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Abstract

The correct choice of the method of mining is of great importance, because it has a great impact on the total costs
in the exploitation of mineral resources. The basic methodology for numerical ranking of mining excavation methods
is the Nicholas methodology, according to which mining-geological factors of rock mass are taken into account. This
choice of mining method is also called rational mining method selection.

In this paper, the methodology according to Nicholas will be applied for the selection of the method of min-
ing excavation for a specific case, according to which it was obtained that the Cut and Fill mining method is the best
ranked.

Key words: mining method selection, rational selection, Nicholas methodology, mining-geological factors

INTRODUCTION

The biggest problem that every researcher encounters at the beginning when researching the opening
and operation of a new mine or analyzing an existing underground mine is the choice of the method of min-
ing excavation. The greatest responsibility in choosing the method of excavation stems from the fact that
the costs of excavation have the largest share in the total cost of mining. When making the final decision on
which method of mining will be used, several factors should be taken into account, and they can be divided
into three groups [1]:

— mining-geological factors, such as: geometry of deposit (general shape, ore thickness, dip, plunge,
depth below the surface), rock quality (ore zone, hanging wall and footwall, i.e., rock substance
strength, fracture spacing, fracture shear strength, rock quality designation, structures, strength, stress,
stability), ore variability (ore boundaries, ore uniformity, continuity, grade distribution), quality of
resource, etc.

— mining-technical factors, such as: annual productivity, applied equipment, health and safety,
environmental impact, ore dilution, mine recovery, flexibility of methods, machinery and mining rate,
and

— economic factors, such as: capital cost, operating cost, mineable ore tons, orebody grades and ore
value.

The process of choosing a method of mining excavation can be divided into rational and optimal
choice of method of mining excavation [2].

In the rational choice of the method of mining excavation, the methods of mining excavation are
chosen according to the mining-geological factors. The purpose of this choice is to reduce the number of
mining methods, which will be discussed in the next section.

There are several procedures for the choice, i.e., the selection of mining methods according to mining-
geological factors, such as: the procedure according to Boshkov and Wright, Morrison, Nicholas, Laub-
scher, Hartman, UBC and others [3].



Stojance Mijalkovski, Kemajl Zeqiri, Zoran Despodov, Vanco Adjiski

When a rational choice is made, i.e., the selection of the most acceptable methods of mining excava-
tion according to mining-geological factors, the optimal choice, i.e., the selection of selected methods of
mining excavation according to mining-technical and economic factors follows.

In this paper, the Nicholas methodology will be applied to choose the method of mining excavation
according to mining-geological factors.

NICHOLAS METHODOLOGY

By selecting mining methods of excavation according to Nicholas [4, 5], with numerical ranking, the
method or group of excavation methods that are suitable for the excavation of a given ore deposit is deter-
mined. The choice of excavation method is based on:
—  deposit geometry and grade distribution,
— rock mechanics characteristics.

The adoption of parameters for the geometry of the ore body and grade distribution is done on the
basis of the data shown in Table 1.

Table 1. Definition of Deposit Geometry and Grade Distribution [4, 5]

equi-dimensional all dimensions are on the same order of magnitude

two dimensions are many times the thickness, which does not usually
exceed 100 m

General shape | platy-tabular

irregular dimensions vary over short distances
narrow <10m
. intermediate 10+ 30 m
Ore thickness thick 30-100m
very thick > 100 m
flat <20°
Plunge intermediate 20 + 55°
steep > 55°
Depth below / provide actual depth
surface
uniform the grade at any point in the deposit does not vary significantly from

the mean grade for that deposit

Grade . grade values have zonal characteristics, and the grades change
distribution gradational gradually from one to another
grade values change radically over short distances and do not exhibit
any discernible pattern in their changes

erratic

Table 2. Rock Mechanics Characteristics [4, 5]

weak <55 MPa
Rocgtrse‘;bstt;me moderate 55+ 110 MPa
g strong > 110 MPa
No. of fractures / m % RQD
Fracture Spacing | very close > 16 020
(Fracture close 10+ 16 20 + 40
Frequency) |wide 3+10 40 =70
very wide <3 70 + 100
weak clean joint with a smooth surface or filled with material with strength less than
rock substance strength
Fracture Shear — ;
moderate clean joint with rough surface
Strength . ; - .
joint is filled with a material that is equal to or stronger than rock substance
strong strength

Note: *Deere rock mass classification [6]
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The adoption of parameters for mechanical characteristics of ore, hanging wall and footwall is done
on the basis of data shown in Table 2.

The Rock Substance Strength (Tab. 2) can be determined based on the value of the uniaxial compres-
sive strength of the rock mass (¢, MPa).

The Fracture Spacing (Tab. 2) is defined by the number of fractures per meter and the RQD classifi-
cation (Rock Quality Designation). The qualitative description of the rock mass fracture was obtained by
defining the number of fractures per meter.

The Fracture Shear Strength (Tab. 2) is determined by observing the existing fracture systems.

