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The main purpose of this study is to determine shoreline change in Bengkalis Cape, Riau

Province, Indonesia using sediment samples analysis, satellite images, and oceanographic

parameters. The samples were collected at five stations by using sediment grab and oceano-

graphic observation was also carried out at each station in November 2015. The southern

part of Bengkalis Cape is characterised by fine-grain sediments (mud) and high rate of accre-

tion that reaches 29.77 metre/year, and is influenced by weak tidal currents with a velocity

of less than 0.06 m/s and low wave energy. In contrast, the northern part is occupied by

coarse-grain sediments (sand) which is characterised by high rate of abrasion as shown in

the image data for 20 years; 1995-2015 reaches 38.02 metre/year, and is under the influence

of strong tidal current (0.16 m/s) and high wave energy. The major contributing factor for

the shoreline change is the current system which flowing from Malacca strait to the shore

area and sediments deposition in the area.
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I. INTRODUCTION

Bengkalis Island is located close to Malacca
Strait in the eastern coast of Sumatera Island,
Riau Province, Indonesia. In general, the island
has been abraded due to hydrodynamics system
of Malacca Strait and shore area of the island is
composed by soft sediments (recent sediments).
However, only a few areas of the island have been
sedimented because the areas are located rather
far from Malacca Strait and terrigenous sedi-
ments supplied from the hinterland deposited in

the areas.

*corresponding author: rifardi@lecturer.unri.ac.id

Coastline is one of the most important lin-
ear features on the earth’s surface, which dis-
plays a dynamic nature and is an indicator
for coastal erosion and accretion (Ghosh et al.,
2015). Coastline movement happens when geo-
morphological process that occurs in coastal seg-
ment process exceeded the usual process. Ge-
omorphological process changes effected from
many oceanographic parameter that have a role
like wave, current, and tidal (Opa, 2011). Tidal
processes, sea-level fluctuations, sediment trans-
port and deposition, and flooding also con-
tribute in shift of shorelines resulting in to newer
coastal land forms and also in their disappear-

ance. So, in order to formulate development ac-
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tivities both in terms of infrastructure and ecol-
ogy, it is necessary to substantiate rate of change
in shoreline (Vaidya et al., 2015)

Many studies in ecological and oceanograph-
ical aspects of Bengkalis Waters have been car-
ried out by many authors. However, only one
study had been conducted in Bengkalis Island
to analyse abrasion and sedimentation rates.
Results of the study indicate that the island
has been changed since 26 years ago,abraded
59 hectare/year and accreted 16.5 hectare/year
(Sutikno, 2014). Unfortunately, these results do
not describe and determine changes in the shore-
line of the island.

The western part of the island, where the
present study area is located, is characterised by
the highest abrasion and accretion visually. This
study was conducted to determine the shore-
line change, in term of velocities (metre/year)
of abrasion and accretion at the shore area of
Bengkalis Cape based on sediment samples anal-

ysis, satellite images, and oceanographic data.

II. MATERIALS AND METHODS

The samples of bottom surface sediment were
collected from five stations along the shore of
Bengkalis Cape in November 2015. A GPS was
used to fix the positions of sampling sites (Fig-
ure 1). Bottom samples were collected by using
sediment grab. The samples were used for anal-
The gravel and

ysis of mechanical grain size.

sand proportions were determined by sieving and

were weighed oven dried (Oki, 1989; Rifardi et
al., 1998) which were also used by Rifardi et al.
(2015). The settling tube method was utilised
to determine the mud proportion. The graphi-
cal method of Folk and Ward (1957) was used
to calculate the mean diameter (Mz ¢), sort-
ing coefficient (0;) and skewness (Sk;) of the
sediments. The textural proportions of gravel,
sand and mud were plotted on Shepard’s triangle
(Shepard, 1954). Current velocity, wave height

and slope of the shore area were also measured

at each station.

