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1. Introduction

Environmental technologies and technical equipment
in developed mining countries are being improved tak-
ing into account environmental, economic, technologi-
cal and social factors [1, 2]. One of the ways to re-
duce the anthropogenic load in the zone of influence
of mining enterprises is improvement of the technolo-
gies for tailings storage after hydrocyclone and hardener
additives [3, 4].

Therefore, it is urgent to develop technologies and
technical means for storing waste from the processing of
ore raw materials into underground underground space
and tailings dams with the addition of hardener.

This is an open access article under the CC BY license
(http.//creativecommons.org/licenses/by,/4.0)

2. The ohject of research
and its technological audit

The object of research is technologies and technical
means for storing waste materials from ore processing
into underground mined space and tailings dams with
the addition of hardener.

A tailings dam is a complex of facilities designed for
storing tailings of ore processing — the finely ground mi-
neral mass formed during ore dressing at mining enterprises.
Tails enter the tailing dams in the form of pulp with
a ratio of the amount of solid mineral particles to water
reaching 1:15—1:30. In practice, this ratio ranges from 1:0.3
to 1:70. Solids precipitates and clarified water is diverted
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for reuse or discharged into a body of water. The structure
of the tailings dams includes a primary dam and dams
of subsequent tiers, antifiltration devices, drains, spillway
structures, hydrotransport and dust suppression systems.

Tails of hydrometallurgical production is the solid par-
ticles formed as a result of hydrometallurgical processing
of ore, ranging in size from fractions of a millimeter to
a centimeter and containing unrecovered ingredients.

Ecological safety is a set of conditions, processes and
actions that ensure the ecological balance in the environ-
ment and do not cause vital damage to the environment
and humans.

One of the most problematic places is the technology
for storage of ore processing waste, according to which the
tailings of the hydrometallurgical plant (HMP) are sent
through a sludge pipeline to the tailings dam in the form
of pulp with a solid to liquid weight ratio: 1:2. The liquid
phase of the pulp after settling and clarification in the
tailings dam is returned to the technological cycle at the
HMP. This storage technology has several disadvantages:

— high one-time capital costs for the construction of

a tailing dam at full design capacity;

— high probability of the migration of harmful chemicals

into groundwater in case of damage to the protective

shields of the base or sides of the tailings dam.

3. The aim and ohjectives of research

The aim of research is development of technologies
and technical means for storing waste from the processing
of ore raw materials into underground space and tailings
dam with the addition of hardener. To achieve this aim
it is necessary to perform the following objectives:

1. To systematize the technologies and technical means
for storing waste from the processing of ore raw materials
into the underground mined space and tailings am with
the addition of hardener.

2. To establish the possibility of using hardening mix-
tures with the use of adjacent production as binders and
to propose the optimal composition of their ingredients
per 1 m? of the mixture.

3. To recommend an analytical model for determining
the efficiency of mining by comparing options for the
development of deposits (including man-made), taking
into account costs at all stages.

4. To propose technologies and technical means for
using them in the feasibility study for the construction of
an enterprise on the basis of the Novokostiantynivka ore
deposit (State Enterprise «East Ore Mining and Processing
Plant> — SE «EastOMP», Zhovti Vody, Ukraine).

4. Research of exiting solutions
of the prohlem

In world practice, the main way to protect the envi-
ronment and humans from the harmful effects of industrial
waste containing radionuclides is storing them in isolated
conditions (underground mined spaces and special storage
facilities on the surface) [5, 6]. The most promising way
to create tailings dams is a combined one, in which the
processing waste is placed in a specially equipped natural
depression with a dyke [7, 8]. In this case, one part is con-
structed from inert soils, and the other from recycled ore
material mixed with a binder component [9, 10].

The authors performed an analysis of literature and
patent documentation in the field of tailings storage after hy-
drocyclone and hardener additives in tailings dams [11, 12].
As well as laboratory and production experiments, physi-
cal modeling and selection of compositions of hardening
mixtures according to standard and new methods [13, 14].

