
 

J. Appl. Environ. Biol. Sci., 3(2)23-28, 2013 
 

© 2013, TextRoad Publication 

ISSN: 2090-4215 
Journal of Applied Environmental  

and Biological Sciences 
www.textroad.com 

 

*Corresponding Author: Mustika Anggraeni, Department of Urban and Regional Planning, Faculty of Engineering, Uniersity 
of Brawijaya, Malang of Indonesia. Email: anggra263@yahoo.com; anggra263@ub.ac.id  

The Effectiveness of Bio-pore as an Alternative Eco drainage Technology  
to Control Flooding in Malang City  

(Case Study: Metro Sub-Watershed) 
 

*Mustika Anggraeni, Gunawan Prayitno, Septiana Hariyani, and Ayu Wahyuningtyas 
 

Department of Urban and Regional Planning, Faculty of Engineering, University of Brawijaya, Malang 
(INDONESIA) 

 
 

ABSTRACT 
 
Sustainable urban drainage planning should pay attention to drainage function as an infrastructure integrated 
with the concept of environmentally sound development. Therefore, it is necessary to form a new handling 
concept Eco drainage relating to conserve water resources, with the principle of controlling more of the rain 
water to infiltrate to the soil instead of directly wasted to the sea. One method to conservation of rain water is 
rainwater harvesting with bio-pore. The objectives of this study was developing the concept of bio-pore by 
evaluates the effectiveness of bio-pore in Metro sub-watershed drainage system in Malang City through 
comparison with and without bio-pore method. The results from the comparative analysis, the load of the 
drainage channels can be reduced because bio-pore provide the function to accommodate and absorb rain water 
into the ground with rain water discharge capacity 0.9891 m3/day or 0.00027475 m3/sec. Totally for Metro Sub 
Watershed 54.846 m3/second of water can be accommodated and absorbed into the ground by bio-pore method. 
Keywords: sustainable urban drainage; Eco drainage; bio-pore, Metro sub-watershed. 
 

INTRODUCTION 
 

          Urban growth increases each year lead to massive changes in land use. One consequence of this excess 
growth of urban area is the increased flow of direct surface run off and decreased quantity absorbed water into 
the soil, and this is resulting in flooding during the rainy season. Malang City also experiencing the same 
symptom indicated by the tendency of population growth and town developments. The development of the city 
and urban settlement will encourage the improvement of the infrastructure, and the possible occurrence of 
inefficiencies in infrastructure provision 
          The increased flow of direct run off causing inundation problems is worsen by the climate change 
symptom that already happened in Indonesia. Water supply and drainage are part of the urban settlements 
infrastructure that is affected by climate change, also at the same time these are the opportunity of intervention 
or adaptation to climate change, particularly for urban areas. Currently water supply system still relies on 
groundwater sources and springs, while the drainage system used is a conventional drainage system that 
oriented to drive rain water directly to the main drain or river, without recharging the water back to the ground. 
There are two sides that need to be observed from these phenomena. First, reduce greenhouse gas emissions as 
the main cause of climate change and the second is the adaptation effort performs both reactive and planned to 
anticipate the negative impact caused by climate change. 
          Adaptation efforts needed to anticipate climate change in the context of climate change and its effects on 
water supply infrastructure and drainage is the application of Rain Water Harvesting (RWH) [1]. Harvesting of 
water or a water harvesting is a technique for collecting, and conserving water from various sources for various 
purposes. Pacey and Cullis [2] define Rainwater harvesting as a principle use of the precipitation from a small 
catchment scale. In general, Rainwater harvesting methods are grouped based on characteristics of producing 
run-off and storage systems, such as roofing Rainwater harvesting to the storage system, recharge well, 
conservation pond and bio-pore. 
          RWH is an effort of adaptation to climate change in infrastructure provision in urban settlements because 
of RWH is both sustainable and concord with the concept of Integrated Water Resources Management (IWRM) 
[3]. Water resources must be managed well, in condition of water resources is critical, future challenges, and 
paradigm shift. Issues related to the need for water quantity and quality, especially in urban areas has provided 
an awareness of the importance of managing these resources in a comprehensive manner [4]. While IWRM 
itself is a process that promotes coordination of development and management of water resources of the system 
to be cross-sectoral sub-sectors to optimize the economic, socio-cultural without causing significant disruption 
to the ecosystem [5]. 
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          The concept of rainwater is harvesting in line with the concept of eco-drainage and also sustainable urban 
drainage system. Maryono [6] mention the concept of eco-drainage, as a "release of excess water to the rivers at 
an optimal time Hygienic and the which does not cause flood problems"; Anonymous [7] also mentions that the 
basic principle is environmentally friendly drainage to control surface so that excess water can drain in a 
controlled and more have the opportunity to seeped into ground. This meant that the conservation of ground 
water can still progressing well and the dimensions of the building structure can be more efficient drainage 
infrastructure. Sustainable drainage systems or sustainable (urban) drainage systems: a sequence of management 
practices and control structures designed to drain surface water in a more sustainable fashion than some 
conventional techniques [8]. Here is the synchronization between the concept of drainage which has been used 
by the eco drainage system. 
 

