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Abstract. The study of sediment granulometry was completed at Lampulo fishing port (LFP).
The LFP is a main fishing port in Aceh Province, Indonesia, located at 5°34°35” N; 95°19°23”
E. The purpose of the research is to study and construct the environment condition of the
bottom substrate. The data was taken by incorporating coring method at 10 stations using
purposive random sampling. The wet sieve method was used to analyze the grain size for
geostatistical analysis. The geostatistical parameters analysis in this study is classified as mean,
sorting, skewness and kurtosis. The result informs that the types of sediments are sand, sandy
clay and clayey sand for all stations. Station 1, however, is found as the coarsest compares to
the other stations. All of the sediment collected at each station displays moderately sorted to
poor sorted, while kurtosis values may be categorized as very leptokurtic. The results of the
sediment parameters indicate that the environment of harbor pool was in a stable state, related
to a sheltered condition.
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1. Introduction

Grain size is the most fundamental property of sediment clastic particles. The knowledge of particle
size distribution contains numerous clues to their origin, hydrodynamic process, and the environment
in which they were deposited. Material transport and deposition can be affected by tidal flow, wave
activity, currents and anthropogenic activities [1], [2], [3], [4], [5], [6]., [7], [8]. Therefore grain size
analysis provides important information to the sediment provenance, transport history and depositional
conditions, which can be done with a quantitative approach of the clast types present [9], [10].
Furthermore, sediment budgets reflect the origin, weathering processes, erosion or abrasion and the
transportation and material deposition process [11], [12], [13], [14], [15].

The Lampulo Fishing Port (LFP) became main loading and unloading site for many fishing boats
from around Aceh Province, Indonesia, causing vessel traffic level is high. On this occasion, the
information about sediment aspects is very limited, since it was just operated on January 7" 2014, yet
it is crucial for the activity within the port. Determinations of the sediment distributions are necessary
for predicting and controlling sedimentation in harbors [16], [17], [18], [19], [20], [21], [22]. Sediment
transport in harbors can be important for maintaining navigation channels, dredging harbors, and
preventing coastal erosion [23], [24]. Sediment analysis in LFP also described by [25] in mini thesis,
but performed by different methods as ours. That study carried out sediment samples using the
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sediment-grab sampler and sieved by dry technique, compared to coring method and wet sieves
technique as ours, which ensures more appropriate sampling process.

The objective of the present study was to obtain insight into the grain-size parameters of LFP
sediments and their statistical relationships. Detailed investigation concerning spatial variability is
required in order to have a better understanding of the sedimentation processes in LFP. Granulometric
analysis performed to assess the statistical parameters of the sediment grain size as well as mean,
standard deviation (sorting), skewness, and kurtosis.

2. Research and Method

This study located at LFP, Aceh, Indonesia (5°34°35” N; 95°19°23” E). LFP area of approximately
111 hectares and has seawall by its surroundings. The data collection was done during October 2013,
at ten stations that indicated by number in Figure 1. The determination of each station location is based
on a representative condition at LFP. Station 1 represents natural beach facies, station 2 located in
berthing pool, while station 9 and 10 represent open-coast facies.
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Figure 1. Sampling station at Lampulo Fishing Port (LFP). The map contain
information of bathymetry in LFP.

Coring method was used to collect the sediment sample, and it is done by a diver at all stations. The
core sample has a diameter of 2.5 inches, and the sediment thickness was set to 15 ¢cm to be collected
in each coring.

Six sets of sieves were used to analyze the particle size distribution of sediment sample, i.e. 1 mm,
0.5 mm, 0.25 mm, 0.125 mm, 0.075 mm and 0.038 mm, referred to Udden-Wentworth scales. Wet
sieving technique was applied to all samples based on American Society for Testing Materials
(ASTM) procedure, D4823-95 [26]. The sediment types classification of samples is derived from folk
triangle. Sedimentological characteristics were analyzed by statistical method by using of moment
method. The statistical analyses were used in measuring the grain sizes are mean (m;), sorting (ca),
skewness (Ska), and curtosis (Kz), with formulas as follows:
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Where, f is weight frequency (%) in each class, mn, is median of each class in phi value (¢ = -log: d).
3. Results and Discussion

3.1. Sedimentological characteristic

Table 1 shows the sieve result of the grain size distribution at each station. In general, we found that
the sediment samples were divided into sand to silt. The weight percentage of each class determines
the type, which is follows the Folk triangle. Through all the stations, we found that sand was found as
predominant in LFP bottom, where as some portion of silt, compared to [25] which was found a
considerable portion of silt. We suggest that different sampling method led to the different result,
where sediment-grab only carried sediment from thin upper layer in the bottom. Most of our sediment
samples were categorized as silty sand which is found at six stations ,i.e. station 2, 3, 4, 7, 8 and 9
respectively, sand in stations 1 and 10, where as sandy silt in stations 5 and 6.

Table 1. Granulometric analysis.

