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Abstract. The development of natural resources based on the use of mining waste is a complex and multifaceted problem. The purpose of the article is to substantiate 
and develop a classification of methods for handling primary mining waste and the creation of an environmentally-oriented waste management technology in the devel-
opment of steeply dipping mineral deposits. The prerequisites for the development of technological solutions that ensure the implementation of integrated use of natural 
resources are formulated, a classification of methods for handling primary waste from mining and an environmentally oriented technological scheme for the open develop-
ment of steeply dipping mineral deposits are developed.
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Табиғи ресурстарды құлдырған кендерді қолдану процесінде құрылған пайдалану
Аңдатпа. Тау-кен өндірісінің қалдықтарын пайдалану негізінде табиғи ресурстарды игеру күрделі және көп қырлы мәселе болып табылады. Мақаланың 

мақсаты  – тау-кен өнеркәсібінің бастапқы қалдықтарымен жұмыс істеу әдістерінің жіктелуін негіздеу және әзірлеу және тік құйылатын пайдалы қазбалар 
кен орындарын игеру кезінде қалдықтарды басқарудың экологиялық-бағдарланған технологиясын құру. Қоршаған ортаны кешенді басқаруды жүзеге асыруды 
қамтамасыз ететін технологиялық шешімдерді әзірлеудің алғышарттары тұжырымдалды, бастапқы тау-кен қалдықтарымен жұмыс істеу әдістерінің классифи-
кациясы және тік пайдалы қазбалар кен орындарын ашық әдіспен өндірудің экологиялық бағытталған технологиялық схемасы әзірленді. 

Түйінді сөздер: кешенді пайдалану, табиғи ресурстар, қалдықтарды басқару әдістері, тік шөгінділер, байыту қалдықтары, классификация, бастапқы 
қалдықтар, технологиялық схема.

Комплексное использование природных ресурсов в процессе эксплуатации крутопадающих месторождений 
полезных ископаемых

Аннотация. Освоение природных ресурсов, основанное на использовании отходов горного производства, является комплексной и многоаспектной пробле-
мой. Целью статьи является обоснование и разработка классификации способов обращения с первичными отходами горного производства и создание эколо-
го-ориентированной технологии обращения с отходами при разработке крутопадающих месторождений полезных ископаемых. Сформулированы предпосылки 
разработки технологических решений, обеспечивающих реализацию комплексного природопользования, разработана классификация способов обращения с 
первичными отходами горных работ и экологически ориентированная технологическая схема открытой разработки крутопадающих месторождений полезных 
ископаемых.

Ключевые слова: комплексное использование, природные ресурсы, методы обращения с отходами, крутопадающие месторождения, отходы обогащения, 
классификация, первичные отходы, технологическая схема.
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Introduction
In terms of proven reserves of coal, manganese, iron and 

titanium-zirconium ores, as well as graphite, potassium salts, 
kaolin, refractory clays, sulfur, and facing stone, Ukraine is 
one of the world’s leading countries (in particular, coal re-
serves account for 7.5% of the world’s reserves, manganese 
ores – 42.8%, and iron ores – 15%). Open-pit and underground 
mining and enrichment of minerals is accompanied by the re-
moval of overburden, which is stored in dumps, and the gen-
eration of enrichment waste, which is stored in tailing ponds 
by hydraulic means. The generation and storage of mining and 
metallurgical waste is a complex problem that is common to 
all countries of the world. Along with the growth of the econ-
omy, population and consumption, there is a rapid increase in 
both the volume and types of waste: industrial and household 
waste, including electrical and electronic equipment, batteries, 
worn-out tires, vehicles, etc.

According to the United Nations European Commission, 
between 1996 and 2007, the total volume of waste in the EU 
increased by 2% per year, and since 2007, the annual growth 
rate has reached 7%.

Secondary resource use is based on the following basic 
principles of waste management [1, 2]:

1. Development and implementation of scientifically based 
standards of waste generation per unit of production (raw ma-
terials and energy) in accordance with advanced technologi-
cal achievements.

2. Ensuring the development of the market for secondary 
material resources and their involvement in economic circula-
tion as secondary raw materials.