Based on the analysis, it can be concluded that reduc-
ing the environmental hazard by storing waste from ore
processing into underground mined space and tailings dams
with the addition of hardener solves important scientific,
practical and social problems [15, 16]. This is achieved
by curing hazardous ingredients, determining the formula-
tions of hardening mixtures, assessing their strength to
fill underground mined spaces and surface maps of the
storage and solidification [17, 18].

5. Methods of research

During the study, the following stages of the study
were carried out:

— analysis of world experience in handling waste from

hydrometallurgical processing of radioactive ores;

— collection and analysis of materials on technolo-

gies for storage and immobilization of mining waste

in surface storage;

— determination of effective technology for the immo-

bilization and storage of HMP tailings;

— determination of requirements for physico-mechani-

cal, radiochemical indicators of stored waste and for

tailings dam;

— establishment of physical and mechanical properties

of a mixture of HMP tailings with a binder (mobi-

lity, adhesion, strength, filtration, leaching) and radio-

logical indicators (emanation coefficient, radon flux

density);

— development of technologies and recipes for hard-

ening mixtures for laying them in the maps of the

surface storage and in the underground mined spaces

of the mine;

— determination of the main technical and economic

indicators of the technology of preparation and laying

of the hardening mixture;

— assessment of the impact of the technology of prepa-

ration and placement of the hardening mixture in the

tailings dams on personnel, the environment and the

population living in the zone of its influence.

6. Research results

B6.1. Characterization of tailings dams of hydrometallur-
gical production. They use alternate multi-storey tailings,
from dams along the perimeter of the entire tailings dam
pit. Pulp production can be either underwater or surface.
With this storage, most of the washed tailings are un-
der water. However, both in the process of reclamation
and after storage at the tailings dams, dehydrated areas
(alluvial beach) are formed, which are in this state for
several months a year. Alluvium beach (slightly inclined
plane towards the settling pond) is formed along the
entire perimeter of the tailings dam. The width of this
plane depends on the method used for storing the tailings
and ranges from 100 to 500 m. There is an experience
in the map washing of the tailings, in which the tailing
dam is divided into compartments (maps), separated from
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the main by dividing dams. Pulp is discharged in one of
the map sections and is washed in layers, after which
the outlet pipes in this section are closed and the next
section is included in the work. When the height of the
layer of design marks is reached, the wash-up stops, the
map stops at the «sludge», the duration of which depends
on the size, number of maps on the tailings dam and the
intensity of the storage process and is 1.5-2 years.

So, from the beginning of the exploitation of the Zhovta
Richka iron ore (1895) and uranium (1951) deposits (Uk-
raine) were formed (Fig. 1):

— 2 quarries «Gabaevskyi» and «Veseloivanovskyis,

4 tailings dams — spent quarry of brown iron ore quarry

(BIOQ), «Razberi» and «Ternovskaia» and a collapse

funnel — as a result of underground mining of an iron

ore deposit by systems with forced collapse of ore and
surrounding rocks (SE «EastOMP», Zhovti Vody city,

Ukraine);

— Shcherbakovska arroyo (SE «EastOMP, Petrovskyi

District, Ukraine) (Fig. 2, a).

N

Dnipro — 120 km

Scale 1:60000

Fig. 1. Zhovti Vody industrial site:
1 — ash dam of waste from a thermal power plant (TPP); 2 — TPP;

3 — hydrometallurgical plant; 4 — tailings dam of brown iron ore guarry;
5 — sulfuric acid plant; 6 — reclaimed dam; 7 — «Veseloivanovskyi» quarry;
8, 9 — «Olkhovska» and «Nova» mines; 10 — collapse zone (failure);

11 - «Gabaevskyi» quarry; 12, 13, 14 — tailings «T», «P» and «II»

Thus, the existing tailings dams have dehydrated sites
(surface alluvial beaches, map areas located on the <«lag»
external slopes of dams and dams) are an intensive source
of dust formation. They are in this state for several months
a year. In summer, the surface heats up to 80 °C and the
dry layer reaches 30—-50 c¢cm. Dry tails are loose sand ma-
terial, between the particles of which there are no stable
bonds. The content of dust particles C<0.07 mm is more
than 65 %, and the particles of the fraction >20.01 mm —
up to 25 %.

