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ABSTRACT

This work covers the pollution of the atmosphere during the work of the Mikhailovsky Mining and Refining Facility
which is located within 100 km from the city of Kursk, in the city of Zheleznogorsk. Over the past few years in
the whole world, the anthropogenic activity, connected mainly with the locations of mineral production and those
of mineral treatment and processing, has become increasingly dangerous for the natural environment. Resource
development in open pits causes the formation of inorganic dust. The dust is released into the atmosphere at all
stages of the enterprise’s technical process. The principal sources generating inorganic dust during open mining of
iron deposits include: blasting operations in an open pit, the work of transfer points, the enrichment process at a

factory, pellet firing as well as dusting from the surfaces of stock dumps and dry tailings beaches.
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INTRODUCTION

A large quantity of inorganic dust of this
facility reaches the environment from the
deposit of treatment waste. In the process of
stocking up treatment waste, dry beaches form
on a tailings dump which occupy from 25 to
30% of the area and actively release dust into
the atmosphere during the summer season
[Strizhenok, 2016]. The dust blown away by
the wind of the surface of the tailings dump
disperses in the atmosphere and subsequently
falls on a soil surface by way of gravitational
settling or fallout, which leads to the forma-
tion of secondary pollution (in particular, by
the heavy metals contained in dust) in a soil
covering [Strizhenok, 2017]. The iron-ore
dust negatively impacts the production capac-
ity of agricultural fields because of soil pollu-
tion by various metals. Besides soil pollution,
there is also an alteration of the morphological
structure of the soil profile and a change of
landscape [Volkodaeva, 2017].

During the treatment process, the formation
of a concentrate and treatment rejects (tails of wet
magnetic separation) takes place in the course of
the extraction of iron-ore materials. The waste
volume makes up to 40—60% from the volume of
the treated material.

The chemical makeup of such waste is
formed exclusively from the landscape forming
elements: Si (silicon), Al (aluminium), Fe (iron),
Ca (calcium), Mg (magnesium), K (potassium),
Na (sodium), O (oxygen), notably in a bound oxi-
dised form (carbonates, oxides, silicates).

MATERIALS AND METHODS

As practised elsewhere in the world, the fol-
lowing methods of dust suppression to reduce air
dust pollution are used:

1. Physicochemical fixing methods consist in
changing the properties of the surface layer
of the aggraded material by stabilisation of
dust-forming surfaces. They are irrigated with
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various hydraulic systems which may contain

binding materials.

Currently, the physicochemical methods of

dust reduction are in a more frequent use than

others. It allows us to detect the main meth-
ods: hydrotechnical method and the fixing
of a dust-forming surface with polymers, or-
ganic and inorganic substances of the surface

[Lychagin, 2007].

a) Hydrotechnical method is the simplest and
the most accessible; it comes down to a con-
tinuous hydration of dust-forming surfaces
with irrigation systems. The effectiveness of
this method reaches approximately 50—60%,
which, in most cases, is enough to reduce the
dust concentration to a permissible exposure
limit at the boundary of the sanitary protec-
tion zone [Nemirovsky, 2016].

b) The use of physicochemical fixing meth-
ods of dust-forming surfaces is a promis-
ing direction. The basis of these methods
is binding materials. Their application is
the foundation of multiple research works
[Tevetkov, 2017].

2. Biological methods of reduction of dust emis-
sions consists in creating anti-erosion planta-
tion allowing to anchor the surface of beaches
by way of planting higher vegetations. These
methods can be classified into two groups: bio-
genic and biocenotic.

3. Technological methods of dust formation pre-
vention indirectly promote the reduction of
the environmental footprint made on the at-
mosphere in the zone of operation of enrich-
ment plants: 1) development of the way of
storage for enrichment rejects, so that particle
lifting is minimal; 2) creation of low-waste
technologies, as a result of which a complex
processing of raw materials is carried out and
an environmental footprint is consequently
reduced [Nemirovsky, 2016]; 3) elimination
of waste.

4. A mechanical method can be classified into
two groups: 1) a complete surface cover with
a non-dusting material: road metal, gravel, pel-
lets based on clay, clay loam, etc. The thick-
ness of the coat applied must be no less than
0.15 m [Lychagin, 2007]; 2) arrangement of
man-made obstacles, forest shelterbelts, etc.

The mechanical methods of the dust dis-
charge reduction from the surfaces of man-made
massifs are preferable under the conditions of dry
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as well as a rigorous climate, due to the complex-
ity of application of irrigation systems under such
conditions or the creation of vegetation cover
[Tevetkov, 2017].

RESULTS AND DISCUSSIONS

In order to establish the composition of the
enrichment rejects, the samples from the surface
of the tailings dump were collected and a quali-
tative and quantitative chemical analysis of the
composition of enrichment rejects on optical
emission simultaneous spectrometer with induc-
tively-coupled plasma ICPE-9000 was carried
out — see Table 1 [M-MVI-80-2008].