3. Prevention and minimization of waste generation.
4. Collection, sorting and transportation of waste.
5. Storage and processing of waste.
6. Disposal of waste that is not subject to secondary re-

source use:
- removal;
- mutual neutralization;
- neutralization.
7. Control over the above operations.
8. Supervision over the disposal sites of utilized waste.
Further application of the principles of sustainable develop-

ment is associated with the «blue» economy, the main purpose 
of which is to find simple innovative solutions that are safe for 
nature and society. The blue economy focuses on the economy 
of the natural environment, which in all cases is low-resource, 
as it is based on the recycling of all generated waste.

Solid waste (liquid and gaseous waste) is divided into pro-
duction waste and consumption waste. Production waste is de-
fined as raw materials unsuitable for the production of certain 
products, their residues that are not used, or substances arising 
from technological processes that cannot be utilized in this 
production [3, 4]. This group accounts for 90% of solid waste. 
The remaining 10% is made up of consumption waste, which 
is classified as municipal solid waste [5].

Ukraine has significant mineral reserves, for which global 
demand is met by no more than a third, and most of the oper-
ating enterprises are located in the Dnipro region. Dnipro city 
is one of Ukraine’s major industrial centers, with enterprises in 
the metallurgical, chemical and machine-building industries. 
Given the country’s course towards European integration and 
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its access to global markets, these enterprises have to with-
stand tough competition from foreign companies, as well as 
comply with European and global product quality standards 
and environmental safety requirements. During the extraction 
and processing of minerals using existing technologies, large 
volumes of enrichment waste were generated, the storage of 
which requires the allocation of land plots of significant size, 
which leads to changes in relief, violation of engineering-geo-
logical, hydrogeological and ecological-geological conditions 
of the area where waste storage facilities are located [3-7].

Over the past 140 years, more than 6 billion tons of ore 
have been mined and about 13 billion tons of overburden re-
moved from Kryvyi Rih iron ore deposits alone. In this region, 
overburden dumps, together with tailing dumps, cover an area 
of more than 63 thousand hectares of potentially fertile land, 
which has led to the irreversible transformation of the region’s 
environment from a natural to a man-made ecosystem.

Over many decades of operation, Kryvyi Rih MPP (mining 
and processing plant s) have accumulated significant volumes 
of tailings in tailings ponds covering an area of more than 
7,000 hectares, estimated at 2.5 billion tons with a total iron 
content of 14-18%.

Manganese ore sludge reserves within the manganese ore 
basin amount to 240347800 tons by dry weight with a manga-
nese content of 10-15%. Utilization of sludge from Mykolaiv 
Alumina Plant will make it possible to produce gold-rutile-zir-
con (gold – 36-42%, zircon – 40-60%, rutile – 14-20%) con-
centrates.

Materials and Methods
The current state of research on improving the environmen-

tal safety of mining operations through the implementation 
of the principle of secondary waste management is character-
ized by the complexity and fragmentation of the study of this 
problem. The main disadvantages in the implementation of the 
principle of waste management are the methodological and 
methodological separation of approaches to the development 
of secondary waste management technologies in the mining 
industry. Therefore, fundamental and applied research on this 
problem is relevant and will contribute to the improvement 
of the socio-ecological aspects of the scientific and practical 
basis for the development of the mining industry.

The development of natural resources based on the use of 
mining waste is a complex and multifaceted problem. Thus, the 
purpose of the article is to substantiate and develop a classifica-
tion of methods of primary mining waste management and to 
create an environmentally oriented waste management technol-
ogy for the development of steeply dipping mineral deposits.

In this case, the most reasonable approach to solving such a 
multifactorial problem is to use the classification method to set 
priorities. The point of classifying methods of natural resource 
management in the process of implementing the principle of 
waste management and technological schemes related to the 
implementation of this principle is to divide a set of multi-pa-
rameter objects into a limited number of homogeneous class-
es or groups identical in terms of technological, engineering, 
geological and other properties.

The classification of mining waste management methods is 
presented in Table 1, which, in addition to the listed classifica-

tion features, includes a column reflecting the availability of a 
theoretical and methodological basis for calculating the main 
parameters of technological schemes.

