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ASSESSMENT OF ENVIRONMENTAL AND
RESOURCE-SAVING TECHNOLOGIES AND
TECHNICAL MEANS FOR PROCESSING
AND DISPOSAL OF MAN-MADE
FORMATIONS AND WASTE

O6’exmom docridacenist € nPupod0OXOPOHHL ma pecypcosbepizaroui mexnoro0z2ii ma mexuiuni sacobu ois nepe-
POOKU Ma YMuizauii mexnozeHHux ymeopens i 8i0x00ie npu nidsemuii po3pooyi pooosULy KOPUCHUX KONALUN i3
3aK1a0K010 8upobenozo npocmopy. OOHUM 3 HALOLILI NPOOLEMHUX MICUb € YNPABTIHHA CIMAHOM PYOOBMIUYHOUUX
eHepZeMUUHO NOPYUEHUX MACUBIS | 0CMasKa meepoiuux 3aKia0HUX cymiutetl 00 Micys ix ykiadanus, a maxoxic
deivum xomnonenmis dis ix npuzomyeanus. e nidsuwye eanciugicms numans ynpasiinms HAnPyscero-oedop-
mayiunum cmanom (HI[C) macusy zipcvkux nopio, 3abesneuenis 36epedcenns 0ennoi nosepxui 6i0 pyunyeanms
ma HummeisibHOCI HACCLeHHSL, U0 NPOACUBAE 6 30T BNAUBY 2iPHUU0000YEHO20 PEZiOnY.

Y pobomi npedcmasieni ocnosni Haykosi ma npaxmuuni pesyiomamu 00rPYHMYEanHs MexXHoL02il ma mex-
HIUHUX 3aC00i8 0Nt Yymurizauii 8i0x00i8 2ipHuuo-memanypeitnozo eupodbHuymea 6 niosemui supobieHi npocmo-
pu (Mmexnozeni nopoNcHeyi) 8 SKOCMi KOMNIOHEHMIE MEepOioUUX 3aKAAOHUX CYMIWET Pi3H020 CKAA0Y Ma MitHOCT.
Onucano memoou meopemuunux Yy3azaivhens i3 3acmoCcy8aniim MAMeMamuynol CIMamucmuxu, Qisuunozo ma
MAMEMAMUUHO20 MOOCTIOBAHNSL, 3 BUKOHAHHAM PO3PAXYHKIG T MEXHIKO-eKOHOMIUHUX 00T DYHMYBAHD, 1AOOPAMOp-
HUX T HAMYPHUX eKCePUMEHMATLHUX O0CI0NHCeHD, NPOMUCLIOBUX SUNPOOYBAHL 6 YMOBAX OHOUUX NIONPUEMCNE
2ipnuvo-memanypeziinozo eupobnuymsa. Ha ocnoei docuioncenns mexanismy HJIC macusy nopio 3 suxopucmanusm
2e0¢hisuunux i Mapruetoepcorux Memodis 3anponorHo8ana nPUPoOOOXOPOHHA MEXHOL02is NOZAULCHHS MEXHOLEHHUX
NOPONACHEY 6 eHePeMUYHO NOpYueHux macueax. Jlana mexnonozis 003eonse sabesnevumu 30epexcenis 0eHnoi
NOBEPXHT MaA HUMMEISNOHICG HACCACHHS, WO NPONCUCAE 6 30HI BNAUBY 2ipHUYUX 00 €kmis (waxmu, eideanu,
NPOMUCTIOB] MATOAHUUKU 05l 3AKIAOHUX KOMNLEKCIE, X80CMOCX08UUA, PYIo-30azauysanvii ¢pabpuru (P3D) ma
in.). Becmanosaeno, wo ons waxm oepicasnozo nionpuemcmea «Cxionuil 2ipnuvo-36azauysaivnuil komoinams
(Yepaina) xoegiyicnm suxopucmanms 6i0x00i6 61acH020 6UpoOHUUMEA 0Lt MEePOioUoi 3aKIA0KU CMAHOBUMb
6id 0,45 do 0,68; zidpasaiunoi — 6id 0,56 do 0,75; cunyuoi — 0,62, a 6udobymox KoICHOT MOHU MOBAPHOT PYOU
cynpoeodacyemucs euxodom 0,7—0,8 m 6idxodis. [lana oyinka pieus ymunizauii 6i0x00i6 2ipnuuo-memanypeitinozo
BUpoOHUYMEa ma Hasedeno kadacmp O0nst 6i0xX00i6 2ipcoKuUxX NiONPuUeMcmas, SKull 0ae OUIHOUHY XaAPaAKMePUCmUKyY
Ma HanpsamMKu MONCIUB0Z20 iX suKopucmanus 0ns nomped napoonozo zocnodapcmea. Pesyavmamu docaiovceis
Moxcymy Oymu suxkopucmani nio uac nidzemnoi pospooxu pyoHux Pooosuw; CKIAOHOT CMpPYKMypu ma 2ipHuuo-
MEManypzitinozo UPoOHULMEA.

Kmouosi crosa: 6idxoodu zipnuuo-memanypzitnozo supoOHULMEad, nNPupodooxXoporHa ma pecypcosbepizaioua
MeXHON02i5, MEXHIUNI 3aCO0U, HCUMMEIANLHICD HACETCHHSL.
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— transportation through the pipeline of the hardening
filling mixtures over considerable distances vertically
and horizontally to the place of their laying;

— increased material and labor costs;

— shortage of material for the preparation of mixtures [7, 8].
Therefore, the development of new methods, technologies

1. Introduction

Extraction of mineral raw materials has a negative impact
on the natural environment [1, 2]. The neutralization of
this influence is achieved through nature and resource-
saving technologies and technical means of mining [3, 4].

