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ABSTRACT

Drainage is an infrastructure that distributes rainwater from one location to another. On the campus
of the Faculty of Engineering at Pancasila University, there are several points of water inundation.
Several inundation points were identified based on direct monitoring and measurements at the
study site. This study aimed to evaluate the effectiveness of an existing drainage system on campus.
The design flood discharge was calculated using a rational method with a five-year return period.

run off, sistem drainase

From the calculation of hydrology, hydraulics, and comparative analysis of the existing dimensions
with the design flood discharge, it was determined that the eight existing channels were unable to
accommodate the design flood discharge. Therefore, there are two alternatives for reducing run off
discharge. The first is to redesign the drainage channel to improve its size of the drainage channel
with a shape that follows the existing shape. The modification involved adjusting the channel height
to meet the specified flood discharge requirements. The second alternative was the planning of the
infiltration wells. These dimensions are based on the design run off flood discharge, and from the
calculation results, the dimensions of the infiltration wells are 1.5 meters in diameter and 2.5 meters
high, and four infiltration wells are needed is 4 infiltration wells to reduce the discharge of 1,638
m3/second.

Introduction

Water is a crucial natural resource for humans and other living organisms. It serves as a transportation
medium, energy source, and source of raw water for domestic and industrial purposes [1]. Drainage channels
collect rainwater and divert it to holding ponds or rivers [2]. A Watershed is defined as an area that directs
water into rivers in the form of groundwater, surface water, or gravity-induced drainage [3,4]. Flood disasters
are among the most severe calamities worldwide, given their destructive potential. In addition to physical
and financial losses, floods can lead to loss of human life. In Indonesia, a tropical country with distinct rainy
and dry seasons, flooding occurs nearly every year in several major cities purposes [5,6]. Addressing these
flood issues requires well-planned drainage systems, such as menyeluruh [7-9]. The design of the flood
discharge was computed in the hydrological analysis. Design flood discharge represents the maximum flood
discharge from a river or canal based on a specific return period [10,11]. This forms the foundation for
hydraulic structure planning, ensuring that these structures can accommodate the expected flood volumes
during a designated return period [12—-14].

Drainage channels within the campus environment are crucial for resident comfort. In the modern era, the
increased coverage of asphalt and concrete has led to increased run off and inundation issues. Pancasila
University, Jakarta, is no exception, facing inundation challenges in various areas, including the Faculty of
Economics parking lot, Anex Park, and Faculty of Engineering parking area. Inadequate drainage channel
conditions contribute to inundation, thereby reducing the capacity of the parking area.
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This research focused on evaluating the drainage system within the Pancasila University campus
environment, providing a more context-specific and practical approach than general drainage studies [15].
This study explores alternative solutions for mitigating flood discharge, such as redesigning drainage or
planning infiltration wells dimensioned according to flood discharges that cannot be managed by existing
drainage systems. It also identified specific flood points within the campus, offering a more detailed approach
to issues at this location, which may not have been extensively studied. Flood problems, especially in public
facilities such as campuses, are closely related to the efficiency of the existing drainage infrastructure,
necessitating an evaluation of their effectiveness by assessing the existing channels based on planned return
period flood discharges.

Building on these identified issues, this study's primary objective is to comprehensively evaluate the existing
drainage channel system within the Faculty of Engineering at Pancasila University. This examination
encompasses an in-depth analysis of the system's efficiency, functionality, and overall performance, with the
ultimate goal of identifying potential areas for improvement and proposing viable solutions. By addressing
these concerns, this study aims to contribute valuable insights that can enhance the effectiveness and
sustainability of drainage infrastructure, ensuring a conducive environment for academic activities within the
Faculty of Engineering.

Material and Methods

Study Area

The research location is at the Faculty of Engineering, Pancasila University, in the South Jakarta area, DKI
Jakarta area (Figure 1), the study location was taken in a campus environment because campus drainage
evaluation is crucial for comfort, safety, and environmental conservation. This ensures efficient
infrastructure, resilience to climate change, resource management, and disaster prevention.
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Figure 1. Research study area.

