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Abstract. This article discusses the analysis of mining operations, a review of the literature, and how remaining ore is cleared in interchamber mines on the panel, taking
into account the geomechanical and safety conditions. The goal is to create an effective technology for the development of ore deposits that ensure the completeness of
mineral extraction when establishing the order and direction of mining pillars in the panel, based on determining the load on the pillars, for each lithological type of rocks
that make up the overlying stratum. With the method indicated below, the completeness of the extraction of active reserves of the panel is increased while maintaining the
stability of the outcrop. A resource-saving technology for the development of ore bodies is recommended, which ensures the complete extraction of mineral reserves from
the subsoil.
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Ken opbiHIapbIH urepy kesinje naigajisl Kazdanap KopJaapblH THIMII 6HIIpy TEXHOJOTHACHI

Amnjatna. by Makaniana Tay-KeH jKYMBICTapbIH Talljiay, 91e0UeTTepre Moy jkacay, COH/ail-aK reoMeXaHMKaJbIK XKOHE KayilcCi3liK jKar1ailapblH €CKEPE OTBIPIIL,
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Introduction

At present, the issues and tasks of rational use of all avail-
able mining, geological and technological resources for main-
taining the required level of efficiency of underground mines
are becoming increasingly relevant. At the same time, one of
the most important reserves for increasing the efficiency of
mine development should be considered the most complete
extraction of reserves due to the subsequent extraction of the
remaining pillars. A common system for developing horizon-
tal and inclined ore deposits is the room-and-pillar system of
development with subsequent extraction of pillars (repeated
mining) [1]. The system is highly productive, however, char-
acterized by significant drawbacks: ore losses in the panel as
a whole reach 20 ... 40%, which increase under conditions of
increased rock pressure, due to premature collapse of the roof
and pillars. The main structural elements in the room-and-pil-
lar system of development are the ceiling (roof of the cham-
ber) and the pillar. Despite the large volume of theoretical and
experimental studies on the assessment of the stress state of
structural elements of the development system, there is still
no final scientifically based approach to the effective design of
technological parameters for the development of ore deposits.
The generally accepted method for calculating the parameters
of the development system [2] is the calculation of the param-
eters of the pillars and spans of the stopes depending on the
depth of development and on the basis of empirical dependen-
cies obtained at specific deposits, which is not always applica-
ble to other similar deposits. Even taking into account the fact
that the mining and geological conditions at one deposit can
change to the same extent, and the use of the parameters of
rock sliding from one section of the deposit to another section
can lead to an increase or decrease in the magnitude of the load

acting on the pillars. This, accordingly, leads to an increase or
decrease in the size of the pillars, loss of minerals, imbalance
of the geomechanical structure «pillar — roof» and its collapse.
Therefore, the problem of increasing the efficiency of ore de-
posit development, taking into account the stress-strain state
of the massif to ensure the complete extraction of minerals, is
an important task from a practical and scientific point of view,
the solution of which allows reducing the costs per unit of ex-
tracted mineral [3].

The creation and improvement of mineral deposit develop-
ment technology, optimization of their parameters and control
of rock pressure are the subjects of research by many scientists.
But despite this, the task of creating and improving mineral de-
posit development technology remains very relevant [4].

Materials and Methods

Analysis of the work of mining enterprises and specialized
literature shows that when developing deposits in complex
mining and geological conditions, significant losses of min-
erals often occur, reaching 20-30% or more of the explored
reserves. For the development of flat and inclined ore depos-
its, open stope systems are widely used. The use of the room-
and-pillar system during its use has led to an improvement in
the parameters of breaking and an increase in technical and
economic indicators. However, when designing key elements
of the system, such as extraction panels, outcrop sizes, pa-
rameters of inter-chamber and inter-floor targets that perform
the function of load-bearing elements to retain pressure, the
reasons are insufficiently observed in complex mining and
geological conditions. It follows from this that in areas devel-
oped by the underground method, collapse chambers are used,
which, as a rule, with the destruction reaching the surface [5].
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Based on the conducted analysis and review of the state
of the issue, a goal has been formulated aimed at creating an
effective technology for the development of ore deposits that
ensure the complete extraction of minerals by establishing the
order and direction of the development of pillars in a panel,
based on determining the load on the pillars, for each litholog-
ical type of rocks that make up the overlying strata.