The authors refer to such technologies, first of all, vari-
ous variants of development systems with filling of goaf
with hardening filling mixtures of different composition
and strength [5, 6]. However, their application is com-
plicated by:
— the difficulties of managing the state of ore-containing
energy disturbed massifs;

and technical means for the integrated use of mining and
metallurgical production wastes is a task of great commercial
and social importance, requiring a prompt solution [9, 10].
This ensures the reliability of the transportation of the
hardening filling mixtures through the pipeline, the safety
of work, the possibility of using local substandard mate-
rials and production waste for filling. As well as reducing
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the cost of extracting raw materials while preserving the
earth’s surface. This work is a continuation of research,
the main scientific and practical results of which are most
fully presented in [11, 12].

2. The ohject of research
and its technological audit

The object of research is environmental and resource-
saving technologies and technical means for the processing
and disposal of man-made formations and waste in the
underground mining of mineral deposits with backfilling
of the goaf.

One of the most problematic areas is the management
of the state of ore-containing energy-disturbed massifs and
the delivery of hardening filling mixtures to the place
of their laying, as well as the shortage of components
for their preparation. This increases the importance of
the management of the stress-strain state (SSS) of the
rock mass, ensuring the safety of the day surface from
destruction and the vital activity of the population living
in the zone of influence of the mining region [13, 14].

3. The aim and ohjectives of research

The aim of research is to assess technologies and tech-
nical means for the disposal of man-made formations and
waste of mining and metallurgical production in under-
ground goaf (man-made voids) as components of hardening
stowing mixtures of various composition and strength and
a tailing dump.

To achieve this aim, the following objectives are solved:

1. To determine the main directions of waste disposal
of mining and metallurgical production.

2. To assess the technological schemes of stowing com-
plexes and the level of utilization of waste from mining
and metallurgical production in the underground goaf as
components of hardening stowing mixtures.

3. To develop a cadastre of mining and metallurgical
waste and directions of their possible use for the needs
of the national economy.

4. Research of existing solutions
of the prohlem

The creation of environmental technologies is especially
important for mining and processing enterprises of the raw
material base of non-ferrous metallurgy and nuclear energy,
which are among the industries with the highest yield of
various wastes, including radioactive, per unit of finished
product. Waste from mining (waste rock, off-balance ores
in uranium content and tailings of heap leaching, which
contain natural radioactive materials), are usually stored
on the surface in dumps [15].

An analysis of the work of mining enterprises shows
that during the extraction and primary processing of 1 ton
of commercial uranium ore, 1.4-1.6 tons of waste are si-
multaneously extracted, creating an ecologically unfavorable
environment for the region. Utilization of mining and metal-
lurgical waste (laying of goaf, construction of dams of special
storage facilities, etc.) allows using up to 50-60 % of their
total volume, and the rest is subject to burial, decontami-
nation and subsequent reclamation of contaminated areas.
The problem of obtaining environmentally friendly materials

is especially important when using wastes that concentrate
natural radionuclides that pose a danger to human health
and the environment [16]. Such concentrators of radionu-
clides include waste from uranium, coal mining, heat and
power and other industries. It is also of great importance
to determine the radionuclide composition of waste frac-
tions and their compliance with the radiation safety stan-
dards of individual countries [17, 18]. As well as the stan-
dards adopted by international radiological indicators [19].

Wastes from the processing industry of hydrometallur-
gical plants (HMP) are also natural radioactive materials
with a particle size of 0.074 mm, which are transported
through slurry pipelines and stored in special upstream
storage facilities. In this regard, the problem of utilization
of waste from mining and processing industries is acquiring
an important national economic importance, especially in
areas of fertile and densely populated lands [20].

The experience of mining enterprises shows that the
waste of their production can be disposed of in the fol-
lowing main directions:

— as a filling material (in hardening mixtures and slur-

ries, as well as loose filling) to fill the goaf formed

in the course of mining operations;

— to fill the goaf, caving funnels, various ravines and

gullies, followed by reclamation of the damaged surface;

— in the construction of dams, storage dams for stor-

ing waste with their subsequent reclamation;

— for the manufacture of crushed stone.

The most important measure for increasing the complete-
ness of the extraction of reserves, protecting the subsoil and
the environment during underground mining of ores is the
transition to mining systems with backfilling of the goaf
with hardening mixtures. The authors attribute the mining
technology with hardening backfill to nature and resource
saving. This is achieved primarily through the use of con-
tinuous mining of ore bodies, an increase in the floor height
and parameters of the mining system. This technology is
aimed at reducing ore losses in the pillars and bottoms of
blocks, as well as increasing the possibility of advanced or
separate breaking and extraction of ore. Reducing the loss
of minerals during the extraction and processing of ores is
achieved by reducing dilution and increasing the complete-
ness of extraction of useful components at the limit. This
measure allows to reduce the number of simultaneously mined
deposits and focus on the most profitable of them, as well
as reduce the volume of exploration and mining operations.

The backfill technology is especially effective in areas
with a protected surface of high-value lands in the extrac-
tion of rich and scarce ores, when the costs associated
with backfill operations are offset by the above positive
effect. In recent years, the use of hardening backfill in ore
mining has increased dramatically. This is ensured by the
results of targeted research on the search for new source
materials for hardening filling mixtures, the selection of
rational compositions and the improvement of the filling
facilities of mining enterprises. However, when determining
the compositions of the hardening backfill mixture, the
factors influencing its properties are not fully taken into
account, and cement or ground granular acidic slag with
activating additives is mainly used as a binder. Today
these materials have become scarce.

