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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 model was developed allowing to calculate quickly atmosphere pollution after accidents which
result in toxic chemical emission. Practical value. The developed model can be used for numerical simulation of air pollution in
workplaces after toxic chemicals emissions. It can be used at the stage of PLAS (IIVTAC) development.
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AnHoTtanus. Ifeny Pa3zpaboTka 9uCICHHON MOAENN JUIs pacdeTa JMHAMUKH 3arps3HEHIS aTMoc(epsl Ha padodrx MecTax Iocie
aBapwii, YTO NMPUBOAUT K IMHUCCHHM TOKCHYHBIX XMMHYECKHX BemiecTB. MeToauka. [l 9HCICHHOrO MOIEIMPOBAHUS 3aTrPSI3HCHUS
aTMochepsl Ha pabounx MecTax HcHoms3yercss 3D ypaBHEHHE TUCHEPCHH 3arps3HSIONICTO BEIIECTBA. JTO YPABHEHUE YIHTHIBACT
KOHBCKTHBHBIC U HCIEPCHOHHBIC IIPOLECCH IEPEHOCA 3arps3HSIOMNX BEIIECTB, CKOPOCTh 3MHCCHH TOKCHUHBIX XUMHYECKHX
BEIIIECTB, IOJOXKCHHE WCTOYHUKA SMHCCHH. [l YHCICHHOTO WHTETPHPOBAHUS MOCIUPYIONIETO YPAaBHEHHS PACCEHMBAHUS
3arpsI3HAIOMNX BEHIECTB B aTMocdepe MCIOoNb3yeTcsl HesBHAS CXeMa KOHEYHBIX pasHocTel. Ha ocHoBe umcneHHOM Mozmenw Oblia
pa3paborana obmas moxmenb. [ paspaborku obmeit momenu Obutr menonb3oBaH FORTRAN. YwncneHHBIE 3KCIEPUMEHTHI
MIPOBOJWIIACH JUIS pacdeTa AWHAMHKH 3arpsi3HEHMS IMOCIEe aBapUifHOrO Ciydas pas3inBa Ha TPYOOIPOBOIE aMMHAKa, KOTOPBIH
pacnonoxeH Ha peke [uenp. Pezynvmamut. Ilpenioxennas MOIeTb MO3BOSIET MOJACIHPOBATE 3arpsi3HEHMS BO3AyXa Ha pabodmx
MecTax IIOC/Ie aBApHHHON SMHCCHM TOKCHYHBIX XHMHYECKHX BEMIECTB. MOJENb MO3BONACT OBICTPO MONYYHTH HHGOPMANUIO,
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KOTOpass MOXET OBITh HCIIONb30BaHA IJIsi pPa3pabOTKM METOROB pearnpoBaHus. [IpeacTaBieHBI pe3ylbTaThl YHCICHHBIX
skcriepuMeHToB. Hayunas noseusna. beina pazpaborana 3D umcieHHass MOAENb, YTO IO3BOMSET OBICTPO PACCUUTATH 3arpsA3HECHUS
aTMoc(epsl TIOCIe aBapHii, KOTOpBIE IPHUBOAAT K TOKCHYHBIM XHUMHYECKUM BEIOpocaM. Ilpakmuueckan 3HA4YUMOCHb.
Pazpaborannas Mofenb MOXKET OBITH HCIOJB30BaHA ISl YHCICHHOI'O MOJAEIMPOBAHMS 3arps3HEHHS BO3MyXa Ha PabOYMX MecTax
TI0CTIe BEIOPOCOB TOKCHYHBIX XMMHUUYECKUX BemecTB. OHa MOXeT OBITh MCIONb30BaHa Ha cTaguu pa3padorku PLAS (ITVIAC).

