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ABSTRACT:  In Permata Indah Housing, which is located in Sumbersari District, Jember Regency, when it 

rains quite heavily, there are often quite a lot of puddles  To overcome this, one of the steps that need to be 

taken is to examine the use of biopore infiltration holes for flood control in the Permata Indah residential area. 

From the results of this study, it can be concluded that the flood discharge that occurred in Permata Indah 

Jember Housing for the 25 year return period was 3,409m³/sec. The existing line discharge in Permata Indah 

Jember Housing is 0.0584 m³/sec. So that the capacity of the existing drainage channel is not sufficient to 

accommodate the flood discharge that occurs. Permata Indah Jember housing requires 17045 biopore 

infiltration holes. It is recommended that each channel be cleaned so that there is no garbage that clogs the flow 

of water in each channel. And further research is needed to apply other types of drainage to cope with flooding 

in housing 

KEYWORDS: Rain, Flood Discharge, Biopori Infiltration 
 
Received 08 Dec, 2021; Revised 21 Dec, 2021; Accepted 23 Dec, 2021 © The author(s) 2021. 

Published with open access at www.questjournals.org 

 

I. INTRODUCTION 
 Water is one of the most important natural resources for all living things, especially humans. As 

creatures who are given the advantage of reason, humans are able to manage water resources so that they can 

maximize the function of water for human life. In addition to playing an important role in life, poor 
environmental management can cause the loss of water functions and bring disaster. This matter in line with the 

increasing development of residential areas in urban areas in recent years. The increasing residential area and 

increasing land use, causing less land area and narrowed. This phenomenon has an impact on decreasing water 

catchment areas so that it can causing inundation due to rainwater and eventually causing flooding [1]. Areas 

that have poor water catchment areas cause the rate of soil infiltration to decrease, causing waterlogging and 

even flooding [2]. Water problems that often occur as a result of poor environment are floods. In residential 

areas, flooding often occurs because the soil layer cannot absorb or drain rainwater, so that the rainwater that 

falls will become surface runoff. Or in other words, the residential area has a poor drainage system. Drainage 

aims to reduce runoff both from rainwater and from other irrigation activities that change land use [3]. The 

current drainage system that is generally used is a conventional drainage system that drains runoff into rivers. If 

the rainwater runoff increases, it will cause the river to overflow. Environmentally friendly drainage is needed 
as a control of runoff which directly absorbs into the ground which is able to be a water conservation so that it 

can maintain ground water quality.[4]. The application of environmentally friendly drainage can be done by 

using biopore infiltration holes. The biopore infiltration hole has a working principle where runoff rainwater 

must be able to absorb at that time into the ground without adding water discharge to the river [5]. 

 In Permata Indah Housing, which is located in Sumbersari District, Jember Regency, when there is 

heavy rain, there are often quite a lot of puddles. Therefore, to overcome this, one of the steps that need to be 

taken is to implement environmentally friendly drainage, namely by using biopore infiltration holes for flood 

control in the Permata Indah residential area. The results of previous studies stated that the application of 

biopore infiltration holes can increase the absorption capacity of the soil thereby reducing runoff and inundation 

[6]. Biopore infiltration hole is a hole with a diameter of 10 - 30 cm as deep as 80 cm -1 00 cm which is used as 

a rainwater reservoir to then be absorbed into the ground. Biopores are able to reduce waterlogging and become 

groundwater reserves in it [7]. Inundation heights in the annual maximum rainfall plan for 2, 5, and 10 year 
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return periods using holes 100, 160 and 400 for 100 m² respectively were lower from 9.01% to 77.43% 

compared to not using biopore holes. [8] Infiltration of biopori holes allows it to absorb water into the soil so 

that it becomes a flood solution and maintains groundwater availability.[9] 

 

II. METHODOLOGY 
Research Site 

The research location is in the Permata Indah Housing Area, which is located in Sumbersari District, 

Jember Regency. The location data is presented in Figure 1 below.  
 

 
Figure 1. Research Location 

 

Research Flowchart 

 The flow chart in this study which describes the study of the use of biopore infiltration holes in 

residential areas is presented in Figure 2 below  

 

 
Figure 2. Research flowchart 
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Data Collection  

Data collection in the form of secondary data includes rainfall data and land data for the last 10 years, 

map of housing situation and primary data which includes measurement of existing canal, measurement of 

height difference using a waterpass. 