In the course of the study, the analysis of literature
sources and patent documents in the field of technologies
and technical means for the disposal of man-made forma-
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tions and waste of mining and metallurgical production
into underground goaf (man-made voids) and their storage
in tailing dumps was carried out. This is provided due to
the activation of the binder, substandard inert filler and
electrochemically purified mine mixing water during their
manufacture and transportation to the place of laying.
Also by storing tailings after hydrocycloning and adding
a hardener to tailings [21].

Thus, the results of the analysis allow to conclude
that reducing the hazard to the environment by recycling
ore raw material waste into the underground goaf solves
important scientific, practical and social problems [22]. One
of the issues that need to be addressed is the management
of the state of ore-containing energy disturbed massifs and
the delivery of hardening filling mixtures to the place of
their laying, as well as the lack of components for their
preparation. As well as management of the stress-strain
state (SSS) of the rock mass, ensuring the safety of the
earth’s surface from destruction and vital activity of the
population living in the zone of influence of the mining
region. This is achieved due to environmental and resource-
saving technologies in the underground mining of mineral
deposits with backfilling of goaf of various composition
and strength.

5. Methods of research

To solve the aim in the work:

— the analysis of literary sources is carried out;

— the method of theoretical generalizations with the
use of mathematical statistics, physical and mathemati-
cal modeling is used;

— calculations and feasibility studies, laboratory and
field experimental studies are made, as well as indus-
trial tests in the conditions of operating enterprises
according to standard and new methods [23].

6. Research results

6.1. Technological schemes of the filling complex. At
the mines of the state enterprise «Vostochnyi Mining and
Processing Plant» (SE «VostGOK», Zhovti Vody, Ukraine),
technological schemes for the preparation of a hardening
filling mixture on surface stationary filling complexes based
on a binder made of granulated blast furnace slag and
low-grade sand (Fig. 1).

mine water

T

Fig. 1. Technological scheme of the filling complex:
1 — receiving hopper; 2 — feeder; 3 — conveyor; 4 — storage hopper;
5 — dispenser; 6 — ball mill; 7 — mixer; 8 — receiving funnel;
9 — container for mixing water

Sand and slag from the supply warehouse are transported
by a bulldozer to the receiving hoppers, from where these
materials are delivered by apron feeders, and then by belt
conveyors they are delivered to intermediate hoppers and
then to automatic belt dispensers. To separate lumps of clay
and other impurities, the sand passes through a screen-
ing grate installed above the intermediate hopper. After
dosing, the slag in a certain ratio with water enters the
ball mill, and then in the form of a pulp into the mixer,
where it is mixed with sand. The mixer is also supplied
with water to give the filling mixture the desired mobility.
The finished mixture enters the receiving funnel, then
it is transported through pipes in a gravity-pneumatic
mode to goaf.

Studies have established that heap leaching tailings or
crushed rocks can be used as an additive to the filler of
the hardening fill. Moreover, the strength of the artifi-
cial massif with the addition of heap leaching tailings is
higher than with the use of crushed rocks at the same
slag consumption per 1 m® of filling. Preparation of heap
leaching tailings and preparation of the hardening backfill
mixture is carried out as follows (Fig. 2).

-400 mm
Splitting up

1 stage

+15 mm -15 mm

Splitting up
II stage

Screenin;

Splitting up
Heap

11T stage
leaching \
| sand (HMP tails) I

Waste rock

Preparation of the hardening mixture

Transport to mine by pipeline

Fig. 2. Technological scheme for the preparation of a hardening
backfill mixture based on the tailings of a hydrometallurgical plant
or heap leaching tailings

After leaching and washing, the tailings are transported
to the filling complex. At the same time, crushed rock is
fed. The dosage is carried out in a certain ratio with the
sand and enters the mixer, into which ground blast furnace
slag and mixing water are fed in the required amount. The
finished hardening backfill mixture is transported through the
pipeline to the goaf. The analysis of the technology for the
construction of artificial massifs from the hardening filling
mixture shows that in the conditions of the mines of the
State Enterprise «VostGOK» the use of waste from mining
and processing industries is technically feasible in two ways.

The first one is centralized, based on the preparation of
a hardening filling mixture at a stationary filling complex
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and supplying it in a finished form to the place of laying
through pipelines. It is distinguished by its simple organi-
zation and high reliability of stowing operations. However,
large costs are required for the construction of a crushing
and screening complex for crushing rocks.

The second is separate, which includes feeding the
hardening backfill mixture and coarse aggregate separately
and mixing them when laying directly into the goaf. The
main advantage of this method is the possibility of using
stowing materials of any size, and the disadvantage is the
need to create an additional mechanized chain to deliver
rocks to the pledged chamber, the formation of oncoming
cargo flows, and the complexity of organizing stowing
operations. Taking into account the best manufacturability,
industrial reliability, a stowage work scheme was adopted,
which allows the use of crushing and screening complexes
of a stowing plant for crushing rocks and off-balance ores
sent for heap leaching (Fig. 3).

Blast furnace slag

Mine water

Fig. 3. Technological scheme of a filling complex for preparing
a hardening filling mixture using crushed rocks and heap leaching tailings:
1 — receiving hopper; 2 — feeder-dispenser; 3 — conveyor;
4 — consumable hopper; 5 — dispenser; 6, 7 — ball and rod mills,
respectively; 8 — receiving funnel; 9 — water tank

The authors have studied the properties of the harden-
ing filling mixture prepared on the basis of mining and
metallurgical waste and ground granulated blast furnace
slag for the conditions of the mines of the SE «VostGOK».
It has been established that all waste is suitable for the
preparation of a hardening filling mixture as a filler. The
presence of sulfate ions in the HMP tailings does not affect
the strength of the fill and does not reduce its strength.
On the basis of mining and metallurgical waste and ground
granulated blast furnace slag, complex compositions of
the hardening filling mixture have been developed [24].
Analysis of the compositions of the hardening backfill
mixture shows that the use of this technological scheme
makes it possible to reduce the consumption of a scarce
expensive binder - ground granulated slag by 2—2.6 times
(from 400 to 150 kg/m3). As well as the unit costs for
laying almost 2 times, but the main thing is to dispose
of radioactive waste into underground voids.