Data Collection

The primary and secondary data were used in this study. Primary data are in the form of measurement data
for existing drainage channels at the study location, so the width and height of the existing channel are
obtained for secondary data in the form of rainfall data for the last 10 years obtained from the Universitas
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Indonesia (Ul) rainfall station and topographic data obtained from the Badan Informasi Geospasial (BIG).
Rainfall data were obtained from Balai Besar Wilayah Sungai (BBWS) The closest rainfall observation station
was the University of Indonesia Station. Rainfall data were based on the annual maximum rainfall at the
University of Indonesia Station 19 last year from 2003 to 2021. The rainfall data used were the maximum
daily rainfall data [16,17]. The method used in this study was observation based on field documentation. The
data obtained were rainfall, topography, and channel cross-sections, and they are shown in Table 1.

Table 1. Data collection.

No. Data Data source Information
1 Rainfall data for ~ The daily rainfall data is Rainfall data calculates the planned flood discharge based on the
2003-2021 obtained from BBWS planned rainfall and rain intensity at the study site.
Ciliwung Cisadane.
2 Topography Direct observation in the The data obtained are the topography of the research location by
field based on Google checking the elevation of the channel under study to obtain the
Earth Pro. direction of flow.
3 Channel Cross- Direct observation in the Direct observation in the field to get the existing value. Existing
section field channels are channels that already exist in the field. Then we look

back at the dimensions of the drainage channel, and evaluate the
drainage channel.

Data Analysis

The analysis method used in this study was a qualitative descriptive method to analyze and plan a drainage
system for flood reduction at the study site. The first step was to conduct a data consistency test on the
rainfall data at the study location. The RAPS method (Rescaled Adjusted Partial Sums) is used to test data
consistency using data from the station itself. This involves testing the cumulative deviation from the mean
divided by the square root of the cumulative deviation from the mean squared.

Sk* =Yk (Yi—Y) (1)
where:
k=1,2,3, ... ,n
*k — E
Sk** = oy (2)

Dy2 = Zh=a(¥i=7)
y n

(3)
The statistical values of Q and R are calculated as follows:

Q: maximum |Sk**| forO<k<n

R: maximum Sk** — minimum Sk**

Where: Sk* (absolute deviation), Sk** (data consistency value), n (number of data points), Dy (mean
deviation), Q (statistical value)

Qfor0<ks<n
R: statistical value (range)

From the results of the calculation Q/n0.5 dan R/n0.5, the count is smaller than that in Table 2, and then it is
declared consistent (acceptable or valid).

Table 2. Value of Q/n0.5 and R/n0.5.

Q/n0.5 R/n0.5

90% 95% 99% 90% 95% 99%
10 105 114 129 121 128 1.38
20 11 122 142 134 143 16
30 112 124 148 14 1.5 1.7
40 114 127 152 144 155 1.78
100 117 129 155 15 162 1.85

122 136 163 162 175 2
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Frequency analysis where the empirical method is determined by using certain return period data, the
maximum rainfall, and the methods used there are four methods, namely the Normal Distribution method,
Log-Normal Distribution, Log Person Type Ill Distribution, Gumbel Distribution. The formula used was as
follows:

Normal Distribution

XT =X +a. Sd (4)
Log-Normal Distribusion

Log Xt = Log X+ @. Sdiogx (5)
Log Person Il Distribution

Log X7 = Log X+ KT. Sdiogx (6)
Gumbel Distribution

XT = X+ K. Sd (7)

Where: XT (design rainfall), X (maximum monthly rainfall), Sd (standard deviation), a (Normal and Log-Normal
Distribution Coefficients), KT (Frequency Factor, a function of probability or return period), and K
(standardized variable for X, depending on the magnitude of G).

