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Abstract: Rapid urbanization in Tangerang has altered land use patterns, increasing flood risk in
residential areas such as Anwa Residence. The existing drainage system, originally designed for
a 10.10 ha catchment area, currently serves 22.16 ha, resulting in increased runoff and reduced
hydraulic performance. This study evaluates hydrological changes and drainage system capacity
using ArcGIS-based catchment delineation, drone-derived topographic data, rainfall analysis, and
hydraulic modeling. The existing retention pond has a surface area of 1,386 m? and a storage
capacity of 2,079 m? (average depth 1.5 m), allowing it to accommodate only 22.15% of the total
runoff volume under the 25-year design storm. To comply with the local zero-runoff policy, two
eco-drainage improvement scenarios were evaluated. Hydraulic storage calculations show that
deepening the pond to 6.77 m or expanding its area to 6,258 m? provides sufficient storage to
accommodate 100% of the total runoff volume of 9,387 m*. The proposed design enables
complete runoff retention, contributing to flood mitigation, groundwater recharge, and sustainable

urban water management.

Keywords: Drainage system; ecodrainage; flood; retention pond.

1. Introduction

Rapid population growth and changes in land use are key
factors increasing flood”. By the end of 2023, Tangerang
will reach almost three times the minimum number to be
categorized as a highly dense city, which is classified as
more than 400 residents’km? 2. According to the
International Disaster Database, Asia is the most affected
continent by disasters, such as floods, earthquakes, and
storms®¥. Indonesia, with its archipelagic landscape and
diverse geographical features, faces recurrent natural
disasters, particularly floods>. The rapid urbanization in
Tangerang, particularly in areas like Anwa Residence, has
led to significant land use changes, adversely affecting the
local drainage systems. As residential areas expand,
natural landscapes are replaced with impermeable surfaces,
reducing groundwater recharge and increasing surface

runoff. This transformation not only diminishes the natural
resilience of the environment but also exacerbates the
impacts of frequent and intense flooding events. Flooding
is identified as arising in coastal areas, reservoirs, streams
and canals®.

Historically, the drainage systems in this region were
designed to handle specific rainfall volumes based on past
climate patterns. However, with climate change
contributing to more extreme weather conditions,
including heavier rainfall and unpredictable storm patterns,
these systems have become inadequate to cater to changing
weather. For the last decade, flooding has become a yearly
event for Tangerang during the rainy season”. The primary
cause of the flood was the limited green area due to the
latest constructions without any adjustments to the
drainage system's capacity to accommodate the increased
surface runoff®. The existing drainage infrastructure at
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Anwa Residence has struggled to cope with the increased
runoff, leading to frequent flooding that disrupts daily life.
In response to these challenges, ecodrainage systems have
emerged as a viable solution. Ecodrainage systems reduce
surface runoff by temporarily capturing and retaining
stormwater, thereby aiding in infiltrating stormwater and
improving the quality of groundwater water®'?. These
systems also incorporate sustainable practices that enhance
water management while promoting environmental health
and well-being. By integrating green infrastructure
solutions, such as retention ponds and permeable surfaces,
these systems aim to mimic natural hydrological processes,
allowing for better water absorption and filtration, thereby
restoring the natural water balance''"'¥). Prior research in
Sidrap Regency has demonstrated that implementing
retention ponds can decrease the flooding area by as much
as 85.71%'Y. The existence of retention ponds serves as a
flood mitigation strategy and facilitates recreational,
residential, and educational pursuits'®.

This study aims to mitigate excess runoff causing
inundation in the housing area through the redesign of the
existing drainage and retention systems. The research
focuses on developing a design that addresses current
flooding issues while accounting for longer rainfall return
periods and potential land-use changes. The rainfall return
period refers to the average interval over which a specific
rainfall intensity is expected to be equaled or exceeded,
making it a critical parameter in the design of flood control
infrastructure!”'®. By considering this parameter, this
study contributes to the development of a more sustainable
urban environment. The design process involves an
assessment of existing drainage conditions and an
evaluation of potential ecodrainage solutions. All analyses
conducted in this study are based on applicable local and
national regulations related to flood analysis and the design
of flood control facilities.

