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Abstract:  Atmospheric dispersion has been performed for a
hypothetical accidental airborne radionuclide release from any nuclear
installation such as power reactor, research reactor or any facility
which uses radioisotopes as its tools. Estimate of release for various
radionuclides are based on U.S Nuclear Regulatory Commission
(NRC 1.183). The normalized concentration distribution (NCD) of
pollutants is calculated as a function of downwind horizontal distance
up to 10 km from the release point. These estimates have been
performed for Jeddah city (Kingdom of Saudi Arabia) using Gaussian
Plume Model (GPM). The calculations have been evaluated for the
atmospheric thermal stability class , B , (moderately unstable), which
is, meteorologically, and according to Pasquill classification, the
dominant stability category for Jeddah city. The computer program
"Mathmatica" is used for this purpose.

Also, the effect of radioactive decay on The NCD of pollutants
has been investigated. The relevant meteorological data, namely,
atmospheric thermal stability class, mean wind speed and direction
and their frequency of occurrence for Jeddah city have been analyzed
and presented .

The results indicate that the NCD is significantly affected by
the radioactive decay factor, particularly, in cases of short- lived
isotopes, where It reduces the concentration of cloud by different
ratios depending on the half- life time of a radionuclide.
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Introduction

Atmospheric dispersion modeling for the release of radioactive gases
and volatiles is an important contribution for various stages in the nuclear
technology safety criteria. These stages are: Licensing requirements for
the selection of nuclear reactor site, normal operating conditions stage,

and finally, accidental release in case of reactor accident!'.

Under normal operating conditions, nuclear reactor, especially
research reactor, do not release significant quantity of radioactive
material to the atmosphere. However, under accidental conditions with
severe core damage, a significant fraction of the radionuclide inventory
in the core may be released to the atmosphere. An earlier document,
WASH-1400" used release fraction of 0.9, 0.7, 0.4 and 0.05 for noble
gases, halogens, alkali metals, tellurium and the Ba-Sr group,
respectively.

An JAEA document on research reactors used 100%, 50% and 1%
release fractions for noble gases, halogens and particulates,

respectivelyl™.

The potential damage from a nuclear power reactor (or even
research reactor) is initiated in case of accident occurring, and the
radioactive cloud diffuse and transport in the atmosphere and finally, the
dramatic exposure of public to radiation. The area - on the ground surface
or in the atmosphere - which is affected by the radioactive release is
determined by various factors': amount of radiation released ( source
strength), wind direction and speed, weather conditions (particularly,
atmospheric thermal stability states) and the physical characteristics of
radioactive material released (half-life time and its deposition velocity).

In fact, the formulation of emergency plans and controlling of air
quality are based on the possible scenarios of pollution concentrations
both in air and on ground surface, which require some tools able to
predict and foresee the consequences of the nuclear accident on the
environment. These tools are the mathematical models of atmospheric
dispersion. Thus, only with the mathematical modeling, it is possible to
forecast and simulate concentration fields of contaminants in accidents in
accordance with action plans ensuring safety to the population. In this
concern, we can say that, models are instruments for control strategies
and pollutants emissions.
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In this frame, Gaussian Plume Model (GPM) is one of the most
important and widespread atmospheric dispersion model in nuclear
accident assessments to predict the radiological consequences to the

:[5]
public™.

In this work, we have applied GPM to calculate the diffusion and
transport of the radioactive cloud during its path from its point of
emission up to its final fate. Some modifications have been performed in
GPM in order to investigate the effect of the most important physical
phenomena's, radioactive decay.

Also this study include meteorological and climatological
characteristics and condition for the region on which plume disperse ,
Jeddah city . The most important meteorological concepts (that were used
in the GPM), namely, atmospheric thermal stability classes for Jeddah
city [ have been calculated and presented.

The main objectives of this work are the pollutants concentration
calculations all - over- the distance from the source (assumed position) to
the receptor and studying the effect of variation of atmospheric thermal
stability classes on the plume rise and ground level concentration values
at different positions.

Meteorological Data

The study area chosen is Jeddah city which is located on the east
coast of Kingdom of Saudi Arabia at 21.7°N and 39.2°E. Since the
atmospheric conditions are a driving force in the dispersion and transport
of pollutant plumes, the meteorological data for the city, required for this
modeling were obtained from National Meteorology and Environment
Center for one year (2008) . Tablel shows the average meteorological
and climatological data per month that used to determine the atmospheric
stability classes for Jeddah city .

