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PREDICTION OF ATMOSPHERE POLLUTION IN CASE OF EMISSIONS
FROM MAIN MINE FANS

Purpose. Emissions from mine ventilation system can create intensive atmosphere air pollution. As a rule,
a huge amount of dust from mine fan enters atmosphere low layers. An important task is the development of meth-
ods to assess levels of the atmosphere pollution near mines and settlements. To solve this problem it is important to
have physically proved mathematical models. Nowadays to predict the atmosphere pollution near settlements which
are effected by mine fan the empirical model OND-86 is used. This model does not take into account many im-
portant physical factors. So, the purpose of this study is the development of quick computing mathematical model to
predict the atmosphere pollution in case of dust emissions from mine fan. Methodology. To predict levels of the
atmosphere pollution in case of mine fan work 3D equation of dust convective — diffusive flow was used. This equa-
tion takes into account gravity fallout, wind velocity, atmosphere turbulent diffusion, location of dust emission
source. To sole modeling equation the implicit difference scheme of splitting was used. Findings. Developed math-
ematical model allows quick prediction of the level of atmosphere pollution in case of dust emissions from mine
ventilation fan. The models allow to obtain zones of contamination near settlements which are situated in vicinity of
mine. Originality. The developed mathematical model takes into account a number of physical factors, which at the
present time are not considered on the days when prediction of the atmosphere pollution in settlements near mine is
carried out. Practical value. On the basis of the developed mathematical model program code was created. This
code can be used for evaluation of atmosphere pollution in settlements which are effected mine fan emissions.

Keywords: atmosphere pollution; mine fan; mathematical modelling; numerical model

ture is 14 000 m*/min. The concentration of dust in
the gas-air mixture is 5.5 mg/m’, methane — 0.1 %

The task of assessing the level of air pollution per ton of produced coal. When unloading coal and
from the different techno sources of emission (ac- storing it in a warehouse, coal dust is emitted into
cidents, industrial chimneys, main fans at mines, the atmospheric air. When coal moves through
dumps of wastes, etc) [1, 2, 3, 6, 7-13] has a huge  , closed gallery, the rocks are periodically cleaned
interest. The main pollution of the atmosphere by  and gspilled, which is dumped through the hatch.
coal mining enterprises occurs during coal mining.  [organic dust containing silicon dioxide enters the
The gas — methane released from the formations  4ymogpheric air. With the passage of the mine
together with coal dust is emitted through the dif- workings, a large part of the rock mass (90 %) is
fuser of the ventilation shaft into the atmosphere.  removed to the rock heap, and a small part (10 %)
The volumetric flow rate of the dust-gas-air mix- g ysed for laying the worked-out space. When
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loading and unloading the rock and forming the
dump by the bulldozer, inorganic dust with a high
content of silicon dioxide enters the air.

Significant role in air pollution is performed by
the main ventilation fans (MVF), as they operate
around the clock, discharging the exhaust mine air
into the atmosphere. Mine air emissions contain
gaseous impurities (CO, CO,, NO,) and solid parti-
cles of coal and rock dust. The dust emissions of
the «West Donbas Mine» are about 2000 tons/year.

The pathogenic effect of dust is determined by
the mass of dust, the time of its impact, the materi-
al composition and dispersion.

The material composition of coal and rock dust
is determined by the composition of coal rocks.
The host rocks contain: quartz, mica, hydromica,
calcite, dolomite, magnesite, sulfides.

The degree of dust dispersion is influenced by
the physical and mechanical properties of coal,
loading and transportation of rock, the degree of
turbulence in ventilation flows. The dispersed
composition of dust is not constant and can vary:
5 mkm — 12 %; 5-10 mkm — 23 %; 10-30 mkm —
59 %; more than 30 mkm — 6 %.

The maximum permissible concentration for
the most harmful types of industrial dust is in the
range of 0.01 — 10 mg/m?, depending on the char-
acteristics of the dust and the silicon dioxide con-
tent of SiO»; for the settlements, this concentration
is lower and amounts to 0.5 — 1.5 mg/m°.

