of a card with per-
sonal data, credit accounts, the manage-
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ment of credit card transactions as well as 
a system for tracking cards that may have 
been lost or stolen. 

The e-wallet enables the initiation of 
transactions on mobile devices at points of 
sale that have the POS

1
 terminals with 

NFC (Near Field Communication) short-
field technology based on RFID (Radio 
Frequency Identification) two-way com-
munication or Magnetic Secure Transmis-
sion (MST) - security magnetic transmis-
sion. RFID establishes automatic identifi-
cation and transmission of data by the 
electromagnetic waves and contains an 
active reader that is powered by energy 
and a passive receiver that is connected to 
the active reader by magnetic induction 
(Burkard, 2011). The RFID receivercon-
tains an antenna for receiving and trans-
mitting a radio signal and an integrated 
circuit for processing and storing the in-
formation and adjusting the signal. The 
NFC chip is built into mobile telephones 
that are very small in size. 

1.1 E-wallet Models 

Today, there are five different e-wallet 
models that use the different platforms, 
processes, and security tools:[4] 

1. Mobile proximity wallet aimed at 
the device, 

2. Wallet in the device-oriented ap-
plication, 

3. Filesystem, 
4. Wallet with QR code, 
5. Digital billing wallet. 

 The first model of e-wallet is consid-
ered an open wallet because it accepts 
all credit and debit cards of any finan-
cial institution that is in the e-Wallet 
system, and can be used at any point of 
sale that has a POS or MST terminal. 

                                                           
1 POS terminal (Point Of Sale) - A terminal that 
allows payment for goods and services. It is 
equipped with software for processing transac-
tions with payment cards (reading card data, 
forwarding to the accepting bank and accepting 
the response of the issuing bank, based on when 
the payment for the purchase of goods is made). It 
is used in service and trade shops. 

Also, it should be noted that the e-
Wallet applications in the mobile 
phone are integrated with a device op-
erating system (IOS or Android). his 
type of e-wallet supports the "EMV 
Payment Tokenization Specification - 
Technical Framework." (Tokenization 
specification for the EMV payment-
technical framework) in which the 
payment application in a wallet gener-
ates a dynamic cryptogram that is with 
the token until the end of the entire 
transaction. 

 An in-app mobile wallet aimed at a 
device used without a card in a mobile 
store, using the EMV payment tokeni-
zation and an issuer ID&V for pay-
ments using the application. 

 The file system uses previously stored 
consumer payment data and allows the 
consumer to make the subsequent or 
automatic payments without re-
entering the payment creditor. Con-
sumers who use this type of e-wallet 
must open an account with the mer-
chant and enter the necessary data 
from the payment card that will be 
used for the future purchases. For se-
curity reasons, the consumer is re-
quired to create a username and pass-
word, but also to select and create an-
swers to security questions tailored to 
the consumer for verification and ad-
ditional authentication. 

 A wallet with a QR code works by 
connecting the application to a con-
sumer bank account or credit card, so 
that the customer can pay for goods or 
services with their phone and by scan-
ning the QR code. Initiating such a 
flow is similar to the requesting regular 
payments but further specifies the e-
wallet application that the customer 
will use for the transaction. In that 
way, the transaction is directed to the 
terminal so that the customer can scan 
the QR code and check the payment. 

 Cloud-Based Wallets - a wallet for 
digital billing. 
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The e-wallet in the cloud stores payment 
information on a secure and remote server 
and not in a phone memory. Prestored pay-
ment letters of credit are used to activate a 
payment transaction authorization. The e-
wallet from the server sends only tokens or 
authorizations to the phone to initiate and 
approve the transaction. In order for the 
transaction to be performed, an Internet con-
nection is required, either mobile (GSM) or 
WiFi. After the transaction, you will receive 
a payment notification via e-mail or text 
messages. For merchants, services paid via 
mobile devices that use a server may be 
more flexible as this avoids some of the re-
strictions imposed by the POS terminals. 

The applied technology and processes 
determine a design of an e-wallet to be 
used for transactions and how the creden-
tials will be stored. The choice of wallet 
application includes: method of interac-
tion for payment, storage of payment let-
ters of credit, payment options (applica-
tion, proximity to the store, remote e-
commerce), method of accepting the card, 
use of confidential payment data. 

