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Abstract 
 
Air pollution dispersion is greatly affected by the wind speed and direction. Most 
often the pollution dispersion from industrial area is not fully understood. In the 
present work, the effect of surface topology on the wind speed and atmospheric 
turbulent around the Gebeng industrial area in Pahang was studied using a 
computational fluid dynamics (CFD) method. The typical southeastern wind with 
a speed of about 1.3003 m/s corresponding to the actual speed of 
approximately 5 km/h was considered for validation. The turbulent flow was 
modelled using k-ε model. The model was compared with the laser Doppler 
velocimetry (LDV) measurement on the scale-down rig. The CFD prediction 
showed good agreement within 10% deviation with the experimental 
measurement via LDV. It was found that the plume of noxious gas driven by the 
eastern wind can affect the nearby residential area R2, whereas the western 
wind is affecting the residential area R1. In the presence of hill obstacle, the gas 
plume moves southward into the flat terrain. In addition to the CFD simulation, 
gas dispersion analysis using ALOHA software is also studied. The chlorine 
dispersion was modelled using the heavy gas cloud model and the incident 
zone area is plotted accurately from the point of release with the aid of GPS 
coordinate and google map. The risk zone and the affected residential area 
were identified and the safety evacuation route in the event of accidental 
chlorine leak is also suggested. Results from this work may be useful to 
understand the risk of air pollutant dispersion around Gebeng industrial area. 
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1 INTRODUCTION 
 
 

1.1 Background 

 

Air pollution affects human health, ecosystems and materials in a variety of 

ways, and deserves appropriate attention. The atmosphere can act as a 

medium for transporting local pollution to other locations. Pollutant dispersion at 

different area has been studied extensively. For instance, Varma and Manjula 

(2016) studied the nitrogen oxide dispersion and its concentration level around 

the Rayalaseema Thermal Power plant. Sudarsan et al. (2016) showed that the 

atmospheric fluctuation strongly depends on the wind speed, direction and 

temperature. Saravankumar et al. (2016) investigated the concentration of air 

pollutants (i.e., particulate matter, sulfur dioxide and nitrogen dioxide) at 

residential, commercial and industrial areas at different seasons. They found 

that the pollutant level during monsoon is lesser than that during winter and 

summer due to the wind fluctuation. All the aforementioned works reported that 

pollutant dispersion is significantly affected by the emission source and 

meteorological condition, e.g., wind speed and direction, atmospheric humidity 

and temperature, pollutant temperature and emission rate. Other than the 

meteorological condition the dispersion of air pollution are also significantly 

affected by the terrain type. Air flow and dispersion around the different hills has 

been studied experimentally and numerically (Hunt et al., 1984; Chow and 

Street, 2009). However, limited study on the effect of wind speed, direction and 

terrain map on the air pollutant transport around Gebeng industrial area in 

Kuantan, Malaysia. It is important to study the effect of surface topography on 

the air dispersion in Gebeng industrial area as a precautionary guide for 

evacuation during emergency and hence this is the aim of this work. 

Ideally, experimental techniques like the satellite photography is the best 

method to observe and understand the air flow in a complex terrain. However, 

experimental technique has limitations to provide detailed information of 
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turbulent flow. In addition, the satellite photography experiment is very costly. 

Hence, computational fluid dynamics (CFD) is used, although they require more 

computing time and costs compared to the other numerical techniques (Holmes 

and Morawska, 2006; Rillde et al., 2004). Reynolds-averaged Navier-Stokes 

(RANS) and large eddy simulation (LES) are commonly used to model air flow 

and pollutant dispersion around the complex terrain (Hong et al., 2011; Liu et 

al., 2016 ). RANS-based turbulence models such as k-ε models are easier and 

economical to run. However, these models suffer from the isotropic eddy 

viscosity assumption, thus may not provide an accurate measure of turbulent 

kinetic energy, but may provide a good prediction of the mean velocity. In the 

case of atmospheric pollutant dispersion, mean flow is more important than the 

turbulent kinetic energy and hence RANS-based model is applicable in this 

work. LES generally performs well because it resolved directly the large flow 

structureand modelled the smaller eddies at the region of boundary layers. 

However, the simulation via LES is costly due to a very fine grid resolution at 

the boundary layer. A massive number of grids required for a large terrain (14 

km x 7 km) in the present work when LES was used. Therefore, RANS-based 

models were used in the present work to study the effect of surface terrain on 

pollutant transport around Gebeng industrial area. 

 

1.2 Objectives 

 

The main objectives of this program are: 

o To fabricate a scaled-down model of Gebeng industrial area topography 

and to develop a measurement platform 

o To perform a (laser doppler anemometer) LDV measurement of air flow 

around Gebeng industrial area 

o To study the effect of noxious air pollution release on the residential area 

around Gebeng industrial area 
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1.3 Scope of this research 

 

The following are the scope of this research: 

i) Fabrication of a scaled-down 3D topographical model of Gebeng 

industrial area and its surrounding 

ii) Measuring the air flow around the scaled down model using LDV 

iii) Obtaining a wind and rainfall pattern around Gebeng industrial area 

from Meteorological Department Malaysia 

iv) Performing a CFD simulation of air flow around Gebeng industrial 

area and comparing with the LDV measurement 

v) Performing a CFD simulation of noxious gas release in Gebeng 

industrial area 

vi) Assessing the pollution dispersion to residential area around Gebeng 

industrial area using CFD and ALOHA 
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2 Literature review 
 
 

2.1 Introduction 

 

Air pollution is the presence of high concentration of contamination, various 

hazardous chemicals, particulate matter, toxic substances and biological 

organisms into the earth atmosphere. Warner (1976) mentioned that air 

pollution can be defined as the condition that exists when the atmosphere 

contains a concentration of some substances that produces an objectionable 

effect. Such a wide development of industrial area, accompanied with increase 

in population and housing density has given many negative effect on human 

health and resulted in various environmental problems. There are wide ranges 

of industries and the pollutants introduced largely depends on the type of 

industry, raw material characteristics, specific process methods, efficacy of 

facilities, operating techniques, product grades and climatic conditions 

(Onianwa, 1985). Major air pollutant were identified, their source, how they 

cause air pollution, effects and control measures were analyzed (AlHassan M. 

and Jimoh, 2015) 

 

Many researchers already did their air quality studies either on indoor, urban or 

industrial pollutions. Griogoras et al (2012) has studied the air pollution 

dispersion in a polluted industrial area of complex terrain from Romania where 

the atmospheric dispersion study of pollutants in the surveyed area was made 

using the pollutants emitted by non-ferrous metal industrial facilities existing in 

Baia Mare area and the emissions from other local anthropic activities 

(residential heating, traffic, dump heaps). Other study for industrial area has 

been made by AlHassan and Jimoh (2015) on how to develop a model equation 

for predicting air pollutant dispersion in Nigeria. By comparing model and 

simulated results, the pollutants such as NO, CO, and CO2 are dispersed in 

accordance with the law of the dispersion. Study about the thorium releases 

from industrial area not as much as other study. So, this is more focus on 

releasing thorium gas in industrial area where the most sources of pollutant emit 
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and disperse to surrounding freely. To complete this research, suitable and right 

tools is needed to carry out the simulation of dispersion of pollutant emission 

around Gebeng industrial area. 

 

2.2 CFD study on air pollutant dispersion 

 

CFD models can considered to be more appropriate and more effective for 

applications to complex terrain, although they require more computing time and 

costs compared to the other models (Holmes & Morawska, 2006; Riddle, 

Carruthers, Sharpe, McHugh, & Stocker, 2004). The CFD modelling solves the 

complex fluid flow based on the Navier-Stokes equation. When the flow is 

turbulent, it solves the modified Navier-Stokes equations using an additional 

turbulence model. Because most air flow within the atmospheric boundary layer 

is turbulent, almost all simulation studies require an appropriate turbulence 

model to predict the real and complex wind field (Hong et al., 2010). 

 

Among the techniques commonly used to predict the dispersion of pollution in 

cities, Computational Fluid Dynamics (CFD) is increasingly explored and used 

(Pierre et al., 2010). Same goes other researchers, CFD has the potential to 

provide realistic simulations for geometrically complex scenarios (Scargiali et 

al., 2005; Gilham et al., 2000; McBride et al., 2001) since the heavy gas 

dispersion process is described by basic conservation equations with a reduced 

number of approximations (Scargiali et al., 2005). 

 

Earlier studies on the prediction of flow and pollutant dispersion within street 

canyons were performed using two-dimensional steady-state Reynolds-

averaged Navier-Stokes (RANS) equations and their corresponding turbulence 

closure schemes (Baik and Kim, 1999, Chan et al., 2002, Assimakopoulos et 

al., 2003). Subsequent to these initial studies, the investigations were extended 

to three-dimensional modeling in order to capture the inherent nature of 

turbulence, and improved predictions were observed (Hsieh et al., 2007, Di 

Sabatino et al., 2008, Xie et al., 2006). Recently, an interest has risen in 

employing Large Eddy Simulation (LES) to address the shortcomings of RANS, 
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i.e. its inability to capture the unsteady and inherent fluctuations of the flow field 

within the street canyon on which the dispersion of pollutants depends (So et 

al., 2005, Cai et al., 2008, Letzel et al., 2008, Tominaga and Stathopoulos, 

2010). 

 

CFD incorporates empirical models for modeling turbulence based 

experimentation, as well as the solution of heat, mass and other transport and 

field equations. There are three phases to CFD, which is pre-processing or 

creation of geometry, mesh generation of a suitable computational domain to 

solve the flow equations on and solving with post processing or visualization of 

a CFD code’s predictions. 

 

In my case, FLUENT will be used which is a software that uses the science of 

predicting fluid flow, heat and mass transfer, chemical reactions, surface 

elevation, wind speed and directions and related phenomena by solving 

numerically the sets of governing mathematical equations. 

 

The approach of the standard k-ε model (Launder and Spalding 1974) is widely 

and practically useful, is adopted for solutions. Although the standard k-ε model 

shows some problem in the prediction of the wake phenomenon around 

buildings, such as the overestimate of turbulent kinetic energy around windward 

corner (Murakami et al., 1988), it still has a good reputation for reliability in the 

field of wind engineering (Murakami et al., 1990) and air pollutant diffusion 

analysis (Huang et al., 2000). 

 

2.3 Wind tunnel experiment 

 

In this study, wind tunnel study was presented to be validated mean velocity 

predicted with CFD results. Many studies use this test but with different 

measurement techniques. This method was applied to measure the flow 

velocity and turbulence (Hong et al., 2010). Wind tunnel test was performed to 

study the correlation between the velocity and concentration fields which is 

Particle Image Velocimetry (PIV) used to explain the concentration fields (Isao 
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et al., 2006). Laser Doppler Anemometry (LDA) or also called Laser Doppler 

Velocimetry (LDV) and Fast Flame Ionisation Detector (FFID) devices were 

coupled in order to produce simultaneous measurements of velocity and 

concentration, allowing the estimation of instantaneous and turbulent pollutant 

fluxes, thus giving an important insight into the understanding of turbulence 

diffusion (Carpentri and Robins, 2009). Niels et al. (2000) has been studied on 

both PIV and LDA measurement methods on multiphase flow velocity. The 

resulted shows that PIV velocity data appears to be much smoother than LDA 

data. It is because of the sample period was too short to obtain a steady state 

time average. This explanation was agreed with the work of Brochers et al. 

