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Abstract: Radiological impacts due to y radiation on the ground at some of the user — defined output points
are estimated in stable conditions. Contributions from airborne & deposited material are calculated. In the
current study, Gaussian Plume Model is used to examine the time-evolution of the turbulent dispersion of
radioactive gases in the atmospheric boundary layer and it is coupled to a gamma dose rate model. In this way,
the variability of radiological dose rate from cloud shine due to instantaneous turbulent mixing processes can
be evaluated. The maximum exposure from these selected radionclides released during the normal operation of
the reactor was 2.63E-03 m Sv/y at distance 100 m downwind from the source. It has only about 0.13% of the
recommended limits for occupational persons (20 mSv/y). It can be concluded that the estimated effective doses
are below (and often far below) the dose levels regarded by the International Community on Radiological

Protection (ICRP 2011).
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INTRODUCTION

External exposure generally results in a radiation
dose to the entire body usually considered uniformly
distributed over the body, particularly when it received
from a widespread cloud. Absorbed dose is basically a
measure of how much of the energy in the radiation field
that is retained in a small volume. Models for calculating
dose rates due to a radionuclide release into the
atmosphere from a nuclear facilities under accident or
normal operation conditions are of great importance,
both due to the regulatory requirements, risk assessment
and to know the environmental impact of such releases
[1]. Dose rate is affected by many factors as stability
conditions, photon energy, Ey, mass energy absorption
Uo/p, dry deposition velocity,
turbulence, occurrence and intensity of rain, wind, etc.
It is proportional to the product of the photon energy and
the mass energy absorption coefficient for air [2, 3]. The
dose rate arising from external irradiation due to
radioactive plume is directly proportional to plume shape,
the instantancous radionuclides distribution in the air,
half-life of the radionuclide and its environmental
behavior [4].

coefficient for air,

For calculating the dose rates, also, the plume shape
and the radionuclide concentration distribution are very
important parameters. In eddy turbulent, the largest
variability in local, instantaneous gamma dose rate is
found at the distance of ten times the release height in
stream-wise direction, regardless of the energy of the
gammas. It is also demonstrated that the effective dose
can be underestimated by up to a factor of four when long
— term measurements are used to estimate the dose from
short-term exposures and the variability in the wind field
is neglected [5]. While, the importance of dispersion
modeling in low wind conditions lies in the fact that such
conditions occur frequently and are crucial for air
pollution episodes. In such conditions, the pollutants are
not able to travel far and thus the near-source areas are
affected the most. The classical approach based on
conventional models, such as the Gaussian puff/plume or
the K-theory with suitable assumptions, are known to
work reasonably well during most meteorological regimes,
except for weak and variable wind conditions [6, 7].
As stability becomes more stable, thereby causing the
mixing layer to decrease, a part of the cloud will remain
above the mixing layer and will not be affected by
When becomes less stable,

deposition. weather
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radioactive material spreads vertically to fill the increased
mixing layer. This mean that, during unstable condition
the dose increases, due to the fact that radioactive
material above the neutral mixing layer can reach the
ground and thereby increasing concentrations close to
the ground and deposition [8, 9, 10].

If the atmospheric turbulence were homogeneous,
the mean concentration of species emitted from a point
source would have a Gaussian distribution [11, 12]. Dose
rate is proportional to ground concentration at any
crosswind point Y, while the dose rate on the centerline,
D,, is constant at some distance downwind [13]. The
accumulated dose rate distribution has a maximum point
at the foot of the stack; while dose rate distribution under
a single weather condition has a maximum point occurs at
a few hundred meters downwind from the stack [14].

However, for simplicity and obtaining conservative
results, usually a uniform concentration distribution
assumed within a plume extending finitely in all directions.
This assumption results in a very simple expression for
the dose calculations by assuming equilibrium between
the y energy released and the energy absorbed in air,
(The uniform cloud approximation), . A more appropriate
assumption is to assume a Gaussian concentration
distribution that results in a rather complicated formula
containing triple integral over the plume dimensions,
(The Gaussian cloud approximation), [11, 15].

