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Abstract. In the urban area, flooding becomes the most common disaster that has not been resolved
until today. The utilization of river border area into housing and lack of absorption area becomes the
trigger factor of urban flooding, as what is happening around Way Halim River on Seroja street. In
this area, floods often happen during the rainy season, with the latest events recorded on January 21%,
2021. Analysis of flood intensities and discharges can be parameters for the decision-making of flood
mitigation strategies. This study aims to analyze the flood discharges along Way Halim River, Seroja
street by comparing the flood discharges resulting from three analysis methods of Synthetic Unit
Hydrograph (SUH) including Gama I SUH, Nakayasu SUH, and Snyder SUH. Finally, suitable flood
mitigation strategies were also proposed in this study based on the flood discharges and rain
intensities. The results showed that Nakayasu SUH had the highest peak flood discharge than Snyder
SUH and Gama I SUH. Based on the results of the investigation of land suitability; and analysis of
rainfall intensities and flood discharges, the proposed flood mitigation in Seroja street is by installing
biopore infiltration holes along Seroja street for storing water and reducing the risk of flooding in the

area.

1 Introduction

In Indonesia, flood events are always repeated every year,
especially during the rainy season. Flood occurrences can
be triggered by an increase in population density, climate
change, and economic development in flood-prone areas
[1-6]. In the urban area, floods are the main problem that
causes financial, social, and environmental losses,
especially in the areas that are prone to flood events. The
density of population settlements and the use of river
border areas into residential areas cause flooding that is
commonly called urban flooding [7].

Flood control is related to flood mitigation [8-17]. The
mitigation itself differs into non-structural mitigation and
structural mitigation. The mitigation that is conducted
with concepts, policy, plan, and operation on integrated
urban flood disaster and risk management can achieve
multiple goals such as water supply, groundwater
recharge, and the improvement of the urban environment
[19].

Related to urban areas and flood mitigation, there are
several flood mitigation strategies in urban areas with
high population density, limited water catchment areas,
and poor drainage systems that can be applied. These are
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including infiltration wells, rainwater harvesting utilizing
rain barrels, and biopore hole.

Infiltration wells can reduce surface runoff, but the
effectiveness of the infiltration wells depends on the
density and dimensions of the well [20]. Rainwater
harvesting utilizing a rain barrel is significant to reduce
flood peaks in a densely populated area [21]. Biopore
holes as a method of water conservation based on soil
permeability, rainfall intensity, depth of groundwater
level, and volume of organic waste can also be one of the
flood mitigation strategies in urban areas with the
dimensions of the hole can be applied in narrow
residential land [22,23].

In Bandar Lampung City, where the development
areas reach 69.5% of the total area (13,711.17 ha) in 2020,
faces a high level of flooding vulnerability due to
changing the function of water catchment areas and river
borders into housing or residential areas [24] . For
example, in the area of Seroja street, Tanjung Senang
District, Bandar Lampung City, floods events occur after
the switching functions of the Way Halim Border River
area into residential and lack of water catchment area. The
biggest event of urban floods in Seroja street has been
recorded on July 5%, 2020, and July 21%, 2021. The
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floodwater level during the peak flood reached 30 to 55
cm in the area around Seroja street.

The existing conditions along way Halim river and the
condition during the flood on Seroja street are shown in
Figs 1 and 2.

Based on the conditions, it is necessary to analyze the
intensities of rain and urban flood discharges along way
Halim river. Besides, appropriate mitigation strategies in
the catchment area of Way Halim river especially around
Seroja street need to be proposed. Further, the information
about rainfall intensities, flood discharges, and

recommendations of the proper flood mitigation strategies
in Seroja street can be important for the local community
and local government in Bandar Lampung City.

Fig. 1. Residential conditions along Way Halim River on
Seroja Street.

Fig. 2. The condition during a flood event in Seroja Street.

2 Research Method

2.1 Study Area and Data Collection

This study has been carried out along way Halim river,
especially at Seroja street as shown in Fig. 3. In this study,
data collections are including primary data and secondary
data. Primary data was used to collect information about
flood events that have been occurred around Seroja street.
The secondary data are consisting of the area of the
watershed, the characteristics of the watershed, and the
rainfall data from 4 rainfall stations [RS) in the year 2011-
2020 [Kemiling RS, Sukarame RS, Sumur Batu RS,

Sumur Putri RS). Fig. 4 shows the location of the rainfall
stations in Way Halim catchment.
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Fig. 3. Description of the study area
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Fig. 4. Location of Rainfall Stations is Way Halim Catchment

2.2 Data Analysis Method

Data analysis involved in this study includes analysis of
flood discharges, analyses of rainfall intensity, and
analyses of urban flood mitigation strategies. The analysis
stages include 1) rainfall area analysis using polygon
Thiessen, 2) frequency distribution analysis using Log
Pearson Type III, 3) statistical distribution for rainfall,
rainfall intensity analysis, 4) discharge analyses using
synthetic unit hydrograph [SUH), and 5) recommendation
for suitable flood mitigation strategies around Seroja

street, Tanjung Senang District, Bandar Lampung.

