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Abstract
Research relevance. Dust generated by mining machines due to continuous loading and transport
equipment movement especially in mines with no optimal ventilation conditions is a major problem for
decision-makers. Dust directly affects mine capacity and exposes workers' lives to a risk of chronic
disease due to the inhalation of large quantities of this dust and toxic gases during a seven-hour or
eight-hour shift. Dust control methods in longwall mines vary from one mine to another, depending on
ore composition.
Research aim. In this article we will examine the current flow process of eliminating dust in the longwall
working section and propose another process to ensure optimal working conditions in the diatomite
mine.
Methodology. Analysis of the technical equipment which is currently used in mining and geological
operations and evaluation of its application at the facility under study represents a relevant approach to
production efficiency improvement. The present research considers the possibility of using the flooded-
bed scrubber system which was mainly used in underground coal mines to monitor dust in the longwall
section. It has been evaluated how efficient the scrubber absorbs the dust generated as a results of the
mineralized layer extraction, the concentration of the coal dust in the working section making up from
0.7 to 8.8 mg/m3, while the dust produced during the extraction of the mineralized layer in the
underground diatomite deposit is 0.38—1.21 mg/m? in the working section.
Research results. The research resulted in the positive attitude towards the possibility of applying the
flooded-bed scrubber, which is used in coal mines, at the longwall extraction sections of the Sig mine.
1t will significantly reduce the concentration of dust in the longwall section.
Conclusion. In order to set the appropriate working environment inside the mine, an effective method of
removing dust must be developed, it is especially important to remove dust during work, which will
contribute greatly to boosting productivity and reducing diseases among workers.
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Introduction. Previous studies in the health field have confirmed that inhalation of
dust in mining exploitation resulting from the extraction of minerals was the main
culprit in most cases of disease called “pneumoconiosis”. Many decision makers have
tried to solve the problem of dust, especially in the longwall section in front of shearer
where the main dust source.

Most mining industries in the world have used regulatory measures of dust especially
in underground coal mines for example the AS285 standard for respirable dust particles [1],



6 "Izvestiya vysshikh uchebnykh zavedenii. Gornyi zhurnal". No. 5. 2020 ISSN 0536-1028

and AS3640 for inhalable dust particles [2]. In the last years many dust removal
techniques have been developed in the United States and UK mainly and other countries
in the world, but their adoption was that in underground mines there is thicknesses not
exceeding 3 m. Operators in underground mines using the longwall extraction method
did not have much success in reducing the levels of dust in the working sections.
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Fig. 1. Main sources of dust on the longwall section
Puc. 1. OcHOBHBIE UICTOYHHKH 00pA30BaHUsI ITBLIH Ha y4acTKaX JJIHHHBIX 3200€B

In this article we will propose the flooded-bed scrubber dust collection system that
has been used in coal mines and used in the diatomite mine of Sig in western Algeria to
help eliminate dust in the working section where the concentration of dust is very high.
By isolating the sand-laden dust generated from the diatomite extraction face and
produce breathable air, and put practices and a new methodology for dust monitoring.

Table 1. Dust contributions from major longwall dust sources
Ta6auna 1. OCHOBHbIEe HCTOYHHKH NIPUBHOCA NbLIM NPH Pa3padoTKe JJIUHHBIMHU 320051IMH

Source Average percent | Contribution median, mg/m? Contribution range, mg/m?
Intake 9 0.33 0.07-1.1
Stage loader-crusher 15 0.78 0.29-1.3
Shield 23 1.8 0.67-2.3
Shearer 53 35 0.70-8.8

Sources of dust generation. The dust generated in front of the shearer during ore
mining in face causes a complicated problem to workers especially in the longwall
section. And dust generation may also occur during ore transportation with the AFC,
where the ore direction is opposite of the air as shown in the fig. 1. Moving any equipment
inside the underground mine can also cause significant amounts of dust. The collapse of
the roof behind the supports and falling rocks can also become a source of dust.

Longwall underground mining method is one of the most productive methods in the
world. In 2015 in the United States 54 coal mines used this method to produce
182 million tonnes of coal, or 59% of total production in the United States [3]. However,
this significant production was negatively reflected in dust generation, which required
finding effective solutions to deal with these large quantities affecting the workers
inside the mine.
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According to extensive studies conducted on underground mines that use longwall
technology, only the main sources of dust due to:

— insufficient amount of air pumped into the mine;

— insufficient water quantity and pressure;

— water spray systems in the work section is poorly designed;

— there is no dust control system in the AFC loading;

— due to the movement of supports;

— the longwall extraction shearer.

