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Exposure to radioactive pollutants such as lodine-135 1" seriously threatens public health and environmental balance. Monitoring and managing these pollutants
require expensive economic equipment that is not suitable for low-income countries such as Egypt. Therefore, trying to derive a mathematical model that estimates
the concentrations of these radioactive pollutants with high accuracy and a low relative error coefficient compared to the actually measured values is very important.
Therefore a mathematical Gaussian model was received to estimate the concentrations of I'3® emitted from the research nuclear reactor in the Inshas region in Egypt using

different shapes of plume rise in unstable conditions.

A comparison between the derived model and its maximum values with observed concentrations data measuring on Egyptian Atomic Energy Authority for 1'% in
unstable conditions has been found. The derived model may be applied to estimate and predict the emissions of any radioactive pollutant for any similar area and similar

type of used reactor, which provides high-precision technology with zero economic cost.

The statistical technique shows that the entire Gaussian model and its maximum inside a factor of two with observed concentration data achieved 98%. In addition,
the statistics show that all the Gaussian plume models and their maximum have a correlation coefficient of about 0.95%. Also, the normalized mean square error. And the

fraction bias. are near-zero values in all Gaussian models and their maximum.

Introduction

A simple model for atmospheric dispersion in short-range
(up to 10 km from the source) is the Gaussian plume model
as said by Curtiss and Rabl in 1996 [1]. But in 1995, Sharan, et
al. [2] established that conventional approaches for estimating
plume-dispersion parameters are the least likely to be suitable
for operation under low wind speed and stable conditions.
Gaussian-plume models play a major part in the nonsupervisory
area. Still, they may not always be the smart models to use and
it was noted at the 15™ International Clean Air Conference 2000
- Modeling Workshop that particular models aren’t always
chosen on an objective scientific base Ross [3]. Abdel-Rahman

[4] studied the atmospheric dispersion and Gaussian plume
model. Essa, et al. [5] studied the plume rise and wind speed
effect on the extreme value of air contaminant concentration.

In artificial operations, the classical Gaussian diffusion
models are substantially used in effecting the impacts of
finding and proposed sources of air pollutants on local and
urban air quality by Arya [6]. Homeliness, associated with
the Gaussian logical model, does this approach particularly
suitable for organizational operation in the fine modeling of air
pollution. Indeed, similar models are relatively useful in short-
range soothsaying. The side and perpendicular dissipation
parameters, independently o, and o,, represent the crucial
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turbulent parameterization in this approach, once they contain
the physical constituents that describe the dissipation process
and, accordingly, express the spatial extent of the adulterant
premium under the effect of the turbulent stir in the (‘Planetary
boundary layer’) Abdul-Wahab [7].

The atmospheric advection- prolixity equation had long
been made to know the transport of adulterants in a turbulent
atmosphere was studied by Seinfeld [8]. A logical dissipation
Model for sources in the atmospheric face subcaste with a dry
deposit to the ground face has been studied by Kumar and
Sharan [9]. Also researched the variation of circle diffusivity
on the mimics of the geste of advection- prolixity equation
was studied by Essa, et al. [10]. Essa, et al. [11] answered the
advection- prolixity equation with variable perpendicular
circle diffusivity and wind speed using Hankel transfigure to
get the crosswind integrated attention.

This work studies the effect of premium rise on Gaussian
premium models and their outside using different shapes of
dissipation parameters and premium rise. After that, we used
the Gaussian premium model, its outside, and compared it with
observed attention data which are taken from the Egyptian
Atomic Energy Authority for Iodine-135 I'*5 in an unstable
condition.

Mathematical models

The Gaussian model concentration can be written [12] as
follows:

2
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Where, ¢ """ is the radioactive decay for isotope, v = 2.9 X
105 s~ for Iodine-135.