The time of concentration (Tc) is the time required to drain water from the most distant point in the flow
area to a specified control point downstream of the channel. The time of concentration was calculated using
the Kirpich formula as follows:

tc=0.0195L%77.570:38 (8)
Where: tc (time of concentration), L (channel length) and S (slope).
Planning the construction of a drainage canal requires data on the maximum discharge (Q) of rainwater run
off that burdens the drainage canal [18]. Considering that short-term rainfall data are not available, only daily
rainfall data are available, and the rainfall intensity can be calculated using the Mononbe Method.

_Rau 242
I_24(tc)3 ()

Where: | (Rainfall Intensity) and R24 (Design rainfall with return period).

The flow coefficient is defined as the ratio between the peak surface run off and rainfall intensity [19]. The C
value is the coefficient according to hassing. Manning's n-coefficient values for various types of complete
channels were obtained by sharing the references[20-22]. Analysis of hydrological data is required as a basis
for calculations to determine the planned rainfall that occurs in an area based on the desired return period.
Hydraulic analysis is required to determine the condition of the cross-section’s ability to accommodate the
design discharge, among others.

a. Analysis of the canal cross-section of the channel found in the research location and using the formula
according to the shape of the cross-section [23].

b. Channel Dimensions: The calculation of channel dimensions uses the continuity formula and Manning
formula as follows:

Q=AxV (10)
Where: Q (discharg), A (cross-sectional area), and V (velocity), respectively.

The water flow velocity is an important parameter in designing the dimensions of the canal, where the
minimum permissible velocity does not cause sedimentation and prevents plant growth in the canal.
However, the maximum speed allowed does not cause the grinding of the channel material. The Manning
formula was used to calculate the capacity of the drainage channel [24,25]:

1 21
V= ;.Ra.sz (11)
where n (the manning coefficient), and R (the hydraulic radius, which is the ratio of the cross-sectional area
(A) of the channel to the wetted perimeter (P).

c. Design Discharge The method used to calculate rainwater discharge in the channel is a Rational Method.
The rational method is widely used to estimate the peak discharge caused by heavy rain in small
catchment areas (watersheds) [26,27]. This rational method is based on the following equation:
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Q=0.278xCxIxA (12)
where C is (coefficient run off).

d. The guard height or freeboard is the vertical distance from the top of the channel to the water surface
under the designed discharge conditions.

These topographical data were used to determine the location of the planning study. These data can be used
to identify land-use areas and canal network schemes. The Google Earth Pro software was used.

SNI 03-2453-2002 outlines the specific requirements for infiltration wells [28], encompassing both general
principles and technical specifications. In adherence to these standards, infiltration wells should be
strategically located on relatively flat terrain, and the water entering the catchment must be unpolluted
rainwater [29,30]. Decisions regarding infiltration well placement should prioritize safety in building locations
and adhere to local regulations. Any deviations from these requirements require approval from authorized
agencies. From a technical standpoint, the groundwater level should be at a minimum of 1.5 meters below
the surface during the rainy season, and the soil structure used must demonstrate a permeability of > 2.0
cm/hour [31,32].

The design and type of infiltration wells can take the form of either quadrilateral or cylindrical structures,
with a specific depth to ensure that the bottom of the well remains above the groundwater level. The
Regional Disaster Management Agency of Jakarta identifies various construction types for infiltration wells,
including those without retaining walls and unfilled bottoms; those without retaining walls with bottoms
filled with stones and fibers; and those with brick, stone, or stone compartments on the well walls, with the
bottom filled with stones and fibers or left empty. In addition, wells utilizing blowing, a rock specifically
shaped for good walls, are recognized as a construction option. Adhering to these guidelines ensures effective
implementation of infiltration well systems in accordance with safety and environmental considerations.

Results and Discussion

Drainage Network

The Drainage Network Scheme at the Faculty of Engineering can be determined based on the results of direct
field observations. The determination of the flow direction is carried out based on the scheme that has been
made from the existing channel conditions that have been observed, as shown in Figure 2.

-
™ |
o -~1 TERTIARY 1 [
SECONDARY 1
oy .

