ECOLOGYFANDRENVIRONMENTALETECHN OLOGY;

UDC 622.725:553.945 (088.8)
DOI: 10.15587/2706-5448.2021.235288
Article type «Original research»

EVALUATION OF EFFICIENCY

AND ENVIRONMENTAL SAFETY
OF LEACHING METALS FROM ORE.:
WAYS OF DEVELOPMENT AND
PROSPECTS

The object of research is traditional mining technologies and technical means in combination with underground
block leaching (UBL) of metals from rock ores with their preliminary crushing with explosives in installations
mounted in mine workings. One of the most problematic areas is the dif ficulty of achieving a given crushing quality,
as well as the required height of ore storage in the chamber for the subsequent leaching of metals and a loosening
Jactor, taking into account the control of the energy of explosive destruction of rock ores.

The study used:

— data from literary sources and patent documentation in the field of technologies and technical means for UBL
of metals from ores in energy disturbed massifs, substantiation of technological parameters of operational blocks;

— laboratory and production experiments;

— physical modeling of metal extraction from ores from the average linear size of a piece of blasted ore.

Analytical studies, comparative analysis of theoretical and practical results using standard and new methods
were carried out with the participation of the authors. It was found that the most intensive infiltration leaching
occurs when the size class of ore lumps is —100+0 mm. Metals are extracted from fractions —200+100 mm less
intensively and for a longer time. To neutralize and flush the spent ore mass, it is recommended to treat it with
lime solution and mine water through wells for supplying leaching solutions (irrigation system). The protection
of the hydrogeological environment is carried out by silting the bottom of the chamber for collecting productive
solutions with clay solution and by constant monitoring of mine water pollution in the zone of UBL influence.
On the basis of the positive results obtained from the study and implementation of technologies for UBL of metals
Jrom rock ores during the development of block 5-86, in accordance with the recommendations issued, the same
approach was used for blocks 5—84—86 and 5-88-90, as well as industrial experimental block 1-75-79. Due to
the involvement in the production of substandard ores, the raw material base for the extraction of metals, at the
operating mines, can be increased by 1.4—1.6 times.

The research results can be used in underground mining of ore deposits of complex structure in Ukraine, the
Russian Federation, the Republic of Kazakhstan and other developed mining countries of the world.
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1. Introduction

There is a problem in the mining industry: on the one
hand, the extraction and processing of ore are highly costly,
and on the other, the ores that are mined are classified
as poor in terms of the content of the useful component.
The world experience in the application of mining and
chemical technology in the extraction of metals by under-
ground (mine) method from rock ores indicates that this
technology has not yet been developed enough. It is pos-
sible to increase the efficiency of metal extraction through

the introduction of an integrated technology, including
a traditional chamber system with solidifying backfill, and
underground block leaching (UBL) from rock ores [1, 2].
Therefore, the substantiation of technology and techni-
cal means for underground leaching of metals from rock
ores, providing an increase in the economic efficiency of
their extraction and environmental safety, is an urgent
scientific, practical and social task [3, 4]. This work is
a continuation of research with the participation of the
authors, the main scientific and practical results of which
are most fully presented in works [5, 6].
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2. The ohject of research
and its technological audit

The object of research is traditional mining technolo-
gies and technical means in combination with UBL of
metals from rock ores with their preliminary crushing
with explosives in installations mounted in mine workings.

There are various technological schemes of UBL, of
which the leaching of metals from permeable ores in natural
occurrence through wells drilled from the surface is widely
used. It is also possible to use a scheme with preliminary
crushing of rock ores by explosives.

One of the most problematic areas is the difficulty of
achieving a given crushing quality, as well as the required
height of ore storage in the chamber for the subsequent leach-
ing of metals and a loosening factor, taking into account the
control of the energy of explosive destruction of rock ores.

3. The aim and ohjectives of research

The aim of research is to assess the technology and
technical means for underground leaching of metals from
rock ores in installations mounted in mine workings of ope-
rating blocks. This will ensure the protection and rational
use of mineral resources, increase the economic efficiency
and environmental safety of ore mining.

To achieve this aim, it is necessary to solve such problems.

1. To analyze the theory and practice of drilling and
blasting preparation and breaking of large volumes of ore
masses for UBL of metals from rock ores.

2. To investigate and substantiate the parameters, and
select rational schemes for the preparation of treatment
blocks for joint mining of ores by the traditional method
and leaching of UBL metals.

3. To develop recommendations for design solutions
for UBL, to conduct their pilot tests at the Ingul mine
of the State Enterprise «Vostochny Ore Mining and Pro-
cessing Plant» (SE «VostGOK», Zhovti Vody, Ukraine)
Mychurin field.

4. Research of existing solutions
to the prohlem

A number of scientists have contributed to the theory
and practice of leaching. Thus, the greatest successes have
been achieved in the leaching of copper, uranium, gold
and zinc, to which the authors of works [7, 8] devoted
their works. Despite the positive experience of industrial
leaching, so far only of uranium, copper, gold, insuffi-
cient knowledge of the process prevents the widespread
introduction of the method in rocky deposits of ores of
other metals. Underground leaching in blocks without
taking into account all natural and technogenic factors
can discredit the idea; therefore, the main task of the
development of the method is to develop the scientific
foundations of a new technology [9, 10].