2. Methods
2.1. Location and Data

Anwa Residence is an urban residential neighborhood in
Karang Tengah, Tangerang. An extensive drainage system
and designated infiltration zones characterize the area.
However, recent changes, such as reduced vegetation
cover and increased rainfall intensity, have compromised
the effectiveness and efficiency of the existing drainage

infrastructure. Figure 1 shows the location of the study area.

Since 2020, Anwa Residence has faced ongoing flooding
issues. The rising intensity of precipitation has exceeded
the capabilities of both the drainage and infiltration
systems. In this study, daily rainfall data obtained from the
Global Precipitation Measurement (GPM) mission for the
period 2001-2021, covering a total of 20 years, were used.
The GPM rainfall data were downloaded from the NASA
Giovanni data portal'?. The maximum daily rainfall values

Fig. 1: Location of Anwa Residence

derived from this dataset, which were subsequently
employed in the hydrological analysis, are presented in
Figure 2. Maximum daily rainfall was derived as an
Annual Maximum Series (AMS), where the highest daily
rainfall value was extracted for each year between 2001-
2021.

For catchment analysis, the primary input data for areas
outside the housing development were obtained from the
Ina-Geoportal, Indonesia’s national geospatial data portal,
which provides elevation data for the broader study area
and its surroundings. These data were downloaded from
https://tanahair.indonesia.go.id/. However, to achieve a
more accurate design at the site scale, high-resolution
topographic data were required. In this study, such data
were acquired through drone-based surveys conducted
over the housing area.

4 5 6 7 8

9 10 11 12 13 14 15 16 17 18 19 20
year (2000-)

250

200

100
SO‘
0
12

Fig. 2: Maximum daily rainfall data per year (2001-
2020)'7
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Fig. 3: Digital Elevation Model of Anwa Residence and its
surrounding region
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Fig. 4: Existing main drain and retention pond position

Both datasets were processed in the form of Digital
Elevation Model (DEM), representing raw elevation
information for the study area. The DEM data derived from
the Ina-Geoportal and the drone survey were integrated
using ArcGIS software, and the resulting combined
elevation model is presented in Figure 3. Based on the
processed DEM, the elevation of the study area ranges
from approximately 7 to 12 m above mean sea level.

At the time of the study, the Anwa Residence housing area
was partially constructed, with an existing main drainage
channel and a retention pond, as illustrated in Figure 4. The
main drain originates from the highest elevation in the
southern part of the site and extends approximately 577 m
toward the retention pond, with an average longitudinal
slope of 0.001. Despite the presence of a retention pond
covering an area of 1,386 m? and providing an estimated
storage capacity of about 2,000 m?, the system has been
shown to be insufficient for accommodating excess
stormwater.

The calculations and analysis conducted in this study were
guided by relevant regulatory frameworks, including
Tangerang City Government Regulation No. 9 of 2023 on

Urban Drainage System Implementation®”, the Regulation
of the Minister of Public Works of the Republic of
Indonesia No. 12/PRT/M/2014  concerning the
Implementation of Urban Drainage Systems?", and the
Indonesian National Standard SNI 2415:2016 for flood
discharge estimation??.

2.2. Catchment Analysis

The catchment analysis for the study area was conducted
using ArcGIS (Arc Geographic Information System), a
powerful Geographic Information System (GIS) platform
that overcomes limitation in land data statistics and enables
detailed spatial analysis and visualization of hydrological
data®®. ArcGIS was employed to systematically delineate
the effective catchment area contributing to the main
drainage system in this study. The overall workflow
included data preparation, terrain preprocessing, flow
analysis and catchment boundary delineation.

