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ABSTRACT Flooding significantly impacts communities living along riverbanks, causing severe damage to infrastructure and properties. The flood
event on January 9, 2022, in Bumi Mangli Permai and Mangli Residence Housing heavily damaged access roads. Effective flood control is essential to
mitigate these risks, and one viable solution is the implementation of long storage systems, particularly barrage. This study explores the hydraulic
behavior of the Semangir River in Jember Regency using the HEC-RAS program to model both fixed weir and barrage. Utilizing the SUH Nakayasu
method, variability of peak discharges for 25-year, 50-year, and 100-year return periods were estimated. The analysis revealed that the existing fixed
weir is inadequate for the 50-year return period. The tool used in hydraulic analysis is HEC-RAS. The characteristics tested include velocity, Froude
number, water surface elevation, and energy gradient. However, the result of simulations indicates that a barrage with gate dimensions of 1.5 m 1.75
m offers improved hydraulic conditions, reducing water surface elevation and flow velocity compared to both the existing and initially design weirs.
These findings support the adoption of barrage as an effective flood control strategy for the Semangir River. The study demonstrates that barrages are
more effective than fixed weirs in managing hydraulic characteristics during floods, particularly variability of peak discharges 25- and 50-year return
periods. Barrages with larger gates reduce downstream flow velocity, turbulence, and energy grade elevation, minimizing structural risks and over-
flow. Their adaptive capability highlights the importance of gate size and design for optimizing hydraulic performance and flood management efficiency.
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1 INTRODUCTION

Flooding is one of the natural phenomena that occurs
due to high rainfall intensity, resulting in excess wa-
ter that is not accommodated by the system (Balaian
et al., 2024). The area around the river becomes a vul-
nerable area affected by flooding during the rainy sea-
son. Floods generally cause damage to infrastructure
such as roads, bridges, and water structures, making
them a primary cause of infrastructure damage world-
wide (Ogras and Onen, 2020). On January 9, 2022, se-
vere flooding affected Bumi Mangli Permai and Man-
gli Residence Housing, causing significant damage to
facilities and infrastructure, including the downstream
section of the Semangir Weir (BNPB, 2022).

High flood discharge is directly proportional to water
level. As the water level rises, the velocity of the water
flow increases after passing through the spillway struc-
ture, which can lead to erosion (scouring) and sedimen-
tation (deposition) in river channels (Salmasi and Abra-
ham, 2023; Syaifudin, 2022). Additionally, high flow ve-
locity can cause cavitation, which is the formation of
air bubbles in the water that can disrupt the stability
of the spillway structure (Paksi et al., 2021). Effective
flood control measures are needed to minimize prop-
erty and life losses, with one potential solution being
the use of long storage as a flood mitigation strategy.

The use of long-term storage can enhance water capac-
ity in the riverbed and reduce flood peaks through the
operation of a barrage (Dickel and Theobald, 2024 ; Kus-
tamar et al., 2019; Zaffar et al., 2023). Installing bar-
rages on the Semangir River can function as long-term
water storage, helping to maintain water discharge dur-
ing the dry season, while the gates can be opened to
control flooding during the rainy season. Increasing
the gate opening size affects the upstream and down-
stream water levels, with larger gate openings result-
ing in lower upstream water levels and higher down-
stream water levels. The use of barrages can be consid-
ered, as barrages control the amount of river discharge
(outflow) during floods to reduce downstream damage
barrage management can contribute to flood reduction
on the Inn River (Dickel and Theobald, 2024; Eizeldin
et al., 2023).