 

Data Analysis   

 

Flood Discharge 

The most frequently used method for estimating the discharge in an area river flow where there is no 

discharge observation data is the method Japanese rationale. In this case the magnitude of the discharge is a 

function of the area of the watershed, the intensity of rain, the condition of the ground surface which is 

expressed in the runoff coefficient and the slope of the river [10]. Flood discharge is formulated generically as 

follows. 

Q = 0.2778.C.I.A 

With : 

Q : flood discharge (m³/sec) 

C : runoff coefficient 

I : rain intensity 
A : area of rain catchment 

 

Existing Channel Evaluation 

If the design flood discharge is known, the calculation is continued by evaluating the ischarge capacity of 

the existing channel. The equation for calculating the channel bottom slope is as llows. 

I=ΔH/L 

With : 

I : Channel bottom slope 

H : Channel point height difference (m) 

L : Channel length (m) 

 

As for calculating the flow velocity can use the following equation. 

 
With : 

V : Flow speed (m/s) 

n : Manning coefficient 

R : Hydraulic radius (m), obtained by R=A/P 

A : Wet cross-sectional area (m²), obtained by A=b*h 

P : Wet perimeter (m), obtained by P=2*(b+h) 

b : Channel width (m) 

h : Channel height (m) 
S : Channel bottom slope 
 

The last thing is to calculate the channel discharge. If the channel discharge is greater than the flood 

discharge, then the existing drainage channel is still safe to accommodate the flood discharge that occurs. 
However, if the channel discharge is smaller than the flood discharge, the capacity of the drainage channel needs 

to be improved. The equation for calculating the channel discharge is as follows. 

Q = V.A 

With : 

Q = Channel discharge (m³/s) 

V = flow rate (m/s) 

A = Wet cross-sectional area (m²) 

 

Biopore Infiltration Hole 

In calculating the need for biopore infiltration holes, supporting data is needed, namely soil permeability 

data. Soil permeability data is needed to determine the flood discharge capacity that can be accommodated by 
biopore infiltration holes. In this study, the biopore infiltration hole has a diameter of 10 cm and a depth of 100 

cm. The need for biopore infiltration holes depends on the magnitude of the design flood discharge and the 

capacity of the biopore infiltration holes. The formula for calculating the discharge capacity of the biopore 

infiltration hole is as follows. 



Study of Use of Biopory Hole for Flood Management in Housing Area 

*Corresponding Author:  Noor Salim                                                                                                          40 | Page 

Q = K. I . A 

With : 

Q : Biopore hole discharge (m3/sec) 

K : seepage coefficient (m/s) 

I : hydraulic gradient 

A : cross-sectional area of biopore infiltration holes (m²) 
  

As for calculating the need for biopore holes, you can use the following equation. 

 
The placement of biopore infiltration holes does not require much space. In this study, biopori infiltration 

holes will be placed in the backyard and front of the house, road area and public health facilities. So as not to 
disturb road users. biopori holes are closed so that they are safe for traffic. 

 
III. RESULTS AND DISCUSSION 

Location of Residential Area   
The research location is in Sumbersari District, Jember Regency. The research location is presented in 

Figure 2. At the research location, there is an existing channel using a closed channel type with material in the 

form of buis concrete measuring 40cm in diameter. The existing channel will be used as secondary data, to plan 

the drainage system in the Permata Indah housing complex. Permata Indah Housing has an area of 10909.13 m² 

with a total of 86 plots. The division of land is a plot of land covering an area of 7071.15m², public facilities 

covering an area of 360.47m², and road facilities covering an area of 3477.50m². The land layout is presented in 

Figure 3 below. 

 

 

Figure 3. Residential Area Layout 

 

Rainfall Analysis 

 In the research in the Permata Indah housing area, rainfall data were obtained from the rain stations, 

namely Seputih Station, Wirolegi Station, and Pakusari Station. From the step-by-step calculation, it is obtained 

that the planned rainfall is calculated with the return period: 2, 5. 10, 25 years, the planned rainfall is presented 

in Table 1 as follows. 
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TAB. Rainfall Plan 

No. Return period (years) Rainfall (mm) 

1 2 106.083 

2 5 146.577 

3 10 185.900 

4 25 253.305 

        Source: Calculation Results 

 

Concentration time is the time it takes for raindrops to fall on the ground and flow to the nearest drainage 

point. In this study the concentration time is calculated from the existing channel. The results of the calculation 

of the concentration time (tc) for each channel are different depending on the length of the channel and the 

difference in the base height of the channel. The results of the calculation of the concentration time are 
presented in table 2 below. 