(1999), in which a twice as long averaging period was used. Tamura and Matsui 

(2002) used PIV, LDV and Particle Tracking Velocimetry (PTV) to monitor wind 

speed velocity in their wind tunnel test. So, for this study, PIV was used to 

measure mean flow velocity since it can offer many advantages compared to 

LDV. One of them are PIV can reveal the global structures in a two – 

dimensional or three – dimensional flow field instantaneously and quantitatively 

without disturbing the flow which are very useful and necessary for the research 

of flow mechanism, in particular for the study of unsteady flow (Tetsuo et al., 

1999). 
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3 Methodology 
 
 

3.1 Overview 

 

This section describes the computational and experimental methods used to 

study the air pollution dispersion around the Gebeng industrial area. Figure 3.1 

shows the flowchart for the terrain map creation, flow simulation and PIV 

measurement performed in this work. At first, a terrain model of Gebeng 

industrial area was extracted from the google map using Sketch Up and 

Rhinoceros. The geometry was then meshed using ANSYS Workbench mesher 

16.2. Detail of geometry and mesh was given in section 3.3. The initial 

condition, boundary condition and models were set in ANSYS Fluent R16.2. 

The detail of simulation setup was presented in section 3.7. Air pollution 

dispersion at 2 m/s from west direction was compared with the PIV 

measurement. The measurement was performed in a scaled-down terrain 

model, as presented in section 3.8. A prediction error of from the measured 

data was set for the CFD simulation of velocity flow to ensure the models used 

are correct. The correct models were then used to evaluate the effect of 

different wind direction, wind speed and pollutant flowrate on the pollutant 

dispersion around the Gebeng industrial area. 
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Figure 3.1. Flowchart for the research methodology. 
 

 

3.2 Terrain around Gebeng industrial area 

 

The present work focuses the Gebeng industrial area, Pahang of about 15 km 

(east-west) x 14 km (north-south), as shown in Figure 3.2. Gebeng industrial 

area has the two sea–facing hills namely Bukit Tanjung Gelang (H1) and Bukit 

Pengorak (H2) with the elevation above sea level of 105 m and 197 m, 

respectively. Another hill (H3) is located along the border of Pahang and 

Terengganu states. The height of this hill is ranging from 109 m up to 215 m. 

Residential area marked as R1 and R2 is situated in the north and south of the 

industrial area, respectively. The potential noxious gas source was marked as 

S1, S2 and S3 where the chemical plant is situated. The wind speed and wind 

direction around Gebeng industrial area varies from time to time, and hence the 

air dispersion from the pollutant source to the residential areas is the major 

concern. The pollutant dispersion around the Gebeng industrial area was 

investigated via PIV and CFD techniques. 
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Figure 3.2. Modelled hills location around Gebeng industrial area. Square box 
indicates the study area, Gebeng industrial area and Kuantan port is located 
inside the yellow line area. 
 

3.3 Computational geometry and mesh 

 

The detail dimension of the terrain and location of pollutant sources around 

Gebeng industrial area is presented in prior section 3.2. The terrain was 

obtained from Google map using Sketch Up and the TIN surface splitting was 

done using Rhinoceros software, as shown in Figure 3.3. The area of study was 

taken from up to 42 topographical maps which represent about 15 km (east-

west) x 14 km (north-south). The height of the flat sky face is 2.5 km above the 

ground to ensure the flow at the earth surface is independence to that of the sky 

(Hong et al., 2011). The terrain surface was then meshed using ANSYS 

Workbench Mesher 16.2, as shown in Figure 3.4. Refined mesh was used for 
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the region around the hills. The grid resolution around the hills surface was set 

at 6 x 10-2 m and 5 m at the bulk region, respectively. The entire domain of the 

terrain model containing 1292k grid nodes. 

 

 

Figure 3.3. Terrain model of Gebeng industrial area. 

 

 

Figure 3.4. Computational grid of the terrain around Gebeng industrial area. 

 

3.4 Conservation equations 

 

The mass of control volume is assumed to be conserved. For a single particle in 

fluid, the rate of mass change equals to the net rate of mass flow normal to its 

surface (Versteeg and Malalasekera, 1995). The mass flow of control volume is 
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typically measured by its density, velocity and size. The resulting mass balance 

is given as: 
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where u, v and w are denoted as the velocity in x, y, and z direction, 

respectively and ρ is the density of fluid.  

 

According to the Newton’s second law, the rate of momentum change is equals 

to the net force acting on a control volume. Generally, the total force on a 

control volume is the product of surface forces, i.e., pressure (P) and viscous 

stresses (τ). The momentum conservation equations for x, y, and z-components 

are given as: 
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where SM is the source term due to body force, e.g., gravitational force. The 

negative sign in pressure term represented as compressive stress. 

 

3.5 Turbulence modelling 

 

The dispersion of air pollution is affected by the terrain surface, wind speed and 

wind direction. Hence, air flow around the Gebeng industrial area was modelled 

using turbulence model such as RANS model. Standard k-ε (SKE) is the most-

used two-equation RANS model to account for the kinetic energy and the 

dissipation rate due to its simplicity, robustness and has a relatively low 

computational demand (Launder and Spalding, 1974). SKE solves the mean 
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flow quantities, while the majority of the turbulence spectrum is modelled. The 

turbulence kinetic energy equation is modelled as: 
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The turbulence diffusive transport term is modelled by assuming a gradient-

diffusion transport mechanism (Andersson et al., 2012).    is known as Prandtl-

Schmidt number of k with a constant value of 1.0 while    is turbulence 

viscosity. Turbulence viscosity is computed as: 
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where    is given as 0.09. A production rate term describes the production of 

turbulence kinetic energy due to mean velocity gradient (  ) and turbulence 

buoyancy effect (  ), respectively. Both production terms are computed as 

follows: 
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where     is the turbulence Prandtl number with a constant value of 0.85 and    

is the component of gravitational vector in i-th direction. The model coefficient 

for    ( ) is given by: 
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Turbulence dissipation rate is modelled as: 
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The additional term in Eq. (3.5) is the dilatation dissipation term.    is accounts 

for compressibility effect on turbulence flows and given as: 
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The dissipation rate is modelled as a second transport equation in the SKE 

model as follows: 
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where   is the component of flow velocity parallel to the gravitational vector and 

  is the component of flow velocity perpendicular to the gravitational vector 

(Fluent, 2006). Turbulent Prandtl number for   is   =1.3. The model constants 

are    =1.44 and    =1.92. Nevertheless, SKE is known to perform poorly for 

the flows containing large adverse pressure gradients, unconfined flows, curved 

streamlines, swirling and rotating flows due to the isotropic eddy viscosity 

formulation which could lead to a negative normal stresses computation under 

certain circumstances. Hence, a hybrid model like the SAS was introduced to 

overcome the limitation of SKE. 

 

Scale-adaptive simulation (SAS) is a two-equation model which was first 

proposed by Rotta (1972), which is based on exact transport equation for length 

scale. The SAS was then modified by Menter et al. (2006) which became known 

as the KSKL (K-square-root-K-L) model. The Φ coefficient in the KSKL model is 
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directly proportional to the eddy viscosity and allows the formulation of the one-

equation model in addition to the proposed two-equation model. The inclusion 

of von Karman length scale enables the SAS to model the steady flow using 

RANS method and switch to LES-like mode to resolve the turbulence spectrum 

in unstable flows by allowing the formation of a broadband of the turbulence 

spectrum (Menter et al., 2006). At the grid limit, different limiters can be 

employed to ensure the proper turbulence dissipation. In SAS, the limiters do 

not affect the RANS behaviour of the model and hence the model is not 

sensitive to grid resolution, unlike the LES. The two equations in KSKL model 

are given as: 
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The   coefficient and the turbulent viscosity,    are respectively given as: 
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The new term added into KSKL model is von Karman length scale,     which is 

obtained from: 
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Given that    is the invariant of strain rate tensor. The model constants     is 

0.09,    is 
 

 
,    is 

 

 
,   is 0.41,    is 0.8,    is 1.47 and    is 0.0288. 

 

3.6 Species transport equation 

 

The non-reacting species mixing was solved using species transport approach. 

The mass-averaged transport equation without reaction is given by: 
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where ju  is the mass-averaged velocity of mixture, iY  is the local mass fraction 

of each species, iJ  is the diffusion flux of species i and iS  is the rate of creation 

by addition from the dispersed phase plus any user-defined sources. 
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where miD ,  is a diffusion coefficient for species i in the mixture, t  is turbulent 

viscosity and tSc  is the turbulent Schmidt number which is computed as a 

function of turbulent diffusivity, tD . 

 

ttt DSc  /  (3.24) 
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3.7 CFD simulation setup 

 

Computational fluid dynamics (CFD) simulation in the present work was 

performed using ANSYS Fluent R16.2 installed on the HP Compaq Pro 6300 

MT workstation with a Quadcore i7-3770 processor (3.40 GHz) and 4 GB RAM. 

In this work, validation was performed to test the suitability of the model chosen 

and the grid resolution before used to study the effect of different wind speed, 

wind direction and pollutant flowrate. The wind direction around Gebeng 

industrial area varies from time to time, however, only one wind direction (i.e., 

west wind) was chosen for the validation, as shown in Table 3.1. The hourly 

highest wind speed and wind direction was obtained from Kuantan 

Meteorological Department. The ambient air flow was set at 2 m/s in the west 

direction. The simulation was performed using a steady-state solver and SKE 

model to fasten the convergence of initial solution. Second-order discretization 

scheme was used for the scalar equations of turbulence and momentum. 