Fig. 2. Photograph of shearer clearer on the shearer
Puc. 2. ®otorpadus cucteMs! pacibuleHNs] Ha KOMOaitHe

Surveys of 13 mines using the longwall mining method indicate that the shearer is
one of the main contributors to the production of respirable dust at the working
section [4, 5]. As shown in table 1, the shearer represents more than 50% of the dust
generated [4].
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Fig. 3. Typical water spray layout pattern on longwall support in Australia:
a — spray system over canopy; b — spray system under canopy
Puc. 3. Tunuynas cxema pactosIoKEeHHs PAaCcTIBIIEHNS BOJBI HA yUacTKax JUTHHHBIX 3a00€B B
ABCTpanmiu:
a — CUCTEMA paclblUICHUA HaJl HABECOM; b — cucreMa pacnbUICHUA 1101 HABECOM

Longwall dust control systems.

Water spray layout on shearers. Underground mine workers realize that the
continuous movement of the supports and the shearer is the main source of sand-laden
dust to which they are constantly exposed. The dust cloud inside the mine spreads very
terribly, if it is not controlled quickly and conveniently by placing a high-efficiency



8 "Izvestiya vysshikh uchebnykh zavedenii. Gornyi zhurnal". No. 5. 2020 ISSN 0536-1028

dust collector, so the working conditions will be very difficult because the speed of the
shears is very high during work [6]. These large amounts of dust are mainly treated by
applying a spraying system along the shearer body and concentrated on the shearer's
drums where the proportion of dust is relatively greater than that of other areas of the
shearer as shown in fig. 2. Water is pumped under high pressure into a device called
NPSDR to produce a high-speed water spray. This helps to produce a negative pressure
field in the suction area of the device. So, it can absorb the dust laden with sand to clean
it [7]. It is a very good idea but it must be perfected [8].
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Fig. 4. 3D-drawing of the longwall shearer without and with an integrated
flooded-bed scrubber
Puc. 4. Tpexmepnast Mozenb BpyOOBOI MaIIMHBI IS JJTHHHBIX 3a00€B 0e3
BCTPOCHHOT'O CKpyOOepa ¢ CUCTEMOIl BOJHOM OYHUCTKU U C HUM

Dust control by the shields. Due to the permanent movement of the longwall shields
and as the shields descend and advance towards the face of the mineralized layer, it is
normal when the roof falls from the top of the shields towards the ventilation surface.
Most of this dust is suspended in the air and disperses quickly in the walkway.
As a result, we can say that the movement of the shields is an important source of dust
for the operators of the shearer, when these shields move behind the shearer, from the
headgate to the tailgate. To control the dust caused by the movements of the shields,
many methods have been developed in recent years.

Canopy-mounted spray systems. This system includes a set of sprayers on
the shields which sprays the roof for a short time before and after the movement of the
shields to ensure that the material is wet in order to reduce the dust concentration at
the longwall section, as shown in fig. 3. Studies in the United States and Australia
have shown that this system is not effective for the control of dust [9].
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Shield sprays under the canopy. This type of sprayer automatically works with the
drum movement to form a water curtain to eliminate the dust cloud from the headgate
to the tailgate as shown in fig. 3.

Flooded-bed scrubber for removing diatomite dust at a longwall mining section.
A flooded-bed scrubber is a very effective dust control device, equipped with a high-
speed main fan which is an integral part of the shearer as shown in the fig. 4 [10]
to capture and remove the dust generated from the shearer at the longwall section during
the ore extraction operation. This system has worked very well with the longwall
underground mining method in the United States since its invention in 1983 [11]. The
flooded-bed scrubber dust control system consists of six main elements: an inlet, water
sump, a series of water sprays, a demister, a flooded-bed screen, and a vane axial
exhaust fan as shown in the fig. 5, 6 [5, 12]. The inlet is well positioned in the dust area
near the drum of shearer in the longwall section for quick dust recovery using ventilation.
Sprayers produce large amounts of water, making flooded-bed screen always saturated
with water. The fan draws the dust-laden air from the longwall section to the ductwork
through the flooded-bed screen.
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Fig. 5. 3D flooded-bed scrubber system
Puc. 5. 3D-m300pakenne ckpyb0epa ¢ CHCTEMOiT BOTHON OYHCTKH

When air enters the flooded-bed screen, the dust interacts with the water droplets
inside the device, creating a mixture of water droplets and dust. This mixture of dust
and water in the flooded-bed screen moves in the direction of the wind towards the
demister. The latter is composed of several PVC layers, which separate the dust-laden
water before the air reaches the fan. After completion of the separation process this
mixture will be pumped into the sump under the demister. The clean air, almost dry
passes through the fan to the back side of the longwall section and the workers where
it runs out.

