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Groundwater in Bekasi District, West Java, Indonesia 

ABSTRACT 

F.J.H. DIRKS* 
Djoko RISMIANTO** 
G.J. de WIT* 

The project "Groundwater Resources Survey in West Java" aims to make an inventory of groundwater 
resources available for drinking-water supply. In two districts within the West Java Province detailed 
hydrogeological mapping was carried out to assess the availability of fresh groundwater. The groundwa
ter system in the Bekasi district, situated east of Jakarta in the northern coastal plain op the island of 
Java and on the east side of the Jakarta artesian basin, appeared to be very complex. Salinization of 
wells and decline in artesian heads or well yields have caused wide public concern and consequently 
underlined the need for proper groundwater management. 

One of the objectives of the project was the production of a groundwater-potential map for this district. 
This paper describes the methods applied to comprehend the groundwater system. In the study a varie
ty of existing data were used. With the interpretation of these data, in combination with the results of 
the field survey, a better understanding of the groundwater systems in the coastal plain was achieved. 

It appeared that in the northern coastal plain, groundwater is usually recovered from thin sandy layers 
or sheets of limited extent which are imbedded in clayey, fine grained sediments. Salinization of wells 
and the lowering of groundwater heads both occur on a local scale. The salinization process is mainly 
attributed to extruding connate sea water from the clayey layers, Lateral sea-water intrusion may be of 
impo:Ptance only in a narrow belt near the fresh-/salt-water interface. In general, the regional ground
water system in this area is a complex of many small, local, isolated aquifers. A schematization into 
extensive water-bearing aquifers separated by semi-pervious layers does not hold. Only within a very 
limited range bore logs can be correlated. Natural recharge, widely assumed to originate from the 
nearby mountains, is limited to the southern part of the coastal plain. Therefore, groundwater mining 
and its adverse effects may become important items in future groundwater management. 

1. INTRODUCTION 

Indonesia is one of the most densely populated 
countries in the world. Most of its 147 million 
inhabitants (1980) live on the main island Java 
(fig. 1). The annual population growth amounted 
to an average of 2,3% between 1971 and 1980, 
which means an increase of 3, 4 million people 
annually. The rapidly increasing population 
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causes an increasing rate of urbanization. Urban 
facilities, amongst which water supply and sanita
tion, lag behind the demand development. There
fore, private, makeshift provisions are made for 
water supply, mainly based on groundwater. 
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Fig. 1. 

The Government of Indonesia makes great efforts 
to supply its rapidly increasing population with 
safe drinking water. Many new rural and urban 
water-supply schemes have been set up. The aim 
of the Government of Indonesia, which has adop
ted the objectives of the International Water 
Decade, is to supply 75% of the urban population 
and 60% of the rural population with safe drinking 
water by 1990. 

Due to the high bacteriological quality, ground
water, including spring water, is the most fa
vourable source for rural and small urban water
supply systems. When selecting a source of 
water for a new-to-build water-supply system, 
more and more frequently conflicts of interests 
arise over the rights of the resources, as most 
waters are already in use for (small) irrigation 
systems, industries and others. Besides, unde
sirable effects resulting from an over-exploitation 
of the limited resources, are felt more and more 
strongly every day. 

This paper describes briefly the results of a 
hydrogeological study in the Bekasi district which 
is located in the northern coastal plain of the 
West Java Province on the eastern side of the 
Jakarta basin. The study is carried out to as-
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sess the groundwater-resource potential for public 
water-supply development. Amongst other facts, 
it appeared that in some places the groundwater 
resources are heavily over-exploited, which 
results in undesirable environmental effects. 

2. GENERAL SETTING 

2.1. Geography 

The Bekasi district is located in the western part 
of the island of Java, Indonesia. The district is 
located between 4°55' and 5°30' south and between 
106°54' and 107°18' east and its total area is 
about 2500 km 1 • In the north, the district is 
bounded by the Java Sea, and in the west by the 
metropolis of Jakarta. Population and industry 
are largely concentrated around the main road 
which crosses the district in the centre in an 
east-west direction. 
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2.2. Climatology 

Indonesia, located around the equator, has a 
humid tropical climate. In the Bekasi district, 
one wet and one dry season is experienced. 
Annual rainfall varies from 3000 mm in the sou
thern part to 1500 mm in the northeastern part of 
the district. Potential evapotranspiration varies 
slightly around 1600 mm per year. In an average 
dry season, an annual rainfall deficit occurs in 
the northern half of the district. 

