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Dispersion of Pollutants from A point Source in Moderate and Low Wind
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Abstract: A generalized simple model was presented to describe the dispersion of a pollutant in downwind
distances in stable atmosphericboundary layer (ABL). Advection-Diffusion Equation was solved for a nearly
constant emission rate of pollutant from a point source with assumption of well –defined edge plume.The
proposed model investigates dispersion and advection of conservative material as it travels downwind.
Determination and an explicit approximate expression for the Ground Level Concentration (GLC) were provided.
Results were evaluated with the observations obtained from diffusion experiments in moderate and low
wind.The present model shows good performance with the observed data and can be used to investigate the
short-range dispersion of pollutant. It can be concluded thatthe good parameterizations of input data such as
windspeed and plume heightleads to well perfection in the agreement betweencomputed and observed
concentrations.
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INTRODUCTION [9, 10]. In this study, we suggest a simple  model to

The environmental problems caused by dispersion of in moderate and low wind conditions. The importance of
pollutants into airare complex and strongly influencing this study that,in such conditions the pollutants are not
many natural processes and hence the ecological balance. able to travel far and thus the near-source areas are
For this reason, it is very important to develop our affected the most [11].
understanding of the pollutants dispersion in the
atmosphere and the hazards on the diverse ecosystems Theoretical Aspects: A very  simple  approach,  namely
involved [1, 2]. The combination of diffusiondue to the   principle   of   conservation   of  mass,  will be used
turbulent eddy motion and advection due to the wind that as  a  starting  point.  After  steady-state has been
occurs within  the  atmospheric  boundary  layer  is  called reached, the principle of conservation of mass can be
dispersion. Dispersion of pollutants can be described written as:
mathematically  by  atmospheric  dispersion modeling.
The computational simulation of pollutant dispersion (1)
concerning as a very important source of information.
Advection–diffusion equation,which is a second-order where,
partial differential equation (PDE) of parabolic type, is a  (z) is the mean wind speed (m/s), 
very well description of atmospheric  dispersion  models C(z) is the concentration of pollutants (g/m ) (Bq/m ) and
[3, 4]. This equation provides a good theoretical H is the plume height (m) [12].
dispersion model from a source given appropriate
boundary and initial conditions, plus knowledge of the In subsequent section of this paper the different
mean wind velocity and concentration of turbulent fluxes variables in equation (1), namely, the wind profile,
[5-8]. For point source releases, advection diffusion concentration profile and plume height will be discussed
equation considered wind speed as a function of vertical in detail. Once these variables are described completely,
height and vertical eddy diffusivity as a function of both the integration of equation (1) will lead to the
vertical height and downwind distance from  the  source mathematical model.

predict the downwind concentration from a point source
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Table 1: Range of Monin-Obokhov length according to stability classes
Stability class L range
Very stable 0 < L < 200 m
Stable 200 < L < 1000m
Near neutral L > 1000m
Unstable -1000 < L < -200 m
Very unstable -200 < L < 0 m

Wind Parameterization: Along with increased
turbulence, one of  the  effects  of  atmospheric
convection is to modify the shape of the mean velocity
profile. The Obokhov length L is a parameter used to
define atmospheric stability. It is defined as that height at
which turbulence is generated more by buoyancy than by
wind shear. According to Monin and Obukhov [13, 14],
the adiabatic wind profile is given by:

(2)

where,
Is a function dependent on the dimensionlessm

parameter z/L.
L Is the Monin –Obukhov length scale.
u Is the friction velocity (m/s).*

k Is the Von-Karman constant equals 0.4o

Equation (2) was integrated for stable condition to
become:

u =u /k (lnz/z +5z/L) (3)* o o

where:
z  is the roughness height (m) [15, 16].o

The friction velocity u is related to the frictional*

resistance that the ground exerts on the wind. It is
typically about 10% of the wind speed at z= 10 m. The
surface roughness length z  is a measure of theo

aerodynamic roughness of the ground and it is typically
3-10% of the height of the surface obstacles [17].

The use of stability classes help to understand the
different wind profile with respect to atmospheric stability
(Table 1). The dimensionless parameter L/z is positive for
stable conditions, negative for unstable and goes to zero
for near- neutral conditions [18].

Plume Height and Concentration Parameterization:
Several equations have been proposed to predict plume
rise. Unfortunately, the predictions of the different models
are more than a factor of 10 apart. Briggs (1968) developed
the well-conceived equations. They are used in many
regulatory models [19, 20].

First, the buoyancy flux parameter f  is defined as:b

(4)

with  the density of the stack gas,  the density of thes

surrounding air (1.17 kg/m ), g the acceleration due to3

gravity (9.80665 m/s ), r the stack radius (1m) and w (m/s)2

the stack gas velocity in the vertical direction.
The transitional plume rise is the local plume rise,

before the plume has reached its maximum height. It is
given by the following equation [13, 19]:

(5)

where x (m) is the distance downwind from the source and
u is the wind speed (m/s). However, plumes do not rise
indefinitely but stabilized at a certain height, the final
plume rise height, this height is achieved at a distance
x (m) from the source which can be calculated as follow:f

(6)

(7)

Equations (6 & 7) are dimensionally not
homogeneous and are valid only when metric units are
used. At distances greater than x , the plume rise isf

assumed constant and given by:

(8)

In our case F <55, then equation (6) was applied.b

Measurements were at downwind distance x=100 m,
thenx < x, by using equation (8) the plume height was 40f

meter.
In Figure (1), the plume heightwas obtained as a

function of downwind distance for some value of
stratification parameter L. The advantage of this method
is that it is possible to obtain height of plume as a
function stratification parameter L, surface roughness zo

and downwind distance from the source x  [12].
The steady state transport of radioactive

contaminants released from a point source is described by
the following partial differential equation:

(9)
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Fig. 1: Height of the plume, H, vs downwind distance, X, for surface roughness, z = 0.1 m.o

Subject to the boundary conditions (13)

1- C 0 at x
2-

3-

Let the concentration profile in the form: (15)

C/C  = 1+a  (z/H) + a  (z/H) + (10) (16)o 1 2
2

where:
C Is the concentration at the axis of the plume (Bq/m )o

3 .