The use of high resolution drone data in this study allowed
for improved terrain representation and higher spatial
accuracy compared to publicly available DEMs, which is
essential for small scale urban catchment analysis. The
DEM was first processed using the Fill function to remove
artificial sinks and depressions that may distort surface
runoff patterns. This step ensured a hydrologically correct
terrain model and a realistic representation of surface flow
conditions, as shown in Figure 5.

Following the DEM correction, flow direction analysis
was performed to determine the direction of surface runoff
for each grid cell based on the slope conditions. The flow
direction raster describes how water moves across the
terrain from higher to lower elevations. Subsequently flow
accumulation analysis was carried out to quantify the
accumulated upstream flow for each cell by summing the
number of contributing cells flowing into it>. High flow
accumulation values indicate potential drainage paths and
locations where runoff is likely to concentrate.

The results of the flow direction and flow accumulation
analyses were used to identify the natural drainage network
and dominant runoff pathways within the study area, as
illustrated in Figure 6. Based on this information, basin
delineation was conducted to define the catchment
boundaries that contribute runoff to the main drainage
channel. This step enabled the separation of effective
contributing areas from non-contributing zones within the
residential development.

ArcGIS also facilitated the integration of additional
datasets, including land use information, to provide a
comprehensive  overview of the  hydrological
characteristics the study area’®. Overall the catchment
analysis provides a detailed understanding of surface
runoff behavior and drainage patterns at Anwa Residence.
The resulting catchment delineation serves as the critical
input for hydrological calculations and hydraulic
simulation.
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Fig. 5: Surface flow condition of study area
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Fig. 6: Drainage network of the study area

2.3. Hydrological Analysis

Hydrological analysis is a crucial step in achieving
effective and efficient water management; in this study, it
is specifically applied to excess water management®. The
primary objective of this analysis is to determine the design
flood, which serves as the main input for the planning and
design of the ecodrainage facilities?®.

2.3.1. Frequency Analysis

The initial step for the hydrological analysis involves
rainfall frequency analysis based on maximum daily
rainfall records covering a minimum period of 20
consecutive years to determine the design rainfall?.
Frequency Analysis is the estimation of how often a
specified event will occur, which in this study is the design
rainfall?’>?®. The rainfall series was prepared as an AMS,
where the highest daily rainfall value was extracted for
each year within the analysis period. Frequency analysis
aims to establish the relationship between the value of
extreme events, which in this study is represented by the
maximum daily rainfall, and their frequency of occurrence
based on a probability distribution®®. The maximum daily
rainfall data were fitted to the Normal, Gumbel, Log
Normal and Log Pearson III distributions, and their

suitability was assessed using the Smirnov-Kolmogorov
(S8-K) test. This non-parametric test assesses horizontal
deviations by measuring the maximum difference between
the empirical distribution derived from the observed
maximum daily rainfall data and the corresponding
theoretical distribution3?. The test procedure consists of
ranking the rainfall data in ascending order and computing
the empirical cumulative probability, which is then
compared with the theoretical cumulative probability. The
maximum deviation is calculated using the following
Equation (1):

Ampax= | Pe — Pt | (1)

where:

P, = empirical cumulative probability

P, = theoretical cumulative probability
The suitability of thedistribution is determined by
comparing A,q. with the critical value (A.;) obtained from
the S-K table for a given sample size (7) and significance
level (o), where in this study the test was performed at a
significance level (a) = 0.05 and sample size (n) = 20. If
Amar values less than A, the difference between the
empirical and theoretical distribution is considered
statistically insignificant, and the probability distribution is
therefore accepted. Otherwise, if the A, exceeds A., the
distribution is rejected. The accepted distribution was then
used to estimate the design rainfall (R), which served as
input for the IDF (Intensity-Duration-Frequency) curve
construction. In this study, a 25-year return period was
adopted as the basis for rainfall intensity and discharge
estimation to comply with drainage planning requirements
for flood prone areas??.

