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Abstract. Opencast fields mining leads to land disturbance when 
conducting mining operations and storing of overburden rocks. The timely 
reclaiming of the disturbed lands according to the legislation requirements 
is an immediate duty of the subsoil user. The reclamation of the 
previously mined-out space of quarries refers to an extremely important 
tasks of the mining enterprise. The use of water management direction in 
reclamation assumes the use of previously mined-out space of a quarry to 
create the water reservoir through various methods of rehabilitation. There 
are presented various ways of designing the coastal zone of the created 
artificial water reservoirs in the previously mined-out space of the 
quarries located worldwide, which are used for the recreational purposes. 
The various profiles of slopes of artificial water reservoirs in a quarry 
with more low gradients, suitable for swimming and recreation are shown. 
Designing of a coastal area on the site of a quarry, intended for water 
reservoirs, depends on the water level position in the created body of 
water. The water reservoir, as the lake of artificial origin, created on the 
former quarry site, is shown. The purpose of the article is to substantiate 
the methodological approaches and engineering solutions concerning 
reclamation of the mined-out space after the opencast mining for the 
recreational purposes. 

1 Introduction 
Opencast mining of mineral deposits is bound to disturbance of the considerable land 
resources during their operation. Therefore, according to legislation requirements, the 
subsoil users, when developing mineral deposits, are obliged to fulfil [1, 2]: remediation of 
disturbed lands, reclamation of their fertility, useful properties and timely involvement in 
economic circulation; to restore lands and natural objects disturbed by subsurface 
operations to a state suitable for further use. Natural resource users when carrying out 
operations on subsurface use, geological exploration, construction and other works have to 
[3, 4]: maintain the occupied allotments in the state suitable for their further proper use; 
carry out the reclamation of disturbed lands when performing mining operations. 

The use of the previously mined-out space of a quarry as impounding reservoirs is an 
effective way to restore the lands disturbed by mining operations [5 – 7]. The reservoirs 
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created in previously mined-out quarries do not demand expensive dams and are safer in 
exploitation due to the lack of water breakthrough danger. Besides, they usually occupy the 
smaller area per a unit of water volume in comparison with reservoirs in natural land 
surface subsidence. Further on, the possibility is created of complex use of a reservoir for 
water supply, irrigation, fish and recreational purposes. 

When designing and organizing the territories for recreational purposes around 
previously mined-out area, the terrain profile is considered, which depends largely on the 
existing system of landscape and natural conditions. In this case, it is necessary to study its 
interrelations with structural components and to develop methods for harmonious inclusion 
of recreational facilities and valuable natural landscapes into the structure of the territory. 
The territory size, attendance, the prevailing types of leisure activity and remoteness from 
the settlement influence on the degree of the coast improvement of the previously mined-
out quarry. According to sanitary and hygienic requirements, special attention should be 
paid primarily to the formation of vegetation cover around the designed beach, maintaining 
favorable treatment and composition of water, as well as the landscaping and gardening the 
coast. 

In terms of the recreational direction of lands and reclamation of the previously mined-
out areas, the work is carried out in the settlements of the disturbed land area occupied by 
city forests, public gardens, parks, urbanistic gardens, ponds, lakes, reservoirs, to the state 
suitable for use by the population of the specified objects for rest, tourism and sports 
activities [8]. In this regard, reclamation of the previously mined-out sites of a quarry meet 
the requirements of the existing normative documents for subsurface use. 

The search for new ecologically and economically justified economic decisions 
allowing to reduce the environmental load and to restore ecological balance in the area of 
mining operations is an important task [9]. The rational direction when using the disturbed 
territories by means of reclamation, is creation on the territory of the mining enterprise of a 
recreation area, sports facilities, sites for special and public use [10]. 

After water management reclamation of a quarry along its contour, according to the 
working project, a harbor will be organized with mooring place for yachts and boats. A 
hotel, cottages, a children’s playground with an aqua park, an entertainment center, a sports 
complex, cafe, a restaurant, a park zone, a powerboating club and a parking lot for motor 
vehicles will be arranged on the periphery [11]. Social and economic development of the 
area, the complex development of mineral deposits and the need to organize within the city 
of Derbent of the objects of cultural-social and sports-recreation direction determine the 
water management reclamation of the previously mined-out space of a quarry. 