Mine systems of underground metal leaching in pro-
duction blocks from chipped and stocked ores are used in
deposits characterized by low active porosity (less than 5 %)
and low filtration capacity of ores (Ky<0.1 m/day). At the
same time, ores are broken off in the blocks at the place
of occurrence. Development system options include bore-
hole breaking of ores in a confined environment with
a loosening coefficient K;<1.2.

When choosing the parameters of drilling and blasting
operations and determining the lumpiness of the broken-off
ores required for UBL, in each specific case, their structure
and texture, the nature of the distribution of ore mineraliza-
tion and the degree of fracturing are taken into account.
The disadvantage of these UBL systems is the lack of sub-
stantiated parameters of drilling and blasting operations
that provide a given quality of crushing and technological
conditions aimed at a more complete use of the energy of
explosive destruction, except for delayed separation and
blasting in a compressed environment. In addition, the stable
parameters of the operational units of the UBL have not
been determined, which, without taking into account the
control of the energy of explosive destruction, can lead to
the collapse of their structural elements. As a result, one
of the most problematic areas is the difficulty of achieving
a given crushing quality, as well as the required height of
ore storage in the chamber for subsequent leaching of metals
and a loosening factor, taking into account the control of
the energy of explosive destruction of rock ores [11, 12].

The scheme of metal leaching from permeable ores in
natural occurrence through wells drilled from the surface
is shown in Fig. 1.

A solvent is fed into the wells, which, filtering through
the reservoir, leaches useful components and then is pumped
out through other wells. A feature of the wells is the
use of polyethylene pipes. This technology was used to
develop the deposits of Ukraine «Devladovo», «Bratskoe»
and <«Safonovka» of SE «VostGOK» in the period from
1959 to 1984. At present, all areas worked out by the
technological scheme of underground leaching (UL) have
been reclaimed, and the lands have been transferred to the
land user. A specialized laboratory monitors the pollution
of the hydrogeological environment in water samples taken
through wells in the zone of influence of the specified
mining object [13, 14].

Based on the analysis of the technologies used for un-
derground mining of rocky deposits, it is proposed to in-
troduce a new, cheaper technology for the extraction and
processing of poor ores — a combined one, consisting of
a traditional mining technology and PBB. In the experimental
block, the balance reserves, in terms of the content of the
useful component, were mined at the deposit of Northern
Kazakhstan, folded by a lenticular ore body in sheared sedi-
mentary rocks with a strength of 4-6 on the scale of prof.
Protodyakonov. The preparation of ore bodies for leach-
ing at the Bykogorske deposit is shown in Fig. 2 [15, 16].

Fig. 1. Scheme of development of a seam deposit by leaching through
wells (such as «Devladovo», «Safonovka» and «Bratskoe», Ukraine):
1 — solution preparation unit; 2 — injection well; 3 — drainage well;
4 — compressor; 5 — air line for airlift; 6 — reservoir for productive
solution; 7 — sump; 8 — installation for solution processing

;20

TECHNOLOGY AUDIT AND PRODUCTION RESERVES — Ne 3/3(59), 2021



I55N 2664-93969

CHEMICAL ENGINEERING:
ECOLOGY AND ENVIRONMENTAL TECHNOLOGY )

TLLLLLEL

30-40m

<

4 5 6

b

Fig. 2. Preparation of ore bodies for leaching at the Bykogorske deposit:

a, b — respectively, without crushing and with crushing of ore by explosive

charges in wells; 1 — Haulage horizon; 2 — Irrigation wells; 3 — Plugging;

4 — Drainage wells; 5 — Bypass well; 6 — Supply well; 7 — Waterproofing;
8 — Blast holes; 9 — Detachable uprising; 10 — Ore infiltration

The authors point out that this method can significantly
reduce the operations used in the traditional production
system. In addition to such as the creation of a compensa-
tion space, the release and delivery of up to 30 % of the
magnetized ore from the PMB chamber, etc.

At the mines of the Priargunske Industrial Mining and
Chemical Association (JSC PIMCA, Krasnokamensk, Rus-
sian Federation), mining systems with solidifying backfill
and metal leaching from ores stored in the chamber are
most widespread (Fig. 3) [17, 18].

Uranium UBL method is used for ores with uranium
content less than 0.15 %. The ore stored in the chamber
is irrigated with a sulfuric acid solution according to the
infiltration scheme of uranium leaching. In the lower part
of the chamber there is a drainage drift for collecting
productive solutions, from which they are pumped through
a pipeline to a surface processing unit for primary process-
ing. The resulting semi-finished uranium is transported by
trucks to the hydrometallurgical plant (HMP). Losses of
uranium at UL do not exceed 30-35 %.

The main disadvantages of the existing technologies of
PMB of metals from the metals stored in the chamber are:

— labor intensity of the technological process to create

conditions for effective leaching;

— the need to transport rock mass and fill the worked-

out space with a hardening mixture, the formation of

an artificial bottom;

— lack of justified parameters of drilling and blast-

ing operations that ensure the specified quality of ore

crushing and technological conditions, and short-delay
blasting in a clamped environment;

— the stable parameters of the blocks have not been
determined either, which, without taking into account
the energy control of explosive destruction, can lead to
the collapse of the structural elements of the blocks;
— the effective height of leaching of metals and the
coefficient of loosening of broken ores have not been
substantiated, taking into account the control of the
energy of explosive destruction.

