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COMPUTER MODELING OF AIR POLLUTION IN CASE OF DUST
CLOUD MOVEMENT IN OPEN PIT MINE

Purpose. Explosions in open pits lead to the formation of dust clouds. These clouds lead to intense air pollution.
An important task is the development of methods for predicting the dynamics of atmospheric air pollution during ex-
plosions in open pits. The purpose of this work is development of a numerical model to predict atmosphere pollution
after explosion in open mine pit. The task is to develop a numerical model that would allow for the calculation to take
into account the geometrical shape of the open pit mine, the parameters of the meteorological situation (wind speed,
atmosphere), the shape of the dust cloud that is formed in the open pit mine at the site of the explosion.
Methodology. Mathematical modeling of dust cloud dispersion during an explosion in an open pit mine is based on the
use of fundamental equations of aerodynamics and mass transfer. The airflow velocity field in the open pit mine is
modeled using the Laplace equation for the velocity potential. The formation of the concentration field of dust is mod-
eled on the basis of the equation of convective-diffusion dispersion of an impurity. For numerical integration of model-
ing equations, difference schemes are used. The Laplace equation for the velocity potential is numerically integrated
using the Richardson method. For the numerical integration of the convective-diffusion dispersion equation for an im-
purity, an implicit difference splitting scheme is used. Findings. A CFD model has been developed that allows you to
calculate the formation of pollution zones during the movement of a dust cloud in the open pit mine. A feature of the
developed model is the speed of calculation. For practical use of the developed model, standard input information is
required. Originality. In contrast to the existing models in Ukraine, the developed numerical model allows taking into
account the geometrical shape of the open pit mine and the geometrical shape of the dust cloud when making predictive
calculations to assess the level of air pollution caused by explosions in open pits. Practical value. The developed nu-
merical model can be implemented on computers of low and medium power. For practical use of the numerical model,
standard information on meteorological conditions in open pit mine is required. The numerical model can be used for
environmental assessment of the effect of explosions in open pit mine on environmental pollution and work areas.

Keywords: dust cloud; open pit mine; atmosphere pollution; computer simulation

contaminated. An important problem is prediction
of air pollution after explosions in an open pit
mine. In Ukraine, at present, the OND-86 method
is used to predict the process of atmospheric pollu-
tion during explosions in open pit mine. However,
this technique has a number of significant draw-
backs. It does not take into account the geometric
shape of the open pit mine, the wind velocity pro-
file, and atmospheric diffusion.

In this regard, the urgent task is to create effi-
cient numerical models for analyzing the effects of

Introduction

Explosions in open pit mine yield in large
amount of different pollutants emission into the
atmosphere [3]. Assessment of risk as a result of
air pollution in case of such emissions or others at
the different enterprises is of great interest [1,2, 4,
5, 11, 14, 15]. Under the influence of atmospheric
diffusion and wind flow, dust clouds are removed
from the pit. During explosions in the open pit
mines, the territory adjacent to the open pit mine is
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emissions on atmospheric pollution. The use of
numerical models, commercial codes like
ANSYS® for the prediction of air pollution re-
quires the use of powerful computers and much
computer time [7, 8, 12, 13]. For practice, it is im-
portant to have numerical models that would take
into account the main physical factors influencing
the formation of contaminated areas, and on the
other hand could be quickly implemented on com-
puters of low and medium power [2, 4, 5].

Purpose

The aim of the work is to develop an efficient,
fast computing numerical model for prediction of
dust cloud dispersion after explosion in open pit
mine.

Methodology

As it is known, the application of the Navier-
Stokes equations to calculate the wind flow in open
pit mine takes computing time. The calculation
may take several days. Therefore, to create a fast-
calculating computer model, the inviscid fluid
model will be used.

Modeling equations. Introducing the assumption
that airflow is potential, the basic equation of aero-
dynamics has the form [6, 9, 10]:

o’P  0O°P

_ + —_

axz 8y2
where P — is velocity potential, x, y — are Cortesian
coordinates, m.

When applying this equation, it is assumed that
the Y axis is directed vertically upwards.

To solve the equation (1) the following bounda-
ry conditions are used [6]:

1)on the walls of the open pit mine, as well as
on other solid surfaces located inside it, a follow-
ing boundary condition is set: 0P/on = 0, where n —
1s unit vector of external normal to solid wall;

2)at the inlet boundary we set: OP/On =V,
where V,, — known airflow velocity, m-s™;

3)at the outlet boundary we set: P = Py+const,
Py — is arbitrary number (Dirichlet condition).