Currently, to calculate the concentration of im-
purities in atmospheric air experimental, empirical,
analytical, numerical methods are used.

Experimental methods are effective, but they
allow to take into account only accomplished
events with specific meteorological parameters,
they are performed locally, they require high-
quality expensive equipment, and material and
time costs.

Most computer programs regarding the calcula-
tion of pollutant transport in the surface layer of
the atmosphere from various sources are based on
the model of M. E. Berland — OND-86. This tech-
nique is very simple to implement, but it is difficult
to use it to calculate the dynamics of the process,
since it uses the dimensionless and empirical coef-
ficients obtained on the basis of average annual
values of the parameters of the pollution source.
The results obtained by this method are somewhat

underestimated, their error increases with increas-
ing distance from the source of emission.

Analytical methods of solving allow solving
differential equations taking into account real
physical parameters: wind speed, diffusion coeffi-
cient, particles sedimentation rate, ejection source
power. However, all these solutions are obtained
according to the introduced simplifications, since
the analytical solution of the three-dimensional
transport equations is rather complicated.

Numerical methods of calculation take into ac-
count all the factors listed, are implemented on the
basis of the Navier-Stokes equations or by finite
difference methods. These methods are operation-
al. They have a smaller calculation error, but re-
quire skills of numerical simulation.

Thus, there is a shortage of operational control
methods, in particular, dust emissions, which does
not allow them to assess objectively, promptly
identify the reason for their increase, select the de-
sired mode of operation based on the dust factor or
carry out dust suppression measures.

Fig. 1. West Donbas Mine:

I — main ventilation fan

Emissions from MVF pose a threat of dust pol-
Iution of atmospheric air in the areas adjacent to
the mine. To assess the impact of these emissions
on air pollution, it is necessary to have effective
mathematical models. On the basis of such models,
it is possible to predict the change in the quality of
atmospheric air for different weather situations
characteristic of a particular region and for differ-
ent intensity of coal dust emission, which may vary
during the operation of the mine.

At present, the forecast of the atmospheric air
pollution level is being carried out on the basis of
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simplified models that do not take into account the
velocity profile of the wind flow. In addition, the
OND-86 model used in practice, the Gauss model
and the Berland model carry out a forecast only for
a permanently operating source of emissions. For
practice, it is important to have mathematical mod-
els of wider use.

Purpose

The purpose of this work is to create a numeri-
cal model and software for the rapid conduct of
computational experiments to analyze and predict
the level of air pollution by dust emissions from
the main ventilation fan. On the basis of such an
assessment, the risk for the population in the zone
of influence of emissions from this fan is analyzed.

Methodology

In this paper, the solution of two problems is
considered related to the simulation of atmospheric
air pollution from dumps.

The process of dispersion of dust from the fan
was modeled by the following equation [1, 4, 5]:

oC ouC ovC oO(w-w,)C
—+ + + =
or  ox oy 0z

_2( a_c)+g( a_c)+2( a_c)+
) ey My T M

+ 0 (18(x = x0)d(y = ¥9)8(z = 20)- (1)

where C — dust concentration (mg/m3); u, v,
w — airflow components (m/s); ws — dust settling
rate (m/s); u = (ux, py, uz) — turbulent diffusion
coefficients (m/s2); x0, y0, zO — the coordinates of
the point source of the main ventilation fan MVF
(m); QO — the averaged value of the dust intensity
at the location of the point source of emission
(mg/s); d(x — x0)d(y — y0)d(z — z0) — Dirac's delta-
function, which is used to simulate the arrival of
dust from MVEF. The values of the diffusion coeffi-
cient is calculated by dependencies pux = (0.1-1)-U,
ny = (0.1-1)-U, uz = k(z/z1)m, where U — wind
speed (m), z — height above ground level (m), z1 —
height, where wind speed is given U (m), m =~ 1,
k=0.2.

The composition of the dust is not uniform, tak-
ing into account the settling of individual fractions
of dust is achieved by setting a different sedimen-
tation rate w; for each fraction, so the calculation
on this model must be performed for each fraction.
This parameter is calculated using the Stokes for-
mula (2) or is given from epy known experimental
data.

