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The 508 meters of drainage channel in Sriwijaya street is divided in half
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Introduction

The road surface of Sriwijaya Street in Kediri City is waterlogged yearly, reaching a depth
of 50 cm and a length of 100 meters. According to the interviews with locals and the Kediri City
goverment, the flood is reducing slowly, because it is a densely populated urban area and there is
no area could infiltrate the runoff. This flooding occurs due to a culvert that crosses the railroad
that restricts the drainage channel's capacity to transfer the runoff quickly. The culvert function is
to flow the discharge to the downstream under an obstacle such as a road or a railway (Nuannukul
etal, 2021). Along with constriction, sedimentation and garbage accumulation also have an impact
on the culvert's current state. Due to utility concerns, it is not permitted to modify the culvert
proportions. The culvert could make backwater effect in the upstream because of the narrowing
culvert (Chow, 1985). Backwater occurs when conditions such weir flow, culverts, or tides, prevent
water from flowing downstream, increasing the water depth upstream (Sturm, 2001). Therefore,
designing a retention pond could preventing overflow in the drainage channel and increasing the
drainage capacity (Wldianto & Wibisono, 2023).

The function of a retention pond is to store certain amounts of the discharge and drain it
into the ground (PERMEN PUPR, 2014). One type of retention pond is the long storage system,
that takes full advantage of the channel's flow area (Ignes & Arbaningrum, 2021). The application
of extended storage to accommodate flood discharge is an effective option considering Sriwijaya
Street's drainage system is situated in an urban traffic network and a highly populated residential
area (Cunha et al., 2016). Several studies have been carried out concerning the application of long
storage, including for agricultural water demands (Fathurrahman et al., 2023), distribution of
freshwater (Trisdiana et al., 2021) and water resources infrastructure (Saraswati & Mojopahit,
2020). Long storage can be applied for urban flood management, including flood discharge control
systems with sluice gates and pump houses (Damayanti et al., 2017).

Due to the urban environment and limited amount of obtainable land, the storage in this
study is planned to be designed within the channel. The primary objective of this study is to identify
the ideal dimensions of the retention pond that is required to be designed on Sriwijaya Street in
accordance with the required urban drainage regulations.

Research Methods

In this study both primary and secondary data were collected. The primary data is
measurements of the 508 meter long the existing channel. Figure 1 shows the drainage system on
Sriwijaya Street and according to the drainage system there are three lateral outflows that
contribute to the drainage. The Sriwijaya drainage channel’s outlet is on Dhoho Street channel.
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Figure 2 shows the catchment area that determined by the road width and the area beside
the road. The road width is 6 m and the urban area width determined to this study is 20 m. The

total width for catchmen area is 26 m. Therefore, the catchment for Trace 1 is 6760 m*and Trace
2 is 8329 m°.

Detail Cross Section For Catchment Area
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Figure 2. Catchment Area

Daily rainfall data from Kediri City's Department of Public Works and Spatial Planning is
one of the secondary data sources applied to this study. The Kediri rain gauge is the one affecting
the drainage catchment area, as shown in Figure 3. Therefore, as Figure 4 shows, the Annual
Maximum Daily Rainfall data used for the years 2010 to 2019. During that period, the Kediri rain
gauge recorded the highest Annual Maximum Daily Rainfall of 148 mm.
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Figure 4. Kediri Rain Gauge Annual Maximum Daily Rainfall
Source: Dinas Pekerjaan Umum dan Penataan Ruang Kota Kediri (2020)
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The flood discharge analysis in this study using Rational Method with a 10 year return
period and the results will be used to analyse the channel hydraulic profile. In this study the
hydraulic profile analysis using the HEC-RAS software.

Research Results and Discussion
Rainfall Analysis

Rain gauge is required to verify the correlation between rainfall data and water structure
plan (Nugrahanto et al., 2022). The Gumbel and Log Pearson Type I1I distribution methods were
applied in this study's design rainfall analysis due to the Annual Maximum Daily Rainfall (AMDR)
data in Figure 3 contained skewness coefficients (Ck) and coefficients of variation (Cs) of 0.59 and
2.906, respectively. The results indicate that Gumbel and Log Pearson Type III are the optimal
statistical distributions for the data according to the distribution criteria (Harto, 1993).