Atmospheric Stability

Pasquill's stability classification method ™ is used to determine
atmospheric stability classes. This method defines six stability classes
ranging from A (extremely unstable) to F(moderately stable) on the basis
of wind speed at 10 m level, amount of incoming solar radiation during
the day and cloud cover at night (Table 1). Analysis of one typical year
of the meteorological and climatological characteristics show that the
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atmospheric thermal stability class of the region is the class B
(moderately unstable) . Table 2 shows the repetition of stability classes in
one year depending on Pasquill's stability classification method and their
percentage. It is clear that; class B is the dominant stability class for
Jeddah city most of the year.

Table 1. The average meteorological and climatological data for Jeddah city per month.

Month Temperature Mean wind speed Pre. Sky cover
(deg.c) at elevation: 10 m Direction. oktes mean
January 23 2.8 NNE 33
February 24.4 3.2 N 1.1
March 26.8 2.4 SW 0.95
April 29.2 2.8 N 24
May 30 2.8 N 2.45
June 31.7 2.4 \Y 1.15
July 334 2.4 N 1.25
August 32.9 2.8 NNW 1.25
September 323 2.4 NNW 2.35
October 29.9 2.4 N 0.65
November 27.6 2.4 N 1.7
December 25.8 2.8 ENE 1.2
Table 2. Thermal stability classes for Jeddah city for 2008.
Stability class Repetition Percentage

A 29 16.47

B 67 38.07

C 38 21.6

D 15 8.52

E 15 8.52

F 12 6.82

sum 176 100

Wind Speed

Analysis of wind data indicates that the predominant wind direction
is North (N) and the mean wind speed at 10 m is 2.4 m/s.

Dispersion Model

Analytical solution of diffusion equation was the first and
remains the easiest way for modeling air pollution . The Gaussian Plume
Model (GPM) is the most widely used dispersion model, it is recognized
to be a simple analytic approximation to a complex solution of the non-
linear equation of turbulent motion.
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The concentration distribution of a pollutant released from a

continuous single point source having emission rates Q, is expressed in

the following formula:

Z (5 ,2) :# X €Xp l:—yj} {exp[—(z_lj)z}rexp{—mlj)zﬂ (1)
o, 20 265 o

2ruo, ) ; Z

where;

y = the concentration of pollutants in ( Bg.s™).

Q = the emission rate in (Bq),
H = the effective stack height in (m),
u = the mean wind speed (m/s), and

o,,o0, = the dispersion parameters in (),

The ground level concentration (glc) below the centerline of the
plume is obtained by setting y=z=0 in Eq.(1), then we have:

—H?
Z(xa 03 O) = L €xXp 2 (2)
Tuo o, 20
The normalized concentration is defined as:
X
Xn = a 3)

in our treatment, we deal with the general case where plume rise A% is
varying with downwind distance x, and consequently H "/,

H=h +Ah

Dispersion parameters of Gaussian model o ,o, could be
expressed as function of downwind distance x and atmospheric
stabilityl™;

b d
o,=ax and o.=cx 4)

where the coefficients a, b, ¢, and d depend on the atmospheric stability.
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Radioactive Decay Factor

In case of short lived radionuclides, the corrected concentration can
be obtained by multiplying the initial source strength Q, by the following
depletion factor °:

F(ij = exp( —At) = exp (— A ﬁj (5)
u u

where A is the radioactive decay constant of the radionuclide, and ¢ is
the time of travel of the cloud in (s)

Source Term and Accident Scenario

It was assumed that the radioactive plume passing over Jeddah city
has been emitted in accidental conditions from a nuclear power plant
with the following source and release characteristics:

a) The reactor is assumed to operate on continuous basis at its full
power of 10 MW to achieve an average burn - up of 21% at the time of
accident '”). This assumption led to maximum possible fission products
inventory in the core, which was 3.17 x 10'” Bq.

b) The release scenario is assumed to occur at a stack height of
61m and the external stack diameter was 3m . The radionuclides released
from the core are assumed to be mixed within the containment free
volume and escaped from the building through the ventilation system at
an air exhaust rate of 25000 m*/h '),

c) The radionuclide activity released to the atmosphere is
immediately picked up by the wind and transported downwind according
to the receptor site (which is Jeddah city) meteorology.

Meteorological data of Jeddah city have been mentioned above and
listed as:

e The wind is blowing with a mean speed of 4.95 m/s at 6/m
height and 2.4m/s at 10m height.

e The predominant wind direction is the North (N) direction.

e The dominant stability class through the data collected for one
year duration the class B (moderately unstable) (Table 2). The dispersion
parameters (standard deviations coefficients) relevant to class B have
been used for dispersion calculation.
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Results and Conclusions

Calculation of dispersion parameters as a function of downwind
distance was illustrated in Fig. 1.2 by using Eq. (4). The normalized
concentration distribution of pollutant from a single release was
calculated by using Eq. (3) as a function of downwind distance up to 10
km for atmospheric stability class (Pasquill B) by using Mathematica 5.1.
The pollutant would be received by a person at ground level who
remained within the plume for the entire duration of cloud passage. As
the release occurs at 61m stack height, the plume first increases with
distance, reaches a maximum values and then decrease as shown in
Fig. 3. Concentration values for any pollutant depend on, thermal
stability class of the site under consideration and on the type of the
radioactive pollutant and it's life-time.