Previous studies in flood control and hydraulic mod-
eling research have demonstrated significant advance-
ments in the use of software such as HEC-RAS for sim-
ulating water flow and analyzing flood impacts. HEC-
RAS, developed by the US Army Corps of Engineers,
is widely used for river flow modeling and floodplain
analysis. Both 1D and 2D modeling with HEC-RAS
have proven effective in analyzing flow conditions and
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predicting flood inundation (Ghimire et al., 2020; Mit-
sopoulos et al., 2022). HEC-RAS enables highly ac-
curate river flow simulations, with results that closely
match historical data and field measurements (Hidayah
et al., 2022; Prawira et al., 2024). HEC-RAS supports
both one-dimensional (1D) and two-dimensional (2D)
simulations, enabling more detailed analysis based on
design rainfall input data (Guido et al., 2023; Sari et al.,
2018). Additionally, HEC-RAS is capable of simulat-
ing lateral structures, operating gates, weirs, and other
constructions along the riverbanks, making it effective
for flood risk adaptation (Sarchani et al., 2020).

This study addresses existing gaps by applying the
HEC-RAS model to explore and compare the effective-
ness of weirs and barrages in flood control on the Se-
mangir River. The research evaluates differences be-
tween 1D flow modeling in the context of flood control,
as well as the specific impacts of cavitation and high
flow velocity on spillway structures and infrastructure.
By utilizing the case studies of Bumi Mangli Permai and
Mangli Residence Housing, this research provides new
insights into the application of HEC-RAS to enhance
the understanding of flood mitigation and the effec-
tiveness of flood control designs in practice.

2 METHODOLOGY
2.1 Study Area

This research was conducted in the Semangir tribu-
tary located in the Bedadung watershed, Jember Re-
gency, with a sub-watershed area of 17.31 km?, as
shown in Figure 1. The Semangir Weir is in Kaliwates
District at coordinates 8°10°59.01” South Latitude and
113°39°9.77” East Longitude.

2.2 Data Collection

The data used in this study are shown in Table 1, which
provides information on the type, source, and use of the
data.

2.3 Research Stages

The methodology used in the evaluation and simula-
tion of the Semangir Weir consists of three stages, as
shown in Figure 2. The first stage involves processing
rainfall data and watershed characteristics. Stage 2 en-
tails conducting a hydrological analysis to determine
the flood design. The final stage involves creating a hy-
draulic model with the scenario: the fixed weir and bar-
rage using HEC-RAS.
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2.4 Hydrological Analysis

The hydrological analysis uses topographic and rainfall
data. Hydrological calculations begin with data filter-
ing. The data used is annual maximum rainfall. Data
consistency tests are then conducted using the RAPS
method. The Thiessen polygon method is used to ob-
tain the influence ratio of each station, and then, based
on the influence ratio of each station and rainfall data,
regional rainfall data is obtained.

Frequency analysis and design of rainfall use appro-
priate distributions based on distribution fit tests us-
ing the Chi-Square and Smirnov-Kolmogorov meth-
ods. Hourly rainfall distribution is arranged with
the Alternating Block Method (ABM); this study em-
ploys the Mononobe method to calculate rainfall in-
tensity, translating daily rainfall into shorter durations
for IDF curve development. The Alternating Block
Method (ABM) distributes rainfall intensities, placing
peak intensity mid-duration for realistic temporal rep-
resentation and the rainfall intensity calculations use
the Mononobe method. Design flood discharge cal-
culations use the Synthetic Unit Hydrograph (SUH)
Nakayasu method, that’s input for hydraulic analysis.
Design flood discharge is verified with discharge one
month before and after the flood event to obtain an ap-
propriate return period for flood discharge.

Runoff coefficient is defined as the ratio of runoff to
rainfall over a certain period, whether annual, monthly,
or daily, by comparing it to river flow data. The calcu-
lation of runoff coefficient value with various land uses
is done using the composite value calculation concept
as in Equation (1).

n
Ei:lciAi

€= Z?:lAi

D

where C' is the composite runoff coefficient, A is the
ratio of land use area (km?).

Design flood discharge calculations are used to de-
termine the design discharge that will be used ac-
cording to SNI 2415:2016. The determination of each
method in design discharge calculations generally de-
pends on data availability, including rainfall data, wa-
tershed characteristics, and discharge data. The selec-
tion of methods is based on data availability and wa-
tershed characteristics, which is the Synthetic Unit Hy-
drograph method.

