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REDUCING AMMONIA CONCENTRATIONS IN ATMOSPHERE AFTER
ITS UNPLANNED RELEASE

Purpose. The aim of this work is development of numerical model, which allows to calculate the efficiency of
neutralizer supply for reduction of air pollution in case of unplanned ammonia emission at the territory of ammonia
pump station. The numerical model should allow fast calculating, taking into account the meteorological parameters
and buildings situated near the source of toxic chemical emission and equipment for neutralizer supply.
Methodology. The developed model is based on the equation for potential flow and equation of pollutant dispersion.
To simulate the chemical interaction between ammonia and neutralizer the stoichiometry equation is used. Equation
of potential flow is used to compute flow pattern among buildings. To solve the equation for potential flow the
Samarskii implicit difference scheme is used. The implicit change-triangle difference scheme is used to solve equa-
tion of mass transfer. While for the numerical integration the authors use the rectangular difference grid. Method of
porosity technique («markers method») is applied to create the form of comprehensive computational region.
Emission of ammonia is modeled using Delta function for point source. Findings. Developed numerical model be-
longs to the class of «diagnostic models». This model takes into account the main physical factors affecting the
process of dispersion of ammonia and neutralizer in the atmosphere, as well as the influence of buildings on admix-
ture dispersion. On the basis of the developed numerical models the authors carried out a computational experiment
to estimate the efficiency of neutralizer supply for reduction of air pollution in case of unplanned ammonia release at
ammonia pump station. Originality. Developed numerical model allows calculating the flow pattern among
buildings and estimating the efficiency of neutralizer supply for reduction of air pollution in the case unplanned
ammonia release. Practical value. Model allows performing fast calculations of the atmosphere pollution in the
case of unplanned ammonia release

Keywords: air pollution; unplanned release; neutralizer supply; numerical modeling

To solve the problem of air contamination in case
of unplanned toxic chemicals release Gaussian
plume model or some analytical models are widely
used [2, 3, 10-13, 15]. These models allow quickly
calculating zones of chemical contamination.
These models are implemented in some codes, for
example, ALOHA, CULLPUFF, etc.

The second problem of unplanned ammonia
release is protection environment from pollution

Introduction

Unplanned ammonia release as a result of acci-
dent or terror act can cause harm for persons and
intensive environment pollution [4, 6, 10, 12].
From the point view of industrial safety, in case of
possible unplanned ammonia release we must
solve two important problems. The first problem is
prediction of possible contamination zones (their

dimensions, intensity and development in time).

and reducing negative influence of toxic chemical
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after NH; emission. In this work we study the
problem of neutralizer supply in to ammonia
plume to reduce the intensity and dimensions of
contamination zones.

Problem statement

We consider the unplanned ammonia release at
ammonia pump station which is situated at ammo-
nia pipeline Toliatti-Odessa. To reduce the nega-
tive effect on environment in this case we propose
to supply neutralizer (NL) to the plume of toxic
chemical. As the neutralizer the acid solution can
be used. If, for example, we use H,SO, solution,
the process of chemical interaction «ammonia +
neutralizer» can be described as follows

2NH, + H,80, =(NH,)SO, )

Application of neutralizer will cause NH; re-
duction in atmosphere. To supply NL into the
plume of toxic chemical the special equipment will
be used (Fig. 1).

Werssrromsine,

Fig. 1. Equipment for neutralizer supply:
1 — pump; 2 — vessel containing neutralizer;
3 —rotatable nozzle

But in case of NL supply we face some prob-
lems: what amount of neutralizer must be supplied,
what will be the effect of the neutralization for dif-
ferent meteorological conditions, etc. To answer
these questions and develop the effective strategy
of neutralization we can’t use physical experiment
but only the mathematical one.

Purpose

The purpose of this paper is to develop a math-
ematical model for quick computing the process of
chemical interaction «ammonia + neutralizer» in
case of unplanned ammonia release at ammonia
pump station.

Mathematical formulation

To simulate the ammonia and acid dispersion in
atmosphere 2D transport model is used [5, 7]

oC ouC ovC 0 oC
— +—+cC=—|p,— |+
ot Ox oy ox ox

2u L o053 ©

where C is mean concentration of admixture (am-
monia and H,SOy); u, v are the wind velocity com-
ponents; o is the parameter taking into account the
process of pollutant washout and gravity fallout [5];

n=(py,py) are the diffusion coefficients; Q
is intensity of point source emission; 8(r - ri) are

Dirac delta function; 7, =(x[’ y[) are the

coordinates of the point source.

