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Purpose. Development of a numerical model to compute the dynamics of atmosphere pollution in workplaces after accidents 
which results in toxic chemical emission. Methodology. For the numerical simulation of atmosphere pollution in workplaces 3D 
equation of pollutant dispersion is used. This equation takes into account the convective and dispersion processes of pollutant 
transport, the rate of toxic chemical emission. position of source emission. For the numerical integration of the governing equation of 
pollutant dispersion in atmosphere the implicit finite-difference scheme is used. On the basis of the numerical model generic model 
was developed FORTRAN language was used to develop the generic model. Computational experiments were carried out to 
calculate the dynamics of pollution after accident emission at ammonia pipeline which is situated at Dnepr River. Findings. The 
proposed model allows to simulate the atmosphere pollution in workplaces after accident emission of toxic chemicals . The model 
allows quickly obtain the information which can be used for response methods development. Results of numerical experiments are 
presented. Originality. 3D numerical mode[ was developed allowing to calculate quickly atmosphere pollution after accidents which 
result in toxic chemical emission. Practical value. The developed model ca n be used tor numerical simulation of air pollution in 
workplaces after toxic chemicals emissions. It can be used at the stage of PLAS (TIJTAC) development. 

Keywords: atmosphere poilution, numerical simulation. accident emission of toxic chemical 

qHCJIEHHOE MO.LJ:EJIHPOBAHHE 3ArPR3HEHHSI B03,l(YX.A B 
PA.60qHX MECTAX IIOCJIE 3MHCCHH TOKCIJqHLIX BEIQECTB 

EEJUIEB H. H. 1
, o.m.H, npo¢., 

AMEJU1HA n. B. 2*, COUCKameJLb, 
CTEIIAHOBA 10. 0. 3. cmyoeHm, 

1 Kal)>e.n:pa «rMpas:mKa H so.aocHa6jj{eHHel>, JlHenponeTpOBCKHH Hau»oHaJihHhJH yiu!sepcHTeT JKene3Ho.uopojj{Horo TpaHcnopTa 
HMeHH aKa.ueMHKa B. JTa:mpjjHa, yc1. JTaJapliHa, 2. 49010, .[(HenponeTpOBCK, YKpa»Ha TeJJ. +38(056) 373-15-09, e-mail: 
gidravlika20 l3@mail.ru, ORCID ID 0000-0002-1531-7882 
z• Ka<f>e.lqla «rw.n:pasnHKa H so.uocHa6JKeHHe», )lHenponeTposc~rnit Hat~HoHa'lhHhJH }'HHBepcureT JKeJie3HOtlOPOjj{Horo TpaHcnopTa 
HMeHw ai<a,[leMHKa B. JlaJapj!Ha, yJr. JTaJapHHa, 2, 49010, .[(HenponeTpOBCK, YKpaHHa TeJI. +3 8(056) 373-15-09, e-mail: 
gidravlika2013@ mail.ru, ORCID ID 0000-0002-8525-7096 
3 Ka<f>e,~J,pa «rH.upasJIHKa H so.n:ocHa6JKeHHe», .[(HenponeTpOBCKHli HaUHOHaJihHhiH ymmepcHTeT jj{eJle3Ho.uopoJKHoro TpaHcrropTa 
HMeHw ai<a.AeMHKa B. Jla:JapJIHa, yJI. JlaJapHHa, 2, 49010, )lHenponeTpOBCI<, YKpaHHa TeJI. +38(056) 373-15-09, e-mail : 
gidravlika2013@mail.ru, ORCID ID 0000-0002-5793-5160 

