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Headwater accident is a natural phenomenon that occurs in every flow channel, resulting in tremendous
incidents that involve vulnerable lives and destruction of its surroundings. This study focuses on
simulation of potential headwater accidents at Lata Kinjang waterfall (Perak, Malaysia) with the aim of
understanding the behavior of headwater accidents from the hydraulic aspect. By deploying the Lattice
Boltzmann Method (LBM) for Shallow Water Flow with Turbulence Modeling (LABSWE™), a two-
dimensional simulation was carried out to investigate the headwater condition of the study area. The
outputs from the LABSWE ™ model simulation were presented in terms of water height progression and
velocity profile. The water-height results showed a decrease in water level within the flow channel and
an increase in downstream, while the velocity-profile results revealed an increase in velocity at

Modeling downstream. Thus, under current hydraulic conditions, Lata Kinjang waterfall has a high potential for

Simulation

Two-dimensional phenomenon efficiently.

the occurrence of headwater accidents. Nonetheless, this study provide suggestions to mitigate the
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NOMENCLATURE

fo Particle distribution function g Gravity (m/s?)

fa Value of f« before the streaming h Coefficient

Ax Lattice size in x-direction Lx No. of lattices in x-direction
Ay Lattice size in y-direction Ly No. of lattices in y-direction
At Time step Greek Symbols

F; Component of the force in i direction T Lattice relaxation time

[ Veloity vector of a particle in the a link P Density (kg/m°)

No constant v Kinematic viscosity (m?/s)
£ Local eqquilibrium distribution function Subscripts

Qo collision operator i&j Space direction indices

1. INTRODUCTION

Streams and rivers can be represented in hierarchical
networks including small and large branches of water.
Large branches are formed by joining a variety of small
branches since the water travels downhill. The headwater
stream is the finest branch of such networks [1].
Headwater streams are more hydraulically connected to
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hillslope and groundwater processes than larger streams
[2,3]. Headwater accidents are frequently defined as the
abrupt flow of water in huge volumes from the upstream
of a river or from waterfall to the main river stream. The
headwater is generally attributable to the incidence of
heavy rainfall in upstream of the river. Initially, the flow
of vast amounts of water is hindered by the presence of
objects such as rocks and logs of wood in upstream of a
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river. However, heavy rain produces large volumes of
water with enough impact to wash off the objects that
hinder flow, and cause the water to surge from upstream
to downstream.

The condition of headwater could cause the
destruction of the riverbank, and endanger lives and
properties. As reported [4], a group of 7 people were
injured on a picnic trip in Lata Kinjang waterfall. The
incident was due to the gushing water from the upstream
of the waterfall (headwater). In a similar report, a 44-year
old man was found drowned in Sungai Kenerong, Kota
Bharu, also due to headwater accident [5]. This evidently
shows the endangering impact of headwater on human
lives. To mitigate this problem, the Malaysian
government has announced the installation of a warning
system to avert headwater accidents. However, the
functionality and suitability of the warning system is yet
to be ascertained, possibly due to limited studies on
headwater conditions, particularly in terms of hydraulics.
Moreover, headwater can also lead to flash floods which
frequently occur on small headwater basin. Most flood
incidents occur near a river or a stream with source of
water being a heavy rainfall over a catchment area. Flash
floods can lead to massive destruction of infrastructure,
and cause mortal injuries to humans and animals [6]. The
identification of high-risk areas with potential overflow
is a significant measure in flood control [7]. Hence,
computational studies on headwater accidents require the
study of the behavior of headwater in terms of water
height and velocity. The outcome of this study will help
in determining the sections of Lata Kijang waterfall that
pose high risks of being affected by headwater. This will
aid the development of mitigation measures that can be
implemented prior to headwater incidents, thereby
lessening the adverse effects of headwater accidents.

Lata Kinjang waterfall is considered as one of the
highest waterfalls in Malaysia which cascades down a
steep 200-meter high-stretch of rocky slopes and
surfaces. This accounts for its selection as a study area. It
is located at Chenderiang, about 12km north of Tapah
town, Perak state. The study area location and the
headwater occurrence are shown in Figures 1 and 2,
respectively.

