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ABSTRACT

To overcome the problem of flooding and tidal flooding in the city of Semarang, especially in the
eastern part of Semarang, the Semarang-Demak Toll Road was built which is integrated with the sea
wall. The sea wall is planned to prevent sea water from entering the land area, however, the sea wall
will also block the direct flow of several rivers to the sea so that a fairly large coastal reservoir is
needed. As in general, coastal reservoirs and retention ponds often experience sedimentation
problems which have an impact on the economic value of the reservoir concerned, while in the
planning of coastal reservoirs and retention ponds in general they are not equipped with sediment
retaining structures. From this study, the results of the selection of the right type of sediment
retaining structure to be applied in coastal reservoirs were obtained. The selection of the type of
sediment retaining structure in this study used the AHP (Analytical Hierarchy Process) method,
which is a decision support model that involves experts who have knowledge and experience in
planning or implementing retention ponds or sedimentation in river estuaries. From the results of
the global priority analysis above, the weight of each alternative sediment retaining structure is
obtained, namely a fixed dam of 33.21%, a vertical movable dam with an upper opening of 31.35%,
without a sediment retaining structure of 19.61%, a vertical movable dam with a lower opening of
15.84%. From the results of the AHP analysis above, the highest weight was obtained, which was
then used as a decision maker to choose the type of building with the highest value, namely a
sediment retaining structure in the form of a permanent dam.

Keywords: coastal reservoir; sediment retention; AHP; fixed dam; movable dam.
INTRODUCTION

In areas with relatively low land areas such as along the north coast of Java, the main problem in
handling floods is flooding due to rainwater that cannot be discharged directly into the sea and is
coupled with seawater flooding that enters the land area or is called rob flooding. [1], as also stated
[2] that land subsidence can also cause flooding. The flood disaster that impacted public
infrastructure was caused by (1) the geographical location of the city of Semarang, (2) changes in
land use, (3) embankments to prevent overflowing river water not functioning, (4) flooding from the
southern part of Semarang, (5) high rainfall intensity, (6) high tide or rob, (7) not smooth or blocked
channels [3]. Meanwhile, the condition of rob flooding in the city of Semarang, especially in the
Kaligawe area, causes disruption to transportation, economic activities, industrial environments,
residential environments and educational environments as well as health facilities, so it needs to be
handled immediately. With these conditions, handling will be more appropriate with handling the
polder system [4], [5]. With retention ponds on the coast, it can reduce seawater intrusion into the
land [6], as well as [7] who said that embankments and pumps are one of the efforts to prevent
flooding in the area.

To overcome the problem of flooding and tidal flooding in the city of Semarang, especially in East
Semarang, the Semarang-Demak Toll Road was built which is integrated with the sea wall. The sea
wall is planned to prevent sea water from entering the land area; however, the sea wall will also
close the direct flow to the sea of several rivers so that a large retention pond is needed [8]. The
retention pond functions to accommodate water from the river flow that is closed by the sea wall,
before the water is pumped into the sea. The size of the reservoir volume will greatly affect the
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performance of the water pump [9]. There are two rivers that enter the retention pond, namely the
Tenggang River and the Sringin River.

With this very vital purpose, the retention pond that will be built in the Semarang - Demak Toll
Project Section 1 needs to be designed carefully so that the retention pond can work properly
according to the plan. As in general, coastal reservoirs or in this case retention ponds often
experience sedimentation problems which have an impact on the economic value of the reservoir in
question [10].

In principle, the sedimentation process in retention ponds is influenced by 3 categories, namely delta
deposits which mainly consist of coarse material, fine sediment deposition from homogeneous flow,
transportation and deposition of sediment which is usually fine from stratified flow [11].

AHP or Analytical Hierarchy Process is a decision support model. This decision support model will
describe complex multi-factor or multi-criteria problems into a hierarchy [12]. The AHP method is
one method to help prioritize various choices using several criteria (multi criteria). Due to its multi-
criteria nature, AHP is quite widely used in compiling decision-making priorities.

In the design of coastal reservoir planning and retention ponds, such as in the Terboyo retention
pond, in general, there is no planned building or sediment control system. With this research, it is
hoped that the selection of the right type of sediment retaining structure will be obtained to be applied
in coastal reservoirs.

RESEARCH METHODS
Location

The research location is the planned Terboyo retention pond located on the Semarang - Demak Toll
Road Section 1, in the administrative area of Semarang City, Central Java Province. There are 2
rivers that enter the Terboyo retention pond, namely the Tenggang River and the Sringin River
(Figure 1). The sediment retention structure is planned to be placed at the mouth of the two rivers
before entering the retention pond.

