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Abstract
Bandung Metropolitan Area (BMA) or the Great Bandung is
one of the metropolitan areas that covers Bandung City,
District Bandung, District West Bandung, Cimahi City, and
some part of the District Sumedang in West Java Province,
Indonesia. Over the past decades, BMA records an immense
economic growth of over 8% per year. Currently, fulfilling the
need of drinking water in Bandung City is overseen by Local
Water Company (PDAM) of Bandung City with the capacity
of serving 69.30% of the population. However, PDAM of
District Bandung can only serve 30% (78,946) of its
customers in Upper Citarum Watershed. When the plan for
the potential usage of spring water source and the surface
water in BMA is realized, it will produce 3400 L/seconds of
available water. However, the available water would only be
sufficient to meet the need of the population till 2015 only.
Thus, it is required to find an alternative source of water by
making use of Saguling Reservoir. The aim of this study is to
determine the availability of the water in Saguling Reservoir
in every repeat period of 5 dry years (R5) and every repeat
period of 10 dry years (R10). The research also reveals the
priority service area of Saguling Reservoir as the source of
raw water.
Keywords: raw water, overlay, scoring, priority service

INTRODUCTION
Bandung Metropolitan Area (BMA) or The Great Bandung or
Bandung Basin is one of the metropolitan areas that covers
Bandung City, District Bandung, District West Bandung,
Cimaho City, and some part of District Sumedang in the
Province of West Java, Indonesia. The area is located 20 km
from the megapolitan, Jakarta or Jabodetabek (Jakarta-BogorDepok-Tangerang-Bekasi). Bandung Metropolitan Area is the
third most populated city in Indonesia after Jabodetabek and
Gerbangkertosusila (Gresik-Bangkalan-Mojokerto-SurabayaSidoarjo-Lamongan). BMA is also located in the upstream of
Citarum Watershed with the width of ±2338 km2 [Early
Concept Developmet of Metropolitan Bandung Raya
Bandung, 2010].
Over the last few years, BMA keeps developing with the rapid
economic growth of over 8% annually because the service
sector and creative industry have become the main sectors that

generate growth. Geographically, BMA is a basin surrounded
by hills and mountains, and such geographical area limits the
growth of physical morphology of the city than a discretion
given to the flatland area. Typically, one of the negative
effects of the morphology of the city is the growth of city
involvement that has become uncontrolled. Moreover, there is
more conversion of farming land to non-farming land, and the
effects are the declining of the water sources and scarcity of
clean water in the dry season, flood during the rainy season,
high sedimentation, air pollution, and low quality of surface
water because of the industry and domestic garbage. The
factor responsible for the city involvement is that the
population of the BMA continues to expand steadily. As of
2015, its population was 8.6 million. Moreover, the BMA
expanded rapidly between 1980 and 1990 by 2.48% per year,
as well as recording a steady growth of an average of 1.94%
annually from 2000-2010. Based on the total number of
population, the water required at BMA is as much as 2.8
m3/year.
Currently, fulfillment of the need of drinking water in
Bandung City is centrally conducted by water local company
(PDAM) of Bandung City that has capacity to serve only
69.30% of the population of Bandung City, while the scope of
the service of of Bandung District water local company
could only serve 78,946 customers about 30% of the area
outside Bandung City in Upper Citarum Watershed.
Moreover, the water supply in BMA is done by fulfilling the
local needs of water from the spring and the regional need is
fulfilled from the surface water. If the plan to use the potential
spring water and the surface water in BMA is realized, then
there will abundantly available water as much as 3400
L/second (Marganingrum, 2013). However, availability of
water is only sufficient to fulfill the need of water up to 2015.
For additional water supply, another alternative source of
water needs to be found, and one of the alternatives for a
potential opportunity for water source is from Saguling
Reservoir. Typically, a potentiality of Saguling Reservoir as
an alternative source of water in BMA forms the basis of this
research based on the reliable debit. The reliable debit is the
debit available in a watershed at a certain time with its
estimated availability so that it could fulfill flow of the water
need. The amount of such reliable debit can be determined
using ranking method (historic statistic) or rational.
This research aims to determine the reliable debit or the
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availability of water in Saguling Reservoir within the range of
5 to 10 years in the dry season. This research also
demonstrates that the area of priority service of Saguling
Reservoir serves as the source of water, which becomes the
fundamental step in making the policy decision regarding the
area of service priority in order to make use of Saguling
Reservoir as the source of water in BMA.

