IOP Conference Series: Earth and Environmental Science

PAPER » OPEN ACCESS You may also like

The relationship of atmospheric air

Prediction of atmospheric air pollution near a coal " lemperature and dew pointtemperature to

extreme rainfall

stack in adverse weather conditions Andrew By, Fiona Johnson and Conrad

Wasko

- Assessment of the concentration and
properties of dust in emissions into
atmospheric air from the sources of the
workshop for the aerated concrete

structures production
T O Kondratenko and A P Lapina

To cite this article: Viktoriia Biliaieva et al 2023 IOP Conf. Ser.: Earth Environ. Sci. 1156 012016

View the article online for updates and enhancements. - The study of the particulate matter's

adhesion reqularities on the vertical
buildings’ and structures’ surfaces

A A Kuzmichev, V N Azarov and A V
Kuzmichev

Connect with decision-
makers at ECS

Accelerate sales with ECS exhibits,
sponsorships, and advertising!

} Learn more and engage at the 244th ECS Meeting!

This content was downloaded from IP address 195.248.185.224 on 21/06/2023 at 15:10


https://doi.org/10.1088/1755-1315/1156/1/012016
/article/10.1088/1748-9326/ab2a26
/article/10.1088/1748-9326/ab2a26
/article/10.1088/1748-9326/ab2a26
/article/10.1088/1757-899X/1083/1/012081
/article/10.1088/1757-899X/1083/1/012081
/article/10.1088/1757-899X/1083/1/012081
/article/10.1088/1757-899X/1083/1/012081
/article/10.1088/1757-899X/1083/1/012081
/article/10.1088/1757-899X/913/3/032043
/article/10.1088/1757-899X/913/3/032043
/article/10.1088/1757-899X/913/3/032043
https://googleads.g.doubleclick.net/pcs/click?xai=AKAOjssc5wsv2DiqSdp_PqiEtwlkQefgrxx7H-zTXs6VGkL_QeuEUPVDDeopXNXcM_-XaYtuZ-U_V1UANPxJzTLW4DD_PjaOHHbrD65t-zF1dPBXW6FpDefY3V0-956CT5VWaXX24EbyjOak6XiOdHBvGyz_0lh0mySmXUxvYriVjNML_P8Q_KY8kxTPCQ-o6LzdeIYPTUZyTPi1JZrOBJ6yuMyF23w4hHbyVPdb8pa3kiI7y1YVm7r1_7jDWVoQJ_CQHCm7t1FgZRD8jArAtVVe1wwN9xuXn9Ii9Yg6KmQjYsxndNtHuql7&sai=AMfl-YT_aN2rdUMfYb2cUmZTw_0RzOlQ7B8DFMCZYe_Re7H9aOrCxvWcfxurkoTBeiRJ62dJ9dU5f8BUvpVFiRg&sig=Cg0ArKJSzHaH-5DP_hRU&fbs_aeid=[gw_fbsaeid]&adurl=https://issuu.com/ecs1902/docs/2023-ecs-opportunities-boston-gothenburg-fillable-%3Ffr%3DsNDk5OTUwMDQyODg%26utm_source%3DIOPAds%26utm_medium%3DBanners%26utm_campaign%3D244Exhibit

IV International Conference "ESSAYS OF MINING SCIENCE AND PRACTICE" (RMGET-2022) IOP Publishing
IOP Conf. Series: Earth and Environmental Science 1156 (2023) 012016 doi:10.1088/1755-1315/1156/1/012016

Prediction of atmospheric air pollution near a coal stack in
adverse weather conditions

Viktoriia Biliaieva', Oleksandr Berlov>’, Vitalii Kozachyna®, Volodymyr
Nochvai?, Zinaida Yakubovska® and Oladipo Mutiu Olatoye®

10les Honchar Dnipro National University, Haharin Ave., 72, Dnipro, 49010,
Ukraine

2Prydniprovska State Academy of Civil Engineering and Architecture, Oleh Petrov
Str., 24-a, Dnipro, 49600, Ukraine

3Ukrainian State University of Science and Technologies, Lazaryan Str., 2, Dnipro,
49010, Ukraine

“Innovation Center Kyiv Academic University, Academician Vernadsky Boulevard,
36, Kyiv, 03142, Ukraine

*Ukrainian State University of Chemical Technology, Haharin Ave., 8, Dnipro, 49005,
Ukraine

