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Modern aspects of reclamation of coal mines
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Abstract. The study aims to identify and systematize the main technical, environmental, and biological factors determining
the effectiveness of reclamation of lands disturbed by open-pit coal mining. The research was conducted using documentary
analysis and a comparative review of domestic and international practices. Technical and biological reclamation projects for
the Severnyi and VVostochnyi coal mines in the Ekibastuz coal basin were analyzed together with published data on the restora-
tion of coal-mining areas in the United States, Mongolia, and Indonesia. The comparison covered engineering preparation of
the territory, surface runoff management, erosion prevention, soil and vegetation restoration, environmental monitoring, and
the economic feasibility of reclamation solutions. It was established that the two technical reclamation options proposed for the
Vostochnyi coal mine differ in the scope and total cost of the planned works. The study showed that flattening the slopes of the
Festivalnyi, Konveyernyi, and Prybortovoy external dumps is constrained by the risk of spontaneous combustion of carbona-
ceous rocks, the location of engineering infrastructure, and the possible expansion of disturbed areas into productive land.
Comparison with international experience confirmed the need for long-term monitoring of water quality, backfill stability,
vegetation development, and soil-forming processes. It was also found that domestic biological reclamation projects mainly
rely on natural revegetation, whereas direct planting and fertilizer application may accelerate the formation of a stable vegeta-
tion cover. The main constraints and effectiveness factors associated with the reclamation of large coal mines in Kazakhstan
were systematized, and directions for adapting international approaches to the conditions of the Ekibastuz coal basin were
identified. The results can be used in the development and revision of reclamation projects that incorporate long-term monitor-
ing, surface runoff control, assessment of soil formation, and active vegetation restoration.
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1. Introduction al, industrial or recreational use. Therefore, reclamation
should be considered not only as a final stage of mine clo-
sure, but also as an integral part of the entire life cycle of a
mining enterprise [4]. Progressive reclamation, in which
disturbed areas are restored while mining operations are still
continuing, may reduce the final closure workload and limit
long-term environmental risks [5, 6].

Open pit mining of coal has damaging effect on the envi-
ronment. Those mines usually occupy large areas of land.
For example, Ekibastuz coal basin located in the north part of
our country has an area of 155 square kilometers. North
Antelope Rochelle Coal Mine, located in USA, has a mine
permit area of 65805 acres or 266 square kilometers and
3,682 acres of that land were already reclaimed [7]. Recla-
mation of land at Ekibastuz coal basin has not fully started,
because all the mines in the area are fully operational.

The environmental impact of open-pit coal mining is not
limited to the direct occupation of land. Mining operations
substantially modify the original relief, soil profile, surface
runoff and groundwater regime. Waste dumps and exposed
slopes may become sources of dust, water erosion, slope
instability and contamination of surface and groundwater [8-

Coal has been one of the most used raw materials in the
world. The global consumption of coal still remains quite
high. Among the leaders are China, India and USA with
5313 million, 1200 million and 476 million tons respectively
[1]. Both China and India mostly use the coal for power
generation purposes. Our country used about 85 million tons
of coal in 2025, which ranks 13th worldwide and mainly for
the purposes of electric power generation [1, 2]. However, it
should be noted that both China and India saw a drop in the
consumption volume for the first time in 52 years [3]. Such a
trend could be explained by the shift of both countries to-
wards the cleaner energy sources. Air pollution and climate
change are main reasons why countries are turning their
attention to cleaner energy sources. Gradual decline in coal
demand could mean that operation of coal mines could stop.

At the same time, a reduction in coal production does not
eliminate the environmental consequences accumulated dur-
ing decades of mining. Mine closure creates a need to stabi-
lize disturbed areas, prevent further degradation and return
the land to a condition suitable for environmental, agricultur-
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10]. Waste dumps and exposed slopes may become sources of
dust, water erosion, slope instability and contamination of
surface and groundwater. Therefore, assessment of the rock
mass condition and management of slope stability should be
considered during both mining and reclamation planning [11].

The removal and mixing of soil horizons also reduce soil
fertility and complicate the restoration of vegetation. The
removal and mixing of soil horizons also reduce soil fertility
and complicate the restoration of vegetation, while the mi-
gration of contaminants may adversely affect nearby surface-
water bodies and underground aquifers [12]. Consequently,
successful reclamation requires coordinated geotechnical,
hydrological, soil-management and biological measures
rather than only surface leveling [13].

The fact that coal is a combustible rock makes the task of
reclamation of coal deposits challenging, since special
measures should be carried out while reclaiming such depos-
its [14, 15]. The coal dumps should contain screens with
inert materials or non-flammable rocks, compaction level of
soil in dumps should be high to avoid seepage of water. All
these measures are necessary to prevent oxygen access to
coal containing layers of soil [16-19].