2.3. Existing water supply and water sources 
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the urban population and 60% for the rural popu
lation in the light of the ON-International Water 
Decade. 

For high-capacity water-supply schemes, ground
water is a less important raw water source than 
for small scale systems (fig. 2). The main cause 
of this fact is the small capacity per well on 
average. 

For small scale schemes (both for public water
supply and industrial purposes) groundwater is 
by far the most important raw water source. 

3. GEOLOGY AND GEOMORPHOLOGY 

Apart from the DKI-Jakarta area, the province of 3.1. Geomorphology 
West Java is, with its 30 million inhabitants, the 
most densely populated part of Indonesia. The 
location of the province is presented in fig. 1. General 
The population is largely rural but urbanization is 
rapidly increasing. This puts a large strain on 
infrastructural development. 

Owing to great effort the network of public 
water-supply systems has increased considerably 
over the last decade. In 1985, the overall net-

In West Java, three east-west running morpholo
gical units can be distinguished. These are, 
from north to south, respectively : 

Table I. Review of piped and non-piped water-supply network in West Java Province in 1985. 

Type of popu- Population Percentage of population served Total Service 
lation by p1ped by non-piped %of pop. Target 

water systems water systems served for 1990 
' 

Urban 5.695.900 66% n.a. I 66% 75% 

I Rural 24.354.200 4% 36% 40% 60% 

' Total 30.050.100 16% 29% i 45% 63% 

work of existing water-supply systems in West 
Java amounted to 45% (installed capacity). The 
network figures for urban systems (piped) and 
rural systems (piped and non-piped) are presen
ted in table I. 

Table I does not take into ll.ccount private water
supply systems which are abundant in most areas. 
The availability target of clean reliable drinking
water supply for the year 1990, has been deter
mined by the Indonesian Government at 75% for 

(a) a broad coastal plain, 
(b) a central mountainous zone crowned with 

active volcanoes and volcanic remnants and 
(c) the Southern Mountains (fig. 3). 

Geormorphology of Bekasi District 

The southern part of the Bekasi district is a 
gently sloping alluvial fan. A maximum elevation 
of about 50 m is found near the southern border. 
The area is characterized by a moderate to low 
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Fig. 2. Source of water for existing 
water-supply systems in West Java. 
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relief with rivers cutting the alluvial fan depo
sits, thereby draining the area. 

In the northern half of the district, the fluvial 
deposits form a flat flood plain with the rivers 
flowing more or less above the surface. The 
flood plain shows a gentle transition into the 
deltaic complex. 

3.2. Geology 

General 

The island of Java has an active volcanism, which 
is related to the collision zone of two plates of 
the Earth's crust just south of the island. 

JAVA SEA 

LEGEND 

coastal plain. alluvial /volcanic fan 

D central mountainous range 

INDIAN OCEAN southern moutainous range 

0 SOkm 

Fig. 3. Geomorphology of West Java. 
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A continuous volcanic ridge of late Tertiary and 
Quaternary age, is aligned along the east-west 
axis of the island. The stratovolcanoes and their 
volcanic products are loaded on top of a folded 
basement of Tertiary sedimentary rocks. The 
Tertiary rocks consist mainly of consolidated 
shallow marine clays and tuffs. 

In the northern coastal plain of West Java these 
Tertiary deposits are covered by an alluvial fan 
and delta complex from Quaternary age. The 
maximum total thickness of the Quaternary coas
tal-plain deposits presumable does not exceed 
250-300 m (fig. 4). 

Geology of Bekasi District 

The southern part of the Bekasi district forms 
the eastern limit of an alluvial/volcanic fan, 
consisting of reworked volcanic sediments derived 
from the Gede-Pangrango volcanoes. The depo
sits show a poor sorting and have an andesitic 
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composition. As a result of the susceptibility to 
chemical weathering, most material is embedded in 
a clay matrix. However, some clean volcanic 
sands do occur. 

In the south-eastern part of the Kabupaten, 
Tertiary rocks are outcropping. They consist 
mainly of contorted, fine-grained, predominantly 
marine deposits with intercalated limestone beds. 

North of and partly over the alluvial fan the 
flood-plain association is found. It consists of 
flood-plain clays and occasional sandy river-bed 
and beach deposits. In general, the sand content 
decreases to the north. 

One of the most important factors influencin-g the 
sedimentation patterns in the coastal plain is the 
sea level. 

During the Quaternary the sea level showed 
significant fluctuations as a result of global eli-
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Fig. 4. Schematic geological cross section of the Bekasi area. 