MATERIALS AND METHODS METHODOLOGY
The Reliable Debit Calculation of Saguling Reservoir
The analysis of debit of a dam is frequently related to the level
of the availability of reliable water in fulfilling the water need,
which is often referred as the reliable debit. An example of an
activity that requires a reliable water availability is the supply
of water and hydroelectric plant [Marganingrum, 2013]. The
reliable debit is determined by a certain minimum unit that
has a certain probability of fulfilling the water need. For
example, for the needs of drinking water, it is determined at
90% or 95%, while the real determinant of is 80%. The
equation of repeating period towards the probability is
formulated as Tr = (1/P), where Tr is the repeating period and
P is the probability value or the probability that is expected to
occur. The criteria of the design of domestic water use and
irrigation use are revealed in Table 1.

Table 1: Criteria for domestic and irrigation use of water.
Water
source of
dam

Criteria of design of Water Planning

Dry
Domestic
Irrigation
Successive 30days TR=10-20 Years 30days TR =5 Years
Water Debit
Observation towards the minimum debit score or the
maximum debit score is expected to provide an explanation
towards the tendency of the potential water in Saguling
Reservoir. The observation of debit has been done many times
in the research conducted by Marganingrum, 2013 on
Saguling Reservoir in two periods between 1950-1985 (the
period in the planning of the construction and the maintenance
of Saguling Reservoir) and 1986-2008 (the period after the
construction of Saguling Reservoir). The observation is also
done for the tendency of the minimum debit annually to
explain the potential base flow of Watershed, while the
observation towards the tendency of the maximum debit
annually reveals the flood or the runoff because of the change
in the use of the land. Thereafter, the observation of debit in
the research of Kaskade Citarum dam was done within the
observational period of 1986-2013.

Determining the Priority Service of Saguling Reservoir:
Overlay Analysis
Data analysis is done with the help of an ArcView GIS and
MapInfo software program. The analysis began with the
delineation of the study area (Upper Citarum Watershed), then
the overlay analysis was executed with the basic maps, as well
as the related supporting data. The overlay is a fundamental
type of spatial analysis that can be used to explore the spatial
and attribute characteristics of combining data layers. The
overlay is also a technique that combines some geospatial data
or map that has the same reference to produce a new data or a
new map. The approach for the overlay techniques are twodimensional matrix using the binary quantitative, tiered
quantitative, and balanced tiered quantitative [Newcomer,
2013]. The requirement to use the two-dimensional matrix
approach is the data to have the same content and the object of
the study. The analysis of geospatial data is in the form of
thematic maps, which is an identification of topography
characteristics of Upper Citarum Watershed, the
characteristics of the population, the characteristics of PDAM
service, and the characteristics of the area priority service of
the Saguling Water Reservoir.

The Making of the Altitude Map of Upper Citarum
Watershed Location
Altitude needs to be considered to determine the use of the
area or planning of the area. Geographical Information System
(SIG) provides an easy method in analyzing the altitude of the
planning location. In this research, the image analysis process
of ASTER GDEM was done to obtain the altitude data and the
slope of the hill in Upper Citarum Watershed. The images
analysis process of ASTER GDEM was also done using
software ArcGIS 9.3, which produced the contour map that
provided the information about the altitude of each subdistrict in Upper Citarum Watershed. The result of the contour
of the analysis gives information about the altitude of the
location in Upper Citarum Watershed located between 600
masl - 900 masl.

Scoring to determine the area of priority service of the
source of water of Saguling Reservoir
Scoring is an activity to give a certain assessment towards the
criteria that have been set [Yoon, 1995]. The assessment of
each priority class is different from one another. Scoring is a
stage before overlay process which produces priority location
that becomes the service area of Saguling Reservoir. The
assessment of each criterion is presented in Table 2.
Previously, the effort to minimize the area that will be
analyzed is done based on the area of service of PDAM of
Bandung City and the service area of PDAM of District
Bandung. After that, the areas which are not accommodated
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by that PDAM would run with overlay process based on the
priority criteria.
Table 2: Scoring criteria of priority service of Saguling
Reservoir.
No

1

2

Criteria

Altitude

Class

Score

<700 masl

3

700-750 masl

2

>700 masl

1

>100.000 people

2

< 100.000 people

1

Population

The combination of these five criteria will provide results of
the maximum score of 5 and the minimum score of 2. The
maximum and minimum score would be divided into three
channels, and they are: score between ≥ 2 to < 3, between ≥ 3
to < 4 and score 5. The score would be the reference to
determine the area of service priority of the water source in
Saguling Reservoir. Based on the level of prioritized
locations, which are: the first priority, second priority, and the
third priority. Figure 1 shows the flowing diagram in
determining the priority service of Saguling Reservoir.

