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The local meteorological elements are connecteld tgithnical, economic and social parameters obgfeacast atmosphere. The goal of
this paper is the realization of methods and theeldping of software for the calculation and viszetion of the distribution of
contaminations in the quarry atmosphere based imalation study for the dynamics of moving air sesin the opencast space. The
environmental impact of mining dust spreading @ dabncentration of pollutants has been describedrr§@ aerology for open-pit mines
exploits applications of the theory of functionsaaimplex variables for computing concentration afrhful substances and convective
airflows in the local space. The software systentédculation of gas-dynamic parameters in the opshatmosphere has been developed
in the Delphi environment and tested at the calmriaof natural ventilation in open-pit mine. Theage of a single vortex method allows
creating effective design models, which posses#testandability of systems of the algebraic equetito define the air-stream velocity
in magnitude and in direction at any point of th@en The algorithm of this method is modified fotesk of the simulation study of
the mine’s space. The problem solution was mad#éherasis of the mine’s designed profiles for 2ah@ 2015 built with taking into
account prevailing directions of the wind (Northouth, West, East). After the velocity field caldida on the basis of the preset
information about the location of harmful conditisources is computed the concentration pattermhful conditions. By the results of
calculations for such fields, by the interpolatiof values between the mine’s profiles, as a whisledetermined the condition of
contamination in the opencast atmosphere. Calaglalata on harmful substances distribution in tiell atmosphere have allowed
determining the contours and volumes of zonesémgtarry. The developed program and methodical Englows performing on-line
computation for hydrodynamical fields, and simudgtion their basis a change in powder-gas conditiorthe opencast. At that the
development of mining operations is consideredwal as the evaluation and prediction the conditainair contamination in the
environment atmosphere at the area of operatiotiseofvorks. The results of calculations may be deedreation an ecological GIS of
the mining-and-processing integrated works andferdesigning a forced ventilation of mines. TheHer development of this project is
the creation of an intellectual system for decigigeking in real time, so that to reveal and neizteahe dangerous areas in respect of the
factor powder-gas at workplaces in deep opencasts.

Introduction

Up to 80% of the total industrial emissions in Hwitheast part of Ukraine are connected with prigas of
mining-metallurgical complex. For example, in Dragpetrovsk region the concentration of mining aretatiurgical
production is 7-10 times the national average.odBction and processing of iron ore is 86% of tatéamal total, cast
iron production is 50%, and the production of steel7% of the national total. There are severdiistrial zones in the
Pridneprovsky Region:

A) Dnepropetrovsky zone including Dneprodzerzhinsk, e@opetrovsk and Novomoskovsk. This
industrial zone area is about 1164°%km

B) Kri\Z/oyrozhsky zone including Shirokovsky, Krivorasdty, Pyatikhatsky districts with area about 2660
km=.

C) Manganese ore mining zone including Ordzhonikidzatganets, Nikopol.

This industrial zone area is about 31Z.km

D) Western Donbass industrial Zone including Pavlognad Yurievsky Districts. This industrial zone area

is about 1195 ki

Especially high volumes of emissions were recolidetie cites of Kryvyi Rig (10.1%), Mariupol
(7.8%), Donetsk (5.0%), Zaporizhzhia (3.3%), Dnelaerzhynsk (2.9%), Enakiyeve (2.6%), Dnepropetrarsk
Alchevsk (2.4%), Lugansk (2.3%), and Debaltsev2%g.[1]. The high concentration of the industriesarge cities
aggravated the very negative impact on naturalystess and human health [2, 3]. In the total allugion
Dnepropetrovsk Region holds one of the first plandsurope.

