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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
isused[1, 3,4,7,8]:
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where C is mean concentration; u, v are the
wind velocity components; ois the parameter
taking into account the process of pollutant
chemical decay or washout; u=(ux, py) are
the diffusion coefficients; Q is intensity of
point source emission; &(r—r,) 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]:

PV + Y 0, (2
where P is the potential of velocity.
The wind velocity components are calcu-
lated as follows:
oP oP
=), V=—o:
OX oy
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”
oP 0°P 0°P
- = + — ,
on  ox* oy’
where 1 is ‘fictitious’ time.
For 7 — oo 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 P is determined using the explicit for-
mulae at each step of splitting (“method of
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running calculation”). The calculation is com-
pleted if the condition

Pt -Ph|<e
is fulfilled (where ¢ 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

U . = F)IJ _Pi—l,j
b AX
Pi,'_Pi,'—l
Vi,j :JA—J.
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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:

8C N Cirj1+l _Cir;

ot At

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
L. Lo L, L Mo, M .M, M 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 (k :%) the difference

equation is
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second

— at the step (k=n+%,

c=n+ %):the difference equation is
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— at the third step(k=n+%, c=n+%)
the expression (5) is used;
— at the fourth step (k=n+1, c:n+%)

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:
5N+l gn
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Function &, 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 «kKACCAM-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.
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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.
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YMEHBIIEHUE THTEHCUBHOCTU IBUVIEBOTI'O 3ATPA3HEHUS PABOYUX 30H
BO3JIE YI'OJIBHOT'O ITABEJIA

Berynuienne. CknanupoBaHue yris B
BHJIC mITa0eIe MPUBOJAUT K MHTCHCHBHOMY
3arpsi3HEHUI0 PA0OUUX 30H YTOIBHOU MBLIBIO
[6, 8, 9]. IIpuunHOI TaKOTO 3arpsI3HCHHUS SIB-
JII€TCA YHOC YTOJBHOM MBUIM OT MOBEPX-HO-
ctu mtadens. Ha nHTeHCUBHOCTH yHOCA BITH-
€T KOMIUIEKC (aKTOpOB, OJAHAKO Ba)KHEH-
IIUM U3 KOTOPBIX SIBJISIETCS a3pOJMHAMHYE-
CKUU peXHM BO3JI€ ITadesns. Y ToabHas MbLUTb

IonaiaeT Kak Ha IMPOM3BOACTBEHHBIN NIEpCo-
Has, paboTaouMii Ha MPOMBILIUIEHHOH IUIO-
mwaake. [loatomy BaxkHOM 3amadeil SBIAETCS
MUHUMU3ALKS TaKOTO 3arpsi3HEHUs: paboyux
30H BO3JIe mTabenell yris myTeM UCIOJb30-
BaHUA () PEKTUBHBIX U HE JOPOTUX METO/0B
3amuThl [1, 2].

AHasm3 guteparypbl. OUEHKa YPOBHS
3arps3HEHUs] pabo4MX 30H BO3JE MITadenei
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