1.2 E-wallet Architecture 

The e-wallet system uses the J2EE plat-
form, which is a set of standard specifica-
tions that describe the application compo-
nents. The J2EE applications consist of 
components such as JavaServer Pages 
(JSP),

2
 Java servlets

3
, and the Enterprise 

JavaBeans (EJB)
4
 module. These compo-

nents provide software developers with the 

                                                           
2 JavaServer Pages (JSP) is a set of technologies 
that help software developers create dynamically 
generated web pages based on HTML, XML, 
SOAP or other types of documents. 
3 Java servlet is a component of Java software 
that extends server capability. Servlets typically 
implement web containers to host web applica-
tions on web servers. Such web servlets are simi-
lar to other dynamic web content technologies 
such as PHP and ASP.NET 
4 Enterprise JavaBeans (EJB) is used to gather 
multiple parts into one usable unit. The EJB mo-
dule is stored in a standard Java archive file 

ability to create the large distributed applica-
tion applications. 

The J2EE platform provides service 
for applications including: 

 Naming — this naming and directory 
service binds objects to the names. A 
J2EE application can locate an object 
searching its Java Naming and inter-
face name (JNDI). 

 Security-Java Authorization Contract 
for Containers (JACC) is a set of secu-
rity agreements defined for the J2EE 
containers. Based on the customer 
identities, the containers may restrict 
access to the container resources and 
services. 

 Transaction management - a transfer of 
funds between the bank accounts is a 
transaction. 

 Messaging services communicate with 
each other by exchanging the messages 
using the Java Message  

 Service (JMS). The JMC is an inte-
grated part of the J2EE platform and 
facilitates the use of integrating he-
terogeneous business applications. 

The Java servlets technology allows you 
to easily extend the functionality of a web 
server with a variety of applications. The 
Java provides the interaction of important 
components with the smart card readers in 
the following way: the smart card runs a 
Java application - applets (small Java pro-
grams) associated with the HTML page de-
veloped by IBM. The information from the 
smart card is transferred to the Java Virtual 
Machine to become functional. 

2 NFC TECHNOLOGY 

The NFC is a standard wireless commu-
nication protocol that operates on 13.56 
MHz radio frequency technology enabling 
the exchange of data between the devices up 
to 424 kbps in a few centimeters (Grassie, 
2007). The NFC payment transactions be-
tween the mobile devices and POS terminals 
use the same ISO / IEC 14443 standard 
communication protocol used by the con-
tactless credit and debit cards. Based on this 
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protocol, the mobile device is allowed to 
simulate a contactless card. 

The Host Card Emulation (HCE) is a 
payment card emulation software solution 
that allows a mobile phone application to 
communicate using an NCF controller to 
send the payment card credentials or pay-
ment symbols to a contactless NCF POS 
terminal or reader. The Host Card Emula-
tion (HCE) redirects requests for NFC 
transactions to the mobile application. 

3 BENEFITS OF E-WALLET 

We all have a number of cards in our 
classic wallet. If we lose our wallet, we need 
to call several banks to secure our money 
and identity. With an e-wallet, we only need 
one call to deactivate. An e-wallet eliminates 
the need for more cards. The user chooses 
which card he/she wants to use for the e-
wallet shopping application. The e-wallet 
provides a number of security features, in-
creased security measures and comfort that 
make this project useful. 

The e-wallet has a stored value function, 
which eliminates the need to carry cash. It 
means like carrying real money in your wal-
let. This is the so-called the whole value that 
represents the monetary amount. The entire 
value can be transferred from the cardholder 
to the merchant absolutely as a real cash. 
Also, the cardholder can constantly add an 
overall value. 

The identification subsystem is in 
charge of the security of information on the 
identification card and enables that infor-
mation to be viewed by several people on 
special request. The system is designed so 
that any change to the card requires some 
kind of authentication. The electronic wallet 
provides all the functions from a smart card 
eliminating the need for multiple cards. The 
e-wallet provides a host of security features 
that are not available to the regular wallet 
operators. Namely, an identification is re-
quired during every credit card transaction 
and the smart card is equipped with a disa-
bling system if the card is misused. All the-
se increased security measures and conve-
nience make this process useful. 