Figure 1. The location of Lata Kinjang waterfall in Malaysia

Figure 2. Normalwater flow from upstream (left) and
headwater accident (right)

Computational methods are defined as mathematical
calculation models developed to study the behavior of a
complex system. A number of computational studies
have been conducted to model flow in a river system. For
instance, Giertz et al. [8] simulated the hydrological
processes in a headwater catchment in Benin using
SIMULAT-H which is a semi-distributed hillslope
version of the 1-D SVAT-model SIMULAT. Their
simulation results of runoff generation processes were
found to be consistent with field investigations. Voltz et
al. [9] investigated riparian hydraulic gradients over three
different time scales in two steep, forested, headwater
catchments in Oregon to determine the potential controls
of reach-scale valley slope and cross-sectional valley
geometry. They discovered that steep headwater valley
floors host extensive stream water exchange with very
little change in the water table gradients over 3 orders of
magnitude of stream discharge. Voeckler et al. [10]
explored the potential contribution of deep groundwater
recharge to the bedrock in a snowmelt-dominated
headwater catchment in Okanagan Basin, British
Columbia by using a coupled surface water—groundwater
model. They reported a strong connection between the
bedrock and the soils, particularly in the lower riparian
zones of the headwater catchment. In addition, there are
reasonable recharge and discharge zones during high-
and low flow seasons. Kelleher et al. [11] confirmed the
ability of the Distributed Hydrology Soil Vegetation
Model (DHSVM) to model dominant controls on
catchment response to hydrologic partitioning across five
adjacent headwater sub-catchments. Niu et al. [12]
utilized the Variable Infiltration Capacity (VIC) model
combined with a routine scheme to investigate the multi-
scale streamflow variability responses to the precipitation
over 16 headwater catchments in the Pearl River basin,
South China. Li et al. [13] developed a novel approach to
estimate the Active Stream Network Lengths (ASNL),
under different wetness conditions, of Sagehen Creek
catchment by using streamflow recession analysis.
Neupane et al. [14] predicted potential hydrologic
changes in a Rocky Mountain headwater catchment by
simulating water budgets of the Athabasca River using a
calibrated version of the Soil and Water Assessment Tool
(SWAT). The results of their simulation indicated that
the hydrologic model is a valuable tool for assessing the
effects of potential changes in temperature and
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precipitation on hydrological processes in a basin. Allen
et al. [15] investigated the relationship between stream
width and abundance in headwater stream networks
across North America and New Zealand. They have
modeled stream widths by combining principles of
conservation of mass, hydraulic resistance, downstream
hydraulic geometry, and the natural variability of channel
cross-sectional geometry. They inferred that stream
widths in headwater networks have a lognormal
distribution.

Among the computational methods, Computational
Fluid Dynamic (CFD) modeling has been advanced and
widely used as a tool for analyzing liquid flow since the
early 20th century. CFD combines applied mathematics,
physics concepts and calculation software to simulate gas
or liquid flows. A viable substitute for CFD methods is
the Lattice Boltzmann Method (LBM) which is a
powerful computational tool for simulating different
types of flows [16]. LBM is effective for simulating fluid
flow within complex geometries and topologies. It is
based on statistical physics, and is used to provide
accurate description of fluid flow at microscopic level in
an extremely simplified way, but a correct average
description of fluid flow at the macroscopic level [17].
During the past decade, LBM has attracted widespread
interest of researchers in fluid problems, and is
extensively used for modeling both single-phase and
multiphase fluids [14]. Compared to classic CFD
methods, the LBM is considered a relatively simple
method and it helps researchers to solve many types of
complex fluid transport phenomena coupled with electro-
kinetics, magnetics, thermodynamics, etc. However, the
main limitation of LBM is its memory costs [18].

