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Abstract. As a result of the earthquake that occurred on September 28, 2018, in Donggala
Regency, precisely in Sirenja District, Tompe Village, the phenomenon of land subsidence may
be the occurrence of land subsidence to cause damage to existing coastal protection
infrastructure and the entry of sea tides into land (rob floods), on the other hand, the possible
causes of rob floods on Sirenja Beach are influenced by abrasion, namely erosion of coastal
areas that caused by waves and currents to damage the existing infrastructure of coastal
protection. This study aims to determine the causes of rob flooding and the handling of Sirenja
Beach as a result of rob flooding that occurs. This research was conducted by analyzing
topographic and bathymetric changes with the overlay cut and fill method before and after the
disaster, then a SWOT analysis was carried out to select the right building to deal with rob
floods that occurred. The results of topographic and bathymetric change analysis showed that
before the earthquake and tsunami disaster, the sea depth value reached + -97, 943 m, and the
land height was at + 13 m after the earthquake and tsunami sea depth conditions reached + -
59.0555 m with land height at + + 8.48 masl then there were avalanches and piles with a total
avalanche area of 0.100 km2 with a total volume of 931,531 m3 and a total stockpile area
amounting to 0.308 km?2 with a total volume of 3,017,743 m3. Then from the results of the
SWOT analysis of the selection of the right building to deal with rob flooding on Sirenja Beach
from each alternative building to overcome problems on Sirenja Beach in conditions with the
treatment of Seawall buildings as polders getting a value of 47, treatment with Revetmen as
polders getting a value of 31, with breakwater treatment obtained a value of -32 and a condition
score value with treatment with Groin of -34. With the changes in topography and bathymetry
between before and after the disaster, it showed significant results that on Sirenja Beach there
was an average land subsidence of + 5 m, and based on cut and fill analysis there was a change
in the seabed where the volume of stockpiles was more dominant. So it can be concluded that
the occurrence of rob flooding on Sirenja Beach is caused by land subsidence and the right
building in protecting Sirenja Beach from rob flooding is sea wall with a polder system.

Keywords: topography, bathymetry, land subsidence, rob flood.

1 INTRODUCTION

In its development, the function of the beach can change/increase according to human needs, such
as the Place of emptied channel (eg: channel for ponds), Place of transition of life activities on land
and at sea (ports, shipping), Fishermen's residences, Tourist attractions, Place of business, Place of
beach cultivation (among others: ponds and agriculture), Sources of building materials (including
sand and rocks) (Muliati Y, 2020). Therefore, to improve and maintain coastal functions due to
earthquakes and tsunamis in Donggala Regency, especially in Sirenja District, Tompe Village, rob
floods occurred that inundated several settlements to national roads. The phenomenon of land
subsidence is the cause of the possibility of rob flooding on Sirenja Beach so it is necessary to study
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the causes of rob flooding on Sirenja Beach and the right alternative beach buildings as protection
for rob flooding on Sirenja Beach. In Afif & Siswanto, (2018) Rob flood is a flood which water
comes from seawater. Rob flood is a flood caused by the tide of seawater until the tide inundates the
land, rob flood is also known as an inundation flood. Rob floods will often hit or occur in areas
which surface is lower than sea level. Because it is caused by the overflow of seawater that reaches
the mainland, the water that floods due to rob floods has a color that tends usually to be clearer than
the water in floods. Some characteristics or characteristics of rob floods include: a. Occurs at high
tide, b. The color of the water is not too turbid, c. Not only happens when the rainy season arrives,

d. Usually occurs in areas that have lower plains than ocean areas. The selection of beach buildings

should be adjusted to the function of the building in handling problems on the beach including:

1. Seawall according Triatmodjo, (1999), Seawall and Revetment are buildings that belong to the
first group that serves to separate land and coastal waters, which mainly function as coastal
protection against erosion and wave runoff (overtopping) to land. The protected area is the land
directly behind the building. The surface of the building facing the direction of the wave can
be vertical or oblique.

2. The groin is a coastal protection building planned to capture sediment transport parallel to the
coast and built perpendicular to the beach. These groins can provide or widen the coast by
holding sediment parallel to the coast (littoral drift) or can stabilize and control erosion in
shoreline areas by reducing the rate of coastal sediment loss. Therefore, groins are very
effective if coastal erosion that occurs is caused by the transportation of sediments parallel to
the beach that is disturbed by beach material in the form of sand (Pratikno et al, 2014)

3. According to Pratikno et al, (2014), Breakwater is a beach building that aims to break/hold
wave energy coming to the beach so that the characteristics of the waves come as
planned/required. Breakwater buildings are generally made to protect the construction of other
coastal buildings such as ports, tourist beach areas, and so on, or they could also protect the
coastline from the dangers of erosion and sedimentation. The breakwater building is usually
made of piles of stone, concrete, or steel according to the type of breakwater.