The density of the filling mass is 2100-230 kg/m?.
Studies have shown that 40 % of the volume of under-
ground voids formed in the course of mining operations
can be repaid with a hydraulic mixture or free-flowing
backfill. In this case, completely separate isolated waste
blocks and the upper parts of the chambers of the second

stages of the excavation are extinguished [25]. Feasibility
studies have shown that, taking into account the existing
production technology and delivery to the place of laying
the filling material, the most rational scheme is the crushing
of rock waste and their transportation through pipelines
to underground voids.

Such a scheme is characterized by simplicity of orga-
nization and maintenance, high performance and reliability
in operation. The optimal size of the waste is determined
taking into account the costs of crushing, pipeline transport
and the density of their placement in the spent chambers
and is in the range of 25-35 mm. However, the large-scale
introduction of this technology is hampered by the strong
wear of the backfill pipelines, especially in vertical and
curved sections, and the pipelines require special coatings,
for example, basalt [26].

At present, overburden clay sands are used instead
of HMP tailings as a fine aggregate in the composition
of the hardening filling mixture. This is due to the fact
that today there are no safe, reliable and cheap means of
transporting dusty radioactive waste over long distances,
and especially the technology for preparing, transporting
and placing in the chamber a solidifying filling mixture
based on HMP tailings.

To substantiate the suitability of low-grade sands of
the local Oboznovskyi quarry (Ukraine) as a filler in the
composition of the hardening filling mixture for the mines
of SE «VostGOK», the authors carried out studies of their
characteristics, mobility and strength properties. For this, in
accordance with the current methods, the strength proper-
ties of the hardening filling mixture were determined in
time, using these sands, ground granulated slag and mixing
water. Based on 1 m? of the mixture, the consumption of
ground granulated slag is 230-365 kg, the fineness of its
grinding does not exceed 55 %, the content of particles is
0.074 mm, the mobility of the hardening filling mixture is
12—12.5 c¢m, measured by a solution density device (SDD)
by the cone of «StroyTSNIL» (Ukraine) was provided with
a mixing water flow rate of 425-465 liters.

The sand size modulus of all samples corresponded to
the set technical requirements and varied within the range
of 0.46-2.31. In some samples taken from the lower inter-
vals of the wells, there are not enough clay particles, their
content is in the range of 5.4-23.0 %. Some sand samples
have an increased content of organic impurities. The noted
disadvantages can be eliminated by mixing the sands of the
upper and lower horizons in the process of their extraction.
The strength of the hardening fill, obtained on the basis
of the sands of the Oboznovskyi quarry (Ukraine), is 3.2,
5.3 and 6.4 MPa after hardening, respectively, 90, 180 and
360 days, with the consumption of ground granulated slag
313 kg per 1 m® of the mixture. The influence of clay
and organic matter on the strength of the fill was not
observed. After placing the filling mixture into molds, its
solid particles are compacted, squeezing out excess mixing
water, thereby increasing its density and consumption of
starting materials. The coefficient of compaction of the
hardening filling mixture is determined by the formula:

Y. 1715

y_z=—1.495=1.15, (1)

where v, Y. respectively, the mass of solid material in the
massif and the initial, kg/m?.
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To ensure the required strength of the hardening filling
of 3 and 5 MPa, the consumption of ground granulated slag
per 1 m? of the mixture is, respectively, 283 and 384 kg
in the massif and 246 and 303 kg in the hardening filling
mixture. On the basis of the obtained research results, the
sands of the Oboznovskyi quarry in their quality are close
to the sands used from the Morozovskyi quarry (Ukraine),
provide the specified strength of the filling mixture and
its satisfactory transport through pipelines to the place of
laying. The recommended required strength of the harden-
ing insert 5.0 and 3.0 MPa is provided by the composi-
tion per 1 m? of the mixture: respectively, sand 1200 and
1250 kg, the main granular slag 300 and 250 kg, mixing
water (for two compositions) varies from 400 to 450 I.
In the backfill mass, these indicators are: sand 1365 and
1435 kg, the main granular slag 350 and 280 kg.

6.2. Assessment of the level of waste disposal in mining
and metallurgical production. It is produced according to
the indicators of their output per 1 ton of commercial ore
and the use to fill the goaf, according to the formulas:

L P, )
u.r. ’Yr. b
ko ==, 3)
t.
P.+P,+P +P
- =M7 (4)

YU.

where k., Ry, kuw — accordingly, the coefficients of us-
ing rocks, tailings and waste to fill the goaf, fraction of
units; P,, P, — respectively, weight of rock and tailings
per 1 m? of fill in the massif, t/m3 y,, v, — respectively,
the density of the rock and tailings (source material) in
the massif, m/m3; P, P,, P, — respectively, the weight
of off-balance sheet, in terms of the content of the useful
component, ore, heap leaching tailings and tailings of hy-
drometallurgical processing, t/m? v, — ore density, t/m?.

The density of the hardening filling mixture with ad-
ditions of crushed material is determined according to
the formula:

11—,
= S.+RJV. —~ ’
Y=Y ( v J

)

r.

where vy, — density of the hardening filling mixture with
additives of crushed rocks, kg/m?3 vy, — density of the

hardening sand-slag filling mixture, kg/m3 P, — weight
of the crushed rock additive, kg/m3.