Figure 1: The flowing diagram determining the priority
service of Saguling Reservoir.

RESULTS AND DISCUSSION
Allocation of water debit in Saguling Reservoir
Analysis of debit in Kaskade Citarum Reservoir began from
the observation of data of the debit in Saguling Reservoir
which was the debit post of Nanjung as the primary station
and the debit post of Saguling as the secondary station. Figure
2 shows that the average monthly debit of cand Saguling post
has a similar monthly pattern on the series of data in 19201980 and 1986-2013.

Figure 2: Fluctuation of the monthly average debit in Nanjung and Saguling post within two periods.

The allocation of drinking water that Saguling Reservoir can
deliver is based on the debit plan R5 dry or R10 dry revealed
in Table 3.
Table 3: The result of the calculation of the debit plan of
water allocation in Saguling Reservoir.
Location

Local Plan Debit /
QR5(m3/second)

Local Plan Debit/ QR10
(m3/second)

Saguling
Reservoir

46,92

29,53

Demographic Characteristic of Bandung Metropolitan
Area
BMA consists of 85 sub-districts spread across Bandung City,
District Bandung, District West Bandung, Cimahi City, and
some part of District Sumedang as revealed in Figure 3.
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Figure 3: Map of sub-district upper Citarum Watershed.

The population of the BMA continues to expand steadily. In
2015, its population was 8.6 million (Table 4). Moreover, the
BMA expanded rapidly between 1980 and 1990 by 2.48% per
year. The population is still growing steadily at an average of
1.94% annually from 2000-10 (Table 4). This makes it the
most populated metropolitan area in Indonesia after the
Jakarta Metropolitan Area (JMA), or Jabodetabekpunjur, with
the population of 9.5 million people. The BMA’s population
is projected to reach 9.1 million by 2020. However, the
BMA’s recent population growth has been concentrated
primarily in outlying districts (Newcomer, 2013). While
Bandung City grew at 0.37% per year between 1990 and 2000
and 1.16% between 2000 and 2010., however, the population

of Bandung District grew by 2.62% per year in 1990-2000,
and by 2.57% between 2000 and 2010 (Table 4). Within the
BMA, the share of working age population varies across the
five districts. In Bandung City, it is 71%, compared to 64% in
West Bandung District. Notably, 60% of Bandung City’s
population is under 40 (City of Bandung, 2015). Based on the
information in the map, the condition of people located at
Bandung Metropolitan Area (Figure 5) was related to the
population that showed that the number of people in each
subdistrict in Upper Citarum Watershed was around 100,000
people. The maximum number of population was 260,000
people.

Table 4. The population of Bandung Metropolitan area.

No
1
2
3

Municipal area

2015
population

Annual
population
growth
(%)
(1990-2000)
0.37

Annual
population
growth (%)
(2000-2010)
1.16
2.06
2.57

Area
(km2)

2014
density
(people/km2)

Sub
districts

Bandung City
2.481.469
167.7
14.797
30
Cimahi City
586.580
39.3
14.926
3
District Bandung 3.534.114
2.56
1768.0
1.999
31
District
West
4
1.629.423
1.97
1305.8
1.248
16
Bandung
District
5
371.938
2.79
1.23
207.6
1.792
5
Sumedang **
Bandung
Total
Metropolitan
8.603.524
1.85
1.94
3488.0
2.467
85
Area
** This excludes the sub-districts outside the BMA. Although there are 26 sub districts in District Sumedang, only five form
part of the BMA. These five sub-districts are located along the District's south-western edge, bordering Bandung District.
Data was not available for Cimahi City and West Bandung in 1990
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Figure 5: Map of populated location in BMA.

Topography Characteristic of Bandung Metropolitan
Area
Figure 6 explains the condition of the altitude of each subdistrict in Upper Citarum Watershed, and it is revealed that
the morphological characteristics influence the altitude of
each sub-district in Upper Citarum Watershed. Typically,
BMA morphology consists of volcanoes, hills, and flatland.
The upstream of the small rivers in Citarum Watershed is
formed from the morphology volcano, which its characterized
for its hilly-flat surface with elevation altitude of 750 - 2300
masl, the slopes of the foot of the mountain of 5 -15%, the
middle of the mountain of 15 - 30%, and the peak of 30 90%. The pattern of the flow of the inline river and radier,
generally is the main absorption of the shallow and deep
ground water, as well as where the spring comes out from the
slope. The arranging rocks are in the form of the young and
old volcano sediment, consisting of tuffs, magma, and lava
[West Java Provincial Spatial Plan 2005-2025, 2006]. The
Geodynamic process is a volcanic activity and lifting because
of the magma, as well as gradation because of the cliff
landslide, erosion, and human activities, such as digging, and
slope cutting [West Java Provincial Spatial Plan 2005-2025,
2006].
The morphology of the hill is divided into igneous and waved
rock hill. Typically, it has surface characteristics of hilly,
separated, elevated altitude of 700 - 1500 masl, with the slope
level of 15 - 70%. The pattern of inline river flow and
dendritic is not an area of the main ground water absorption.

