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Abstract 

The paper summarizes results of a study of the groundwater situation 

in the surroundings of the Indonesian capital, Jakarta. The deep aquifer 

system is heavily overexploited and the groundwater head has dropped 

from 5 - 15 m above sea level in 1900 to 20 - 30 m below sea level in 

some areas in 1985. Land subsidence and saltwater encroachment are the 

consequences of changes in the groundwater head. The hydrogeology, the 

hydraulic GOnditions, and the hydrochemistry of the groundwater system 

are described and a three-dimensional groundwater model is used in 

order to simulate possible future groundwater abstraction patterns. 

Introduction 

The groundwater situation in the area surrounding Jakarta was investi

gated between 1983 and 1985 within the scope of an Indonesian/Federal 

German long-term technical cooperation programme aimed at the upgrading 

of technical skills in sciences related to groundwater, for the staff 

of the Directorate of Environmental Geology, Bandung. The Jakarta area 

was regarded as a model for complex groundwater investigations in urban 

areas where conservation measures are already necessary due to the 

overexploitation of the aquifer system. 
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2 Historical development of groundwater 

abstraction 

Jakarta's population of about 7.5 mio in 1985 is expected to increase 

to more than 12 mio in 2005 (Figure 1). 
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Figure r. Population, groundwater abstraction and public water supply 

in Jakarta (1870 - 2005) 
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The supply of water is a pressing problem. The actual total water 

demand is about 450 mio m3 /year but piped water mainly from surface 

water, serves only about 25 % of the population of the city district. 

The groundwater contribution to the actual supply is about 250 mio m3 / 

year and is mainly abstracted from innumerable shallow wells (80 %) 

and more than 2000 deep wells (20 %). Between 1900 and 1945, ground

water abstraction was below 10 mio m3 /year but since that time, it has 

steadily increased in step with the growth in population and industrial 

development. 

The pressure head of the deep groundwater system in northern and 

central Jakarta in 1900 was at 5 to 15 m above sea level and wells 

were generally flowing. Head levels in these areas dr_opped continuously 

by 0.1 - 0.2 m/year until the early 1970's (Figure 2). In 1980 in the 

main part of northern and central Jakarta head levels of the confined 

aquifer system were generally below sea level and had reached - 10 m 

to - 20 m in areas where the industrial development was intensified. 

Land subsidence became evident in central Jakarta after 1977. 

... 
JAKARTA GROUNDWATER STUDY 
Piezometric Head of Groundwater 1909-1984 On metre above/below sea level) 

Source : DEG -Well Files 
lml 

Figure 2. Time dependent regional head changes in Northern Jakarta 

1909 - 1984 
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3 Results of the Jakarta Groundwater Study 

1983 - 1985 

During the three years of the cooperation programme, information on 

the hydrogeological and hydraulic conditions of the investigation 

area were collected, compiled, and evaluated from available archive 

data and reports and from recent geological and geoelectrical field 

surveys, as well as from surveys of head and quality conditions of the 

shallow aquifer and the deep aquifer system. Drilling, testing, and 

installation of 25 monitoring wells were also completed, as well as 

special investigations concerning hydrochemistry and isotope distri

bution. 

Figure 3. the aquifer system -

boundaries and flow regime under natural condit.ions 

The boundaries of the system (Figure 3) were established at the Java 

Sea, the Cisadane River, and the Bekasi River forming a triangle of 

1800 km 2 , which includes the Jakarta City District. The bottom of 

the system is formed by Miocene sediments which also crop out at the 

southern boundary of the system. The basin fill that consists of 

marine Pliocene and Quaternary fan and delta sediments is between 0 

and more than 300 m thick. The thickness of single sandy aquifer 

layers intercalated with a predominantly silty/clayey sequence is 

only between 1 and 5 m and is only about 20 % of the total fill. 