2.2.1 Rainfall Area Analysis

Rainfall measurements are made to obtain rain data which
are usually only in one place, while in the analysis, it is
necessary to use the average rainfall data for the
watershed. To obtain the average rainfall data from a
watershed with the requirement, there are at least 3 rain
stations used in a watershed. Then, the average rainfall



E3S Web of Conferences 331, 07015 (2021)
ICDMM 2021

https://doi.org/10.1051/e3sconf/202133107015

data can be obtained by using the Thiessen-Polygon
method [25).

Py= Yl a.P (D
a;= — ()

Where Ps is the average rainfall in the watershed
(mm), P; is the rainfall for each station (mm), i is the
station weight factor, L; is the area of each Thiessen-
polygon (km?) and L is the area of the watershed (km?).

2.2.2 Frequency Distribution Analysis

Log Pearson Distribution Analysis Type 111 is used in the
hydrological analysis as a parameter to determine rainfall
intensity for a certain return period. The requirement in
this distribution is that the coefficient of skewness is not
equal to 0 or Cs # 0 (26).

2.2.3 Statistical Distribution for Rainfall

The rain statistical distribution used is Chi-Square and
Kolmogorov—Smirnov statistic. The formula for the chi-
square statistic is given by [26] :

(EF 01:)2
Xhit = Jieq ———

3)

Where K is calculated by the equation / + 3.22.Log n,
OF is the observed value and EF is the expected value.
For the selected frequency distribution to be acceptable,
the requirements that must be met are X? < X2,,. The X%,
value can be obtained by determining the significant level
with degrees of freedom.

Kolmogorov-Smirnov (D) based on the largest
difference of Relationship cumulative frequency (Fa(x))
and  Theoretical Cumulative Frequency (F(x)).
Kolmogorov—Smirnov statistic formula is given by [26]:

= |F(x) = F(x)l “4)

2.2.4 Synthetic Unit Hydrograph (SUH)

Synthetic unit hydrograph (SUH) is a rainfall runoff
model of a watershed, obtained from synthetic methods
without using measured data. The SUH method used in
this study including the Gama I SUH, Nakayasu SUH and
Snyder SUH. With the equation given in Gama I SUH, as
follows [27):

B =1,5518N — 0,14991A — 0,2725SIM — 0,0259S —
0,0733 )
Qp = 0,1836A.0,5884.]N.0,2381.tr — 0,4008 ()
tb = 27,4132tr.0,1457S — 0,09865N.0,7344RUA. 0,25 (7)
K = 0,5671A.0,1798S — 0,1446SF — 1,0897D.0,0452 (8)
QB = 0,4751A.0,6444D. 0,9430 )

Where N is the number of train stations, 4 is the area
of the watershed (km?), SIM is the Symmetry Factor, S is
the average river slope, B is the reduction coefficient, SN
is the source frequency, RUA is the relative area upstream

watershed (km?), D is the drainage net density and OB is
the base flow (m?®/s). For time to peak (#), the related
variables are river length (L), Source factor (SF), and
Symmetry factor (S/M). Calculation of the peak flood
discharge of HSS Gama I (Q,) uses the JN variable,
defined as several river encounters. Then, the equation for
Nakayasu SUH is as follows [27] :

CAR

Q& = 3,6(0,3Tp+ T0,3) (10)

Tp =tg=08tr (11

tg = 0,21L%7 (for L<15 km) (12)

tg = 0,4 + 0,058L (for L>15km) (13)

To3 =a.tg (14)

Qt = ()**.Qp (15)
P

Where QP is the peak flood discharge (m3/s), R is the
unit rain (mm), C is the coefficient of drainage, TP is the
period from early rain to time to peak of flood discharge
(hours). 0.3TP is the time it takes for the discharge to
decrease, from peak discharge to 30% of the peak
discharge, Tg is the time of concentration (hours) and a is
the hydrograph parameter (the value is between 1.5-3.0).
Other equations used in Nakayasu SUH are as follows
[27]:

Q: = QP(i)ZA for0<t<T, (16)
7]

Q¢ = Qp0,3!70s for T, <t < (Tp + Ty 3) 17
[c TP+05T03]

Q: = Qp0,3L Tos | for (Tp + Ty3) <t < (Tp + Ty +

1,5To3) (18)
t-Tp+05To3

Qt QPO 3[ 2To3 ] fort > (TP + T0,3 + 1,5T0‘3) (19)

For Snyder SUH given by the following equation:

ty = Ce(L. L) (20)
M
=0,278 % (1)
Ty = 5,0(T, + ) (22)
2.2.5 Flood Mitigation

After analyzing the flood discharge and rainfall intensity,
appropriate structural mitigation steps were taken.
Because the research areca is a densely populated
residential area and space requirements are very limited,
it is necessary to optimize space utilization. The Biopore
infiltration hole technique is one of the solutions to
overcome flooding. Biopore Infiltration Hole can be a
water reservoir and flood control that can be applied in
narrow residential areas.