Based on the specifics of mining waste management meth-
ods, they are divided into four groups:

- method of mutual neutralization of large-scale primary 
waste;

- cascade method of mining waste management;
- a method of storage of primary mining waste;
- formation of technogenic deposits;
- method of utilization of primary mining waste;
- method of forming energy complexes;
- a method of forming recreational complexes.
The division of mining waste management methods is 

based on their «principle of action» – the functional capability 
of each of them:

- the principle of mutual neutralization of primary waste – 
one type of large-scale mining waste is neutralized by another 
type of waste in full or to a greater extent and is carried out 
directly in the process of mining operations;

- the principle of cascade utilization of mining waste – one 
type of waste becomes a secondary raw material for further 
processing. The disadvantage of this method of waste manage-
ment is that it creates a chain of further waste;

- the principle of storage of primary mining waste or for-
mation of anthropogenic deposits from it – permanent or tem-
porary storage of large-scale primary waste in dumps, sludge 
pits, etc. in pre-allocated land allotments. This method of deal-
ing with primary mining waste is environmentally unaccept-
able;

- the principle of primary waste utilization is the destruc-
tion, burial, and discharge of toxic, radioactive, and highly 
mineralized mining waste into natural or artificial water bod-
ies;

- principle of formation of post-technogenic landscapes 
with the use of technological complexes – development of re-
newable energy based on the use of wind and solar installa-
tions to ensure the emergence of self-regenerative processes in 
areas with a disturbed ecosystem (technogenic landscapes);

- the principle of forming recreational potential – forms a 
single system of natural, sports and tourist, health and well-
ness, and socio-cultural subsystems characterized by function-
al interconnectedness and territorial integrity.

Each of the primary waste management methods is classi-
fied according to its types, the technology of implementation 
of the management method and the effectiveness of its appli-
cation (Table 1).

The studies have shown that the most significant mining 
wastes are: the mined-out space of quarry fields; overburden, 
poor and oxidized ores stored in external dumps; waste from 
the beneficiation of ferrous and non-ferrous metals; condition-
al ores that were «lost» in the process of underground mining; 
mine and quarry water; technogenic landscapes.

The analysis of the developed classification showed that 
there is no technologically acceptable solution to the problem 
associated with the neutralization of large-scale mining waste 
(using the mined-out space of the open pit field as a container 
for storing all overburden removed in the process of mineral 
deposits development).
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Table 1 
Classification of primary mining waste management methods

Кесте 1
Тау-кен өндірісінің бастапқы қалдықтарымен жұмыс істеу әдістерінің классификациясы

Таблица 1
Классификация способов обращения с первичными отходами горного производства

Class Subclass Group Subgroup Availability 
of a methodo-

logical basis for 
calculating the 

main para-meters 
of technological

schemes

Waste management 
methods for mining 

production

Waste used to 
implement this method

Technologies for 
implementing this waste 

management method

Technology efficiency 
(secondary waste 

generation)

1 2 3 4 5
А. Mutual
neutralization
of primary
wastes
of mining
production

А-1. The excavated 
area of the pit field and 
overburden removed 
from it

А-1-1. Technologies with 
partial internal landfilling

A-1-1-a. Significant 
residual capacity of the 
produced space

Yes

А-1-1-6. External 
dumps of overburden 
rocks 

А-1- 2. Technologies 
with complete internal 
landfilling

А-1-2-a. Complete 
stacking of overburden 
in the inner dump

No

B. Utilization of
of primary
wastes
of mining
production
as a secondary
raw materials

B-1. Overburden rocks B-1-1. Technologies 
for the production of 
building materials

B-1-1-a. Depending 
on the physical and 
mechanical properties of 
the rocks, up to 30% of 
their total volume is used

Yes

B-II. Wastes from the 
beneficiation of man-
made deposits (MR)

B-II-1. Technologies for 
the development of TR 
for re-enrichment and 
production of building 
materials

B-II-1-a. It is necessary 
to form new waste 
heaps with a capacity of 
70-80% of the previous 
ones 

Yes

B-III. Conditional ores 
«lost» in the process of 
underground mining

B-III-1. Technologies for 
the re-development of 
mineral deposits

B-III-1-a. Generation 
of secondary waste 
(overburden)

Yes

B- IV. Mine and quarry 
water (MW)

B-IV-1. Technologies of 
demineralization of c.c.w.

