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Abstract

Bandung, the capital of West Java province, is a home to 3.1 million people with density of
16,500/km?, which put a considerable stress towards the natural resources. The most prominent stress
was the conversion of the catchment area of Citarum River into commercial and residential areas.
The catchment area, which is located in northern part of Bandung, has lost most of the forest and
agriculture areas, leaving only 25% of its 30.000 hectares. The regular rain leads into flooding in city
and subsequently the downstream area, which is in the southern part of Bandung. The result is
disastrous: transportation paralyzed, housing becomes inundated on regular basis and industrial
activities which are located most in southern part were inhibited. The overwhelming flood occurs
because 95% of the rainwater cannot be absorbed in the catchment area. This also resulted in the dry
up of water springs. Consequently, in the year 2000, Bandung faced a fresh-water deficit and cannot
barely supply the water demand of its 3 million residents. Immediate action by Bandung Local
Government is by providing Biophore Programs in 2013 arguing that water can infiltrate, run-off
diminishes and thus floods will be reduced. This paper main question is to ask the effectiveness of
such programs in reducing urban flood. This paper argues that there is limited open space available
cause the Biophore Program and thus should be coupled with rainwater harvesting at household
levels in order to achieve effective results. The proposed method is now under development of
Bandung government to mitigate urban flood. In this paper, the application of the technology in
Bandung city is described as well as its application in the household scale. This paper concluded that
a small investment in household scale could prevent upsetting but yet avoidable disaster such as
urban floods.

Keywords: urban flood, catchment area, rainwater harvest, biophore, Bandung
1. Introduction

In some areas of Indonesia, floodings are one of the impacts of land use change. In Jabodetabek area,
land use change in the upstream region of Bogor, Puncak and Cianjur (Bopuncur) has led to the
increase of run-off to the downstream section to Jakarta (Sagala et al 2013a). Similarly, Sagala et al
(2013b) observed in Palembang that wetlands conversion to drylands had caused annual inundation in
the residences area.

Bandung is part of the Bandung Metropolitan Area (BMA) which experienced significant growth in
the last 10 years (Word, 2008). The particularly rapid growth was its economic growth between 2000-
2009 with the value of GDP reached USD 70.281.163 (Profile City of Bandung, 2011). As the result,
Bandung became the destination of urbanization and thus, making it as the 3™ largest city in
Indonesia. Now, it is a home for 3.1 million people with density of 16,500 people /km®.

This phenomenon put a considerable stress towards the natural resources. The most prominent stress
is the conversion of the catchment area of Citarum River into commercial and residential areas. The
catchment area, which is located in northern part of Bandung, has lost most of the forest and
agriculture areas, leaving only 25% of its 30.000 hectares. This is due the poor and uncontrollable
licensing system of residential developers who were eager to produce the highest rents (Firman,
2008). The residential area in northern part of Bandung is highly desirable due to its cool mountainous
air and natural environment. This area was expended as hotels, restaurants and exclusive residential
area, whereas the southern part was used as industrial area and common housing area (Kepala Bidang
Perencanaan Distarcip, 2013).



From 1990 to 2008, the built up area in the city of Bandung had covered more than 50%, which
comprised most of residential area and commercial purposes (Figure 1). This resulted to the paving of
the catchment areas and thus 95% of the rainwater cannot be absorbed in the catchment area.
Consequently common rain events could lead into flooding in city and subsequently the downstream
area, which is in the southern part of Bandung. The incidents were famously known as banjir
cileuncang. The term derived from local language that depicted the pools of water that were created
because of drainage failure to discharge run off (DBMP Drainage Planning Report, 2012). The result
is disastrous: paralyzed transportation, housing becomes inundated on a regular basis and industrial
activities are located in southern most part were inhibited.
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Source: Tarigan et.al, draft
Figure 1. Land use of Bandung

Consequently, in the year 2000, Bandung faced a fresh-water deficit and cannot barely supply the
water demand of its 3 million residents. Bandung itself also went into the red zone with declining
ground water conditions.

Immediate action by Bandung Local Government was by providing Biophore Programs in 2013
arguing that water could infiltrate and run-off would diminishes and thus floods will be reduced.
Biopore was initiated by Dr. Kamir R Brata, (www.biopore.com) one of the researchers from Bogor
Agricultural University. The objective is to improve the capacity of soil in absorbing water and
hopefully reducing water inundation during rain event. The water absorption of the soil will be
improved by making a hole in the ground and filling it with organic waste to produce compost. The
waste in the hole feeds the soil fauna, which is capable of creating pores in the soil and thus
increasing the absorption capacity (Fig 2). This simple technology is then called by the name biopore
or biopore.

