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Abstract
The research objective is to carry out an economic comparison of possible methods of
near-edge ore reserves mining to select the most profitable one.
The methodology for selecting the optimal technology for near-edge reserves extraction is
based on selecting the best possible mining method. There are two main classes of mining
methods for near-edge reserves, and the choice depends on a number of factors, the main ones
being technological and economic. Technological factors include geological, mining and
geomechanical conditions of extraction. Economic factors include ore content, value,
and production cost. Technologically, it is possible to apply both classes of mining methods,
however in order to select a more efficient option, an economic assessment is required.
Research results. By the example of the mining method applied to the near-edge part of an ore
pillar at the Molodezhnoe deposit, the article considers the process of economical
assessment and selection of an efficient technology. Such an assessment made it possible
to change the initially designed method of near-edge reserves mining and develop
the site’s reserves fully.
Conclusions. Taking into account such factors as the content of useful components in the ore,
the current price of metals and the production cost, allows for choosing a more efficient
mining method in cases where technological options are equivalent.
Research relevance. The methodology presented in the article allows for choosing the most
efficient method of mining near-edge reserves and takes into account ore content, value,
and production cost.
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Introduction. When carrying out final extraction of near-edge reserves at deposits
developed by combined technology, it is essential to create effective and safe process flow
schemes for reserves located in the near-edge and bottom parts of the open pit [1-11].
Such process flow schemes should be based on the principles of an optimal combination
of flow processes, economically optimal mining methods and safe conditions for ore
extraction.

As a rule, the development of near-edge and bottom reserves requires a special
technology for ore extraction which usually differs from the standard technologies
adopted in mines. The technology is to take into account a number of conditions, such
as the safety of mining, the economic efficiency of extraction and the minimum possible
indicators of ore loss and dilution.

Methods of research. According to professor V. N. Kalmykov’s classification [12, 13]
of 1992, there are two main classes of mining methods for near-edge reserves. Class 1
is a mining method with pit’s undermined edges caving; class 2 is a mining method with
pit’s undermined edges preservation. In class 1, the method of managing the open pit
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edges is based on either their artificial caving or natural spontaneous caving. Here,
the main mining methods are level, sublevel and layer caving, as well as chamber
methods with subsequent pillar recovery. In class 2, the method of managing the open
pit edges is based on leaving pillars (barrier, inter-chamber, crown), backfilling voids
and goaf under the pillars with hardening or bulk mixtures. Main mining methods for
class 2 are chamber methods with remnant pillars, as well as chamber and layer methods
with backfilling.

a Banked rock

Pit bottom Near-edge ore pillar

b

Combined pillar

Backfilling

Figure 1. The general design of a pit edge loading with a banked rock — a,
an option with forming a combined pillar along the pit edge — b
Pucynok 1. IlpoexTHbIi BapuaHT HPUrpy3KH OOpTa Kapbepa IOPOIHON
HAChIIBIO — @, BapuaHT (GOPMHUPOBAHMSA BIOIHL OOpTa  Kapbepa
KOMOWHHPOBaHHOTO IETHKa — b

There are two main classes of mining methods for near-edge reserves, and the choice
depends on a number of factors, the main ones being technological and economic.
Technological factors include geological, mining and geomechanical conditions of
extraction. Economic factors include ore content, value, and production cost.
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At the initial stage, the technological feasibility of extracting the considered section
of near-edge reserves using one of the classes is to be assessed. This chiefly applies to
the technical feasibility of caving a section of the pit edge in case of using class 1 mining
method for near-edge reserves, or to the technical feasibility of leaving an ore (rock)
pillar or forming an artificial pillar in case of using class 2 mining method for near-edge
reserves. In many cases, it is impossible to consider class 1 mining methods as options
due to the need to keep a section of the pit edge in a stable state. At the same time,
the location or configuration of the near-edge reserves section may not allow for class 2
mining methods.

Table 1. High-level assessment of selecting a class of a mining method
Ta6auna 1. YKpynHeHHasi OLleHKA BbIOOpa Kjlacca CHCTEM pa3padoTKu

Class of a mining method
Indicator with with
backfilling caving

Commercial resources, th. tonnes 332.00 332.00
Average content of copper in the commercial resources, % 3.10 3.10
Average content of zinc in the commercial resources, % 4.29 4.29
Average content of conventional zinc in the commercial resources, % 14.55 14.55
Ore losses, % 5.0 18.0
Ore dilution, % 11.0 21.0
Ore losses, th. tonnes 16.6 59.8
Diluting rocks admixture, th. tonnes 34.7 57.2
Ore mass production, th. tonnes (ignoring humidity) 350.1 329.4
Content of conventional zinc in the mined ore mass, % 13.1 12.0
Costs for the formation of a combined pillar in the pit edge, mln rubles 187.2 0.0
Ore production costs, rubles per tonne 2850.0 2280.0
Costs for ore mass production, mln rubles 1185.0 751.1
Processing cost price, rubles per tonne 877.0 877.0
Expenditures on processing, mln rubles 307.0 288.9
Recovery of a conventional zinc into a concentrate, % (calculated as
a weighed mean for the components of ore at a deposit) 75.8 75.8
Content of conventional zinc in the concentrate, % 50.0 50.0
Production of conventional zinc in the concentrate, th. tonnes 34.8 30.0
Cost of zinc in concentrate, mln rubles per tonne (calculated as 48%
from the market cost of zinc) 0.124 0.124
Cost of conventional zinc in the concentrate, mln rubles 4310.1 3720.3
Gain on disposal of concentrate, mln rubles 2818.1 2680.3
Delta, min rubles 137.7 0.0

In cases when there are no technological restrictions on the use of either class 1 or
class 2 mining methods, the economic component becomes the decisive factor in
choosing the mining method.