Where o, and o, are the dispersion parameters in crosswind
and vertical directions of the plume respectively, Q is the
emission rate, H is the effective stack height; H =h +Ah, h
is the stack height and Ah is the plume rise, u is the mean
wind speed, while y and z are the crosswinds and the vertical
coordinates, respectively.

Maximum Gaussian concentration has the form:

_HZ2
202
o =—2—c 27 (2)
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Where,
H
[ ﬁ

The mean concentration of pollutant plumes emitted from
a point source can be assumed to have a Gaussian distribution
which is highly idealized since they require stationary and
homogeneous turbulence in the PBL ‘Planetary boundary layer’
where the flow may be assumed quasi-stationary for suitable
short periods (from 10 min to 1 h) Yves, et al. [13].

Using the different dispersion parameters of ¢ and o, in
each of the two cases:
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The first crosswind and vertical dispersion parameters for
the convective condition are taken from the previous work of
Lidiane, et al. in [14] with the form:

2 2 %

oy 0.55X°Y
h_2_7l (3)

1+] 2.2x93

2

o 042x%y3
h—z—il (4)

1+] 2.9X¥3

eh
Where; ¥ = —3 ; ¢ is the mean dissipation rate of turbulence
W
kinetic energy per unit time per unit mass of fluid, Field
observations in a convective PBL show that 0.65 by Cauchey
XWy
and Palmer [15]. X :—h is a non-dimensional distance
u
defined by the travel time to the convective time scale and h is
mixing height.

The second crosswind and vertical dispersion parameters
for the convective condition are taken from Lidiane, et al. [16]
in the form:

1
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Where, n=——~1; (fm) is the reduced frequency of the
ulfm),
l

convective spectral peak in the form

* z
(f m )i “he
First:
H =h g+ Ah=hg+3(w/u)D 7

Where w is the exit velocity of the pollutants (4 m/s), D is
the internal stack diameter, and h_ is the stack height (43 m)

Second:

Briggs plume rise
Ah=150F [uh3 (8)
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Table 3: Observed, Maximum concentrations (Bq/m?) and downwind distance at

Where, different Gaussian plume rise.
F=gw(D/2)A2(Ts-Ta) Downwind Observed ( 1Egr:‘s.7) ( 1Egnes.7) Eqns. (2,3, (zEgr:%)
distance  conc.(Bq/ e o 4,7) Conc. o
. . Conc. (Bg/  Conc. (Bq/ Conc. (Bq/
Where; F is the buoyancy flux parameter, Ambient (m) m?) (Ba/m?)

md) md)

md)
temperature (Ta)- 25 °C-, Stack temperature (T,) - 50 °C-.

100 0.025 0.0234 0.0326 0.0145 0.02127
Third: 98 0.037 0.120 0.0134 0.0252 0.044329
. 136 0.091 0.056 0.0754 0.04356 0.078956
Carson and Moses equation:
135 0.197 0.2456 0.154 0.09456 0.090608
Ah = 3.47 w D/u + 5.15 QhAo.5/u. 9) 106 0.272 0.2340 0.1653 0.28234 0.331532
186 0.188 0.1934 0.1365 0.1794 0.156713
Where,
165 0.447 0.3450 0.3456 0.36228 0.573346
Q, = Heat emission rate in 5000 K.cal/sec 154 0.123 0.1134 0.1093 0.15034 0.125247
Results and statistical technique 106 0.032 0.0232 0.0456 0.03722 0.047909
Air samples were collected around the Egyptian Atomic Table 4: Observed, Maximum concentrations (Bq/m3) and downwind distance at

Energy Authority. The vertical height is 0.7 m above ground
from a stack height of 43 m, for twenty-four hours of working, Downwind Observed Eqns.(1,3,4,9)
where the air samples were collected for a half-hour at a height distance Conc. (Bq/ Conc.(Bq/
of 0.7m with a roughness length of 0.6 cm. The values of ‘n’ are (m) m3) m3)

a function of air stability are taken from Hanna, et al. [16]. The

different Briggs plume rises.