N
o . St.4

N

Pa/»N St3

W e L

-
Legend
@ Station I\

g,

1°3610N

MALAYSIA

Bengkalis Cape

19350N

St 2
U]

N

102°010°E

Figure 1. Index map of the study area showing

sampling stations

Coastal slope was measured to determine the
value of slope using a reference purposed by Mar-

dianto (2004):

K= %xlOO% (1)
Notes:
K = Coastal Slope (%)
C = Depth (m)
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L = distance from coastal toward the sea (30-
50 m) at period of high tide

Notes:

K:

—0-2% = Flat

—2-8% = Sloping

—8-30%= Oblique

—30-50%= Steep

—50 %= Very steep

Velocity of currents was measured during the

high tide using following formula:

Notes:

v = velocity of current (m/s)

s = distance (m)

t = time (s)

Wave energy is also calculated at high tide

using following formula:

1
E = —pgh
8/)9

Notes:

E - Total energy (Nm/m?)

p - Sea water density (kg/m?)

g - Gravity acceleration (9,8 m/s?)

h - Wave height (m)

Image data of Landsat 5 TM level 1T peri-
ods of 1995, 2005, and Landsat 8 LDCM level
1T periods 2015 were used for further analy-
The data was obtained from U.S Geologi-

sis.

cal Survey (USGS) and can be downloaded at

www.earthexplorerer.gov. The data was anal-
ysed using Semi-Automatic Classification Plugin
(SCP) from Quantum GIS (QGIS).

Landsat data consist of data classification, ra-
diometric correction, band stacking, image en-
hancement, digitisation, and overlay were anal-
ysed and interpreted to determine shoreline

change. Flow chart of the image data processing

is shown in Figure 2.
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Figure 2. Flow chart of image data processing
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III. RESULTS

A. Oceanographical and Slope of the

Coastal Area

Results of the oceanographical observation
indicate that the shore area of Bengkalis Cape
can be divided into 2 (two) parts, namely, the
southern and northern parts. The southern part
is occupied by weak current velocity (0.06 m/s)
and wave energy (0.19 Nm/m?). This part has
rather flat bottom topography as shown by 4.3
— 5.8% of the coastal slope (sloping category).
In contrast, strong current velocity (0.16 m/s)
and wave energy (0.90 Nm/m?) can be recog-
nised in the northern part, which is located face
to Malacca strait, and this part is characterised
by rather steep bottom topography as shown by
10% of the coastal slope (oblique category).

B. Bottom Sediments

The results of mechanical analysis of the five
bottom sediment samples are shown in Table 1.
The bottom sediments in the shore area are char-
acterised into mud and sand (Mz ¢: 3.60-6.40
¢). Gravels are not found at all stations, which
are occupied dominantly by sand fractions (more
than 50%), indicating that the bottom character
in the estuary must be sandy mud sand except
for stations 1 and 2, which are composed of mud.

The areas with low mean diamater (Mz ¢ :
< 5¢) can be seen in the northern parts (St. 3,

4 and 5). The peculiar features of these sed-

Table 1. Results of mechanical analysis of the

bottom surface sediments

Station Gravel Sand Mud Mz O Sk Bottom
(%) (%) (%) () (o) ' Character
1 0 20.89  79.11  6.00 1.99 0.88 Mud
2 0 1537 8463 640 212 ;)1 Mud
3 0 79.07 20.93 3.60 251 0.21 Sand
4 0 77.12 2288 440 1.86 0.28 Sand
5 0 54.66 4534 407 2.16 0.72  muddy sand

iments are assumed to result from the deriva-
tion of coarser materials from Malacca Strait and
from the neighbouring coastal areas accessible
to abrasion landward. Strong main currents are
seen in the area composed of coarser grained-
sediments, indicating that strong tidal currents
as rapid as more than 0.16 m/s influence the
bottom sediments. The southern part is occu-
pied by finer grained-sediments, (high mean dia-
mater: Mz ¢ : > 5¢) which are influenced by
weak tidal currents less than 0.06 m/s.