Fig. 2. General view of the tailings dams for the storage
of waste hydrometallurgical ore processing: a — Shcherbakovska arroyo;
b — mining engineering reclamation at the tailings dam of brown
iron ore quarry

Ore mining in mines and quarries led to the formation
of waste rock dams and off-balance ones, in terms of the
content of useful components, ores and disturbance of
fertile lands, which today are partially restored by mining
restoration (Fig. 2, b).

6.2. Hydrometallurgical waste management. Hydrome-
tallurgical waste management consists in their storage in
tailings dams on the territory of the ore processing plant
or at a distance from it.

Three types of tailings are distinguished: alluvial, bulk
and combined. In alluvial tailings dams, the bulk of
the enclosing dam is washed from processed ore mate-
rial and in bulk — the dam is constructed from mineral
materials.

One of the active sources of environmental pollution
by ore dressing products is tailing dams. In the process of
equipping tailings dams, dehydrated areas of large area are
formed on their surfaces. In summer, the surface heats up to
60 °C and the dry layer reaches a thickness of 30—-50 cm.
Dry tails are loose sand material, between the particles
of which (except for insignificant surface tension forces,
molecular, chemical bonds and silicatization) there are no
stable bonds, for example, dust. At a wind speed of 5 m/s
or more, the surface of the tailings becomes an intensive
source of dust, the concentration of which in the air above
the storage and at a distance of several kilometers is tens
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and hundreds times higher than the maximum permissible
concentration (MPC).

The traditional way to control dust on dry beaches of
tailings dams is based on fixing dusty surfaces by creating
films or anti-erosion crusts. Humidification is the most
widely used dust control method, which is widely used
at the highest altitude tailing dap in the world of Mauro
at the Los Pelambres copper and molybdenum mine in
Chile since 2008 (Fig. 3) [19]. A wet beach also does
not dust, but moisture sometimes evaporates and such
a beach requires an additional supply of water, which
is very expensive. In addition, the reclamation of such
tailing dams will be difficult due to the low strength of
their surfaces.

Fixers are applied to the surface of the tailings dams.
In bulk-type tailing dams, light fractions (silt and clay)
are concentrated in the upper layer of beaches. Up to
90 % of the particles of these fractions are in the upper
(10—20 mm) layer. The filtration coefficient of the up-
per layer is on average 0.02—0.03 m/day. Due to the low
filtration, the penetration of fixing solutions deep into
the tails does not occur and an insoluble crust does not
form. After drying, a thin film forms on the surface of
the fixer, which is easily destroyed and washed off with
water. Most of the fixing mortar escapes along cracks
or collects in formed depressions. Anti-erosion film is
a sliding plane with reduced strength characteristics — the
angle of internal friction and adhesion, which contributes
to the destruction of dams. Tails with various fillers and
additives undergo natural leaching, which products violate
the ecosystem of the environment [20, 21].

Fig. 3. The technology of moistening the dusty surfaces
of the Mauro tailings dam at the Los Pelambres copper-molybdenum
mine in Chile (photo) [19]

Fixers are applied to the surface of the tailings dams.
In bulk-type tailing dams, light fractions (silt and clay)
are concentrated in the upper layer of beaches. Up to
90 % of the particles of these fractions are in the upper
(10-20 mm) layer. The filtration coefficient of the up-
per layer is on average 0.02—0.03 m/day. Due to the low
filtration, the penetration of fixing solutions deep into
the tails does not occur and an insoluble crust does not
form. After drying, a thin film forms on the surface of
the fixer, which is easily destroyed and washed off with
water. Most of the fixing mortar escapes along cracks
or collects in formed depressions. Anti-erosion film is
a sliding plane with reduced strength characteristics — the
angle of internal friction and adhesion, which contributes
to the destruction of dams. Tails with various fillers and

additives undergo natural leaching, which products violate
the ecosystem of the environment [20, 21].

6.3. Dust suppression technology with hitumen emul-
sion. For stationary use of the technology, the following
equipment and facilities are required:

— emulsion generator: bitumen emulsion warehouse;

— equipment for loading and unloading emulsions;

— car, tractor or helicopter;

— attachments for emulsion spraying.