The annual average emission of industrial dust aS million tons for Krivoy Rog, and 1 millionrie each
for Dnipropetrovsk, Dniprodzerzhinsk, Nikopol andWwmoskovsk. The amount and the type of emisdiodgfferent
places of the Dnepropetrovsk region depend onyje of industrial enterprises involved. It is kngwion ore mining-
metallurgy in Krivbass results in high levels oflirstrial dust, sulphur oxides, carbon and nitrdgégn

The first studies of the microclimate of quarriesJkraine were made in 1972-1979, when the deptthe
iron ore quarries reached 200m. Last time thistdepntinuously grew and will exceed 400 in the rfedure. It was
established that a number of previous data couldbeoused for the quarries with depth more thann85The
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meteorological elements are connected with techréc@nomic and social parameters of the quarry.example, the
low temperatures reduce labor productivity andease the frequency of occupational diseases arhengdrkers. The
calm or weak wind activity leads to an increasé¢hef pollution level in the atmosphere of the quaity grounds and
the fog reduce the productivity and can cause guaacidents. Means for controlling microclimatetie quarry and
methods of measuring atmospheric parameters aaaneagrs of the process of origin and formationusteyas clouds
include telemechanical control of meteorologicalapaeters in an atmospheric framework with applacatidars for
the laser sounding of the quarry atmosphere, ad&tny and station for remote sensing, etc.

Mitigation approaches to decrease the dust-gasislepreading after numerous explosions in the tpsaare
the following: arranged and technological actiotieg explosion zone irrigation, foam applicatiortifeial quarry
ventilation.

The goal of this paper is the realization of methatd the developing of software for the calcufa@md
visualization of the distribution of contaminatioits the opencast atmosphere based on a simulatioty $or the
dynamics of moving air masses in space.

Aerology of thequarries

The aerology of quarries [5], as a componentefrenmental protection of the area of mining sldgasfomote
the production process of required quantity of ulsehinerals without environmental degradation aratural
ecosystems infringement, create comfortable workimgditions for the miners, and provide safe livaanditions for
populations in residential areas. Let us consideeets of the aerology of quarries in the framewafrthe following
system: “quarry — environment — human.” The stuélyaerology of quarries, revealing the essence aarikty of
environmental problems and the relationship betwssgrarate parts of the system is a complicatedcema&bnsider a

QUARRY

ENVIRONMENT

QUARRY AEROLOGY AND
IRON ORE MINING
ENVIRONMENTAL IMPACT

ASSESSM ENT

HUMAN

Fig. L Scheme of relationships of different aspects ocfrqu aerology in th
framework of "quarry- environment — human" system

brief example of it in figure 1.

There are multilateral, complex, and nonlinear nemtions between the air circulation parametershef
quarry’s atmosphere and environment as a wholeydsst microclimate characteristics, geothermal aadiating
parameters, and between the ecological and sdwahcteristics of the investigated process. Indkisse, the system:
“quarry — environment — human” can be consideredist&ributed system. All the relations that takecpldbetween
separate parts of this system are complex, chalgé@akbime, and have a set of various constantthénequations
describing quantitative characteristics of exchabige processes. For this reason, when studying autistributed
system, it is usually inconvenient to separateriimerous phenomena of radiating, thermal, aerodimayeothermal,
technical, ecological and social character, as ey closely bound among themselves and are divarsature,
physical essence, and scale. It is possible toidenthree approaches to overcome these difficultie

The physical approach assumes the descriptiorcofrgplete picture of the aerology of quarries ey dhalysis
of the physical laws controlling the separate psses and their set in the system. Such an appedets for better
understanding/ and better description of the ggses involved; It gives mathematical interpretatamd to establishes
some quantitative laws. Unfortunately this approscbften hard to use because of the complexitthef“quarry —
environment — human” system, and can only be usestudy the simplest processes of the aerologyuefrogs
separately.
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The heuristic approach establishes empirical caiorecby logical reasoning, usually, utilizing thesults of
statistical analysis of the large quantity of nuicerinformation characterizing various processethe system “quarry
— environment — human” under various factors. Duthe distributed character of the system “quargnvironment —
human,” the heuristic approach enables the useavbws methods of mathematical statistics to estabkegression
equations connecting the characteristics of thedtigated processes with the parameters that fbem.t In many
cases, such as: “quarry radiating balance — huyyiditvind speed and environment temperature,” “hdity, wind
speed and environment temperature,” “humidity, wspded and environment temperature — atmosphetg@adllgion
— frequency of occupational diseases, ” or the ncoraplex variant: “blasting mining works — geolagiconditions —
atmosphere microclimate parameters — ecologicaladeimregression equations can be established. &fegsion
equations contain a large number of parametersai@byy these regression equations requires a laugeber of
samples, which makes this heuristic approach intisedc