 

SAS model was then enabled and bounded central differencing was used for 

the momentum. All residuals were set to fall below specified thresholds at 1 x 

10-5. The statistical convergence of the velocity at x, y and z direction at 

specified spatial position was monitored to ensure a good convergence. Once a 

pseudo-steady solution was achieved, data was recorded for over 1000 time 

steps and averaged. The velocity prediction was compared with the PIV 

measurement. Once the validation is done, a case study to evaluate the 

dispersion of chlorine from three hypothetical sources at different wind speed 

and wind direction is modelled using species transport model. The chlorine 

flowrate was set at constant 10 kg/h. The wind speed and direction was taken 

from January to December, as shown in Table 3.1. Then, the effect of different 

wind speed (2.1 m/s and 11.8 m/s) and pollutant flowrate (10 kg/h and 100 kg/h) 

released from source S2 in March was studied. 
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Table 3.1. Wind direction and speed from January to December 

Month  Wind direction Wind speed (m/s) 

January  East 11.9 

February  North 10.1 

March  North 11.8 

April  North 8.7 

May  North 8.9 

June  Southwest 11.7 

July  Southwest 12.2 

August  West 11.0 

September  West 12.1 

October  North 10.4 

November  East 8.4 

December  East  12.4 

 

3.8 PIV measurement 

 

In this experiment, a scaled-down terrain model (1 : 6) was prepared to 

represent the Gebeng industrial area. The scaled-down terrain model is shown 

in Figure 3.5. A mini wind tunnel with a transparent window for PIV 

measurement having a length of 1.23 m, width of 0.31 m and height of 0.31 m 

was made for the experiment, as shown in Figure 3.6. The wall of the 

measurement window with thickness of 0.004 m is made of Perspex to enable 

measurement by PIV. A PIV (MicroVec Pte Ltd) was used to measure the air 

velocity around the terrain model. The PIV system consists of a CCD camera 

(FlowSense EO), laser system (Vlite-200 model), synchronizer, electronic 

traverse and processing software. The dual-laser has a wavelength of 532 nm 

and energy of 200 mJ. The laser was triggered and delivers a thin light sheet to 

define the plane of measurement area. The flow was seeded with fog into the 

mini wind tunnel driven by an axial fan. The axial fan was installed at the outlet 

of the wind tunnel to provide a homogeneous flow. The Safex fog liquid (Dantec 

Dynamics, Denmark) has a droplet size of 1.068 µm and converted into fog by 

the mean of internal heating using a fog generator (FOG 2010 model). The inlet 
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flow was set at 1.3 m/s. CCD camera view was placed perpendicular to the 

plane of measurement area and used to capture the displacement of particles in 

a specific plane at a rate of a few frames per second. A calibration was carried 

out to ensure a correct measurement can be made. Velocity measurement at 

specified position was performed using MicroVec software. The images are 

divided into a grid of 32 x 32 pixels interrogation area. An overlap of 50% is 

used to provide more detail velocity information out of the particle images 

recorded. The velocity profile obtained was used to compare with the CFD 

prediction of the air pollutant dispersion around the Gebeng industrial area. 

 

 

Figure 3.5. Scaled-down terrain model 
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Figure 3.6. A) Schematic diagram, B) Physical image of the experimental setup. 

1) Fog generator, 2) Terrain model, 3) Laser beam, 4) Mini wind tunnel, 5) 

Laser generator, 6) Computer CPU 
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4 Computational Fluids Dynamics Study 
 
 

4.1 Wind rose 

 

The wind data such as the mean wind speed and direction was obtained from a 

local weather station (Kuantan meteorological department) for the whole year in 

2014 is shown in Figure 4.1. Based on the data obtained, the southwest 

monsoon season usually occurs from April until the end of September. The 

highest wind speed (17.8 m/s) usually occurs in the middle of July. The 

northeast monsoon season commences in early December and ends in March. 

The maximum wind speed is in the early December is 12.4 m/s. 

 

  

  

 

Figure 4.1. Whole year wind speed and direction in Gebeng industrial area. 
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4.2 Comparison between CFD simulation and LDV 
measurement 

 

Comparison between the CFD prediction and LDV measurement is shown in 

Figure 4.2. The stream wise velocity is normalised with the inlet velocity (u* = 

u/uin) to ensure a fair comparison between the measurement using a scale-

down model and actual terrain CFD simulation can be performed. The length in 

the flow direction is also normalised with the total length of the subject area (x* 

= x/L) so that the result can be matched in a correct perspective of the actual 

terrain and the scaled-down model. The result shows that CFD and 

experimental data are in good agreement with <3% deviation on the measured 

mean flow. A correct flow features around the hills H1 and H2 was obtained. 

Hence, this model can be used to evaluate the effect of surface terrain on 

pollution dispersion. 

 

 

Figure 4.2. CFD and LDV measurement of flow around Gebeng industrial area. 

 

4.3 Chlorine Gas Dispersion in Gebeng industrial area 

 

A hypothetical noxious gas leak from a chemical plant at Gebeng industrial area 

was modelled for the case of wind from western and eastern direction with the 

velocity of 17.8 m/s and 6 m/s representing the high and low actual velocity in 

the area. The wind in the eastern direction usually occurs between October to 
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March, while wind in western direction occurs from April to September every 

year in this area (see Figure 4.1). Some of the chemical plants such as 

DoveChem, Air Products and FPG Oleo chemicals are situated near the 

Kuantan port, hence one source point S1 of 10 m × 10 m was created in 

between hill H1 and H2. The second sourceS2 was set at a position between 

hill H2 and H3 where many chemical plants are located, e.g. Lynas Advanced 

Material Plant, BASF Petronas Chemicals, Polyplastics and Petronas 

Chemicals PDH. In this case a hypothetical chlorine gas leakage is assumed. 

 

Result from the CFD simulation is shown in Figures 4.3 and 4.4, whereby the 

chlorine with concentration of greater than 1 × 10-6 kg/m3 is marked as iso-

surface. Higher wind speed (17.8 m/s) creates a smaller plume than that of 

slower wind speed (6 m/s). The chlorine gas plume moves slightly southward 

due to the position of hill H2 (Bukit Pengorak) and H3. The plume moves 

southward towards the end of hill H3, where the terrain is flat. Thus, the surface 

terrain actually affects the dispersion of the chlorine gas in addition to the wind 

speed and direction. It was observed that gas released from S2 is not affecting 

the residential area in the north (R1) and south (R2) of Gebeng industrial area 

closed to the coastal area. Therefore, the risk of noxious gas leaks affecting the 

local population is limited during the period from October to March, if the leaks 

occur at position S2. However, if gas leakage happens at position S1, the 

residential area R2 around Balok Baru Secondary School, Balok Perdana, 

Kampung Berahi and Kampung Selamat will be severely affected regardless the 

wind speed during the particular incident. In fact lower wind speeds cause a 

larger plume formation and hence affecting a larger residential area. Hence, 

necessary evacuation procedure is needed in the event of noxious gas leaks 

from the position S1 during the month from October to March. The safer place 

will be going southward towards Kuantan city. 
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Figure 4.3. Air pollutant from points S1 and S2 dispersed by eastern wind. 

Residential area marked by R1 and R2. A) 6 m/s, B) 17.8 m/s, C) 6 m/s, D) 17.8 

m/s. 

 

 

Figure 4.4. Air pollutant from points S1 and S2 dispersed by western wind. 

Residential area marked by R1 and R2. A) 6 m/s, B) 17.8 m/s, C) 6 m/s, D) 17.8 

m/s. 

 

Figure 4.4 shows the gas plume for the case of western direction which is 

usually occurs during April to September every year. It can be seen that noxious 

gas release at this time of the year can affect the residential area R1 around 

A B

C D

S1

S2

S1

S2

R1

R2

C D

A B

S1

S2

S1

S2

R1

R2



 25 

Kampung Gebeng, Rizk Beach Residence and Mermaid Inn if the source come 

from S2. Leakage of noxious gas from source S1 is not likely to affect the 

residential area. The larger area is affected if the wind speed is slower (6 m/s), 

because the pollutant density and the ambient temperature inversion yielded a 

larger plume size. 

 

Wind past hill creates a recirculation certain wind pattern in the wake of the hill 

that affect the dispersion of pollutant. For instance the vector plot in Figure 4.5 

shows clearly the recirculation behind the hill H3. The pathlines plot also shows 

the extent of the recirculation zone in the wake region. A smooth deflection of 

the mean flow over the hills can be observed, with the mean separation 

streamline emerging from the downstream surface of the hills. This recirculation 

is due to the difference in air velocity above and at the wake region of the hill. 

Velocity above the hill is much higher, meanwhile velocity in the hill wake region 

is moving in the opposite direction, and hence creating the recirculation effect 

(Almeida et al., 1993). 

 

 

 

Figure 4.5. Vector and pathlines of flow over hill H3. 
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4.4 Summary 

 

A CFD simulation of the atmospheric wind pollutant transport in Gebeng 

industrial area has been successfully assessed. The CFD simulation showed 

good agreement with the LDV measurement with deviation within 3% of the 

experimental data. The terrain surface affects the direction of the gas plume, 

whereby the plume evades the hills H2 and H3. Any potential noxious gas 

release from chemical plant in Gebeng industrial area can potentially affect the 

safety of the nearby coastal residential area depending on the source of the gas 

release and wind direction. During October to March any noxious gas release 

from the position near the Kuantan port is affecting the residential area R2 

around Balok Baru Secondary School, Balok Perdana, Kampung Berahi and 

Kampung Selamat. While gas release from Gebeng phase 2 (S2) during April to 

September may affect the residential area R1 around Kampung Gebeng, Rizk 

Beach Residence and Mermaid Inn 
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5 Influence of Monsoon Seasons on Accidental 
Chlorine Leak and Dispersion around Gebeng 
Industrial Area: ALOHA study 

 
 

5.1 Overview 

 

This chapter presents the dispersion of a hypothetical chlorine leak around 

Gebeng industrial area using ALOHA. The effect of a different wind direction 

and wind speed in the meteorological microscale area was investigated. The 

wind speed ranging from 1.32 to 10.7 m/s obtained from a local weather station 

was considered. Heavy gas dispersion model was used to determine the 

concentration of chlorine plume within an area of concern. The leakage rate 

was set at 792 kg/h. The result showed that the residential areas R1 and R2 are 

affected by the plume dispersed by southwest and northern winds, respectively. 

Greater hazard ranges can be achieved under the wind speed below 2.3 m/s. 

Meanwhile, the hazard zone reduced to nearly half when the wind speed is 

above 5.4 m/s. The appropriate evacuation routes were developed to reduce 

risk of exposure to toxic gas. Finding from this work is useful to understand the 

risk of noxious gas dispersion around Gebeng industrial area. 

 

5.2 Introduction 

 

Gebeng Pahang is one of the leading industrial areas in Malaysia which supply 

petrochemical products such as polymers. Chlorine is commonly used in the 

polymer and petrochemical plants, e.g., Polyplastics Asia Pacific and Petronas-

MTBE. Exposure to chlorine can cause acute or chronic effects depending on 

its concentration. For instance, tickling of the nose and throat can occur at a 

level of 0.014 ppm (Calabrese and Kenyon, 1991). Above 1 ppm, chlorine can 

cause a mild irritation of eyes, respiratory system, and headache. Higher level 

at 30 ppm resulted to chest pain, nausea, dyspnea, and cough (US HSS, 1993). 

A chlorine leak incident can be dangerous when it occurs nearby the residential 
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area. Furthermore, the wind speed and wind direction affect the dispersion of 

chlorine gas (Sudarsan et al., 2016). Therefore, it is important to evaluate the 

risk of chlorine leaks from industrial plant to the residential area which include 

the identification of a safety evacuation route. 