Percentage of sediment weight

St. - - - - - Types
am TR Eoms ons OmE o
1 41.90 18.10 19.05 9.52 2.86 6.67 1.90 Sand
2 3.00 1.00 1.00 50.00 27.00 9.00 9.00 Silty sand
3 0.99 0.99 1.98 30.69 33.66 26.73 4.95 Silty sand
4 2.44 4.88 4.88 35.37 13.41 18.29 20.73 Silty sand
5 0.00 1.32 6.58 26.32 9.21 10.53 46.05 Sandy silt
6 1.02 6.12 19.39 10.20 7.14 10.20 45.92 Sandy silt
7 1.16 2.33 1.16 11.63 39.53 25.58 18.60 Silty sand
8 1.69 0.85 0.85 60.17 8.47 22.03 5.93 Silty sand
9 1.09 3.26 4.35 42.39 13.04 21.74 14.13 Silty sand
10 12.16 16.89 28.38 35.81 4.05 2.03 0.68 Sand

References: classification of grain size follows the Udden-Wentworth scale. Very coarse sand (>1.00 mm); coarse sand
(0.500-1.00 mm); medium sand (0.250-0.500 mm); fine sand (0.125-0.250 mm); very fine sand (0.075-0.125
mm); coarse silt (0.038-0.075 mm); and silt (<0.038 mm). Sediment types were determined based on the Folk
diagram.

3.2. Statistical analysis of sediment grain size

Mean grain size is the arithmetic average of grain size in represented sediment samples. The variation
of mean grain size, defines the differential energy condition, which is effected to their deposition.
Mean grain size value at station 1 indicates the coarsest grain of the entire station (Table 2). Based on
the field observations, it is known that station 1 is located near to the coastline (SE of the LFP), where
the wave height is tend to slightly increase and breaks as it came to shallower water (see bathymetry in
Figure 1) [27]. High energy level may transport a smaller grain size to move from its original locations
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[28]. While at the other stations generally can be described as having low energy level conditions, as
the LFP has seawalls in almost surrounding area.

Table 2. Sediment statistical parameters.

Station Mean (p)  Sorting Skewness  Kurtosis
1 0.8022 15711 1.0370 3.2262
2.9573 1.1305 -0.1799 5.0436
3.2576 0.9667 -0.5244 4.8704
3.2364 1.4828 -0.2850 2.6965
3.9273 1.4539 -0.4209 1.7354
3.6443 1.8067 -0.5074 1.7446
3.6641 1.1457 -0.7900 4.8678
2.9694 1.0576 0.0829 4.3264
3.1790 1.2808 -0.0517 2.9057
10 1.5200 1.1850 -0.0784 2.8767

O© 00 NO O WDN

The examining of sorting parameter shows that entire LFP was categorized as poorly sorted, while
station 3 was the only categorized as moderately sorted. The lower sorting (o) values correlated to a
better sorting process of the sediment sample. Those sorting values indicate that there are fluctuating
energy in the LFP. Since the LFP condition is a semi-closed water, with the breakwater at its
surroundings, it is supposed that the entrance in the north that is still quite wide opened and provide
energy input from the offshore. This sorting condition indicates mixing between coarse grains and fine
grains on the bottom of the water [29], allegedly caused by changes in water conditions that were
previously in the form of coastal waters which then changed into a harbour. Coarse grains are
generally found from coastal waters while the accumulation of fine granules as a result of the small
grain deposition process [30]. Deposition of fine grains indicates that the energy retained in LFP
waters is relatively quiet, in line with semi-enclosed LFP since the breakwater is created around the
LFP. The existence of this breakwater might have been eliminated the energy transferred from the
open sea.

Descriptions of skewness and kurtosis result analysis also support the previous statement. Most
locations have a skewness value that was negative (coarse skewed), where several have near
symmetrical, and only station 1 was positively skewed. The numbers of locations that have negatively
skewed conditions argue that there is a fine grain settling process in LFP. Although there are still
positively skewed conditions in a number of locations, the semi-closed port conditions allow for the
accumulation of fine grain deposits which will then redirect the curve of sediment distribution to a
negative direction. This trend is also confirmed by the leptokurtic sediment character, which indicates
that the distribution of sediments is highly concentrated around the mean value, which results in a very
peaked distribution curve.

In general, it can be said that sediment characteristics in LFP indicate a stable condition, although at
station 1 indicated there is still a slightly larger energy. The addition of the breakwater to the still-open
area can add stability levels of water and sediments within the harbour pool.

4. Conclusion

Sediment grain size analysis that conducted at LFP observed the sediment is classified into three types,
i.e. sand, silty sand, and sandy silt. The statistical analysis of sediment grain size shows the coarsest
grain size is observed within station 1 with a mean value of 0.8022. Then it is stated that most of the
stations in LFP were in a poor sorted, negative skewed and very leptokurtic, in which conclude as LGP
environments support the occurrence of fine sediment deposition as a result of low-energy aquatic
environment.
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