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ABSTRACT

This article studies optimization of open pit mining using mining and geological information
systems and technologies. The aim of the study is to develop an algorithm of optimizing the
contour of an open pit using a mining and geological information system. The Lerch-Grossman
algorithm has been applied using the Whittle program. Justification for changing the contour of
an open pit based on the opening scheme, geometric characteristics and special technical and
economic parameters of the blocks has been proposed. This proposal provides increasing the
production efficiency and reducing capital and operating costs during the development of the
deposit. The authors have come to the conclusion that the functionality of updated mining and
geological information systems helps to take into account market conditions when designing the
main parameters of an open pit and to make the right decision at the stage of preparing a
deposit for development and while optimizing the existing open pit contour.
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Introduction

With the development and improvement of
information and computing equipment in the
twentieth  century, innovative technologies
gradually began to be introduced into mining.
Today, the largest part of narrow information
technologies is used for certain enlarged areas: as
mining and geological information systems
(hereinafter MGIS), information resource bases,
dispatch systems, etc [[1], [2]]. The advantages of
informatization of the methods and tools used at a
modern mining enterprise are obvious:

- accelerating the processes due to automation
of routine operations;

- improving safety and control over mining
operations;

- improving the accuracy of calculations in
terms of estimating reserves, forecast and

completed scope of work,
boundaries of dangerous zones;

establishing the

- optimizing business processes of a mining
enterprise with increasing the economic efficiency

[3].

The effectiveness of the open pit mining of a
particular deposit depends on the decision made by
the engineer at the open pit design stage. Here an
important point establishing the contours of the
operational excavation. Various indicators affect
the boundaries of a pit, from the life of the mine
and the productivity of the pit itself, to the
economic parameters, including profitability of the
project and return on direct investment [4]. A
positive effect is achieved with involving balance
reserves in the development and decreasing the
volume of overburden.

Initially, optimization measures to identify open
pit contours were carried out using highly
specialized programs that helped establishing the
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parameters of the optimal excavation contour.
With improving the existing deposit modeling
technologies and design automation, the process of
determining the boundaries of the open pit was
supplemented by the use of a set of software. As a
result, separate programs have been developed for
planning mining operations and designing optimal
pit boundaries.

Such programs have become the basis for the
development and testing of mining and geological
information systems focused on solving problems in
terms of optimization and design measures [5, p.
81], as well as planning and comprehensively
supporting all the mining cycles [6, p. 46].

Due to the volatility of overburden and
minerals, the optimal contour of deep pits used for
haulage berms changes periodically. This
hypothesis is confirmed by such researchers of ore
deposits, such as E. Appianing and D. Mireku-
Gyimah, who substantiated that increasing the
volume of overburden in the final contour by 16 %
entailed decreasing the mass fraction of ore by 20
% depending on the contour. The result is a 26 %
reduction in profits [[7], [8]].

Researchers have paid much attention to the
issue of eliminating this shortcoming in mining
planning. Thus, a number of researchers [[9], [10],
[11], [12], [13]] believe that when optimizing, it is
important to take into account the opening
scheme, to introduce changes in the slope angle of
the open-pit wall with haulage berms placed on it,
into the calculations. Such a solution will make it
possible to model the optimal open pit with its
corners in accordance with the design contour. It
should be noted that this technique has a number
of disadvantages:

1. Minimizing the depth of the design contour.
As a result, the obtained estimate will be 7-20 %
lower than that of the contour modeled without
taking into account the slope angle of the pit wall.

2. Absence of rationale for the optimality of the
selected solution. The trajectory of the opening
workings, that is, the places where the sites will be
located in the future is not taken into account.

From the point of view of the scientific
substantiation of the project’s effectiveness, it
should be taken into account that a high level of its
implementation is assigned if there is a discrepancy
between the values of the optimal and final
contour of the deposit of no more than 10 % [14, p.
39].

In practice, the situation looks somewhat
different. The design engineer seeks to find a
compromise between leaving a part of the mineral
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reserves and cutting in additional volumes of
overburden.

Optimization  information systems allow
calculating quickly and easily the optimal contours
of an open pit. The economic justification for the
use of MGIS is caused by the minimization of labor
costs and identification of the open pit boundaries
with maximum efficiency. The universality of this
approach is characterized by the ability to take into
account the time component when discounting
cash flows using the software. All the tools meet
the requirements of the present-day economy and
can be used for a comprehensive assessment of the
project investment attractiveness [[15], [16], [17]].