Dust suppression is carried out by applying a thin
layer on the dusting surface of the bitumen emulsion.
The bitumen emulsion consumption is 0.12 kg/m?, i. e.,
to protect the required, for example, 1,000,000 m? dusty
surface of the dam, about 120 tons of bitumen emulsion
per year are necessary. To prepare 120 tons of emulsion,
about 60 tons of bitumen, 60 tons of water and 3.6 tons
of emulsifier are necessary.

The preparation of bitumen emulsion is carried out
using a special emulsion generator. Dust protection is valid
for one year. The layer of the applied emulsion on the
alluvial beach does not create an anti-filter screen, i. e., it
does not reduce the stability of the dam, does not pollute
the filtration water with oil products or other harmful
substances, i. e. it is environmentally friendly.

The above technological method of warehousing using
maps is widely used, for example, at the OJSC Yuzhnyi
Ore Mining and Processing Plant — OJSC Yuzhnyi OMP
(Kryvyi Rih, Ukraine) [22, 23]. The disadvantage of this
technology is its short validity period (one year), as well
as the low strength of the surface layer of the storage,
which will complicate the process of reclamation of this
tailings dam. This technological method of waste storage
using maps is also carried out without the inclusion of
hardening additives in the waste. Therefore, the inclined
layers described above can’t be obtained and dehydration
of the map surface will stretch in time, holding back the
time of its restoration.

6.4. Technology, technical means and organization of
storage of cured wastes of primary processing of ore raw
materials. An artificial array of tailings from the HMP is
created in blocks equal to the monthly productivity of
the tailings preparation complex. After laying, the block
is left for a month to gain strength, and at this time, the
adjacent block is laid. After a month, the block that has
gained the required strength is reclaimed. The strength of
the solid waste array, from the condition of safe operation
of the equipment on its surface, should be 2-3 MPa for
the upper bearing layer and 1.0-1.5 MPa for the remain-
ing layers (Table 1).

On the recommendation of Engineering Dobersek GmbH
(Germany), when preparing the tailings for curing, they
are dehydrated to obtain pulp with a content of up to
80 % of the solid component and sent to the mixer for
mixing with cement. The technological scheme for the
preparation of enrichment fluids for immobilization con-
tains a dewatering case, a thickener, a mixer, concrete
pumps, batchers, and a concrete pipeline, tailings dam maps,
branches and a conveyor [24, 25]. The tailings dehydra-
tion and backfill preparation complex includes: a dewater-
ing case, three thickeners with a diameter of 50 m with
a pump station, a mixing unit, a cement silo with a total
capacity of 6 thousand tons.

;38
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Table 1
Strength hardening laying based on the tailings
of the hydrometallurgical plant
P Number of measure- | Average
arameters

ments (samples), pcs. | value
Density, t/m3:
— slag 4 2.47
— tails 4 2.63
Humidity, %:
— slag 5 8.00
— tails 5 19.00
Tail fineness modulus 4 0.08
The content of the fraction is 0.074 mm
in the slag, %:
— source 5 3.00
— milled 5 43.00
Bulk weight, t/m%:
— hardening mixture 4 2.00
— ground slag pulp 4 1.48
— mixture mobility, cm 9 14.00
Water content, %:
— in the mixture 4 31.00
— in the ground slag pulp 4 53.00
Consumption of materials, t/m3:
— tails 4 1.17
— slug 4 0.38
The strength of the artificial massif, MPa:
— 3 months 4 2.83
— B months B 5.12

Before storing the tails, a 0.1 m thick sand layer is
placed in the storage bowl to protect against tearing and
deformation of the anti-filtration geomembrane. The design
of the storage bowl includes:

— compacted loam with a thickness of 0.5 m, density

1.6 g/cm?® with a filtration coefficient of 0.1-0.2 m/day;

— geomembranes such as HDPE G/G (for the bot-

tom) and HDPE T/G (for slopes 1.0/2.5);

— protective layer of sand with a thickness of 0.10 m

and upland ditches for the entire period of filling the

storage.