Kniouesvie cnosa: 3arps3HeHUS aTMOC(HEPHI, YHCICHHOS MOJCTHPOBAHNE, AaBAPUIHASL SMHUCCHSI TOKCHYHBIX BEIECTB.
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AHotauis. Mema. Po3pobka dncensHOI MOeNi Al pO3paxyHKy JHHAMIKH 3a0pyIHEHHS aTMOC(epH Ha pOOOUHMX MICIAX ITicIs
aBapiif, MO NPHU3BOAUTH IO €MiCii TOKCHYHUX XIMIYHHX pedoBUH. Memoouka. JInsi 9UCENbHOTO MOJCIIOBAHHS 3a0pyIHEHHS
aTMoc(epr Ha poOOUYNX MICIIX BHKOPHCTOBYeThcs 3D piBHSHHS mucnepcii 3a0pyaHIoodoi pedoBHHH. lle pIBHSHHS BpaxoBye
KOHBEKTHBHI 1 IHCHEPCifiHI NPOIECH IepeHocy 3a0pyAHIOIOUMX PEYOBHH, IIBUIKICTH eMicii TOKCHYHUX XIMIYHUX PEYOBHH,
MOJIOXKEHHS JpKepesna emicil. J[Is 4ncenpHOro iHTerpyBaHHS KEpyOUOro pPIBHSHHS PO3CIIOBAHHS 3a0pyAHIOIOUMX DPEYOBHUH B
aTMoc(epl BUKOPHUCTOBYETHCS HEIBHA CXeMa KiHIEBUX pi3HuIb. Ha ocHOBI uncensHOi Mozeni Oyma po3pobiieHa 3arajabHa MOJEIb.
Jlist po3po6ku 3araneHoi Mozneni Oy Bukopucranmii FORTRAN. UncenbHi eKCIIEpIMEHTH NPOBOIMIINCS ISl PO3PAXYHKY ANHAMIKI
3a0pyIHEHHS MICIIs aBapifHOro BHIIAJKY PO3JIMBY Ha TPYOOIPOBOAI aMiaky, sIKM po3TamoBaHui Ha piuni [ninpo. Peszynsmamu.
3ampornoHoOBaHa MOJENb IO3BOJISIE MOJETIOBATH 3a0pyAHEHHS IOBITPS HAa PoOOYMX MICHAX IICNS aBapiifHOi eMicii TOKCHYHUX
XIMIYHUX pedoBHH. Mozenb NO3BONSE IIBHIKO OTPHMATH iH(OpMAIiio, siIka MOXe OyTH BHKOPHCTaHA Ui PO3POOKH METONIB
pearyBanHs. [IpencrasieHi pe3yabTaTH YHCEIbHUX ekcriepuMenTiB. Haykoea nosusna. byna pozpo6iena 3D uncensHa Moaenb, M0
JIO3BOJISE IIBUAKO PO3paxyBaTH 3a0pyaHEHHS aTMochepy Micias aBapidf, sSKi MPU3BOAATH IO TOKCHYHMX XIMIYHHX BHUKHIB.
Ilpaxkmuuna 3nauumicme. PozpobieHa Moaens Moxe OyTH BUKOPHCTAHA JUISl YHCETBHOTO MOJIEIIOBAHHS 3a0pyAHEHHS TOBITPS Ha
po060UIHX MICISIX TiCHS BUKHAAIB TOKCHYHMX XIMIYHHUX pedoBUH. BoHa Moyke Oyru Bukopucrana Ha crafii po3podku PLAS (IUTAC).

Kniouosi cnosa: 3abpynHeHHs atMocdepH, drceIbHE MOACTIOBAHHS, aBapiiHa eMiCisi TOKCHYHHUX PEIOBHH.

Introduction atmosphere pollution and risk assessment in cases of

o . . terror acts or accident emissions (See Fig.1).
Emission of toxic chemicals can take place at ( &1)

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, 10]. These models are implemented ) o ) ) ]
in different codes such as “AERMOD” “CULPUF”, Fig. 1 Contamination area in Gdansk after toxic chemical

“Tokcn”, “Ammuax”, etc. From the mathematical point emission (results of mathematical modeling) [11] /
of view the. Gaussian mod.els represent the anal}.fti.cal 3ona 3aepszHEHUA NOOEMHBIX 600 NOCTE IMUCCUL
models' which are supplied with some c?mpmcal onacroeo sewgecmsa 8 2. I 0ancok (pezyrbmamoi
coefficients. These models allow to predict quickly the Mamemamuueckozo modenuposanus) [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, 11, 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]

oc N ouC N ovC N owC

o ox oy oz

_z(ﬂ a_cj+z s +2(ﬂ a_cj+ M
ox\"“ox) oy\"Yoy) oz\" " oz
+ZQi(t)5(x_xi)5(y_yi)5(z_zi)’

where C is toxic chemical concentration; u, v, w are

the wind velocity components; o is the parameter taking

into account the process of toxic chemical decay; p=(L,
Ly, M) are the diffusion coefficients; Q is intensity of

+0oC =

point source emission; S(r—i;) are Dirak’s delta

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

This equation is used with the following boundary
conditions:

. inlet boundary: C|mlet =C,, where C, is
the known concentration (very often C, =0);

. outlet boundary: in numerical 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);

. top boundary and ground surface Z_C
n

In the numerical model developed the following
approximations for wind speed and diffusion coefficient
are used [4]:

=0.

u =

u, (LJ s p, =011z, puy = Kou, Py = px,
Zy

where u; is wind speed at the height z;=10m; n=0,15;
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 (1) [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.
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Findings

The developed code was used to simulate the air
pollution in 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
this pipeline are shown in Fig.5.