The arranging rocks are in the form of intrusion and lave
igneous rock, as well as mountain and tertiary sediment. The
process of geodynamic is an active fracture, and gradation
because of the cliff landslide, erosion and the human
activities. Citarum Watershed has an intrusion hill
morphology, such as Parang Mountain (975m), Mountain
Haur (522m) around Jatiluhur dam, Mountain Lagadar
(800m), Mountain Lalakon in Cimahi, Bandung, and the
cluster of Mountain Geulis around Banjaran-Ciparay
Bandung. The long waved hilly, and steep occurs around
Rajamandala near Saguling Reservoir.
Landslide morphology can be divided into altitude, alluvium
fan flatland, alluvium river flatland, swamp and beach.
Moreover, it has a low surface characteristic with the elevated
altitude of 0 - 700 masl, and the slope of 0 - 15%. The
meandering river with the inline and dendritic pattern is a
generally flood prone area. Its arranging rocks are from
volcano fan, river sediment, beach and swamp. The
geodynamic characteristics consist of river cliff landslide,
erosion and human activities, such as digging, hoarding, etc.
The Highland is located at Bandung Basin and its
surroundings, while the rest is on the alluvium fan flat land
lies at Karawang City, Purwakarta and Subang. Flood prone
area is spread to the north coast flat land in the form of
meandering Moreover, river alluvium flat land is in the
groove formed by the river sediment. The swamp and beaches
bordered directly with the beach line with its meander that
formed a delta.
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Figure 6. Map of the altitude of Upper Citarum Watershed.

in the Processing Installation of Badaksinga from the
planned ± 1800 l/second,

Local water company (PDAM) of Bandung City
In Indonesia, the history of the PDAM of Bandung City began
during the Dutch colonial era. The establishment of PDAM of
Bandung City as the Local Owned Enterprise (BUMD) is
based on the Regional Act of Bandung Municipality No.
7/PD/1974. Confirmed and legalized by the Governor of West
Java on October 31, 1974. Since 07 November 2009, PDAM
of Bandung City changed its name into PDAM Tirtawening of
Bandung City, which had been legalized by the city mayor of
Bandung through the Regional Act of Bandung City No.15
year 2009 about the Local Enterprise of Drinking Water.
However, PDAM Tirtawening of Bandung City could only
serve 69.30% of the population in Bandung City, which is
2,486,457 people.
PDAM Tirtawening of Bandung City currently uses three
sources of water that has become the source of water
reprocessed as clean and consumable water for the people in
Bandung City. These sources of water could be explained
further as follows:

Surface Water
 Cisangkuy River, debit taken + 1400 l/second, processed

 Sikapunding river, debit is taken +840 l/second,
processed in the Processing Installation of Badaksinga,
600i/second in the Installation of processed Dago Pakar
and 40 l/second processed in Mini PlantDago expert.
 Cibeureum River, debit taken +40 l/second, processed in
Mini Treatment Cibeureum
 Cipanjalu River, debit taken +40 l/second, processed in
Mini Treatment Cipanjalu

Spring Water
The spring water is taken from some sources of water in the
north of Bandung with the total debit of 190/second. The
following are some of the sources of water:


Cigentur I Spring



Cigentur II Spring



Ciliang Spring



Cilaki Spring
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Ciwangun Spring





Cisalada I & II Spring



Cicariuk Spring

Ground Water



Cibadak Spring



Cirateun Spring



Cikendi Spring



Ciasahan Spring



Legok Baygon Spring



To process the water from the deep ground water, an aeration
system is used, filtration and disinfectant are carried to kill the
bacteria. The water quality from the processing consists of Fe
and Mn content. Such ground water is partly used to help
customers to process their water and getting access to water
using the main installation of the PDAM. The number of wells
of ground water in PDAM is 32 with the direct distribution
system to the consumers.

Citalaga Spring



Panyairan Spring

Ciwangi Spring

Figure 7: The Coverage of service of PDAM of Bandung City.