The traditional approach to the reclamation of disturbed lands provides the choice of 
their restoration direction, depending on the subsequent use [12]. In practice, there are 
various examples of reclamation for the purpose of recreational complexes arrangement. 
The Aqua Park as a part of the landscape and recreation zone of the Shartashsky quarry 
near the city of Yekaterinburg is used year-round: in summer – a recreational zone, and in 
winter – a skating rink. When constructing the Tangua Park in Brazil, two old partially 
flooded quarries were used, located on its territory and connected by a 45-meter tunnel. The 
multilevel observation deck, a cafe with well-groomed lawns and fountains are located at 
the top of a quarry. 

The following requirements are specified to recreation zones with water objects [13]: 
compliance of water quality of a water object and the state of the territory with health 
requirements; existence or possibility of arranging the convenient and safe approaches to 
water; availability of access roads to the recreation zone; safe bottom relief; favorable 
hydraulic control; lack of possibility of adverse and dangerous processes [14-17]. In the 
improvement of the recreation zone of a quarry, it is necessary to observe the following 
requirements. When calculating the required area of the beach territory, it is necessary to 
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proceed from the norm not less than 8 sq.m per a person for a beach on reservoirs. When 
calculating the area of the children’s sector, it is necessary to proceed from the norm not 
less than 4 sq.m per one person. The bathing zone in the children’s sector should have the 
bottom with a low gradient, with the prevailing depth of 40-50 cm, but no more than 70 cm. 
The following functional zones should be allocated on the beach territory: 40 – 60% – a 
zone of recreation; the shadowing of the certain beach sites should be provided by shaded 
shelters, umbrellas, awnings, taking into account that at least up to 40% of vacationers will 
use them on the beach; 5 – 8% – a service zone; 10% – a sports zone; 20 – 40% – a 
landscaped zone; 5 – 7% – the children’s sector; 3 – 5% – walkways. The comfortable 
conditions for vacationers in recreation zones will be created when fulfilling these 
requirements with reclamation of the previously mined-out space of quarries. 

The water management direction of reclaiming the disturbed land assumes the 
construction of reservoirs of various application in a quarry depression, taking measures for 
prevention of landslides and stream-bank erosion, taking into account their complex use 
mainly for water supply, fish breeding, irrigation and recreational purposes. The formation 
of a beach on the bank of the previously mined-out space of a quarry requires particular 
knowledge in the field of hydraulic engineering. Thus, for this purpose, a quality of the 
local soil, the beach gradient, the linear dimensions of the site, the type of vegetation, 
parameters of depths and the reservoir slopes should be considered. At the same time, it is 
necessary to determine dumping thickness, carefully select the fraction and quality of sand, 
realize the activities for preservation and qualitative servicing the beach in the future. The 
transformation of the previously mined-out space of a quarry to the habitat of plants and the 
rest area of the population can be made in case of timely reclamation and landscaping of the 
flooded part. 

2 Methodological approach to the creation of a recreation zone 
in the quarry 
The mining areas that have lost their industrial function are being restored and turn into 
industrial tourism within the framework of a regional revival. In the process of 
transformation of abandoned, degrading mining landscapes into the areas attractive for 
tourism, as well as their reclamation and strengthening are favorable for the local society 
and the ore mining region. Development of recreational activities, intended for arranging 
the beaches, artificially created dunes, camping sites, sports grounds and small mooring 
place for yachts, as well as new forests with walking trails is supposed on the previously 
mined-out territories [18]. Swimming, fishing, boating, bicycling, windsurfing and hiking 
are entertaining activities in the zones of recreation. 

In terms of reclamation of the previously mined-out quarry Břidla, there is an 
opportunity to diversify and stabilize its territory [19]. For this purpose, a technical 
modification and biological restoration of the selected site has been developed in detail, 
because these steps can be realized in the short term of 5 – 10 years. Forming and 
recreational use of the quarry has been planned, though the completion of industrial activity 
is an issue of a quite distant future. The whole Břidla quarry site after the completion of 
mining operations is included back into the protected landscape of the Moravian Crust. The 
development of the natural environment for this area will become a small nature reserve 
and the rest area of the population. 