Following the results of the qualitative and
quantitative analysis on ICPE-9000, one can
make a conclusion about a high content of iron
and silicon in waste samples; therefore, these ele-
ments are also present in the dust excreted from
the surface of the tailings dump.

Small particles have the worst impact on the
human body. Tiny particles of dust with the size
of 1 to 5 pm infiltrate into the lungs. The parti-
cles of less than 1-3 pum in diameter, which can
reach pulmonary alveoli, are the most harmful.
As a rule, these particles comprise 40-70% of
suspended particular matter. When reaching the
lungs, the dust settles there and, as time passes,
turns the lungs into a fibrous tissue which does
not participate in the exchange process between
oxygen and carbon dioxide.

For grain-size analysis of dry waste samples,
a laser particle analyser for particle size distribu-
tion Horiba LA-950, which is intended for meas-
uring dispersive parameters (particle sizes and the
functions of particle size distribution according to
their sizes) of suspended mixtures, emulsions and
powdered materials, was used. As a result of the
grain-size analysis, it was established that in the
selected samples, the content of particles with the
fraction size of 1-5 um constitutes approximately
25-30% of the total fraction composition of the
sample [Hygienic standards 12536-79].

During the summer of 2017, measurements of
air dust content were taken [GOST P 56059-2014]
with the help of dust counter DustTrak 8533 of
the company in 34 points at various distances
from the tailings dump, at a height of about 1.6 m
above ground. The results of these measurements
are presented in Table 2.
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Table 1. Component content (ppm) in the waste samples based on the results of the qualitative analysis on

ICPE-9000
Sample 01
Ca Fe Si Mg Mn
X .o Mg/l 74.8 1.94 1.320 383 324
X, mg/kg 2680 194000 131050 3680 307
% 0.268 19.4 13.105 0.368 0.031
Sample 02
Ca Fe Si Mg Mn
X ., Mg/l 140 2.53 1.83 397 34.6
X mg/kg 9200 253000 182050 3820 329
% 0.92 253 18.205 0.382 0.033
Sample 03
Ca Fe Si Mg Mn
X..s. Mg/l 114.2 2.370 1.520 391 33.6
X mg/kg 6620 237000 151050 3760 319
% 0.662 23.7 15.105 0.376 0.003

Table 2. Measurement data for air pollution in the location of tailings storage dump

No. Coordinates Dust concentration, Distance from
Longitude Width mg/m? dusting source, m
1 52.3303 35.5371 7.516 0
2 52.3287 35.5444 4.125 600
3 52.328 35.5052 4.521 500
4 52.3259 35.51 4.321 500
5 52.3224 35.5459 1.865 1300
6 52.3251 35.5418 3.745 800
7 52.3291 35.5513 1.548 1300
8 52.3319 35.5537 1.196 1500
9 52.3286 35.5577 1.112 2000
10 52.3239 35.5568 1.198 2100
1" 52.319 35.5586 0.523 2600
12 52.3165 35.5525 0.513 2200
13 52.3195 35.5682 0.185 3600
14 52.325 35.5699 0.209 3400
15 52.3286 35.574 0.198 4000
16 52.3143 35.5696 0.219 4000
17 52.3196 35.5381 2.541 800
18 52.3128 35.5464 0.663 1900
19 52.3346 35.5841 0.171 5000
20 52.3346 35.5774 0.162 4700
21 52.3395 35.5992 0.211 5000
22 52.3458 35.5969 0.183 4700
23 52.3405 35.6063 0.151 5700
24 52.3518 35.5878 0.263 3500
25 52.3519 35.5762 0.541 2400
26 52.3196 35.5052 1.826 1200
27 52.3193 35.5255 1.235 900
28 52.3123 35.5358 1.054 1500
29 52.328 35.5338 7.429 0
30 52.3315 35.5394 7.854 0
31 52.3252 35.5308 5.214 300
32 52.3273 35.517 5.154 350
33 52.3291 35.5281 7.652 0
34 52.309 35.5705 0.098 4500
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Figure 1. Visualisation of the concentration field of inorganic dust in the atmosphere

From the data analysis presented in the ta-
ble, it follows that the inorganic dust guidelines
[Hygienic Standard 2.1.6.3492-17] exceeded
the allowable ratio by approximately 8—10 times
at a distance of 1 km from the source (sanitary
protection zone).

In order to establish the surface of the air pol-
lution, a simulation of the impact of dust was car-
ried out in the MapInfo Professional programme.

Maplnfo is a geographical information system
(GIS) intended to gather, store, reflect, edit and
analyse spatial data. With the usage of Maplnfo
programme, it was possible to the identify zones
with high level dust pollution of the atmosphere
in close proximity to the tailings storage site (tail-
ings dump). The results of the simulation are
presented in Figure 1.

The results of the simulation graphically re-
flect the level of the territory pollution by inor-
ganic dust in the immediate vicinity of the tail-
ings storage site on the territory of the mining and
processing enterprise.

In order to irrigate large areas with a large
irrigation radius and to achieve a maximal uni-
formity of liquid deposition on to a dust-forming
surface, irrigation water (aerosol) guns were used.