Eqns.
(1,5,6,9)
Conc. (Bq/
m3)

Eqns.(2,3,4,9) Eqns.(2,5,6,9)
Conc.(Bq/ Conc.(Bq/
m3) m3)

. . : 100 0.025 0.03459 0.01239 0.029870 0.01230

observed data of I35 isotope concentration was obtained from
dispersion as experiments conducted in unstable conditions % 0.037 0.07098 0.0234 0.044329 0.02341
(82) and presented in Table 1. The observed concentration of the 136 0.091 0.05098 0.07890 0.078956 0.07890
I35 isotope and the meteorological data during the experiments 135 0.197 0.0980 0.17908 0.090608 0.17908
are taken from Essa and El-Otaify [17] and presented in Table 106 0.272 0.1980 0.24560 0.331532 0.24560
2. The predicted concentrations by Eqns. (1,3,4,7), (1,5,6,7), 186 0.188 0082008 015608  0.156713 0.16081

(1,3,4,8), (1,5,6,8), and (1,3,4,9), (1,5,6,9) below the plume
. . . 165 0.447 0.2980 0.3601 0.53346 0.360176

centerline are also presented in Table (3). Also, The predicted
154 0.123 0.13906 0.145490  0.125247 0.125490

maximum concentrations by Eqns. (2,3,4,7), (2,5,6,7),
(2,3,4,8), (2,5,6,8) and (2,3,4,9), (2,5,6,9) below the plume 106 0.032 0.04980 0.01590  0.02792 0.01671
centerline are also presented in Tables 3-5.

Table 5: Observed, Maximum concentrations (Bq/m3) and downwind distance at

A comparison between predicted and observed different Carson and Moses plume rise.

concentrations of radioactive I35 via downwind distance in

fre . A, Downwind Observed Eqns. Eqns. Eqns. Eqns.
unstable conditions at Inshas is shown in Figure 14, also, the distance  conc.(Bq/ (1,3,4,8) (1,5,6,8) (2,3,4,8) (2,5,6,8)
relation between predicted and observed concentration data m) m3) Conc.(Bq/  Conc.(Bq/  Conc.(Bq/  Conc.(Bq/
m3) m3) m3) m3)
100 0.025 0.01876 0.01034 0.02987 0.030234
Table 1: Power-law exponent ‘n’ is a function of air stability in the urban area. 98 0.037 0.0245 0.0290 0.044329 0.0290
A B C D E F 136 0.091 0.0457 0.0865 0.078956 0.0865
n 0.85 0.85 0.80 0.75 0.60 0.40 135 0.197 0.1654 0.1541 0.090608 0.1541
106 0.272 0.2170 0.1982 0.331532 0.1982
Table 2: Meteorological data of the nine convective test runs at the Inshas site. 186 0.188 0.2012 0.0980 0.156713 0.0980
Run Working hours rF::(Iee(aBSqe/ :::::i Wind st;-i?ity Vertical 165 0.447 0.5021 0.355 0.573346  0.355431
no. of the source m2) ) direction(deg) class distance(m) 154 0.123 0.1320 0.1345 0.125247 0.1412
1 48 1028571 4 301.1 A 5 106 0.032 0.0612 0.0230 0.047909  0.0230
2 49 1050000 4 278.7 A 10
3 1.5 42857.14 6 190.2 B 5 are shown in Figure 1B. Comparison between observed and
4 22 4714286 4 197.9 c 5 predicted, maximum concentrations for different plume rises
5 23 492857 1 4 1815 A 2 in an unstable condition. is introduced by [18-20]. Where NMSE
is the normalized mean square error, FB is the fraction bias,
6 2 Sl4285.7) 4 3473 D 80 COR is the correlation coefficient and FAC2 is the factor of two
7 28 1007143 | 4 330.8 c 7.5 in Table 6, where NMSE is the Normalized Mean Square Error
8 48.7 1043571 4 187.6 c 7.5 factor of two, the statistical technique shows that the entire
9 48.25 1033929 4 1417 A 5.0 Gaussian models and their maximum inside a factor of two
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with observed concentration data achieved 98%. In addition,
the statistics show that all the Gaussian plume models and their
maximum have a correlation coefficient of about 0.95%. Also,
the normalized mean square error and The Fraction Bias are
near-zero values in all Gaussian models and their maximum.
Equations (1,3,4,8) of the Gaussian plume model with Briggs
plume rise is the best statistical technique than other plume
rises. In addition, Equations (2,5,6,9) of the maximum
Gaussian plume model with Carson and Moses equation is the
best statistical technique than other plume rises.