To simulate the dispersion of dust in open pit

mine, the mass transfer equation (Marchuk equa-
tion) is used [6, 9, 10]:
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where C — is dust concentration in the atmosphere,
ug'm>; u, v — are wind flow velocity components,
m's'; wy, — is dust fallout speed, m-s’;
i :( ux,uy) — are turbulent diffusion coefficients,

+oC=

m?>'s!, x, y — are Cortesian coordinates, m; ¢ — co-
efficient of pollutant chemical decay, s

Initial and boundary conditions for (2) are
discussed in [6].

Numerical model. Numerical integration of
modeling equations is carried out using a rectangu-
lar difference grid.

Convective derivatives are represented as [6]:
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The approximation of these derivatives is carried
out according to the formulas [6]:
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The time derivative is approximated as follows:
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To approximate the second derivatives, the fol-
lowing formulas are used [5]:
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Taking into account the above notation for dif-
ference operators, the original mass transfer equa-
tion is represented as:
crt_cr.
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Further, splitting of this difference equation is
carried out as following:
I)on the first step of splitting (k =n+1/4) the
difference equation has the appearance:
k n
GG, l(L;C" +L.C* ) +2ck =
At 2 ! 4 "

1 Al e all
:Z(MXXC +MCH+ M CM M CH). (3)

2)on the second step of splitting (k =n+1/2;
¢ =n+1/4) the difference equation has the appear-
ance:
ck.—cr.
E +1(L;Ck +LCH)+2C =

At 2 ? 4 "

Lo . ‘
:Z(MMC" +MC+ M, Ch+ M CY). (4)

3)on the third step of splitting (k =n+3/4;
¢ = n+1/2) the equation (4) is used;

4)on the fourth step of splitting (k=n+1;
¢ = n+3/4) the equation (3) is used.

From equations (3) and (4) the unknown value
of the dust concentration is calculated by explicit
formula of running calculation.

For the numerical integration of velocity poten-
tial equation, Richards method was used. To solve

the two-dimensional equation for the velocity po-
tential, first of all, this equation was written in evo-
lutionary form [6]:
2 2
op_ap oP 5
o ' oy’
where ¢ — fictitious time (dimensionless).

It is known, that when ¢ — oo the solution of
this equation will approach to the Laplace equation
solution for the velocity potential. To solve equa-
tion (5), it is necessary to set “initial’ field of ve-
locity in computational region at ¢ = 0. For exam-
ple, before starting the calculation, you can set P =
0 in the entire computational domain for ¢ = 0.
Numerical integration of equation (5) is carried out
on a rectangular grid. Function P is determined in
the center of the difference cells.

Differential scheme (Richardson’s method) for
numerical integration of the evolutional equation
(5) is written as:

n n n
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The unknown value of the velocity potential is
determined by the explicit running calculation
formula. The calculation is completed when the
following condition is fulfilled:

AR AR (©)

where ¢ — is a small number (e.g., € =0.001); n —
iteration number.

After determining the velocity potential field, the
components of the air velocity vector are calculated
at the sides of the computational cell using formulae:

_ Pij B Pi—l,j
[/ Ax ’
_ Plj - Pi,.]—l
V=
b Ay

This approach to compute velocity components
on the sides of computational cells allows con-
structing a conservative difference scheme for the
mass transfer equation.
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For practice, it is extremely important to repro-
duce the geometric form of the open pit mine. For
this, in the numerical model we used porosity
technique (‘markers’ method). The computational
domain is divided using a rectangular difference
grid (Figure 1). Using markers, we constructed
open pit mine boundaries. Using other markers, we
constructed the initial geometrical form of dust
cloud in open pit mine. Other markers were used to
construct the geometrical form of obstacle near
open pit mine. This technique for computational
region formation in numerical model allows to
change quickly this form during numerical experi-
ments. In Figure 1 the arrow indicates the wind
direction.

Fig. 1. Sketch of computational domain scheme:
1 —dust-gas cloud; 2 — obstacle (trees position)

The developed numerical model was coded us-
ing Fortran language.

Findings

Developed numerical model was used to com-
pute dust cloud movement in open pit mine.