52 

matic changes (glacial periods). The cyclic 
fluctuations of the sea level are reflected in the 
structure of the Bekasi delta. 

On a level of about 60 m below the present sea 
level a more or less continuous marine-clay layer 
has been identified in the northern half of the 
investigated area. This clay layer may very well 
be related to a period of maximum transgression 
(interglacial period) , while the deposits that 
contain more sand above and below this clay layer 
may correspond to glacial periods. 

4. HYDROGEOLOGY 

4.1. Groundwater systems 

Apart from the stagnant groundwater of brackish 
or saline quality in the Tertiary formations, three 
main groundwater systems can be identified (fig. 
5). 

(1) Phreatic/semi-confined groundwater system 
associated with the volcanic/alluvial-fan 
deposits in the southern Bekasi district. 

Those layers of the fan that have a relati
vely small clay content, act as thin aquifers. 
These a~uifers are separated by more clayey 
horizons. Overall transmissivity is in the 
order of magnitude of 100 to 150 m2/day. 
The phreatic water level is found at 4 to 8 m 
below the surface. Actual infiltration of 
precipitation and recharge of groundwater 
takes place here. 

(2) The confined system without recharge in the 
northern Bekasi District. 

The subsurface consists of marine deltaic 
deposits, mainly clay, with isolated thin 
aquiferous lenses formed by point bars, 
channel bars and cheniers. The lithology is 
very anisotropic both vertically and horizon
tally. The transmissivity of the individual 
lenses ranges from 10 to 25 m2/day but on a 
regional scale the overall transmissivity is 
negligible. Positive artesian heads occur 
below 60 m below the surface. The head 
remains constantly about 3 m above surface 
in the extreme northern part of the delta. 
The lateral gradient of the artesian ground
water head is presently negUgible in this 
area. 
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Fig. 5. Map of the hydrogeological systems 
in Bekasi. 

(3} The confined system with recharge in the 
central part of the Bekasi district. 

This groundwater system forms a transition 
between the systems (1) and (2} described 
above . A regional confining clay layer is 
found to occur at a depth of about 50 to 70 
m below sea level and forms the upper 
boundary of the system. Below this confin
ing layer, which is probably related to the 
latest interglacial period, generally positive 
artesian heads are present. The Tertiary 
rocks form the hydrogeologic basis of the 
system. 
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Fig. 6. Modified Piper diagram of ground water 
composition in the Bekasi district. 

The southern boundary is formed by the 
southern extension of the regional confining 
layer, while the northern boundary is loca
ted near the most northerly boreholes, where 
still pyroclastic sands of substantial thick
ness are found. 

Transmissivity values are decreasing from 
around 100 m2 I day in the south to some 
25 m 2 I day in the north. The effective 
recharge decreases to the north due to the 
increasing distance to the recharge area as 
well due to the decreasing transmissivity. 

Above the confining layer, alluvial fan 
deposits are found, partly covered by flood
plain clays. 

4.2. Groundwater quality 

The groundwater quality has been classified 
according to the main constituents, using a 
modified Piper diagram (fig. 6) : 

(1) calcium-bicarbonate water type; 
(2) sodium-bicarbonate water type; 
(3) sodium-chloride water type. 

(1) The calcium-bicarbonate water type prevails 
in shallow groundwater in the southern part 
of the district (upper part of the phreatic/ 
semi-confined groundwater system). This 
groundwater type closely resembles the 
quality of rainwater. Characteristics are 

- low rate of mineralization (EC: 0,1-0, 6 
mS/cm); 

- high Ca+Mg to Na+K ratio; 
- high HC0

3 
to Cl+S0

4 
ratio. 

(2) The sodium-bicarbonate water type prevails 
in the southern half of the district in deep 
aquifers. The phreatic/ semi-confined aquifer 
system shows a transition from calcium to 
sodium-bicarbonate when going from shallow 
to deep. 

(3) 

The sodium-bicarbonate water type is cha
racterized by : 

- moderate rate of mineralization (EC 
2,0 mS/cm) ; 

- high Na+K to Ca+Mg ratio; 
- high HC0

3 
to Cl+SO 

4 
ratio. 

0,8 -

The sodium-chloride water type is dominant 
in the confined groundwater system without 
recharge and in the shallow phreatic aquifer 
in the northern part of the district. 

The high salinity is caused by the presence 
of water of marine origin and by evaporation 
(shallow phreatic aquifer). 

