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Abstract. With the increasing number of study programs offered each year,
Tadulako University is improving its academic support facilities and
infrastructure to create a conducive and comfortable atmosphere and campus life.
However, the development of new infrastructure, such as lecture buildings and
other supporting facilities at Tadulako University, will potentially cause a
decrease in soil absorption capacity in the campus area, which can trigger an
increase in surface water runoff. If not properly controlled, this can cause
flooding. One of the efforts to control surface runoff discharge is using retention
ponds. Based on this, the study aims to determine the appropriate dimensions of
the retention pond if it is to be built at Tadulako University. This study uses
rainfall data from 2013 to 2022. The analysis of rainfall distribution is conducted
using the Log Pearson Type III method, and flood discharge analysis is done using
the Nakayasu Synthetic Unit Hydrograph method. Based on the analysis, the peak
discharge with a return period of 10 years is 0.28 m?/s. The total volume of water
that must be accommodated is 5,515.61 m®. The retention pond is planned to have
dimensions of 100 x 25 meters and a height of 3 meters, with a sluice gate for
water entry and exit.
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1 Introduction

With the increasing number of study programs offered at Tadulako University, this will
undoubtedly impact the need for additional infrastructure development. This is because
there is a need to provide appropriate facilities and spaces to support each study
program. This expansion of buildings not only includes lecture halls but also
laboratories, libraries, sports facilities, and other areas necessary to meet the students'
learning needs. Along with the addition of study programs, infrastructure development
becomes essential to ensure a conducive learning environment that can accommodate
the growth of students and the increasingly diverse academic activities.

In addition to its positive impact, if the number of buildings constructed at Tadulako
University continues to increase each year, this may lead to a reduction in land initially
functioning as water absorption areas. This can trigger a decrease in land absorption
capacity and increase the risk of surface runoff, which, if uncontrolled, can cause
flooding.

One effort that can be made to control flooding is by building retention ponds.
Retention ponds function to temporarily store runoff water from drainage channels to
reduce flood peaks. Retention ponds are part of the efforts to protect residential areas
from the destructive force of water. In accordance with Law No. 7 of 2004 concerning
water resources and Government Regulation No. 38 of 2011 concerning rivers, the
construction of urban drainage systems aims to create clean, healthy, and flood-free
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residential environments [12].

A retention pond is a pond that functions to temporarily store rainwater, providing an
opportunity for it to seep into the ground. Its operation can be combined with pumps
or sluice gates. The function of a retention pond is to replace the role of permeable
land that has been converted into developed areas, such as residential or commercial
spaces, thus allowing the infiltration function to be substituted by the retention pond
[13]. Reduced rainwater infiltration not only causes flooding but also drought.
Therefore, efforts to control flooding with an environmental perspective, such as
retention ponds, are necessary [5].

2 Study of Literature

Retention ponds have many functions, one of which is flood management. Water
flowing at the maximum peak discharge in the watershed is held in the retention pond,
preventing excess water from occurring([8].

The major flood in Surakarta city occurred at the end 0f 2007. High rainfall, damaged
drainage channel and decreased concervation area impact to flood inundation.
Consequently, areas of Kelurahan Tipes traversed Premulung River inundated. One
effort to reducing the flood is by providing a retention pond [10].

The planning of retention pond construction for flood control efforts in Medan
Maimun District is considered effective in reducing flooding with a return period of 2
to 15 years [6].

Flood discharge reduction simulation was performed using HEC-HMS software, and
it was found that the addition of the retention pond could reduce the peak inflow
discharge from 11.4 m®/s to 7.1 m%/s, or by 37.72% [1].

The retention pond is a conservation effort to address flooding issues in urban areas.
Its function is to temporarily store flood volumes that could potentially inundate
residential areas. With the planning of retention ponds, it is expected that the risks
caused by flooding can be reduced. By processing rainfall data from the past 10 years
using the Log-Pearson Type III Method, flood discharge calculations will then be
carried out using the Nakayasu Synthetic Unit Hydrograph Method [14].

Tegaldowo Village is area at North Pekalongan Regency central java. This area is
always flooded during rainy season. The flood is up to 1 meter so it disturbs the
aquaculture activities. This study requires some data such as rainfall data, land use
data, and countur maps. That data are used to calculate hydrological analysis and
hydraulic analysis to get the capacity of retention ponds and drainage channels. The
result is retention ponds with 29532 m* with capacity pump 4,82 m*/second [2].