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

Buo ammuaxanposoda na p. /[nenp

Fig.3 Position of the ammonia pipeline on map /

Tlonooicenue afwwuaiconpoeoda Ha Kkapme

Fig. 4. Position of the ammonia pipeline /

Tlonooicenue afwwuaiconpoeoda
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Fig.5 Polluted area, t= 45s /
3ona 3aepsasnenus, t= 45¢

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. It 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

/30Ha 3aeps3HeHUs Ha HACOCHOU CIMAHYUYU NO
nepexauke ammuaka, t= 15¢

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 dispersion. This model allows 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.

LIST OF USED SOURCES

1.  Benses, H. H. MogenupoBaHye HeCTallMOHAPHBIX TIPOLIECCOB aBAPUIHOTO 3arps3HEHHS aTMOcdephl: MoHOrpadust [Tekcr] /
H. H. Bensies, A. B. Bepnos, I1. b. Mammxuna. — [1.: «Axuenr [1I1», 2014. — 127 c.

2. bemser H. H. 3amura 3maHuii OT NPOHWKHOBEHHS B HUX ONacHBIX BemectB: MoHorpadus [Tekcr] / H. H. Benses,
E. IO. I'yapko, H. B. Pocroumno. — J1.: «Axuent [1I1», 2013. — 136 c.

3.  benses H. H. Dxcnpecc MeTon OmeHKHM MOTEHIMANEHOTO TEPPHTOPHAIBHOIO pPHCKA IIPH aBapHsAX Ha TpaHcHopTe /
H. H. bensies, JI. SI. Myntsan // Bicn. [Ininponerp. Ham. yH-Ty 3aJli3H. TpaHCIL. iM. akaj. B. Jlasapsma «Hayka ta mporpec

tparcnopty». — ., 2016. — Bum. 1 (57). — C. 32-36.

4.  bpymxkuit E. B. Teopus armoctepnoit muddysun pammoaktuBHbIX BbIOpocoB / bpysmxmit E. B. — K.: HMucrutyr

runpomexannkd HAH Ykpaunnsi, 2000. — 443 c.

5. Tyces H. I'. PagnoaxruBHsle BeIOpock! B 6uocepe / I'yce H. I, bensie B. A. — M.: Dneproarommuspar, 1991. — 257 c.

6.  Biliaiev M. Numerical Simulation of Indoor Air Pollution and Atmosphere Pollution for Regions Having Complex
Topography / M. Biliaiev / Air Pollution Modeling and its Application XXI, Springer, 2012. — P. 87-91.

7.  Hanna S. Air Quality Modelling over. Short Distances / S. Hanna — College on Atmospheric Boundary Layer and Air
Pollution Modelling. — 16 May—3 June, 1994. — No SMR/760-2 — P. 712-743.

8. Maria de Lurdes Dinis. Simulation of liberation and dispersion of radon from a waste disposal // Maria de Lurdes Dinis,
Antonia Fluza. Advances in Air Pollution Modeling for Environment Security. NATO Science Series, Springer. — 2004. —

Vol. 54. - P.133-142.

54



CTPOUTEJBbCTBO, MATEPUAJIOBEJIEHUE, MAINTMHOCTPOEHUE. BbIII. 98-2017 ISSN 2415-7031

10.

11.

12.

10.

11.

12.

Biliaiev M. M. Numerical simulation of the atmosphere pollution after accident at the “Tolliaty-Odessa” ammonia pipe /
M. M. Biliaiev, M. M. Kharitonov, L. V. Amelina / NATO Science for peace and security series C: Environmental
security; Air pollution modeling and its application XXII, 2014. — pp. 391-395.

Dispersion Modeling of Hydrogen Sulfide at Cimarex Rands Butte Project Using ALOHA. Bureau of Land Management
Pinedale Field Office. SWCA Environmental Consultants 1043 Coffeen Avenue, Suite D Sheridan, Wyoming 82801.
January 2010. — 26 p. www.swca.com.

