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Abstract. The article outlines the principles of design of repeated geotechnology at the development of reserves in the
conditions of collapsed deposits of the Zhezkazgan field for the purpose of rational management of underground mining
processes. This is an integral design principle of the mine technical system with repeated geotechnology, and the founda-
tion for the practice of designing and operation of the subsoil at the development of mineral deposits. At the designing of
a mine technical system with repeated geotechnology aimed at the development of collapsed subsoil reserves, the risks and
natural and man-made emergencies related to the production are taken into account. Under modern conditions, mining
design cannot be employed in isolation from the principles of sustainable development, which implies not only orthodox
meaning but also the development that ensures society existence without threatening the needs of future generations.

In this connection, the ongoing research incorporates designing of mine technical systems with due account for the princi-
ples of sustainable development, which correspond to the current priority direction related to the development of repeated
geotechnology within new frames of sustainable development of repeated underground mining of reserves in the condi-
tions of collapsed deposits of the Zhezkazgan field. This contributes to the efficient use of resource-replenishing repeated
geotechnology and the possibility of the most complete development of the georesource subsoil potential due to the en-
hancement of the ore potential at the operation of underground mines of Kazakhmys Corporation Ltd., which is one of the
largest copper mining companies in the world.

Keywords: geotechnology, collapse, rock mass, underground mining, design and exploitation of mineral resources, mineral
deposits, the designing of a mine technical system with repeated geotechnology.

environmental and social efficiency of management,
through the use of high adaptive geotechnologies, which
will characterize the new technological setup of mining
production in the new frameworks of sustainable devel-
opment of ore underground mining at the initial design
stage of the subsoil development and in the period after
the mining completion.

The economic development of the Republic of Kazakh-
stan is largely determined by the operational reliability of
the mining and metallurgical complexes, where the issue
of sustainable development is promoted at the state level

Introduction

Under modern conditions, mining design cannot be
employed in isolation from the principles of sustainable
development (Humphreys, 2001; Pimentel et al., 2016;
Trubetskoy et al., 2012), which implies not only conven-
tional meaning of this word but also the development that
ensures society existence without threatening the needs of
future generations.

The sustainable development of ore underground min-
ing means a large-scale set of strategic initiatives of min-

ing production ensuring the operation of each developed
field at a non-decreasing growth rate of mining in any pe-
riod (year, quarter) due to safe, economic, technological,

and developed in the largest domestic mining companies
that have commercial interest worldwide (Kaplunov, 2014;
Bexeitova et al., 2018; Trubestkoy et al., 2006). Relevant
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studies are being conducted with regard to sustainable
development of repeated underground ore mining in the
conditions of the caved Annensky area of mining enter-
prises, at one of the world’s largest copper Zhezkazgan
deposit. One of the priority directions of further develop-
ment of Zhezkazgan is the strengthening of the ore po-
tential, an increase in the volume of production of raw
materials using open and underground methods.

The long-term development poses a task of involving
natural and technogenic reserves of the Zhezkazgan de-
posit in the development as a result of depletion of rela-
tively high quality mineral resources and increase in the
demand for mineral raw materials.

In this regard, currently, repeated development of
these reserves is an urgent problem related to the replen-
ishing of the resource potential without additional capital
investments and extension of service life at the mining
enterprises of Zhezkazgan.

Analysis and opportunity to control the volumes of
natural and technogenic georesources involved in the op-
eration at the stage of designing of subsoil development
contributes to the achievement of the required level of
economic efficiency at lower production rates of recover-
able reserves, which ensures the extension of the deposit
life cycle, the operating life of the mining enterprise and,
in general, expansion of the mineral resource potential of
the country (Bekbepgenov, 2013; Head Research Institute
of Kazakhmys Corporation Ltd., 2013; Mining Institute
after D. A. Kunayev, 2010).

At the same time, the depletion of reserves that are
easy to mine under conditions of constant growth in con-
sumption necessitates a new scientific and methodological
approach to solving the problems of designing of mining
engineering systems with repeated geotechnology that
meet the requirements for increasing the completeness
and quality of using of natural mineral and technogenic
raw materials, industrial areas and relief complicated by
geomechanical and geotechnological conditions of the de-
posits development (Ahanov & Prokushev, 2010; Bektur
et al,, 2019).

1. Materials and methods

At the consideration of the options for underground re-
peated mining of ore deposits, it is necessary to note the
peculiarity of repeated ore underground mining. This is
the fact that mining operations are performed within the
mining allotment that has already been disturbed by the
primary development. Therefore, old mine workings are
used at the opening, preparation and stoping, and that is
why these workings must be reconstructed. The use of old
haulage ways increases the efficiency of repeated develop-
ment, however, their reconstruction and restoration may
be technically impossible or economically unjustified due
to their severe disturbance and distance from the devel-
oped reserves. In this case, old workings can be used, for
example, for ventilation, and not for haulage.
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In the course of repeated development, systems with
massive caving of ore and host rocks are widely used
(Class VI according to Academician M. 1. Agoshkov and
Class II according to Prof. V. R. Imenitov) (Agoshkov
et al., 1983; Imenitov, 1978).

