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ABSTRACT

The clean water supply in Sepaku District covers only 15.27% of the total water demand. Efforts to utilise
rainwater as an alternative source are necessary due to this region has high rainfall. The study aims to analyse the
potential of rainwater discharge and design a Rainwater Harvesting (RWH) system to support clean water
provision. The analysis was conducted on rainfall data using probability methods, calculations of potential
rainwater discharge, and sizing of the RWH system components. The rainwater potential was calculated based on
reliable rainfall, roof area, runoff coefficient, and first-flush volume. The RWH system design included
determining suitable storage tank capacity, gutter specifications, and first-flush pipe dimensions. The results of
this study indicate that the potential for rainwater harvesting and the design of the Rainwater Harvesting (RWH)
system vary across buildings, depending on roof catchment area and rainwater availability. The rainwater potential
discharge varies accross locations, ranging from 109.3 to 434 m?3/year, influenced by differences in roof area as
catchment area. The RWH system planned consists of storage tank capacities of 2.2, 3.2, and 7.5 m?, horizontal
pipes of 100—150 mm, vertical pipes of 75—125 mm, and first-flush pipes of 6 inches or 10 inches with a height of
1.45-3.38 m. This design is adjusted to the rainwater potential that can be applied in each building and is expected
to become an alternative clean water supply.

Keywords: Clean-water, Design, Probability, Rainwater-harvesting-plan, Rainwater-potential.

1. Introduction

The provision of clean water is the responsibility of local governments to support the availability and quality
of clean water [1]. Sepaku District, North Penajam Paser Regency, is a district supplied with clean water by
Perumdam Air Minum Danum Taka. Based on the data, Sepaku District is only served by 15.27% clean water
[2] and does not yet meet the requirements for quality, quantity, and continuity. Clean water demand can be
met by utilising nearby water sources [3]. The supply of clean water can be reduced if its use is not properly
regulated, so it is necessary to conserve water resources by maintaining water availability, saving water
resources, and utilising rainwater as an alternative water source [4].

Rainwater is a high-quality water source and can reduce the use of clean water sources [5]. Rainwater
quality varies depending on environmental conditions and rainwater harvesting media [6]. Based on research
conducted on the application of the concept of rainwater harvesting as an alternative source of clean water,
rainwater can meet up to 82.3% of clean water demand [ 7], [8]. Other studies related to the implementation of
rainwater harvesting system planning have produced results in the form of simple rainwater storage designs
that can be used at local research sites [9], [10].

Based on rainfall data for the Sepaku District, the intensity of rainfall over the last 10 years, namely data
from 2015 to 2024, was 1334-3152 mm/year or 111-263 mm/month [11]. This data shows that rainfall in the
Sepaku District has a high intensity and can produce abundant rainwater supplies. High rainfall has benefits
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for life, including restoring groundwater reserves, maintaining ecosystem balance, and being a source of clean
water in addition to surface water and groundwater. Therefore, this study analysed the potential of rainwater
discharge and planned a rainwater harvesting system as an alternative source of clean water in the Sepaku
District.

2. Materials and Methods
Analysis Method of Rainwater Discharge Potential

The study was conducted in Sepaku District, North Penajam Paser Regency, East Kalimantan Province,
Indonesia. The RWH planning was focused on public facilities located in several villages within the study
area. One public facility was selected from each village as the representative site for the RWH system design.
The locations of the selected public facilities are presented in Table 1 and Figure 1.

Table 1. Location of Rainwater Harvesting Plan

Sub-district Public Facility
1 | Karang Jinawi BPD Secretariat Office
2 | Bukit Raya Village Office
3 | Tengin Baru BPD Secretariat Office | BPD Secretariat Office
4 | Argo Mulyo Village Office Village Office
5 | Suko Mulyo Raudhatul Jannah Mosque
6 | Semoi Dua Village Multipurpose Building
7 | Wonosari Village Office
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Figure 1. Location of Rainwater Harvesting Plan

Rainwater harvesting requires a well-designed system in order to maximise the amount of rainwater
collected. The design of a rainwater harvesting system is influenced by the amount of rainwater that can be
collected, the amount of clean water required, the capacity of the storage tank, and so on. Calculating the
potential rainfall is very important in the process of planning a rainwater harvesting installation. The potential
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rainfall discharge is used as the basis for calculating the design of rainwater harvesting, including water tank
capacity, gutter size, pipe dimensions, and the required pipe length [12]. The potential rainfall supply can be
calculated using Equation 1.