Babon

BKT
River Sringin
River

Tenggang River

Figure 1. Research location and retention pond scheme
Method

The selection of the type of sediment-retaining structure in this study used the AHP (Analytical
Hierarchy Process) method, which is a decision-support model. This decision support model will
describe complex multi-factor or multi-criteria problems into a hierarchy [13]. In addition to being
multi-criteria, AHP is also based on a structured and logical process [14]. Likewise, [15] selected
the type of dam building with a moving gate using the AHP method.

Data for filling out the AHP was carried out by distributing questionnaires to experts who had
experience and knowledge in fields related to coastal reservoirs/retention ponds and/or sediment
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handling in the downstream/estuary, including from the Pemali-Juana River Basin Center (BBWS),
Bengawan Solo BBWS, Brantas BBWS, Coastal Engineering Center, Sabo Engineering Center and
the Public Works and Spatial Planning Office of Central Java Province.

The questionnaire is compiled based on a hierarchical structure, which must decompose into the
objectives of an activity, identify several options, and formulate a criterion for determining priorities.
In this study there are 5 criteria, namely ease of construction implementation, construction costs,
ease of operation and maintenance of sediment retaining structures, ease of operation and
maintenance of retention ponds and water flow barriers. While the alternative handling methods in
general are without retaining structures and with sediment retaining structures. Sediment retaining
structures that can be grouped into 2 types, namely in the form of permanent dams and movable
dams. Movable dams can be categorized again into upper opening movable dams and lower opening
movable dams. Fixed dams can be in the form of check dams or other structures that function to
hold sediment, while upper opening movable dams are dam structures with an upper threshold whose
elevation is regulated, and lower opening dams are structures whose elevation can be raised or
lowered at the lower threshold.

So overall, the handling method in the hierarchical structure according to Figure 2, is without
sediment retaining structures, permanent dams, lower opening vertical movable dams and upper
opening vertical movable dams.

Selection of
sediment retention
structure
v v v v v
Comparation Ease of Construction Eafsg °§,O&l\td Ease of Water
of critera construction implementation OR edimen O&M_Of Flow
implementation cost clalig Retention Obstacles
Structures Ponds

Without Vertical Vertical

sediment Fixed weir movable weir movable weir

structures with bottom with top
openings openings

Figure 2. Hierarchical structure

The stages of research implementation are according to the flow chart in Figure 3 below.

858



ASTONJADRO PISSN 2302-4240
eISSN 2655-2086

Volume 14, Issue 3, September 2025, pp.0856-0864

DOI: http://dx.doi.org/10.32832/astonjadro.v14i3.18176 http://ejournal.uika-bogor.ac.id/index.php/ASTONJADRO

Start

¢

Sending questionnaires to

v

Receive data results from

v

[ Processing of individual ]

CR = 10%

Confirm data Data not
to expert used

[ Overall data processing ]

Criteria or options
not used

CR = 10%

[ Global priority calculation ]

v

<

The results of the questionnaire from the experts in the initial stage were processed individually for
each choice of criteria and choice of type of sediment retaining structure. From individual
processing, if a consistency ratio (CR) of more than 10% is obtained, confirmation is made with the
expert. If there is an error in sending data, a revision is made, in which case the CR value is > 10%,
the data is not processed further. Furthermore, overall data processing is carried out, in which if
there are results with CR> 10%, the criteria or choice of type of sediment retaining structure are not
used. In the final stage, global priority processing is carried out.

RESULTS AND DISCUSSION

Figure 3. Flow chart
Data Analysis

In this study, there are five criteria, namely ease of construction implementation, construction costs,
ease of operation and maintenance of sediment retaining structures, ease of operation and
maintenance of retention ponds and water flow barriers. While the alternative handling methods are
without retaining structures, fixed dams, lower opening vertical movable dams and upper opening
vertical movable dams

From the data from filling out the questionnaire by the experts, the next step is two stages of
assessment or comparison between elements, namely comparison between criteria and comparison
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between choices for each criterion. Comparison of each criterion to determine the weight of each
criterion. On the other hand, the comparison between choices for each criterion is intended to see
the weight of a choice for a criterion [16].