2.1  Analysis of the Frequency Distribution of Planned Rainfall

To estimate the planned rainfall, the first step is to analyze the frequency of average
rainfall data using observation data from at least the last 10 years from at least one
observation station. After determining the appropriate type of distribution, the next
step is to calculate the planned rainfall based on its distribution type [3]. The
calculation of the planned rainfall using the Log Pearson Type III distribution is done

sing the following equation:
using wing equ nxY" (Ri-R)

=l

Cs = =D (—2) SR)3 M
Log Rtr = Log R + KTr x S log R 2)
Rtr = 10LogR+KTRxS LogR) (3)

Where Log RTr is the logarithmic value of the planned rainfall with a return period
T, KTr is the reduction frequency factor for a specific return period, and Cs is the
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skewness coefficient.

2.2 Planned Rainfall Intensity

Planned rainfall intensity is a measure used to describe how heavy the rain is within a
certain period.

The formula from Dr. Mononobe is used to analyze the planned rainfall intensity [4],
as follows:

242/3 4)
(=)
t

Rt=txI-(t-1) xI¢-1) (5)
Re=Rex C (6)

Where 1 is the planned rainfall intensity (mm), X,, is the maximum daily rainfall or
planned rainfall (mm), T is the rainfall duration or concentration time (hours), Rt is
the hourly rainfall distribution (mm), t is the hour number (hours), Re is the effective
rainfall (mm), C is the runoff coefficient, and Rt is the planned rainfall (mm).

2.3 Analysis of Flood Discharge

To describe the relationship between rainfall and actual flow volume, the first step is
to process the obtained flow discharge data. This data processing can be done using
the Nakayasu Synthetic Unit Hydrograph method [7]. The calculation formula is as
follows:

Qp 7

— C.A.Ro 3,6.(0,3Tp+
T03)

Tg = 0,40+0,058L , for L > 15 km (8)

Tg = 0,21L", for L < 15 km ©9)

tp=Tg+087Tr (10)
70,3 =axTg (11)
Tr =1 hour
a = [ hours

3 Research Method

3.1  Study Area
The research location is at Tadulako University, Palu City, Central Sulawesi Province.

3.2  Data Resources

The data used in this study are secondary data in the form of monthly rainfall data
taken from the Layana Indah rain gauge station in Mantikulore District for the years
2013 — 2022. Additionally, topographic maps, drainage network maps, and land use
maps were obtained from the 2020 Tadulako University master plan.



Fig. 1. Topographic Map of Tadulako University
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4 Result and Discussion

4.1 Hydrological Analysis
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To plan the construction of a retention pond, a hydrological analysis is needed to
determine the flood discharge rate. The planned flood discharge rate will affect the
maximum discharge that the retention pond must be able to accommodate, as well as
the stability of the construction to be built [9].
In hydrological analysis calculations, the required data include maximum daily
rainfall data and the area of the watershed. The results of the average rainfall
calculation using the Pearson Type III log distribution method are presented in Table 1

as follows :
Table 1. Planned rainfall analysis.
Rmax Ri Lo Log (Ri - Log (Ri Log (Ri
No  Years ) (mm) g RY) —Rt)? — Rt
Ri
1 2013 96,0 293,5 2,5 0,2 0,061 0,015
2 2014 2750 2750 24 0,2 0,048 0,011
3 2015 107,5 231,5 2,4 0,1 0,021 0,003
4 2016 231,5 215,0 2,3 0,1 0,013 0,001
5 2017 157,5 195,4 2,3 0,1 0,005 0,000
6 2018 83,5 157,5 2,2 0,0 0,001 0,000
7 2019 215,0 148,5 2,2 0,0 0,002 0,000
8 2020 293,5 107,5 2,0 -0,2 0,036 -0,007
9 2021 148,5 96,0 2,0 -0,2 0,056 -0,013
10 2022 195,5 83,5 1,9 -0,3 0,089 -0,027
Sum > 18034 2,22 0,00 0,3319 -0,0162
Abundant Data n 10
Average Rt 180,3 2,2
Standard s 70,10  Slog 0,192
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Deviation R

“calculations.
4.2 Hourly Rainfall Intensity

Rainfall intensity is the height or depth of rainfall per unit time. The general
characteristic of rain is that the shorter the duration of the rain, the higher the intensity
tends to be, and the longer the return period, the lower the intensity tends to be.

The relationship between rainfall intensity, duration of rainfall, and frequency of
rainfall is usually expressed in an Intensity Duration Frequency (IDF) curve. Short-
term rainfall data, such as 5 minutes, 10 minutes, 30 minutes, 60 minutes, and hourly,
is required to form an IDF curve [15].

The rainfall data of this type can only be obtained from a rain gauge station.
Furthermore, based on the short-term rainfall calculations that have been performed,
the IDF curve can be seen in the graph below.