Table 1. Rainfall Analysis

Return Period Distribution Method (mm)

(Year) Gumbel Log Pearson III
1.25 09.15 73.37
2 94.66 95.22
5 128.98 119.00
10 151.71 136.89

According to the fundamental urban drainage system regulations, the rainfall return period
for this study is 10-year return period (PERMEN PUPR, 2014). The design rainfall with a 10-year
return period is 136.89 mm using the Log Pearson Type III distribution and 151.71 mm using the
Gumbel distribution, as seen in Table 1. According to the regulation (BSNI, 2016), the Gumbel
method result is used in this study because it most closely aligns with the highest rainfall data that
has been obtained during the last ten years and is shown in Figure 3.

Flood Discharge Analysis

According to the regulation, the basis for determining the Catchment Area is the road width
and the length (SNI, 2006). Beside the discharge from the catchmen area, the lateral inflow is
required to be considered in flood management (Udom et al., 2018; Zhou et al., 2019). The channel
design includes the lateral inflow from the tertiary drainage that contribute the discharge into the
Stiwijaya channel. As shown in Figure 5, the drainage alignment is analyzed in two sections: ahead
and behind of the railway, considering the current state of the railway crossing Sriwijaya Street.
Table 2 shows the results of the design flood discharge analysis for every segment.

e
Figure 5. Sriwijaya Drainage Trace
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Table 2. 10 Year Period Discharge Analysis

Segment CA L Te R I C Q
(km’) (km) (hour) (mm) (mm/hour) (m*/sec)

Trace 1 0.006  0.26 0.2 151.7 150 0.95 0.27

Trace 2 0.008  0.32 0.3 151.7 131 0.95 0.33

The various types of land cover and land use have significant effects on runoff discharge
(Muhammad & Nugroho, 2024), considering every type of land cover and usage has a particular
runoff coefficient (Bc & Mutia, 2013). Table 2 assumes a runoff coefficient of 0.95 to indicate
residential regions in densely populated urban areas (Haribowo & Suhardjono, 2022; Suripin,
2004). As a result, Trace 1's design flood discharge is 0.27 m?/s and Trace 2's discharge is 0.33
m?3/s.

Table 3. Tertiary Discharge

Dimension Channel
Tertiary Segment A4 D Q
(m) (m) (m’/sec)
Upstream Sriwijaya Channel 0.5 0.8 0.28

Tertiary 1 0.8 0.85 0.68
Rail Culvert 0.6 0.6 0.24
Tertiary 2 0.3 0.4 0.08

According to Table 3, each of the tertiary drainage system is analyzed to contribute the
maximum flow to the main drainage system, as shown in Figure 1. The total inflow from the
upstream section of the Sriwijaya Channel, Tertiary Channel 1, street ponding and surface runoff
from the Catchment Area is 1.31 m?/s that flows through the Trace 1. According to Table 4, the
Trace 2's total discharge is 0.65 m?/s, including runoff from the downstream Catchment Area,
Tertiary Channel 2 and railway culvert outflow.

Table 4. Traces Flood Discharge

Segment Total Discharge (m’/sec) Total Q Total
QTr10  Street  Tertiary (m’/sec) Volume (m’)
Ponding  Channel
Trase 1 0.27 0.08 0.96 1.31 980
Trase 2 0.33 0 0.32 0.65 598

The Catchment Area dividing obtaining the various time of concentration (tc) (Triatmodjo,
2019). The difference contribute to the flood discharge result for each traces, regardless being in
the same system (Nurhayati et al., 2024). This result is confirming to the prior study that divided
Catchment Area by hydraulic structures or the watershed has different results for flood discharges
and the time of concentration (tc) is the main variables responsible (Nurhayati & Teguh, 2023).

Channel Dimension and Long Storage Analysis

Considering the objective of this study is to identify the hydraulic profile drainage channel,
the hydraulic profile analysis is conducted using the HEC-RAS 1D program (Desromi et al., 2022;
Elli Senjawati et al., 2025; Suryatmaja et al., 2024). The Sriwijaya drainage channel’s current
measurements are 0.55 m x 0.8 m and beneath the railway there is a circular culvert in 10 m length
and 0.60 in diameter. Figure 6 ilustrated the hydraulic profile in existing condition.
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Figure 6. Maximum Water Level in Existing Condition Tr 10

