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Abstract

In this paper, A new formula of longshore sediment transport rate was developed based on phenomena of fluid
movement through the sediment particle. The amount of fluid that penetrates the sediment particles with high
permeability more than the sediment particles with low permeability. This formula is applied to identify shoreline
erosion around of runway platform of Sultan Mahmud Airport, Kuala Terengganu. The shoreline changes model is
solved by using finite difference method. Based on the simulation result by using this method, shoreline profile
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around this airport occur erosion. This erosion occurs on the south side of this airport. The average erosion in this
area during 2 years and 3 years are 24.88m and 33.90m. In addition, the average erosion becomes worst when the
simulation was done for 4 years that is equal to 42.93m. It is required an effective coastal management and coastal
protection in order to minimize this erosion in the future.
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1. Introduction

Today, coastal zone has become an attraction for the human population as they provided many functions such as
recreation, trading, transportation, residential and rich marine resource. The increases of human activities in the
coastal zone are confronted with coastal hazard. The most significant problem associated with the coast is coastal
erosion. Erosion threatens the coastal population and leads to loss of properties along the coastlines. Some examples
of coastal erosion caused by human activities such as coastal erosion on the Tangier Harbour caused by breakwater
structure (Serdati et al., 2004; Serdati and Anthony, 2007), erosion on the Northeast Bohai Sea (China) with an
average retreat rate of 2.6 meters per year during 1986 to 2003 due to dams on the Luan River (Zuo et al, 2009).
Husain et al. (1995) reported that approximately 30% of Malaysia's coastline is experiencing erosion. Terengganu
coastline has bad erosion during monsoon season, but the erosion is limited to only certain sections. The greatest
erosion was occurring on the north side of the runway platform of Sultan Mahmud Airport Kuala Terengganu. From
the visual observation, the offset changes from the original position of the shoreline due to erosion was more than
10 meters during 2010 to 2011 and it is believed that the offset becomes more in 2013 and 2014 (Ahmad et al.,
2014). This erosion was caused by coastal construction along Terengganu coastline. The sediment transport in the
Terengganu coastline has been disturbed.

Comprehensive coastal zone management and erosion control require a reliable and practical tool for predicting
shoreline changes. Mathematical models is an efficient tool to optimize shore protection. Many researchers used
mathematical models to predict shoreline change in the coastal engineering project (Miller and Dean, 2004; Hoan,
2006; Reeve, 2006; Zacharioudaki and Reeve, 2008; Avdeev et al., 2009; Kim and Lee, 2009; Walton and Dean,
2011; Davidson et al., 2013; Ahmad et al., 2015; Hidayat et al., 2017). The rapid advance in the field of computer
technology is the beginning in the development of numerical models to simulate shoreline change (Stive et al., 2002;
Baykal, 2006; Esteves et al., 2009; Hansen and Barnard, 2010; Nam et al., 2011; Walton and Dean, 2011; Davidson
et al., 2013; Valsamidis et al., 2013; Hitoshi et al., 2015). The main objective of this study is to identify the shoreline
erosion around of Sultan Mahmud airport, Kuala Terengganu by using simulation. The simulation was solved by
solving a finite difference method. The numerical simulation is solved by using the new formula of longshore
sediment transport that was proposed by Ahmad and Subiyanto (2015). The result of the simulation is shoreline
position around of the runway extension Sultan Mahmud Airport, Kuala Terengganu. The result was compared with
satellite image to obtain the validation of the simulation. Then, the result was discussed and concluded.

2. Area of Study

The simulation area is approximately 3km changes around of the runway extension Sultan Mahmud Airport, Kuala
Terengganu. This area located between 5°24°06.67°°N, 103°05°55.08”E and 5°22°50.82”°N, 103°06°51.13”’E as
shown in Figure 1. The coastal area around Sultan Mahmud airport was characterized by the northeast monsoon,
with semidiurnal tides and the highest wave occurs during November to March where the average of wave angle is
60-70 degree from the north with the wave high is more than 3m and a tidal range is about 2.04m from mean sea
level (Mohamad et.al, 2012).

© IEOM Society International
1565



Proceedings of the International Conference on Industrial Engineering and Operations Management
Bangkok, Thailand, March 5-7, 2019

Figure 1. Area of the simulation

The net longshore sediment transports occurred towards the north of peninsular Malaysia (Mohamad et.al, 2012).
According to the Mohamad et.al (2012) statement the net of longshore sediment transport will be change due to the
expansion of sultan Mahmud Airport. We can assume that the expansion of airport as a coastal structure in this
simulation.

