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Abstract. Productivity must be managed both at the level of a separate open pit and a group of
open pit mines in order to maximize profit. At the same time, the productivity of each open pit that
is part of the mining and processing plant should be determined based on the highest efficiency of
the mining and processing plant.

A method has been developed for rearrangement of the productivity of the open pits group that
are part of a mining and processing plant, which takes into account the relationship between the
mining mode and ore productivity when the demand for iron ore products changes. Current
methodology allows to adjust mining operations to different market terms and, contrary to existing
methodologies, this one includes interrelation between mining operation mode and ore extraction
productivity.

It has been proven that the best option for the ore performance of open pits when planning the
development of mining operations at Northern MPP is the option when the Pervomaysky open pit
works with the maximum possible productivity, and the Annovsky open pit provides a capacity of 9
million tons/year.

Key words: open-cast mining; mines goup; open pits productivity for ore mining, mining
operations mode, mining operations development strategy.
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Anorauisi. [IpogyKTHBHICTIO HEOOX1THO KepyBaTH, SIK Ha PIBHI OKpPEMOro Kap'epa, Tak 1 TpyIH
Kap'epiB KOMOIHATy 3 METOI0O OTPUMAHHS MaKCHUMAaJbHOTO MpUOYTKY. [Ipu oMy HpOIyKTHBHICTH
KOXKHOTO Kap'epy, IO BXOJIUTH J0 CKJIaTy TIpHUYO-30aradyBaJIbHOTO KOMOIHATY CIIiJ BHU3HAYaTH
BUXOJISTYM 3 HAO11b11101 eekTuBHOCTI podoTH ['3K.

Po3pobiieno MeToauKy mepepo3noAilTy MpoAyKTUBHOCTI TPYIH Kap'epiB, M0 BXOAATH A0 CKIATLY
ripHUYO0-30arayyBajbHOr0 KOMOIHATy, SIKa BPAaxOBY€ B3a€EMO3B'A30K PEXUMY TipHHYHMX POOIT 1
MPOIYKTHUBHOCTI TIO PY/Il MPX 3MiHI IOTPEOH B 3aT130pYIHIA MPOAYKIlii. 3aIpONOHOBaHa METOIUKA
JI03BOJISIE AANTYBATH TipHUY1 BUPOOHUITBA, IO MIHJIMBHUX YMOB PHHKY 1 IPU LOMY, Ha BIIMIHY
Bl ICHYIOUMX METOJHMK BPAXOBY€ B3aEMO3B'S30K PEKUMY TIPHUYMX POOIT 1 MPOTYKTHBHOCTI
Kap'epy 1o pyai.

JloBeneHo, 1MIO HAMKpaIIMM BapiaHTOM NPOIYKTUBHOCTI Kap'epiB MO pyAl MpH IJIaHyBaHHI
po3Butky ripanuux poOit IliBaiynoro I'3K e Bapiant, xomu IlepmorpaBHeBuil Kap'ep mparfroe 3
MaKCUMaJIbHO MOJKJIMBOIO MPOAYKTHUBHICTIO, a ["aHHIBChKMIA Kap'ep 3abe3medye MpoIyKTUBHICTH 9
MJTH. T/piK.

KurouoBi ciioBa: Bigkputi TipHHYi poOOTH, TpyIa Kap'epiB, MPOAYKTUBHICTH Kap'epiB MO pyai,
PEXUM TIpHUUYUX POOIT, CTpaTErisi PO3BUTKY TIPHHYUX POOIT.
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1. Introduction.

One of the most important tasks of the open pit design is to make technical decisions that ensure
stable, uninterrupted operation of the open pit and the mining and processing plant as a whole for
the minerals extraction of a given quality and with minimal costs [1]. Modern approaches to the
open pit design are based on the assumption that the parameters of the external and internal
environment will be relatively constant, and therefore, no significant changes in the design and
parameters of the mining system in the long run are provided. Therefore, a stable calendar schedule
for a sufficiently long period of development, laying the investments at a fundamental level, that
contribute to the long-term development of the work area, was always aimed to be adopted while
the design. The practice of open pits work shows that in times of crisis there is a sharp decline in the
scope of overburden works. This decline reflects the desire of enterprises to limit the growth of
production costs through the formation of temporarily non-operating open pit sides, as well as
working boards with increased angles. This is largely due to the inability of mining companies to
provide flexible reaction to changes in domestic and external demand for products without a
significant increase in development costs, as the designs of the open pit development do not provide
for changes in the intensity of the open pit development over long periods.