4d(p, —p,
wie. = mpx’
3p,

2

X

where d — the equivalent particle diameter of the
pollutant (m); p, — particle density of the pollutant
(mg/m?); p, — air density (mg/m?); cx = 24/Re +
4/JRe - the dependence of the drag coefficient on
the Reynolds number.

An extremely important feature of this model is
taking into account the stability of the atmosphere
due to the task according to ML.E. Berland of dif-
ferent values of the vertical diffusion coefficient
L. It should be noted that the normative methodol-
ogy of OND-86 does not allow to take into account
the different stratification of the atmosphere.

Two approaches are used.

The first approach is based on splitting of the
model equations into four fractional steps. At each
splitting step, two physical processes are taken into
account: convective transport and atmospheric dif-
fusion; in addition, at each splitting step, the influ-
ence of the dust emission source on the formation
of the contaminated zone is taken into account.

To build a numerical model, an implicit alter-
nating triangular difference scheme is used, ap-
proximating the modeling equation (1). It is built
on a rectangular differential grid. The concentra-
tion is determined in the center of the difference
cells, the components of the air velocity vector are
set at the boundaries of the difference cells [5]. For
approximation of time derivatives the formula is
used:

ac _ CSE - Cix
ot At

Prior to discretization, convective derivatives
are written as the sum of signed variables:
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Difference approximations of the first deriva-

tives are written as:
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ference operators in the approximation of convec-
tive derivatives.

Difference approximations of second order
derivatives are written this way:
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The following notation is used to shorten the
writing of difference equations:

n+l n+l
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Applying the introduced notation of difference
operators, the transport equation takes the
following form:

Chi -

1
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t
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+MIC M CM - q(1)s.

At the next stage of the construction of the dif-
ference scheme, the splitting of this difference
equation into four steps is performed with integrat-
ing over the time interval dr:

—in the first splitting step k = 1/4:

n+k n
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— in the second splitting step k = n + 1/2;
c=n+1/4:
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— in the third splitting step k = n + 3/4;
c=n+1/2:
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— in the fourth splitting step k = n + 1;
c=n+3/4:
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In discrete form, the Dirac delta function is
«distributed» to a single difference cell so as to
preserve the total amount ¢; of the contaminant that
is placed in the cell. Moreover, the function &, that
is used in difference expressions is not zero only in
the cells where the source of dust emission is lo-
cated. Using the above splitting scheme allows us
to obtain difference equations of a simpler form,
which makes it possible to carry out their software
implementation.

The initial condition for each splitting equation
is as follows [10-11]:

1 k k-1
¢ =C(xyzt"), €] =c|

=" =" =%

I 4
k=234, C(x,y.2"")=C| ,
r=t*
1 k 4
whereC ,C ,C — is the impurity concentration

value at one or another calculation step.

The boundary condition of non-leakage is real-
ized due to the use of dummy cells. Based on the
constructed numerical model, the software package
«Dust source pollution 3D» has been developed.

In addition to the considered difference
scheme, a different numerical model is used, its
feature is the splitting of the modeling equation so
that at each fractional step only one physical pro-
cess is taken into account: convection, atmospheric
diffusion, action of the emission source.

oC ouC ovC ow-w,)C
= + +

s

o ox oy oz
oc o, oC. o, oCc. o,  oC
— =W, —)+—Qu,—)+—Wu,—),3
= ax(ux 8x) ay(luyay) az(uzaz)()

oC
E:Qo(t)s(x_xo)&y_)’0)5(2_20)-

Such splitting allows you to calculate separate-
ly the process of dust dispersion when there is
calm, in this case it is necessary to solve the sec-
ond equation from system (3).

Findings

The developed program allowed to carry out
computational experiments to calculate the dust
dispersion in the atmospheric air contained in the
emissions of the fan of the main airing in the
«West Donbas Mine» based on the following
characteristics of the MVF and its release:

— emitted substance — coal dust;

— dispersed composition — polydisperse dust
with particle sizes from 1 mkm too 60—100 mkm;

— the average density of the dust substance —
1900 kg/m?;

— temperature of emission is 24°C, so cold
ejection is considered;

— the intensity of dust emission Qo = 61.6 gfs;
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— height of the mouth of the diffuser above
ground level — 6.5 m;

— the width of the mouth of the source — 6 m;

— the length of the mouth of the source — 6 m;

— average ejection velocity — 11.9 m/s;

— the volume of gas-air mixture 430 m?/s.