Unit hydrographs work well for small to medium-sized
areas where flow characteristics can be predicted us-
ing simpler methods. For larger watersheds with more
complex hydrology, flow routing methods are better be-
cause they can handle wider variations in water flow.
Using unit hydrographs in smaller areas, such as sub-
watersheds or smaller river catchments, is appropri-
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ate because they provide accurate estimates of flow re-
sponse to rainfall when the area’s hydrology is rela-
tively uniform.

Literature shows that unit hydrographs are effective
for small-scale flow analysis as they simplify the com-
plexities of flow response to rainfall under consistent
conditions. They are typically used in smaller areas
with uniform flow characteristics and sufficient histor-
ical data for model development and calibration. This
makes them useful for planning and designing drainage
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systems and managing flood risks (Nash, 1957; Snyder,
1938).

The data needed for flood routing is insufficient. At the
Semangir gauge station, flow discharge and flood his-
tory data are available for only 2 years, while at least
10 years of data are required for effective flood routing.
The unit hydrograph is an appropriate choice because
all the required data is available, including watershed
characteristics, land use, and rainfall data.
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Figure 1 Study area

Table 1. Data used

Type of Data

Source of Data

Purpose

Cross-section and long-section data
of Semangir River

UPT. PSDA Jember Regency

Geometric data input into HEC-RAS

Existing weir and barrage design
drawings of Semangir

UPT. PSDA Jember Regency,
Rambipuji Observer

Inline structure data input into
HEC-RAS

UPT. PSDA Jember Regency

Daily rainfall data from 2011-2022

(Semangir, Manggis, Pono, and

Sembah Station)

Hydrological calculations

Semangir Weir water level data from
2021-2022

UPT. PSDA Jember Regency,
Rambipuji Observer

Calibration of the existing
HEC-RAS model, discharge verification

Land use map

UPT. PSDA Jember Regency

Determining runoff coefficient

Manning’s roughness coefficient of

S
the riverbank urvey

Modeling parameters

169



Journal of the Civil Engineering Forum

Vol. 11 No. 2 (May 2025)

e s ™y
Delineation Land Cover Design Rainfall
'd N 'S
Consistency Test
for Rainfall Data
Watershed o
Analvsis Land Cover Map Analysis of
. Regional Average
Rainfall — --\'
- — : <
— — Distribution
—_— Match Test
HEC-RAS
Analvysis of
Rainfall
Watershed Supervised Distribution
Delineation Map Classification l Geometry Data ‘
Analysis of Design l Unsteady Flow Analysis ‘
Rainfall
— — [ RiverSlope l
Design drawing of the Existing
Weir
S/ N _
[ Calibration l

Synthetic Unit Hydrograph

Output Flood Debit Design
Period

.

Figure 2 Research stages

2.5 Hydraulic Analysis

The parameters used are Manning’s coefficient (rough-
ness value of river cross-sections), geometric data in
the form of cross-sections, and river schemes/routes.
The flow characteristics of the Semangir River are ana-
lyzed with the existing weir and the barrage. Hydraulic
characteristics will be analyzed, including flow velocity,
water level, and Froude number. Then, the models are
compared.

Modeling is done on the fixed weir, then on the design
weir, which is a barrage. In this study, two types of bar-
rage gates were used. The first barrage had gates mea-
suring 1.5 x 1.5 meters, and the second barrage had
gates measuring 1.5 x 0.75 meters. In the modeling
of the barrage, two scenarios are used according to the
irrigation module with the boundary condition that all
water is discharged through the weir gate. The first sce-
nario at the 25-year return period discharge uses the
quiet pool operation with a wedge-shaped gate open-
ing, where the gate near the flushing gate is opened
higher, then gradually decreases further away from the
flushing gate. The second scenario at the 50-year re-
turn period discharge opens all gates evenly while the
intake gate is closed. If the boundary conditions are not
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met, modifications to the weir design will be tried by
changing the gate dimensions until the boundary con-
ditions are met.