To choose a building to deal with rob flooding, it is also necessary to pay attention to tides. Tides

are vertical and alternating ups and downs in sea levels caused by astronomical rob generating forces

associated with changes in the gravitational effects of the moon and sun. This often occurs in the
process of changing the position of these elements and becomes unbalanced due to the centripetal
acceleration of the earth in its orbital movement (Rusdin, A. et al, 2024). Setiyawan & Legowo,

(2008) explained that there are 9 main components that make up the dominant tides, which is the

sum of the rob components due to the gravitational force of the moon, sun, and other celestial bodies.

The main components are presented in the following table:
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Table 1. Main components of Rob
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The writing of an Alternative Study of Beach Protection Buildings for Rob Flood Management at
Sirenja Beach is intended as a matter of consideration, comparison, and development for other
researchers, as well as input for the government in making decisions for handling planning in
overcoming the impact of Rob floods.

2 METHODS

In the research, quantitative and qualitative research is used, where quantitative research uses a lot
of numbers, starting from the data collection process to analysis. Meanwhile, qualitative is a method
or method of research that emphasizes analysis or descriptiveness. In accordance with the aim of
this research, the author wants to know what causes tidal floods at Sirenja Beach and to analyze

appropriate coastal buildings as protection for dealing with tidal floods at Sirenja Beach.

This research focuses on locations in Sirenja District, Tompe Village.

Fig. 1. Research Location (BWS Sul 3 Palu, 2022)
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In this research, a lot of secondary data is used, consisting of basic map data published by BIG via
the site Tanahair.indonesia.go.id and secondary data by the Sulawesi III Palu River Regional Office
in the form of direct survey results using topography and bathymetry. Wind data obtained from
NOAA spans a period of 10 years, as well as tidal data obtained from secondary data. Tidal data
processing is carried out after secondary measurement data is obtained, then the data is processed
using the least squares method.

After all the data has been collected, then process the data using the Overlay Cut and Fill method.
This method was previously carried out by Hariyanto, I. H. (2020) & Akifa, S. N. (2023) on the
influence of changes in topography and bathymetry in Palu Bay after the earthquake and tsunami
disaster.

Sirenja Beach, which is located in a coastal area, is facing serious problems in the form of tidal
flooding and abrasion. Tidal flooding is a phenomenon of rising sea levels that causes flooding in
coastal areas, while abrasion refers to erosion caused by sea waves that erode the coastline. This
condition affects the lives of local communities, damages infrastructure and threatens coastal
ecosystems.

3 RESULTS AND DISCUSSION

3.1  Analysis of Topographic and Bathymetric Changes

Based on the results of the Overlay Cut and Fill analysis of changes in seabed and land morphology,
changes in seabed morphology were obtained after the earthquake and tsunami disaster that occurred
at Sirenja Beach, Lende Village, Sirenja District, Kab. Donggala.

3.2  Changes in Seabed Morphology and Land Changes

Fig 2. Changes in seabed and land morphology

Table 2. Resume Cut and Fill
Condition | Volume (m*) | Area (km?)
Avalanche 931.531 0.100
Hoard 3.017.743 0.308

Based on table 2, the results of the analysis show that the volume of embankments dominates
compared to the volume of landslides that occurred after the earthquake and tsunami.
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3.3 Topography and Bathymetry Before the Disaster
Then, based on the analysis of topographic and bathymetric conditions before and after the disaster,
it also influenced the sea depth value obtained before the disaster, reaching + -97, 943 m and land

height at + 13 m. The coverage area of the analysis is the area in the sea and land on Sirenja Beach
which can be seen in Figure 3.

1 [F e

Fig 3. Topography & Bathymetry Map Before the Disaster

3.4. Topography and Bathymetry After Disasters
Figure 4 shows the results of analysis of topographic and bathymetric data after the earthquake and

tsunami. From the results of this analysis, the sea depth conditions obtained reached + - 59.0555 m
with land height at + + 8.48 meters above sea level.
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Fig 4. Topography & Bathymetry Map After the Disaster

Table 3. Resumes Before Disaster and After Disaster

Condition Topography (land) Bathymetry (seabed)
Before the disaster +13,0m -97,943 m
After a disaster +8,48 m -59,055 m

It can be seen in table 3 that there are very significant differences in seabed and land morphology
between the maps before and after the earthquake and tsunami disaster.
Longitudinal and Transverse Profiles



374 A. Amar et al.

Changes in morphology and topography before and after the tsunami disaster can also be seen in the
longitudinal and transverse profiles of Sirenja Beach at a distance of 100 m each.

o

Fig 5. Plan of Longitudinal and Transverse Sections
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Based on the results of the cut and fill overlay analysis on Sirenja Beach which is presented in a
longitudinal profile, it shows that morphological changes occurred very significantly between before
and after the earthquake and tsunami disaster. It can be seen that the maximum depth of landslides
reached a depth of + 52 m in the water area and there was a decrease in land level reaches + 6 m in
land areas.
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Fig 9. H-H Transverse Profile
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Fig 11. J-J Transverse Profile

In the transverse profile, it can be seen in the H-H, I-I and J-J sections, showing changes in the
morphology of the seabed and land. The largest landslides can be seen reaching a depth of + 50 m
which occurred in the J-J section, then in the transverse profile section the maximum land subsidence
in the H-H section can be seen reaching + 5 m from ground level before the disaster.