.         TAB.2 Calculation Results of Concentration Time (tc) 

 

         Source: Calculation Results 

 

The method of calculating the average rain intensity using the Mononobe method. The calculation of the 

average rainfall intensity is based on rainfall which is calculated using a return period of 2 years, 5 years, 10 

years, 25 years and time of concentration (tc). In the calculations in this study, the 25th anniversary period is 

used. On the return period is 25 years., the Planned Rain is 253,305mm, so the results of the calculation of the 

average rain intensity are presented in table 3 below. 
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TAB. 3 Calculation of Average Rain Intensity 

 

                                 Source: Calculation Results 

 

Plan Flood Discharge 

The planned flood discharge is calculated based on the area of each area in Permata Indah Housing. To 

determine the planned flood discharge in terms of the intensity of the planned rainfall, the average return period 

is 25 years. The results of the calculation of the planned flood discharge for each return period are presented in 

the following table. 

 

TAB.4 Calculation of Planned Flood Discharge for return period is 25 years 

: 

Source: Calculation Results  

 
From the calculation of the planned flood discharge, it is known that the flood discharge value with a 

return period of 25 years for a housing complex is 3,409 m³/sec. Flood discharge with a return period of 25 

years which will be used as a guideline for planning the drainage system in the Permata Indah Jember housing 

complex. 

 

Evaluation of Existing Channel Discharge 

Evaluation of the existing channel discharge is carried out to determine the ability to accommodate flood 

discharge. At the research location there is a drainage channel in the form of a culvert with a diameter of 40 cm. 

As for calculating the channel discharge capability is as follows. 
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Known: 

1. Channel diameter = 40 cm 

2. Wet cross-sectional area (A) = 0.0628 m² 

3. Wet Perimeter = 1.0283m 

4. Manning coefficient (concrete channel) = 0.013 

5. Hydraulic radius = 0.0628/1.0283 = 0.0617 

6. Flow velocity (V)  = 1/n.R2/3.I1/2 
                                   = 1/0.013×0.06172/3×0.0061/2 

                                                   = 0.9303m/s 

7. Drainage discharge (Q) = V.A 

        = 0.9303 × 0.0628 

                                           = 0.0584 m³/s < 3,409 m³/s 

 

From these results it is known that the existing channel cannot accommodate the flood discharge that 

occurs. This is caused by the inadequate dimensions of the existing channel so that only a small amount of flood 

discharge can be accepted. 

 

Biopore Infiltration Hole 
In this study, Biopori Infiltration Holes are used which have several advantages, namely improving soil 

ecosystems, absorbing water and preventing flooding, increasing groundwater reserves, and overcoming 

drought, facilitating waste management and hygiene maintenance, converting waste into compost, reducing 

greenhouse gas and methane emissions. , and solve the inundation problem. [11] 

To calculate the need for biopore infiltration holes, the debit that can be received for each biopore 

infiltration hole is calculated first. In this study, the dimensions of the biopore holes are planned with a diameter 

of 10 cm and a depth of 100 cm. The data needed to calculate the biopore hole discharge was obtained from the 

results of previous studies which included soil permeability tests, namely to get the value of the hydraulic 

gradient (I) and seepage coefficient (K). The calculation to determine the discharge of the biopore infiltration 

hole is as follows. 

Soil test data, obtained from previous research: 

h1 = 88cm 
L = 2cm 

I = 44 

K = 0.000000058 m/sec 

 

The data of the biopore infiltration hole is planned as follows: 

d = 10cm 

h = 100cm 

A = 78.5cm² 

Q =K.I.A 

 = 0.000000058 × 44 × 78.5  = 0.0002m³/sec 

 
The hole requirements for each area are presented in table 5. below. 
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TAB. 5  Biopore Infiltration Hole Needs 

 
           Source: Calculation Results  

  

From table 5, it is found that the need for biopore infiltration holes is 17045 holes. 
 

IV. CONCLUSIONS AND SUGGESTIONS  
Conclusion 

Based on the results and discussion, the conclusions are as follows. 

1. The flood discharge that occurred in Permata Indah Jember Housing for the 25th return period was 3,409 

m³/sec. 

2. The existing line discharge in Permata Indah Jember Housing is 0.0584 m³/sec.   

3. According to the calculation of the design flood discharge and the capacity of the existing drainage channel, 

it is known that the existing drainage channel is not sufficient to accommodate the flood discharge that 
occurred.   

4. Permata Indah Jember housing requires 17045 biopore infiltration holes 

 

Suggestion 

1. It is necessary to clean each channel so that there is no garbage that clogs the flow of water in each channel.  

2. Further research is needed to apply other types of drainage to cope with flooding in housing. 
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