Sy

1400

1000

X

200 4000 a0 &0 10000

Fig. 1. Horizontal dispersion parameter as a function of downwind distance from the
source.
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Fig.2. Vertical dispersion parameter as a function of downwind distance from the source.
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Fig. 3. The normalized concentration pollutant } as a function of downwind distance x.

The effect of radioactive decay on the normalized concentration
distribution of pollutant from a single release has been calculated by
multiplying the glc by Eq. (5) . Also the factor of the life-time of the
released radioactive nuclides has been investigated by calculating the
dispersion of 12 different radioactive isotopes (Table.3). These
predictions are performed in the downwind direction up to 10 Km with
100 m step for vary life- time isotopes.
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Table 3. Half - life for different radionuclides released to the environment.

Radionuclide Half-life
Rb-88 18 min
1-134 52.5 min

Kr-85m 45h
Xe-135 9.1h
Te-131 30h
Xe-133 5.2d
Ba-140 12.8d
Sr-89 50 d
Ce-144 285d
Cs-134 754 d
Kr-85 10.7 yr
Sr- 90 29 yr

A comparison of the normalized concentration distribution of a

31

radioactive pollutant from a single release — we choose 5 different life-
time radionuclides — is made, with that computed from a standard GPM,

we found that radioactive decay effect is clear in cases of short lived

isotopes. It reduces the concentrations of the cloud as shown in Figs. 4-8.
Also, it is clear from Table 4 that the concentration was reduce by 75% in
Rb-88 radionuclide, 50% in I-134 and by 25% in Kr-85m, while it was
reduced by 0.01% in Sr-89 and 0.00001 in Kr-85. This indicates that,
corrections of depletion of the plume through radioactive decay are very

important to be accounted for when dealing with short-lived isotopes.

c
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Fig. 4. Radioactive decay effect on the normalized concentration } for (Rb-88) nuclide.
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Fig. 5. . Radioactive decay effect on the normalized concentration } for (I-134) nuclide.
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Fig. 6. Radioactive decay effect on the normalized concentration } for (Kr-85m) nuclide.
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Fig. 7. Radioactive decay effect on the normalized concentration } for (Sr-98) nuclide.
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Fig. 8. Radioactive decay effect on the normalized concentration } for (Kr-85) nuclide.
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Table 4. Normalized concentration distribution (NCD) calculations before and after
inserting decay factor for different radionuclides.

Dist NCD NCD NCD NCD NCD NCD

ance (before (Rb-88) ( 5(; '_51 13]:121) (Kr-85m) (Sr-89) (Kr-85)

(km) decay) (18 min) (4.5h) (50 d) (10.7y)
1 | 3.41145 x10° 2'319 3_24 32622 x10° | 3.38204 x10° | 3 '3115.24 3'f 11 (}.ﬁs
2 | 927778 x107 7’X1153.%8 8';‘ 183.31 9.11851 x107 9'317 07}7 9'3 17 3.37
3| 4.24299 x107 2'3173.39 3.7101 x107 | 4.1342 x107 4'3?5.38 4'3 fggg
4 | 2.42588 x10” 1:‘?524 2.0284 x107 | 2.34331 x107 2'3123.26 2.:1 123.§8
5 | 1.57022 x107 8’3105.33 1'3 f3.39 1.50369 x107 l'f 1609.26 l'f 17 8.31
6 | 1.09992x107 | > 'ffé.? 8.4098 x10° | 1.04424 x107 | | ;?%?77 1'3 19 821
7 | 8.13804 x10* 3'3175_25 5.95x10® | 7.65948 x107 S'leg.};g 8'X113§.(32
8 | 6.26773 x10° 2.311521 4'3 1802.26 5.8483 x10°® 6;2160@} 6'3 fg.Zl
9 | 497773 x10® 1.3;1821 3'3 1207.21 4.60459 x107® 4'3 17(?.%8 4'3 17(?.52
10 | 4.05024 x10° 15?3};6 2'3?3_35 3.71432 x10°® 4'3?5_22 48158_%2

* The highlighted cells shows the decreases in concentration due to decay factor.
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