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Abstract – The industrial development of mankind is based on the intensive use of natural 
resources of the planet. The development of the mining industry is a necessary and important 
factor for the successful development of the national economy. At the same time, mining has 
a significant impact on environmental degradation. Methods for assessing and minimizing 
the environmental impact of mining have only been developed in practice in the last 50 years 
and differ significantly from country to country. The article analyses the approaches and 
methodologies for environmental impact assessment (EIA) based on international and 
national standards. The methods used in Kazakhstan and the countries of the European-
Asian Economic Union (EurAsEU) are critically evaluated. The developed mathematical 
models are implemented in the form of digital solutions and implemented in the module of 
the cloud system ‘3D Quarry’. The methodology proposed by the authors for use and the 
developed software product allow optimizing mining operations at quarries according to the 
parameters of minimizing their negative impact on the environment. At the same time, it is 
mandatory to comply with mandatory national and international regulations. The proposed 
3D Quarry system and the EIA module are an alternative to commercial software products 
(and their pirated copies, often used by companies in the countries under study) and are 
aimed at small mining companies in post-Soviet countries. It is expected that the application 
of the proposed software product will allow, within the technological capabilities, to minimize 
the impact of quarries on the environment of Kazakhstan. 

Keywords – Ecology; environmental impact assessment; information system; intelligent 
management; Quarry 

1. INTRODUCTION 

The rapid growth of the world's population also leads to a significant increase in the 
consumption of natural resources, which is accompanied not only by a change in the 
quantitative scale of anthropogenic impact, but also by the emergence of new factors. The 
damage caused to natural components leads to already tangible environmental consequences. 

                                                           
* Corresponding author. 
E-mail address: zarubin_mu@mail.ru 

https://doi.org/10.2478/rtuect-2021-0032
mailto:zarubin_mu@mail.ru


 Environmental and Climate Technologies 

 ____________________________________________________________________________ 2021 / 25 

 
437 

The influence of man on nature in the twentieth century led to significant environmental 
problems. The twenty-first century is already characterized by a progressive environmental 
crisis and a continuing intensification of human impact on the environment. 

The analysis of the state of only the mineral resource base of the mining and metallurgical 
complex of Kazakhstan indicates its significant expansion in the expected years. Thus, at 
present, 38 lead and zinc deposits (88.7 % of total zinc reserves, 66.8 % of lead reserves), 
15 iron ore deposits (26.1 %), 46 copper deposits (58.8 %), 90 gold ore deposits and 39 
complex gold-bearing deposits (86 %) have already been recognized as active. 

At the same time, in the process of mining production, spaces are formed and rapidly 
increase, which are disturbed by mining workings, dumps of rocks and processing waste, and 
represent barren surfaces. A significant disadvantage of the development of open mineral 
deposits is the negative impact on the environment, expressed in the impact on the 
atmospheric air, on surface and underground water, on land resources, etc. This all manifests 
itself in the suppression and destruction of natural vegetation, migration and reduction of the 
number of wild animals, reduced productivity of agriculture and forestry, animal husbandry 
and fisheries [1]. 

In almost all countries of the world, mining companies are currently required to develop 
measures to reduce negative environmental impacts and risks in order to obtain a license for 
subsurface use. Mining companies are forced to conduct more and more in-depth and 
expensive research to develop and implement measures to minimize the negative impact on 
the environment. Therefore, the EIA already plays an important role in quantifying the 
sustainability of mining operations [2]. 

At the same time, it should be noted that the historical approaches of the EIA in the so-
called countries of the ‘post-Soviet’ and ‘Western’ world differ significantly both in 
methodological and legislative aspects. Naturally, this creates difficulties and risks, 
especially for small companies operating in this sector of the economy. 

One of the strategic priorities of the Republic of Kazakhstan is the implementation of an 
effective state environmental policy and environmental protection. In his address to the 
people of Kazakhstan, President Tokayev stressed that environmental protection and 
environmental development are at the forefront of Kazakhstan's agenda. The whole civilized 
world is engaged in this issue [3]. Achieving these goals requires a comprehensive and 
responsible state environmental policy, which, on the one hand, should be consistent with the 
global Sustainable Development Goals, and on the other hand, should ensure the effective 
integration of global and national priorities. 

In such conditions, the importance of environmental protection for the enterprise needs 
prompt, reliable and complete information. In this regard, automation issues are of great 
strategic importance, since in the future the results of activities in the field of environmental 
protection will depend not only on the state of the material base, the qualifications of 
personnel, but also on the reliability and efficiency of the presentation of all environmental 
information. 

Considering the currently available capabilities of digital computing systems for modelling 
complex processes in real time, it is interesting, in our opinion, to dynamically solve these 
problems depending on constantly changing both technical and economic conditions. 
The second important factor is the development of optimized proposals for managing 
processes with minimal possible environmental impacts under current conditions. 

The market for software for EIA is quite diverse and is represented by both freely 
distributed and proprietary software. However, there is a limited amount of research that 
offers software solutions for small project and mining companies that meet the requirements 
of both compliances with regulatory and legal requirements under the EIA, and the pricing 
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capabilities of companies. With regard to reporting, in particular, very little research has been 
conducted in the context of Kazakhstan's mining industry. 