3 4
g250mm, N\ [ 2 250mm,
L=440m L=390m

Fig. 3. Scheme of underground block leaching of metal from ores
stored in chambers at the Gluboky mine: 1 — UL unit; 2 — Barrel No. 3B;
3 — Well for produce of productive solutions; 4 — Well for the supply
of productive solutions; 5 — Irrigation drift; 6 — Camera;

7 — Pump chamber; 8 — Drainage drift

5. Methods of research

In the course of the study, methods of complex gene-
ralization, analysis and evaluation of practical experience
and scientific achievements in the field were used:

— technologies and technical means of underground mining

of ores in energy-disturbed massifs of complex structure;

— underground geotechnology;

— complex technology, including a traditional chamber

system with solidifying backfill and UBL of metals

from rock ores;

— theory and practice of explosive destruction of so-

lid media.

Let’s also use the methods of continuum mechanics,
mathematical statistics and methods of studying wave pro-
cesses according to standard and new methods of leading
specialists of developed mining countries of the world with
the participation of authors in this area, in particular, the
authors of works.

6. Research results

6.1. Study of the dependence of metal recovery on the
average linear size of a piece of ore. The technical problem
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for the solution of which the proposed combined technol-
ogy is aimed is to increase the efficiency of the process
of developing ore deposits in combination with UBL, by
optimizing the parameters of production blocks and cre-
ating conditions for controlling the energy of explosive
destruction. This ensures the optimal granulometric com-
position of the rock mass of a given crushing quality, as
well as the coefficient of metal leaching from ores and
a decrease in the consumption of technological solutions
when leaching useful components.

At the operating mines of Ukraine, the combined
method of metal extraction is recommended for use as
the most effective. It includes traditional mining tech-
nologies and technical means in combination with UBL
of metals from rock ores with their preliminary crushing
by explosives in installations mounted in mine workings.
This will allow, through the modernization of fixed as-
sets and technical re-equipment of production, to in-
volve the reserves of poor, as well as substandard ores in
the development, and thus extend the life of the exist-
ing mines.

It has been established that the volume of prepara-
tory mining operations with a combined mining method
directly depends on the completeness of the use of previ-
ously passed (existing) mine workings and the adopted
UBL scheme.

In the conditions of the Michurynske deposit of the
SE «VostGOK» (Ukraine), large-scale studies of the de-
pendence of metal recovery from crushed and fraction-
ated ore mass were carried out, which made it possible
to establish the quantitative parameters of the leaching
process (Fig. 4).
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Fig. 4. Graph of the dependence of metal recovery on the average linear
size of the ore mass crushed by the explosion of explosives

In Fig. 4 dots show the actual indicators of metal
extraction during its leaching from the corresponding frac-
tions of ores of the Michurynske rock deposit. As can
be seen from the graph in Fig. 4, metal recovery & %,
significantly depends on the average linear size of a piece
of blasted ore d,, and with a high degree of reliability
(R?=0.97) is described by the expression:

E=11.817 d;050, (1)

A distinctive feature of the methodology for determin-
ing the parameters of the destruction of rock ores, with
a given crushing quality for leaching, is the finding of
the required explosion energy, taking into account the
limiting energy consumption of rock crushing.

Knowing the specific consumption of explosives, it is
possible to determine the mass of the charge per one well
and the geometrical parameters of the location of the wells

in the blasted block. From the analysis of the expression,
it follows that it is advisable to reduce the average dia-
meter of pieces of chipped ore, as well as crushing the
components of the leached media in order to increase the
contact surfaces. The regularity described by expression (1)
is important in the control of the subsequent parameters
of the leaching process.

One of these methods, allowing to reduce the average
linear size of the piece and increase the newly formed
area of the destroyed rock mass, is the preparation of
the ore mass for leaching using the kinetic energy of the
scattering rock lumps, followed by breaking the ores in
the clamp [19, 20].

6.2. Combhined technology of ore mining and metal leach-
ing. Mining technology. The reserves of the Michurynske
deposit, a significant part of which lies under the Ingul
river, industrial and civil buildings (Kizelgur village of
Kropyvnytskyi city, Ukraine) and structures are represented
by steeply dipping ore bodies of various capacities. The
deposit is being developed by a chamber mining system
with backfilling of the goaf with a hardening mixture of
various composition and strength.

Mining operations are developing at a depth of 40 to
350 m. The chambers are mined at sublevels of 10—15 m.
Ore breaking is performed with borehole charges 57 and
65 mm in diameter drilled with NT-2 and PK-75 ma-
chines (Ukraine). Parallel down-wells with a diameter
of 85 and 105 mm are drilled with NKR-100 M machi-
nes (Ukraine) to form cutting slots. The main features
and effectiveness of the UBL use is achieved with the
following main mining-geological and mining-technical
characteristics of ore deposits [21, 22]:

— stable and medium stability steeply dipping ore bodies

occurring in rocky acid-water-resistant enclosing rocks;

— by the quality of ores — these are balance, poor and

off-balance;

— by the content of the useful component;

— fracture zones in the block space are poorly deve-

loped, and the presence of carbonates is not more than

2-4 %;

— ore deposits have significant off-balance halos in the

absence of clay inclusions.

The technological scheme of metal leaching during un-
derground ore mining is shown in Fig. 5.

6.3. Theory of drilling and hlasting ore preparation for
underground metal leaching. In the process of develop-
ing rocky, poorly permeable ore massifs, they carry out
driving of preparatory and grooved mine workings, cut-
ting slots and their expansion [23, 24]. Drilling of wells
and charging of explosive, its short-delayed blasting in
a compressed environment is carried out. The irrigation
horizon and the bottom are drilled to collect produc-
tive solutions, and the ore is partially discharged to the
cut-off slot.