Full-cone water spray distributes the water inside at approximately 24.6 1/min
usually under low pressure (< 345 kPa), these quantities guaranteeing in turn a complete
water supply to flooded-bed screen. The fan motor power typically varies from 9.7 kW
to 29.8 kW, with an air flow rate of 1.7 m3/s to 4.7 m3/s [14]. In order to increase the
ventilation area, the flooded-bed screen must be placed at 45° from the working
platform. This screen is mainly composed of layers (about 10-30 layers) of woven
steel. The increase in the number of layers leads on the one hand an increased filtration,
but on the other hand a significant reduction of the pressure in the flooded-bed.
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The effectiveness of the flooded-bed scrubber system is based on two main factors:
filter dust quality (cleaning efficiency) of screen, which also depends on the amount of
dust absorbed in the longwall section (capture efficiency) [15]. The use of surfactants in
the spraying operation at the interior of this device can greatly increase the efficiency
of the screen cleaning, it helps to increase the wettability by reducing the surface tension
of the water droplets [16]. A 2002 study was conducted on the effectiveness of surfactants
added to water when spraying at a concentration of 0.013% by weight showed an increase
in the percentage of dust reduction to 31% [17]. In conclusion, it can be said that the
effectiveness of dust collection depends mainly on: the position of the scrubber inlet, and
the air quantities and the capacity of the fans, and the design of the ducts.
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Fig. 6. Fan-powered flooded-bed scrubbers
Puc. 6. Bentunsaropsblie ckpyOOepsl ¢ CHCTEMOM BOTHON OYHUCTKH

Results and discussion. Given the geological nature of the diatomite deposit, dust
produced during the exploitation of the deposit is very rich in SiO, silica up to 0.65
(0.38-1.21) mg/m? in the working section. On the other hand, a study was carried out
in 2002 in the United States shows that the average levels of exposure to respirable
SiO, silica in similar industrial environments is 0.05 (0.02—0.08) mg/m? [13]. While the
coal dust generated by the shearer during its extraction is 0.7-8.8 mg/m? as shown in
table 1. From these results it can be said that the system flooded-bed scrubber used
in coal mines will be adequate and very effective in the diatomite mine.

Conclusion. The flooded bed scrubber system is one of the most efficient systems
in the world and has attracted the interest of many researchers in this field for years.
He has been very successful in longwall coal mines with large amounts of dust and gas.
And from the results that we have indicated we can say that this system will be adequate
with our case in the diatomite mine of sig west of Algeria (underground). This system
will greatly reduce the exposure to dust in the working section, and as an integral part
of the shearer this will suit the thickness of the mineralized layer of diatomite.

REFERENCES

1. AS2985-2004. Workplace atmospheres — method for sampling and gravimetric determination of
respirable dust. Available from: www.saiglobal.com/pdftemp/previews/osh/as/as2000/2900/2985.pdf
(Accessed 20.01.2020)

2. AS3640. Workplace atmospheres — method for sampling and gravimetric determination of inhalable
dust. Available from: codehub.building.govt.nz/home/resources/as-3640-2009/ (Accessed 20.01.2020)

3. Fiscor S., 2016. Coal age. Mining Media Publ. P. 18-22.

4. Colinet J. F., Spencer E. R., Jankowski R. A. 1997. Status of dust control technology on U. S.
Longwalls. In: Proceedings of 6th International Mine Ventilation Congress. P. 345-351.

5. Rider J. P. and J. F. Colinet, 2010. Chapter 3 — Controlling Respirable Dust on Longwall Mining
Operations. In: Best Practices for Dust Control in Coal Mining. IC 9517, National Institute for Occupational
Safety and Health. P. 17-39.