2.6 HEC-RAS

HEC-RAS is an application program to model river
flow River Analysis System (RAS), created by the Hy-
drologic Engineering Center (HEC), a division within
the Institute for Water Resources (IWR) under the US
Army Corps of Engineers (USACE). HEC-RAS has four
one-dimensional model components: steady flow wa-
ter surface profile calculations, unsteady flow simula-
tions, sediment transport calculations, and water qual-
ity calculations (Bush et al., 2022).

Unsteady flow is a condition where flow velocity, depth,
and discharge change over time, with these three pa-
rameters being functions of time in unsteady flow
cases. The 2D model can provide simulation flow re-
sults, while the 1D model only displays tables and
graphs (Prawira et al., 2024). Although limited, the
1D model has already provided sufficient results in hy-
draulic analysis for weir evaluation and simulation.
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Hydraulic analysis in channels or rivers is a physical
process that follows the laws of mass conservation and
momentum conservation (Halik, 2018). The continuity
equation can be explained based on the control volume
concept described in the mathematical equation of St.
Venant. The equation consists of the principles of mass
conservation and momentum conservation in the form
of partial differential equations, as in Equations (2) and

3).

0Q @ 0A

% + E — Qiateral = 0 (2)
0Q  0QV 0z B
§+W+gA(%)+Sff0 (3)

where Q is the flow discharge (m? s'1); ¢ is time (s); A is
the total cross-sectional area of the flow (m?); giazerar iS
the lateral discharge from the left and right sides of the
river (m3/s/m); z is the water surface elevation (m); g is
the gravitational acceleration (m s2); z is the distance
measured in the direction of the flow (m); V is the flow
velocity (m s!); and S is the energy slope calculated
using equation (4).

n*Q|Q
Sy = A2R2

“4)

2.7 Data Testing and Model-Based Research Results

Hydrological model calibration is the determination of
optimal model parameters through parameter settings
that match the modeled system. The suitability be-
tween model outputs and field observations is com-
pared for model reliability analysis (Shah and Lone,
2022). Verification is an examination or checking of re-
sults or data that have been analyzed or collected to ob-
tain accurate results according to actual conditions.

Model performance evaluation involves two ap-
proaches: discharge verification of hydrological
calculation results, calibration, and validation of the
HEC-RAS model against observational data. Model
reliability is analyzed with the Root Mean Square Error
(RMSE). A higher RMSE value indicates worse model
performance, while a lower value indicates better
performance and vice versa (Hou et al., 2021). This
study uses the RMSE reliability test with equation (5).

RMSE = %2;;1(5 —0)? (5)

where S is the simulation result, O is the observation
data, and n is the amount of data.
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2.8 Barrage

A barrage (vertical) is a weir consisting of a weir body
with a low fixed threshold equipped with gates that can
be moved vertically or radially. It functions to regulate
the water level upstream of the weir and raise the river
water level (Irrigation Planning Standard KP-02: Main
Structure, 2013).

The gate near the flushing gate is opened higher, then
gradually decreases further away from the flushing
gate. The gate opening must be such that no water
overflows over the top of the gate/weir except for the
designed spillway. During large floods with return pe-
riods of 50 and 100 years, all gates (barrage, flushing
gate, and river flushing gate) are fully opened, while the
intake gate is closed.

3 RESULTS
3.1 Hydrological Analysis

Determining the Watershed is done by first determin-
ing the weir location as the downstream. After deter-
mining the weir location, the watershed boundary is
determined with a high contour line as the reviewed
boundary. The analysis results obtained a watershed
area of 17.31 km? and a main river length of 13.13 km,
as shown in Figure 1.

Land cover classification in the Semangir sub-
watershed is divided into four (4) classes: plantation,
settlement, rice field, and dryland/farmland. Based on
land cover classification results, the area of each class
is as follows: plantation area of 6.58 km?, settlement
area of 1.74 km?, rice field area of 5,55 km?2, and
dryland/farmland area of 3.44 km?. Plantation and
rice fields dominate the Semangir sub-watershed. The
land cover classification results are shown in Figure
3. Based on the land cover, the composite runoff
coefficient obtained is 0.28.