To make all parameters dimensionless, we have
chosen the following scales [2]:

1) v, is the wind velocity at the left boundary,

v, =8m/s;

2) L., mis the length of the computational
domain,;

3) C,, pg'm-3 is the initial dust concentration

in the cloud for r=0.
The dimensionless parameters are calculated as
follows:

D= 1"
2)CcC=C » / C, , where C » is dust concentration,
pg m-3;

vW/Lx , where 7, is time, s;

3)L= Lp /ix , where Lp is length, m;
Hv=v,/v,

m/s.
The length of the computational domain is
L. =1 (dimensionless), the height of the computa-

, where v, is local wind velocity,

tional domain is Ly

concentration of dust in the cloud is C =1 (dimen-
sionless) for r=0.

Figures 2-8 show dust concentration field for
different time after explosion in open mine. In Fig-
ures 2-8 the arrow indicates the wind direction.

Y

=1 (dimensionless). The initial

X

Fig. 2. Pollution zone: t=0.1 (time is dimensionless):
1-C=0.82;2-C=0.88; 3 - C=0.94

X

X

Fig. 3. Pollution zone: =10 (time is dimensionless):
1-C=0.67;2—-C=0.73; 3 - C=0.81

Y

X

Fig. 4. Pollution zone: =35 (time is dimensionless):
1 - C=0.51;2—-C=0.59; 3 — C=0.64
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Y

Fig. 5. Pollution zone: =48
(time is dimensionless):
1-C=042;2—-C=0.48; 3—C=0.55

From Figures 2-5 we see deformation of dust
cloud form in open pit mine. This dust cloud is
expanding during the time as a result of atmospher-
ic diffusion action.

Figures 6-8 show dust concentration field for
different time after explosion in open mine but
when obstacle was introduced at one side of the
open pit mine.

Y

Fig. 6. Pollution zone: =39
(time is dimensionless):
T — obstacle, 1 — C=0.48; 2 — C=0.56; 3 — C=0.61

Fig. 7. Pollution zone: =48
(time is dimensionless):
T — obstacle, 1 — C=0.40; 2 — C=0.46; 3 — C=0.53

0 X

Fig. 8. Pollution zone: =67 (time is dimensionless):
T — obstacle, I — C=0.32; 2 — C=0.41

Figures 6-8 illustrate the process of dust cloud
diffraction on the obstacle, the height of the
obstacle is L=0.2 (dimensionless). This obstacle
(see Figures 6-8, position T) simulates trees
position near the open pit mine [7].

Worthy of note that computational time was 5 s.

Originality and practical value

New numerical model was developed to predict
atmosphere pollution after blasts in open pit mines.
The model is based on equation of dust dispersion
in the atmosphere and equation for speed potential.
To solve governing equations difference schemes
of splitting were used. Proposed numerical model
can be used for predictive calculations to assess the
impact of explosions in open pit mines on the envi-
ronment.

Conclusions

In this paper an effective numerical model for
calculating the process of atmospheric pollution
after explosion in open pit mine was developed.
The model is based on the numerical integration of
the equation for the velocity potential and the Mar-
chuk equation. The difference schemes used have
logical simplicity and convenient for program-
ming. The calculation of the process of atmospher-
ic pollution on the basis of the developed numeri-
cal model requires about 5 seconds of computer
time. This allows to carry out serial calculations
within one working day. Further development of
this direction is associated with the creation of
a three-dimensional numerical model of the atmos-
pheric pollution process during explosion in open
pit mine.
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KOMII''OTEPHE MOJAEJTIOBAHHS 3ABPYTHEHHS
ATMOC®EPHOI'O ITOBITPA IITI YAC PYXY IINJIOBOI XMAPH
B KAP'€EPI