The main characteristics of this water type 
are : 

- str~ng min':_ralization (EC : ~ 2 mS/cm); 
- Na and Cl are dominant. 
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When looking at the deep aquifer below 60 m 
going from south to north, a slow transition 
from sodium-bicarbonate to sodium-chloride 
type of water can be found. 

4.3. Adverse effects of 
groundwater abstractions 

Excessive groundwater abstraction takes place in 
the most industrialized parts of the district. 
This results in undesirable effects of which the 

most important are : 

(1) Lowering of the groundwater table. 

The excessive groundwater abstraction 
mainly takes place in the confined aquifer 
system with recharge. Due to the prevailing 
low transmissivities, a relatively localized 
cone of depression is found around the 
centres of excessive groundwater abstrac
tion. Maximum lowering of head amounts to 
some 15 m. In nearby areas outside Bekasi, 
heads have fallen more than 40 m. This 
lowering has a direct impact on the costs of 
pumping. 

(2) Land subsidence. 

A direct result of the lowering of the water 
table is the occurrence of land subsidence. 
If recharge is negligible or low, the drop in 
groundwater pressure of individual aquifers 
results in a compaction of the aquifers and 
surrounding aquitards. 

A preliminary survey, in the area west of 
Bekasi town, indicated a land subsidence of 
approximately 4 em/year since 1980. The 
total volume of land subsidence is estimated 
to be only 5 to 10% of the volume of ground
water abstraction. This indicates that 
recharge is effectively taking place. 

It is expected that in the confined aquifer 
system without recharge, groundwater ab
straction results in larger land subsidence. 

(3) Deteriorating groundwater quality. 

A slow increase of the salt content of pro
duced groundwater has been reported, 
especially in the northern coastal plain. 
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Two main mechanisms of salinization are 
possible : 

(a) shifting of the fresh-/salt-water inter
face, either lateral or vertical (upconing) 
and 
(b) the release of saline water from the 
marine clay layers surrounding the mostly 
thin aquifers. 

Except for deep wells very close to the salt
/fresh-water interface, the second mechanism 
of salinization is most likely to be predomi
nant in the northern part of the Bekasi 

district. This is also more in line with the 
occurrence of land subsidence as registered. 

In view of the hydrogeological setting with 
the heterogeneity of the subsoil and the 
occurrence of thin isolated sand lenses, the 
first mechanism of salinization is thought to 
play only a minor role. 

S. GROUNDWATER- DEVELOPMENT 
PLANNING AND MANAGEMENT 

S.l. Groundwater- development planning 

The study has resulted in a groundwater-poten
tiality map which is a guideline for water-supply 
planners and decision makers. It will be clear 
that such a map is a representation of the pre
sent knowledge and situation and needs updating 
once new valuable information has become avail
able. 

The potentiality map has been developed based on 
a set of criteria which amongst others reflect the 
acceptability of adverse effects of groundwater 
abstraction. These criteria need further elabora
tion in the near future. 

To exploit the groundwater resources optimally so 
that they produce maximum net social benefits, 
taking into account the adverse effects of 
groundwater abstraction as described in Chapter 
4, groundwater development plans need to be 
made. These plans are based on an understand
ing of the nature of the groundwater system 
including all aspects of its occurrence, exploi
tation and administrative regulations. 
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Once basic data concerning potential and used 
resources on the one side, and existing and 
future demand on the other will be assessed, two 
important steps need to be taken to realize a 
sound groundwater planning and management 
scheme. 

(1) Matching demand and resources (taking into 
account possible alternatives, appreciation of 
competing interests, etc.); 

(2) Formulation of groundwater policies and 
implementation. 

A thorough assessment of the water-demand 
development is needed. Here the demand of the 
drinking-water supply sector as well as of other 
users (i.e. industry, agriculture, horticulture, 
etc. ) needs to be considered. 

Next, a groundwater-development plan can be 
made after matching demand and available resour
ces. Alternative resources, such as surface 
water, can be considered for specific users. 

Once the groundwater-development plan will have 
been accepted by the parties involved, policies 
will have to be formulated and implementation 
measures to be taken. 
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5.2. Groundwater management 

Groundwater management in Indonesia is in an 
early stage of development. Monitoring of 
groundwater resources, both quantitatively and 
qualitatively is an important tool for groundwater 
management. So far, groundwater monitoring is 
strictly limited. Recommendations for ground
water monitoring are being made for the Bekasi 
district. 

Once a groundwater-development plan has been 
adopted, active groundwater management is indis
pensable to ensure that implementation takes place 
as planned. 
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