The calculation was performed with the follow-
ing parameters: the size of the computational area
was 4 km by 2 km, the wind speed was U = 4 m/s
with the direction indicated by the arrow (Fig. 2).

Lermontova Street
Stepova Street

Secondary School 4
1.81

Spaska Street

Kharkivska Street

Dniprovska Street
Ternivska Sch Robocha Street

City amusemen par] Ivana Franka Street

Peremohy Street

Ternivka

Fig. 2. Distribution of dust concentration from MVF of
the «West Donbas Mine», C [mg/m?]

As can be seen from Figure 2 zones of air
pollution cover nearby villages. Obviously, when
the meteorological situation changes, the position
of the pollution zones will change, but these
territories will fall to some extent into the pollution
radius.

Figure 3 shows the concentration distribution at
1.7 m, which corresponds to the position of the
human respiratory system. As can be seen from
this figure, if we take MPCqus = 10°mg/m?, then at
a distance of 300°m there is a violation of the
MPC. When the MPC is reduced to 10°mg/m?, the
unfavorable zone increases.

Originality and practical value

Numerical models were developed to predict
atmosphere pollution from main ventilator fan. The
model is based on equation of dust convective —
diffusive transfer. For the numerical integration of
modeling equation, the implicit difference scheme
of splitting was used. The developed model can be
used for quick computing of influence of mine
ventilator fan on the settlements, which are situated
near mines.

100

<]
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o
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.
=
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20
= —= a—t
0 T T T T =~ - T .
0 400 800 1200 1600 x,m 2000

Fig. 3. Distribution of dust concentration along the
plume axis, C [mg/m?]

Conclusions

As a result of research we obtained the follow-
ing.

1. Developed numerical model for predicting
the level of air pollution in the zone of influence of
MVF based on the three-dimensional impurity
transport equation, which is solved by finite-
difference methods.

2. The forecast can be performed on the basis of
two numerical models. The models differ in the
used splitting patterns. Both splitting schemes al-
low to calculate quickly the concentration of dust
in ambient air. Calculation time is 10 s.

3.The developed numerical models take into
account almost all the physical factors affecting the
formation of pollution zones in the event of emis-
sion from MVF.

4. These models are implemented in the form of
the «Dust Source Pollution 3D» program code, in
which the transition to the calculation using one
model for any meteorological conditions and the
other, which is realized in the case of a calm situa-
tion, is foreseen.

Carrying out this class of calculations is a nec-
essary tool for the practical assessment of a safe
environmental situation during the operation of
a public year survey, whose activity is related to
the entry of dust into the atmosphere.
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INPOI'HO3YBAHHA 3ABPYJIHEHHA ATMOC®EPU B PA3I BUKU/IIB
3 OCHOBHUX HMAXTHUX BEHTHJIATOPIB

