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At present, the Russian coal industry is demonstrating an increase in coal production against the background of increased
mineral exports. Coal mining in the Russian Federation is carried out by opencast and underground mining methods;
currently 59 underground mines and 108 open-pit coal mines are operating.

High concentration and intensification of all technological processes related to mining and processing of minig raw
materials is the specifics of the present-day stage of mining development at coal strip mines. This all is accompanied by
complication of the process of ventilation of mined-out space of the strip mine, deterioration of working conditions with
dust and gas factors, and negative effect on the human health and environment.

At dust release exceeding 58 kg/ha per month, the effect of vital activity suppression of the majority of flora and fauna in
the given area is observed. The inhaled dust causes acute upper respiratory tract illnesses. The accumulation of dust from
explosive and combustible materials in the air poses a risk of explosion or fire. Increased dust levels produce a negative
impact on machinery. In addition to purely mechanical wear caused by abrasive particles entering the moving parts,
machine control systems can also malfunction, as more dust enters the electronic control units.

The lifespan of an engine functioning in the dusty conditions is reduced by 2-3 times. Exposure to dust increases the intensity of the
corrosion process, while machinery maintenance and repair becomes more complicated and time-consuming.

Therefore, dust suppression is an extremely important measure to be applied in many industries. Dust suppression is a very broad
concept. This Article studies only one aspect of the issue: a complex of methods and means. Various methods and equipment are
used to combat dust: from complex stationary exhaust ventilation systems, cyclone separators and electrostatic dust collectors to
sprinkler installations, hydraulic mining giants and fog cannons spraying water, chemicals and foam.

This Article analyses the specifics of mining in subzero conditions, dust sources, dust effect on human health and dust suppression
methods used at open pits in general, and also examines the problem of dust suppression at open pits in the Extreme North. This is a
pressing issue, as of today, as many coal-mining enterprises in Russia operate in low temperature conditions.

B Hacrostiee Bpems yroibHas IPOMBIIUIEHHOCTb Poccnn JeMOHCTpHpYET HapalllMBaHHE JOOBMH YTV Ha (JOHE yBETHUCHHS
9KCIIOpTa TIONIE3HOTO HMcKomaemoro. JloObda yris Ha Tepputopun Poccmiickoii deneparm NpOM3BOAMTCS OTKPHITBIM U
TOJI3EMHBIM CIIOCO0aMU, Ha JIAHHBII MOMEHT JISHCTBYeT 59 mIaxT 1o JoObIYe MOA3EMHBIM cIIoco00oM 1 108 yrobHBIX pa3pe3oB.
OCOOECHHOCTBIO COBPEMEHHOTO 3Talla Pa3BUTHS TOPHBIX PabOT Ha Kapbepe SBISETCSA BHICOKAs KOHLIGHTPALMS M MHTCHCH(UKALIHSL
BCEX TEXHOJIOTHYECKUX TIPOLIECCOB, CBS3AHHBIX C JOObIYE M epepaboTKOM FOPHOPYIHOTO ChIpbs. OTMEYEHHOE COMPOBOXKIACTCS
YCIIOKHEHHEM TIpoliecca IIPOBETPUBAHKS BBIPAOOTAHHOTO MPOCTPAHCTBA KApbepa, yXy/IIIEHUEM YCIIOBUI TPy/ia MO MbUIEBOMY U
ra3oBoMy (hakTopam, HEraTUBHBIM BO3/ICHCTBUEM HA OPTaHU3M YEJIOBEKA M HA OKPYIKAIOLILYIO CPEty.