2.3.2. Concentration Time

The next step in the hydrological analysis is the estimation
of the concentration time?"??. The time of concentration
represents the duration required for precipitation falling at
the hydraulically farthest point of a watershed to reach the
outlet’'3?). Although several methods are recommended in
the guidelines used for this study, the Kirpich method was
selected to ensure consistency with the type of data used.
The Kirpich method calculates the travel time based on the
length of the flow path and the slope of the drainage area,
as presented in Equation (2):

tc = 0.01947 L077 §-0385 2)

where:

tc = concentration time (minutes)

L = flow path length (meters)

S = slope or elevation difference/L (meter/meter)
The flow path length (L) was defined as the hydraulic
travel distance along the existing main drain alignment,
extending from the hydraulic farthest contributing point to
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the outlet. Since this study focuses on improving the
existing drainage system, the assumed flow path follows
the planned main drain route rather than the natural
overland drainage pathway of the catchment. The slope (S)
was calculated as the elevation difference between the
upstream point and the outlet divided by the corresponding
flow path length, derived from the DEM data. The
estimated zc was subsequently used to define the rainfall
duration (¢) for intensity estimation.

2.3.3. IDF Curve

Rainfall intensity estimation constitutes a fundamental step
in the hydrological analysis prior to the calculation of the
discharge. In accordance with the aforementioned
regulations, rainfall intensity in this study was calculated
using the Mononobe method. The Mononobe method is
widely applied to estimate rainfall intensity from daily
rainfall data*®. Rainfall intensity is commonly represented
through Intensity-Duration-Frequency (IDF) curves,
which are widely applied in hydrological and hydraulic
engineering to design rainfall and flood management
infrastructure by expressing the relationship between
rainfall intensity, duration and frequency for a given return
period*>37. The IDF relationship was formulated based on
the Mononobe equation, as expressed in Equation (3):

=) &

where:

I = rainfall intensity (mm/hour)

R24 = 24-hour design rainfall (mm)

t = rainfall duration (hours)
The rainfall duration (¢) used for the IDF estimation was
set equal to the concentration time (zc), consistent with the
Rational Method assumption to calculate the peak
discharge.

2.3.4. Discharge

Peak discharge was calculated using the design values
derived from the IDF curve. The rational method was
employed for this purpose, in accordance with the
guidance used for this study, and was selected to ensure the
consistency with the type of data used in this study. This
method has been widely applied and shown to provide
reliable results for storm drain design’®. The formulation
of peak discharge using the Rational Method is expressed
in Equation (4):

Q,=0.278CIA )

where:
O, = peak discharge (m?/s)
C = runoff coefficient
I = rainfall intensity (mm/hour)
A = catchment area (km?)

The catchment area (4) used in the Rational Method
corresponds to the effective contributing catchment
delineated in ArcGIS. The runoff value coefficient (C) was
adopted based on dominant residential land use which is
classified as residential area, with a value of 0.75°%. The
resulting peak discharge estimation provides essential
information on the expected runoff under significant
rainfall events, and it was subsequently used as the
upstream boundary condition in the HEC-RAS flow
simulation.

2.4. Hydraulic Simulation

Hydraulic simulation was conducted using HEC-RAS
(Hydrologic Engineering Center River Analysis System)
version 4.1.0 to evaluate the performance of the existing
main drainage system under design flow conditions. HEC-
RAS serves as an effective tool for flood inundation
mapping, with a primary focus on hydraulic flow and
floodplain analysis®*®. The geometric model represents
the main drain configuration within the study area,
following the actual channel alignment and cross-sectional
characteristics, as illustrated in Figure 7.

3. Results and Discussions

3.1. Catchment Area

The catchment analysis shows that Anwa Residence is
located at a relatively lower elevation than the surrounding
areas, forming a flow convergence zone where surface
runoff from higher upstream area accumulates. Catchment
morphology and slope characteristics strongly control
runoff direction and concentration***>, which explains
why external inflows from adjacent areas can enter the
residential drainage area.