The presence of carbonaceous material in overburden and
waste dumps creates an additional risk of oxidation and
spontaneous combustion. Water infiltration and oxygen
penetration may intensify these processes and lead to heat
generation, gas emissions and deterioration of dump stability.
For this reason, the design of reclamation measures should
consider the composition of waste rocks, the distribution of
coal-bearing layers, the degree of compaction, drainage con-
ditions and the long-term thermal stability of reclaimed
dumps [20, 21].

Reclamation is generally divided into technical and bio-
logical phases [22]. The technical phase includes reshaping
and stabilization of landforms, backfilling, slope flattening,
construction of drainage systems, covering of potentially
hazardous materials and preparation of the surface for further
use. The biological phase is aimed at restoring soil functions
and vegetation through the application of fertile soil, fertili-
zation, seeding, planting or controlled natural succession.
The effectiveness of both phases depends on local climatic
conditions, soil properties, water availability and the intend-
ed post-mining land use [23-25].

Long-term monitoring is also essential because the visi-
ble completion of reclamation works does not necessarily
mean that the reclaimed ecosystem has reached a stable con-
dition [26]. Vegetation survival, soil development, erosion,
surface and groundwater quality, slope stability and signs of
residual contamination should be assessed during and after
reclamation [27-30]. International practice shows that sys-
tematic monitoring supported by GIS, remote sensing and
other geospatial technologies makes it possible to identify
hazardous changes at an early stage and implement appropri-
ate corrective measures [31].

Domestic reclamation projects already include measures
for surface stabilization, drainage, isolation of disturbed
areas and subsequent vegetation recovery [32, 33]. However,
comparison with international experience indicates that
greater attention should be paid to long-term pedogenesis,
measurable monitoring criteria, active biological reclamation
and the selection of plant species and fertilizers suitable for
specific site conditions [34, 35]. These aspects are particular-
ly important for the large coal-mining areas of Kazakhstan,
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where natural recovery may proceed slowly because of the
continental and relatively dry climate.

Therefore, the information given above shows that the
problem of reclamation (recultivation) of coal mines is and
would be topical.

2. Materials and methods

This study employed a documentary review and com-
parative case-study approach to identify the main technical,
environmental, and biological factors affecting the reclama-
tion of open-pit coal mines. The analysis was based on two
groups of information sources: reclamation and mine-closure
documentation for coal mines in Kazakhstan, and published
studies describing reclamation practices at coal-mining sites
in other countries.

The domestic part of the analysis included the Severnyi
and Vostochnyi coal mines located within the Ekibastuz coal
basin. These sites were selected because they represent large
operating open-pit coal mines and have available project
documentation describing the planned technical and biologi-
cal phases of reclamation. The reclamation project for the
Severnyi coal mine [32] was examined with respect to land-
form reconstruction, formation and compaction of the level-
ing backfill, drainage arrangement, erosion control, use of
overburden materials, and the proposed method of vegetation
recovery. The mine-closure and reclamation plan for the
Vostochnyi coal mine [33] was analyzed to compare alterna-
tive technical reclamation options, their estimated costs,
monitoring requirements, treatment of external waste dumps,
water-management measures, and potential post-mining use
of infrastructure.

The international cases were selected to represent recla-
mation practices related to the principal issues identified in
the domestic documentation. The North Antelope Rochelle
Coal Mine in the United States was considered as an exam-
ple of long-term regulatory monitoring and the use of
GPS/GIS technologies for assessing reclaimed land [27].
Research on reclaimed coal-mining areas was used to exam-
ine the long-term development of soil profiles and pedogene-
sis [29]. The reclamation of coal-mine waste dumps in Mon-
golia was considered to assess drainage design and the pre-
vention of water erosion and dump instability [34]. The In-
donesian case was included to evaluate the effectiveness of
direct planting and fertilizer application during biological
reclamation [35].

The information collected was organized according to
four groups of assessment criteria:

1). Technical reclamation, including landform reshaping,
backfilling, compaction, slope stabilization, isolation of car-
bonaceous materials, drainage construction, and prevention
of spontaneous combustion;

2). Biological reclamation, including soil preparation,
natural revegetation, direct planting, selection of plant spe-
cies, and fertilizer application;

3). Environmental protection and monitoring, including
control of soil contamination, dust emissions, wind and water
erosion, surface-water and groundwater quality, vegetation
development, and residual contamination;

4). Economic and post-mining considerations, including
the estimated cost of reclamation alternatives, the possibility
of reusing infrastructure, and the intended future use of re-
claimed land.
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A qualitative comparative analysis was then performed.
First, the reclamation measures planned for the Severnyi and
Vostochnyi coal mines were compared to identify similarities
and differences in technical design, biological restoration,
monitoring, and cost. Second, the domestic practices were
compared with the selected international cases. Particular
attention was paid to measures that were absent, insufficiently
developed, or only partly considered in the domestic projects.