Anuora._.uH. l(e.nb Pa3pa6oTKa 'IHCJleHHoif Mo.ue;m .Q.njj pac'!eTa .UHHaMHirn 3arpH3HeHJ1jj anmc<f>ephi Ha pa6o4HX Mecrax nocne 
asaplrli, '!TO np»BO.UHT K JMHCCHH TOKCH'!HhiX XHMH4eCKHX semecrs. MeTotJ:HKa • .[(rrll 4Hc.neHHoro MOJieJIHposaHIDI 3arp!13HeHlli! 
aTl\!OC<f>epb! Ha pa60'!HX MeCTax HCfiOj]hJyeTCH 3D ypaBHeHHe 1\HCDepCHH 3afpjj3illll0ll\Cf0 semecrBa. 3To ypaBHeHHe }'4HThJBaeT 
I<OHBeKTHBHhle 11 }J,HCnepC110HHhie npOU,eCChl nepeHOCa 3arpll3illi!Oll\HX BellleCTB, CKOpOCTh 3MHCCHH TOI<CH4HhiX XMMH'IeCKHX 
BerneCTB, DOJlOJKeHHe HCTO'IHHI<a 3MHCCifH. .lJ.nll 'IHCJleHHOI'O HHTerpHpOBaHHll MOJJ,eclHp)101llefO ypaBHCHHll pacceHBaHHJI 
3arp}I3H}IIOillHX BemeCTB B afMOC<f>epe HCnO;lh3yeTC}I He}IBHM CXeMa KOHe'!HhiX paJHOCTeH. Ha OCHOBe 'IHCJleHHOH MOl\eJJH ObVJa 
propa6onma o6mM Mo.aenh. ):liDI propa6oTKH o6meif Mo.ue_-m 6bl!1 Hcno-'Ih3oBaH FORTRA.l\1. llHcneHHhie JI<cnepwMeHThJ 
!IpOBO.UHJlHCh JJ,Jlll pae'leTa .UHHaMHKH 3arpjj3HeH.IU! DOCJ!e asapHHHOfO CJJy4a)! pa3JlHBa Ha Tpy6onpOBOJJ,e aMMHaKa, KOTOpblH 
pacrrOJIOJKeH Ha peKe .[(Herrp. Pe:JyJtbmantbl. fipeJJ,.lJOjj{eHHlUI MOlle.'!b D03B0Jl}leT MOJJ,eJmpOBaTb 3arpjj3HeHIDI B03.ll:)'Xa Ha paOO'IHX 
Mecrax TIOCJJe asapHHIJOH JMHCCHH TOKCH'IHbiX XHM114eCKHX semeCTB. Mo.n:e:Jh fl03BOJmeT 6b!CTpO ITOclY'IHTh HH<f/OpMaUHJO, 

51 



CTPOliTEJihCTBO, MATEPJIAJIOBEliEHliE, MAIIIHHOCTPOEHHE. Bhll. 98-2017 ISSN 2415-7031 

KOTOpall MOlKCT 6LITb IICITOilhJOBaHa .IJ,illl pmpa60TKI1 MeTOliOB peampOB3HIIll. J1pC.<:\CT3BilCHbl peJyilbTaTbl 'IHCilCHHbiX 

JK~.:ncpHMCHTOB . Hay'IHUR H06U3Ha. libUia pmpa6oTana 30 'IHI.:JICHHall Mo.n.eilL, 'ITO noJBOJJlleT Ohtcrpo pacc'!HTaTL 3arpJJ3HCHHJJ 

aTMOc<jlepL! ClOCHe aBapHM, KOTOpb!e npHBOllliT K TOKCII'IHLIM X11MH'ICCKHM BLI6pocaM. llpaKitiU'IeCKWI 3HU'IUMOCmb. 

PmpaOoTaHHaJJ MO)lCJih MOlKeT 6LITh IICITOilh30BaHa llilll 'IHCilCHHOfO MO.!J.C,111pOB3HIIJI 3afpli3HCHIIJI B03)lyXa Ha pa60'IHX MCI.:Tax 

noc.1e BM6pocoo TOKCH'IHbiX XHMH'IeCKHX BCll\CCTB. 0Ha MOlKeT 6hrrh HCITOilhJosaHa na CTMIIH pa3pa6oTRH PLAS (TIJIAC). 

K.mo'le6bte CR06G.' 3arpli3HCHIIll aTMOCQJCphi, 'IHCJieHHOe MOl!ei1HpOB3HIIe, asap11il.HaJJ )MIICCIIll TOKCH'IHLIX BCU\CCTB. 
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AuoTaQiH. Merna. P03po6Ka '!Hce.%Ho·i Mo~en.i .IJ.illl pmpaxynKy l!HHaMiKM 3a6pynneHHll aTMoc<jlepH Ha po6o'IHX MiCI.VIX nicilR 

asapii! , ll\0 IlpHJBOl!HTb l!O CMicil TOKCH'IHHX XiMi'IHHX pe'IOBHH. MemoiJUKU. )L1ll 'IHCeilbHOfO MOL\CJ1JOBaHHJI 3a6py.liHeHWI 
aTMOCQJCpH Ha pOOO'II!X MiCI\liX BHKOpHCTOBY€TLCll 30 piBHJIHHll liHCITepcii' 3a6py)lHIOIO'lOi' pei.JOBHHH. I..(e piBHJIHHll Bpaxoay€ 

KOHBCKTHBHi j ~Hcnepcii!Hi IIpOUCCH nepCHOCY 3a6py.<:\HIOIO'IHX pe'IOBHH, WBHllKiCTb CMicil TOKCH'IHHX XiMi'IHHX pC'IOBHH, 
no.1olKeHHll ~lKepe11a eMicii'. LJ;,'lll 'IHCCJJbHOro iHTerpyBaHHll KepYJO'IOro piBHliHHll po3ciiOBaHHll 3a6pyl!HIOIO'IHX pe'IOBHH B 

aTMOC(jlepi BHKOp11CTOB)"€ThCll HeliBHa CXCMa KiHUCBifX piJHHUh. Ha OCHOBi 'IHCC.1hHOi' MOl!eni 6).'13 po3p06iJeHa 33l'<l,'lhH3 MO)lCJ!h. 