Figure 2. Network schematic and flow direction.
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Rainfall Data

Rainfall data were obtained from the BBWS. The closest rainfall observation station was the University of
Indonesia Station. Rainfall data were based on the annual maximum rainfall at the University of Indonesia
Station for the last 19 years, as shown in Figure 3. For the analysis using the maximum rainfall data, the data
in Figure 3 indicate that the highest recorded rainfall was in 2007, reaching 159.5 mm. Coincidentally, in the
same year, a major flood occurred in the Jakarta and its vicinity, leading to significant damages [33—35].
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Figure 3. Maximum amount of precipitation.

Data Consistency Test Analysis

Data consistency was tested to validate the accuracy of the data. Rainfall data were considered consistent
when the measured and calculated data were aligned correctly with the observed rainfall data. It is essential
to conduct consistency testing on rainfall data before proceeding to the next stage of analysis. Using the
formula (1) above, the calculated value of Q/n”0.5 is 0.367, and the value of R/n”0.5 is 0.664. These values
were then compared to the values in the table. For n = 19, the table values are Q/n”0.5 table = 1.212 and
R/n”0.5 table = 1.415. Based on the calculated and table values, it is evident that the calculated values were
smaller than the table values. Therefore, the results of the data consistency test were accepted (Table 3).

Table 3. Data consistency test results.

Q/n%> 0.367 Probability 95% table 1.212 > 0.367 = accepted
R/n%> 0.664 Probability 95% table 1.415 > 0.664 = accepted

Design Rainfall Analysis

There are 4 methods used for design rainfall analysis: The Normal Distribution Method, Log-Normal
Distribution, Log-Person Type Il Distribution, and Gumbel Distribution. The design rainfall was chosen based
on the goodness-of-fit test results shown in Table 5. It was found that both the Normal and Log-Normal
methods met the criteria specified in Table 5. Therefore, the maximum value was selected from these two
methods for the 5-year return period (Table 4).

Table 4. Results of design rainfall analysis.

Design rainfall

Method

2 5 10 25 50 100
Gumbel 120.882 127.667 132.159 137.836 142.047 146.226
Normal 121.621 126.348 128.824 131.244 133.157 134.733
Log Normal 119.706 139.571 151.260 163.629 174.121 183.264

Log Person Type lll  118.270 138.960 152.287 168.793 180.967 193.064
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Distribution Test Selection Analysis

Parameter selection from The calculation result of the distribution test to determine the value of the design
rainfall that meets the distribution requirements. Based on the values of the skewness coefficient (Cs) and
kurtosis coefficient (Ck) [13,36]. The results of the distribution test selection calculations are listed in Table
5.

Table 5. Calculation results from distribution test parameter.

No Distribution type Requirement The calculation results  Conclusion
1 Log Pearson tipelll Cs#0 Cs =0.125 Accepted
2 Gumbel Cs<1.1396 Cs=0.125 Accepted
Ck <5.4002 Ck=-1.475
3 Normal Cs=0 Cs=0.125 Rejected
Ck=3 Ck =—1.475
4 Log Normal Cs=3Cv+Cv?=3 (Cs=0.125 Rejected
Ck =—1.475

From the calculation results, based on the skewness and kurtosis coefficients, it is known that the Pearson
type llland Gumbel Log distributions are acceptable and meet the requirements. Design rainfall value is taken
from the maximum value between the Pearson type IIl and Gumbel log methods, so the design rainfall value
with 5-year return period is 138.960 mm.

Time of Concentration (Tc)

The concentration time is the amount of time flowing on the surface required for water to reach the
maximum discharge from the farthest point of the channel to the point under review. The concentration-
time was calculated using the Kirpich formula, and the result was 5 min.

Rainfall Intensity Analysis (i)

The data used to calculate rainfall intensity are measurements of short-term rainfall, typically expressed in
units of rainfall intensity (millimeters per hour). These measurements serve as the basis for determining the
intensity of precipitation within a specific timeframe. and the results of calculating rainfall intensity are shown
in Figure 4.
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Figure 4. Rainfall intensity diagram.
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Run off Coefficient Analysis

The catchment area is highly dependent on surrounding land conditions. The following describes the
coefficient of land cover in the case study: The coefficient value of land cover in the form of paving was 0.6,
asphalt was 0.8, parks were 0.2 and roofs were 0.8.