3. Methodology

The methodology used in this study based on a numerical method which was introduced by Subiyanto et.al, (2015).
This numerical method solves the partial differential equation of shoreline changes model. An approach of finite
difference scheme is used to solve numerically the governing equations of shoreline change. This scheme discretizes
the shoreline position and longshore sediment transport into a finite grid. The calculation of longshore sediment
transport ((J) takes place at the cell wall of each grid cell and the shoreline position (¥} is calculated at the middle

of each grid cell. The mathematical form of shoreline changes can be written as follows:

by L(o0] 1)

At (d\&x

where y is the shoreline position (m), x is the longshore coordinate (m), # is the time (5}, Q is the longshore
sediment transport (mg/year), and d is the active depth {m) which equal the beach berm height (£);), plus the
closure depth (D,). The mathematical term of the longshore sediment transport rate in the coastal area can be

expressed by an appropriate bulk longshore sediment transport rate formula that relates the movement of sediment to
the incident wave conditions (Inman and Bagnold, 1964; USACE, 1984; Kamphuis, 2002).

The new formula of longshore sediment transport rate that used in this study as follows (Ahmad and Subiyanto,
2015; Subiyan to, 2015):

. & In(d) sin(26)
0, =1.88x10 (ps—p)n'—(d) exp|1.31] 2 [|sgr— @)
C, In(2) 78
where O, is the new longshore sediment transport (m’/year), p is the density of the water (kg/ m3), P, is
the density of the sediment (kg / ms), C 5 1s a constant friction coefficient that in the general case is dependent
on the flow and sediment properties, ¢r is the constant between 0.3 and 0.6 (Longuet-Higgins, 1970), d is
geometric mean grain size {mm), s is the local bottom slope, g is acceleration due to gravity (m/ Sz), H is the

significant wave height at breaking (m) and @ is the wave angle at breaker, £, is the maximum horizontal bottom

orbital velocity of the waves at the breaker zone {(m / s).
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In this study the computation uses a finite difference approach which step backward in the time using intervals of
At and space using interval Ax with forward discretization. In this study, the numerical model for solving this
problem where the angle of incoming wave breaking is not assumed to be small, but it is expanded by using
Trigonometric identity (Subiyanto, 2015). It starts from the discretization of the partial differential equation of
shoreline position by using backward time approach and the partial differential equation of longshore sediment
transport by using the forward space approach. The combination of the partial differential equation of shoreline
position and longshore sediment transport discretization has produced a matrix of partial differential coupled. In
order to identify shoreline erosion in Sultan Mahmud Airport Kuala Terengganu coastline, this numerical model is
applied in this area.

In order to validate the numerical result, the calculation of error estimation was carried out. The error estimation is
calculated based on different results between shoreline position from simulation and satellite image. The error
estimation is obtained by using equation as follows:

S, -0))

S =\= 3
3 N2 ©)

where N is the number of the shoreline position data points, Y is shoreline position from simulation and y ¢ is

shoreline position from satellite image.

4. Result and Discussion

The simulation of the shoreline erosion in Sultan Mahmud Airport, Kuala Terengganu coastline is performed in an
area of 3 km in the longshore direction is divided into 87 grid points with the width of each grid point is 35 m and
1.4 km in the cross-shore direction (seaward) from baseline. This coastline consisted of very well-sorted sediment
with an average grain size is 0.22 mm and slope is 0.005 m . The wave condition is used in these simulations based

on field data collected. The average significant wave height ranging from 1.72 m and 2 m/ S in group velocity at the

breaking point with the obliquely incoming angle 60° respect to the shoreline is used in this simulation (Ahmad et
al., 2014). All of these values are placed at the offshore boundary in the computation area. This simulation is
validated by using image satellite. The numerical validation is shown in Table 1.

Table 1. Numerical result of simulation of the shoreline changes on the northwest of runway extension Sultan
Mahmud Airport Kuala Terengganu.

Shoreline position from baseline (m)
Grid Longshore Satellite image
No distance (m) 2010 2012 Simulated 2012
1 0 317.128 282.367 277.037
2 34 317.128 282.467 278.283
3 68 317.12 282.61 278.514
4 102 317.111 281.79 277.890
5 136 317.04 282.574 279.694
6 170 315 280.484 278.347
7 204 314.294 277.907 276.255
8 238 315.624 278.095 275.706
9 272 315.655 279.161 276.157
10 306 315.655 279.203 276.784
11 340 315.65 280.256 278.483
12 374 315.652 282.143 279.102
13 408 315.649 284.519 281.426
14 442 314.243 286.922 282.958
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15 476 314.241 288.844 285.775
16 510 314.194 289.907 286.642
17 544 300.029 290.018 287.074
18 578 299.982 289.354 286.998
19 612 299.978 288.05 285.362
20 646 292.851 285.9 283.831
21 680 292.844 282.63 280.442
22 714 278.572 278.013 272.926
23 748 275.429 276.66 274.858
24 782 285.712 283.525 267.684
25 816 299.999 301.169 298.130
26 850 385.713 378.298 371.050
27 884 406.237 397.414 405.347
28 918 414.286 411.089 403.516