The hydraulic profile in this study modelling by the HEC-RAS program. Considering the
drainage system, the maximum water level in the downstream, in this study is Dhoho drainage, is
applied for the set boundary condition in elevation +71.3, as illustrated in Figure 6, by putting the
known water depth in the downstream this modelling is aligns to the backwater computation
(Chanson, 2004). The high water level in the downstream can create backwater and have an effect
to the upstream (Moglen, 2015). According to the modelling results as shown in Figure 6, the
overtopping occurs when a 10-year return period comes along with backwater. This results
validates that the downstream depth affect the upstream flow condition (Awang Shariee et al.,
2020; Monica et al., 2020; Zhang et al., 2023) due the backwater impact (Suripin, 2019).
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Figure 7. Maximum Water Level in -Existing Condition Q 0.4 m®/sec

The Sriwijaya existing drainage system can only accommodate the 0.4 m’/sec of total flood
discharge as shown in Figure 7. Therefore, it is essential to redesign the dimension channel initially
(Ritaka Wangsa et al., 2023). As shown in Table 5, the channel is designed using the geometry
channel concept (Chaudry, 2008).

Table 5. Designed Dimension

Segment W D A P R S
(m) (m) (m) (m) (m)

Tracel 1.2 12 14 3.6 04 051%

Trace2 1.2 12 14 3.6 04 0.21%
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Table 6. Designed Channel Discharge and Volume Capacity

Segment W D \" Q Volume
(m) (m) (m/sec) (m’/sec) (m’)
Tracel 1.2 1.2 1.55 2.33 1663.1
Trace2 1.2 1.2 1.00 1.45 1332.7

According to Table 5, the necessary channel dimensions are 1.2 m X 1.2 m, with a slope
of 0.51% for Tracel and 0.21% for Trace 2, in order to accommodate the 10-year return period
discharge. Considering the flow velocity as the parameter (SNI, 2006) the maximum flow velocity
for concrete channel is 3 m/sec (PERMEN PUPR, 2014), the designed flow velocity is 1.55 m/sec
for Trace 1 and and 1 m/sec for Trace 2, hence the channel can accommodate the 2.33 m’/sec of
flood discharge for Trace 1 and 1.45 m?’/sec for Trace 2 as indicated in Table 6.

As shown in Table 6, total volume of storage for Trace 1 is 1663.1 m’ and 1332.7 m’ for
Trace 2. Trace 1 is designed to accommodate 1.31 m’/sec the total of discharge and the runoff
that cannot streaming down due the culvert condition. Hence the total volume that remains in
Trace 1 can be analyzed below:

Qca Trace 1 = 1.31 m’/sec = 980 m’
Qou culvert = (0.241 m’/sec

Q remain in Trace 1 = 1.07 m’/sec = 800 m’
Q total in Trace 1 = 2.38 m’/sec = 1780 m’

The total designed channel volume capacity not be able to accommodate the total
discharge volume. Therefore, the channel volume capacity Trace 1 is unable to accommodate the
total flood volume. As shown in Figure 8, adding the storage depth from 1.2 m to 1.7 m in 70 m
length and 2.2 m of depth in 1 m length are required as an addition of 145.44 m’ of storage. Hence,
the long storage is able to accommodate the total flood volume and the hydraulic profile in Trace
1 is illustrated in Figure 8.
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Figure 9. Maximum Water Level in Trace 1 and Trace 2

Figure 9 shows that the culvert beneath the railway has a higher invert than the drainage
channel and creating the backwater due to the damming effect (Subramanya, 2009). This results is
aligment with the prior studies confirming that the water structure such as weir, dam, and sluice
gates are able to increase the water level in the river (Aryani et al., 2025; Kartikaningrum et al,,
2022). The maximum water level for Trace 1 and Trace 2 is illustrated in Figure 8. The maximum
water level occured during the 10-year return period and the downstream level in Trace 2is +71.3
m. As a result, the designed long storage in Sriwijaya drainage system able to accommodate the
maximum discharge in 10-year period and backwater effect.

Conclusion

Flood mitigation for Sriwijaya area requires not only designed main channel’s dimension,
but also designed the long storage within the channel. The drainage system not only streaming the
flow to the downstream, but also temporarily store some of the discharge. As a result, the designed
long storage within the main channel could prevent the flood caused by backwater due the railway’s
culvert condition. This results in alignment with previous studies indicating that drainage channel
is able to function as temporary storage for surplus discharge and can optimize the drainage system
for flood management (Abrianto et al., 2022; Syahranie & Andayani, 2024). Suggestion for further
study on this research is designed the pump capacity or under drain box to reduce the storage
discharge.
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