The gas dispersion model such as Areal Location of Hazardous Atmosphere 

(ALOHA) has been widely employed for the risk assessment of accidental 

release of hazardous gases. For instance, Gharabagh et al. (2009) employed a 

heavy gas dispersion model for the assessment of chlorine pipeline failure. 

Derudi et al. (2014) focused on the liquefied natural gas releases from a 

regasification plant. ALOHA is easy to use and requires relatively low 

computational demand. To the best of our knowledge, the risk of chlorine leaks 

dispersion has yet to be assessed for Gebeng industrial area, Pahang. Hence, 

the current study aims to predict the effect of wind direction and wind speed on 

the chlorine leaks dispersion around Gebeng industrial area using ALOHA. In 

addition, a safe evacuation route for Gebeng industrial area in the event 

accidental leakage of chlorine is proposed based on the simulation result. 

 

ALOHA 5.4.7 was developed by the National Oceanic and Atmospheric 

Administration’s (NOAA) and U.S. Environmental Protection Agency (EPA) 

NOAA (1999). It is often used to study the gas dispersion of noxious chemical in 

the event of an accidental release using either the Gaussian or Heavy gas 

dispersion models. In the present work, the heavy gas dispersion model was 

used instead of the Gaussian model since the chlorine is denser than air. 

ALOHA accounts for the gravitational forces in which the dispersion of heavy 

gas is affected by the wind and atmospheric turbulence. Approximately 700 

pure chemicals are included in the chemical database of ALOHA (Daubert and 

Danner, 1989; NOAA, 1990). All chemicals are treated as non-reactive 

chemicals. 

 

In the present work, the incident scene is the pipeline leaks connected to a 

1000 L horizontal cylindrical tank which is often used commercially. The 

liquefied chlorine (1.30 T) is stored at ambient temperature. The maximum 

chlorine leakage rate of 792 kg/h was calculated by (Fauske and Epstein, 

1988): 
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where QT(t) is the mass flowrate, Ah is the area of leak source, Lc is the heat of 

vaporization, vg and vl are the specific volume of gas and liquid phases, 

respectively, Tt is the temperature of the fluid, cpl is the heat capacity of fluid, 

and NF is given as: 
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where Peff is the effective pressure, Pa is ambient pressure, Cdis is the discharge 

coefficient at 0.61, lp is the length of pipe, and lc is 0.1 m. The concentration of 

chlorine plume is calculated using the heavy gas dispersion model which is 

almost similar to Colenbrander’s model (1980): 
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where C(x,y,z) is the concentration of the plume, Cc(x) is the centerline ground-

level concentration, Sy(x) is the horizontal dispersion coefficient, Sz(x) is a 

vertical dispersion coefficient, and b(x) is the half-width of homogeneous core 

section. Sy(x) and Sz(x) were obtained from the algebraic expressions for a 

specific atmospheric stability class, which is developed by Briggs (1973). The 

concentration of chlorine in the threat zone analysis was set at 0.014 ppm 

(tickling effect), 1 ppm (mild irritation), and 30 ppm (life-threatening effect). The 

dispersion of chlorine plume was set at a meteorological microscale, which is 

about 10 km. ALOHA is deemed valid for use in this work because Gebeng 

industrial area has a mainly flat terrain with 8 to 10 m elevation from sea level.  
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Figure 5.1. Wind rose averaged for 10 years (Abdullah et al., 2011). 
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The wind direction in Gebeng industrial area is affected by the southwest 

monsoon usually occurs during the dry season (June to September) and the 

northeast monsoon occurs during the wet season (November to April). Northern 

wind dominates the wet season, whereas the dry season is dominated by the 

southwest wind (Erain et al., 2017). The two inter-monsoon seasons are during 

May and October, respectively (Fig. 5.1). A partly cloudy model was chosen in 

the ALOHA setup since Kuantan has over 55% cloudy days annually. The 

humidity was set at 80% and air temperature was set at 26.9 °C, respectively. 

Hourly meteorological data were obtained from Kuantan Meteorological 

Department (Abdullah et al., 2011). Simulation was performed for the mean and 

maximum wind speed. 

5.3 ALOHA Prediction of the Threat Zone in the event of 
Chlorine Leak 

 

Fig. 5.2 shows the Gebeng industrial area which measures about 15 km (west-

east) × 14 km (north-south). The potential chlorine leak is marked where the 

chemical plants that utilize chlorine are situated. The two residential areas 

marked as R1 and R2 are located in the north and south of the industrial area, 

respectively. Residential area R1 covering Kampung Baging, Sanctuary Resort, 

Kampung Darat Sungai Ular, Kampung Sungai Ular, mosques, resorts, 

homestays, and Kampung Gebeng. Whereas, R2 includes mosques, Kampung 

Berahi, Balok Perdana, Kampung Seberang Balok, Kampung Balok, Kampung 

Balok Baru, Nelayan Balok market, homestays, and schools. 

 

A hypothetical chlorine leakage that occurred in a chemical plant at Gebeng 

industrial area was predicted for the case of two monsoon winds with varying 

wind speed. The mean wind speed is between 1.32 to 2.3 m/s and the 

maximum wind speed is in the range of 5.4 to 10.7 m/s. Figs. 5.2(a) and (b) 

show the chlorine plume dispersed by the northern wind at mean and maximum 

wind speed, respectively from November to April. Whereas, Figs. 5.3(a) and (b) 

show the chlorine plume for the cases of southwest wind (June to September) 

with the mean and maximum wind speed, respectively. 
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Figure 5.2. Prediction of chlorine plume dispersion and evacuation route 

around the Gebeng industrial area for the northern wind (November to April) at 

(a) mean wind speed, (b) maximum wind speed 
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Figure 5.3. Prediction of chlorine plume dispersion and evacuation route 

around the Gebeng industrial area for the southwest wind (June to September) 

at (a) mean wind speed, (b) maximum wind speed 



 34 

 

The result shows that the plume dispersed by a lower wind speed formed a 

wider and larger hazard zone. A lower wind speed is not strong enough to push 

the dense chlorine plume and hence causing the plume to accumulate closer to 

the leak source. Therefore, the nearby residential area is exposed to a higher 

hazard risk. At approximately 0.55 km from the leak source, the concentration 

exceeds 30 ppm for all wind speeds below 2.3 m/s. RP Chemicals (M) Sdn Bhd 

and the area along Jalan Gebeng 1/10 are affected by the plume dispersed by 

southwest and northern winds, respectively. In contrast, the plume at a level of 

30 ppm only dispersed up to the distance of 0.395 km with the higher wind 

speed (>5.4 m/s) and there is no residential area affected. During the month of 

November to April with the lower wind speed (see Fig. 5.2(a)), the area from 

south of the Balok Makmur mosque until the kindergarten Tadika Seri Zamrud 

are exposed to the plume at a mild concentration of 1 ppm. Meanwhile, the area 

from the Seri Makmur petrol station to Villaku Residence is affected by the 

plume at a concentration of 0.014 ppm. During June to September (see Fig. 

5.3(a)), the area within 5 km distance from Eastman Chemical (M) Sdn Bhd to 

Tenshin Ore Trading Sdn Bhd are affected by the concentration of 1 ppm, while 

the area from Grandee Biotechnologies Sdn Bhd to Kemaman Seaview Hotel 

are affected by the level of 0.014 ppm. With the higher wind speed, the 

residential areas R1 (from Grandee Biotechnologies Sdn Bhd northeastern 

towards Kemaman Seaview Hotel) and R2 (from Bernas ECMS warehouse 

southern towards Tanahair Ventures Sdn Bhd) are mostly affected by the plume 

at the level of 0.014 ppm, as shown in Figs. 5.2(b) and 5.3(b). During the inter-

monsoon month in May and October every year, wind mainly comes from the 

North and Southwest direction. Therefore, both residential areas of R1 and R2 

are affected should the accident happens during the inter-monsoon season in a 

manner to that of combined the effect of both the north and southwest wind. 

 

5.4 Proposed Safety Evacuation Route 

 

The result shows that an accidental chlorine leak from Gebeng industrial area is 

not causing a life-threatening chlorine concentration in the nearby residential 
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area of all cases evaluated, i.e., high and low wind speed at two different 

monsoon seasons. However, even at a lower concentration of 0.014 ppm, a 

safety evacuation is necessary in the event of an accidental chlorine release. A 

proper emergency preplanning is necessary in the event of accidental chlorine 

leaks from the chemical plant. School and public hall are often used as an 

assembly evacuation point in the event of an accident. The proposed assembly 

evacuation point is towards north or west of the residential area R2 during 

November to April, as shown in Figs. 5.2(a) and (b). The suitable evacuation 

locations such as schools, i.e. Sekolah Kebangsaan Cherating and Sekolah 

Menengah Kebangsaan Sungai Baging, which are located at north of residential 

area R2 are in 19 to 24 km and 16 to 21 km, respectively, from the affected 

area. While, the school, Sekolah Kebangsaan Lembah Jabor at the west of 

residential area R2 is within 12 to 16 km from the affected area. 

 

The evacuation route for the accidental leaks of chlorine during June to 

September is shown in Figs. 2(c) and (d), whereby the residents should move 

towards the north or southwest of the residential area R1 for safety purpose. 

The residents nearby the Kemaman Seaview Hotel should move north towards 

the schools, i.e., Sekolah Kebangsaan Cherating and Sekolah Menengah 

Kebangsaan Sungai Baging, which are about 9 to 11 km and approximately 8 

km, respectively from the affected area. While, the residents staying around the 

leak source should move southwest towards the safer locations such as the 

school Sekolah Kebangsaan Balok and the public hall Dewan Orang Ramai 

Balok, which are located around 9 and 14 km, respectively from the affected 

area. 

 

In the event of an accident during the inter-monsoon month in May and 

October, a combined risk of both the north and southwest wind should be 

considered due to higher frequency of wind from both directions during this 

period. Utilization of the school Sekolah Kebangsaan Lembah Jabor at the west 

of residential area R2 is the best option during the inter-monsoon season. 
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5.5 Summary 

 

A risk assessment of chlorine leaks dispersion around Gebeng industrial area 

has been successfully performed using ALOHA heavy gas dispersion model. It 

was found that the dispersion of chlorine plume is significantly affected by the 

wind condition. The plume released during June to September affecting the 

residential area R1. While the residential area R2 is affected by the plume 

released during November to April. A lower wind speed produced a wider plume 

and affects a larger area of the residential area in comparison to the higher wind 

speed. It can be concluded that the risk of exposure to hazardous chlorine 

concentration is two-fold higher at a wind speed below 2.3 m/s compared the 

one above 5.4 m/s. The result shows that an accidental chlorine leak from 

Gebeng industrial area is not causing a life-threatening chlorine concentration in 

the nearby residential area of all cases evaluated. The result obtained from this 

work is useful to predict the hazardous zones and potential impact area due to 

accidental chlorine leakage. The results also provide a guidance to determine a 

safe emergency evacuation route in the event of accidental chlorine leaks. 