The purpose of the study is to analyse the possibilities of merging international and national 
standards in the field of EIA for Kazakhstan and the EurAsEU countries using similar 
approaches. Based on the results obtained, it is proposed to develop a module for 
environmental assessment of the impact of quarries on the environment, program 
implementation of planning mechanisms for minimizing the impact of quarries in 
dynamically changing environmental conditions of the enterprise. 

The methodological framework is implemented in the form of a cloud-based Software as 
Service (SaS) solution, which can be used by small project and mining companies as an 
alternative to expensive commercial software. For the development of the EIA software 
module, an analysis of existing EIA requirements and methods related to the impact of 
quarries on the atmosphere, water basin, earth and subsurface was carried out. 

The research was carried out within the framework of the grant of the Ministry of Education 
and Science of the Republic of Kazakhstan IRN AP09561619 Development of the core of the 
web service ‘3D-quarry’. 

2. METHODOLOGIES  

The 3D-Quarry system developed by the team of authors involves the integration of the 
results and development of research conducted and conducted within the framework of 
initiative and grant research in the direction of ‘Improving the efficiency of mining 
enterprises’. Within the framework of the system, it is planned to combine previously 
developed systems: ‘Mining planning’, ‘Development of decision support systems for the 
formation of effective technological schemes for stabilizing the quality of minerals’ [4], 
’Hydrogeological calculations’ and the developed module ‘EIA’. 

Principles of assessing the negative impact of quarries on the ecosystem are to select a 
maximum load the process on each of the components of the environment consumption of 
energy resources during normal and adverse weather conditions situations in comparison with 
the established standards of maximum permissible concentrations effects on human health, 
wildlife and vegetation, and recreational areas. 

The main types of negative impact on the environment in the open-pit mining of mineral 
deposits are: 

– pollution of the atmosphere by emissions of gaseous and suspended substances; 
– noise exposure; 
– withdrawal of natural resources (land, water); 
– changing the landscape; 
– changes in hydrogeological conditions; pollution of the environment by sewage 

and waste; 
– impact on the animal and plant world; 
– changing social conditions of the population [5]. 

Thus, the main impacts of quarries can be reduced to impacts on water and air basins, 
impacts on the earth and subsoil, impacts on flora and fauna. The modified structure of the 
web application ‘3D-quarry’ taking into account the module ‘EIA’ received the form shown 
in Fig. 1. 
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Fig. 1. Structure of the ‘3D-quarry’ system with the integration of the ‘EIA’ module. 

In the United States, environmental protection is based on the adopted National 
Environmental Policy Act (NEPA) and the adopted’ Rules for the Implementation of EIA 
Procedures ‘established by NEPA [6]. On the basis of NEPA, the legal services of individual 
US states develop their own rules for the implementation of EIA procedures. In Canada, in 
addition to the NEPA, the law ‘On Environmental Assessment’ has been adopted. 

In the EU, legislative initiatives to protect the environment are based on UN Directive 
85/337/EEC for the member States of the European Economic Community (EEC) ‘On the 
assessment of the environmental impact of certain public and private projects’ [7]. On the 
basis of it, the EU countries and Japan developed their own legislative acts [8]. 

In Europe, regulation is carried out by the Environmental Management and Audit Scheme 
of the European Union EMAS. 

The main international document is the international Convention ‘On Environmental 
Impact Assessment in a Transboundary Context’ [9]. The main provisions of these documents 
are presented in the form of international standards in the field of environmental activities of 
the ISO 14000 series. The requirements for the environmental management system are 
established by the international standard ISO 14001:2016. However, in Kazakhstan, these 
standards operate on the principle of voluntariness and are not mandatory. 

It is worth noting that there are both significant similarities in the EIA procedure in the 
Republic of Kazakhstan and the EU (in particular, concerning public participation), and 
significant differences (for example, in the stages of the EIA) [10]. 

The legislative regulation of open-pit mining in Kazakhstan, as in most countries, is based 
on the Constitution, and regulated by codes. In Kazakhstan, the regulation is carried out by: 

– The Code of the Republic of Kazakhstan dated 05.01.2021 ‘On subsoil and 
subsurface use’ [11]; 

– The Environmental Code of the Republic of Kazakhstan dated 02.01.2021 [12]; 
– The Land Code of the Republic of Kazakhstan of June 20, 2003 [13]; 
– The Water Code of the Republic of Kazakhstan of July 9, 2003 [14]. 

If an international treaty ratified by the Republic of Kazakhstan establishes rules other than 
those contained in the Codes, the rules of the international treaty shall apply. 
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Accordingly, the assessment methods used for the implementation must comply, firstly, 
with the current legislation of the country, and, secondly, at the request of the enterprise, 
comply with international EIA standards. 

Accordingly, the assessment methods used for the implementation in different countries of 
the United States, the EU and the Eurasian Economic Community (for example, the Republic 
of Kazakhstan) must comply, firstly, with the current legislation of the country, and, secondly, 
at the request/desire of the enterprise, comply with international standards. 

The study analyses the methods of environmental impact assessment (EIA) for the water 
basin, atmosphere, land and subsurface of existing mining enterprises. 

The issues of wastewater treatment and rational use of water resources at industrial 
enterprises are considered in the works of many scientists: Ilyin [15], Gogin [16], Pavlov 
[17], Lesin [18], [19], Tyulenev [20] and others. Ensuring the environmentally feasible and 
sustainable implementation of infrastructure projects, the procedure for assessing the impact 
on the environment is considered in the works of Kalnins [21], Bajcinovci [22], [23], joint 
environmental management [15], optimization for the full use of bioresources [24]–[30]. 