For a given ore body, it is necessary to adopt parameters for deposit geometry and grade distribution,
and rock mechanic characteristics (ore, hanging wall and footwall) according to the divisions shown in
Table 1 and Table 2.

Based on the previously mentioned parameters for the ore body, the following excavation methods are
selected:

1. Block Caving;

Sublevel Stoping;
Sublevel Caving;
Room and Pillar Mining;
Shrinkage Stoping;
Cut and fill Stoping;
Top Slicing;

Square Set Stoping;
Longwall Mining;
0. Open pit Mining.

The choice of excavation methods is made in such a way that for each method of excavation special
point values are adopted, the sum of which gives the point value which is entered into a special table and,
on the basis of those point values, the mining method is selected. It should be noted that this methodology
does not choose the mining method for excavation, i.e., it does not favor any of the mining methods used in
the excavation of a given ore body. The purpose of this selection is to single out all the favorable methods of
mining excavation which, based on the characteristics of the ore body shown in Table 1 and Table 2, stand
out as most efficient. The efficiency of a certain method of mining excavation, according to the mentioned
methodology, is defined by the total point value. The highest total value of points indicates the most effi-
cient method of excavation. According to this principle, the methods of mining excavation are ranked, and
the results are shown in the table.

In case any method of excavation has a negative total point value, it should be eliminated as an unac-
ceptable method of excavation of a given ore body.

The method of excavation, which has a total point value of zero (0), is not excluded, but its use for
excavation of a given ore body is not recommended.

The group of possible excavation methods consists of excavation methods with total point values
higher than the stated ones (conditionally less than 23).

The group of favorable excavation methods consists of excavation methods with total point values
greater than 23 and which do not differ significantly from each other.

Excavation methods differ based on the cost of excavation, with some excavation methods low and
some high [7]. The comparison of the relative cost of excavation for individual excavation methods, is
based on the fact that each of the excavation methods is applied in conditions that suit it. For this purpose, it
is necessary to take into account the mining-technical and economic factors, i.e., to make the optimal choice
of the method of mining excavation [2].

=00 N Uk W

CASE STUDY

This paper examines the active underground mine of lead and zinc, where a new part is opened and
it is necessary to choose the appropriate method of excavation [2, 3, 8]. The input data for the ore deposit
are given below.
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Geological factors
—  The platy-tabular lead-zinc ore body;
—  The surrounding rocks: footwall — slate and hanging wall — slate;
—  The average thickness of the ore body is 15 m (thickness ranges from a few meters to 30 meters);
—  The average plunge is 37° (from 25 to 49°);
—  The depth below surface is 500 meters;
—  The grade distribution is erratic.

Rock mechanics characteristics
Mechanical characteristics of the ore

—  Volume mass of ore is 3,5 tons per meter cubic;

—  The average compressive strength of the ore is 93 MPa (the compressive strength ranges from 46 to
140 MPa);

—  The average number of fractures per meter is 4 (the number of fractures per meter ranges from 3 to 5);

—  The average value of the RQD index is 77% (the value of the RQD index ranges from 74 to 80%);

—  The average value of the RMR index is 84%;

—  The fractures are clean joint with a smooth surface or filled with material with strength less than rock
substance’s strength.

Mechanical characteristics of the hanging wall

—  Volume mass of hanging wall (slate) is 2,7 tons per meter cubic;

— The average compressive strength of the hanging wall is 78 MPa (the compressive strength ranges
from 31 to 125 MPa);

— The average number of fractures per meter is 9 (the number of fractures per meter ranges from 8§ to
10);

—  The average value of the RQD index is 58% (the value of the RQD index ranges from 56 to 60%);

—  The average value of the RMR index is 65%;

—  The fractures are clean joint with a smooth surface or filled with material with strength less than rock
substance’s strength.

Mechanical characteristics of the footwall

—  Volume mass of footwall (slate) is 2,7 tons per meter cubic;

—  The average compressive strength of the footwall is 79 MPa (the compressive strength ranges from
33 to 125 MPa);

—  The average number of fractures per meter is 8 (the number of fractures per meter ranges from 6 to
10);

—  The average value of the RQD index is 59% (the value of the RQD index ranges from 58 to 60%);

—  The average value of the RMR index is 66%;

—  The fractures are clean joint with a smooth surface or filled with material with strength less than rock
substance’s strength.

Based on the given input data on the deposit geometry and grade distribution and rock mechanical
characteristics of the ore and adjacent rocks (hanging wall and footwall), Table 3 is completed.
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Table 3. Input data for the selection of the method of mining excavation according to Nicholas

Parameters for the deposit geometry and grade distribution
General shape platy-tabular
Ore thickness intermediate
Plunge intermediate
Depth below surface provide actual depth
Grade distribution erratic
Rock mechanical characteristics
Ore

Rock Substance Strength moderate
Fracture Spacing wide
Fracture Shear Strength weak

Hanging wall
Rock Substance Strength moderate
Fracture Spacing close
Fracture Shear Strength weak

Footwall

Rock Substance Strength moderate
Fracture Spacing close
Fracture Shear Strength weak

As it is an underground lead and zinc mine, i.e., underground exploitation of metal mineral raw ma-
terials, the mining method of excavation is not taken into account: Longwall Mining and Open pit Mining.