Qsupply =AxCxh (1)

where Qsupply is the potential rainwater discharge (L/month or m*/year), A is the roof area of the building (m?),
C is the runoff coefficient, and h is the rainfall (mm/month). Reliable rainfall calculations can provide estimates
of the amount of rainfall available for use in the planning process. The rainfall data used in this study were
obtained from the Meteorology, Climatology, and Geophysics Agency (BMKGQG) rainfall station in Sepaku
District, which is located in Karang Jinawi Village. The dataset consisted of monthly rainfall and rainy-day
records spanning a 10-year period (2015-2024).

Reliable rainfall is analysed by sorting data based on rainfall magnitude, then calculating the probability
through column plotting to select rainfall that is close to 80% [13]. Reliable rainfall is calculated using
Equation 2.

P (%) = %x 100% (2)

where P% is the probability, m is the serial number, and n is the amount of data.

The catchment area will affect the amount of rainwater available. Roofs are commonly used as catchment
areas. The catchment area can be assumed to be equal to the floor area of the building. The catchment area of
a rectangle is calculated using the formula for the area of a rectangle, which is the multiplication of the length
and width, while roofs with multiple sections are calculated by the sum of the roof area of each section [14].
The roof dimensions (length and width) were determined through direct field observations and on-site
measurements. The roof geometry was further delineated by coordinate-based digitisation using GIS, allowing
more accurate estimation of the roof catchment area.

The runoff coefficient is needed to calculate the potential rainwater that can be harvested for each building.
The runoff coefficient value is determined by the shape and type of roofing material used [15]. The runoff
coefficient for roofs with two types of materials is calculated using the runoff coefficient value and the roof
area of each material, as well as the total roof area, to obtain an average value as the combined roof runoff
coefficient value.

The first rainwater that falls on the roof is of poor quality due to the accumulation of pollutants trapped on
the roof. Therefore, this water is drained into the drainage system to maintain the quality of the harvested water
[3]. The first flush volume is calculated using Equation 3.

where Viris the first flush volume (m?), Hq is the diverter height (0.5-1.5) mm, and A is the roof area (m?).

Total water demand is calculated by multiplying the number of occupants (persons) in a building by the
standard water demand (L/person.day) according to the type of building at the research location [16]. The
standard clean water demand for public facilities in mosques is 3000 L/unit.day and for public facilities in
offices is 50 L/person.day [17], [18].

Method of Rainwater Harvesting System Plan

Rainwater harvesting system planning includes determining the capacity of tanks, gutters, and pipe
dimensions. Tank capacity is determined by calculating the potential rainfall and number of rainy days, thereby
obtaining the maximum rainfall in litres per day. Gutters are determined in accordance with SNI 03-7065-
2005, which stipulates a minimum slope of 2% [17]. The dimensions of the gutters and pipes are then
determined based on the average rainfall to obtain the maximum roof area. The maximum roof area is
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calculated using Equation 4 based on SNI 8153:2015 concerning the size of horizontal and vertical rainwater
pipes for a roof slope of 2% [19][20].

_X1

Y=y, + 225
X,—X,

Y,-Y, “4)

where Y is the maximum roof area (m?), Y is the roof area in column 1 (m?), Y> is the roof area in column 2
(m?), X is the local rainfall value (mm), X is the rainfall value in column 1 (mm), and X is the rainfall value
in column 1 (mm).