Ipu noctymiennn meutd Gomee 58 kr/ra B Mecsn Habmromaercst 9(GGEKT yrHEeTeHHs KM3HEAEATEIBHOCTH OONBIIMHCTBA
pacTeHMii U KUBOTHBIX B JJAHHOM paifoHe. BJibIxaemast IbUIb BBISBIBAET OCTPBIC 3a00JICBAHMS BEPXHUX JIbIXATEIIbHBIX ITyTCH.
HakxorieHne B BO3IyXe IbUIM B3PHIBOOIACHBIX M TIOPIOYHX MATEPHalOB TPO3UT ONACHOCTBIO B3PbIBA MM BO3TOPAHHS.
TToBBIIICHHOE KOJIUYECTBO IBUIA OTPULIATEIBHO CKa3bIBACTCS HA COCTOSIHUM TEXHHKU. IIOMHMO YHMCTO MEXaHUYECKOTrO M3HOCA
u3-3a TOMAJaHHsi aOpasUBHBIX YAaCTHIl B TPYIIMECS JETald BO3MOXKHBI COOM CHCTEM YIpABICHHS MALIMHOM, TaK Kak
TOBBIIIEHHOE KOJIMYECTBO MBLIH MONA/AET B HJIEKTPOHHBIE OJIOKH YIIPaBIEHHUS.

Pecypc npurarteneld, paGoTalOIMX B YCIOBMSX 3allbUICHHs, COKpamaercs B 2-3 pasa. BosjeficTBue NbUIM yBENMYMBAET
MHTEHCHBHOCTb IPOLIECCa KOPPO3UH, 00CTYKUBAHUE H PEMOHT TEXHHKH CTAHOBSTCS CIIOXKHEE U NPOIOJDKUTENIBHEE IO BPEMEHN.
IlosToMy mOJaBIEHHME IBUIM — YPE3BBIYAHHO BAKHOE MEPONPHATHE, KOTOPOE IPUMEHSETCSs BO MHOTHMX OTpacsiX.
ITbu1enonaBieHne — OYeHb IMPOKOE NMOHATHE. B IaHHOI cTaThe paccMOTpeHa TOJIBKO 4acTh 3TOTO BONMPOCA — KOMILIEKC CIIOCOO0B
u cpexcts. [l GopbObI C MBUIBIO HCMONB3YIOTCS Pa3sHOOOpasHble CIOCOOBI M OOOPYNOBAHHE — OT CIIOXKHBIX CTALMOHAPHBIX
BBITSDKHBIX BEHTHJIALIMOHHBIX CHCTEM, CElapaTOPOB-LIMKIOHOB M AJIEKTPOCTATUYECKMX IBLICYJIOBHTENEH M0 JOXKICBaTbHBIX
YCTaHOBOK, 'MJIPOMOHHTOPOB M TYMaHOOOPA3yIOIUX MyILEK, PACHBUIAIONIMX BOJLY, XHMUYECKHE BEIIIECTBA U IIEHY.

B nmaHHO# cTaThe NpPOAHANIM3HPOBAHBI CHEHU(UKA OTPAOOTKU IIONE3HBIX HCKOMAEMBIX B YCIOBHSAX OTPHLATEIbHBIX
TEMIIepaTyp, UCTOYHUKH TbUICOOPa30BaHNUs, BIUSHUE IIBUITH Ha OPTaHN3M YelIOBEKa U METO/IbI IBUICHIOIaBICHHS, KOTOPbIC
UCIONB3YIOT Ha YroJbHBIX pa3pe3ax B 1LIEJIOM, a TaKKe PaccMaTpUBaeTCs NpoOjeMa IMbUICTIONABIEHHUS HA YrOJbHBIX
paspesax Kpaiinero Cesepa. [lanHas npoGiiemMa sBISIETCS aKTyaJlbHOW Ha CErOAHSIIHMI JeHb, TaK KaK MHOTHE
YriIen00bIBaOIIME IPEANPUATHS Poccun NeHCTBYIOT B yCIOBUAX HU3KOTO TEMIIEPATYPHOTO PEXKHMA.
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Introduction

Coal is a mineral resource, a type of fuel,
which is a source of 40 % of the world's electric
power. This is a mineral, without which it is
impossible to smelt cast iron and ferroalloys. This
mineral comes in three forms: stone coal, brown
coal and anthracite [1].

The Russian coal industry demonstrates a rise
in coal production against the background of
increased mineral exports. However, since coal is
considered to be the most 'dirty' type of fuel, it is
falling under the new continually toughening
environmental requirements [2]. In this respect, all
coal-consuming  countries are introducing
programs for transition to renewable energy
sources and programs of general gas infrastructure
development.