The comparison did not aim to rank the examined mines
because the sites differ in climatic conditions, mining scale,
waste-rock properties, regulatory requirements, and intended
post-mining land use. Instead, the analysis was used to identi-
fy transferable reclamation principles and practices that could
improve the long-term environmental stability of coal-mining
areas in Kazakhstan. On this basis, the key factors affecting
reclamation effectiveness were identified, including systemat-
ic monitoring, long-term soil development, erosion and drain-
age control, active vegetation establishment, and the alloca-
tion of sufficient resources for biological reclamation.

3. Results and discussion

Reclamation of coal-mining areas in Kazakhstan is gen-
erally implemented in two successive phases: technical and
biological reclamation. Technical reclamation may begin
before the complete cessation of mining operations, as the
required machinery and infrastructure are still available at the
site. Biological reclamation is usually carried out after the
completion of the principal earthworks and stabilization of
the reclaimed surface. The present study considers the
Severnyi and Vostochnyi coal mines of the Ekibastuz coal
basin, the largest coal-producing region in Kazakhstan, lo-
cated in the northern part of the country.

The first case concerns the reclamation plan developed for
the Severnyi coal mine. According to the project documenta-
tion [32], the disturbed area is proposed to be reclaimed for
sanitary and environmental purposes through the construction
of a leveling backfill. The proposed measures take into ac-
count the sequence and duration of reclamation works, as well
as their economic feasibility.

The technical reclamation phase includes the following
operations:

— construction of a leveling backfill using overburden
materials;

— layer-by-layer placement and compaction of the backfill,

— construction of a protective embankment;

— excavation of a drainage ditch for stormwater diversion;

— subsequent natural revegetation of the reclaimed area.

The reclamation project covers 25.3958 ha of disturbed
land. The use of potentially fertile overburden materials is
expected to improve the local relief, stabilize the reclaimed
surface, and reduce the adverse effects associated with the
withdrawal of agricultural land from use. The spatial layout
of the reclamation site is shown in Figure 1.

During the technical reclamation stage, it is planned to
construct a protective embankment along the upper edge of
the leveling fill and to excavate a drainage ditch for the col-
lection and diversion of stormwater from the technological
road used to inspect and monitor the condition of the re-
claimed area. These measures are intended to prevent uncon-
trolled surface runoff, reduce water infiltration into the back-
fill, and maintain the long-term stability of the reconstructed
landform.
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— Mining allotment

Reclaimable area

Figure 1. Situational scheme of the reclaimable land in
Severnyi coal mine

The technical measures designed to improve the hydro-
logical regime and provide erosion protection for the dis-
turbed territory should include a system of protective and
water-diversion embankments delimiting the leveling fill
area. The arrangement of these structures is intended to regu-
late surface runoff, prevent the inflow of water from adjacent
areas, and reduce the risk of erosion along the perimeter and
slopes of the reclaimed site.

The reclamation project also provides for the construction
of interceptor and drainage ditches along the technological
road. These structures are required to collect and safely divert
stormwater and thereby protect the surface of the leveling fill
from water erosion. In combination with surface stabilization
measures, they also contribute to reducing wind erosion by
limiting the development of eroded and loose surface zones.

Water-diversion and protective structures are constructed
from overburden materials using excavators or other earth-
moving equipment with equivalent technical capabilities.
The use of locally available overburden reduces the need to
transport additional construction materials and allows the
engineering structures to be integrated into the general con-
figuration of the reclaimed landform. At the same time, the
drainage ditch intended to collect and discharge runoff from
the technological road is designed with a minimum longitu-
dinal gradient of 5%o, in accordance with the requirements
specified in Clause 7.3 of SP 3.03-122-2013. Compliance
with this gradient is necessary to maintain the required flow
velocity, prevent water stagnation, and ensure the effective
operation of the drainage system.

Part of the reclamation site is already occupied by over-
burden materials previously placed from the pit-side area of
the Severnyi coal mine. The existing deposits of overburden
are therefore incorporated into the planned configuration of
the leveling fill and taken into account when determining the
final surface geometry and the required volume of additional
material. The estimated volume of overburden materials
classified as potentially fertile rocks and required for the
formation of the leveling fill within the disturbed land area is
2.197 million m®, based on the calculated volume of earth
materials.
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The planned position and spatial configuration of the lev-
eling fill after completion of the reclamation works are
shown in Figure 2.

Figure 2. Position of leveling backfill on disturbed lands of
Severnyi coal mine

The main part of the biological phase of reclamation in
Severnyi coal mine is the natural overgrowth of natural xero-
phytic vegetation characteristic of this natural and climatic
zone based on the soil and climatic conditions of the area and
the accepted direction of reclamation.

Overgrowing with perennial grasses will allow:

— stop the process of further pollution of the environment
by overburden components;

—improve and streamline the landscape of disturbed
lands;

—increase the biological productivity of disturbed lands
by increasing the area of green spaces and reducing envi-
ronmental pollution.