Reclamation of previously mined-out areas is an effective way to protect the 
environment in mining regions [20, 21]. The substantiation of waste disposal technology in 
the mined-out space of Vostochnyi quarry is based on the analysis of hydrodynamic and 
hydrochemical descriptions of the project, laboratory studies of a backfilling interaction 
with quarry water and prediction of modeling the state changes in the course of a quarry 
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refilling. Rehabilitation of the lands disturbed by mining operations, takes place in two 
stages. At the first stage, refilling of the mined-out space, bank slope work of a quarry and 
dumps, as well as levelling the ground should be performed. Further on, the waste 
placement in the previously mined-out spaces should solve a number of technological, 
ecological and rehabilitation problems. At the same time, withdrawal of lands, pollution of 
surface and subsurface water, prevention of air pollution are reduced, and, moreover, the 
landscape is restored for recreational purposes by means of reduced expenses on waste 
management. 

The best example of the disturbed lands reclamation in Poland is the creation of regional 
recreation park named after George Zitek on the territories, which are strongly transformed 
by mining and metallurgical industry [22]. The area of 620 hectares has been transformed 
into a recreation park with such amusements as a zoo, a fair, a stadium, swimming pools, a 
planetarium, a park of heritage, a rose garden, a cableway, exhibition halls of forest 
reserves and green zones. An example of revival in Poland is the transformation of operated 
quarry in Podgórze (now a part of Krakow) into a city park, where an amphitheater and a 
nature reserve have been built in the former lime quarry in Kielce. All taken measures are 
the compensation to various inconveniences after the field mining operations and create 
opportunities for the social and economic development of municipal administrations and 
regions. 

The responsibility for rational management of the field development and reclamation of 
the lands disturbed by mining operations is placed upon local authorities. The quarry 
operation has a serious impact on a nearby environment, disturbs a natural relief, water 
resources, soil, flora and fauna [23]. The legislation when conducting mining operations 
considers protection of the environment and justification of more rigorous restrictions, as 
well as the establishment of stricter ecological requirements. The abandoned quarries 
recovery has been practiced for several years in various regions of Greece. As a result, a 
wide range of rehabilitation solutions has been proposed that are used by local authorities 
for satisfaction of basic needs of the population, when creating the cultural and sports 
centers, open theaters, reforestation, and solving the most acute environmental problems. 
The gradual reclamation of previously mined-out quarry spaces with local assistance can 
promote the improvement of an environment quality in the vicinity of cities and can be 
included in regional development plans. 

As a result of opencast mining of natural resources, irrespective of its scales, the terrain 
relief is transformed, the soil profile is disturbed, the state of water resources and flora is 
changed [24]. In these conditions, the cost of reclamation increases, because of non-
compliance with the obligations of public authorities to ensure the state of the post-
industrial territory. The lack of rational planning and the current reclamation at a stage of 
mining works is another reason [25]. It should be noted that filling the mined-out space 
with water provides opportunities for the use of disturbed lands for the recreational 
purposes. For this purpose, it is necessary to plan these activities with the territorial 
authorities and the local community at a rather early stage of mining operations. 

The opencast mining of mineral deposits seriously changes the topography and physical 
conditions of the atmosphere and has an inverse impact on plant life, soil conditions, 
habitats of wild animals and water resources in the area of mining operations and adjacent 
vicinities. If the effective measures to reduce adverse environmental impacts are not taken, 
then the degradation of the nearby environment because of opencast mining operations can 
be irreversible [26]. In the developed countries, this problem finds a comprehensive 
solution as they have more rigorous and effective rules. The land reclamation is considered 
a continuous process during mining, hence, mining companies should prepare detailed 
plans for management of environment protection and use expensive nature protection 
technologies. As part of the project, hiking, cycling and horse riding routes for public rest, 
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as well as the construction of four miles of trails have been proposed for recreational 
activities. 