Despite all this, the amount of consumed coal
will not decrease, but it is its world share in
electric power production that will decline [3]. To
reduce the coal industry risks, Russia should
prioritise export to the countries of the East and
production of coking and anthracite coal, the
demand for which should never drop.

Coal mining in the Russian Federation is carried
out by opencast and underground mining methods;
currently 59 underground mines and 108 open-pit
coal mines are operating. Their total production
capacity is 435 million tonnes of coal. The number of
employees in the coal-mining industry is 130
thousand people.

The distinctive feature of coal mining, in
comparison with other minerals, is increased
dustiness in mines and open pits, danger of
breakthrough of poisonous and explosive gases and
probability of mine ignition that is very hard to
extinguish [4].

The country’s main coal deposits are located in
the southeast; there are also large reserves of quality
coal in the north-east of the country. The key coal
mining enterprises include:

1. SUEK, operating 15 mines and 12 open-pit
coal mines in Siberia and the Russian Far East,
accounting for approx. 27% of the coal produced in
Russia. In 2017, the company produced 107.8 million
tons of coal [5].

2. Kuzbassrazrezugol, operating in the Kemerovo
region, owns 6 open pits and 1 coal mine, annually
producing 46 million tons of coal [5].

3. SDS-Coal, producing 30 million tons of coal
per year at its 4 open pits cand 2 coal mines [5].

Currently, there is interest in coal production in
the Extreme North of Russia. This interest has
emerged due to the availability of a sufficient
number of heavy-duty icebreakers in the Russian
fleet. At present, Russia has 41 icebreaker, 8 of
them are nuclear-powered [6]. For comparison, in
the whole world there are only 80 icebreakers.
Global warming is another reason, as it has
increased the average air temperature by 0.74 °C
and reduced the ice surface area by 25 % [7] over
the last 100 years. All this provides prospects to
develop new fields in the Arctic region of Russia
and for the Northern Sea Route to compete with
Suez Canal.

In order to study dust suppression at the
northern coal enterprises, we have examined the
Yunyaginsky open-pit coal mine (Komi Republic)
and two mines, Severnaya and Zapolyarnaya,
located in Vorkuta (Komi Republic). Critical
problems with dust suppression in the Extreme
North conditions were identified, arising due
to low humidity and the impossibility or high cost
of applying traditional dust control methods.
However, we can only rely on the practice
of the Yunyaginsky open pit when studying dust
suppression.

Before proceeding to the studies of dust
suppression methods at coal strip mines in the
Extreme North, it is necessary to determine the
specifics of mining in these climatic conditions, dust
sources, dust effect on human health and dust
suppression methods used at open pits, in general.

Specific features of coal strip
mining at subzero temperatures

The Arctic regions of Russia are character-
rized by the impact of extreme physical and
climatic conditions, the focal nature of population
settlement and development and the lack of
regular transport infrastructure. For example,
for several hard-to-reach regions of Yakutia, the
cost of delivery exceeds the cost of production so
much that the local coal deposits are only
developed in immediate vicinity to the main
consumption spots (8).

Thus, along with extreme physical and climatic
conditions, the Arctic regions of the Russian
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Federation are characterized by high energy
intensity and low efficiency of natural resources
extraction (9).

The problem of northern supply haul (provision
of necessary supplies to the population residing
on this territory) should be noted separately.
At present, it is proposed to address this issue by
using renewable and alternative energy sources,
including local ones.

Electric power supply to the Arctic zone in the
north-east of Russia is provided from decentralized
diesel power plants and separate isolated power
units (10). Mining companies are industrial
consumers of thermal energy and electric power.
No significant growth in energy consumption is
anticipated in the near and middle-term future.

At present, the existing coal-mining enterprises
participating in coal deliveries to the region or
supplying it to the adjacent areas use traditional
opencast or underground geotechnologies. In doing
so, they encounter the following production
complications:  inadequate  equipment,  high
depreciation of fixed assets and shortage of qualified
personnel. Depreciation charges and profit received
do not cover performance of appropriate renovation
activities [11].