B-IV-1-a. Secondary 
waste generation 
(highly mineralized 
waste)

No

C. Storage of primary 
mining waste, 
formation of man-made 
deposits from it

C-1. Overburden rocks C-1-1. Technologies for 
the formation of external 
dumps

C-1-1-a. Land 
alienation for external 
dumps is required

Yes

C-1-2. Technologies 
of joint formation of 
external and internal 
dumps

C-1-2-a. Partial 
alienation of land for 
external dumps is 
required

Yes

C- II. Wastes of 
enrichment

C-II-1. Technologies for 
the formation of man-
made deposits 

C-II-1-a. Land 
alienation is required 
for the formation of 
SRF

Yes

C- III. Poor and 
oxidized ores

C-III-1. Technologies 
for the formation of 
temporary warehouses on 
the earth’s surface

C-III-1-a. Generation 
of secondary waste 
(overburden)

Yes
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1 2 3 4 5
D. Utilization of
of primary
waste
of mining  production

D-1. Mine and quarry 
water (w.c.w.)

D-1-1. Technologies for 
discharge of sludge into 
evaporator ponds

D-1-1-a. Partial solution 
to the problem of waste 
coal utilization.

Yes

D-1-2. Discharge of 
slurry into natural water 
bodies

D-1-2-a. Technogenic 
load on the ecosystem 
of natural water bodies

E. Formation of
post-technogenic
landscapes
industrially
developed
regions

E-1. Technogenic 
landscapes + 
technological 
complexes for the 
transformation of 
renewable natural 
energy sources

E-1-1. Technologies for 
obtaining electricity and 
water from the air using 
renewable natural energy 
sources (wind and solar)

E-1-1-a. Use of 
natural resources for 
the emergence of a 
secondary ecosystem 
(rehabilitation of 
anthropogenic 
landscapes)

Under 
development

E-1-1-b. Provision 
of electric energy for 
demineraliza-tion of 
coal ash and slag. 

Under 
development

F. Formation of
recreational
potential

F-1.
Post-technogenic 
landscapes + complexes 
of health and recreation, 
sports, tourism and 
other activities

F-1-1. Technologies 
for the formation of 
recreational potential

F-1-1-a. Provision of 
health improvement 
activities 
and meeting the 
spiritual needs of the 
population

Under 
development

In addition, the wide range of mineralization of mine and 
quarry waters requires the use of different desalination meth-
ods. However, all currently used technologies for desalination 
of these waters solve this problem only partially and have a 
significant drawback – the formation of residual brines with 
extremely high mineralization. In this case, there is no techno-
logical solution to this problem.

Results
Based on the results of the conducted research, it was found 

that one of the promising areas of primary mining waste man-
agement is their mutual neutralization. To implement this di-
rection, an environmentally oriented technological scheme for 
the development of a quarry field has been developed, which 
provides for temporary external and permanent internal dump-
ing with a special formation of the working area of the quarry 
[8] (Fig. 1).

The environmentally oriented technological scheme of the 
open pit mining envisages the opening of a steeply sloping 
deposit and its preparation for exploitation by constructing a 
pioneer pit to the full depth of the open pit, which ensures the 
creation of a capacity for future internal dumping. The over-
burden removed during the construction period is placed in a 
temporary dump on the day surface, which is located within 
the contours of the open pit at its opposite end.

It should be noted that for the successful implementation 
of the proposed environmentally oriented method of develop-
ment of steeply sloping deposits, it is necessary to use a special 
method of their opening, developed at the Institute for Nature 

Management Problems and Ecology of the National Academy 
of Sciences of Ukraine [9], which can provide a sufficiently 
high rate of opening of the deposit and construction of the pi-
oneer pit.

During the construction of the pioneer pit, a working area 
of the main pit is formed at one of its ends with predefined pa-
rameters. After the pioneer pit is completed, mining operations 
are developed towards the opposite end of the pit field. From 
this point on, not only the removed host rocks from the work-
ing area of the open pit, but also the rocks of the temporary 
dump formed during the construction of the pioneer open pit 
that are being mined as the mining front advances, are placed 
in the permanent internal dump.

During the main service life of the open pit, based on the 
need to stabilize the production of stripping operations (the 
main condition for internal dumping), the working area of 
the open pit is formed as follows. Initially, the height of the 
working face of the pit is divided into a number of horizontal 
layers with a diagonally oriented mining front relative to the 
longitudinal axis of the pit field. The angle of orientation of 
the mining front is selected depending on the required speed 
of its movement, which determines the production capacity of 
the open pit. Each of the horizontal layers consists of several 
ledges separated by transport and safety berms, which alter-
nate in height. For the simultaneous mining of the above-men-
tioned layers, horizontal platforms are provided between them, 
the width of which is equal to the annual advancement of the 
mining front. The sequence of mining a horizontal layer with 
diagonal blocks is shown in Figure 2.
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Figure 1. Environmentally oriented technological scheme 
of open pit mining of steeply sloping mineral deposits.