The fundamental provisions on the main methods and technologies for managing dust and 
gas pollution of atmospheric air at mining enterprises are set out in the fundamental works of 
Rzhevsky [31], Trubetskoy [32], [33], Chanturia [34], etc. 

Analysis of methods for assessing the impact on the water basin and regulatory documents 
allowed us to identify the methodology for determining the gross discharge of harmful 
substances into reservoirs by various types of quarry transport [35] as the most fully reflecting 
the impact on the water basin. The method does not contradict the requirements of the EIA 
and allows you to: 

– calculate the pollution of wastewater provided that the wastewater is discharged 
into the reservoir from the estimated source with mixing with wastewater from 
other sources and the concentration of the i-th impurity in the wastewater entering 
the reservoir is not constant during the year; 

– calculate the impact of various quarry transport on wastewater pollution; 
– calculate pollution due to household needs of mining enterprises. 

This method is chosen as the base for software implementation in the module for calculating 
the impact of quarries on the water basin. 

Determination of the qualitative and quantitative composition of the expected harmful 
emissions into the atmosphere during the operation of quarries in the Republic of Kazakhstan 
is carried out in accordance with the current regulatory and technical documents [35]. 

The analysis allows us to state that the methods allow us to produce: 
– calculation of emissions of pollutants from quarry equipment and road transport 

when burning diesel fuel; 
– calculation of dust emissions during excavation of rock mass during excavation 

and loading operations; 
– calculation of dust emissions when unloading overburden into the dump; 
– calculation of dust formation during road transport operations; 
– calculation of the gaseous emissions in the manufacture of blasting; 
– calculation of the emissions during drilling operations with dry cleaning devices. 

At the same time, the method of calculating harmful emissions for a complex of open-pit 
mining equipment (based on specific indicators) is most often used [36], [37]. Its advantage 
is that it allows you to calculate atmospheric air pollution during blasting operations for 
individual substances, determine the mass of harmful gases remaining in the exploded rock 
mass and calculate the mass of solid particles released from the dust and gas cloud. 
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This method is chosen as the basic one for software implementation in the module for 
calculating the impact of quarries on the atmosphere. 

Similarly, the analysis of methods for calculating the impact of mining workings on the 
subsurface allowed us to identify a method for software implementation in the ‘3D-quarry’ 
system as a submodule of ‘EIA: The bowels’. 

When studying the tasks of the EIA, especially of a predictive nature, the characteristic 
features are the need to analyse a large number of influencing factors and, often, the lack of 
initial data. In such a situation, there is a need to use additional methods of mathematical 
apparatus: correlation analysis, approximation of dependencies, probabilistic analysis. 
Naturally, this significantly increases the cost of calculations, and reduces their accuracy. At 
the same time, the development of the section of neural networks suggests that such control 
systems can be developed and effective precisely on artificial neural networks (INS), since 
neural networks are focused on processing large amounts of information (including weakly 
structured), are capable of learning and adaptation. However, today, and for the application 
of artificial neural networks there are unresolved issues. 

The basis of the theory of artificial neural networks is laid in the works of McCulloch, Pitts, 
Hebb, Rosenblatt, Hubel, Wiesel, Widrow, Steinbuch, Minsky, Hopfield, Amosov, 
Galushkin, Levin, Litovchenko and others [38]–[40]. 

This thread is dedicated to the publication of such foreign authors as P. Spek, L. Patterson, 
R. Bishop, George of Dutch. The theoretical aspects of artificial neural networks are quite 
well developed by such well-known Ukrainian and Russian researchers as Amosov, Belov, 
Kussul, Glushkov, Galushkin, Gorban, Dunin-Barkovsky, Mirkes, Tsaregorodtsev, Barsky 
and others. In the scientific and technical literature of the Republic of Kazakhstan, the 
problems associated with the apparatus of artificial neural networks are considered in the 
works of Tsekhovoy, Akhmedov, Makarenko, Yavorsky [41]–[44] and many others. 

In the study for the implementation of the forecasting mechanisms used by the typical 
architecture of the neural networks: multilayer network (multilayer perceptron) and a network 
of radial basis functions. 

3. DEVELOPMENT OF THE EIA MODULE 

According to the analysis, the EIA methods used for the implementation must comply, 
firstly, with the current legislation of the country, and, secondly, at the request of the 
enterprise, comply with international EIA standards. 

The article systematizes the results of the impact of mining production on the environment 
for individual elements of the biosphere, Table 1. 

The selected conceptual solutions define the system as a cloud-based web application, 
which imposes its own limitations on the development tools of this information system and 
involves the use of web-based development tools. 

Although development tools, such as high-level languages, allow you to develop cloud 
products, however, they require significantly more time resources for implementation due to 
a different orientation. 