Several studies have implemented LBM to
investigate fluid flow. Hedjripour et al. [19] applied one-
dimensional LBM techniques in the assessment of flow
field patterns and flow characteristics such as depth,
velocity etc., with a focus on shallow water problems
within the subcritical and supercritical regimes. The
model displayed good to excellent conformity with those
from analytic solutions or other models over a range of
steady-state and unsteady problems. Dolansky et al. [20]
developed a three-dimensional LBM-based simulation to
investigate the motion of particles in a pipe with a rough
bed. Their results confirm simulation that LBM is a
useful tool for hydrodynamic applications. Several
studies have been performed on the application of LBM
in Shallow water flow. Mousavi et al. [21] implemented
LBM to simulate the deformation and breakup of a falling
droplet under the gravity force. They concluded that
increasing the Ohnesorge number mainly causes a shift
in the boundary between the different breakup modes to
higher Eotvos number. Sheikholeslami and Ashorynejad,
[22] applied LBM to examine the natural convection flow
of nanofluids in a concentric annulus. They found that the
improvement of heat transfer is highly dependent on the

type of nanofluid. A detailed review of the application of
LBM in shallow water flow is provided in recent and
relevant studies [23-30].

Despite the relatively large number of researches
related to headwater studies, emphasis has been placed
on hydrology modeling with less consideration given to
hydraulic aspects. The main objective of this study is to
analyze the headwater accidents in terms of water height
and velocity from upstream to downstream along Lata
Kinjang waterfall by using the two-dimensional LBM for
shallow water flow integrated with turbulence modeling
(LABSWETM). LABSWE™, which stands for Lattice
Boltzmann for Shallow Water Equation with Turbulence
Modeling, is a numerical model developed based on
Lattice Boltzmann method. This LABSWE™ model is
written in code form in MATLAB software. The model
was developed by Zhou [31] in 2004 and has been widely
used to solve complex hydrodynamic problems involving
turbulent water flow. In this study, the LABSWETM was
modified in terms of channel profile, bed slope, boundary
condition, and headwater condition to simulate the
phenomena in Lata Kinjang waterfall.

This paper provides a theoretical background of the
LBM. The model was implemented on turbulent flow in
Lata Kinjang waterfall, followed by validation of data,
rendering of results and suggestion of solutions.
Conclusions were then drawn from the results.

2. THEORICAL BACKGROUND OF LBM

The LBM is a numerical computational method for the
simulation of various types of flows within complex
geometries. The LBM is classified as a mesoscopic scale
simulation that considers the behavior of a collection of
particles as a single unit. Zhou [31] reported that the
LBM is an integration of Lattice Gas Automata (LGA)
which solves the difficulties of the latter. In terms of
fundamentals, the particle distribution functions replaced
the Boolean variable from LGA equation [31], as
presented below:

F.(x + egAt, t + At) = fo(x, t) + %eaiﬂ(x, t) (1)

where f« is the particle distribution function; e = Ax/At,
where Ax is the lattice size and At is the time step. N« is
a constant determined by Equation (2) [32].

1 1
Ny = e_zz:a Cax €ax = e_zz:a €ay Cay 2

Basically, the LBM is modeled based on three main
components, which are the lattice pattern, Lattice
Boltzmann equation, and the distribution function model.
Lattice pattern plays a vital role in the LBM as it serves
two functions: displaying the grid points as well as
indicating the motion of particles [31]. There are two
types of 2-dimensional lattice patterns, which are square
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lattice and hexagonal lattice as shown in Figures 3 and 4,
respectively. The type of lattice pattern is dependent on
the speed of the particle at the lattice node. The 9-speed
square lattice and 7-speed hexagonal lattice both have
enough lattice symmetry and show adequate results in
numerical studies.

The fluid particles move individually on a lattice unit
through the path of the specified link with its velocity.
For a 9-speed square lattice unit, the velocity of the
particles is determined by Equation (3). The LBM
comprises two important steps that include steaming and
collision [31, 32]. These steps are all expressed in
Equation (4) [31].

(0,0), a=0,
(a-Dm . (a-Dm
e, =1 € [COS L SinT— ] a=1357, 3)
V2e [cos (a_:)n,sin @] , a=246.8.

(2 ) _eq -
fiGE + e, ¢+ 80) — fi(7,0) = - SO0 @
S—— —

Collision

Streaming

The streaming step, which is articulated in Equation
(1), occurs when the particles are displaced to
neighboring lattice points along the specified link path in
its velocity. In the collision step, the particles arriving at
the points interact with one another and change their
velocity directions according to scattering rules, which is
expressed as Equation (5) [31].

fa (e, 6) = foa(x, £) + Qq[f (x, )] %)

where Q, is the collision operator which controls the
speed of change in f, during the collision.

