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Abstract

Design and optimizing the drilling and blasting parameters, should fill the requirements for the
capacity, fragmentation size, and technical characteristics of loading and transport equipment, and
enable a safe work at the open pit. Besides mentioned, it also achieves the minimal impact on the
environment of the open pit and decreases the negative effects on the environment, especially in the blast
vibration and flyrock. To obtain the best possible blasting effects and consider all the factors, a
specialized software is used to optimize the drilling and blasting parameters. Currently, the few software
is intended for optimizing the drilling and blasting works. This paper presents calculation in the O-
Pitblast software, where the estimation of drilling and blasting parameters was performed. As the
software has different possibilities for interpretation the results, the prediction of the fragment size
distribution of the blasted material, based on the analysis of designed parameters at the open pit copper
mine, is presented. The software provides the optimization of drilling and blasting parameters with a
very simple change of the set parameters, regarding those, related to the rock mass properties, the
characteristics of explosives during blasting, initiation system, delay time to output values such as the
size of the blasted material, determination the safety zone of flyrock or negative blast vibration effects.
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1. INTRODUCTION

Drilling and blasting parameters at the open pit of the copper mine are optimized to the
appropriate criteria in terms of fragmentation size, reducing negative effects such as the
blasting vibration, and the flyrocks. Optimization of the drilling and blasting parameters was
also done for the two different rock mass properties, where the corresponding rock mass
properties were used in the software itself during calculation. Specialized software for
optimization the drilling and blasting parameters, used for this purpose, is the O-Pitblast
software [1].

By defining the drilling and blasting parameters, the software provides a prediction of
fragmentation size for known drilling and blasting parameters. This procedure is also used as
a modern way to adjust the drilling and blasting parameters because they enable the best
possible results of the fragmentation analysis to be obtained changing the certain parameters
(explosive charge, delay time, blast pattern, etc.). To estimate the fragmentation size of
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blasted material for given parameters in the O-Pitblast, the software uses the Kuz-Ram model
for prediction the fragmentation size. The model was developed by Kuznetsov (1973) and
represents the correlation between the average fragmentation size of material and detonation
energy applied per rock volume unit as a function of the rock mass properties [2].

2. DRILLING AND BLASTING PARAMETERS

Drilling and blasting parameters were optimized for two different rock mass
properties, where the fragmentation size of blasted material was analyzed according to
the designed parameters. The following Table 1 presents the rock mass properties that
are important for drilling and blasting, and they were also used in creation the database
in the O-Pitblast software.

Table 1. Rock mass properties

Rock mass Andesite Limestone
Density (g/cm®) 2.630 2.640
Compressive strength (MPa) 104.855 106.012
Velocity of P-wave(m/s) 4 400 5300

The designed drilling and blasting parameters, used during processing in the software to
optimize and analyze the fragmentation size, are presented in Table 2, where calculations
were made for two types of explosives and drilling diameters, and also for two different rock
mass properties. During design of drilling and blast parameters at the open pit, a blast pattern
with such delay time must be also selected (calculated) and carried out, to minimize the
possible negative effects of blast vibration on the environment and some existing objects [3].
The blast pattern should ensure, in addition to the reduction of blast vibration, an increase in a
degree of rock mass crushing, as well as obtaining the required shape of the muckpile.

Table 2. Drilling and blasting parameters

Parameters Diameter d=150mm Diameter d=250mm
Burden 5m 8m
Spacing 55m 8.8 m
Inclination 750 75°
Stemming 5m 8m

Bench height 15m 15m
Borehole length 17m 18 m
Subdrill 15m 25m

During calculation, the borehole diameters of 150 mm and 250 mm were used, as
well as the application of two types of explosive mixtures for mechanized charging:
ANFO and DETOLIT, presented in Table 3.