Paying with the help of a mobile phone 
is very simple and practical and saves time. 
In addition to this, it is also possible to pay 
at payment terminals, pay and buy at the 
WEB-shop stores, transfer money to anot-
her e-wallet, transfer funds via e-mail, SMS, 
withdraw cash at the bank and ATMs. 

According to the NALED, in accord-
ance with the above, the VISA estimates 
that the application of digital payment tech-
nologies (payment cards, internet and mo-
bile phones) would bring a direct net benefit 
in Belgrade of 324.3 million dollars every 
year. Out of that, $ 27 million net to the 
consumers, $ 200 million to the companies 
(when the cost of infrastructure is deducted 
and $ 68 million to the state, through higher 
taxes and lower administration costs. 

Taking into account all the advantages 
that this type of payment brings, a large 
number of countries from all over the world 
actively promote cashless payments, and for 
that purpose develop various forms of in-
centives and subsidies that try to make it 
more acceptable and profitable, both for 
businesses and citizens. Some of the most 
common models are the introduction of 
POS terminals1 in public institutions, the 
reduction of VAT, subsidizing the costs of 
setting up terminals and the purchase of 
mobile phones. 

3.1 E-wallet Safety 

Various researchers such as Varsha and 
Thulasiram’s study (2016) in their research 
on consumer behavior towards the e-wallet 
services indicate that the secured privacy 
and secure transactions are the main reasons 
for the progressive acceptance of said inno-
vation. 

There are other opinions, such as (Hol-
land and Dyke, 2015) that consider security 
to be one of the main reasons for not using 
the mobile payments. (Abrazhevich, 2001) 
indicates that the consumers are reluctant to 
use the electronic payment methods due to 
the problems of trust, security and reliabi-
lity. Back in 1989, Ram and Sheth claimed 
that an innovation was influenced by the 
functional and psychological barriers. 
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The ultimate goal should be a com-
plete replacement of credit, debit, loyalty, 
prepaid and other cards, which users carry 
en masse in their wallets. (Coskun at all, 
2014, p. 144). 

4 E-COMMERCE IN  
THE REPUBLIC OF SERBIA 

VISA listed Belgrade as the actual or po-
tential "cities without cash" according to a 
research conducted for the period 2012-
2015. Based on those researches, the non-
cash trade brought Serbia 150 million euros. 
It is estimated that there is currently 10% of 
the non-cash economy in Serbia and that this 
trend will increase to 35% in a few years. 

For many years, the system of online 
payments via computers and mobile phones 
has been functioning in Serbia. In recent 
times, the commercial banks, following 
modern trends and innovations, have ap-
plied a way to pay without cash and cards in 
stores, restaurants and other places. 

There is a constant increase in the num-
ber of regular users of e-commerce in Ser-
bia. It increased from 18% of the total num-
ber of Internet users in 2011 to 30.9% in 
2018, the Ministry of Trade, Tourism and 
Telecommunications of the Republic of 
Serbia announced. 

It is predicted that by 2030, more than 
85% of companies will be engaged in the e-
commerce globally, and that it is necessary 
for Serbia to develop this area in order to use 
all the technological potentials for economic 
progress. According to the ministry, the big-
gest challenge in strength-hening e-co-
mmerce in Serbia is how to increase the trust 
of citizens in this form of buying and selling 
and prevent the gray economy in that trade. 

According to the data of the Ministry of 
Labor, Employment, Veterans and Social 
Affairs of the Republic of Serbia, it is stated 
that in 2018, 1.8 million citizens bought 
over the Internet, which is 50% more than 
in 2015. Electronic commerce in 2018 of $ 
317 million, an increase of about 9% over 
the previous year. The forecasts for 2019 
say that the Internet sales will record a turn-
over of around 350 million dollars. 

Serbia is becoming part of a group of 
countries that recognize the digital economy 
as one of the main generators of the entire 
economy development. 

CONCLUSION 

Mobile wallets are not widely accepted 
in many countries, but the use of techno-
logy and user features will lead to a grea-
ter acceptance. In order to increase the 
number of e-wallet users, it is necessary to 
point out their potential. It is estimated 
that over 1.7 billion adults (21% of the 
total world population) do not have access 
to a traditional bank account but about a 
billion residents have a mobile phone and 
may be potential users of mobile wallets. 