When choosing a class of methods from an economic point of view, on the one hand,
the ore value plays an important role — the more valuable the ore, the lower loss and
dilution rates must be achieved for a fuller extraction of reserves. This condition is
primarily ensured by class 2 mining methods with hardening backfill: chamber and
layer methods with either a rock or artificial pillar separating mining operations and the
open-pit space. Most commonly, chamber methods with ore pillars have higher loss and
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dilution values. On the other hand, backfill methods increase the production cost, which
can play a decisive role when mining less valuable ores. With a lower cost of mined
ores, class 1 mining methods can become more cost-effective, namely floor, sub-floor
and layer caving methods, as well as chamber methods with subsequent pillar recovery.

The results of pilot survey carried out during the development of near-edge reserves
in the eastern edge of an open pit at the Molodezhnoe deposit can provide an example
of economic assessment to choose the optimal mining method for near-edge reserves.

In accordance with the general design for the final extraction of reserves by the
underground method, in order to separate underground operations and the open pit at
this deposit, a separating pillar was left at the pit edge. The horizontal thickness of the
near-edge section of the ore pillar varied from 40 m at the base to a wedge at the pit
edge. The total length of the section from south to north along the eastern pit edge was
about 135 m.

According to the general design, the reserves of the separating ore pillar were
supposed to be extracted at the final stage of the deposit development by underground
mining using a sublevel caving method and obligatory preliminary loading of the
developed reserves with overburden rock (class 1 according to V. N. Kalmykov’s
classification, Figure 1, a).

As ore fields are reducing significantly, in order to ensure the planned annual
productivity of ore extraction at the deposit, the need has arisen to resolve the problem
of developing the reserves of the separating ore pillar at an earlier stage. As an alternative
to design solutions, AO Uralmekhanobr institute [14—16] proposed a technology for
extracting reserves based on the preliminary creation of a combined pillar along the ore
part of the pit edge, which would allow to develop near-edge reserves using a room-and-
pillar mining method with backfilling (class 2 according to V. N. Kalmykov’s
classification, Figure 1, b).

The two options were economically compared to select the most effective mining
method for near-edge reserves. Gain on disposal of concentrate from the ore mined at
the site was the main criterion for comparison. The calculation took into account the
content of only two main components: zinc and copper. Other commercial components
in the ore (gold, silver, etc.) were not taken into account to simplify the calculation.
The calculation took into account the extraction rates for mining methods and the costs
of forming a combined pillar part made of hardening backfill, for the option of
near-edge reserves extraction using a mining method with backfilling.

Research results. Based on the comparison, it was decided to abandon the design
option of the caving method due to the high value of the ore and increased losses and
dilution in favor of the technology for extracting reserves based on the preliminary
creation of a combined pillar along the ore part of the pit edge, which would allow to
develop edge reserves using a room-and-pillar mining with hardening backfilling.

Analysis of Table 1 showed that the following factors have a significant impact on
the choice of a mining method, all other conditions being equal: the price of metal,
reserves and content of commercial components in the ore, and production cost,
including the cost of backfilling operations during the construction of a combined pillar.
Any changes in any of these factors can change the preferred extraction scheme.

Based on the data presented in Table 1, a graph (Figure 2, a) was constructed.
The graph shows the dependence between the final gain on disposal of concentrate in
accordance with the selected mining method and the metal price behavior.

Thus, with other input data being unchanged (content of commercial components,
production costs, etc.), both technologies can be equally applied for the area under
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Figure 2. A graph of dependence between the final gain on disposal of concentrate in accordance with the
selected mining method and the metal price behavior: under the content of a conventional
Zn1245% —a;Zn 8.0 % — b
Pucynok 2. I'paduk 3aBHCHMOCTH HTOrOBOM NPHUOBUIM OT peald3aliii KOHIICHTpata B COOTBETCTBHU
C BBIOpAHHOM TEXHOJIOTHEH W N3MEHEHUs IIeHBl MeTaJlla: IIPU COAEpKaHUK ycIoBHOroO Zn 12,45 % — a;
Zn8,0%—b

consideration under a zinc price of 2,200 dollars per a tonne. The content of commercial
components in the ore, along with the metal price, seriously affects the choice of the
optimal technology. In case the content of commercial components in the mined ore
decreases, the combined pillar mining method becomes possible only if the metal price
is increased, otherwise the caving methods become more economically advantageous
when extracting near-edge ore reserves.
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A graph in Figure 2, b shows that when the average content of the commercial
component (conventional zinc) decreases to 8% over the entire accepted price range and
up to the zinc price of $3,400, the caving mining methods are more cost-effective despite
higher rates of losses and dilution. In this case, the break-even point for the method with
a combined pillar is at the zinc price of $1,800. For the caving method, the break-even
point is at the zinc price of $1,450.