C Is the concentration at distance (z) among from the
plume axis (Bq/m ).3

H Is the plume height (m). Let ln z/z = x  e  = z/z  e  dx= dz/z
Q Is the source strength (Bq) and At z=0  ln 0 =x  x=-8
a1, a2,….are constants.

C/C  =1+ a  (z/H) (11)o 1

The above equation is a straight line. The value of a1

will depend on the concentration at the edge of the plume.
If the edge of the plume is defined as having (r) percent of
outer line concentration, then

0.01r= 1+a  a = 0.01r -1,if r = 0 a = -11 1 1

 C/C  =1- (z/H) (12)o

Proposed Model: Substituting from eqn. (3) and (12) in
eqn. (1), we get:

(14)

o o o
x x

=  = 

= (17a)

-1/H

Let ln z/z  = x  z/z  = e  z = z  e , dz = z  e  dxo o o o
x x x

At z = 0  x = ln 0 = -
At z = H  x = ln H/ zo



(1- )z
H
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-1/H  = - z /H  = - z /Ho o
2

=  = 

=  = - 

= (17b)

By substituting in (16) we get:

(18)

(19)

(20)

(21)

Substituting from equation (21) in equation (12) we get:

(22)

For infinite point source located at a height H from the ground, equation (22), for radionuclides concentration at
ground will be:

(23)

where, e  is the radioactive decay term for the specified radionuclide.– x/u

RESULTS AND DISCUSSION be 40 m. The distance of the observed concentration was
100 m. Table (2) shows Source strength (Bq) and decay

Dispersion models generally require steady and constants for the studied fission radionuclides.
horizontally homogeneous hourly surface and upper air Table (3) shows the predicted concentrations due to
meteorological observations. However, 15 minutes and I-131, I-133 and Cs-138.Results show that the present
hourly meteorological observations are available for the model is performing well with the observations and can be
study area. 15 minutes average wind speed at 10 & 60 used to predict the short-range dispersion from a point
meter height was calculated. The representative value of source release. 
L, the stratification parameter of this study was calculated For the purposes of verification, the source strength
as 400 m. The average surface roughness for the study can be adjusted according to the predicted concentrations
area was about 0.1 m. The plume height was calculated to as shown in equation (24). 
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Table 2: Source strength (Bq) and decay constants for the studied fission radionuclides.

Exp. Wind speed (m/s) I-131 I-133 Cs-138

1 3.1 1347091 1222609 143062
2 2.8 26636 26630 312
3 3.3 21309 2131 249
4 1.9 143836 14383.6 16831

9.95*10 9.25*10 3.8*10-7 -6 -4

Table 3: Predicted & observed concentrations due to I-131, I-133 and Cs-138

I-131  concentration I-133  concentration Cs-138 concentration
-------------------------------------------------------- -------------------------------------------------------- ---------------------------------------------------------
Observed Predicted O/P Observed Predicted O/P Observed Predicted O/P

2.4000 1.4708 1.6318 1.4900 1.3345 1.1165 0.1850 0.1543 1.1990
0.0510 0.0291 1.7537 0.0360 0.0291 1.2386 0.0006 0.0003 1.8747
0.0580 0.0233 2.4930 0.0044 0.0023 1.8916 0.0009 0.0003 3.3116
0.2500 0.1571 1.5920 0.0230 0.01570 1.4653 0.1890 0.1800 1.0500

Table 4: Corrected Q for different radionuclides

Experiment Corrected Q ( I-131) Corrected Q ( I-133) Corrected Q (C -138)s

1 2198191 1365074 171528
2 46711.72 32982.7 584.891
3 531228.5 4031.02 824.577
4 228982.9 21075.58 17659.9

(24) 2. Essa, K.S.M. and S.E.M. Elsaid, 2015. Estimation of

Table (4) shows the corrected Q for different Isotopes, J.  Civil  &  Environmental  Engineering,
radionuclide's. 5(4): 1-6.

CONCLUSION Atmospheric Dispersion        Modeling,    Society

It is concluded that the present model shows good 53(2): 349-372.
performance with the observed data and can be used to 4. Buske,   D.,     M.T.     Vilhena,    T.    Tirabassi   and
investigate the short-range dispersion of pollutant. In B. Bodmann, 2012. Air pollution steady-state
addition, it can be deduced that the suggested model is Advection diffusion equation: the general three-
able to more accurately reproduce the concentrations dimensional solution, JEP, 3: 1124-1134.
closer to the source (higher concentrations), where 5. TizianoTirabassi, Alessandro Tiesi, Marco T. Vilhena,
turbulence is based on superficial scales. It can be Bardo E.J. Bodmann and Daniela Buske, 2011. An
concluded that the good parameterizations of input data Analytical Simple Formula for the Ground Level
such as wind speed and plume height leads to well Concentration  from  a  Point  Source,  Atmosphere,
perfection in the agreement between computed and 2: 21-35.
observed concentrations. 6. Camps, J., C. Turcanu, D. Braekers, G. Olyslaegers
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