 37 

6 Conclusion and Recommendation 
 
 
A simulation of the atmospheric wind pollutant transport in Gebeng industrial 

area has been successfully assessed. In this work chlorine leak was chosen as 

a model pollutant because it is actually used in Gebeng industrial area and can 

pose a health risk to the local resident of Gebeng in the event of gas leak. The 

following summary of objectives achievement was made in this work. 

 

A scaled-down model of Gebeng industrial area topography was made using a 

3D printer and used to perform a laser based measurement (LDV) of flow 

pattern. This enables us to study the effect of surface terrain on the wind flow 

around Gebeng. We found that the effect of surface terrain on wind flow around 

Gebeng is limited due to its relatively flat surface terrain. 

 

Two case studies on the effect of accidental release of noxious gas (chlorine) 

were performed in this work. It was found that the residential area is affected by 

the gas dispersion but subject to wind speed and direction. We also proposed a 

safety evacuation route in the event of accidental chlorine release in Gebeng 

industrial area. 

 

We recommend the following based on the results obtained in this research. 

o Safety evacuation route must be chosen based on the wind direction 

during the event of accident. 

o During the inter-monsoon season, where wind blows from north and 

southwest, the safest evacuation area is by moving west to Sekolah 

Kebangsaan Lembah Jabor. 
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Abstract 

Air pollution dispersion is greatly affected by the wind speed and direction. Most often the pollution 

dispersion from industrial area is not fully understood. In the present work, the effect of surface topology 

on the wind speed and atmospheric turbulent around the Gebeng industrial area in Pahang was studied using 

a computational fluid dynamics (CFD) method. The typical southeastern wind with a speed of about 1.3003 

m/s corresponding to the actual speed of approximately 5 km/h was considered for validation. The turbulent 

flow was modelled using k-ε model. The model was compared with the laser doppler velocimetry (LDV) 

measurement on the scale-down rig. The CFD prediction showed good agreement within 10% deviation 

with the experimental measurement via LDV (Fig. 1). It was found that the plume of noxious gas driven by 

the eastern wind can affect the nearby residential area R2, whereas the western wind is affecting the 

residential area R1. In the presence of hill obstacle, the gas plume moves southward into the flat terrain. 

Results from this work may be useful to understand the risk of air pollutant dispersion around Gebeng 

industrial area. 
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A)  B)  

Fig. 1. A) Wind direction and hills location around Gebeng industrial park. B) CFD vs. LDV measurement. 
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Abstract
Objectives:Air pollution dispersion is greatly affected by the wind speed and direction. Most often the pollution dispersion from 
industrial area is not fully understood. In the present work, the effect of surface topology on the wind speed and atmospheric 
turbulent around the Gebeng industrial area in Pahang was studied using a Computational Fluid Dynamics (CFD) method. 
Methods/Statistical Analysis: The typical southeastern wind with a speed of about 1.3003 m/s corresponding to the actual 
speed of approximately 5 km/h was considered for validation. The turbulent flow was modelled using k-ε model. The model 
was compared with the Laser Doppler Velocimetry (LDV) measurement on the scale-down rig. Findings:The CFD prediction 
showed good agreement within 10% deviation with the experimental measurement via LDV. It was found that the plume 
of noxious gas driven by the eastern wind can affect the nearby residential area R2, whereas the western wind is affecting 
the residential area R1. In the presence of hill obstacle, the gas plume moves southward into the flat terrain.  Application/
Improvements: Results from this work may be useful to understand the risk of air pollutant dispersion around Gebeng 
industrial area.

1. Introduction
Air pollution affects human health, ecosystems and 
materials in a variety of ways, and deserves appropri-
ate attention. The atmosphere can act as a medium for 
transporting local pollution to other locations. Pollutant 
dispersion at different area has been studied extensively.
For instance, Varma and Manjula1 studied the nitrogen 
oxide dispersion and its concentration level around the 
Rayalaseema Thermal Power plant. Sudarsan et al.2 showed 
that the atmospheric fluctuation strongly depends on the 
wind speed, direction and temperature. Saravankumar et 
al.3 investigated the concentration of air pollutants (i.e., 
particulate matter, sulfur dioxide and nitrogen dioxide) 
at residential, commercial and industrial areas at different 
seasons. They found that the pollutant level during mon-
soon is lesser than that during winter and summer due 

to the wind fluctuation. All the aforementioned works 
reported that pollutant dispersion is significantly affected 
by the emission source and meteorological condition, 
e.g., wind speed and direction, atmospheric humidity and 
temperature, pollutant temperature and emission rate. 
Other than the meteorological condition the dispersion 
of air pollution are also significantly affected by the ter-
rain type. Air flow and dispersion around the different 
hills has been studied experimentally and numerically4,5. 
However, limited study on the effect of wind speed, direc-
tion and terrain map on the air pollutant transport around 
Gebeng industrial area in Kuantan, Malaysia. It is impor-
tant to study the effect of surface topography on the air 
dispersion in Gebeng industrial area as a precautionary 
guide for evacuation during emergency and hence this is 
the aim of this work.
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Ideally, experimental techniques like the satellite pho-
tography is the best method to observe and understand 
the air flow in a complex terrain. However, experimental 
technique has limitations to provide detailed information 
of turbulent flow. In addition, the satellite photography 
experiment is very costly. Hence, Computational Fluid 
Dynamics (CFD) is used, although they require more 
computing time and costs compared to the other numeri-
cal techniques6,7. Reynolds-Averaged Navier-Stokes 
(RANS) and Large Eddy Simulation (LES) are commonly 
used to model air flow and pollutant dispersion around 
the complex terrain8,9. RANS-based turbulence mod-
els such as k-ε models are easier and economical to run. 
However, these models suffer from the isotropic eddy 
viscosity assumption, thus may not provide an accurate 
measure of turbulent kinetic energy, but may provide a 
good prediction of the mean velocity. In the case of atmo-
spheric pollutant dispersion, mean flow is more important 
than the turbulent kinetic energy and hence RANS-based 
model is applicable in this work. LES generally performs 
well because it resolved directly the large flow structure-
and modelled the smaller eddies at the region of boundary 
layers. However, the simulation via LES is costly due to a 
very fine grid resolution at the boundary layer. A massive 
number of grids required for a large terrain (14 km x 7 
km) in the present work when LES was used. Therefore, 
RANS-based models were used in the present work to 
study the effect of surface terrain on pollutant transport 
around Gebeng industrial area.

2. Methodology
The present work focuses the Gebeng industrial area, 
Pahang of about 14 km x 7 km, as shown in Figure 1. 
The arrow in Figure 1B represents the wind direction set 
for LDV experiment, for purpose of CFD validation. Of 
course the wind direction around Gebeng industrial area 
varies from time to time, however, only one wind direction 
was chosen for the validation. The hourly average wind 
direction and wind speed was obtained from Kuantan 
Meteorological Department. Gebeng industrial area has 
the two sea–facing hills namely Bukit Tanjung Gelang 
(H1) and Bukit Pengorak (H2) with the elevation above 
sea level of 105 m and 197 m, respectively. Another hill 
(H3) located along the border of Pahang and Terengganu 
states. The height of these hills is ranging from 109 m up 
to 215 m. Residential area marked R1 and R2 is situated 

in the north and south of the industrial area, respectively. 
The potential noxious gas source was marked as S1 and 
S2 where the chemical plant is situated. The air dispersion 
around the Gebeng industrial area was investigated via 
LDV and CFD techniques.

Figure 1. A) Experimental setup, B) Modelled wind 
direction and hills location around Gebeng industrial area. 
Square box indicates the study area, Gebeng industrial area 
and Kuantan port is located inside the red line area, dotted 
black line marked R1 and R2 is the residential area.

2.1 Experimental Measurement
The velocity flow measurement around the scaled-down 
terrain model (1:60606) was performed using a mini LDV 
system. The flow was seeded with fog into the lab-scale 
wind tunnel driven by an axial fan. The fog liquid has a 
droplet size of 1.068 µm and the fog is generated using a 
fog generator (FOG 2010). The inlet flow was set at 1.3003 
m/s. A mini LDV (Measurement Science Enterprise) was 
used to measure the air velocity based on the Doppler 
effect. The mini LDV system consists of a transmitter/
receiver, laser probe, signal processor, electronic traverse 
and processing software. The laser probe is equipped with 
an Ar-ion laser with a wavelength of 658 µm. The laser 
was triggered and the laser point position was controlled 
through Micronix traverse by the MSE 1-D software. 
Velocity from a single position was recorded by averaging 
over 10000 of data.
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2.2 CFD Setup
The terrain of Gebeng industrial area was obtained 
from Google map using SketchUp and the TIN 
surface splitting was done using Rhinoceros soft-
ware. The terrain surface was meshed using ANSYS 
Workbench Meshing 16.2 and the simulation was 
performed using ANSYS Fluent R16.2. The area of 
study was taken from up to 42 topographical map which is 
about 14 km (east-west) x 7 km (north-south). The height 
of the flat sky face is 2500 m above the groundto ensure 
the flow at the surface is independence to that of the sky10. 
A second-order discretization was enabled for the sca-
lar equations of turbulence and momentum. Standard 
k-ε (SKE) model was used for turbulence flow. The 
transport equation for turbulent kinetic energy and 
dissipation rate of SKE is given by:

      (1)

     (2)
where k is the turbulent kinetic energy, ε is tur-

bulent dissipation rate, μ is turbulent viscosity, ρ is 
density,  is Prandtl-Schmidt number for k at a con-
stant value of 1.0,  is turbulent Prandtl number, Pk and 
Pb is the production of turbulence kinetic energy due to 
mean velocity gradient and buoyancy effect, respectively. 
Model constant used are:

The ambient air flow was set at 1.3003 m/s in the 
Southeast direction. The simulation was performed using 
a steady-state solver and all residuals were set to fall below 
1 x 10-5 to ensure a good convergence. Once a pseudo-
steady solution was achieved, data was recorded for over 
1000 time steps and averaged. The velocity prediction was 
compared with the LDV measurement. Once the valida-
tion is done, a case study to evaluate the dispersion of 
chlorine from two hypothetical sources is modelled via 
species transport model.

3. Results and Discussion

3.1 Wind Rose
The wind data such as the mean wind speed and direction 
was obtained from a local weather station (Kuantan meteo-

rological department) for the whole year in 2014 is shown in 
Figure 2. Based on the data obtained, the southwest mon-
soon season usually occurs from April until the end of 
September. The highest wind speed (17.8 m/s) usually 
occurs in the middle of July. The northeast monsoon sea-
son commences in early December and ends in March. 
The maximum wind speed is in the early December is 
12.4 m/s.

Figure 2. Whole year wind speedand direction in Gebeng 
industrial area.