After completing the preparatory work, the antifiltra-
tion geomembrane is laid and welded according to the
technology of AGRU (Austria). A geomembrane of the
HDPE G/G type is laid at the bottom of the storage, and
HDPE T/G type along the slopes. The laid geomembrane
is covered with a layer of compacted loam with a thick-
ness of 0.5 m to protect it from damage.

In the waste management practice of radioactive ma-
terials, curing is most often used, which reduces their
natural leaching and stabilizes the physico-mechanical and
radiological properties. Technologically developed mining
countries are optimizing methods for curing waste from
hydrometallurgical redistribution and the «dry» method
of laying tailings in storage. A storage ditch is arranged
around the storehouse to prevent rainwater from the adja-
cent territory from entering the storage bowl and a 2 m
high fence. During the construction period, a settling pond
is arranged in the area of the lower dam for collecting
rainwater. Storage of ore waste in the cured state eliminates
leaching and migration of chemicals into groundwater.
The hardened surface of the layed tails allows to use
the technique for reclamation of the storage. Technology
reduces the area withdrawn from circulation and reduces
capital costs.

Technologies for the storage of enrichment waste, which
provide for the supply of sludge to the storehouse through
the outlets of the sludge pipeline, in layers to different
levels, ensure the spreading of the pulp stream in the
opposite direction with the deposition of dust-clay par-
ticles [26].

Its disadvantage is that clarified sludge water accu-
mulates on the entire surface of the storage, and rainfall
and sewage are added to it. The accumulated moisture
gradually evaporates or is removed after completion of its
filling, which increases the time of hardening of sludge in
the storage and reclamation of cells with sludge waste.

The authors propose changing the sequence of filling
the cell with sludge, not over its entire area, but with
inclined layers in the direction from one side of the cell
to the other. This ensures the drainage of excess water
along the inclined layers of the mixture to the drain hole
and drain (drain) of water. It is produced from the cell
through the drain holes without the use of special statio-
nary or floating water intake mechanisms (Fig. 4).

In the pipeline 1 (Fig. 4), the pulp with the tailings
of the enrichment of uranium ores is served in a mixture
with a binder (cement). Through outlets 2, the pulp is
placed in the cell 3 of the sludge store. The pipeline 1
with outlets 2 is placed on the longitudinal sides 4 and the
filling of the cell 3 begins through outlets 2 located near
the transverse side 5. And on the other transverse side 5
at its upper edge, one or more drain holes 6 are made.

Fig. 4. Technology for the placement of waste from hydrometallurgical
production in tailings dams: a, b — respectively, the layout of tailings
in the longitudinal and transverse directions of the sludge store

The filling of the cell 3 of the tailings slimes mixed
with cement is carried out in the following sequence.
First, the outlet 2 is opened, for example, of the left
longitudinal side 4 and the section I is filled, forming
an inclined surface 7 directed towards the center of the
cell 3. Then, the outlet 2 of the right longitudinal side 4
is opened and the section II is filled with an inclined
surface 7 directed towards the section I. B the process
of filling the cell 3 from the first extreme outlets 2, the
excess liquid 10 of the pulp and rainfall on the formed
inclined surfaces 7 will begin to drain to the center of
the cell 3, contributing to the rapid curing of the pulp
sections I and II.
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By increasing outlets 2 on the left and right longitu-
dinal sides 4, fill cell 3 from the same extreme outlets 2.
This forms sections III, IV, V, VI with inclined surfaces 7
directed toward the center of cell 3, which also contribute
to the drainage of excess fluid to the center cell 3. As
a result, water removal from the cell is simplified and the
curing process of the pulp in these areas is accelerated.
When the sludge is initially filled only from the extreme
outlets 2 to the upper level of the cell 3, a cured layer
of mixture 8 is formed with an inclined surface 9, along
which excess liquid 10 will drain to the bottom of the
cell 3. After filling the sludge to the upper level, the ex-
treme outlets 2 are closed. Filling of cell 3 begins from
the following outlets in the same sequence as from the
first. In this case, they form the same sections (I-VI)
with inclined surfaces 7 and subsequent inclined layers 8.