We consider ammonia and NL dispersion
among buildings it means that we must take into
account influence of these obstacles on process of
NH; and NL dispersion. To simulate the flow pat-
tern in the case of the buildings at the territory of
Pump Station the 2D model of potential flow is
used [7]

2 2
a—f + 6—5 =0, 3)
ox~ oy
where P is the potential of velocity.

The wind velocity components are calculated as

follows:

oP oP
Uu=—0, v=—m:.
ox oy
Boundary conditions for modeling equations

are discussed in [5, 7].

Numerical model

The computation of wind pattern and pollutant
dispersion is carried out on rectangular grid.
To create the form of buildings we use porosity
technique or so called «markers method» [1, 7].
Markers are used to separate the computational
cells where flow takes place from the cells which
correspond to buildings. Description of the finite
difference schemes, used by us, is discussed in [1,
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7]. To solve equation (2) we used change—triangle
difference scheme, while A. A. Samarskii’s and
implicit difference scheme was used for
numerical integration of Eq. (3).

For coding of difference formulae, we used
FORTRAN language.

Findings

Computational region is shown in Fig. 2 In this
figure one can see position of unplanned ammonia
release and position of NL supply equipment.
It was supposed that ammonia release takes place
at time t=0 and at time t=15 sec neutralizer supply
starts.

é

\2

Fig. 2. Sketch of computational region
(ammonia pump station):
1, 2, 3, 4 —buildings; 5 — position of neutralizer supply;
6 — position of ammonia release at the territory
of pump station

Contaminated zone in case of neutralizer
supply absence is shown in Fig. 3. We can see that
contaminated zone covers all the territory of am-
monia pump station.
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Fig. 3. Computed ammonia concentration, t=35 s
(no neutralizer supply)

In Fig. 4 the contaminated zone in the case of
neutralizer supply is shown.

As we can see from Fig. 4 neutralizer supply
allows quickly reducing dimensions of contamina-
tion zone in atmosphere.

Worthy of note that computational time was
6 sec. It allows using the model for development of
protection measures at chemically dangerous en-
terprises.

A 41AE+AZ

DS —amoD0

. 1BAE+A1
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coordinate ® 8. 784E+B2

Fig. 4. Computed ammonia concentration, t=28 s
(neutralizer supply)

Originality and practical value

Mathematical model has been developed to
compute dispersion and chemical interaction
between ammonia and neutralizer which is used
to reduce ammonia concentration in
atmosphere. The presented mathematical model is
based on the application of the fundamental equa-
tions of aerodynamics and mass transfer.

The peculiarity of the developed model is the
use of standard meteorological information and
quick calculation of modeling process in compre-
hensive computational region.

Conclusions

Numerical model for estimating the efficiency
of neutralizer supply to ammonia plume is
proposed. Proposed numerical model allows to
compute ammonia concentrations and neutralizer
concentrations and chemical interaction between
substances. The solution of the aerodynamic
problem is based on the numerical integration of
the equation for the velocity potential. The equa-
tion of mass transfer is used to calculate dispersion
of ammonia and neutralizer dispersion in atmos-
phere. The mass transfer equation takes into ac-
count the convective and diffusive transport of
admixture in atmosphere with account of buildings
situated near the source of emission. Emission of
ammonia and neutralizer is simulated by a point
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source, which is modeled using the Dirac delta merical model that takes into account the forma-
function. tion of vortices in the air flow.

Further improvement of the model should be
carried out in the direction of creating a 3D nu-
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SHUKEHHS KOHIIEHTPAILII AMIAKY B ATMOC®EPI I[IPU M1OI'O
PAIITOBIN EMICIi