As part of the use of this software product, high
accuracy and reliability of models are ensured,
which allows considering the calculated volume
values as universal parameters for the statistical
analysis of the obtained mathematical models [18].

Methods

Block models of deposits form the basis of
innovative programs with optimization tools for
establishing the boundaries of an open pit [[19],
[20]]. To form their layout, the entire area is
divided into specific blocks, the size of which
depends on many factors: geometric characteristics
of the ore body, dispersion of qualitative values in
the contours of the mineralization area, the ledge
predicted height, special parameters of the
exploration system, the mining unit used. For each
block, its own economically justified estimate is
calculated.

Thus, the economic performance of a particular
block is determined by subtracting from the income
received from the sale of minerals in this sector all
the costs of extraction and dressing. This formula
also takes into account the volumetric
characteristics of a particular block, the physical
and mechanical components of the rock, the
volume of the useful component, the percentage of
loss during production, and others. The economic
assessment can take both positive and negative
values, which are determined by the content of the
useful component and the amount of overburden
in the block.

In the classic version, the formula for
calculating the economic valuation is the difference
between non-operating income and total
production costs until the end product is received.
To calculate such costs (Rj), the following formula is
used:
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ty Wixkix (Zi+(1-Qi)*Pi*(Ri+2%)),
(1)

Rj =

where Zi is the total costs for the extraction of
the i-material in the block (characterized by
variability for different types of ores and host
rocks);

Ri is the total costs for mining and processing of
the i-material;

ki is the specific weight of the i-material;

Pi is diluting the material of the i-th type;

Qi is losses of the i-type material in the course
of the block mining;

Wi is the material volume in the block;

Z%is the cost for processing the material of the
specific i-th type.

The formula can be upgraded by adding
additional variables to account for costs, such as
logistics costs, the sale of a useful component, and
production tax.

In addition to the above factors, updated
software products can take into account other
parameters, including mining conditions,
restrictions, and additional features for calculating
the most accurate results.

In the course of optimization measures, it is
necessary to take into account the general slope
angle of the pit wall reflecting or not reflecting the
ramps in the pit. Software packages are endowed
with wide functionality that allows setting different
values for different areas both in-depth and in the
plan, for example, local zones with different slope
angles can be effectively distinguished using
wireframe models of lithological differences or
coordinates of this area. The use of such methods is
justified by taking into account the geomechanical
and hydrogeological conditions of mining
operations.

Additional functionality of the MGIS is to assess
the sensitivity of the investment project to changes
in cost parameters, such as prices for mineral
resources and their forecast. This goal is achieved
by applying a yield adjustment factor. This indicator
should be multiplied by the price of each useful
component that is set during optimization. For
forecasting, a range of coefficient values and an
increment step for performing calculations are
determined.

It is also possible to set limiters to include or
conversely  exclude  specific areas  from
optimization. So, if there are industrial and
administrative buildings on the surface, as well as
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mining facilities, these areas can be removed from
the calculation of the optimal contour of the pit.
There also can be set boundaries of the allotment
to form the optimal pit shell.

The calculated optimal contour is the surface
reflecting the outer boundaries of the blocks in
each section. Despite the fact that the general
angles of the pit walls are taken into account in
their formation, the slope angle on each ledge is
not taken into account. To identify the general
angle, there is practiced introducing additional
blocks in the corresponding area.

The proposed algorithm for forming the
contour of a pit includes a number of successive
stages:

1. Identifying the optimal open pit shell using a
block model of deposit design. The result is a digital

model of the open pit surface and the
establishment of economic estimates for each block
by analyzing the technical and economic

characteristics. To improve the position of the
trench route, both the optimal contour of the pit
and the block model are used simultaneously.

2. Pit tracing is carried out taking into account
the specified coordinates (beginning and exit to the
daylight surface) of the opening workings. When
calculating, many factors are taken into account:
the direction of the cargo flow, the productivity,
the presence of mining facilities on the surface, the
terrain, and others. Then, the optimal location of
the opening workings in relation to the contour of
the quarry is revealed.

3. Modeling the final contour of the site with a
system of opening workings. To display the ledge
edge line on horizontal plans, the economic
estimates of the model blocks and their sizes, as
well as the established boundaries within the
optimal open-pit shell are taken into account. In
this situation, the key design goal is to obtain the
maximum economic evaluation of the blocks
included in the block model within the final contour
of the open pit.