6. Ren X. F. Research on ventilation dust technology of long-pressure and short axis for fully
mechanized excavation face. Shaanxi Coal. 2013; 4: 005.

7.Xie Y. S., Fan G. X., Dai J. W., Song X. B. New respirable dust suppression systems for coal mines.
J. China Univ. Min. Technol. 2007; 17(3): 321-5.

8. Tien J. C. Dust control practices in Chinese coal mines, with remarks on black lung. Min. Eng. 2011;
63(10): 24-9.



ISSN 0536-1028 «Hz6ecmus 8y308. Topnutil srcypuany, Ne 5, 2020 11

9. Ren T. X., Plush B., Aziz N. Dust controls and monitoring practices on Australian longwalls.
Proc. Eng. 2011; 26: 1417-29.

10. Sampurna Arya, et al., 2018. Development of a flooded-bed scrubber for removing coal dust at
a longwall mining section. Available from: doi.org/10.1016/j.ss¢i.2018.08.003.

11. Campbell J. A. L., Moynihan D. J., Roper W. D., Willis C., 1983. Dust control system and method
of operation. US 4380353 A.

12. Sampurna Arya, et al., 2018. Design and experimental evaluation of a flooded-bed dust scrubber
integrated into a longwall shearer. Powder Technology. Available from: doi.org/10.1016/j.
powtec.2018.07.072.

13. Dirk Dahmann et al., 2008. Assessment of exposure in epidemiological studies: the example of
silica dust. No. 18. P. 452-461. Available from: www.nature.com/jes

14. Wedding W. C., Novak T., Arya S., Kumar A., 2015. CFD modeling of a flooded-bed scrubber
concept for a longwall shearer operating in a U.S. coal seam. In: Proceedings of 15th US Mine Ventilation
Symposium. P. 385-390.

15. Colinet J. F., Jankowski R. A., 2000. Silica collection concerns when using flooded-bed scrubbers.
Min. Eng. No. 4. P. 49-54.

16. Listak J. M., 2010. Chapter 4 — Controlling Respirable Dust on Continuous Mining Operations.
In: Best Practices _for Dust Control in Coal Mining. P. 41-64.

17. Hirschi J. C., Chugh Y. P., Saha A., Mohany M., 2002. Evaluating the use of surfactants to enhance
dust control efficiency of wet scrubbers for illinois coal seams. In: Proceedings of 9th U. S. Mine Ventilation
Symposium. P. 601-606.

Received 17 February 2020

Information about authors:

Abdessattar Lamamra — PhD student, Peoples’ Friendship University of Russia (RUDN University).
E-mail: lamamraabdessattar@gmail.com
Dmitriy L. Neguritsa — PhD (Engineering), Associate Professor, Head of the Laboratory of Heat
Engineering and Heat Supply of Prospecting, Sergo Ordzhonikidze Russian State Geological Prospecting
University. E-mail: neguritsadl@mgri.ru

VJK 622.807:622.357.8+66.074.51 DOI: 10.21440/0536-1028-2020-5-5-12

OuncrTKa y4acTKOB pa3padoTKy JIMHHBIMH 32005IMH OT AUATOMHUTOBOI NMbLIN
B maxte Cur B 3anagHomM AJLKupe

Jlamampa A.', Herypuua . JI.2
! Poccuiickuii yausepcuret [pyx0sl Hapomos, MockBsa, Poccust.
2 POCCHIACKHI TOCYIapCTBEHHBIN €0I0r0pa3Be0uHbIi yHUBEpcHTET, MockBa, Poccus.