éGeoLab Drilling, 30680, Winder, Bill Rutledge Road, 800, USA

"Corresponding author: berlovalexandrr@gmail.com

Abstract. Coal piles on the territory of enterprises are long-term sources of dust pollution of
atmospheric air. Forecasting the level of dust pollution of the air for such objects is carried out,
as a rule, for convection conditions. But during inversion, very high concentrations of dust can
occur on industrial sites. The task of assessing the level of dust pollution of atmospheric air at
an industrial site during dust emission in conditions of inversion from a coal stack is
considered. A three-dimensional equation of convective-diffusion dispersion of contamination
in atmospheric air, compatible with the approach of Prof. Berliand M. on determining the value
of the vertical diffusion coefficient in the surface layer of the atmosphere for the case of
inversion, to model dispersion of dust from a coal stack under inversion conditions is used.
Numerical integration of the modeling equation of convective-diffusion transport of
contamination is carried out on the basis of the splitting method compatible with the use of a
locally one-dimensional finite-difference scheme. The results of a computational experiment to
determine dust pollution zones at the Prydniprovsk thermal power station are presented.

1. Introduction

Coal piles are significant and long-term sources of dust pollution of atmospheric air at industrial sites.
Prediction of dust concentrations in work areas near stacks is an important task in the field of
environmental protection. Such prediction makes it possible to determine negative impact of the stack
and is the basis for developing a strategy for reducing dust pollution by using various means. But in
practice, predicting of dust pollution zones of atmospheric air is carried out for convection conditions.
It is also important to note that the methods of calculating the concentration fields of impurities used
in practice are developed specifically for such weather conditions - for example, the Gaussian model
or the OND-86 model [1, 2, 7-10]. But it is known that in adverse weather conditions - during
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inversion, the surface layer of the atmosphere have the highest concentrations of impurities [1]. This is
due to the fact, that during the inversion in the surface layer of the atmosphere, layers with different
intensity of impurity scattering are formed. This leads to the formation of areas of pollution with a
very significant concentration of impurities on the territory of the enterprise. The formation of
inversion layers in the atmospheric air may be because, for example, if thermal power station (TPS)
using coal is located near a large reservoir (figure 1), then cold air from the surface of the reservoir
moves in the direction of the territory of the TPS and creates a layer of low air temperature above the
ground, and above this layer there is a layer of heated air. In this way, a local inversion is formed, that
is, negative conditions are created for dust dispersion from coal stacks.

Figure 1. Prydniprovska TPS: 1 — a pile of coal (Google Image, 2022).

Therefore, for practice, it is very important to have methods of operational assessment of the level
of atmospheric air pollution during inversion.

The purpose of this work is to develop a kinematic numerical model that allows quickly obtain a
predictive assessment of the level of atmospheric air pollution in the presence of emission from coal
stacks under inversion conditions.

2. Methods

Assessment of the level of air pollution at the industrial site under conditions of inversion and during
the emission of dust from the coal stack is carried out numerically. To solve the modeling mass
transfer equation, the finite difference method is used in conjunction with the splitting method.
Splitting is carried out in the way to consider dispersion of dust in stages only in one coordinate
direction. For each one-dimensional differential equation, a locally one-dimensional difference scheme
is constructed.

2.1. Theoretical part
To predict the level of atmospheric air pollution during the emission of dust from coal stacks in
inversion conditions, the equation of contamination dispersion in the atmosphere is used [1-3, 5]:
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where C — dust concentration in the air, mg/m3; #x. iy, #; — atmospheric diffusion coefficients, m?/s
(the specific value of these coefficients corresponds to the inversion conditions [1]); wg — rate of
gravitational sedimentation of heavy dust particles, m/s; Q; — intensity of dust emission of the i-th
source from the stack surface, mgls; S(x—x;),8(y—V,),8(z—z) — the Dirac delta function;
X;, ¥;, z; — Cartesian coordinates of the dust emission source, m; t —time, s.

The emission surface is modeled by a set of point sources located on this surface.

Initial and boundary conditions for the equation of dust dispersion in atmospheric air are
considered in [3, 5].

To model the dispersion of coal dust for inversion conditions, the approach of Prof. Berliand M. E.
to determine the vertical diffusion coefficient is used. According to this approach, the following
dependence is used to determine the vertical diffusion coefficient [1]:

) @
Hy = H; L '

where u; — the lower limit of the inversion, m?/s, Li — a special function that takes into account the
energy of turbulence, m [1], z — the current value of the height above the ground, m. Thus, changing
the value of the parameter z; it is possible to simulate atmospheric air pollution at different sizes of the
inversion layer.