The accepted division of the resource functionality into the server side of the interface 
(back-end) and the client side of the interface (front-end) of the web resource also imposes 
restrictions on the development tools. 
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TABLE 1. MAIN TYPES AND RESULTS OF THE IMPACT OF MINING ON THE BIOSPHERE 

Elements of 
the biosphere 

Impact on the elements of the biosphere Impact result 

Water pool,  
underground 
water 

Field drainage, discharge of waste and 
drainage water 

Reduction of underground, ground and surface 
water reserves. Violation of the hydrogeological 
and hydrological regimes of the water basin 

Water pool, 
surface water 

Drainage and transfer of surface reservoirs 
and watercourses, discharge of waste and 
drainage water, water intake for technical 
and household needs of enterprises 

Pollution of the water basin by sewage and 
drainage waters. Deterioration of water quality as 
a result of adverse changes in hydrochemical and 
biological regimes of surface and underground 
waters 

Air pool Organized and unorganized emissions of 
dust and gases into the atmosphere 

Contamination (dust and gas contamination) day 

Lands and 
soils 

Mining operations, construction of dumps, 
hydraulic dumps, tailings and reservoirs. 
Construction of industrial and civil buildings 
and structures. Laying of roads and other 
types of communications 

Deformation of the earth's surface. Violation of 
the soil cover. Reducing the area of productive 
land. Deterioration of soil quality. Changing the 
appearance of the territory. Changes in the state 
of ground and surface waters. Deposition of dust 
and chemical compounds due to emissions into 
the atmosphere. Erosion 

Flora and 
fauna 

Industrial and civil engineering. 
Deforestation. Violation of the soil cover. 
Changes in the state of ground and surface 
waters. Dust and gas pollution of the 
atmosphere. Industrial and household noise 

Deterioration of the habitat conditions of forest, 
steppe and aquatic flora and fauna. Migration and 
decline in the number of wild animals. 
Suppression and reduction of wild plant species. 
Decrease in the yield of agricultural crops. 
Reduced productivity of livestock, fish and 
forestry 

Subsurface Conducting mining operations. Extraction 
of minerals, host and overburden rocks. 
The drainage fields. Flooding of the field 
areas. Ignition of minerals and waste 
rocks. Disposal of harmful substances and 
industrial waste. The discharge of 
wastewater 

Changes in the stress-strain state of a rock 
mass. Reduction in the quality of minerals and 
the industrial value of deposits. Pollution of 
the subsoil. Development of karst processes. 
Mineral losses due to dilution 

Based on the results of the analysis, out of a possible set of software resources, it was 
decided to use: 

– for the implementation of the back – end-server scripting programming language 
php; 

– for front-end – multi-paradigm programming language javascript, javascript 
framework jQuery and asynchronous data exchange technology Ajax. 

It was decided to abandon the use of other tools and frameworks. 
For the implementation of the data warehouse, the analysis of freely distributed web-

oriented DBMS is carried out. It was decided to abandon the use of proprietary DBMS 
immediately for commercial reasons. The analysis of the compliance of the DBMS 
capabilities allowed us to identify and select the MySQL relational DBMS as one of the most 
common for web projects. 

For the implementation of the module, the structure of the relational database of the 3D 
Quarry system has been finalized. 14 new tables have been added to the database for 
implementing the functions of the ‘EIA’ module (changes in the structure of the application 
administration service tables are not displayed). A fragment of the datalogical model showing 
the changes made is shown in Fig. 2. 
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Fig. 2. Additions to the logical model of the data structure for the ‘EIA’ module. 

The physical structure of the database is implemented in the MySQL database management 
system. In connection with the preparation of security documents for the developed system 
‘3D-quarry’, the physical structure of the database is not disclosed in this document. 

Algorithmically, the methods are implemented in php and javascript: 
– calculation of harmful emissions for the complex of open-pit mining equipment 

(based on specific indicators); 
– determination of gross discharges of harmful substances into water bodies by 

various types of quarry transport; 
– calculation of the negative impact of the quarry on the subsoil and land. 

When developing an algorithm for measures to reduce the negative impact on atmospheric 
air, all measures can be divided into three groups: 1) Replacing existing technology and 
equipment with more environmentally friendly ones; 2) Equipping and retrofitting of 
technological equipment with gas cleaning plants (GOU); 3) More efficient use of the 
scattering capacity of the atmosphere. 
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To reduce the negative impact on the atmospheric air during mining operations, it is 
necessary to carry out the following measures: 

– moisten dirt roads, mining ledges and dumps in the dry and hot season; 
– carry out refuelling and maintenance of mobile equipment at the nearest gas 

station, or at a slightly remote private base with a hard surface; 
– to monitor the compliance of vehicle exhaust emissions before leaving the 

construction site in accordance with the established technical standards; 
– collect and temporarily store waste in specialized containers and containers with 

subsequent transfer to enterprises that have a license to process, neutralize or 
dispose of solid household waste (MSW) at a landfill. 

Environmental protection measures should also include the implementation of regulatory 
requirements for the greening of sanitary protection zones – at least 50 % of the SPZ around 
quarries, with the mandatory organization of a strip of tree and shrub plantations (at least 50 
m) on the side of residential development. Transport and communication lanes should occupy  
3–5 % of the total area of the SPZ. At the border of the sanitary protection zone, it is necessary 
to monitor the main parameters of environmental pollution: the level of atmospheric air 
pollution, noise level, water quality in water bodies, soil pollution. 

The size of the established sanitary protection zone can be reduced by reducing the content 
of harmful substances in the atmospheric air to an acceptable level as a result of 
environmental protection measures. 

As measures preventing the occurrence of an emergency in the quarry (spill of gasoline 
from the gas tank of vehicles and machinery), it is recommended to carry out technical 
inspection of vehicles before leaving the site, conduct timely repair and replacement of spent 
consumables (oil, filters, etc.) and have become unusable parts and components of equipment. 