BIOPORI HOLE

~10 CM~

ORGANIC
TRASH

Figure 2. Biopore
Source: biopore.com
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Biopori is able to enhance the absorption of soil to water (Ibubercahaya, 2014) so that the risk of
water flooding (waterlogging) is getting smaller. The stored water could keep the soil moisture even
in the dry season (Suara Surabaya, 2014). These advantages are believed to be useful as flood
prevention program. The wall of biophore consist of small holes (pores) that are able to absorb water.
So a biopore with a diameter of 10 cm and a depth of 100 cm, would have an absorption area around
3,220.13 cm? In contrast, without biopore, land area of 10 cm in diameter has an area of only 78
square cm absorption fields. Biopori could serve as an alternative to absorp rain water in the region
which has limited space availability (Kompas, 2014).

This paper main question is to ask the effectiveness of such programs in reducing urban flood. This
paper argues that there is limited open space available because of the Biophore Program and thus
should be coupled with rainwater harvesting at household levels in order to achieve effective results.
The proposed method is now under development of Bandung government to mitigate urban flood. In
this paper, the application of the technology in Bandung city is described as well as its application in
the household scale.

2. Methods

Data collection methods used for this research is done through two methods, namely primary and
secondary methods.

e Secondary data collection became the primary method of data collection is done through data
collection from the web regarding biopore. Various data and facts contained in the web
becomes the raw data were then processed and become the subject of analysis and then
triangulated through a primary survey. Hypothesis obtained through the collection of this data
is processed through the triangulation mechanism with the primary survey method.

o Primary Survey conducted by interview to the relevant agencies, including: BAPPEDA
Bandung, Department of Highways and Water Resources, Department of Spatial Planning
and Human Settlement, BPBD of West Java, and Bandung Satlak.

e The rain-harvesting system: infiltration well (diameter of 1 m and 2 m depth) and rainwater
tank (1 m wide and 2 m depth) were built in a house and monitored its performance to collect

rainwater during rain events.

3. Results

Flood discharge in Bandung area was calculated based on run-off discharged in the catchment area of
Citarum river. There have been numerous research estimated the flood discharge in Citarum river.
Some of the researches resulted 185.164 m%sec of flood discharge, whereas other research reported
flood discharge as much as 250 m%sec (Maulana, 2012). The one used for assumption in this research
is maximum discharge of 140 million liter per rain event, while the average flow of run-off is 37
million liter per rain event.

Biopore ability to absorb water has been studied by many people. According Rasmita (2010) the rate
of water infiltration using biopore was affected by differences in the type of soil in each region as
shown in the table below.

Tabel 1. Biopore Absorbing Ability

Ground Orders Biopore Absorbing Velocity (liter/hour) Location
Entisol 147,32 liter/hour
Inseptisol 104,56 liter/hour Rasmita (2010)
Ultisol 25,03 liter/hour
2.02-6.4 mm/minute Juliandri et al.,

. . Malang, East Java (Arifin and
Sumber Sari Malang 180-300 liter/hour Orizanto,(2012)
Sampah kulit buah (14 hari) 1,463 x 10-4 L/ sec/ cm? Surabaya, East Java (Sibarani
Sampah 7 hari 0,224 x 10-4 L/ sec/ cm? and Bambang, )




Using the assumption of flood discharge by 140 million liters of water per rain event (Kusuma, 2012),
the ability of LBR is 180 liters per hour. Then if the inundation should be fully absorbed by the soil
within 30 minutes, then there should be approximately 1.555.556 holes of biopore. Whereas out of the
1 million of biopore targeted to be built in Bandung area, there are only 48% which have already
made.

However, during rain events, the whole area would be inundated by water and the rain water will
saturate the whole area. Consequently the absorption capacity of each biopore hole would not be as
much as the one during the experiment. The absorption capacity during the experiment was extremely
enhanced due to the surrounding soil of the biopore holes was in dry condition and therefore, the
water absorbed by the biopore could be easily absorbed and transfered to a wider area of soil.

3.1. Infiltration well and rainwater harvesting tank

An experiment was conducted using a house. The roof top area of the house was 100 m?. The
rainwater then conserved using rainwater tank coupled with infiltration well. The dimension of the
rainwater tank was 1 m in width and length and 2 m depth (2 m®), while the dimension of the
infiltration well was 1 m in diameter and 2m in depth. The infiltration well was filled with big stones
and ijuk or black-sugar palm fiber without any masonry wall, so the water could effectively infiltrate
through the whole area of the well. The method was chosen because the location of the infiltration
well was next to the foundation of the house due to limited space.

Two sets of rainwater harvesting tank and infiltration well were built to collect the rainwater. So in
one rain event, this rainwater harvesting system could collect and save maximum 4 m? of rainwater
and infiltrate 0.25 liter/second in the infiltration well. This number was obtained based on the
infiltration rate from observation (0.000016 meter/seconds x 15.7 m? (the total area of the well)).