Criteria Value Matrix

After conducting a pairwise comparison between criteria, the following results were obtained

n= 5 Number of criteria (2 to 10) Scale:lIl -
N= Number of Participants (1 to 20) a: 8 _S h:’_ § 3 .
- Matrix 3 3 3 = 28 normalized
p= |I| selected Participant (0=consol.) 532 2 2 [ =35 I
0G @ 5 3 rinci
Objective|Pairwise comparation between criteria 4 2 5@ 5 © 3 K % . principa
w8 o8 08 O =3 Eigenvector|
Author|Deddy Susanto 1 2 3 4 5
Date[ 15-Aug-24 Thresh:  1E-08 terations: 6 EVMcheck:  80E-10 Ease_ of 1 12 1 11/5 14,51%)
Tabi = S eioh ; construction ’
able| riterion omment eights|  +/- Construction
1 Ease of ion [Ease of i 14.51% | 2.2% ¢ |2 1215 17,70%]
2 Construction cost Construction implementation cost 17,70% | 2,3% cos B R
3 0&M SRS Ease of operation & maintenance of sediment retaining structure | 19,15% | 1,6% O&M sed ret. 3 17/8 19.15%)
4 O&M ret.pond Ease of operation & maintenance of retention ponds 36,99% | 5,0% stretr I !
5 Water flow obstacles [Water flow obstacles 11.64%| 0,9%
- " O&M retpond | 4 2 2377 219 36,99%)
y i ~
Result Eigenvalue Lambda: MRE: 11,9% Water flow 58 5 - 11.64%
Consistency Ratio GCl: 0,02 CR: 06% obstacles ’
\

Figure 4. Results of comparison of criteria

From the results of the comparison of criteria, it can be concluded that the consistency ratio (CR)
result = 0.6% is smaller than 10%. This indicates that the comparison process between criteria
provides consistent results. Ease of operation and maintenance of retention ponds is most prioritized
compared to other criteria with a value of 36.99%, ease of operation and maintenance of sediment
retaining structures of 19.15%. construction costs of 17.70%, ease of construction implementation
of 14.51% and water flow resistance of 11.64%. The basis for the choice of experts, the consideration
of the service life of the coastal reservoir which must be comparable to the cost of construction so
that the ease of operation and maintenance of retention ponds is considered to be the most important.

Criteria for Ease of Construction Implementation with Alternative Sediment Retaining
Structures

From the calculation of paired comparisons between alternative sediment retaining structures with
the criteria for ease of construction, the following results were obtained:

n= Number of criteria (2 to 10) Scale: : ®
o)
N=[__15 | Number of Participants (1 to 20) a: 4 o = £ lized
. D m c i
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1 2 37,92%)
Table| Criterion Comment Weights]l- structures
1 Without structures |Without sediment retaining structures 37,92% . . 0,
2 Fixed weir Fixed weir 29,85% Fixed weir | 2 29,85%
3 Bottom openings |Vertical movable weir with lower openings 11,61% Bott
4 Top openings Vertical movable weir with top openings 20,62% | | 0_ om 3 1 1 61 %
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Top openings | 4 9
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Figure 5. Results of comparison of ease of construction implementation

From the results of the comparison of ease of construction implementation, the result of CR =2.8%
is obtained which is smaller than 10%. This indicates that the comparison process between
alternative methods of handling sediment retaining structures with the criteria of ease of construction
implementation provides consistent results. Handling without sediment structures is preferred
compared to other handling alternatives with a value of 37.92%, while fixed dams are 29.85%,
vertical movable dams with upper openings are 20.62% and vertical movable dams with lower
openings are 11.61%.
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Criteria for Construction Implementation Costs with Alternative Sediment Retaining
Structures.

From the calculation of paired comparisons between alternative sediment retaining structures with
the criteria of construction implementation costs, the following results were obtained:
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Figure 6. Results of comparison of construction implementation costs

From the results of the comparison of construction implementation costs, the result of the
consistency ratio (CR) = 1.3% is obtained, which is smaller than 10%. This indicates that the
comparison process between alternative methods of handling sediment retaining structures with the
criteria of construction implementation costs provides consistent results. Handling without sediment
structures is preferred with a value of 37.00%, while fixed dams are 29.70%, upper opening vertical
movable dams are 22.36% and lower opening vertical movable dams are 10.93%.