Aerosol guns for dust suppression can work at
the temperatures down to -20 degrees. They can be
developed further by adding the capacity to work
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in a snow mode to guarantee dust suppression in
lower temperatures.

An aerosol gun is a device with a cylindri-
cal body, inside which there are spraying nozzles
(pulverisers), a diffuser and an air-screw fan. The
range of liquid throw from the aerosol gun varies
from 20-30 to 200 metres, which is a great advan-
tage in comparison with the pulveriser system.

When a gun is located close to the surface, the
so called “spreading” effect can be observed. In
this case the subsidence of drops takes place due
to a contact with the surface. The drops over the
surface continue their movement without sedi-
mentation. Due to an aerosol gun, the whole patch
of the dry surface is irrigated, and not just several
plots of the massif.

During the usage of aerosol guns for dust sup-
pression, one needs to consider the direction and
intensity of wind. When the direction of wind co-
incides with that of an irrigation jet, the flight dis-
tance of aerosol spray increases; however, in the
case of an opposite wind direction, the spread of
aerosol will be blocked and the effect of stabilisa-
tion of a dust-forming surface will be decreased. In
such cases, the particles of dust will interact with
the aerosol by means of adhesive power, which
consequently will lead to their sedimentation.

Because of the high cost of aerosol guns, a
stationary installation of guns along the perimeter
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of the tailings dump is not viable. Therefore, it is
essential to develop the system of gun transporta-
tion along the perimeter. The best option will be
the installation of a gun on a rail platform along
which the aerosol gun will move together with a
water cistern.

The platform houses an aerosol gun for dust
suppression with a guiding device; compressor
station; water pump; a motor drive for one axis
of the platform; system control unit for receiving
and processing the information; a diesel-electric
power plant for power supply to the complex.

The maximum achievable speed of the plant
is 23 km/h. The optimal speed can be calculated
based on computation.

In order to optimise the performance of the
plant, the development of different operational
modes depending on weather conditions needs
to be carried out. The data can be obtained from
the monitoring systems of the production process.
The key parameters include: temperature, wind
speed, wind direction, depth of rainfall, etc.

The area of dust-forming surface of the tail-
ings dump constitutes 300,000 m?>. However, if
we also consider an aggradation system, an ad-
ditional 50,000 m? is irrigated. The extension of
the dust-forming surface available for the im-
plementation of the irrigation system reaches
19 km. The width of the dust-forming surface is
50 to 300 metres.

Summarising the results of the experiment,
the required quantity of water for stabilisation of
1 m? of the dust-forming surface is 3 litres, on
average. Depending on weather conditions, dust
emissions will cease for up to 7 hours. Under poor
weather conditions (high temperature, high wind
speed, the absence of rainfall), irrigation needs to
take place every 2 hours.

It is proposed to use 2 aerosol guns with
cisterns along the perimeter of 23 km. The re-
quirements for an aerosol gun — inclusion area:

100-120 m?, capacity rate: no less than 100 1/s. In
this case, the optimal speed will be 3 m/s.

The operational efficiency of a dust sup-
pressing facility is determined by means of cor-
respondence of their technological parameters
to a specific source of dust formation and a per-
formance capacity of dust suppressing facili-
ties. The problem of air dust removal under the
conditions of technological processes, where
the stretch of the source of dust removal and the
volume of dust-loaded air are quite extensive,
is particularly complex.

CONCLUSIONS

1. On the basis of the experiment data, it is pos-
sible to develop an irrigation system depending
on the weather conditions.

2. The key operational modes of the system of
irrigation by aerosol guns are presented in
Table 3.

3. Under poor weather conditions (high tempera-
ture, high wind speed, lack of rainfall), the
irrigation of dry beaches needs to take place
every 2 hours.

4. If 2 aerosol guns are installed, irrigation of the
whole perimeter will take 53 minutes. If there
is 1 gun, the irrigation of the whole perimeter
will take 1 hour 46 minutes. Taking into ac-
count the weather condition of relatively low
wind speed during the course of the experi-
ment, it is fair to assume that increasing this
parameter will also increase the drying speed
of tailings, as a consequence of which it will
be necessary to carry out a repeated irrigation.
Subsequently, conclusion should be drawn that
the presence of 2 aerosol guns will be optimal
for the object considered.

5. While implementing the proposed method for
the tailings dump of the Mikhailovsky Mining
and Refining Facility, it is possible to decrease

Table 3. Operational modes of the system of irrigation by aerosol guns

Operation Parameters
. . . . Irrigation mode
mode Air temperature, °C Wind velocity, m/sec Rainfall

1 229 29 - Each 1 hour
2 22-29 5-9 - Each 3 hours
3 <22 <5 - Each 6 hours
4 =27 7 + Each 3—4 hours
5 21-27 5-7 + Each 4-6 hours
6 <21 <5 + Each 12 hours
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the dusting of the tailings dump to the required
safe standards. The proposed irrigation system
has a large spraying range which will decrease
the quantity of dust-forming dry beaches and
increase the effectiveness of dust suppression.
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