This study has several limitations. The RWH planning was developed based on the proposed installation
conditions at the selected sites rather than actual implementation and operational evaluation. In addition, only
one public facility was selected in each village as the representative site for RWH system planning. These
facilities were intended to serve as demonstration sites to showcase the feasibility and potential benefits of
rainwater harvesting. It is expected that the successful implementation of these pilot systems will encourage
local communities to adopt RWH technology more widely to supplement their domestic clean water supply.
Consequently, the findings should be interpreted as a planning framework for pilot-scale implementation and
may require further validation before being generalized to all public facilities or residential buildings within
the study area.

3. Results and Discussion
Result of Rainwater Discharge Potential Analysis
1) Analysis of Reliable Rainfall

The rainfall data collected over a ten-year period (2015-2024) were processed to determine reliable rainfall
by arranging the annual rainfall records in descending order. Subsequently, reliable rainfall with an exceedance
probability of approximately 80% was determined using the Weibull probability method [13]. The probabilistic
analysis identified the 2015 rainfall record as the representative reliable rainfall, with an exceedance
probability of 81.82% and an annual rainfall of 1,813 mm/year. Therefore, the 2015 rainfall data were adopted
as the basis for the subsequent RWH system planning and design.

2) Analysis of Roof Area

The roof area was obtained from processing the length and width data, which is found in Table 1. The
results of the roof area calculation were used in calculating rainwater supply and first-flush volume. The roof
area will affect the amount of rainwater that can be harvested; the larger the area, the more water will be
obtained [14].

Table 2. Roof Area

Location of Rainwater Harvesting Plan Type of Roof! Roof Area’ (m?)
1 | Karang Jinawi BPD Secretariat Office ; — i 78.10
2 | Bukit Raya Village Office  — 101.38
740 d—IAB
3 | Tengin Baru BPD Secretariat Office e 100.87
— |
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Location of Rainwater Harvesting Plan Type of Roof! Roof Area? (m?)
4 | Argo Mulyo Village Office  E—— 93.24
5 | Raudhatul Jannah Suko Mulyo Mosque R — 331.50
6 | Semoi Dua Village Multipurpose Building - 142.00

J—

7 | Wonosari Village Office 286.75

Description: 'Digitasi; 2Observation and Calculation

3) Analysis of Runoff Coefficient Determination

The runoff coefficient was determined by the shape and type of the catchment area. The runoff coefficient
value for zinc roofs is 0.8 [4]. The runoff coefficient for roofs with a combination of zinc and cement is
determined through average calculations [15]. The runoff coefficient value used for zinc roofs is 0.8, while for
cement roofs it is 0.65 [21]. The runoff coefficient for the Karang Jinawi BPD Secretariat Office, Bukit Raya
Village Office, Tengin Baru BPD Secretariat Office, Semoi Dua Village Multipurpose Building, and Wonosari
Village Office, which have zinc roofs, is 0.8. The runoff coefficient for the Argo Mulyo Village Office, which
has a zinc and slab roof, is 0.77, and for the Raudhatul Jannah Suko Mulyo Mosque, which has a zinc and clay
roof, is 0.75.

4) Analysis of First Flush

The first flush volume is calculated based on the roof area and diverter height. The diverter height used is
0.5 mm [22]. The first flush volume can be influenced by the diverter height used and the roof area at the
research location. The results of the first flush volume calculation are shown in Table 2.

Table 3. First Flush Calculations

Diverter . .
Location of Rainwater Harvesting Plan R(:Of ) Height* First F;uShS First Flusk’
Area’ (m*) (mm) (m°) (L)
1 Karang Jinawi BPD Secretariat Office 78.10 0.5 0.039 39
2 Bukit Raya Village Office 101.38 0.5 0.051 51
3 Tengin Baru BPD Secretariat Office 100.87 0.5 0.050 50
4 Argo Mulyo Village Office 93.24 0.5 0.046 46
5 Raudhatul Jannah Suko Mulyo Mosque 3315 0.5 0.166 166
6 Semoi Dua Village Multipurpose Building 142.00 0.5 0.071 71
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Diverter . 3 . 3
Location of Rainwater Harvesting Plan R?Of ) Height? First F;lush First Flush
Area’ (m*) (mm) (m°) (L)
7 | Wonosari Village Office 286.75 0.5 0.143 143

Description: 'Table 1; [3]; *Calculation Result

5) Analysis of Rainwater Potential Discharge
The results of the rainfall supply potential calculations using Equation 3 will then be subtracted from the
first flush value. The results are shown in Table 3.