Discussion

One finds that the Gaussian concentrations agree well with
the observed concentrations of I35 over downwind distance
as shown in Supplementary Figures 1A-3A and its maximum
Gaussian concentration. In addition, we find that the Gaussian
concentrations and their peak values are within a factor of
two with the observed concentrations of I35 as shown in the
three Figures 1B-3B. Statistics show that all Gaussian column
and max models have a correlation coefficient of about 0.95%.
Also, normalized mean squared error and fraction bias are
values close to zero in all Gaussian models and their maximum.
Equations (1,3,4, and 8) of a Gaussian plume model with Briggs
plume height is a better statistical technique than other column
heights. In addition, equations (2,5,6, and 9) of the maximum
Gaussian model with the Carson and Moses equation are a
better statistical technique than other plume heights.
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Conclusion

This work studies the effectiveness of three plume rises
on Gaussian plume models and their maximum. The Gaussian
concentrations plume models and their maximum values are
lying inside a factor of two with the observed concentrations
measured on Egyptian Atomic Energy Authority for Iodine-135
I35 in an unstable condition.

The statistical technique shows that the entire Gaussian
model and its maximum inside a factor of two with observed
concentration data achieved 98%. In addition, the statistics
show that all the Gaussian plume models and their maximum
have a correlation coefficient of about 0.95%. Also, the
Normalized Mean Square Error and The Fraction Bias are near-
zero values in all Gaussian models and their maximum.

Availability of data and material

The data that support the findings of this study are available
from the Egyptian Environmental Affairs Agency and the
Egyptian Meteorological Authority but restrictions apply to the
availability of these data, which were used under license for the
current study, and so are not publicly available. However, data
are available from the authors upon reasonable request and
with permission of both the Egyptian Environmental Affairs
Agency and the Egyptian Meteorological Authority.
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Figure 1(B): 1-3- Comparison between Observed, calculated, maximum concentration, and downwind distance for different Gaussian, Briggs and Carson and Moses in an

unstable plume rise.
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Table 6: Comparison between observed and predicted, maximum concentrations for
different plume rises in an unstable condition.

NMSE FB COR FAC2
Eqns. (1,3,4,7) 0.11 0.04 0.93 1.15
Eqns. (1,5,6,7) 0.16 0.27 0.98 0.86
Eqns. (2,3, 4,7) 0.11 0.17 0.95 0.82
Eqns. (2, 5,6,7) 0.14 -0.04 0.95 1.03
Eqns. (1,3, 4, 8) 0.05 0.03 0.97 0.97
Eqns. (1, 5,6, 8) 0.14 0.26 0.98 0.75
Eqns. (2,3, 4, 8) 0.14 -0.05 0.95 1.06
Eqns. (2, 5,6, 8) 0.15 0.06 0.88 1.04
Eqns. (1,3,4,9) 0.33 0.32 0.93 0.99
Eqns. (1,5, 6, 9) 0.06 0.15 0.99 0.79
Eqns. (2, 3,4,9) 0.11 0.00 0.96 0.98
Eqns. (2,5, 6,9) 0.05 0.16 0.99 0.78
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