Pecgpepam
Axmyansnocme. /s pabomHukog 20pHO00ObI8AIOWell NPOMBIUUIEHHOCU Cepbe3HOU npobremoll
AGAEMCSL NbLITb, KOMOPAs CO30AEMCA 20PHBIMUMAUMUHAMU U3-30 NOCIOSHHO20 OBUICEHUS MPAHCHOPIHO20
000pYd08aANUSL U NOSPY3KU, OCOOEHHO 8 WAXMAX, 20e OMCYMCMBYIOM ONMUMANbHbIE YCL08US 6EHMUTAYUU.
Hanuuue noinu Hanpsamyro enusem na npou3e00umenbHOCmy Waxmol U co30aen 015 padouux nosbluleHHbIe
DUCKU ROTYYEHUs XPOHUUECKUX 3A0011€8AHUT, C6A3AHHBIX C BObIXAHUEM 8 MeUeHUe CeMU-B0CObMULACO8020
pabouezo OHs DOTBUIO2O KOTUHECEA NbLIU, 4 MAKICe MOKCUYHBIX 2a308. Memoovl nooasnenus nuliu 6
wWaxmax ¢ cucmemoti paspabomxu OTUHHBIMU 3a00AMU OMAUYAIOMCA Opye OMm Opyea 8 3a8UCUMOCHU OM
€OCMaBa u31ekaemou pyobi.
Lenv pabomwi. Paccmompems Oeticmeylowjue MexHOIOUHECKUE NPOYeCcchbl O YCMPAHEHUs Nblil
6 paboueti cexyuu OIUHHBIX 3a00€8 U NPeOIOACUMDb OpYeoll npoyecc O 0Decneyerus: ONMUMATbHbIX
paboyux yciosuil 6 OuamomMumosol waxme.
Memooonozus. Ananu3 ucnoib3yembix 8 20pHO-2€0102UHECKOM NPOUEOOCHBE MEXHUUECKUX CPeOCmE U
OYEeHKA UX NpUMEHeHUs. Ha ucciedyemMom obOvekme npeocmasisem cob0U axKmyanbHslll No0Xo00 K
yeenuuenuio dghgexmuenocmu npouzsoocmea. B cmamve paccmompena 603MONCHOCHb NPUMEHEHUS
ckpybbepa ¢ cucmemou 800HOU OYUCTKU, KOMOPBIL UCHONb3VEMCA 2NA8HLIM 00pA30M 8 NOO3EMHbLIX
V2ONbHbIX WAXMax ONs NO2NOWeHUs. NblAU Ha yYyacmkax Onunnuix 3aboes. I[Ipoeedena oyenka
appexmusnocmu no2nowjenus ckpyboepom nwiiu, 0opasyoujelicsa npu paspabomie y2onbHbIX NAACMOS,
20e KoHyenmpayus y2onpHou nuliu 6 paboueti cexyuu cocmaensem om 0,7 0o 8,8 me/m3, u ocywecmeneno
CPasHeHue ¢ BO3MONCHOCHIBIO UCHONb306AHUA CKpYyObepa npu 000blue MUHEPATUIO8AHHO20 CLOS
6 NOO3EMHOM MECMOPOACOCHUY OUAMOMUMA, 20€ NAOMHOCMb noiau cocmaeniem 0,38—1,21 me/m’.
Pesynvmamur uccnedosanusn. B pesyromame uccnedosanus Oviia noayuena NONLOMCUMETbHAS OYEHKd
BO3MOJNCHOCIIU UCNONb306AHUSA OISl YUACMKO8 paA3paAOOmMKU ONUHHLIMU 3a00aMU HA OUAMOMUMOBOL
waxme Cue mooenu ckpybbepa ¢ unmezpupo8aHHOU CUCMEMOU MOKPOIL OYUCMKU, KOMOPAs UCTIONb3YEMC
6 YeONbHbIX wiaxmax. Imo NO360NUM 3HAYUMENbHO CHUSUMb KOHYEHMPAyuro Nblid Ha YYACMKAX
Paspabomxu ONUHHBLIMU 3A00SMU.
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Bub1600w1. /[ mozo umobvl ycmanogums nooxoosuue yciosust 01 pabombsl 6HYMpPU WAaxmsl, He0OX00UMO
paspabomamu 3hexmueHbvlii Memoo YOaieHus noliu, 0COBEHHO 80 6pemsi pabomuvl, KOMopbslil 6ydem &
BHAUUMEILHOU ~ CMeneHu  CnocobCcmeosams — YGeIUHEeHUI0  NPOU3BOOUMENbHOCU U CHUIICEHUIO
sabonesaemocmu cpeou pabomHUKOS.

Knrwueesvie cnoea: onunnwiii 3a601; ckpybbep ¢ cucmemoi MOKPOU OYUCmKU, 6py00s8as MAuluHA;
ouamomum, nolib.

Buipasicaem  6nazooapnocmv komnanuu ENOF, komopaa npedocmasnaem 6cio Heo0X00uMyio
UHGOpMaAUUIO O OAHHO20 UCCTICO06AHUA U 6bINOTHACH 6CE HEOOX00UMbIE AHAIUIDL.
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