Table 1 Conventional and Eco drainage System 
Conventional Drainage  Eco drainage 

Concept  Impact  Concept  Impact  
Discard the inundation 
water as quickly as 
possible to the river 

 River will receive the load that 
exceeds its capacity and flooding 
in the rainy season 

 Lowering the opportunity for 
water to percolate into the soil 
resulting drought in the dry 
season 

 Fluctuations in soil water content 
of the dry and rainy season cause 
landslides 

Managing excess water profusely sink 
into the soil naturally or drain into the 
river without exceeding the capacity 
of the river 

 Water does not 
immediately flowed into 
the river 

 water soak into the soil 
to increase soil water 
reserves in the dry 
season 

Source: Maryono [6] 
 
          Bio-pore is one of a kind of eco drainage technology. Bio pore is the use of leach pit that serves to trap 
the water flowing so it can be a source of ground water reserves. Alternative bio-pore utilization has been 
widely applied, this is because in addition to its benefits in the drainage system also does not require the 
expensive costs and maximize community participation [9]. 
 

 
 

 

 

 

 

 

Figure 1 Bio-pore Hole 
 
          Based on the above considerations, it is necessary to research that aims to develop technologies bio-pore 
in areas experiencing flooding and inundation. One area in Malang that has drainage problems is to Sub-Metro 
Watershed level problems by 45% compared to other sub-watersheds in the city of Malang. This study aimed to 
evaluate the effectiveness of utilization as well as provide direction bio-pore application to be able to support the 
city with the concept of environmentally sound development. This objectives can be obtain by identify the 
characteristic of the drainage system in Metro Sub Watershed, evaluate how effective the bio-pore can be 
implemented in study area and the last the recommendations related to the implementation of this eco-drainage 
technology to support sustainable urban drainage. 
 

MATERIALS AND METHODS 
 
          The study of effectiveness of bio-pore as an alternative eco drainage technology to control flooding In 
Malang City is evaluative–summative type of research. The research was conducted in Metro Sub- watershed 
because 45% of the channel has not met its capacity and requires a lot of improvement effort (Fig 1) 
          The method of data collection there are two stages, the primary data collection through direct observation 
and secondary data collection through literature study. Several variables in this study are land use, rainfall 

Organic solid waste 
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intensity, catchment area, discharge runoff rainfall, population, household discharge, channel capacity, 
topography, and soil type. 
          Modified Rational Method represents the development of the Rational method [10], where the 
concentration of rainfall that occurred over time. Modified Rational Method is intended to consider the 
influence of discharge capacity in estimating the peak runoff. Modified Rational Method formula in determining 
the peak discharge is as follow: 
 

Q = 0,278.Cs. C. l. A 
with: 
Q  = peak discharge with particular period of time (m3/sec) 
I    = average rainfall intensity (mm/h) 
C  = run off coefficient 
A  = catchment area (km2) 
Cs  = coefficient of capacity 
0.278  = conversion factor 
 
The effectiveness of the application of bio-pore analytical methods based on the number bio-pore that suitable 
with the condition of study area, by the formula [9]: 
 