Table 4. Rainwater Potential Discharge Calculations

Qmax Qmax Qaverage Qtotal
Location of Rainwater Harvesting Plan Rainwater Rainwater Rainwater Rainwater
(L/month) (L/day) (L/month) (m’/year)

1 | Karang Jinawi BPD Secretariat 26453.3 1693.40 91114 109.3
Office

2 | Bukit Raya Village Office 34332.1 2197.79 11824.2 141.9

3 | Tengin Baru BPD Secretariat Office 34172.1 2187.48 11771.0 141.3

4 | Argo Mulyo Village Office 30359.9 1944.67 10451.4 1254

5 | Raudhatul Jannah Suko Mulyo 105081.3 6727.69 36165.9 434.0
Mosque

6 | Semoi Dua Village Multipurpose 48095.4 3078.82 16565.5 198.8
Building

7 | Wonosari Village Office 97128.6 6217.64 33454.9 401.5

Description: Calculation Result

Based on Table 3, it can be seen that rainwater in the Sepaku District has a sufficient quantity to be utilised
as an additional water source or an alternative source of raw water. The minimum potential rainwater discharge
at all research locations was obtained in September, which was 0.0 L/month, where the rainfall in that month
was 0 mm/month. Meanwhile, the maximum potential rainfall discharge in all research locations was obtained
in April, with varying values, where the rainfall in that month was 434 mm/month, which was the highest
rainfall in 2015. Factors that influence rainfall discharge include high rainfall, catchment area, runoff
coefficient, and first flush amount. Rainwater flow is proportional to the catchment area; the larger the
catchment area, the more abundant the rainwater obtained [9].

6) Water Demand Analysis

The results in Table 4 show that the highest total water requirement is at the Raudhatul Jannah Suko Mulyo
Mosque at 1,095.00 m?/year, while the lowest is at the Karang Jinawi BPD Secretariat Office at 127.75 m*/year.
The standard water requirement for mosques is 3,000 litres/unit.day, while for offices it is 50 litres/person.day
[23], [24].

Table 5. Water Demand Calculations

Qtotal Water

Number of
Location of Rainwater Harvesting Plan Occupants Standlz)trd of (\;Vater Demand®
(person) eman L/day | (m?/year)
1 Karang Jinawi BPD Secretariat 7 50! L/person.day | 350 127.8
Office
2 Bukit Raya Village Office 8 50! L/person.day | 400 146.0
3 Tengin Baru BPD Secretariat Office 8 50! L/person.day | 400 146.0
4 Argo Mulyo Village Office 22 50! L/person.day | 1100 401.5
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Number of Qtotal Water
3
Location of Rainwater Harvesting Plan Occupants Standard of Water Demand
Demand 3
(person) L/day | (m°/year)
5 Raudhatul Jannah Suko Mulyo - 3,0002 L/unit.day 3000 1,095.0
Mosque
6 Semoi Dua Village Multipurpose 19 50! L/person.day | 950 346.8
Building
7 Wonosari Village Office 18 50! L/person.day | 900 328.5

Description: ![18]; 2 [17]; *Calculation Result

The results of the calculations can be compared between the rainfall discharge values (Table 3) and the
clean water demand at each research location (Table 4). This aims to determine whether the harvested rainwater
can meet water requirements. The comparison results are shown in Table 5. Based on the analysis results, it
was found that out of the seven locations, only the Wonosari Village Office had a higher rainfall supply than
water demand. This indicates that the rainfall catchment area is not yet sufficient to meet general water demand.
Planning on a communal scale needs to be considered so that the supply from all buildings can be collected to
support water shortages in certain buildings.