The former mining areas, which have lost their industrial function, are being restored 
and turned into the zones of industrial tourism within the framework of regional revival. 
The process of transformation of abandoned, degraded landscapes after mining operations 
into the areas of interest to tourism is an important problem for the authorities, technical 
specialists, tourism managers, concerned parties and the local population. The abandoned 
and depressed mining areas should be reclaimed, their transformation into the tourist zones 
after mining operations is designed to stimulate sustainable regional development. The 
existing mining and chemical areas, which have lost their industrial function are being 
rehabilitated as industrial tourism of heritage within the framework of regional revival. One 
of the ways to contribute to success of development plans for industrial heritage is to assess 
the economic, environmental, cultural and social impacts, which require drawing up 
structural plans in monetary value. 

With timely reclamation of the lands disturbed by mining operations, society can 
eliminate the negative consequences of anthropogenic industrial activity [27]. 
Rehabilitation of the previously mined-out space of quarries can benefit the population of 
the territory and reduce the environmental impact of quarries on the nearby environment 
when creating a national park and luxury hotels, various public and private spaces, nature 
protection zones, an open-air theater and filming locations. The famous Groundscraper 
Hotel, located near the city of Shanghai, has the sports ground, a complex for water sports 
in the pool of the quarry, underwater restaurant and deep aquarium. The land rehabilitation 
of mined-out quarries is directed to arrangement of the disturbed sites in order to be suitable 
for new steady land use and improvement of social, economic and ecological conditions of 
the area. 

Various methods of mined-out quarries recovery in England, which require reclamation, 
are considered. The rehabilitation ways have been developed, which are used to prepare a 
relief for vegetation growth, to ensure safety on site, and also for adaptation to the 
recreational purposes [28]. The use of these methods can improve the ecological quality of 
the land degraded as a result of the field mining operation. Various methods have been 
developed for stone quarries reclamation and are important when using safe, sustainable, 
ecologically rich and esthetically pleasant landscapes. Therefore, these methods are 
necessary to use in a combination when creating an interest by means of a variety of shapes 
and the nature of a relief. This can be achieved by selective treatment of various quarry 
parts with the purpose of reasonable use of scarce materials in the course of the territory 
reclamation. In the recreational lake, as well as in agriculture, different slopes of different 
quarry sites can be applied for adaptation to different uses. 

Rehabilitation of the abandoned quarries can mitigate the effects of nearby environment 
destruction and satisfy social demand for improvement of a living quality in the city centers 
[29]. Therefore, the economic value is taken into account of remediation works using the 
basis of environmental economics of a previously mined-out quarry in the center of Athens. 
Restoring the disturbed territory creates important economic value, which can be useful to 
justify the environmental policy and to provide additional public funding. The projects for 
reclaiming the abandoned quarries in urban areas have particular advantages for creating 
landscaped and recreation areas. Thus, the benefits of restoring the abandoned urban 
quarries to local authorities, as well as to the Greek public, are proven. The assessments can 
be used to substantiate the decisions related to rehabilitation projects and the potential 
benefits of reclamation. 

The rehabilitation plan or the program description should be made taking into account 
stage-by-stage approach to mining and inclusion of whenever possible timely land 
reclamation [30]. At the same time, the purpose should include rational land use and 
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conservation of an environment of the neighboring territories, as well as the proposed use 
of the site after restoration. The land areas, intended to rehabilitation, should include 
successive stages or justification of a delay of remediation until the completion of 
operations. Rehabilitation after mining operations depends on the agreement with the 
landowner. These activities can include stabilizing of inactive quarry space and the 
borrowed areas with grass perennial plants, preservation of the soil, improvement of 
esthetic appeal by creation of the recreation zones, as well as an ability of the territory to 
maintain wildlife. 

The purpose of reclamation is to prevent or minimize the negative impact on a nearby 
environment of disturbed lands after the completion of mining operations and to return the 
negatively affected areas to productive and long use by wildlife and people [31]. The 
reclaimed sites will be chemically and physically stable and will finally perform the same 
functions, as the adjacent virgin lands. A practical and beneficial approach is crucial when 
restoring the quarries for recreational purposes. With the use of the best management 
practices, the quarries will be restored by stabilizing the disturbed Earth surface that 
promotes natural vegetation recovery and the rehabilitation of disturbed lands.  

The use of the above effective ways of reclaiming the previously mined-out space of 
quarries for the recreational purposes favors the creation of a comfortable recreation zone 
on the bank of the reservoir for the population of the nearby territory of mineral deposits 
development. 