As constructive measures to prevent the occurrence of a fire, in addition to placing an 
emergency fuel drain tank, it is recommended to equip the sites with a supply of water for 
fire extinguishing. 

Accordingly, the inclusion of the EIA module should also have an impact on the mining 
design modules, for example, planning green areas when designing a quarry. 

The design of mining operations in quarries located near water bodies is carried out in 
compliance with the conditions of the regime of water protection zones of watercourses and 
the Water Code of the Republic of Kazakhstan. 

Environmental protection measures in relation to surface waters include the following 
measures: 

– mandatory collapse of the zone of the side ledge, which is the border of the coastal 
protective strip of the considered watercourse, which prevents surface runoff from 
the quarry; 

– compliance with restrictive conditions when working in the water protection zone 
of the nearest watercourse; 

– surface water monitoring, aimed at controlling the pollution of the watercourse 
during the period of trans-shipment operations within the sanitary protection zone; 

– a rational water use regime that allows the use of imported water only for drinking 
needs and the intake of river water for irrigation of dirt roads only in dry and windy 
times; 

– timely distribution of rainwater accumulated in the lower segments of the quarry 
over the entire overburden storage area; 

– implementation of refuelling of quarry transport at specially equipped sites, 
vehicles-at the nearest organized gas station. 
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Environmental protection measures in relation to groundwater include the following 
measures: 

– carrying out mining operations to the full depth of extraction of raw materials only 
during the low-water period; 

– storage of special equipment on the inner-pit areas with a hard surface, located 
above the sole of the processing of quarry stocks by 0.5–1.0 m; 

– implementation of refuelling of road equipment by a gas station attendant outside 
the quarry area, mobile vehicles – at public gas stations; 

– exclusion of the collection and accumulation of production waste on the territory 
of the quarry mining site; 

– installation of a bio-toilet with timely removal to the nearest existing treatment 
facilities; 

– implementation of repair and maintenance of motor vehicles in specialized 
organizations; 

– water intake from the flooded part of the underground water of the quarry by the 
pump of the irrigation washing machine in a limited volume and only in the windy 
and hot season; 

– development of a monitoring system for open water bodies and aquifers; 
– implementation of measures for the reclamation of the developed quarry areas in 

the direction of their subsequent use. 
If the well is used as a source of water supply for the period of work, the area around the 

well (4 m) is filled with concrete, the access area to the structure (16 m) is reinforced with 
crushed stone. The territory of the first belt of the sanitary protection zone is planned with 
the diversion of surface runoff beyond its limits, fenced and secured. The wellhead is 
equipped with a sealed removable head and closed with a wooden overhead box. The water 
intake from the source is monitored by installing a flow meter to determine the actual flow 
rate of the pumped underground water. The well is provided for monitoring the underground 
water. 

To reduce the negative impact on the soil, waste generated during the production of works 
is temporarily accumulated in metal containers on a specially designated area with a hard 
surface, followed by export to organizations that have licenses for their storage and disposal. 

The lands disturbed during mining should be reclaimed in the direction of their subsequent 
use. Regardless of the direction of use, it is planned to re-cultivate the adjacent territory, 
which includes land for temporary use for auxiliary facilities of the object's infrastructure: 
storage sites for overburden dumps, and the placement of a shift camp. 

Land reclamation is carried out in two stages: technical and biological. The technical stage 
includes the planning, the formation of slopes, the removal and application of a fertile layer 
of soil on re-cultivated land. In this regard, at the mining stage of reclamation, it is provided: 

– the device of slopes at an angle of 15–45 °; 
– planning of the quarry floor and rock dumps; 
– dumping of overburden to the bottom of quarry recesses; 
– subsequent application of a fertile layer with a thickness of 0.25–0.3 m to the 

bottom, the slopes of the quarry sides and re-cultivated dumps; 
– final layout of the reclaimed surface of the quarry. 

After the completion of the technical stage of re-cultivation, the temporary use lands are 
transferred to the land users for the biological stage of re-cultivation according to the act in 
accordance with the established procedure. 
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The biological stage of reclamation includes a complex of agrotechnical and biotechnical 
measures aimed at securing the soil from erosion, restoring the fertility necessary for the 
further use of the territory in the recreational direction. 

Carrying out the biological stage according to the reclamation queues is allowed both 
immediately on the entire area assigned to the queue, and within individual sections as the 
technical stage is carried out. 

The fertile layer is removed before the start of overburden work, followed by storage in 
burts on the previously re-cultivated site. 

In accordance with the direction of reclamation-pasture lands – and the characteristics of 
the natural soil cover in the designated areas, after technical reclamation, the following 
scheme for restoring land fertility is proposed. 

On the planned land area of the developed quarries, the potentially fertile and returned 
fertile layer with a capacity of 15–20 cm is loosened by harrowing, mineral fertilizers are 
applied and the grass or grass mixture that is zoned and characteristic of this type of soil is 
sown. Further, post-sowing uniform rolling with ringed rollers and planting of zoned shrub 
species, if necessary, is carried out. Biological re-cultivation should be carried out in the 
autumn period without one-time irrigation. 