Fig. 2. Hourly rainfall intensity
The graph above is derived from the following Table 2 :

Table 2. Hourly rainfall intensity

Duration Return Period, T (year)

(minute) 2th Sth 10th 25th 50th 100th
5 20,11 28,69 34,08 40,56 45,18 49,58
10 12,67 18,07 21,47 25,55 28,46 31,24
20 7,98 11,39 13,52 16,10 17,93 19,68
40 5,03 7,17 8,52 10,14 11,29 12,40
60 3,84 5,47 6,50 7,74 8,62 9,46
90 2,93 4,18 4,96 591 6,58 7,22
120 2,42 3,45 4,10 4,88 5,43 5,96
150 2,08 2,97 3,53 4,20 4,68 5,14
180 1,84 2,63 3,13 3,72 4,14 4,55
210 1,66 2,37 2,82 3,36 3,74 4,10
240 1,52 2,17 2,58 3,07 3,42 3,75
270 1,41 2,01 2,39 2,84 3,16 3,47
300 1,31 1,87 2,22 2,65 2,95 3,24
360 1,16 1,66 1,97 2,34 2,61 2,87
390 1,10 1,57 1,87 2,22 2,47 2,72
420 1,05 1,50 1,78 2,11 2,36 2,59
450 1,00 1,43 1,70 2,02 2,25 2,47
480 0,96 1,37 1,63 1,93 2,15 2,37
510 0,92 1,31 1,56 1,86 2,07 2,27
540 0,89 1,27 1,50 1,79 1,99 2,19
570 0,86 1,22 1,45 1,73 1,92 2,11
600 0,83 1,18 1,40 1,67 1,86 2,04
630 0,80 1,14 1,36 1,61 1,80 1,97
660 0,78 1,11 1,31 1,56 1,74 1,91
690 0,75 1,07 1,28 1,52 1,69 1,86

720 0,73 1,04 1,24 1,48 1,64 1,80
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“calculations.
4.3  Hourly Rainfall Distribution Pattern

The hourly rainfall distribution pattern involves recording rainfall at specific intervals
of time. These intervals can vary significantly depending on the period under review,
which may include annual, monthly, daily, hourly, or even minute-by-minute
measurements.

For more accurate and detailed recording of rainfall distribution during a
precipitation event, it is generally preferable to use shorter time intervals. This allows
for a more precise understanding of how rainfall intensity and distribution change
over time, providing valuable data for various analyses and applications in
meteorology, hydrology, and environmental planning. The hourly rainfall distribution
pattern used in this calculation will be presented in the following Table 3.

Table 3. The hourly rainfall distribution

Hour 10-Years Return Period
I 6,502 mm/hour
! Rt 6,502 mm
2 1 4,096 mm/hour
Rt 1,690 mm
3 1 3,126 mm/hour
Rt 1,185 mm
4 1 2,580 mm/hour
Rt 0,944 mm
5 1 2,224 mm/hour
Rt 0,797 mm
6 1 1,969 mm/hour
Rt 0,697 mm
“calculations.

4.3.1 Effective Rainfall

Effective rainfall is the portion of total rainfall that results in direct runoff. This direct
runoff occurs because rainwater infiltrates into subsurface layers with low
permeability, then re-emerges and becomes surface runoff. The effective rainfall that
will be used in this calculation will be presented in the following Table 4 :

Table 4. Effective rainfall for a 10-years return period

Hour To ARt (mm) Re (mm)
1 6,502 2,601
2 1,690 0,676
3 1,185 0,474
4 0,944 0,377
5 0,797 0,319
6 0,697 0,279

“calculations
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4.3.2 Flood Discharge Analysis Using the Nakayasu Synthetic Unit Hydrograph
Method

The Synthetic Unit Hydrograph is a method used to estimate the application of the
unit hydrograph concept in planning where direct measurements of flood hydrographs
are not available.

To illustrate the correlation between rainfall and actual flow volume, the first step is
to process the obtained flow discharge data. This data processing can be done using
the Nakayasu synthetic unit hydrograph method.

The Nakayasu synthetic unit hydrograph method uses a set of parameters derived
from the physical characteristics of the catchment area and rainfall patterns. This
method involves creating a synthetic unit hydrograph that depicts changes in flow
discharge over time due to unit rainfall. This hydrograph is then used to predict the
flow discharge generated from actual rainfall events.