In gentle and sloping (up to 30—35°) deposits contain large
reserves of non-ferrous metal ores. Such deposits are mined
using systems with open mined space, with caving of overly-
ing rocks and, less frequently, with backfilling of the mined
space, including hardening mixtures. The most widespread of
these systems are room-and-pillar and pillar with caving of
overlying rocks [6].

The authors [7] propose a method for developing gently
dipping ore deposits, the essence of which is as follows: mine
fields are developed with a bench-like front, and the leading
bench is developed in alignment with the cutting line of the
barrier pillar. The pillar is developed together with the devel-
opment of mine fields. The sections of mine fields between the
front of the cleaning works and the barrier are completely re-
lieved from rock pressure by workings. According to the safe
level of stress, the width of the barrier pillar within the next
bench is adjusted and the mine fields and the pillar are devel-
oped. The mined-out space is filled with hardening mixtures.

A method is also known [8], which includes the develop-
ment of panel reserves with the formation of belt inter-cham-
ber pillars, the width of which is equal to the drilling width of
a self-propelled drilling machine from one of its installations,
the filling of the worked-out space of the chambers with hard-
ening mixtures, the extraction of belt inter-chamber pillars and
the filling of the newly formed worked-out space between ad-
jacent filled chambers. With this method, the completeness of
the extraction of active reserves of the panel is increased while
maintaining the stability of the outcrop. The main disadvan-
tage of this method is the filling of the worked-out space.

Results and discussion

Recommendations for efficient technology for the devel-
opment of reserves during the development of ore deposits.
When developing ore deposits using the underground cham-
ber-and-pillar method, the development involves leaving sup-
porting inter-chamber pillars. In the event of destruction of the
inter-chamber pillars, the resulting collapse of the overlying
strata may cause dangerous deformation of the earth’s surface.

Complete extraction of mineral reserves is possible with
reliable provision of safety of mining operations and improve-
ment of development technology. The required maximum pro-
ductivity of the panel can be provided by a room-and-pillar
mining system using self-propelled equipment. In this case,
technological losses are formed due to leaving inter-chamber
and barrier pillars.

Quantitative and qualitative indicators of ore extraction
from the subsoil depend on the correctly selected parame-
ters of the development system. They can be improved by
increasing production costs. Therefore, the requirement for
the development system is that the sum of the reduced costs
and economic damage from losses and dilution of the ore be
minimal.
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Efficient development of mineral reserves during the de-
velopment of ore deposits was considered using the example
of an underground mine, where more than 20 million tons of
ore have been developed to date, which has led to the forma-
tion of large voids, and some of the ore reserves remained in
the inter-chamber pillars (ICP). In order to maintain a stable
geomechanical state, it is advisable to begin developing the
remaining inter-chamber pillars and to fill the formed voids
by caving. Repeated development of ore reserves left in the
ICP makes it possible to increase the completeness of the ex-
traction of panel reserves.

A two-stage extraction of the mineral is recommended.
The first stage involves the extraction of ore reserves using a
room-and-pillar mining system, leaving barrier pillars along
the panel boundaries. The second stage involves the extraction
of inter-chamber pillars from the open working space, with the
collapse of the overlying rocks as they are mined.

Before re-mining, it is necessary to inspect the panels to
clarify the geomechanical situation, prevent accidents and
warn about the collapse of weakened and unstable pillars. Af-
ter studying the design documentation and carefully inspecting
all the ICP panels, conclusions are made and recommendations
for re-mining are issued.

The loads on the ICP are calculated taking into account the
sub-arch load formed above the panel area and between the
barrier pillars, according to the proposed method (Figure 1).

From the above sequence of panel reserves development it
follows that the ore reserves left in the inter-chamber and belt
pillars are temporarily inactive reserves. The volumes of these
reserves can be determined by the following formula [9]:

] td?
Rint = yh KSqTqinchp + (Ksq = 1)(U5qBsq —

- lcuthuthut) ’

Where:

y — ore density, t/m?;

h — deposit thickness, m;

K, — number of squares, pcs;

d — diameter of the inter-chamber pillar, m;

Qincy — NumMber of interchamber pillars, pcs;

l,,, B, —respectively the length and width of the belt pillar, m;
1., V... — respectively the length and width of the cut, m;

K., — number of cuts, pcs.