To solve the shallow water condition, Equation (6)
was derived and used in Lattice Boltzmann equation as
suggested in an earlier study [31].

6 7 8

Figure 3. 9-speed square lattice [31]

Figure 4. 7-speed hexagonal lattice [31]
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According to Zhou [27], the LBM is indeed a useful
and efficient computational fluid dynamics technique to
simulate flow based on several advantages that include:
ease of programming as it utilizes only simple arithmetic
calculations; only the microscopic distribution is
unknown, which is a direct and less complicated
approach than the traditional methods; ideal for parallel
computations since the current value of distribution
function only depends on previous conditions; simple
implementation of boundary conditions which makes it
suitable for flows in complex geometry, and it enables
unhindered simulation of complex flows.

3. METHODOLOGY

In this research, the LABSWE™ was implemented to
simulate the incidence of headwater at the Lata Kinjang
waterfall. The LABSWE™ model was modified in terms
of channel profile, bed slope, boundary condition, and
headwater condition to enable the simulation of
turbulence flow at Lata Kinjang waterfall. Figure 4
presents a flowchart of this research. The simulation
procedures are designed in line with previous reports [31].
The details of each task mentioned in the flowchart are
explained in the following subsection.

3. 1. Channel Profile The channel profile of the
Lata Kinjang waterfall is synchronized with the LBM
model by through the combination of the LABSWE™
model with AutoCAD drawing of the channel profile, as
shown in Figure 5.

The sketch was then converted into JPEG file with a
pixel size of 559 x 109. In order to display the channel
profile as sketched, the channel dimension was scaled
down to 64% of the original sketch in terms of length and
width in the LABSWE™ model. Using the masking
function in MATLAB, the channel sketch was
successfully masked into the LABSWE™ model. The
sketch is represented by a binary mask where ‘0’ and ‘1’
indicate the channel bed and solids beside the channel,
respectively. The top view and 3-dimensional view in
MATLAB are displayed in Figures 6 and 7, respectively.

3. 2. Bed Slope To obtain a realistic output from the
study, the bed slope of the channel was considered in the
simulation model. Figure 8 shows the actual elevation and
slope of Lata Kinjang waterfall. The bed slope profile was



764

S. H. Shafiai et al. / IJE TRANSACTIONS B: Applications Vol. 33, No. 5, (May 2020) 760-769

Data collect

for hydrody

Average flow rate

Flow area

Flow velocity

Cross section and dimensions of Lata Kijang waterfall

i

Model preparation for real Lata Kijang waterfall condition.
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Figure 4. Flowchart of research methodology
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Figure 7. 3-D view of channel profile in LABSWE™

Figure 8. Elevation and slope profile of Lata Kinjang

waterfall

TABLE 1. Slopes of Lata Kinjang Waterfall

Section Location Slope

1 Head to 65 meters from head -0.21818
2 65 meters to 85 meters from head -0.35294
3 85 meters to 155 meters from head -0.52066
4 155 meters to 227 meters from head -0.42149
5 227 meters from head to outlet -0.238095

<d irection

Figure 5. Sketch of the channel profile of Lata Kinjang
waterfall
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Figure 6. Top view of channel profile in LABSWE™
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divided into 5 sections with each section having a
different value for slope. The value of the gradient is
shown in Table 1.

3. 3. Boundary Condition According to Zhou
[31], the boundary condition of the channel must be
determined to provide a solution for turbulent water flow
in shallow water conditions. In this simulation model, the
no-slip boundary condition is specified between the solids
and water flow. Day [33] mentioned that the no-slip
boundary condition is applied where the fluid velocity
along the channel boundary is the same as the solid
boundaries. Therefore, it is assumed that the velocity of
fluid will be zero with respect to the boundary. However,
based on the channel profile of Lata Kinjang waterfall in
LABSWE™ model, there are a few sharp corners, which
are observed in Figure 9.

,/

Figure ‘9. Sharp corners ‘in channel profile
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Due to the inability of the LABSWE™ model to
determine the water depth when water heights from two
directions interact with each other, corner treatment has to
be done for the sharp corners. The corner treatment is
done by specifying the unknown distribution function of
the lattice pattern from the neighboring cell of the
boundary cell to a known distribution function that is
opposite the unknown distribution function. For example,
in the case of Figure 10, the unknown distribution
functions (f7, f6, and f8) are assigned to be equal to the
known distribution functions (f3, f4 and f2) [31]. With the
application of corner treatment, the simulation of
headwater incidence at Lata Kinjang waterfall is more
stable and accurate.