For the period of reclamation, the sources of environmental
pollution are parking lots for special equipment and vehicles,
where fuel and lubricants may spill, and soil contamination.

When performing reclamation work, the negative impact
on the environment is caused by economic activity in the
form of emissions of harmful substances into the atmospher-
ic air. The impact of emissions does not exceed the limits of
a sanitary protection zone of at least 500 m in size [5].

Overburden rocks meet the radiation safety requirements
for building materials and are not radioactive.

Environmental protection measures implemented during
reclamation activities at the Severnyi coal mine are aimed at
minimizing soil contamination, dust emissions, and erosion
processes. Soil pollution is prevented through the organized
collection, segregation, and temporary storage of industrial and
municipal waste in designated containers, followed by its trans-
fer to authorized disposal or recycling facilities. The adverse
effects of wind erosion are reduced by limiting the duration of
excavation and earth-moving operations, particularly during
periods of dry and windy weather. Dust generation from dis-
turbed surfaces, haul roads, and material handling operations is
controlled through the use of water-spraying systems. In addi-
tion, engineering measures, including surface grading, soil
compaction, drainage channels, and protective embankments,
are applied to reduce both wind and water erosion and to
ensure the long-term stability of reclaimed landforms.

The second case concerns the reclamation plan developed
for the Vostochnyi coal mine in the Ekibastuz coal basin.
Vostochnyi is one of the largest open-pit coal mines in the
world and is known for the successful implementation of
cyclic-and-continuous mining technology. Two alternative
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options for technical reclamation have been proposed on the
basis of the current condition of the disturbed land surface,
the natural and climatic characteristics of the area, technical
feasibility, economic and socio-economic conditions, and the
specific location of the Vostochnyi coal mine [33].

Option 1 includes the following measures:

—clearing the territory of construction waste, coarse-
grained materials, and scattered rock accumulations;

— dismantling equipment, buildings, and surface struc-
tures designated for removal;

— backfilling ravines, gullies, and erosion channels, as
well as leveling local surface irregularities using waste rock;

— constructing a protective embankment around the pe-
rimeter of the open-pit mine;

— leaving the reclaimed territory for subsequent natural
revegetation;

Option 2 includes the following measures:

—clearing the territory of construction waste, coarse-
grained materials, and scattered rock accumulations;

—dismantling equipment, buildings, and surface struc-
tures designated for removal;

— backfilling ravines, gullies, and erosion channels and
leveling uneven areas using waste rock;

— retaining facilities that remain suitable for further oper-
ation during the final stage of mining after the expiration of
the current contract or during the development of adjacent
and nearby deposits;

—conserving the remaining coal reserves and waste
dumps of the Vostochnyi coal mine.

The principal difference between the two alternatives lies
in the intended post-mining use of the site and the scope of
the reclamation works. Option 1 provides for more extensive
isolation and stabilization of the open-pit area, including the
construction of a perimeter protective embankment and the
subsequent natural revegetation of the disturbed territory.
Option 2 places greater emphasis on retaining technically
serviceable facilities for possible future use during the devel-
opment of adjacent or nearby deposits. Consequently, Option
1 requires a larger volume of reclamation works and is more
expensive than Option 2, as shown by the comparative cost
assessment presented in Table 1.

Table 1. Comparative cost assessment of the technical recla-
mation options for the Vostochnyi coal mine

Reclamation Costs, thousand USD

option Direct Indirect Total
Option 1 34681.30 13211.04 47892.34
Option 2 24565.10 9357.51 33922.61

The biological reclamation criteria established for the
Vostochnyi coal mine are intended to ensure that the restored
land develops toward a stable target ecosystem. The vegeta-
tion established within the reclaimed area should correspond
to the composition of the local plant community, and the
species used during reclamation should be characteristic of
the surrounding natural vegetation. The restored ecosystem
should also be capable of retaining water and nutrients, while
the physical, chemical, and biological properties of the re-
constructed soils should be consistent with those of the target
landscape. In addition, the quality of surface water and
groundwater affected by acidic or metalliferous drainage
should remain within the applicable baseline and regulatory
water-quality limits.
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The reclamation criteria are formulated in a measurable
form so that the condition of the restored area can be objec-
tively compared with reference sites or with land affected
by similar mining activities. Their achievement is assessed
using quantitative vegetation surveys conducted according
to recognized methodological approaches, field measure-
ments, and laboratory analyses of soil samples performed
by an accredited laboratory. The evaluation also includes
detailed topographic plans and technical specifications of
the reconstructed landforms. Particular attention is given to
the characteristics of surface drainage, wastewater, and
receiving waters, including pH, salinity, and heavy-metal
concentrations, which should comply with the established
environmental criteria.

Continuous monitoring of the reclaimed area is planned
after completion of the biological reclamation works at the
Vostochnyi coal mine. The monitoring programme is intend-
ed to assess the long-term stability of the reclaimed land,
identify signs of residual contamination, evaluate vegetation
development, and control the quality of surface water. The
proposed monitoring activities, their implementation periods,
and recommended frequencies are presented in Table 2.