The combined approach represents a combinatiomegbltysical and the heuristic approaches. Fronpoumt
of view it is the most acceptable approach for whgl a “quarry — environment — human” system. Tlenbined
approach requires some research in establishifigretitial equations, each of which serves for tescdption of the
separate parts of the investigated phenomenonogeps. The definition of constants in the equatisrtarried out by
statistical analysis of information characterizietationships between some problem aspects of yjaarology and the
primary complex of parameters.

Modeling of the natural quarry ventilation dynansithemes with the method of conform reflectionstidel
several approaches:

 The straight flowing scheme for air circulationistion in the quarry with simple configurationntour;
* The straight flowing scheme for air circulationtistion in the quarry with arbitrary configuraticontour;
 The recirculation scheme for quarry ventilatiotireation.
Thus, quarry aerology for open-pit mines explaijpglications of the theory of functions of compleriables
for computing concentration of harmful substanass @nvective airflows in the quarries.

Iron ore blasting impact assessment

More than 40% of iron ore, which is extracted ilENountries by incurring explosions during opemimnnj
projects, is taken from the quarries of the Krivdhasnnually, at Krivbass mining enterprises up 5@ 2Znass explosions
with a charge of 600-800 (sometimes up to 12003 me set off simultaneously on 15 ledges. Afterass explosion,
nitrogen oxide remains in the atmosphere for upn® hour and up to 6 hours within the mass of aetmhrock.
There are five iron ore mining enterprises withiir8kovsky and Krivorozhsky districts. There aré®2fpen-pit mines
here as well. The area of the each quarry readtre.®ne open-pit mines image is shown as example (Eigur

The process of origin and formation of dust-gasidl(DGC) during the operation of explosives inmjes is
a complex, powerfully fusty and flowing process. #tth DGC represents an ordinary object, with ghhi density
space and temperatures having a large stock kiaetichermal energy, which has insignificant geoitedtparameters
(up to several hundredf). At the development stage, DGC represents arcohijigh a polydisperse (dust-gas air) space
having an insignificant density and temperatureaétpy ambient temperatures. In its final stage efelopment, DGC
has significant geometrical parameters (from séveradred thousand up to ten millier)). DGC’s powerful potential
represents the sum of dynamic and thermal potenti@dduced by the explosive energy. Data from ntlse twenty
videos of the mass explosions were taken into attashile studying the formation process of a DGC.
The maximum volume of simultaneously blasted exptsubstance [ES) within one quarry in the Krivbass iron ore
mining region is about 1000tons. 63-80% of the -djast cloud particles dropped out around the irenqurarry had a
diameter <1.4mkm as usual. Two types of the dustgauds were determined: primary and secondaryudsl
formation process occurs during 30-45s after biigstfThen intensive dropping of larger dust fractifrom cloud takes
place within 60-120s. It was established that bigstjases and a lot of small particles spreadrag ftistances (up to
10000-12000m) depending on wind velocity [6].

The impact of mining dust spreading on the conegiotn of metals as well as the biological activifythe
soil (invertase, phosphotase and urease enzyms$dea studied at a distance of 0,5-1,5, 3-5, Bd718-12 km from
the mining site to the north of Krivoy Rog [4, 8he overall goal of the integrated approach waelbgment of a
generally applicable tool for evaluation of pofldtareas based on contaminants toxicity, soilteasig, efficiency of
remediation cost as well as on legal aspects df lese, in order to establish priorities for sorhealiation practices.
The tool was developed as multi-layer map for tbkuped areas assessment [7]. It was establisisedtiaat long - term
pollution of soil by quarry dust led to violatiofiiits biochemical status.

Thus the nowadays at working, reconstructed andynen@ated mines one of the important items is the
providing the normal atmosphere, which meets theirements of public health regulations and guaest safe and
high-efficiency operation. The underestimationted atmospheric condition effect, developing indpencast leads to
significant economic losses and influences negitiveners’ health.