3 Results and discussion 
The creation of recreation zones and the construction of other objects in the previously 
mined-out spaces of quarries should be motivated by both the state, and the subsoil user 
[32]. For this purpose, the legislative base is necessary to regulate the relations between the 
state, both the owner of a subsoil and the subsoil user, determining an order and conditions 
of assignment of the mined-out field for subsequent use. To do this, it is necessary to 
determine already at the design stage the direction of the field use after completion of its 
operation. Using the mined-out space for the recreational purposes should become the 
dominant direction of large cities development, allowing to improve the land use indicators. 

In the beach area, three planned zones should be provided, various by their functional 
purposes: beach, the active holiday and quiet rest [33]. The beach area is an open space up 
to 30 – 40 m in width, intended for sunbathing, and is located immediately near the water 
line. This zone has the highest filling density. In the active rest zone located behind the 
beach, there are sites and grounds for volleyball, basketball, table tennis, and badminton. 
The width of this zone can range within the significant limits – from 15 to 40-50m, 
depending on the availability of free territory and the general planning solution for a coastal 
strip. The zone of quiet rest is intended for walks and rest in the shade, among green 
planting, which territory should occupy not less than 20% of all coastal strip. It is equipped 
with the rest sites, arbors, and walking paths. It is necessary to consider such planning 
solution of the beach territory as the most expedient, however, it is not always possible. 
First of all, the local conditions, the relief and area of the coastal strip, existence of green 
planting have a great influence on planning the beach. The most difficult thing is to achieve 
this on sea beaches with steep banks. The coastal territory of Sochi is an attractive zone for 
vacationers and local population, a zone where the important traffic artery runs; it is 
expedient to control the process of development and management of this territory, 
approaching this matter comprehensively, in order to create an environment capable to 
sustainable development in difficult hydrological and geological conditions. 

The negative effects of mining and chemical quarries on the nearby environment can be 
overcome thanks to rehabilitation works on the disturbed territories. The works on land 
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reclamation should be favorable for the enterprise and the preservation of the natural 
environment for the recreational purposes [34]. For the sustainable development of natural 
resources, it is necessary to meet all the requirements of the law and rules, before and after 
the mine field operation. Therefore, local authorities have to support the recovery works in 
these areas to protect habitats, which are exclusively endangered on previously mined-out 
land territory.  

Effective use of the previously mined-out quarries located within the city allows 
restoring their spaces in the recreational direction for creation of nature reserves and 
wildlife areas, tourist and health-improving zones, sports and leisure centers, as well as the 
combined recreation zones [35]. The organization of recreation zones on the basis of 
previously mined-out quarries will allow to carry out the following: to create the friendly 
environment of the district and use comprehensively urban areas; to unite various 
commercial, communal and residential organizations, sports and cultural-educational 
institutions into sports and recreation complexes; to provide the working population of the 
area with new jobs, to contribute to the development of small and medium business, to 
increase the level of physical culture and health of the population, to attract the younger 
generation to a healthy lifestyle and sport. 

The quarry after extraction of mineral resources becomes an interesting geological, 
morphological and horizontal object, without further research and anthropogenic 
modifications. Therefore, it can be presented for use as an object of ecotourism after 
reclamation of its space, as a convenient environment for tourists not only during normal 
quarry operation, but even during working time [36]. The general group tours of visitors 
transported immediately to the quarry with special services, despite quarry noise, dust, 
often a health risk. In order to use a quarry as an object of mining tourism, it is necessary to 
carefully and systematically investigate it in terms of anthropogenic geomorphology. For 
use of the territory of quarries as recreation areas, sports and entertainment activities, the 
nature reserve, it is possible to present them as quarries, as geo-parks, and also as an 
important paleontological and mineralogical areas. 