Based on the results of many years of research on
a complex of scientific research work in underground
mining in energy disturbed massifs, the authors propose
calculation formulas to substantiate the stable parameters
of the chambers (Table 1).

Substantiation of an effective loosening factor allows
increasing the extraction of useful components from ores
to economically feasible limits [25, 26].

;22
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Fig. 5. Technological scheme of metal leaching during underground ore
mining: OCS — ore control sorting; UL — underground leaching; HL — heap
leaching; OPP — ore processing plant; AUTC - crystals of
ammonium-uranyl-tricarbonate

Tahle 1
Safe parameters of chambers for ore deposits
Parameter name Calculation formulas
The length of the production block 1 to achieve _
the specified crushing quality of the rock mass, m =2 Erm)+hy
The width of the compensation space in an explo-
sion in the clamp is determined by the width of the
cutting slot by and the length of the partial release bi=bg+2lg
section /g, limited by the coefficient of loosening
1.15>Kp<12, m
The effective height h of the magnetized rock mass 0
in the UBL, taking into account the technological and b= v
hydrodynamic characteristics of the leached ores, m V-y

Note: A, m — respectively, the size of the areas of intense collision
of the repulsed rock mass and the explosive explosion in the clamp, m;
by — size of the compensation space, m; © — irrigation regime, m%/m® hour;
t — time of intensive leaching, hour; V - reagent consumption per 1 ton of ore, m®
Yy — density of leached ores, t/m3

6.4. Implementation results. The complex of works in the
preparation of the pilot block 5-86 for the drilling opera-
tion included the following operations: driving of threaded
and boring workings, drilling of wells, driving of cut-off
rising, formation of cut-off slots and compensation space,
breaking of ores with borehole charges followed by their
shrinkage. It had the following parameters: height — 20 m;
width — 16 m; length — 24 m. In preparation for the UBL,
the authors recommended the possibility of maximum use of
previously passed mine workings. On the horizon — 210 m,
there is a sorption column with a container for receiving

a sorbent, a main pipeline with a sprinkler system for
supplying leaching solutions to the magnetized ore into
the UBL chamber (Fig. 6).

Hor. 225

Hor. 240

Hor. 250
Hor. 255

Op.

Hor. 280

£

Fig. 6. Technological scheme of block preparation for leaching:

Op. 59 — ore pass of 59 axis; Bc. X 59, Bc X 88 — ventilation-running
rising of axis 59 and 88, respectively; 1 — Sorption column; 2 — Sorbent
receiving capacity; 3 — Irrigation horizon; 4 — Main pipeline;

5 — Sprinklers; 6 — Block camera; 7 — Orebody outling; 8 — Pumping
station; 9 — Sump for catching productive solutions; 10 — Sump for
preparation and addition of acidification of productive solutions;

11 — Sump of neutralization solutions; 12 — Capture horizon;

13 — Observation wells

A distinctive feature of the above technology of UBL
(underground area for leaching metals from magnetized
ores) is that the leaching solutions are supplied from
a sorption column located in the mine workings of the ir-
rigation horizon in the immediate vicinity of the operating
block. Productive solutions are dispensed from a sorption
column located in the mine workings of the irrigation
horizon in trolleys to the day surface and then in tanks
at the HMP. For this reason, on the horizon of 255 m,
pumping stations with sump pumps for neutralization solu-
tions, preparation, additional acidification and capture of
productive solutions are equipped. Wells were drilled from
a horizon of 280 m to control changes in the hydrogeo-
logical environment and conduct appropriate monitoring.

The hardware diagram of industrial development of
the UBL technology includes:

— railway tank car;

— pumps type F430 PP-50/38; X 80-50-250 E; PR63;

AX 125-100-400E and X50-32-125 (Ukraine);
container for low-grade acid,;

— drain device;

tank truck and resin tank;

submersible pump type F-706 PP-185 (Ukraine);
— sump for productive, neutralization and leaching
solutions;

— hydraulic lift;

tanks with a volume of 0.4 and 0.8 m3;

sorption column of SNK type (Ukraine);

— pipeline;

ejector;

— free capacity;

tanks for acidification and neutralization;
manual hoist with lifting capacity up to 1 t.

Working solutions in this mode from the irrigation
horizon (horizon 210 m) are supplied to the surface of the
ore, which is manganized in the block through a system of
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perforated polyethylene pipes with a diameter of 16 mm.
The pipes are inserted into 48 wells drilled from the 210 m
horizon down into the block chamber. The total length of
these wells is 309.2 m, the network of irrigation points has
reached 2x2 m. Irrigation is carried out periodically for
30 minutes with pauses of 2—3 hours. During the pauses,
favorable conditions are created for aeration of the ore
material and the development of oxidative processes that
contribute to the transition of the metal from the hardly
soluble tetravalent form to the readily soluble hexavalent
one. The irrigation density during the experiment varied
from 9 1/m?hour to 16 1/m%hour, which ensured the in-
filtration regime of irrigation.

The technology of the experimental section of the UBL
includes the following operations:

— acidification of the broken-off ore in the experimental

block;

— irrigation of stored ore with sulfuric acid solutions;

— sorption of metal from productive solutions onto

resin (regenerated anionite grade AMP);

— intensification of leaching processes by shaking ex-

plosions;

— pumping out, through the main drainage of the mine,

excess solutions after sorption to the mine water treat-

ment plant (MWTP),

— neutralization and washing of the spent ore mass

with lime solution and mine water [27, 28].