Construction of industrial and household
facilities on the ice shell of permafrost, which is
constantly changing its structure, is highly
challenging. The loose soils - sandstones, pebbles
and clays - behave in the most unpredictable way
in permafrost conditions. As the structures erected
on them warm up the soil, it loses its solidity and
starts melting and shifting. Building the structures’
foundations in permafrost is only possible by
taking special measures to maintain a constant
ground temperature [12].

Strong winds and frequent blizzards consitute
another northern climate pattern confronted by the
enterprises. For example, northern Yakutia features
extremely severe weather conditions, where the
windspeed of 1 m/s lowers the felt air temperature
by two degrees. As an illustration, when the
temperature is -40 °C and the windspeed is 18 m/s,
the apparent tempreature is as low as -80 °C! The
local climate is only exceeded by the Antarctic
climate in harshness [13].

In addition, mining operations are usually
accompanied by intense dusting and dust emissions
into the environment. The area covered by dust

emissions is usually 10 times larger than the size of
industrial sites [14].

The importance of this environmental factor in
the development of deposits in the cryolithic zone
increases manyfold due to powerful transboundary
flows of passive pollution [15].

Sun cycle is another distinguishing feature in the
conditions of the Extreme North and the Arctic, in
particular. Here, the whole year is divided into polar
day and polar night, each half a year long.

All the above features make mining in the
Extreme North higly challenging.

Dust sources at coal strip mines

The dust environment in open pit in general
and its separate sites is largely dependent on the
presence, composition and nature of moving air
flows that mainly determine the amount of
hazardous substances brought to, generated in and
removed from the open pit, and sometimes can
cause intensive dust formation [16-18]. Also, air
dustiness in the open pit is determined by the
distance from the dusting source and climatic
conditions. The dusting sources at coal strip mines
during mining and processing of minerals are listed
in Tab. 1 [19, 20].

The analysis of literature sources shows that
despite the application of different dust suppression
methods, dust concentration at all stages of coal
mining at the open pits exceeds the norms of
maximum allowable concentrations (MAC) [13],
established for the working zone air environment.

For example, at the enterprises conducting
active coal mining at the deposits of Kuznetsk and
Irkutsk coal basins, the most adverse working
conditions were revealed on the workplaces of
drivers and operators of heavy machinery, with high
degree of dustiness, considerably exceeding the
norm (Table 2).

Effects of dust on human health

Exposure to occupational hazards, typical of all
labor processes of coal mining, results in the
development of occupational diseases of the industry
personnel, which leads to major damage to
enterprises and the state, in general, causes
irreparable health damage to the coal industry
personnel and reduces life expectancy [21, 22].
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Table 1

Main Sources of Air Dust Pollution at Mining Enterprises [20]

Main Industrial Processes
and Facilities

Pollution Sources

Preparation of rocks for extraction

1.
2.

Dust from well drilling.
Dust from blasting.

Extraction and loading

1.
by various extracting machinery.
2.
combustion engine (diesel-driven excavators, loaders, scrapers, bulldozers).

Dust from rock mass extraction and loading to transportation vehicles and cutting for disposal

Dust from rock mass extraction by excavating and excavating-transporting machines with

Transportation of strip mine loads

1.
2.
refuse.
3.

Dust from strip mine roads.
Blowing of dust from transportation vehicles at transportion of minerals, waste rock and rock

Dust at transfer points.

Dumping and storage of waste rock,|1.
2.

rock refuse and minerals

Dust from rock piling to dumps and storage.
Dusting of exposed surfaces of waste rocks dumps, minerals storage and sludge collectors.

Borrow cuts

[

. Blowing of dust from dump and site surfaces.

Site facilities:

— crushing, screening, agglomerating
and dressing plants;

— boiler units;

— production machinery and vehicles

depots

AW N —

. Dust from unloading, crushing and grading of minerals.
. Dust from roasting at mineral processing.

. Dust from boiler unit operation.

. Dust from operation without production machinery.