3. 4. Headwater Condition Given the similarity of
the headwater and dam-break flow conditions, the same
approach of initializing the simulation was introduced in
this study. The channel is separated into two sides by
assigning different water depths during the initialization
phase. The water depth along the channel of Lata Kinjang
waterfall is shown in Figure 11. The headwater condition
illustrates the scenario where the water initially retained
in the basin by objects surges downstream due to the
removal of the objects.

4. RESULTS AND DISCUSSION

For validation, the result of the model was compared with
the most updated flow parameters (e.g. water depth of the

c d
6 8
7
b c

Figure 10. Example for corner treatment [31]

Water height, h (m)

Lattice cell in x-direction, Lx

¢ 100
00 120 Lattice cell in y-direction, Ly

Figure 11. Headwater condition set-up

flow) of Lata Kinjang waterfall collected from the
Department of Irrigation and Drainage (DID) Malaysia.
For the simulation, a lattice cell of 559 x 109 was used.
The validation was carried out on several hydrodynamic
parameters from three different consecutive years (2015,
2016 and 2017). Using the trial and error method, time
step (At) of 0.0005s and relaxation time (z) of 1.0 with
25,000 iterations are determined to keep the turbulent
flow model in steady-state flow.

The first wvalidation was done using recent
hydrodynamic input parameters from 2017 (See Table 2).
The values for initial water depth (h) and initial flow
velocity (u) were considered as 0.80176m and 0.744m/s,
respectively. The initial water depth obtained from DID
was plotted and compared with the water depth simulated
from LABSWE™. The comparison of the output of the
model at water depth of Lx=378 with the data collected
from DID is shown in Figure 12.

TABLE 2. Input parameters for simulating water depth for year
2017

Parameters Value
No. of lattices in x-direction, Lx 559
No. of lattices in y-direction, Ly 109
Initial water depth, h 0.80176m
Initial flow velocity, u 0.744m/s
Time step, At 0.0005s
Relaxation time, 7 1.0
Lattice size in x-direction, Ax 0.5m
Lattice size in y-direction, Ay 0.5m

Cross-section of water height at Lx=378

—LABSWE™
~—MEASURED

-

Water height, h (m)
=
o

g 2 4 6 8 10 12 14 16
Distance, x (m)
Figure 12. Cross-section of simulated against measured

water depth for year 2017

The second validation was done using hydrodynamic
input parameters from 2016 (See Table 3). The values for
initial water depth (h) and initial flow velocity (u) were
considered as 0.25952m and 0.456m/s, respectively. The
initial water depth obtained from DID was plotted and
compared with the water depth simulated from
LABSWE™, as shown in Figure 13.
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TABLE 3. Input parameters for simulating water depth for year
2016

Parameters Value
II:I)((). of lattices in x-direction, 559
II:I;J. of lattices in y-direction, 109
Initial water depth, h 0.25952m
Initial flow velocity, u 0.456m/s
Time step, At 0.0005s
Relaxation time, T 1.0
Lattice size in x-direction, Ax 0.5m
Lattice size in y-direction, Ay 0.5m

Cross-section of water height at Lx=378

~—LABSWE™
~——MEASURED

=
o

o
o

o
>

e
w

Water height, h (m)
°
[N}

o.
o

0
2 4 6 8 10 12 14 16

Distance, x (m)
Figure 13. Cross-section of simulated against measured
water depth for year 2016

The third validation was done using hydrodynamic
input parameters from 2015 (See Table 4). The values for
initial water depth (h) and initial flow velocity (u) were
considered as 0.90504m and 0.736m/s, respectively. The
comparison of measured water depth obtained from DID
with simulated water depth from LABSWE™ are plotted,
as shown in Figure 14.

From the validation test, the percentage difference
between measured and simulated water depths are 1.93,
1.23 and 1.56% for 2017, 2016 and 2015, respectively.