As illustrated in Figure 8, the effective contributing
catchment area is substantially larger than that is assumed
in the initial drainage design. While the residential
development covers 10.10 ha, the contributing to the main

Fig. 7: Geometric representation of the main drainage
channel used in the HEC-RAS hydraulic simulation
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Fig. 8: Comparison between the initial catchment area
used in the drainage system design of Anwa Residence
and the effective contributing catchment area

drain reaches 22.16 ha. This discrepancy indicates that the
existing drainage system receives runoff from beyond the
residential boundary and was therefore under designed
relative to actual hydrological conditions. Such
underestimation may lead to significant underprediction of
peak discharge and frequent system surcharge during
heavy rainfall events*®,

These findings highlight the necessity of improving the
existing drainage infrastructure to accommodate the actual
contributing catchment conditions and reduce the
inundation risk. Similar misrepresentation of catchment
contribution has been widely reported in rapidly
urbanizing areas where drainage designs often follow
administrative boundaries rather than hydrological
connectivity*"4®,

3.2. Hydrology

a) Design Rainfall

The hydrological frequency analysis was conducted to
determine the appropriate probability distribution for
estimating design rainfall. The S-K test was applied to four
commonly used distributions, namely: Normal, Log
Normal, Gumbel, and Log Pearson III. The test results
indicate that all tested distributions satisfy the acceptance
criteria, as the maximum deviation (A,.) for each
distribution is smaller than the value of the critical value
(Ac) as summarized in Table 1.

Although all tested distributions satisfy the S-K acceptance
criteria, the Log Pearson III distribution was selected for
subsequent analysis because it exhibits the smallest
maximum deviation among the evaluated distributions.
The smaller Ana indicates a closer agreement between the
empirical rainfall data and the theoretical probability
distribution*?), suggesting that the Log Pearson III provides the
best statistical to fit the observed rainfall series.

The calculation of design rainfall using the Log Pearson I11
distribution was performed by first transforming the

Table 1: Smirnov-Kolmogorov test results on each distribution

Distribution Amax Acr Decision
Normal 0.126 0.290 Accepted
Log Normal 0.109 0.290 Accepted
Gumbel 0.102 0.290 Accepted
Log Pearson I1I 0.095 0.290 Accepted

Table 2: Design rainfall based on Log Pearson III distribution

Return period (years) Design rainfall (mm)

5 139.26
10 161.50
25 190.81

annual maximum rainfall series into logarithmic form. The
mean (¥) and the standard deviation (Sd) of the logarithmic
data were computed, and with the frequency factor (Kr)
obtained from standard Log Pearson III frequency tables,
the design rainfall for a given return period was estimated
using Equation (5)°%:

where:

Rr= design rainfall for return period T

X = mean of the logarithmic rainfall data

Kr= frequency factor

Sd = standard deviation
The design rainfall values derived from this method
represent statistically robust estimates of extreme rainfall
events and from the basis for subsequent intensity and peak
discharge calculations used in hydraulic simulations.
Based on the Log Pearson III analysis, the design rainfall
values from return periods of 5, 10 and 25 years are
presented in Table 2.
b) Concentration Time and IDF Curve
The Mononobe method was applied to develop IDF curves
from design rainfall for each return period, thereby
defining the relationship among rainfall intensity, duration
and return period®). The derived IDF equations were then
used to estimate the design rainfall intensity for the
calculated time of concentration (#c) of 37.26 minutes. The
resulting IDF equations, together with the corresponding
design rainfall intensities for return periods of 5, 10, and
25 years, are summarized in Table 3. In the IDF equations
presented in Table 3, y represents rainfall intensity
(mm/hour), while x denotes rainfall duration (minutes).