When filling each next layer of the mixture 8, the
water 10 accumulated in the lower part of the cell 3,
squeezing out, is moved to the opposite transverse board 5.
The same inclined layers 8 direct water 10 to the drain
holes 6, through which water is drained into the next cell.
After draining the water 10, the drain holes 6 are clogged
and the filling of the cell 3 with the sludge mixture is
completed. At this time, the dehydrated surface of the
sludge, previously laid in cell 3 from the first extreme
outlets 2, hardened and became suitable for conducting
restoration work on it, without waiting for the entire cell
to be filled with sludge. Consequently, the start and end
dates of reclamation will be reduced. The proposed tech-
nology for the storage of waste in the storage ensures the
removal of water from its surface due to the formation of
inclined layers located both along the cell and across it.
This ensures that the accumulated sludge accumulated at
the bottom of the cell is filled with sludge to the side of
the cell, where holes are installed to drain excess water
without using water intake mechanisms [21, 22].

6.5. Environmental and economic efficiency of mining. The
accumulation of waste from the extraction and processing
of mineral raw materials is accompanied by a chemical
effect on the environment of the toxic components of the
waste, among which the most dangerous are heavy metals.
Assessment of the use of tailings includes such elements as:

— forecasting the growth of production efficiency;

— transfer of off-balance sheet, according to the con-

tent of useful components, reserves to the category of

balance sheet;

— coordination of activities for the regulation of tech-

nological processes;

— assessment, control and analysis of processing results.

The efficiency of mining can be determined by com-
paring options for the development of deposits (including
man-made), taking into account costs at all stages. At the
same time, the costs of protecting the population (includ-
ing the costs of environmental protection, rehabilitation of
contaminated and disturbed areas, human health, etc.) living
in the zone of influence of mountain objects according to
the proposed analytical model should be taken into account:

c 1
P= ;[(‘/mo _Cmo i(D+Z"):|W =1max,

where P — the profit from obtaining the final product
from metal-containing ores, monetary units; V,, — the

total recoverable value of the final product from metal-
containing ores, monetary units; Cy, — the total cost of
production and receipt of the final product, monetary
units; D — total damage (economic consequences) caused
to (-) the environment or prevented (+), taking into
account the costs of protecting the population living in
the zone of influence of mining enterprises (Z,), monetary
units; E — the coefficient of discounting costs and profits
in time ¢ of the application of the evaluated technology,
the share of units.

6.6. Implementation results. Technologies with fix-
ing leaching tails with secondary mineralization products
for 40 years have been used in the development of the
Bykogorske uranium deposit (North Caucasus, Republic
of North Ossetia, Alania) using underground mine leach-
ing with a 3 % sulfuric acid solution. As a result of the
mudding processes, leaching tails acquired strength of
0.5-1.0 MPa [17, 18]. The authors systematize technolo-
gies for managing the status of tailings dams and proposed
their classification (Table 2).

Tahle 2
Classification of tailings dams management methods
Technology Methods Advantages Disadvantages
. low costs, availability
claying of materials low strength
cementation high strength high costs
silicatization high strength complexity
Top layer carbonation simplicity, reliability, difficult
carbonate utilization | re-preservation
bio fixing mmphmty a .ru:l 8CE85™ 1 in combination
sibility
mudding without | simplicity, reliability, | metal and salt
metal extraction waste disposal pollution
simplicity, reliability, not used the
without metal disposal of electro- possibility of
extraction chemical products, disposal with
environmental the receipt of
Total friendliness goods
with metal simplicity, payback,
extraction environmental friend- no
liness

The classification given by the authors (Table 2) dif-
fers from the known ones in that the indicator of reagent
removal into nature is adopted as the main criterion. As
a result of the dust suppression performed according to
the sanitary-epidemiological service, the dust content in
the air above and around the tailings dam is below the
maximum permissible concentrations.

The results of the study of hardening mixtures pre-
pared on the basis of the tailings dam of the HMP for
the construction of a model of the tailings dam show:

— the contact of the dam water and technical with

the hardening mixture within the studied range of

salt concentration and time does not destroy it and
does not affect the strength;

— the filtration coefficient of the mixture is less than

1 c¢m per day, and the strength of the hardening mix-

ture prepared with dam water is 25 % higher than

with process water;
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— drilled cores from the dam massif after one year
of being in the open air did not lose strength and
amount to 2.0-2.3 MPa. The hardening mixture after
100 «freezing — thawing» cycles received not significant
peeling of the surface and the preservation of the form,
in accordance with the requirements of SNIP — 56-76
it is considered frost resistant.