Dust Level at Workplaces
in Kuznetzk and Irkutsk Basins [23-25]

Table 2 According to the International Labour
Organization, the fatality rate from occupational
accidents and diseases is 2.34 million people,
annually. The overwhelming majority of these

Workplace

Kuznetzk basin

Driver of BelAZ truck, 30 t capacity

Driver of BelAZ truck, 42 t capacity

Driver of BelAZ truck, 170 t capacity

Driver of BelAZ truck, 200 t capacity

Operator of T-500-P-1 bulldozer

fatalities, approx. 2.02 million, is related to a range
Average level £ . 1di 26
of dust Value of occupational diseases (26).
concentration, Mi)\(éeer?llgn/%n3 In Russia, the highest level of occupational
3 ’ . . . .
meg/m diseases is among personnel of mineral production
enterprises [27]. Thus, in 2015, the proportion of
mining industry personnel engaged in operations in
74+12 54+12 . .
harmful and hazardous working environments
7.0+1.1 50£1.1 constitued 56.5%. At the same time, in spite of
61+1.0 41210 technical re-equipment, the first in the list is the coal
mining industry, where the proportion of the
62+1.6 42+16 . o
considered category of personnel makes up 79.7 %
58+29 3.8+29 from the total number of those occupied in this

Irkutsk basin

industry [28-30].

Bulldozer operator

16.0+0.2 14.0+0.2

Production environment at coal open pits is
characterized by a combination of harmful factors of

Wheeled vehicle operator

18.1+£0.4 16.1£0.4 working process affecting human health [31, 32].

Dump truck driver

149+0.2 129+0.2

The harmful occupational factors may include,

Excavator operator

154+0.1 13.4+0.1

among others, coal and rock dust aerosols, noise,
vibration, temperature conditions, air humidity,

Drill rig operator

10.5+3.0 8.5+3.0 harmful gases, etc [33, 34].

Blaster

6.1£0.2 41+0.2

The risk of occupational diseases of dust etiology
depends on the following factors [16]:
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1) dust concentration, duration and intensity of
exposure;

2) individual susceptibility to dust and presence
of factors predisposing to the development of
fibrosis;

3) physical and chemical properties of dust,
geometric parameters of particles and their
aerodynamic properties.

It has been established [35, 36] that the effect of
dust on the body when inhaling dusty air has an
accumulative character. Important is the way of
inhaling: through nose or through mouth. The
considerable part of dust (up to 90 %) is trapped by
mucous membrane of nose, nasopharynx, trachea and
bronchi, as it passes through respiratory tract, the
other part penetrates into lower respiratory airway
where it stays. At long-term exposure to dust the
protective action of mucous membrane decreases,
inducing changes in upper airway that cause dust
bronchitis disease [37]. Prolonged contact with fine
dust fractions (up to 5 pum) may provoke
pneumoconiosis [38].

Thus, in China pneumoconiosis is the most
widespread work-related disease, accounting for
more than 80 % of all registered cases of
occupational diseases. According to the latest data,
from 10 to 23 thousand cases of diseases are
registered there annually. In India, 10 million
workers employed in mining, construction and other
industries are affected by silicon dust [39, 40].

In Vietnam, pneumoconiosis accounts for
75.7 % of occupational morbidity cases, with
sickness benefits to the personnel. In Brazil,
6.6 million workers are affected by silicon dust.
The research in Latin America showed that 37 %
of underground labourers are diagnosed with
silicosis, 50 % of miners are over 50 years of age.
The epidemiological studies in developing
countries confirm that between 30 % and 50 % of
mining workers may suffer from silicosis and other
pneumoconiosis deceases (39).

According to official data, 1 million people in the
USA have pneumoconiosis. More than 50 % of
underground mining workers in Japan suffer from
pneumoconiosis; in Austria, from 2 % to 20 % of
miners have this disease. In England, more than
5 thousand cases of pneumoconiosis are registered
annually. Often, pneumoconiosis is fatal. Among the
diseased in the USA, about 2 thousand people die
annually, and 1,300 people in England [41].

As can be seen from the above, the level of
occupational morbidity in the coal industry is very
high both in Russia and globally.

As the analysis shows, coal mining generates a
considerable amount of dust that, in its turn, affects
human health and is highly hazardous [42]. It is
therefore necessary to apply various methods of dust
suppression, which will be considered below.