Dependence (2) allows to take into account changing value of the vertical diffusion coefficient with
height. To determine the value of other diffusion coefficients following dependences are used:

My =Kku, ,uyzkv,
where u, v — components of the wind speed vector in projections on the axis x, y in accordance,
k — empirical parameter [1-3].
The wind speed profile is determined by the following dependence [1]:

nl
u=u z
1 z J

where u; — wind speed, m/s, at height z; =1 m; ny =0.16.

Thus, in order to model dust concentration fields at an industrial site under inversion conditions, it
is necessary to solve the three-dimensional equation of the distribution of a heavy impurity with the
corresponding dependencies for the velocity profile and atmospheric diffusion coefficients. The
solution of this problem can be obtained only numerically.

2.2. Numerical model

For the numerical solution of equation (1), the finite-difference method of numerical integration is
used [3-5]. The basic equation (1) is split into a sequence of equations describing only one direction of
dust dispersion in atmospheric air (equations 3-5):
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Equation (6) takes into account changing of dust concentration due to its emission from the stack
surface.
For the numerical solution of equation (3), the following two-step splitting scheme is used:
— the first step [5]:
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For the numerical solution of equation (4), the following two-step local one-dimensional splitting
scheme is used:
— the first step [5]:
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V|V vV—|v
where v* =J, Vo =J.
2 2
Similarly, a locally one-dimensional difference scheme for equation (5) is constructed. The Euler

method [4] is used for the numerical integration of equation (6). The calculated dependence has the
form:

Ci?lt1 = Cijk +AtY Qs (x—x)5(y - ¥i)6(z-7) .

Thus, to calculate contamination concentration fields, the given difference equations are solved
sequentially.

Based on the developed numerical model, the "PILE-C2" code is developed in the FORTRAN
programming language.

3. Results and discussion

The results of solving the problem of determining the level of dust pollution of the air at the industrial
site of the Prydniprovska TPS during inversion are presented. Dust emission occurs from the surface
of the stack (figure 1). Data for predicting: wind speed u; =3 m/s; z =15m, L;=100m [1];

14 =0.05 m/s; k=0.1; dimensions of the calculation area 1800 m x 1000 m x 250 m. The emission rate

of finely dispersed dust from the surface of the stack is calculated on the basis of empirical
dependence [6]; it is assumed that the rate of gravitational settling of dust particles w, =0.0001 m/s.

The predicted zone of dust pollution of the industrial site with a south-westerly wind direction is
shown on the level z=1.8 m (figure 2).

Figure 2. The area of dust pollution at the industrial site during
inversion: 1— stack location area; 2 - C=9.01 mg/m?;, 3-—
C=20.6 mg/m?; 4 — C=30.9 mg/m? (Google Image, 2022).

As can be seen from figure 2, the pollution area covers a large part of the industrial site. The shape
of the pollution area has the form of "waves" leaving the source of pollution - a stack, that is, this area
is similar to the area of pollution formed from a linear source of pollution. The area of pollution
with a significant dust concentration gradient corresponds to the position of the coal stack. The
value of dust concentration at the industrial site exceeds the Maximum Permissible Concentration
(MPC) MPC=6 mg/m3. This is because the inversion layer does not allow impurities to disperse well
in the air.

Change in dust concentration at altitude 1.8 m and along the line that corresponds to the middle of
the pollution source and is directed in the direction of the wind, as well as how many times the
concentration exceeds the MPC, shown in the table 1.

As can be seen from the table 1, during the inversion, there is intense pollution at the industrial site
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and the dust concentration significantly exceeds the MPC near the coal stack.
Table 1. Change in dust concentration at the industrial site during inversion.

Length x, m Dust concentration / exceeding the MPC
40 m 71.4 mg/m3/ 11.9
50 m 65.1 mg/m3/ 10.8
60 m 59.2 mg/m3/ 9.8

Note that the calculation time using the developed numerical model is 4 s.

4. Conclusions
A numerical model and an express assessment of the level of pollution of the territory of industrial
sites in the conditions of man-made emissions during calm and inversion are given. The calculation
based on the developed numerical model takes a few seconds, which makes it possible to use it widely
when carrying out serial calculations for the purpose of determining the size of zones of dangerous air
pollution.

1. The proposed mathematical model, which allows assess the shape and size of air dust pollution
zones in the case of dust emission from a coal stack under adverse weather conditions — an inversion.

2. The proposed numerical model belongs to the group of kinematic models and makes it possible
to determine pollution zones very quickly on low- and medium-power computers.

3. The proposed numerical model can be useful in assessing the level of danger on the territory of
enterprises in case of the appearance of additional piles of coal at the industrial site.
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