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INTRODUCTION

Kutaraja Fishing Port is the largest fishing 
port in Aceh Province (Rizwan et al., 2021). 
In 2020, fish landing in Kutaraja Fishing Port 
reached 18,550,924 kg with operating fishing 
vessels of 244 units (DKP, 2021). As a large-
scale port, Kutaraja Fishing Port is required to 
be able to provide optimum services for op-
erational activities, especially fishing activities 
from clean water availability, marketing fa-
cilities, fish landing facilities, industrial area, 
to shipyard availability (Rizwan et al., 2021; 
Sharaan et al., 2017; Rahman et al., 2019). 

A shipyard is one of the essential elements in 
the shipping industry to build and fix ships. 
Approximately 40% of the operational cost 
in shipping organizations is invested in main-
tenance; thus, making ship fixing the second 
most crucial aspect (Zaman, 2019). Moreover, 
the shipyard industry became one of the main 
drivers of the shipping sector development and 
increased regional income (Soh et al., 2019). 
However, the shipyards around the Kutaraja 
fishing port are still traditional and small-scale.

Soetardjo et al. (2018) argued that various pa-
rameters need to be considered before establish-
ing a shipyard. Land geometry is the primary data 
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required for shipyard layout design, including the 
size and shape of each production module loca-
tion. In shipyard planning, a suitable location is 
determined based on detailed calculations of vari-
ous factors, such as water condition, raw material 
availability, transportation, electricity, consum-
ers/markets, human resources, and environment 
(Saputra et al., 2017). According to Al Amri 
(2018), the shipyard layout will improve the ma-
terial flow efficiency, effective material handling, 
better production process, enhanced planning 
system, and work organization flexibility.

Location suitability for shipyard development 
in a port is determined by oceanographic factors, 
including current, seawater depth, wind, wave, 
tide, and sedimentation. Some of the oceano-
graphic aspects, such as current speed, wind, 
and wave height, are crucial for shipyard devel-
opment. They can impede the process of exiting 
and entering the ship into the docking pool. These 
factors can also cause sedimentation, which can 
further impact the docking pond silting.

The studies related to shipyard so far were 
still oriented towards the shipyard productivities 
(Kyaw et al., 2016), facilities layout (Choi et al., 
2016), shipyard production capacity (Lai et al., 
2019), and shipyard management and planning 
(Sukisno et al., 2019). Meanwhile, the stud-
ies related to the impact of oceanographic fac-
tors on shipyard developments are still limited. 

Figure 1. Map of the Research Location

Thus, this research aimed to analyze the impact 
of oceanographic factors on shipyard industry 
development in the Kutaraja fishing port.

RESEARCH METHODS

This research was conducted from December 
2020–March 2021 in the Fishing Port of Kutaraja 
and Marine and Fisheries Faculty Laboratory, Syiah 
Kuala University. Each sampling point has a vertical 
distance of 120 m and horizontal distance of 310 m.

The data analyzed in this research are tide, 
wind, current, wave, bathymetry, and sediment 
composition. The Tide, wind, current, and wave 
data within the study area were collected for the 
last three years from BMKG (Badan Meteorologi, 
Klimatologi, dan Geofisika/ Meteorology, Cli-
matology, and Geophysical Agency). The water 
depth samples were collected by emitting echo-
sounder/fishfinder waves to the water substrates. 
The samples were collected using a grab sampler 
plugged into the water substrate and transferred to 
the sampling bag. For each sampling site, 100 gr of 
samples with three replications was collected. The 
samples were then dried up and sifted using a dry 
sieve. The measurement of the sediment particle 
size was based on the Wentworth scale. The sedi-
ment percentage weight was calculated based on 
each sediment fraction using the equation below:
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RESULT AND DISCUSSION

Current

The current pattern in Kutaraja Fishing Port 
is presented in Figure 2. The current moves from 
two directions, from northeast and northwest, 
towards the coastal area around the eastern part 
of Kutaraja fishing port, located near the break-
water. The current in the easter part has a faster 
speed than the western part. This condition is 
perhaps due to the physiological condition of 
the area, which is flanked by two large rivers in 
the eastern and western parts. Hence, those two 
rivers influence the current movement. Current 
speeds in the areas with red-colored contours 
have strong currents with speeds between 0.14 
m/s to 0.23 m/s. Reis et al. (2011) revealed that 
a shipyard with a complex structure could re-
duce current circulation around the shipyard, 
creating an anoxic condition and eutrophica-
tion in the water column and water sediment if 
not appropriately addressed.