Besides, there is no mechanism for a reasonable choice of production capacity of the open pit
and the mode of mining operations, taking into account their relationship [2, 3], when the need for
iron ore changes [4]. Thus, an increase in the demand for minerals, in most cases, leads to an
increase in production, and the coefficients of overburden was not changed, a decrease in demand —
leads to a decrease in mining, downtime of equipment, buildings and constructions, redundancy of
workers, reduction of equipment time. In addition, to reduce the cost of marketable products, the
overburden coefficients are reduced. The consequence of this is the presence of delays in
overburden work at enterprises, the emergence of unscheduled temporary spoil banks, due to
violation of the law of proportionate work and development of the open pit space, as well as the
formation of temporary spoil banks in the production zone, which is unacceptable. Periodically
there is a need to revise previous designs, due to the deviation of the actual state of mining from
design decisions. Therefore, there is a need to adapt mining to changing market conditions. When
operating open pits with constant production capacity, there are additional costs associated with the
storage of unsold output in the warehouse - during a fall in demand, and companies miss the
opportunity to increase profits during a period of growing demand due to the inability of
immediately intensification of production to meet market needs. In this regard, the goals of
domestic mining companies have changed. The issues of ensuring competitiveness, which depends
on the adopted strategy of mining development, have become of paramount importance [5].

Under these conditions, the performance of the mining company must be adjusted in accordance
with changing external conditions throughout its life [6]. That is, significantly increase the
economic efficiency of development is possible through the implementation of flexible changes in
extraction volumes with changes in demand for extracted products. Productivity must be managed
both at the level of a separate open pit or a group of open pits of the plant, and at the level of a
group of enterprises of one owner in order to obtain maximum profit. If the mining and processing
plant includes several open pits, the productivity of each of them should be determined based on the
highest efficiency of MPP.

2. Methodology.

Questions of improving the methods of determining the production capacity of the open pit are
reflected in the works of many scientists: V.V. Rzhevsky [7], A.L. Arsentiev [8], B.P. Jumatov,
M.G. Novozhilov, Shpansky O.V. [9], V.S. Hohriakov, V.G. Bliznyukov [10], N.V. Melnikov [11],
K.J. Vinitskiy, E.I. Reentovich, V.A. Simkin. As a result of the analysis of scientific publications, it
was found, that the existing scientific and methodological framework in the direction of design and
planning of opencast mining does not provide for changes in the intensity of deposits development
during long periods. This indicates the relevance of developing new and adjusting existing methods
of planning the development of mining and determining the main parameters of the open pits, which
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require reliable optimal design solutions. This does not take into account that the methods of
determining the main parameters of the open pit, both one particular open pit and groups of open
pits of the mining and processing plant, should be closely related to solving a set of problems,
requiring a systematic approach to creating methods for determining optimal parameters and
development indicators of these deposits.

Therefore, the goal was to develop a method of redistribution of production capacity of a group
of open pits, that are part of the mining and processing plant when the need for iron ore products
changes, which takes into account the relationship between mining and ore productivity, proceeding
from a condition of maintenance of the standard of the ready for extraction reserves.

3. Results and discussion.

The greatest economic effect of the development of the raw material resource base of the plant
can be obtained only when the productivity is not established for each open pit separately, but
collectively for the group of the open pits, included in the system of the plant.

In order to regulate the intensity of development of the plant's deposits when the need for
marketable products changes, it is necessary, for the first time, to determine the maximum
productivity of the mining opportunities of each open pit [12], as well as economic opportunities,
that is on the availability of investment to increase capacity.

Let us consider the work of the method on the example of NORTHERN MPP open pits group:
Pervomaisky and Annovsky open pits, which extract ferrous quartzites for their processing into iron
ore concentrate. Taking into account the mining and economic capabilities of the plant, as well as
the need for iron ore concentrate in the foreign and domestic markets, design institutes in 2008
together with the plant established an ore mining strategy for the next 30 years:

e For Pervomaysk mine — 23-30 m. t/y;
e For Annovsk mine — 10-15 m. t/y.

Stripping operation scopes which ensure the productivity achievement are:

e For Pervomaysk mine — 17,71-21,6 m. m*/y (n=0,76-0,78 m’/t);
e For Annovsk mine — 15,8-16,5 M. M*/rox (n=1,55-1,57 m3/t).

It is advisable to make a comparative evaluation of options, using as a criterion for evaluating the

maximum net present value of cash flows
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Iron ore concentrate demand can be decreased or increased. Therefore, the change in indicator (1)
in the case of a forced change in the volume of concentrate production in one or another direction
was studied from the achieved level of ore production in the Annovsky and Pervomaisky open pits.
For this purpose, for each variant of ore open pit productivity within the range of possible options,
the parameters of the development system (width of the work site and the length of the active
extraction front, providing the normative ore reserves, ready for extraction [13]) (which are
depended on the overburden coefficient), were determined. At that, the issue of ore extraction
productivity set level achievement was first considered, taking into account the current condition of
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mining operations in open pits [14] (as of 01.01.2014), and also operations mode change depending
on ore extraction productivity change [15]. Calculation results are shown in the table 1. In addition
the calculation results are presented in diagram 1.
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Fig. 1. Change of net present value of cash flow (NPV) according to the ore demand
of the open pits of Northern MPP