Based on the calculation of error estimation of the numerical results, it obtained the error estimation of 5.05% for the
simulation in the northwest of runway extension Sultan Mahmud Airport, Kuala Terengganu. This value indicates
that the shoreline position based on simulation are relatively close to the regression line and the numerical method
can be used to identify the shoreline changes nearby Sultan Mahmud Airport, Kuala Terengganu coastline especially
erosion in the north of this airport. Later, an investigation of the shoreline change by using the new formula of
longshore sediment transport was carried out. The simulation was also conducted on the shoreline changes around of
the runway extension Sultan Mahmud Airport, Kuala Terengganu. In order to know the erosion of shoreline position
in this area, the simulation was performed during 2 years, 3 years and 4 years. The result these simulations were
presented in Figure 2.
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Figure 2. Shoreline changes around the southeast of runway extension Sultan Mahmud Airport Kuala Terengganu.

The numerical result of this simulation was presented in Table 2. This table presents the numerical results during 2
years to 4 years in the area of the northwest of Sultan Mahmud Airport. Based on this table, the average erosion in
this area during 2 years and 3 years are 24.88m and 33.90m. In addition, the average erosion becomes worst when
the simulation was done for 4 years that is equal to 42.93m. In order to minimize this erosion in the future, it is
required an effective coastal management and coastal protection.
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Table 2. Numerical result of simulation of the shoreline changes on the northwest of runway extension Sultan
Mahmud Airport Kuala Terengganu.

Grid Longshore . Shorelir'le position from l?aseline (m) '
No distance (m) Satellite image Simulated Simulated Simulated
(2010) (2012) (2013) (2014)
1 0 317.128 277.037 262.953 248.870
2 34 317.128 278.283 264.575 250.866
3 68 317.12 278.514 265.181 251.848
4 102 317.111 277.890 264.932 251.974
5 136 317.04 279.694 267.110 254.527
6 170 315 278.347 266.139 253.931
7 204 314.294 276.255 264.422 252.588
8 238 315.624 275.706 264.248 252.789
9 272 315.655 276.157 265.073 253.990
10 306 315.655 276.784 266.076 255.368
11 340 315.65 278.483 268.150 257.817
12 374 315.652 279.102 269.143 259.185
13 408 315.649 281.426 271.842 262.259
14 442 314.243 282.958 273.750 264.542
15 476 314.241 285.775 276.942 268.108
16 510 314.194 286.642 278.184 269.725
17 544 300.029 287.074 278.990 270.907
18 578 299.982 286.998 279.290 271.581
19 612 299.978 285.362 278.028 270.695
20 646 292.851 283.831 276.873 269.915
21 680 292.844 280.442 273.858 267.275
22 714 278.572 272.926 266.718 260.510
23 748 275.429 274.858 269.025 263.191
24 782 285.712 267.684 262.225 256.767
25 816 299.999 298.130 293.047 287.964
26 850 385.713 371.050 366.300 361.550
27 884 406.237 405.347 401.097 396.847
28 918 414.286 403.516 399.516 395.516

S. Conclusion

In this study, the simulation of shorelilne changes by using the new formula of longshore sediment transport was
conducted. The simulation was applied on the shoreline changes around of the runway extension Sultan Mahmud
Airport, Kuala Terengganu. Based on the validation result, the simulation in the northwest of runway extension
Sultan Mahmud Airport produced the error estimation of 5.05%. These error estimation are relatively small, it
indicates that numerical result from this study has good agreement the real condition. It can be concluded that the
new formula of longshore sediment transport and the new numerical scheme in this study have good capability to
solve shoreline changes problem in the reality. In order to know the changing of shoreline position around the
runway extension Sultan Mahmud Airport, the simulation was performed by varying time. The time duration is 2
years, 3 years and 4 years. Based on the numerical result, the average erosion during 2 years and 3 years are 24.88m
and 33.90m. In addition, the average erosion becomes worst when the simulation was done for 4 years that is equal
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to 42.93m. These results show that in the future the erosion will affect the coastal communities. Based on these
results, it can be considered future steps to prevent this disaster.
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