The restoration of the former composition of the natural phytocenosis will take place in 
three stages. The first stage includes the sowing of grasses, the second and third stages are 
the result of natural regenerative primary autogenic succession (the evolutionary development 
of vegetation within any zone), represented by a system of changes of some phytocenoses by 
others, with time intervals between stages 1–3 years. The projected yield already in the first 
year of the growing season makes it possible to restore the productivity of the land to the 
initial level. Thus, the pasture yield will be restored in the second year, the natural 
phytocenosis in 4–5 years from the beginning of biological reclamation. The transfer of 
reclaimed land to recreational land will be considered complete at least 3 years after the 
biological stage. 

In the water management direction of using the quarry excavation of the developed areas 
of the field, at the end of the technical stage of reclamation, it is planned to create an artificial 
reservoir of complex purpose in it: for fish farming and recreational purposes; construction 
of appropriate hydraulic structures necessary for flooding the quarry excavation and 
maintaining the calculated level in them. 

Overburden operations are carried out without first removing the soil layer due to its low 
humus content and high salinity. In the future, the lithostrats of existing dumps can be used 
as a potentially fertile layer during the biological stage of re-cultivation and greening of 
overburden dumps. 

Technical remediation is carried out in parallel with mining operations, on the area of 
mining of the lower ledge, and within a year after the completion of mining operations 
(including on dumps). 

The main requirements for the rational use and protection of mineral resources are: 
– strict compliance with design decisions; 
– maintaining the established geological survey documentation; 
– ensuring and controlling the complete extraction of raw materials; 
– reliable accounting of the reserves extracted and left in the subsurface, drawing up 

annual plans for the development of mining operations; 
– protection of mineral deposits from flooding, flooding, fires and other factors that 

reduce the quality of minerals and the industrial value of deposits or complicate 
their development; 

– not allowing excessive losses, dilution and selective mining of minerals; 
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– compliance with the requirements for the safe conduct of mining operations related 
to the use of subsurface resources; 

– the production of blasting operations below the level of underground water in a 
clamped environment, the development of minerals by the non-explosive method; 

– prevention of subsurface pollution by industrial waste or wastewater. 
Blasting operations carried out at mining enterprises cause a negative seismic impact on the 

production environment of enterprises and other protected objects. At present, the 
improvement of ways to improve the safety of technological processes and working 
conditions of workers with reasonable industrial development is of paramount importance, 
and the culture of blasting involves reducing the harmful effects of the consequences of an 
explosion. 

According to the State Technical Supervision of the Republic of Kazakhstan, at the objects 
of mining, non-metallic industry and underground construction, the level of injuries during 
blasting is 2–22 % and the level of injuries during the collapse of the sides of the ledges is 4–
16 % of the total number, with the number of performers of blasting within 10 thousand 
people. 

In order to reduce the seismic manifestation of the explosion, improve the quality of 
blasting operations, reduce accidents and injuries, recently used initiation elements without 
the use of electric current, capable of changing the deceleration between explosions in a wide 
range. These are domestic systems of non-electric explosion initiation SINV, Iskra, Korshun, 
the use of which in enterprises reaches more than 10 million sets. 

It is advisable to select the deceleration intervals between explosions of charge groups and 
change the detonation schemes after operational processing of the results of real explosions. 
To obtain operational information, it is necessary to create a mobile seismic recorder. Based 
on the information obtained, it is possible to make objective decisions that minimize the 
seismic effect of the explosion on the rock mass and increase the safety of mining enterprises, 
industrial and economic facilities in the area of the explosion. 

In connection with the above, the processes of short-delayed detonation of groups of 
charges using modern means of initiation need further study and research to minimize the 
seismic manifestation of short-delayed detonation and represent an important current safety 
problem. 

Reducing the seismic impact on buildings and structures is provided by reducing the overall 
intensity of seismic radiation by more fully using the energy of the blast wave to crush the 
rock and control the spectral composition of seismic vibrations. 

The most promising direction for improving earthquake resistance is the seismic insulation 
of buildings. Seismic isolation involves detuning the vibration frequencies of the building 
from the prevailing frequencies of the impact. This is what reduces the mechanical energy 
received by the structure from the base. Specialists of Kazakhstan and foreign countries have 
proposed various devices of seismic isolation systems and dampers of vibration energy of 
structures, as well as systems using alloys that store the volume state, and other ‘intelligent’ 
systems. 

The following trends are observed in the world: the first is the use of pure seismic insulation 
of buildings, which is usually arranged in the lower floors: rubber-metal supports of various 
modifications with low and high damping, with a core of lead and without it, with the use of 
various materials. There are also friction sliding supports of the pendulum type. Both supports 
are widely used in the world. The second direction of application of damping (vibration 
damping), which is known for a very long time and is constantly being improved. 

For high-rise construction, as a rule, a combination is used: seismic insulation is placed in 
the lower floor, and damping is installed along the height of the building. Now manufacturers 
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offer a variety of dampers: metal, liquid, there are special alloys with memory, special 
damping walls. The latter devices, although relatively expensive, are quite effective. 

One of the most common methods of earthquake-resistant construction is the construction 
of buildings on a foundation with a large margin of load-bearing strength. In order to 
successfully resist the seismic impact, scientists are also developing new building materials. 
In particular, they created a new type of concrete, called ‘elastic’ concrete. It, as the name 
suggests, is characterized by increased elasticity and flexibility. An interesting feature of the 
material can be considered the ability to self-heal under the influence of rain or snow. These 
unusual properties of concrete are provided by the addition of minerals that are part of 
seashells. The resulting load cracks in this amazing concrete, over time, are tightened, and 
the strength of the material remains unchanged. 