When reclaiming and arranging the flooded quarries and in the course of dredging 
operation, it is necessary to create the flat and plane bottom. Subsequently, to use the 
reservoir for a long time without a considerable deterioration of water quality, its minimum 
depth should be not less than 2 m with a minimum seasonal level of water fluctuation [37]. 
The shape of the quarry slopes is influenced by its planned target use as a reservoir. In the 
reservoirs intended for swimming and rest, it is recommended to create more low gradients 
in comparison with the reservoirs used for fishing, rowing-sailing, or other purposes. The 
possible slopes profiles of artificial reservoirs in quarries are shown in Fig. 1. At the 
boundary of the water space, the slopes of a reservoir should be especially flat to prevent 
accidents on water and to provide development of vegetation serving for strengthening the 
coast. The steepness of the coast in this place should be not less than m = 3 at a distance not 
less than 1.5 – 2 m from the minimum water level, depending on the designed purpose of 
the entire reservoir or its part. Under the terms of works in deep quarries, the slopes, as a 
rule, are made steeper, with a slope inclination т = 1.5 – 2. In such quarries, the slopes 
located above the water line, as a rule, are dry and more stable with a slope inclination  
m = 2. Therefore, the slopes in deep quarries, located above the water line should have a 
slope inclination m = 2 and more, and at high altitude they should be intercepted by berms 
with a minimum width of 3 m for each 5 m along the slope height. The upper edges of 
depressions along all slopes should be rounded for a smooth transition to the natural Earth 
surface. In order to give final shape, the slopes should be covered with a layer of soil 
removed before quarrying, with a thickness not less than 0.15 m. The underwater slopes are 
also covered with soil in places of planting water vegetation. 
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Fig. 1. Possible profiles of the slopes of artificial reservoirs formed in quarries (dimensions in m): a 
and b – high and low above-water slopes of mine working; c – the shallow site with an underwater 
ledge and a low above-water slope; d – the sandy beach; 1 – the water level in a reservoir; 2 – a berm 
with a territorial road; 3 – intermediate berm; 4 – smooth intersection of a slope with terrain relief. 

 
Having analyzed the modern principles of a technogenic relief formation and the 

methods for calculating its parameters, taking into account the requirements of 
geomorphology, the methodological approach has been developed to substantiate the 
landscape parameters for the reclamation of the previously mined-out space of the quarry 
for water and recreational purposes [38]. The parameters of the relief main forms have been 
scientifically substantiated when arranging a water and recreation zone in the previously 
mined-out space of the quarry with account of hydro-climatic conditions of the region and 
lithological structure of rocks of the basement. The parameters of the relief forms for 
reclamation works have been determined with account of forming the scientifically 
substantiated parameters of the reclaimed surface for the residual mine workings in the 
Tuchkovsky Works of Building Materials. 

The coastal zone includes surface and underwater parts and is the interaction area of 
water and onshore. The scope and types of work for the coastal zone designing in the 
previously mined-out quarries intended for reservoirs, depend on the stage of water table 
in the created reservoir, the purpose of the coastline certain sites, the height of the coast 
and the composition of the rocks forming it and is determined in each case on the basis of 
an individual project [6]. The parameters of the coastal zone intended for swimming: the 
quarry flank is flattened with a slope of 1:7 up to a depth of 1.0 m of the reservoir and 
with a slope of 1:4 up to a depth of 1.7 m, and these sites are covered with sand. This 
contour is adjoined with the beach area of 15 – 20 m wide (Fig. 2). The underwater part 
of a reservoir is covered with sand up to a depth of 2.5 m. In the places allocated for 
swimming, the bottom of the reservoir should be with a gradual slope, not have ledges 
and holes, sharp stones, broken glass and waste. 

 , 0 (2019)E3S Web of Conferences https://doi.org/10.1051/e3sconf /201912301004123 0

Ukrainian School of Mining Engineering - 2019
10 4 

8



If the quarry freeboard is composed of soft rocks, then by height it should be divided by 
berms into separate ledges. The berm width is accepted equal not less than 1.5 m with 
reverse slope of 1:10. The lower berm is arranged at a height of 1.5 m from the water table, 
and the second is at a height of 5 – 7 m. The slope inclination is accepted equal 1:2, except 
the lower one (Fig. 3). With the height of above-water part of a quarry flank, more than 3 –
 5 m along the upper quarry edge, a hill ditch or a rise is constructed, which prevents the 
slope from the superficial drain of atmospheric waters and a water erosion. 

 

 
Fig. 2. Designing the beach area prior to the reservoir construction at a site of previously mined-out 
quarry. 
 