The number of bio-pore hole = Average rainfall intensity (mm/h) x impermeable area (m2)/ the rate of water 

absorption per-bio-pore hole (liter/h) 
 
The next process is to determine the comparative analysis of discharge runoff after reduced by the 
implementation of bio-pore. 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 
 

Fig, 2 Study Area 

RESULTS AND DISCUSSION 
 

Drainage in Metro sub-watershed  
          Management and maintenance of drainage in Malang City, especially in Lowokwaru, Sukun, and Klojen 
district is gradually focused on management of the stagnant water areas in Metro River catchment area. This 
area is called the Metro Watershed. Metro is a regional watershed streaming River that flows from the Metro 
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North to South through the Western part of Malang. Metro River that serves as the main drain, in addition to 
receiving the flow of drainage channels on either side of the road, also receives flow from the river branches, 
Kali Kasin, Kali Watu, Kali Kuthuk, and Kali Sat. Metro Watershed covers area of Sukun District, partly Klojen 
District, and Lowokwaru District 
          Based on observation, in some locations there was encountered that the channel condition cannot 
accommodate the runoff discharge resulting inundation and flooding. The areas including the Gajayana street, 
Simpang Gajayana street, intersections of Simpang Gajayana street - Joyo Suko street - Mertojoyo street - Sunan 
Kalijogo street, intersections of  Sumbersari street and Bendungan Sutami street, Bendungan Sigura-Gura street, 
intersections of Galunggung street and Candi II street, Raya Tidar street, Terusan Raya Dieng street, Raya 
Langsep street and  Raya Jupri street, Raya Bandulan street, Mergan Lori street, S. Supriadi street, Kacuk 
junction, and Satsuit Tubun Street. 

- Green area as water infiltration is 54.57 ha. Although it only amounted to 0.024% of the Metro sub-
watershed area, but if its existence is maintained as a conservation area and recharge, it will be enough 
to make green open space to function optimally. 

- The area have the potential resources to overcome drainage problems with sustainable drainage 
planning, for example, increasing the catchment area in each house and the plan of individual and 
communal absorption wells and bio-pore development.= 

- self-help efforts of communities to improve damaged drainage pipe and the construction of a new 
drainage 

 
Table 2 Inundation Causes in Metro Sub-watershed 

No. Inundation Causes 
1. Pipe capacity  
2. Sedimentation  
3. Cumulation of garbage 
4. Combination: the capacity is less, the process of sedimentation, and solid waste 
5. Dimensions of the pipe inlet conditions is inadequate 
6. Limited number of drainage inlets 
7. The unavailability of the inlet to the drainage 
8. Area lies in the basin area 
9. The slope of the drainage channels are not suitable 

 

 

 

 

 

 

 

 

Fig. 3 Inundation Locations in Intersections of Simpang Gajayana street, Joyo Suko street, 
Mertojoyo street, and Sunan Kalijogo street 

 
          Based on calculations in the analysis of the drainage channel capacity, it can be concluded that 35 
channels or 44.31% to accommodate the rain water discharge, while 44 channels or 55.69% were not able to 
accommodate the incoming flow of water. 
 
 

 

 
 

 
Fig. 4 Graphic of Existing Drainage Capacity Evaluation without Bio-pore 

Meanwhile, related to the concept of sustainable drainage, potential support in Sub watershed Metro is as follows: -  

44,31% 
55,69% 

Adequate Pipes
Inadequate Pipes
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          In general, the drainage system still leads to a conventional drainage system where the orientation of its 
development is still solely to accommodate the flow of rain runoff to flow immediately into the river or main 
drain, without any attempt to hold water for recharge or infiltration. Of the existing systems, arise flooding 
problem due to the high of land use conversion from recharge area to built area 
 