Technological equipment for leaching metal from ore
installed in underground workings at the Ingul mine of
the State Enterprise «VostGOK» consists of:

— sorption columns of SNK type (Ukraine);

— pumping station with a capacity of 0.4 m® and an

AX pump (Ukraine);

— the composition of containers with ion exchange

resin and diluted sulfuric acid.

Leaching process maintenance is provided by technologi-
cal equipment, including: surface unit; technical complex for
receiving and dispensing acid and resin; underground node;
technological complex for leaching and sorption. Sulfuric
acid from a railway tank car, used as a consumable tank,
is periodically pumped through a beetroot (tank) and
a drain device into a transport tank car. A tank car with
acid is lowered down the shaft to a horizon of 210 m.
Acid, in accordance with the technological regulations, is
dosed at a horizon of 240 m into a sump of productive
solutions for the preparation of a leaching solution [29, 30].

Periodically saturated resin, from the sorption column,
is unloaded into a special tank car and rises to the surface,
where, with the help of «transport» water from the pump,
it is loaded by gravity into a tank truck with a volume of
6.4 m® and transported for regeneration to a hydrometallurgical
plant. The regenerated resin is loaded into the trolley from
a tank truck by gravity — with the help of circulating water,
which, during loading, drains from the truck or tank truck
through a cartridge filter. On the haulage horizon, the resin
is fed from the tank car into the sorption column by airlift.

After the completion of leaching, flushing and neu-
tralization of the block, insulating and ventilation bridges
are constructed in all adjacent workings of horizons 280,
240 and 210 m to prevent the emanation of radon and
other harmful substances. Studies have established that
after leaching, there was a change in the granulometric
composition of the ores. The leached ore, after being de-
livered from the block to wagons and transported to the

surface, was carefully screened through changing sieves
at an ore processing plant (OPP), collected and weighed
fractionally. Their lumpiness began to differ both from the
parameters set by the calculation and from the values
obtained after breaking off in the block (Table 2).

Tahle 2

Content and recovery of metal by size classes in leached ore
Size class, mm  |-200+150|-150+100| -100+50 | -50+25 | -25+0
Class yield, % 8.8 17.0 27.0 35.3 11.8
Metal content by | gpzg | pp3s | 0030 | 0.025 | 0.014
class, %
Metal recovery 26.3 26.3 3.3 400 | 714
by class, %

6.5. Effectiveness of the results. The profit from the
involvement of substandard reserves in terms of the con-
tent of useful components in production is provided by
increasing production volumes, increasing production and
increasing the return on capital for combined leaching tech-
nologies [31, 32]. The study of the processes of sorption
purification of contaminated water was carried out using
solutions, the composition of which, in terms of the main
anionic components, corresponded to the composition of
underground waters of the storage facility for liquid waste
of uranium ore processing at the State Enterprise VostGOK
(Zhovti Vody, Ukraine) [33]. This ensures a decrease in
the degree of metal contamination of ground and surface
waters, soils and sediments, including the main Michuryn-
ske fault and an anti-seepage curtain (constructed using
technology, for example, a «wall in the ground») [34, 35].

Thus, the UBL implementation on an industrial scale
will significantly improve the economic and environmental
performance of production. As a result of the studies, it
was found that mining and chemical technologies can be
used for the development of poor and substandard ores of
rocky deposits, and thus, increase their profitability [36, 37].

6.6. Promising areas of research. Continue research
on the quality of the hydrogeological environment in the
zone of influence of the UBL based on the data of hy-
drogeological monitoring of groundwater pollution [38].
The authors consider it expedient to construct semi-active
water-permeable chemically active barriers (WPAB) and
biological technologies for UBL by silting the bottom of
the chamber for collecting productive solutions with clay
solution [39, 40].

7. SWOT analysis of research resulis

Strengths. On the basis of research and assessment of
technology and technical means for underground leaching
of metals from rock ores, the parameters were substanti-
ated and rational schemes for the preparation of treatment
blocks for combined ore mining by the traditional method
and leaching of UBL metals were selected. This will ensure
the protection and rational use of the subsoil, and an
increase in economic efficiency. The results of the work
showed a significant dependence of the leaching process
(in terms of the time factor) on the working volume of
the sump of productive solutions. The most optimal volume
is 70-80 m?, although the design is 20 m?.
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Advantages of block leaching: There are no costs for
separate operations in comparison with traditional tech-
nology of ore mining and processing, namely:

1) when mining:

— secondary crushing and release of ore;

— intra-mine transportation of ore;

— delivery of ore to the surface;

— crushing and beneficiation of ore;

— backfilling of the worked-out area;

— loading into railway wagons and transportation of

ore to the OPP;

2) during processing at OPP:

— reloading of ore;

— grinding of ore;

— leaching;

— sorption;

— resin regeneration;

— storage of tailings.

Weaknesses. Pollution of the hydrogeological environ-
ment with leaching and productive solutions in the zone
of UBL influence. To neutralize and reduce pollution of
the hydrogeological environment with heavy metals, it
is recommended to flush the spent ore mass and treat
it with lime solution and mine water through wells for
supplying leaching solutions (irrigation system). To solve
hydroecological problems, it is recommended to organize
continuous monitoring of groundwater contamination in the
zone of UBL influence through observation wells drilled
in the bottom of the production block and to the con-
tacts with the ore body, as well as zones of fracturing
and hydrogeological fracturing of rocks.