The methodology of developing a resource-replen-
ishing technology involves solution of technical and eco-
nomic problems for the substantiation of the optimal pa-
rameters of a technological system designed for repeated
mining of mineral resources. Its main provisions, prin-
ciples of research and decision-making should be based
on technical and economic laws, and research should be
carried out in the following directions:

- Methodological substantiation of the content and

structure of rationality of decisions made;

- Geotechnological selection of a method of repeated
development of the field or its part; substantiation of
the optimal technologies of the underground mining,
their application at the researched deposit; justifica-
tion of process charts and parameters of the prepa-
ration and development of individual blocks in the
conditions of caved deposits of the copper ore field;

- Feasibility study substantiation of profitability of
development, quantitative and qualitative charac-
teristics of the products obtained as a result of the
proposed technology of repeated mining of reserves
in the conditions of the caved area using the under-
ground method by the example of Zhezkazgan field.

In connection with this, we have identified the main
stages of the designing methodology at the development
of integrated rational technologies for repeated develop-
ment of the subsoil:

- Justification and selection of resource-replenishing
technology of repeated underground mining, meth-
ods of its implementation;

- Development of design methods with the use of GIS
modeling of new variants of the technology of repeat-
ed underground mining of natural and technogenic
reserves in the area of caved deposits.

At the designing of a stoping technology for repeated
development of the field as well as for the development of
a new field, the following is necessary: knowledge of min-
ing and geological conditions, and the existing mining and
technical potential, and taking into account the natural
and technogenic factor is one of the most important thing.

Designing the development of reserves located in the
zone of the old stoping requires the study of the natural
and technogenic factor, the effect of which is evident both
its specific presence and in changing the initial properties
of the rock mass. Since the repeated development is done
on the basis of the existing enterprise with the existing
process chart, it is necessary to take into account the ca-
pabilities of all its components and to maximize the use of
the acquired technological solutions.

At present, mining operations at the enterprises of the
Zhezkazgan field with the use of existing technology leads
to the formation of significant multi-area outcrops of the
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gob area, the reduction of their stability and, as a result,
local or large-scale caving.

According to some references, during the period of de-
velopment of the Zhezkazgan field, 322.170 thousand m®
of the gob area was formed, about 50 thousand rib pillars
and over 520 chain panel and barrier pillars were left.

At the repeated development ore deposits, as a rule,
the main cause of caving is the destruction of adjacent
pillars in the amount of (according to practice) 7+8 and
6.500+7.000 m® roof exposures. At that, the immediate
roof is represented by gray sandstones and collapses in
large 2x3 meter blocks 1.5+2.0 m thick. The sizes of the
red rocks are much smaller, which significantly increases
the caving height.

The Mining Institute is one of the leading research
organizations that study the issue of repeated mining of
Zhezkazgan ore deposits, in particular, the issues of re-
peated geotechnology and geomechanics. As a result of
long-term research into the rock mass behavior during the
repeated development of ore deposits in various mining
and geomechanical conditions, scientists have developed
and proposed options for effective repeated development
of ore deposits that ensure mining safety with due account
for natural conditions of the ore mass occurrence (Tempo-
rary methodical guidelines..., 2000; Bekbepgenov, 2012;
Chabdarova et al., 1980; Zherebko et al., 2008; Ruppeneit,
1975; Nugmanov et al., 2003; Kazakhmys Corporation
Ltd., 2010; Shamganova & Chabdarova, 2006).

The process of rock caving occurs mainly due to the
mining of the ore deposit and the advancement of the
mining front or recovery of supporting pillars. The cav-
ing process takes quite a long time due to various geo-
technical, technological, mining and technical factors. As
the stoping front advances, the caved rocks is compacted
under the influence of the proper weight (gravity force).
As a result, the overlying rocks are cleaved, naturally with
appropriate geotechnical properties of the rock mass. At
the same time, mine air and humidity most actively in-
fluence the destroyed rock mass, forming a multitude of
exposed rock planes. What is important is that the cracks
are filled with various secondary materials. At a certain
stage, the destroyed and loosened rock lumps are moist-
ened through the porosity of the ore and rock masses due
to contact with the mine air, and initiate chemical decom-
position reactions. All this contributes to the compaction
and caking of the caved rock, and the cleavage of the roof
of caved rocks leads to its significant increase. In addi-
tion, moistening has a significant impact on the strength
of rocks, at least this affects the reduction of the strength
of gray sandstone within 10+12%. Moistening of siltstone
leads to almost 2.0+2.5 decrease in compressive strength,
increasing its volume by 0.3+0.8%. At the same time, the
moisture penetration into siltstone reaches a depth of
about one meter. As a result, it can be assumed that the
siltstone moisture content in an intact mass may be close
to limit values.