The e-wallet shall become a global 
standard as consumer confidence in e-
commerce grows. The mobile wallet is a 
benchmark for many international brands in 
mobile banking. The e-commerce enables 
the domestic economy to more easily place 
products in the country and on the global 
market. Using the e-wallet provides retailers 
with the greater efficiency, cost savings, and 
greater customer loyalty. 

As more and more purchases are made 
remotely, the losses of online payment 
fraud are increasing. Thus, mobile biomet-
rics will become popular for digital shop-
ping due to its increased security. 
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THE IMPORTANCE OF CASH FLOWS IN  

THE ECONOMIC ASSESSMENT OF THE MINING PROJECTS 

Abstract 

The economic assessment and analysis of investment projects is aimed to show what the value will be 
achieved by the project for enterprise, region and wider community. The overall assessment of the pro-
ject should be given by the investor, financier and ecology. The positive results of the project are cer-
tainly acceptable from the point of view of investors, but they do not have to be acceptable from the 
point of view of financiers and ecologists. This imposes a need for balancing the demands of all three 
sides. In the static evaluation of the project, the profit and loss account, profitability, is observed, which 
is higher than in costs, which is a gain (profit). In the dynamic project evaluation, the following cash 
flows are monitored: financial, economic and social. The financial cash flow points to the liquidity of the 
project during its lifetime, if the inflow is constantly greater than the outflow of funds, the project is 
liquid. The economic flow indicates the project profitability, period of return on investment, net present 
value and internal rate of return. The social cash flow deals with the national economy, excludes the 
government's contributions to cash outflows and determines the social net present value as well as the 
social rate of profitability. 

Keywords: economic assessment, investment projects, cash flows, net present value, profitability 

rate, repayment period 
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1 INTRODUCTION  

The value of investments, revenues, 

costs and cash flows are the basic criteria 

for assessment the acceptability of an in-

vestment project. The goal of every inves-

tor is that the money invested in a certain 

period of time results in a higher value 

than the value of interest for the same 

money in the bank. There are numerous 

criteria for objective evaluation the pro-

jects in theory and practice depending on 

the economic activity they cover. There 

are also projects whose results cannot be 

evaluated and valorized on the market, but 

have a positive impact on the environment 

or are implied by the legislation (waste 

disposal, wastewater treatment before dis-

charge into watercourses). 

 

 

The subject of this paper is the mining 

project of production expansion, its static 

and dynamic assessment. Static assess-

ment in the analysis procedure does not 

take the time factor, but uses data from 

only one, representative year of the ex-

ploitation period. A representative year is 

one whose results (income, expenditure, 

gross and net profit) are close to the aver-

age results. This assessment is based on 

the income statement and does not include 

the investment period. 

The dynamic assessment takes into ac-

count the period of investment and life of 

exploitation, so the obtained indicators are 

much more reliable. The indicators of dy-

namic assessment are: net present value, 
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payback period, internal rate of return, pro-

fitability index and return on investment. 

Dynamic analysis is based on the cash 

flows: financial, economic and social. 

2 INCOME STATEMENT 

The income statement is one of the basic 

accounting reports for presenting the busi-

ness results. In the investment projects, the 

income statement is prepared on the basis of 

planned revenues, expenses and business 

results. Revenues are planned on the basis 

of projected technological production ca-

pacities and market prices, more precisely, 

only the operating revenues are included. 

These revenues, reduced by the costs of the 

smelter, are subject to a fee for the use of 

mineral resources (a rate regulated by the 

law). This fee has the character of immate-

rial costs. Material costs are planned on the 

basis of technical specifications of the basic 

and auxiliary raw materials, energy, fuel 

and labor and corresponding constant prices 

expressed in hard currency (USD, EUR). 

Capital costs are calculated in accordance 

with the planned investments during the 

construction period and replacement of 

equipment during production. Financial 

costs are calculated depending on the 

amount and terms of the loan. The differ-

ence between planned income and planned 

expenses is the result of operations and is 

reported as a profit or loss.[1] In the first 

years of a project life, the balance sheet may 

also show a loss due to the insufficient ca-

pacity utilization or high credit liabilities.[1]  

In this example, the gross profit is realized, 

to which the legal rate of profit tax is ap-

plied, and after this reduction, the planned 

net profit remains. If there is no profit, there 

is no income tax. 
 