Design Flood Analysis

Based on a time of completion (tc) of 5 min, a rainfall intensity value of 253.62 mm/hour was obtained, which
can be calculated from the design flood discharge using the rational method; the calculation results for each
channel can be seen in Table 6.

Table 6. Design flood discharge.

Land Run off Area (A) Rainfall intensity  Flood discharge (Q5 Flood discharge

Channel cover coefficient (C) m? (m/Jam) years) (m3/minute) ES}E}SNS)
Secondary1l Paving 0.6 12,000 0.252 505.419 1.684
Tertiary 1 Asphalt 0.8 1,100 0.252 61.773 0.205
Tertiary 2 Asphalt 0.8 600 0.252 33.694 0.112
Tertiary 3 Asphalt 0.8 600 0.252 33.694 0.112
Tertiary 4 Asphalt 0.8 3,800 0.252 213.399 0.711
Tertiary 5 Asphalt 0.8 800 0.252 44926 0.149
Quarter 1 Park 0.2 500 0.252 7.019 0.023
Quarter 2 Park 0.2 1,400 0.252 19.655 0.065
Quarter 3 Roof 0.8 700 0.252 39.310 0.131
Quarter 4 Roof 0.8 800 0.252 44926 0,.149
Quarter 5 Roof 0.8 200 0.252 11.231 0.0375

Alternatif 1 Redesign Drainage Channels

Based on the results of the calculation of the design flood discharge with a return period of five years, several
channels' capacity exceeds the existing capacity based on the design flood discharge (see Table 6). Therefore,
the channel was redesigned based on the design of flood discharge. The following conditions were used: a).
If the existing flood discharge is greater than the design flood discharge for a return period of 5 years (Qexist
> Qb5years), then the flood discharge used for channel redesign is the existing flood discharge; b) If the existing
flood is smaller than the design flood discharge for a return period of 5 years (Qexist < Q5years), then the
flood discharge used for channel redesign is the design flood discharge (Q5 years).

! TERTIARY 2 [ S
,,,,,, O !1 TERTIARY 1 :

SECONDARY 1
= .

Figure 5. Existing condition of overflowing drainage channels.
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From the above conditions, it is necessary to redesign the channel on the overflow channel, that is, on tertiary
1, tertiary 2, tertiary 3, tertiary 4, tertiary 5, quarter 2, quarter 3, and quarter 4 channels. From Figure 5
Existing flood discharge can be calculated, based on the width of each channel (Table 6). After calculating the
redesign of the drainage channel based on the design flood discharge, the channel dimensions were obtained,
which can accommodate the redesigned flood discharge based on the design and existing flood discharge
(Table 7).

Table 7. Comparison of design flood discharge and existing flood discharges.

Existing dimension Qexisting (m3/s)  Design flood Dimension change
Channel High (h) _ Wide (b) Sies:rza(ﬁf;gs High (n)  Wide (b) Redesign flood
discharge (Q) (m3/s)