Table 3. Technical characteristics of explosives [4]

Characteristics of explosive DETOLIT ANFO J.1
Density (kg/l) 1.1-1.25 0.85-0.95
Velocity of detonation (m/s) 4000 2000
Gas volume (lit/kg) 1090 1045
Effective energy (kJ/Kg) 2805 3875
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Fragmentation size prediction of blasted material affects the further costs of
processing the mineral raw materials, and degree of fragmentation size has a significant
impact on further operations during production such as loading, transport, and crushing
[5]. Applying the software for optimizing drilling and blasting parameters, such as the
O-Pitblast, the correction can be made to obtain the best possible fragment size.

3. RESULTS AND DISCUSSION

The software can predict the fragmentation size through the analysis of entered
drilling and blasting parameters, and the software uses the Kuz-Ram mathematical
model for calculation and analysis the fragmentation size, taking into account several
parameters in calculation. Entering the designed parameters into the software, the
fragmentation size was analyzed, and the results are shown for diameters of blasthole for
150 mm and 250 mm, as well as two types of explosives and different rock mass
properties, which can be seen in the following Figure 1.

a) b)
Fragmentation Prediction 5
Fragmentation Prediction
1 %
00.00 100.00°
80.00% 80.00%
60.00% | 60.00%
40.00% 40.00%
20.00% 20.00% | /
0.00% +—t—tmpute==t—1 |- 77 0.00% | — bt !
82 2 %
— Actual — DETOLIT. d=150mm DETOLIT. ¢=250mm — Actual — DETOLIT, d=250mm DETOLIT, d=150mm
ANFO J.1,d=150mm = ANFO J.1, d=250mm ANFO J.1, d=250mm = ANFO J.1. d=150mm
20 e - 13 © © ANFOU1d=250mm -
¥ Calibration - - £ Calibration

Figure 1. Prediction of fragmentation size in O-Pitblast software;
a) for limestone and b) for andesite

From a fragmentation curve, it is possible to read any data related to the fragment size
of the blasted material: the content of material below or above a certain size, and therefore the
content of undersize in the blasted material for the specific conditions, i.e. the technology of
further treatment the blasted material, and mean diameter of the general or total blasted
material can be calculated.

Stronger damage to the rock mass around the blast field can create problems in drilling
and blasting for the next series. In principle, it can be said that the better and more uniform
the crushing of the rock mass (Xso - lower, and n - higher), the less damage to the rock mass
around the blast field, i.e. safekeeping of the bench slope is better [6].

This paper presents the designed parameters, used during processing in the mentioned
software. According to the entered data, a fragmentation prediction model was created, where
according to the designed conditions of the crusher, the maximum diameter of pieces is D =
1000 mm. Figure 1a and Figure 1b show the results by a fragmentation curve, where it can be
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seen that the parameter conditions for diameters of 150 mm and 250 mm, according to the
selected type of explosive and rock mass properties, meet the designed parameters for drilling
and blasting.

According to the diagram from the figures, it can be seen that the filling of the designed
input for the crusher is about 95%. Better drilling and blasting optimization in this way
ensures a better fragmentation of rock material and also reduces the drilling costs [7].

4. CONCLUSION

The use of the specialized software O-Pitblast to predict the fragment size enables a
simple analysis of designed parameters in terms of obtaining the best possible fragmentation
of the blasted material. It allows the input of data on the rock mass properties, the geometry
of the blast field, and easier correction of parameters to obtain the best possible output data,
but also the possibility of inputting a 3D terrain model, for easier optimization according to
the real conditions on the field. The advantage of the software is that, in addition to using the
designed parameters, the software can use a model from the field giving a real picture of
situation on the bench. There is a possibility in the software itself of combination the different
drilling and blasting parameters or correction the designed ones so that in the end the Kuz-
Ram model gives the best possible result in terms of fragmentation size.

The development of modern technologies and use of specialized software enables easier
and simpler data processing, analysis, and later review the results of the designed drilling and
blasting parameters. In addition to the software such as the O-Pitblast, which can predict the
fragment size of blasted material, today there are several developed software in the world for
analyzing the fragmentation size after blasting according to the photograph of a muckpile.
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