For this purpose, geotechnical monitoring is carried out
[10-12], including: seismic assessment of the processes of
deformation and destruction of rocks in the rock mass; instru-
mental observations of the roof behavior; visual monitoring of
the state of the working faces and adjacent workings. Seismic
monitoring is carried out based on the observation network
of the ISSI seismic monitoring system (South Africa). This
system includes aboveground and underground parts, which
ensures control over the geomechanical situation in all areas
of development, including re-development, with the ability
to promptly respond to any changes. Instrumental monitoring
includes the installation of displacement sensors for the anal-
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Figure 1. Rework stage: / — the contour of the arch formed
between the barrier pillars; 2 — barrier sight; H — depth of
the deposit; h — thickness of the deposit
Cyper 1. KaiiTa enuey ke3eHi: / — mockayvin kenmipex
apacuvlnoa mysinemin Kymoes KOHmypwl; 2 — MocKaybi
xenmipex, H — ken opuvinwiy scamy mepenoiei,

h — ken opHbIHBIY Kyambi.

Puc. 1. Craausi noBTOpHOIi 0TPabOTKU: [ — KOHMYp 8004,
0bpazyemvlil medxcoy bapbepuvimu yeauxamu, 2 — oapbepuviil
yenux, H — anybuna saneeanus 3anesxcu; h — mowpocmeo
3anexcu.

ysis of the quantum-deformed state of the rock mass, which
allows for the timely detection of potential collapse zones and
the adoption of measures to localize them. Visual monitoring
of indicators by linear supervision is aimed at periodic assess-
ment of changes in the state of the roof, barrier, inter-chamber
and signal targets, as well as monitoring the state of the mined-
out space to ensure safe working conditions.

All of the above activities are aimed at effectively conduct-
ing reprocessing without unnecessary losses of stocks in the
ICP while observing safety regulations.

The significance of the research conducted

The justification and improvement of technological solu-
tions for the panel-and-pillar mining system based on changes
in the structural elements of the system and the optimization
of their parameters, ensuring efficiency and completeness of
the extraction of ore reserves, is a significant task for mining
enterprises using this development system.

Usefulness of the results

Increased recovery of the deposit’s reserves is achieved
through the implementation of a technology based on divid-
ing the mining area into squares using strip pillars. The size
of the square’s side corresponds to the distance between the
inner walls of the barrier pillars, allowing for targeted redis-
tribution of the load on the structural elements of the mining
system.

Unlike traditional methods, the diameter of the in-
ter-chamber pillars within the squares is determined taking
into account the sub-arch load formed over the area of the
square and between the barrier pillars, according to the pro-
posed method.

An increase in the completeness of mineral extraction is
also achieved by mining inter-chamber pillars under condi-

tions of controlled collapse within a limited area of the panel
within each square.

Preliminary caving within a square provides the opportu-
nity to develop barrier pillars from the adjacent side of the
neighboring square, using the resulting clearing space.

Optimization of losses and reduction of dilution of mined
ore are achieved by regulating the size of squares and the value
of the permissible sub-arch load.

Informativeness of the conducted research

The proposed solution to the current scientific and technical
problem of increasing the efficiency and safety of extraction
of flat ore deposits by creating process flow charts based on
new principles of designing development systems can be use-
ful for mining industry specialists, mining scientists, as well
as doctoral students, master’s students, and students majoring
in «Miningy.

Practical significance of the results

A new method for mining reserves within a panel has been
developed, allowing for ore extraction without the need for
backfilling, which significantly reduces mineral losses in in-
ter-chamber pillars and increases the completeness of reserve
recovery.

The developed technological solutions take into account the
important relationship between economic efficiency and envi-
ronmental safety. This is achieved through the rational use of
underground space, the reduction of manual labor intensity,
the development of geotechnologies, compliance with anthro-
pogenic impact regulations, the use of recycled resources and
substitute materials, and the mitigation of potential negative
consequences.

It has been established that by pre-demolishing the support-
ing pillars and then controlled roof collapse to a predetermined
height, it is possible to effectively remove barrier pillars from
the cleared space of adjacent panels. With proper field prepara-
tion, this technology can also be used for subsequent removal
of supporting pillars.

Recommendations for implementation

The proposed research results are recommended for use
in the development of medium-thickness ore deposits using
room-and-pillar and panel-and-pillar mining systems to in-
crease the completeness of extraction of mineral reserves.

Conclusion

A resource-saving technology for the development of ore
bodies is recommended, ensuring the complete extraction of
mineral reserves from the subsoil.

The results of the implementation of the recommended
technology make it possible to increase the level of industri-
al safety at mining enterprises and create prerequisites for an
economical technology for the development of ore deposits in
order to increase the completeness of mineral extraction.
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