Effectiveness of Bio-pore  
          Factors that are known for calculating the amount bio-pore in study area are the intensity of rain 151.241 
mm/h; impermeable area 213,803 m2 and penetrating rate of water 126 litters/hour. Based on calculations using 
the bio-pore’s formula of number holes, it is known that the number of holes to leach bio-pore Metro Sub-
watershed is 7381 holes. After conducting mathematical modelling of the bio-pore, it is known that the load of 
the channel to receive debit reduced. This is because bio-pore provide the function to accommodate and absorb 
rain water into the hole and then into the ground with rain water discharge capacity that can be accommodated 
by bio-pore 0.00027475 m3/second. Quantitatively for the whole Sub watershed Metro is 54.846 m3/second or 
96.43% of water can be accommodated and absorbed into the bio-pore of the total discharge of 56.874 
m3/second runoff, so the remaining water to discharge into the drainage channel only 2.027 m3/second or only 
by 3.57%. It can be concluded that the presence of bio-pore, reduce the inundation problem that usually occurs 
in the rainy season in some points of Sub watershed Metro. 
          It can be considered also that the bio-pore hole is quite effective to be planned and implemented, although 
it is known that there are channels that inadequate to accommodate run off after bio-pore implementation. If the 
normal drainage system (conventional), based on the calculation of the evaluation there are 44 inadequate 
channels, after the bio-pore implementation, there are 34 inadequate channels. therefore, alternative efforts are 
required other than the application of the bio-pore to overcome drainage problems that occur. 
 
 
 

 

 

 

Fig. 5 Graphic of Drainage Capacity Evaluation with Bio-pore 
 

RECOMMENDATION 
 
Recommendation based on spatial planning 
          Although not all channels are still there who do not fulfill the capacity after the bio-pore, but it can be 
concluded that the bio-pore as one of the environmentally friendly method of drainage has many benefits for 
humans and the environment. 
 
Technical Bio-pore Implementation  
a. Conventional alternative, some points in this case the drainage planning still need the conventional 

alternatives to handle inadequate channels, such as adding the dimensions of the channel, the addition of 
channels, and channel normalization.  

b. Environmentally friendly alternatives, as principle is to reduce drainage problems and also to maintain 
environmental sustainability. The concept is to reduce surface runoff to collect and absorb runoff water 
into the ground through the reservoir or impregnation. For example absorption well and conservation 
pond.  

c. Construction of bio-pore and the design of the suitable location for bio-pore.  
 Suitable location; In pedestal or base channel rain water or drainage; Around the tree; In the bare 

land between plants or at the plants boundary 
 The process of making bio-pore divided into two stages: 

1. Making stages 
The recommended holes depth is 80-100 cm, a depth that allows organisms to work with the 
optimal decomposition. While the diameter of 10-30 cm is recommended. Mouth of the hole 
can be reinforced with cement 2 cm thick and 2-3 inches wide and provided 

2. Charging stages 
For filling the bio-pore with organic wastes, the solid waste must be sorted to get the organic 
waste, such as leaves, kitchen scraps, branches, non-chemical kitchen food waste, etc. Organic 

56,96 
43,04 Adequate Pipes

Inadequate Pipes
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solid waste in the hole will shrink so it needs to be filled again at the end of the dry season and 
can be drained as a natural compost fertilizer. Compost is formed in the hole can be take at the 
end of each dry season simultaneously with the maintenance of the bio-pore hole. 

 
CONCLUSION 

 
          Based on research conducted in the Sub Basin Metro Malang that have been discussed in previous 
sections, it can take some conclusions as follows: 

1. there are some areas in Metro sub-watershed when coming rainy season experienced 
inundation and flooding. The reason is the number of channels that covered the building, a high 
sedimentation, trash, basic drainage and elevation higher than the road elevation. In this 
research found 55.69% inadequate drainage channels. This is because the design of drainage 
channels that exist cannot sufficient for the incoming flow of water. 

2. Based on the calculation formula, it is known that the number of leach pit is planned for 7381 
bio-pore. The bio-pore hole is effective enough to be planned and implemented, although it is 
known that there are channels that inadequate to accommodate run off after bio-pore 
implementation. If the normal drainage system (conventional), based on the calculation of the 
evaluation there are 44 inadequate channels, after the bio-pore implementation, there are 34 
inadequate channels. 

3. o-pore infiltration holes have the function to reduce runoff and absorb water into the ground. In 
Sub Catchment Metro River to optimize the function of infiltration and reduce the inundation it 
is necessary to recommend other Eco drainage alternatives to be implemented, such as 
absorption well, conservation pond and rain water harvesting 
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