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Abstract It has come to attention that Malaysia have been aiming to build its own
nuclear power plant (NPP) for electricity generation in 2030 to diversify the national
energy supply and resources. As part of the regulation to build a NPP, environmental
risk assessment analysis which includes the atmospheric dispersion assessment has to
be performed as required by the Malaysian Atomic Energy Licensing Board (AELB)
prior to the commissioning process. The assessment is to investigate the dispersion of
radioactive effluent from the NPP in the event of nuclear accident. This article will fo-
cus on current development of locally developed atmospheric dispersion modeling code
based on Gaussian Plume model. The code is written in Fortran computer language
and has been benchmarked to a readily available HotSpot software. The radionuclide
release rate entering the Gaussian equation is approximated to the value found in the
Fukushima NPP accident in 2011. Meteorological data of Mersing District, Johor of
year 2013 is utilized for the calculations. The results show that the dispersion of ra-
dionuclide effluent can potentially affect areas around Johor Bahru district, Singapore
and some parts of Riau when the wind direction blows from the North-northeast di-
rection. The results from our code was found to be in good agreement with the one
obtained from HotSpot, with less than 1% discrepancy between the two.
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1 Introduction

Tenaga National Berhad (TNB), Malaysia has generated more than 130kWh of electricity in
2011 and with increase of 3% per annum towards 2030 [1, 2] shows the increasing demand
of electricity usage within Malaysia. However, as reported by PETRONAS in 2010, our
natural gas reserve used to for electricity generation will be depleted rapidly starting 2022.
To address this issue, Malaysian Government has formally decided in the New Energy
Policy in 2010 to include nuclear energy as one of the choice of renewable energy [3].
In reciprocal to the interest shown by the government of Malaysia in building its pioneer
nuclear power plants for electricity generation, local researchers are gearing their researches
towards the implementation of nuclear power program. One example of such research work
is the investigations of suitable candidate locations for the nuclear power plants [4].In
performing this study, many aspects have to be considered especially with regards to the
environmental and radiological impacts to the neighboring areas [5, 6]. In these impact
assessments, an atmospheric dispersion model is usually used to estimate the impact on the
surrounding areas should there be an accidental release of radionuclide from the nuclear
power plant, or in the case of a major accident. Information from the dispersion analysis as
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well as the development of such code are important for real-time emergency response plan
during the operation of nuclear power plant in the future [7–9].

Atmospheric dispersion model is a study of mathematical model that is used to describe
the dispersion of particle or substance from a source. It was originally used to study
pollution hazard caused by the released from factory’s chimneys [10,11]. In any atmospheric
dispersion assessment, its results depends on the wind speed at the time of occureance, wind
direction, rainout and the atmospheric stability. Developed back in 1961 by Pasquill [10],
Gaussian plume model (GPM) is one of the oldest mathematical model in atmospheric
dispersion analysis and have been widely used due to its simplicity and limited amout of
data needed for calculations. GPM have been used in many emergency events, such as in
the work of refs. [12–14]. Other than that, GPM has also been used to assess the dispersion
of radioactive effluent from a hypothetical nuclear accident [11, 15–20].

In preparation for the country’s first nuclear power plant, we are working towards pro-
ducing our very own dispersion computer code to assess the radioactive effluent dispersion
released in an emergency situation such as in the Fukushima accident. The code has been
applied herein to a case of a hypothetical nuclear accident in Mersing, Johor. Our GPM
dispersion code is benchmarked to the HotSpot Health Physics code (hereafter referred as
HotSpot) developed by Steven G.Homann and Fernando Aluzzi in Lawrence Livemore Na-
tional Laboratory’s National Atmospheric Release Advisory Center (NARAC) [21]. The
HotSpot code is meant for short-range dispersion with radius less then 10 km and for a
short-term prediction (less than a few hours).

This paper is organized as follows. Section 2 provides a general information regarding
the Gaussian plume model while the technical details of the calculations using our present
code will be discuss in section 3. The results will be presented in Section 4 and finally the
conclusion for the current progress of the work is given in Section 5.