In this study, the uniform cloud approximation was
used to calculate the dose rate to a receptor at specific
downwind distance from the nuclear facility.

Theoritcal Aspects

Calculation of ydose Due to Airborne Material: During
the normal operation of nuclear instillations, several
fission radionuclides are released to the surrounding
atmosphere. The releases during the normal operation of
nuclear reactors are of the planned, chronic type [16].
Much of the dose from these radionuclides delivered by
the pathway of cloud shine and immersion.

The Uniform Cloud Approximation: A simplified
approach to estimate the dose from a passing cloud is
based on the assumption that the individual is standing
on the ground immersed in a cloud that is infinite in size
, through which radioactivity is uniformly dispersed for a
period during which the total exposure is given as D.
When the radionuclide is uniformly distributed in the
atmosphere or the photon energy is sufficiently low that
this is a reasonable approximation over the volume of a

980

plume, then the simplest calculation method is the
semi-infinite cloud model [17, 18]. Simulation of the
atmospheric dispersion of radioactive gases, released
from a nuclear
computation of the resulting dose rate, is an essential part
of the nuclear emergency planning. It is in particular
important in order to be able to take effective
countermeasures. Gaussian models perform reasonably

installation after an accident and

well in predicting the spatial distribution of the gas
concentration at larger distance from the source, i.e. from
a few hundred meters on, they have shown to be
unreliable at closer range [15, 19].

The the
atmosphere are transported according to the wind field
over the terrain and dispersed over a wide area in an
arbitrary form of distribution. The amount of radioactive
material in the atmosphere was changed by radioactive
decay and chemical reactions as well as wet and dry
deposition, jointly represented in equation (1). The wind
field is dependent on both geometrical and meteorological
conditions [20].

Most models for estimating y-absorbed dose rate use
a two-step process. First, (1): the average concentration
distribution predicted using a dispersion model such as
Gaussian plume model. Then (2): the absorbed dose rate
is estimated using a dose calculation methodology with
this average concentration distribution [21].

radioactive materials released into

The use of Gaussian air pollution model requires the
estimation of horizontal and vertical growth of the
plumes for predicting the air pollutant concentration.
The horizontal and vertical growth of plumes are
generally expressed in terms of standard deviations
of concentrations in lateral (y) and vertical (z)
directions i.e., 0, and o, respectively and parameterize
the dispersion due to atmospheric turbulence [22].
The equation of Gaussian air pollution model can be
expressed as:

|
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where the parameters are defined by the following
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descriptions:

C (Bq m™) = Concentration of air pollutant;

0 (Bq s™") = Continuous point source strength;
u (m s™") = Wind speed at height H;

o0, (m) = Lateral dispersion parameter;
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0. (m) = Vertical dispersion parameter;

x (m) = Horizontal distance in the direction of downwind.
» (m) = Lateral distance from plume centerline,

z (m) = Height above ground;

H(m) = effective height of plume above ground;
H=h+Ah; where h is the stack height and Ah is the plume
rise equals 3(wD/u); D is the internal stack diameter and
w is the exit velocity of the pollutants [23].

*  Estimation of absorbed dose in air from a plume
emitting photons is most simply achieved by use of
a semi-infinite cloud model. Implicit in this approach
are the assumptions that the activity concentration in
air is uniform over the volume of the plume from
which photons can reach the point at which the dose
is delivered and that the cloud is in radio-
equilibrium. The amount of energy absorbed by a
given element of cloud is then equal to that released
by the same element [18]. A semi-infinite
homogeneous cloud could be assumed for
calculating absorbed gamma dose at large distances
(up to several kilometers). For smaller distances the
dose rate has to be calculated by 3- dimensional
integration over the activity concentration in the
plume [24, 25]. The general expression for dose
calculation is:

n
- 2
Dy—leE i 2

where,

D, is the absorbed dose rate in air (Gy/y)

X s the atmospheric concentration of the radionuclide
calculated using equ. (1) (Bg/m’)
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E. isthe initial energy of the photon (MeV)

J

I; is the fraction of photon of initial energy E;emitted
per disintegration

n is the number of photons of particular energies
emitted per disintegration

K, =2*10"°(Gyly MeV ms)[3, 18].
RESULTS AND DISCUSION

Table (1) shows the activity concentration of
different radionuclides at different distances (Bg/m’) as
calculated using equation (1). Calculations show that the
maximum ground level concentrations appear at distances
of 100-120 meter at downwind distances.