Methods of dust suppression
at strip mines

The production process of opencast coal mining
is associated with a high level of occupational risk,
resulting chiefly from the intensive inhalation
exposure to coal dust in the setting of an adverse
microclimate [43].

Dust control at mining enterprises includes
dusting formation prevention, dust suppression and
dust collection. Where it 1is impossible to
completely exclude dusting along with dust
collection at mining enterprises at various
technological processes, the dust suppression in
the atmosphere (coagulation) and its deposition
immediately in dusting areas, as well as dedusting
(artificial) ventilation through dilution and removal
of dust cloud, are widely used [44].

In opencast mining, all dusting sources can be
divided into local (point) and area sources, as
shown in Fig. 1.

Compared to local sources, the area sources have
significant dusting surfaces and, as a result, larger
volumes of polluted air. Therefore, the dust control
methods should be more extensive [19].

r Dust release sources —l

—{ Local (point) sources ‘ I Area sources I*

1. Outside and inside

— 1. Drilling facilities dumps

2. Mining equipment

operation 2. Technogenic massifs

3. Rock reloading l 3. Blasting operations |7

and transfer points I

4. Haul roads I—

Fig. 1. Dust Release Sources at Open Pits
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Dust control at the enterprises of a mineral
resources sector can be performed at different stages
of its generation, as following: at formation of dust
fraction solid particles as a result of production
process, at blowing (whirling-up) of dust particles,
and directly in dusty air [45, 46].

There are different ways to reduce airborne
dust concentration: by preventing dust generation,
by dust deposition through coagulation processes,
by filtering of dusty air, by ventilation through
dilution and removal of dust cloud from the
atmosphere [46].

There are four directions of dust control at
mining enterprises: organizational, technological,
technical and biological. Each of them can be
implemented in combination with the others, while
the comprehensive approach to addresing specific
problems is supported by economic, energy, health or
environmental criteria [47, 48].

Organizational methods are aimed at optimisation
of production processes related to the mode of
mining operations and include technological and
natural constituents [46].

Technological methods of dust suppression
comprise measures for technology and processes
optimisation, working equipment upgrade and new
equipment application [46].

Technical methods of dust suppression, are
primarily related to application of equipment
reducing dust formation and dust separation, and
suppressing dust release. All of them can be divided
into two types: wet and dry [46].

Biological methods of dust suppression include
application of materials of organic origin (biogenic
methods) as well as use of living nature resourses
(biocenotic methods) [46].

Despite the considerable scope of the
conducted studies in the field of dust release and
dust transfer reduction and the proposed structural
solutions, the practical results are rather modest
due to the fact that little attention was given to the
aspects of enhancing the efficiency and operability
of the proposed devices and optimisation of their
functioning [46].

In this connection, the search for efficient
means and ways to reduce dust and gas emissions
into the atmosphere remains a crucianl task. Wet
methods are the most promising and sophisticated
ones [49, 50, 51]; they are implemented through
humidification of dust-forming raw materials and

dusty material, irrigation of airborne dust with
solutions and its consolidation with liquid (gel-
like) substances.

Of particular interest are the wet methods
of dust emissions control at all stages of the process
using the effects of change of ‘steam — liquid — ice’
phase [46].

The analysis of scientific studies and technical
solutions aimed at reduction of dust emission
under conditions of opencast mining has shown
that the principal method of dust control at point
and area sources of dust suppression is wet
dedusting (irrigation), i.e. the collection and
deposition of solid particles of dust with liquid
drops [52-55].

Water dust suppression is one of the
most widespread measures to reduce the dust
load in the open pits [56]. The efficiency of
water dust suppression by sprinklers subject to the
wind resistance of the coating reaches 95 %.
At subzero temperatures, ice is formed at the
spraying nozzle tip, which hinders the liquid flow
and affects the quality of the resulting aerosol.
Since in the process of dust particles coagulation
with water in winter the water freezes and can not
fully come into contact with the dust, it makes
water irrigation ineffective for year-round dust
suppression, i.e. the effectiveness drops to approx.
40%. This method fails to comply with the needs
of the enterprise for safe uninterrupted system
operation, in general [46].