3.2 CFD Validation
Comparison between the CFD prediction and LDV mea-
surement is shown in Figure 3. The streamwise velocity is 
normalised with the inlet velocity (u* = u/uin) to ensure a 
fair comparison between the measurement using a scale-
down model and actual terrain CFD simulation can be 
performed. The length in the flow direction is also nor-
malised with the total length of the subject area (x* = x/L) 
so that the result can be matched in a correct perspec-
tive of the actual terrain and the scaled-down model. The 
result shows that CFD and experimental data are in good 
agreement with <3% deviation on the measured mean 
flow. A correct flow features around the hills H1 and H2 
was obtained. Hence, this model can be used to evaluate 
the effect of surface terrain on pollution dispersion.

3.3 Prediction of Noxious Gas Dispersion 
around Gebeng Industrial Area
A hypothetical noxious gas leak from a chemical plant at 
Gebeng industrial area was modelled for the case of wind 
from western and eastern direction with the velocity of 
17.8 m/s and 6 m/s representing the high and low actual 
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velocity in the area. The wind in the eastern direction 
usually occurs between October to March, while wind in 
western direction occurs from April to September every 
year in this area in (see Figure 2). Some of the chemical 
plants such as DoveChem, Air Products and FPG Oleo 
chemicals are situated near the Kuantan port, hence one 
source point S1 of 10 m × 10 m was created in between 
hill H1 and H2. The second source S2 was set at a posi-
tion between hill H2 and H3 where many chemical plants 
are located, e.g., Lynas Advanced Material Plant, BASF 
Petronas Chemicals, Polyplastics and Petronas Chemicals 
PDH. In this case a hypothetical chlorine gas leakage is 
assumed.
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Figure 3. CFD and LDV measurement of flow around 
Gebeng industrial area.

Result from the CFD simulation is shown in Figures 4 
and 5, whereby the chlorine with concentration of greater 
than 1 × 10-6 kg/m3 is marked as iso-surface. Higher wind 
speed (17.8 m/s) creates a smaller plume than that of 
slower wind speed (6 m/s). The chlorine gas plume moves 
slightly southward due to the position of hill H2 (Bukit 
Pengorak) and H3. The plume moves southward towards 
the end of hill H3, where the terrain is flat. Thus, the sur-
face terrain actually affects the dispersion of the chlorine 
gas in addition to the wind speed and direction. It was 
observed that gas released from S2 is not affecting the res-
idential area in the north (R1) and south (R2) of Gebeng 
industrial area closed to the coastal area. Therefore, the 
risk of noxious gas leaks affecting the local population is 
limited during the period from October to March, if the 
leaks occur at position S2. However, if gas leakage hap-
pens at position S1, the residential area R2 around Balok 
Baru Secondary School, Balok Perdana, Kampung Berahi 
and Kampung Selamat will be severely affected regard-
less the wind speed during the particular incident. In fact 

lower wind speeds cause a larger plume formation and 
hence affecting a larger residential area. Hence, necessary 
evacuation procedure is needed in the event of noxious 
gas leaks from the position S1 during the month from 
October to March. The safer place will be going south-
ward towards Kuantan city.
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Figure 4. Air pollutant from points S1 and S2 dispersed by 
eastern wind. Residential area marked by R1 and R2. A) 6 
m/s, B) 17.8 m/s, C) 6 m/s, D) 17.8 m/s.
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Figure 5. Air pollutant from points S1 and S2 dispersed by 
western wind. Residential area marked by R1 and R2. A) 6 
m/s, B) 17.8 m/s, C) 6 m/s, D) 17.8 m/s.

Figure 5 shows the gas plume for the case of west-
ern direction which is usually occurs during April to 
September every year. It can be seen that noxious gas 
release at this time of the year can affect the residential 
area R1 around Kampung Gebeng, Rizk Beach Residence 
and Mermaid Inn if the source come from S2. Leakage of 
noxious gas from source S1 is not likely to affect the resi-
dential area. The larger area is affected if the wind speed 
is slower (6 m/s), because the pollutant density and the 
ambient temperature inversion yielded a larger plume 
size.

Wind past hill creates a recirculation certain wind 
pattern in the wake of the hill that affect the dispersion of 
pollutant. For instance the vector plot in Figure 6 shows 
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clearly the recirculation behind the hill H3. The pathlines 
plot also shows the extent of the recirculation zone in 
the wake region. A smooth deflection of the mean flow 
over the hills can be observed, with the mean separation 
streamline emerging from the downstream surface of 
the hills. This recirculation is due to the difference in air 
velocity above and at the wake region of the hill. Velocity 
above the hill is much higher, meanwhile velocity in the 
hill wake region is moving in the opposite direction, and 
hence creating the recirculation effect11.

Figure 6. Vector and pathlines of flow over hill H3.

4. Conclusion
A CFD simulation of the atmospheric wind pollut-
ant transport in Gebeng industrial area has been 
successfully assessed. The CFD simulation showed 
good agreement with the LDV measurement with 
deviation within 3% of the experimental data. 
The terrain surface affects the direction of the gas 
plume, whereby the plume evades the hills H2 and 
H3. Any potential noxious gas release from chemi-
cal plant in Gebeng industrial area can potentially 
affect the safety of the nearby coastal residential area 
depending on the source of the gas release and wind 
direction. During October to March any noxious gas 
release from the position near the Kuantan port is 
affecting the residential area R2 around Balok Baru 
Secondary School, Balok Perdana, Kampung Berahi 
and Kampung Selamat. While gas release from Gebeng 
phase 2 (S2) during April to September may affect the 
residential area R1 around Kampung Gebeng, Rizk 
Beach Residence and Mermaid Inn.
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Abstract—This paper presents the dispersion of a 

hypothetical chlorine leak around Gebeng industrial area using 

ALOHA. The effect of a different wind direction and wind 

speed in the meteorological microscale area was investigated. 

The wind speed ranging from 1.32 to 10.7 m/s obtained from a 

local weather station was considered. Heavy gas dispersion 

model was used to determine the concentration of chlorine 

plume within an area of concern. The leakage rate was set at 

792 kg/h. The result showed that the residential areas R1 and 

R2 are affected by the plume dispersed by southwest and 

northern winds, respectively. Greater hazard ranges can be 

achieved under the wind speed below 2.3 m/s. Meanwhile, the 

hazard zone reduced to nearly half when the wind speed is 

above 5.4 m/s. The appropriate evacuation routes were 

developed to reduce risk of exposure to toxic gas. Finding from 

this work is useful to understand the risk of noxious gas 

dispersion around Gebeng industrial area. 

 
Index Terms—Chlorine leaks, monsoon seasons, Gebeng, 

heavy gas dispersion 

 

I. INTRODUCTION 

EBENG, Pahang is one of the leading industrial areas 

in Malaysia which supply petrochemical products such 

as polymers. Chlorine is commonly used in the polymer and 

petrochemical plants, e.g., Polyplastics Asia Pacific and 

Petronas-MTBE. Exposure to chlorine can cause acute or 

chronic effects depending on its concentration. For instance, 

tickling of the nose and throat can occur at a level of 0.014 

ppm [1]. Above 1 ppm, chlorine can cause a mild irritation 

of eyes, respiratory system, and headache. Higher level at 30 

ppm resulted to chest pain, nausea, dyspnea, and cough [2]. 

A chlorine leak incident can be dangerous when it occurs 

nearby the residential area. Furthermore, the wind speed and 

wind direction affect the dispersion of chlorine gas [3]. 

Therefore, it is important to evaluate the risk of chlorine 

leaks from industrial plant to the residential area which 

 
Manuscript received November 26, 2017; revised Month XX, 20XX. 

This work was supported in part by the Universiti Malaysia Pahang Grant 

RDU150314. W. P. Law is the recipient of UMP Post-Doctoral Fellowship 

in Research.  

J. Gimbun, N. Erain and W. P. Law are with the Centre of Excellence 

for Advanced Research in Fluid Flow (CARIFF), Faculty of Chemical and 

Natural Resources Engineering, Universiti Malaysia Pahang, 26300 

Gambang, Pahang, Malaysia (corresponding author phone: 609-549-3225; 

fax: 609-549-3233; e-mail: jolius@ump.edu.my, yanaerain@gmail.com, 

woonphui@gmail.com).  

N. Ramli is with the Faculty of Civil Engineering and Earth Resources, 

Universiti Malaysia Pahang, 26300 Gambang, Pahang, Malaysia (e-mail: 

noram@ump.edu.my). 

include the identification of a safety evacuation route. 

The gas dispersion model such as Areal Location of 

Hazardous Atmosphere (ALOHA) has been widely 

employed for the risk assessment of accidental release of 

hazardous gases. For instance, Gharabagh et al. [4] 

employed a heavy gas dispersion model for the assessment 

of chlorine pipeline failure. Derudi et al. [5] focused on the 

liquefied natural gas releases from a regasification plant. 

ALOHA is easy to use and requires relatively low 

computational demand. To the best of our knowledge, the 

risk of chlorine leaks dispersion has yet to be assessed for 

Gebeng industrial area, Pahang. Hence, the current study 

aims to predict the effect of wind direction and wind speed 

on the chlorine leaks dispersion around Gebeng industrial 

area using ALOHA. In addition, a safe evacuation route for 

Gebeng industrial area in the event accidental leakage of 

chlorine is proposed based on the simulation result. 

II. METHODOLOGY 

ALOHA 5.4.7 was developed by the National Oceanic 

and Atmospheric Administration’s (NOAA) and U.S. 

Environmental Protection Agency (EPA) [6]. It is often used 

to study the gas dispersion of noxious chemical in the event 

of an accidental release using either the Gaussian or Heavy 

gas dispersion models. In the present work, the heavy gas 

dispersion model was used instead of the Gaussian model 

since the chlorine is denser than air. ALOHA accounts for 

the gravitational forces in which the dispersion of heavy gas 

is affected by the wind and atmospheric turbulence. 

Approximately 700 pure chemicals are included in the 

chemical database of ALOHA [7]-[8]. All chemicals are 

treated as non-reactive chemicals. 

In the present work, the incident scene is the pipeline 

leaks connected to a 1000 L horizontal cylindrical tank 

which is often used commercially. The liquefied chlorine 

(1.30 T) is stored at ambient temperature. The maximum 

chlorine leakage rate of 792 kg/h was calculated by [9]: 
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where QT(t) is the mass flowrate, Ah is the area of leak 

source, Lc is the heat of vaporization, vg and vl are the 

specific volume of gas and liquid phases, respectively, Tt is 

the temperature of the fluid, cpl is the heat capacity of fluid, 

and NF is given as: 
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where Peff is the effective pressure, Pa is ambient pressure, 

Cdis is the discharge coefficient at 0.61, lp is the length of 

pipe, and lc is 0.1 m. The concentration of chlorine plume is 

calculated using the heavy gas dispersion model which is 

almost similar to Colenbrander’s model [10]: 
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where C(x,y,z) is the concentration of the plume, Cc(x) is the 

centerline ground-level concentration, Sy(x) is the horizontal 

dispersion coefficient, Sz(x) is a vertical dispersion 

coefficient, and b(x) is the half-width of homogeneous core 

section. Sy(x) and Sz(x) were obtained from the algebraic 

expressions for a specific atmospheric stability class, which 

is developed by Briggs [11]. The concentration of chlorine 

in the threat zone analysis was set at 0.014 ppm (tickling 

effect), 1 ppm (mild irritation), and 30 ppm (life-threatening 

effect). The dispersion of chlorine plume was set at a 

meteorological microscale, which is about 10 km. ALOHA 

is deemed valid for use in this work because Gebeng 

industrial area has a mainly flat terrain with 8 to 10 m 

elevation from sea level.  