Absorbed dose rate (Gy/y) is estimated using a dose
calculation methodology with this average concentration
distribution as shown in equation (2).

For I-131 the energy of 364.48 keV (with intensity
81.2%) and 529.9 keV (with intensity 87.3%) for I-133 were
used in equation (2). While for I-135 the summation of
1131.5 keV (with intensity 22.5%) and 1260.4 keV (with
intensity 28.6%), this also made with 462.8 keV, 1009.8 keV
and 1435.9 keV for Cs-138 (with intensity 30.7 %, 29.8%
and 76.3% respectively), Tables (2 &3).

A coefficient of 0.7 Sv/Gy has been used to convert
the annual absorbed dose in air to annual effective dose
Equivalent, [26, 27], as shown in Tables (4 & 5).

The summation of external dose rate to the
workers from 1-133, I-135 and Cs-138 at different
distances were also calculated. Therefore, we assume that
the worker may be exposed to the total annual release
from the selected radionuclides and the annual exposure
due to these radionuclides was calculated as shown in
Table (6).

Table (1): Concentration of different radionuclides at different distances (Bq/m?)

Distance (m) 1-131 Bg/m® 1-133 Bg/m® 1-135 Bg/m® (*1072) Cs-137 Bg/m® (*107°) Cs-138 Bg/m® (*107%)
20 4.1 2.16 0.209 0.16 0.24
40 43 2.69 0.292 0.19 0.31
60 4.6 3.33 0.356 0.029 0.39
80 4.7 3.82 0.369 0.036 0.45
100 4.9 4.05 0.374 0.43 0.47
120 6.9 4.03 0.309 0.36 0.48
140 6.2 3.86 0.269 0.29 0.45
160 53 3.57 0.231 0.24 0.42
180 4.8 3.29 0.199 0.2 0.39
200 3.1 2.99 0.172 0.18 0.35
300 2.1 1.83 0.091 0.09 0.21
400 1.2 1.18 0.055 0.05 0.14
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Table 2: Annual absorbed dose, Dy, due to different isotopes of Iodine (Gy/y)

Cs-137 E=0.6616 MeV Cs-138 E=0.4628 MeV Cs-138 E=1.0098 MeV Cs-138 E=1. 4359 MeV
2.12E-13 6.82E-11 6.82E-11 5.26E-10
2.51E-13 8.81E-11 8.81E-11 2.19E-10
3.84E-14 1.11E-10 1.11E-10 2.75E-10
4.76E-14 1.28E-10 1.28E-10 3.18E-10
5.69E-13 1.34E-10 1.34E-10 3.32E-10
4.76E-13 1.36E-10 1.36E-10 3.39E-10
3.84E-13 1.28E-10 1.28E-10 3.18E-10
3.18E-13 1.19E-10 1.19E-10 2.97E-10
2.65E-13 1.11E-10 1.11E-10 2.75E-10
2.38E-13 9.95E-11 9.95E-11 2.47E-10
1.19E-13 5.97E-11 5.97E-11 1.48E-10
6.62E-14 3.98E-11 3.98E-11 9.89E-11

Table 3: Annual absorbed dose, D, due to different isotopes of Cesium (Gy/y)