)..l,nH p03po6KH 3ara.lbHoi' MOJ\Ccli 6ya BHKOpHCTaHitil. FORTRAN. lfllce,lbHi eKcnepHMeHTn npoBOl!IUHCll l\illl p03paxynKy .111maMiKH 

Ja6pyliHCHHll nicJIS! aaapiilnoro BliiTMKY poJilHBY Ha Tpy6onposo~i a...UaKy, liKHH poJTawosaHHH na pi'lui )..l,Hinpo. Pe3J'Hbmamu. 

3anp0110HOBaHa MO,'\CJ1b ,UOJBOJ!llf MO.!\C,'JIOBaTii Ja6p)"~HCHHR llOBiTpll Ha p060'IHX MiCI\liX niC.111 asapii!HOl CMicil TOKCH'IIIHX 

XiMi'IHIIX pe'IOBHH. Mo,Uem, J\03B0,1llf WBII,UKO OTpH~IaTii iHQJOpMaUiiO, l!Ka MOJKC fiyrH BHKOpHCTaHa ,11.!111 p03pOfiKH MeTO.!J.iB 
pear;'BaHHll. Dpel\CTasncni peJy.lJLTaTII 'IHCCilhHHX eKcnepHMeHTiB. Hay«oBa HOBUJHa. fiy.1a pmpo6,1ena 30 'IHCCJihHa Mo.n.enb, mo 
llOJBOilllf WBH,ll,KO p03paxysaTH Ja6py11HeHHJI aTMOC<lJepH IIiC.1JI asapiH, liKi !IpH380l!liTb ,[\0 TOKCH'IHHX XiMi4HHX BHKH)liB. 

llpaKitiU'IHU JHU'IUJifiCmb. P03po6,1e11a MOl!CJlf, MOlKe 6yTH BHKOpHCTaHa ll.;lll 'IHCCclbHOfO MOl!CiliOB3HHJI 3a6pyliHCHHJI ITOBiTpll Ha 
po6o'IHX MiCI.VIX rriCJIJI BHKHlliB TOKCH'IHHX xiMi'IHHX pe'IOBHH. BoHa MOlKe 6ym BHKopncrana na CTMit pmpo6KH PLAS (ITJJAC). 

K ·110'106i CJI06G.' 336pyllHeHHll aTMOCQJCpH, 'IHCeJlbHC MOD.eJIIOBaHHJI, aaapii!Ha eMiCill TOKCH'IHHX pC'IOBHH. 

Introduction 

Emission of toxic chemicals can take place at 
different industrial enterprises or transport. Very 
dangerous are emissions as a result of terror acts at 
enterprises or transport [6, 9-12]. The huge amount of 
toxic chemicals can be emitted in to atmosphere during 
the short period of time. In such situations it is very 
important to have a tool for risk assessment and possible 
damage prediction. Such tools can be also used for 
prediction of damage for different scenario of accident 
emission. To solve this problem the mathematical models 
which are based on Gaussian dispersion models are used 
in practice [ 4, 5, 7, 8, I 0]. These models are implemented 
in different codes such as "AERMOD" "CULPUF", 
"ToKcR", "AMMRaK", etc. From the mathematical point 
of view the Gaussian models represent the analytical 
models which are supplied with some empirical 
coefficients. These models allow to predict quickly the 
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atmosphere pollution and risk assessment in cases of 
terror acts or accident emissions (See Fig. I). 

Fig. 1 Contamination area in Gdansk after toxic chemical 
emission (results of mathematical modeling) {1 I} I 

]OHG 3aZpR.3HeHUJt no(J3eMHbl.X: 600 nOCJie 3MUCCUU 
onaCHOZO 6e!IJeCmea 6 Z. ToaHCbK (pe3yflbmambl 

MameMamut~ecKozo .~ooeRupoBaHUJt) [ 11} 
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Being the analytical models the Gaussian models are 
restricted enough. The models do not take into account a 
number of important physical factors. Numerical models 
represent more advanced approach to solve the problem 
of atmosphere pollution after accidents [2-4, 9, ll, 15]. 
Development of such models for emergency respond 
goals are still of great importance. 