Сурет 1. Экологиялық бағдарланған ашық схема тік 
шөгетін пайдалы қазбалар кен орындарын игеру.

Рис. 1. Эколого-ориентированная технологическая 
схема открытой разработки крутопадающих 

месторождений полезных ископаемых.
Figure 2. Sequence of mining a horizontal layer with 

diagonal blocks.
Сурет 2. Көлденең қабатты диагональды блоктармен 

өңдеу реті.
Рис. 2. Последовательность отработки 

горизонтального слоя диагональными блоками.

When moving the diagonal blocks of each horizon from the 
sides of the pit to its center (forward stroke), half the width 
of the horizontal face is worked, ensuring that the base of the 
opened horizon forms the area necessary for opening and min-
ing the horizon below. When the required length is reached, a 
triangular block is drilled, blown up and worked out, followed 
by the formation of a diagonal block, which, when moved, cuts 
the transport berm above the horizon. Subsequently, the cycle 
of work on the development of the horizons of the layer lying 
below is repeated in the above sequence.

At the point where the diagonal blocks of the upper horizon 
meet and mutually work out, two triangular blocks are drilled 
and blasted to organize the reverse course of the diagonal 
blocks from the center of the pit to its sides (the second stage 
of horizontal mining).

The second half of the horizontal pad width is mined during 
the reverse movement of the diagonal blocks. Cargo transpor-
tation between excavation faces and rock delivery points is 
carried out via previously cut transport berms, which are ex-
tinguished as the diagonal blocks move from the center to the 
sides of the pit. Subsequently, the cycle of horizontal mining 
is repeated.

If there is a need to reduce the time for the construction 
of inclined trenches to ensure cargo transportation between 
excavator faces and points of delivery of rock mass during 
the development of horizontal layers, as well as intensifica-
tion of mining operations in the vertical direction, the opening 
and preparation of each working horizon for its development 
should be carried out using the developed method of deconser-
vation of temporarily non-working pit sides [10].

At the point where the diagonal blocks of the upper horizon 
meet and mutually work out, two triangular blocks are drilled 
and blasted to organize the reverse course of the diagonal 
blocks from the center of the pit to its sides (the second stage 
of horizontal mining).

The second half of the horizontal pad width is mined during 
the reverse movement of the diagonal blocks. Cargo trans-
portation between excavation faces and rock delivery points 
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is carried out via previously cut transport berms, which are 
extinguished as the diagonal blocks move from the center to 
the sides of the pit.

An important condition for mining operations during the 
main service life of a quarry that involves internal dumping is 
the safety of operations in the conditions of closely located min-
ing and dumping working areas. Therefore, to prevent overbur-
den from entering the working area of the pit during internal 
dumping, the dumping front is turned counter to the strike of the 
ore body and directed towards the non-working side of the pit.

It should be noted that a uniform mining regime for the 
main life of the open pit ensures that the mining and dumping 
fronts move at the same speed, as well as the formation of an 
internal dump to the ground surface.

Conclusion
After the quarry field is completed, the proposed method of 

development of steeply dipping deposits leaves a mined space 
with a capacity equal to the volume of extracted minerals.

This mined-out space can be subsequently filled with 
overburden removed from the subsoil by other operating 
quarries, rocks from existing external dumps, and dry ben-
eficiation waste after secondary processing of man-made 
deposits.

The developed ecologically oriented technological scheme 
of open-pit mining of steeply sloping mineral deposits (when 
mining one quarry field) allows:

1) to reduce the use of agricultural land in the process of 
mining by eliminating the need for their alienation for the for-
mation of external dumps and obtain an economic effect of 
UAH 76.95 million;

2) to reduce the distance of overburden transportation, 
which will increase the efficiency of mining enterprises, which 
will amount to UAH 72.16 million per year;

3) to significantly improve the environmental situation in 
the region by significantly reducing the volume of the quarry 
field and stacking overburden in the internal dump to the level 
of its ground surface.
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