Vasiliy V. Popovich, Manfred Schrenk, Christophe Claramunt, Kyrill V. Korolenko (Eds.). Information Fusion and
Geographic Information Systems. Lecture Notes in Geoinformation and Cartography. Proceedings of the Fourth
International Workshop, 17-20 May 2009. — 371 p.

Warner T., and Coauthors. The Pentagon SHIELD field program: Toward critical infrastructure protection. Bulletin of the
American Meteorological Society, doi:10.1175/BAMS-88-2-167, 2007.

REFERENCES

Belyaev N.N., Berlov A.V., Mashikhina P.B. Modelirovanie nestacionarnyh processov avarijnogo zagryazneniya
atmosfery [Simulation of non-stationary processes of emergency air pollution]. Dnepropetrovsk, Aktsent PP Publ., 2014,
127 p.

Belyaev N.N., Gunko E.Yu., Rostochilo N.V. Zashhita zdaniy ot proniknoveniya v nih opasnyh veshhestv monografiya
[Protection of buildings from the penetration of dangerous substances into them: monograph]. Dnepropetrovsk, Aktsent PP
Publ., 2013, 136 p.

Belyaev N.N., Muntyan L.Ya. Ekspress metod otsenki potentsialnogo territorialnogo riska pri avariyah na transporte
[Express method for assessing potential territorial risk in case of transport accidents]. Visnyk Dnipropetrovskoho
natsionalnoho universytetu zaliznychnoho transportu imeni akademika V. Lazaryana [Bulletin of the Dnipropetrovsk
National University of Railway Transport named after Academician V. Lazaryan]. Nauka ta prohres transport — Science
and Transport Progress, 2016, no. 1 (57), pp. 32-36.

Bruyatskiy Ye.V. Teoriya atmosfernoy diffuzii radioaktivnykh vybrosov [The theory of atmospheric diffusion of radioactive
emissions]. Kiev, Institut gidromekhaniki NAN Ukrainy Publ., 2000. 443 p.

Gusev N.G., Belyaev V.A. Radioaktivnye vybrosy v biosfere [Radioactive emissions in the biosphere]. Moscow,
Energoatomizdat Publ., 1991. 257 p.

Biliaiev, M. Numerical Simulation of Indoor Air Pollution and Atmosphere Pollution for Regions Having Complex
Topography / M. Biliaiev // NATO Science for Peace and Security Series C: Environmental Security. — 2012. — P. 87-91.
doi: 10.1007/978-94-007-1359-8 15.

Hanna S. Air Quality Modelling over. Short Distances. College on Atmospheric Boundary Layer and Air Pollution
Modelling. — 16 May-3 June, 1994. — Ne SMR/760-2 — P. 712-743.

Maria de Lurdes Dinis. Simulation of liberation and dispersion of radon from a waste disposal // Maria de Lurdes Dinis,
Antonia Fluza. Advances in Air Pollution Modeling for Environment Security. NATO Science Series, Springer. — 2004. —
Vol. 54. —P.133-142.

Biliaiev M.M., Kharitonov M.M., Amelina L.V. Numerical simulation of the atmosphere pollution after accident at the
“Tolliaty-Odessa” ammonia pipe / M.M. Biliaiev, M.M. Kharitonov, L.V. Amelina / NATO Science for peace and security
series C: Environmental security; Air pollution modeling and its application XXII, 2014. — pp. 391-395.

Dispersion Modeling of Hydrogen Sulfide at Cimarex Rands Butte Project Using ALOHA. Bureau of Land Management
Pinedale Field Office. SWCA Environmental Consultants 1043 Coffeen Avenue, Suite D Sheridan, Wyoming 82801.
January 2010. — 26 p. www.swca.com.

Vasiliy V. Popovich, Manfred Schrenk, Christophe Claramunt, Kyrill V. Korolenko (Eds.). Information Fusion and
Geographic Information Systems. Lecture Notes in Geoinformation and Cartography. Proceedings of the Fourth
International Workshop, 17-20 May 2009. — 371 p.

Warner T., and Coauthors. The Pentagon SHIELD field program: Toward critical infrastructure protection. Bulletin of the
American Meteorological Society, doi:10.1175/BAMS-88-2-167, 2007.

Cmammsa  pexomendosana 0do  nybnuxayii  o0-pom  mexu. Hayk, npog. C.3. Toniwyxom  (Vrpaina);

Cratts Hagiina B pexkoseriro 06.04.2017

55