Another main direction of reduction of dust
load on working zone of construction materials
strip mines resulting from the aerial technogenic
impact of outside rock dumps is the reduction
of dust emission through application on their
surface of a protective biogenic coating consisting
of a mixture of vermicompost and sodium
carboxymethylcellulose, to their surface. It has
been established that application of the biogenic
protective layer consisting of a mixture of
vermicompost and sodium carboxymethylcellulose
reduced dust emission by 10-11 times and
increased bioproductivity of the reinforced surface
of outside dumps by 90 %, subject to the ratio of
the mixture components 125:1 and the layer
thickness of 3 cm [57].

Dusting on haul roads also plays an important
role in the process of dust suppression at open pits.
Intensive dusting decreases speed and performance
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of road transport, results in intensive wear and tear
of parts and components of vehicles, and poses
occupational risks for the pit personnel. Dust
content in the air near roads is 0.5-10.3 kg/m’,
intensity of dust emission on roads is 0.014 kg/s.
The dispersability of airborne dust is extremely
high: 90-98 % of dust particles are less tha
10 microns in size, which indicates a potential
hazard of pneumoconiosis due to the content of
free silica in the form of quartz; its amount reaches
40-42 % [58]. The introduction of surfactants in
this situation may prove the most efficient year-
round dust control.

Currently, there is a wide range of surfactants
that form a flexible film on the road surface, which
can bind rock and coal dust and significantly
reduce dust formation from heavy-duty vehicles
for approx. 14 days. For example, RNX-1020
surfactant produced by Rosneftekhim retains its
effectiveness in conditions of rainy weather and
can be used on open-pit roads at temperatures
down to —50 ° C [59].

In the case of blasting operations, dust
suppression shall be performed through extended
(before, during, and after blast) treatment of the
dust and gas cloud with finely sprayed ionized
liquid from irrigation units located in an
alternating (by ion-charge) order outside the zone
of their possible damage or destruction from the
blasting [60].

Fig. 2 shows the effectiveness of dust
suppression methods subject to year-round dust
suppression.
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Fig. 2. Dependency of effectiveness of various dust

suppression methods on time of year

In addition to these measures, aerosol
collection equipment is available to help clean
the polluted air and remove particularly fine
fractions [61].

Dry, wet and electrostatic purification methods
are used to collect aerosols with installations
and devices of various designs [62]. The choice of
the method and device for aerosol collection is
made depending on its particle size distribution
(Table 3).

Where technical measures can not reduce air
dustiness at workplaces to the maximum allowable
concentration, it is mandatory to use personal
protective equipment for dust protection [63].

Therefore, the mechanism of dust environment
improvement at mining enterprises consists in the
dust formation prevention, dust suppression and
dust collection. To collect aerosols, dry, wet and
electrostatic methods of purification using
installations and devices of various design are
used. The key methods of dust suppression include
wet dedusting, application of surfactants, biogenic
and condensation methods.

Technical measures do not always provide a
full-featured safe dust environment at the
workplace (reducing air dustiness to the maximum
allowable concentrations); in such cases, the use of
personal respiratory protection equipment is
mandatory [64].

Table 3
Selection of equipment depending
on dust disperability
Particle Size, Purification Equipment
um Methods quip
40-1000 Dry Dust presipitation chambers
Dry Centrifugal collectors,
20-1000 diameter of 1-2 m
5-1000 Dry Cen‘{rlfugal collectors,
diameter of 1 m
20-100 Wet Scrubbers
0.9-100 Dry Fabric collectors
0.05-100 Dry Fibrous collectors
0.01-100 Electrostatic Electrostatic precipitators
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We can state that there is a range of dust
suppression methods, by having analysed them, yet
not all of such methods can be used at subzero
temperatures. Therefore, it is necessary to analyse
what dust suppression methods are applicable in the
Extreme North conditions.

Methods of dust suppression
at strip mines in the Extreme North

The ‘Guidelines for Dust Control at Slate
Quarries and Dust Explosion Protection at Coal
and Slate Quarries" [65] stipulate additional
requirements for dust control at negative
temperatures at at slate quarries, which include
dust control measures at quarry faces and loading
and unloading operations.