However, some building materials known since ancient times are also earthquake resistant. 
In particular, such materials include clay. Another innovation in the construction materials 
industry: the use of high-strength reinforcement in the construction of buildings and 
structures. Currently, the production of earthquake-resistant reinforcement of strength class 
500 MPa is carried out. 

Since in [40] it was decided to implement the information system ‘3D-quarry’ as a web 
application, the implementation of the module ‘EIA’ was also decided to implement on the 
basis of the previously adopted concept: 

– the concept of Software as a Service (SaaS) or ‘program as a service’ for the end 
user; 

– data opacity for the resource administrator or storing only data encrypted with the 
user's personal password in the database; 

– selectable modularity of the application for the end user; 
– transparency of the methods used for the end user. 

Using the SaaS cloud computing model allows you to reduce the cost of software 
maintenance on the user side by eliminating self-administration of the resource, provide users 
with ease of operation due to the cross-platform nature of the resource and independence from 
the hardware and software resources used on the client side. So, from the client's point of 
view, both classic computers, tablets, and smartphones can be used as equipment. So, in our 
opinion, only this can provide the client with an annual savings of at least 1000 USD. The 
only software resource required for operation is a browser, which is included in the basic 
configuration of any operating system, and an Internet connection. 

An additional requirement for implementing this approach is the implementation of an 
adaptive interface (for the screen resolution of the device used by the user). However, at the 
current stage, this solution is not implemented in all modules. 

Important factors for choosing SaaS as a promotion model were the economic parameters 
for the resource owner of the 3D-quarry system: the convenience of controlling the 
monetization of the resource, the convenience of protecting against the use of unauthorized 
copies compared to the Application Service Provider (ASP) concept, and the elaboration of 
mechanisms for ‘promotion’ and promotion of the resource as a web site. Also, in our opinion, 
this decision will help to reduce the share of pirated software in the market of Kazakhstan. 

The opacity of the data for the resource administrator and the storage of the data in the 
encrypted master key of the data allows the end user to transparently implement the secrecy 
of his commercial activities. The use of strong encryption algorithms allows you to protect 
your data both from external attacks on the resource, and from possible potential attempts to 
‘pressure’ the resource owner in order to disclose customer information. As symmetric 
encryption algorithms, the AES algorithm with client – side encryption/decryption is of 
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interest, and as hashing algorithms, MD5 or SHA3 is of interest. The only drawback of this 
solution is a significant increase in the computational load, both on the client's hardware 
resources and on the communication channel. However, the increased performance of both 
stationary and mobile computing devices, as well as the widespread introduction of high-
speed communication networks, at least based on the LTE standard, allow us to successfully 
solve the problem of transmitting and processing large amounts of data. 

The modular architecture allows you to flexibly manage the necessary structure of the 
resource, build it up and upgrade it (including with the possibility of attracting third-party 
developers), as well as evaluate the contribution of each of the modules to the profitability of 
the resource and, accordingly, quite simply and transparently determine the share of the total 
profit for the developer of each of the modules. 

The transparency of the methods used for the end user with the generation of a pdf document 
with calculations allows an experienced end user to ‘see’ alternative career development paths 
offered by the resource, if necessary, to form an evidence base for making certain decisions, 
and an inexperienced user to learn from the examples of calculations performed by the 
resource, 

The operation of all modules that implement the processing of client data is assumed in the 
mode of end-to-end data encryption using the AES algorithm. For encryption, a master 
encryption/decryption key is used for user groups. 

The on-screen forms of the module are shown in Tables 2–4. To perform calculations, the 
user selects the typical values of the reference data (or specifies them for this direct user). 

TABLE 2. CALCULATION OF GROSS EMISSIONS OF HARMFUL SUBSTANCES  
DURING DRILLING OPERATIONS 

Initial data 

Parameter Unit of measurement Value 

Hardness of rocks  f>14 
Drilling rig type  SBSH-250MNA-32 
Number of drilling rigs  5 
Drilling rig productivity Running meter/hour 8.33 

Volumetric productivity of the 
drilling rig (Q) 

Cubic meter/hour 0.41 

Nominal working time fund Days 280 
The number of shifts per day of 
operation of drilling rigs 

 2 

Nominal fund of machine tools 
per year (T) 

Hours 6720 

Type of explosive  Granulit C-6M 
The volume of the blasted rock 
mass 

Cubic meter/running meter of 
the well 

40 

The volume of the blasted rock 
mass 

Cubic meter/year 11 195 520 
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TABLE 3. THE RESULT PF THE CALCULATIONS (DATA FROM THE SOFTWARE) 

Initial data 

Parameter Unit of measurement Value 

Specific dust release per 
cubic meter of cuttings,  
q 

Air-water method of dust 
collection 

Kilogram/cubic meter 

3.50 

Air method of dust collection 4.40 

No dust collection 110.40 

Coefficient considering the moisture content of the material, 
K2 

 0.10 

Gross dust emission 
during drilling,  
M1 

Air-water method of dust 
collection 

Kilogram/year 

480.73 

Air method of dust collection 606.14 

No dust collection 30 417.41 

TABLE 4. AUXILIARY COMPONENT ‘REFERENCE BOOK’  
(IN RELATION TO THE SBSH-250 MACHINE) 