Table 3: IDF curve equations for different return periods

Return period IDF curve Rainfall intensity
(years) equation (mm/hour)
5 y=739.9 x 0667 66.32
10 y=858.1 x0:667 76.92
25 y=1013.8 x 0667 90.88
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Fig. 9: Intensity—Duration—Frequency (IDF) curves for the
study area

Table 4: Peak discharge for different return periods

Return Period (years) Peak Discharge (m*/s)
5 3.06
10 3.55
25 4.20

The IDF curves presented in Figure 9 illustrate that rainfall
intensity increases markedly as rainfall duration decreases,
a characteristic pattern commonly observed in urban
catchments. This behavior highlights the susceptibility of
the study area to high-intensity, short-duration rainfall
events, which can rapidly generate surface runoff.
Consequently, the existing drainage system faces a higher
risk of being hydraulically overwhelmed during such
events.

These results emphasize the importance of incorporating
short-duration, high-intensity rainfall scenarios in the
redesign of the drainage and ecodrainage systems to ensure
adequate flood mitigation under current and future rainfall
conditions.

¢) Peak Discharge

The calculated peak discharges represent the expected
runoff response of the effective contributing catchment

under significant rainfall events for different return periods.

These values provide essential input for evaluating the
adequacy of the existing drainage system and for sizing the
proposed ecodrainage components. The estimated peak
discharges for return periods of 5, 10, and 25 years are
summarized in Table 4.

The hydraulic simulation was performed using the design
discharge corresponding to a 25-year return period.
Although national guidelines issued by the Ministry of
Public Works?! generally recommend a 5-year return
period for drainage systems serving catchment areas
smaller than 100 ha, the Local Regulation of Tangerang
City?” requires a minimum design return period of 25
years for drainage systems located in flood prone areas.
Given that Anwa Residence is classified as a flood prone
zone, the use of 25-year return period peak discharge
represents a more conservative and regulation-compliant
design scenario.

3.3. Improvement Design

a) Channel Dimension

The hydraulic capacity of the drainage channel was
evaluated using the Manning equation, which is widely
applied in open channel flow analysis to estimate flow
velocity and discharge under steady, uniform flow
conditions. The Manning equation relates channel
geometry, bed slope, and surface roughness to the
conveyance capacity of a channel and is commonly
adopted in the design and assessment of urban drainage
systems>?. The Manning equation is expressed in Equation

(6).
Q= n R SM A, (©

where:

0. = peak discharge (m?/s)

n = manning roughness coefficient

R = hydraulic radius (m)

S = channel bed slope (m/m)

A, = cross sectional flow area (m?)
In this study, a Manning roughness coefficient of 0.015
was adopted to represent plastered concrete channels, with
the channel slope maintained at 0.001 in accordance with
the existing longitudinal profile of the main drain>®. Based
on the hydrological analysis, the 25-year design discharge
was estimated at 4.20 m?/s, which serves as the basis for
channel capacity evaluation.
The existing main drain consists of a rectangular U-ditch
with a width and depth of 1.0 m located along both sides
of the primary access road. Hydraulic analysis indicates
that, under the existing slope and roughness conditions, the
channel can convey approximately 2.03 m*/s, which is less
than 50% of the required design discharge. This
undercapacity reflects the original drainage design
assumption, which considered runoff only from the
residential area (10.10 ha) and did not account for the
larger effective contributing catchment of 22.16 ha
identified in this study.
To accommodate the actual hydrological loading, the
channel was redesigned using the same Manning-based
approach. The analysis shows that a channel width of 2.5
m and a flow depth of 1.25 m is hydraulically sufficient to
convey the 25-year discharge. In accordance with national
drainage design guidelines, a minimum freeboard of 0.25
m was added for discharges between 1.5 and 5.0 m?/s2V.
Consequently, the recommended channel dimensions are
2.5 m in width and 1.5 m in total depth. This redesign
significantly improves the conveyance capacity and aligns
the drainage system with both the effective catchment
conditions and applicable regulatory standards for flood-
prone urban areas.
b) Flow Simulation
Flow simulation was conducted using the redesigned main
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drain geometry to evaluate the hydraulic performance of
the system under peak flow conditions. The channel
alignment in the model follows the existing main drain
layout, while the cross-sectional dimensions were updated
to the redesigned configuration of 2.5 m width and 1.5 m
depth, as determined in the previous section. The simulated
channel has a total length of approximately 575 m, with an
existing longitudinal slope of 0.001. The channel surface
was assumed to be smooth concrete, represented by a
Manning roughness coefficient of 0.015. Flow conditions
were simulated as steady flow using the peak discharge
corresponding to the 25-year return period, 4.20 m?%/s.