The wind direction in Gebeng industrial area is affected 

by the southwest monsoon usually occurs during the dry 

season (June to September) and the northeast monsoon 

occurs during the wet season (November to April). Northern 

wind dominates the wet season, whereas the dry season is 

dominated by the southwest wind [12]. The two inter-

monsoon seasons are during May and October, respectively 

(Fig. 1). A partly cloudy model was chosen in the ALOHA 

setup since Kuantan has over 55% cloudy days annually. 

The humidity was set at 80% and air temperature was set at 

26.9 °C, respectively. Hourly meteorological data were 

obtained from Kuantan Meteorological Department [13]. 

Simulation was performed for the mean and maximum 

wind speed. 

III. RESULTS AND DISCUSSION 

Fig. 2 shows the Gebeng industrial area which measures 

about 15 km (west-east) × 14 km (north-south). The 

potential chlorine leak is marked where the chemical plants 

that utilize chlorine are situated. The two residential areas 

marked as R1 and R2 are located in the north and south of 

the industrial area, respectively. Residential area R1 

covering Kampung Baging, Sanctuary Resort, Kampung 

Darat Sungai Ular, Kampung Sungai Ular, mosques, resorts, 

homestays, and Kampung Gebeng. Whereas, R2 includes 

mosques, Kampung Berahi, Balok Perdana, Kampung 

Seberang Balok, Kampung Balok, Kampung Balok Baru, 

Nelayan Balok market, homestays, and schools. 

A hypothetical chlorine leakage that occurred in a 

chemical plant at Gebeng industrial area was predicted for 

the case of two monsoon winds with varying wind speed. 

The mean wind speed is between 1.32 to 2.3 m/s and the 

maximum wind speed is in the range of 5.4 to 10.7 m/s. Figs. 

2(a) and (b) show the chlorine plume dispersed by the 

northern wind at mean and maximum wind speed, 

respectively from November to April. Whereas, Figs. 2(c) 

and (d) show the chlorine plume for the cases of southwest 

wind (June to September) with the mean and maximum wind 

speed, respectively. The result shows that the plume 

dispersed by a lower wind speed formed a wider and larger 

hazard zone. A lower wind speed is not strong enough to 

push the dense chlorine plume and hence causing the plume 

to accumulate closer to the leak source. Therefore, the 

nearby residential area is exposed to a higher hazard risk. 

At approximately 0.55 km from the leak source, the 

concentration exceeds 30 ppm for all wind speeds below 2.3 

m/s. RP Chemicals (M) Sdn Bhd and the area along Jalan 

Gebeng 1/10 are affected by the plume dispersed by 

southwest and northern winds, respectively. In contrast, the 

plume at a level of 30 ppm only dispersed up to the distance 

of 0.395 km with the higher wind speed (>5.4 m/s) and there 

is no residential area affected. During the month of 

November to April with the lower wind speed (see Fig. 

2(a)), the area from south of the Balok Makmur mosque 

until the kindergarten Tadika Seri Zamrud are exposed to the 

plume at a mild concentration of 1 ppm. Meanwhile, the area 

from the Seri Makmur petrol station to Villaku Residence is 

affected by the plume at a concentration of 0.014 ppm. 

During June to September (see Fig. 2(c)), the area within 5 

km distance from Eastman Chemical (M) Sdn Bhd to 

Tenshin Ore Trading Sdn Bhd are affected by the 

concentration of 1 ppm, while the area from Grandee 

Biotechnologies Sdn Bhd to Kemaman Seaview Hotel are 

affected by the level of 0.014 ppm. With the higher wind 

speed, the residential areas R1 (from Grandee 

Biotechnologies Sdn Bhd northeastern towards Kemaman 

Seaview Hotel) and R2 (from Bernas ECMS warehouse 

southern towards Tanahair Ventures Sdn Bhd) are mostly 

affected by the plume at the level of 0.014 ppm, as shown in 

Figs. 2(b) and (d). During the inter-monsoon month in May 

and October every year, wind mainly comes from the North 

and Southwest direction. Therefore, both residential areas of 

R1 and R2 are affected should the accident happens during 

the inter-monsoon season in a manner to that of combined 

the effect of both the north and southwest wind. 

The result shows that an accidental chlorine leak from 

Gebeng industrial area is not causing a life-threatening 

chlorine concentration in the nearby residential area of all 

cases evaluated, i.e., high and low wind speed at two 

different monsoon seasons. However, even at a lower 

concentration of 0.014 ppm, a safety evacuation is necessary 

in the event of an accidental chlorine release. A proper 

emergency preplanning is necessary in the event of 

accidental chlorine leaks from the chemical plant. School 

and public hall are often used as an assembly evacuation 

point in the event of an accident. The proposed assembly 

evacuation point is towards north or west of the residential 

area R2 during November to April, as shown in Figs. 2(a) 

and (b). The suitable evacuation locations such as schools, 

i.e. Sekolah Kebangsaan Cherating and Sekolah Menengah 



 

Kebangsaan Sungai Baging, which are located at north of 

residential area R2 are in 19 to 24 km and 16 to 21 km, 

respectively, from the affected area. While, the school, 

Sekolah Kebangsaan Lembah Jabor at the west of residential 

area R2 is within 12 to 16 km from the affected area. 

 

 

 
Fig. 1.  Windrose for Gebeng industrial area. Data averaged from 1998-2007 [13]. 

 

 
Fig. 2.  Prediction of chlorine plume dispersion and evacuation route around the Gebeng industrial area for the northern wind 

(November to April) at (a) mean wind speed, (b) maximum wind speed, and southwest wind (June to September) at (c) mean 

wind speed, (d) maximum wind speed 

 

 



 

The evacuation route for the accidental leaks of chlorine 

during June to September is shown in Figs. 2(c) and (d), 

whereby the residents should move towards the north or 

southwest of the residential area R1 for safety purpose. The 

residents nearby the Kemaman Seaview Hotel should move 

north towards the schools, i.e., Sekolah Kebangsaan 

Cherating and Sekolah Menengah Kebangsaan Sungai 

Baging, which are about 9 to 11 km and approximately 8 

km, respectively from the affected area. While, the residents 

staying around the leak source should move southwest 

towards the safer locations such as the school Sekolah 

Kebangsaan Balok and the public hall Dewan Orang Ramai 

Balok, which are located around 9 and 14 km, respectively 

from the affected area. 

In the event of an accident during the inter-monsoon 

month in May and October, a combined risk of both the 

north and southwest wind should be considered due to 

higher frequency of wind from both directions during this 

period. Utilization of the school Sekolah Kebangsaan 

Lembah Jabor at the west of residential area R2 is the best 

option during the inter-monsoon season. 

I. CONCLUSION 

A risk assessment of chlorine leaks dispersion around 

Gebeng industrial area has been successfully performed 

using ALOHA heavy gas dispersion model. It was found that 

the dispersion of chlorine plume is significantly affected by 

the wind condition. The plume released during June to 

September affecting the residential area R1. While the 

residential area R2 is affected by the plume released during 

November to April. A lower wind speed produced a wider 

plume and affects a larger area of the residential area in 

comparison to the higher wind speed. It can be concluded 

that the risk of exposure to hazardous chlorine concentration 

is two-fold higher at a wind speed below 2.3 m/s compared 

the one above 5.4 m/s. The result shows that an accidental 

chlorine leak from Gebeng industrial area is not causing a 

life-threatening chlorine concentration in the nearby 

residential area of all cases evaluated. The result obtained 

from this work is useful to predict the hazardous zones and 

potential impact area due to accidental chlorine leakage. The 

results also provide a guidance to determine a safe 

emergency evacuation route in the event of accidental 

chlorine leaks.  

REFERENCES 

[1] E. J. Calabrese and E. M. Kenyon, Air toxics and risk assessment, 

Chelsea, MI: Lewis Publishers, 1991. 

[2] U. S. Department of Health and Human Services (HHS), “Hazardous 

substances data bank (HSDB, online database),” National Toxicology 

Information Program, National Library of Medicine, Bethesda, MD., 

1993. 

[3] J. S. Sudarsan, D. Thattai, U. K. Shah and A. Mitra, “A 

micrometeorological tower observations and their importance in 

atmospheric modelling and space technology,” Ind. J. Sci. Technol., 

vol. 9, no. 42, pp. 1-6, Nov. 2016. 

[4] M. J. Gharabagh, H. Asilian, S. B. Mortasavi, A. Z. Mogaddam, E. 

Hajizadeh and A. Khavanin, “Comprehensive risk assessment and 

management of petrochemical feed and product transportation 

pipelines,” J. Loss Prev. Process Ind., vol. 22, no. 4, pp. 533-539, 

Jul. 2009. 

[5] M. Derudi, D. Bovolenta, V. Busini and R. Rota, “Heavy gas 

dispersion in presence of large obstacles: selection of the modeling 

tools,” Ind. Eng. Chem. Res., vol. 53, no. 22, pp. 9303-9310, Jan. 

2014. 

[6] National Oceanic and Atmospheric Administration (NOAA), Areal 

location of hazardous atmosphere program (ALOHA) (revision 

5.4.1), Washington, U.S.: Environmental Protection Agency, 1999. 

[7] T. E. Daubert and R. P. Danner, “Physical and thermodynamic 

properties of pure chemicals,” in Design Institute for Physical 

Property Data, vol. 4, New York: AIChE, Hemisphere Publ. Co., 

1989. 

[8] National Oceanic and Atmospheric Administration (NOAA), 

Hazardous materials response group and U.S. environmental 

protection agency, Chemical emergency preparedness and prevention 

office, CAMEOTM 3.0 for the Apple Macintosh Computer. 

Washington, D.C.: National Safety Council., 1990, pp. 235. 

[9] H. Fauske and M. Epstein, “Source term considerations in connection 

with chemical accidents and vapor cloud modelling,” in Proc. Intl. 

Conf. on Vapor Cloud Modeling, New York, 1988, pp. 251-273. 

[10] G. W. Colenbrander, “A mathematical model for the transient 

behavior of dense vapour clouds,” In Proc. 3rd International 

Symposium on Loss Prevention and Safety Promotion in the Process 

Industry, Basel, Switzerland, 1980. 

[11] G. A. Briggs, “Diffusion estimates for small emissions,” Atmospheric 

Turbulence and Diffusion Laboratory, NOAA, ATDL Contribution 

File (79), 1973, vol. 23, pp. 83. 