Bathymetry

The research showed that sea depth ranged be-
tween 1 meter to 9 meters and deeper towards the 
offshore. The light blue colors on the bathymetry 
map show shallows waters, while the dark blue col-
ors show deeper waters (approximately 9 meters). 
Deeper waters have a greater tidal current than shal-
low waters due to the smaller friction between the 
water bodies layer near the surface and the surface 
layer compared with water substrate (Thiebeut dan 
Sentchev, 2017). The shallowest waters are located 
near the breakwater of Kutaraja Fishing Port due to 
the current pattern that tends to end in that area. The 
current from the river carries sediment and gradu-
ally will accumulate, causing silting of the waters. 
Azevedo et al. (2016) argued that the watershed area 
and precipitation influenced the amount of sediment 
carried by the river. Ohl et al. (2020) explained that 
depth is an essential factor that needs to be consid-
ered in shipyard development. For example, a float-
ing dock requires a certain depth to support the dock 
and maximum lifting capacities. In most deep waters, 

𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤ℎ𝑡𝑡𝑡𝑡 𝑠𝑠𝑠𝑠𝑤𝑤𝑤𝑤𝑠𝑠𝑠𝑠𝑤𝑤𝑤𝑤𝑠𝑠𝑠𝑠𝑤𝑤𝑤𝑤𝑠𝑠𝑠𝑠𝑡𝑡𝑡𝑡 𝑝𝑝𝑝𝑝𝑤𝑤𝑤𝑤𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑤𝑤𝑤𝑤𝑠𝑠𝑠𝑠𝑡𝑡𝑡𝑡𝑝𝑝𝑝𝑝𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤 =
𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤ℎ𝑡𝑡𝑡𝑡 𝑓𝑓𝑓𝑓𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑡𝑡𝑡𝑡𝑤𝑤𝑤𝑤𝑓𝑓𝑓𝑓𝑠𝑠𝑠𝑠 − 𝑤𝑤𝑤𝑤
𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤ℎ𝑡𝑡𝑡𝑡 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 𝑠𝑠𝑠𝑠𝑝𝑝𝑝𝑝𝑠𝑠𝑠𝑠𝑝𝑝𝑝𝑝𝑠𝑠𝑠𝑠𝑤𝑤𝑤𝑤

× 100 (1)

Further, the tide data was analyzed using the MS Excel software to show the fluctuation over the last three 
years. Current and bathymetry were visualized using QGIS, while wind data was analyzed with WRP Plot.

Figure 2. The current pattern in the research location
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floating dock mobilization will cost less than the civ-
il and structural works related to graving docks.

Wave

The x-axis represents the record time-series 
data of water height for the last three years per 
hour, while the y axis represents the recorded wave 
height (Figure 5). On the basis of the figure above, 
wave height in the study area ranged between 0.07 
m to 1.7 m and a period of 21.5 seconds to 22.31 

seconds. The highest average wave occurred in the 
east monsoon on 16 January 2019, with a value 
ranging between 1.2 m–1.7 m. The lowest average 
wave occurred in the transition season on 29 Sep-
tember 2019, with a value of 0.07 m.

Wind

Wind highly influences the wave height, where 
the stronger the wind, the higher the wave height will 
be. The wind that moves towards the coastal area has 

Figure 3. Bathymetry measurement

Figure 4. Wave measurement
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high energy and will create a large wave; on the other 
hand, the wind that moves towards the high seas or 
oceans has low energy, thus creating small waves. 
The figure above (see Figure 6) shows the relation-
ship between wind speed classification (x-axis) and 
the number of wind speeds recorded (y-axis). The 
result varies from December 2019 to February 2020, 
with the most recorded wind speed classification is 
3.00–4.00 m/s with 29.6%, and the lowest is clams 
classification with 1.1%. The wind speed recorded 
between March and May 2020 also shows varia-
tion. The highest is 1.00–2.00 m/s classification with 
27.7%, while the lowest is > 6.00 m/s classification 

with 1.3%. 1.00–2.00 m/s classification was also the 
highest between June and August 2020 with 27.7%, 
and the lowest is > 6.00 m/s with 1.9%.

The highest wind speed recorded between 
September to November 2020 is 3.00–4.00 m/s 
classification with 23.9%, and the lowest is > 6.00 
m/s with 2.5%. Wind speed and wave parameters 
(wave height and wave speed) show the sediment 
exponential distribution pattern, while wind and 
current speed have a similar sediment distribution. 
Increasing the wind speed on the water surface will 
increase the sediment concentration and size in the 
water column (ShaSha et al., 2015).

Figure 5. The wind speed recorded between December 2019 and February 2020

Figure 6. The wind speed recorded between March and May 2020
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Tide

Tidal waves are determined by the force of at-
traction between two forces in the ocean, centrifugal 
forces caused by the Earth’s rotation on its axis and 
the Moon’s gravitational force. The Moon, Earth, and 
Sun position creates fluctuating tidal waves from the 
surface water level (Katu et al., 2020). Water circula-
tion influenced by the tidal current carries sediment 
material in the waters; thus, tidal current patterns will 
determine its sediment transport pattern.