As early as in 1984, scientists were sttudying a
condensation method of dust suppression at reloading
of mined rock in the strip mines at negative
temperatures. The studies [66, 67] demonstrate
feasibility of application of the heated sprayed water
for condensation dust suppression at reloading of
rock mass at open-cast mines at negative
temperatures. In this cse, the efficiency of
condensation dust suppression depends both on water
temperature and consumption, and on temperature
and initial dustiness of air.

The study [67] provides the calculation
procedure for heated water consumption for
condensation dust suppression at reload of mined
rock at strip mines at subzero temperatures. The
work [67] established that increase in water
temperature enhances the dust suppression
efficiency by 1.1-4.2 times; if the temperature of
supplied water is 95 °C, then 85-86 % of the dust
particles of less than 5 pum are collected. The
influence of air temperature on the efficiency of
dust deposition was studied. The experiments were
carried out with hot (95 °C) water at the air
temperature of 0; —100; —200 °C. The analysis of
the obtained results allowed us to conclude that
with the drop of air temperature, the deposition
efficiency increases to reach 80-90 % and more at
the ratio of hot water and dust of (0.8—1.3)-103
kg/kg. This can be explained by the process
intensification through obtaining higher
oversaturation at low negative temperatures. It was
established that for the condensation dust
suppression in conditions of negative temperatures

it is recommended to use water heated to 80-95 °C
at the rate of 300-800 kg per 1 kg of released dust.

Many coal-mining enterprises in Russia operate
in low-temperature conditions. In this connection,
labour activity demands application of special
personal protective equipment [68]. In this case,
further to the basic function of respiratory protection,
the personal protective equipment provides
protection against ambient low temperatures. These
include a self-contained air-fed respiratory protective
device, self-contained breathing respirator, oxygen-
cylinder breathing apparatus, and air-conditioning
respirator [69].

Protection against cold by heating the inhaled
air by respiratory devices helps to reduce heat loss
for warming up the inhaled air. In general,
this process helps to maintain normal body
thermal status and, consequently, increases the
performance level [70].

Designed to increase the temperature of inhaled
air at low negative temperatures, these devices yet
have common shortcomings in operation or design.
In this case, at temperatures below -30 ° C the
material of the body, filter, heat exchanger and the
condensate freeze, which increases breathing
resistance [71].

Technical measures do not always provide a full-
featured safe dust environment at the workplace
(reducing air dustiness to the maximum allowable
concentrations); in such cases, the use of personal
respiratory protection is mandatory.

However, many coal mines and open pits operate
in regions with low temperature conditions.
Therefore, it is necessary to use special personal
protective equipment subject to the negative ambient
temperature at these enterprises. The essential
equiment includes a self-contained air-fed respiratory
protective  device, oxygen-cylinder breathing
apparatus, self-contained breathing respirator, and
air-conditioning respirator.

Conclusion

Summing up what has been said, it was
established that adverse labor factors at the mining
facilities of the Extreme North include low air and
rock temperatures; high humidity; often - high
velocity of air flow along main roadways; dust,
explosive and exhaust gases; noise, vibration,
bleeding of toxic gases; increased risk of injury and
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development of occupational diseases. The crucial
adverse occupational factor at the majority of mining
facilities in the North is dust, its concentrations
depending on the development technology, mineral
type, equipment used, production job, and
implementation of dust prevention measures.
Therefore, dust concentrations at work places vary
widely. Due to the complicated application of dust
control means, mostly, at mining enterprises of the
Extreme North, such concentrations are considerably
higher than the levels detected at the facilities located
in moderate climate of central Russia. Dust levels at
open-pit mineral mining sites in the North are

depth, the mining equipment used and the weather
conditions.

Most of the experts agree on the absence of a
single solution to all the complicated dust control
issues and an all-in-one fully safe and productive
dedusting method. In each case, these issues are to be
addressed individually. The complex of measures on
reduction of industrial environment factors affecting
the miners should include application of personal
protective equipment. At the same time, it should be
realised that PPE cannot replace application of
fundamental and integrated technical measures for
dust control, including dust collection and

generally lower than at mines, depending on the pit suppression.
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