The choice of a mining method is largely affected by the increased costs of
constructing a combined pillar, which in turn increases the cost of mining the near-edge
reserves, and makes this option uncompetitive under a low metal price.

Conclusions and application. When choosing an effective mining method for near-
edge reserves, not only technical aspects are to be considered. It is also important to take
into account the economic aspect, including such parameters as the market cost of the
mined metal, its content in the ore, extraction rates in the compared options of mining
methods, as well as the production cost. This will allow for the most efficient development
of reserves and increase the possible economic effect.
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OueHka IKOHOMHUYECKOI I(PPeKTUBHOCTH NPUMEHEHHsT KOMOMHUPOBAHHBIX
LeJINKOB [P 0TPadoTKe NPUOOPTOBBIX 3a1aCOB PY/IbI

TaunkoB M. C.!
' AO «Ypanmexano6p», Exarepun0ypr, Poccust.

Pecpepam
Llenv pabomul 3axk10uaemcs 6 IKOHOMULECKOM CPABHEHUU 03MONCHBIX MEXHOLO0U OTPAbOMKU
npubOpmMossIX 3anacos pyovl 0Jisi 8bloopa Hauboree dPHeKMUSHOU ¢ MOUKU 3PEHUsL NOTYYEHUs
npubbLIL.
Memooonozus  6v160pa  ONMUMANLHOU — MEXHONO2UU — BbIEMKU — NPUKOHINYPHBIX — 3ANACO8
3aKII0UAEMCsL 6 OnpedeneHu ONMUMAIbHOU cucmemsl paspabomku. Cyuecmeyiom 06a 0OCHOGHbIX
Kaacca ompabomKu NPUKOHMYPHLIX 3anacos. Bwvibop moeo unu unoeo knacca 3asucum om
Ghaxmopos, OCHOGHbIMU U3  KOMOPBIX ABIAIOMCSA  MEXHONOSUYECKUe U  IKOHOMUUECKUe.
K mexnonocuueckum  pakmopam  OmMHOCAMCA  20pHO-2e0N02UYECKUe,  20PHOMEXHUYECKUe
u 2eomexanuyeckue ycnosus gvlemxu. K ocrnoenvim sxonomudeckum gaxmopam — cooepicanue u
yeHHocmb pyowl, a makdce cebecmoumocmv ee 000viuu. Ecnu ¢ mexuonoeuueckoti mouxu
3pEHUst BOZMOJICHO NPUMEHeHUe 00OUX KIAACCO8 CUcmeM Ompadomku, mo Oas. OKOHYAMENbHO20
8b100pa bonee Ihhexmuero2o sapuanma HeoOXO0OUMO BbINOTHUMb IKOHOMUUECKYIO OYEHK).
Pesynemamut uccnedosanusn. B cmamve na npumepe ompabomxu npubOpmosou uacmu
PYOHO20 yenuka Ha mecmopodcoenuu Monodedxcnoe paccmomper npoyecc IKOHOMUYECKOoU
oyenku u 8vlbopa pgdexmusnoil mexnonoeuu ompadomku sanacos. brazooaps maxoi oyenxe
CMano 603MOJNCHLIM USMEHEHUEe USHAYAILHO 3ANIOMNCEHHOU 6 NpOoeKme MeXHONO2UU GbleMKU
NPUKOHMYPHBIX 3aNACO8, YUMo NO38ONUN0 OONee NOTHO Ompadomamy 3anacsl Y4acmia.
Bu1600vt. Yuem codepowcanus nonesHvix KOMHOHEHMO8 6 pyoe, meKyujell YyeHvl Ha Memannbl U
cebecmoumocmu 00dbIuU NO36075eMm 8blOpamv bonee 3PDEKMUHYI0 MeXHOI02UI0 OMPAOOMKU
3anacos 6 cyuae, K020a MeXHONOUHECKU 6APUAHNBL MOZYM ObIMb PAGHOYEHHYL.
Axmyanvrocme uccnedosanus. Ilpusedennas 6 cmamve MemoOuKa NO360Jsem Oonpeoeuns
Haubonee 3Q@eKMmusHyI0 MexXHONO2UIO BbIEMKU NPUKOHMYPHBIX 3ANACO8 C YUEMOM OYeHKU
coOepacanus U YeHHOCmu pyobl, d MAKIce cebecmoumMocmu ee 000bIiL.

Knrouesvie cnosa: HNPUKOHMYPHbIE 3ANachyl,; npu60pm06ble 3anacsl,; KOM6MHup06aHHbl11 yenuk,
IKOHOMUYeCKoe cpasHernue, mexHoaiocusl 0mpa60m1<u.
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