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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 poilution 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 pellution 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 medel
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 afler accidents which
result in toxic chemical emission. Practical value. The developed model can be used for numerical simulation of air pollation in
workplaces after toxic chemicals emissions. It can be used at the stage of PLAS (IUTAC) development.
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Aunorauns. Ifeny Pa3paborka 9MCIEHHON MOESIH i pacyeTa AMHAMHKH 3arpA3HeHus arMocdepsl Ha pabouuX MecTax nocie
aBapyii, 4TO NPUBOMUT K IMHCCHM TOKCUUHBIX XMMHMUYECKHMX BellecTB. Meroauxa. [I7s YHCACHHOrO MOICTHPOBAHUA 3arPA3HEHUA
arMocdepsl Ha pabounx MecTax ucnoibiyercs 3D ypaBHEHHE NUCTEPCHH 3arps3HAIOLICrO BEUIECTBA. DTO YPABHEHHE YYMTBHIBACT
KOHBEKTHBHBIC M JMCIEPCHOHHBIC MPOLECCH! TIEPEHOCA 3arpA3HAIOLUMX BEUIECTB, CKOPOCTh SMHMCCHH TOKCHYHBIX XMMHYECKHX
BEUICCTB, IOJOKEHHE HCTOYHHKA OIMUcCcHH. JLIs YMCICHHOrO HMHTETpPUPOBAHMA MOACIHUDYIOUIEIO YPaBHSHWS paccelBaHUA
3arps3HAIOMAX BELIECTB B arMoc()epe MCTOIb3YeTCsl HesiBHAs CXeMa KOHEYHbIX pashocTed. Ha ocHoBe umciienHOH Monenn Obuia
paspaborana obmas Mozens. [is paspaboTku ofmed monean Obln HenoiezobaH FORTRAN. UucneHHbIE IKCIEPHMEHTEI
MPOBOAWIIMCH VIS pacuera AMHAMHMKM 3arps3HCHYs [I0CAE aBapHiiHOro ciy4as pasjiMBa Ha Tpybonposoae amMmuaka, KOTOpPBIH
pacrionoxeH Ha pexe Jluenp. Pespasmamst. TIpeanoxennas Monens Mo3BOJSICT MOASIUPOBAThL 3arPs3HCHHS BO3MYXa Ha paboumx
MecTax Mocne aBapMMHON IMHCCHM TOKCHYHBIX XHMHYECKMX BelIeCT8. Moieib MO3BOJAET OBICTPO MOTYIHMTH MHGOPMALMIO,
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KoTOpas MOXKeT ObITh HCTMOAB30BaHA 118 paspaboTk MetomoB pearupopanusa. IlpeactaBneHs! pesvAbTATHI YMC/IEHHBIX
sxciiepumenToB. Hayunan nosusna. boula paspadorana 3D ancaeHHas MoAesib, HT0 N03Bo/sET ObICIPO PACCUMTaTh 3ArpASHEHMA
arMocpephl  GOCAC aBapHi, KOTOpbIE MPHBOAAT K TOKCHYHBIM XMMH4ECKHM BbiOpocam. [IpakmuuecKkan 3nasumocms.
PaspaGoTansas MOIEIb MOXKET OBITH HCIOb30BaHA ISl YMCAEHHOTO MOJEIUPOBAHUS 3arpA3HEHMA BO3/yXa Ha paboumx Mectax
HOC/IE BRIGPOCOB TOKCHYHBIX XAMHUUECKMX BeniecTB. OHAa MOXeET OBITH HCTIONR30BaHa Ha cranuy paspabotkn PLAS (TJIAC).