Table 1 Income statement 

Project item / year 2 3 4 5 6 7 8 9 10 TOTAL(US$)

REVENUES FROM SALES 35.021.515 52.565.523 59.253.382 59.253.382 59.253.382 59.253.382 59.253.382 59.253.382 59.253.382 502.360.712

Variable costs 19.041.600 33.353.083 36.493.894 36.493.894 36.493.894 36.493.894 36.493.894 36.493.894 36.493.894 307.851.944

    Material 7.205.064 17.243.712 19.149.510 19.149.510 19.149.510 19.149.510 19.149.510 19.149.510 19.149.510 158.495.346

    Gross earnings 4.102.000 4.102.000 4.102.000 4.102.000 4.102.000 4.102.000 4.102.000 4.102.000 4.102.000 36.918.000

    Other variable costs 7.734.536 12.007.371 13.242.384 13.242.384 13.242.384 13.242.384 13.242.384 13.242.384 13.242.384 112.438.598

Fixed costs 7.545.188 11.181.910 11.967.473 11.967.473 11.967.473 11.967.473 11.967.473 11.967.473 11.967.473 102.499.406

    Gross earnings 1.758.000 1.758.000 1.758.000 1.758.000 1.758.000 1.758.000 1.758.000 1.758.000 1.758.000 15.822.000

    Depreciation 1.078.518 2.157.035 2.157.035 2.157.035 2.157.035 2.157.035 2.157.035 2.157.035 2.157.035 18.334.798

    Other fixed costs 4.708.670 7.266.875 8.052.438 8.052.438 8.052.438 8.052.438 8.052.438 8.052.438 8.052.438 68.342.608

Financial costs (interests) 1.198.524 1.077.430 949.070 813.009 668.784 515.906 353.855 182.081 5.758.659

TOTAL COSTS 26.586.788 45.733.517 49.538.797 49.410.437 49.274.376 49.130.151 48.977.273 48.815.222 48.643.448 416.110.008

GROSS PROFIT 8.434.728 6.832.006 9.714.585 9.842.945 9.979.006 10.123.231 10.276.109 10.438.160 10.609.934 86.250.704

Income tax 1.265.209 1.024.801 1.457.188 1.476.442 1.496.851 1.518.485 1.541.416 1.565.724 1.591.490 12.937.606

NET PROFIT 7.169.518 5.807.205 8.257.397 8.366.503 8.482.155 8.604.746 8.734.693 8.872.436 9.018.444 73.313.098  
 

The income statement determines the 

project profitability. This project covers 

the total production costs and makes a 

profit every year during its lifetime. 

The income statement contains: 

1. Operating revenues (revenues from 

sales of finished products)  

2. Operating expenses  

2.1. Material costs (raw materials, in-

termediate goods, parts, energy sources, 

investment maintenance and depreciation), 

2.2. Gross earnings, 

2.3. Immaterial costs, 

2.4. Financial costs. 

3. Gross profit 

4. Income tax 

5. Net profit 
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3 FINANCIAL CASH FLOW 

Cash flows indicate the planned in-

flows and outflows of funds [1] from the 

beginning to the end of the project life. 

The cumulative financial cash flow indi-

cates the liquidity of the investment pro-

ject during the construction period and its 

production life. During construction, the 

inflows and outflows must be equal, and 

during production, it is desirable that the 

inflows would be higher than the out-

flows. Only in that case the project is con-

sidered as a 

 
 
 

liquid, which is necessary in assessment 

its acceptability. As in the income state-

ment, in the initial years when production 

is running to the full capacity, it may hap-

pen that the outflows are higher than the 

inflows and the financial cash flow is neg-

ative. 

The following table presents the cash 

flow of the proposed mining production 

expansion project with an investment pe-

riod of 1.5 years. 