7. SWOT analysis of research results

Strengths. The proposed technology for the storage
of waste materials from ore processing into underground
mined space and tailings dam with the addition of hardener
allows using the production capacity of the enterprise
1,500 thousand tons/year to use 50-55 % of tailings for
laying the developed space (830 thousand tons/year). And
the rest, combined with cementitious material, should be
stored in storage (670 thousand tons/year).

Weaknesses. The main negative impact of the construc-
tion, operation of the storage and waste storage is the
withdrawal of land from use. Therefore, it is necessary
to provide funds for the following activities:

— reclamation of the storage area and the territory

adjacent to it after the end of operation;

— landscaping of the reclaimed territory with grass

and shrubs;

— continuous monitoring of environmental components

in the storage area.

Opportunities. The proposed technology was used by the
State Enterprise « Ukrainian Research and Design Institute
of Industrial Technology» (Zhovti Vody, Ukraine) in the fea-
sibility study for the construction of the enterprise on the ba-
sis of the Novokostiantynivka ore deposit (SE «EastOMP»,
Ukraine).

For the processing of industrial waste (tailings), which
have a wide variety of mineral forms compared to conven-
tional ores, it is necessary to create new technologies based
on the latest achievements of science and technology. It is
necessary to conduct intensive research aimed at solving
the problem of disposal of accumulated waste from mining
and metallurgical production (MMP). Implementation of
effective methods for the extraction of metals from such
wastes will improve the environmental situation in the areas
of their storage and provide an increase in the mineral
resource base of Ukrainian industry. The wide involvement
in the production of technogenic reserves of ore dressing
tailings, as well as the processing of off-balance dams,
in terms of the content of useful components, of ores in
modular plants, provide an additional source of meeting
the industrial demand for metals. As well as reducing
environmental pollution in developed mining countries
of the world [27].

Threats. Separately, it should be noted the need to
create protective forest belts along transport routes (road
and rail). Territories where MPCs of pollution are exceeded
must be transferred for sowing industrial crops; in water
bodies, fishing, bathing, etc. should be prohibited. In order
to prevent dust transfer of contaminated material outside
the tailings dams, it is advisable to plant sanitary pro-
tective strips around them that will contain tall woody
species that will restrain wind speed over tailings dams.
In this case, dust will settle in these forest plantations
and will not flow to other territories, including settle-
ments. 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 MMP, as well as to assess their
impact on the environment and humans [20, 24].

1. The technology and technical means for storing waste
from ore processing into underground mined space and
tailings dam with the addition of hardener are system-
atized. And also their classification is carried out, which
differs from the known ones in that the indicator of the
transfer of reagents into the surrounding, geological and
hydrogeological environment is adopted as the main cri-
terion.

2. The possibility of using hardening mixtures with
the use of adjacent production as binders is established
and the optimal composition of their ingredients per 1 m?
of mixture is proposed:

- HMP tails — 1350-1500 kg;

— binder (cement) — 50-70 kg;

— mixing water — 350 1.

3. An analytical model is recommended for determin-
ing the efficiency of mining by comparing options for the
development of deposits (including man-made), taking
into account costs at all stages, differing in cost and to
protect the population living in the zone of influence of
mountain objects. Including expenses for environmental
protection, rehabilitation of contaminated and disturbed
territories, human health, etc.

4. He proposed technology is used by the SE «Ukr R&D
Institute for IndTech» in the feasibility study for the construc-
tion of the enterprise on the basis of the Novokostiantynivka
ore deposit (SE «EastOMP», Ukraine). So, with the produc-
tion capacity of the enterprise 1,500 thousand tons/year,
50-55 % of the tailings are used for laying the under-
ground mined space (830 thousand tons/year), and the rest
connected with cementing material is stored in a storage
(670 thousand tons/year).
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