Mera. Buknan i3 cucTeMy BEHTWIALII IIAXTH MOXYTh CTBOPIOBATH IHTCHCHBHE 3a0pyJHEHHS aTMOC(EpHOTro
MOBITPs. SIK IPaBMIIO, BEIMYE3HA KUIBKICTh MIITY 3 MIAXTHOTO BEHTHIIITOPA MOTPAIUIIe€ B aTMOC(EPY B TPH3EMHHIX
mapax. BaxxnuBum 3aBmaHHAM € po3po0OKa METOIIB OIIHKHU PIiBHS 3a0pyIHEHHA aTMOc(epy MoOIu3y maxT i Hace-
JICHUX MyHKTiB. J{y1s BUpilieHHs 1i€i npobieMn BayIMBO Matu (Gi3M4HO 0OIPyHTOBaHI MaTeMaTH4Hi MOJIeNi. Y Hall
Yac sl MPOTHO3YBaHHsI 3a0py/JHEHHS aTMOC(epy MAaXTHUM BEHTHIISITOPOM MOOJIM3Y HACEIICHUX MTYHKTIB, BUKOPHUC-
TOBYIOTH eMmipuuHy monesis OND—86. List Mmozens He BpaxoBye Oarato BaxJuBux ¢iznunux Qakropis. Tomy me-
TOI0 HANIOTO AOCIIKEHHS € po3po0Ka IIBUIKOJIIOUOI MaTeMaTHYHOI MOJEINI JIsi IPOTHO3yBaHHS 3a0pyaHEHHS
aTMocdepr B pa3i BUKHMIIB MUy 3 IIAXTHOTO BeHTHIsITopa. Mertoanka. [[is nporHo3yBaHHs piBHS 3a0pyIHEHHS
aTMocdepu mijJ 4ac poOOTH MIAXTHOTO BEHTHWJIATOPA BUKOPHUCTAHO TPUBUMIpHE PIBHSHHS MHJIOBOTO KOHBEKTHBHO-
mudysiitHoro mMoToKy. Lle piBHAHHA BpaxoBye TpaBiTamiliHI BUTaJaHHS, MIBUAKICTH BITPY, TYpOYJIeHTHY nu(y3ito
B aTMoc(epi, po3TalryBaHHs DKEpeia BUKUIIB MTy. SIK €JHEe MO/ieNIbHE PiBHSIHHS BUKOPUCTAHO HESBHY Pi3HHUIIE-
By cxeMmy posmersieHHs. PesyabTarn. Po3poOneHa maremaTtndHa MOJENb JIO3BOJISE INBHIKO IPOTHO3YBATH
piBeHb 3a0pynHEHHs aTMOocdepH B pa3i BUKHUIIB NIy BiJl IIAXTHOT'O BEHTHIIATOpA. MOAENb H03BOJISAE BUIBUTH 30HA
3a0pyIHEHHS TOONM3y HACeNIeHUX ITyHKTIB, $Ki 3HaXOMAThCS B Oe3MOocepeiHid ONM3BKOCTI BiX MIAXTH.
HaykoBa HoBH3HA. Po3po0ieHa MaTeMaTH9HA MOJIENT BPaxoBYye psia PpismuHuX (HakTopis, siKi Hapasi He OepyTh 10
yBaru B JHi, KOJH 3IiHCHIOIOTh IIPOTHO3 3a0pyIHEHHS aTMOC(epH B HACEIeHUX IMYHKTaX, pO3TAIIOBAaHUX MOOIN3Y
waxty. [Ipakruuna 3HaunmicTs. Ha ocHOBI po3po0iieHoi MaTeMaTH4HOi MOJIeNi CTBOpEHO nporpamuuii kon. Lei
KOJl MOKe OyTH BUKOPUCTaHMH JUIsl OLIIHKK 3a0pyJHEHHs aTMOC(epH B HACEJIEHHX MYHKTAaX, Ji¢ BiJOyBalOThCS BH-
KU BiJl IMAXTHUX BEHTHJISITOPIB.

Kniouosi cnoea: 3a0pynHeHHs atMocdepH; IIAXTHAH BEHTHISITOP; MaTeMaTH4HE MOZEIIOBAaHHS; YHCEIbHA
MOJIETIb
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HNPOI'HO3UPOBAHMUE 3AT'PA3HEHUA ATMOC®EPBI B CJIYUAE
BBIBPOCOB U3 OCHOBHBIX IHAXTHBIX BEHTHJIATOPOB