A general trend of sorting coefficient in the
studied area is that sediments are poorly sorted
(1.86-2.51 ¢). Very poorly sorted sediments (OZ
: > 2 ¢) are recognised in areas influenced by
strong tidal currents as seen in the station 2, 3
and 5. The distributions of skewness (Sk;) in-
dicate that the study area is characterised by
very fine to coarse-skewed sediments (Sk; : -0.88
to 0.72). High skewed sediments are recognised
in the northern part of study area. Geographi-
cal distribution of the skewness sediments show
the same tendency as of the sorting coefficient
(Ol), indicating the study is strongly under the

influence of tidal currents system as mentioned
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above. Contrastingly, low skewed sediments are

recognised in the southern part of study area.

C. Shoreline change

The results of shoreline change of Bengkalis
Cape based on the interpretation of image data
of Landsat 5 and 8 during 1995 to 2005 and 2005
to 2015 are shown in Table 2.

Table 2. Shoreline change of Bengkalis Cape
during 1995 to 2015

Station 1995 to 2005 to 1995 to Avarage
2005 (m) 2015 (m) 2015 (m) (m/year)
1* 4579 113.31 159. 11 7.95
2% 193.69 401.78 595.48 29.77
JH* 345.39 404.55 749.94 37.49
4 342.44 418.00 760.44 38.02
Sk 193.38 453.90 647.29 32.36

Notes *: accretion; **: abrasion

In general, shoreline change of Bengkalis
Cape ranges from 7.95 to 37.49 m/year and the
lowest movement can be recognised in the south-
ern part of the cape, while the highest occur in
the northern part. The shoreline of Bengkalis
Cape is moved toward two different directions
namely landward and seaward which are called
abrasion and accretion respectively.

The accretion of the shore area occurs in the
southern part (St. 1 and 2) which reach 7.95
to 29.77 m/year in average. In contrast, the
northern part is occupied by coarse-grain sedi-
ments (sand) which characterised by high rate

of abrasion as shown by the image data inter-

pretation for 20 years (1995-2015) reaches 760.44

metre equal to 38.02 metre/year in average. The
shoreline change of Bengkalis Cape can be seen

in Figure 3.
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Figure 3. The shoreline change of Bengkalis
Cape

IV. DISCUSSION

The Bengkalis Cape can be divided into the
following two parts according to movement di-
rection of the shoreline: 1) the southern part
is moved toward sea and is characterised by
the fine-grained sediments, and 2) the north-
ern part moved toward land and is characterised
by coarse-grained sediments. Geographical dis-
tribution of the parts is shown in Figure 3.

The relationship between the shoreline change
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and characters of bottom sediments and oceano-
graphic parameters in these two parts is dis-

cussed below.

1. The southern part in which the movement
direction of the shoreline toward sea recognised as
accretion process, is characterised by the

fine-grained sediments.

The stations included in the southern part
(St. 1 and 2) show the bottom sediment char-
acters of mud sediments (mud content > 80%;
Mz ¢ : > 5¢) which are influenced by weak
tidal currents less than 0.06 m/s and low wave
energy (0.19 Nm/m?). Strong relationship be-
tween grain size of sediment and current veloc-
ity is also found in Angso Duo Island Pariaman
City West Sumatera by Azizul et al. (2017) and
in the Rokan River Estuary Bagansiapiapi Riau
Province Indonesia by Galib et al. (2017). The
relationship indicates that areas characterised
by fine grain sediments are under influence of
weak currents, and reversed at areas with coarser
grain sediments.

There is a tendency that high accretion rates
indicate high sedimentation rates have occurred
in the southern part. The same tendency of
this features is also found by Rifardi and Badrun
(2017) in estuary, which shows that high relative
sedimentation rate occurs at the station located
very close to the coastal area that is eroded by