Table 2. Tentative monitoring schedule for reclaimed areas of
the Vostochnyi coal mine

Monitoring
activity
Inspection of the site for
signs of residual contam- | tion of the reclamation and

Implementation
period
Before and after comple-

Frequency

Once every six

b - months
ination mine-closure works
Vegetation monitoring to After completion of the
determine the achieve- reclamation and mine- Once a year
ment of eradication Y
L closure works
objectives
Surface-water samplin After completion of the Once a year
. pling reclamation and mine- during the spring
for quality control !
closure works flood period
Maintenance and care of After completion of the
reclamation and mine- Once a year

established vegetation
closure works

It should also be noted that no rare or endangered food
and medicinal plant species subject to special protection have
been identified within the area affected by the planned rec-
lamation works at the Vostochnyi coal mine. Therefore, no
additional measures specifically aimed at the protection or
transplantation of such plant species are required during the
biological reclamation phase.

Overburden generated at the Vostochnyi coal mine is
stored in three external dumps: Prybortovoy, Konveyernyi,
and Festivalnyi. According to the project documentation, the
reclamation potential of these dumps is constrained by their
structural characteristics, spatial location, and the properties
of the stored materials [33].

At the Festivalnyi external dump, internal overburden is
removed and placed within the first dump tier. Conventional
surface flattening is considered unsuitable because disturb-
ance and redistribution of the stored material may increase
oxygen access to carbonaceous rocks and internal overbur-
den, thereby creating conditions for oxidation and spontane-
ous combustion.

The Konveyernyi external dump is located between other
waste dumps and existing engineering infrastructure. Owing
to these spatial constraints and the considerable height of its
slopes, transferring large volumes of material and flattening
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the slopes over the surrounding ground surface are consid-
ered technically impracticable. Such operations could also
interfere with nearby engineering communications and re-
quire substantial additional land.

The Prybortovoy external dump is surrounded by undis-
turbed and biologically productive land. Consequently,
flattening its slopes using a top-down approach would ex-
tend the dump footprint beyond its current boundaries and
result in the additional occupation and disturbance of pro-
ductive land. This option would therefore contradict the
objective of minimizing the total area affected by mining
and reclamation activities.

Therefore, flattening the slopes of the external dumps is
considered economically unjustified and, in some cases,
technically impracticable.

The external dumps are planned to be preserved for fur-
ther use in accordance with their intended purpose or left for
natural revegetation with xerophytic plant species character-
istic of the local climatic zone.

The mined-out area is planned to be enclosed by a protec-
tive rock embankment with a height of at least 2.5 m, located
at a minimum distance of 15.0 m from the edge of the upper
bench. The area occupied by each external dump is presented
in Table 3.

Table 3. Area occupied by dumps of Vostochnyi coal mine

. Avrea,
Title hectares
Prybortovoy 343.2
Festivalnyi 741.2
Konveyernyi 185.7
Total by all dumps 1270.1

Protective earth embankments were constructed on the up-
land side of the dumps to prevent flooding by surface runoff.
The embankments have a minimum height of 0.6 m, a crest
width of at least 0.6 m, and a slope ratio of 1:1.5. Their cross-
section is trapezoidal [33]. Buildings and surface structures
located at the mine’s industrial site, following the dismantling
of technological equipment, as well as roads and engineering
communications, may be transferred to local authorities on a
contractual basis. These facilities can subsequently be used to
support the development of small and medium-sized busi-
nesses and to expand the infrastructure of nearby farms.

Reclamation is the responsibility of the subsoil user.
However, ensuring that the required reclamation outcomes
are achieved is also the responsibility of the relevant state
authorities. According to Krzyszowska Waitkus, a GPS/GIS-
based system was developed to assist the Wyoming authori-
ties in monitoring reclamation at the North Antelope Ro-
chelle Coal Mine. This approach to sustainable reclamation
management contributed to the successful restoration of the
mined land within approximately 10 years. The subsoil user
submitted annual reports in accordance with Wyoming regu-
lations, after which the responsible state agency verified the
reported data, paying particular attention to water quality,
backfill condition, and vegetation development [27]. It
should also be noted that mining operations at the North
Antelope Rochelle Coal Mine have continued, demonstrating
that mining and progressive reclamation can be implemented
simultaneously when properly organized.

Domestic subsoil users also pay considerable attention to
reclamation monitoring, as it is required not only during
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reclamation works but also after their completion. The ex-
ample of the Vostochnyi coal mine shows that reclaimed
areas should be regularly inspected to confirm that all recla-
mation measures have been implemented in accordance with
applicable national regulations and that the restored land
remains environmentally stable.