Table 1
Initial data and results of proceeds calculation of Northern MPP

Pervomaysk mine Annovsk mine
Ap 1 Ap2 Ap .str Ap4 ApS Ap 1 Ap2 Ap .str Ap4 ApS

21 22 23 24 | 25 8 9 10 11 12

Items

1. Ore extraction volume,
m. t/y (Ap)

2. Concentrate output,
fraction (y)

3. Concentrate
production volume, m. 8,8 | 9,2 9,7 | 10,1 | 10,5] 3 34 3,8 42 | 4,6
t/y (Ax)
4. Stripping ratio, m>/t 0,651] 0,69 | 0,72 | 0,75 [ 0,81 | 1,65 | 1,71 | 1,83 | 1,95 | 2,06
5. Annual net present value
of cash flow, billion 4411|457 | 474 | 491 |502| 1,1 | 1,21 | 1,28 [1,34] 1,4
hryvnia (NPV)

0,42 042| 0,42 | 042 042 0,38 | 0,38 | 0,38 | 0,38 0,38

Points B and G in this diagram characterize technological and economic figures of mines
operation with ore extraction productivity, which is set in the strategy of Plant (as of 01.01.2014):

° For Pervomaysk open pit — Ap = 23 m. m*/y, np=0,72 m>/t, yp=0,42;

° For Annovsk open pit — Ap = 10 m. m*/y, na=1,83 m?/t, y4=0,39.
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The analysis of Figure 1 shows that with the increase in productivity of both Pervomaisky and
Annovsky open pits, despite the increase in overburden coefficients, the profit from the production
of concentrate increases. Slope of curves shows that the more is slope angle, more revenue will be
obtained by Plant from the same increase of mine productivity. Lines 1 and 2 slopes are different
depending on the performance value. It means that the same increase of ore extraction volumes from
Annovsk and Pervomaysk mines won’t ensure the same increase of NPV for Plant. In this case, the
increase of the net present value of cash flow of the plant will be affected by the level of
productivity at the estimated time.

For illustrative purposes, we graphically represent the dependence of the increase in the net
present value of cash flows (NPV) on the increase in productivity (AAp) of the Annovsky (2) and
Pervomaisky (1) open pits (Fig. 2).

ANPV,
billion UAH

0,25 4

-0,25 4

p°

i r AA
1 m. t/y

Fig. 2. Change of annual net present value of cash flow ANPV according to the shifts
in ore productivity Ap of open pits: 1 — Pervomaisky; 2 — Annovsky.

Figure 2 shows that with this variant of combining the productivity of Pervomaisky and
Annovsky open pits, increasing the productivity of Pervomaisky open pit will provide greater
economic efficiency of development of the raw material base of the plant compared to a similar
increase in productivity on Annovsky open pit.

Pervomaysk mine productivity increase by 1 m.t/y will bring to NPV increase by 200% versus
this figure increase for Annovsk mine. At the same time along with ore mining decrease by 1 m. t/y
in Pervomaysk mine, net profit loss will be also higher. Therefore in case of consideration the issue
of mine designed ore mining productivity reduction (less than 33 m. t/y), first of all it is required to
decrease productivity of Annovsk mine. In case of ore mining productivity increase (more than 33
m. t/y), first of all it is required to increase Pervomaysk mine productivity up to maximum possible
volumes and then, if it isn’t enough, to increase productivity of Annovsk mine.

In case of ore mining productivity reallocation without any changes in general strategy for final
product production, it is required to consider that net profit change won’t be even to ore mining
productivity: net profit is changed the least when mine productivity is increased than when it is
decreased.
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At the ore extraction productivity increase in Pervomaysk mine by 1 m.t/y, increase of NPV will
be 155 m.UAH. At the same time, at ore extraction productivity decrease in Annovsk mine will
cause loss of NPV for this mine by 56 m. UAH. The difference between increase and loss of NPV
by ore mining volumes reallocation by 1 m.t/y for Plant will be - 177%; by 2 m. t/y will be - 63%;
by 3 m. t/y will be - 19%.

Based on abovementioned, it is obvious that the ore extraction designed productivity in the
volume of 33 m.t/y is better to fulfill by increasing the productivity of Pervomaysk mine by 1 m. t/y
and decreasing the productivity by the same value in Annovsk mine. Then, ore extraction volumes
will be reallocated as following: Pervomaysk mine — 24 m. t/y, Annovsk mine — 9 m. t./y. In this
case, only the redistribution of the open pit ore productivity without changing the overall strategy of
production of marketable products will increase the net annual income of the plant.

A comparison of the indicators of optimal productivity of Northern MPP open pits group (as on
01.01 2014) with the designed one showed that due to the redistribution of annual volumes of ore
production in the optimal mode, it is possible to increase the operational efficiency of the plant.

The productivity of group of mining and processing plants, that are part of a mining company, is
redistributed along the same line.

4. Conclusions.

A method of redistributing the productivity of a group of open pits, that are part of the mining
and processing plant when the need for iron ore products changes, which takes into account the
relationship between the mode of mining operations and ore productivity, based on the condition of
supporting the standards for reserves, ready for extraction.

On the example of Annovsky and Pervomaisky open pits, which are part of the Northern MPP,
the redistribution of ore productivity was performed without changing the general strategy of
production of the plant's marketable products. Calculations have shown that the redistribution of ore
productivity between the Pervomaisky and Annovsky open pits only on 1 million tons/year towards
the Pervomaisky open pit will increase the profit of the Northern MPP by UAH 96 million.
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