TABLE 4. Input parameters for simulating water depth for year
2015

Parameters Value
No. of lattices in x-direction, Lx 559
No. of lattices in y-direction, Ly 109
Initial water depth, h 0.90504m
Initial flow velocity, u 0.736m/s
Time step, At 0.0005s
Relaxation time, T 1.0
Lattice size in x-direction, Ax 0.5m
Lattice size in y-direction, Ay 0.5m

Cross-section of water height at Lx=378

—LABSWE™
~—MEASURED

-

Water height, h (m)
o
o

0
2 4 6 8 10 12 14 16

Distance, x (m)
Figure 14. Cross-section of simulated against measured
water depth for year 2015

The small differences indicate that the model is capable of
simulating potential headwater accidents at Lata Kinjang
waterfall. In addition, according to Zhou [31], the LBM
may result in numerical instability during the simulation,
which potentially contributes to the slight percentage
difference. However, the stability condition is expected to
be achieved when the kinematic viscosity, v is positive,
the magnitude of celerity is lesser than 1 and the shallow
water flow condition is subcritical.

The numerical simulation of a headwater accident at
Lata Kinjang waterfall is initialized by dividing the model
into two parts in terms of Lx. A higher water height of 2.1
m is assigned from Lx=1 to Lx=20. The Lx range of 1 to
20 is determined based on size of the basin of Lata
Kinjang waterfall. The high-water height is selected based
on the maximum capacity of the basin of Lata Kinjang
waterfall. On the other hand, Lx range of 21 to 559 is
inputted with a water height of 0.9 m based on the
assumption that the channel is in normal flow condition.
According to data reported by Adegoke et al. [34], in
terms of water velocity, the initial velocity of the basin
(Lx=1 to 20) is set at 10m/s. The usual flow velocity of
0.736m/s is inputted for downstream of the channel
(Lx=21 to 559). The input parameters for the numerical
computation are presented in Table 5. Results from the
simulation of headwater accident in Lata Kinjang
waterfall are represented in terms of water level
progression along the channel from t=0s to t=72 s and
velocity profiles of t=0s to t=12.5 s.

As observed from the water height progression
in Figures 12 to 14, water height from the basin area
(Lx=1 to 20) gradually decreased. However, from water
depth, Lx=21, the water height of downstream begins to
increase, indicating that a high quantity of water from
upstream surges downstream which consistent with the
occurrence of a headwater accident. Also, from Lx=131
there is a water level decrease until a minimum level of
0.72misreached at Lx=171. This reduction is attributable
to changes in bed slope from gentle to steeper zone.
Conversely, water height is observed to increase at
Lx=311 and Lx=454 due to the cascading of water from
steeper to gentle slopes. Basically, the pull of gravitational
force is stronger when water flows down a steeper bed



S. H. Shafiai et al. / IJE TRANSACTIONS B: Applications Vol. 33, No. 5, (May 2020) 760-769 767

TABLE 5. Input parameters for headwater accident in Lata
Kinjang Waterfall

Parameters Value
No. of lattices in x-direction, Lx 559
No. of lattices in y-direction, Ly 109
Initial water depth from Lx=1 to Lx=20, hl 2.1m
Initial water depth from Lx=21 to Lx=559, h2 0.9m
Initial flow velocity from Lx=1 to Lx=20, ul 10m/s
Initial flow velocity from Lx=21 to Lx=559, u2 0.736m/s
Time step, At 0.0001s
Relaxation time, T 1.0
Lattice size in x-direction, Ax 0.5m
Lattice size in y-direction, Ay 0.5m

slope. Subsequently, water velocity increases, while water
height decreases.

Furthermore, fluctuations in water height become
delineated from Lx=213 to Lx=262, and partly from
Lx=317 to Lx=444 as displayed in Figure 13. These water
height fluctuations result from changes in channel shape.
The areas near the edge of the channel were the ones
modeled. Therefore, the high-water level contributes to
the fluctuations by providing higher friction at the edge of
the channel. In this situation, water molecules are slowed
down by the edge of the channel, leading to a higher water
level. Nonetheless, the lower water level in the referred
areas reflects the flow of water to a wider area, which
accounts for the increase in velocity.

With regards to the recreational area of Lata Kinjang
waterfall, which is located from Lx=205 to Lx=238, the
simulated water height rises up to 45% with a maximum
water level of 1.31m. Therefore, the recreational area of
Lata Kinjang waterfall can be considered highly
susceptible to headwater accident.