The major factors determining the form of pollutiftor the atmosphere of opencasts are velocity diedd
source of detrimental impurities evolution, itsesigth and the distribution of the sources on trenoast area. A design
study of abilities for a natural ventilation inck&l calculations of the velocity fields in the opast at various wind
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directions, the determination of volumes in redation zones, the calculation of total intensity the harmful
conditions evolution, as well as the calculatiorhafmful conditions concentration in the opencastosphere, and the
necessity to use a method for a forced ventilation.

Taking into account the complexity to solve spapiadblems of the dissipation of pollution in theeopast,
due to the terrain feature and the large voluméhefprocessed information, it is necessary a shaise of GIS-
technologies (Geographical Information Systems]s lalso desirable to use such numerical methaals, eomplex
approach to the solving of problems connected \w&ithenvironmental monitoring of the atmosphere & whole
mining area. There arises a social order to craatsoftware system of complexes for the calculagas-dynamic
parameters of the atmosphere in opencasts. Thés oaihcides with the goals of the «Guidelineshef $tate Policy on
Protection of the Natural Environment» (1998) arithvthe «Concept of Improvement of Ecological Caiodi in

Fig. 2. Open-pit mines image.

Mining Regions of Ukraine», approved by the Cabofdtkraine in August 1999.

To limit the pollutant emissions Ukraine needs &velop environment legislation, environmental intpac
assessment procedures, and networks of monitarsaagibns to provide good environment monitoring anditing for
enterprises. It is necessary to implement newgatibn measures: to decrease the general leveisdastrial air
pollutants, etc.

Pre-requisitesfor creating effective design models

Prospects for the bi - dimensional mathematical etodf the quarry natural ventilation processesewer
considered. Bi-dimensional non-stationary mixedveation was considered for the turbulent liquid‘trench” with
curvilinear section. The model includes the famNasier & Stokes, heat conduction and diffusion eue. Besides,
the additional equation of heat transfer was inedIvT he buoyancy force in the hydrodynamic equatiaa taken into
account as well. The system of differential equstifor solving the task of free thermal convectiorthe quarry was
treated numerically. The developed programs weed 6@r the current estimation of the circuits oqies ventilation
to define the levels of pollution to develop thettieoming practical recommendations [8].

The usage of a single vortex method allows creatiffgctive design models, which possess a
withstandability of systems of the algebraic equagito define the air-stream velocity in magnitade in direction at
any point of the mine [9]. The algorithm of this thed is modified for a task of the simulation stuafythe mine’s
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space [10]. Let us consider the process of carrgorgaminations in the air. In case of a two-dinn@mes statement of
problem the differential equation for a travel oflpting substances is as follows:
o¢  d(ug)  o(vg)
at  ax ay

_0(, 09, 0(, 9,3, e
_ax(,ux axj_"ayE,uy ayJ+§qu(t)5(r I"|(t))

+0¢ =

Whereg is the concentration of a polluting substancénaunit of volume; (for gas and aerosol contamisiant
v - air velocity (a contaminant gas or aerosol);

o - disintegration constant of contamination (of miheal decomposition, neutralization, washout);

Uy 1y - factors of the turbulent diffusion;

g - intensity of point sources of contamination, @hcan be a function given at random from time;

ri = (%,Y;) - coordinates of the point sources location (sesitan move, and that is considered by dependence
(1)

o - Dirac delta function.

As a numeric scheme of the equation integratinghissen a four-step alternately triangle differeackeme
[11], which is an absolutely stable and tacit di#fece scheme.