Secondary1l 1.5 1.0 1.744 1.685 15 1.0 1.744

Tertiary 1 0.4 0.3 0.079 0.206 0.8 0.4 0.206

Tertiary 2 0.4 0.3 0.040 0.112 0.9 0.3 0.112

Tertiary 3 0.3 0.4 0.043 0.112 0.6 0.4 0.112

Tertiary 4 0.7 0.6 0.332 0.711 14 0.6 0.711

Tertiary 5 0.5 0.3 0.070 0.150 0.9 0.3 0.150

Quarter 1 0.3 0.3 0.035 0.023 0.3 0.3 0.035

Quarter 2 0.4 0.3 0.047 0.066 0.6 0.3 0.066

Quarter 3 0.1 0.2 0.009 0.131 1.2 0.2 0.131

Quarter 4 0.1 0.2 0.009 0.150 14 0.4 0.150

Quarter 5 0.5 0.3 0.070 0.037 0.5 0.3 0.070

Alternative 2 Adding Absorption Wells

From the first alternative, it is known that there are 8 channels that overflow, whose dimensions must be
changed; however, the problem has limited land to redesign existing channels. To reduce the run off that
occurs by adding infiltration wells, infiltration wells were chosen as a method for dealing with run off from
drainage for various reasons, including water conservation, flood reduction, efficiency of existing space,
sustainable approach, lower costs, flexibility at various project scales, and suitability to local conditions. The
advantages of using infiltration wells include efficiency in utilizing natural resources, lower environmental
impacts, and the ability to adapt to the unique conditions of a particular location. at the study location.
Infiltration wells are designed based on the amount of flood discharge that overflows in each, from the
calculation results, it is known that the total overflow flood discharge which cannot be accommodated by the
existing channel is 1,638 m3/second. The number and dimensions of the infiltration wells can be designed
based on the total run off. From the results of field observations and the total overflow flood discharge, it is
planned that the number of infiltration wells is 4 infiltration wells, the locations of infiltration wells can be
seen in Figure 6 below.
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Figure 6. Drainage system and location of infiltration well (a), detail infiltration well (b).
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For infiltration well calculations, based on the predetermined well diameter, namely 1.5 meters with a well
height of 2.5 meters, so that the infiltration coefficient and infiltration well volume are obtained to determine
the number of infiltration wells needed to handle run off, the results of the infiltration well calculation can
be seen in Table 8 below.

Table 8. Result of infiltration wells calculation.

Diameter of the infiltration well (D) 1.5 meters
Infiltration well height (H) 2.5 meters
Coefficient of vertical permability of clay soil (kv) = 2 cm/day 0.48  m3/m?/day

Coefficient of vertical permability of clay (kv) = 2*Kv 0.96 m3/m?/day

Infiltration well volume (Vs) 4.42 m3

Base area of the well (Ah) 491  m?

The area of the well wall (Av) 1178 m?

Total area = Ah+Av 16.68 m?

Permeability Coefficient (K) = K = W 0.82

Rain duration 10 minute
0.17 hour

Well Infiltration Volume (VRsp) 0.09 m3

One well capacity = Vs + Vrsp 4.51 m3

Number of wells required = Total volume/Capacity of one well 4 Pieces of infiltration well

From the results of the above calculation with an existing discharge of 1,638 m3/second, with a storage
volume of 16.38 m3 volume/hour, the dimensions of the infiltration well with a diameter of 1.5 meters and a
height of 2.5 meters are obtained, so that the infiltration well is needed to reduce drainage run off discharge
of 4 infiltration wells, the location of the infiltration wells can be seen in Figure 6(a) and detailing of infiltration
well can be seen in Figure 6(b).

Conclusions

The analysis determined that the planned flood discharge for a return period of 5 years is 138.96 mm, with a
rain intensity at a concentration period of 5 minutes calculated to be 0.253 meters per hour. The existing
drainage system includes eight channels: Tertiary 1, Tertiary 2, Tertiary 3, Tertiary 4, Tertiary 5, Quarter 2,
Quarter 3, and Quarter 4. To manage run off, two flood reduction alternatives were considered. The first
involves redesigning the channels based on either the maximum discharge from current flood discharge
calculations or the planned flood discharge. The redesigned channel dimensions are listed in Table 7.
Significant dimensional changes occurred in Quarter 3 and Quarter 4, where the channel height changed from
10 cm to 1.2 meters in Quarter 3 and 1.3 meters in Quarter 4. In addition to redesigning channels to reduce
flood discharge, an analysis was conducted on a second alternative, which involved adding infiltration wells.
The design of the infiltration well is based on the run off discharge from the eight channels that overflow,
which is 1,638 cubic meters per second. This means that the volume of run off per houris 1,638 cubic meters.
Based on the analysis, the dimensions of the infiltration well were determined, with a planned diameter of
1.5 meters and a depth of 2.5 meters. To accommodate the volume of surface run off, four infiltration wells
are needed.
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