In this study, rainfall analysis uses data from four rain-
fall stations: Dam Manggis, Dam Pono, Dam Sembah,
and Dam Semangir. The selection of these rainfall sta-
tions is based on the nearest station affecting the Se-
mangir watershed with the downstream at Semangir
Weir. The Thiessen polygon method is used to deter-
mine the percentage influence of regional rainfall from
these four stations. The Thiessen coefficient obtained
is 0.1708 at Dam Manggis, 0.1870 at Dam Semangir,
0.0004 at Dam Sembah, and 0.6419 at Dam Pono. The
results of the Thiessen polygon calculation are multi-
plied by consistent rainfall data to obtain regional rain-
fall data.

Subsequently, frequency distribution analysis will be

conducted; however, prior to this, testing will be per-
formed to identify the most suitable distribution for the
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Figure 3 Semangir Sub Watershed land cover map

data. This test involves assessing the regional rainfall
data using the Chi-Square and Smirnov-Kolmogorov
tests. The Chi-Square test shows that the best distri-
bution is Log-Pearson III and Log Normal, while the
Smirnov-Kolmogorov test shows the best distribution
is Log-Pearson III. Frequency analysis uses the Log-
Pearson III distribution.

The design rainfall obtained is 91.306 mm for the 2-year
return period, 120.666 mm for the 5-year return period,
149.264 mm for the 10-year return period, 198.710 mm
for the 25-year return period, 247.789 mm for the 50-
year return period, and 310.169 mm for the 100-year re-
turn period. The research results by Sumanda (2022) in
2022 using the Log Pearson III method obtained design
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rainfall for the 2, 5, and 10-year return periods of 106.49
mm, 124.67 mm, and 136.21 mm, respectively. There
are several differences in this study; among them, the
rainfall data used is 10-year rainfall data from 2011 to
2020 from three rainfall stations: Sta Makam, Sta Pono,
and Sta Semangir.

Hourly rainfall intensity analysis was conducted using
twelve years of data with the Mononobe method be-
cause no hourly rainfall data is available at the rain-
fall stations. Hourly rainfall distribution is arranged
with the Alternating Block Method (ABM) by consid-
ering the runoff coefficient. The Alternating Block
Method (ABM) is a simple way to create a design hyeto-
graph from the Intensity-Duration-Frequency (IDF)
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curve (Chow et al., 1988). For example, the 2-year re-
turn period hourly rainfall analysis produces rainfall
intensity as follows: Rainfall over 6 hours produces an
intensity of 1.51 mm in the 1% hour, 2.05 mm in the 2"
hour, 2.57 mm in the 3" hour, 14.08 mm in the 4™ hour,
3.66 mm in the 5% hour, and 1.7% mm in the 6™ hour.
The results are shown in Figure 4 according to each re-
turn period analysis.

Design flood discharge calculations are used to deter-
mine the design discharge that will be used accord-
ing to SNI 2415:2016. The method chosen for design
discharge calculations, based on data availability and
watershed characteristics, is the Synthetic Unit Hydro-
graph (SUH). The SUH used in this research is the SUH
Nakayasu.

Design flood discharge calculations using the SUH
Nakayasu method produced peak discharges as follows:
21.91 m3 s’! for the 2-year return period; 28.96 m> s
for the 5-year return period; 35.82 m® s for the 10-
year return period; 47.69 m> s’! for the 25-year return
period; 59.47 mm? s™! for the 50-year return period; and
74.44 mm?3 s°! for the 100-year return period. The cal-
culations show that the peak flood discharge occurred
in the 3" hour, as shown in Figure 5.
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The design flood discharge results were compared with
the discharge generated from the water level observa-
tion at Semangir Weir. A verification discharge of 53.99
m3 s”! was obtained, which is between the peak dis-
charges of the 25-year and 50-year return periods. The
calculated flood discharge correlated with the observed
flood discharge indicates that the calculated discharge
is still acceptable and can be used as input data in the
modeling. The flood prediction for Yeh Sah River, Bali,
Indonesia, using the SCS-CN3« method with a water-
shed area of 19.05 km? resulted in the highest peak dis-
charge of 64.17 m> s! (Zahroni et al., 2024). This out-
come closely aligns with predictions for this study area
despite employing a different method.