Krrouesovie crosa: 3arps3HEHMs aTMOC(l)CpBL YUACICHHOC MOINCANPOBAHUC, aBapnﬁHaﬁ IMUCCHA TOKCUYHBIX BCIICCTB,
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Amnotanin. Mema. Po3poGka yncennbHOi MOeni s po3paxyHKy AHHaMiky 3a0pyaHEHH aTMocdepy Ha pobounx Miclpax micnas
apapiil, 110 MPH3BOIWTH A0 €Micii TOKCMYHMX XiMIYHMX pe4oBHH. Memoouka. L 4MCENbHOTO MONETIOBAaHHS 3a0pyaHCHHS
aTMoc(epd Ha poGoumMX Miclsx BrkopucToBYeTheid 3D piBnsHHS mucrepcii 3abpyamioloudol peyosuuyu. Lle piBHSHHS BpaxoBye
KOHBCKTHBHI | aucmepciiii mpoliecH nepeHocy 3a0pYAHIOIUYMX PEYOBHH, LIBHAKICTH eMiCil TOKCHYHHX XIMIUHHUX DEYOBHH,
NONOKEHHA DKepeaa eMicii. i 4McenbHOro IHTErpyBaHHS KEpylouoro PpiBHSHHS pO3CiiOBaHHS 3a0pyAHIOIOUHX DEYOBMH B
aTMocdepi BUKOPHCTOBYETLCS HEABHA CXeMa KiHLEBAX pPi3HULG. Ha OCHOBI umce:1bHOT MoJesi 0ysia po3poliieHa 3arajibHa MOZEb.
Jlas pospobku 3aranbrol Mogedi 6yr Bukoprctanuii FORTRAN. Uuncenbhi excriepyMeHTH NPOBOAMINCS il PO3PaXYHKY TMHAMIKH
3a0py/AHeHHs nicis apapifHOrO BUNAIKY PO3JMBY Ha TpybonpoBoai amiaky, Skmif postamoaunii Ha piuni Juinpo. Pesyremamu.
3anporoHoBaHa MOZelb JO3BOJISE MOAETIOBATH 3a0pyIHEHHs TOBITPS Ha poOOUMX MiCHSX Micis aapiifHoi emicil TOkcHYHMX
Ximiunux pedoBud. Mozeib 103Bosst€ WIBMAKO OTpUMaTH indopmauilo, ska Moxe OYyTH BHKOpHCTaHa i po3po0KH METONIB
pearyBaHHs. [IpeacTapicHi pe3y/nsTaTh YHCeIbHUX excnepuMentis. Haykosa nosusna. byna pospo6:ena 3D uncensbha Monens, 1o
I03BOJISE LIBMAKO PO3paxyBaTd 3abpyaneHHs armocepd Iic:isi apapid. ski OPU3BOASTS N0 TOKCHYHMX XiMIi9HMX BHKMIIB.
Hpaxkmuuna 3nauumicms. Po3pobiena Monens Moxke GYTH BUKOPHUCTaHa S YHCEALHOrO MOIEAOBAHHA 3a6pyIHEHHA NOBITPS HA
po6OYMX MICLSX MC/s BUKAB TOKCHYHNX XiMiuHMX pedoBuH. Bona Moxe 0yTH BHKOpHCTaHa Ha craail po3pobxu PLAS (IDTAC).

Karwuoei cnosa: 3abpynuenns armocQepH, YncesIbHE MOICIOBAHHS, aBapiiiHa eMiCist TOKCHYHUX PEYOBHH.

Introduction atmosphere pollution and risk assessment in cases of

issi : ; rror acts or accident emissions (See Fig.1).
Emission of toxic chemicals can take place at terg t emis ( g1)

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 ) i )
in different codes such as “AERMOD” “CULPUF”, Fig.1 Contamination area in Gdansk after toxic chemical

“Tokew”, “Ammuax”, etc. From the mathematical point emission (results of mathematical modeling) [11]/

of view the Gaussian models represent the analytical 301a 3a2pAZHEHUA NOOIEMHBIX 800 NOCIE IMUCCUU
models. which are supplied with solne e?mplrxcal onacHoeo eewjecmesa g 2. I'oancuk (pesynvmameot
coefficients. These models allow to predict quickly the Mamemamuseckozo modenuposarus) [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 develepment of 3-D
numerical model to estimate the atmosphere poilution 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 ouC &ovC  ewC "
+ + +oC =
ot ox dy oz
6( ocY o, oc), éf ac‘J (D
=E X% = Tt By = T | i |
ax( ox } AT Gy J c:L oz

+ZQi(I)éi(x—-x,)(s(y—»yi)(?(:—:,),
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=(us
Hy, W) are the diffusion coefficients; Q is intensity of
point source emission; 6(7' ——r,) are Dirak’s delta
function; r,= (x;, y:, zy are the coordinates of the point
source of emission.
This equation is used with the foliowing boundary
conditions:
° inlet boundary: (}

linler

=(C,, where C, is

the known concentration (very often C,. =0);

e outlet boundary: in numerical model the
condition C(i+1,/,k)=C(,/.k) is wused (this
boundary condition means that we neglect the process
of diffusion on this plane),

-

e top boundary and ground surface %n(“_ =0.

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

Ve n
u=u, {—Z—) o p.=0,11z, Uy = Kou, ly = Hx,
“1

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.

W
(¢8]

Findings

pollution in workplaces which are situated at the right
bank of river Dnepr near ammonia pipeline. The problem
of accident ammonia emission at this ammeonia 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
Fio 5

thic nineline are chown
1S pipe

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

Buo amsmuaxanposoda na p. /lnenp

Fig. 3 Position of the ammonia pipeline on map /

Hoaoocenue a.-wwuakonpoeoda Ha Kapme

Fig 4. Position of the ammonia pipeline /

Honoocernue aMMuaKonpoeoda
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Fig.5 Polluted area, t=45s /
3ona 3acpasnenus, t=45¢c

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= 155

/3oma 3azpA3HEeHUs HA HACOCHOT CMANyUU RO
nepexauxe ammuara, 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 afier toxic chemicals emission
was developed. The model is based on the 3D equation

This model allows to comnpute the

QF nallutant dignercion 1 all ¢ compute the

1 pULUany GISpC5iUl.

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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