[12] N. Erain, W. P. Law, N. I. Ramli, S. C. Chin, and J 

Gimbun, “Understanding the effect of surface terrain on pollution 

transport around Gebeng industrial area,” Ind. J. Sci. Technol., vol. 

10, no. 2, pp. 1-5, Jan. 2017. 

[13] N. A. Abdullah, S. H. Shuhaimi, Y. Y. Toh, A. H. Shapee, and M. 

Mohamad, “The study of seasonal variation of PM10 concentration in 

Peninsular, Sabah and Sarawak,” Malaysian Meteorological 

Department, Research Publication (9), 2011, pp. 1-27. 

 

 

Woon Phui Law (M’16) is a postdoctoral fellow at 

Universiti Malaysia Pahang. She obtained a PhD and 

BEng (chemical) first class from the same university in 

2017 and 2013, respectively. She specialized in 

computer simulation i.e. MATLAB and computational 

fluid dynamics as well as in non-intrusive fluid flow 

measurement i.e., LDA and PIV. 

 

Norliyana Erain is a master student at Universiti 

Malaysia Pahang. She obtained her degree BEng 

(chemical) from the same university in 2012. She 

specialized in computational fluid dynamics simulation. 

 

Noram Irwan Ramli is a lecturer at faculty of civil 

engineering & earth resources, University Malaysia 

Pahang. He obtained his MSc (structural) and BEng 

(civil) from Universiti Sains Malaysia in 2005 and 

2004, respectively. He specialized in wind engineering 

mainly on wind related hazard. 

 

Jolius Gimbun (M’11) is an associate professor at 

faculty of chemical and natural resources engineering, 

Universiti Malaysia Pahang. He obtained his PhD from 

Loughborough University in 2009, as well as MSc 

(environmental engineering) in 2004 and BEng 

(chemical) in 2002 from Universiti Putra Malaysia. He 

is a founding deputy director at Centre of Excellence for 

Advanced Research in Fluid Flow (CARIFF). Dr. Gimbun is actively 

working on computational fluid dynamics, renewable energy and herbal 

processing related research. 

 



 52 

16 Appendix F 
 

Financial report 
 

 



RESEARCH PAYMENT HISTORY

Research Project Details

Project ID RDU150314

Project Title ASSESSMENT OF POLLUTION DISPERSION FROM GEBENG INDUSTRIAL AREA

Project Leader 0300 - JOLIUS BIN GIMBUN

Project Category SAINS TULEN (PURE SCIENCE)

Project Status Tamat

Start Date - End Date 01/04/2015 - 31/03/2017

Vote Code : 24000 - Rental  Select

Research Payment History Info

Vot Approved (RM) Expenditure (RM) Balance (RM)

11000 - SALARY & WAGES 5,000.00 4,999.50 0.50

21000 - TRAVEL & TRANSPORTATION 3,000.00 366.60 2,633.40

22000 - TRANSPORTATION OF GOODS 0.00 0.00 0.00

23000 - COMMUNICATION & UTILITIES 0.00 0.00 0.00

24000 - RENTAL 3,000.00 0.00 3,000.00

26000 - SUPPLY OF RAWS MATERIALS 0.00 0.00 0.00

27000 - RESEARCH MATERIALS & SUPPLIES 9,000.00 8,661.35 338.65

28000 - MAINTENANCE & MINOR REPAIR SERVICES 0.00 0.00 0.00

29000 - SPECIAL SERVICES (CONFERENCE FEES <= 2500) 6,000.00 8,412.50 -2,412.50

35000 - SPECIAL EQUIPMENT (NOT MORE THAN <= 40%) 2,000.00 2,000.00 0.00

Total (RM) 28,000.00 24,439.95 3,560.05

Research Payment History Details

Vote Code : 24000 - RENTAL

Vote Code : 35000 - SPECIAL EQUIPMENT (NOT MORE THAN <= 40%)

Voucher No Payment Date Asset Code Asset Details Description Amount (RM)

PB104(R)-1509-
0012

22/09/2015 FTA1000-PB104(R)-1509-0012-
00001

Anemometer Pembelian Anemometer
SNS5205 (HongKong), Air
Velocity: 0.10 - 30.00 m/s Bagi
Kerja-Kerja Penyelidikan
RDU150314

2,000.00

Vote Code : 11000 - SALARY & WAGES

Voucher No Payment Date Description Amount (RM)

BR205-1510-0441 08/10/2015 BAYARAN ELAUN SKIM PELAJAR BEKERJA (SEPT 2015)
(RDU150314) (LIEW SHI YAN-KC10056)

1,001.00

BR205-1511-1112 26/11/2015 BYN ELAUN SPB LIEW SHI YAN KC10056 RDU150314
BULAN 10/2015

1,001.00

BR205-1512-0406 09/12/2015 BYN ELAUN SPB LIEW SHI YAN KC10056 RDU150314
BULAN 11/2015

1,001.00

BR205-1512-2160 31/12/2015 BYN ELAUN SPB LIEW SHI YAN KC10056 RDU150314
BULAN 12/2015

1,001.00

BR205-1603-0544 14/03/2016 BYN ELAUN SPB LIEW SHI YAN MKC15031 RDU150314
BULAN 2/2016

995.50

BR205-1603-0970 17/03/2016 BYN ELAUN SPB LIEW SHI YAN MKC15031 RDU150314
BULAN 2/2016

995.50

Vote Code : 21000 - TRAVEL & TRANSPORTATION

Voucher No Payment Date Description Amount (RM)

BR104-1510-0131 20/10/2015 BAYARAN TNT BAGI KERJA-KERJA PENYELIDIKAN
RDU150314 (LAW WOON PHUI) - MENGHADIRI DANTEC
DYNAMICS PARTICLE IMAGE VELOCIMETRY (PIV)
MEASUREMENT AND ANALYSIS WORKSHOP PADA 08-
10 SEPT 2015 DI UM, KUALA LUMPUR (RDU150314)

366.60

Vote Code : 27000 - RESEARCH MATERIALS & SUPPLIES

Voucher No Payment Date Description Amount (RM)

PB104(R)-1508-0012 10/08/2015 Pembelian Bahan Mentah Bagi Kerja-Kerja Penyelidikan
RDU150314

1,368.00

javascript:myPrint()


PB104(R)-1512-0008 15/12/2015 Pembelian Salvianolic Acid A, 10mg Bagi Kerja-Kerja
Penyelidikan RDU150314

1,800.00

BR104-1512-0366 31/12/2015 BAYARAN TUNTUTAN BAGI MENJALANKAN BAGI
KERJA-KERJA PENYELIDIKAN RDU150314 (JOLIUS BIN
GIMBUN) - PEMBELIAN BAHAN MENTAH

400.00

BR104-1603-0064 14/03/2016 BAYARAN PEMBELIAN BAHAN MENTAH BAGI KERJA-
KERJA PENYELIDIKAN RDU150314

280.00

PB104(R)-1604-0015 25/04/2016 Pembelian Bahan Mentah Bagi Kerja-Kerja Penyelidikan
RDU150314

2,518.00

PB104(R)-1605-0004 05/05/2016 Pembelian Poly(Ethylene Oxide), MV CA. 600,000,
182028-500g Bagi Kerja-Kerja Penyelidikan RDU150314

1,000.00

BR104-1608-0050 15/08/2016 BAYARAN TUNTUTAN BAGI KERJA-KERJA
PENYELIDIKAN RDU150314 (JOLIUS BIN GIMBUN) -
PEMBELIAN BAHAN MENTAH

270.00

BR104-1610-0091 15/10/2016 BAYARAN TUNTUTAN BAGI KERJA-KERJA
PENYELIDIKAN RDU150314 (JOLIUS GIMBUN) -
PEMBELIAN BAHAN MENTAH

742.00

BR104-1704-0138 26/04/2017 BAYARAN TUNTUTAN BAGI KERJA-KERJA
PENYELIDIKAN RDU150314 (JOLIUS GIMBUN) -
PEMBELIAN BAHAN MENTAH

283.35

Vote Code : 29000 - SPECIAL SERVICES (CONFERENCE FEES <= 2500)

Voucher No Payment Date Description Amount (RM)

L1506-006921 19/06/2015 Pindahan peruntukan dari 529100 geran penyelidikan ke
akaun amanah FLUIDSCHE bagi bayaran yuran
FLUIDSCHE 2015

1,200.00

L1507-000673 13/07/2015 Pindahan peruntukan bagi bayaran khidmat pengujian di
Makmal CARIFF (01/2015)

1,000.00

L1507-000673 13/07/2015 Pindahan peruntukan bagi bayaran khidmat pengujian di
Makmal CARIFF (01/2015)

225.00

L1603-009358 31/03/2016 PINDAHAN PERUNTUKAN BAGI BAYARAN KHIDMAT
TEKNIKAL AKAUN AMANAH SEMINAR CARIFF (FTA3005)
BIL 3/2016

150.00

L1607-001157 18/07/2016 PINDAHAN PERUNTUKAN BAGI BAYARAN KHIDMAT
TEKNIKAL KE AKAUN TABUNG AMANAH MAKMAL
BERPUSAT (UCL3000) BIL 15/2016

282.00

L1607-001179 18/07/2016 PINDAHAN PERUNTUKAN BAGI BAYARAN KHIDMAT
TEKNIKAL KE AKAUN TABUNG AMANAH SEMINAR
CARIFF (FTA3005) BIL 11/2016

80.00

L1607-000841 29/07/2016 PINDAHAN PERUNTUKAN BAGI BAYARAN KHIDMAT
TEKNIKAL KE AKAUN TABUNG AMANAH MAKMAL
BERPUSAT (UCL3000) BIL SERAHAN 18/2016

720.00

BR104-1608-0107 18/08/2016 BAYARAN PERKHIDMATAN PENGUJIAN BAGI KERJA-
KERJA PENYELIDIKAN RDU150314

240.00

L1610-002881 13/10/2016 PINDAHAN PERUNTUKAN BAGI BAYARAN KHIDMAT
TEKNIKAL KE AKAUN TABUNG AMANAH MAKMAL
BERPUSAT (UCL3000) BIL SERAHAN 36/2016(PARK
GRANT)

200.00

L1612-003634 15/12/2016 PINDAHAN PERUNTUKAN BAGI BAYARAN YURAN
SEMINAR FLUIDSCHE 2017 KE AKAUN AMANAH
SEMINAR CARIFF(FTA3005) SERAHAN 22/11/2016

2,014.00

L1703-009424 20/03/2017 PINDAHAN PERUNTUKAN BAGI BAYARAN KHIDMAT
TEKNIKAL KE AKAUN TABUNG AMANAH SEMINAR
CARIFF(FTA3005) SERAHAN 5/2017

2,000.00

L1707-000088 07/07/2017 Pindah peruntukan bgi khidmat teknikal CARIFF BIL. 7/2017 301.50