the current. This part is under influence domi-

nated by terrigenous sediments, as recognised by

Rifardi and Ujiee (1993) in coastal area of Oki-
nawa Island and by Rifardi et al. (1998) in Yat-
sushiro Sea, Japan. Transport directions of sed-
iments are mostly controlled by current circula-
tion (Delhez, 1996; Wei et al., 2004; Zhao et al.,
1995). The seasonal variation of suspended sed-
iment transport and its seasonal dispersal pat-
terns from the Bohai Sea to the Yellow Sea was
discussed by Wang et al. (2016) and the re-
sults indicate that the dispersal patterns of sedi-
ment were strongly influenced by current system.
This peculiar feature was also seen in the con-
tinental shelf adjacent to Japan as reported by
Sakamoto (1982). The weak tidal currents and
the low wave energy of the southern part caused
by materials (sediments) derived from other ar-
eas is accumulated in the bottom of the part.
Strong relationship between accumulated mate-
rials and sedimentation rates is also clarified by
Rifardi (2008a) in Yatsushiro Sea, Japan and by
Rifardi (2008b) in Paya Sea, Kondur-Riau, In-
donesia. High sedimentation rate of the southern
part harmonises well with its morphology shown
by rather flat bottom topography 4.3 — 5.8% of
the coastal slope (sloping category). For the sit-
uation above, the southern part has been in ac-
cretion process and consequently, the shoreline
has been moving toward sea at least since 1995
with velocity of the accretion reaches 595.48 me-

tre/20 years (29.77 metre/year).
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2. The northern part in which the movement
direction of the shoreline toward land recognised as
abrasion process, is characterised by coarse-grained

sediments.

This part (St. 3, 4 and 5) is located close to
Malacca Strait which is occupied by strong tidal
currents and the current flows through the strait
from the south to the north during ebb tide and
reversed during high tide. As a result, the bot-
tom sediments of the northern part is dominated
by coarse-grained sediments and is under the in-
fluence of strong tidal currents greater than 0.16
m/s and high wave energy (0.90 Nm/m?). Bra-
mawanto et al. (2000) and Rifardi (2001)also
found that strong tidal currents derived from
Malacca Strait flowing into Rupat Strait play
important role to form the bottom sediment
characters of Rupat Strait. Strong currents tend
to transport coarse sediments to Yatsushiro Sea
Japan (Rifardi et al., 1998). The feature is also
found in Parangtritis beach, Indonesia as men-
tioned by Retnowati et al. (2012) where shore-
line morphology are considered as signatures of
rip currents occurrence along Parangtritis beach.

The bottom sediment of the northern part
is occupied by sand sediments and by low mud
content less than 23%, except for station 5 which
shows 45% mud content. Mean diameter of the
bottom sediment ranges from 3.6 to 4.4 ¢ which
is categorised as fine sand sediments is assumed
as the result of strong tidal currents and high

wave energy as explained above. Very poorly

sorted and fine skewed sediments of this part
support this assumption.

The shore area of the northern part is
abraded by the strong tidal currents andthe high
wave energy. High abrasion rates of this part are
shown by steep bottom topography as much as
10% of the coastal slope (oblique category). The
shoreline of the northern part has been moving
toward land which is showing high velocity of the
abrasion 760.44 metre for 20 years (1995-2015)

which equal to 38.02 metre/year in average.

V. CONCLUSION

General feature of the bottom sediments in
the shore areas of Bengkalis Cape is charac-
terised by fine to coarse grained sediments,
which imply the areas are under the influence
of weak and of strong tidal currents as shown by
poorly sorted sediments. The tidal current sys-
tem and waves play important role on the shore-
line change of Bengkalis Cape. The cape can be
divided into the following two parts according to
movement direction of the shoreline:

1) The southern part of the shoreline has
been moving toward sea with velocity of the
accretion reaches 595.48 metre/20 years (29.77
metre/year) which is characterized by the fine-
grained sediments and by rather flat bottom to-
pography, indicating the part is under the in-
fluence of weak of tidal currents and low wave
energy.

2) The northern part of the shoreline has
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been moving toward land with high velocity of
the abrasion 760.44 metre for 20 years (1995-
2015), which equal to 38.02 metre/year. It is
characterised by coarse-grained sediments and
by steep bottom topography, indicating the part
is under the influence of strong tidal currents and
high wave energy.
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