Full-scale reclamation activities in the Ekibastuz coal ba-
sin are not expected to begin in the near future because, ac-
cording to the Minister of Energy of Kazakhstan, the coun-
try’s coal reserves could last for approximately 300 years at
the current production rate [28]. Nevertheless, the prepara-
tion of detailed reclamation and long-term monitoring plans
remains an essential requirement of responsible mining.

One aspect of reclamation that is often neglected is soil
formation, or pedogenesis. Spasi¢ et al. suggest that attention
is generally focused on the upper soil layer, which usually
develops during the first 20-40 years after reclamation. How-
ever, the lower soil horizons may require up to 100 years to
reach a relatively stable condition and may differ considera-
bly from the upper layer. The loss of soil-profile homogenei-
ty results from several interacting factors; according to the
authors, particular attention should be paid to the influence of
vegetation, especially trees, on the development of reclaimed
soils [29]. The disturbance of natural soil homogeneity dur-
ing mining may adversely affect endemic plant species be-
cause there is no guarantee that these species will successful-
ly establish in the newly formed soil profile. Therefore, long-
term investigation of soil-forming processes would be useful
for domestic mining enterprises. State authorities should also
consider pedogenesis as an important component of reclama-
tion assessment and post-reclamation monitoring.

Frauenstein et al. demonstrated that erosion is an im-
portant factor that should be considered during the reclama-
tion of coal mines. Their study examined coal-mining areas
in Mongolia. According to the authors, a drainage system
should be installed around a dump to prevent water erosion
and reduce the risk of dump instability. Groundwater in-
flow into the dump and water accumulation at the toe are
two major problems that may arise when the drainage sys-
tem is inadequately designed. The authors emphasize that
the required capacity of the drainage system should be
determined by considering the catchment area upslope of
the drain, the presence of springs and agricultural drainage
systems, and natural surface-water flows that may be af-
fected by the dump [34].

The appropriate design and construction of drainage fa-
cilities are also common in domestic reclamation practice.
For example, wastewater storage facilities have been created
in Lakes Aktygai and Akbidaik to collect water discharged
from the Bogatyr and Vostochnyi coal mines [33].

Direct planting combined with fertilizer application may
also provide effective biological reclamation results, as
demonstrated by Nutayla et al. According to the authors,
direct planting of Pterocarpus indicus seedlings with the
application of bokashi and coal-based fertilizers resulted in a
100% seedling survival rate at a coal mine in Indonesia. The
study used bokashi and coal fertilizers and showed that dif-
ferent fertilizer types should be tested and selected according
to the specific soil conditions of the reclaimed site. The re-
search was conducted at Pit 3 Barat, IUP Banko Barat, South
Sumatra, Indonesia [35].
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Unfortunately, active biological reclamation measures are
often insufficiently represented in domestic coal-mining prac-
tice. For example, the reclamation plans for both the Severnyi
and Vostochnyi coal mines, including Option 1 for Vos-
tochnyi, provide for leaving the reclaimed territories to natural
revegetation. This approach may be intended to reduce recla-
mation costs; however, relying exclusively on spontaneous
vegetation recovery may prolong ecosystem restoration and
may not ensure the establishment of a stable plant community.

4, Conclusions

In an era when decarbonization is a global priority, coal
remains an important commodity that cannot yet be complete-
ly abandoned, and each country has its own reasons for con-
tinuing its use. A significant proportion of coal is extracted by
open-pit mining, which occupies large areas of land. Improper
reclamation of such territories may lead to serious environ-
mental consequences. Therefore, proper planning, implemen-
tation, and long-term monitoring should be key components
of any reclamation project. Additional funding for biological
reclamation may be necessary and should not be neglected.
Reclamation is as important as the mining process itself, since
restored lands may subsequently be used for agriculture, in-
dustry, infrastructure development, or recreation. Internation-
al experience shows that systematic monitoring, long-term
pedogenesis assessment, effective drainage systems, and
direct planting with fertilizer application play an important
role in the successful reclamation of coal-mining areas.

It can be concluded that domestic coal-mine reclamation
practices are generally promising; however, comparison with
international experience indicates that there is still consider-
able potential for further improvement.
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Kewmip pa3pe3nepin pekyJbTHBANMAIAYABIH KAa3ipri TAHIAFbI
acmeKTuiepi

K.B. Pricoexos, H.O. Capribaes”, b. Kokim, E. Metenes, K. Tineyoeko
Satbayev University, Awuamei, Kazaxcman
*Koppecnondenyus ywin asmop: N.sarybayev@satbayev.university