Meta. Metoro naHoi poOOTH € TOOYI0Ba YHCEIBHOT MOIEII, 110 J03BOJISIE PO3PaXOBYyBaTH €()eKTUBHICT 3aCTO-
CyBaHHS HEWTpasizaTopa JJisi 3HW)KEHHsI KOHIIEHTpaliid amiaky B arMocgepi B pa3i HOro panToBoro BUKUAY Ha Te-
purtopii amiayHoi HacocHOi craHuii. BiacTuBocTssME po3pobiieHOT MoJei MOBUHHI OyTH MOXIIMBICTH LIBHJKOTO
PO3paxyHKy, BpaxXyBaHHS METEOPOJIOTIYHMX MapaMeTpiB Ta OyaiBenb, IO PO3TAIIOBaHI IMOOIN3Y JDKEpesna BUKHIY
amiaky Ta He#rpanizaropa. Meroauka. Po3pobnena Mozens 0a3yeTbest Ha PIBHAHHI JUISl MOTEHIIHHOTO MOTOKY Ta
piBHSIHHI qucniepcii nomimku B arMocdepi. i1 MogenroBaHHs XiMIYHOI B3a€MOJII] amiaky 3 HEHTpalizaTopoM BH-
KOPHCTOBY€EThCS PIBHSAHHS cTeXioMeTpii. PiBHAHHS MOTEHUIHHOIO MOTOKY 3aCTOCOBYETHCS IS PO3PAXyHKY IIBHI-
KOCTI BiTpy MiX OymiBmsimu. [lJiss BUpIMIEHHS PiBHSHHS MOTEHINIMHOI Tedii BUKOPUCTOBYEThCS HESIBHA Pi3HHIICBA
cxema CamapchKOTO, a U YHCEIFHOTO PIMICHHS PIBHSHHSA MacOIEpPeHOCY — MOMEPEeMiHHO-TPHUKYTHA Pi3HHUIICBA
cxema. UncenpHe iHTETpyBaHHS 3MIHCHIOETHCSA 3 BUKOPHUCTAHHAM MPSIMOKYTHOI Pi3HHIIEBOI CiTKH. MeTon Mapky-
BaHHS («METOJT MapKepiB») BXKUBAETHCS I CTBOPEHHS BUTJIALY PO3paxyHKOBOI obnacti. EMicis amiaky mMopmero-
€ThCS 3 BUKOPUCTAHHAM AenbTa QyHKiil Jipaka s ToukoBoro mkepena. Pesyabraru. Po3pobiena gncensaa Mo-
JIelTb BITHOCUTBCS IO KJlacy «IiarHOCTU4YHI Mozeni». Ll Mozens BpaxoBye ocHOBHI (hi3nuHi (hakTopH, 1110 BIUIMBA-
I0Th Ha MPOIIEC PO3CIIOBaHHS amiaky Ta HelTpaji3aropa, a TakoX BIUIMB OyJiBesb Ha aucrepcito aomimku. Ha oc-
HOBI PO3POOJICHUX YHUCETBHUX MOJEIEH OyJI0 MPOBEACHO OOYMCITIOBAIBHUN CKCIIEPUMEHT 13 OIIHKHA ¢(CKTHBHOCTI
3aCTOCYBaHHS HeHTpasizaTopa JuIs 3HI)KEHHSI KOHIIEHTpaIlii aMmiaky B aTMocdepi B pa3i HOro panToBoro BUKHIY Ha
amiayHi HacocHi crtanuii. HaykoBa HoBH3Ha. Po3po0iieHa umcenbHa MOJENb J03BOJISIE PO3paxyBaTH CTPYKTYpPY
MOTOKY cepell OyIiBens Ta OLiHUTH e(peKTUBHICTh MOJadi HelTpaizaTopa s 3MEHIIEHHs 3a0pyTHCHHS MOBITPS y
pasi He3aIUIaHOBaHOTO BHBUIbHEHHS amiaky. IIpakTH4yHa 3HAUMMicTb. Mozens 103BOJISE MBHAKO PO3PAXOBYBATH
e(eKTUBHICTP Mo/1avi HelTpaizaTopa sl 3HIKCHHS HETaTUBHOTO BIUIMBY €Micii aMmiaky Ha JIFo/Ieii Ta HaBKOIJIUIITHE
cepeoBHILIE.