 
Table 2 Financial cash flow 

Project item / year 1 2 3 4 5 6 7 8 9 10 TOTAL(US$)

TOTAL INFLOWS 12.597.400 48.399.515 52.565.523 59.253.382 59.253.382 59.253.382 59.253.382 59.253.382 59.253.382 59.253.382 535.976.714

Inflows from funding sources 12.597.400 13.378.000 25.975.400

     Own resources 6.000.000 6.000.000

     Long-term credits 12.597.400 7.378.000 19.975.400

     Short-term sources 0

Inflows from operations 35.021.515 52.565.523 59.253.382 59.253.382 59.253.382 59.253.382 59.253.382 59.253.382 59.253.382 502.360.712

      Revenues from sales 35.021.515 52.565.523 59.253.382 59.253.382 59.253.382 59.253.382 59.253.382 59.253.382 59.253.382 502.360.712

     Interests on short-term placements 0

Rest of the value of fixed&current assets 7.640.602

TOTAL OUTFLOWS 12.597.400 39.408.998 47.063.431 51.276.843 50.997.531 51.017.940 51.039.574 51.062.506 51.086.813 51.112.580 456.663.616

Increase in fixed assets 12.597.400 10.378.000 22.975.400

     Investments in fixed assets 12.597.400 10.378.000 22.975.400

     Total pre-production expenses 0

Increase in net current assets 2.257.519 443.915 298.566 3.000.000

Business costs 25.508.270 42.377.958 46.304.332 46.304.332 46.304.332 46.304.332 46.304.332 46.304.332 46.304.332 392.016.552

Marketing costs 0

Income tax 1.265.209 1.024.801 1.457.188 1.476.442 1.496.851 1.518.485 1.541.416 1.565.724 1.591.490 12.937.606

Interests 1.198.524 1.077.430 949.070 813.009 668.784 515.906 353.855 182.081 5.758.659

Loan repayment 2.018.233 2.139.327 2.267.687 2.403.748 2.547.973 2.700.852 2.862.903 3.034.677 19.975.400

FINANCIAL CASH FLOW 8.990.517 5.502.092 7.976.539 8.255.851 8.235.442 8.213.808 8.190.876 8.166.569 8.140.802 7.640.602

FINANCIAL CASH FLOW CUMULATIVE 8.990.517 14.492.609 22.469.148 30.724.999 38.960.440 47.174.248 55.365.125 63.531.693 71.672.496 79.313.098  
 

 

Table of financial cash flow contains: 

1. Inflows, 

2. Outflows, 

3. Differences between the inflows and 

outflows (financial cash flow), 

4. Cumulative financial cash flow. 

The total inflows are formed by: 

- operating inflows (sales revenues and 

interest on short-term placements), 

- inflows from financing sources (own 

funds, long-term and short-term 

credits), 
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- residual value (unamortized value of 

fixed assets and current assets). 

The total outflows are formed by: 

- investments into fixed and current as-

sets and expenses before production, 

- operating costs (excluding depreciation 

and interest on credits), 

- marketing costs, 

- corporate taxes (income tax), 

- interest on credits, 

- credit repayments. 

The example of this project shows the 

balance between the inflows and outflows 

in the first investment year, and from the 

second year when production begins, and 

further, the project achieves a positive dif-

ference between the inflows and outflows. 

The cumulative financial cash flow grows 

from year to year and proves the permanent 

liquidity of the project. 

The improvement in liquidity is affected 

by an increase in cash inflows from external 

sources such as: new share capital, new 

long-term credits, sale of fixed assets. 

The weakening of liquidity is caused by 

an increase in cash outflows through inter-

est, taxes and dividends, repayments of 

long-term credits and capital expenditures. 

4 ECONOMIC CASH FLOW 

Economic cash flow is the basis for as-

sessment the main parameters of project 

value: return on investment period, net 

present value and internal rate of return. 

These parameters assess the effectiveness 

of investments. Investment efficiency is 

observed from an aspect of investor 

(mesoeconomics) and from an aspect of 

wider social interest (macroeconomics) 

[2]. 

Period of return on investment is the 

project year in which the cumulative net 

economic flow is positive for the first 

time. If there are several similar projects, 

the one with a shorter payback period is 

chosen. This parameter looks at the time 

dimension of the project and represents 

the time period of exploitation required to 

return the invested funds. The invested 

funds must be returned during the project 

life and that period depends on the value 

of investment and amount of realized an-

nual net inflow in the economic flow. The 

higher the investment, the longer the pay-

back period 

Net present value is the sum of discount-

ed annual net receipts from the economic 

flow of the project at a rate corresponding to 

the price of capital, which means at the in-

terest rate on the credits used. If the investor 

does not use credits, a discount rate corre-

sponding to the real interest rate on invest-

ment credits applied by banks is taken. A 

project is eligible if the net present value is 

positive. If there are several variants of the 

project, the one with the highest realized net 

present value is chosen. 