From the overall analysis using the cut and fill method, it can be concluded that after the earthquake
and tsunami disaster on September 28 2018, it was proven that there were changes in land and seabed
conditions that occurred on Sirenja Beach, where land subsidence occurred on average by + 5 m and
the change in seabed depth which was influenced by landslides and embankments was originally at
a depth of -97,443 m below sea level and after the disaster it was at a depth of -59,055.

3.5. Alternative Building Selection
In determining the security building for Sirenja Beach to overcome the problems that occur, namely
caused by tidal floods, where tidal floods are caused by land subsidance, the selection method is
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carried out using technical considerations obtained from the results of data processing and analysis
as well as SWOT analysis which is an approach to something to assess. The advantages and
disadvantages of a condition are seen from all sides as a whole.

Table 4. Wave Calculation Summary

No Design parameters Unit Calculation results Information
1 Wave design (Hd) m 1.10 Extreme conditions
2 Wave period (Tp) second 7.00
3 Breaking wave height (Hb) m 2.61
4 Depth of breaking wave (db) m 2.98

Source: (Director General of Natural Resources, Coastal Engineering Center, 2023)
Based on the wave resume listed in table 4, the breaking wave height (Hb) is at a height of 2.61 m
with a breaking wave depth (db) 0f 2.98 m so it needs to be connected to the morphological form on
the seabed at Sirenja Beach.

Table 5. Summary of technical data on the morphology of Sirenja Beach

Sca depth at distance (m) Beach @ T | Dominant wind and
No | Cross section 50 |10 ST 00 ! )2 3 slope MSL LLWL (m) (m) wave direction
Cros 37 E
Cross B E
Cross section 3 - - e -4 ~ West
Cross section 4 - - -. - - 217 -1,6247 298 261 Northwest
Cross section 5 - 3 5 E 095
6| Cross section 6 2 Bl 4 30 082
7 Cross section 7 -1 -2 -5 -7 -15 075
The average slope of Sirenja Beach 0,016 .116

The slope of the beach at Sirenja Beach is very steep, reaching an average slope of £ 0.116 or 11%.
So that it can add to the influencing factors that determine the right building for mitigating tidal
floods on Sirenja Beach,

The relationship between changes in seabed morphology caused by landslides and embankments
that occurred with breaking waves at a depth of 2.98 m, as well as the results of the technical data
resume in table 5 and referring to the function and purpose of the building, it can be concluded that
coastal protection buildings are appropriate for overcoming problems in Sirenja Beach is a
Seawall/Seadike which is in accordance with the purpose and function of the building, namely
preventing or reducing inundation of sea water on low beaches, protecting land and structures from
inundation and runoff and functioning as a separator of the beach from the area behind the beach by
creating a high water tight structure. (Module, Center for Water Resources and Construction
Education and Training, 2017).

Meanwhile, the Revetment is not an appropriate building because coastal protection from tidal
floods at Sirenja Beach requires impermeable building conditions to withstand tidal waves which
can affect land areas and residential areas.

While other building alternatives such as breakwaters and groynes are also not appropriate for
protecting Sirenja Beach, referring to the function of the buildings, breakwater and groyne buildings
are typical buildings that overcome erosion both perpendicular to the beach and parallel to the coast
by placing the building on the wave before it breaks for the breakwater and juts out until it meets
the breaking waves for the groyne building. Taking into account the calculation results, the breaking
wave occurred at a depth of 2.98 m with the morphological conditions visible in the cross section
reaching an average depth of 2 to 15 m at a distance of 50 m with a typical tapered or steep beach.
So this is a consideration in determining the protective buildings for Sirenja Beach.

4 CONCLUSION

From the results of the study carried out, the following conclusions can be drawn:

1. There are changes in topography and bathymetry on the land and seabed at Sirenja Beach, where
land subsidence has been proven to have reached + 5 m with the original condition before the
disaster at an elevation of + 13 meters above sea level to + 8.48 meters above sea level after the
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earthquake disaster. earth and tsunami, then the seabed changes in morphology, causing a change
in the depth of the seabed, from -97,943 m below sea level to -59,055 m below sea level so that
the seabed becomes shallower and the shore becomes steeper until it reaches a slope of 11%, this
is what caused the Rob flood to occur on Sirenja Beach.

2. The chosen alternative for protecting Sirenja Beach from tidal floods is a sea wall building with
a polder system where with seawall polder treatment it gets an analysis value of 47 compared to
other beach buildings such as revetment polder with a value of 31, breakwater with a value of -
32 and groin with a value of - 34, this can be seen from the ability to use the strengths he has to
take advantage of existing opportunities in a focused manner based on the analysis carried out.
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