Boundary conditions were defined to reflect the actual
hydraulic behavior of the system. At the upstream end, the
inflow was specified as the 25-year peak discharge. At the

downstream end, a critical depth boundary condition was
applied to represent the free overfall condition where the
main drain discharges into the retention pond. This setup
allows the model to realistically capture the transition from
channel flow to plunging flow at the outlet.

The simulation results, presented through longitudinal
water surface profiles and cross-sectional views (Figure 10
to Figure 14), provide insight into the spatial variation of
water surface elevation and flow depth along the channel.
Based on the longitudinal and cross-sectional simulation
results, the redesigned channel demonstrates adequate
capacity to convey the design discharge, with water surface
elevations remaining below the channel crest along the
entire reach.

K;runn .Huhru Anws Aesdence |
15 Tegend
W3 PRI
=T 2R
Gnound
E e
i ROE
w
100 00 45 500 600
Mein Channel Distance {mj 121.82.23
Fig. 10: Flow simulation result (long section)
.01 5:|] 015 |L.015'| ‘.015=|] 018 }"015‘{
067 Legend 067 Legend
0,41 WS PF1 WS PF 1
Ground Ground
L d -
02 Bank Sta Bank Sta
E 0.0 E
c c
g 02 5
g &
w 04 w
-06
08
-1.0+
0.0 05 1.0 15 20 25 3.0 35 0.0 0.5 1.0 15 20 25 30 35

Station (m)

Fig. 11: Flow simulation result (cross section 500)

e ‘.015-1‘1‘ 015 F.{HS’{
Legend
02 WSPF1
—
Ground
0.0 .
Bank Sta
02

Elevation (m)
&
o

0.0 05 10 15 20 25 30 35
Station (m})

Fig. 13: Flow simulation result (cross section 300)

Station (m)

Fig. 12: Flow simulation result (cross section 400)

ko1s 015 I 0154
02 Legend
00 WS PF 1
B
Ground
L3
02 Bank Sta
~ 04
E
5
= 06
H
g8
Y
2
14
0.0 05 1.0 15 20 25 3.0 35

Station (m)

Fig. 14: Flow simulation result (cross section 175)

Cite: S. Hape et al., "Ecodrainage System Improvement Design: A Case Study of Anwa
Residence, Tangerang". Evergreen, 13 (02) 981-992 (2026). https://doi.org/10.5109/7434187.

- 988 -



Ecodrainage System Improvement Design: A Case Study of Anwa Residence, Tangerang

¢) Ecodrainage Capacity

The inflow to the retention pond was determined based on
the assumption that the effective rainfall duration is equal
to the time of concentration, which was calculated to be
37.26 minutes. Under this condition, the entire catchment
contributes simultaneously to runoff generation, resulting
in the peak discharge. Using the 25-year return period
design discharge of 4.2 m?®s, the total runoff volume
generated during the design storm event was estimated at
9,387 m®.

The Regional Regulation of Tangerang City mandates the
implementation of a zero runoff policy for all new
developments, requiring on-site infiltration or storage
facilities to ensure that no additional runoff is discharged
into receiving water bodies as a consequence of land
development®?. While the regulation allows flexibility in
the type of infiltration or retention infrastructure employed,
it explicitly requires that such facilities be capable of
managing 100% of the runoff generated within the
developed area.

The existing retention pond has a surface area of 1,386 m?
and a storage capacity of 2,079 m?, corresponding to an
average water depth of 1.5 m. Under current conditions,
the pond is only capable of accommodating approximately
22.15% of the total runoff volume generated for the 25-
year design storm.