In case of water management direction of reclamation, the reservoirs are created in 
depressions of the technogenic relief formed by mined-out space. The recreational direction 
of reclamation provides the organization of recreation zones, tourist centers, sports 
facilities, and parks on the disturbed lands [39]. The quarries of carbonate rocks are usually 
located near the large industrial centers, have a relatively small depth, and small volumes of 
overburden rocks. 

This circumstance does not allow to completely fill the previously mined-out space with 
overburden rocks after the mine field completion. It complicates the subsequent their 
involvement in the sphere of economic and social activity. 

 

 
Fig. 3. A reservoir slope in soft rocks: 1 – water-retaining rise; 2 – hill ditch; 3 – berm (1.5 m). 
 

In the case under consideration, there is a possibility to form the beach zone with the 
use of overburden rocks in areas where water line will run along the bottom of mine 
working with a small slope. The total length of a shallow zone will be about 40% of the 
reservoir perimeter [40]. Predicting the dynamics of water input and water output of the 
water balance equation depending on the degree of flooding the mined-out space allows to 
accurately determine the parameters of the created reservoir and to establish types and 
scope of works on the designing its coastline. 

The direction of reclamation should provide the rational and comprehensive use of land 
resources of the area, the creation of the harmonic landscapes which satisfy the ecological, 
economic, esthetic, sanitary, and hygienic requirements with the greatest effect and the least 
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expenses [41]. The use of the territory of the previously mined-out quarries to create sports 
and health-improving complexes for winter and summer sports, a healthcare centers based 
on the creation and development of the arboretum park and construction of a complex of 
sports facilities effectively influences the health of the population and state of environment. 

Sayran Lake is of artificial origin, a popular rest area for Almaty residents. It is a 
reservoir created on the site of a former quarry by way of arrangement of a dam on the 
Bolshaya Almatinka River [42]. It is filled with water only in warm season. In winter, water 
is drained. The lake is located in the Almaty district Tastak, in the heart of the southern 
capital of the republic, and a park is located in the coastal zone. The area of Sayran Lake is 
50 hectares, the artificial lake is capable to hold 2 million cubic meters of water and various 
sports take place there. The lake with a well-developed infrastructure, equipped beach areas 
in the eastern and western part, is a popular rest area for Almaty residents and guests of the 
city. The beach on the east bank appeared at the same time with the lake and today this 
historical rest area of citizens has well developed beach infrastructure (Fig. 4). For the 
comfort of vacationers, the paths of wood are laid, stationary umbrellas, changing stalls and 
the sun loungers are available. It is possible to play volleyball on the beach. The game zone 
is equipped for children. 

 

 
Fig. 4. The beach on the Sayran Lake. 
 

The territory around the lake has been landscaped and reclaimed with account of the 
modern principles of a comfortable urban environment: the paths have been laid, the beach 
has been filled with sand, and a boat station has been organized. The pedestrian alleys 
surrounding a reservoir have been laid, there are jogging paths and cycling paths with a 
total length of 5 km. In the upper part of the lake, there is a soccer and volleyball field. A 
pedestrian bridge is erected over the spectacular waterfall, from which it is possible to 
admire the rush of water flowing from under the Abay Avenue to the reservoir. 

4 Conclusions 
The close proximity of the settlements to the previously mined-out spaces of quarries 
requires the solution of the area improvement after the completion of opencast fields 
mining. One of the rational ways to recover the mined-out area after opencast mining 
operations is to use it for recreational purposes. In these conditions, the construction of 
cultural-social and sports-recreation complexes with the reclamation of the quarry coastal 
zone, with appropriate accounting of the described above rational methodical approaches to 
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creation of a recreation area, in practice, favors to social and economic development of the 
ore mining area. 

The development of design methods for reclaiming the previously mined-out quarry for 
recreational purposes includes performing different types of analysis and the optimal choice 
of the well-thought-out re-planning of the territory into the beach zones and active rest 
zones, sports-entertainment centers, that should comply with the ecological requirements 
and satisfy the expectations of society. The most effective way to improve the potential of 
land-use management is to create the favorable nearby environment for local population 
after completion of opencast mining operations. 

This work was carried out within the framework of the Grant Financing Project of the Ministry of 
Education and Science of the Republic of Kazakhstan 2018/АРО5131591. 
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