The water velocity profiles at t=0s and t=12.5s are
illustrated in Figures 16 and 17, respectively. As
observed, high water velocity in the upstream area (Lx=1
to Lx=20) increases the water velocity in the

Section view of water height progression —t=0

’ Recreational Area
Figure 15. Graph of water height progression against the

distance along Lata Kijang waterfall for t = 0s, 10s, 30s
and 72s

downstream area (from Lx=21). Nonetheless, the
maximum water velocity in downstream is 0.3388m/s at
t=12.5s, which is relatively low compared to similar
studies conducted. This may due to assumed relaxation
time of 1 that was inputted into the simulation to stabilize
the model. In addition, the relaxation time, T correlates
with the kinematic viscosity, v, which is expressed in
Equation (8) [31].

e?

= (21— 1) ®)

Vv =

By using Equation (8), the kinematic viscosity of
water from the simulation is calculated as 16.667m?s,
which is comparatively higher than the usual water
kinematic viscosity of 0.801x10-%m?/s at 30°C [35]. Since
water velocity and kinematic viscosity have an inverse
relationship, the difference in the kinematic viscosity led
to lower water velocity in the simulation results.

In spite of the low water velocity, the water velocity
profile from Figure 17 indicates that the recreational area
(Lx=205 to Lx=238) will be influenced by the high water
velocity.

To prevent or reduce the impact of headwater accident
in Lata Kinjang waterfall, some solutions are suggested.
Firstly, it is advised that the bed slope of the Lata Kinjang
waterfall has to be modified into a gentler slope,
especially in the recreational area. Since the gravitational
force is weaker in a gentle slope, the velocity of water
flowing down will be lower. The lower water velocity will
then reduce the impact of water flow during headwater
accidents. Furthermore, the bed slope can be maintained
at 0.2182 along the channel to decrease the possibility of
water level difference.

Secondly, hard protection structures such as revetment
can be constructed at the edges of the channel, particularly
for the areas of Lx=213 to Lx=262 and Lx=317 to
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Figure 16. Water velocity profile at t=0s
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Figure 17. Water velocity profile at t=12.5s
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Lx=444. 1t is expected that the destruction of the bank of
flow channel due to high water level can be minimized
with the aid of hard protection structures. However, the
aesthetics of the surrounding should be taken into
consideration during the construction due to the fact that
Lata Kinjang waterfall is a tourist attraction spot.

Finally, government bodies should monitor the basin
of Lata Kinjang waterfall regularly to envisage potential
occurrences of headwater accidents. Objects such as rocks
and logs that interrupt the water flow shall be removed
from the basin. With the scheduled removal of blockage
objects in the basin, the possible occurrence of headwater
accidents will be averted or lessened to a minimum.

5. CONCLUSIONS

This research simulated the potential occurrence of
headwater accidents at Lata Kinjang waterfall using the
LABSWE™ model. The results were validated with data
obtained from Department of Irrigation and Drainage
(DID), Malaysia. The validation procedure showed an
average percentage error of 1.57%, which confirms the
capability of the model to simulate potential headwater
accidents in the study area. Results from the
computational simulation were presented in terms of
water height progression from t=0s to t=72s and water
velocity profile at t=0s and t=12.5s. The results indicated
that the recreational area of Lata Kinjang waterfall will be
highly impacted by the occurrence of a headwater
accident due to increase in water level and velocity. It is
apparent from the simulation results that the flow of
potential headwater accident is influenced by the
steepness of bed slope, edges of the channel and shape of
the channel. Hence, this study proposes specific steps to
mitigate possible headwater accidents, and they include:
modification of the bed slope to a gentler one especially
in the recreational area; construction of hard protection
structures such as revetment at the edges of the channel,
particularly for the areas of high water velocities (Lx=213
to Lx=262 and Lx=317 to Lx=444) to prevent destruction
of the channel bank, and regular monitoring and
maintenance of the waterfall by appropriate government
bodies. For further development of this research, it is
suggested to study the interaction of headwater with
objects in the river which can be investigated by
integrating the present model in this study with a
conventional numerical method such as Finite Volume
Method (FVM).
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