2 Gaussian Plume model approach

The governing equation to describe the transport of effluent is given by the expression
[22, 23]

∂C

∂t
+ ∇ · ~J = S (1)

where C refers to the mass [kg/m3], S the source function [kg/m3s] and J being the mass
flux [kg/m2s] with the combinations of diffusion and advection effects. Following the Fick’s
law, the three dimension advection-diffusion equation to be solved is of the form

∂C

∂t
+ ∇.( C~u) −∇.( −K∇C) − S = 0 (2)

whereby K is the diffusion coefficients [m2/s] and ~u is the wind velocity [m/s].
In the Gaussian approach, assumptions are taken in order to solve equation (2) namely:

• The wind velocity in the y-direction or also known as cross wind direction is negligible.

• The wind velocity in the z-direction is negligible.

• Radioactive effluent is released at a constant rate, Q from a single point source which
located at height, H from the ground. The source term may be written as
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S(~x) = Q δ(x) δ(y) δ(z − H) (3)

• The solution takes place in a steady state conditions.

• The diffusion due to advection in x-direction is overwhelming large compared to the
diffusion because of turbulent in the x-direction.

• The radioactive effluent does not penetrate the ground.

Following these approximation, the activity of air concentration at a certain mesh point in
the Cartesian coordinate system C(x, y, z) [Bq/m3] is given by;

C(x, y, z) =
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(4)

where x is the downwind distance, y is the crosswind distance from the center line of the
plume and z is the height above the ground for which the concentration is calculated (all in
units of m). Figure 1 shows a sketch of the Gaussian plume and the relation between the
quantities just mentioned. The parameters Q, u and h are the release rate [Bq/s], mean
wind speed [m/s] and the effective release height [m], respectively.

The standard deviation of the horizontal Gaussian distribution, σy and vertical Gaussian
distribution, σz are calculated using expression in the form;

σy = χy · x ; σz = χz · x (5)

where χy and χz are the turbulent wind speed fluctuations on the y− and z− directions.
Under neutral atmospheric conditions, these parameters can be estimated as

χy =
0.88

ln( h
zo

) − 1
(6)

χz =
0.50

ln( h
zo

) − 1
(7)

3 Calculation details

3.1 Information on study area - Mersing, Johor

Mersing district is located in east coast of Johor with a total area of 2838.6 km2 with total
population of 69,028 people. This location was selected due to it having small population
size per area as compared to other site in Johor [24]. According to IAEA siting regulation
[5], the population at the selected candidate location need to be as low as reasonable achiev-
able. Due to this reason, Mersing is a potential site for building of a nuclear power plant.
Generally, the wind speed in Mersing ranges from 1.6 to 3.3 m/s and the wind direction
varies due to monsoon season. Atmospheric dispersion analysis in this study utilizes meteo-
rological data in 2013 of Mersing district (2.15 N, 104.0 E). All the meteorological data was
obtained from the Malaysian Meteorological Department. Figure 2 shows the wind rose of
Mersing district in 2013.
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Figure 1: A schematic diagram of the Gaussian plume model extracted from Stockie [22].
The bell shape in each plume represent the movement of radioactive effluence in the atmo-
sphere

3.2 Input parameters

Fortran computer langague were used in this studies and various input parameters are
needed for the calculations using the Gaussian plume model. The types of input parameters
as well as the flow of the calculations using our present code are reflected in Figure 3. Data
such as Ambient Temperature and Stack Effluent Temperature are needed to determine
either the movement of radioactive effluent in the atmosphere is due to momentum or
buoyancy. In this calculations, we have chose a stack temperature which is higher than
the ambient temperature. In this situation the release of the radioactive effluent from
the stack is dominated by momentum factor. Then the activity of air concentration is
then calculated using equation (4) up to a point where the concentration drop belows the
minimum threshold set here to 0.1 Bq-sec/m3. However for the purpose of comparing the
results between the two codes, we have performed calculations only up to 80 km from the
release point.