Opportunities. The issues of sustainability of the work-
ings of the irrigation horizon, located in the area of intense
influence of the worked-out blocks, require special attention.
The ore massif at the 197-210 m floor has been weakened
by the grooved and stope workings that exist before the
blocks are prepared for UBL, as well as the network of wells
of the irrigation system being created. In these workings,
a systematic monitoring of their stability and the nature
of the stress-strain state of the near-contour massif (geo-
mechanical monitoring) was organized. A negative factor
is the presence of a significant amount of sand and debris
in the regenerated resin at the OPP. Subsequently, it was
decided to install an autonomous resin regeneration unit
at the OPP for pilot sites of UBL.

Threats. During the experiment, about 54 % of the
metal reserves in the block were transferred to the solu-
tion at an acid consumption of 36 % of the design. By
attracting substandard ores to production, the raw mate-
rial base for metal extraction at operating mines can be
increased by 1.4-1.6 times. It has been established that
the effectiveness of various options for the technology of
metal leaching from ores is determined by the complete-
ness of its extraction by the mining and chemical process.
The experience accumulated in the world practice shows
that the completeness of metal leaching depends directly
on the quality of ore crushing and the uniformity of its
density distribution in the magnetized state. These con-
ditions include mineralization, structure, porosity of ore,
diffusion coefficient, temperature, concentration of work-
ing solutions, etc. The possibility of metal leaching from
mined deposits has been proved and the dependence of
metal extraction on the average linear size of the ore mass
crushed by an explosion has been established [12, 29, 30].

1. The analysis of the theory and practice of drilling and
blasting preparation and breaking of large volumes of ore
masses for UBL of metals from rock ores has been carried
out. On its basis, the State Enterprise «Ukrainian Research
and Design Institute of Industrial Technology» (Zhovti Vody,
Ukraine) was recommended and carried out scientific sup-
port for the development of UBL experimental blocks at
Michurynske deposit of SE «VostGOK» 5-86, 5-84—86 and
5-88-90, as well as industrial experimental block 1-75-79.

2. Technological operations for the formation of cut-
ting slots and compensation spaces were recommended
to ensure optimal loosening of the gagged ore according
to the condition of ore leaching and the stability of the
outcrops of the massifs. This is ensured with a loosening
factor of 1.15>Kp<1.2 and structural stable parameters
of the chambers: the height of the stored ore — 20 m;
width — 16 m; length — 24 m.

3. On the basis of pilot tests at the Ingul mine of the
VostGOK ' State Enterprise of the Michurynske deposit
of development of pilot block 5-86, it was shown that
the most intensive infiltration leaching occurs when the
size class of ore lumps is —100+0 mm. It is recommended
that the yield of this fraction in the broken ore is about
90 %. Metals are extracted from fractions — 200+100 mm
less intensively and for a longer time.

Acknowledgement

Specialists from the following organizations took part
and assisted in the creation, improvement and implemen-
tation of scientific developments:

— State Enterprise «Ukrainian Research and Design In-

stitute of Industrial Technology», Zhovti Vody, Ukraine;

— State Enterprise «Vostochny Mining and Processing

Plant», Zhovti Vody, Ukraine;

— National Technical University «Dnipro Polytechnic»,

Dnipro, Ukraine;

— State Enterprise «Kirovgeologiya», Kyiv, Ukraine.

Tarkhin Yu., Khudoshina N., Liashenko L., Dudchen-
ko A., Tkachenko A., Pukhalskyi V., Kucha P, Kopanev A.,
Sinchuk V., Merkulov V. and others took part in the work.

References

1. Golik, V., Mitsik, M., Morkun, V., Morkun, N., Tron, V. (2019).
Transportation of concentration and leaching tailings in under-
ground mining of metal deposits. Mining of Mineral Deposits,
13 (2), 111-120. doi: http://doi.org/10.33271 /mining13.02.111

2. Aben, E., Markenbayev, Z., Khairullaev, N., Myrzakhmetov, S.,
Aben, K. (2019). Study of change in the leaching solution activity
after treatment with a cavitator. Mining of Mineral Deposits,
13 (4), 114-120. doi: http://doi.org/10.33271 /mining13.04.114

3. Malanchuk, Z., Korniienko, V., Malanchuk, Y., Soroka, V., Vasyl-
chuk, O. (2018). Modeling the formation of high metal concen-
tration zones in man-made deposits. Mining of Mineral Deposits,
12 (2), 76-84. doi: http://doi.org/10.15407 /mining12.02.076

4. Stupnik, M., Kalinichenko, O., Kalinichenko, V., Pysmennyi, S.,
Morhun, O. (2018). Choice and substantiation of stable crown
shapes in deep-level iron ore mining. Mining of Mineral Deposits,
12 (4), 56-62. doi: http://doi.org/10.15407 /mining12.04.056

5. Lyashenko, V., Khomenko, O., Chekushina, T., Topolnij, F,
Dudar, T. (2020). Assessment of environmental and resource-
saving technologies and technical means for processing and
disposal of man-made formations and waste. Technology Audit
and Production Reserves, 4 (3 (54)), 21-28. doi: http://doi.org/
10.15587,/2706-5448.2020.210666

TECHNOLOGY AUDIT AND PRODUCTION RESERVES — Ne 3/3(59), 2021

25—)



— CHEMICAL ENGINEERING:

ECOLOGY AND ENVIRONMENTAL TECHNOLOGY

I55N 2664-9969

10.