For mining enterprises of SE «VostGOK» the coef-
ficient of use of own production wastes in the hardening
backfill is from 0.45 to 0.68; hydraulic — from 0.56 to 0.75;
free-flowing — 0.62.

6.3. Development of cadastre for mining and metallurgical
waste. On the basis of the research carried out, the authors
have developed a cadastre for mining and metallurgical
waste, which gives an estimated characteristic and direc-
tions of their possible use for the needs of the national
economy (Table 1). Disposal of solid waste from mining
and metallurgical industries is carried out as follows. Waste
rocks are separated from the current and stored in dumps
of rock waste and used in construction, taking into account
the requirements of radiation safety standards. Off-balance
ores and tailings of the radiometric concentration plant are
sent to the underground goafs according to the existing
technology at the mining enterprise for further leaching
of ore-containing materials in the spent chambers [27].
The rest of the solid waste is transported and deposited
in the internal dumps of existing local operating or spent
open pits, after which the disturbed area is covered with
overburden and reclaimed.

At a number of mines in developed mining countries
of the world, stowing complexes have been created for the
preparation of hardening stowing mixtures, and at some
of them — local binder from blast-furnace slag, crushing
and screening complexes for processing rock waste into
crushed stone, greenhouses, etc. mining enterprises, the
equipment of these complexes can be effectively used for
the production of building products and structures [28].

At the mines of the SE «VostGOK» the existing filling
complexes can be used for the production of cinder blocks,
concrete blocks for foundations and other building products.
At the same time, from the imported granulated blast-furnace
slag in operating ball mills, it is possible to obtain a local
binder — slag-alkaline cement, and at the crushing and
screening complex — own crushed stone from waste rocks.
This will ensure the employment of workers released from
the mining industry and receive additional funds for the
conversion of stowing facilities into construction shops [29].

The construction of dams made from waste from mining
and processing industries for storage facilities have been
widely studied and worked out. There are normative and
technical documents, which indicate the most appropriate
compositions of waste and binder compositions, methods,
techniques and technology for their transport and stacking.

Tahle 1
Cadastre of solid waste of mining and metallurgical production
Waste yield from
Waste Size, mm Source of receipt the total volume Direction of possible use

of rock mass, %
Waste rock (lumpy) —350 (-500) | Mining capital workings 34 Construction material
Dff-balance ore (lumpy) | —350 (-500) | Mining preparatory and grooved workings 10-12 Filling raw materials, partly building materials
Also —350 (-500) |Cleaning workings 3-5 Filling raw materials after processing
Also +50-250 | Sorting at an ore-processing plant (OPP) 20-30 Also
Sandy -0.5+0.043 Hydrometallurgical processing of commer- 17_92 Stacked raw materials, partially sent to the
Muddy _0.043 cial ore tailing dump
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Special complexes are proposed for dewatering the HMP
tailings, preparing a hardening mixture from them and a binder,
and the subsequent construction of dams. The complex for
preparing tailings for storage consists of a dewatering build-
ing, warehouses for dewatered tailings and cement, a solution
preparation unit, thickeners, conveyor galleries and auxiliary
structures [30]. Waste from the HMP is transported to the
storage facility via a slurry pipeline.

6.4. Implementation of research results. New technological
schemes of stowing complexes for disposal of mining and
metallurgical waste into an underground goaf as compo-
nents of hardening stowing mixtures have been proposed.
The scheme of «dry» immobilized storage of solid wastes
of mining and metallurgical production in a bulk instead
of the traditional bulk method is also recommended. They
show positive results in underground mining of ore deposits
of complex structure in the Russian Federation, the North
Caucasus, Ukraine, North Kazakhstan and other developed
mining countries of the world [31]. Scientific, design and
technological support for the development of these develop-
ments was carried out by the State Enterprise «Ukrainian
Research and Design Institute of Industrial Technology»,
which in 2020 celebrated its 50th anniversary. Scientific
and production support — Scientific and production complex
«Automation and Mechanical Engineering» (Ukraine) to-
gether with the Repair and Mechanical Plant (Ukraine) [32].

6.5. Promising areas of research. The ecology of mining
is still developing along the way of managing the process
of formation of tman-made deposits in the course of the
development of deposits and the conversion of inactive
reserves of man-made deposits into active ones by influ-
encing them by physicochemical processes. In addition,
it is necessary to develop scientific and methodological
foundations, technologies and technical means to increase
the fertility and efficiency of soil use in industrial zones
of mountain facilities, as well as assess their impact on
the environment and humans, taking into account the long-
term consequences [33].

The difference between the combined mechano-chemical
activation of metal-containing raw materials is that the
leaching reagent is supplied to the disintegrator working
body, and the extraction of metals into the solution occurs
simultaneously with the destruction of crystals, when the
solution is intensively pressed into the resulting cracks.

The most promising is the method for extracting metals
from the tailings, which involves combining the processes
of chemical enrichment and activation in a disintegrator.
This ensures the extraction of metals into the solution
simultaneously with the destruction of crystals, when the
leaching solution is intensively pressed into the cracks
formed from the disintegration of particles. The disad-
vantage of this method is the incomplete extraction of
useful components in the case of processing refractory
non-oxidized ores due to insufficient chemical activity
of the latter.

7. SWOT analysis of research results

Strengths. On the basis of the substantiation of technolo-
gies and technical means for the disposal of mining and
metallurgical production waste into the underground goaf,
a complex of technical means for activating the components

of hardening filling mixtures is proposed. Environmental
and resource-saving technologies for underground mining
of mineral deposits with backfilling of goaf provide:

— safety of objects of operation;

— safe mining;

— completeness of use and protection of subsoil and

the environment;

— vital activity of the population living in the zone

of influence of mountain objects.