2. Result and discussion

The proposed repeated geotechnology of uncontrolled ore
caving in the conditions of a caved area represents the fol-
lowing structure: a 18.6 m” load-haul drift (height — 4.5 m
and width 4.3 m) runs on a 20.0 m high sublevel at a safe
depth (h,,) in the rock mass in the stope sill along the
strike and along the axis under rooms, which connects
13.8 m? drilling and loading drives (height - 3.5 m and
width - 4.5 m) inclined at an angle of 10-12° and at an
angle of 45° in the two-way direction to the axis of the
load-haul working under each rib pillar. Then, at the end
of each drilling and loading drive along the rib pillar axis,
funnels are formed on two sides of the load-haul working
up to the contact with the inclined soil area of the rib pil-
lar as a result of drilling of fan holes for the funnel and for
the complete caving of rib pillars.

Based on the structural elements used for creating the
proposed design for the drawing of caved ore from the rib
pillar, at the stope sill in the rock mass it is necessary to
drive a load-haul working with drives under the rib pillar
that can withstand high loads upward from two sides of
the load-haul working to form a funnel up to the contact
of the sloping part of the soil area with the rib pillar.

The blocks are prepared from the workings of the field
horizon by driving load-haul drifts in the underlying rocks
at the rib pillar grid (Figure 1).

In the conditions of flat occurrence with overlapping
deposits, for repeated development of reserves of de-
stroyed rib pillars with the room full of caved rock, the
proposed technology of uncontrolled ore caving in the
conditions of the caved area represents the following flow
chart (Figure 2).

Load-haul workings (1) run at a safe depth (h,,) in
the rock mass in the stope sill under the room (5) located
between the rib pillar (6) and continue on both sides of
the drive (2) under each rib pillar to their boundary side
contacts. Next, the road-heading continues upward from
the bottom of the drives forming a funnel (4) as a result
of drilling fan holes and pre-splitting to the roof of the
rib pillar.

The condition of the roof and sides of all the used
workings should be constantly supervised by line person-
nel. The weakened places in these workings are to be fixed
with reinforced concrete lining, concrete, and shotcrete.

It is planned to excavate the pillars from field workings
driven in the underlying rocks under the areas of repeated
development. The site is prepared and developed in con-
junction with the general flow chart of preparation and
development of the area in question.

Development includes reserves of isolated, twinned
and massive pillars that are not completely destroyed, or
their parts located under the mass of caved rocks.

The pillars are broken according to the charts (pro-
jects) compiled by the mine in accordance with the uni-
form safety rules for blasting operations.
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Figure 1. The proposed design of the drawing of caved ore from the rib pillar at the stope
sill in the rock mass of inclined overlapping deposits
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Figure 2. The proposed design of the drawing of caved ore from the rib pillar at the stope s
ill in the rock mass of flat overlapping deposits
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Conclusions

The adopted mining charts ensure the use of a complex
of high-performance self-propelled equipment in all tech-
nological processes. The stoping includes the sequence of
technological processes such as drilling, charging and
blasting of wells, airing (during the break between shifts),
loading and hauling operations.

The issues of designing of the structural elements of
the stope sill for the drawing of ore reserves from caved
deposits for the design of the mining and technical system
of repeated geotechnology with uncontrolled ore caving
suggest solving technical and economic problems to jus-
tify the optimal parameters of the technological system in
the following directions:

- Methodological substantiation of the content and

structure of rationality of decisions made;

- Geotechnological selection of a method of repeated
development of the field or its part; substantiation of
the optimal technologies of the underground mining,
their application at the researched deposit; justifica-
tion of process charts and parameters of the prepa-
ration and development of individual blocks in the
conditions of caved deposits of the copper ore field;

- Feasibility study substantiation of profitability of
development, quantitative and qualitative charac-
teristics of the products obtained as a result of the
proposed technology of repeated mining of reserves
in the conditions of the caved area using the under-
ground method by the example of Zhezkazgan field.

All this becomes possible in modern conditions: safe,
economic, technological, ecological lyand socially effec-
tive management using high adaptive repeated geotech-
nologies, not so much for mining, but for the purpose of
operating each developed area of the subsoil during an
indefinite period time, through the initial design of tran-
sition stages from one type of geotechnology to another
during the deposit mining, as well as for the period after
the completion of mining operations. This approach is the
essence of a new framework of sustainable development of
the repeated mining of the caved deposits of the Zhezka-
zgan field by means of underground mines of Kazakhmys
Corporation Ltd, which is one of the largest copper pro-
ducer in the world.
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