Internal rate of return is the discount rate 

that ensures that the net present value is re-

duced to zero. It is arrived at by an iterative 

procedure consisting of calculating the net 

present value applying different discount 

rates until the net present value is 0. It is 

practically located between a discount rate 

that has a positive net present value but is 

close to 0 and discount rate that has a nega-

tive net the current value is close to 0. 

The following table shows the eco-

nomic cash flow of the assumed mining 

project. 

Table clearly shows the difference be-

tween the financial and economic flow. 

Both flows in the inflows contain the sales 

revenue and residual value of fixed and 

current assets. Cash flow into inflows in-

cludes the sources of funds (own funds + 

credits). Outflows of both flows include 

investments in the fixed and current assets, 

operating expenses (excluding depreciation 

and interest on credits) and income tax. The 

cash flow includes the additional interest 

and credit repayments. These two items are 

not included in the economic flow. 
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Table 3 Economic cash flow 

Project item / year 1 2 3 4 5 6 7 8 9 10 Ukupno (USD)

TOTAL INFLOWS 35.021.515 52.565.523 59.253.382 59.253.382 59.253.382 59.253.382 59.253.382 59.253.382 59.253.382 510.001.314

Inflows from operations 35.021.515 52.565.523 59.253.382 59.253.382 59.253.382 59.253.382 59.253.382 59.253.382 59.253.382 502.360.712

    Revenues from sales 35.021.515 52.565.523 59.253.382 59.253.382 59.253.382 59.253.382 59.253.382 59.253.382 59.253.382 502.360.712

    Interests on short-term placements 0

Rest of the value of fixed&current assets 7.640.602 7.640.602

TOTAL OUTFLOWS 12.597.400 39.408.998 43.846.674 48.060.086 47.780.774 47.801.183 47.822.817 47.845.748 47.870.056 47.895.822 430.929.557

Increase in fixed assets 12.597.400 10.378.000 22.975.400

   Investments in fixed assets 12.597.400 10.378.000 22.975.400

   Total pre-production expenses 0

Increase in net current assets 2.257.519 443.915 298.566 3.000.000

Business costs 25.508.270 42.377.958 46.304.332 46.304.332 46.304.332 46.304.332 46.304.332 46.304.332 46.304.332 392.016.552

Marketing costs 0

Income tax 1.265.209 1.024.801 1.457.188 1.476.442 1.496.851 1.518.485 1.541.416 1.565.724 1.591.490 12.937.606

NET CASH FLOW -12.597.400 -4.387.483 8.718.849 11.193.296 11.472.608 11.452.199 11.430.565 11.407.634 11.383.326 11.357.560 7.640.602

NET CASH FLOW CUMUL.-12.597.400 -16.984.883 -8.266.034 2.927.262 14.399.871 25.852.070 37.282.635 48.690.269 60.073.595 71.431.155 79.071.757

NET PRESENT VALUE -12.597.400 -4.139.135 7.759.745 9.398.107 9.087.380 8.557.749 8.058.098 7.586.728 7.142.040 6.722.522 4.522.461

NET PRESENT VALUE CUMUL.-12.597.400 -16.736.535 -8.976.790 421.317 9.508.697 18.066.447 26.124.544 33.711.272 40.853.312 47.575.834 52.098.295

Net present value 6,00% 52.098.295

Internal return rate 44,77%

Modified internal return rate 22,10%

Period of investment return 0,00% 3,74 year

Discounted return period 6,00% 3,96 year  
 

The following parameters can be seen 

from the attached Table: 

- internal rate of return  

(IRR) = 44.77% 

- Net present value 

 (NPV, disk.6%) = 52,098,295 US $ 

- Recovery period  

(RP) = 3.74 years 

5 SOCIO-ECONOMIC FLOW 

The effectiveness of investments from 

the point of view of mesoeconomics, i.e. 

from the aspect of investor have been con-

sidered until now. In fact, the investment has 

a broader significance. Investment strength-

ens the material basis of society and pro-

vides the accelerated economic and social 

development. Investments in mining start 

the development of other economic branch-

es, for example, machine industry, special 

purpose industry (production of explosives, 

reagents, balls, bars), processing industry, 

service activities, etc. Investments drive an 

economic growth, so in evaluation an in-

vestment project, its macroeconomic effects 

should be taken into account. 