Weaknesses. The main negative impact of mining tech-
nology on the environment and humans is the high cost
of preserving the day’s surface and ensuring the liveli-
hoods of the population living in the zone of influence of
mountain objects, withdrawing large areas of land from
use, etc. [34]. Therefore, it is necessary to provide funds
for the following activities:

— deep processing of man-made waste (tailings), which

has a wide variety of mineral forms in comparison with

conventional ores;

— reclamation of the territory of industrial sites and the

territory adjacent to them after the end of operation;

— landscaping of the reclaimed territory with grass

and shrub vegetation;

— constant monitoring of environmental components

in the zone of influence of mountain objects.

Opportunities. When delivering hardening filling mix-
tures into man-made cavities over a long distance and
a shallow depth of mining operations, the most promising
is vibro-gravity transport, which provides homogenization
of the mixture and an increase in strength due to their
activation in the pipeline. The wide involvement in the
production of man-made reserves of ore dressing tailings,
as well as the processing of off-balance dumps, in terms of
the content of useful components, ores in modular instal-
lations contribute to obtaining an additional source for
the industry in metals [35].

Threats. To prevent the dust transfer of contaminated
material outside the mountain objects, it is advisable to
plant sanitary protection zones and strips around them with
tall tree species that will restrain the wind speed over the
specified objects. These include mines, waste rock dumps
and off-balance ores in terms of the content of the useful
component, stowing complexes, sites for pre-concentration
and heap leaching of metals from substandard ore raw ma-
terials, tailings, etc. In this case, dust will settle in these
forest plantations and will not enter other territories, includ-
ing in settlements. In addition, it is necessary to develop
scientific and methodological foundations, technologies and
technical means to increase the fertility and efficiency of
soil use in industrial zones of mountain objects, as well as
assess their impact on the environment and humans [36].

To continue research on the detection of natural ra-
dionuclides: ??6Ra, 232Th and 4K in the composition of
fuel ash and slag and waste rocks of uranium, coal mining,
heat power and other industries. The content of radionu-
clides varies by waste fractions. The main contribution to
the effective specific activity of waste is made by ?*Ra
and 22Th. The largest scatter of specific activities in the
fractions of these coal-mined rocks is typical for ??6Ra.
All studied wastes belong to the first class of radiation
hazard and can be used in construction without restric-
tions. According to international radiological indicators,
the value of the activity utilization index was exceeded
for almost all studied wastes [37].
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1. The main directions of waste disposal of mining and
metallurgical production (laying of goaf, construction of
dams of special storage facilities, etc.) have been deter-
mined, which allow using up to 50-60 % of their total
volume, and the rest is subject to burial and subsequent
reclamation of contaminated areas.

2. It was found that for the mines of the State Enter-
prise «VostGOK» the coefficient of use of own production
waste in the hardening backfill is from 0.45 to 0.68; hyd-
raulic — from 0.56 to 0.75; free-flowing — 0.62, and the
extraction of each ton of commercial ore is accompanied
by the output of 0.7-0.8 tons of waste.

3. A cadastre of mining and metallurgical production
wastes has been developed, depending on their size, source
of production, output from the total volume of rock mass
and the direction of possible use for the needs of the na-
tional economy. Thus, the yield of waste from the total
volume of the rock mass in % from mining capital, mining
preparatory, rifled and cleaning workings is, respectively,
3-4, 10-12 and 3-5 %, and from sorting at the OPP and
hydro-metallurgical redistribution of ore, respectively, 20-30
and 17-22 %.

Acknowledgement

In organizing the creation, improvement and imple-
mentation of scientific developments, specialists took part
and assisted:

— State Enterprise «Ukrainian Research and Design

Institute of Industrial Technology» and SE «VostGOK»

(Zhovti Vody, Ukraine);

— National Technical University «Dnipro Polytechnic»,

Dnipro, Ukraine;

— JSC VNIPIpromtechnologii, Moscow and JSC Re-

search Institute of Mining Geomechanics and Mine

Surveying, St. Petersburg, Russia;

— JSC Tselinnyi mining and processing plant (Step-

nogorsk, Republic of Kazakhstan).

I. Poddubny, V. Platonov, P. Riaguzov, V. Dyatchin,
A. Dudchenko, S. Kostetskyi, N. Kravchenko, V. Kovalenko
were participated in the work.

Technology and technical means for «dry» immobilized
storage of solid wastes of mining and metallurgical produc-
tion were carried out with the participation of Yu. Tarkhin,
N. Khudoshina, L. Liashenko, A. Skotarenko.

References

1. Gridley, N. C., Salcedo, L. (2011). Cemented paste produc-
tion provides opportunity for underground ore recovery while
solving tailings disposal needs. Perth: Australian Centre for
Geomechanics, 431.

2. Lottermoser, B. (2012). Mine Wastes: Characterization, Treat-
ment and Environmental Impacts. New York: Springer, 400.

3. Maanju, S. K., Saha, K. (2013). Impact of Mining Industry on
Environmental Fabric — A Case Study of Rajasthan State in
India. IOSR Journal Of Environmental Science, Toxicology And Food
Technology, 6 (2), 08—13. doi: http://doi.org/10.9790,/2402-0620813

4. Golik, V., Komashchenko, V., Morkun, V. (2015). Innovative
technologies of metal extraction from the ore processing mill
tailings and their integrated use. Metallurgical and Mining In-
dustry, 3, 49-52.