Table 6. Comparison of Rainwater Potential and Clean Water Demand

3 1
Location of Rainwater Harvesting Plan thzlnl;?;’lel::;ter Demgt;tsz‘zlrflgf;ear)
1 Karang Jinawi BPD Secretariat Office 109.3 127.8
2 Bukit Raya Village Office 141.9 146.0
3 Tengin Baru BPD Secretariat Office 141.3 146.0
4 Argo Mulyo Village Office 1254 401.5
5 Raudhatul Jannah Suko Mulyo Mosque 434.0 1,095.0
6 Semoi Dua Village Multipurpose Building 198.8 346.8
7 Wonosari Village Office 401.5 328.5

Description: 'Table 3; *Tabel 4

Rainwater Harvesting Plan
1) Determine the Capacity of The Water Tank

The capacity of rainwater harvesting tanks can be determined using the highest daily rainfall discharge
based on Table 3. The storage tank capacity is then determined based on the highest daily rainfall discharge
and the capacity of water tanks sold on the market. The water tank capacity values at the research location are
shown in Table 6.

2) Determine Gutter and Pipe Dimensions

The slope criteria for rainwater gutters use a minimum slope of 2% [17]. Rainwater collected in the gutters
will be drained into a storage tank through a vertical pipe [25]. The dimensions of the rainwater pipes are
calculated based on the maximum roof area, as shown in Table 6.

3) Rainwater Harvesting System Design

The detailed design of rainwater harvesting at all research locations is shown in Table 6. Rainwater
harvesting planning includes tank capacity, gutter size, horizontal pipe dimensions, vertical pipe dimensions,
first flush diverter pipe diameter, and first flush diverter height. The first flush volume obtained ranged from
0.039 m® to 0.143 m>. Therefore, a 6-inch first flush diverter pipe was used [26]. The size of the first flush
diverter pipe can be increased if the first flush volume discharged is greater [27].
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Table 7. Detail Design of Rain Water Harvesting System

. . First Flush First
. Horizontal Vertical .
. . Capacity Gutter . . Diverter Flush
Location of Rainwater 1 . 5 Pipe Pipe . .
. of Tank Size . 3 . 3 Pipe Diverter
Harvesting Plan 3 . Diameter Diameter . 1 . 1
(m°) (inch) (mm) (mm) Diameter Height
(inch) (m)
1 | Karang Jinawi BPD 2.2 4 100 75 6 2,21
Secretariat Office
2 | Bukit Raya Village 2.2 4 100 75 6 2,87
Office
3 | Tengin Baru BPD 2.2 4 100 75 6 2,86
Secretariat Office
4 | Argo Mulyo Village 2.2 4 100 75 6 2,64
Office
5 | Raudhatul Jannah 7.5 6 150 125 10 3,38
Suko Mulyo Mosque
6 | Semoi Dua Village 3.2 4 100 75 10 1,45
Multipurpose
Building
7 | Wonosari Village 7.5 5 125 100 10 2,92
Office

Description: ! Calculation Result; 2 [17]; 3[19]

The design used is adjusted to the results of calculations at each research location. The rainwater harvesting
design that has been implemented is expected to obtain abundant rainwater availability so that it can be used
as an alternative or additional water source at all research locations. The typical of rainwater harvesting plan

is shown in Figures 2 to 5.

Roof Arca (101,38 m7) —

Gutter PVC size 47

S° Knee PYVC size 4" 37

PV size 6" (First Flush Diverter)

V-Bock PVC size 3" 67

Tee PYC size 3" 3" 4° —L:

PVC size 47— |
Plastic Ball
PV size 37

1.