AHpaTna. 3epTTeyliH MakcaTbl - KeMip KCH OpPBIHIAPBIH amibIK SJICIICH Hrepy HOTIDKECIHAE OY3bIIFaH >Kepiepui
PEeKYIbTUBAIUSIIAY THIMALTITIH afKBIHAAWTBIH HETI3I TEXHUKAJIBIK, YKOJOTHSUIBIK JKOHE OHOJIOTUSIIBIK (haKTOPIap bl aHBIKTAY
JKOHE JKyHeney. 3epTTey KY>KaTThIK TaJIAay JKoHE OTaHIBIK 9pi IETEN K TIKIpUOeIepAl CabICTRIPMaIIbl KapacThIpy 9IICTEPiH
KOJIIaHy apKbUIbl OpbIHAaiabl. Ekibacty3 kemip OacceiinHinzmeri «CeBepHbIN» oHe «BocTouHblil» keMip paspesnepiHiH
TEXHUKAJBIK JKOHE OHMOJIOTHSUIBIK PEKyJIbTHBALUsS jxobanmapbl, conmaii-ak AKII, Mouronus xoHe WMHIOHE3UsOarbl KOMIp
OHJIPY ayMaKTapblH KallblHA KeNTipy OOMbIHIIA jKapusulaHFaH Jepekrep TajnaHibl. CalbICTBIpy ayMaKThl WHXKEHEPIK
JalbIHAAY, JKEPYCTI arblHbIH PETTEYy, JPO3USIHBIH aJJblH iy, TOMBIPAK IEH OCIMIIK >KaMbUIFBICBIH KAJIbIHA KENTipy,
SKOJIOTHSAITBIK, MOHUTOPHHI KOHE JKOOANBIK IICHIIMICPIiH SKOHOMHKAIBIK HETI3IUIri OaFpITTaphl OOWBIHINA SKYpTi3iimi.
«BocTouHblit» pa3pe3iHiH TEeXHHKAJbIK PEKYIbTUBALMACHIHBIH €Ki HYCKAaChl OpPBIHIAJIATHIH KYMBICTAp KOJIeMi MEH KaJIIbI
KYHBI OOHBIHINA epeKIIelleHeTiHI aHBIKTanael. «DecTuBanmbHEI», «KoHBeiepHbIi» xoHe «[IpuboproBoit» YiiHIIIEPiHIH
SHICTepiH kalillaKTay KeMipiii KIHBICTAPIBIH ©3/IrHeH XaHy KaylmiMeH, HHKCHEePIiK KOMMYHHUKAIUSUIApIbIH OPHAIACYBIMEH
JKOHE OY3BUIFaH OHIMII JKepiep ayMarblHBIH BIKTHMal YIFalobIMeH ImekTeneTiHi kepcerinmi. Llleremmix ToxkipubemeH
CaNBICTBIPY Cy camachlH, YHIHII *aFlaiblH, ©CIMJIK XaMBUIFBICHIHBIH JIaMybIH JKOHE TOIBIpaK TY3LIy HpOLECTepiH y3aK
Mep3iMjii OakplIay KaKeTTUNriH pactaabl. OTaHABIK jxo0ajgaplia OWONOTHSUIBIK PEeKyJIbTHUBAIMS HETI3IHEH TaOWFH KOJIMEH
ociM/IiK 0acyblH KO3JCHTIHI, all OCIMIIKTEepIi TiKeJeH OTHIPFbI3Y JKOHE THIHAWTKBIIITAP/AbI KOJJIaHy TYpPaKThl ©CIMIIK
JKAMBUIFBICHIHBIH ~ KaJBIITACYbIH  JKEAENJeTe  ajaThlHbl  aHbIKTanabl.  KasakcraHHbIH  ipi  KeMmip  paspeszepiH
PEKYJIbTHBALMAIAYIBIH HETi3r1 IEeKTeyJIepi MEH HOTHXKENIK (aKkTopnapbl XyHelaeHal, COHai-aK XalblKapablK TaCliaepai
Exibacty3 OacceiiHiHiH karaaiigapeiHa Oecifimaey OarbITTaphl AWKBIHAAIABL. AJIBIHFAH HOTIDKENIEP Y3aK Mep3iMii
MOHHUTOPHHITI, )KE€PYCTi aFblHBIH PETTEY/l, TONBIPAK TY3UIyiH OaKblIaybl KoHE ©CIMIIKTEpAl OeJceH/i KallblHa KeNnTipy/i
KO3/ICHTIH peKyIbTHBALMS KOOANAPBIH 931pJIey JKoHE TY3eTy Ke3iHe NaliaaTaHbLTybl MYMKiH.

Hezizzi co30ep: komip onOipy, pekyivbmueayus, sHcepoiy OY3ulLiybl, PEKYIbMUeayus Ke3eHoepi, MOHUMopUuHe.

