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практичного застосування при рішенні за-

вдань розробки перспективних методів і 

технічних засобів пожежогасіння. 
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SIMULATION OF AIR POLLUTION IN WORKPLACES USING CODE «ACCAM-2» 

 

Introduction. Along the Toliatti-Odessa 

ammonia pipeline there are several pumping 

stations which support the correct pressure in 

the pipeline. From the point view of industrial 

safety these pump stations are the chemically 

dangerous objects [5]. According to the Law 

of Ukraine for high-risk objects, a PLAS 

(Emergency Response Plan) document must 

be developed for such industrial object.  Pre-

diction of air pollution in workplaces after un-

planned toxic chemical emission is the basis 

of this document. Therefore, the actual task is 

to estimate the level of contamination in 

working areas of the pump station in the case 

of unplanned ammonia release at the pump 

station territory. 

Review of literature sources. To solve 

the problem of chemical contamination zones 

formation in the case of unplanned ammonia 

emissions analytical models or Gaussian 

plume are widely used [2, 3, 9, 10]. These 

models have significant lacks because they 

cannot be used when we model toxic chemi-

cal dispersion among buildings. For this pur-

pose it is necessary to use numerical models 

[1, 4, 6-8] which are based on Fluid Dynamics 

equations. In Ukraine, there is a certain deficit 

of such models [1, 7, 8]. 

The purpose of this paper is to develop 

a code which is based on numerical model for 

computing the chemical contamination of air 

on the territory of the ammonia pump station 

for unplanned ammonia release. 

Mathematical model. To simulate the 

ammonia dispersion 2D mass transport model 

is used [1, 3, 4, 7, 8]: 
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(1) 

where С is mean concentration; u, v are the 

wind velocity components;  is the parameter 

taking into account the process of pollutant 

chemical decay or washout; μ=(μх , μy ) are 

the diffusion coefficients; Q is intensity of 

point source emission;  irr   are Dirak 
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delta function; ri= (xi , yi ) are the coordinates 

of the point source. 

To simulate the wind flow in the case of 

the buildings at the territory of Pump Station 

the 2D model of potential flow is used [6]: 
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where Р is the potential of velocity. 

The wind velocity components are calcu-

lated as follows: 
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Boundary conditions for modeling equa-

tions are discussed in [1, 4, 6]. 

Numerical model. To solve numerically 

Eq. (1) the implicit difference scheme [1, 6] 

is used. To solve Eq. (2) A.A. Samarskii’s 

change-triangle difference scheme is used. 

First of all equation (2) is transformed 

into the “evolution type” 
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where η is ‘fictitious’ time. 

For   the solution of equation (3) 

tends to the solution of equation (2). 

According to A.A. Samarskii’s change-

triangle difference scheme the solution of 

equation (3) is split into two steps: 

-at the first step the difference equation is  
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- at the second step the difference equation is 
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From these expressions the unknown 

value Pi,j is determined using the explicit for-

mulae at each step of splitting (“method of 

running calculation”). The calculation is com-

pleted if the condition 
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n

ji PP ,
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,  

is fulfilled (where ε is a small number, n is the 

number of iteration). The components of ve-

locity vector are calculated on the sides of 

computational cell as follows 
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To solve equation (1) we use change –tri-

angle difference scheme [1, 7]. The time de-

pendent derivative in Eq. (1) is approximated 

as follows: 
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At the first step convective derivatives 

are represented in the following way: 
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At the second step the convective deriva-

tives are approximated as follows: 
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The second order derivatives are approx-

imated as follows: 
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In these expressions 


yyyyxxxxyyxx MMMMLLLL ,,,,,,,  are the dif-

ference operators. Using these expressions 

the difference scheme for the transport equa-

tion can be written as follows: 
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Solution of the transport equation in fi-

nite - difference form is split in four steps on 

the time step of integration dt: 

 at the first step (
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equation is 
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 at the second step (
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 at the third step (
4
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 nk , 
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 nc ) 

the expression (5) is used; 

 at the fourth step ( 1 nk , 
4

3
 nc ) 

the expression (4) is used. 

At the fifth step (at this step the influence 

of the source of pollutant emission is taken 

into account) the following approximation is 

used: 
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Function l is equal to zero in all cells ac-

cept the cells where source of emission is sit-

uated. 

Practical implementation of the model. 
Calculation of velocity components on the 

sides of computational cell allows to develop 

the conservative numerical scheme for pollu-

tant dispersion. 

For coding of difference formulae 

FORTRAN language was used. 

Description of code «ACCAM-2». This 

code includes: 

1. Subroutine «TRIANG» for numeri-

cal integration of mass transport equation. 

2.  Subroutine «SAMTRI» for numeri-

cal integration of Laplas equation for poten-

tial flow. 

3. Subroutine «UVCAL» for calcula-

tion of wind flow components. 

4. Subroutine «RISK2» for concentra-

tion presentation in the region (fig. 1). 