Overflow — ]

V-Sock PVC sie 4" 3"

45 Tee PV size 3" 5" 47

45 Tee PV size 4" 4"

Valve PVC size 4"

O0F Knee PVC size 4" 37
Inlet

Polyethilene Water Tank size 2200 L

Crutlet
Dirain

— Water Tank Mount

I
Tire Valve
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Figure 2. Details of Rainwater Harvesting Typical Design at Location 1 to 4 (Table 6)
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Roof Area (331.5 m%)

V-Sock PVC size 6" 5"
PV size 6"
Valve PVC size 6"

\l-—Polyelhilunu Walter Tank size 7500 L
Dop PVC size 6" Water Tank Mount

Tire Valve

Figure 3. Details of Rainwater Harvesting Typical Design at Raudhatul Jannah Suko Mulyo Mosque

Roof Area {142 m?)

/J— V-Sock PVC size 4" 3"
—  — PV size 3"
907 Knee PV size 4" 3% —~ 45 Tee PV size 3" 3" 47

Valve PVC size 4"
Inlet

V-Sock PVC size 3" 107 —

Tee PVC size 3" 3" 4" —

PVC size 4% —1

Plastic Ball —

PV size 3% —

PV gize 107 (First Flush Diverter) ——1
Overflow =———

|
L Polyethilene Water Tank size 3200 L

L Water Tank Mount

Diop PV size 6"
Tire Valve

Figure 4. Details of Rainwater Harvesting Design at the Semoi Dua Village Multipurpose Building

Roof Area (286.75 m?)

PV size 57
V-Sock PVC size 57 4"
907 Knee PVC size 5" 4"

Tee PVC size 4" 4" 5" Valve PVC size 5 Gutter PVC size 6"
V-Sock PVC size 4" 107 Inlet
90° Knee PVC size 4" 4" 5"
PVC size 4"
Plastic Ball Polyethilene Water Tank fize 7500 L

PV size 107
{First Flush Diverter)

S Water Tank Mount

Overtlow Tire Valve

Dop PVC size 6"

Figure 5. Details of Rainwater Harvesting Design at the Wonosari Village Office
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4. Conclusion

The study shows that the average of potential rainfall discharge is 221.7 m*/year and at each planning
location varies between 109.3 and 434 m?/year. This is influenced by the roof area as the catchment area, where
the larger the catchment area, the more abundant the rainfall will be. The highest potential discharge was at
the Raudhatul Jannah Suko Mulyo Mosque at 434 m3/year, and the lowest discharge was at the Karang Jinawi
BPD Secretariat Office at 109.3 m?/year.

The planned rainwater harvesting system consists of gutters, horizontal pipes, vertical pipes, first flush
pipes, and storage tanks. These components are influenced by the potential rainwater discharge that can be
collected. The tank capacity is planned to be 2.2 m®, except for the Raudhatul Jannah Suko Mulyo Mosque,
Semoi Dua Village Multipurpose Building, and the Wonosari Village Office, which will use tank capacities of
7.5, 3.2 and 7.5 m’, respectively. The gutter size is 4 inch, but Raudhatul Jannah Suko Mulyo Mosque use 6
inch, and Wonosari Village Office use 5 inch. The planned diameters of the horizontal and vertical pipes is
100 mm and 75 mm. Due to the significant difference in potential discharge, the Raudhatul Jannah Suko Mulyo
Mosque is planned to use 150 mm horizontal pipes and 125 mm vertical pipes, while the Wonosari Village
Office will use 125 mm horizontal pipes and 100 mm vertical pipes. At four locations, namely the Karang
Jinawi BPD Secretariat Office, Bukit Raya Village Office, Tengin Baru BPD Secretariat Office, and Argo
Mulyo Village Office, it is planned to use 6-inch first-flush pipes with pipe heights of 2.21 m, 2.87 m, 2.86 m,
and 2.64 m, respectively. At three other locations, namely the Raudhatul Jannah Suko Mulyo Mosque, the
Semoi Dua Village Multipurpose Building, and the Wonosari Village Office, it is planned to use 10-inch first
flush pipes with pipe heights of 3.38 m, 1.45 m, and 2.92 m, respectively.
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