3.2 Flood Evaluation in Semangir River

Evaluation is carried out by modeling in the HEC-RAS
software. Simulations were conducted on the river with
the existing fixed weir to obtain information on water
levels and cross-section points that cannot withstand
water at return period discharges of 25, 50, and 100
years, as shown in Figure 6. Modeling used flood hydro-
graph data from previous calculations as the boundary
condition at the upstream (Sta 3+800) and downstream
(Sta 0+00) using normal depth, which is 0.002.

A further review of flow characteristics at maximum
water levels is shown in Table 2. For example, at the
25-year return period, the flow velocity just before the
crest is 0.09 m s, while the flow velocity after the crest
is 1.01 m s’!. The increase in flow velocity is directly
proportional to the Froude number.

3.3 Calibration

Calibration was done by comparing the modeled wa-
ter level at the 50-year return period discharge with
field observations. The 50-year return period was cho-
sen because the observed flood discharge verification
is between the 25-year and 50-year return periods. The
modeling results show the maximum water level at the
weir for the return period discharges of 25, 50, and 100
years, respectively, as 1.12 m, 1.26 m, and 1.43 m above
the weir crest. The water level data used is the high-
est observed water level at the Rambipuji Observer UPT
PSDA from January to February 2022, which is 1.25 m,
as no records were taken during the flood event. The
model reliability calculation using RMSE obtained a re-
sult of 0.01, indicating good model performance as the
RMSE value approaches 0.

3.4 Semangir River's Barrage Modeling

This simulation models the barrage on the Semangir
River, replacing the existing fixed weir. The barrage is
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Table 2. Flow Characteristics of the Semangir River

Return Discharge Water Surface Elevation Velocity Froude Number

period g Upstream Downstream Upstream of Weir Downstream of Weir Upstream of Weir Down-stream of Weir . .
- - - Upstream of Weir Downstream of Weir

Years m®s! m m m m mst ms!

Q25 47.69 74.45 58.62 67.17 61.96 0.09 1.72 0.02 1.01

Q50 59.47 74.46 58.41 67.17 61.97 0.09 1.68 0.02 0.98

Q100 74.44 74.52 58.68 67.21 62.09 0.11 1.5 0.03 0.8

situated at the same location as the fixed weir, at sta-
tion 1+431.64, according to the design provided by the
UPT PSDA of Jember Regency. The design for the Se-
mangir Barrage- includes nine gates, each measuring
1.5m x 1.5 m, as illustrated in Figure 7.

Based on HEC-RAS modelling, in Figure 7a, for the 25-
year return period at the barrage, the flow profile in-
dicates a velocity of 2.87 m s’!, a water level at an el-
evation of 68.25 m, and an energy level at an unspec-
ified elevation. The Froude numbers before and after
the bridge are 0,73 and 1, respectively. At the weir, the
flow profile generally shows a water level at an eleva-
tion of 67.75 m, an energy grade elevation of 67.80 m,
and an overflow discharge of 45.26 m3 s°1.

In Figure 7b, the 50-year return period at the bridge,
the flow shows the velocity at a speed of 2.87 m s!, the
water level at an elevation of 68.25 m, the energy level
at an elevation of m, and the Froude number before and
after the bridge are 0.73 and 1. At the weir, the flow pro-
file generally has a water level at an elevation of 67.84
m, an energy level of 67.90 m, and an overflowing dis-
charge of 53.74 m3 s,

Because the maximum water level still overflows by
0.06 m above the weir gate, the boundary condition is
not met, so re-modeling is done by changing the bar-
rage gate dimensions, subsequently called the modi-
fied barrage. A gate with a maximum height of up to
3 m and a width of no more than 3 m is used (Irriga-
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tion Planning Standard KP-02: Main Structure, 2013).
Remodeling was done with a gate height of 1.75 m and
width of 1.5 m, totaling nine gates, as shown in Fig-
ure 8. The cross-sections illustrate the Semangir Bar-
rage with 1.5 m x 1.75 m gates during 25- and 50-year
flood events. In both scenarios, the water surface up-
stream is significantly higher than downstream, indi-
cating controlled flow through the barrage. The energy
gridline is positioned above the water surface, reflect-
ing the total energy, including kinetic and potential en-
ergy. During the 50-year flood, both the energy gridline
and water surface are elevated compared to the 25-year
flood, highlighting the increased water volume and en-
ergy that the barrage manages.