Merta. Bubyxu B Kap’epax IpHU3BOJATH 0 YTBOPEHHS MUJIOBUX XMap, sIKi IHTEHCHBHO 3a0pYIHIOIOTH aTMOC(EpHE TI0-
BiTpsi. MeToro 1i€l poOoTH € po3poOKa YHCeNbHOT MOJIENI TSl POTHO3yBaHHs 3a0py/IHEHHS aTMOC(EepH Iicisi BUOYXY B
kap’epi. Taka uucenbHa MOJENb MOBHHHA I/l Yac PO3PaxyHKy BpaxoBYBaTH reoMeTpuuHy (opMy Kap'epy, nmapameTpu
METEOpOJIOTiYHOI cHuTyanil (IBUIKICTH BITPY, CTaH arMocdepH), popMy MUIOBOI XMapH, 10 YTBOPIOETHCS B Kap’€pi Ha
Micmi BuOyxy. MeToanka. MateMaTidHe MOJICTIFOBAHHS PO3CIFOBAHHS IMMJIOBOI XMAapH I/ 9ac BUOYXY B Kap €pi IPyHTY-
€THCS Ha BUKOPHUCTaHHI ()yHIaMEHTATbHHUX PIBHSHD aepOIIHAMIKH i MacorepeHocy. [1oJie mBHIKOCTI MOBITPSHOTO TIOTO-
Ky B Kap’€pi MOJICITIOETHCS 3a IOTIOMOTOI0 piBHAHHS Jlarmaca /it moTeHniary mBuaKocTi. @opMyBaHHS KOHIICHTpAIliitHO-
TO TIOJISI TIMTY MOJEIFOETHCS. Ha OCHOBI PIBHSHHA KOHBEKTHUBHO-IH()Y3IHHOTO PO3CIFOBAaHHS JOMIMIKH. J[iIs dumcebHOTo
IHTETpYBaHHSA MOJIEIFOBAFHIX PIBHSHD BHKOPHCTAHO Pi3HMIICBI cxemu. PiBHsHHs Jlammaca i moTeHmiamy MBHIKOCTI
YUCETBHO IHTEIPYEThCS 32 JTOMOMOIOr MeToxy Pidapncona. /I YMCeNnbHOTO iHTErpYBaHHs PIiBHSHHS KOHBEKTHBHO-
J(hy3iHHOTO PO3CIFOBAaHHS JOMIIIKH BUKOPUCTAHO HESIBHY PI3HHIIEBY CXeMy po3iieiuicHHs. Pesyabrarn. Po3pobieHo
CFD — Mopzenp, sika JI03BOJISIE BUKOHATH PO3paxyHOK (opMyBaHHS 30H 3a0pyAHEHHS MiJ Yacy pyXy IHJIOBOI XMapu
B Kap’epi. OcoOMMBICTIO pO3pOOICHOT MOAIEN € IBHAKICTh po3paxyHKy. Jlyst ii MpakTHYHOrO BUKOPUCTAHHS HEOOXiTHa
craHzapTHa BxifHa iHpopmariis. HaykoBa HoBu3Ha. Ha BinMiHy Bix HasiBHUX B YKpaiHi Mozeneii, po3po0ieHa yncenbHa
MOJIeTIb  JIO3BOJISIE BPAaxOBYBAaTH TreoMeTpuuHy QopMy Kap’epa W reoMeTpuuHy (OpMy IIHJIOBOI XMapu is
MIPOBE/ICHHSI POTHO3HHUX PO3PaxXyHKIB 3 OLIHKU piBHs 3a0pyAHEHHs aTMOcdepHOro MoBiTpsl Iij yac BUOYXIiB y Kap’epax.
IIpakTuyna 3HaunMicTb. Po3po0ieHa uncebHa MO MoXe OYTH IMIUIEMEHTOBaHA Ha KOMIT'FoTepax Mayol i cepen-
HBOI OTY>KHOCTI BUKOPHUCTAHHSM CTaHAAPTHOI iH(pOpMaLlii Mpo MeTeOyMOBH B Kap’epi. L{ro Moenb MOKHA BUKOPHCTOBY-
BaTH JJIsI €KOJIOTIYHO] OIIHKY BIDIMBY BUOYXIB Y Kap’epi Ha 3a0pyIHEHHS HABKOJHIITHHOTO CEPEOBHINA i pOOOUHX 30H.
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KOMIIBIOTEPHOE MOJAEJIMPOBAHMUE 3ATI'PA3HEHUSA
ATMOC®EPHOI'O BO3AYXA ITPU IBUXYIIEMCA IIBIJIEBOM
OBJIAKE B KAPBEPE