5. Vladyko, O., Maltsev, D., Shapovalov, Y. (2016). Choice of
development method for technogenic mineral deposits by tech-
nological criteria. Mining of Mineral Deposits, 10 (4), 74-82.
doi: http://doi.org/10.15407 /mining10.04.074

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

. Yuan, Y., Bolan, N., Prévoteau, A., Vithanage, M., Biswas, J. K.,

Ok, Y. S., Wang, H. (2017). Applications of biochar in redox-medi-
ated reactions. Bioresource Technology, 246, 271-281. doi: http://
doi.org/10.1016/j.biortech.2017.06.154

. Petlovanyi, M., Kuzmenko, O., Lozynskyi, V., Popovych, V. et. al.

(2019). Review of man-made mineral formations accumulation
and prospects of their developing in mining industrial regions in
Ukraine. Mining of Mineral Deposits, 13 (1), 24-38. doi: http://
doi.org/10.33271 /mining13.01.024

. Blyuss, B, Semenenko, Y., Medvedieva, O., Kyrychko, S., Kara-

tayev, A. (2019). Parameters determination of hydromechaniza-
tion technologies for the dumps development as technogenic
deposits. Mining of Mineral Deposits, 14 (1), 51-61. doi: http://
doi.org/10.33271/mining14.01.051

. Lyashenko, V., Topolnij, F, Dyatchin, V. (2019). Development

of technologies and technical means for storage of waste pro-
cessing of ore raw materials in the tailings dams. Technology
Audit and Production Reserves, 5 (3 (49)), 33—40. doi: http://
doi.org/10.15587,/2312-8372.2019.184940

Lyashenko, V., Khomenko, O., Topolnij, E, Golik, V. (2020).
Development of natural underground ore mining technologies
in energy distributed massifs. Technology Audit and Production
Reserves, 1 (3 (51)), 17-24. doi: http://doi.org/10.15587/2312-
8372.2020.195946

Lyashenko, V., Khomenko, O., Golik, V., Topolnij, E, Helevera, O.
(2020). Substantiation of environmental and resource-saving
technologies for void filling under underground ore mining.
Technology Audit and Production Reserves, 2 (3 (52)), 9—16.
doi: http://doi.org/10.15587,/2312-8372.2020.200022
Lyashenko, V., Khomenko, O., Topolnij, F, Helevera, O. (2020).
Substantiation of technologies and technical means for disposal
of mining and metallurgical waste in mines. Technology Audit
and Production Reserves, 3 (3 (53)), 4—11. doi: http://doi.org/
10.15587/2706-5448.2020.200897

Khobotova, E. B., Kalmykova, Tu. S., Ignatenko, M. L, Larin, V. 1.
(2017). Estestvennye radionuklidy domennykh shlakov. Chernye
metally, 1, 23-28.

Normy radiatsionnoi bezopasnosti Ukrainy (NRBU-97). Gosu-
darstvennye gigienicheskie normativy GGN 6.6.1.-6.5.001.98
(1998). Kyiv, 159.

SanPiN 2.6.1.2523—-09. Normy radiatsionnoi bezopasnosti NRB-
99/2009. Available at: http://docs.cntd.ru/document,/902170553
Last accessed: 16.04.2020

Radiatsionnaia zaschita i bezopasnost istochnikov izlucheniia:
mezhdunarodnye osnovnye normy bezopasnosti (2015). Vena:
MAGATE, 484.

Liashenko, V. L., Golik, V. 1. (2006). Prirodookhrannye tekh-
nologii podzemnoi razrabotki uranovykh mestorozhdenii. Gornii
zhurnal, 2, 89-92.

Liashenko, V. 1., Golik, V. 1., Kozyrev, E. N. (2008). Kom-
binirovaannye tekhnologii dobychi poleznykh iskopaemykh
s podzemnym vyschelachivaniem. Gornii zhurnal, 12, 37-40.
Kotenko, E. A., Mosinets, V. N. (1995). Radiatsionno-cko-
logicheskaia bezopasnost pri dobyche i pererabotke uranovykh
rud. Gornii zhurnal, 7, 32-36.

Chernov, A. P. (Ed.) (2001). Dobycha i pererabotka uranovikh
rud v Ukraine. Kyiv: Adef-Ukraina, 238.

Dmitrak, Y. V., Kamnev, E. N. (2015). The Leading Research and
Design Institute of Industrial Technologies — A long way in 65 years.
Gornyi Zhurnal, 3, 6—12. doi: http://doi.org/10.17580,/gzh.2016.03.01
Deng, D. Q., Liu, L, Yao, Z. L., Song, K. L.-I. L., Lao, D. Z.
(2017). A practice of ultra-fine tailings disposal as filling ma-
terial in a gold mine. Journal of Environmental Management,
196, 100—109. doi: http://doi.org/10.1016 /j.jenvman.2017.02.056
Vrancken, C., Longhurst, P. J.,, Wagland, S. T. (2017). Critical
review of real-time methods for solid waste characterisation: In-
forming material recovery and fuel production. Waste Management,
61, 40-57. doi: http://doi.org/10.1016/j.wasman.2017.01.019
Cheng, Y., Jiang, H., Zhang, X., Cui, J., Song, C., Li, X. (2017).
Effects of coal rank on physicochemical properties of coal and on
methane adsorption. International Journal of Coal Science & Techno-
logy, 4 (2), 129-146. doi: http://doi.org/10.1007 /s40789-017-0161-6
Paul, A., Ramachandra Murthy, V. M. S., Prakash, A., Singh, A. K.
(2018). Estimation of Rock Load in Development Workings
of Underground Coal Mines — A Modified RMR Approach.
Current Science, 114 (10), 2167-2174. doi: http://doi.org/
10.18520/cs/v114,/110/2167-2174

TECHNOLOGY AUDIT AND PRODUCTION RESERVES — Ne 4/3(54), 2020

27—)



— CHEMICAL ENGINEERING:

ECOLOGY AND ENVIRONMENTAL TECHNOLOGY

I55N 2664-9969

26.