The developed code can solve such prob-

lems: prediction of air pollution in work-

places in the case of unplanned emissions; 

prediction of air pollution in workplaces in 

the case of continuous source of emission; 

short time ejections of toxic chemicals. 

 
Fig. 1. Computed ammonia concentration at 

pump station, t=170 s 
Conclusions. Code «ACCAM-2» for as-

sessing the level of  air pollution in work-

places during the unplanned ammonia emis-

sions is proposed. Developed code allows to 

predict the level of air pollution in workplaces 

among buildings. In this code the solution of 

the aerodynamic problem is based on the nu-

merical integration of the equation for the ve-

locity potential. To predict the air pollution 

the equation of mass transfer is numerically 

integrated. The mass transfer equation takes 

into account the convective and diffusive 

transport of pollutants in atmosphere, taking 
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into account buildings situated near the 

source of emission. In this code ammonia 

emission is simulated by a point source, 

which is modeled using the Dirac’s delta 

function. 

Further improvement of the model 

should be carried out in the direction of creat-

ing a 3D numerical model to predict air pol-

lution in workplaces in the case of unplanned 

ammonia emission. 

 

REFERENCES: 
1. Беляев Н. Н. Моделирование нестациона-

рных процессов аварийного загрязнения 

атмосферы: монография / Н.Н. Беляев, 

А.В. Берлов, П.Б. Машихина. – Д. : «Ак-

цент ПП», 2014. – 127 с. 

2. Берлянд М. Е. Прогноз и регулирование 

загрязнения атмосферы / М. Е. Берлянд. – 

Ленинград : Гидрометеоиздат, 1985. – 

273с. 

3. Бруяцкий Е. В. Теория атмосферной ди-

ффузии радиоактивных выбросов / Е. В. 

Бруяцкий. – Киев : Ин-т гидромеханики 

НАН Украины, 2000. – 443 с. 

4. Марчук Г. И. Математическое моделиро-

вание в проблеме окружающей среды / Г. 

И. Марчук.– Москва: Наука, 1982. – 320 с. 

5. Цыкало А. Л., Стрижевский И. И., Баглет 

А. Д. Испарение и рассеивание аммиака 

при его разливах и утечках. Серия: Азот-

ная промышленность. М.  1982. – 48 с. 

6. Численное моделирование распростране-

ния загрязнения в окружающей среде / 

М.З. Згуровский, В.В. Скопецкий, В.К. 

Хрущ, Н.Н. Беляев. – Київ : Наук. думка, 

1997. – 368 с. 

7. Biliaiev M. The Numeric Forecast of Air 

Pollution Caused by a Blasting Accident in 

the Enterprise Responsible for Rocket Fuel 

Utilization in Ukraine / M. Biliaiev, M. 

Kharitonov // Disposal of Dangerous 

Chemicals in Urban Areas and Mega Cities. 

Proceedings of the NATO Advanced 

Research Workshop. – Springer, 2013. – P. 

313–327. 

8. 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. 

9. Daly A., Zanetti P., Jennings M. Accident 

reconstruction and plume modeling of an 

unplanned ammonia release, WIT 

Transactions on Ecology and The 

Environment, Vol 174, doi:10.2495/ 

AIR130011, 2013.– p. 3–13. 

10. Stanley B., Mellsen A Fortran program for 

calculating chemical hazards using the 

NATO stanag 2103/ATP-45 algorithm/ 

Suffield memorandum № 1275. Defense 

research establishment suffield raeston, 

Alberta. AD-A 214763. 
 
Рецензент: д-р техн. наук О.Ф. Редько 

 

 

 

УДК 502.3: 504.5: 629.33 

Беляев Н. Н., Карпо А. А. 
Днепропетровский национальный университет железнодорожного транспорта 

имени академика В. Лазаряна 

 

УМЕНЬШЕНИЕ ИНТЕНСИВНОСТИ ПЫЛЕВОГО ЗАГРЯЗНЕНИЯ РАБОЧИХ ЗОН 

ВОЗЛЕ УГОЛЬНОГО ШТАБЕЛЯ 

 

Вступление. Складирование угля в 

виде штабелей приводит к интенсивному 

загрязнению рабочих зон угольной пылью 

[6, 8, 9]. Причиной такого загрязнения яв-

ляется унос угольной пыли от поверх-но-

сти штабеля. На интенсивность уноса вли-

яет комплекс факторов, однако важней-

шим из которых является аэродинамиче-

ский режим возле штабеля. Угольная пыль 

попадает как на производственный персо-

нал, работающий на промышленной пло-

щадке. Поэтому важной задачей является 

минимизация такого загрязнения рабочих 

зон возле штабелей угля путем использо-

вания эффективных и не дорогих методов 

защиты [1, 2]. 

Анализ литературы. Оценка уровня 

загрязнения рабочих зон возле штабелей 