Knrouosi crosa: 3a0pynaeHHs atMochepr; BUKUA aMiaKy; HeHTpalti3allis; YucellbHe MOACTIOBaHHS
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CHUXEHWE KOHIEHTPAIIU AMMHUAKA B ATMOC®EPE ITPH
EI'O BHE3AITHOM DMUCCHHA
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Henab. [enpo qaHHONH pabOTHI ABISETCS MOCTPOCHUE YWCICHHON MOJETH, KOTOpas MO3BOJIIET PACCUUTHIBATH
3¢ GEeKTHBHOCTh NPUMEHEHUSI HEHTpanu3aTopa Uil CHIDKCHHS KOHLIEHTpAIlMi aMMHaka B aTMocdepe B ciIydae ero
BHE3aITHOTO BBIOpOCA HA TEPPUTOPUH aMMHAYHON HACOCHOW craHIMU. KauecTBaMu MOCTPOSHHON MOJENN JOIKHBI
OBITH OBICTPBII pacueT, yueT METeOpOJIOTMYECKUX MapaMeTpoB W 3[aHUi, YTO PACHOJIOKEHbI BOJIM3M MCTOYHHUKA
BBIOpOCa aMMHaka U HeliTpanu3atopa. Meroguka. Pa3zpaboTanHas Mo/ie)ib OCHOBaHA HA YPABHCHHU JUTS TIOTCHIIM-
AJBHOTO MOTOKA U YPAaBHEHUH TUCIIEPCHUU MpUMecH B atMocdepe. s MoaenupoBaHus XUMHUYECKOTO B3aMMOICH-
CTBHS MEXAYy aMMHMAaKOM M HEHUTPaNU3aTOPOM HCHOJIb3YETCS YPAaBHEHUE CTEXHMOMETPHU. YPaBHEHHE MOTEHIUAIb-
HOTO TIOTOKa YIOTpeOJIsieTcs sl pacdyeTa CKOPOCTH BETpa MEXAy 3JMaHusMH. [ perieHus ypaBHEHHUS TTOTEHIH-
aJIIBHOTO TEUEHMsI MPUMEHSETCs HedBHas pa3HocTHas cxeMa Camapckoro. /[ 4MCIEHHOro pelIeHUus ypaBHEHUS
MaccomnepeHoca UCIOIb3yeTCs MOePeMEeHHO-TPEYTOIbHAS Pa3HOCTHAS CXEMa, a JIJIs YHCICHHOTO WHTETPHUPOBAHIUS
— IPSAMOYTOJIbHAS Pa3HOCTHAS ceTKa. MeTox MapKHPOBaHUS («METO MapKepoBy) MPUMEHSICTCS IS CO3TaHUS BUA
pacueTHO# obmacT. DMHCCHS aMMHaKa MOJACTHPYETCs ¢ UCTIONB30BaHUeM JenbTa QyHKIHK Jupaka st TOYeIHOTO
nctoynrka. PesyabraTel. Pa3paboTanHas ymcieHHas MOAETh OTHOCHTCS K KJIAcCy «IMarHOCTUYECKHE MOJCIH».
OTa MOJenb YYUTHIBACT OCHOBHBIC (hH3MUECKUE (QaKTOPHI, BIUSIOIINE Ha MPOIECC pacCeMBaHMUI aMMHUaKa 1 HeHTpa-
JU3aTOPa, a TAKXKe BIMSHUE 3/1aHUI Ha Aucniepcuio npumecu. Ha ocHOBe pa3paboTaHHBIX YHCIEHHBIX MOJIENei ObLT
MIPOBEJICH BBIYMCIUTEIBHBIA HKCIIEPUMEHT 10 OLEHKE d(P(PEKTUBHOCTH NPUMEHEHUs] HeHTpanu3aropa Juis CHHXKe-
HUsI KOHLIGHTpaluii aMMHaka B aTMoc(epe B cllydae ero BHE3aITHOTO BhIOpOCa Ha aMMHAaYyHOM HACOCHOM CTaHIHH.
Hayunas HoBu3Ha. Pa3paboranHas 4ucieHHas MOJIENb MO3BOJISIET PACCUUTATh CTPYKTYPY IOTOKa MEXIy 3/1aHHs-
MH " OLEHUTH (P ()EeKTUBHOCTH 10/1a4n HEWTpaJIM3aTopa /Ul CHIDKEHUS 3arps3HEHHs BO3/lyXa B CiIydae He3alUlaHU-
poBaHHOTO BbIIeNeHNs1 aMMuaka. [IpakTndeckast 3HaYMMOCTh. Mozenb Mo3BOIsIET OBICTPO PACCUUTHIBATH I eK-
TUBHOCTB TOJa4YH HEHTpamu3aTopa Uil CHIDKCHHS HETAaTHMBHOTO BIUSHHS AMHICCHU aMMHaKa Ha JIIOJCH U OKpY-
JKAFOIIIYTO CPEIy.

Kniouesvie cnosa: 3arpsizHeHne aTMocdepbl; BBIOpOC aMMHUaKa; HeHTpalu3anus; YMCIeHHOe MOISTMPOBaHNE
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