27.

28.

28.

30.

31

32.

33.

34.

33.

Soroka, M. N., Savelev, Tu. Ta. (2004). Perspektivy utilizat-
sii khvostov gidrometallurgicheskogo peredela i droblennykh
gornykh porod v vyrabotannoe prostranstvo uranodobyvai-
uschikh shakht Ukrainy. Metallurgicheskaia i gornorudnaia
promyshlenost, 5, 91-94.

Averianov, K. A., Angelov, V. A., Akhmedianov, 1. Kh., Rylniko-
va, M. V. (2012). Razvitie klassifikatsii tekhnogennogo syria
gornykh predpriiatii i obosnovanie tekhnologii ego aktivnoi uti-
lizatsii. Gornii informatsionno-analiticheskii biulleten, 5, 208—213.
Golik, V. 1. (2013). Kontseptualnye podkhody k sozdaniiu malo-
i bezotkhodnogo gornorudnogo proizvodstva na osnove kom-
binirovaniia fiziko-tekhnicheskikh i fiziko-khimicheskikh geo-
tekhnologii. Gornii zhurnal, 5, 93-97.

Lyashenko, V. L., Dyatchin, V. Z., Lisovoy, L. A. (2018). Increase
of Environmental Safety of Mining Production on the Basis of
Waste Utilization of Extraction and Processing of Ore Raw Ma-
terials. Ecology and Industry of Russia, 22 (4), 4—10. doi: http://
doi.org/10.18412/1816-0395-2018-4-4-10

Dmitrak, Iu. V., Gabaraev, O. Z., Razorenov, Iu. I, Stas, G. V.
(2019). K probleme vyschelachivaniia metallov iz nekonditsion-
nogo syria. Vektor GeoNauk, 2 (3), 32—39.

Volkov, E. P,, Anushenkov, A. N. (2019). Developing the techno-
logy of mine stowing with processing tailings based hardening
blends. Izvestiya vysshikh uchebnykh zavedenii gornyi zhurnal,
7, 5-13. doi: http://doi.org/10.21440/0536-1028-2019-7-5-13
Liashenko, V. 1., Golik, V. L. (2020). Kombinirovannye geotekh-
nologii predkontsentratsii zapasov rud vyschelachivaniem metallov
iz rudnogo syria. Marksheideriia i nedropolzovanie, 2 (106), 16—23.
Lyashenko, V. L., Golik, V. L., Dyatchin, V. Z. (2020). Storage
of tailings in the form of a hardened mass in underground
mined-out spaces and tailings facilities. Obogashchenie Rud, 1,
41-47. doi: http://doi.org/10.17580/0r.2020.01.08
Lyashenko, V. L., Chekushina, T. V., Dudar, T. V., Lisovoy, I. A.
(2020). Environmental and Resource-Saving Technologies for
Void Extinguishing During Underground Ore Mining. Ecology
and Industry of Russia, 24 (8), 28-33. doi: http://doi.org/
10.18412/1816-0395-2020-8-28-33

Lyashenko, V. L., Khomenko, O. E., Golik, V. I. (2020). Friendly
and Resource-Saving Methods of Underground Ore Mining in

Disturbed Rock Masses. Mining Science and Technology, 5 (2),
104-118. doi: http://doi.org/10.17073,/2500-0632-2020-2-104-118

36. Karyaev, V. L., Komkov, A. A., Kuznetsov, A. V., Plotnikov, I. P.
(2020). Recovery of Copper and Zinc from Copper Smelt-
ing Slags During Reducing-Sulfidizing Treatment. Vestnik of
Nosov Magnitogorsk State Technical University, 18 (2), 4-12.
doi: http://doi.org/10.18503,/1995-2732-2020-18-2-4-12

37. Khobotova, E. B., Ignatenko, M. 1., Belichenko, E. A., Poni-
karovskaya, S. V. (2020). Radiation Properties of Coal and
Thermal Industries Waste. Occupational Safety in Industry, 8,
60—-67. doi: http://doi.org/10.24000,/0409-2961-2020-8-60-67

Lyashenko Vasil, PhD, Senior Researcher, Head of Research
Department, State Enterprise <«Ukrainian Research and Design
Institute of Industrial Technology», Zhovti Vody, Dnipropetrovsk
region, Ukraine, e-mail: ipt@iptzw.org.ua, ORCID: http://orcid.org/
0000-0001-8361-4179

Khomenko Oleh, Doctor of Technical Sciences, Professor, Depart-
ment of Mining Engineering and Education, Dnipro University of
Technology, Ukraine, e-mail: rudana.in.ua@gmail.com, ORCID: http.//
orcid.org/0000-0001-7498-8494

Chekushina Tatjna, PhD, Leading Researcher, N. V. Melnikoo Insti-
tute of Comprehensive Exploitation of Mineral Resources of Russian
Academy of Sciences, Moscow, Russia, e-mail: tanija_ch@mail.ru,
ORCID: http://orcid.org/0000-0001-9261-1105

Topolnij Fedor, Doctor of Biological Sciences, Professor, Depart-
ment of General Agriculture, State Higher Educational Institution
«Central Ukrainian National Technical University», Kropyonytskyi,
Ukraine, e-mail: topolniy @gmail.com, ORCID: http.//orcid.org/0000-
0002-3363-4646

Dudar Tamara, PhD, Senior Researcher, Associate Professor, De-
partment of Environmental Studies, National Aviation University,
Kyiv, Ukraine, e-mail: dudar@nau.edu.ua, ORCID: http;//orcid.org/
0000-0003-3114-9732

;28

TECHNOLOGY AUDIT AND PRODUCTION RESERVES — Ne 4/3(54), 2020