The project contribution to the socio-

economic development is reflected in: 

- meeting the needs of society for cer-

tain goods, 

- increase in employment, 

- improvement the balance of payments, 

- faster regional development, 

- protection and preservation of the 

environment. 

From the aspect of ecology, the mining 

projects cannot be highly ranked, since 

they impair the quality of air, land and 

water, whether it is surface or under-

ground exploitation. The relief of a certain 

area changes significantly and the recla-

mation process is poorly implemented and 

takes a long time. 
In relation to the economic cash flow, 

the socio-economic flow does not include 
the so-called transfer payments [2], on the 
revenue side these are the export premi-
ums, recourses, subsidies and grants, and 
on the expenditure side there are the taxes, 
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contributions, customs duties, taxes, etc. 
Due to the exclusion of these elements, 
the social net present value (SNPV) is 
higher than the net present value (NPV) 

and the social internal rate of return 
(SIRR) is higher than the internal rate of 
return (IRR). This can be seen in the fol-
lowing Table. 

 

Table 4 Socio-economic cash flow 

Project item / year 1 2 3 4 5 6 7 8 9 10 TOTAL(US$)

TOTAL INFLOWS 35.021.515 52.565.523 59.253.382 59.253.382 59.253.382 59.253.382 59.253.382 59.253.382 59.253.382 510.001.314

Inflows from operations 35.021.515 52.565.523 59.253.382 59.253.382 59.253.382 59.253.382 59.253.382 59.253.382 59.253.382 502.360.712

    Revenues from sales 35.021.515 52.565.523 59.253.382 59.253.382 59.253.382 59.253.382 59.253.382 59.253.382 59.253.382 502.360.712

Rest of the value of fixed&current assets 7.640.602

TOTAL OUTFLOWS 12.597.400 38.143.789 42.821.873 46.602.898 46.304.332 46.304.332 46.304.332 46.304.332 46.304.332 46.304.332 417.991.952

Increase in fixed assets 12.597.400 10.378.000 22.975.400

    Investments in fixed assets 12.597.400 10.378.000 22.975.400

Increase in net current assets 2.257.519 443.915 298.566 3.000.000

Business costs 25.508.270 42.377.958 46.304.332 46.304.332 46.304.332 46.304.332 46.304.332 46.304.332 46.304.332 392.016.552

NET CASH FLOW -12.597.400 -3.122.274 9.743.650 12.650.484 12.949.050 12.949.050 12.949.050 12.949.050 12.949.050 12.949.050 7.640.602

NET CASH FLOW CUMUL. -12.597.400 -15.719.674 -5.976.024 6.674.460 19.623.510 32.572.560 45.521.610 58.470.660 71.419.710 84.368.760 92.009.363

SOCIAL NET PRESENT VALUE -12.597.400 -2.945.541 8.671.814 10.621.590 10.256.860 9.676.283 9.128.569 8.611.858 8.124.394 7.664.523 4.522.461

SOCIAL INTERNAL RETURN RATE -12.597.400 -15.542.941 -6.871.128 3.750.463 14.007.323 23.683.607 32.812.176 41.424.034 49.548.428 57.212.951 61.735.411

Social net present value 6,00% 61.735.411

Social internal return rate 51,61%  
 

6 CONCLUSION 

The objective assessment of investment 

projects is not easy at all, being objective 

means assessment and evaluation, the bene-

fits and damages caused by the project 

from the point of view of micro, meso and 

macroeconomics. 

It is not enough that the project brings 

benefits not only to the company and the 

region, but also to the national economy. It 

is necessary to realistically look first at the 

mineral resources that are available and that 

want to be exploited, then, the long-term 

movement of market prices for the de-

signed production, investments for selected 

technological processes, labor engagement 

and demographic opportunities. 

Continuous supply of raw materials and 

transport conditions are also the key ele-

ments for project assessment, and the so-

cio-political situation and legislation of a 

particular country in which the investment 

project is planned should not be neglected. 
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