Local Water Company (PDAM) of Bandung District
The Local Enterprise of Drinking Water Tirta Raharja was
established in 1926 under the name of Water Leiding Bedjrif
to fulfill the need of clean water for the Dutch Community in
Cimahi and Lembang. Until its development in 1977,
Regional Act of Bandung District No.XII of 1977 was issued
and legalized with the Decree of Governor Level I of Wes
Java No. 510/H.K/011/SK/77. This decree was changed for

the first time in 2005 to some sort of the Local Act of
Bandung District Number 5 the year 2005 about the Local
Enterprise of PDAM Tirta Raharja Bandung District.
PDAM Tirta Raharja is an enterprise that provides the clean
water service for the community. PDAM was established in
1977, and currently, PDAM Tirta Raharja provided 86,635
servicing channel for the entire District of Bandung. The map
of servicing area in Tirta Raharja is shown in Figure 8.
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Figure 8. The coverage of service for PDAM of Bandung District.

The Location of PDAM Tirta Raharja is in some strategic
location of the area of District of Bandung, and the division of
branches of PDAM Tirta Raharja is aimed to monitor the
quantity and the quality of service. Therefore, this will ease
the coverage of PDAM Tirta Rahara to the community. Thus,
PDAM’s sub-district area of District Bandung can be seen in
Table 5. Figure 9 also shows the total service of PDAM in
Upper Citarum Watershed.

Table 5. The service area of PDAM district.
Sub-district Area that is served from
PDAM pipes
Branch 1 Soreang
1. Soreang-Katapang-Cangkuang
2. Banjaran
3. Pangalengan
4. Ciwidey
5. Kutawaringin
Branch 2 Ciparay
1. Ciparay
2. Baleendah
3. Bojongsoang

The Number of
Extensions
23.072
13.105
5.387
3.310
1.037
57
16.067
7.070
5.089
2.483

4. Pacet
5. Dayeuhkolot
v 3 Majalaya
1. Majalaya
2. Rancaekek
3. Cicalengka
4. Cileunyi
Branch 4 Padalarang
1. Padalarang
2. Lembang
3. Cisarua
4. Cililin
5. Batujajar
6. Cikalong Wetan
Branch 5 Cimahi
1. Cimahi
Total
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277
1.148
13.038
6.637
4.816
729
856
10.887
1.848
2.504
3.683
1.689
734
430
15.882
15.882
78.946
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Figure 9: Total service of PDAM in Upper Citarum Watershed.

DETERMINING THE PRIORITY AREAS
Based on the scoring method and the overlay towards the
altitudes of the location in each subdistrict, the number of
population, and the service of PDAM in Citarum Watershed

could determine the priority of location coverage that would
become the prospect of service of Saguling Reservoir as the
source of drinking water. The priority location can be viewed
in Figure 10.

.
Figure 10: Map of priority coverage of Saguling Reservoir
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The higher score is given to the sub-district area because it has
not been served by PDAM, either PDAM of the Bandung City
or PDAM District Bandung because the area has more than
100,000 population with the altitude under +700 masl.
Moreover, it was because the location of the Saguling
Reservoir is at the altitude of +645 masl, therefore if required,
there will be an effective and economic pumping of 1 x
pumping with the total head of ±50 meter. The area of priority
is revealed in Table 6 which is a prioritized sub-district to
obtain water service from Saguling Reservoir.

sub-districts because the areas have not been served by
PDAM. Moreover, the area has over 100.000 population.
When the area that has an altitude under +700 masl, then the
prioritized areas are sub-district Margahayu, sub-district
Dayeuhkoot,
sub-district
Baleendah,
sub-district
Pamerungpeuk,
sub-district
Cimenyan,
sub-district
Cilengkrang, and sub-district Cibiru. The prioritized areas
were directed to the area with the level altitude under +700
masl since the location of Saguling Reservoir was on the
altitude of +645 masl. Therefore, if necessary, the pumping is
planned for the effective economic sustainability with the
possible 1x pumping head of total ±50 meter.

Table 6: Priority location of Saguling Reservoir.
Priority 1
Sub-district
Padalarang
Sub-district
Margaasih
Sub-district
Margahayu
Sub-district
Dayeuhkoot
Sub-district
Baleendah
Sub-district
Pameungpeuk
Sub-district
Cimenyan
Sub-district
Cilengkrang
Sub-district Cibiru

Priority 2
Sub-district
Tanjungsari
Sub-district
Cikeruh
Sub-district
Cileunyi
Sub-district
Cimanggung
Sub-district
Rancaekek
Sub-district
Cikandung

Priority 3
Sub-district
Cikalong Wetan
Sub-district Cipatat
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