Henn. B3peIBEI B KaphepaX NPHBOAAT K 0OpA30BaHHIO TBLUICBBIX 00JAKOB, KOTOPBIC HHTCHCHBHO 3arps3HSIOT aTMO-
cepubrii Bo3nyx. Llenbro manHol paboTh SBISETCS pa3pabOTKa YHCICHHOW MOJENHU YIS IPOTHO3UPOBAHUS 3arPsI3HCHIS
aTMoc(epbl MOCNe B3phIBa B Kaphepe. JTa YHCIeHHAs MOJIEIh JOJDKHA TIPH pacyeTe YIUTHIBATH TEOMETPUUECKYIO (OopMy
Kapbepa, apaMeTpbl METEOPOIOTHIECKON CHTYaIMK (CKOPOCTh BETpa, COCTOsIHME aTMocheps), popMy TbLIEBOTO obaka,
KOTOpoe o0pasyeTcs B Kapbepe Ha MecTe B3pbiBa. MeToauka. MateMaTnueckoe MOJIENTMPOBAHUE PACCEUBAHUS TIHLICBOTO
o0Jiaka pu B3pbIBE B KAPbepe OCHOBBIBAETCS] HA HMCIIOJIb30BAHMU (DYHIAMEHTAILHBIX YPaBHEHHH a3pOIMHAMUKH U Macco-
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EKOJIOI'I TA IIPOMUCJIOBA BE3IIEKA

niepeHoca. [losie ckopocTH BO3IYyIIIHOTO TOTOKA B Kaphepe MOJIETMPYETCs C ITOMOIIBIO ypaBHeHust Jlamiaca ist noTeHnpana
ckopoctd. DopMHpOBaHME KOHLEHTPALIOHHOTO TMOJISI TBUIM MOJEIMpYeTcst Ha 0a3e ypaBHEHHS KOHBEKTHUBHO-
1 dy3HOHHOTO paccerBaHMs MPUMECH. [IIsI YHMCICHHOTO MHTETPHPOBAHMS MOJICIHUPYIONMX YPaBHEHNH HCIOIB30BaHBI
Pa3HOCTHBIC CXeMbl. YpaBHeHHe Jlamumaca 1jid MOTEHOMana CKOPOCTH YHCICHHO HHTEIPUPYETCS C NOMOIIBI0 METOona
Prrqapricona. J{yist 9MCIeHHOTO MHTETPUPOBAHNS YPABHEHHSI KOHBEKTHBHO- (P y3HOHHOTO PACCEUBAHNS IPUMECH HCTIONb-
30BaHA HEsIBHAS Pa3HOCTHAS cxema paciiernieHus. Pesyabrarbl. Paspadorana CFD — Mozens, KoTopasi o3BOJISET BBITION-
HUTb pacueT (GOPMUPOBAHMS 30H 3arpsA3HEHNS TIPH IBIDKEHUH ITBIIEBOTO o0raka B Kapbepe. OcCOOEHHOCTRIO pa3paboTaHHON
MOJIENH SIBJIsieTcsl ObIcTpoTa pacyeta. [t e€ mpakTHYecKoro UCIob30BaHMs HeoOXOIMMa CTaHAapTHAsE BXOJHasl HH(OP-
Mmais. Hayunast HoBm3na. B omimume ot cymiecTByrommx B YKpawHe Mojenel, pa3paOoTaHHas YHCIIEHHAsm MOJIesb
TIO3BOJISIET YYHUTHIBATH TEOMETPHUECKYIO ()OPMY Kapbepa M T€OMETPHUECKYI0 (POpMy MBUICBOrO 00JaKa Jyuisi MPOBEACHHS
MIPOTHO3HBIX PACUETOB IO OLICHKE YPOBHS 3arpsi3HEHKS aTMOC(EpHOTO BO3/lyXa IPH B3pbIBax B Kapbepax. [IpakTuyeckast
3HAYMMOCTh. Pa3paboTaHHasi YHCIICHHAs] MOJIEb MOYKET OBITh MMIUIEMEHTHPOBaHA HAa KOMITBIOTEpAX MaloOi U cpenHen
MOII[HOCTH C UCTIOJIB30BaHUEM CTaHIapTHOH MH(OPMAIHS O METEOYCIIOBHSX B Kapbepe. DTy MOJIeb MOYKHO HCIIOJIb30BATh
JUTST 9KOJIOTHYECKOH OLIEHKH BIIMSTHUSI B3PBIBOB B Kaphepe Ha 3arpA3HEHIE OKPYKAIOIIEH Cpeibl M pabOviX 30H.
Kniouegvie cnosa: mpineBoe 001ako0; Kapbep; 3arpsi3HEHHE aTMOC(EPBI; KOMITBIOTEPHOE MOJIEITMPOBAHIE
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