COBpeMeHHbIe ACIEKTbI PEKYJIbTHBAIIUU YIOJbHBIX pa3pe3oB

K.B. Pric6ekos, H.O. Capribaes”, b. Kakum, E. Metenes, K. Tuneyoekos
Satbayev University, Arvamei, Kazaxcman

*Aemop ons koppecnondenyuu: N.sarybayev@satbayev.university

AnHoTauus. [lensio nccnenoBaHus SBISETCS BBIABICHUE M CUCTEMATH3alUsS OCHOBHBIX TEXHHUYECKHX, YKOJOTHICCKUX H
Omosorndecknx (aKToOpoB, OMpeAeIomuX 3()(HEeKTHBHOCTD PEeKyIbTHBALNN 3€MEJb, HAPYIIEHHBIX OTKPBITONH pa3pabOTKOH
YTONBHBIX MECTOpOXIeHUH. VccrnenoBanrue BBIMIOJHEHO C MCIOJIB30BaHHEM JOKYMEHTAILHOTO aHalli3a U CPaBHUTEIHLHOTO
PacCMOTPEHMsI OTEUECTBEHHBIX W 3apYOEKHBIX MPAKTUK. [IpoaHAM3UpPOBaHBI MPOSKTHl TEXHUIECKOW M OMOJOTHYECKOH pe-
KyJbTHBAIIMH YTOJBHBIX pa3pe3oB «CeBepHBIi» U «BocTouHbI» JKHOACTY3CKOTO YyroJbHOTO OacceiiHa, a Takke OIyOJIMKO-
BaHHbBIC JJAHHBIC TI0 BOCCTAHOBIICHUIO yrienoosiBatonux teppuropuii B CLLIA, Mouronuu u Manone3uu. CpaBHEHUE MTPOBO-
JIWJIOCH TI0 HANpaBiICHUSIM HHXKEHEPHOM MOATOTOBKH TEPPUTOPUH, PETYIUPOBAHUS MOBEPXHOCTHOTO CTOKA, NMPEAOTBPAILICHUS
9PO3UH, BOCCTAHOBIICHHS MMOYB U PACTUTEIBHOCTH, IKOJOTHYCCKOIO0 MOHUTOPHHIA M SKOHOMHYCCKOW 0OOCHOBAHHOCTHU TPO-
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eKTHBIX pEelIeHUui. Y CTaHOBIIEHO, YTO JIBa BapHaHTa TEXHUISCKOW PEeKyIbTHBAIIMH pa3pe3a «BocTouHbI» pa3iandatoTcs o0be-
MOM paboT U obmiei cTommocThio. [Toka3aHo, YTO BBITOJAXKUBAHHE OTKOCOB OTBaJIOB «DecTHBambHEINY, «KOHBEHEepHBII» 1
«[TpnbopTOBOI» OrpaHNYNBAETCS PUCKOM CaMOBO3TOPAHUs YIriecOAepKaIlIuX HOPOJI, PACIIOIIOKEHUEM HHKEHEPHBIX KOMMY-
HHUKALUA 1 BO3MOXKHBIM YBEJIMUCHHEM ILIOINAAN HAPYIICHHBIX MPOAYKTHBHBIX 3eMenb. CpaBHEHHE ¢ 3apyOeKHBIM OIBITOM
MOATBEPUIO HEOOXOAUMOCTD JUITUTEIHLHOTO KOHTPOJISI KaYeCTBa BOJ, COCTOSIHUSI OTCHINKH, Pa3BUTHS PACTUTEIBLHOCTH H MPO-
[IECCOB ITOYBOOOPA30BaHMs. Y CTAaHOBIICHO, YTO B OTE€UECTBEHHBIX MPOEKTaX OMOJIOrMYecKas peKyIbTUBALUS IPEUMYIIEeCTBEH-
HO TpenycMaTpHBaeT €CTECTBEHHOE 3apacTaHue, TOrJa Kak MpsMas MocajKa pacTeHWH W NMPUMEHEHHEe YZOOpEeHHH MOryT
YCKOPUTH (POPMHUPOBAHME YCTOHYMBOTO PACTHUTENHHOTrO MOKpoBa. CHCTEMaTU3MPOBAaHBI OCHOBHBIC OTPaHMYECHUS M (AaKTOPHI
Pe3yIBTaTUBHOCTH PEKyIbTHBANN KPYIHBIX YTOJNBHBIX pa3pe3oB KazaxcraHa, a Takke OnpeeseHbl HapaBJICHIS afalTallui
MEXIYHApOJHBIX MOIXOM0B K YCIOBUSAM OJKuOacTy3ckoro OacceitHa. [lomydeHHBIE pe3ymbTaThl MOTYT OBITH HCIOIB30BAHBI
TpY pa3padoTKe W KOPPEKTHPOBAHUH IPOCKTOB PEKyJIbTHBALNH, IIPEIYCMAaTPHUBAIOIINX JOJITOCPOYHBI MOHUTOPHHT, PETyIIH-
pOBaHHE MOBEPXHOCTHOTO CTOKA, KOHTPOIb IOYBOOOPA30BaHIS U AKTHBHOE BOCCTAHOBJICHHE PACTHTEIBHOCTH.
Knroueewie cnoea: 0odviua yais, pekyiomusayus, HapyuieHHble 3eMu, IMansl peKy1bmueayuu, MOHUMOpPUHe.
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