Fine sand and silt is a very frequent component of aquifers. 
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The horizontal permeability (Kh) of tested layers was found to be 

between 0.1 m/day and 40 m/day. Transmissivity estimates (T) for the 

entire Quaternary sequence of 250 m thlckness are some 250 m 2 /day near 

the coast and increase to about 500 m2 /day near the hinge line about 

20 km to the south. The vertical permeability (Kv) is estimated as 

varying between 1/100 and 1/5000 of the horizontal permeability. The 

mean transmissivity of the Pliocene sequence cropping out in the 

western study area is below that of the Quaternary sequence. Storage 

coefficients in the deep aquifer system are between Io-4 and 10-6. 
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Figure 4. Principles of groundwater flow under natural and depleted 

conditions 

Figure 4 demonstrates the principles of groundwater flow before and 

during depletion. Under natural flow conditions the recharge area of 

the deep system was situated in the southern hilly area at topograph

ical elevations of between 25 and 200 m. Discharge from the confined 

aquifer system to the natural base level in the flat coastal area 

occurred mainly by upward leakage, evapotranspiration and outflow to 

the surface water system. Today, recharge to the deep aquifer system, 
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other than horizontal inflow, may occur throughout the city area by 

downward leakage, as head levels of the confined system have dropped 

regionally beyond the water table of the unconfined shallow aquifer. 

The shallow aquifer is still fully replenished during years of normal 

rainfall (1700 mm/year near the coast, 2900 mm/year near Depok). 

Discharge from the deep aquifer system in 1985 was almost exclusively 

due to pumping from deep water wells. Actual groundwater abstraction 

of about 47 mio m3 /year from deep wells cannot be compensated for by 

the horizontal inflow across the hinge line (estimated to be some 15 

mio m3 /year) and by vertical leakage from the shallow aquifer. In 

response to overexploitation, water levels in the confined system 

have dropped by 1 - 7 m/year during the last 3 years and are locally 

at 20 to 30 m below sea level (Figures 5 and 6). 
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Figure 5. Tentative map of piezometric head, aquifer depth 40 - 150 m. 

Observation period 6/84 - 4/85 
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Figure 6. Groundwater head conditions along a S-N section. 
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Figure 7. Mean chloride content of groundwater from various time 

periods related to aquifer depth in the coastal area 
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Despite the heavy drawdown of head levels in the coastal basin, the 

significance of seawater encroachment is still lo.w due to the low 

permeability of the aquifer system. But groundwater salinity has 

steadily increased (Figure 7). Brackish groundwater is found in aqui

fers between 0 and 100 m as far as 5 km inland. Increased salinization 

existing in deep aquifers below 200 m partly might be due to connate 

salt in marine Tertiary sediments which form the base of the system. 

Hydrocarbon gas is known and has been known to escape from several 

artesian wells that tap aquifer layers below 200 m. 

Chemical characteristics of the deep groundwater follow a rather 

uniform scheme: a predominance of bicarbonate is found nearly every

where. The total mineralization increases from south to north with 

sodium finally becoming the predominant cat-ion. A predominance of 

chloride is found near the coast between 0 anrl 100 m and below 200 m 

(Figure 8). 
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Figure 8. Hydrochemical cross-section of the confined aquifer system 

(1981 - 1985) 
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Results of isotope investigations (C14• 018• T) confirm the regional 

groundwater flow pattern. C14-ages are some 500 years in the recharge 

area and between 28000 and 34000 years in the coastal area. 

The water quality in the shallow aquifer which still supplies about 

60 % of the Jakarta population with drinking water, is highly endangered 

by human pollution in the densely populated city area. 

4 Groundwater model investigations 

Aquifer parameters compiled from hydrogeological data were used to 

establish a two-dimensional groundwater model (Figure 9) in order to 

simulate the groundwater flow and to calibrate the model under natural 

flow conditions. Regional parameter data were transferred into a 

three-dimensional model after successful calibration. The model was 

successfully run under natural and pumped conditions but groundwater 

abstraction from the deep aquifer system had to be increased from a 

registered 30 mio m3 /year to 47 mio m3 /year in order to simulate 

the 1985-situation satisfactorily. 

Figure 10 demonstrates the groundwater head situation at various 

reference nodes, taking into consideration the groundwater abstraction 

between 1900 and 1985 and presents three alternatives of head develop

ment in response to the three different groundwater abstraction pat

terns shown in Figure 11. Reducing or stopping groundwater abstraction 

in the northern part of Jakarta causes the water levels to rise by 20 

to 25 m at the respective reference nodes until 2030. Consequently, 

the velocity of saltwater encroachment will be reduced due to the 

reduced flow gradient. An increase of abs.traction in southern Jakarta 

causes an additional drop of the water levels by 2 to 10 m during the 

same period but will probably not affect the quality of groundwater in 

the deep aquifer. A negative effect on the head conditions in the 

shallow aquifer is to be expected in periods of reduced replenishment 

from infiltration. 
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Figure 9. Cross-section of the two-dimensional groundwater model-permeability of the aquifer system and 

groundwater heads under natural flow conditions 
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