Criteria for Ease of Operation and Maintenance of Sediment Retaining Structures with
Alternative Sediment Retaining Structures

From the calculation of paired comparisons between alternative sediment retaining structures with
the criteria for ease of operation and maintenance of sediment retaining structures, the following
results were obtained
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Figure 7. Comparison results of the criteria for ease of operation and maintenance of sediment
retaining structures

From the results of the comparison of the criteria for ease of operation and maintenance of sediment
retaining structures, the result of CR = 1.1% was obtained, which is less than 10%. This indicates
that the comparison process between alternative methods of handling sediment retaining structures
with the criteria for ease of operation and maintenance of sediment retaining structures provide
consistent results. Handling with a vertical movable weir with a top opening is preferred compared
to other handling alternatives with a value order of 41.46%, while a fixed weir is 39.76%, a vertical
movable weir with a bottom opening is 11.14% and without a sediment retaining structure is 7.64%.
The basis for the choice of experts, among the choices of sediment retaining structures, a fixed weir
has ease of maintenance because there are no parts that must be moved either vertically or
horizontally so that it will only focus on the sediment on the upstream side of the weir.
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Criteria for Ease of Operation and Maintenance of Retention Ponds with Alternative Sediment
Retention Structures.

From the calculation of a pairwise comparison between alternative sediment retaining structures
with the criteria for ease of operation and maintenance of retention ponds, the following results were
obtained:

n= Number of criteria (2 to 10) Scale: I:l ®
o
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Figure 8. Results of comparison of criteria for ease of operation and maintenance of retention
ponds

From the results of the comparison of criteria for ease of operation and maintenance of retention
ponds, it can be concluded that the CR result = 1.2% which is smaller than 10% indicates that the
comparison process between alternative methods of handling sediment retaining structures with
criteria for ease of operation and maintenance of retention ponds provide consistent results. Handling
with a vertical movable weir with a top opening is preferred compared to other handling alternatives
with a value of 37.59%, while a fixed weir is 35.49%, a vertical movable weir with a bottom opening
is 19.63% and without a sediment retaining structure is 7.29%. The basis for the choice of experts
is the consideration of ease during operation because the presence of a top opening can maximize
the elevation of retained sediment during the dry season.

Criteria for Water Flow Obstacles with Alternative Sediment Retaining Structures.

From the calculation of a pairwise comparison between alternative sediment retaining structures
with criteria for water flow obstacles, the following results were obtained:

n= Number of criteria (2 to 10) Scale' »
i
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Figure 9. Results of comparison of water flow resistance criteria

From the results of the comparison with the flow resistance criteria, it can be concluded that the CR
result = 0.9% is smaller than 10%. This indicates that the comparison process between alternative
methods of handling sediment retaining structures with water flow resistance criteria provides
consistent results. Handling without sediment retaining structures is most preferred compared to
other handling alternatives with a value of 29.13%, while fixed weirs are 24.69%, lower opening
vertical movable weirs are 24.21%, and upper opening vertical movable weirs are 21.97%.

Global Priority
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Global priority is the weight of the alternative multiplied by the weight of the priority criteria. The
results of the calculation are as follows:

Table 1. Results of global priority calculations

Ease of Construct Ease of operation Ease of operation  Water flow  Conclusion
construction  ion costs and maintenance of  and maintenance barriers
implementa sediment retaining of retention
tion structures ponds

Criteria weight 14,51% 17,70% 19,15% 36,99% 11,64%
Without 37,92% 37,00% 7,64% 7,29% 29,13% 19,61%
retaining
structures
Fixed dam 29,85% 29,70% 39,76% 35,49% 24,69% 33,21%
Lower opening 11,61% 10,93% 11,14% 19,63% 24.21% 15,84%
vertical
movable dam
Upper opening 20,62% 22,36% 41,46% 37,59% 21,97% 31,35%
vertical

movable dam

From the results of the global priority analysis above, the weight of each alternative sediment
retaining structure is obtained, namely a fixed weir of 33.21%, a vertical movable weir with an
upper opening of 31.35%, without a sediment retaining structure of 19.61% and a vertical movable
weir with a lower opening of 15.84%. From these results, it can be concluded that the right type of
sediment retaining structure is a fixed weir

CONCLUSION

From the results of the analysis, the choice without a sediment retaining structure is a priority in the
criteria of ease of construction implementation, construction costs and water flow obstacles. The
basis for this choice by experts is because without a sediment retaining structure, it will be easier to
implement construction, more efficient in construction costs and facilitate water flow, however,
these three criteria are considered not to be the criteria with the highest weight. The ease of
operation and maintenance of the retention pond is the criterion with the highest weight with the
consideration of the service life of the coastal reservoir which must be comparable to the cost of
construction. Furthermore, the ease of operation and maintenance of the sediment retaining
structure is the next priority. Of the two criteria with the highest weight, the vertical movable weir
with an upper opening is a priority. As for the analysis of global priority calculations, the highest
weight is obtained for the choice of permanent dams, so it can be concluded that the type of sediment
retaining structure that is appropriate to be applied in a retention pond system or coastal reservoir
in general is to use a sediment retaining structure in the form of a permanent dam.
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