The software system of the calculation for distribution of contaminations in the opencast
atmosphere

The software system of the calculation for disttibn of contaminations in the opencast atmosphersists
of the following modules:

a) Basic modules:
1) Main Unit — it is the major module of the progrénterface;
2) Geometry - the module realizing the modellingpaithm for the airflow by a single vortex method;
3) Speed Field Class — the realization of a catefgrbuild-up and processing the field of veloe#]
4) Concentration - the module of calculation faoacentration pattern;
5) Open Pit - the control module for projects

b) Additional modules:
1) Matrix - the module for processing the matritxaja
2) Scale - the operation module with various systefraxes;
3) List - the operation module with structuresygfe "list";
4) Service - the module with different service ftios;
5) Open Profile Dialog - the module of a dialogu lof profile opening;
6) Profile Props Dialog Unit - the module of a diglie box of profile properties;
7) Schedule Unit - the module of a dialogue boxhtstuler”;
8) Speed Field - the module of a dialogue box wahameters of a velocity field;
9) View Settings Unit - the module of a dialoguelvgth a profile’s settings display;
10) Borders - the module of a dialogue box «Bora@eis dimensions»;
11) Calc. Profile Dialog Unit - the module of aldigue box of parameters for calculation of a pefil
12) Go Params Unit - the module of a dialogue lmxriodelling parameters;

13) Harm Cell Unit - the module of a dialogue box éditing of sources with harmfapnditions.

Images saving blocks and the making of report§anad in the Main Unit module and are a part of phegram
interface.

Below are indicated major categories created f@@mentation of the above- mentioned abilities.

1) Category TMatrix is used for processing the Radata. It contains the information of the matsixucture
and makes different operations with them (includimg location of a reciprocal matrix).

2) Category TSpeedField saves and treats matrixadield of velocities, and attaches them topatadiy to the
profile’s flat surface.

3) Category TConcentrationField contains the datd aethods for calculation of the harmful condition
concentration. Category TMatrix is used for theadsibrage.

4) Category TGeometry stores all the initial andwdgive data about a profile, contains the funasidulfilling
the modelling of air masses by a single vortex wetlencapsulates subjects of all the above descdategories and
the visualization methods for all produced data.

5) Category TOpenPit - stores and processes theflisubjects like TGeometry, stores and downlotds
project’s files.

Figure 4 shows the scheme of interaction of objeftsin the program.
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Figure 3. Program’s block scheme

The software system for calculation of gas-dynapsicameters in the opencast atmosphere has beelopkye
in the Delphi environment and tested at the catmnaof natural ventilation in open-pit mine No.&XMPIW (Noviy
Krivorozhsky Mining-and-Processing Integrated Wowk&ivorozhstal». The problem solution was madetton basis
of the mine’s designed profiles for 2010 and 2018t lwith taking into account prevailing directiores the wind
(North, South, West, East).

The major resource-intensive stage is the calamadi field of velocities in the profile in the siitection. The
example of the calculation outcome for the fieldsefocities in the profile is shown in Figure 5.

After the velocity field calculation on the basistloe preset information about the location of hfalnsondition
sources is computed the concentration pattern miffoh conditions. A fragment of such a computatiomrmine No.3 of
NKMPIW is introduced in Figure. 6. By the resulté aalculations for such fields, by the interpolatiof values
between the mine’s profiles, as a whole, is deteeghithe condition of contamination in the openeaastosphere.

Calculating data on harmful substances distriloutio the local atmosphere have allowed determining
contours and volumes of zones in the quarry. Theeldped program and methodical complex allows pertieg on-
line computation for hydrodynamical fields, and slating on their basis a change in powder-gas ¢iomdi in the
opencast. At that the development of mining openatiis considered, as well as the evaluation aedigion the
condition of air contamination in the environmetrhasphere at the area of operations of the works.
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Fig. 4. Diagram of objects interaction.
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Subject TGeometry
The results of calculations may be used for creadio ecological GIS (Geographical Information Sygtef

the NKMPIW (Mining-and-Processing Integrated Works)d for the designing a forced ventilation of nsing@he

further development of this project is the creatidran intellectual system for decision-making éalrtime, so that to

reveal and neutralize the dangerous areas in regsptiee factor powder-gas at workplaces in deegnopsts.
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Fig. 5. A velocity field fragment of the profile mpencast No. 3 NKMPIW
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Fig. 6. A concentration pattern fragment of harntohditions in opencast No. 3 NKMPIW
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