The tide condition in the study area on 24 
January 2021 can be seen in the figure above, 

where the highest tide was at 12:00 PM with a 
water height of -0.3855 meter, and the lowest 
was at 19:00 with a water height of -1.0485 
meter. At a particular condition, the forces pro-
duced by the tides will interact with the ba-
thymetry to form an internal wave. This force 
will influence the periodicity of the tide to 
disperse far away from its source (Poulain and 
Centurioni, 2015).

The figure above presents the recorded 
tidal data over the past three years (24 Janu-
ary 2019 to 24 February 2021), where the high-
est and the lowest tide occurred on 24 January 

Figure 7. The wind speed recorded between June and August 2020

Figure 8. The wind speed recorded between September – November 2020
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2019. The highest tide occurred at 17:00 (wa-
ter height of -0.5535 meter), and the lowest 
tide at 00:00 (water height of -2.0425 meter). 
The tidal current in the shallow and deep-sea 
are essential for heat and momentum mixing. 
Tidal energy is mainly absorbed by the frac-
tion on the seafloor due to the sea topography 
and thus creates internal waves (Poulain and 
Centurioni, 2015).

Sediment 

This study showed that the Kutaraja Fish-
ing Port water consists of three major sediments 
based on the Wentworth scale. The three types 
are fine sand (particle size of 1/8–1/4 mm), very 
fine sand (particle size of 1/16 – 1/8 mm), coarse 
sand (particle size of 1/2 – 1 mm), and medium 
sand (particle size of 1/4 – 1/2 mm). The sediment 

Figure 9. Tidal measurement

Figure 10. Tidal measurement

Table 1. Sediment Classification
Station/ average particle size (Mz)/Sediment Classification

1
0.16 mm

(Fine Sand)

2
0.18 mm

(Fine Sand)

3
0.18 mm

(Fine Sand)

4
0.13 mm

(Fine Sand)

5
0.12 mm

(Fine Sand)

6
0.09 mm

(Very Fine Sand)

7
0.58 mm

(Coarse sand)

8
0.15 mm

(Fine Sand)

9
0.14 mm

(Fine Sand)

10
0.58 mm

(Coarse sand)

11
0.5 mm

(Coarse sand)

12
0.14 mm

(Fine Sand)

13
0.2

(Medium sand)

14
0.17 mm

(Fine Sand)

15
0.18 mm

(Fine Sand)

16
0.19 mm

(Fine Sand)

17
0.08 mm

(Very Fine Sand)

18
0.12

(Fine Sand)

19
0.11 mm

(Fine Sand)

20
0.59

(Coarse sand)

21
0.16 mm

(Fine Sand)

22
0.18 mm

(Fine Sand)

23
0.66 mm

(Coarse sand)

24
0.28 mm

(Fine Sand)

25
0.14 mm

(Fine Sand)



244

Journal of Ecological Engineering 2021, 22(9), 237–245

with the particle size of fine sand was found in 
17 sampling sites, very fine sand was found in 2 
sampling sites, medium sand was found only in 
one sampling site, and coarse sand was found in 5 
sampling sites (Table 1). The two rivers influence 
the sediment particle sizes in the eastern and west-
ern areas. According to Golabi et al. (2018), the 
rivers have different characteristics based on the 
land use, size of the subwatershed, river length, 
and river geological contour. It is assumed that 
the coastal areas are dominated by sand sediment 
due to the resistance of the sand to the current 
movement; thus, sands are not carried away by 
the speed and current direction (Jalil et al., 2019; 
Muhammad et al., 2019; Maulinda et al., 2019)

Impact of oceanographic factors on 
the shipyard location development 
in Kutaraja Fishing Port

The area for shipyard development in Kutara-
ja Fishing Port can be categorized as suitable for 
shipyard development. This result is based on the 
water oceanographic factors in the area that are 
ideal for shipyard development. Stable current 
with good depth, stable wave height and wind 
speed, and the highest tide and sediment patterns 
are suitable for the shipyard industry develop-
ment in the Kutaraja fishing port, Aceh.

CONCLUSIONS

The study on several oceanographic parame-
ters around Kutaraja Fishing Port showed that the 
current moves from two directions, northeast and 
northwest, towards the coasts in the eastern area 
– near the breakwater. The current in the easter 
location is stronger than in the west area. Further-
more, the western area is dominated by shallow 
water. The highest tide was observed at 12:00 with 
(0.3855 meters) and the lowest at 19:00 (-1.0485 
meters). Most of the sampling area has a sediment 
particle size of the fine sand. The result indicates 
that oceanographic factors are essential to becom-
ing one of the indicators in shipyard development.
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