From the available data, it is known that the length of the drainage channel (L) at
Tadulako University is 10.927 km, and the catchment area is 1.7158 km?2 The
following table presents the results of the flood discharge calculations using the
Nakayasu synthetic unit hydrograph method

Table 5. Unit hydrograph (m*/sec) for a-10-years return period

Duration (HS) Hourl Hour2 Hour3 Hour4 Hour5 Hour6 Q;total
(Hour) 260 068 047 038 032 o028 M0

0 0,000 0,00 0,00

1 0,022 0,06 0,06

1,9 0,107 0,28 0,00 0,28

2 0,102 0,27 0,02 0,00 0,28

3 0,060 0,16 0,07 0,01 0,00 0,24

4 0,035 0,09 0,07 0,05 0,01 0,22
4,2 0,032 0,08 0,04 0,05 0,04 0,00 0,21

5 0,024 0,06 0,02 0,03 0,04 0,01 0,00 0,16

6 0,017 0,04 0,02 0,02 0,02 0,03 0,01 0,14

7 0,012 0,03 0,02 0,02 0,01 0,03 0,03 0,14
7,5 0,010 0,03 0,01 0,01 0,01 0,02 0,03 0,11

8 0,008 0,02 0,01 0,01 0,01 0,01 0,02 0,07

9 0,006 0,02 0,01 0,01 0,01 0,01 0,01 0,06

10 0,005 0,01 0,01 0,00 0,00 0,01 0,01 0,04

11 0,004 0,01 0,00 0,00 0,00 0,01 0,01 0,03

12 0,003 0,01 0,00 0,00 0,00 0,00 0,00 0,03

13 0,002 0,01 0,00 0,00 0,00 0,00 0,00 0,02

14 0,002 0,00 0,00 0,00 0,00 0,00 0,00 0,02

15 0,001 0,00 0,00 0,00 0,00 0,00 0,00 0,01

16 0,001 0,00 0,00 0,00 0,00 0,00 0,00 0,01

17 0,001 0,00 0,00 0,00 0,00 0,00 0,00 0,01

18 0,000 0,00 0,00 0,00 0,00 0,00 0,00 0,00

Q Peak 0,28

“calculations.

4.4 Analysis of Calculation of Inflow Water Volume

In the planning of retention ponds, the analysis of calculating the inflow water volume
serves to determine the amount of water that needs to be stored and to design the
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This process involves using the Nakayasu Synthetic Unit Hydrograph (HSS)
Method to analyze the runoff hydrograph discharge. The discharge is determined
based on time units derived from previous calculations. These values are then
accumulated hourly to obtain the total inflow volume [11].

The following is a summary of the calculation results of the inflow water volume,
which can be seen in Table 6 as follows

Table 6. Unit hydrograph (m®/sec) for a 10 years return period

Duration (f) Inflows (Q) Volume (V) Cumulative
Volume
Hour m?/sec m3 m3
0 0,00 0,00 0,00
1 0,06 192,55 192,55
1,9 0,28 80,25 272,80
2 0,28 1013,73 1.286,52
3 0,24 858,90 2.145,43
. Cumulative
Duration (t) Inflows (Q) Volume (V) Volume
4 0,22 157,94 2.303,37
42 0,21 613,13 2.916,50
5 0,16 574,51 3.491,01
6 0,14 519,69 4.010,70
7 0,14 246,78 425748
75 0,11 193,08 4.450,56
8 0,07 268,21 4.718,76
9 0,06 198,23 4.916,99
10 0,04 158,50 5.075,49
1 0,03 121,50 5.196,99
12 0,03 91,55 588,54
13 0,02 69,76 535830
14 0,02 55,35 5.413,66
15 0,01 43,41 5.457,07
16 0,01 33,18 5.490,25
17 0,01 25,36 5.515,61
18 0,00 0,00 5.515,61

“calculations.

The inflow discharge (m*/second) is multiplied by the time in seconds to obtain the
volume of incoming water (m®) for each hour, which is then accumulated. Based on
the volume calculation conducted, the analysis using the HSS Nakayasu method
resulted in a volume of 5,515.61 m? of water.

4.5 Planning of Retention Pond Design

The planned retention pond at Tadulako University serves to attenuate peak flows
during continuous high-intensity rainfall. Excess water will be collected in the
retention pond through drainage channels, thereby preventing flooding.

The selected location for placing the retention pond is the lowest part of the land so
that water from higher elevation areas can flow and be collected in the planned
retention pond. The available land area for constructing the retention pond is
27,678.41 m?.

The retention pond is planned to be rectangular with dimensions of 100 meters in
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length, 25 meters in width, and a depth of 3 meters, resulting in a pond capacity of
7,445.63 m?2. This is intended to ensure that the retention pond has sufficient capacity

so that it can retain excess water during times of significant flood discharge
fluctuations.

Fig. 3. The water catchment area and drainage channels of Tadulako University.
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5 Conclusion

From the analysis and flood control planning using retention ponds at Tadulako
University, the following conclusions can be drawn: (a) Using the HSS Nakayasu
method, the total volume of water that needs to be stored is 5,515.61 m?. (b) To
accommodate a volume of 5,515.61 m* of water, the retention pond is planned to have
dimensions of 100 x 25 meters with a height of 3 meters, and includes a water gate for
inlet and outlet purposes.
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