After the calculation according to this methodology, the following order was obtained for the methods
of mining excavation (Tab. 4):

Table 4. Ranking of mining methods according to Nicholas

Serial number Mining method Total value points Rank
1 Block Caving 23.5 4
2 Sublevel Stoping 13.4 8
3 Sublevel Caving 21.5 5
4 Room and Pillar Mining 19.7 7
5 Shrinkage Stoping 24.0 3
6 Cut and fill Stoping 33.2 1
7 Top Slicing 20.7 6
8 Square Set Stoping 31.2 2

Table 4 shows that the Cut and fill Stoping method has the highest value (Fig. 1), which is the most
efficient method of excavation.

The first four best ranked methods of mining excavation can be singled out as favorable methods of
mining excavation for application in this case. The group of favorable mining methods includes the follow-
ing mining methods:

1. Cut and fill Stoping,

2. Square Set Stoping,

3. Shrinkage Stoping, and
4. Block Caving.

These methods of mining excavation can be taken into account in the optimal choice of mining meth-
ods based on mining-technical and economic factors, which will be the subject of research in the next study.
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Figure 1. Ranking of mining methods
CONCLUSION

The correct choice of the method of mining excavation for underground exploitation has a very large
impact on the performance, costs of ore exploitation, the size of losses and dilution of ore, as well as the
financial effects that will be realized later.

Due to the great importance for the correct choice of the method of mining excavation, this issue has
been studied by several authors. As a common phase of the procedures proposed by individual authors, two
phases can be distinguished: rational choice of the method of mining excavation and optimal choice of the
method of mining excavation.

There are several procedures for rational selection, i.e., the choice of mining methods according to
mining and geological factors, such as: the procedure according to Boshkov and Wright, Morrison, Nicho-
las, Laubscher, Hartman and others.

This paper uses the procedure of rational selection of the mining method according to Nicholas, which
is the basic procedure for numerical ranking of mining methods and determining the most efficient method,
as well as a group of favorable methods for excavation of a given ore body.

We have selected the first four best ranked mining methods as favorable mining methods for use in this
case and they can be used for optimal selection of mining methods, which will take into account mining-
technical and economic factors.

When deciding which method of mining to use, as many factors as possible that influence the choice
of method of mining should be taken into account. If there are several relevant factors, the chosen method
of mining excavation will be more suitable for specific mining-geological, mining-technical and economic
factors.

Multi-criteria optimization methods enable the choice of the method of mining excavation, taking into
account a number of influencing factors, and thus enable the selection of the most appropriate method of
mining excavation for a specific case, which will be the subject of research in the next study.
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N3BOP HA PYJIAPCKA OTKOITHA METO/IA 3A ITIOA3EMHA EKCIIVIOATALIUJA
CHOPEJ METOJOJIOI'MJATA HA NICHOLAS

Crojanue Mujaakocku'", Keman 3exupu?, 3opan ecnonos!, Banuo Apucku’
'Daxynmem 3a npupoonu u mexuuuxu Hayku, Yuusepsumem “I'oye JJenues”, [LImun, C. Makeoonuja
‘@axynmem 3a ceonayku, Kamedpa 3a pyoapcmeo,

Yuueepzumem “Uca boremunu”, Mumposuya, Kocoso
*KonTakt aBrop: stojance.mijalkovski@ugd.edu.mk

Pesume

[IpaBumHUOT N300p HA pyAapcKa OTKOITHA METO/IA € O MHOTY ToJieMa BaKHOCT, OMIejKH NMa TOJIeMO BIIHjaHHe
Bp3 BKYIHHTE TPOILIONM HPH EKCIUIoATalja Ha MHUHEpasHaTa cypoBHHAa. OCHOBHA METOAOJOTHjA 32 HYMEPHUIKO
paHTHpame Ha PyAapCKUTE OTKOITHU METOIH € MeTonosorujata criopen Nicholas, criopen koja ce 3eMaaT BO IIpEIBU
PyZapcko — TeoJomKuTe (hakTopu Ha Kaprecrara Maca. OBoj M300p Ha pyaapcka OTKOITHA METO/a, YIITE Ce HapeKyBa
1 palMoHasIeH n300p Ha pyAapcka OTKOITHA METO/a.

Bo oBoj Tpyn ke 6ume mpumeHeta MeTononorujara coper Nicholas 3a m300p Ha pynapcka OTKOITHA METoa 3a
KOHKPETEH CIydaj, CIIope Koja € 100HeHo aeka MeToaara 3a OTKOITyBamkEe CO 3aCHUITyBamhe Ha OTKOIIAHHOT IIPOCTOP €
Hajao0po paHTHpaHa.

Kiayunu 360poBuU: u300p Ha pyoapcka omxonHa memood, payuouaner uzoop, memooonozuja wa Nicholas,
DPYOapCKo-2e0N0UKY hakmopu
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