Purpose 

The purpose of this work is development of 3-D 
numerical model to estimate the atmosphere pollution in 
workplaces after toxic chemical accident emission. 

Methodology 

Mathematical model. We consider toxic chemical 
emission from a point source. To predict the air pollution 
in workplaces we use 3D equation of pollutant 
dispersion in atmosphere [ 1-4, 6] 

ac auc a vC awe -'' -+--+--+--+uL = at ax ay az 
a / ac I a ( ac I c r cc ') 

= axlt-Lx ax)+ cy 1-iy oy .t cz l·uz GZ + 

+ LQ;(t}o(x-xJ5(y- y;)o(z-.:,), 

(l) 

where C is toxic chemical concentration; u. v, H' are 
the wind velocity components; a is the parameter taking 
into account the process of toxic chemical decay; J..t = (!lx. 
~iy , !lz) are the diffusion coefficients; Q is intensity of 

point source emission; 8(r- r;) are Dirak's delta 

function; r; = (x; . y; , z;) are the coordinates of the point 
source of emission. 

This equation is used with the following boundary 
conditions: 

• inlet boundary: cl = c L', where c' is 
Imler .c- 1:::. 

the known concentration (very often c £ = 0 ); 

• outlet boundary: in nu..'!lerical model the 
condition C(i+l,J,k)=C(i,J,k) is used (this 
boundary condition means that we neglect the process 
of diffusion on this plane); 

DC.' 
• top boundary and ground surface - = 0 . 

On 
In the numerical model developed the following 

approximations for wind speed and diffusion coefficient 
are used [4]: 

U = U 1 ( ;, ) n J1 = = 0, I I Z , J.ly = KoU, 1-lY = J.lx, 

where u1 is wind speed at the height z1=lOm; n=O,l5; 
ko is parameter [4]. 

Numerical model. To solve the modeling equation 
(1) we use implicit difference scheme [1,2,9]. The main 
idea of this scheme is splitting of equation (l) [1,2,9]. As 
a result we obtain implicit difference equations which 
can be solved using explicit formulae. These formulae 
can be easily coded. FORTRAN language was used to 
code the developed numerical model. 

Findings 

The developed code \Vas used to simulate t..he- air 
pollution L.'l workplaces which are situated at the right 
bank of river Dnepr near ammonia pipeline. The problem 
of accident ammonia emission at this ammonia pipeline 
(Fig. 2-4) is under consideration. This pipeline crosses 
Dnepr River not far from Zaporozhie city. Results of 
computer simulation in the case of accident emission at 

Fig 2. View of the ammonia pipeline at Dnepr River I 

Buo a.M.MUaKanpoeooa Hap. jJHenp 

Fig 3 Position oft he ammonia pipeline on map / 

flo.7o:JK:eHue aMJWUaKonpoeooa Ha Kapme 

Fig.4. Position of the ammonia pipeline / 

flo!TO:JICeHue a.MJWUaKonpoeooa 
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Fig.5 Polluted area, t= 45s I 

JoHa 3a2p5L1HCHUR, t= 45c 

As we can see from this Figure the cloud of toxic gas 
quickly reaches the right bank of the river where the 
workplaces are situated. Jt means that the workers who 
serve this pipeline will be hit. 

In Fig. 6 the results of numerical simulation of 
ammonia emission at pump station are presented. In this 
case we simulate the accident ammonia emission at pump 
station. 

Fig. 6 Polluted area at ammonia-pump station, t= 15s 

/ Jona 3a2pfl311CIIUR 11a HGCOC/iOU cmmtl{UU no 

nepeKa'IKe G.JI1MUQKG, t= } 5c 

As we can see from Fig. 6 the plume of toxic gas 
quickly covers the territory of pump station. It means that 
the workers who serve this pipeline will be hit 

Originality and practical value 

A 3D numerical model to predict atmosphere 
pollution in workplaces after toxic chemicals emission 
was developed. The model is based on the 3D equation 
of pollutant dispe.rsion. This model allo\VS to compute the 
dynamics of the atmosphere pollution after accident. 

Conclusions 

The article contains description of 3-D numerical 
model and it's application to predict the air pollution in 
workplaces after accident with toxic chemical emission. 

The developed numerical model takes into account 
the main physical factors which influence the process of 
toxic chemical dispersion in the atmosphere. The model 
allows to predict the air pollution in workplaces at 
different chemical enterprises and may be used as the 
tool for risk estimation. The future work in this field will 
be connected with development of mathematical model 
to simulate dynamics of air pollution on the base of 
Navier -Stokes equations. 
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