Results

Figure 1 shows the optimal contour of the open
pit of the Benkala iron ore deposit obtained as part
of the design using information systems based on
the optimal shell and the concept of substantiating
the final contours. As part of the design, the
Whittle MGIS has been used (Figure 1).

The ledge crest lines have been made using the
developed technique based on the optimal pit
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contour. To do this, the starting point of the route
has been set and the position of the opening
workings has been optimized with further
calculations of the value of the blocks involved in
the construction of this trajectory. As a result, the
track moved to the surface due to the variability of
the pit horizons at the endpoint of the exit. Despite
ensuring the track structure’s safety, the entry
point to the lower horizon had to be moved. This is
a forced measure to preserve the designed exit
points from the open pit. These measures made it
possible to reduce the depth of the contour by 6
meters compared to the initial data.

a) the open pit contour option from Benkala

b) the open pit contour from the authors

Figure 1 — Modeling the contour of the open pit at the
Benkala deposit

Discussion of results

The comparative analysis according to the
parameters of the design contour of option a),
presented by Benkala, and option b) modeled by
the authors showed decreasing the volume of
overburden by 9.59 %, and the volume of ore by
4.01 %. The average content of the useful
component increased by 0.7 %. It should be noted
that characteristics of the general angle of the open
pit remained unchanged, and its final depth
became less by 6 meters, which is also a positive
characteristic.

Decreasing the overburden and ore volumes
relative to option a) caused reducing the deposit
mining period by 6 months. In general, decreasing
the volume of overburden led to decreasing the
volume of related work after reaching the design
capacity, which made it possible to reduce the
vehicle fleet for mining the deposit.

Figure 2 shows the comparative cost analysis
for both options.
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Figure 2 — Costs for the deposit development by the
options of the open pit contours, min.tg.

The reduction of the rock mass in the
developed open pit and the distribution of the
released volumes made it possible to reduce the
company's vehicle fleet by 3 vehicles. This
optimization measure led to reducing the capital
costs in the authors’ option b) compared to the
Benkala option a).

There is an observed slight decreasing the
volume of operating costs after the field reaches its
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design capacity. As a result, the volumes of rock
mass were redistributed over the years. During the
pit completion period, which should take place in
2032-2034, there is predicted the maximum
difference between the operating costs of the two
options for the pit contours (the peak falls in 2032).

The investment attractiveness of the proposed
option is evidenced by the indicators of net
discounted income (+7.48 % compared to the
Benkala option), net profit (+1.81 %), and internal
rate of return (+4.81 %).

Conclusions
The results of technical and economic
calculations allow drawing the following
conclusions:

1. When using the pit contour option proposed

by the authors, the investment attractiveness of
the project increases, it is evidenced by higher rates
of the net present value.

2. Current financial ratios and indicators are

higher for the proposed option, which also ensures
stable resistance to possible risks.
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The results obtained and the economic
justification allows stating that the proposed
method using the Whittle MGIS is effective for the
development of iron ore deposits with deep open
pits.

Mining and geological information systems
based on optimization tools for determining the
contour of an open pit are actively used by mining
enterprises in designing the work for reconstructing
and open pit mining. In the absence of techniques
for optimizing the boundaries of open pits, the
gross profit from the extraction of rocks is reduced.

The developed method of identifying open pit
boundaries takes into account the opening scheme
and allows designing the contour in advance, which
is especially important for maintaining high
technical and economic indicators of the mining
enterprise.
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Tay-KeH-reonornanblk aknapaTtTbiK XKyienep MeH TeXHON0oruANapAbiH, KemerimeH
alWbIK Tay-KeH XXYMbICTapbiHbIH, KOHTYPAAPbIH OHTalNaHAbIPY
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TYWIHAEME

byn maKanaga Tay-KeH-reoNormANbIK aknapaTTblK, )Kyﬁenep MeH TexHonornAanapabliH KemerimeH

albIK Tay-KeH JKYMbICTapblH OHTaWNaHAbIPY 3epTTensi.
reonorvANbIK  aKkmapaTTblK KYWECiH KonjaHa oTbipbim,

Makana kengi: 17 kazaH 2022 ANTOPUTMIH  XKacay.

CapantamagaH eTri: 12 kaHmap 2023 KONAaHbINAbl.