11.

12.

13.

14.

15.

16.

17.

18.

18.

20.

21.

22.

23.

24.

23.

26.

27.

28.

. 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

. Mosinets, V. N. (1976). Drobyaschee i seysmicheskoe deystvie

vzryoa v gornykh porodakh. Moscow: Nedra, 271.

. Mosinets, V. N., Abramov, A. V. (1982). Razrushenie treschi-

novatykh i narushennykh porod. Moscow: Nedra, 248.

. Mosinets, V. N., Lobanov, D. P, Tedeev, M. N., Abramov, A. V.,

Kapkanschikov, A. M., Arapov, G. P, Bubnov, V. K;; Mosi-
nets, V. N. (Ed.) (1987). Stroitelstvo i ekspluatatsiya rudnikoo
podzemnogo vyschelachivaniya. Moscow: Nedra, 304.
Chernov, A. P. (Ed.) (2001). Dobycha i pererabotka uranovykh
rud v Ukraine. Kyiv: ADEF-Ukraina, 238.

Sadovskiy, M. A. (1997). Geofizika i fizika vzryoa. Moscow:
Nedra, 334.

Luzin, B. S. (2003). Metodika opredeleniya parametrov sorbt-
sionnogo peredela produktivnykh rastvorov vyschelachivaniya.
Geologiya i okhrana nedr, 3 (8), 59-60.

DSTU 4704:2008. (2009). Provedennia promyslovykh vybukhio.
Normy seismichnoi bezpeky. Kyiv: Derzhstandart Ukrainy, 10.
Arens, V. Zh., Babichev, N. I,, Bashkatov, A. D., Gridin, O. M.,
Khrulev, A. S., Khcheyan, G. Kh. (2011). Skvazhinnaya gi-
drodobycha poleznykh iskopaemykh. Moscow: «Gornaya kniga», 295.
Kaplunov, D. R., Kalmykov, V. N., Rylnikova, M. V. (2003).
Kombinirovannaya geotekhnologiya. Moscow: Ruda i Metally, 558.
Volkov, Yu. V., Sokolov, I. V. (2011). Optimizatsiya podzemnoy
geotekhnologii v strategii osvoeniya rudnykh mestorozhdeniy
kombinirovannym sposobom. Gorniy zhurnal, 11, 41-44.
Sokolov, I. V., Antipin, Yu. G. (2012). Sistematizatsiya i eko-
nomiko-matematicheskoe modelirovanie variantov vskrytiya
podzemnykh zapasov pri kombinirovannoy razrabotke mesto-
rozhdeniy. Gorniy zhurnal, 1, 67-71.

Svyatetskiy, V. S., Litvinenko, V. G., Morozov, A. A. (2012).
O vozmozhnosti i usloviyakh primeneniya blochnogo podzem-
nogo vyschelachivaniya uranovykh rud Streltsovskogo mesto-
rozhdeniya. Gorniy zhurnal, 10, 90-95.

Trubetskoy, K. N. (2014). Razvitie resursosberegayuschikh i resur-
sovosproizvodyaschikh geotekhnologiy kompleksnogo osvoeniya mes-
torozhdeniy poleznykh iskopaemykh. Moscow: IPKON RAN, 196.
Komaschenko, V. 1. (2015).Environmental-economical expe-
diency of utilizing mining-industrial wastes for their convert-
ing. Izvestiya Tulskogo gosudarstvennogo universiteta. Nauki
o Zemle, 4, 23-30.

Golik, V. 1., Razorenov, Yu. 1., Stradanchenko, S. G., Khashe-
va, Z. M. (2015). Principles and economic efficiency of ore
mining technology combination. Bulletin of the Tomsk Poly-
technic University. Geo Assets Engineering, 326 (7), 6—14.
Karamushka, V. P, Kamnev, E. N., Kuzin, R. Z. (2014). Rekul-
tivatsiya obektov dobychi i pererabotki uranovykh rud. Moscow:
Izdatelstvo «Gornaya kniga», 183.

Lyashenko, V. 1., Kisliy, P. A., Dyatchin, V. Z. (2015). Radio-
metricheskaya predkontsentratsiya uranovykh rud. Obogaschenie
rud, 1, 3-9.

Morozov, A. A., Yakovlev, M. V. (2016). Off-balance uranium
ores formed at development of the streltsovsky ore field in-
volvement in processing. Gornyy informatsionno-analiticheskiy
byulleten, 12, 174-181.

Golik, V. 1., Razorenov, Yu. 1., Lyashenko, V. 1. (2017). Im-
provement of development mining schemes for underground
leaching metals. Izvestiya Tulskogo gosudarstvennogo universiteta.
Nauki o Zemle, 3, 124—135.

Rylnikova, M. V., Vladimirov, D. Ya., Pytalev, I. A., Popova, T. M.
(2017). Robotizirovannye geotekhnologii kak put povysheniya
effektivnosti i ekologizatsii osvoeniya nedr. Fiziko-tekhnicheskie
problemy razrabotki poleznykh iskopaemykh, 1, 92—101.
Lyashenko, V. 1., Golik, V. I. (2017). Scientific and engineering
supervision of uranium production development. Achievements and
challenges. Mining informational and analytical bulletin, 7, 137—152.
doi: http://doi.org/10.25018/0236-1493-2017-7-0-137-152
Gavrishey, S. E., Kornilov, S. N., Pytalev, 1. A., Gaponova, 1. V.
(2017). Povyshenie ekonomicheskoy effektivnosti gornodoby-
vayuschikh predpriyatiy za schet vovlecheniya v ekspluatatsiyu
tekhnogennykh georesursov. Gorniy zhurnal, 12, 46—51.