To address this deficiency and to comply with the zero
runoff policy mandated by the local regulation, two
improvement scenarios were proposed: increasing the
depth of the existing retention pond or enlarging the
retention pond area. Hydraulic storage calculations
indicate that deepening the pond to a minimum depth of
6.77 m while maintaining the existing surface area, or
alternatively expanding the retention pond area to 6,258 m?
without increasing its depth, would provide sufficient
storage capacity to fully accommodate the total runoff
volume of 9,387 m?. Effective stormwater management is
essential to reduce the volume of surface runoff entering
drainage networks and recieving water bodies, thereby
mitigating localized flooding®¥. This has become
increasingly important as conventional drainage systems
are often unable to accomodate the greater runoff volumes
generated by rapid urbanization®¥. Implementing these
improvements will make the retention pond crucial for
managing stormwater runoff, promoting groundwater
recharge, and improving overall water quality in the
area>®?,

Water is fundamental to societal well-being, economic
prosperity, and overall environmental vitality®®.
Consequently, urban water infrastructure can no longer be
designed solely to convey runoff and reduce flood risk, but
must also support broader ecological and sustainability
objectives. Smart design and management interventions,
including nature-based elements such as native vegetation
and multifunctional landscapes, have been shown to

enhance the ecological value of urban areas while
improving hydrological performance area®.

In line with this paradigm shift, urban drainage
management has evolved from conventional flood control
strategies toward more integrated and sustainable
approaches that consider the entire urban water cycle
rather than focusing solely on the rapid conveyance of
runoff’%), These approaches recognize that stormwater
should be managed not only to reduce flood risk but also
to enhance groundwater recharge and improve water
quality through infiltration, retention and treatment
process® %Y. Furthermore, contemporary  drainage
frameworks  increasingly  incorporate  ecological
considerations, promoting green infrastructure and
multifunctional urban landscapes that provide
environmental and hydrological benefits  while
strengthening urban resilience to flooding®®°V.

Within this context, the application of an ecodrainage
approach, as demonstrated in this study, not only addresses
immediate flooding issues but also contributes to long-
term sustainable urban water management by aligning
hydraulic performance with environmental resilience and
regulatory requirements!63-66),

4. Conclusions

This study investigated the flooding challenges of Anwa
Residence, Tangerang, caused by rapid urbanization,
inadequate drainage infrastructure, and underestimated
contributing catchment areas. Through integrated
hydrological, hydraulic and spatial analysis, several key
findings and design improvements were identified.
Catchment delineation using ArcGIS revealed that the
effective contributing main drain (22.16 ha) is
substantially larger than the 10.10 ha assumed in the
original drainage design. This underestimation led to a
significant underprediction of peak discharge and rendered
the existing system hydraulically insufficient, and
particularly during heavy rainfall events.

Hydrological frequency analysis using 20 years of GPM
rainfall data confirmed that the Log Pearson III distribution
best fits the observed annual maximum rainfall data series.
The 25-year return period design rainfall of 190.81 mm,
combined with Rational Method, yielded a peak discharge
of 4.20 m?/s. This is more than double the conveyance
capacity of the existing drainage channel.

To address these deficiencies, the main drain was
redesigned with a width of 2.5 m and a total depth 1.5 m,
including a 0.25 freeboard. HEC-RAS flow simulations
confirmed that the redesigned channel adequately conveys
the 25-year design discharge while maintaining water
surface elevations below the channel crest throughout its
entire length.

Regarding the ecodrainage component, the existing
retention pond (1,386 m?, 2,079 m* capacity) was found to
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accommodate only approximately 22% of the total runoff
volume generated during the design storm event of 9,387
m?. To comply with Tangerang City’s zero runoff policy,
two improvement scenarios were proposed: deepening the
pond to a minimum of 6.77 m, or expanding its surface area
to 6,258 m?2 Either approach would bring the system into
full regulatory compliance and meaningfully enhance
flood mitigation, ground water recharge, and water quality
outcomes.
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