3.5 Comparison of fixed Weir and Design Flow Profiles

Based on Figure 9 and Table 3, the comparison of hy-
draulic characteristics at the Semangkir Weir reveals
significant differences between the fixed weir and the
barrage with varying gate dimensions (1.5 x 1.5 m and
1.75 x 1.75 m). Based on simulation results, the fixed
weir demonstrates higher energy grade elevation and
water surface elevation compared to the barrage. For
instance, during the 50-year return period, the energy
grade elevation for the fixed weir reaches 2.93 m, while
the barrage with a 1.75 x 1.75 m gate only reaches
2.32 m. This indicates that the fixed weir has a greater
capacity for energy storage. The findings from the
hydraulic analysis are consistent with contemporary
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studies on the performance and design of weirs and bar-
rages, reinforcing their distinct functions and hydraulic
behavior. The higher energy grade elevation and wa-
ter surface elevation associated with the fixed weir re-
flect its suitability for applications requiring consis-
tent energy storage, such as irrigation and hydropower
generation. These results are aligned with the sem-
inal work of (Samir et al., 2019), which highlighted
the ability of fixed weirs to store and maintain higher
energy levels due to their static design that restricts
controlled energy dissipation. The fixed weir tends
to retain more kinetic energy, which increases pres-
sure on the riverbed and downstream structures, po-
tentially leading to damage (Chanson and Apelt, 2023;
Kim et al., 2022).

In Figure 9b, similarly, the greater increase in water
surface elevation for the fixed weir (5.15%) compared
to the barrage with gates (3.80% and 3.24%, respec-
tively) indicates that the fixed weir is more suscepti-
ble to overflow risk during a 50-year flood return pe-
riod. The barrage demonstrates a better adaptive capa-

bility to control water elevation, making it more effec-
tive in flood management (Dickel and Theobald, 2024;
Mahlil and Sudinda, 2022). In Table 3, Flow velocity ex-
hibits a different pattern. The fixed weir produces sig-
nificantly higher downstream velocities, reaching up to
1.72 m s’! during the 25-year return period, compared
to the barrage, which only achieves a maximum down-
stream velocity of 0.94 m s'!. The lower downstream
velocity of the barrage highlights its ability to control
and dissipate water flow effectively. Additionally, the
Froude number downstream of the fixed weir is higher
(1.01 during the 25-year return period), indicating a
more turbulent and energetic flow compared to the bar-
rage, which exhibits lower Froude numbers (0.83 for the
1.5 x 1.5 m gate and 0.64 for the 1.75 x 1.75 m gate).
This demonstrates that the barrage is more effective in
reducing turbulence and mitigating hydraulic impacts
downstream. Overall, the fixed weir excels in maintain-
ing higher water surface elevations and energy levels,
while the barrage is more suitable for flow control and
mitigating hydraulic impacts downstream, particularly
with larger gate dimensions.
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Table 3. The hydraulic characteristics of the fixed weir and barrage types

Weit/Barrage Type 122;?;3 Energy Grade  Water Level Velocity (m/s) Froude Number
(Years) Elevation (m) Elevation (m) (Upstream/Downstream) (Upstream/Downstream)
Fixed Weir 25 2.77 2.72 0.11/1.72 0.03/1.01
Fixed Weir 50 2.93 2.86 0.11/1.68 0.03/0.83
Barrage (1.5 x 1.5 m gate) 25 2.42 2.37 0.09/0.94 0.02/0.83
Barrage (1.5 x 1.5 m gate) 50 2.52 2.46 0.09/0.85 0.02/0.70
Barrage (1.75 x 1.75 m gate) 25 2..22 2.16 0.09/0.94 0.03/0.83
Barrage (1.75 x 1.75 m gate) 50 2.32 2.23 0.15/0.81 0.04/0.64