3 Result and Discussion

3.1 The Average of Annual Rainfall

Annual rainfall gave by calculating the maximum
rainfall of 2011-2020 in Garuntang Sub Catchment area
around Seroja street and the coefficient of polygon
Thiessen. The coefficient of polygon Thiessen is given
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in Tabel 1., while the average annual rainfall is given in
Table 2.

Table 1. Polygon Thiessen Coefficient

Thiessen
No. Rainfall Station Coefficient
()]
1 Kemiling RS 0,175
2 Sukarame RS 0,137
3 Sumur Batu RS 0,379
4 Sumur Putri RS 0,309
1,000
Table 2. Annual Average Rainfall using Polygon Thiessen
Method
Average
No | Tahun Rainfall
(mm)
1 2020 101.7461
2 2019 61.0729
3 2018 51.3745
4 2017 89.7055
5 2016 37.1122
6 2015 40.5835
7 | 2014 42.2426
8 2013 71.5106
9 2012 20.3927
10 2011 196.9144

3.2 Design Rainfall and rainfall Intensity

Table 3. Statistical Parameters for Determining the Type

of Distribution
Type of . .
Distributi | Parameter Analysis Informatio
result n
on

g?srtrr‘i’sl o | Cs=0 Cs=1091 Not

n u Ck=3 Ck =6.50 accepted
Cs=

Gumbel 1.1396 Cs=0.13 Not
Ck= Ck =38.67 accepted
5.4002
Cs (InR) =

Log 0 Cs=2.33 Not

Normal Ck (InR)= | Ck=17.68 accepted
0

Log _

Pearson Others Cs _ 0.32 accepted

Ck=0.62
Type 111

Table 3. show the value of C and C; as the
parameter for rainfall distribution, that has been
calculated from each distribution.

Based on the statistical parameter results, it can be
seen that Log Pearson Type III is accepted as the design
rainfall. With 5, 25, 50, and 100 years return period.

Table 4. Design Rainfall using Log Pearson Type 111

Return Period Design Rainfall
(years) (mm)
5 96.716
25 179.378
50 223.246
100 273.129

From the design rainfall, rainfall intensity can be
obtained. The rainfall intensity in minute used mononobe
formula in 2, 5, 25, 50 and 100 years return period given
in Fig. 5.
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Fig. 5. IDF Curve using Mononobe Formula

IDF curve shows the intensity of Way Halim river
around Seroja street. The time concentration of the IDF
curve at 1.027 hours, with an intensity of 32.94 mm. The
intensity is used as the parameter for the mitigation using
a biopore infiltration hole.

3.3 Syntetic Unit Hydrograf (SUH)

The synthetic Unit Hydrograph (SUH) method was used
to identify the flood discharges. The result from Gama |
SUH, Nakayasu SUH, and Snyder SUH has given in fig
(Fig 6, Fig 7, and Fig 8).
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Fig. 6. Gama I SUH for different Return Period.
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Fig. 7. Nakayasu SUH for Different Return Period
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Fig. 8. Snyder SUH for Different Return Period

3.4 Biopore Hole Infiltration

Mitigation planning on Seroja street is carried out by
applying biopore holes in residential areas. Biopore hole
design by using a pipe with 100 mm hole diameter and 1-
meter height of biopore pipe. Hole water infiltration rate
assumed as 180 liter/hours. The parameter that is used in
biopore hole using intensity in 5 years return period is
32.94 mm. The biopore hole infiltration plan can be seen
in the following table (Table 5).

Table 5. Biopore Hole Infiltration plan in various residential

areas.
Number of
Tight field area (m?) Biopore
Hole
76 14
Existing 78 14
80 15
36 7
45 8
Assumption 54 10
72 13
120 22

4 Conclusion

Urban flooding is one of the disasters that should be a
concern for urban communities. By utilizing the border
area of the river into housing and turning water infiltration
areas into residential areas can be the triggering factor for
urban flooding. During the rainy season, the peak
discharge by using Nakayasu SUH for 5, 25, 50, and 100

years Return Period gave the highest value than Gama I
SUH and Snyder SUH. The results were 28.041 m3/s,
52.008 m3/s, 64.727 m3/s, and 79.190 m3/s respectively.
This peak discharge value is used as a recommendation
for the local government in making decisions regarding
mitigation that can be carried out along the Way Halim
River.

Related to the mitigation that can be done by residents,
several steps can be taken to reduce urban flooding. One
of them is by applying biopore infiltration holes. The
biopore infiltration hole can be applied to densely
populated areas with limited water catchment in
residential areas. Although biopore holes do not provide
quick results in overcoming floods, with the function of
biopore holes that can absorb rainwater runoff during the
rainy season, it can be a solution step in overcoming urban
flooding as well as water catchment areas that can be
applied to densely populated housing.

The author expresses many thanks to Universitas Teknokrat
Indonesia for supporting in the process of completing this
study.
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