29. Golik, V. 1., Razorenov, Yu. L., Lyashenko, V. I. (2018).Conditions
of leaching non-ferrous metals from non-commercial reserves.
Lzvestiya Tomskogo politekhnicheskogo universiteta. Inzhiniring
georesursov, 329 (6), 6-16.

30. Lyashenko, V. I, Golik, V. 1., 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

31. Kamney, E. N., Karamushka, V. P, Seleznev, A. V., Morozov, V. N.,
Hiller, A. (2020). Ecology of uranium mine closure: problems
and solutions (in terms of Russia, CIS countries and Ger-
many). Mining Informational and Analytical Bulletin, 5, 26—-39.
doi: http://doi.org/10.25018,/0236-1493-2020-5-0-26-39

32. Golik, V. (2020). Metal leaching technologies — the way of reani-
mation of mining Ossetia. Sustainable Development of Mountain
Territories, 12 (2), 273-282. doi: http://doi.org/10.21177 /1998-
4502-2020-12-2-273-282

33. Kovalchuk, I., Tobilko, V., Kholodko, Y., Zahorodniuk, N.,
Kornilovych, B. (2020). Purification of mineralized waters
from U(VI) compounds using bentonite/iron oxide composites.
Technology Audit and Production Reserves, 3 (3 (53)), 12—18.
doi: http://doi.org/10.15587/2706-5448.2020.205146

34. Golik, V., Dmitrak, Y., Gabaraev, O., Zasseev, 1. (2021). Prospects
for the deposits development in Ossetia. Sustainable Development
of Mountain Territories, 13 (1), 103—111. doi: http://doi.org/
10.21177/1998-4502-2021-13-1-103-111

35. Liashenko, V. Y., Khomenko, O. E., Andreev, B. N., Holyk, V. Y.
(2021). Justification of drill and blast pattern designs for
ore treatment before in-situ leaching. Gorniy informatsionno-
analiticheskiy byulleten, 3, 58—71.

36. Ovseychuk, V. A, Zozulia, A. M. (2021). Improvement of in-
situ leaching: a case-study of the streltsovo ore field. Mining
informational and analytical bulletin, 3-1, 26—33.

37. Rybnikova, L. S., Rybnikov, P. A. (2019). Regularities of ground-
water quality formation at the abandoned copper mines of
Levikha ore field (Middle Urals, Russia). Geokhimiya, 64 (3),
282-299. doi: http://doi.org/10.31857 /50016-7525643282-299

38. Kornilovych, B., Wireman, M., Ubaldini, S., Guglietta, D., Ko-
shik, Y., Caruso, B., Kovalchuk, I. (2018). Uranium Removal
from Groundwater by Permeable Reactive Barrier with Zero-
Valent Iron and Organic Carbon Mixtures: Laboratory and
Field Studies. Metals, 8 (6), 408. doi: http://doi.org/10.3390/
met8060408

39. Kovalchuk, I. A., Pylypenko, I. V., Kornilovych, B. Yu., Bash-
chak, O. Ye. (2019). Sorbtsiine ochyshchennia mineralizovanykh
pidzemnykh vod vid spoluk uranu z vykorystanniam pilarovanykh
hlyn. Dopovidi Natsionalnoi akademii nauk Ukrainy, 10, 80—88.

40. Antoninova, N. Y., Sobenin, A. V., Shubina, L. A. (2020).
Assessment of usability of industrial waste in construction
of geochemical barriers. Mining Informational and Analytical
Bulletin, 12, 78-88. doi: http://doi.org/10.25018,/0236-1493-
2020-12-0-78-88

Vasil Lyashenko, PhD, Senior Researcher, Head of Department,
Research Department, State Enterprise «Ukrainian Research and De-
sign Institute of Industrial Technology», Zhooti Vody, Ukraine, e-mail:
ipt@iptzw.org.ua, ORCID: https://orcid.org/0000-0001-8361-4179
Oleh Khomenko, Doctor of Technical Sciences, Professor, Depart-
ment of Mining Engineering and Education, Dnipro University
of Technology, Dnipro, Ukraine, e-mail: rudana.in.ua@gmail.com,
ORCID: https://orcid.org/0000-0001-7498-8494

Tatiana Chekushina, PhD, Leading Researcher, Institute of Com-
prehensive Exploitation of Mineral Resources of Russian Academy of
Sciences, Moscow, Russia, e-mail: tanija_ch@mail.ru, ORCID: https.//
orcid.org/0000-0001-9261-1105

Tamara Dudar, Doctor of Technical Sciences, Senior Researcher,
Associate Professor, Department of Environmental Science, National
Aviation University, Kyiv, Ukraine, e-mail: dudar@nau.edu.ua
Fedor Topolnij, Doctor of Biological Sciences, Professor, Department
of General Agriculture, State Higher Educational Institution «Central
Ukrainian National Technical University», Kropyonytskyi, Ukraine,
e-mail: topolniy@gmail.com, ORCID: https.//orcid.org/0000-0002-
3363-4646

;28

TECHNOLOGY AUDIT AND PRODUCTION RESERVES — Ne 3/3(59), 2021