1-131 E=0.3645 MeV 1-133 E=0.5299 MeV 1-135 E=1.1315 MeV 1-135 E=1.2604 MeV
2.43E-06 2.00E-06 1.06E-09 1.51E-09
2.55E-06 2.49E-06 1.49E-09 2.11E-09
2.72E-06 3.08E-06 1.81E-09 2.57E-09
2.78E-06 3.53E-06 1.88E-09 2.66E-09
2.90E-06 3.75E-06 1.90E-09 2.70E-09
4.08E-06 3.73E-06 1.57E-09 2.23E-09
3.67E-06 3.57E-06 1.37E-09 1.94E-09
3.14E-06 3.30E-06 1.18E-09 1.67E-09
2.84E-06 3.04E-06 1.01E-09 1.43E-09
1.84E-06 2.77E-06 8.76E-10 1.24E-09
1.24E-06 1.69E-06 4.63E-10 6.56E-10
7.10E-07 1.09E-06 2.80E-10 3.97E-10

Table 4: Annual effective dose, Hy, due to different isotopes of Todine (mSv/y)

Cs-137 E=0.6616 MeV Cs-138 E=0.4628 MeV Cs-138 E=1.0098 MeV Cs-138 E=1.4359 MeV
1.48E-10 4.77E-08 1.01E-07 3.68E-07
1.76E-10 6.17E-08 1.31E-07 1.53E-07
2.69E-11 7.76E-08 1.64E-07 1.93E-07
3.33E-11 8.95E-08 1.90E-07 2.22E-07
3.98E-10 9.35E-08 1.98E-07 2.32E-07
3.33E-10 9.55E-08 2.02E-07 2.37E-07
2.69E-10 8.95E-08 1.90E-07 2.22E-07
2.22E-10 8.35E-08 1.77E-07 2.08E-07
1.85E-10 7.76E-08 1.64E-07 1.93E-07
1.67E-10 6.96E-08 1.47E-07 1.73E-07
8.34E-11 4.18E-08 8.85E-08 1.04E-07
4.63E-11 2.78E-08 1.01E-07 6.92E-08

Table (5): Annual effective dose, Hy, due to different isotopes of Cesium (mSv/y)

Distance (m) Total annual effective dose, Hy (mSv/y)
20 1.40E-03
40 1.75E-03
60 2.16E-03
80 2.48E-03
100 2.63E-03
120 2.61E-03
140 2.50E-03
160 2.31E-03
180 2.13E-03
200 1.94E-03
300 1.19E-03
400 7.65E-04

982



World Appl. Sci. J., 34 (7): 979-984, 2016

Table 6: Total annual effective dose, Hy, due to different radionuclides (mSv/y) at different distances

I-131 E=0.3645 MeV I-133 E=0.5299 MeV I-135 E=1.1315 MeV 1-135 E=1.2604 MeV
1.70E-03 1.40E-03 7.45E-07 1.05E-06
1.78E-03 1.74E-03 1.04E-06 1.47E-06
1.91E-03 2.16E-03 1.27E-06 1.80E-06
1.95E-03 2.47E-03 1.32E-06 1.86E-06
2.03E-03 2.62E-03 1.33E-06 1.89E-06
2.86E-03 2.61E-03 1.10E-06 1.56E-06
2.57E-03 2.50E-03 9.59E-07 1.36E-06
2.20E-03 2.31E-03 8.23E-07 1.17E-06
1.99E-03 2.13E-03 7.09E-07 1.00E-06
1.28E-03 1.94E-03 6.13E-07 8.68E-07
8.70E-04 1.19E-03 3.24E-07 4.59E-07
4.97E-04 7.64E-04 1.96E-07 2.78E-07
CONCLUSIONS 6. Galmarini, S., R. Bianconi, T. Mikkelsen, W. Klug and

The maximum exposure from these selected
radionclides released during the normal operation of the
reactor was 2.63E-03 m Sv/y at distance 100 m downwind
from the source. It has only about 0.13% of the
recommended limits for occupational persons (20 mSv/y).
It can be concluded that the estimated effective doses
are below (and often far below) the dose levels regarded
by the International Community Radiological Protection
[28].
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