Drilling rig type SBSH-250MNA-32  
Coals Limestone, 

shales 
Siltstone, 
lightly 
cemented 

Medium 
density 
siltstone 

Sandstones 
(strong) 

Rock strength on the scale of Pr. M. M. 
Protodyakonov 

f = 1…2 f = 2…4 f = 4…6 f = 6…8 f = 8…10 

Average volume productivity of the drilling 
machine, cubic meter/hour 

2.18 2.02 1.80 1.50 1.29 

The means of suppression or dust collection Specific dust emission, kilogram/cubic meter 

Water-air dust suppressor 0.8 1.5 1.9 3.0 3.5 

Dry dust collection 1.0 1.9 2.5 3.9 4.4 

Without means of dust suppression, 
unacceptable or emergency operation of the 
machine 

24.1 48.3 62.5 96.5 110.4 

The initial testing of the system modules was performed on the local server. For this purpose: 
apache server 2.4.28, php language 7.1.10, MySQL DBMS 5.0.12. As a client, use a notebook 
with a screen resolution of 1366x768. Other system features: Intel Core i7-3517U processor, 8 Gb 
RAM, Windows 10 Pro operating system. Testing was carried out in the browsers Google Chrome, 
Mozilla, IE, Opera. 

The test tests of the module on the data of the quarries of JSC ‘SSGPO’ and the manual 
calculations carried out according to the selected methods showed a 100 % coincidence of the 
results. 

Further development of the module is aimed at introducing multilingualism mechanisms, 
accumulating the results of calculations with the rating factors of the summer and winter 
seasons, implementing a graphical display of the dynamics of changes in the indicators of 
negative factors, as well as developing a decision-making support system for the development 
of measures to reduce negative impacts. 

The first issue of the 3D Quarry system's EIA module was submitted to the production 
server, and students continued testing the university's specialized educational programs on 
desktop computers, laptops, and smartphones. 
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4. DISCUSSIONS 

The results of the analysis of the investigated methods of assessing impacts of the quarries: 
– First, it should be noted that existing predictive methods based on the use of 

average annual values of emissions of pollutants for the company as a whole 
without regard to change of physico-mechanical properties of rocks in mining 
areas, mining and climatic conditions. 

– Secondly, scientific studies on the negative impact of quarries with comparative 
factors of the summer and winter period of the year, seasonal changes in 
temperature and humidity, wind speed and direction for quarries and sections, as a 
rule, are not carried out. 

Accordingly, a possible further development of the module for a comprehensive assessment 
of the impact of the quarry, it is possible to use it to obtain a dynamic picture of the inflow 
of pollutants into the environment and develop a module based on it for the dynamic 
formation of strategic and tactical measures to reduce the negative impact of the quarry on 
the environment. 

5. CONCLUSIONS 

The main requirements for the rational use and protection of mineral resources are: 
– strict compliance with design decisions; 
– maintaining the established geological survey documentation; 
– ensuring and controlling the complete extraction of raw materials; 
– reliable accounting of the reserves extracted and left in the subsurface, drawing up 

annual plans for the development of mining operations; 
– protection of mineral deposits from flooding, flooding, fires and other factors that 

reduce the quality of minerals and the industrial value of deposits or complicate 
their development; 

– not allowing excessive losses, dilution and selective mining of minerals; 
– compliance with the requirements for the safe conduct of mining operations related 

to the use of subsurface resources; 
– the production of blasting operations below the level of underground water in a 

clamped environment, the development of minerals by the non-explosive method; 
– Prevention of subsurface pollution by industrial waste or wastewater. 

As a result of the conducted research, methods were identified, and algorithms were 
developed for assessing the environmental impact of open-pit mining of mineral deposits. 
Based on the results obtained, the ‘EIA’ module, consisting of the submodules ‘Water Basin’, 
‘Atmosphere’, and ‘Subsurface’, was developed within the framework of the ‘3D-quarry’ 
system. 

As a result of the study, the following conclusions are made: 
– conducted a critical analysis of international and national EIA methodologies and 

developed EIA approaches that meet both national and international standards; 
– the developed algorithms and software implementation of the EIA module are 

adequate to the selected methods; 
– integration of the EIA module into the 3D-quarry system allows improving the 

quality of mining planning, assessing environmental risks and developing timely 
measures to reduce negative impacts; 
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– the concept of monetization of the application in general and the module in 
particular as a SaaS solution has been developed and mechanisms for calculating 
the economic efficiency of the module within the application based on usage 
statistics have been developed; 

– to protect against unauthorized access (NSD) and use (NSI), mechanisms for end-
to-end encryption of all user data based on the international AES encryption 
standard on the client side, storage of authenticating information in the database 
based on the MD5 hashing algorithm (with the possibility of further replacement 
with SHA3) and opacity of client data for the system administrator are 
implemented; 

– for the convenience of the client, the mechanism of transparency of the performed 
calculations is implemented by generating a pdf document. 

Thus, it can be argued that the developed software allows you to solve an important task 
for the economy and ecology of Kazakhstan to automate calculations of the impact of the 
developed open fields on the environment and perform import substitution of software of 
foreign IT companies working in the field of subsurface use, which is one of the priorities of 
the country's development. 
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