Hens. BEIOpock U3 cHCTEMBI BEHTWIALNWU IIAXTHl MOTYT CO3/IaBaTh HHTCHCHUBHOE 3arpsi3HCHUE aTMOC(EpHOTrO
Bo3ayxa. Kak mpaBuito, orpoMHOE KOJIMYIECTBO MBUTH W3 MAaXTHOTO BEHTHIIATOPA MOTAagaeT B atMocepy B ImpHU3eM-
HBIX CJI0sIX. BaxkHO# 3amadeii sSBisieTcst pa3padoTKa METOIOB OIICHKH YPOBHS 3aTrPsA3HEHHS aTMOC(EpPHI BOIN3U IaXT
U HACEJICHHBIX MYyHKTOB. J[JIs1 penieHus 3ToH nMpoOieMbl BaXKHO UMETh (PU3NIECKH 0OOCHOBAaHHBIC MaTeMaTHUCCKUE
Mozenu. B Hacrosiiee Bpemsl Ui MPOTHO3UPOBAHMS 3arPsS3HCHHUs] aTMOC(Ephl MIAXTHBIM BEHTHIATOPOM BOJIH3H
HACEJICHHBIX MYHKTOB, HCIOJIB3YIOT IMIUpUIEcKyt0 Moaens OND—-86. DTa Moienbs He YUUTHIBAET MHOTHUE BaKHbBIE
¢usuyeckue paxropsl. [loaTOMY 11€1BI0 JAHHOTO UCCIIEOBAHMUS SIBIIIETCS pa3paboTka ObICTpoeiCTBYIOIIEH MaTe-
MaTHYECKON MOJICNHU ISl MPOTHO3UPOBAHUSI 3arps3HEHUS aTMOC(hepsl B cliydae BRIOPOCOB ML M3 IIAXTHOTO BEH-
Tunsropa. Meromauka. JIjiss MpOrHO3UPOBAHUS YPOBHSI 3arpsi3HeHHs aTMOChepsl pH paboTe MAXTHOTO BEHTHIISATO-
pa HCIONB30BAHO TPEXMEPHOE YPaBHEHHUE IMBUICBOTO KOHBEKTHBHO-TU(P(GY3HOHHOTO IMOTOKA. DTO ypaBHEHUE YIH-
THIBaeT TPABUTAIIMOHHEIC BHIMAICHUS, CKOPOCTh BeTpa, TypOyneHTHYI0 auddysnuio B atMochepe, pacroioKeHue
HCTOYHHKA BRIOPOCOB MBUTH. B kKaduecTBe €IMHCTBEHHOTO MOJICIFHOTO YpaBHEHU UCIIOJb30BaHa HEsIBHAS PAa3HOCT-
Has cxeMa pacuieruieHus. Pe3yabTarbel. PazpaboTanHas MaTeMaTnieckas MOJEIhb MO3BOJSET OBICTPO MPOTHOZUPO-
BaTh YPOBEHB 3arps3HEHUS aTMOC(EpHI IPH BEIOPOCAX MBLUTH OT MIAXTHOTO BEHTHIISATOpa. MO IeNb MO3BOIISET Ompe-
JIEJIATH 30HBI 3arpsI3HCHUS BOJIM3W HACEIICHHBIX IMYHKTOB, KOTOPBIE HAXOIATCS B HEMOCPEICTBCHHOW ONHM30CTH OT
miaxtel. HayuHasi HoBu3Ha. Pa3paboranHas MaTeMaTHYeCcKasi MOJICNb YUUTHIBACT sl Gu3ndeckux (HakTopoB, KO-
TOpbIE B HACTOsIIIIEE BPEMsl HE YUYUTHIBAIOTCS B JHH, KOTJIa OCYIIECTBISIOT MPOTHO3 3arpsi3HEHUs aTMoc(epbl
B HacCeJCHHBIX MyHKTaX, pacrojOoKeHHBIX BOMM3H maxThl. [lpakTudeckasi 3HauumMoctb. Ha ocHOBe paspaboraH-
HOM MaTeMaTUYeCKON MOJIENN CO3/IaH MPOTPaMMHBINA KOJI. DTOT KOJI MOKET ObITh MCIIOB30BaH JIJIsl OIICHKH 3arps3-
HeHust aTMOoc(hephl B HACEIICHHBIX MyHKTAaX, TJI€ MPOUCXOAAT BEIOPOCHI OT MIAXTHBIX BEHTHIISTOPOB.

Knrouesvie cnosa: 3arpsa3aeHue atMocdepsl; MaXTHBIH BEHTWIATOP; MATEMaTHYECKOE MOICITHPOBAaHNUE; YHUCIICH-
Hasi MOJICJb
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