Kabbinganabl: 02 aknaH 2023

Whittle 6afgapnamacbiHbIH,
Kapbep KOHTYpblH ally CXemacbiHa,

3epTTeyaiH, MakcaTtbl — Tay-KeH
Kapbep KOHTYpbIH OHTalnaHAbIpy
KemerimeH Jlepy-I'poccmaH anroputmi
reoMeTpuANbIK CUMaTTaManapfa KaHe

610KTapAblH, apHaibl TEXHWKaNbIK-3KOHOMMKabIK MapameTpiepiHe cyieHe OTbIpbin e3repTy

Heri3gemeci YCbiHbINFaH. Bya yCbIHbIC KEH OPHbIH Urepy KesiHae eHAipy TUIMAINIriH apTTbipaabl

JKOHE KypAeni KoHe naiganaHy WbIFbIHAAPbIH KbicKapTaabl. ABTOpAap, Kasipri 3amanfbl TKIAK
bYHKUMOHaNAbIFbl KapbepaiH Heri3ri napameTpaepiH }kobanay KesiHae HapbIKTbIK Kafaalinapabl

eCKepyre »oaHe KeH OpHblIH urepyre AaﬁblH,D,ay Ke3eHiHAe XaHe Ko/nAaHbICTafbl Kapbep

KOHTYPbIH OHTalNaHABIPY Ke3iHae AypbiC WelwiMm Kabbligayra KeMeKTeceai AereH KopbITbiHAbIFa

Kengi.

TyiiiH ce30ep: alublK Tay-KeH eHAIpicCi, TeMip KeHi, OHAIPY TMIMAINIr, Kapbep KOHTYpPbl, Tay-KeH

JKYMBICTapbl, aKNapaTTblK TEXHONOTMUANAP, FEOTEXHONOTMANAP.
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ONTMMM3aLUA KOHTYPOB OTKPbITbIX FTOPHbIX Pab0OT C NOMOLLbIO FOPHO-
reosiormyeckux MUHPOPMaLUOHHbIX CUCTEM, TEXHOIOTUIA

1Té C.r., 23eiiTnHoBa LL.B.
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2 KapaeaHAuHcKul mexHuveckul yHusepcumem umeHu Abbinkaca CaeuHosa, KapaeaHda, KazaxcmaH

AHHOTALUMUA

B HacToALel cTaTbe UccneayeTcs ONTUMMU3ALMA OTKPbITbIX FTOPHbIX PAaboT C MOMOLLbIO FOPHO-
reosiorMyecknx MHOOPMALMOHHBIX CUCTEM WM TexHonorui. Llenbio uccnefosaHus sABaAfeTCA
pa3paboTka anroputma ONTUMM3ALMM KOHTYpa Kapbepa C MOMOLLbI FOPHO-reos0rMyeckomn
MHOOPMALMOHHOMN cuctembl. MpumeHeH anroputm Jlepya-fpoccmaHa ¢ NOMOLbIO NPOrpamMMbl

Moctynuna: 17 okmabpa 2022 Whittle. MpeanoxkeHo 060CHOBaHWE U3MEHEHUA KOHTYpPa Kapbepa UCXOAs M3 CXeMbl BCKPbITUSA,
PeueH3nposaHue: 12 aHeapa 2023 reOMEeTPUYECKMX XapPaKTEPUCTUK U CNeLManbHbIX TEXHUKO-IKOHOMUYECKMX NapameTpoB 610KOB.
MpuHATa B nevatb: 02 pespans 2023 [aHHoe npepnoxeHne obecneymBaeT nosbiweHue 3POEKTUBHOCTU [06bIYM M COKpalLeHUe

KanuTabHbIX W 3KCMAYaTaLMOHHBIX 3aTpaT Npu oTpaboTke MeCcTOpoXAeHUsA. ABTOPbI NPULLAN K
BbIBOAY, YTO OYHKLMOHaN coBpemeHHbIX [TUC nomoraeT yuuTbiBaTb PbIHOYHbIE YCAOBUA NpU
NPOEKTUPOBAHMM OCHOBHbIX NapameTPOB Kapbepa M MPUHATb NPaBUAbHOE pelleHue Ha dTane
MOArOTOBKE MECTOPOXKAEHMA K pa3paboTke WM Npu M ONTUMM3ALMU MMEIOLLErOCs KOHTYpa
Kapbepa.

Knrouesbie cnosa: OTKpbiTas p[o06blua, KenesHas pyaa, 3OPeKTUBHOCTb [06bIYM, KOHTYp
Kapbepa, ropHble paboTbl, MHPOPMALMOHHbIE TEXHONOTMUUN, FEOTEXHOIOMUN.
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