There have been many researches who reported the infiltration rate of the infiltration well. Indramaya
and Purnama (2013) reported the infiltration rate of the infiltration wellby 0.0000582 m/second,
while similar infiltration rate also was reported at Surabaya by Sibarani and Bambang (2014) who
reported infiltration rate of 0.000016 meter/seconds.

In daily basis, the infiltration well also receive discharge of the grey water from bathroom and
kitchen. The amount of water discharged into rainwater can be seen in table 1 and was calculated
based on research reported by Arika (2003). That research calculated the average amount of clean
water needed in Cimahi, Western Bandung. Thus the total grey water that must be absorbed is 763
liter/day or 0.76 m°/day.

The rate of soil water infiltration in the experiment area is 0.0000016 liter/second. With the total area
of the infiltration well as much as 15.7 m% the total capacity of the well to infiltrate was 0.25
liter/second and thus the time needed to infiltrate the water discharge was between 50 seconds to 34
minutes. This lag time was considered as feasible as the volume of water in retention was less than 0.5

me.

Rainwater

Sewer

Rainwater Tank Infiltration Well

Figure 3. Simplified scheme of rainwater harvesting and infiltration system in household scale
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(b)

Figure 4. Infiltration Well (a) and Rainwater harvesting tank (b)

On the other hand, calculation of total water consumption in the house of six people was 936 liter or
0.9 m® (Arika, 2003). This implied that the rainwater tank could accommodate the water consumption
of the house until 4 days.

Table 2. The average amount of water discharge into infiltration well

Water consumption p;%rog)erson per day (Arika, digzﬁg(ﬂ Inf':ggtlon nfiltration
Alocation Percentage Liter vvlmczlti?:r) (liter/sec) time
Bathing and 54.34% 85 510 02512 | 33.84min
ushing
Ablution 13.79% 22 129 0.2512 8.56 min
Laundry 10.55% 17 99 0.2512 6.57 min
Cooking 8.51% 13 13 0.2512 51.75 sec
Gardening 4.09% 6 NA NA NA
House cleaning 3.52% 6 NA NA NA
Car cleaning 2.32% 4 NA NA NA
Fish pond 1.65% 3 NA NA NA
Drinking 1.23% 2 12 0.2512 47.77 sec




100% 156 763 50.62 min

4. Discussion

From the calculation, biopori could not able to prevent flooding, but effective in dealing with puddles.
This was proven by the flood events three months after the biopore program was launched. Several
extreme flooding events were reported on the month of March and April in 2014, whereas the biopore
program was launched in December 2013. The failure of biopore to prevent flood might due to the
small dimensions of the pores which resulted in the relatively slow of water absorption in contrast to
the accumulation of run-off water. The inventor of biopore, R. Kamir Brata himself also mentioned
that the main function of biopore was not as water absorption but as an alternative of organic waste
treatment, which could accumulate daily (Pikiran Rakyat, 2014)

To handle the flood in Bandung, the mayor of Bandung, Ridwan Kamil proposed a program which
comprised of multiple culverts, build a small lake, making infiltration wells, water recycle and lastly
creating biopore. The biopore program preceded the other programs because of its low cost. While the
other four other programs would be carried out in stages to the next 5 years.

All other methods to catch rainwater in man-made containers, such as infiltration wells, man-made
lakes or large containers, can only catch limited amount of lower quality water whereas rainfall is one
of the purest sources of water. When the rainfall is fallen in Bandung area, only about 5% rainfall that
absorbed by soil, and the rest was become run-off in rivers and impervious area. Thus the attempt to
save the water should be focused on harvesting the rainwater. In addition, the next healthiest way to
store rainwater is to let the ground absorb it and not to discharge it to the sewer as rainwater absorbed
into the soil would likely become underground water.

Moreover, in Bandung, there will be infiltration pond with the size of swimming pool (21x13x3 m°),
with three injection wells with a depth of 12 meters, reaching its maximum capacity of 400 m®/day.
Rain water will be collected, rather than discharged into the drainage channel. So as to create ground
water reserves that could be used in the dry season. The infiltration well and rainwater harvesting tank
were better than biopore for flood prevention and water saving. The overall construction was designed
for a household of 6 people and cost around USD 700. Yet there is also a smaller size which cost USD
300. This number was considerable high for most Indonesian, but, in the longer term, the investment
was well worth with perspective of sustainable and green development, in particular in comparison
with losses suffer from flood events which reached the number of USD 383.000 in a year
(Kacamatasejati, 2014).

Meanwhile, to cope with the drought, reforestation efforts should be made in the mountains
surrounding Bandung basin. This is because that the mountain area is the main source of groundwater
for people in Bandung. In addition, the construction of residential area in catchment area should be
limited.
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