For this paper, we have utilized the data obtained from the Fukushima Dai-ichi accident
in 2011 rated at Level 7 by the International Nuclear and Radiological Event Scale (INES).
The input data used for both our current code and the HotSpot software are tabulated
in Table 1. According to [25–27] in the event of Fukushima accident, apart from Cs-137,
another radioactive substance namely I-131 was also released. However, we chose to focus
on the dispersion of Cs-137 due to its longer half-life (30 years) as compared to I-131 (8
days).
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Figure 2: Wind rose showing the frequency distributions of wind speeds and wind direc-
tions throughout 2013. The wind blowing from North-Northeast to South-Southwest is
predominant.

Figure 3: Flowchart showing a sequence of input parameters to be provided by users into
the current GPM code before the start of the calculations.
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Table 1: Input parameters used in the HotSpot and the current GPM dispersion code

Parameters Input Data References

Radionuclide Cs-137 [25–27]

Deposition Velocity 0.20 cm·sec [26]

Material at Risk 2.06× 1016 Bq [26]

Sample Time 60 minutes [26, 27]

Average Wind Speed 3.22 m/s
Average Malaysian

meteorological conditions

Frequency Wind Direction
North-northeast to
South-southwest

Average Malaysian
meteorological conditions

Source Height 20 m height [26, 27]

Meteorological Condition Stability Class B
Average Malaysian

meteorological condition

Atmospheric Temperature 30 degree Celcius -

Stack Temperature 60 degree Celcius -

4 Results and Discussions

The results from our calculations are tabulated in Table 2 together with the results obtained
from HotSpot code. These values correspond to the radionuclide effluent concentration at
the ground level along the downwind direction. The highest value (3.6 × 1010 Bq-sec/m

3
)

of Cs-137 concentration is predicted at 1.0 km from the suggested nuclear power plant site.
From the results we found that the values obtained from the two codes to match except
for only one point which is at 40 km distance. The results shows that the values at 1
km distance is higher compared to 500 m due to the shortcoming of the Gaussian plume
model. The simplicity in the input parameters and straight-line nature of the Gaussian
Plume Model makes it unsuitable to be employed for calculation in the near wake distance
from the point of radioactive effluence release [14, 16, 28].

By considering the effluent concentrations at 80 km away from the release point, it
would appear that major parts of Johor Bahru district, Singapore and some parts of Riau
will be affected in the case of a nuclear accident at the level which was experienced during
Fukushima accident. However, a word of caution is warranted here. The dispersion pattern
obtained here is due to the fact that we have employed a unidirectional wind for the whole
year. An actual analysis would need a specific set of wind speed and direction for that
particular month. The results for such calculations will differ greatly from the one obtained
herein. This has not been performed here since it is beyond the scope of the current work
which was mainly to serve an initial test of the GPM code that has been developed. A
total time taken to complete this set of calculations is about 100 seconds using our GPM
dispersion code which we believe could be enhanced in the future.
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Table 2: Concentration of Cs-137 Results by using our dispersion computer code and
HotSpot software.

Distances in x-direction (km) Computer Code (Bq-sec/m3) HotSpot (Bq-sec/m3)

0.50 2.3X1010 2.3X1010

1.00 3.6X1010 3.6X1010

2.00 1.5X109 1.5X109

4.00 4.5X109 4.5X109

6.00 2.2X109 2.2X109

8.00 1.3X109 1.3X109

10.00 8.8X108 8.8X108

20.00 2.7X108 2.7X108

40.00 8.8X107 8.7X107

60.00 4.6X107 4.6X107

80.00 2.9X107 2.9X107

5 Conclusion

In this paper, we discussed the current progress of our Gaussian plume model code that
has been benchmarked with the usually used HotSpot software for a hypothetical nuclear
accident in Mersing, Johor. From our choice of input data, in particular when using the
average wind speed and most frequenct wind direction in 2013, and assuming a rather
unstable atmospheric condition, we found that the potential affected areas cover a major
part of Johor Bahru district, Singapore and a small part of Riau, Indonesia. This was
deduced from the high radioactive concentrations even at 80 km from the supposed nuclear
reactor site. A visual radioactive effluent distribution over a global map is currently in
progress. Comparison with the HotSpot code shows a variation of about 1% disprepancy
at only one spot at 40 km along the downwind direction. This provides us with condence
in the code and to follow-up with the next part of our work. In particular, we are working
on incorporating the building washout eect as an extension to the basic GPM used herein.
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