However, the fixed weir’s high downstream velocity
(1.72 m s’!) and Froude number (1.01 during the 25-
year return period) indicate its limitation in controlling
flow turbulence downstream, a challenge also high-
lighted by (Thornton et al., 2014). Their research em-
phasized that fixed weirs, while effective for water re-
tention, often lead to increased turbulence and erosion
potential downstream, impacting both infrastructure
stability and aquatic ecosystems.

On the other hand, the barrage demonstrates supe-
rior performance in controlling flow and mitigating hy-
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draulic impacts downstream, as indicated by its lower
downstream velocities and Froude numbers. This
aligns with the findings of Kang et al. (2020), who em-
phasized the flexibility of gated barrages in adapting
to dynamic flow conditions and reducing downstream
erosion risks. The study highlighted the role of larger
gate dimensions, such as the 1.75 x 1.75 m gate used in
the Semangkir barrage, in enhancing flow control and
minimizing hydraulic energy downstream.

The lower Froude number observed for the barrage
(0.64 for the 1.75 x 1.75 m gate) identifies barrages as
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effective structures for reducing turbulence and pre-
serving ecological stability in downstream river sys-
tems. This makes barrages particularly suitable for ar-
eas where downstream environmental impacts need to
be minimized.

Moreover, the adaptability of barrages to extreme hy-
drological events, such as those induced by climate
change, is highlighted in the findings of Kondolf et al.
(2014).The study stressed the importance of dynamic
flow regulation offered by barrages, enabling them to
address flood risks while maintaining downstream eco-
logical balance.

In summary, the results of this study are consistent
with previous research, underscoring the fixed weir’s
ability to maximize energy retention and water stor-
age while the barrage excels in flow regulation and re-
ducing downstream hydraulic impacts. These findings
emphasize the importance of selecting the appropriate
structure based on specific site conditions and opera-
tional objectives, with barrages offering a more flexible
and environmentally sustainable solution in areas with
fluctuating hydrological conditions or sensitive down-
stream ecosystems.

4 CONCLUSION

This study confirms that the existing fixed weir at the
Semangir River is insufficient for managing the peak
discharges of the 25-year and 50-year return periods,
which are crucial for effective flood control. By utiliz-
ing the HEC-RAS program and conducting simulations
with the SUH Nakayasu method, it was determined that
the peak discharges are 47.689 m3s!,59.468 m3s’!, and
74.439 m> s°! for the 25-year, 50-year, and 100-year re-
turn periods, respectively. The analysis indicates that
barrage 2, with gate dimensions of 1.5 m x 1.75 m, pro-
vides better than hydraulic performance, significantly
lowering the water surface elevation and flow velocity
downstream. Specifically, at the 25-year return period,
the barrage reduced water surface elevation by 23.63%
and flow velocity after the weir by 45%. During the 50-
year return period, reductions were 25.61% for water
surface elevation and 52% for flow velocity compared
to the existing weir. The volume of water released is
as follows: fixed weir—46.46 m> s! for the 25-year re-
turn period and 57.57 m3 s7! for the 50-year return pe-
riod; Barrage 1—45.26 m3 s°! for the 25-year return pe-
riod and 53.81 m3 s™! for the 50-year return period; Bar-
rage 2—46.54 m3 s’ for the 25-year return period and
57.8 m3 s’! for the 50-year return period. These re-
sults demonstrate that barrages are a viable solution for
flood control and water management in the Semangir
River, offering enhanced protection against high flow
conditions during extreme weather events. This study
highlights the effectiveness of barrages for flood con-
trol but has limitations, including reliance on simu-
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lations, neglecting sedimentation and ecological im-
pacts, and lack of field validation. Future studies should
integrate sediment dynamics, ecological assessments,
climate change projections, and real-time monitoring
to ensure sustainable and reliable flood management
solutions.
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